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1.0 PURPOSE

This Advisory Circular (AC) describes modern, efficient system
performance testing (evaluation) methods for surveillance radar systems
with particular emphasis on those systems utilizing modern technology.
Note: This AC does not change, add or delete regulatory requirements or
authorize deviations from regulatory requirements.

2.0 REFERENCE

2.1 67 (a) of Civil Aviation Act 2022

2.2 Regulations 14.7.1.12 (j) (k) of Part 14 of the Nig. CARs.
2.3 CL: AC-ANS (AET) 007

3.0 GENERAL

3.1 This AC describes methods for the evaluation and testing of the
technical and operational performance of surveillance sensor systems.
Since periodical checks and maintenance actions (including their
frequency) necessary for the good functioning of the radar systems are
very equipment and system specific, the surveillance system user is
referred to the maintenance manuals and related recommendations
provided by the surveillance systems manufacturer.

3.2. All the methods for the evaluation and testing of the technical and
operational performance of the surveillance radar sensor systems
described in this AC are consistent with the ICAO guidance manual on
testing of surveillance radar systems (Doc.8071v.3 2™ edition,2020). The
effective date of this NCAA-AC- ANS (AET) 007 is July, 2024.

3.3. NCAA-AC- ANS (AET) 007 applies to existing, modified or newly
installed en-route, terminal and approach surveillance radar systems. It is
intended to be used by ATC systems implementation engineers and
maintenance engineers involved with new or modified surveillance
systems where the performance of the new equipment must be evaluated.
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4.0 DEFINITION OF RADAR SYSTEM PERFORMANCE
PARAMETERS

General Detection performance

4.1. From an over-all system point of view the parameters which require
evaluation to determine the performance 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.

4.2. Stability of the above parameters within the life cycle of the system
shall be obtained by the frequency of evaluation of the parameters.
Coverage

4.3. 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.

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

a) required coverage;

b) measured coverage;

¢) actual coverage;

d) coverage measurement volume; and

e) fringe envelope.

4.5 Detection performance: Probability of detection (PD)

Note: The probability of detection (PD) 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 description
of the SSR code detection measurements. Although determined analogous
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to the PD figures, code detection is referred to as a rate rather than a
probability throughout this document.

4.5.1 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

- correct Mode C detection rate; and

- correct Mode A and Mode C detection rate.

4.6 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.

4.6.1 PSR position detection. The probability of detection of the primary
radar 1s 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.

4.6.2 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.

4.6.3 SSR position detection. The probability of detection 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.
4.10 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.

4.6.4 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 trajectories. When expected plots are not
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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.

4.6.5 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). Possible reasons are loss of detection or aircraft-related
faults such as antenna shielding.

4.6.6 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

Cc) average gap size.

4.7 SSR code detection

4.7.1 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 have been selected for use in the detection
calculation defined above.

4.7.2 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.

4.7.3Correct 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.

4.7.4 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.

4.7.5 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.

4.7.6 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.
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Note I.- The results may be plotted on diagram to give global or selective
Pd 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 Pd
values are obtained. In order to

assist the presentation and reduce complication the Pd values are often
placed in selected bands for display, e.g zero, <50 per cent, >50 per cent,
>T75 per cent, etc., up to say >95 per cent, thereby giving a limited
number of categories. Cells where no or not enough data for statistical
assessments are available are considered a separate, empty category.

4.8 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
parameter is the number of false target reports expressed as a percentage
of the total number of target reports.

4.8.1 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).

4.8.2 False PSR target reports are generated from thermal noise and by
reflections from objects other than aircraft, 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.

4.18. 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.

4.8.3 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.
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4.8.4 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.

4.8.5 In the 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 relevant interfaces before and after filtering.

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

4.9 Relationship between false target rate and probability of
detection.

49.1 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 detection

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 conditions and
the radar system is set up to achieve this.

4.9.2 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
maintaining the required probability of detection, and the personnel
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.

4.10 Accuracy.

4.10.1 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
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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.

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 phenomena as occasional
beam distortion, small timing errors, quantization noise, etc.

4.10.2 Accuracy in position

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 positional errors, which are categorized as systematic
errors, residual random errors and jumps. The accuracy of the reference
system has to be five to ten times higher than the accuracy of the radar
system.

4.10.2.1 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.

4.10.3 Measured azimuth. The accuracy of this variable is determined by
the deviations between the measured azimuth 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, 1.e, standard deviation of azimuth error.

4.10.4 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.
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Note: The range-gain error may be due to incorrect setting of the range
clock.

4.10.5 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
coordinate system. Sometimes the latitude-longitude coordinates 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 variables, 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).

4.11 Accuracy in time

4.11.1 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 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 - 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.

4.11.2. Scan time. It is the mean time between successive measurements
of the same target. For mechanically rotating antennas, the accuracy of
this parameter is determined 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.
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4.11.3 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.

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, eftc.

4.11.4 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.

4.11.5 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.

4.12 Resolution

4.12.1 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 § 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.

4.3 Stability with time

4.13.1 It 1s 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.
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4.13.2 Systematic errors and other performance parameters will, due to a
number of reasons, change with time. It is therefore, recommended that
the general performance parameters which are considered to be critical
are monitored on a permanent basis. Air/ground message integrity
4.13.3 The Mode S system provides sufficient protection to ensure that no
more than one undetected error occurs in IOE7 112- bit messages.

5.0 DEFINITION OF INPUT DATA

General

5.1 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 1/0 interfaces.

5.1.2 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.

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

5.2 Opportunity traffic

5.2.1 This is a "live" data input which is obtained from the "real world
environment, i.e from aircraft, within the 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.

5.2.2 The opportunity traffic will therefore consist of the received RF
replies from aircraft detected within the volumetric coverage of the
system under test, "injected" at the antenna input(s) of the system
interfaces.

5.2.3 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 primacy radar and a variety of
SSR transponders and aircraft SSR antenna radiation patterns.
Opportunity traffic can give a large amount of data in a
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short time for assessing radar system performance. A sufficiently

large sample of opportunity -c 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.

5.3 Simulated traffic

5.3.1 Simulated traffic or simulated flights can be produced by analogue
or digital methods in order to simulate 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.

5.3.2 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 particular, a system may be
optimized or investigated (particularly 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 modifications.

5.3.3 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 de-garbling performance of SSR systems.

5.4 Special test flights (calibration aircraft)

5.4.1 These flights (also known as calibration flights) are made with a
dedicated aircraft. The "calibration" aircraft 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.
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5.4.2 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 m2 or 10 m2) and which use has been agreed
upon by the radar manufacturer.

5.43 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.

6.0 FLIGHT TESTING METHODS

6.1 GENERAL

The following sections outline the methods that can be applied 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 navigation 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 requirements 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.

6.2. EXAMPLE OF FLIGHTTESTING METHODS

6.2.1 Pre-flight requirements.
Engineering and operational personnel should prepare an outline of
operational requirements, describing in detail all routes, fixes, holding

NCAA-AC-ANS(AET) 007 January 2026 Page 13 of 23



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.

6.2.2 Prior to a flight inspection ensure that the radar equipment is tuned
within facility operating specifications. 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.

6.2.3 Flight personnel are expected to obtain information from
engineering personnel relative to operational requirements, 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 fulfill flight inspection requirements.

6.2.4 Flight inspection will use small aircraft equipped with an approved
transponder for all radar flight inspections. Small aircraft are considered
to be the Beechcraft Bonanza, Cessna 182, and other aircraft of similar
size which represent 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.

6.2.5 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,
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:

8.5 dB +1dB/-0dB above 1 W RF power output and -7 1 A 1 dBm
sensitivity (low/normal) 18.5 dB +1dB/-0dB above 1 W power output and
-69 + 1 dBd-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:
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2 1 dB +1dB/-0 dB above 1 W RF power output and -71 k -1 dBm
sensitivity (low/normal)

21 dB +1dB/-0 dB above 1 W power output and -69 + 1 dB&-0 dBm
sensitivity (low/low). Normally the low power should be used.

6.3 Flight inspection procedure

6.3.1 Introduction

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 commissioning 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
specification.

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.

6.3.2 Commissioning inspections

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:

a) pre-inspection planning (develop a technical plan);

b) measurement of equipment parameters as per specification;

¢) 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.
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Figure 2 provides a flow chart of the sequence of events for a typical
radar inspection.

6.3.3 Periodic inspection

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.

6.3.4 Special inspections

Special inspections are conducted to fulfil a particular need and may be
very limited in scope. The limited inspection 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.

6.3.5 If equipment changes/modifications to commissioned 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:

a) 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.
Requirements for specific checks will be determined by engineering
personnel and need not conform to a specific format;

b) antenna change. The checklist, Table 5, indicates the requirements for
installation of a new antenna, a new 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, feedhorn alignment and
antenna tilt of the replacement pedestal are satisfactory;

C) major modifications (other than antenna change).

This inspection should be confined to the parameters necessary to
confirm facility performance. The radar engineer shall determine the
extent of a special inspection during preparation and coordination
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of the plan. Depending upon the extent of the modification, an inspection
using radar evaluation tools and targets of opportunity may satisfy the
requirements;

d) 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 manoeuvres, 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 accident reports; and

e) future requirements. New PSR and SSR systems being developed may
introduce features not common to existing radar, and may require
techniques and procedures substantially different from those described
below. Inspection procedures for future systems will be included as they
become available.

6.3.6 Checklist

The inspection tests required to complete a full commissioning flight
inspection are contained in Table 5. 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 inspection 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.

6.3.7 Vertical coverage/operational capability Background

The purpose of this test is to determine and document 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;
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b) Radars without radar analysis tools. Evaluate primary and secondary
radar coverage within the fringe envelope using a flight inspection
aircraft or rental aircraft;

c) 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 inspection

aircraft. Radar analysis data recordings and analysis of the vertical
coverage test are used as a continuing database for a permanent record,
and as a legal document certifying facility performance.

6.3.8 Vertical coverage radial

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, dense
traffic and populated areas, and influences created by line-of-site.

6.3.9 Commissioning procedure

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 altitudes

described herein as height above the radar antenna.

Note:- In order to produce a meaningful data base, the flight inspector
must compute and fly true altitudes (corrected for pressure and
temperature). 1) check the 'inn; fringe, at the altitudes used to

establish the outer fringe back down to 3 000 m (1 0 000 ft) level; and
Commissioning profile - terminal PSR/SSR radars without radar analysis

6.3.9.1 Refer to Figure 3 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 a) complete steps

c) climb to 900 m (3 000 ft) and establish the outer, fringe; fringe; 1

d) climb to 1 500 m (5 000 ft) and establish the outer fringe. Then
proceed inbound, at 6 000 m fringe; (20 000 ft) and establish the inner
fringe;

e) repeat the outer fringe check at 1 500 m (5 000 ft)

I (or lower if necessary) as required in order to complete the overall
quality test and to evaluate radar auxiliary functions (linear polarization,
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PIN diode, integrators, etc., for primary and (X'CISTC for secondary).
Most auxiliary functions produce a 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

g) climb to 3 000 m (10 000 ft) and establish the outer fringe. Then
proceed inbound at 3 000 m (10 000 ft) to establish the inner fringe;

h) if the required operational altitude is greater than 3 000 m (10000 ft),
check the outer fringe in 1 500 m (5,000 ft) increments up to the
operational

altitude; e.g. if 5 100 m (17 000 ft), check the outer fringe at 4 500 m (I5
000 ft) and 5 100 m (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;

) 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).

6.3.9.2Commissioning profile, - en-route PSR/SSR without radar
analysis tools

Refer to Figure 4 and proceed as follows:

b) climb to 600 m (2 000 ft) and establish the outer a) complete steps a)
through g) of the terminal PSRI fringe. Then proceed inbound at 600 m (2
000 ft) SSR commissioning profile procedures; and establish the inner
fringe;

b) climb to 4 500 m (15 000 ft) and establish the outer

c¢) climb to 900 m (3 000 ft) and establish the outer, fringe;

fringe; 1

¢) climb to 6 000 m (20 000 ft) and establish the outer

d) climb to 1 500 m (5 000 ft) and establish the outer fringe. Then
proceed inbound, at 6 000 m fringe; (20 000 ft) and establish the inner
fringe;

e) repeat the outer fringe check at 1 500 m (5 000 ft)

I (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 (X'CISTC for secondary). Most
auxiliary functions produce a decrease in receiver sensitivity which is
indicated by a decrease in cut-off range. Conduct the test by marking the
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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;

P climb to 2 100 m (7 000 ft) and establish the outer 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;

f) repeat the outer fringe check at 1 500m (50001t) I (or lower if necessary
as required to complete the oval 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
“I” agreeable altitude (to a maximum of 12 000 m (40 000 ft)) and
establish the outer and inner fringes.

6.3.9.3 Commissioning profile - terminal/en-route PSR/SSR radars with
radar analysis tools

Refer to Figure 5 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, 2100, 3000, 4500, 6000, 7500 and 9000 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 1500 m (5 000 ft) or 9000 m (30000 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,
exhibiting decreasing run lengths as they enter a "hole", disappear in the
null, then reappear with progressively higher run lengths as they clear the
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fringe on the opposite side. Include the printout plots in the facility
permanent database.

7.0 Communication

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.

7.1 Standby equipment

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 radar 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.

7.2 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.

7.3 Analysis

7.3.1Testing precautions

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.
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7.4 Evaluation

Continuous radar detection (one usable target report on every scan at
every azimuth and all altitudes) is a difficult 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.

7.4 Lobing

Lobbing 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 lobbing problems, preventing or
altering the reflected energy component is the way to minimize the
problem. Lobbing 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 combating 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 lobbing problem.

7.5 Probing

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.

8.0. DOCUMENTATION

NCAA-AC-ANS(AET) 007 January 2026 Page 22 of 23



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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