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Foreword

The first edition of Volume III of ICAO Doc 8071 deals
with the testing of surveillance radar systems (both
primary and secondary radars) developed by the Secondary
Surveillance Radar Improvements and Collision Avoidance
Systems Panel (SICASP). This volume contains material
that updates current Parts V and VIII of Volume I (found
i Appendices E and F respectively).

The purpose of this document is to describe methods
especially for the evaluation of the technical and opera-
tional performance of surveillance radar systems with
advanced primary radar signal processing (such as MTD
Doppler processing, digital plot extraction and tracking)
and advanced SSR techniques (such as monopulse azimuth
processing and selective (Mode S) interrogation).

Changes in equipment and progress made in develop-
ing modemn surveillance systems require regular revisions
of the document contents with the full co-operation of all
interested parties.

Comments on this volume would be appreciated from
States and other parties outside ICAO concerned with
surveillance systems development and provision of
services. Comments, if any, should be addressed to:

The Secretary General

International Civil Aviation Organization
999 University Street

Montreal, Quebec

Canada H3C 5H7

A new edition of Doc 8071 is currently in preparation
and will be published under the new title “Manual on
Testing of Communication, Navigation and Surveillance
(CNS) Systems”. Volumes 1 and II will also have new
titles, as follows:

Volume I (fourth edition) — Testing of ground-based
radio navigation systems

Volume II (fourth edition) — Testing of satellite-based
radio navigation systems.
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Glossary

Active reflector. A device used in primary radar systems for
geographical alignment and system performance
checking. It generates a signal from a stationary in-
stallation with an artificial Doppler shift to ensure that
a stationary target will be presented on an ATC screen
after moving target detection (MTD) or moving target
indicator (MTI) processing.

Alrcraft address. A unique combination of 24 bits available
for assignment to an aircraft for the purpose of air-
ground communications, navigation, and surveillance.

Note.— The aircraft address is also referred to as the
Mode S address or the aircraft Mode S address.

All-call. An intermode or Mode S interrogation that elicits
replies from more than one transponder.

All-call (Mode A/C-only). An intermode interrogation that
elicits replies from Mode A/C transponders only.
Mode S transponders do not accept this interrogation.

All-call (Mode A/C/S). An intermode interrogation that
elicits Mode A/C replies from Mode A/C transponders
and all-call replies from Mode S transponders that are
currently not in the lockout state.

All-call (Mode S-only). A Mode S interrogation that elicits
all-call replies from Mode S transponders that are
currently not in the lockout state.

All-call period. The time interval during which a Mode S
interrogator issues all-calls (SSR only, Mode S only and
intermode) to detect Mode A/C transponders and, for
acquisition, Mode S transponders that have not been
previously locked out.

All-call (stochastic). A Mode S-only all-call that elicits all-
call replies from only a random subset of the Mode S
transponders that are currently not in the lockout state.

Alfitude. The vertical distance of a level, point or an object
measured above mean sea level.

(vii)

Analogue. In radar terms, a signal which has not been
converted into digital values. Analogue signals are to be
found at antenna and receiver level in radar systems.

Analogue-to-digital converter. A device for the conversion
of analogue signals into digital values. Usually operates
by sampling the analogue signal at regular time
intervals and converting the measured value of the
analogue sample to a binary encoded number.

Antenna (electronically scanned, E-Scan). An SSR
antenna consisting of a number of planar arrays or a
circular array of radiating elements. The antenna beams
are electronically steered to the desired azimuth angle
by applying phase-shifting techniques, without rotating
the antenna mechanically.

Antenna elevation (tilt). An angle between the direction of
maximum gain of the antenna and the tangent to the
surface of the earth. A distinction is sometimes made
between electronic (radio signal) and mechanical tilt,
especially for SSR LVA antennas. In this case the
mechanical tilt may be zero while the antenna is
radiating at a different electronic tilt (typically +3°).

Antenna (hog-trough). An SSR antenna comprising a
horizontal linear array of radiating elements installed in
an extended comner reflector assembly (resembling in
shape a hog-trough). The linear array is usually of
sufficient length to give an azimuth beam width of
between 2° and 3° and the hog-trough reflector achieves
typically between + 40° and 45° vertical beamwidth.
For special purposes shorter arrays can be used. These
have increased azimuth beam width.

Antenna (large vertical aperture, LVA). An SSR antenna
comprising two dimensional array radiating elements.
A typical LVA consists of a number of columns (each
consisting of a vertical linear array designed to produce
beam shaping in the vertical plane) arranged in a
horizontal linear array to produce between 2° and 3°
azimuth beamwidth. Typically, LVA antennas are a pre-
requisite for monopulse SSR systems.

9/10/02
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Antenna (linear array). An antenna consisting of a
“battery” or array of radiating elements in a straight
line. The desired radiation characteristic of the antenna
is obtained by the varied distribution of radio frequency
energy in amplitude or phase so as to produce the
shaped “beam” or wave front.

Antenna (omni-directional). An antenna with an
approximately circular radiation pattern in the
horizontal plane. In earlier SSR systems it was used to
form the control pattern for ISLS by transmitting the P,
pulse and also for transmission of the P; pulse for
I’SLS. Modern antennas for ground SSR form a control
pattern that is omni-directional except for a null or
“notch” in the direction of the antenna mainbeam
(coinciding with the peak of the main beam sum
pattern).

Antenna (reflector). An antenna producing the beam by a
method analogous to optics. In most cases the
“reflector” surface of the antenna is illuminated by a
radio frequency source (e.g. a radio-frequency “horn”
assembly). The dimensions of the reflector antenna both
in the horizontal and vertical plane, together with the
characteristics of the illuminating source, determine the
shape and magnitude of the radar beam produced.

Antenna (sum and difference). A hog-trough or LVA
antenna which is electrically split into two halves. The
two half-antenna outputs are added in phase at one
output port (sum, %) and added in antiphase at a second
output port (difference, A) to produce output signals
which are sensitive to the azimuth angle of arrival of
received signals, enabling an off-boresite angle for the
signal source to be obtained.

Asynchronous surveillance processor (ASP). A type of
video-plot processor.

Azimuth count (or change) pulses (ACPs). Output pulses
of the incremental azimuth measuring device fitted to
the radar antenna turning platform (turning gear). The
encoding device may give its output in serial or parallel
form, but typically provides 4096 pulses (12 bit
encoding), 16 384 pulses (14 bit encoding) or 65 536
pulses (16 bit encoding) in serial form per 360° in
azimuth.

Azimuth extension (plot length, delta theta). An azimuth
increment, often expressed as a number of ACPs, from
detection of the leading edge of a radar plot to detection
of the trailing edge of that plot, in a digital plot
extractor system.

9/10/02
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Back lobe. A lobe of radiated energy to the rear of an
antenna (180° in azimuth with respect to the main
lobe).

Beam sharpening. A technique applied to the monopulse
antenna to decrease the plot runlength of SSR replies.
The reduced runlength is required to improve the
resolution capabilities of the extraction system.

Beamwidth. An angle subtended (either in azimuth or
elevation) at the half-power points (3 dB below
maximum) of the main beam of an antenna.

Blip. A presentation on an analogue radar display of the
received signal from a target.

Blip-to-scan ratio. An approximation of detection
probability (Pp) (i.e. for a given observation time, the
number of blips actually detected for a selected aircraft
divided by the number of radar scans).

Boresight. A main lobe electrical (radio) axis of an antenna.

Bracket decode. A decoding of the F; — F, framing pulses
(nominal interval 20.3 ps) without regard to the content
of the data pulses between these framing pulses.

Built-in-test equipment (BITE). Internal self-check
facilities in electronic equipment which allow the
correct operation to be monitored on a continuous basis.
Many checks may be GO-NOGO tests, with a failure
causing a visual (or possibly audio) alarm to be given.
The BITE is usually part of the remote control and
monitoring system of a radar. Modern BITE can isolate
faults down to a line-replaceable unit (e.g. a printed
circuit board) in a majority (e.g. 80 per cent) of all fault
conditions.

Chaining. A process of linking together radar target reports
(plots and tracks) and other information relating to one
particular object.

Chip. A 0.25 ps carrier interval following possible data
phase reversals in the Pg pulse of Mode S interrogations
(see “data phase reversal”).

Clutter. A generic PSR term for unwanted, interfering
reflections of radio energy from various sources. Types
of clutter include ground clutter, sea clutter,
precipitation clutter and “angels”.

Code. A combination of data bits contained in signals
transmitted by an SSR transponder in reply to an SSR
interrogator.
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Code train. A sequence of bracket (framing) and
information pulses in an SSR Mode A or Mode C reply.

Combination criteria. Criteria in respect to azimuth and
range coincidence with which a primary radar plot and
an SSR plot must meet to be considered to have come
from the same aircraft and therefore able to be
combined.

Combined plot. A radar plot for which both PSR and SSR
plots have been detected and found sufficiently adjacent
to be combined to one plot message.

Cone of silence. A gap in coverage above a radar due to the
limitations of the antenna performance at high elevation
angles.

Constant false alarm rate (CFAR). A thresholding
technique used to reduce false alarms (noise, clutter,
etc.) to a quasi-constant level. Also known as constant
false alarm regulation.

Control antenna. An SSR antenna having a polar diagram
which is designed to “cover” the side lobes of the main
interrogating antenna. It is used to radiate a control
pulse which, if it exceeds in amplitude the associated
interrogation signal at the input to the transponder, will
cause the transponder to inhibit responses to the
interrogation pulses. Modern SSR antennas have the
control elements built into the main array. The control
antenna is also known as the SLS (side-lobe
suppression) antenna.

Control pattern. A polar diagram of the control antenna.
Modern integrated SSR antennas have a ‘“modified
cardioid” beamshape.

Control pulse. A pulse (P, for Modes A and C, Ps for
Mode S) transmitted by the ground equipment (SSR
interrogator) in order to ensure side-lobe suppression.

Correlated tracks. Tracks which have been correlated with
a flight plan (sometimes this term applies only to tracks
for which the Mode A code has been correlated with a
call-sign in the code/call-sign list, i.e. flight plan
association).

Correlation criteria. A number of pulse repetition intervals
over which range correlation of replies must be
achieved in a sliding or moving window exiractor
before the presence (or tentative presence, subject to
further tests) of a plot can be declared.

Cosecant squared antenna pattern. An antenna pattern for
which the gain is proportional to the square of the
cosecant of the elevation angle. This results in an
approximately constant signal, as a function of range,
from an aircraft at constant flight level.

Data phase reversal. A 180° phase shift which precedes a
chip in a Mode S interrogation (see “chip”) and is used
to encode a binary ONE. The absence of the phase
reversal encodes a binary ZERO.

Dead time. A period of time during which an SSR
transponder is inhibited from receiving signals after a
valid interrogation is received and a reply transmitted.
The term is also used to describe the time after the
normal range for returns and before the next trans-
mission from an interrogator or from a primary radar
system.

Dedicated flight check aircraft. An aircraft used
occasionally in operational evaluations of radar
systems. This aircraft will fly routes, etc., not normally
covered by regular traffic and allow a complete
operational evaluation through the specified coverage of
the radar under test.

Defruiter. Equipment used to eliminate unsynchronized
replies (fruit) in an SSR ground system.

Defruiting. A process by which aircraft replies accepted by
the interrogator-responsor are tested by means of
storage and a comparator for synchronism with the
interrogation-repetition frequency. Only replies which
are in synchronism (correlate on a repeated basis in
range) will be output from the defruiter. Other replies
are rejected as “fruit” or false.

Degarbling. A process - of separating (and possibly
validating) garbled SSR replies. (See “Garbling”.)

Delta theta. A number of azimuth count pulses (ACPs) as
measured from the plot leading edge to the plot trailing
edge in a sliding window plot extractor. Also known as
azimuth extension or plot runlength.

Difference pattern. A receive (1 090 MHz) characteristic of
a monopulse SSR antenna, obtained by connecting in
antiphase the signals (replies) received by two partial
antennas. The difference pattern has a minimum in the
main radiation direction of the antenna and an
amplitude and phase characteristic which varies as a
function of angle of arrival of the received signal. Used
in conjunction with the sum output of the antenna, it
enables the off-boresight angle to be found.

9/10/02
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Digitized video. A binary encoded signal, the value of
which is equivalent to the value of the originating
analogue signal.

Display (analogue). A display in which the raw video (PSR
or SSR) is normally presented on the radar screen in the
form of a blip. The update of the display is
synchronized with the radar antenna turning rate. The
preceding processing is normally analogue (i.e. no
digital messages).

Display (synthetic). A display in which information (radar,
map, labels, etc.) is based on digital messages. The
displayed radar data are not normally in “real time” due
to digital processing delays.

Doppler speed. A radial velocity of a target (aircraft) or of
a clutter source (false alarm) measured from its doppler
frequency shift in a received radar reflection.

Double curvature. A PSR reflector design in which the
upper and lower sections of the antenna have a different
curvature. This technique is used to optimize the
vertical radiation patterns for high beam (short range)
and low beam (long range) performance.

DPSK. Binary differential phase shift keying (DPSK)
modulation which uses phase reversals preceding chips
to denote binary ONEs and the absence of a phase
reversal to denote binary ZEROs.

En-route radar. A surveillance radar for the traffic passing
through the area of control. Typically, the range of such
a radar is between 240 km (150 NM) and 370 km (200
NM) and the information renewal rate for a
mechanically rotating antenna is 8 to 12 seconds.

ERP. Effective radiated power (ERP) is the transmitted
power enhanced by the gain of the antenna less the
losses in cables, rotary joints, etc.

False plot. A radar plot report (PSR, SSR or combined plot)
which does not correspond to the actual position of a
real aircraft (target), within certain limits.

Far field monitor (FFM). See remote field monitor.

Framing pulses. Pulses which “frame” the information
pulses (code) of SSR Mode A and C replies (described
as F; and F, respectively). Also known as “bracket
pulses”.

Fringe (inner and outer). A minimum and maximum range
respectively for a successful plot detection.
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Fruit. A term applied to unwanted SSR replies received by
an interrogator which have been triggered by other SSR
interrogators. Fruit is the acronym of false replies
unsynchronized in time, or false replies unsynchronized
to interrogator transmission.

Gain (of antenna). A measure for the antenna of the
relative transmitted power density radiated in a
particular direction as compared with the power density
that would have been radiated from an isotropic antenna
with the same power input (usually expressed in dB)
and at the same distance from the radiator.

Gain time control (GTC). A circuit which controls the gain
of a radar receiver, allowing it to rise from an initial
preset value to maximum at a predetermined rate to
compensate for the decrease in received signal strength
as range increases. Also known as sensitivity time
control (STC).

Garbling. A term applied to the overlapping in range and/
or azimuth of two or more SSR replies so that the pulse
positions of one reply fall close to or overlap the pulse
positions of another reply, thereby making the decoding
of reply data prone to error.

Hit. A reception and recognition by the aircraft (trans-
ponder) of the SSR interrogation pulses P; and P;, re-
sulting in the return of a detectable reply code to the
ground receiver.

I and Q channels. In-phase and quadrature channels of a
primary radar receiver used for the extraction of phase
and amplitude of the received signal. In older systems
these channels were processed separately to avoid
“blind phases”. See also 2.3.4 b).

Improved interrogation side-lobe suppression (IPSLS). A
technique whereby interrogation pulse P, is transmitted
via both the main beam and the control beam of the
SSR antenna, so that a transponder in a side-lobe
direction more reliably receives a P-P, pulse pair.

Improvement factor. Target to clutter ratio at the output of
an MTI processor divided by the target to clutter ratio
at the input of the processor, averaged uniformly over
all target radial velocities of interest.

Integrated antenna. A PSR antenna in which the reflector
of a PSR radar is used in conjunction with SSR
radiating elements in order to obtain the required SSR
horizontal and vertical radiation patterns.
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Interlace. A repeating series of SSR interrogation modes.
The interlace pattern may be determined either on a
p-r.p. (pulse-repetition period) to p.r.p. basis or on an
antenna rotation to antenna rotation basis. It may also
be made on a combined p.r.p./antenna basis.

Interleave. A condition where two or more pulse trains
become superimposed in time so that their pulse time
spacing can be distinguished and the correct codes
established.

Intermode interrogations. Interrogations that consist of 3
pulses (P;, P; and P;) and are capable of eliciting
replies a) from both Mode A/C and Mode S
transponders or b) from Mode A/C transponders but not
from Mode S transponders (see “All-call”).

Interrogation. See “Mode”.

Interrogator. A ground-based (normally) transmitter
element of an SSR system.

Interrogator identifier (II). One of the codes (1 to 15) used
to identify a Mode S ground station using the multisite
protocols.

Interrogator repetition frequency (IRF). An average
number of interrogations per second transmitted by the
radar. See also “Pulse repetition frequency”.

Interrogator-responsor. A ground-based combined
transmitter-receiver element of an SSR system.

Interrogator side-lobe suppression (ISLS). A method of
preventing transponder replies to interrogations trans-
mitted through the ground antenna side lobes.

Line replaceable unit (LRU). A unit, part of a system,
which can be exchanged as an entity for a spare of the
same type and which may consist of a single printed
circuit board, power supply or equipment module. The
exchange of unit will take place at equipment (system)
level.

Lobing (antenna pattern). A process whereby, due to
interference of two waves, one direct and one reflected,
differences in phases cause larger or smaller amplitudes
than expected for free space, causing differences in
signal amplitudes.

Lockout state. A state in which a Mode S transponder has
been instructed not to accept certain all-call
interrogations. Lockout is deliberately induced by
command from the Mode S ground station.

LogFTC. A signal processing technique comprising a
logarithmic amplification stage followed by a dif-
ferentiation (short time constant) stage used for the
suppression of unwanted PSR signals.

Mode. SSR interrogation mode as specified in Annex 10,
Volume 1V, Chapter 2.

Mode S. An enhanced mode of SSR that permits selective
interrogation and reply capability.

Mode S ground station. Ground equipment that interrogates
Mode A/C and Mode S transponders using intermode
and Mode S interrogations.

Mode S period. Refer to roll-call period.

Mode S transaction. The initiation, control and exchange
of data between a Mode S interrogator and transponder
over the air/ground link.

Monitor display. A device for the presentation of radar
data, usually working in the plan-position indicator
(PPI) mode of operation. This device is generally found
as part of the maintenance equipment of a PSR and/or
SSR station. Generally, radar data at various stages of
processing may be observed on the monitor display.

Monopulse. A technique wherein the amplitudes and/or
phases of the signals received in overlapping antenna
lobes are compared to estimate the angle of arrival of
the signal. The technique determines the angle of arrival
of a single pulse, or reply, within an antenna
beamwidth. The angle of arrival is determined by
means of a processor using the replies received through
the sum and difference patterns of the antenna. The
monopulse technique is generally termed “monopulse
direction finding”.

Monopulse plot extractor. A plot extractor using
monopulse direction-finding techniques. See also plot
extractor.

Moving target detector (MTD). A technique for achieving
fixed and moving clutter rejection by a cascade of
digital MTT and pulse Doppler filters.

Moving target indicator (MTI). Signal processing used in
primary radar systems to reject signals from fixed or
slow moving unwanted targets (buildings, trees, rain,
etc.) and retain for detection or display of signals from
moving targets {aircraft).

9/10/02
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Moving window detector. A radar signal processing device
which stores radar returns over a given number of pulse
repetition periods (the number depending upon the so-
called moving window size) and uses these for the
automatic detection of radar targets. Also known as
sliding window detector.

Multi-radar trajectory reconstitution (MURATREC). A
technique for the accurate a-posteriori determination of
an object trajectory using simultaneous measured
observations from a number of radars.

Noise factor. A figure defined for a receiver as the ratio of
the noise at the output of the practical receiver and the
noise output of an ideal receiver at standard temperature
Ty (290° K). The noise factor is, in practice, defined as
the signal-to-noise ratio at the input divided by the
signal-to-noise ratio at the output of a receiver.

North marker (NoM). A single pulse, typically produced
by a digital encoder (shift encoder) attached to the radar
antenna drive system, which indicates when the antenna
passes through the direction to the North.

North message. Special messages generated by the
extractor to indicate passage of the antenna rotation
through an azimuth angle of zero degrees (true North).

Object. A combination of radar targets and related
information which are correlated in time and space.

Off-boresight angle (OBA). In monopulse SSR, the angle
within the beamwidth of the antenna (calculated by the
OBA processor) by which a target is off (away from)
the boresight.

Orbit. In the context of flight testing, a flight of circular
pattern at a constant altitude and distance from the
antenna of the ground equipment under test.

Over-interrogation. Interference in the operation of a
secondary radar system due to the fact that the number of
interrogations exceeds the capacity of the transponder
(a preset value). The action of the transponder is an
automatic reduction in transponder receiver sensitivity.

Overlapping targets. A condition where radar replies
overlap each other in range and/or azimuth. (See also
“Garbling”.)

Parrot. See remote field monitor in this glossary.

Plan position indicator (PPI). A monitor display with
radar and other related information in plan position (as
if projected on a horizontal plane).

9/10/02
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Plot combiner. A signal processing device for the
combination of PSR and SSR data ascertained as
having originated from the same target. Targets failing
to meet pre-defined combination criteria will be output
as “PSR only” or “SSR only” plots in place of
“combined plots”.

Plot extractor. Signal processing equipment which converts
radar video into an output data message suitable for
transmission through a data transmission media, or
possibly to further data processing equipment. (See
“Plot filter”.)

Plot filter. Signal processing equipment which filters out
radar plot data positively identified as stationary by a
rotation scan-to-scan correlation process.

Plot resolution. A separation in range and azimuth between
two plots, for which the quality of the information of
one plot is not affected by the presence of the other
plot.

Plot run length. The number of azimuth count pulses
between the first and last detection of a plot presence in
a sliding window plot extractor.

Polar diagrams. Horizontal or vertical radiation patterns
for a radar antenna whereby the relative gain is plotted
as a function of the relative azimuth (horizontal polar
diagram) or as a function of the relative elevation angle
(vertical polar diagram). Separate uplink and downlink

each of the main beam, control and difference (mon-
opulse only) SSR antenna patterns, referenced to the
mainbeam axis.

Polarization. Direction of the electrical field vector of
radiated radar energy with respect to a plane tangential
to the earth (horizontal, vertical, lefthand circular,
righthand circular, elliptical, etc.).

Primary surveillance radar (PR or PSR). A radar which
detects the presence of a target based on reflected radar
energy from that target.

Probability of detection (Pp). Probability that a correct
radar plot message is derived when a target is present.

Pulse compression. A transmitter frequency modulation
technique (change in frequency within the pulse),
coupled with a frequency sensitive receiver signal
processing technique, which enables a radar to obtain
the resolution and accuracy of a short pulse and the
detection capability of a long pulse.
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Pulse length. The time between the 50 per cent amplitude
points on the leading and trailing edges of the pulse
envelope. Also known as a pulse width.

Pulse position modulation (PPM). Modulation technique
used for Mode S replies where a pulse transmitted in
the first half of the bit position interval represents a
binary ONE, whereas a pulse transmitted in the second
half represents a binary ZERO.

Pulse repetition frequency (PRF). An average number of
pulses/interrogations per second transmitted by the
radar (see “Stagger”). Also known as pulse recurrence
frequency.

Pulse repetition interval (p.r.i.). An average interval
between  two  successive  pulses/interrogations
transmitted by a radar.

Pulse train. A sequence of framing and information pulses
in the coded SSR reply.

Quantized video (QV). Generic term for a video signal
generated by regularly sampling an analogue video
signal and assigning it a binary value of one or zero
depending on whether the analogue value exceeds or
does not exceed a threshold. It is also known as hard bit
quantized video.

Specific terms that occur in some manufacturers’
documentation include:

a) for primary radar, the threshold may be referred to
as a dynamic noise threshold or fast time constant
threshold;

b) for secondary radar, quantized video may refer to a
pulse generated within a plot extractor on detection
of F;, F, pulses, synchronized to the plot extractor
timing; and

¢) for monopulse SSR, quantized video may refer to
an analogue video converted to digital words
synchronized to the monopulse plot extractor
master clock timing.

Quantum. Range unit used for quantization of the range
information. Also known as range bin or range cell.

Radar reinforcement. In combined PSR/SSR plot
extractors, the term is applied to the successful
association of a primary plot with an SSR plot. Also
known as plot combination. If successful association is
achieved, the plot extractor generates an SSR message

in which an additional bit, radar reinforcement, is set;
the remaining primary radar plot information may be
merged or it may be discarded.

Raw video. Unprocessed, analogue PSR or SSR video
information.

Real-time quality control (RTQC). A form of built-in test
equipment and/or software in which system perform-
ance parameters are monitored in real time (on-line).

Receiver side-lobe suppression (RSLS). A method, using
two (or more) receivers to suppress aircraft replies
which have been received via side lobes of the main
beam of the antenna.

Remote field monitor. A system which monitors the uplink
and/or downlink performance of an SSR or Mode S
system from a site located at the specified distance from
the radar (far field). The monitor is interrogated by the
radar, and its replies can be evaluated on the radar site.
In addition, the replies may contain data about certain
interrogation parameters as seen by the monitor.
Alternative terminology to “remote field monitor” in
common usage includes “far field monitor”, “Parrot”
and “site monitor”.

Remote monitoring and control system (RMCS). A system
which allows manual or automatic reconfiguration of a
radar system. The RMCS will also give an overall
indication of the system status (equipment operational,
equipment in standby, faults, etc.). The RMCS
equipment may have a terminal either at the station
level or at theATC centre level and often at both levels.

Reply. A pulse train received at an SSR ground station as a
result of successful SSR interrogation.

Reply code, reply pulse train. See “Code train”.

Reply preamble. A sequence of four pulses, each with a
duration of 0.5 microsecond, indicating the beginning
of a Mode S reply.

Residual errors. Errors in position which exist between the
corrected positions of an object (measured position
minus systematic error) and the corresponding
trajectory.

Resolution. Ability of a system to distinguish between two
or more targets in close proximity to each other both in
range and bearing (azimuth).
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Responsor. A ground-based receiver part of the SSR. The
complete equipment is generally known as the
interrogator/responsor.

Ring-around. Continuous reception of replies to
interrogations by the side lobes of the ground antenna.
This normally occurs only at short ranges, usually due
to the non-existence of a side-lobe suppression
mechanism or the improper functioning of this mech-
anism, at either the interrogator or the transponder side.

Roll-call. On the uplink, the roll-call is a regular scheduled
selective Mode S interrogation that is addressed to a
specific Mode S transponder and intended to elicit
a reply to support the surveillance function.

Roll-call period (also known as Mode S period). The time
interval during which a Mode S interrogator schedules
the time windows allocated for Mode S transactions.

Round (trip) reliability. An SSR term used to state the
probability of receiving a detectable reply at the
interrogator, resulting from an SSR interrogation.

Run length. See “Delta theta”.

Screening. When the shape of the terrain or certain objects
prevent the detection of targets in certain parts of the
airspace, one speaks about screening of the parts of the
airspace concerned.

Sea clutter. Unwanted primary radar reflections from sea.
Varies with sea state.

Secondary surveillance radar (SSR) system. A radar
system which transmits coded interrogations to aircraft
transponders in various modes and receives coded
replies.

Secondary surveillance radar (SSR) transponder. A unit
which transmits a response signal on receiving an SSR
interrogation. The term is a derivative of the words
transmitter and responder.

Sensitivity time control (STC). See “Gain time control”.

Side lobes (antenna). Lobes of the radiation pattern of an
antenna, which are not part of the main or principal
beam. Radar systems can have sufficient sensitivity via
side lobes for successful detection of aircraft (par-
ticularly for SSR, but also for PSR). Special precautions
are necessary to protect against these faise plots.
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Side-lobe suppression (SLS). A mechanism in an SSR
transponder activated by the transmission (radiation) of
a control pulse (P, or Ps) of amplitude greater than the
antenna side-lobe signals-in-space, which will enable
the transponder to prevent itself from replying to the
side-lobe interrogation signals.

Split plots. Generation of two plots by a radar extraction
system for the same target for one passage of the
antenna main-beam through the target.

Spurious plots. An unwanted radar plot not corresponding
directly with an aircraft position (generally applied to
SSR).

Stagger. Deliberate, controlled variation of pulse repetition
intervals of a PSR to overcome blind speeds and
decorrelate  second-time-around replies. Deliberate,
controlled variation of the pulse repetition frequency of
the SSR to prevent aircraft plots due to second-time-
around replies.

Sum pattern. Normal radiation pattern for the main
directional beam of an antenna. Contrasts with the
“difference-pattern”, where a part of the radiating
elements of the antenna is switched in anti-phase to
produce signals proportional to the amount by which
the source is off the boresight of the sum pattern.

Surveillance Coordination Network (SCN). The network
used to connect Mode S radars that are operating as part
of a cluster in order to share the same interrogator
code (IC).

Surveillance processing. A general term covering any
processing applied to the target reports after the
extraction functions and prior to the data transmission
functions. Such processes include filtering, clutter
reduction, data rate control and dynamic angel control.

Sync phase reversal. The first phase reversal in the Mode
S P interrogation pulse. It is used to synchronize the
circuitry in the transponder that decodes the P¢ pulse by
detecting data phase reversals, i.e. as a timing reference
for subsequent transponder operations related to the
interrogation.

Terminal approach radar (TAR). A surveillance radar for
the approach area. Typically, the range of such a radar
is limited to 110 km (60 NM) and the information
renewal rate for mechanically rotating antennas is 4 to
5 seconds.
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Tilt. See “Antenna elevation”.

Track. A succession of radar reported positions for one
aircraft sometimes correlated and smoothed by a special
tracking algorithm.

Trailing edge (plot). The azimuth, for which the extractor/
plot processor logic detects the “end of plot”.

Validation (code). Process of correlation of the code
information used in SSR Mode A/C systems. Generally
2 identical codes in 2 successive replies suffice to
validate the code. In Mode S, code validation occurs

inherently when the reply is decoded (and, if
appropriate, error corrected).

Note.— Modern radar systems may provide
“smoothed” code information when the so-called
validation  indication serves to indicate non-
extrapolated code information.

Video display unit. Also known as a monitor screen and is
generally used for the display of alphanumeric data, but
may also have some graphic capabilities (more modern
systems).

Zenithal gap. See “Cone of silence”.
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List of Acronyms

Azimuth count pulses

Automatic dependent surveillance

Asynchronous surveillance processor

Air traffic control

Air traffic control centre

Air traffic service

Built-in test equipment

Close approach probability

Constant false alarm rate

Combined (PSR and SSR)

Coverage measurement volume

Continuous wave

Downlink aircraft parameter

Data test and analysis system

Digital plot extractor

Differential phase shift keying

Dependent surveillance sensor

Flight data processing system

Far field monitor

False replies unsynchronized in time

Ground initiated Comm-B

Gain time control

Horizontal radiation pattern

Interrogator code

Intermediate frequency

Interrogator identifier

Input/output

Interrogator/responder

Interactive radar analysis system

Interrogation repetition frequency

Interrogator side-lobe suppression

Improved interrogator side-lobe
suppression

Local area network

Life cycle stage

Line replaceable unit

Large vertical aperture

Message, Comm-A

Missed approach point

Message, Comm-B

Minimum detectable signal

MOCA
MSP
MSSR
MTD
MTI
MTL
OBA
ODS
PAR
PARROT

Pp

PE
Pra
PPI
PRF
PSR
RCS
RDPS
RDQC
RF
RFM
RMCS
RSLS
RTQC
SCF
SCN
SDD
SDPS
SLM
SLS
SRE
SSR
STC
STCA
TLS
UTC
VDU
VRP
VSWR
ZVF

(xvi)

Minimum obstruction clearance altitude

Mode S specific protocol

Monopulse secondary surveillance radar

Moving target detection

Moving target indicator

Minimum triggering level

Off-boresight angle

Operational display system

Precision approach radar

Position adjustable range reference orientation
transponder

Probability of detection

Permanent echo

Probability of false alarm

Plan position indicator

Pulse repetition frequency

Primary surveillance radar (also “PR”)

Radar cross-section

Radar data processing system

Radar data quality characteristic

Radio frequency

Remote field monitor

Remote monitoring and control system

Receiver side-lobe suppression

Real-time quality control

Surveillance coordination function

Surveillance coordination network

Synthetic data display

Surveillance data processing system

Standard length message

Side-lobe suppression

Surveillance radar element

Secondary surveillance radar

Sensitivity time control

Short-term conflict alert

Target level of safety

Universal time coordinated

Visual display unit

Vertical radiation pattern

Voltage standing wave ratio

Zero velocity filter



Chapter 1

INTRODUCTION

1.1 GENERAL

This document provides guidance on methods for assessing
the technical and operational performance of surveillance
systems. Guidance material on radar testing is published in
the Manual on Testing of Radio Navigation Aids
(Doc 8071) Volume I (Fourth Edition, 2000). Modern radar
equipment is markedly different in design and operation
from those described therein, and new testing techniques
are used. This volume describes methods for the evaluation
of the technical and operational performance of sur-
veillance systems in general and in the current version
especially, surveillance radar systems with advanced pri-
mary radar signal processing (such as moving target
detection (MTD) Doppler processing, digital plot extraction
and tracking) and advanced secondary surveillance radar
(SSR) techniques (such as monopulse azimuth processing
and selective (Mode S) interrogation).

1.2 AIR TRAFFIC CONTROL (ATC)
SURVEILLANCE SYSTEMS

A surveillance system may encompass a number of
technologies using various ground-based and airborne
sensors and emitters (e.g. primary surveillance radar (PSR),
SSR, automatic dependent surveillance (ADS), multi-
lateration technologies) together with the data fusion
systems at the air traffic control centre (ATCC). The
techniques used depend upon the air traffic service (ATS)
provider requirement, the appropriateness of technologies
and the environmental (e.g. oceanic, continental or high
density) demands.

Each surveillance sensor system may consist of a PSR
sensor or an SSR sensor, a dependent surveillance sensor
(DSS) or a combined (PSR and SSR, PSR and DSS, SSR
and DSS, or PSR, SSR and DSS) sensor installation. The
sensors may be for en-route or terminal area surveillance
purposes. The signals from various surveillance sensors

1-1

may be used directly with simple plan position displays, or
more commonly with a surveillance data processing system
(SDPS), in an ATCC. Data processing can include mono-
sensor track processing, or multi-sensor track processing in
circumstances where a number of sensors are supplying
data to the centre.

1.3 REFERENCE DOCUMENTS

Annex 10 to the Convention on International Civil Aviation,
Aeronautical Telecommunications, provides the Standards
and Recommended Practices (SARPs) for surveillance
systems. Values and parameters used for testing and
evaluation of radar systems shall be based on SARPs in
Amnex 10. Currently applicable ICAO documents are:
Annex 10, Volume IV (Surveillance Radar and Collision
Avoidance Systems); Doc 9684, the Manual of the
Secondary Surveillance Radar (SSR) Systems, providing
additional information on radar systems; and Doc 9688, the
Manual on Mode S Specific Services, providing information
on coding and content of aircraft derived data for
surveillance.

1.4 THE PURPOSE OF THE DOCUMENT
1.4.1 This document describes modern, efficient system
performance testing (evaluation) methods for surveillance
systems, with particular emphasis on those systems
utilizing modern technology.

Organization of the document
1.4.2 This document is arranged into the following parts:

a) organization of surveillance sensor systems;

b) sensor system performance test methodology;
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c) test application;

d) detailed radar test methods (testing of individual
parameters);

e) impact of test results on the operational use of radar
systems; and

f) impact of transponder characteristics on radar
performance.

1.4.3 It also includes the following appendices:
— flight testing methods, Appendix A;
— examples of radar analysis systems, Appendix B;

— examples of transponder performance analysis
systems, Appendix C;

— overview of radar siting aspects, Appendix D;
— surveillance radar element (SRE), Appendix E; and

— secondary surveillance radar (SSR), Appendix F.

Scope of the document

1.4.4  This document describes methods for the evaluation
and testing of the technical and operational performance of
surveillance sensor systems. Automatic monitoring and
testing of modern equipment by means of built-in test
equipment (BITE) has greatly reduced the need for
extensive ground testing and allows economies to be made
in this activity. The periodical check and maintenance
actions necessary (and their frequency) for the good
functioning of the radar system are very equipment and
system specific. The schedule for such actions will not
form part of this document and the surveillance system user
is referred to the maintenance manuals and related
recommendations provided by the surveillance system
manufacturers.

Use of the document

1.4.5 It is intended that this document be used by the
following ATC staff:

a) implementation engineers involved with new or

modified  surveillance  systems, where the
performance of the new equipment must be
evaluated  (commissioning and  operational
evaluations);
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b) maintenance engineers, for assistance in the
detection of system problems or anomalies
(problem investigation, often resulting from oper-
ational complaints) using measurement, simulation
and evaluation techniques;

c) maintenance engineers, following a major repair
action and possibly some forms of system modi-
fication (repair/modification confirmation); and

d) maintenance engineers, in order to confirm on a
periodic basis that no system degradation has
occurred (routine maintenance).

For each of the above actions, the related technical staff
shall, where applicable, cooperate with operational ATC
staff in order to carry out a suitable performance evaluation
and/or problem investigation using an appropriate
combination of:

— opportunity traffic;

-— dedicated aircraft;

— simulated or recorded data;

— the BITE of the system under test; and

— real-time quality control (RTQC) facilities of the
equipment itself.

Each performance evaluation and/or problem investigation
will involve actions at different system levels and/or the use
of predefined actions. All such actions are described in the
appropriate sections of this document.

1.5 PRINCIPLES FOR MONITORING AND
EVALUATION OF SURVEILLANCE SYSTEMS

1.5.1 In order to maintain optimum performance, modern
surveillance systems require sophisticated and permanent
system performance monitoring. During the operational life
of a system, periodic performance testing is also necessary
to assure continued satisfactory operational performance.

1.5.2 Surveillance system performance monitoring is
generally carried out by a number of methods:

a) BITE. These are internal functions that generally
test the performance of a system, subsystem or unit
by means of permanent monitoring of parameters.
These checks are generally made on a short-term
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b)

c)

basis (pulse repetition interval to pulse repetition
interval, or scan-to-scan);

Examples of internal functions tested are:

1) system parameters such as voltage standing
wave ratio (VSWR), receiver noise level and
transmitter output power;

2) status of power supplies.

The number of functions that can be tested by
means of BITE are numerous and also radar manu-
facturer dependent. Thus, only a very short list is
given above.

RTQC. RTQC is generally a function that carries
out a set of dynamic tests of system performance
(for example, probability of detection (Py) or
probability of false alarm (Pp,) measurements).
RTQC is most often carried out using statistical
analysis programmes which may run “in the back-
ground” on an operational system or possibly using
the processor of a “standby” system (if existing).
For distributed systems, dedicated performance
analyser systems may be used.

Evaluation programmes. These are generally
statistical analysis programmes run in non-real-time
(at least at present), which may give an in-depth
analysis of the most important operational
performance parameters of a system under test
(evaluation).

1.5.3 In general, evaluation of system performance will
be carried out at three basic system levels, namely:

— at video level (sensor (e.g. radar station) receiver
output);

— at plot (or track) level at the output of the data
processing system at the sensor; and

— at surveillance data processing level prior to display
in the ATCC.

1.5.4 For instance, Figures 2-3 and 2-4 of Chapter 2 show
the various input/output (I/O) interfaces at radar station and
SDPS. A functional block diagram approach is used
because of the diversity of PSR and SSR system archi-
tectures and data processing techniques or technologies
applied by the numerous radar system manufacturers.
Dependent upon the radar system architecture and
operating philosophy, the system performance evaluations
listed in 1.5.3 may be carried out at any of the numerous
I/O interfaces listed. Some other I/O interfaces are also
shown for guidance only (i.e. before video level) but are
dealt with briefly in Chapter 4 where a life cycle stage
(LCS) breakdown is given for tests and/or evaluations at
each of the I/O interfaces.

1.5.5 Older radar systems in which analogue techniques
only are applied require specialized measuring and analysis
equipment for the application of the above-mentioned
testing and evaluation. In the case that such equipment is
not available, the radar is best evaluated using the
techniques described in Appendices E and F.
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Chapter 2

ORGANIZATION OF THE
SURVEILLANCE SENSOR SYSTEM

2.1 GENERAL

This section will describe the most common surveillance
sensor system configurations. In general, processing and
display of data is similar for all surveillance systems.
Differences are related to the type and age of the sensor.
Modern systems use digital techniques, while older
analogue systems are still in operation. It is not possible to
cover all the possible combinations and variations in types
of surveillance system elements (e.g. PSR, SSR and ADS
sensors; ATCC display and data processing systems);
therefore, a “functional block diagram approach” has been
used where various elements can be assembled to represent
a specific system type. Functional block diagrams are given
for radar sensors and ATCCs in Figures 2-1 to 2-7*
(analogue and digital versions).

2.2 ANALOGUE RADAR SYSTEMS

Analogue PSR systems

2.2.1 Figures 2-1 a) and 2-1 b) show functional block
diagrams of an analogue primary radar which comprises an
antenna with associated turning gear, a transmitter receiver,
an analogue intermediate video processing system, the
required turning data, synchronization and range gateing
signals, and either an analogue PPI or a scan converted
television display system. (PPIs are only suitable for dark
room viewing, whereas scan converted television displays
may be viewed in near daylight conditions.)

222 The intermediate video processing system will
typically comprise an analogue moving target indicator
(MTI) together with the associated analogue thresholding
circuits for constant false alarm regulation.

2.2.3 In older PSR systems, the MTI may not be present. It
is to be noted that the analogue PSR systems may not easily
lend themselves to modern testing and evaluation techniques.

2-1

Analogue SSR systems

2.2.4 Figures 2-2 a) and 2-2 b) show functional block
diagrams of an analogue SSR which comprises an antenna
with associated turning gear, a transmitter-receiver (known
as an interrogator-responder), a decoder (which may be
active or passive), the required turning data, synchron-
ization and range gateing signals and either an analogue
PPI or a scan converted television display system.

2.2.5 It should be noted that while analogue SSR systems
are able to display the position of aircraft based on the
detection of SSR replies, they are not easily able to extract
and display the identity (Mode A) and pressure-altitude
(Mode C) information in SSR replies. Mode S in general
and most monopulse SSR systems do not generate suitable
video signals for analogue display.

Combined analogue
PSR/SSR systems

2.2.6 It is quite common to find an analogue PSR and
SSR co-mounted on the same turning gear (SSR antenna
usually mounted on top of the PSR antenna). The respective
transmitted RF signals (high power) and received RF signal
returns (low power) for both PSR and SSR are passed
through a multi-channel rotary joint to or from the
antennas.

Transmission of analogue
radar data

2.2.7 Analogue radar data (PSR and/or SSR) can be
transmitted via “broadband” coaxial lines or radio links to
PPI displays located at some distance from the PSR/SSR
radar sensors.

*  All figures are located at the end of this chapter.
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Evaluation/testing of
analogue radar systems

2.2.8 With the exception of SSR decoding equipment,
signals and information used by this type of system remain
in an analogue form. Equipment now exists that is capable
of converting these data into a form suitable for analysis in
modern data analysis equipment (see Chapter 4).

2.3 DIGITIZED RADAR SYSTEMS

2.3.1 In these systems the received analogue signals are
converted into a digital form prior to intermediate video
processing (e.g. in an MTI/MTD processor for PSR) and
digital extraction in a digital plot extractor. In modern PSR
systems the MTI/MTD processor and digital plot extractor,
and sometimes also the receiver, may be found in a
common equipment.

2.3.2 In older systems, the analogue signals typically
undergo intermediate video processing in separate units to
the receiver and this processed video is then output to the
digital plot extractor (DPE). This is applicable for both the
PSR and SSR cases.

2.3.3 The outputs of the PSR and SSR -— DPEs may then
be “combined” and possibly subjected to some form of
“surveillance processing” prior (o transmission to the
ATCC. A generic functional diagram of a typical modern
ATC system in functional block diagram form, clearly
indicating the various I/O interfaces, is shown in
Figure 2-3.

Digitized PSR systems

2.3.4 A modern primary radar system typically consists
of the following elements:

a) a reflector antenna mounted upon a high-stability
turning gear. The reflector antenna may be of the
“double curvature” type and use switching or a
combination of high and low beams for optimum
precipitation and ground clutter rejection/coverage
performance. Further precipitation rejection (i.e.
rain clutter reduction) may be obtained by means of
the use of circular polarization (which may be
switched in and out depending on weather
conditions);

b) a transmitter-receiver stage wherein a high-stability
coherent or quasi-coherent transmitting stage
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c)

d)

e)

develops the radio frequency pulses radiated by the
antenna. The associated receiver stages are of pre-
cise linear or logarithmic behaviour and sensitivity,
very low noise and wide dynamic range. Typical
modern receivers will include linear intermediate
frequency (IF) stages followed by phase detectors
which will supply I and Q video for Doppler
stationary echo cancellation processing, and
logarithmic IF amplifiers and detectors to provide
video for the “normal” channel. At the output of the
log, I and Q receiver channels, the replies will be
sampled at regular intervals and digitized. The
values of each sample may be encoded as an 8, 10
or 12 bit binary number. The transmitter-receiver
stages may possibly use pulse-compression
techniques;

an intermediate video processing stage which will
take the digitized I and Q channel outputs of the
receiver and separately cancel clutter in each of
these channels by means of MTI or MTD
techniques. Typically the argument of the output of
MTIMTD-processed I and Q channels will then be
taken and added to the normal video after logFTC
thresholding to eliminate clutter residues and
fluctuating noise. Further video processing such as
constant false alarm rating is also carried out at this
stage;

a PSR plot extractor which outputs, subject to
various criteria, a plot message containing the range
and bearing (azimuth) of the successfully detected
PSR targets (aircraft within radar coverage). In
some MTD designs the MTD incorporates the plot
extraction process in its correlation and

interpolation processing;

many modern primary radar systems also
incorporate some form of “surveillance processing”
which examines the positions of plots from antenna
rotation to rotation and decides which plots show
movement within the bounds of aircraft motion. In
its simplest form, surveillance processing can be a
“plot filter” which filters out primary radar clutter
plots which do not move from antenna scan to scan.
In its most complex form it can be a fully automatic
primary radar tracker;

some designs may have independent PSR and SSR
surveillance processing systems, and then combine
the outputs of these systems to form a single
message for each aircraft. Other designs combine
the PSR and SSR plots to form a single plot
(sometimes called a “reinforced” plot) which is then
subjected to surveillance processing; and
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in modern PSR systems, the PSR receivers,
intermediate video processing and plot extraction
may be found in a single unit. Further, a
surveillance processing function may be integrated
with the PSR plot extractor to form a complete PSR
signal processor.

Digitized SSR systems

2.35 A modern SSR system typically consists of the
following elements:

a)

b)

a mechanically rotating SSR antenna, which may be
of the hog-trough or large vertical aperture (IVA)
type, an LVA type antenna with active elements to
allow for beam steering or even a static, fully
electronically scanned type. The SSR antenna may
provide a sum pattern for transmission and re-
ception, or it may be electronically split in order to
provide a sum pattern for transmission, and sum
and difference radiation patterns for reception, per-
mitting monopulse azimuth measurement tech-
niques. In addition, it usually provides a control
radiation pattern for transmitting the interrogator
side-lobe suppression (ISLS) pulse. Some systems
also receive on this pattern for receiver side-lobe
suppression (RSLS) processing.

Older SSR systems normally use hog-trough SSR
antennas in the conventional sum mode of operation
and employ sliding window azimuth measurement
techniques, while newer systems use LVA antennas
in sum and difference mode of operation and
employ  monopulse azimuth  measurement
techniques. Mode S systems use monopulse
azimuth determination techniques;

an SSR interrogator/responder (I/R) system. The
interrogator transmits interrogation and ISLS
pulses. The receiver may have one, two or three
channels for sum (Z), difference (A) and SLS (Q)
signals. Mode S interrogators also require a
separate transmitter for transmission of the (I)SLS
(P5) pulse;

Note.— From common usage, the term ISLS is
abbreviated to SLS for Mode S.

an intermediate video processing stage which may,
according to the system design, contain:

1) an off-boresight angle (OBA) processor;

2) an RSLS processor; and

d)

3) animproved interrogation side-lobe suppression
(I?SLS) processor;

an SSR plot extractor, which may be one of three
general types:

1) a sliding window extractor;
2) a monopulse plot extractor; or

3) that which may be embedded in a Mode S
system.

The SSR plot extractor outputs digital messages
containing the range, azimuth, identity and
pressure-altitude code of all SSR targets
(aircraft) within radar coverage, together with
validation information.

The SSR plot extractor will also limit to a great
degree spurious SSR data resulting from such
phenomena as:

— side-lobe responses;

— fruit (false replies unsynchronized in time);
and

— reflections (uplink and/or downlink).

The SSR plot extractor will also apply various
criteria in order to attempt the “degarbling” of
SSR replies that overlap in range and azimuth.

A Mode S reply processor also outputs
additional information for surveillance and
datalink. The Mode S reply processor provides
Mode S reply reports to the Mode S
surveillance processing. A Mode S reply report
is defined as a Mode S summary report with,
typically as a minimum, aircraft address, sensor
derived position, message data (e.g. aircraft
identification, communication capability, flight
status) and surveillance status (e.g. reservation)
for all successful transactions with a given
target in the beam-dwell.

e) surveillance processing may also be applied as part

of the sensor system. This processes SSR plots on
an antenna rotation-to-rotation basis to perform
functions such as the identification and rejection of
false plots or reflections, assist with the resolution
of plots which have suffered from garbling on track
crossings, and/or tracking to obtain ground speed
and heading and/or vertical rates of climb or
descent.
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Surveillance processing is an essential part of a
Mode S system. Every aircraft must be tracked and
its position predicted ahead into the next antenna
rotation. The acquisition of new aircraft is either
performed autonomously using all-call or via the
use of position information from neighbouring
Mode S radar systems. Roll-call transactions for
each aircraft are prepared in advance so that:

1) interrogations are scheduled for when the
aircraft is in the beam;

2) overlap of replies is avoided; and

3) re-interrogation could be performed within the
beam dwell period.

SSR Mode S systems

2.3.6 In older PSR or SSR systems, each radar station
operates autonomously, i.e. they operate as stand-alone
sensors quite independent of nearby systems of the same
type. For SSR Modes S systems, each sensor provides a site
identifier, known as an interrogator code (IC), in uplink
transmissions. This IC may be an interrogator identifier (1I)
code in the range 1 to 15 or a surveillance identity (ST) code
in the range 1 to 63. The ground station transmits all-call
interrogations to acquire the addresses of Mode S aircraft.
The SSR Mode S transponder responds with its unique
address and once acquired by the ground station, it will be
interrogated by roll-calls thereafter. The roll-call
interrogation will “lockout” the aircraft by instructing its
transponder to ignore further all-call interrogations with the
same IC. Provided all nearby interrogators have different
ICs, each interrogator will independently acquire the
aircraft in turn as it transits their coverage volumes using
all-calls. This is known as multi-site operation where each
station operates in a stand-alone mode. However, in areas
where there is such overlapping coverage that it is not
possible to allocate an IC to each Mode S radar, the ground
stations may operate as a cluster of Mode S sensors, where
all of the Mode S sensors in the cluster share the same IC.

2377 When Mode S ground stations are configured in
clusters, the surveillance functions (acquisition, track
support, etc.) and lockout responsibilities are coordinated
via a surveillance coordination network (SCN). Thus, each
sensor in the cluster acquires aircraft already acquired by an
adjacent sensor in the cluster via the SCN, rather than via
all-calls. The implementation of the surveillance co-
ordination function (SCF) may be either as a centralized
function or as a distributed function. A cluster controller,
typically situated at the ATCC, forms part of the system for
a centralized SCF, whereas a distributed SCF does not use
a cluster controller.
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Combined digitized PSR/SSR systems

2.3.8 For both the older (analogue) and modern (digital)
radar systems it is quite common for the PSR and SSR
equipment to be collocated. Collocated may mean:

a) the SSR antenna “on-mounted” above the PSR
antenna;

b) the SSR antenna “integrated” into the PSR antenna;
and

¢) the PSR and SSR on the same site, but physically
separated, and having their own turning gear, etc. In
this case, when plot combination takes place, a
compensation is then made for the aforesaid
physical displacement.

Plot combiner

2.3.9 In the case of the radar station comprising PSR and
SSR (Mode A/C or Mode S) equipment, whether on-
mounted or not, the primary and secondary plot positions
may be combined in a “plot combiner”. The plot combiner
will apply combination criteria in order to ascertain which
PSR and SSR plots are derived from the same target. On
the basis of position, identity and other correlating data, the
two plots best meeting the criteria are declared as a
“combined plot” or a “reinforced plot”. If the criteria for
plot combination are not met, the plot combiner will output
the plots according to their type (PSR, SSR or Mode S), as
“uncombined” plots. All plots will be identified as PSR,
SSR, Mode S target reports or combined/reinforced reports
according to whether the relevant combination criteria are
met or not.

2.3.10 Compensation will be made in the combination
process for any physical displacement of the primary and
secondary radar heads. If the two antennas are
synchronized in rotation, this combination is relatively
simple except at short ranges where significant azimuth
differences (and, therefore, the times when detected) can
occur. If the two antennas rotate asynchronously, and
possibly at different rates, combination requires a tracking
process in order to estimate the current position of a target
detected by the first radar at the time of detection by the
second radar.

2.3.11 Some primary and secondary radar installations
may, however, send the PSR and SSR/Mode S data to an
ATCC without a prior combination process. The com-
bination may be achieved at the centre using multi-radar
tracking processes.
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Surveillance processing and
plot/track combination

2.3.12 A surveillance processing function may be found
at a number of system levels, namely:

a) at both PSR and SSR (Mode A/C or Mode S) levels
before plot combination;

b) after plot combination; and

¢) at ATCC level, if no surveillance processing is
applied at sensor site level (with a penalty of
increased data transmission load).

Surveillance processing may output either plots or tracks.
In addition to the target reports, messages containing
system information such as turning data, station identity,
station equipment status and synchronizing data may be
output with the plot or track reports.

Remote monitoring and
control system (RMCS)

2.3.13 A modern radar installation will have an integrated
RMCS. The RMCS will allow either remote or local
monitoring and control of all major system elements,
typically using visual display unit (VDU) and keyboard
techniques. Older systems may use “mimic-panel”
techniques. An RMCS terminal may be located locally (on
the radar station) and/or at the ATC centre.

2.3.14 The monitoring function of the RMCS is often
integrated into the BITE of each system element. Thus, a
system fault can be directly indicated on an RMCS terminal
or a similar visible/audible warning is given by the mimic
panel. Since modern BITE is capable of successfully
analysing a fault to line replaceable unit (LRU) level for
typically up to 95 per cent of the cases, repertory actions
can be simplified and speeded.

2.3.15 In the case of the electronics of a radar or a radar
data processing system (RDPS) being duplicated, the
RMCS can automatically reconfigure the system to an
operational state. In addition, for Mode S, when the station
is configured as part of a cluster, the RMCS is used to
initiate the process that causes the sensor’s SCF to establish
its connection to the appropriate network.

Surveillance-related data transmission
(distribution from sensor station)

2.3.16 Plot, track, enhanced surveillance, Mode S SCN,
data link and RMCS messages are distributed between

radar sites and the ATCC by data transmission equipment.
These data can be multiplexed on the same physical data
lines using dedicated time division multiplexers and
network routers, or each data category may be carried by
individual transmission lines.

Data transmission medium

2.3.17 In Figures 2-3 and 2-4, the data transmission
medium is represented by a “functional block”. The data
transmission medium may be by means of:

a) telephone line (twisted pair);
b) coaxial line;

c) microwave link;

d) RF link;

¢) optical cable; and

f) satellite link.

The medium used will depend upon the distance for data to
be transmitted, the data transmission rate required and
available communication facilities. Generally modem
(modulator/demodulator) techniques are used for digital
data transmission applications although digital optical links
are becoming more common in new installations. In order
to provide increased system availability, the data
transmission medium (e.g. data lines) may need to be
duplicated and strategies for separate routing implemented.

Monitor display

2.3.18 The radar station is normally equipped with a
monitor display (possibly with roller ball and keyboard) for
the visualization of radar data (targets). The monitor
display should be capable of showing both analogue (raw
video) and digitized data at the different levels of
processing in the radar system. It should also be capable of
showing alphanumeric characters related to the targets.

Antenna turning gear

2.3.19 The antenna system (which may be PSR only, SSR
only or collocated PSR/SSR) is mounted upon a long life/
high reliability turning gear and drive system. The turning
gear will most probably contain a 12- or 14-bit digital
encoder for accurate determination of the pointing direction
of the antennas.

9/10/02
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Field monitoring devices

2.3.20 The SSR and PSR systems may be equipped with
devices to check:

a) the correct geographical alignment of the system;
and

b) the correct functioning of the system.

SSR remote field monitor (RFM)*

2.3.21 Associated with the site, at a distance and
elevation suitable for far field measurement, there should be
at least one RFM for the SSR system. This may be an
adapted aircraft transponder or it may be to a special build.
The RFM has preset identity and height codes (Mode A/C)
and/or a Mode S address. It is permanently on-line being
used to align the radar azimuth reference and provides an
end-to-end integrity check of the operational SSR system.
The RFM shall be either dual channel or duplicated
equipment providing high integrity and the ability to
distinguish failure of the SSR system from failure of the
RFM. If the SSR system’s internal BITE does not include
a means to detect antenna diagram distortion, the RFM may
be used to indicate such failures. In this case, it is
preferable to use two RFMs at sites with a different azimuth
to distinguish real failures from azimuth-dependent site
effects. The RFM shall have a selectable range offset
capability so that it may be adjusted to appear at a place
acceptable for operational and technical purposes.

2322 The RFM BITE should provide additional
capabilities to confirm the correct operation of the Mode S
radar, such as “remote setting” of parameters and tellback
facilities. These could employ the Mode S specific
protocols (MSPs) or ground initiated Comm-B (GICB)
protocols.

2.3.23 Mode S RFM. The Mode S site monitor has many
characteristics in common with a Mode S transponder.
However, there are a number of important differences as
indicated in the following paragraphs.

a) Reply conditions. The site monitor is intended to
provide loop tests for all surveillance modes used
by the interrogator. This includes SSR Mode A/C
(civil and military), Mode S surveillance and Mode
S acquisition (all-call replies).

b) Mode A/C surveillance. In normal operation, a
Mode S interrogator provides surveillance on Mode
A/C aircraft using a Mode A/C-only all-call
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interrogation. This interrogation does not elicit
replies from a Mode S transponder. Provision
should be made to obtain Mode A/C interrogations
from the site monitor in order to check P1/P3
spacing and the shape of the pulses.

¢) Lockout transition. All-call lockout control for a
Mode S transponder depends upon a timeout of 18
+2 seconds following the last lockout command.
This time delay is undesirable in configuring the
site monitor to respond to all-calls. It is desirable to
provide a means to command the site monitor in
and out of lockout without any time delays.

d) Reply delay. Provision should be made in the site
monitor- for additional delay to be added to the
nominal turnaround time to allow the apparent
position of the site monitor to be moved from its
actual location. This could be used to prevent
synchronous garble if two site monitors are
mounted on the same tower or to artificially locate
the site monitor at a non-interfering place.

e) Squitter suppression. The site monitor shall not
generate acquisition squitters in order to eliminate
the possibility of a site monitor being acquired by
an ACAS unit.

f) Transmitter power. The site monitor may be
configured to use an internal or an external
transmitter source. In either case, the output power
should preferably be adjustable in 1 dB steps over
a dBm range band enabling it to get nominal
received power from a site monitor wherever its
location from the sensor.

g) Variable minimum triggering level (MTL). The site
monitor receiver MTL should be adjustable in 1 dB
steps over a dBm range band so that the receiver
gets a 40 dB dynamic range. This variable MTL is
provided for different installed ranges as noted in
the preceding paragraph.

h) Continuous wave (CW) inhibitor. The site monitor
should sense for any failure that causes a
continuous transmission of the 1090 MHz carrier. If
detected, the site monitor transmitter should be
disabled preferably within 100 ms. The purpose of

*  Alternative terminology in common usage includes far field

monitor (FFM), Parrot and site monitor. Also, refer to the
Glossary.
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this feature is to prevent site monitor interference
with sensor operation, if the site monitor fails in
such a way as to generate CW.

Active primary radar “reflectors”

2.3.24 In the case of primary radars, it may be necessary
to have active “reflectors” in order to check the geo-
graphical alignment of the PSR video (as shown on a PPI)
with the touchdown points, runway crossing points, etc., on
an airfield. In a modern radar, MTI and MTD techniques
are used for the suppression of stationary targets. The
“active reflector” (also a stationary target) must then
produce, by electronic means, a “Doppler shift” such that
the so-generated stationary target may pass through the
MTI/MTD processor and be presented on the radar screen
in the ATCC and/or used in the BITE/RTQC for automatic
detection of misalignment.

2.4 DSS SYSTEMS

Currently DSS systems are not in common operational use
for ATC and the provision of material for this document
will depend on publication of SARPs.

2.5 THE ATCC
General

2.5.1 For the simpler ATCC systems, the surveillance data
for presentation as single target reports on ATC displays
will originate from a single or mono-sensor. In larger ATCC
systems, the same surveillance data may be derived and
combined into a single report from a number of different
sensors. Testing of a single sensor system can be regarded
as a subset of multi-sensor testing.

2.5.2 Tigure 2-4 shows a functional block diagram of an
ATCC with radar input data. Again, no attempt is made to
represent every type of ATCC philosophy, and simply a
functional representation has been used.

Data reception

2.53 The surveillance data transmitted via the data
transmission medium is received at the ATCC and de-
modulated. Further separation of multiplexed data such as
RMCS messages and voice lines is also carried out in the

ATCC. The demodulated output of the data transmission
system provides an input to the SDPS at the ATCC. For
Mode S sensors, the radar data delivered may also include
“downlink aircraft parameter (DAP)” information to
facilitate the concept known as “enhanced surveillance”. In
the case of multi-sensor tracking, there will be several data
transmission links inputting to the SDPS.

The SDPS

254 The function of the SDPS is to process the
incoming sensor data in order to provide a suitable output
to the display subsystem, which is the machine interface
with the air traffic controllers. The main SDPS functions
are:

a) tracking, correlation of target reports, i.e. on a scan-
to-scan basis;

b) estimation of track-state vector elements, e.g.
position, ground speed, course and vertical speed
(rate of climb/descent);

¢) suppression of false plots; and

d) provision of track data to the operational display
system (ODS) and automatic functions such as:

1) track to flight plan correlation;
2) conflict alert; and
3) flight-path monitoring.

Note.— Processes such as short-term conflict alert
(STCA) could also be users of the DAP data provided by
the Mode S targets (particularly aircraft intention data,
which can be used to reduce false alerts).

2.5.5 In the mono-sensor SDPS configuration, only one
source is available. In the case of the multi-sensor SDPS,
data is available from a number of different sources,
allowing surveillance coverage over a much greater area
and providing dual or even multiple coverage in over-
lapping sensor coverage areas. In the case of dual or mul-
tiple coverage, various options are open for the presentation
of data, e.g. “mosaic” selection of data sources or a
combination of data sources using predefined algorithms to
obtain one single plot per target.

2.5.6 Multiple coverage can also be used for the RTQC of
the data from one single data source. Abnormalities in the
performance of a data source can thus be detected and
corrective actions taken.

9/10/02
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2.5.7 If code-call sign correlation facilities are
incorporated in the processing, the aircraft’s call sign will
be associated with the relevant code and included in the
output as part of the displayed label. However, in the case
of Mode S targets, the flight identity (or call sign) may be
provided automatically as a DAP.

Flight data processing
system (FDPS)

2.5.8 FDPS, if provided, may be used in conjunction with
the SDPS to monitor the progress of the controlled flights.
Once the track and the flight plan have been correlated, a
flight plan label can then be displayed at the actual track
position and the flight plan can be updated by the controller
either manually or in cooperation with an automatic
function. It is to be noted that an FDPS is shown with the
SDPS in Figure 2-4. The incorporation of an FDPS into an
ATCC is becoming increasingly common in order to assist
the expedition of ATC functions.

The operational display subsystem

2.5.9 The SDPS output in the form of tracks is fed to the
display subsystem which drives the displays. Each
operational display will be fed with processed tracks and
will have a control interface with message input devices,
e.g. keyboard and target-identifying device (such as a
rolling ball) to allow operator selection of the appropriate
display data. Related alphanumeric data will most likely be
shown on a synthetic data display (SDD). The following list
of items may be displayed (not exhaustive):

a) display of target positions;

b) presentation of a label for each target containing at
least the target identity (code and/or call sign and
altitude for SSR or DSS. Note that Mode S may

provide a call sign automatically via DAPs.);

c) presentation of special purpose codes (i.e. SSR
codes 7500, 7600, 7700);

d) presentation of special identification symbols (e.g.
SPI); and

e) supplementary information such as:

1) arrows indicating a climbing or descending
target;

2) history dots;

9/16/62
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3) a vector indicating the predicted position of the
target, e.g. 5 minutes ahead; and

4y DAP information derived from the data
delivered (such as “start of a turn”).

Other surveillance sensor data users

2.5.10 A modern ATCC is rarely a single entity for ATC
and may send and receive surveillance data from other
users or functions. Examples are:

a) conflict alert function;
b) sectors with military personnel;
¢) flow control; and

d) other ATCCs.

2.6 RADAR ANALYSIS AND
SIMULATION POINTS

2.6.1 In the progression from the radar head to the radar
display in the ATCC, the radar data are subject to a number
of transformation processes which can be used to identify
interface points where analysis data can be extracted or test/
simulation data can be injected.

2.6.2 Figures 2-3 and 2-4 show simplified functional
diagrams (applicable for both the PSR and/or SSR cases)
indicating the data I/O interface points in a radar system
and the connection possibilities to an analysis tool, which
may be in either the radar station or the ATCC. It is to be
noted that many of the I/O interfaces shown in the diagrams
allow both output of data for analysis and the input of
simulated data (from some type of generator or recording
device) such that special situations can be simulated. The
input interfaces further allow the injection of signals/data
for test purposes.

2.6.3 Figure 2-3 is a generic functional diagram which
covers most different system designs. Figures 2-5, 2-6 and
2-7 show vparticular examples of sliding window,
monopulse and Mode S SSR sensor functional block
diagrams.

2.6.4 Modern integrated systems may present practical
problems for making measurements at certain interfaces.
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2.6.5 For example, a recent trend in surveillance systems
is to integrate on-site tracking which gives rise to the
surveillance processing plot combination and data trans-
mission functions being combined into one system element.
That makes it difficult or impossible to access the interfaces
PIO6, SI106, CIO1 and CIO2 without highly specialized
interface equipment.

2.6.6 In order to avoid this kind of situation, manu-
facturers of equipment should be urged to provide, as much
as possible, easily accessible interfaces.

Input/output (I/0) interfaces

2.6.7 Reference is made primarily to Figures 2-3 and 2-4
and in particular to the I/O interfaces designated:

PIO  for I/O interfaces related to the primary radar
element

SIO  for I/O interfaces related to the SSR element

CIO  for common I/O interfaces at radar sensor site
level

RIO  for RDPS I/O interfaces at ATCC level.

In Figures 2-3 and 2-4, the I/O interfaces are shown by a
common designation. Although the input and output inter-
faces may well be common points (i.e. a connector, a data
bus), they may be physically separated. For the sake of
convenience and simplicity, an input or output interface at
a certain point within a system (e.g. receiver output) has
been given a common designation (e.g. PIO2 and SIO3).

Output interfaces

2.6.8 The output interfaces are points in the radar system
and/or RDPS where data can be output, either in analogue
or digital form for:

a) analysis in a radar analysis tool;

b) standard measurements using normal test equip-
ment (oscilloscope, etc.); and

¢) recording.

Input interfaces

2.6.9 The input interfaces are points in the radar system
or RDPS where data can be injected either in analogue or
digital form in order to test the system particularly for
special cases including performance anomalies. The
injected signal/data may be either analogue or digitally
synthesized (simulated) or in the form of a recorded
message.

Location of the I/O interfaces
2.6.10 The I/O interfaces are located as follows:

PIO1: Primary radar radiated RF I/O interface

P102: Primary radar receiver (RF) I/O interface

PIO3: Primary radar receivers I/O interface (inter-
mediate frequency)

PIO4: Primary radar processed video I/O interface

PIO5: Primary radar plot extractor output interface

PIO6: Primary radar surveillance processor plots
(tracks) I/O interface

PIO7: Primary radar transmitter I/O interface

PIO8: Primary radar timing unit /O interface

SIO1: Secondary radar radiated RF I/O interface

SI02: Secondary radar receiver input (RF) I/O inter-
face

SIO3: Secondary radar receivers I/O interface (video)

SIO4: Secondary radar processed video I/O interface

SIOS:  Secondary radar plot extractor output interface

SIO6: Secondary radar surveillance processor plots
(tracks) /O interface
SIO7: Secondary radar transmitter /O interface

SIO8: Secondary radar timing unit I/O interface
SI09: Mode S radar interrogation handler I/O inter-

face
CIOI1: Plot combiner /O interface
CIO2: Combined surveillance processor plots (tracks)
T/O interface
CIO3: Transmitted data (sensor station) I/O interface
CIO4: Received data (ATCC) /O interface
RIO1: Modulated received data I/O interface
RIO2: Demodulated received data I/O interface
RIO3: Processed data (tracks) I/O interface.
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Chapter 3

RADAR SYSTEM PERFORMANCE
TEST METHODOLOGY

3.1 GENERAL

3.1.1 Radar stations have the function of being surveil-
Iance sensors providing radar data to assist in the process
of ATC.

3.1.2  While there may be an “optimum” radar site for
a given operational requirement, restraints such as finance,
access, and site availability may result in a compromise
where sub-optimum radar site(s) must be accepted for the
location of the radar sensor(s). This may result in less-
than-optimum radar sensor performance and thus increases
the necessity for an in-depth evaluation of sensor
performance.

3.1.3  Operational requirements dictate the volume of
airspace through which radar information is required and
may give a need for differing volumetric coverage for
different azimuth sectors if the system has to include
upper airspace, en route and approach functions. The
performance testing has to establish the system perform-
ances and its ability to meet all operational requirements
effectively. Periodic performance testing can also be
used to ensure the system is performing at the optimum
level.

3.14 The use of a discrete dedicated aircraft for the
complete investigation of system performance can be
prohibitive in both time and cost. To overcome this,
dedicated flights can be mixed with samples of oppor-
tunity traffic as the basis for testing. Recent changes in
system design, recording techniques and data processing
present a situation where the majority of performance
testing can utilize opportunity traffic and reduce the need
for dedicated flying to that required for the investigation
of particular problems only.

3.1.5  The recommended methodology consists of making
recordings at the various I/O interfaces in the system and
their subsequent processing by the analysis tools which
will be used to examine the data and provide information
related to the performance characteristics.

3-1

3.1.6  In practice, a variety of measurement methods are
used which all may provide useful outputs, but when inter-
preting these results the following considerations shall be
kept in mind:

a) the reliability of a measurement depends on the
reliability of the reference that is used (see
Attachment 1 to this chapter);

b) the following levels of reference reliability shall be

distinguished:

1) subjective reference, ¢.g. the expectation of the
user (a mental model built from experience);

2) relative reference, e.g. comparison of perform-
ance before and after modification or com-
parison of the outputs of two (slightly differ-
ent) parallel processing chains; and

3) objective reference, e.g. I/O comparison either
by reconstructing the input, by input simula-
tion, or by external references.

3.1.7 In the case of an objective reference, the quality
of the input reconstruction shall be an order of magnitude
better than the quality to be measured. This can be
achieved by systems using the same information, but
applying superior techniques or by using additional infor-
mation, e.g. from other sensors (see Attachment 1 to this
chapter).

3.1.8 In the case that only a subjective reference is
available, the observer’s experience is vital, e.g. in case of
visual analysis of the data. An experienced analyst will
quickly identify irregularities although occasional irregu-
larities, which might happen to occur during the observa-
tion period, can easily mislead both human analyst and an
automated system.

3.1.9 In the case of a relative reference a statistical
approach is feasible, especially if the two systems to be
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compared use exactly the same input data. In the sections
below a number of statistical performance parameters are
defined which are all based on the availability of an
objective reference. For detection measurements the ref-
erence system shall provide the expected number of plots;
for accuracy measurements the reference system shall
provide a very accurate trajectory.

3.1.10 In some cases the performance testing may be
carried out at intermediate levels in the system using not
only opportunity traffic or dedicated aircraft, but using
video and/or radar data simulators connected to the rele-
vant I/O interface. These devices may be particularly use-
ful in investigating a problem at some specific level in the
ATC system, especially when suitable real-time data is not
available.

3.1.11  Replay of previously recorded information can be
used to create a database of different parameters.

3.2 DEFINITION OF RADAR SYSTEM
PERFORMANCE PARAMETERS
General
3.2.1 From an over-all system point of view the para-
meters which require evaluation to determine the perform-
ance of the system are categorized as follows:

a) coverage;

b) detection performance, including code detection
and false target rate;

¢) accuracy, comprising the following:

- systematic errors in time and position for each
radar in a multi-radar system;

— residual errors in time and position for each
radar; and

d) resolution.

3.2.2  Stability of the above parameters within the life
cycle of the system shall be obtained by the frequency of
the evaluation of the parameters as defined in Chapter 5.
Further details are provided in 3.2.42 and 3.2.43.

3.2.3  The characteristics are analyzed at various discrete
points in the system as indicated in Figures 2-3 and 2-4.

Coverage

324 The coverage of a radar system is the three
dimensional volume of airspace within which the system
can meet the specified detection performance, accuracy
and resolution values depending on geography and chosen
variable parameters.

325 In order to measure the coverage in terms of the
detection performance, accuracy and resolution parameters,
a number of supplementary evaluation terms are
introduced:

a) required coverage;

b) measured coverage;

c) actual coverage;

d) coverage measurement volume; and
e) fringe envelope.

These terms are described further in Chapter 5.

Detection performance
Probability of detection (Pp)

Note.— The probability of detection (Pp) is here
defined as the probability that at each scan, for a given
wanted target within the coverage measurement volume,
a radar target report with position data will be produced.
For editorial reasons, this section also includes a descrip-
tion of the SSR code detection measurements. Although
determined analogous to the Py, figures, code detection is
referred to as a rate rather than a probability throughout
this document.

3.2.6 Probability of position detection is divided into the
following aspects:

a) probability of SSR position detection; and

b) probability of PSR position detection.

SSR code detection rates are divided as follows:

— valid Mode A detection rate;

— valid Mode C detection rate;

— correct Mode A detection rate;

— correct Mode C detection rate; and

— correct Mode A and Mode C detection rate.
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3.277 The following definitions are for over-all figures.
It is recommended that input data categorization is used so
that the analysis results can be produced for the predefined
categories of data. Input categorization will give better
control over the measurements and the results. To apply
categorized input, data requires categorization constraints
to be taken into account in each case.

3.2.8 PSR position detection. The probability of detec-
tion of the primary radar is defined as the ratio of the
number of detected PSR target reports to the expected
number of PSR target reports. A PSR target report in this
context shall mean either a PSR or a combined target
report message.

329 False plots (clutter, “angels”, etc.) have to be
excluded from the detected PSR target report count before
establishing this ratio. This is usually performed by a
“surveillance processing” or “plot chaining” function (see
Attachment 2 to this chapter) which also establishes the
number of expected plots as reference.

3.2.10  SSR position detection. The probability of detec-
tion of the SSR is defined as the ratio of the number of
detected SSR target reports to the expected number of
SSR target reports. An SSR target report in this context
shall mean either an SSR or a combined target report
message.

3.2.11 As for PSR, false plots have to be excluded
before establishing this ratio. SSR false plots can be
reflections, second-time-around plots, split plots, etc.

3212  Missing data. The analysis of missing data is
considered an important part of the probability of detection
analysis. The analysis program has to reconstruct the tra-
jectories. When expected plots are not present in the radar
data, it identifies and regenerates the missing plots in
position and time. The analysis of missed data can then be
considered under two headings, missed plots and gaps.

32,13 Missed plots. Isolated losses of surveillance plots
are categorized as missed plots and are typically expressed
as the ratio of the number of missed plots to the total
number of plots (usually expressed as a percentage). Poss-
ible reasons are loss of detection or aircraft-related faults
such as antenna shielding.

3.2.14  Gaps. A gap is a sequence of consecutive missed
plots from one radar and associated with one trajectory. A
number of results may be determined for gaps:

a) percentage of missed plots in gaps of more than
two misses;

b) percentage of gaps with more than two misses; and
c) average gap size.

3.2.15 Misses and gaps can be analyzed for both PSR
and SSR at interfaces PIO/SIO 3, 5 and 6. Observations at
interfaces PIO/SIO 1 and 4 can often assist in finding
reasons for missing plots.

SSR code detection

3.2.16 These ratios are calculated in respect to the
number of received SSR target reports which could be
allocated to an object (see Attachment 2 to this chapter)
and which has been selected for use in the detection cal-
culation defined above.

Valid Mode A detection rate (secondary radar): The ratio
of the number of received SSR target reports with a
valid Mode A code to the received number of SSR
target reports in the trajectories used in the detection
analysis.

Correct Mode A detection rate (secondary radar): The
ratio of the number of received SSR target reports
with correct Mode A code to the received number of
SSR target reports.

Valid Mode C detection rate (secondary radar): The ratio
of the received number of Mode C replies to the
received number of SSR target reports.

Correct Mode C detection rate (secondary radar): The
ratio of the number of received SSR target reports
with correct Mode C code to the received number of
SSR target reports.

Correct Mode A and Mode C detection rate (secondary
radar): The ratio of the number of received SSR target
reports with both correct Mode A and correct Mode C
code to the received number of SSR target reports.

Note 1.— The results may be plotted on diagrams to
give global or selective P, figures. If Mode C information
is available in the plot data, the diagrams can be plotted
for selected height (altitude) bands. To achieve this the
scanned area is divided into cells having predetermined
height, azimuth width and range elements. These cells are
analyzed and their Py, values are obtained. In order to
assist the presentation and reduce complication the Py
values are often placed in selected bands for display, e.g.
zero, <50 per cent, >50 per cent, >75 per cent, etc., up to
say >95 per cent, thereby giving a limited number of cate-
gories. Cells where no or not enough data for statistical
assessments are available are considered a separate,

empty category.
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Note 2.— If interfaces PIO/SIO 3, 5 and 6 are used,
the result will be objective; if interfaces PIO/SIO 1 and 4
are used, the result will be more subjeciive.

False target rate

3.2.17 There are two possible parameters for expressing
the number of false targets produced by a radar system.
One parameter is the number of false targets per scan,
sometimes referred to as maximum rate. The other para-
meter is the number of false target reports expressed as a
percentage of the total number of target reports.

3.2.18 The term “false target” is defined as any target
report (plot, blip, track position) presented on the user’s
radar display which does not represent the position of a
wanted target (aircraft).

3.2.19 False PSR target reports are generated from ther-
mal noise and by reflections from objects other than air-
craft, including clutter producing reflectors, i.e., near the
ground, the sea, precipitation, and “angels”), cars (on a
motorway), trains, ships, balloons, etc. “Angels” include
migrating birds, insects or other natural phenomena such
as clear air turbulence. Under anomalous propagation
conditions (ducting effects) clutter plots (mainly ground
clutter) from beyond the horizon or line of sight may be
detected as second, or even multiple, time around clutter.

3.2.20 False SSR target reports are generated from fruit
(synchronous and asynchronous), second-time around
replies, shipborne transponders, reflected interrogations or
replies and by interrogator side-lobe replies.

3.2.21 Reflected replies are replies arriving at the radar
station via an indirect route either in the interrogation path
to the aircraft or the returned reply path from the aircraft.
Two principal kinds of reflections occur: reflections with
a small (in-beam) deflection from the real target position,
caused by reflecting surfaces oriented to the horizontal
plane, and reflections with a large azimuth offset from the
real target position, caused by reflecting surfaces oriented
to the vertical plane.

3.2.22  Another category of false targets, applicable to
both PSR and SSR, are split plots. The split plot can be
identified in the SSR case as each report will often have
the same identity and height information. It is normally
considered that split targets will be separated by less than
approximately twice the —3dB antenna beamwidth.

3.2.23  Inthe case of SSR reflections, the separated plots
also often contain the same identity and height information
but in general are separated by more than twice the -3dB
beamwidth. This false target information would be

examined at interfaces 3, 5 and 6 before and after filtering.
Interfaces 1, 2, 4 and 10 can be used to obtain supporting
information.

3.2.24  For analysis purposes, the false targets can also
be categorized as false target reports and multiple target
reports.

Relationship between false target rate and
probability of detection

3225 In a perfect system there would be 100 per cent
detection throughout the whole system coverage and no
false target reports. This ideal is not likely to exist in a
real system. If there are no false targets, it is very likely
that the system suffers from poor coverage and probability
of detection. Conversely, if the number of false targets is
high, the system coverage could be good with good detec-
tion of wanted targets but discrimination between false and
real targets would be poor, with the radar display cluttered
with false targets. Therefore the specification of a radar
system normally allows for a certain number of false
targets per antenna scan under specified operating condi-
tions and the radar system is set up to achieve this. Refer
to 3.3.1.

3226 The specification of a radar system would
normally allow for a certain number of false targets per
antenna scan under specified operating conditions. In
practice few systems achieve this requirement while main-
taining the required probability of detection, and the
people responsible for the radar must set up the system to
achieve a compromise between good detection and low
false target rate acceptable by the ATC controller.

Accuracy

3.2.27  As aircraft are normally moving when a radar
position measurement is taken, accurate reporting of the
aircraft position requires reporting of measured range,
measured azimuth, measured pressure-altitude (for SSR)
and time of measurement, often referred to as a four-
dimensional report. The plot position variables (usually
azimuth and range) will have a certain accuracy with
respect to a stated position reference. The errors of these
variables can, in most cases, be separated into a systematic
as well as a residual part.

a) Systematic errors are bias errors for each radar in
position and time with respect to an absolute
reference system caused by, e.g. a bad north
alignment of the radar (see Attachment 1 to this
chapter).
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b) Residual errors are the deviations in position
which exist between the measured target report
position and the trajectory at the time of the target
report, after correcting the respective systematic
errors. Residual errors are caused by such phenom-
ena as occasional beam distortion, small timing
errors, quantization noise, etc.

3.2.28 The plot position variables and applicable errors
are described below. Attachment 1 to this chapter refers to
absolute position references and lists some examples. All
errors are assessed using data at plot level (interface PIO/
SIO 3, 5 and 6) where the target reports contain the
measured position.

Accuracy in position

3.2.29  The position accuracy is the accuracy with which
the radar system provides the true position of the aircraft
at a given time. It is expressed in terms of maximum posi-
tional errors, which are categorized as systematic errors,
residual random errors and jumps. The accuracy of the ref-
erence system has to be five to ten times higher than the
accuracy of the radar system.

3230 Accuracy performance parameters can be
obtained by comparing radar-measured positions with an
independent position reference from precision navigation
systems, such as differential GPS, or precision lock and
follow tracking radar. Alternatively, an independent
position reference can be provided by reconstituting a
trajectory from a multi-radar system in which the
trajectory is covered by at least three radars at any time.
However, comparison with a reference trajectory only
computed from data obtained from the radar under test is
not preferred because, although the residual random errors
can be calculated this way, the systematic errors cannot.

3231  Measured azimuth. The accuracy of this variable
is determined by the deviations between the measured azi-
muth of each plot and the associated reference trajectory
azimuth. The deviations in azimuth comprise two error
components, systematic error, i.e. azimuth bias, and
residual error, i.e. standard deviation of azimuth error.

3.2.32  Measured range. The accuracy of this variable is
determined by the deviations between the measured range
of each plot and the associated reference trajectory range.
The deviations in range comprise three component errors:

a) systematic error — i.e. range bias at zero range;

b) systematic error — i.e. range-gain error (variation
of range bias proportional to range); and

c) residual error — i.e. standard deviation of range error.

Note.— The range-gain error may be due to
incorrect setting of the range clock.

3.2.33  Calculated X/Y radar co-ordinates. In a radar
data processing system that uses target reports from a
number of different radar stations, all measured plot
positions have to be transformed into one common co-
ordinate system. Sometimes the latitude-longitude co-
ordinates of a radar are not accurate, causing systematic
offsets in the calculated X and Y plot variables. Additional
errors may be caused by inaccuracy of the co-ordinate
conversion algorithm. Because all such errors are mixed
with the errors in the measured range and azimuth vari-
ables, they can only be properly estimated by a tool that
uses a very accurate co-ordinate conversion algorithm and
a reliable earth model (e.g. WGS-84).

Accuracy in time

3.2.34  Plot time stamping. Surveillance reports (plots)
should be time stamped at the radar site, either by absolute
time stamp, or by time-in-storage. The accuracy of this
time stamping is determined by the difference between the
reported time of measurement and the actual time of
measurement of the target position (mainly a systematic
error). As aircraft are normally moving when a radar posi-
tion measurement is taken, accurate reporting of the air-
craft position requires reporting of measured range,
measured azimuth, measured pressure-altitude (for SSR)
and time of measurement — actually a so-called four-
dimensional report.

Note 1.— The time of measurement of the above target
parameters is considered to be identical with the absolute
time when the antenna beam is pointing to the target.

Note 2.— As reference for time stamping a standard
time source such as GPS derived UTC, British Rugby
Time (GB), France Inter (F), DCF-77 (D), etc., should be
used.

3235  Scan time. It is the mean time between success-
ive measurements of the same target. For mechanically
rotating antennas, the accuracy of this parameter is deter-
mined by the stability of the drive (systematical error) and
environmental effects (e.g. wind).

Note.— For rotating antennas the scan time is to be
constant.

3236  Plot processing time. It is the relative time
difference from the time of detection to the end of plot
processing in the radar sensor. Corresponding error is
mainly systematic.
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Note.— In this definition the plot processing time
includes the time-in-storage. Therefore the plot processing
time can be a parameter which depends on processing
algorithms, target bunching, etc.

3.2.37 Plot transmission time. It is the relative time from
the end of plot processing to the presentation of the plot on
the display site.

Note.— This performance parameter is only relevant
when using store and forward data transmission or a radar
data network, eventually even with several hops. It is hence
a variable which depends, amongst others, on the data
block size, number of hops, etc.

3.2.38 Plot end-to-end delay time. It is the relative time
difference from the target detection time to the time of plot
presentation on the display.

Note 1.— This time span includes plot processing, plot
transmission, tracking and all other delays. Hence, this
performance parameter is also a variable which should be
expressed as a probability for defined conditions, e.g. target
bunching scenarios.

Note 2.— The plot end-to-end delay time is to be
significantly lower than the scan time.

Resolution

3.2.39 The resolution of a radar system is defined as the
capability to discriminate between two targets in close
proximity and to produce a target report for both. The
resolution performance is defined by the probability of
target position detection, position accuracy and, for SSR
targets, by the rate of code detection and code validation.

Note.— Due to the technique of selective interrogations
and separate periods for Mode A/C and Mode S
interrogations, resolution of nearby targets is generally not
a problem for a Mode S radar if at least one target is
equipped with a Mode S transponder.

Stability with time

3.2.40 Tt is acknowledged that stability with time is not a
characteristic which can be divided into measurable
parameters. The term is used here as a reminder that the
other characteristics mentioned above must remain stable
and compliant with the system operational requirements
throughout the system’s whole operational life.

3.2.41 Systematic errors and other performance para-
meters will, due to a number of reasons, change with time.

9/16/02
No. 1

It 1s, therefore, recommended that the general performance
parameters which are considered to be critical are
monitored on a permanent basis.

Air/ground message integrity

3.2.42 The Mode S system provides sufficient protection
to ensure that no more than one undetected error occurs in
10E7 112 bit messages.

3.3 PERFORMANCE
CHARACTERISTICS
TO BE TESTED

Interdependence of radar data
quality characteristics (RDQCs)

3.3.1 Careful consideration has to be given to the fact that
RDQCs are strongly interdependent (see introduction to 3.2
and Figure 3-1*). Therefore, no general conclusions on the
usability of the radar data in specific areas can be drawn even
if some of the characteristics are far better than the typical
performance figures. On the other hand, experience shows
that generally a radar sensor or processing system problem
might exist if the RDQCs are below the typical performance
figures. Figure 3-1 explains the interdependence between the
individual radar system performance parameters.

Typical performance figures
for RDQCs

3.3.2 Typical performance figures for RDQC are based on
many years of experience with different radars, RDPSs and,
last but not least, different evaluation tools. Radar data
quality characteristics are by definition (see 3.2) of a
statistical nature. Therefore, typical figures should always
be expressed with an upper and a lower value. It is,
furthermore, strongly recommended that “overall” figures
refer to well-defined classes of objects such as geographical
filter, aircraft type or operational sector of interest. Overall
results which are derived from unclassified objects are only
of use for trend analysis by a comparison between
measurements of the same system under similar
measurement conditions.

*  Figure 3-1 is located at the end of this chapter.
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3.3.3 RDQC performance figures depend on the available
evaluation tools and especially on the reference. Any
RDQC performance figure is worthless if the measurement
conditions, evaluation procedures and references are not
clearly defined. Thus, Tables 3-1* and 3-2, with some
typical performance figures on radar data characteristics,
can only serve for general guidance and never as being
fully representative.

Note.— Tables 3-1 and 3-2 refer to PSR and
conventional SSR and monopulse SSR systems. It is
expected that with the introduction of Mode S (e.g.
transponder antenna diversity or selective addressing)
certain performance figures are superior to those listed.

3.3.4 Tests to be performed with a Mode S site monitor:

a) Standard message test. A communications loop test
using the standard length messages (SLMs)
(Comm-A/Comm-B) should be supported by the
site. monitor. This would test the ability of the
sensor to correctly deliver and receive an SLM
message. Several solutions may be envisaged, one
being to deliver a Comm-A message to the site
monitor, which could cause the generation of an air-
initiated Comm-B message with the same message
content. The sensor would then check that the MB
field content is the same as the MA field content.

by ELM message test. This test should be similar to the
SLM test but based on the extended length message
protocol.

c) Alert bit trigger. The site monitor would set the alert
bit (change of the A code) upon reception of a
request from the Mode S station. This request could
consist of a Comm-A interrogation with a specific
MA field value or of an interrogation with a
particular RR value. This is to check that the Mode
S sensor correctly processes such an event.

d) Downlink capability report announcement. The site
monitor would trigger a downlink capability report
announcement upon reception of a request from the

*

e)

2

Mode S station. This request could consist of a
Comm-A interrogation with a specific MA field
value or of an interrogation with a particular RR
value. This is to change the request for the
transponder register accessed by BDS 1,0 to a test
value and to check that the Mode S sensor correctly
processes this event.

Flight ID change. The site monitor would trigger a
change of Flight ID upon reception of a request
from the Mode S station. This request could consist
of a Comm-A interrogation with a specific MA
field value or of an interrogation with a particular
RR value. This is to change the request for the
transponder register accessed by BDS 2,0 to a test
value and to check that the Mode S sensor correctly
processes this event.

RA broadcast. The site monitor would trigger an
RA broadcast upon reception of a request from the
Mode S station. This request could consist of a
Comm-A interrogation with a specific MA field
value or of an interrogation with a particular RR
value. This is to change the request for the
transponder register accessed by BDS 3,0 to a test
value and to check that the Mode S sensor correctly
processes this event.

II code delivery. The site monitor should report the
II/ST codes on which the site monitor is locked out.
This is to check that the Mode S sensor is working
with the II/ST codes it has been assigned. This
report could be contained in one of the two
transponder registers assigned for this purpose
(accessed by BDS codes E,1 or E,2) as described in
Annex 10, Volume III, Part II, Appendix 1 to
Chapter 5. The GICB protocol would be used to
extract this register.

All tables are located at the end of this chapter.

9/10/02
No. 1
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TABLES FOR CHAPTER 3

Table 3-1. Typical over-all performance figures for primary and sliding window SSR systems
Typical
Parameter group Radar data quality characteristics performance figure | Remark(s)
Target statistics Target detection PSR 85 -90 % Absolute reference
Probability (Pp) SSR 90 - 95 % Absolute reference
Combination probability PSR/SSR 80 - 90 % Relative to SSR
Code validation Mode 3/A 85-95% Absolute reference
Probability Mode C 83 ~-92 % Absolute reference
False code validation Mode 3/A 0-1%
Probability Mode C 0-1%
Number of false plots per scan PSR <20 Normal weather conditions
SSR:
-~ Reflections 1-3
— Split plots 0-1
— Others 0-1
Gap size between SSR plots Mean value 1.5 - 2 plots
P(>2 gaps) 10 - 15%
Systematic errors Azimuth bias 0.1 - 0.15° Mean value
Range bias 50 - 100 m Mean value
Range error at maximum range 300 — 400 m Maximum value
Collimation error PSR/SSR 0.1 -0.15° Uncorrected
Time Distribution Mean value 08-1s
plot processing time
Maximum value | <2s
Plot message transmission Maximum value | <0.25 s One transit node considered
time (radar to display)
Accuracy/resolution | Azimuth error PSR (og) 0.15 - 0.2° Standard deviation
SSR (o) 0.2-03° Standard deviation
P(AO>1.5°) 0.1-03%
Range error (og) 70 - 130 m Standard deviation
Resolution PSR Distance 500 — 1 000 m
Azimuth 34 - 42° (Note 1)
Resolution SSR Distance 750 - 6 740 m
Azimuth 3.6 - 7.5° (Note 1)
Radar site position error 100 - 200 m Satellite reference

Note 1.— This figure strongly depends on the interrogation rate, antenna scan time and, for SSR, mode interlace.

Note 2.— The typical performance figures in this table are based on experience with different radars, different radar data
processing and different evaluation tools. They are typical over-all performance figures as they cover unspecified target
populations and conditions.

Note 3.— Refer to Chapter 5 for details about parameter characteristics.

Note 4.— Refer to Attachment 1 for details on absolute references.
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Table 3-2. Typical over-all performance figures for monopulse SSR systems

Parameter group Radar data quality characteristics ;Z))l‘;ra?;ance figure | Remark(s)
Target statistics Target detection probability (Pp) SSR >97% Absolute reference
Code validation Mode 3/A >98% Absolute reference
Probability Mode C >96% Absolute reference
False code validation Mode 3/A <0.1%
Probability Mode C <0.1%
False target report probability <0.1%
Multiple target report probability | - Reflections <0.2%
~ Split plots <0.1%
— Side lobes <0.1%
Systematic errors Azimuth bias <0.1° Mean value
Range bias <50 m Mean value
Range error at maximum range 150 m Maximum value
Accuracy/resolution Azimuth error (og) <0.08° Standard deviation
Range error (or) <70 m Standard deviation
Resolution SSR for Py, > 98% Distance 2100 m
Azimuth 21.5° (Note 1)

Note 1.— This figure depends strongly on the interrogation rate, antenna

scan time and mode interlace.

Note 2.— The typical performance figures in this table are based on experience with different radars, different radar data
processing and different evaluation tools. They are typical over-all performance figures as they cover unspecified target
populations and conditions.

Note 3.— Refer to Chapter 5 for details about parameter characteristics.

Note 4.— Refer to Attachment | for details on absolute references.
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FIGURE FOR CHAPTER 3
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Figure 3-1. Interdependency of radar data quality characteristics
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ATTACHMENT 1 TO CHAPTER 3

ABSOLUTE POSITION REFERENCES

1. GENERAL

For radar data evaluations there are basically two types of
methods to generate an absolute position reference:

a) externally (e.g. multi-DME, inertial navigation
system (INS), global navigation satellite systems
such as GPS or GLONASS, etc.); or

b) internally, or derived by multi-radar data process-
ing (e.g. multi-radar trajectory reconstitution
(MURATREC)).

External references

1.1  The basic problem experienced in the past with
external references had been found to be either of:

a) geographical nature (location of radars and/or DMEs
is not known accurately enough, different projection
systems are in use in adjacent States); or

b) time stamping differences.

1.2 Therefore, after many comparative analyses with the
internal multi-radar derived method, the EUROCONTROL
Radar System Specialists Panel (RSSP) recommended in
the past not to use external references as a reference for
radar evaluations.

1.3 However, now with GPS data becoming more and
more available and being time stamped, the systematic
error between GPS and UTC and other statistical errors
can be corrected using the differential GPS method. At
least one State is planning to use the differential GPS
method in a test configuration with flight check aircraft for
the flight inspection of a new radar. The scope of this test
is to demonstrate the feasibility of differential GPS
including air-ground data link to create a reference and
evaluate the obtainable accuracies of this method.

Internal or multi-radar references

1.4  Multi-radar derived data might be used as a refer-
ence, provided that:

a) the radar under test is feeding the data to a display
system with minimum additional triple coverage; and

b) systematic errors are compensated before the
generation of a reference trajectory.

1.5 A software tool for UNIX systems (e.g. HP/Apollo
workstation) with the name Multi-radar Trajectory

Reconstitution System (MURATREC) had been developed
within EUROCONTROL for use within the radar analysis
support system (RASS) user group (RUG).

1.6 One logical consequence is that MURATREC
cannot be used for the assessment of the positional
performance of a single radar installation on its own (e.g.
a newly installed one), if data from other radar systems
with overlapping coverage are not available during the
evaluations. In such a case, only residual errors can be
determined, since the “reference trajectory” created from
only one radar source is itself suffering from systematic
errors. This problem can be avoided by sending data to a
multi-radar analysis system, if other radars have already
been connected. An alternative solution is the recording of
radar data at different radar sites whereby data are time
stamped with a common (preferably absolute) reference
time, e.g. provided by a GPS time receiver available at
each of the radar sites. A third solution, in the case of
acceptance tests and if no further radar sources are
available, is the use of the external differential GPS
method providing the absolute reference for time and
position of the external alignment references (RFM,
Parrots, active reflector), or of a flight inspection aircraft
if the differential GPS reference data are time stamped and
recorded on board or are transmitted to the data recording
facility on the ground.

2. CONCLUSION

2.1 When comparing both methods to generate an
absolute reference it should also be considered that, while
GPS could be used for a “real time” trajectory reference,
MURATREC is suited only for off-line trajectory analysis.

2.2 On the other hand, MURATREC is less dependent
on external errors and hence does not need an air-ground
data link to correct the measured values. Systematic errors
from MURATREC are hidden in the data themselves, and
consequently it is very difficult and critical to make an
automatic correction. In some cases, systematic errors can
be found only after several successive approximations.

2.3 In both cases, it is therefore highly recommended to
use a tool for the visualization of the reference trajectory
and the radar data used for the reconstitution of the
reference trajectory. In any case, as the attached example
clearly demonstrates, systematic errors should be detected
and the source of errors eliminated, then the error has to
be compensated for (see Figure 3-A1-1 located at the end
of this attachment).
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FIGURE FOR ATTACHMENT 1 TO CHAPTER 3
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Figure 3-A1-1. Example of a multi-radar and common track error analysis
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ATTACHMENT 2 TO CHAPTER 3

OBJECT CLASSIFICATION AND CHAINING

1. Radar detections (plots) have to be classified for
radar evaluation processes as being either objects (i.e.
belonging to an existing trajectory or starting a new
trajectory) or false plots. This classification process is
generally known as chaining or object correlation.

2. Inradar evaluation tools where the position reference
(see Attachment 1 to this chapter) is derived from the
trajectory (i.e. internal reference), the chaining process has
to precede the generation of the reference, since false plots
might heavily affect the accuracy of the reference.

3. Objects and false plots are furthermore classified into
different subsets in accordance with their characteristics
(see Chapter 3, 3.2.6).

4. The chaining/object correlation process has to give
consideration to several characteristics of the radar data
such as:

a) beginning and end of a trajectory are uncertain in
time and space;

b) gaps of several scans may occur (e.g. for a cone of
silence) and have to be bridged;

c) for the case of secondary radar data, it has to be
taken into consideration that the Mode A code
may be changed by the pilot;

d) parallel flights in different flight levels and
crossing flights with a low crossing angle may
occur frequently; and

¢) non civil flights during exercises (formations,
manoeuvres, etc.) generate plots which cannot be
readily classified.

5. During the pre-operational system optimization phase
of a radar, typically the number of false plots is higher
than “normal” or the probability of detection is smaller,
hence leading to large gaps.

6. In order to obtain a high statistical basis, it is highly
desirable to evaluate as many radar data as possible,
therefore the chaining/object correlation process should be
as automatic as possible. Several attempts have been made
to design, produce and tune such monoradar and/or multi-
radar object correlators. A sophisticated chaining function
has been developed by a group of States (see Appendix B).

7. As an alternative, a semi-automatic monoradar
chaining function may be used in order to support the
process of automatic object classification for the obvious
cases (90 to 93 per cent) and support a manual
intervention and allocation to subsets by the evaluating
radar engineer.







Chapter 4

TEST APPLICATION

4.1 GENERAL

4.1.1 The purpose of this chapter is to list, by means of
cross-reference tables, all I/O interfaces defined in
Chapter 2 and 4.4 below, the various parameters which
can be tested, and the level at which the test shall be
applied. In addition, the appropriate L.CS is indicated
during which the specific parameter should be checked.
Finally, some remarks with respect to the method of
testing the parameter are given.

4.1.2 Factory tests and part of the site acceptance tests
are strongly dependent on the technique used by the differ-
ent manufacturers. Therefore, no generally applicable test
methods can be given; rather, the tests should be per-
formed on the basis of manufacturer-provided information.

Note.— In addition to the manufacturer-related test
procedures, flight checks should be performed as part of
the site acceptance tests. The results of the evaluation of
opportunity traffic and the special test flights may be taken
into account for the provisional acceptance of the system.

4.1.3  As preparation for any radar evaluation, flight
check, or operational usage, the actual performance of the
equipment has to be assessed, i.e. the characteristic para-
meters have to be determined and documented.

4.2 DEFINITION OF RADAR
PARAMETER CATEGORIES

Introduction

4.2.1 This section describes and defines the different
categories for test levels (i.e. at which level an evaluation
can be performed) and for LCSs (i.e. when can checks be
performed).

4.2.2  While many of the parameters are of a low-level
nature, it is essential to gain confidence that the various
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elements of the system under test are functioning correctly
before evaluating the system as a whole.

Test levels

4.2.3 The parameters are categorized into so-called “test
levels” as follows:

a) system level. Either a multi-radar system with
tracking, such as the system illustrated in
Figure 2-4, or a monoradar system, such as an
approach radar or one of the radars in a multi-
radar system, such as the system illustrated in
Figure 2-3;

b) sub-system level. A part of a system which may be

tested in sifu involving the use of other parts of

the system as test equipment. This implies that the
parts of the system to be used as test equipment
must be operating correctly; and

c) unit level. A part of a system which may be tested

on a stand-alone or bench test basis.

Life cycle stages (LCSs)

424 The LCSs during which a test is performed are
categorized into factory tests and on-site tests, as described
in the following sections.

Factory tests

4.2.5 These may be of several types concerning indi-
vidual units of a system, sub-system or occasionally a
complete system. This document is not concerned with
sub-unit tests, e.g. component testing, verification of
amplifier performance, etc.

42.6 The tests specified may form part of a customer
acceptance test for each piece of equipment or may be of
the batch or type test variety. When and how often such
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tests are performed is dependent on the system require-
ments, and costs. For example, some manufacturers may
not perform overload reaction tests as part of the accept-
ance of the radar system; as a result, the customer would
have to be content with a set of bench test results.

Site tests (pre-operational)

4277 These cover the installation and site acceptance
phases of the system’s life and any tests prior to the
system becoming operational. Tests at this stage are
divided into two areas:

a) site commissioning. This typically includes tests of
units to verify results obtained in the factory, sub-
system acceptance tests, technical acceptance of
the system, and parameter optimization, e.g.
antenna tilt, GTC, on system or sub-system level.

Note.— In principle, the site commissioning
shall include the verification of the performance of
the PSR system for all the environment conditions.
Therefore the performance has to be checked
under all seasonal conditions and, if applicable,
also under anomalous propagation conditions. It is
common practice of the radar manufacturer to
initially tune the system to meet the contractual
specifications which, in most cases, does not
necessarily mean that the PSR/SSR system has
been tuned for optimal performance.

b) operational evaluation. Should comprise system
tests, e.g. on the basis of

operational acceptance

flight trials.
Site tests (operational)

4.2.8 Tests during the operational lifetime of a radar
system comprise the following:

a) BITE/RTQC. On-line monitoring of various system
parameters, and may include periodic checks of
system performance while the system is oper-
ational using BITE, equipment/procedures for
RTQC, or external test facilities;

b) preventive maintenance. Tests made during or after
preventive maintenance activities and in accord-
ance with manufacturer recommendations;

¢) corrective maintenance. Tests made during or after
corrective maintenance activities and in accordance
with manufacturer recommendations;

d) post modification. Tests on a unit or sub-system
following a modification which would affect the

system’s operational performance. Depending on
the modification, part or all of the tests indicated
above should be carried out before returning the
system to operational service; and

e) problem investigation. Tests of system, sub-system
or unit to investigate a particular problem, e.g. loss
of coverage in a certain area or an increase in false
plots.

Note.— The last two categories are not shown
in the tables as they are applicable to all the
parameters listed depending on the nature of the
work being carried out. It is the responsibility of
the system engineer to decide which parameters
will require testing following either a modification
or the investigation of a particular problem.

4.3 DEFINITION OF INPUT DATA

General
4.3.1 The performance of a radar system can be checked
(evaluated) by means of the injection of data, either in
analogue or digital form, at a number of levels within the
system. This “input data” may be injected at any of the
I/O interfaces shown in Figures 2-3 and 2-4 of Chapter 2.

4.3.2 The “input data” can be broken down into a
number of different categories:

a) live opportunity traffic;
b) simulated flights;

c) special test flights (with or without onboard
systems for precision position determination);

d) combinations of the three categories above; and

e) replay of recorded information from any of the
above.

4.3.3  The input data can be entered at any of the levels
of the radar system (radio frequency, video, plots, tracks,
etc).

Opportunity traffic

4.3.4 This is a “live” data input which is obtained from
the “real world” environment, i.e. from aircraft within the
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volumetric coverage of the system under test, be it radar
sensor (PSR and/or SSR), or an RDPS, with one or several
radar data inputs.

4.3.5 The opportunity traffic will therefore consist of the
received RF replies from aircraft detected within the volu-
metric coverage of the system under test, “injected” at the
antenna input(s) of the system interfaces PIO1 and SIOI.

4.3.6 The aircraft within the radar coverage may be
considered as a statistical random selection of the total
aircraft population. There will be a variety of reflecting
surface areas for the primary radar and a variety of SSR
transponders and aircraft SSR antenna radiation patterns.
Opportunity traffic can give a large amount of data in a
short time for assessing radar system performance. A suf-
ficiently large sample of opportunity traffic will provide
the data required to establish (i.e. measure) the system
performance parameters. Opportunity traffic can provide
the majority of the data needed for evaluation purposes.

Simulated traffic

4377 Simulated traffic or simulated flights can be
produced by analogue or digital methods in order to simu-
late an aircraft or a “population” of aircraft flying closely
defined profiles. As this input is accurately known, the
processed output of the system can be closely observed for
determining system performance.

4.3.8 A precise control of the simulated traffic allows
changes in operational parameters of the system under test
to be checked for variation in system performance. In par-
ticular, a system may be optimized or investigated (par-
ticularly in the case of an operational anomaly) by the
repeated use of the same simulated traffic population for
a number of different system parameter settings or modi-
fications.

439 Examples of the use of simulated traffic are:

a) the variation of target radial velocity in order to
check “blind” and “dim” speeds of primary radar
processing systems;

b) the variation of mode of flight to check the
reaction of tracker systems;

c) the simulation of close approach situations
(primary or secondary radar) in order to check the
range and azimuth resolution of a radar system;
and

d) the checking of the degarbling performance of
SSR systems.

Special test flights
(calibration aircraft)

4.3.10  These flights (also known as calibration flights)
are made with a dedicated aircraft. The “calibration” air-
craft performs an agreed flight profile or a number of
flight profiles, in order to:

a) obtain the radar (PSR or SSR) performance
characteristics in areas where few or no traffic at
all -occurs (low aircraft population), e.g. for
resolution flights; and

b) investigate in detail areas of the radar coverage in
which problems have been observed (lobing, loss
of coverage, etc.). Typically, the calibration aircraft
will carry additional electronic equipment for high
accuracy navigational, positioning and recording
purposes.

4.3.11  An aircraft used for PSR performance evaluation
purposes will typically have a radar cross section (RCS) of
a known value, preferably similar to that defined by the
radar manufacturer for a given detection performance (e.g.
RCS = 2 m? or 10 m?) and which use has been agreed
upon by the radar manufacturer.

4.3.12 In the case of an aircraft being used for SSR
performance evaluation, it is essential that the aircraft
carries a “calibrated” SSR transponder and antenna. The
calibrated transponder must in all respects conform to
SARPs in ICAO Annex 10, Volume IV. Checks should
also be made of the transponder-antenna cable and the
antenna itself. It is common practice, where transponder
receiver sensitivity, power output levels, etc., are
adjustable, to set these to the “worst case” values allowed
within the tolerances of SARPs.

4.4 DEFINITION OF
INPUT/OUTPUT (I/0)
INTERFACES

General

4.4.1 The I/O interfaces are points in a radar system or
RDPS where data flows should be easily accessed. The
physical implementation of the interface depends on the
system design and may require specific equipment. In this
document, the input levels are defined at suitable inter-
faces, generally described as I/O interfaces. At these points
data can be either injected (tests, simulations, etc.) or
extracted (for recording or further data processing).
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4.4.2 The data may be in the form of RF, video (analogue,
quantized or digitized), plots or tracks. Figures 2-3 and 2-4
show functional block diagrams for:

a) a radar station including both primary, secondary
and common elements; and

b) an ATCC.

An explanation of the functional block diagrams is given in
Chapter 2.

Key to the I/O interfaces

4.4.3 Reference is made to Figures 2-3 and 2-4 where I/O
interfaces are designated as follows:

PIO  designates a primary input/output (I/O) interface
SIO  designates a secondary input/output (I/O) interface
CIO  designates a common input/output (I/O) interface
RIO  designates an RDPS input/output (/O) interface.

The functions of the I/O interfaces may be broken down as
follows.

Primary radar
I/O interfaces

4.44 The following is a list of the primary radar I/O
interfaces:

a) PIOI: Radiated RF input. This is the radiated RF
input to the PSR system and a test input will
typically be from an active reflector (see 2.3.24).
This is an input-only interface.

b) PIO2: Primary radar RF input interface. At this
point, RF test signals can be injected into the input
ports of the PSR receivers. This is also an input-
only interface.

¢) PIO3: PSR video (analogue or digital) input/output
interface. This point represents the output of the
PSR receivers where detected video can be output
for recording purposes. Similarly, this point acts as
an input interface for the injection of synthetic
(simulated or recorded) video. According to PSR
system philosophy, the video at this level may be in
either analogue or digital form.

d) PIO4: Primary radar processed video /O interface.
This /O interface represents the output of the PSR

9/10/02
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intermediate video processing of the primary radar
system. The video at this point will have been
subjected to processes such as MTI, MTD, constant
false alarm rate (CFAR), LogFTC in order to obtain
usable data (analogue or digital) for input to the
primary plot extractor. At this point, data can be
either injected (tests, simulations, etc.) or extracted
(recordings, etc.).

e) PIOS: Primary radar extractor video (plots) I/O
interface. This VO interface represents the output of
the primary plot extractor and the data is entirely in
digitized form. As in the other cases, data can either
be injected or extracted according to the task to be
carried out.

fy PIO6: Primary radar track/filtered plot 1/O
interface. At this point, the extracted PSR plots have
been subjected to a further rotation scan to scan
processing in order to eliminate false plots, and
possibly to form monoradar tracks. Reference is
made to 2.3.12 with regard to the possibility of
surveillance processing/tracking/plot filtering ac-
tions being carried out at other system levels. As in
the other cases, data can either be injected or
extracted at this point according to the task to be
carried out.

g) PIO7: Primary radar transmitter output. This is an
output-only interface.

h) PIOS8: Primary timing unit. In most cases, this is an
output-only interface.

Note.— In modern architecture systems several
interfaces operate together, e.g. PIO5, PI0O6, SIOS,
SI06 and CIO2, on a local area network (LAN).

Secondary radar I/O interfaces

4.4.5 The following is a list of secondary radar I/O
interfaces:

a) SIOI: Radiated RF input. This is the radiated RF
input to the SSR system and a test input will
typically be from a remote field (or site) monitor.
This is an input-only interface.

b) SIO2: Secondary radar RF input interface. At this
point, RF test signals can be injected into the input
ports of the SSR receivers. This is also an input-
only inierface.
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c) SI03: SSR video (analogue or digital) I/O h)y SIOS: Secondary timing unit. In many cases, this
interface. This point represents the output of the unit may have an additional input for external (e.g.
SSR receivers where detected video can be output primary radar) synchronization.
for recording purposes. Similarly, the point acts as
an input interface for the injection of synthetic Note.— In modern architecture systems several
(simulated or recorded) video. interfaces operate together, e.g. PIOS5, PIO6, SIOS,
SIO6 and Cl1O2, on LAN.
According to SSR system philosophy, the video at
this level may be in either analogue or digital form. 1) SI09: Mode S interrogation handler output

)

e)

g)

S104:  Secondary radar processed video 1/0
interface. This I/O interface represents the output of
the SSR intermediate video processing of the
secondary radar system. At this level, the videos
may have been subjected to such processes as:

1) RSLS processing;
2) OBA processing; and

3} video reconstitution.

The data at this point may be either in analogue or
digital form and provides the necessary input to the
secondary plot extractor. It should be noted,
however, that in modern SSR equipment (par-
ticularly for monopulse SSR applications), the re-
ceiver, intermediate video processing and plot
extractor may be one common unit, making it more
difficult for accessing data (video/plots) at this level.
At this point, data can be either injected (tests,
simulations, etc.) or extracted (recordings, etc.).

SIO5: Secondary radar extracted video (plots) 1/0
interface. This I/O interface represents the output of
the secondary plot extractor and the data is entirely
in digitized form. As in the other cases, data can
either be injected or extracted according to the task
to be carried out.

SIO6: Secondary radar surveillance processor
plot/track I/0 interface. At this point, the extracted
SSR plots have been subjected to further processing
in order to eliminate false plots, and in some
instances form monoradar tracks. Reference is
made to 2.3.12 as regards surveillance processing
actions being carried out at other system levels. As
in the other cases, data can either be injected or
extracted at this point according to the task to be
carried out.

SIO7: Secondary radar transmitter output. This is
an output-only interface.

interface. At this point, pre-determined calculated
Mode S interrogation segments are passed to the
transmitter. This transmission time is controlled by
the interrogation scheduler, and the data is deter-
mined by the surveillance processor (and the data
link IO, if applicable).

Commeon radar 1/0
interfaces

4.4.6 The following is a list of common radar /O
interfaces:

a)

b)

)

d)

CIOI: Plot combiner I/O interface. At this point,
the extracted PSR and SSR (Mode 3/A or Mode S)
data have been subjected to certain combination
criteria and the output at CIO1 will consist of:

1) combined plots/tracks;

2) SSR-(Mode 3/A or Mode S) only plots/tracks;
and

3) PSR-only plots/tracks.

In the case that the radar station is PSR- or SSR-
(Mode 3/A or Mode S) only, no plot combiner will
be required.

CIO2: Combined surveillance processor 1/O
interface. This is a special case of the PIO6 and
SIO6 1/O interfaces and corresponds to a system
where no separate PSR and/or SSR surveillance
processing is carried out before plot combination.

As in the other cases, data can either be injected or
extracted at this point according to the task to be
carried out.

CIO3: Modulated transmitter data. This interface is
suited for analogue data recording.

CIO4: Output of transmission medium. (Analogue
base-band data before demodulation into digital

9/10/02
No. 1



Manual on Testing of Radio Navigation Aids

447

a)

b)

9/10/02

data). At this point, however, the modulated data at
the output from the link’s receiver, containing pos-
sible errors due to additional noise from the
transmission line and other distortions, can be
analysed.

In some systems, demodulated digital information
may be provided directly by a link provider. Error
analysis can be applied at this point to determine
the quality of the data transmission medium, pro-
vided the appropriate error detection protocols are
applied to the transmitted data.

ATCC radar interfaces
The following is a list of ATCC radar interfaces:

RIOI: Input of transmission medium at ATCC. This
interface is generally identical to the output of the
transmission medium (CIO4).

RIO2: Output of data reception process. See CIO2.
At this interface the demodulated data from the
radar sites are available.

No. 1

¢) RIO3: RDPS outpur. This interface is of special
importance for the overall radar/RDPS performance
evaluation.

4.5 TEST APPLICATION
CROSS-REFERENCE TABLES

4.5.1 Tables 4-1 to 4-20* contain a series of cross-
reference tables listing, for all input/output interfaces de-
scribed in Chapter 2 and 4.4 above, the appropriate tests to
be carried out and the corresponding LCS applicable.

4.5.2 Details of radar parameter test methods are given in
Chapter 5.

4.5.3 Where applicable, remarks indicate the use of
special test equipment. Examples of tools typically used
within various administrations for radar evaluations and
current development work are described in Appendix B.

*  All tables are located at the end of this chapter.
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Chapter 5

DETAILED RADAR TEST METHODS

51 GENERAL

5.1.1 The following information provides a detailed
description of each parameter referenced in Chapter 4 and
information about pre-requirements, methods, procedures,
etc., recommended to be applied.-

Documentation

5.1.2  The scope of radar performance measurements is
to document the radar and radar system performance. The
radar performance document must be complete, and all
measurements, recordings and presentation of results are
to be time stamped. Actions based on the evaluation and
interpretation of results must be logged together with the
necessary re-evaluations.

ceferences

5.1.3  Several of the described test methods need accur-
ate references (see also Attachment 1 to Chapter 3) and/or
plot classification (“chaining”) procedures which in many
cases might not be available. An “ideal” multi-radar-based
chaining and trajectory reconstitution method is useless for
the cases of monoradar coverage, pre-operational site com-
missioning, etc.

5.1.4 . Therefore alternative and simpler methods are
described for the above-mentioned cases which might need
higher evaluation effort.

Standards

5.1.5 Standard equipment is to be used wherever
possible. When checking SSR systems, calibrated trans-
ponders must be used. Special emphasis must be placed on
measurements of power level, receiver sensitivity, pulse
spacing, pulse width, and SLS function. It is recommended
that coverage checks be performed with transponders
having minimum permissible level of performance with
respect to output power and receiver sensitivity.

5.2 HOW TO USE THIS CHAPTER

Categories of parameters

5.2.1 The following description of testing the individual
parameters has been broken down into two categories:

a) general performance parameters, which are basic
and fundamental but are typically dependent on
more than one technical parameter, yet these
performance parameters are strongly related to the
operational use of radar systems. One typical
example is the detection probability; and

b) detailed technical performance parameters, which
are assessed primarily during commissioning, and
for which the procedures, pre-requirements,
methods, intervals, etc., can be expected to be
specified in the manufacturer’s documents. Within
the framework of this document, only limited
information is therefore given for this type of

parameter.

Two charts showing the parameters listed in Chapter 4 and
their allocation to these categories are given in Tables 5-1
and 5-2%*.

Test description for each parameter

522 Within these two categories, descriptions of
relevant radar system parameters together with further
information concerning the test environment are given. In
each category, the information given is in alphabetical
order and basically organized as follows:

a) description, i.e. what does the parameter tell us
about the system performance, units of measure-
ment if applicable;

5-1

* All tables are located at the end of this chapter.
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b) pre-requirements, i.c. any requirements which must
be fulfilled before the parameter may be tested or
evaluated;

¢) test points, i.e. a cross-reference to the data I/O
points given in the parameter tables of Chapter 4;

d) test methods, ie. a description of the test pro-
cedures required to measure the parameter at the
respective test points, including:

1) data collection techniques;
2) observations to make during data collection;

3) data analysis techniques and procedures to
follow for analysing the data; and

4) definition of any specific terms used in the
analysis.

e) presentation of results, ie. description of any
special methods of presentation which may be
employed; and

f) evaluation of results, i.e. description of any special
techniques for the evaluation and interpretation of
results which may be required.

5.3 TESTING OF
GENERAL PERFORMANCE
PARAMETERS

5.3.1  General performance parameters discussed below
are basic and fundamental but they are typically dependent
on more than one technical parameter, yet these perform-
ance parameters are strongly related to the operational use
of radar systems.

Accuracy
Description

5.3.2  The position accuracy is the accuracy with which
the radar system provides the true position of the aircraft
at a given time, and is expressed in terms of maximum
acceptable positional errors, which are categorized as
systematic errors, residual random errors and jumps.

5.3.3 Height accuracy performance is provided with the
Mode C code detection analysis. The reliable method of
measuring these errors to use the true position of the
aircraft as a reference, against which the target report
positions are compared. The traditional method of obtain-
ing the reference position is to use a laboratory aircraft
equipped with very sophisticated position finding instru-
ments. The high costs and poor time resolution of the
recorded position data make such flights prohibitive for
radar evaluation accuracy performance assessment. For the
purposes of radar evaluation, it is more feasible to use
trajectory reconstruction.

5.3.4  Such sophisticated trajectory reconstitution based
on multi-radar sources allows the radar systematic errors
to be estimated and the aircraft reference trajectory to be
reconstructed a posteriori from the recorded radar target
data. The accuracy analyses would be divided into the
following stages:

a) estimation of the systematic errors (also known as
correlated or bias errors) for each radar in time
stamping error, range bias, slant range gain, azi-
muth bias and site position. Using this method
these errors can only be estimated in a multi-radar
environment and must be taken into account before
the individual radar accuracies can be estimated. In
an optimized system, the systematic error should
be approximately half the residual error standard
deviation values for a modern approach radar;

b) reconstruction of the true aircraft trajectory from
the recorded radar target data using curve fitting
techniques;

c) analysis of the residual errors in position, range
and azimuth for each category of plot data after
correction of systematic errors. The errors are
expressed in terms of the slant range standard
deviation and azimuth error standard deviation;
and

d) jump analysis. Jumps are target reports with
positional errors larger than 1° in azimuth or
700 metres in slant range. The errors are expressed
as the over-all rate of jumps determined as the
ratio of the number of jumps in relation to the
number of detected target reports.

Pre-requirements

5.3.5 Stable operating state of the system. Also refer to
the sections on systematic errors and residual errors.
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Test points

5.3.6  The following table lists the relevant test points.

Test point Test level  Life cycle stage

CIO2, RIO2, System Pre-operational: site

RIO3 commissioning
Operational: RTQC,
preventive and
corrective maintenance

Test methods

5.37 Refer to sections on systematic errors and residual
errors for detailed explanation. Figure 5-1* indicates the
general event flow for accuracy analysis using a computer-
based evaluation tool.

Alignment PSR-SSR

Description

5.3.8 Radar systems with collocated PSR and SSR sys-
tems normally provide combined target reports. It is
essential for the SSR and PSR elements in the system to
be aligned otherwise combination would not be possible.
The collocated system may be on- or off-mounted. The
alignment parameter is a measure of how accurately the
constituent SSR and PSR parts of a combined plot are
aligned in range and azimuth.

5.3.9 Depending on the system, either the PSR or SSR
plot position may be chosen as the reference. An approach
radar with SSR must use the primary radar as reference.
An en-route system would normally use the SSR as a
reference.

Pre-requirements

5.3.10 Stable operating state of both PSR and SSR
systems. Optical and electrical alignment of the PSR and
SSR antenna(s) to true North have been satisfactorily
completed.

Test points

5.3.11 The following table lists the relevant test points.
Test point Test level  Life cycle stage

PIOS, SIOS System Pre-operational: site

commissioning

C102 System Operational: RTQC
Sub-system Pre-operational: site

commissioning
Operational: RTQC

Note— Tests at points PIO5 and SIOS5 are intended
for radars with operational analogue display systems.

Test methods
Test equipment

5.3.12 Computer-based plot analysis system, operated on
the basis of opportunity traffic or (for an assessment in a
limited area of coverage only) site monitors. The latter
have to consist of a combination of PSR reflector and SSR
test transponder. In addition, RTQC testing may be poss-
ible through BITE, or if plot messages contain suitable
alignment quality values.

Test procedures

5.3.13  For successful measurement of this parameter, a
sufficiently large data sample must be collected which has
an even as possible distribution of data over the coverage
volume of the system under test. Consequently, the recom-
mended data source is opportunity traffic.

5.3.14 Alignment reference. It is recommended to
choose as a reference whichever system the user has
confidence in (PSR/SSR) being correctly geographically
aligned. By default, the SSR position will be chosen as the
reference since this is the system most likely to have been
aligned to a test transponder (or parrot).

5.3.15 Procedure. The exact procedure depends on the
system architecture and the system life cycle as to which
I/O points the measurement can be made. The following
methods are suggested:

a) itis recommended that the system allow the output
of the separate plot extractors and the output of the
plot combination process to be recorded simul-
taneously. Record and chain the data and analyze
using a multi-radar alignment tool to generate the
position reference and compare the PSR to the
SSR alignment for those trajectories which have a
reference position; and

b) during system commissioning or when the system
is out of service, the plot combination process

* All figures are located at the end of this chapter.
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must be disabled. Visual inspection of the radar
monitor screen may reveal any large alignment
errors. In addition, it is recommended to make a
data collection, to chain the data and to analyze as
in a) above.

Presentation of results

5.3.16 Figure 5-2 is an example of the presentation of
a result from an alignment evaluation. Displayed is the
distribution of the differences in PSR position with respect
to SSR position.

Evaluation of results

5.3.17 The mean alignment error must be less than or
equal to one ACP in azimuth and one range increment. If
this is not the case, the system must be re-aligned. After
this re-alignment the measurement must be repeated. If the
variance of the distributions of either the range and/or the
azimuth is greater than +3° in azimuth or 230 m (0.125
NM) in range, then it is recommended to check the PSR/
SSR combination criteria.

Combination rate

Description

5.3.18 The majority of radar systems with collocated
PSR and SSR systems normally provide combined plot or
track outputs. The combination rate is expressed as the
following ratio for targets within the common maximum
range for the PSR and SSR systems:

combination _ total number of combined targets

rate total number of combined + SSR targets

The combination rate will be more accurate if steps are
taken to ensure that false targets (SSR only or combined)
are not included in the calculation. This can be
accomplished by applying a chaining function (see
Attachment 2 to Chapter 3).

5.3.19 The expression may be used to indicate the
relative coverage and detection between the PSR and SSR
concerned.

5.3.20 The calculation is based on the principle that all
aircraft targets within the shared coverage volume and
within the common maximum ranges of a collocated PSR/

SSR system will be detected as a combined target. There-
fore the calculation is only valid if all aircraft are
equipped with SSR transponders and it may not be valid
for aircraft populations which include military aircraft or
for coverage which includes VFR airspace, etc.

Pre-requirements
5.3.21 Stable operating state of both PSR and SSR

systems. Geographical alignment of the system has been
successfully completed.

Test points

5.3.22  The following table lists the relevant test points.

Test point Test level  Life cycle stage

CIO1

System Pre-operational: site
commissioning,
operational evaluation
Operational: RTQC,

corrective maintenance

Test methods

53.23 A sufficiently large data sample of opportunity
traffic has to be recorded for some hours to provide as
even a distribution of target data as possible. The data
used for the calculation must be within the common range
of both primary and SSR elements. A computer pro-
gramme classifies the plots in combined targets and SSR-
only targets and calculates the combination rate. It is
recommended that graphical visualization tools are used to
display the target data in polar and vertical display formats
which will allow any deterioration of the combination rate

to be seen.

5.3.24  Areas where insufficient data are available for a
reliable statistical measurement should be marked. To
distinguish between non false SSR targets and those SSR
targets which were a result of a loss of primary detection,
it is recommended that the combination ratio be calculated
using chained data.

Presentation of results

5325 It is very useful to produce combination rate
diagrams for different geographic sectors and flight levels.
Figure 5-3 is an example of the presentation of a result
from combination rate analysis. Shown is the combination
rate in the vertical plane.
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Evaluation of results

5326 The over-all combination rate must be better than
G5 per cent.
5.327 Inspection of graphical diagrams will identify any

areas of poor overlapping coverage between the PSR and
SSR systems. When the combination rate results do not
cover the whole volume of expected common coverage
then the reasons for the missing detection must be
analyzed (see probability of detection).

5.3.28 If the combination rate is low only for certain
elevation angles or certain flight levels, then the tilt of the
PSR and SSR antennas must be checked, otherwise the
detection might be degraded also by a wrong STC/GTC
setting.

Coverage
Description

5.329 The coverage of a radar system is a three-
dimensional volume of airspace within which the system
satisfies the detection performance, accuracy and resolu-
tion specifications. The coverage may be expressed in
terms of range, azimuth and altitude, flight level or screen-
ing angle with respect to the radar site. It may also be
expressed in any other convenient co-ordinates such as
Cartesian co-ordinates or air route structure.

5.3.30  Itis important to understand that the term cover-
age does not only concern the detection capabilities of the
radar. It also embraces all the performance parameters.
Even if it is found that the radar has perfect detection in
a certain area, the accuracy of the displayed data may be
so degraded that the system cannot be relied on. A number
of supplementary evaluation terms are introduced for the
purpose of the analyses which are used to allow the
measurements to be made in a controlled manner as
follows:

a) required coverage;

b) actual coverage;

¢) measured coverage;

d) coverage measurement volume; and
e) fringe envelope.

Regquired coverage. The required coverage is the reference
volume of airspace within which the radar is required

to meet the specified performance. The required cover-
age is normally derived from specified operational
requirements and theoretical coverage volume.

Actual coverage. The volume of airspace within which the
system can achieve the defined probabilities of detec-
tion and accuracy. The actual coverage may be better
or worse than the required or expected coverage and
would normally be contained within the established
fringe envelope. The actual coverage is determined by
making a series of performance measurements which
yield the measured coverage and must be at least as
good as the required coverage if the system is to be
operationally acceptable. The actual coverage should
normally not be greater than the established fringe
envelope.

Measured coverage. The measured coverage is the volume
of airspace within which the radar was able to meet
the specified detection and accuracy requirements
during a particular measurement campaign or evalu-
ation of a radar data sample. The measured coverage
is assessed within a defined coverage measurement
volume (CMV). It should be the aim of the radar
evaluation to make a sufficiently thorough study so
that the measured coverage for a particular CMV is
given a high confidence factor and is said to be a good
estimate of the actual coverage.

Coverage measurement volume (CMV). The CMV is de-
fined as the three-dimensional volume of airspace
within which various performance parameters will be
measured for a particular measurement campaign.

5331 The CMV is used in the radar evaluation to
allow the user more flexibility to control the geographical
extent of the data to be used for the performance analyses
as a function of the evaluation requirements. For example,
if it is required to determine the actual coverage, this may
be achieved by defining the CMV to be equal to the fringe
envelope.

5.3.32  Use of a CMV can be defined and may be stored
so that it can be re-used on successive occasions. By such,
the actual coverage may be determined empirically over a
period of time as can the comparison of the measured
coverage between different data samples.

5.3.33  The boundaries of the CMV for any one evalu-
ation are dependent on what has to be measured. Normally
the CMV will be set to include the required coverage vol-
ume or volumes for the evaluation and determined empiri-
cally from the fringe envelope.
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5.3.34 If the purpose is to measure the over-all prob-
ability of detection inside a well-defined (theoretical)
coverage volume, the CMV must at least include the
required coverage volume. If a thorough analysis of the
actual coverage is desired, this implies that the CMV
should be defined to include the system processing limits
so that with each set of measured coverage results, a
reliable estimate of the actual coverage may be gained.

5.3.35 Alternatively, it is expected that a CMV may be
defined to cover a particular portion of airspace, e.g. a
TMA, or may be derived from a combination of the
following:

a) manufacturers’ glossy brochure coverage (do not
consider any STC/GTC influence);

b) theoretical coverage model;

¢) line-of-sight coverage predictions;
d) operational requirements; and

e) contractual constraints.

5.3.36  In the absence of a required coverage volume or
a defined fringe envelope, the default CMV for a radar
would be 0 to maximum processing range, 0 to 360° azi-
muth and FL 12 to FL 500. This would be used as a start-
ing point for an unknown system.

5337 In the case of measurement in a multi-radar
environment, the CMV may be defined either by a separ-
ate CMV for each of the available radars or by a polygon
in X-Y system co-ordinates and minimum and maximum
flight levels. Use of such an X-Y cell system would
normally yield results which were X-Y based and not
range-azimuth based.

Co-ordinate systems used for radar analysis

5.3.38 Once the CMV is defined it can be subdivided in
an appropriate number of 3D cells. The cell boundaries
may be adjusted by the user. Four grid-types are
envisaged:

a) range-azimuth-flight level grid (monoradar analysis
only);

b) range-azimuth-elevation grid (monoradar analysis
only);

c) X-Y-flight level grid with the possibility to define
non-equidistant cell boundaries in all dimensions;
and

d) so-called prismatic volumes or irregular polygons
covering particular parts of airspace, e.g. a set of
air routes.

5.3.39 A special “layer” in range-azimuth will be
required for objects with no altitude information (PSR-
only flights, aircraft not reporting Mode C information,
etc.). In an evaluation system these would normally be
assigned a default flight level. This special layer is
intended to trap such events and not allow them to
influence the results for flights with Mode C information
present.

5340 Fringe envelope. The fringe envelope of a radar
system is the detection performance limits in a vertical
plane passing from the radar sensor, within which the
system may detect targets. The parameters which describe
the fringe envelope of the radar are as follows:

a) minimum and maximum detection range;

b) antenna cone of silence and horizon angles,
throughout 360° of azimuth;

c) antenna vertical lobing patterns; and

d) location of the radar and surrounding topography.

5.3.41  Theoretical coverage model. This is the theoreti-
cal visibility limit of the radar defined in terms of: k

a) maximum range;

b) screening angle (constant or as a function of
azimuth);

¢) cone of silence; and

d) maximum flight level.

Note.— More details could be added by using mini-
mum flight level as a function of range and azimuth
instead of screening angles.

Pre-requirements

5.3.42 None.

Test points

5.3.43 The following table lists the relevant test points.

Test point Test level  Life cycle stage

SIOS5/PIOS System Pre-operational: site
commissioning,
operational evaluation

SIO6/PIO6 System Pre-operational: site

commissioning,
operational evaluation
Operational: RTQC,
preventive and
corrective maintenance
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CIO1 System Pre-operational: site
commissioning
Operational: RTQC
Pre-operational: site
commissioning
Operational: RTQC,
preventive and
corrective maintenance
Pre-operational: site
commissioning,
operational evaluation
Operational: RTQC

CIO2 System

RIO2 System

Note.— Measurements made at the test points 5 and 6
may allow objective evaluation of the detection perform-
ance. Measurements made via a PPI at point RIO2 would
be subjective.

Test methods

Note— Also refer to Appendix A, Flight testing
methods.

General

5.3.44  SIO3/PIO3/SIOS5/PIOS. Since analogue signals
are available at these points, the traditional averaging
method in conjunction with Appendix A is to be applied.

5.3.45 PI04,5,6/8104,5,6/C101,2/R102,3. The recom-
mended method requires a series of comparative measure-
ments to determine the limits of coverage of the system
under test.

5.346 The measurements may be made using:
a) traffic of opportunity;
b) special test flight;
¢) combination of a) and b); and

d) synthetically generated data from plot or video
simulator.

5.3.47 Special test flights are the recommended method
if a radial flight in an azimuth sector with little clutter can
be used. However, a test flight will not provide a complete
picture of the coverage limits in all areas. Test flights are
mandatory during a system commissioning technical
acceptance test.

5.3.48 The test method comprises the following stages:

— data collection and observations;
— data analysis; and
— comparison of results to assess performance.

Data collection

5.3.49 For the traffic of opportunity method, the dura-
tion of the data collection is dependent upon LCS. The
following durations are recommended for radars with high
to medium traffic densities to provide good confidence
interval results:

10 to 12 hours
8 to 10 hours

new monoradar
new multi-radar system

post modification — 1 radar 3 to 4 hours

RTQC 1 hour
The above times would normally be divided up between
various equipment configurations.

5.3.50 For a multi-radar system each new radar in the
system must be evaluated separately before testing it in the
multi-radar environment.

Observations

5.3.51 In the case of a monoradar installation where the
data collection is made on site, it is recommended to
visually observe the output of the radar of the system
under test using the technical monitor display at the same
time as data recordings are taking place. This enables any
anomalies which may have been noted to be given special
attention during the data analysis phase. In the multi-radar
environment, the visual observation is not always feasible
unless the measured position solely of one individual radar
can be displayed.

5.3.52  The equipment configuration must be noted for
reference, i.e. which equipment was in service during data
collection and the settings of parameters which can be
easily changed by maintenance and/or operational staff, for
example STC/GTC. If any changes to the system configur-
ation are made during the recording, it is recommended to
make separate analyses of the periods with stable configur-
ation. Meteorological conditions, QNH, temperature, wind
speed and wind direction should be observed and noted.

Data analysis

5.3.53 The coverage limits must be determined in order
to define the coverage measurement volume (CMYV). Dur-
ing a traffic of opportunity analysis, the CMV may be
determined by the received data and may subsequently be
modified for certain user requirements such as operational
requirements or theoretical coverage volumes. Multi-radar
analysis may take advantage of the coverage of adjacent
radars to modify the CMV,
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5.3.54 No matter which type of cells are used, it is
essential to maintain a normalized data sample distribution
when comparing results from different data collections.

5.3.55 The sizes of the cells may be chosen according
to the evaluation requirements, but it must be kept in mind
that the detection calculation requires a minimum number
of target reports within each detection cell to give a
reliable detection value for each cell.

Presentation of results

5.3.56  The results would be typically presented as polar
and vertical graphs showing the detection performance.
(See Figure 5-4 as an example.)

Evaluation of results

5.3.57 Reference to the technical and operational
requirements of the system must be made when measuring
the SSR and PSR coverage performance of the system.

Data transmission inventory
Description

5.3.58 Tests to measure the relationship between the
time order of messages being sent over the transmission
system and the order of arrival in the final stages of the
on-site processing. In addition, time-in-storage measure-
ments may be performed. Systems which are subject to
heavy plot load are optimal candidates for this test. Such
tests also attempt to quantify the data loss and corruption
rate, including possible network protocols on top of the
user data.

Pre-requirements

5.3.59  Stable operating conditions of the system.

Test points

5.3.60 The following table lists the relevant test points.

Test point Test level  Life cycle stage

Cl102 System Pre-operational: site
commissioning
Operational: evaluation

CIO3 System Pre-operational: site

commissioning
Operational: RTQC,
corrective maintenance

CIO4/RIOL System Pre-operational: site
commissioning
Operational: RTQC,
preventive and

corrective maintenance

Test methods

5.3.61 The test methods are equipment and technique
dependent. The messages are to be classified in priority
order such as control, combined, SSR, primary and map
messages. A protocol analyzer will be required if measure-
ments are made in the data transmission environment.

Presentation of results

5.3.62 Tables showing the input and output message
inventories for each message category, and/or graphs
showing the number of targets of the different categories
as a function of time.

Evaluation of results

5.3.63 Typically, less than 0.1 per cent of all messages
may be corrupted. If a higher figure is measured, the
sources have to be identified and units have to be
maintained.

False target rate
Description

5.3.64 The analysis of unwanted plots, or false targets,
is mainly an empirical activity which relies on the intuitive
interpretation of the system performance by the person(s)
carrying out the analysis. The analyst must assess the false
plot performance of the system based on a knowledge of
the system characteristics and its performance require-
ments in terms of coverage, probability of detection, false
plot rate and accuracy.

5.3.65 It must also be recognized that it is often
necessary to compromise between probability of detection/
coverage and false plot rates. In other words, it is usually
desirable to reduce the number of false plots to a mini-
mum while maintaining sufficient coverage and probability
of detection. The analysis of false plots must attempt to
identify the cause of the false plot and to quantify the
number of occurrences of each category in relation to the
total number of plots present.

5.3.66 The analysis of false plots for analogue systems
and digital systems are treated separately.
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5.3.67 The false target rate is the ratio of false plots to
the total number of plots detected.

5.3.68 Analogue system. Analysis must be made either
by oscilloscope monitoring of receiver outputs and video
processing stages or use of a PPI display, either at the
radar site or operational display position. The analyst must
assess the number of false plots and attempt to categorize
them as far as possible into the following types:

a) split plot (range and/or azimuth);

b) multiple plots including garbling and code
changes;

¢) reflection;

d) ring around (azimuth side lobes);
e) second-time around plots;

f) multiple-time around plots; and
g) clutter residue.

5.3.69 Digital systems. Analysis of false plots for digital
systems may take advantage of both a visual assessment,
using an oscilloscope or PPI, and/or computer-aided
analysis of recordings of plot data (or track) made over a
period of time. Computer-based analysis of false plots
should attempt to classify and count the number of false
plots in relation to the total number of plots present. The
computer-based method is preferred since it should
provide repeatable quantitative results whereas a visual
analysis is subjective. Methods of visual analysis are
system dependent.

Pre-requirements
53770  Stable operational conditions of the system.

Test points

5.3.71 The following table lists the relevant test points.

Test point Test level  Life cycle stage
PIO3/S103 Sub-system Pre-operational: site
commissioning
Operational: all stages
PIO5/SIOS System Pre-operational: all
stages
PIO6/SIO6 Factory All stages
System Pre-operational

Sub-system Operational: BITE

CIO1/CIO2 System Pre-operational
Operational: all stages
except preventive
maintenance

RIO2/RIO3 System Pre-operational

Operational: BITE

Test methods
Data collection

5.3.72 For digital systems the analysis would normally
be made off-line from recorded data. It is advisable to use
the same data set as for the other inventory, reliability and
accuracy analyses. The length of data recording depends
on the type of false plot analysis.

General assessment: 1 to 2 hours per radar, depend-
ing on traffic density.

Unlimited. The duration de-
pends on the analysis criteria
and may be anything from a
few minutes to several days.

Specific analyses:

Observations

5.3.73  User reports together with visual observations
during data collection greatly help the analyst during false
target assessment.

Analysis methods
5.3.74 Two generic groups exist:

Group 1 — False targets related to aircraft — splits,
reflections, side-lobe responses;

Group 2 — False targets not related to (targets)
aircraft — clutter, “angels”, thermal
noise.

5.3.75 Analysis of group 1 false targets is usually made
with respect to the target associated with each false target.
Group 2 provides inter alia the false alarm rate, which is
due to noise (either atmospheric, receiver or video process-
ing) which can be assessed by turning the transmitter into
stand-by and recording any targets which appear on the
technical monitor.

5.3.76  The association for group 1 may be made on one
or more of the following parameters in order of priority:

— time;
— range;
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— azimuth; a) summary tables showing the global ratio of each
— Mode A code and Mode C code; and category of false target to the total number of
— run length. plots present;

5.3.77 For SSR-related false targets the order is usually b) frequency distributions in time and space;

the following:

— Mode A code;
-— Mode C code;
— time; and

— range or azimuth.

5.3.78 For calculating reflections and similar phenomena
a reference plot or the position of the associated aircraft
trajectory is required. In order of preference the following
reference positions should be used:

a) actual aircraft position at time of false target;

b) radar plot(s) adjacent in time to the false target
from the associated trajectory; and

¢) smoothed aircraft position derived from a multi-
radar trajectory reconstitution technique.

5.3.79 For the problem of object classification (“plot
chaining”) and generation of a reference, refer to Attach-
ments 1 and 2 to Chapter 3.

Primary radar false targets

5.3.80 The primary radar false targets are divided into
two groups as follows:

Group 1 — False targets may be associated with air-
craft trajectories by a reliable chaining
process and in clutter free areas.

The false target assessment will categorize and count any
false targets in group 1.

Group 2 — Plots in this group may only be counted
to provide frequency distributions in time
and space.

5.3.81 Further analysis may be made to categorize the
plots in this group if information such as run length, radial
speed and target amplitude are available to the analysis
system.

Presentation of results

5.3.82 Provide the following:

c) graphics showing distributions in time/space be-
tween the false targets and reference points; and

d) graphical presentation of positions in space of
false targets and reference points.

Figure 5-5 is an example of the presentation of a false plot
analysis.

Evaluation of results

5.3.83 It was stated above that it is the responsibility of
the person carrying out the analysis to determine what
level of false target activity will be tolerable to the system
users. This document provides some of the symptoms and
solutions to common categories of false targets.

53.84 Second-time around targets. Careful use of PRF
stagger will normally get rid of second- and multiple-time
around targets. However, the amount of stagger which
may be implemented will depend very much on the system
architecture as regards clutter cancellation techniques.

5.3.85  Split plots. Separation of the real and false plots
will be less than the predetermined thresholds in range and
azimuth, e.g. range threshold —925 m (—0.5 NM), azimuth
threshold —3 dB antenna beamwidth. SSR split plots due
to antenna related problems (side lobes) will normally
have the same identity and height values as the real plot.

5.3.86 Multiple plots. This category of false targets is
similar to split plots except that the azimuth separation
between the false and real target will be greater than the
split plot azimuth threshold (one beamwidth).

Geographic alignment
Description

5.3.87 Before the radar may be used operationally it
must be aligned in azimuth with respect to a reference
point. The alignment is normally made in several stages —
mechanical and electrical. The geographic alignment
concerns the mechanical alignment of the antenna with
respect to an arbitrary reference point or points. Reference
points may be as follows:
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Primary en-route. A building(s) or other topographical
feature with known co-ordinates with respect to the
radar.

Primary approach. Known permanent echoes and
approach routes to all runways at the airport.

SSR. Remote field monitor with known co-ordinates with
respect to the radar.

5.3.88 Normally the system would be aligned with
respect to true North (note that some States align approach
radars to magnetic North). For any operational requirement
for magnetic or compass azimuth values to be displayed,
the measured azimuth would be corrected at the display
processing stage. For co-mounted SSR and PSR systems
the two antennas must be electrically aligned in azimuth
with respect to one another (see also alignment PSR/SSR).

Pre-requirements
5.3.89  Stable operating conditions of the system.

Test points

5390 The following table lists the relevant test points.

Test point Test level  Life cycle stage

PIO1 System Pre-operational: site
commissioning
Operational: RTQC,
preventive and
corrective maintenance

Test methods

5.3.91  One of the following alignment methods may be
used:

a) Optical alignment. This would be made with a
theodolite attached to a suitable reference point on
the antenna. The ambient conditions should be
calm with sufficient visibility to enable the
reference point to be seen;

b) Solar alignment. This may be used at lower lati-
tudes and in favourable meteorological conditions
(no clouds and light winds), where the sun reaches
sufficient elevation to measure the major parts of
the antenna’s beam(s). The sun’s rate of azimuth
change with elevation should not be so large as to
cause tracking problems for the antenna control
(whether this be automatic or manual). In order for

the sun run alignment to be successful, the site
position must be accurately known. Accurate
nautical almanac information must be to hand so
that the sun’s declination and azimuth may be
determined with respect to the radar antenna at any
point in time; and

¢) SSR alignment. A common practice with SSR and
co-mounted PSR/SSR systems is to first align the
SSR using the remote field monitor as a reference
and then, in the case of co-mounted systems, use
the SSR plot data as a reference for aligning the
primary system. Obviously the SSR must be in a
stable operating state for this to be practicable.
More details are given in the sections on “align-
ment PSR/SSR”. Computer-based alignment is
achievable with known reference points (buildings,
test transponders, etc.).

Presentation of results

5.3.92 The presentation of transponder azimuth or posi-
tion distribution with respect to the known reference and
the calculation of mean and sigma values are reasonable
methods for the analysis. Reference is made also to the
sections on alignment PSR/SSR, which describe a similar
assessment.

Evaluation of results

5.3.93 Geographic -alignment is a prerequisite for
accurate radar data. It is recommended to monitor the
alignment as part of the RTQC function.

5.3.94  Azimuth alignment should be within 5 azimuth
change pulses (ACP) if polar measurement is used for the
evaluation.

Inventory
Description

5.3.95 While not strictly a parameter in the same sense
as accuracy or detection, inventory is nevertheless an
important aspect of a computer-assisted radar evaluation.
The data inventory will provide counts of the different
types of message recorded during the data collection and
means of visualizing the recorded data on a graphical
display. The following list of items gives an indication of
the components covered by the data inventory:

a) tables of target report counts (SSR plots, PSR
plots, combined plots, North messages, out of
maximum range, mean number of plots per scan);
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b) tables showing the SSR Mode A and Mode C code
validation rates;

c) graphs of plots per scan against time, for each
radar, plot source, line, etc.;

d) graphical display tools for viewing recorded data
in horizontal (polar or cartesian) or vertical (slant
range/flight level) diagrams. These tools should
preferably be interactive to allow the user to query
data items and arrange the views of the data to suit
the analysis requirements (zoom, pan, scaling,
rotation, etc.). The vertical display graphical tool
is useful for visual analysis of the radar vertical
coverage, especially if the tool allows the dis-
played data to be selected on azimuth; and

e) other graphical tools for viewing any of the data
fields in the recorded data either as frequency
distributions or as graphs of the parameter against
time or space (range, azimuth, X, Y, time in stor-
age, run length, etc.);

This list is not exhaustive. Special purpose tools, methods
of display, etc., may be required.

Pre-requirements
5396 None.
Test points

5.3.97 The following table lists the relevant test points.

Test point Test level  Life cycle stage
CIO1, S106, System Pre-operational: site
PI06, RIO1 commissioning,

operational evaluation
Operational: RTQC,
corrective maintenance

Test methods

5.3.98
analysis.

Interactive analysis as part of a computer-assisted

Presentation of results

5.3.99 Interactive graphical and tabular outputs. Figure
5-6 is an example for a data inventory.

Evaluation of results

5.3.100 The interpretation of the data displayed at the
inventory level of an evaluation can, with a little experi-

ence, give a very good indication as to whether a system
has any major problems. Some explanations are given
below:

a) plots-per-scan graph. A good tool to give indica-
tion if there were any interruptions or system
configuration changes during a recording; and

b) vertical plot graph. A good tool to visualize the
vertical coverage limits of the recorded data.

Probability of detection (Pp)
Description

5.3.101 The probability of detection (Py) is the prob-
ability that at each scan, for a given wanted target within
the CMV (see 5.3.29), a radar target report with position
data will be produced. For editorial reasons, this section
also includes a description of the SSR Code detection
rates. For a radar system, this parameter is defined by the
following ratio:

number of times a target was detected

P =
b expected number of target reports

The denominator in the definition (expected number of
target reports) is based on the assumption that a radar
should detect all wanted targets that are within the
CMV of the radar. For computer-based analysis the
expected number would be established by the plot
chaining function. For a visual analysis the expected
number would refer to the period between the first and
last detected target report of a specific flight.

5.3.102 In certain cases (notably flight trials with dedi-
cated aircraft) it is possible to determine, by communi-
cation with the pilot, the altitude of the aircraft and by
reference to theoretical coverage charts, whether the target
should be within coverage of the radar and thus should be
detected. Obviously this method is not practical for more
than a few trajectories. This task is much easier if the pilot
has been asked to compute and fly true altitudes as
opposed to flight level.

5.3.103  Special test flights do not provide a complete
picture of the detection in all areas but are required for
investigation of those areas where special traffic move-
ments are required or little normal traffic occurs. Test
flights are mandatory during technical acceptance tests
associated with system commissioning.

5.3.104 Sophisticated evaluation systems may have
access to theoretical radio and line-of-sight coverage
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volumes for a radar which can be used to determine the
theoretical limits of the “expected number” value.
However, the atmospheric influence on radar coverage is
such that there is a risk that probability of detection values
at or near the coverage limits may be unrealistic unless
measured continuously (RTQC).

53.105 1In a monoradar evaluation the “expected
number of target reports” is taken to be the number of
antenna scans between the first and last detection of the
object. For a multi-radar evaluation, the number of
expected target reports can be estimated by using infor-
mation from adjacent radars whose coverage overlaps the
radar concerned.

Note.— Multiple target reports (splits, reflections, etc.)
and non-combination cases must be handled correctly in
the Py, calculations. Normally, only one target report per
scan per wanted target will be expected from a radar.

5.3.106  Depending on the measurement method used,
the results obtained from each measurement should
normally be compared to results of several measurements
of the system under similar operating conditions to
increase confidence. The analysis system should also allow
results obtained under similar measurement conditions to
be merged into a radar database.

5.3.107 Probability of position detection is divided into
the following aspects:

a) probability of SSR position detection; and

b) probability of PSR position detection.

SSR code detection rates, divided as follows:

— valid Mode A and valid Mode C detection rate;
— correct Mode A detection rate;

— correct Mode C detection rate; and

- correct Mode A and Mode C detection rate.

Pre-requirements

5.3.108  Measurement of Py, is to be made when all the
selected systems in addition to the one under test are in
stable operating state and geographical and PSR/SSR
alignment shall have been completed.

5.3.109  Particular regard must be given to the prevailing
atmospheric conditions to ensure that no abnormal condi-
tions, such as anomalous propagation, exist unless of
course it is the objective of the analysis to study the
system under such conditions.

Test points

5.3.110 The following table lists the relevant test points.

Test point Test level  Life cycle stage

SIOS/PIOS System Pre-operational: site
commissioning,
operational evaluation
Pre-operational: site
commissioning,
operational evaluation
Operational: RTQC,
preventive and
corrective maintenance
Pre-operational: site
commissioning
Operational: RTQC
Pre-operational: site
commissioning
Operational: RTQC,
preventive and
corrective maintenance
Pre-operational: site
commissioning,
operational evaluation
Operational: RTQC

SIO6/PIO6 System

CIO1 System

CI102 System

RIO2 System

Note.— Measurements made at the test points PIO/SIO
5 and 6 may allow objective evaluation of the detection
performance. Measurements made via a PPI at point RIO2
would be subjective.

Test methods

5.3.111 For tests at interfaces SIO3/PIO3/SIO5/PIOS3,
analogue signals are available and a traditional averaging
method is applicable.

5.3.112 For tests at interfaces PIO4, 5, 6/SIO4, 5,
6/CIO1, 2/RIO2, 3, the recommended method requires a
series of comparative measurements within the coverage
volume of the system under test. The measurements may
be made using:

a) traffic of opportunity;
b) special test flight;
¢) combination of a) and b); and

d) synthetically-generated data from plot or video
simulator.
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5.3.113  Special test flights do not provide a complete
picture of the detection in all areas but are required for
investigation of those areas where special traffic move-
ments are required or little normal traffic occurs. Test
flights are mandatory during system commissioning tech-
nical acceptance tests.

5.3.114  The test method comprises the following stages:

— data collection and observations;
— data analysis; and
— comparison of results to assess performance.

Data collection and observations

5.3.115 Duration of the data collection is dependent
upon LCS. The following durations are recommended for
radars with adequate traffic densities to provide good
confidence interval results:

10 to 12 hours
8 to 10 hours
3 to 4 hours

1 hour

new monoradar

new multi-radar system
post modification — 1 radar
RTQC

5.3.116  The above times would normally be divided up
between various equipment configurations. For a multi-
radar system each new radar in the system must be evalu-
ated separately before testing it in the multi-radar
environment.

5.3.117  During the site commissioning phase or during
any data collection “on site” it is recommended to visually
observe the output of the radar under test (for multi-radar
systems this generally implies having one observer per
radar). This enables any anomalies which may have been
noted to be given special attention during the data analysis
phase.

5.3.118 The equipment configuration should be noted
for reference, i.e. which equipment was in service during
data collection and the settings of parameters which can be
easily changed by maintenance and/or operational staff, for
example STC/GTC. If any changes to the system configur-
ation are made during the recording it is recommended to
make separate analyses of the periods with stable configur-
ation. Meteorological conditions, QNH, temperature, wind
speed and direction are to be noted.

Data analysis

5.3.119 The data are sorted into objects, that is, all the
target report messages relating to each target are chained
(associated) together. Detection analysis is then made
using the target reports associated with selected trajectories

within predefined three dimensional cells within the sys-
tem coverage. This technique implies that any identified
false target reports are not used in the calculations. The
object selection criteria would normally be set to reduce
the effects of noise and inclusion of unwanted objects (e.g.
correlated clutter) in the calculations.

5.3.120 The three dimensional cells are referred to as
the CMV and may be defined in range/azimuth/height or
prismatic sections covering portions of an airway structure
or TMA. The P, measurement volume defines the volume
of airspace within which the radar system should be
expected to detect targets. During a traffic of opportunity
analysis, the CMV will be determined by the received data
and may subsequently be modified for certain user require-
ments such as operational requirements or theoretical
coverage volumes. Multi-radar analysis will take advantage
of the coverage of adjacent radars to modify the measure-
ment volume.

5.3.121 No matter which type of cells are used it is
essential to maintain a normalized data sample distribution
when comparing results from different data collections. It
is recommended that some form of input categorization is
used to give better control over the measurements and
results.

5.3.122  The sizes of the cells may be chosen according
to requirements, but it must be kept in mind that the
detection calculation requires a minimum number of target
reports within each detection cell to give a reliable
detection value for each cell.

5.3.123  Within each defined cell the programme calcu-
lates the probability of detection for each trajectory within
the cell. Separate calculations are made for the following:

PSR position detection. The ratio of the received number
of PSR target reports to the expected number of PSR
target reports. A PSR target report in this context shall
mean either a PSR or a combined target report
message.

SSR position detection. The ratio of the received number
of SSR target reports to the expected number of SSR
target reports. An SSR target report in this context
shall mean either an SSR or a combined target report
message with Mode A and/or C fields present.

Valid Mode A detection rate (secondary radar). The ratio
of the received number of SSR target reports with a
valid Mode A code to the received number of SSR
target reports in the trajectories used in the detection
analysis.
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Correct Mode A detection rate (secondary radar). The
ratio of the number of received SSR target reports
with correct Mode A code to the received number of
SSR target reports in the trajectories used in the
detection analysis.

Valid Mode C detection rate (secondary radar). The ratio
of the received number of Mode C replies to the
received number of SSR target reports in the
trajectories used in the detection analysis.

Correct Mode C detection rate (secondary radar). The
ratio of the number of received SSR target reports
with correct Mode C code to the received number of
SSR target reports in the trajectories used in the
detection analysis.

Correct Mode A and Mode C detection rate (secondary
radar). The ratio of the number of received SSR target
reports with both, correct Mode A and correct Mode
C code to the received number of SSR target reports
in the trajectories used in the detection analysis.

Basic terms used

53.124 The following are basic terms used in the
analysis:

Received target report. A target report which has been
chained to an object and which has been used in the
detection calculations.

Valid. VALID is defined by the validation process of the
radar sensor. It may be interpreted as meaning the SSR
code was present and was validated (high quality) by
the radar system.

Note.— The existence and interpretation of the
term “validated” varies from system to system.

Correct. CORRECT means the SSR code value corres-
ponded to the current “correct” value for the associ-
ated trajectory. The correct value is determined and
maintained by the chaining process in the evaluation
system.

Missing data

5.3.125 The analysis of missing data is considered as
part of the probability of detection analysis. The chaining
process will generate a missed plot for each scan where a
plot was expected and none was found, i.e. between the
start and end times of a trajectory. The missed plot is
generated in position and time where the expected plot
would have been. Allocation of missed plots is a function

of the probability of detection measurement volume cur-
rently in use for the radar. Further analysis is divided into
two sections.

a) Missed plots. The position in time and space of the
missed plots generated for each radar may be dis-
played using graphical means. The user may then
determine if any correlation in position has
occurred. Any correlation in position must be
further analyzed to determine the cause of these
missed plots.

Possible reasons are:
1) loss of coverage; and

2) missed plots correlated to specific trajectories,
possibly aircraft related faults such as trans-
ponder failure or shielding.

Separate analyses are to be made for PSR and SSR
misses for systems with collocated SSR and PSR.
In this case, a chained primary plot is considered
as an SSR miss if the primary plot lies within the
SSR CMV. Conversely, a chained SSR plot is con-
sidered as a PSR miss if it lies within the PSR
measurement volume.

b) Gaps. A gap is a sequence of consecutive missed
plots from one radar and associated with one
trajectory.

The analysis of gaps normally comprises a com-
parative study between different data samples for
the frequency distribution of the size of gaps.

The following results are determined:

1) percentage of missed plots in gaps of more
than two misses;

2) percentage of gaps with more than two misses;
3) aQerage gap size; and

4) average gap size for gaps of more than two
misses.

Presentation of results

5.3.126  Histograms graduated in discrete detection
bands such as, e.g. <50 per cent, 50-80 per cent, 80-90 per
cent, 90-95 per cent, 95-98 per cent, 98-100 per cent; and
over-all figures derived from the mean detection values for
each detection cell in the calculation.
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5.3.127 Results of P analyses may only be reliably
interpreted and compared between data samples if the
analysis data are classified in some way, for example, by
traffic type and geographical area.

5.3.128  Figure 5-7 is an example of the presentation of
investigation results concerning Py,

Evaluation of results

53.129 It is probably impossible to make absolute
measurements of the probability of detection of a system,
consequently it is usual to make comparative analyses
between different sets of results. However, in the situation
where traffic of opportunity results are required for an
acceptance test the P, analyses must be based on a strictly
controlled set of traffic.

5.3.130  Comparison between results from different data
samples must allow for a certain percentage spread in the
detection results. The indication of the quality of the
results dictates. how much allowance should be allowed.
Over-all percentage results are useful giving a general
indication of the detection rate, assuming a high confi-
dence in the results.

Random errors
Description

53.131 Residual random errors in the measured position
of a target report will exist in any radar system. Technical
and operational acceptance of the system will be condi-
tional on the system providing positional information
within the required accuracy limits. The analysis of
residual errors is also an important parameter when
determining the radar separation standards which may be
applied with the radar concerned. Consequently, it is
mandatory that the residual error characteristics are
determined for a radar system as part of the system
commissioning and regularly during the operational
lifetime.

5.3.132 It has been shown that distribution of residual
position errors in range and azimuth exhibit two separate
distributions; one distribution (Gaussian) covering the
central part of the population distribution and another
covering the tails of the distributions.

5.3.133 The mean value of the residual errors should
correspond to the mean systematic error. In a multi-radar
system it is normal to correct for systematic errors before
calculating residual errors.

5.3.134  The measurement of residual errors requires a
reference position for each target report used in the error
calculations. This reference may be obtained from external
sources such as a test flight or obtained using multi-radar
trajectory reconstruction from the recorded data.
Computer-assisted analysis techniques allow reliable
estimation of the residual errors using representative
samples of traffic of opportunity.

Pre-requirements

5.3.135 Stable operating state of the system. For a
multi-radar system, systematic errors have stabilized.

Test points

5.3.136  The following table lists the relevant test points.

Test point Test level  Life cycle stage

CIO2, RIO2, System Pre-operational: site

RIO3 commissioning
Operational: RTQC,
preventive and
corrective maintenance

Test methods

5.3.137 An established computer-assisted method for
calculating residual random errors is to reconstruct the
target trajectory using a multi-radar trajectory reconstruc-
tion tool and compare each target report against the refer-
ence for errors in range, azimuth, position, X and Y after
having corrected any systematic errors which may exist.

5.3.138  After a sufficient number of trajectories have
been processed, the bias errors should converge to steady
state values at which point the analysis may be halted. The
resulting bias errors may then be applied to each radar in
the system to correct the time and position of each plot
before estimating any residual random errors which may
exist.

Data collection

5.3.139 The same data set used for reliability analysis
would normally be used. It is essential to ensure that a
sufficiently large data sample is available for the analysis;
normally between 500 and 1 000 trajectories of at least 5
minutes each will be required.

5.3.140  Itis preferable to use the plot/track legal record-
ing if possible and if it contains the required data.
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Analysis

5.3.141 The residual errors would be calculated in
Cartesian coordinates with respect to the system origin and
transformed into radar co-ordinates for the presentation of
results. The errors should settle to steady state values well
before the total number of trajectories have been
processed.

5.3.142 The evaluation tool may provide regression
analysis to help the user determine when the steady state
of the various bias errors has been reached.

5.3.143  Settling of the standard deviation values for
each error does not usually indicate steady state conditions
of the main error values.

Presentation of results

5.3.144 The systematic errors of each radar may be
presented as a summary of the final results of the calcu-
lations or a more detailed graphical presentation may be
required of the magnitude of each error against trajectory
or accumulated (sum time) trajectory time during the
calculations. Figure 5-8 is an example of a residual
random error distribution.

Evaluation of results

5.3.145 It is important to verify that the error values
have stabilized before proceeding with any further accur-
acy analyses in multi-radar evaluation.

Resolution

Description

5.3.146  This parameter includes the resolution of inter-
mediate sub-system units as well as the whole system. The
resolution of the system is the ability to correctly resolve
the positions of two or more real targets in close
proximity.

5.3.147 The resolution of the radar is its ability to
discriminate between two aircraft in close proximity,
producing separate radar target reports for each aircraft.
Two aircraft are considered to be in close proximity when
their slant ranges and azimuths are sufficiently close for
there to be a potential for degradation of resolution
through mutual interference or interaction between the
aircraft radar returns. The resolution performance for each
aircraft is defined in terms of the probabilities of position
detection of each of the aircraft in close proximity and, for

SSR, the additional probabilities of correct code on both
Modes A and C. Within the close proximity area there is
a slant range separation limit and an azimuth separation
limit. At target separations less than these lower limits, the
performance is sufficiently degraded for the radar infor-
mation to be operationally unacceptable. These lower
limits are dependent upon the radar system design and
operating parameters. In particular, the azimuth separation
lower limit is dependent upon the radar operating para-
meters of PRF, antenna turning rate and, for SSR, the
mode interlace pattern used. The range and azimuth resol-
ution figures in Tables 3-1 and 3-2 relate to these limits.

5.3.148 Two aircraft may be considered to be in close
proximity when the distance between them is within the
following typical close proximity area for a radar system
with monopulse SSR:

SSR (monopulse): slant range <3.7 km (2 NM) and
azimuth < (3 x nominal 3 dB horizontal beamwidth)

PSR: slant range < (2 x nominal transmission pulse
width) and azimuth < (3 x nominal 3 dB horizontal
beamwidth).

5.3.149  Aircraft which are not in close proximity are
treated as “isolated targets” by the resolution performance
analysis.

Pre-requirements

5.3.150  Geographical and PSR/SSR alignment has been
completed for tests at CIO2.

Test points

5.3.151 The following table lists the relevant test points.

Test point Test level  Life cycle stage

P104/S104 Sub-system Factory: type test

PIO5/SIOS Sub-system Factory: acceptance test
Pre-operational: site
commissioning
Operational: RTQC

CIO2 System Pre-operational: site

commissioning,
operational evaluation
Operational: RTQC,
preventive and
corrective maintenance
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Test methods

5.3.152  Simulated targets. A plot simulator may be used
to give repeatable measurements of the processing system
using two targets, one fixed in position while the other is
moved in range and azimuth with respect to the fixed
target.

5.3.153  Live traffic. To check performance for specific
aircraft separations, for example during site commission-
ing, flight trials of test aircraft fitted with calibrated
position-determining devices and facilities to record the
aircraft positions at regular time intervals can be used, as
shown in Figures 5-11 a) and b). The update rate of the
aircraft positions must be equal to or greater than the radar
update rate. Recordings made on board the aircraft are
used in conjunction with the radar-measured position data
to check that the radar performance is adequate at the
specified aircraft separation.

5.3.154 However, to evaluate the resolution capability
of the radar system, traffic of opportunity recordings is
used. Chaining and trajectory reconstruction algorithms
establish a reference trajectory for each aircraft. All pairs
of trajectories that approach each other to within the close
proximity area are identified. From these trajectories, those
pairs that approach each other with separations of less than
the lower slant range and azimuth limits are also
identified.

5.3.155 The performance in close proximity is calcu-
lated in each of the areas bounded by above and below the
lower slant range and azimuth separation limits and within
the close proximity area by associating the target reports
and trajectories with chaining algorithms.

5.3.156  The probability of position detection is obtained
from the ratio of the total number of targets detected that
associate with trajectories in the close proximity area to
the total number of target report detections expected in the
close proximity area.

5.3.157 Similarly the valid and correct Mode A and C
code rates are obtained from the ratio of the total number
of reports with valid and correct Mode A or C codes that
associate with trajectories in the close proximity area to
the total number of targets detected that associate with
trajectories in the close proximity area.

Presentation of results

5.3.158 Figure 5-9 is an example of a range resolution
investigation.

Systematic errors
Description

5.3.159  Otherwise known as bias or correlated errors in
position and time of the radar reported position of a target.
Systematic errors are most relevant to multi-radar systems
of which most of this description is concermned. Range and
azimuth systematic errors may occur for a single autono-
mous radar system and methods of assessing these are
described.

5.3.160  The correction of systematic errors is essential
in a multi-radar system if the data from the respective
radars are to correlate in time and position. Systematic
errors can be categorized as follows:

a) time stamping errors (relevant to multi-radar
systems);

b) range bias;
¢) azimuth bias;
d) range gain and range bias at maximum range; and

e) site position errors (bias errors in the latitude and
longitude of the radar).

Pre-requirements

5.3.161 The positions of two radars in the system is
accurately known. The positions would normally be sur-
veyed using satellite surveillance techniques. The system
under test is in a stable operating state.

Test points

5.3.162  The following table lists the relevant test points.

Test point Test level  Life cycle stage

RIO2 and RIO3

System Pre-operational: site
commissioning
Operational: RTQC,
preventive and

corrective maintenance

Test methods

5.3.163  The established method for calculating system-
atic errors is to reiteratively calculate the bias errors for a
large number of aircraft trajectories covering the radars in
the system. After a sufficient number of trajectories have
been processed, the bias errors should converge to steady
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state values at which point the analysis may be halted. The
resulting bias errors may then be applied to each radar in
the system to correct the time and position of each plot
before estimating any residual random errors which may
exist.

5.3.164 Care should be taken to use, for the calcu-
lations, radars which are spaced relatively far apart from
one another. As the calculations rely on having over-
lapping coverage and detection between adjacent radars in
a multi-radar system, it will be difficult for the user to
achieve reliable results.

Data collection

5.3.165 The same data set used for reliability analysis
would normally be used. It is essential to ensure that a
sufficiently large data sample is available for the analysis;
normally between 500 and 1 000 trajectories of at least 5
minutes each will be required.

5.3.166 It is preferable to use the plot/track legal
recording if possible and this contains the required data.

Analysis

5.3.167 The reiterative calculations to establish the
systematic errors would normally require the positions of
two of the radars present on the data collection to be fixed
and one of the radars to be fixed in time.

5.3.168 The errors would be calculated in Cartesian
coordinates with respect to the system origin and trans-
formed into radar co-ordinates for the presentation of
results. The errors should settle to steady state values well
before the total number of trajectories have been
processed.

5.3.169 The evaluation tool may provide regression
analysis to help the user determine when the steady state
of the various bias errors has been reached.

Note.— Settling of the standard deviation values for
each error does not usually indicate steady state condi-

calculations. The example given in Figures 5-10 a) and b)
illustrates the effect of systematic errors.

Evaluation of results

53.171 It is important to verify that the error values
have stabilized before proceeding with any further accur-
acy analyses in multi-radar evaluation. In an optimized
radar system, the estimated systematic error values are to
be approximately half of the residual error standard devia-
tion values for a modern approach/TMA radar.

5.4 TESTING DETAILED
TECHNICAL PERFORMANCE
PARAMETERS

5.4.1 The following sections discuss detailed technical
performance parameters, which are assessed primarily dur-
ing commissioning, and for which the procedures, pre-
requirements, methods, intervals, etc., can be expected to
be specified in the manufacturer’s documents. Within the
framework of this document, in most cases only limited
information is therefore given for this type of parameter.

Antenna performance

Description

542  Several characteristics are covered by this para-
meter, including:

a) horizontal polar diagram;
b) vertical polar diagram;

c) antenna gain, i.e. the gain at the peak of each
beam of the antenna; and

d) azimuth squint and skew, i.e. distortion of beam
shape (squint) and/or skew (direction) as function

tions of the -main error values.

Presentation of results

5.3.170  The systematic errors of each radar may be
presented as a summary of the final results of the calcu-
lations or a more detailed graphical presentation may be
required of the magnitude of each error against trajectory
or accumulated (sum time) trajectory time during the

of frequency-within-the-operating bandwidth-of the
antenna.

Pre-requirements

5.4.3  Prior to tests carried out as part of planned main-
tenance, all the parameters listed above must have been
measured by the manufacturer and the results of those
measurements made available to the user.
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Test points

5.4.4 The following table lists the relevant test points.

Test point Test level  Life cycle stage
PIO2 Sub-system Factory: type test
S102 Pre-operational: site

commissioning
Operational: RTQC,
preventive and
corrective maintenance

Test methods

5.4.5 Test equipment. Special test equipment and test
sites are required to enable the above tests to be made.
The preventative maintenance measurement of a horizontal
polar diagram requires special test equipment that can be
transported to a site enabling the measurement to be made
while the radar system is operational.

5.4.6  Horizontal radiation pattern (HRP). The measure-
ment of the HRP for SSR antennas is recommended as
part of the planned maintenance of the system. The HRP
may be measured while the system is operational using a
special test set or at the manufacturer’s test site.

547 Vertical radiation pattern (VRP). These would
normally be made at the manufacturer’s antenna test site.
If the VRP cannot be made in the normal way (i.e. by
measurements during a vertical test flight profile), an
alternative method is to make several horizontal polar
diagrams at various antenna elevations so as to make an
estimation of the vertical pattern. Using special test flights,
the vertical coverage, and by deduction, the antenna verti-
cal pattern may be measured. The pilot of the test aircraft
will be required to calculate and fly true altitude radial
trajectories with respect to the radar so that the recorded
target data may be associated with the antenna vertical
diagram.

5.4.8  Gain. The gain of each beam of the antenna would
normally be calculated at the peak of the beam and used
to calibrate the horizontal and vertical polar diagrams. The
measurements of interest are:

54.9 Azimuth squint and skew. As for the gain these
measurements require a special calibrated gain horn. The
variation in azimuth and elevation of the peak gain with
respect to the mechanical elevation of the antenna must be
measured over the specified operating frequency band of
the antenna.

54.10 RTQC test methods. It is an advantage to have
integrated built-in test equipment (BITE) which allows the
HRP signature of the antenna to be analyzed and reported
to RMCS if any deviations from the normal tolerances are
measured.

Presentation of results

54.11 Graphs of relative response of the antenna beam
with respect to azimuth and elevation.

Evaluation of results
54.12 The results must be compared against agreed
antenna results obtained during the commissioning or type

tests. Diagrams presented in Figures 5-11 a) and b) are
examples of HRP and VRP evaluation results.

Bandwidth

Description
5.4.13  The bandwidth of the receiver must be verified

against the manufacturer’s setting-up and maintenance
specifications.

Pre-requirements

5.4.14  As prescribed in the manufacturer’s setting-up
procedures.

Test points

5.4.15 The following table lists the relevant test points.

a) the gain at zero degree mechanical antenna
elevation;

b) elevation of beam peak with respect to the
antenna zero degree mechanical elevation.

The gain measurements require a special cali-
brated gain horn and receiver.

Test point Test level — Life cycle stuge

PIO3, SIO3 Unit Factory: type test,

acceptance test

Test methods

5.4.16  As prescribed in the manufacturer’s setting-up
procedures.
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Presentation of results

5.4.17 As prescribed in the manufacturer’s setting-up
procedures.

Evaluation of results

5.4.18 As prescribed in the manufacturer’s setting-up
procedures.

Correlation interpolation
Description

5.4.19  This parameter is a test of the performance of the
plot extractor to interpolate the position of the target in the
presence of noise/clutter and broken (intermittent) replies,
i.e. how well the system will “fill in the gaps” given a set
of non-homogeneous radar replies.

Pre-requirements

5420 As prescribed in the manufacturer’s setting-up
procedures.

Test points

5421 The folloWing table lists the relevant test points.

Test point Test level  Life cycle stage

PIO5/S105

System Pre-operational: type
test, corrective

maintenance

Test methods

5.4.22  For this test a “hit pattern” generator is necessary
to produce all kinds of different hit/miss patterns. The
plots at the system output are recorded and checked
against the expected plot position. It is to be determined
which patterns lead to the generation of split plots.

Presentation of results

Constant false alarm rate
(CFAR) performance

Description

5.4.25 To check the processing loss due to any CFAR
techniques employed in the system.

Pre-requirements

5426 As prescribed in the manufacturer’s setting-up
procedures.

Test points

5.4.27 The following table lists the relevant test points.
Test point Test level  Life cycle stage

PIO4 Sub-system Pre-operational: site

commissioning

Test methods

5428 As prescribed in the manufacturer’s testing
procedures. On system level: comparative over-all
performance with CFAR.

Presentation of results

5429  As prescribed in the manufacturer’s setting-up
procedures.

Evaluation of results
5430 As prescribed in the manufacturer’s setting-up
procedures.

Data transmission line performance
Description
54.31 The transmission medium error rate must be

below a specified value since it is imperative to the
reliability of the system that no data are lost or corrupted

5.4.23 Determination of the number of split plots, and
deviations of the plot position as given by the plot
extractor from the expected one.

Evaluation of results

5424 As prescribed in the manufacturer’s setting-up
procedures.

due to the transmission system. The line performance is
normally expressed as the probability of receiving a
corrupt bit for a given number of bits transmitted.

Pre-requirements

54.32  As prescribed in the manufacturer’s setting-up
procedures.
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Test points Test methods
5.4.33  The following table lists the relevant test points. 5.4.39 PSR: no details are given here as the tests are
extractor dependant; and SSR: the tests will require an
Test point Test level  Life cycle stage SSR video simulator.
RIO1 System Pre-operational: site Note.— These test methods are not applicable to MSSR
commissioning extractors.
Unit Operational: RTQC Presentation of results
Factory tests: type tests
5440 As prescribed in the manufacturer’s setting-up
procedures.
Test methods

5434 A data analyzer with test data generator will be
used to check the transmission line in both directions.
Modems generally provide a loop-back capability allowing
re-transmission of received data. A comparison of sent and
received data on the opposite end of the transmission
medium allows for the assessment of the line performance.

Presentation of results
5435 Tables listing the amount of bits sent and the
duration of the test, as well as the number of bit and byte

errors. Figure 5-12 is an example of a bit error check
result.

Criteria for plot
extractors employing
sliding window processing

Description

5436 Tests of the leading and trailing edge detection
criteria in the extractor.

Pre-requirements

5.4.37 As prescribed in the manufacturer’s setting-up
procedures.

Test points

Evaluation of results

54.41 As prescribed in the manufacturer’s setting-up
procedures.

False alarm rate

Description

5.4.42  This parameter is included in the false target rate
parameter definition. It is a measure of the sensitivity of
a radar system to generate false target reports from ther-
mal noise, in the case of PSR, and from fruit replies for
SSR. False alarm rate is obtained from the probability of
false alarm, which is defined as the number of false
detections, due to noise or fruit, divided by the theoretical
maximum number of detections possible.

5.4.43 Measurement of false alarm rate at the detected
video level will give good indication of a PSR receiver
sensitivity. At this point in the system, the false alarm rate
is obtained from the ratio of the total number of receiver
noise detection threshold crossings to the maximum num-
ber of radar range resolution cells.

5.4.44 False alarm rate is more usually specified after
the plot processing stages of a system. It is therefore
convenient to estimate it from the ratio of the average
number of false reports per antenna scan to the total
number of range/azimuth resolution cells available in one
antenna scan. It can also be expressed as the average num-
ber of false plots per scan. At the plot extractor output an
average number of one false plot per scan due to noise or

5.4.38 The following table lists the relevant test points.

Test point Test level

PIOS/SIOS

Life cycle stage

Sub-system Pre-operational: site
commissioning

fruit is often considered a pragmatic measurement, accept-
able for en route surveillance.

Pre-requirements

5.445 The receiver must be aligned prior to the test and
the video processing equipment must be set up according
to the manufacturer’s instructions.
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Test points

5.4.46 The following table lists the relevant test points.

Test point Test level  Life cycle stage

PI1O3 Sub-system Factory: acceptance test
Pre-operational: site
commissioning,

operational evaluation
Operational: RTQC

Test methods

5447 The parameter is normally tested with the
respective transmitter in the standby state, ie. not
radiating, and a recording is made of any targets which
appear on the technical monitor display. Sufficient time
must be allowed for any automatic thresholds to stabilize
after switching off the transmitter.

Presentation of results

5.4.48 Polar (range, azimuth) graphs.

Evaluation of results

5.4.49  Graphic tools make it easy for the user to deter-
mine if and where any false alarms occur. Any excess
over the specified limit for the system must be investi-
gated after analysis of the probability of detection and
false plot rates.

Filter response

Description

5.4.50 The MTI or MTD techniques employed in the
system should be fully investigated for their response over
the radial speed range specified for the system. The tech-
niques used may be classical MTI or MTD techniques and
include a zero velocity filter (ZVF).

Pre-requirements

5.4.51 The system should be in a stable operating state.
Further conditions as given in the manufacturer’s docu-

Test methods

54.53 The test would require a video simulator to
generate targets at various amplitudes and phases with
respect to the transmitted pulse.

5.4.54 The ZVF may also be checked during site com-

missioning with use of a test aircraft flying a circular
pattern around the radar at constant height.

Presentation of results

5.4.55 As given in the manufacturer’s documents.

Evaluation of results

5.4.56 As given in the manufacturer’s documents.

Losses

Description
5.4.57 This parameter covers the insertion losses in the
wave- guide or cable system between the antenna and the

transmitter/receiver. Units of measurement: normally dB
and as a VSWR.

Pre-requirements
5.4.58 The antenna and waveguide/cable system must be

fully installed. Further conditions as given in the
manufacturer’s documents.

Test points

5.4.59 The following table lists the relevant test points.

Test point Test level  Life cycle stage

P102/S1I02 Unit

Pre-operational: site
commissioning,
corrective maintenance

mentation.

Test points

5.4.52 The following table lists the relevant test points.

Test point Test level  Life cycle stage

PIO4 Sub-system Factory: type test

Test methods

54,60 A standard VSWR “bench” should be used. The

_insertion losses may be measured by short circuiting the

waveguide at the top of the run, as near as possible to the
antenna feed horn(s) and measure the VSWR at the
bottom of the run, usuvally at the antenna side of the
duplexer, i.e. the common part of the run between transmit
and receive paths.
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Presentation of results
5.4.61 As given in the manufacturer’s documents.
Evaluation of results

5.4.62 As given in the manufacturer’s documents.

Minimum detectable signal (MDS)
Description
5.4.63 The minimum detectable signal of the receiver
must be verified against the manufacturer’s setting-up and
maintenance specifications.

Pre-requirements

5.4.64 As prescribed in the manufacturer’s setting-up
procedures.

Test points

5.4.65 The following table lists the relevant test points.

Test point Test level Life cycle stage

PIO3, SIO3  Unit Factory: acceptance test
Site commissioning,
RTQC, corrective

maintenance

Test methods

5.4.66 As prescribed in the manufacturer’s setting-up
procedures.

Presentation of results

5.4.67 As prescribed in the manufacturer’s setting-up
procedures.

Evaluation of results

5:4.68As prescribed-in-the manufacturer’s-setting-up
procedures.

OBA
Description

5.4.69 This parameter is applicable only to SSR monopulse
antennas/receiver subsystems. The difference paitern nuil

9/10/02
No. 1

point must be accurately aligned with the boresight pointing
angle of the antenna pedestal subsystem. The alignment of
the electrical null point of the antenna relative to the
mechanical pointing angle must be considered when
operating a monopulse system. A surveyed 1 090 MHz fixed
position signal source, preferably a Mode S aircraft
transponder type device, is the most effective approach to
determine the electrical boresight of the antenna. Correction
for any noted bias in the boresight pointing angle will need
to be accommodated by the adjustment of the azimuth
sensing device portion of the antenna pedestal. No azimuth
bias is permitted since the OBA estimates generated by the
receiver subsystem are referenced to the electrical boresight.

5.4.70 The ability of the MSSR to produce accurate OBA
values in the determination of target azimuth is dependent
on the combined integration of the antenna and receiver
subsystems. Each of these two subsystems can be coarsely
aligned by implementing the respective manufacturer’s set-
up procedures. Complete integration of all elements
necessary in developing the OBA values is required before
accurate results can be expected. Both phase and amplitude
type monopulse receivers are sensitive to very slight
changes in phase or amplitude characteristics of the antenna
signals at their input ports. Differences in the antenna,
rotary joint and cable characteristics at each installation are
best compensated for when fully integrated with the
monopulse receiver. Strict adherence to phase and signal
strength relation between the sum and delta signal from the
antenna to the receiver must be accomplished and
maintained. Checks on the characteristics of the rotary joint
as it rotates through its 360° travel should also be
conducted to assure consistent phase and amplitude signals.

5.4.71 A calibration process using received target data
from a rotating antenna to build a monopulse translation
table is needed to generate the OBA information utilized by
the surveillance functions of the MSSR. The calibration
must provide the translation of the antenna pattern delta to
sum ratio signal (the monopulse value) to the angular
displacement from boresight (the OBA value). A fully
integrated antenna and receiver subsystem is critical in the
generation of an accurate OBA function since any
component tolerance issues can be compensated for during
this type of OBA calibration.

5.472 The OBA function also includes a check on the
phase shift from left to right of the boresight. A 180 degree
relative phase shift of the sum antenna signal to the delta
antenna signal is experienced at boresight. This is required
to allow the monopulse output of the receiver subsystem to
be monotonic since the sum/delta antenna pattern is
symmetrical about boresight. The absolute phase of the
sum to delta signals will be dependent upon the particular
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antenna design being used. Typical phase transitions for
current MSSR antennas are 180°/0°, 0°/180°, +90°/-90° or
—90°/+90° degrees shift. The most critical aspect of the
boresight phase transition is the sharpness of the transition.
An ideal situation is to have no interim phase values
detected. As a system deviates from this ideal situation and
the phase transition spans some discernible angular
displacement, a portion of the OBA data at boresight
becomes ambiguous. This transition region should be
evaluated with respect to system accuracy requirements
since that portion of the antenna beam may not be suitable
for accurate target azimuth determination.

5.4.73 The beam dwell error pattern, a check on actual
position of the target in the antenna beam relative to
detected position, is also checked. Utilization of a fixed
aircraft transponder is appropriate for this type of process.
Target reply data collected across the operational
beamwidth is used to compare the detected azimuth to the
known azimuth of the subject target. There are various
approaches used in establishing the reference target’s
position, such as a survey position or an empirically derived
position. The resultant error pattern data will characterize
the accuracy of the system azimuth data as a function
relative to location within the antenna beamwidth.
Collection of multiple data samples at each discrete OBA
unit used by the MSSR is beneficial in developing good
statistical analysis of the mean and standard deviation
calculations of the error pattern.

Pre-requirements

5.4.74 As prescribed in the manufacturer’s setting-up
procedures.

Test points

5.4.75 The following table lists the relevant test points.

Test point  Test level Life cycle stage

SI103 Subsystem Factory: acceptance test
Pre-operational: site
commissioning
Operational: preventive
maintenance

Test methods

5.4.76 For amplitude systems, the error pattern is measured
as the ratio of the log of the sum pattern to the difference
pattern at specified azimuth points. Typically BITE and/or
test sets will be used to verify the OBA. In some systems,
direct output of the OBA signal itself is provided.

Presentation of results
5477 As prescribed in the manufacturer’s setting-up
procedures. Typically, using error diagrams and/or “look-
up” tables. Figure 5-13 is an example of an OBA
evaluation.
Evaluation of results
5.4.78 As prescribed in the manufacturer’s setting-up
procedures.

QOutput power
Description
5.4.79 This parameter covers the transmitter power
measured as mean and peak values and the associated
spectrum in the waveguide or cable system between the
antenna and the transmitter/receiver. Units of measure
ment: normally dBW.
Pre-requirements
5.4.80 The antenna and waveguide/cable system must be
fully installed. Further conditions as given in the manu
facturer’s documents.

Test points

5.4.81 The following table lists the relevant test points.

Test point Test level Life cycle stage

PIO7/SIO Subsystem Pre-operational: site
commissioning,
Operational: RTQC,
preventive and corrective

maintenance

Test methods

5.4.82 As prescribed in the manufacturer’s documen-
tation.

Presentation of results

5.4.83 As prescribed in the manufacturer’s documen-
tation.

Evaluation of resulis

5.4.84 As prescribed in the manufacturer’s documentation.

9/10/02
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Overload reaction
Description

5.4.85 To study the capability of the system to handle, in
a controlled and predictable manner, the effects of plot
overload. The transmission system employed to transport
data from the radar site to the control centre or point of use
will have an upper limit to the number of messages which
may be transmitted. The reaction of the system to
maximum above maximum plot load must be determined.

Pre-requirements

5486 As given in the manufacturer’s setting-up
procedures.

Test points

5.4.87 The following table lists the relevant test points.

Test point  Test level Life cycle stage
CIO1 System Factory: type test
CIO3 System Pre-operational: site

commissioning,
operational evaluation
Post-operational: post
mod, problem
investigation

Test methods

5.4.88 Depending on the distribution of the traffic within
the system coverage it may not be necessary to test this
parameter throughout 360° of azimuth, in which case a
sector of 90 to 180° would probably be sufficient.
Objectives of an operational evaluation are to demonstrate
and confirm the overload performance and to demonstrate
to operational staff the correct load handling properties of
the system.

Presentation of results

5.4.89 Graphical presentation, e.g. of the time in storage
parameter as function of the number of targets (in the
different sectors).

Evaluation of results

5490 As given in the manufacturer’s setting-up
procedures.
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Plot filter functions
Description

5491 The various plot filter functions identified as
surveillance processing boxes in Figure 2-3 are purely
logical functions as opposed to physical pieces of equip
ment packaged separately from the surrounding equipment.
Indeed the function may well be a software routine within
the equipment.

5.4.92 The filter functions performed vary with the
processing stage, however, they can be classified into the
following generic groups: data reduction and data correc
tion functions.

5.4.93 Data reduction filters may be of the type, e.g. high,
low or band pass or stop such as:

a) dynamic “angel” limiter;
b) reflection suppression; and
¢) data rate control.

5.4.94 Data correction filters perform a transformation on
the input data such as tracking. Evaluation of the radar
system must establish the correct functioning of any such
filters incorporated into the system.

Pre-requirements

5.4.95 Hardware or software access to the filter function
under test must be available. The rest of the system should
be in a stable operating state.

Test points

5.4.96 The following table lists the relevant test points.

Test point Test level Life cycle stage
PIO6 System Factory: type tests,
and/or factory acceptance
subsystem Pre-operational: site
commissioning,
operational evaluation
Operational: RTQC
SI06 System Factory: type tests;
and/or factory acceptance
subsystem Pre-operational: site
commissioning,
operational evaluation
Operational: RTQC
CI06 System Factory: type tests,
and/or factory acceptance
subsystem
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Test methods

5497 It is difficult to make specific recommendations
here as the procedures employed are completely dependent
on system architecture. However, this document can give
general guidance in methods of testing the generic filter
functions mentioned above.

5.4.98 These filters make counts in separate categories of
the plots and/or track messages entering and leaving the
filter so as to establish the filter characteristics.

5.4.99 The type of plot must be known and other relevant
parameters such as range/azimuth/flight level/Mode A
code/time, etc., may be required. It is essential that notes
are kept of the filter criteria during data collections.

5.4.100 The duration of the data collection is generally
dependent upon LCS. During data collection it is recom
mended to visually observe the output of the system under
test (for multi-radar system this implies having one
observer per radar). This should enable any anomalies
which may have been noted to be given special attention
during the data analysis phase.

Presentation of results

5.4.101 As prescribed in the manufacturer’s setting-up
procedures.

Evaluation of results
5.4.102 As prescribed in the manufacturer’s setting-up
procedures.

Plot load
Description
5.4.103 A system will normally be specified as being able
to process a certain data load in relation to a certain number

of plots per scan, per second or per azimuth sector. Units
are usually expressed as a mean number of plots per second

or scan, together with sector peaks of a number of plots in
a specified azimuth sector.

Pre-requirements

5.4.104 The subsystem and related system under test are
in a stable operating configuration. Further conditions as
given in the manufacturer’s documents.

Test points

5.4.105 The following table lists the relevant test points.

Test point Test level Life cycle stage
PIO5/PI06 Subsystem  Factory: acceptance test
Pre-operational: site
commissioning
Operational: RTQC
SIO5 and Subsystem  Pre-operational: site
SI06 commissioning
CIO1 and Subsystem  Pre-operational: site
CI102 commissioning
RIO1 and System Pre-operational: site
RIO2 commissioning,
Operational: RTQC
Test methods

5.4.106 Test equipment. A means of counting the plots at
input and output of the system is required.

a) This may be a computer programme running in an
off-line machine. If dual channel equipment is
available it may be possible to programme the plot
processing equipment in the channel not under test
to count and display the number of plots.

b) From modem-based transmission mediums it may
be possible to use a data analyzer to count message
types.

¢) For testing sector peaks and high plot load speci
fication it is advisable to use a “simulated plot”
generator (plot simulator).

d) BITE may be used for the RTQC measurements of
plot load by measuring the number of plots per scan
for various plot types and channels; and

5.4.107 Test procedure. The procedures to apply are really
equipment dependent; it is recommended that the
manufacturer’s maintenance documentation be consulted
for the-appropriate-test-procedure.-It-is-recommended- that
measurements made at the control centre (RIO2) should
include any weak points in the system such as multiplexers/
de-multiplexers.

Presentation of results

5.4.108 As given in the manufacturer’s documents.

9/10/02
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Evaluation of results

5.4.109 As given in the manufacturer’s documents.

Pulse timing
Description
5.4.110 The measurement of this parameter covers the
determination of the characteristics of the following clock
timing:
a) range clock;
b) range sync or zero range trigger;

c) PRF sync (may be same as range sync);

d) azimuth clock — if an azimuth count pulse system
is employed; and

e) range azimuth gateing.
In modern systems the gateing would normally be under
programme control, either hardware or software, and used

to control various system functions, such as STC/GTC,
beam selection, blanking, CFAR parameters.

Pre-requirements

54.111 As given in the manufacturer’s setting-up
procedures.

Test points

5.4.112 The following table lists the relevant test points.

Test point Test level Life cycle stage

PIOS8/SIO8 Unit Factory: acceptance test
Pre-operational: site
commissioning
Operational: RTQC,
preventive and

corrective maintenance

Test methods

54.113 An oscilloscope and frequency counter are
essential items of test equipment. RTQC checks on the PRF
and range clocks should check the pulse repetition intervals
and the drift with time of the PRI. Range azimuth gateing

9/10/02
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function should be set up at the site commissioning stage
according to the manufacturer’s instructions.

Presentation of results

5.4.114 As given in the manufacturer’s setting-up
procedures.

Evaluation of results

54.115 As given in the manufacturer’s setting-up
procedures.

STC/GTC
Description

5.4.116 It is normal to apply gain control which varies
with range sensitivity time control (STC) to the radar
receiver, usually at the RF and/or IF stages. The parameter
is a check that the required control laws are being applied
at the required points in the receiver. The STC/GTC laws
may require modification during the lifetime of the system
to accommodate changes in the topography and radar
environment near the radar. The STC/GTC laws to be
applied depend on the system design and requirements. In
modern radar systems, STC/GTC is often derived from
ground clutter maps.

Pre-requirements

5.4.117 As given in the manufacturer’s documentation.

Test points

5.4.118 The following table lists the relevant test points.

Test point Test level Life cycle stage

PIO3/S103 Unit Pre-operational: site

comimissioning

Test methods

5.4.119 Using test aircraft with calibrated transponders,
e.g. flying at FL. 100 for TMA and FL 300 for en route or
as close to these altitudes as operationally possible.
Recording and examination of the received signal strength
during inbound and outbound radial passages.
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5.4.120 In cases where the target run length parameter is
available, the distribution as function of range (R) is to be
used to support the STC/GTC setting.

a) For SSR, the STC/GTC setting is usually a function
of R“z; and

b) for PSR, the STC/GTC setting is usually a function
of R™ or might be adapted to the clutter distribution
up to R7.

Presentation of results

5.4.121 The STC/GTC setting is usually expressed as
resulting signal strength versus range. A correct STC/GTC
setting will give a reasonably constant signal. Refer to
manufacturer’s documentation for further information.

Evaluation of results

5.4.122 Note that the STC/GTC setting heavily influ
ences both probability of detection and the false target rate.
Consequently, this evaluation shall be repeated if a new
STC/GTC setting has been made. Refer to manufacturer’s
documentation for further information.

Spectrum analysis
Description
5.4.123 This testing covers the determination of the RF
signal spectrum measured in the waveguide or cable sys-

tem between the antenna and the transmitter/receiver. The
RF signal shall be checked for bandwidth, side-lobe level,

and level of harmonics and in the case of SSR, for its
compliance with Annex 10.

Pre-requirements

5.4.124 The antenna and waveguide/cable system must be
fully installed. Further conditions as given in the manu-
facturer’s documents.

Test points

5.4.125 The following table lists the relevant test points.

Test point Test level Life cycle stage

PIO7/S107 Subsystem  Pre-operational: site
commissioning
Operational: corrective
maintenance

Test methods

5.4.126 As prescribed in the manufacturer’s documen-
tation.

Presentation of results

5.4.127 As prescribed in the manufacturer’s documen-
tation.

Evaluation of results

5.4.128 As prescribed in the manufacturer’s documen-
tation.
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TABLES FOR CHAPTER 5

Table 5-1. List of general performance parameters

General performance characteristic Paragraph
Accuracy 532
Alignment PSR-SSR 5.3.8
Combination rate 5.3.18
Coverage 5.3.29
Data transmission inventory 5.3.58
False target rate 5.3.64
Geographic alignment 5.3.87
Inventory 5.3.95
Probability of detection (Pp) 5.3.101
Random errors 5.3.131
Resolution 5.3.146
Systematic errors 5.3.159

Table 5-2. List of detailed technical
performance parameters

Detailed technical performance characteristic FParagraph
Antenna performance 542
Bandwidth 54.13
Correlation interpolation 54.19
CFAR performance 5.4.25
Data transmission line performance 5.4.31
Extraction criteria 5.4.36
False alarm rate 5.4.42
Filter response 5.4.50
Losses 5.4.57
Minimum detectable signal (MDS) 5.4.63
Off-boresight angle (OBA) 5.4.69
Output power 5.4.79
Overload reaction 5.4.85
Plot filter functions 5.4.91
Plot load 5.4.103
Pulse timing 5.4.110
STC/GTC 5.4.116
Spectrum analysis 5.4.123
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v
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(*): Possible only with radar data from multiple radar stations

Figure 5-1. General accuracy analysis event flow
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Area cover/
o,

Correct target reports

False target reports

Radar ¢
+
0 40 80
~. P
Date: 92-12-07 Radar: OST Rec—date: 92-11-11
Time: 15:48 File: OSTUNS Sel. start: 13:20:42
Reflections ¢STERSUND MSSR Sel. stop: 13:28:48

Figure 5-5. Example of a false target analysis evaluation
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Range resolution MSSR format 200

AR (m) 0 = code 2752 (ref.)
+ = code 2515

Side separation = 50 m (according to the pilots)

+100 +

0+ GO0 ® 000 0040000000000 0000400040000
1 I A T I T TR T T S T T S S S

-100

A Antema
FS 90 95 100 105 revolution
Rdr passage

Figure 5-9. Example of a range resolution investigation
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0- Radars X and Y have
9 large systematic errors
. Aircraft A and B come
into resolution
Aircraft B P
80+ Aircraft A
Piats from 7]
Radar X % *\J
707 Plots from ,:.E |
RadarY /
Y
10 NM

2% a nlll)
60+ l

50

Figure 5-10 a). Multi-radar plot messages for two
aircraft before correction of systematic errors
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Figure 5-10 b). Multi-radar plot messages for two
aircraft after correction of systematic errors
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—40

Amplitude (dBm)

Antenna Patiern Measurement
UMEA -

06 Sept 1990

B m—
<]

———
——
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-40 -20 0 20
OBA (degrees)
-~ SUM ——— DIFF ——— CONT

40

60

Figure 5-11 a). Example of an antenna pattern measurement

Note.— This figure illustrates an example of a semi-automated procedure to establish the approximate range resolution
of a monopulse SSR system. The aircraft, with matched transponders, fly at a constant range separation (approximately 50 m}

at the same height and at a tangential heading to the radar. The plots, with correct Modes A and C, were detected.
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Figure 5-11 b). Example of a vertical polar diagram measurement

Note.— This figure illustrates an example of a semi-automated procedure to establish the approximate range resolution
of a monopulse SSR system. The aircraft, with matched transponders, fly at a constant range separation (approximately 50 m)
at the same height-and at a tangential heading to the radar. The plots, with correct Modes A and C, were detected.
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Pattern: [ 4095 BITS 1
Block Size: [ 1000 BITS ]
Duration: [ 1  MINUTE ]
Bits/See: [ 9600 ]
Framing: [ 8 BIT 1
Parity: [ NONE 1 - 0UT OF LOCK -

Elapsed Sec Bits Sent Blocks Sent Bit Errors Start time

0005 0000002344 00000002 000000 14:51:02
Se¢ In Error Bits Rec Blocks Ree Block Errors End Time
0000 00600000000 00000000 000000 00:00:00
SYNC Loss Seconds
000000

1. SGLE | 2. BRST
ERROR W ERROR

Figure 5-12. Example of a transmission line check result
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Figure 5-13. Example of a sum/difference pattern for a two-target situation




Chapter 6

IMPACT OF RADAR PERFORMANCE ON THE
OPERATIONAL USE OF RADARS

6.1 GENERAL

6.1.1 It is obvious that the performance of the various
elements in the total so-called radar processing chain
(antenna, receiver/transmitter, extractor and subsequent
processing, as well as centre data processing) have an
important impact on the operational use of the displayed
processed radar information. The radar separation minima
that may be applied are directly related to the quality of
the radar data. A lower quality of the processed radar data
results in a lower confidence in the displayed present and
possibly past radar derived aircraft positions.

6.1.2  This chapter discusses the relationship between the
radar separation minimum and the various radar
performance characteristics, with particular emphasis on
accuracy.

6.2 OUTLINE OF THE IMPACT OF
RADAR SYSTEM CHARACTERISTICS ON
THE RADAR SEPARATION MINIMA

General considerations
6.2.1 Radar separation is hardly ever applied on the
basis of the actually displayed radar positions alone. Four

radar derived elements are also important in this context:

a) the size and direction of the two speed vectors

6.2.2 For the determination of the radar separation
minimum only the accuracy of the displayed aircraft posi-
tions is of importance; and for the application of radar
separation by the controller other factors such as the
accuracy of the speed vector are also of importance.
Important in this context also are the amount of traffic
(and traffic density) and the amount and rate of false
tracks.

Requirements for radar coverage

6.2.3  For civil ATC, the following conditions apply:

a) separation control is applied only to transponder-
equipped aircraft (including Mode C);

b) the transponder, once the aircraft is within the
coverage of the SSR station, is able to provide
sufficient replies to interrogations in order to allow
the detection of a plot (i.e. the transponder shall
not be blocked due to over-inteirogation of, e.g.
military IFF interrogations or various types of
interference); and

¢) the SSR performance is under all conditions such
that certain minimum quality benchmarks are
fulfilled.

6.2.4 In the case that separation has also to be assured
between aircraft which have no transponder or do not
always have their transponder switched on, the availability
of PSR coverage also becomes mandatory.

(when provided);

b) recent history of potentially conflicting trajectories
(e.g. history dots);

c) predicted future separation on the basis of the
speed vectors; and

d) possible conflict warnings provided by a short-
term conflict alert (STCA) facility.

6-1

6.2.5 An overlap of the coverage of at least two radars
in the airspace carrying major streams of air traffic
appears to be a minimum requirement. From a reliability
point-of-view, one may consider that many radar stations
consist of two autonomous radar systems (at least for the
SSR), since the complete SSR chains are often duplicated
(antenna, drives, transmitters, extractors, plot processors).
A stand-by radar may, in this sense, be considered as the
minimum requirement. Many recent radar stations, such as
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most monopulse SSR stations, have only one antenna, but
have further fully duplicated electronics, including the
extractors. Of course, this increases the availability but
does not fulfil the necessary requirement for coverage
redundancy.

6.2.6  With respect to the question of a possibly required
double coverage in PSR, it should be noted that there are
two specific requirements for the presence of PSR, i.e. to
assure separation of non-SSR equipped aircraft and to pro-
vide back-up during SSR loss in manoeuvres. From a civil
ATC point of view, these two points do not justify a
double PSR coverage. Temporary loss of the PSR cover-
age can be coped with by giving special attention to
problem areas and by imposing operational restrictions to
non-SSR equipped aircraft. It should be stated in this
context that antenna screening due to manoeuvring very
rarely results in a loss of the SSR data for two different
radar stations simultaneously.

6.2.7 A special problem exists with respect to the cone-
of-silence of radar stations. Considering the limited size of
the areas in question and their known positions, it appears
sufficient to impose, as a supplementary requirement, that
the cone-of-silence of radars is at least covered by single
SSR.

6.2.8 Required performance characteristics of the dis-
played radar information in order to allow the use of the
required separation minima are discussed in the next sec-
tion. This discussion considers performance in relation to
the type of radar data processing in use and the amount of
available radar overlap.

The impact of the performance characteristics
of the displayed radar information on the radar
separation minimum

Basic considerations

6.2.9  The radar characteristic of dominating importance
for the radar separation minimum is the accuracy of the
displayed radar information. Although not specifically
mentioned by the relevant ICAO documents, the accuracy
is, for any given situation of two aircraft, directly related
to the extent to which the displayed separation D(t), at a
given time t, represents the real separation of the two air-
craft at the same time t, d(t).

6.2.10 The accuracy of a displayed aircraft position
and therefore implicitly of D(t) is influenced by a number
of factors such as:

a) the errors in the measured radar plot position;

b) the possible use of a tracking filter and, if this is
the case, the type of tracking used;

c) the “age” of the displayed information, i.e. the
time passed since the last update; and

d) possible errors in the display system.

6.2.11 With respect to point d), it has been dem-
onstrated that, for modern display systems, the errors
introduced in the displayed aircraft position may be
neglected with respect to the errors introduced due to the
three other reasons mentioned above.

The impact of the plot performance
characteristics and plot accuracy

6.2.12  The errors in the measured plot positions can be
categorized mainly in two different types:

a) systematic errors; and
b) residual (random) errors.

6.2.13  The impact on the separation minimum depends
largely on the type of error in question.

a) Systematic errors have only an impact on D(t),
when the two aircraft positions are derived from
different radars (or different combinations of
radars). All important systematic errors may be
estimated with advanced radar evaluation pro-
grammes. Quite often also the multi-radar data
processing system in use disposes of provisions to
estimate and correct the systematic errors. It is,
therefore, assumed that the necessary radar error
corrections have been made; and

b) Residual (random) errors are generally of a pure
gaussian nature and are practically completely de-
correlated in size and direction from antenna scan
to antenna scan. Their impact on the separation
minimum is, in general, smaller than that of corre-
lated errors.

6.2.14 In addition, correlated errors can be identified,
which provide, in general, a scan-to-scan correlation in the
direction and/or size of the errors. Therefore, an aircraft
flight path may be indicated which is in fact not correct.
Correlated errors have two main causes, i.e. so-called
multi-path and partial loss of radar resolution. It may be
argued that aircraft which need to be separated are in close
proximity and roughly at the same flight level. Correlated
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errors which are caused by multi-path will consequently
have, in general, about the same size and the same direc-
tion. Their impact on the separation to be applied is,
therefore, small.

6.2.15 Much more severe are errors caused by partial
loss of resolution, i.e. cases where two targets are detected
but not with their real separation. Certain types of extrac-
tor systems operate such that the displayed separation
appears to be larger than the real separation. Such a
situation may exist for several consecutive antenna scans.
The duration of this situation will depend on the relative
speed of the two targets.

6.2.16 The displayed separation of two aircraft may
furthermore be dangerously affected in case a third air-
craft, possibly at a completely different height, is in
resolution conflict with one or both of the two aircraft in
question. Evidence exists about near misses caused by this
situation.

6.2.17  Certain solutions have been found against resolu-
tion problems. However, even recent monopulse extractor
systems suffer in certain conditions from dangerous resolu-
tion problems.

6.2.18  When using conventional SSR (including mono-
pulse SSR), the only almost complete countermeasure
against resolution problems can be acquired with the use
of multi-radar information. An “intelligent” use of multi-
radar plot information allows the allocation of a low
weighting to positions affected by resolution loss and
appropriate weighting to the non-affected positions. The
basis of this logic is the fact that resolution problems
generally only occur for aircraft separated mainly in azi-
muth alone, with, at the same time, only a small difference
in range. Such situations rarely exist for two radars at the
same time and if they exist, they last only for a very
limited period.

6.2.19 In summary, it appears that a generally reliable
solution for the resolution problem can only be provided
with Mode S, where selective addressing of targets, proper
scheduling and separate periods for SSR and Mode S
guarantee that replies of targets close to each other are not
garbled.

successive plots belonging to a given aircraft trajectory
have little impact on the considerations outlined in the
previous section. Plots with large positional jumps are fil-
tered out by this logic. However, plot position errors due
to loss of resolution are generally not of such a size that
they are eliminated by the filter logic and the related plots
are, therefore, displayed.

6.2.22  Tracking filters providing smoothed positions
have, in general, a four-fold effect on the displayed
aircraft positions. These effects are:

a) filtering-out of large positional errors;
b) increase of the correlation in positional errors;

c) change of the nature of the distribution of the
positional errors; and

d) delay in the detection of aircraft manoeuvres.

Furthermore, the tracking provides, in general, information
about the speed vector of the aircraft and may, in certain
cases, even provide information on their mode-of-flight.

6.2.23 Large positional jumps not falling within the
tracking window are eliminated and therefore not visual-
ized as track positions. An extrapolated position may be
created instead. '

6.2.24 Large positional errors falling within a tracking
window have an impact on the size and direction of the
errors for a number of successive subsequent antenna
scans and will therefore create more correlation in the
positional errors. Correlated positional errors existing in
the plot information, on the other hand, will be reduced in
size by the same mechanism.

6.2.25 In general, it has been found that a well-tuned
radar tracker has, at its output, positional track errors with
maximally the same standard deviation as the errors of the
incoming plot information. The distribution will, however,
be more like a standard gaussian distribution (i.e. the tails
have been cut off, the central part has become more

The impact of plot-processing and tracking

6.2.20  There is a considerable number of different types
of plot post-processing systems in use at the level of
ATCC and radar sites.

6.2.21 RDPS serving only as a filter for certain categor-
ies of false plot information and as a chaining facility for

pronounced).

6.2.26  Aircraft manoeuvres will, due to the filter, gener-
ally create track position off-sets (track positions are often
“lagging behind”). The size of the off-set is a function of
the plot-noise (credibility of the plot data), the radar
update rate and the characteristics of the tracking filter
itself. Certain tracking logics follow the aircraft
manoeuvres better than others. Important in this context is
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also the use of multi-radar information in the tracker
process. The proper use of multi-radar data provides two
main advantages:

a) increase the radar update rate, therefore, better
detection and following of manoeuvres; and

b) the possibility of de-correlating correlated errors.

6.2.27 A disadvantage of the use of multi-radar is the
risk of an increase in track noise due to possible existing,
not corrected or residual systematic radar errors (radar
positions, range, azimuth and time).

6.2.28 In summary, one may state that the accuracy of
the positions resulting from a tracking filter are determined
by the accuracy of the incoming plot information, the type
of aircraft manoeuvres and the level of sophistication of
the radar data processing.

6.2.29  Aircraft manoeuvres may be categorized by
transversal and longitudinal accelerations.

6.2.30 Meaningful tracking performance parameters
have been defined which are also significant in the context
of radar separation.

6.2.31 With respect to extrapolated track positions,
special care must be exercised when applying radar
separation. The next paragraph discusses somewhat further
the issue of separation on normal and extrapolated track
positions.

The impact of the “age” of the displayed
radar information

6.2.32  In cases where monoradar plot information is dis-
played, it should be noted that this information is only
updated once per antenna revolution. The displayed infor-
mation may, therefore, represent aircraft positions which
are up to one antenna revolution old. The age may be even
larger in cases where plot misses occur. Successive plot
misses occur generally with a higher probability than
(1-Pp). The availability of both PSR and SSR will improve
this situation, since misses for SSR and PSR are quite

6.2.34  In cases where tracking is applied, the impact of
“aging” on the accuracy of the displayed position and
separation will again depend on the type of tracking and
the type of information being displayed.

6.2.35 The case of plot display after tracking shows
important similarities to the case where plot information is
displayed without tracking (with the exception that large
positional jumps are eliminated). However, in the case
where plot misses occur, these misses are, for certain
systems, substituted by plots from fall-back radars. The
use of extrapolated positions for radar separation is in
general to be dissuaded in a pure monoradar (e.g. single
SSR) situation, due to the risk of important unnoticed
aircraft manoeuvres during plot misses. The situation is
already different in the case where both PSR and SSR
information is used. In general, uncorrelated misses in
PSR and SSR make the risk of unnoticed, dangerous
reductions in separation negligible. This situation improves
even further when multi-radar data are used.

The notion of close-approach probability (CAP)
and target level of safety (TLS)

6.2.36  The CAP is defined as the probability that two
aircraft, which appear on the display to be separated by at
least the separation minimum (>Ds), are in fact, so close
together (<e) that an accident is practically unavoidable.
The CAP value can be assessed as a function of the Ds
and e values. Traffic studies for a given centre allow the
transformation of the CAP into a TLS, which is defined as
the number of close-approaches per unit of time (e.g. one
close-approach per year). On the basis of traffic studies,
this TLS may again be related to the number of close-
approaches per hour of flight (similar to the ICAO review
of general concept of separation’s TLS value for the North
Atlantic),

6.2.37 The CAP value may either be calculated from the
error distributions of the displayed aircraft positions or be
obtained directly from the error distribution of the recon-
stituted real distance between two aircraft.

6.2.38 The CAP is, therefore, a function of all elements

often uncorrelated. During the time that the displayed
information “ages”, closely spaced aircraft may execute
manoeuvres which decrease the separation.

6.2.33  In this context, it will be noted that a supplemen-
tary problem arises due to the fact that SSR plot misses
for adjacent aircraft have a higher probability of being
correlated.

contributing to the error in the displayed aircraft positions
discussed above.

6.2.39  Within the European Organization for the Safety
of Air Navigation (EUROCONTROL), studies have been
made to assess which conditions, e.g. a 9 km (5 NM)
separation minimum, may be safely applied considering all
contributing error sources. These conditions are:
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a)

b)

c)

d)

e)

coverage requirements shall be at least those
outlined in 6.2.3 above:

standard deviations of plot azimuth errors in a
monoradar environment shall be equal to or less
than 0.13 degrees for radars used up to a
maximum range of 280 km (50 NM) and equal to
or less than 0.11 degrees for radars used up to
370 km (200 NM);

in cases where monoradar information is used, the
plot resolution capability shall be such that no
situations are created where the displayed separa-
tion is considerably larger than the real separation.
In cases where such resolution problems do occur,
the radar separation minimum shall be increased to
a value for which the particular resolution problem
is either no longer possible or otherwise so un-
likely that this phenomenon cannot occur for
several antenna revolutions successively;

the performance, other than the accuracy of the
radar plot information, shall be at least as good as
the benchmark values outlined in the EURO-
CONTROL Standard for surveillance systems;

for RDPS using plot displays, a fall-back radar is
required to cover the cases of correlated plot
misses; and

the resolution problems outlined in c) above may
be compensated when a multi-radar data process-
ing system is used, which makes appropriate use
of a number of different radar sources. Resolution
problems of a severe nature as described in c)
generally occur for only one radar at a time.

Some considerations with respect to the impact
of radar performance on the application of radar
separation by the air traffic controller

6.2.40 Two further radar-related system characteristics
are of importance for the application of radar separation
by the controller. These are the past positions of the
aircraft (afterglows) and the speed vector.

6.2.41  For the accuracy of the past radar positions, the
same considerations apply as for the accuracy of the most
recently displayed positions. Particularly important in this
context are the possible correlated position errors, since
these may provide a wrong impression about non-existing
aircraft movements (e.g. apparent diverging tracks, when
this is not the case).

6.242 The same effect applies here as has been
described in 6.2.9, i.e. for systems suffering from corre-
lated position errors, the minimum separation shall be
increased. As discussed before, dangerous situations may
only originate from particular resolution problems, which
only occur when particular extractor systems are applied.

6.2.43  The accuracy of the speed vector is of import-
ance for either the “mental” extrapolation by the controller
predicting the likely occurrence of a conflict in the fore-
seeable future or for the accurate operation of an auto-
matic short-term conflict alert facility. The speed accuracy
depends, just like the positional accuracy, on three differ-
ent elements:

a) the quality of the incoming plot information;
b) the behaviour of the aircraft to be tracked; and

¢) the characteristics of the tracker.







Chapter 7

IMPACT OF TRANSPONDER CHARACTERISTICS
ON RADAR PERFORMANCE

7.1 GENERAL

7.1.1 As SSR is a co-operative system, its over-all
performance is determined by the transponder. Modemn
radars employing monopulse techniques will yield a much
superior resolution of target clusters and more precise
azimuth information. The success of this aspired improve-
ment depends, however, upon the exact adherence to the
tolerances for transponders stated in ICAO Annex 10,
Volume IV.

7.1.2  Radars, slightly detuned (or with wider tolerance
bands) with respect to accepted reply pulse widths in order
to detect non-complying transponders, will cause a reduced
target resolution which is to be avoided. An excessive
carrier frequency deviation of a transponder reply can also
lead to an avoidable angular measuring error. Making such
allowances to cater for a possible transponder non-
compliance thus leads to a reduction in traffic capacity, as
larger separations must be applied in the case of a reduced
target resolution and/or positional accuracy.

7.1.3 In addition to these more surveillance-related
aspects of transponder compliance, it is important to note
the role of the SSR Mode S transponder in air-ground data
link communications.

7.2 EFFECTS OF NON-COMPLIANT
TRANSPONDERS

7.2.1 The effects of transponder characteristics on radar
performance are widespread and, in the case of
communication-related parameters, typically application-
dependent. In order to highlight the potential effects of
malfunction, Table 7-1* is provided.

7.2.2  Itis pointed out that a strong interdependency for
malfunctions of certain parameters exists; for example, one
experience shows that an incorrect reply frequency often

affects pulse width; furthermore, less advanced trans-
ponders with simple transmitter stages may suffer from an
antenna mismatch as the result of a bad installation, often
showing a significant reply frequency offset and thus
reduced output power; but even for digital systems, a
(rarely occurring) clock failure may equally affect all the
timing parameters, like pulse width and pulse position.

Experience from transponder performance
measurement campaigns

7.2.3  As explained in Appendix B, mobile transponder
performance testers were developed by some administra-
tions. These test systems have been used in measuring
campaigns at major airports in the past.

7.2.4 The experience gained from these campaigns may
be summarized as follows:

a) a non-negligible portion of transport aircraft were
determined to have parameters out of tolerances. In
total, figures in the order of 7 per cent were deter-
mined, and these figures increased further for air-
craft which were carrying non state-of-the-art
equipment or were inadequately maintained;

b) for general aviation aircraft, the over-all perform-

ance figures obtained were generally lower than

for commercial air transport aircraft reaching up to
approximately 20 per cent of transponder faults;
further experiments demonstrated the sensitivity of
such transponders to incorrect external installation

(e.g. antenna mismatch); and

¢) more recent transponder installations (e.g. mostly

digital Mode S transponders) showed typically

7-1

* Table 7-1 is located at the end of this chapter.
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better performance with respect to the “classical”
arcas of concern, like pulse timing values and
frequency; however, what is becoming more vital
with Mode S is the proper functioning of the logic
of the transponder.

Nevertheless, the effect of such deficiencies on the oper-
ational use of the radar system is always hard to deter-
mine. In the light of the use of SSR Mode S not only for
(enhanced) surveillance, but also for communication, the
significance of ICAO conformant transponders is
indisputable.

7.3 CONCLUSION

Due to the co-operative function of SSR, the performance
figures determined for a radar system depend also on the
proper functioning of the airborne equipment. This has to
be taken into careful consideration when radar system
parameters are assessed. Consequently, checks with flight
check aircraft should be performed only after testing the
appropriate operation of the transponder. When assessing
performance parameters with opportunity traffic, reason-
able samples should be used to avoid individual instal-
lations to colour the statistics.
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TABLE FOR CHAPTER 7

Table 7-1. Possible impact of transponder characteristics on SSR radar performance

Aircraft identification
(call sign)

Lockout timer

Comm-B timer

Wrong or missing

Wrong setting

Wrong setting

Parameter Characteristic Effect

Conventional SSR and Mode S:

Reply frequency Offset Depending on the monopulse technique used, may lead to
false OBA determination; in addition, if carrier frequency is
out of ICAO tolerances (and hence outside the input band
pass filter width), may lead to non-detection.

Pulse width Enlarged May lead to split plots or tracks; if tolerance window for
pulse width is extended, the resolution capability is reduced.

Pulse spacing Offset Influences probability of detection (if the whole pulse train is-
affected), or to a reduced probability of code detection (if
only the information pulses are affected).

SLS function Incorrect Increases ring-around targets and fruit and causes extractor
overload.

Reply power Too low Reduces probability of detection.

Too high Increases fruit and extractor overload.
Mode S only:
Aircraft address Non-unique a) May lead to invisibility of two targets with same address

and adversely affect operation of airborne collision
avoidance systems (ACAS);

b) Further tracker problems, if two targets with same
address occur in a (multi-radar) system.

No or false identification of target, disturbance of automatic
services, etc.

Invisible, non-acquired targets; increase of all-call fruit —>
extractor overload.

Disturbance of communication handling.
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FLIGHT TESTING METHODS

1. GENERAL

The following sections outline the methods applied by one
State for evaluation and flight testing of primary and
secondary radar to commission a facility. The procedures for
radar flight inspection differ from the procedures for naviga-
tion systems in that most of the data collection and analysis
is conducted on the ground. The flight inspector’s role in the
radar environment consists largely of providing a known

target in a required area. Presently, digital techniques allow

for the evaluation of many radar parameters by the use of
statistical sampling of target reports and SSR replies from the
regular day-to-day site environment. The techniques provide
the capability for reporting flight inspection results with
greater accuracy than previously. Although certain require-
ments must be completed using a flight inspection aircraft,
engineering personnel should use targets of opportunity,
radar analysis tools, and other test equipment to the extent
practicable for completing all checklist requirements.
Engineering personnel shall normally evaluate and document
all radar facility performance except for those parameters
specifically evaluated by the flight inspector.

2. EXAMPLE OF FLIGHT
TESTING METHODS

Preflight requirements

2.1 Engineering and operational personnel should prepare

Ensure that the participating engineering and operations
personnel are experienced and that they are familiar with
the objectives of the inspection and the requirements in this
manual. Participation by the same personnel in each flight
inspection results in a more consistent evaluation of facility
performance.

2.3 Flight personnel are expected to obtain information
from engineering personnel relative to operational require-
ents, expected facility performance, and performance
evaluations obtained by use of targets of opportunity, and to
define the extent of flight inspection necessary. The
servicing flight inspection office should appoint a qualified
flight inspection pilot as coordinator for all commissioning
inspections. Flight inspection personnel should assist in
determining which checklist requirements have been met at
those facilities using targets of opportunity to partially fulfil
flight inspection requirements.

2.4 Flight inspection will use small aircraft equipped with
an approved transponder for all radar flight inspections.
Small aircraft are considered to be the Beecheraft Bonanza,
Cessna 182, and other aircraft of similar size which repre-
sent nearly the same reflecting surface. The Sabreliner, Jet
Commander, Jetstar and other jets of similar size are also
regarded as small aircraft for the purpose of radar flight
checks.

2.5 Use a flight inspection aircraft with a calibrated
transponder for SSR power optimization and GTC curve
establishment. Flight inspection aircraft provide the pilot
with a selection of any one of the following two

an outline of operational requirements, describing in detail
all routes, fixes, holding patterns, approach and departure
procedures including specified altitudes, distances and
other information pertinent to the flight inspection. Air
traffic personnel will coordinate with the engineering
personnel responsible for the site assessment.

2.2 Prior to a flight inspection ensure that the radar equip-
ment is tuned within facility operating specifications.

A-1

combinations of power and sensitivity for the altitude at
which the test is to be flown:

a) Transponder equipment for aircraft not permitted to
fly higher than 15 000 feet

Measurements at the antenna end of the cable:
18.5 dB +1dB/~0dB above 1 W RF power
output and —71 + 1 dBm sensttivity (low/normal)
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18.5 dB +1dB/~0dB above 1 W power output
and —-69 + 1 dBm/-0 dBm sensitivity (low/low);
or

b) Transponder equipment for aircraft permitted to fly
higher than 15 000 feet

Measurements at the antenna end of the cable:

21 dB +1dB/-0 dB above 1 W RF power output
and 71 + ~1 dBm sensitivity (low/normal)

21 dB +1dB/-0 dB above 1 W power output
and —69 + 1 dBm/~0 dBm sensitivity (low/low).

Normally the low power should be used.

Flight inspection procedure

Introduction

2.6 A radar flight inspection may be a single (special
inspection) requirement to determine coverage over a new
air traffic “fix” or may consist of a full radar commis-
sioning inspection. The number of personnel, coordination,
preparation, and reporting involved between the two
extremes varies widely. A commissioning inspection (or a
special inspection following significant modifications to
existing equipment) consists of three distinct parts;
planning, engineering and documentation. The engineering,
or equipment, portion includes the tests necessary to ensure
that the radar system performs according to design specifi-
cation. Some tests in the engineering phase will require a
flight inspection aircraft. The documentation or flight
inspection portion determines to what extent the air traffic
user requirements are met and establishes a radar coverage
baseline. Air traffic user requirements should be outlined in
the facility siting and inspection plan. The detailed
procedures covered are devoted primarily to the flight
inspection phase.

Conunissioning inspections

a) pre-inspection planning (develop a technical plan);

b) measurement of equipment parameters as per
specification;

c) equipment optimization;

d) site integration;

e) flight inspection (data collection and analysis);
f) documentation of results;

g) generation of a database (baseline);

h) record of all equipment measurements; and

1) preparation of final report.

Figure A-1* provides a flow chart of the sequence of events
for a typical radar inspection.

Periodic inspection

2.8 Civil ATC PSR and SSR facilities, after being
commissioned and set into operational service, do not
require a periodic flight inspection. Instead, the radar
performance parameters described in this manual shall be
re-assessed at regular intervals by RTQC or by preventive/
corrective maintenance. Only in cases of specific problem
investigation should it thus be necessary to perform
measurement campaigns including flight checks.

Special inspections

2.9 Special inspections are conducted to fulfil a particular
need and may be very limited in scope. The limited inspec-
tion may not require a formal written plan, but only a short
report. Examples of testing events include: development of
a starting baseline (as found), identification of problem
areas (quantity, if possible), correction of the problem or
recommendations for solutions, revision of performance,
and generation of a new database.

2.10 If equipment changes/modifications to com-

2.7 'The objective of the commissioning inspection is to
evaluate system performance, determine and document the
site coverage, and provide a baseline for the detection of
future deterioration in equipment performance. Data
obtained during this inspection will be used as a basis for
periodic comparison of facility performance as well as
subsequent inspections. Major events of commissioning
inspection include:
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missioned facilities change the coverage pattern, document
the changes in the inspection report. The new coverage
pattern will then become the basis for comparison during
subsequent inspections. Special inspections include the
following:

* Al ﬁgﬁres and tables are located at the end of this appendix.
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a)

b)

d)

engineering support. Engineering support is
performed to help engineers and air traffic
personnel - determine whether the radar meets
equipment certification requirements. This data
may be used for commissioning purposes, provided
that no major equipment modifications are made
prior to the commissioning inspection. Require-
ments for specific checks will be determined by
engineering personnel and need not conform to a
specific format;

antenna change. The checklist, Table A-1, indicates
the requirements for installation of a new antenna,
anew generation dual beam antenna, or an antenna
with a different radiation pattern. A flight
inspection is not required following an antenna
pedestal or rotary joint replacement if the ground
measurements of the reflector position, feedhom
alignment, and antenna tilt of the replacement
pedestal are satisfactory;

major modifications (other than antenna change).
This inspection should be confined to the para-
meters necessary to confirm facility performance.
The radar engineer shall determine the extent of a
special inspection during preparation and coordi-
nation of the plan. Depending upon the extent of the
modification, an inspection using radar evaluation
tools and targets of opportunity may satisfy the
requirements;

near-miss inspections. These inspections are
conducted at the request of the air traffic manager
of the facility involved, and are used to determine
the radar coverage in the area in which the incident
occurred. The flight inspection should be conducted
as soon as possible following a near-miss,
duplicating the manocuvres, altitude, and direction
of the aircraft incident. The flight inspector shall
use an aircraft of the same type (or reflective
surface) as the smaller aircraft involved. To the
extent practicable, operate the radar in the same
configuration as it was at the time of the incident.
Accomplish flight inspection reports concerning
near-miss collisions in the same manner as after-

Checklist

2.11 -The inspection tests required to complete a full
commissioning flight inspection are contained in Table
A-1. The procedures presented here are also those to be
used singly when the requirements for a special inspection
may be satisfied with one or more of the individual tests.
Those items identified with an “x” are mandatory. The
radar engineer shall perform the test by one or more of the
methods listed, depending upon the radar type and
resources available. Flight and engineering personnel shall
evaluate the data obtained using targets of opportunity to
determine if further evaluation by a dedicated flight inspec-
tion aircraft is needed. As the exact checks required may
vary from one facility to another, the flight inspector must
consult with the radar engineer prior to departing the area
to ensure that all checklist requirements have been
completed. The column labelled “transponder mode”
denotes the proper aircraft transponder configuration for the
specific test.

Vertical coverage/operational capability
Background

2.12  The purpose of this test is to determine and docuent
the primary and secondary radar system vertical coverage.

a) All radars. Evaluate the inner and outer fringes on
all primary and secondary radars using a flight
inspection aircraft with a calibrated transponder;

b) Radars without radar analysis tools. Evaluate
primary and secondary radar coverage within the
fringe envelope using a flight inspection aircraft or
rental aircraft;

¢) Radars with radar analysis tools. Evaluate primary
and secondary radar coverage within the fringe
envelope using radar analysis tools, targets of
opportunity, cooperating aircraft, or flight inspec-
tion aircraft. Radar analysis data recordings and
analysis of the vertical coverage test are used as a
continuing database for a permanent record, and as

accident reports; and

e) future requirements. New PSR and SSR systems

being developed may introduce features not
common to existing radar, and may require tech-
niques and procedures substantially different from
those described below. Inspection procedures for
future systems will be included as they become
available.

a legal document certifying facility performance.
Vertical coverage radial

2.13 A significant portion of the inspection is conducted
on a reference bearing from the radar site. Conduct the
commissioning inspection, and all subsequent inspections
concerning facility performance on the same bearing for
valid comparison. The radial should be free of clutter,
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dense traffic and populated areas, and influences created by
line-of-site.

Commissioning procedure

2.14 Determine the outer fringe by evaluating tail-on
targets and the inner fringe by nose-on targets. Aircraft
reflective surface and transponder antenna characteristics
vary between inbound and outbound flight; consequently,
some difference in coverage can be expected. Using map
checkpoints, a navigation system radial, or radar vectors to
remain on vertical coverage radial, the flight inspector
should complete the coverage check. Fly all pattern alti-
tudes described herein as height above the radar antenna.

Note.— In order to produce a meaningful database, the
flight inspector must compute and fly true altitudes
(corrected for pressure and temperature).

Commissioning profile — terminal PSR/SSR
radars without radar analysis

2.15 Refer to Figure A-2 and proceed as follows:

a) . determine the inner fringe at 300 m (1 000 ft). Then
fly outbound at 300 m (1 000 ft) and establish the
outer fringe;

b) climb to 600 m (2 000 ft) and establish the outer
fringe. Then proceed inbound at 600 m (2 000 ft)
and establish the inner fringe;

c) climb to 900 m (3 000 ft) and establish the outer
fringe;

d) climb to 1 500 m (5 000 ft) and establish the outer
fringe;

e) repeat the outer fringe check at 1 500 m (5 000 ft)
(or lower if necessary) as required in order to
complete the overall quality test and to evaluate
radar auxiliary functions (linear polarization, PIN
diode, integrators, etc., for primary and GTC/STC
for secondary). Most auxiliary functions produce a

g) climb to 3 000 m (10 000 ft) and establish the outer
fringe. Then proceed inbound at 3000 m
(10 000 ft) to establish the inner fringe;

h) if the required operational altitude is greater than
3000 m (10000 ft), check the outer fringe in
1 500 m (5 000 ft) increments up to the oper ational
altitude; e.g. 1f 5 100 m (17 000 ft), check the outer
fringe at 4500 m (15000 ft) and 5100m
(17 000 ft), then proceed inbound at the operational
altitude and establish the inner fringes. If adequate
radar coverage is not maintained during the
inbound run, conduct flights through the coverage
pattern to establish the maximum usable altitude;

1) check the inner fringe at the altitudes used to
establish the outer fringe back down to 3 000 m
(10 000 ft) level; and

j) unless specifically requested, do not inspect vertical
coverage above the operational altitude, if the
required operational altitude is lower than 3 000 m
(10 000 ft).

Commissioning profile — en-route PSR/SSR
without radar analysis tools

2.16 Refer to Figure A-3 and proceed as follows:

a) -complete steps a) through g) of the terminal PSR/
SSR commissioning profile procedures;

b) climb to 4 500 m (15 000 ft) and establish the outer
fringe;

¢) climb to 6 000 m (20 000 ft) and establish the outer
fringe. Then proceed inbound at 6000 m
(20 000 ft) and establish the inner fringe;

d) climb to 7 500 m (25 000 ft) and establish the outer
fringe;

e) climb to 9 000 m (30 000 ft) and establish the outer
fringe;

decrease in receiver sensitivity which is indicated
by a decrease in cut-off range. Conduct the test by
marking the outer fringe with the function on, then
off, while noting the difference in range. Then
proceed inbound at'1 500 m (5 000 ft) and establish
the inner fringe;

f) climb to 2 100 m (7 000 ft) and establish the outer
fringe;
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f) repeat the outer fringe as required to complete the
overall quality and auxiliary tests;

g) then proceed inbound at 9 000 m (30 000 ft) and
establish the inner fringe; and

h) if operational or engineering requirements are
greater than 9 000 m (30 000 ft), or if this level
conflicts with air traffic, climb to a mutually
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agreeable altitude (to a maximum of 12000 m
(40000 ft)) and establish the outer and inner
fringes.

Commissioning profile — terminal/
en-route PSR/SSR, radars with radar
analysis tools

2.17 Refer to Figure A-4 and proceed as follows:

a) Fringe envelope check. The flight inspector shall
fly outbound from the site at 300 m (1 000 ft) above
the antenna to the outer fringe, up to the outer
fringe to the required altitude, across the top
inbound to the inner fringe, then down the inner
fringe to the 300 m (1 000 ft) inner fringe. Probe
and score the primary and secondary fringes at 300,
600, 900, 1500, 2 100, 3 000, 4 500, 6 000, 7 500
and 9 000 m (as required) (1, 2, 3, 5, 7, 10, 15, 20,
25 and 30 (as required) thousand ft). Establish the
ascending (outer) fringes by turning inbound and
climbing to the next higher level, flying inbound at
the higher level until solid primary and secondary
reports are received, then turning outbound to
establish the primary and secondary reports at that
level. Evaluate the inner fringes in the same
manner, with the directions reversed. Conduct the
overall quality and auxiliary functions test at
1 500 m (5 000 ft) or 9 000 m (30 000 ft) as per the
previous procedures.

b) Coverage within the fringe envelope. Engineering
personnel shall use radar analysis tools and targets
of opportunity to determine the coverage inside the
fringe envelope, and identify the location and extent
of holes and other lobing related anomalies.
Coverage can be determined with analysis of plots
on series of recording. Limit the tracks to a 20°

-wedge, centred on the vertical coverage azimuth
and filtered for the altitudes of concern. The SSR
delay should be active during the recordings to
provide a better separation of primary and
secondary tracks for independent analysis. Lobing
will be evident as primary and secondary tracks,

En-route/terminal PSR antenna change

2.18 When the en-route/terminal PSR antenna is changed,
fly the profile depicted in Figures A-5a and Al1-5b, as
applicable.

a) Repeat the outer fringe checks as necessary in order
to complete an overall quality and auxiliary func-
tions test as requested by engineering personnel.
Conduct the remainder of the coverage check in the
original configuration; and

b) checks of additional facility equipment configura-
tions and additional altitudes may be conducted at
the option of engineering personnel.

SSR antenna change

2.19 TFor the same type of antenna, all requirements may
be completed using targets of opportunity. Comparison
analysis is performed on the historic solar data, SSR
parameters and performance measurements (targets of
opportunity) to ensure that the same performance (commis-
sioned) can be expected with new antennas. When the
antenna is replaced with a different type, or targets of
opportunity are not available, checklist requirements shall
be completed using a flight inspection aircraft.

a) Terminal SSR. Fly the profile for a primary antenna
change as illustrated in Figure A-5a.

b) En-route SSR. Fly the profile for a primary antenna
change as illustrated in Figure A-5b.

Evaluation

2.20 Engineering personnel shall record target strength as
defined in Table A-2 (Tolerance/limit), on each scan,
aircraft position every five miles, and aircraft altitude for
each fringe check and level run. Where available,
engineering personnel shall document results of the vertical
coverage check wusing radar analytical/diagnostic
programmes for inclusion in their facility report and
permanent records.

exhibiting decreasing run lengths as they enter a
“hole”, disappear in the null, then reappear with
progressively higher run lengths as they clear the
fringe on the opposite side. Include the printout
plots in the facility permanent database.

Note.— “SSR delay” refers to the technique of
delaying the SSR signal beyond the merge window
of the plot combiner.

Horizontal screening

221 The purpose of this test is to verify the indicated
coverage on the horizontal screening charts. The test is
optional depending upon local requirements, and may be
accomplished by one or more of the following methods:
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a) using either flight inspection or rental aircraft, fly
an orbit at an altitude and distance which corre-
sponds to the lowest screening angle at which
coverage is expected. Do not use an orbit radius of
less than 18.5 km (10 NM). DME or headings
provided by the controller may be used to maintain
the orbit. Select “Normal” on the aircraft tran-
sponder. MTI, if used, should be gated to a range
inside the orbit radius, except those locations where
ground clutter will obscure the target unless MTT is
used. If MTI must be gated outside the orbit, the
radius of the orbit should be constantly changed to
avoid target cancellation due to tangential blind
speed. For example, vary the pattern on a 22.2 km
(12 NM) orbit between 18.5km (10 NM) and
259km (14 NM) so as to average a 22.2 km
(12 NM) orbit. Engineering personnel shall record
target strength on each scan and target azimuth/
distance position each 10°% and

b) horizontal screening can also be determined by
running the radar analysis programmes on pre-
recorded data. Limit the data input on successive
runs to azimuth sectors with a constant screening
angle for each run. Compute the screening angle for
any given run (azimuth sector) from the lowest
coverage returns at a given range. Then, coverage at
any given range beyond the screen can be predicted
and a comparison drawn between values on the
horizontal screening chart of actual coverage. Limit
tests to elevation angles near the expected horizon.

Airway/route coverage
2.22 . The purpose of this check is to document coverage
along all routes and airways required by air traffic, and may
be accomplished by one or a combination of the following
methods:

a) flight inspection or rental aircraft; and

b) radar analysis/targets of opportunity.

2.24 Radar analysis programmes and targets of opportu-
nity: targets may consist of one cooperating aircraft or an
assortment of aircraft reports on a particular airway. Targets
imncluded in the output data must be Mode C- or S-equipped
for essential altitude information. Scoring may be accom-
plished either with radar analysis programmes or manually.
Document the fix positional coverage by filtering a data run
with the start/stop azimuth and high/low altitude that effec-
tively “boxes” in the fix. Good coverage within the box
constitutes adequate coverage at the position fix.

Way-point/map accuracy

2.25 The purpose of this test is to verify the accuracy of
all airways, routes, fixes and centre lines displayed on the
video map. This test may be accomplished by either of the
following methods:

a) flight inspection or rental aircraft; and
b) targets of opportunity.

2.26 Approved procedures: since the object of the test is
to compare the displayed video map feature against
indicated target reports, radar configuration (MTI, antenna
polarization, transponder settings, etc.) does not affect the
test results. The procedure is the same whether using a
flight inspection aircraft or targets of opportunity; compare
reported aircraft position on or over an airway, route or fix,
with video map presentation. Similarly, verify runway
centre line-to-video map alignment by observing landing
and departing aircraft. However, when using targets of
opportunity, numerous target reports are required to verify
the accuracy of any particular airway, route or fix. Verify
accuracy with a flight inspection aircraft. Replacement map
overlays, video maps or digitally generated maps do not
require flight inspection if -engineering personnel are
satisfied through evaluation of targets of opportunity or by
comparison to an existing map, that the new map is
accurate.

Fixed target identification

223 Approved procedures: select “normal” on the flight
inspection/rental  aircraft transponder. Configure the
primary radar in circular polarization. Fly the minimum
coverage altitude not lower than the minimum obstruction
clearance altitude (MOCA), on airway centre line. Maintain
course guidance by reference to ground checkpoints,
navigation system signals, or radar vectors. Fly terminal
arrival/departure routes and other areas of interest identified
in the flight inspection, via radar vectors at the MOCA.
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227 The purpose of this test is to identify prominent
primary broadband targets used for range and azimuth
accuracy checks when solar and radar analysis programmes
are not available. Identify the permanent echo (PE) by one
of the following methods:

a) co-operating aircraft; and

b) flight inspection or rental aircraft.
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- 2.28 Approved procedures: select identifiable features
from comparison of the ground clutter reports and geo
graphic maps (islands, mountain peaks, towers, etc.); and
direct the pilot to the PE return. If the pilot can identify and
describe the ground target, and the target is a perma nent
feature, record the PE in the inspection report.

Surveillance approaches

2.29 All terminal PSR approaches must be checked for
accuracy and coverage by a flight inspection aircraft during
commissioning inspections or any time a new approach
procedure is developed. The flight inspector shall confirm
with engineering personnel that the approach is conducted
on a surveillance radar scope. Conducting a terminal PSR
approach on a precision approach radar (PAR) scope is not
acceptable for flight inspection purposes. Terminal PSR
approaches are not authorized using SSR only; and the SSR
should be offset for this check.

Approach to a runway

2.30 The approach course shall coincide with the runway
centre line extended and shall meet accuracy and coverage
tolerances.

Approach to an aircraft

2.31 The approach course shall be aligned to the missed
approach point (MAPt) as determined by procedures and
engineering personnel. Helicopter-only final approach
courses may be established to a MAPt no further than
780 m (2 600 ft) from the centre of the landing area for a
point-in-space approach to a MAPt from which flight to the
landing area must be accomplished by visual reference to a
prescribed route along the surface. In each instance,
approach guidance shall be provided to the prescribed
MAPt.

Approach procedure

and determine at the MAPt whether a landing can be
successfully performed without excessive manoeuvring.

Evaluation

2.33 Terminal PSR approach radars shall meet flight
inspection tolerances or be cancelled; however, cancellation
of a terminal PSR approach radar does not constitute a
restriction on the radar facility. When the use of MTI is
required for a terminal PSR approach, the flight inspection
report should be so annotated. A requirement to use MTI
does not constitute a facility restriction, however, terminal
PSR approaches which require the use of MTI are not
authorized when the MTI feature is inoperative.

Communication

2.34 The purpose of the optional check is to evaluate the
VHF/UHF communications capability within the radar
coverage area. All required checks can normally be
completed by using participating aircraft. If additional
requirements are identified by engineering personnel,
conduct the inspection concurrent with the radar inspection.”

Standby equipment

2.35 The purpose of this check is to evaluate the
performance of standby equipment, and may be
accomplished during pre-inspection testing using targets of
opportunity. Some radars have been engineered to meet
reliability requirements through the use of redundant
parallel units. Structure the pre-inspection testing of these
systems so as to thoroughly test all such redundant units. A
standby antenna (duplicate) may be installed at selected
locations to provide for continued radar service in the event
of antenna failure. The commissioning requirements for a
standby antenna may be completed using the antenna
checklist.

Standby power

232 Fly an 185 km (10 NM) termimal PSR final
approach as directed by the controller. Fly at the lowest
prescribed altitudes until reaching the final approach
segment. Between the final approach fix (FAF) and the
MAPt, fly 30 m (100 ft) below any stepdown fix altitudes,
recommended altitudes and/or the minimum descent
altitude (MDA). During the approach, the flight inspector
shall evaluate the approach procedure, note the aircraft
position relative to the runway centre line extended/airport,

236 The purpose of this test is to evaluate radar
performance on standby power (engine generator or
uninterruptable power supply) and shall be conducted
during pre-inspection testing. Results are satisfactory when
the engine generator monitor equipment detects a power
failure without manual intervention. Conduct this test with
a simulated power failure by manually switching out the
incoming commercial power.

31/12/06
No. 2
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Analysis
Testing precautions

2.37 Radar inspections should not be attempted during
heavy precipitation, temperature inversion, or other
atmospheric conditions which either increase or decrease
radar coverage from the expected norm. Investigate any
system deficiency or deterioration noted during inspection.
When a system parameter does not meet the specified
tolerances and cannot be adjusted within a reasonable
length of time, discontinue the flight inspection until the
discrepancy can be resolved. However, this does not
preclude the continuation of testing in an effort to resolve
the problem.

Evaluation

2.38. Continuous radar detection (one usable target report
on every scan at every azimuth and all altitudes) is a diffi-
cult requirement to meet due to antenna lobing, physical
limitations (line-of-sight), aircraft altitude, and antenna tilt.
Therefore, expect isolated or non-recurring misses. After
three or more consecutive misses in the radar pattern,
investigate to determine whether a hole exists and, if so, its
size. Reference is made to Figure A-6.

Lobing

2.39 Lobing is caused by the summation of radar energy
at a point in space. The energy components at that point
may consist of both direct and reflected energy. As the
reflected and direct path lengths to that point differ, the two
signals arrive with a different phase relationship. With an
opposite phase from a strong reflection, the out-of-phase
component may cancel the direct, resulting in a coverage
hole. As reflected energy is the source of all lobing prob-
lems, preventing or altering the reflected energy component

31/12/06
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is the way to minimize the problem. Lobing in a critical
area can occasionally be reduced, but usually at the expense
of performance in other areas. Adjustments to the antenna
tilt (primary and secondary) and secondary transmit power
are the two most effective measures in combatting nulls.
Use care in making tilt and power changes, since either can
introduce additional problems. Optimizing antenna tilt and
reducing the ground radiation may be all that is required to
reduce a lobing problem.

Probing

240 Holes in radar detection are probed in a similar
manner to VOR or TACAN. The following procedures may
be used as a guide; refer to Figure A-7:

a) Horizontal. Fly through the area in question to
determine the inner and outer limits of the hole.
Vary aircraft position by 10° of radar azimuth until
the lateral limits of the hole are determined; and

b) Vertical. Fly through the centre of the pattern
(established in the horizontal probing procedure) at
300 m (1 000 ft) increments to determine the upper
and lower limits of the pattern.

3. DOCUMENTATION

The responsible authorities shall compile and complete the
facility inspection performance report. The report will
consist of a detailed accounting of all coverage data
obtained using participating and flight inspection aircraft,
targets of opportunity, radar analysis tools, and all flight
inspection reports. The report submitted by the flight
inspector shall contain only that information evaluated by
the flight inspection crew.
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TABLES FOR APPENDIX A

Table A-1. Inspection test checklist

Note— x = mandatory test; o = optional — at engineering/maintenance/controller request

PSR/SSR antenna change
Commissiom;ng PSR SSR
Check same | different | same | different | transponder
type | type type | type mode
Orientation X X X X X normal
Tilt X X X X X normal
PSR optimization X X X normal
— STC/GTC X X normal
' — beam crossover X X normal
— false target optimization X X normal
SSR optimization X X
—— power X X X low
— SLS/ISLS X X X normal
— modes/codes X X X normal
— GTC/STC establishment X X X low/low*
PSR/SSR integrity X X X normal
Vertical coverage X X X normal
Horizontal screening 0 X X normal
Airways/route coverage X X X normal
FIX/MAPt accuracy X normal
Fixed target identification X normal
Surveillance approach X X X X normal
Communications 0
Standby equipment X normal
Standby power X normal

* For terminal SSR without radar analysis capability.

31/12/06
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Table A-2. Tolerance for target strength
Parameter Tolerance/lim‘it
Target strengths
(1) Broadband
2—usable Target shows each scan, remains on the scope for at least 1/3 of the scan.
l—unusable Weak target, barely visible, possible miss.
O—unusable No visible target.
(2) Narrowband
I—usable Visible target, satisfactory for ATC purposes.
2—unusable No visible target.

31/12/66

No. 2
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FIGURES FOR APPENDIX A

Pre-inspection planning

1. Type of inspection
2. Develop formal plan

Siting report info

Beam gates, GTC, video gates

\ Screening data

Antenna tilts, processor settings \

\ 4

Measure equipment parameters as per specification

1. Primary radar parameters optimized
2. Secondary radar parameters optimized

Omni / direct power /

SLS/ISLS

Flight inspection

1. Data collection
2. Analysis

Documentation of results

1. Generate database
2. Record all equipment measurements
3. Prepare final report

Figure A-1. Typical radar inspection events sequence
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Actual coverage versus radar lobe
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EXAMPLES OF RADAR ANALYSIS SYSTEMS

1. GENERAL

In the following sections, some tools for the analysis of
radar systems on various levels in use within some
administrations of Contracting States, are explained. This
material is intended to serve as a guideline to future users.

Note.— The information below has been collected from
States in the years 1992-93 and may contain some dated
information or pending statements.

2. EXAMPLES OF RADAR
ANALYSIS SYSTEMS

Interactive radar analysis system

2.1  The interactive radar analysis system (IRAS) is an
adaptation of the more general, PC-based interactive analy-
sis system called PC-ISP. Distinguishing features of IRAS
(and PC-ISP) are the highly interactive graphics, which
allow a unique visual analysis of data. Another very
important feature is the very flexible interactive command
language which allows users to further tailor the system to
their needs.

Fast visualization of data

2.2 The high-interaction graphics are designed as an
analytical tool for the visualization of a wide range of
data. The graphics provided in the IRAS system are
strictly geared to analysis. This easy-to-use graphical tool
enables the trained user a very rapid understanding of the
data and information contained therein. Quality and plausi-
bility can be assessed almost instantly, greatly reducing the
amount of time needed to prepare and analyse large
amounts of data.

2.3 The engineer has the possibility of rapidly inspect-
ing many different variables against each other in any
selectable combination. New variables can be quickly
selected by clicking the mouse at their names on a list.
Through dynamic linking of plots, it is possible to see how

an effect in one dimension relates to features in other
dimensions (measurements) of the data, thus giving the
engineer the possibility to quickly trace problems to their
possible causes.

24  Unusual and other features detected in the high-
interaction graphics can be given special symbols; colours,
and/or labels for easy identification. For further analysis,
the observations can be grouped interactively into subsets,
which then can be processed by the ISP command lang-
uage. The display of the data can consist of points, lines,
and surfaces, all interactively modifiable.

2.5 The high-interaction graphics offer two basic display
modes, between which the user can switch with the click
of a mouse button:

a) the 3D rotationfoverview mode. The overview
mode gives a three-dimensional projection of the
data. The display can be rotated around any axis,
zoomed in and out, and piecewise enlarged. It is
convenient to add geographic reference data in this
mode (IRAS can import navigation data from an
ARINC database). Through this, it is possible to
quickly link features detected in the measured data
to their geographic location; and

b) the scatterplot matrix/detail analysis mode. The
detail analysis mode allows a display of multiple
scatter plots for different variables. All variables of
each plot are linked with each other, so that one
can immediately pinpoint the location of individual
observations of one variable in all other presenta-
tions. Again, variables can be allocated very
quickly, allowing great speed for the analysis.
Entire sectors of the data can be highlighted using
a number of different methods instantly showing
the location of the corresponding observations in
the remaining windows.

2.6 Using these techniques, it is possible to achieve
significant savings in time when analysing mono as well
as multi-radar data. With the click of a mouse button one
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can switch between the display of any combination of the
radars. Figure B-1* shows an example of radar plot data
with one flight, selected on the basis of its Mode A code,
highlighted by larger symbols in all windows showing
selected variable combinations (y versus x, Mode C and
Mode A versus time). A few position plots with obvious
errors in Mode C have been marked with an asterisk,
which appear not only in the Mode C graph, but in all
windows. Therefore, they can easily be traced to the radar
and flight they belong to. The display can be modified by
mouse clicking at individual elements of the sublist, e.g.
to show only one, or any combination of radars.

2.7  Other applications for IRAS are the analysis of
flight measurement data, incident analysis, flight recorder
data analysis, and more. An example of flight measure-
ment data is given in Figure B-2. IRAS can take full
advantage of the extensive command language of PC-ISP.
There are over 200 commands, functions, and macros
available for a vast range of analyses, such as time series,
regression and spline smoothing, etc.

Hardware requirements

2.8  To properly use IRAS, one needs a 386/387 or 486
type PC or compatible with at least 6 MByte of extended
memory and a VGA graphics adapter, a mouse, and a
colour monitor. The system itself requires only about 3
MByte of disk space.

Input data

2.9 Currently this tool allows evaluation of radar
plot/track data recorded in a data format used for off-line
evaluations within the EUROCONTROL radar community
(MADREC). It is envisaged that the capability to process
an on-line radar surveillance data format (Interface
SIO6/CIO3) is provided in the near future. This data
format is currently specified within EUROCONTROL.

The RASS “family” of radar
analysis support systems

General

2.10  The RASS tool suite provides a co-ordinated set of
radar performance evaluation facilities covering all stages
of the radar chain (see Table B-1* and Figure B-3). This
includes a polar diagram plotter (RASS-PDP), radar video
and extractor signal analysis (RASS-R), radar plot analysis
(RASS-P) and radar track analysis (RASS-T). The pro-
grammes are fully supported and have a co-ordinated
configuration control policy. The current trend is to
develop portable software and to move away from the
current Apollo workstation platform.

RASS-PDP

2.11  The RASS-PDP facility, the successor to the
EUROCONTROL HPD Plotter, provides a transportable
measuring system to record and plot both HPDs and VPDs
for SSR antennas. A “production grade” version of the
equipment was accepted in August 1992. The system
includes full on-line and off-line analysis and replay
facilities and has been used to detect not only defective
antennas but also to detect anomalous polar diagrams due
to serious local reflections, radom influence and rotary
joint malfunctions. An enhanced VPD facility is now
under development.

RASS-R

2.12  RASS-R is an envisaged video and extractor signal
analysis system to replace the existing RRA.

RASS-P

2.13 RASS-P is a fully supported radar plot analysis
facility which operates around a chaining process called
the object correlator (OC). Data is input either directly
from the plot extractor system or from a prerecorded file
(or both). The system is based upon the MADREC format
standardized as offline evaltuation format for radar data
within EUROCONTROL, but a number of other formats
can be accepted and converted into MADREC format. An
inventory of the incoming data is created before the data
passes to the OC.

2.14  The OC associates all plots corresponding to the
same object creating so-called chains. On the basis of
these multi-radar chains the following analyses are done:
a) Py analysis for plots and SSR codes;
b) false plot analysis; and

c) resolution analysis.

2.15 These chains are then input to MURATREC
(multi-radar trajectory reconstruction) to:

— estimate systematic errors; and
— reconstruct very accurate trajectories.

2.16  These trajectories provide the basis for the analysis
of a radar’s accuracy.

* All figures and tables are located at the end of this appendix.
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2.17  Version 2.3 was released in December 1992 and a
fully portable C- and Unix-based version is expected to be
available by the end of 1993 with a full RTQC version
planned to be available during 1995.

RASS-T

2.18 A set of tracking parameters have been defined
between EUROCONTROL, RLD and NLR which are

being used as the basis for a new RASS-T track analyser.
It is based on the mode of flight (MOF) concept and can
operate on both live data and recorded data. Another
essential part of RASS-T is multi-radar track quality and
track event analysis (MTRAQ) which will provide tracker
tuning during the later stages of development. This system
is currently under development and is expected for release
during 1994.
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TABLE FOR APPENDIX B

Table B-1. Tools developed by EUROCONTROL for radar-related analysis

Tool Aim “Interface”
MTPA, DATAS, GTVS Transponder performance assessment A

PDP Antenna polar diagram plotter B
RASCAL Radar coverage analysis

RASS-R Radar video and extractor analysis C,D,E
RASS-P Radar plot analysis E,F
RASS-T Radar “track” analysis F,G
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FIGURES FOR APPENDIX B
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EXAMPLES OF TRANSPONDER PERFORMANCE
ANALYSIS SYSTEMS

1. GENERAL

1.1 In order to provide transponder performance data for
various test programimes, two separate test modes are
necessary. The first is bench test mode, where the trans-
ponder is placed ona bench and connected via coaxial
cable with a transponder tester (and, especially in the case
of Mode S transponders, simulated airborne data sources).
This provides the capability for accurate signal injection,
undisturbed reply analysis and detailed parameter measure-
ments of a single transponder involved. However, the test-
ing is practically limited since the transponder has to be
removed from an aircraft that has been taken out of
service.

1.2 The second mode is the field test mode where rapid
tests of the transponder aboard checked aircraft are made
while the aircraft is within a pre-defined position with
respect to the measuring equipment, e.g. taxiing or just
beginning to take off. The advantage is that a large variety
of transponders can be checked, but due to time and
environment the number of parameters is limited. For
instance, parameters such as radiated power, receiver
sensitivity (and, to some extent, pulse width) are especially
difficult to assess due to shielding or reflection. Another
potentially limiting factor is the need to uniquely identify
an aircraft if a non-compliant behaviour has been detected.

2. DATA TEST AND ANALYSIS SYSTEM

General

2.1 Data test and analysis system (DATAS) is a
versatile transmitting/reply analysis system developed
jointly by the Federal Aviation Administration (FAA) and
EUROCONTROL. The original DATAS concept was to
provide a multi-function test and analysis facility to
support the implementation of Mode S in both Europe and
the United States. By modular design the intention was to
develop in stages a unit that could test all components of

C-1

the Mode S subnetwork (transponder, airborne data link
processor (ADLP), ground station and ground data link
processor (GDLP)). In reality, only the transponder tester
was completed.

2.2 The principle “isbased “on the “transmission "of
secondary surveillance radar (SSR) interrogations and the
analysis of the resulting SSR replies. Since the DATAS
equipment is installed in a mini-van, it can, in principle,
be used for field measurements as well, e.g. for checking
SSR transponders aboard taxiing aircraft. The initiated
replies are filtered according to their time and frequency
response, digitized and stored. They can be analysed after

a measurement by means of various evaluation
programines.
2.3 At present, the respective functions for generating

Mode A or Mode C interrogations are realized. In
addition, it is planned to generate Mode S interrogations
with DATAS, in order that surveillance and data link
components of Mode S transponders can be tested. This
functionality, however, is not yet completely established
nor validated.

2.4  The equipment consists, in essence, of the following
components allowing measurements to be made up to a
distance of approximately 150 m:

a) a transmitter unit for generating an interrogation
signal widely adjustable, a power amplifier (1 W)
and a parabolic antenna;

b) a receiver unit with filters, demodulator, frequency

discriminator, video signal amplifier;

c) a fast analogue/digital converter for the received
signals (amplitude, frequency) and a special com-

puter interface to the evaluation computer; and

d) an evaluation computer with analysis programmes,
system control, operator consoles, output units
(printer, graphics terminal) and mass storage for

the measured data.
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Set-up for field measurements

2.5 Typically, the DATAS equipment is placed approxi-
mately 120 m beside a runway, about 100 to 250 m
beyond the take-off clearance position. This position was
chosen by EUROCONTROL for a number of reasons:

a) the aircraft passes DATAS at a well-defined
distance, i.e. distance-dependent quantities can be
corrected by prior calibration, and the input of the
DATAS receiver may be locked outside a defined
time slot;

b) only a few other aircraft can be reached by their
own interrogations; and

c) registration mark, airline and aircraft type
designator (i.e. the height of the transponder
antenna) can be determined before the measure-
ment and entered in the test log (the “antenna
height serves also for the correction of the receiver
input power).

One limitation of that configuration is that a time-span of
only 2 to 5 seconds is available for the measurements, and
that measurements are performed in a critical configur-
ation, because the aircraft’s flaps and gears increase
reflection effects, and the engines contribute to antenna
shielding.

Set-up for bench measurements

2.6 In cases where a detailed measurement of one
individual transponder can be performed when removed
from aircraft, transponder and DATAS can also be
connected via coaxial cable and an appropriate attenuator
(in the order of 10 dB). It should be noted that experience

showed some influence between interrogation level and,
e.g. reply delay. Such interdependencies have to be taken
into account, since interrogation level variations are typical
for field measurements.

Measurements carried out

2.7  Measurements with DATAS are typically conducted
with three types of interrogations:

a) measurement and analysis of replies to “standard
interrogations” which correspond to the nominal
values according to ICAO Annex 10, Volume IV;

b) measurement and analysis of replies to interrog-
ations where the parameters will be varied about
the nominal values; and

¢) measurements with a series of interrogations
whose spacings to each other will be varied. This
is to check the SLS function of the transponder.

3. GROUND TRANSPONDER
VERIFICATION SYSTEM

This system is currently in the definition phase. The need
was seen to provide autonomous monitoring of SSR trans-
ponder performance when installed on board opportunity
traffic aircraft. One possibility would be to place such
equipment near the approach area of major airports
identifying transponder malfunction and informing air
traffic control (ATC) about this. The feasibility of
performing this function is currently investigated in the
framework of a EUROCONTROL contract.




Appendix D

OVERVIEW OF RADAR SITING ASPECTS

1. GENERAL

The selection of an appropriate location for the instal-
lation of a radar system is a very complicated process
which involves many compromises. The following is
intended to provide an overview of such factors.

2. DEFINITION OF OPERATIONAL
REQUIREMENTS

The first step in selecting a new radar site is to determine
the operational requirements for aircraft detection in the
area of interest. The principle factor is the desired cover-
age. Also, factors such as special requirements for over-
lapping coverage must be considered in the definition
phase, as they could have an impact on the location of a
new radar site. The first consideration made is based on
the type of radar: approach control, terminal control area
(TMA) or en-route. For example, with an approach
control radar the desired minimum altitudes for important
positional fixes and airports must be defined. The
theoretical coverage can then be calculated and compared
to the measured coverage upon system testing.

3. INVENTORY OF POSSIBLE RADAR SITES

3.1  The site selection procedure normally begins with a
study of a topographical map for the possible radar sites,
where the radar will be installed to meet the operational
requirements previously defined. After initial study, some
possible sites will be excluded from the list, while the
remaining ones must be visited for a complete invest-
igation. In addition to the operational requirements, many
other aspects must be considered, such as:

a) site accessibility;

b) availability of power and water;

means of data transmission;

)

d) land ownership;

restricted area; and

e)

environmental factors.

f)

32 After all considerations and studies, it is advisable
to produce panoramic photos from each potential radar
antenna position for the sites still under consideration. It
is preferable to do so for the entire 360° view of the
radar. Another useful tool to produce screening angle
charts is a theodolite, and these charts serve as an input
for theoretical coverage analysis.

3.3 In the process to arrive at a final decision for radar
site selection, an automated computer-based tool such as
radar sharing calculation (RASCAL) can also be of valu-
able assistance in determining the “final” antenna
coverage diagram. Computer-based tools also allow
overlapping coverage to be analysed, of both existing
radars and the new installation.

Note.— See Appendix B for more information on
these tools.

4. POTENTIAL SITING PROBLEMS
TO CONSIDER

Lobing

4.1 Vertical lobing of the antenna radiation pattern
occurs when energy reflected from the surface of the
earth combines with the directly radiated energy to form
minimums (nulls) and maximums (lobes) in the vertical
plane. This in turn results in a deterioration in aircraft
detection within the null zones.
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4.2 Factors which may impact lobing tendencies and
which can be controlled at the time of site selection
include: the height of the antenna above the terrain, the
antenna tilt setting, the reflective characteristics of the
surface in the vicinity of the radar, and equipment types.
Antennas located at low elevations (especially with
smooth surrounding terrain) frequently have lobing nulls
which have a significant effect on low altitude secondary
radar coverage, and antennas located at high elevations
frequently have serious secondary radar nulls at higher
(en-route) altitudes.

4.3 Antenna tilt directly affects the amount of energy
radiated into the surrounding surface, and therefore
affects the amount of lobing. However, the tilt setting
also directly affects other important operational character-
istics, such as coverage and the amount of clutter.

4.4  The type of surface surrounding the radar directly
affects the amount of energy reflected, which in turn
determines the amount of lobing. For instance, a smooth
surface such as a calm sea or desert area produces more
lobing than uneven land. Also, trees or other vegetation
will absorb and scatter more of the energy, which will
result in less lobing.

4.5 Certain equipment selections may also affect the
amount of lobing. For example, large vertical aperture
(LVA) type antennas radiate less energy towards the
surrounding surfaces, which results in less lobing.

Screening

4.6  Screening occurs when target detection is impeded
by an obstacle which produces a shadow effect in the
coverage. This can affect the low altitude coverage
significantly. Possible obstractions include natural objects
(mountains, trees, etc.) as well as constructed objects
(buildings, hangers, towers, etc.). In radar site selection,
careful placement of the radar in relation to obstructions,
as well as the elevation of the antenna, can be used to
minimize the effects of screening. Special attention shall
be paid to “thin” objects (poles, towers, etc.) when
implementing MSSR systems, since errors may be intro-
duced in the azimuth information of the targets in the
azimuth sectors where obstructions have been erected.

477 Another type of screening that usually cannot be
completely planned for during the radar siting process is
that which is produced by the aircraft itself. This occurs
when the aircraft position blocks the SSR interrogation
from reaching the aircraft transponder antenna, due to a
steep turn. Any special departure or arrival procedures
which involve hard turns in the vicinity of the airport
should be considered along with the other operational

requirements when selecting a site, to atiempt to
minimize this possible effect. The implementation of
Mode S transponders with antenna diversity will help to
alleviate this problem.

Reflections

4.8  Although both PSR and SSR systems can experi-
ence reflections, and these reflections can be “up-link” or
“down-link”, the most problematic type are the SSR
“down-link” reflections. These down-link reflections of
the SSR can be caused by natural terrain features of the
radar site, but are usually caused by nearby buildings,
fences, and other obstacles. This type of false target,
which involves the reflection of both the interrogation
and aircraft reply off the obstacle, results in a false plot
at the azimuth of the reflecting surface, which is usually
distinct from the azimuth of the actual aircraft position.

4.9 Depending on the location and size of the reflect-
ing surface, the false target can be present during many
consecutive antenna revolutions. This in turn may cause a
false track to be presented to the controller, causing
operational problems or even jeopardizing flight safety.
These problems are normally most severe in the airport
environment where structures with large reflecting
surfaces are abundant.

4.10 = Ground reflections may degrade the quality of the
azimuth information, especially if the reflected energy is
interfering on an asymmetrical (to the centre of the beam)
manner with the direct energy. Diffraction or in-beam
deflection may cause, by deviating part of the beam in an
asymmetrical manner, azimuth errors or split plots which
have a small azimuth offset from the genuine target
position.

4.11 Modern SSR systems, such as monopulse SSRs
usually have special features to reduce the possibility of
reflected false targets, such as:

a) using LVA-type antennas, which greatly reduce
the amount of energy radiated at lower angles,
where the reflecting surfaces are usually located;

b) range azimuth gateing (RAG) of power, STC/
GTC, or receiver sensitivity; and

c) special processing within the SSR system to
identify the location of reflectors, and then
eliminating the suspected false targets from the
data transmitted to the ATC facilities (this special
processing may also be accomplished by the radar
data processing system in the control centre).
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4.12  Sometimes actions are taken to minimize the
illumination of the reflecting surfaces by the radar, such
as installation of absorbing material, placement of trees or
bushes, or the bending of fences to reflect the energy
towards the ground.

4.13 It can be seen that careful consideration must be
given during radar siting to minimize possible reflected
false targets from being generated.

Clutter

4.14 Clutter is a potential problem to be considered
when siting a PSR. All of the surrounding surfaces will,
when illuminated by the radar, produce clutter to a
certain extent. Clutter echoes normally fall into two
categories: volume clutter and surface clutter. Volume
clutter results from scatterers that are distributed
throughout a volume of space, such as rain, birds, insects,
etc. Surface clutter is caused by echoes from irregular
surfaces around the site. This will have a negative effect
on the nearby coverage, and can originate from many
different factors like surrounding mountains, large
buildings at airports and nearby cities (city clutter) and
rough seas/lakes close to the site.

4.15 It is important to select a site with as little clutter
as possible. However, there are means in modern equip-
ment to reduce clutter, such as:

a) antenna elevation;

b) antenna tilt;

c) selection of frequency band;

d) low/high beam switching;

e) GTC/STC-mapping (both on RF and IF); and

f) MTI/MTD-mapping.
Most of the above-mentioned means to reduce the clutter
level will also affect the coverage.

Tangential approach

4.16  Another consideration when selecting a new radar
site for a PSR with MTI is the possibility of not detecting
aircraft when moving tangentially to the antenna.
Therefore, care should be exercised not to place the radar

in such a position as to result in the normal approach
paths being tangential to the antenna. This must be

considered during the specification of operational
requirements and possible site selection.

Cone of silence

4.17 The cone of silence is yet another aspect to be
considered, and refers to the cone-shaped area directly
over the radar antenna which does not provide target
detection due to the antenna radiation pattern. In a single
coverage, environment the cone of silence will result in a
complete loss of radar reports for aircraft within this area.

4.18  During radar siting, consideration of the cone of
silence means that the radar should be sited such that
airways and approaches are separated from the cone of
silence as much as possible. With the implementation of
Mode S, it will become even more important to ensure
that these cones of silence are eliminated by overlapping
coverage of adjacent radars.

5. SPECIFIC PROBLEMS IN RELATION
TO MODE S IMPLEMENTATION

5.1 When siting Mode S radars (in the following text,
referred to as Mode S interrogators), the anticipated
traffic patterns must be considered. This applies not only
to new facilities, but to the upgrading of existing SSRs to
Mode S SSRs.

Traffic distribution with respect
to the interrogator

5.2 The data-link capability of a Mode S interrogator is
limited by the number of aircraft within the antenna beam
and the distribution in azimuth of the aircraft within the
radar coverage. Therefore, the interrogator should be
located such that the traffic flow is evenly distributed as
much as possible. For example, a radar location separated
in distance from a busy airway would experience less
traffic concentration than one which is located directly
under a busy airway.

Coverage redundancy

53 It should be noted that when Mode S is
implemented, the maximum effective range of some
interrogators will be less than the actual maximum range.
The determination of the maximum effective range
should consider:
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a)

b)

c)

adequate overlapping coverage for both redund-
ancy and optimum multi-radar processing;

not excessive overlapping coverage, as allocation
of interrogator identifiers could become more
complicated, and without significant improve-
ments to the quality of radar information provided
to the controller; and

link budget not calculated in excess because
Mode S transponders triggered by a Mode S
interrogator out of its responsibility zone are not
locked out by this interrogator and, therefore,
increase the all-call fruit.

Collocation of a Mode S
interrogator with a PSR

54 When collocating a Mode S interrogator with a
PSR, it should be kept in mind that the antenna rotation
speed has a direct influence on the transfer delay of data-
link messages. There is a trade-off involved in optimizing
the antenna rotation speed. For instance, the Mode S data
link transfer delay is reduced with a faster rotation rate.
However, the PSR clutter cancellation requires a slower
rotation rate. For Mode S, the disadvantage of a fast
rotation rate would be a reduced access time (aircraft
dwell time) for data link use. This must be taken into
account when considering the collocation of a Mode S
interrogator with an existing PSR.
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SURVEILLANCE RADAR ELEMENT (SRE)

1. GENERAL

1.1 The initials SRE (surveillance radar element)
designate a radar system which uses an antenna turning
through 360° at a constant rate and which establishes the
position of echoes in azimuth and range only. This desig
nation covers both aerodrome radars and ACC surveillance
radars. The two types of units concerned, even if they
possess somewhat different technical features, are based on
comparable equipment and the ground and flight testing
technique used is the same. Accordingly, this chapter will
deal with SRE in general, without drawing any distinction
between aerodrome and ACC surveillance radar.

1.2 Since current visual presentation systems are very
diverse, they are considered to be a separate subject from
the SRE and are not treated in this part of the manual. The
same applies to RT communications and radio direction
finders, if any, associated with the operation of the radar.
The characteristics and performance capability of the visual
presentation system, however, must be taken into
consideration when evaluating the flight calibration results.

1.3 Unlike the majority of radio aids (VOR, ILS, etc.), the
SRE is a self-contained umnit, of which all the equip ment is
on the ground, so that the aircraft plays the purely passive
role of reflector. The technical characteristics, such as rate
of rotation of the antenna, pulse repetition frequency etc.
vary considerably from one type of equipment to another.
Consequently, this chapter does no more than provide some
general indications applicable to the majority of
conventional systems, without quoting any numerical
values for the different parameters.

1.4 Since radar information is ultimately presented as an
image on a radar scope, it is difficult to talk about
“measuring” radar echos: what is actually involved is a
subjective assessment made by a human operator. Hence,
the performance capability of the SRE, which depends
not only on the technical characteristics of the equipment
but also on the judgement of the operator, is evaluated

solely in operational terms in this chapter and the influence
of the operator’s judgement is minimized to the extent
possible.

1.5 Having regard to the fluctuations in reflection and
propagation conditions, the evaluation of average SRE
performance belongs to the realm of statistics. As radar
data is processed on the ground, the operator is usually in
the best position to discover any deterioration in SRE
performance, the exception being when processing of the
raw video has taken place prior to its visual presentation.
The azimuthal accuracy of the radar can be conveniently
checked on the ground with the aid of known fixed echoes.
Consequently, the basic purpose of calibration flights is to
determine the radar coverage, on the understanding that it
would be impractical to conduct such flights in sufficient
numbers to yield valid statistical data.

2. PERIODICITY OF CHECKS
Flight tests

2.1 Since the radar operator is ideally situated to discover
any deterioration in SRE performance, periodic flight tests
are unnecessary. In general only the following would be
envisaged:

— initial flight calibration

— tests performed at the request of the operator
prompted by the discovery of anomalies or the
execution of major repairs (especially to the
antenna).

Ground tests

2.2 The equipment used at different SRE stations not
only possesses differing technical features, but makes use

9/10/02
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of technological solutions which may differ very widely:
for instance, certain MTIs make use of the properties of a
storage tube. While it is realized that these differing
technical features make  generalization difficult,
Table E-1' has been prepared to illustrate some checks
which may be made on a typical conventional SRE
installation. It is emphasized that specific installations
may require checks which are at variance with these
shown below, and that some of the recommended checks
cannot be carried out with all types of SRE
equipment.

3. SPECIAL CHARACTERISTICS
OF AIRCRAFT UTILIZED
FOR FLIGHT TESTING

3.1 No special airtborne equipment is required, since
the aircraft is acting only as a passive reflector.

3.2 . Although many States do not require the presence
of a flight inspector in the aircraft, his experience in
assisting with the various manoeuvres required, and in the
general evaluation at radar approach quality etc., may
Jjustify his presence in the flight crew.

3.3  For calibration, use should be made of an aircraft
whose characteristics are similar to those of the most
demanding aircraft types usually encountered by the SRE,
especially in regard to surface area equivalents and speed
and altitude characteristics.

4. SPECIAL EQUIPMENT AND
GROUND STAFF REQUIRED
FOR FLIGHT TESTING

4.1  Flight calibration does not call for any special
ground equipment, since it is usually the human eye
which in the final analysis assesses the quality of radar
information, the exception being when processing of the
raw video has taken place prior to its visual presentation,
as mentioned earlier. Calibration results are usually
expressed only in operational terms (extent of coverage,
areas within which the SRE is not usable, etc.).

4.2  Flight calibration necessitates a highly qualified
operator on the ground as well as appropriate adjustment
of the equipment, especially for day-time propagation
conditions.

5. PURPOSES OF FLIGHT TESTING
The purpose of flight testing is:

a) to adjust the antenna tilt so as to achieve. the
optimum balance between good coverage and the
need to limit interference from fixed echoes;

b) to determine the coverage (see 1.5) and check the
ability of the SRE to satisfy the requirements of
the ATS unit to which this equipment is assigned;

¢) to check correct functioning of the MTI;

d) to identify certain fixed returns which appear on
the scope and, in the process, ensure that no gross
error is deteriorating the radar fixes provided by
the SRE (this is done by over-flying an easily
identifiable surface landmark);

¢) checking of the map superimposed on the radar
display;

f) to check the availability of standby equipment.

6. METHOD OF FLIGHT TESTING

Adjustment of antenna tilt
(case of radars not equipped with MTI)

6.1 The aircraft is flown in a circle of approximate
radius 20 NM at a low altitude determined by the ATS
unit concerned. During the flight the operator makes sure
that the aircraft echo is distinguishable from the fixed
returns. The antenna tilt may need to be adjusted to
achieve this. An alternative method is by first flying
clutter track flights through the heaviest ground clutter in
the operational areas of concern, using various tilt
settings to achieve a tilt angle low enough to provide
adequate coverage for operational use, and high enough
to reduce ground clutter to an acceptable level.

Determination of elevation coverage

6.2 The tester responsible for calibration (who is not
necessarily on board the aircraft) chooses a favourable
azimuth, ie. free from ground clutter, in consultation
with the ATS unit concerned. In the vicinity of the

1. Table E-1 is located at the end of this appendix.
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selected azimuth, the aircraft makes level radial flights at
altitudes such as 900 m (3 000 ft), 1 800 m (6 000 ft),
3600 m (12 000 ft), 5500 m (18 000 ft), 7 300 m
(24 000 ft) and 9 100 m (30 000 ft)z. At each level one
outbound and one inbound leg is flown and several
elliptical orbits are executed to establish the lobe
boundaries (see Figure E-1°) in accordance with
instructions from the ground operator.

6.3  Certain segments selected in the vicinity of the
lobe contours are flown a second time, so as to evaluate
the change in coverage resulting from:

a) a change in polarization (equipment capable of
working on straight-line and circular polarization);

b) or operation on a single transmitter (equipment
working in diversity);

c) or switchover to the standby power source.

6.4 If the SRE is located on the coastline or in an area
of uneven terrain, a second series of flights should be
made to fix the elevation coverage in at least two differ-
ent azimuths (e.g. an azimuth chosen over the sea and a
second over the land in the case of a coastal station).

6.5 If coverage proves inadequate at low elevations,
the antenna tilt can be re-adjusted; in this case the best
compromise with the level of fixed returns must be
sought.

Provision of coverage of
special points

6.6 A final series of checks is intended to ensure that
coverage, with a sufficient margin, is provided in areas of
particular interest for the ATS unit concerned, such as the
vicinity of reporting points, danger areas, approach area
(if it is a question of an aerodrome radar), airways/routes,
etc.

7. ANALYSIS OF FLIGHT
TEST RESULTS

7.1 Basically it is the determination of the coverage,
and especially the lobe contours, that requires an analysis.

Evaluation of the quality of
ohserved echoes

7.2 Experience has shown that it is useless to try to
define a very precise range of echo qualities, particularly

since the operator does not evaluate the echos in isolation
but by comparison with preceding echoes.

7.3 The personal factor connected with the operator is
virtually eliminated if it is agreed to distinguish only
three types of echo:

a) visual echoes, which are marked ©;

b) echoes at the limit of perception, which are
marked x;

¢) unseen echoes, which are marked O.

Evaluation of the quality of the radar track

74  The succession of echos on the radar scope depict
what is normally called the radar track. There are many
different ways of evaluating the quality of such a track.
One such method is suggested hereunder:

7.5 The detection rate, defined as being the ratio of the
number of returns from a given aircraft to the number of
antenna rotations, constitutes a practical approximation of
the “probability of detection”.

7.6 It is possible to refine the measurement of the
detection rate by assigning a different weight to the three
types of echoes, or — more simply — to the intervals
between two standard echoes.

Example.— Suppose the following weights are
adopted:
Observed echos Weights
® <] 2
6 X
X S
0 ©
C] 0 1
X X
X 0
0 X
0 0

2. Altitudes valid for an ACC surveillance radar.
3. All figures are located at the end of this appendix.
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7.7 To each interval is assigned a value between 0 and
1, obtained by adding the weights assigned to the interval
under consideration to those of the two preceding and
two succeeding intervals, and dividing the result by 10.
This choice of the weights and number of averaged inter-
vals (5) simplifies the numerical calculation. Below is a
numerical example for an assumed set of echos:

Qualityof Echos ©® ©® x ® ® & x 0 x x 0 O

Weightof intervals 2 2 2 2 2 2 1 1 1 1 0

Value of intervals 1 198 7.6 4

Definition of lobe contours

7.8  When the flight is executed as indicated in 6.3, for
every altitude -chosen, and in the vicinity of the lobe
contours, tracks are available corresponding to at least
four different flight segments (this figure is based on the
assumption that a single orbit has been made, either
inbound or outbound).

7.9 To determine the contour of a lobe at a given alti-
tude, the scale of distances is broken down into “slices”

- covering about 6 echoes (i.e. some 6 NM with an aircraft
flying at 500 kt and an antenna rotating at 6 revolutions
per minute). The average of the values assigned to the
intervals in the slice is calculated for each track; this
average is then representative of the track quality in the
slice considered. In a slice of given distance the average
of the values assigned to the different flight segments (at
least 4) is treated as representative of the probability of
detection.

7.10 By plotting the different detection probability
values obtained in level flight at a single altitude, it is
possible to trace a curve of the “detection probability Py,
in terms of distance”, which usually takes the form of a
discontinuous line. It is assumed that the length of the
segment intercepted by the curve for a detection prob-
ability of 0.9 represents the operationally usable lobe at
the altitude considered. (See Figure E-2.)

8. TOLERANCES

Provisos concerning the results
of flight calibration

8.1  The results of flight calibration depend:

a) on the characteristics of the aircraft (equivalent
reflecting surface);

b) the propagation conditions, and hence the weather
conditions, at the time;

¢) the choice of the azimuth(s) adopted for the radial
flights; this choice is often predetermined by
control requirements;

d) the assessment of the operator’s ability to inter-
pret correctly the SRE display.

8.2  Flight calibration aims at permitting the adjustment
of certain equipment settings and at giving as precise an
idea as possible of the SRE capability. However, it is
day-to-day operations which generally disclose particular
features (e.g. gaps in coverage) and any time-conditioned
deterioration in equipment performance, and thus
provides the most efficient means of control.

Tolerances

8.3 In operational terms, tolerances can be expressed as
follows:

a) the coverage must be such that, within the air-
space under surveillance, the detection of aircraft
is ensured with a probability better than 90 per
cent;

b) azimuth and range data must not be deteriorated
by significant errors on the radar scope;

c) the performance of the station must not be
affected by the transition either to standby equip-
ment or to a standby power source.
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TABLE FOR APPENDIX E

Table E-1

Periodicity of

grease antenna rotation mechanism

check state of guides visually for oxidation
of flanges

measure, for each input:
— the VSWR at the guide input

— losses in the guide
Whole equipment”

replace tubes systematically (provided that
premium quality tubes are used for
replacements)

replace special-purpose tubes when periodic
measurements reveal deterioration

calibrate built-in measuring devices
Transmitter
measure magnetron current

check for significant variation in mean
power

check appearance of thyratrons
check magnetron spectrum
check mid-frequency transmitted

check pulse shape

check pulse repetition frequency

Checking and maintenance operations Remarks checks
Antenna and waveguides
oil level, and evidence of oil leaks Monthly
abnormal noise or vibration Monthly
visual inspection of moving parts Monthly

Every MHz in a band extending 10 MHz on
either side-of the nominal frequency,-and every
10th MHz in the remainder of the radar band
considered.

Except special-purpose tubes (magnetron,
klystron, low-noise tube ...).

Represents an over-all check of the behaviour
of the two units in diversity.

At premodulator and magnetron outputs.

Investigation of tubes and components is made only when unsatisfactory input/output ratios are observed.

Semi-annually

Annually

Annually

Annually

Depends on
tube

Annually

Daily

Weekly

Monthly
Monthly
Monthly

Monthly

Some States prefer the signal injection technique, where known signal inputs are inserted and the respective outputs are measured.
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Periodicity of
Checking and maintenance operations Remarks checks
Receiver
check input voltage of minor stages such as Daily
local oscillator, direct-coupled amplifiers,
etc.
check receiver recovery time Daily
measure minimum detectable signal Daily
check noise factor if minimum detectable
signal has increased
check for significant variation in following
characteristics:
current drawn by the detector crystal Daily
level and frequency of parametric Daily

amplifier pump signal

parametric amplifier gain

transmit-receive (T.R.)
duplexer de-ionization time

check IF bandwidth

Fixed echo suppressor (MTI)

inspect image on radarscope
check setting of coherent oscillator
check fixed echo elimination rate

measure subclutter visibility

If increase occurs in minimum detectable

signal.

As required

Daily
Twice a year

Twice a year

Constitutes an over-all check of the MTL Daily

Weekly.

Annually

Yearly
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FIGURES FOR APPENDIX E
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Figure E-1. Determination of elevation coverage
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Figure E-2. Detection probability (P,) in terms of distance




Appendix F

SECONDARY SURVEILLANCE RADAR (SSR)

1. INTRODUCTION

1.1 This appendix describes:

a) the performance parameters of SSR requiring flight
and/or ground inspection and the type of check to
be used;

b) the applicable tolerances;

c¢) some of the recommended procedures for

implementing the required checks.

1.2 The procedures described should not be construed as
the only means of accomplishing the intended purpose;
individual administrations might find modified or
alternative methods more appropriate to the available local
resources.

2. FLIGHT INSPECTION
PROCEDURES FOR SSR

Summary of requirements

2.1 The object of the flight inspection is to determine
the coverage characteristics and accuracy of the SSR
system. Any deterioration from specifications established in
Table F-1! noted during inspections must be reported to the
appropriate authority. Normally the inspection should be
discontinued if system performance falls below minimum
operational standards.

2.2 SSR flight inspections should be performed in
conjunction with primary radar inspections when possible.
When primary and secondary radars are inspected simul-
taneously, discrimination on the display between the two
replies can be obtained by introduction of a known time
delay in the SSR signal, otherwise the SSR should be

F-1

checked by turning it alternatively “off” and “on”, because
SSR, if left “on” continuously, might blank out the primary
radar returns.

2.3 Site trials are conducted to check the extent to which
a proposed site will enable operational requirements to be
achieved.

2.4 Commissioning flight inspections are conducted to
supply engineering personnel with sufficient data to
determine if the SSR meets operational requirements and/or
equipment design specifications. These inspections will be
extensive enough to provide required data and a basis for
comparison of periodic data to detect future deterioration in
the performance of the radar.

2.5 Routine flight inspections are conducted to determine
that the facility performance continues to meet specifi-
cations and satisfies operational requirements. The
recommended frequency for routine flight inspection is
120-day intervals, plus or minus 30 days, from the initial or
annual inspection. In cases where there is a satisfactory
record of performance of an equipment, an administration
may extend the interval up to as much as 365 days. On the
other hand, routine inspections at lesser intervals than
120 days may be needed if there are doubts about
equipment performance at a given site.

2.6 Special flight inspections are conducted after major
equipment modifications, for reported or suspected mal
functions, after an aircraft accident to determine if facility
performance could have been a contributing factor to the
accident and for other reasons. Usually a routine flight
inspection is sufficient to restore a facility to operation after
modification; however, engineering personnel should
request checks in excess of routine requirements if
additional performance data is required.

1. All tables are located at the end of this appendix.
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2.7  Preflight requirements are as follows:

a) Engineering and operational personnel should pre-
pare an outline of operational requirements,
describing in detail all fixes, holding patterns,
approach and departure procedures, including
specified altitudes, distances, and other special
information pertinent to the flight inspection. This
material may be depicted on an aeronautical chart
to present a pictorial display of the operational
requirements which can be used by ground and
flight crews so that a well co-ordinated, orderly
flight inspection, can be conducted.

b) Prior to the flight inspection, engineering
personnel will conduct equipment checks as
detailed in 2.21.

c) Flight personnel will assure that the transponder
is properly calibrated according to specifications
in Attachment B.

Details of flight inspection
procedures

Coverage

2.8  Vertical. The radial selected for this evaluation
should be one which is as free from ground clutter as
possible, is in an area where negligible lobing exists, and
is free of the effects of shielding or reflection. It should
also be one on which the progress of flight inspection
work is not likely to be unduly hindered by ATC
difficulties. The same radial will always be used for
vertical coverage checks. Level flights should be made
inbound and outbound at the following heights above the
site: 300 m (1000 ft), 960 m (3 000 ft), 1 800 m
(6 000 ft), 3 000 m (10 000 fr). Generally above 3 000 m
(10 000 ft) level flight should be made in 1 500-metre
(5 000-foot) increments to the maximum altitude required
dependent on the specific type of equipment (but where
adequate information is available on antenna perform-
ance, the increments may be at 3 0600 m (10 000 ft) inter-
vals). In the absence of an aircraft capable of flight at the
greater heights, it is possible to extrapolate results by use
of a calibrated attenuator in the aircraft antenna feeder
while the aircraft is flying at lower heights. This method
does not give the accuracy which might be expected
(errors of the order of +6 dB may be experienced) and
this should be borme in mind when evaluating results
obtained by this method.

2.9 Each flight will extend to just beyond the point
where cover is lost on outbound flight along the estab-
lished radial to determine the outer fringe; flight is then

made inbound on the same radial over the ground
antenna cone of silence and continuing to a point where
cover is just re-established flying outbound on the
reciprocal radial.

2.10  If adequate cover is not maintained at the maxi-
mum operational altitude, the maximum height at which
adequate cover is obtainable must be established by
additional flights below the specified maximum oper-
ational altitude.

2.11 The criteria which determine that cover is
adequate will be either:

i) Target description method

Usable — Visible, with or without definite trail;
normal response

Weak — Broken response; narrow response;
barely visible

Miss — Fade — no target visible.

Radar contact on routes, approaches, etc., is
considered lost when the target is missed for any
three consecutive scans.

or

if)y Photographic method. The photographic method
of recording coverage is contained in Attach-
ment A. Using this method the signal/noise ratio
of raw video signal must not be less than 10/1.

2.12  Route cover. During commissioning inspections
all airways and/or routes should be checked to the maxi-
mum distance for which coverage is required at the mini-
mum instrument altitude for the route. For routine inspec-
tions, only one route, in addition to the vertical coverage
radial, need be flown. Target description should be
recorded on every scan, and range in 5-mile increments
should be recorded.

2.13 In addition to airways routes, all departure and
arrival routes should be flown in the directions and low-
est altitudes at which they are normally used to determine
that adequate coverage exists. On routine inspections only
one route need be checked.

2.14  Fix coverage. Fixes, or reporting points, should be
checked at minimum instrument altitude. All fixes should
be checked during routine inspection. This check can be
combined with the route cover check.
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2.15  Agimuth cover. This inspection should be made
only on commissioning flights. The following orbital
flights may be made as required for engineering
purposes:

Orbit of 10 NM at 1 500 m (5 000 ft) above site;
Orbit of 20 NM at 3 000 m (10 000 ft),
Orbit of 30 NM at 10 700 m (35 000 ft).

This check is made to verify coverage in the horizontal
plane as determined by panoramic photos, transits and
computed measurements throughout 360°. Records may
be made by the signal level existing at the ground
receiver, using for example the method described in
Attachment A.

Height encoding

2.16  During the vertical coverage checks, Mode C will
be used for a sufficient period of time at each height to
compare the decoded height with that being noted in the
aircraft. It is desirable that the pressure transducer used to
operate the aircraft encoder also provides a display in the
aircraft. The decoded height shall be within +38 m (%125
ft) of the altitude displayed in the aircraft relative to
standard sea level pressure (1013 hPa, or 29.92 in. Hg.).

Mode/code check

2.17  Satisfactory operation of all modes intended to be
used by the installation will be checked during the course
of the flights previously described. Representative codes
may be validated during coverage checks. A limited test
could be made by checking the following codes: 0557,
1557, 2557, 3557, 4557, 5557, 6557, 7557, and IDENT.
This applies to the 4096 select code transponder. Caution
must be exercised in checking codes 7600 and 7700 due
to the probability of “alarming” adjacent radars.

Side lobe suppression

2.18 ~ Side lobe suppression (SLS), installed to improve
beacon performance, might possibly degrade facility
performance. For example, flat terrain within 300 m
(1 000 fr) of the antenna can cause lobing; and other
circumstances can cause “ring around” or false targets.

2.19  Perform SLS inspection as follows:

a) Select an azimuth in an area considered by the
controller to have been a side problem in the past.

A radial should be flown at 300 m (1 000 ft)
above the antenna elevation to coverage limits.

b) Select an azimuth which was a source of lobing
from a siting standpoint, and perform check in
same manner as above.

¢) Fly radials in other areas as determined necessary
by engineering and operational personnel.

d) Fly complete radar surveillance approaches to
insure reliable beacon coverage.

e) Record target description, ghost targets, “ring
around”, etc., to determine all possible effects of
the SLS installation.

220 With an antenna system which has been initially
designed to the ICAO Standard for side lobe suppression,
the mismatch between control and interrogate antenna
which gives rise to the above difficulties, should not
occur and therefore in such cases the above check is not
necessary. However, during all checks it will be necess-
ary to ensure that the side lobe suppression requirements
are being met.

Details of ground tests procedures
associated with flight testing of SSR

Introduction

2.21  This section deals with the testing and setting up
of a ground based interrogator station prior to a flight
check taking place. Many of the procedures can be used
for subsequent in-service checks. (See Table F-2.)

2.22  The intention in this document is to describe
procedures for checking a fairly sophisticated SSR system
but in many instances, in areas in the world where facili-
ties for testing systems are strictly limited, reduced
checking procedures can still produce an acceptable air
traffic control system.

2.23 It is emphasized, therefore, that after initial flight
checking and acceptance of an SSR system, the service-
ability of such an aid is, by its very nature, under
continuous test, and  subsequent testing of any form
should be minimal, especially if a full knowledge of the
behaviour of the aid under a variety of conditions can be
built up over the initial in-service period. This usually
means that system checks may be carried out at frequent
intervals to begin with, and as knowledge of system para-
meters and equipment serviceability grows, checks can be
spaced at greater intervals of time.
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System parameters to be tested

2.24  Receiver sensitivity. The precise method of
measuring the receiver sensitivity will depend upon the
type and design of equipment. However, receiver sensi-
tivity as such is not defined in ICAO Annex 10, although
some guidance is given in the Manual of the Secondary
Surveillance Radar Systems (Doc 9684), and it is left to
the system designer to provide a sufficiently sensitive
receiver to meet the system requirements. Measured
tangentially? the ground receiver sensitivity should be
between the limits —-87 dBm to =92 dBm, excess
sensitivity beyond this point being of no advantage. The
received signal should increase in amplitude to about ~76
dBm where a limit value of video output should be
reached and no further increase in voltage output should
then occur as the signal progresses up the dynamic range
of the receiver i.e. the video output signal from the
receiver should be constant in amplitude throughout the
usable dynamic range of the receiver. Fringe signals
below this limit level, i.e. below —76 dBm are not used in
SSR.

2.25 Receiver bandwidth. The method of. checking
receiver bandwidth will be laid down by the manufacturer
of the equipment in question but the overall bandwidth
must be good enough to reproduce faithfully the shape of
the pulses received from a transponder working at opti-
mum efficiency. This means a rise time of the leading
edge of each pulse must be preserved within the limits
0.05 to 0.1 microsecond and implies an overall bandwidth
of 9 MHz or better.

226  Receiver video output. The design of the receiver
output circuits may contain upper and lower limit level
pre-set controls. The equipment manufacturer’s literature
should detail the setting of these controls but an initial
check should be made to show that pulse-to-pulse timing
for trains of pulses at signal levels throughout the usable
dynamic range is correct. This is particularly necessary at
the upper part of the receiver dynamic range where
limiting often produces an output consisting of most of
the pulse below the original 50 per cent measurement
point. Signal-to-noise ratio on the output should be 10:1
or better.

227  Receiver swept gain (sometimes called STC or
GTC). In a perfect SSR system and one in which all
transponders contain side lobe suppression circuitry, no
swept gain should be necessary. However because SSR
suffers from reflection problems and some transponders
have no SLS, some degree of swept gain will always be
needed. The provision of two swept gain characteristics
which can be switched to appropriate modes is normal in
most equipments. Mode A requires a larger amount of

swept gain at the start of each pulse repetition frequency
(PRF) than other Modes because of the existence of non-
SLS transponders working in this mode. Since the
dynamic range of the SSR system is 50 dB, a swept gain
characteristic capable of providing at least that amount of
gain reduction at a point 10 microseconds after T, must
be incorporated and, indeed, to encompass the upper and
lower limits of dynamic range, should provide at least a
60 dB span (although the full range is not necessarily
required at every site). The swept gain characteristics
should then have a shape which causes an increase of
gain from a minimum value of 60 dB at T, + 10 micro-
seconds by 6 dB per octave of range until swept gain
reaches maximum.® The second swept gain characteristic
normally starts at 35 dB, is removed again at the rate of
6 dB per octave range and can be applied to Mode C. If
the control of the start point, and rate of reduction for
swept gain, are brought out to the front of the equipment,
these controls should be calibrated and a graph of the
results produced so that any known amount of swept gain
can be applied at an instant’s notice during flight trials. It
should be noted that when antenna performance is to be
measured no swept gain must be in use. The amount of
swept gain to be used operationally should be determined
experimentally to produce the best results for a given site
and installation.

2.28  Receiver range gate. The range gate is adjusted to
cover the required display range at normal PRF. If it is
ever necessary to investigate the extremities of the system
coverage, the normal display range will not be adequate
and adjustments to equipment PRF and hence to range
gate length must be made. Therefore during initial
evaluation of the equipment the ability of the range gate
to operate over the pulse repetition time (PRT) required
should be investigated. (A typical operational requirement
will not call for the maximum coverage of which the
system is capable and interrogator output power can be
reduced accordingly.)

2.29  Spurious effects. The output from the interrogator
receiver to the processing equipment must consist of
“clean” video signals. This output should be examined for
the presence of spurious voltages such as breakthrough
from other high power radar equipments. Presence of
such voltages may cause unsatisfactory operation of SSR
processing equipment.

Technique of Microwave Measurements Vol. II.
M.LT. Radiation Lab. Series.

M.LT. Principles of Radar, 2nd Edition, Chapter II,
paragraph 3.
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2.30  Transmitter Power. The power output from the
transmitter is measured at the base of the feeder leading
to the antenna system. Hence antenna feeder losses and
also antenna forward gain must be known or previously
measured in order to calculate the effective radiated
power (ERP) of the interrogator. This must not exceed
the ICAO Annex 10 approved limit of 52.5 dBW. Power
output is affected by pulse shape. (An SSR monitor can
give indications of in-service change of power.)

231 Transmitted pulse shape. This aspect of the
transmitted signal must also conform to ICAO Annex 10
requirements. The rise-time of each pulse should be
between 0.05 and 0.1 microseconds, and the decay-time
between 0.05 and 0.2 microseconds. This parameter must
be adjusted in conjunction with transmitter power (2.30)
to produce the correct power output from the system.

232 Transmitted pulse spacing. Again the limits must
conform to ICAO Annex 10 requirements of P, to P,
spacing of mode intervals +0.2 microseconds and P, to P,
spacing of 2 microseconds +0.15 microseconds. Both
requirements must be met but drift of P, and P, spacing
outside the prescribed limits will have particularly serious
effects on the performance of SLS circuitry in trans-
ponders. Arrangements should be made during initial
commissioning of equipment to monitor P, to P, spacing
over considerable periods of time and throughout the
range of local ambient temperature to ensure satisfactory
compliance with Annex 10 requirements.

233 SLS power ratio. The ratio of power between
interrogator and control transmitters measured at the
equipment racks must be such that when radiated by the
antenna, it conforms to ICAO Annex 10 requirements
(Annex 10, Volume IV, 3.1.1.5). This can be achieved
using a knowledge of antenna characteristics but a final
check should be made at a remote monitor point using a
logarithmic receiver (such as that found in an airborne
transponder) to detect transmitted interrogation. The
levels of each pulse can be measured and fine
adjustments made to equipment rack power measurements
so that the correct ratio of interrogate/control power is
radiated.

234  PRF of transmitted interrogations. An initial
check should be made to ascertain that the PRF to be
used is below the ICAO Annex 10 recommended upper
limit of 450 pps inclusive of all modes. Some interrog-
ators contain circuitry to ensure that this rate of interrog-
ation cannot be exceeded in order to protect the trans-
mitter. The functioning of this circuitry should be
checked during commissioning.

2.35 Checking of duplicated or standby-equipments.
Checks detailed in 2.24 to 2.34 should be carried out on
any duplicate set of equipment.

2.36  Alignment of primary and secondary radar heads.
When secondary and primary radars work in synchron-
ism, it is desirable to bring the SSR head into azimuth
alignment with its associated primary radar head to as
high a degree of accuracy as possible. A procedure which
can be used is to slacken off the body of the synchro
fitted to the SSR data gear box, observe a display with
primary and secondary video signals available, and rotate
the synchro body until both sets of signals appear on the
same radial. Since the heads are not co-mounted, a small
divergence between primary and secondary signals will
occur with rotation. This should be minimized by observ-
ing the position of the secondary signal against the
primary and making minor, more delicate adjustment to
the position of the synchro body. When the best accuracy
has been obtained, the body of the synchro should be
firmly clamped. Adjustment of the range error between
the displayed primary and secondary video signals to a
predetermined relationship can be done by varying the
pre-pulse delay to the SSR interrogator. It should be
noted that Guidance Material in the Manual of the
Secondary Surveillance Radar Systems (Doc 9684)
recommends that maximum azimuth errors between
primary and secondary heads should not exceed 1° over
the service range of the system.

2.37  Alignment of an autonomous SSR head. For flight
testing purposes it is preferable to align the antenna to a
true North datum. A hand-held bearing compass can be
used to align the interrogator antenna, longitudinally from
a surveyed remote point (approximately 100 m (330 ft)
from the SSR), using both East and West cardinal points
adjusted by the appropriate amount for local magnetic
variation. Two cardinal points are used to minimize the
alignment error of the antenna. The North marker cam is
then locked in the 0°(T) position, which is 90° away
from the longitudinal E/W position.

2.38 If, however, very accurate alignment of the
antenna head is required, fundamental surveying methods
must be used followed by optical alignment of the
anterma. The presence of a monitor (or transponder)
capable of transmitting a unique signal also installed on
the surveyed site enables alignment of the antenna to be
swiftly completed and continually checked thereafter.

2.39  Alignment of the interrogator antenna with the
SSR monitor site. The position of the SSR monitor site
should be plotted on an accurate large-scale map and the
bearing and range measured. Thus, when the servo
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control manual dial is aligned to the measured bearing,
the interrogator should point exactly in the direction of
the SSR monitor site. Apparatus set up at the site can
then be used to assess the performance of the interrogator
antenna system.

240  Measurement methods at the SSR monitor site. A
transportable SSR monitor containing necessary test
equipment, a transponder and associated power unit, and
an antenna capable of being attached at a height of 5 m
(16 ft) from the ground level, should be positioned at the
SSR monitor site. VHF pack sets can be used to give
instant communication between the monitor site and the
interrogator antenna head. SSR signals, received by the
antenna are fed to the transponder, amplified by its
logarithmic intermediate frequency stages and detected by
a linear detector before being extracted and fed as video
signals to an oscilloscope. An attenuator must be incor-
porated in the feeder to the transponder to reduce
received signals to a level equivalent to the middle point
of the transponder receiver dynamic range.

241  Balancing of “control” and “interrogator”
pulses. With the co-operation of personnel at the
interrogator head, the SSR antenna is aligned on the
monitor bearing and detected signals are observed. Small
“movements in azimuth to and from about this direction
will ascertain that it is the correct bearing of the monitor
from the SSR head and “control” and “interrogator” pulse
levels can then be peaked and measured. Appropriate
amendments to power readings shown can then be made.
This will produce the optimum SLS pattern of radiated
signals.

242  Measurement of main lobe shape and first side
lobe amplitudes. Continuing the process of measurement
using the SSR monitor site arrangement described
previously, the SSR antenna should be placed on a
bearing 10° to one side of the bearing found in 2.39 and
the signal levels of “control” and “interrogate” measured
in volts from the receiver detector. The antenna bearing is
then progressively further increased by 0.5° intervals until
a point 10° beyond the bearing of the SSR monitor site is
reached, noting signal voltages at each new position after
a short interval of time on each occasion to allow any
servo systems to settle. It is important to pick up the
backlash which may exist in such a system and to con-
tinue taking readings in the same direction of rotation all
the time. The process should be repeated twice in the
same direction. Inclement weather conditions should be
avoided. The results of these measurements are shown on
a graph indicating a first side lobe level relative to the
main lobe level where width at the 3 dB “power points”

(the sensing points of an accurately set up transponder) is
equivalent to the displayed beamwidth.

243 Investigation of SSR antenna backlobe. SSR
installations sometimes disclose the presence of a signifi-
cant backlobe at the rear of the antenna. Therefore, the
SSR antenna should be rotated on to a bearing of approx-
imately the reciprocal of that found in 2.39 and an arc a
few degrees on either side of this bearing explored to
discover the presence of any spurious lobe which might
be present. Adequate “control” power must be available
to cover the backlobe area to assure proper operation of
the SSR system.

244  Plotting of horizontal polar diagram (HPD)
results. A substitution method can be used to calibrate the
voltage range of an oscilloscope used for measurements
in 2.40 so that signal input is related to video voltage
observed. The graph so produced enables video voltage
results ‘obtained at the monitor site to be read off as
signal levels and plotted as an HPD. The total process is
a lengthy one unless a form of automatic plotting is used.

245  Signal levels calculations (SSR monitor site). An
example of the method of calculation using typical
practical figures is given below:

Measured interrogate power = +30.5 dBW
Interrogator antenna gain = +22.5 dB
Interrogator feeder loss = 2.7 dB
Effective radiated power = +50.3 dBW

Path loss over 4.7 NM (8.7 km), using the formula:
- (33+201log f+201logd)
where f = frequency in MHz (1 030 MHz) and

d = distance in kilometres

= —112 dB assuming ideal transmission conditions,
no obstructions and optimum VPD conditions.

Monitor antenna gain = 0 dB

Transponder sensitivity = -84 dBm for 2:1
signal/noise ratio at the detector output.

Monitor feeder loss = —1.6 dB

Therefore theoretical signal level arriving at monitor
receiver input

= +50.3dBW - 112dB ~ 1.6 dB = ~63.3 dBW
or =33.3 dBm
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Measured best main beam signal arriving at monitor
receiver input = -35 dBm

Measured worst main beam signal arriving at monitor
receiver input = —-34 dBm

Measured first side lobe level at monitor receiver input =
21 dB down on mainlobe

246  Processing equipment. Flight checking is usually
done to establish the performance of an SSR interrogator
on a particular site and the data processing equipment can
be checked separately by artificial pulses injected at its
input. The SSR monitor can be used for an all-through
system check if sufficient capability is built into it.
However, if no other means of checking the processing

equipment exists, the aircraft equipment can be used for
this purpose during normal flight trials. The procedure
would then be to check the following features:

a) Each mode in use at the location.

b) Representative codes to test thoroughly the
processing equipment.

¢) Accurate detection of emergency codes and action
of alarm indicators controlled by them.

d) Pressure altitude reporting read-out.

247  Reflection problems. SSR as a system may suffer
from reflection problems, and some information on this
subject is given in this Appendix.
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Summary of flight inspection requirements

TABLES FOR APPENDIX F

Flight inspection procedures for SSR

Table F-1. Type of inspection

Requirements

Commissioning

Routine

Purpose of flight check and tolerances

Coverage

(i) Vertical

X

X

This check is performed to determine the size, shape,
and continuity of the vertical radiated pattern. It will
establish the outer fringe of coverage at various
altitudes, and should remain within 15 per cent of the
coverage pattern obtained during the commissioning
inspection.

(i) Route

On commissioning checks, all ATC controlled routes
(airways) will be checked for coverage to the
maximum distances that radar contact can be
maintained at minimum instrument altitude for the
route. Coverage should remain within 15 per cent of
that obtained on the commissioning check.

(iii)y Fix coverage
or cover at
reporting
points

This inspection is conducted to determine that
adequate cover is provided at the minimum operational
height required or to establish the minimum height at
which adequate cover is obtainable. Accuracy should
be such that an aircraft reported over the fix will be
within 300 m (1 000 ft) of the fix or 3 per cent of the
fix-to-station distance, whichever is greater.

@iv) Azimuth cover

This check is performed on commissioning inspections
to establish relative coverage at all azimuths by orbital
flights at various heights and ranges.

(v) Height
encoding

Where Mode C is in use, checks will be made on its
operation during vertical coverage checks. The decode
height should be within £38 m (£125 ft) of the flight
level altitude information displayed in the cockpit
(relative to 1013 hPa or 29.92 in. Hg.) and must
correspond exactly with the coded input to the
transponder.

(vi) Mode and
mode check

This check is performed to confirm correct functioning
in required Modes (other than C). These checks may
be conducted any time during the vertical coverage,
fix or route checks.

(vii) Side lobe
suppression

Side lobe suppression added to existing radars is
checked to ascertain if expected improvement has been
obtained and that no adverse effects have resulted.
Flight check is a special requirement on
commissioning checks.
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Ground inspection procedures for SSR

Summary of ground inspection requirements

Table F-2. Type of inspection

Commissioning or
after major
Requirements Site overhaul Routine Remarks

1. Receiver sensitivity X X X
2. Receiver beamwidth X X X
3. Receiver video output X X X
4. Receiver swept gain X X X
5. Receiver range gate X X
6.  Spurious effects X X
7. Transmitter power X X X
8. Transmitted pulse X X X

shape
9.  Transmitted pulse spacing X X X
10. SLS power ratio X X X
11.  PRF of transmitted interrogation X X
12.  Duplicate or standby equipments X X X
13.  Alignment of primary and secondary heads X X X
14. Alignment of autonomous secondary heads X X X
15. Alignment of interrogator or head with SSR X X

monitor
16. Measurement methods at the SSR monitor X

site
17. Balancing of control and interrogate pulses X X
18.  Main lobe and side lobe amplitude X X

measurement
19. Investigation of antenna back lobe X
20. Plotting of HPD results X X
21. Signal level calculations X X
22. Processing equipment X X X
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ATTACHMENT A TO APPENDIX F

A PHOTOGRAPHIC METHOD OF RECORDING RECEIVED SIGNALS

SECONDARY SURVEILLANCE RADAR

1. A satisfactory method of obtaining objective records
of raw and processed SSR video signals is to photograph
the information scan by scan (each PRF) directly from an
“A” scope display on a moving 35 mm film which is set
in motion just prior to the target interrogation and
stopped immediately afterwards.

2. A block schematic diagram of an over-all system
arrangement which has been used by Eurocontrol is
shown below.

3. In order to photograph a specific target response, it
is necessary that facilities are provided to:

a) select the target required from others present;
b) track the selected target;

c) display the selected target on an “A” scope for
photographing; and

d) switch the camera on and off at preset times
before and after target interrogation.

4. Target selection and tracking are carried out with the
aid of a PPI display which is arranged to show both raw
and processed SSR video signals. The means of target
selection is carried out by positioning an area “window”
which is visible on the PPI over the target required. The
“window” is in the shape of a sector and can be varied
both in azimuth and range dimensions.

5. The azimuth boundaries of the window are formed
using the SSR enable gate equipment (normally used in
conjunction with the SSR digital decoder for active
decoding purposes) and a delay generator. When the X
and Y sweep voltages and joystick voltages are equal, an
enable gate pulse is formed in the enable gate circuitry.

This is fed to the delay generator. One output of the
delay generator which is normally open circuit produces a
short circuit condition for the duration of the enable gate
pulses. This open/short circuit condition is applied to the
camera switching input and switches on the camera drive
motor for the duration of the angle subtended by the
limits of the enable gate. The distance apart of the
azimuth boundaries and hence the timing and duration of
the camera run can be varied by positioning the enable
gate nearer to or further away from the centre of the
display. From experience it has been found that the
optimum position of the enable gate is on the 30 NM
range mark.

6. The range dimension of the gate is formed using the
delayed trigger and the camera oscilloscope. The main
SSR trigger is fed to the tracking oscilloscope time base
“B” where it is delayed to time “X” on the display
sweep, i.e. the start of the range dimension of the
window. The resultant delayed trigger is applied to the
“A” time base of both tracking and camera oscilloscopes.
From the camera oscilloscope, the plus Gate “A” output
is taken via spare relay contacts on the delay generator to
the video circuits of the PPI display. These pulses are
thus only passed to the PPI when the relay is operated
(by the enable gate pulses as previously described). The
net result is a series of “bright up” lines on the PPI
whose starting point is X and duration in range is
dependent on the “A” time/cm control setting on the
camera oscilloscope.

7. Thus if SSR video signals and decoder output
signals (the latter inverted for recognition purposes) are
both applied to the camera oscilloscope, then all targets
shown on the PPI which are coincident in range and azi-
muth with the window will be displayed on the camera
“A” scope when the display sweep passes through the
window.
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ATTACHMENT B TO APPENDIX F

AIRBORNE INSTALLATION

For valid results to be obtained, it is essential that the
airborne equipment be maintained to a known and
constant standard of performance.

To this end frequent checks must be made on the
following items:

a) antenna feeder loss;

b) receiver minimum sensitivity (for 10 per cent and
90 per cent replies);

c)

d)

€)

SLS characteristics, 3 pulse, Modes A and C for
50 dB dynamic range;

transponder power output;

transponder reply train coding and identity pulses
(Mode A);

transponder reply train coding (Mode C) checked
for calibration and change-over point accuracy for
150 m (500 ft) and 30 m (100 ft) increments
throughout the range of heights used.
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ATTACHMENT C TO APPENDIX F

INVESTIGATION OF REFLECTIONS

SSR as a system suffers from reflection problems.
Antennas are occasionally committed to a site where
buildings, fences and so on give severe reflections and
where consideration to re-siting cannot be given. Simple
SLS systems, particularly where matching of control and
interrogate patterns are uneven, give rise to most trouble
in this respect. One remedy’ is to radiate a modified three
pulse interrogation in which PI pulse is fed to both
directional and omnidirectional antennas in a suitable
power ratio such that transponder suppression is assisted
in the side lobe areas. “Matched central pattern” SLS
systems do not suffer to the same degree from random
reflection problems. All SSR systems at present
implemented are prone to specular reflections in which a
complete false track of an aircraft is produced and
remedies for this problem are not so simple. Swept gain
may help to some extent but investigation to find out,
usually by basic plotting methods, where the specular

reflection is originating, is always the first step. If the
false track produced is not bothersome to air traffic
control and operating staff can accept the situation, it
may not be necessary to proceed further. In some cases
R/F absorbent material has to be used to protect the SSR
from reflections. Another solution is to erect an artificial
reflecting surface which, although not preventing
reflections, produces them in an area not bothersome to
air traffic control. In this respect a site where aircraft
“taxi” and “hold” near an SSR site can be most
troublesome.

1. Department of Transport. Telecommunications and
Electronics Branch. TM-1-SRD Technical
Memorandum for the performance of SSR with SL5.

— END —








