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RADAR SYSTEM PERFORVMANCE AND Al RAORTHI NESS QUALI FI CATI ON REQUI REMENTS

1.0 SCOPE. This docunent establishes the verification nethods and
qualification requirenents for radar systens installed on U S Arny
aircraft. A conbination of anal yses, conmponent testing, ground testing,
and flight testing, will verify the design, installations and
performance of the radar subsystemprior to the formal Airworthiness
Qualification Release. The Airworthiness Qualification program
enconpasses:

a. Design reviews.
b. Engi neering design substantiati on anal yses.

c. Contractor devel opnent and airworthiness qualification tests,
i ncl udi ng conponent, subsystem and systemtesting.

d. Government systens devel opnent and airworthiness qualification
testing, including:

(1) Prelimnary Airworthiness Eval uation (PAE).
(2) Airworthiness and Flight Characteristics Test (A&FC).

e. CGovernment Operational Testing (OT) if required by the approved
Test Engi neering Master Plan (TEWP).

2.0 APPLI CABLE DOCUMENTS.

2.1 General. The docunents listed in this section are specified in
sections 3, 4, and 5 of this standard. This section does not include
docunents cited in other sections of this standard or recomrended for
information or as exanples. While every effort has been nade to ensure
the conpl eteness of this list, docunent users are cautioned that they
must neet all specified requirenents docunents cited in sections 3, 4,
or 5 of this standard, whether or not they are |listed.
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2.2 Governnent docunents.

2.2.1 Specifications, standards, and handbooks. The foll ow ng
specifications, standards, and handbooks forma part of this docunent to
the extent specified herein. Unless otherw se specified, the issues of
t hese documents are those listed in the issue of the Departnent of

Def ense | ndex of Specifications and Standards (DoDl SS) and suppl ement
thereto, cited in the solicitation.

M L- STD- 810 Envi ronnmental Test Met hods and
Engi neering CGuidelines

M L- STD- 882 Standard Practice for System Safety

M L- STD- 1472 Hurman Engi neering Design Criteria

M L- STD- 2525 Conmmon Warfighting Synbol ogy

M L- STD- 464 El ectromagnetic Environnental Effects
Requi rements for Systens

M L- STD- 461 Requi rements for the Control of

El ectromagnetic Interference
Characteristics of Subsystens and

Equi prrent

M L- STD- 469 Radar Engi neering Desi gn Requirenents,
El ectromagnetic Conpatibility

M L- E- 7016 El ectrical Load and Power Source Capacity
Anal ysi s

M L- HDBK- 781 Handbook for Reliability Test Methods,

Pl ans and Environnents for Engi neering,
Devel oprment, Qualification and Production
M L- HDBK- 1908 Definitions of Human Factors Terms

2.2.2 O her Governnent docunments, drawi ngs, and publications. The

foll ow ng ot her Government docunents, draw ngs, and publications forma
part of this document to the extent specified herein. Unless otherw se
specified, the issues are those cited in the solicitation.

AMCP 706- 203 Engi neeri ng Desi gn Handbook for Armny
Aircraft

JSSG 2010-5 Joint Services Crew Systens Aircraft
Li ghti ng Handbook

ADS- 37- PRF El ectromagnetic Environnental Effects
Performance and Verification Requirenents

2.3 Oder of precedence. 1In the event of a conflict between the text of
this docunent and the references cited herein, the text of this document
t akes precedence. Nothing in this docunent, however, supersedes
applicabl e laws and regul ati ons unl ess a specific exenpti on has been

obt ai ned.
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3.0 DEFI NI TI ONS
AVR Ai rwor t hi ness Rel ease
AQS Ai rworthiness Qualification Standard
EM El ectromagnetic Interference
EMC El ectromagnetic Conpatibility
EMV El ectromagnetic Vul nerability
HFE Human Fact ors Engi neeri ng
I GE In Gound Effect
OCE Qut of Ground Effect
RAM Reliability, Availability, And Maintainability

4.0 CGENERAL REQUI REMENTS

4.1 System Safety. Al conponent tests and subsystemtests shall be

pl anned and conducted in accordance with M L-STD-882. Hazard anal yses
and safety statenents shall be an integral and essential factor in the
preparation, planning, and conduct of all such tests. Tests shal

provide for the assessnment of test item hazards associated with further
devel opnent and testing. Systemsafety reviews shall be an integral part
of program design review.

4.2 Human Factors Engi neering (HFE). Surveys, ground, and flight tests
cited herein shall be used to denonstrate the incorporation of HFE
design requirenments and criteria in accordance with ML-STD 1472 and the
Airworthiness Qualification Standard (AQS). Radar display synbol ogy
shal |l be denonstrated to be in accordance with M L-STD 2525.

4.3 Reliability, Availability, And Maintainability (RAM
Substanti ati ons and Verifications. For new or nodified conponents, a
conbi nati on of substantiation, verification, and denonstration
requirements are applicable to the RAMrequirenents. Reliability
requi rements shall be evaluated against the test programresults.

Mai ntainability characteristics will be eval uated during Gover nment
tests. ML-HDBK-781 shall be used for guidance.

4.4 Engi neering Anal yses. The foll ow ng engi neeri ng anal yses shall be
conduct ed.

4.4.1 Electrical Loads Analysis. An electrical |oads analysis shall be
conducted in accordance with ML-E-7016. This analysis may be an update
to an existing (baseline) electrical |oads analysis. Per ML-E-7016
the anal ysis shall denonstrate the inpact of the new systen(s) on al
aircraft operating nodes.

4.4.2 Human Factors Anal yses. The followi ng human factors anal yses shal
be conduct ed.
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4.4.2.1 G oss Analysis of Tasks. This analysis shall be perforned for
all m ssion scenarios, as defined in M L-HDBK-1908, where crew task
| oadi ngs and coordi nati on requirenments approach maxi mum

4.4.2.2 Displays and Controls Optim zation Study. Trade-off and

simul ation studies shall be conducted to denonstrate optim zation of
control /display relationships in accordance with M L-STD-1472. Target
di spl ay synbol ogy shall be in accordance with M L-STD 2525.

4.4.2.3 Crew Vision. Analysis and test shall be used to denonstrate that
vision required for safe flight is nmaintained during operation with and
wi t hout ni ght vision goggl es.

4.4.2.4 Lighting. Analysis and test shall be used to denonstrate that
the lighting requirenments of JSSG 2010-5 (including night vision goggle
conmpatibility) are used for guidance.

4.4.3 Structural Analyses. For the newy designed or nodified
component s; these anal yses shall be conducted as descri bed bel ow

4.4.3.1 Fatigue Analysis. A fatigue substantiation analysis shal
denmonstrate the inpact of the radar subsystem on conponent fatigue
lives.

4.4.3.2 Loads and Stress Analysis. This analysis shall be conducted on
the radar systemincluding crash conditions.

4.4.4 Reliability and Maintainability (RAM Analysis. A RAM anal ysi s
shall be conducted using test data, estimates, and all qualification
testing. M L-HDBK-781 shall be used for guidance.

4.4.5 Weight and Center-of-Gavity Analysis. Analysis of weight control
shall be conducted in accordance with SAWE Recommended Practice 7 (RP7),
Wei ght and Bal ance Control System (for Aircraft and Rotorcraft). This
anal ysis shall denonstrate that the aircraft weight and center of
gravity remain within acceptable limts with the radar systeminstall ed.

4.4.6 Hazards of El ectromagnetic Radiation to Personnel (HERP). A HERP
anal ysis shall be perfornmed in accordance with ADS-37-PRF to determ ne
t he distance that personnel nust remain fromthe radar while it is

oper ati ng.

4.4.7 Jettison analysis. A jettison analysis shall be conducted to
ensure that no radar conponents lie in the jettison path of any externa
stores.

5.0 DETAI LED REQUI REMENTS

5.1 Radar System Performance. Gound tests, flight tests, surveys and
demonstrations shall be used to verify radar system performance.
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Requi red radar performance paraneters shall be as listed in Appendix A
of this specification.

5.2 El ectromagnetic Environment. Analyses and tests shall be used to
denmonstrate that the radar is conpatible with the el ectromagnetic
envi ronnment as specified bel ow

5.2.1 Radar Specific Requirenents. Analysis and test shall be used to
demonstrate that the radar design conplies with the special provisions
in ML-STD 469, the requirenents in ML-STD 461 and ADS- 37-PRF, as
tailored for the frequency band of the radar system

5.2.2 EMC Control Plan. Analysis shall be used to denobnstrate how EM
and EMC will be controlled, in accordance with M L-STD- 461.

5.2.3 Electromagnetic Interference (EM). Testing shall be used to
demonstrate that the radar systemneets all of the EM requirenents of
M L- STD-461 as nodified by ADS- 37-PRF.

5.2.4 Electromagnetic Conpatibility (EMC). Testing shall be used to
demonstrate that the radar system when installed in the aircraft, is
el ectromagnetically conpatible with the existing aircraft system

equi pnent in accordance w th ADS- 37- PRF.

5.2.5 Electromagnetic Vulnerability (EMY). The radar system when
installed in the aircraft, shall survive and neet performance
requirenments while subjected to an el ectronmagnetic environnment conposed
of field |levels per ML-STD-464, and field nodul ati ons per ADS-37- PRF.

5.3 Ground and Flight Testing. Analyses, tests, and denonstrations shall
be conducted usi ng AMCP 706-203 for guidance to substantiate safe and
satisfactory radar subsystem operation (in accordance with Appendi x A of
this docunent) over the range of flight and environnental conditions.

5.3.1 G ound Tests. Gound tests shall be conducted using AMCP 706- 203
for guidance. These tests shall include all itens required to verify
flight safety. Required tests include, but are not limted to, the

fol | owi ng:

5.3.1.1 Environnental Conditions. Conponent |evel testing in accordance
with ML-STD- 810 shall be perforned to verify correct operation

t hroughout the range of conditions specified in the aircraft system
speci fication.

5.3.1.2 Electromagnetic Interference (EM). Conponent |level EM testing
shall be conducted in accordance with ML-STD 461, as nodified by ADS
37-PRF. RS103 testing shall be conducted using field |levels fromM L-
STD-464 and field nodul ati ons from ADS- 37- PRF.

5.3.1.3 Electromagnetic Conpatibility (EMC). G ound EMC testing shall be
conducted in accordance with ADS- 37-PRF to ensure that the radar system
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is electromagnetically conpatible with other aircraft subsystens, prior
to flight tests. Testing shall include, but is not Iimted to, the
fol | owi ng:

a. Electrical bonding nmeasurenents.

b. Conpatibility testing in accordance with a test matri x. Radar
system shall be tested as a source and victimagainst aircraft
navi gati on and conmmuni cation systens, flight test instrunmentation
el ectro-expl osive devices, and all other flight critical systens.

5.3.1.4 Airfrane Vibration Testing. Vibration testing shall be
performed in accordance with ML-STD-810 with the radar systeminstalled
on the aircraft to verify that the radar is conpatible with the resonant
frequencies of the aircraft, both structurally and operationally.

5.3.1.5 Radar Operations. Analysis and test shall be used to verify
cockpit procedures utilizing the installed radar control system Radar
to aircraft control logic interface shall be denonstrated. Functional
checkout of target acquisition/designation subsystem nodes (i ncluding
synmbol ogy) shall be conduct ed.

5.3.1.6 Radar Boresighting. Analysis and test shall be used to
denmonstrate boresighting procedures and boresight retention. Particul ar
attention should be paid to the el enents of the target

acqui si tion/designati on subsystem and boresi ght accuracy.

5.3.1.7 Aircraft Integration. Analysis and test shall be used to
eval uate the joint functioning of installed subsystem such as fire
control conputer/weapons processor, target acquisition/designation
subsystem etc. Validate computer software functionality (accuracy,
correctness).

5.3.1.8 Radar Performance. When possible, elenents of radar
performance, as given in Appendix A, shall be tested on the ground
before being tested in flight.

5.3.2 Flight Tests. Flight tests shall be conducted within the design
operational flight envel ope, as defined by the aircraft Operators
Manual , or other appropriate reference. These tests shall include hover
(1 GE/ OGE), cruise and VH conditions. The testing shall enconpass those
items requiring design verification prior to the formal denonstrations.
The testing shall include formal denpnstration of radar performance as
defined in the system specification. The itens exam ned shoul d i ncl ude,
but are not limted to, the follow ng.

5.3.2.1 Aircraft Flight Performance. Analysis and test shall be used to
determ ne the effects of the radar subsysteminstallation on aircraft
performance, stability and control throughout the flight envel ope of the
aircraft, including hover, |ow speed translation flight, take off and
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| andi ng, clinb, level flight, maneuvering flight, jettisoning, and
autorotation.

5.3.2.2 Radar to Aircraft Interface. Analysis and test shall be used
to verify the following elements of the radar to aircraft interface:

a. Boresight retention.

b. Ability to handover a target fromthe radar to the aircraft, for
all target types.

c. Wapons firing. Determne effects of weapons firing on radar
system performance, including effects fromvibration, snoke, and debris.

5.3.2.3 Electromagnetic Conpatibility (EMC). Flight EMC testing shall be
performed in accordance with ADS-37-PRF to ensure that the radar system
is electromagnetically conpatible with other aircraft subsystens, prior
to flight tests.

5.3.2.4 Radar Performance. Analysis and test shall be used to verify
radar performance paraneters defined by the system specification
Testing shoul d be conducted with both ground and flight tests, with
paraneters being tested on the ground first, where possible.

5.4 O her Testing and Verification.

5.4.1 Radar Spectrum Verification. The radar systemshall be tested in
accordance with ML-STD-469 to verify that the radar system spectrum
requirements are mnet.

5.4.2 El ectromagnetic Vulnerability (EMY). The radar system while
installed in the aircraft, shall be tested to denmonstrate that it can
survive and neet performance requirenments while subjected to the

el ectromagneti c environment conposed of field | evels per ML-STD 464 and
field nodul ati ons per ADS-37- PRF.

5.5 Denonstrations

5.5.1 General. In addition to the tests and anal ysis call ed out above,
demonstration tests can be used to show conpliance with system
specifications. Denonstrations shall include, but are not limted to,

those |isted bel ow

5.5.2 Electrical Denonstration. An electrical denonstration shall be
conducted to evaluate the effect of the radar systemon the aircraft
el ectrical system Ripple voltage, transients, harnonics, and power
shall be neasured on the affected busses.

5.5.3 Flight Vibration Denponstration. |f deenmed necessary based on the
results of airframe vibration testing, or analysis of the resonant nodes
of the radar system a flight denonstration should be perforned to
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verify that flight vibration levels do not adversely affect the
performance of the radar system

5.6 Instrunentation and Data Anal ysis. Test instrunentation shall be
used to record appropriate radar, fire control, weapons processor, and
aircraft data to establish qualification test conpliance.

6.0 NOTES

Not applicable to this docunent.
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Appendi x A — Radar Perfornance Paraneters

A.1 CGeneral. This Appendix is intended as a general guide for persons
devel opi ng and/or review ng detail ed radar system specifications.

Li sted here are generic (although biased towards airborne radar)

requi rements that should be defined in the detailed item specification
and tested as part of the System Qualification process. Not all
paraneters will be applicable to all radar designs, and this list should
be tailored to the particul ar operational requirenents of the radar
system Conversely, it would not be possible to |ist every possible
detailed requirenent, so this list is nmeant only as a guide, and not a
conpr ehensi ve reference.

Due to the ever evolving and wide variety of radar technol ogies, it
woul d be a nearly inpossible task to define performance paraneters for
each type of design and each application of that design. Instead, this
Appendi x defines general radar performance paraneters, independent of
systeminpl ementation. To acconplish this, several generalizations are
made:

a. No distinction is nade between scanning and tracki ng nodes,
since the nodes designed in to the radar depend on the radar operationa
requi renents.

b. No distinction is made between neasured paraneters and
cal cul ated paraneters. Calculated paraneters will still have accuracies
associ ated wi th neasurenment noise, etc., and so are lunped together with
measured paraneters for sinplicity. A so, the set of calcul ated and
measured parameters will vary between radar designs, depending on cost,
size, and conplexity of design

c. Mechanical details such as slew rates are not included. Rather
event tinmelines are defined. Paraneters such as slewrate would likely
be included in the detail ed specification, but only to the extent
required to neet timeline requirenents.

Note that each of these paranmeters may be dependent on the operating
nmode of the radar. In this case, the system specifications and test
pl ans shoul d contain matrices of those paraneters versus operating node.

A. 2 Radar Perfornance Paraneters.

1. Maxinumradial range, maxi mum azi nuth sweep and maxi num
el evati on sweep.

2. Radial range, azimuth and el evati on accuracy.
3. Radial, cross range and el evation velocity accuracy. Al though

cross range and el evation velocities are calcul ated, they are included
here since they depend on neasured values, as well as the quality of the
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scan-t o-scan correl ati on, nmeasurenent noi se, etc. Having a single
accuracy specification makes this itemless inplenentation specific.

4. M nimum det ectabl e target size.

5. Probability of detection (Pd). Measured over the set of all
detectabl e targets.

5a. Probability of reacquisition. This is the probability of
reacquiring a previously detected target. This is a special case of
item5, applicable only for radars that optimze for reacquisition (for
exanpl e, when tracking high priority targets).

6. Probability of False Detection (Pfd). This is the probability
of falsely detecting a target when none is present.

7. Probability of correct classification (Pcc). Only applicable if
the radar perfornms target classification. The specification should
contain tabul ated values for each type of target the radar is supposed
to classify. For consistency and ease of tabulation, Pcc is defined as
the probability of correctly classifying a detected target. It is
inmplicitly conditional upon Pd, since the probability of correctly
classifying a non-detected target is zero. The detailed specification
may al so define different |levels of classification, ranging fromsinple
determ nation of vehicle type, up to exact identification of vehicle.

8. Maxi mum nunber of targets that can be tracked at a tine, if
applicable to the radar design

8a. Priority Schenmes. This defines the nethod (or methods) of
prioritizing targets when nmultiple targets are being tracked.

9. Target (or Differential) Resolution. This is defined as the
ability of the radar to distinguish nmultiple closely spaced targets.
Two different definitions are given below The applicable definition
shoul d be used.

9a. Ildeally, target resolution would be specified in each
ort hogonal dinension, as given bel ow

1. Differential range resolution: The mninmumradial distance
two objects nmust be separated by to be detected as distinct targets by
the radar, assum ng both targets have the sanme azinmuth and el evation

2. Differential azinmuth resolution: The mninmmcross range
di stance two objects nmust be separated by to be detected as distinct
targets by the radar, assum ng both targets have the sane radial range
and el evati on.

3. Differential elevation resolution: The m nimum verti cal
di stance two objects nmust be separated by to be detected as distinct

10
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targets by the radar, assum ng both targets have the sane radi al range
and azi nut h.

9b. In the event that the radar design does not allow for such
ort hogonal resolution neasurenents, the resolution requirenents should
be specified as:

1. Differential range resolution (non-orthogonal): The m ni num
radi al distance two objects nust be separated by to be detected as
di stinct targets by the radar, given a specified m ninmum separation
val ue in azinmuth and el evati on.

2. Differential azinuth resolution (non-orthogonal): The
m ni mum cr oss range di stance two objects nust be separated by to be
detected as distinct targets by the radar, given a specified m ninmm
separation in radial range and el evati on.

3. Differential elevation resolution (non-orthogonal): The
m ni mum vertical distance two objects must be separated by to be
detected as distinct targets by the radar, given a specified m ninmum
separation in radial range and azi nut h.

10. Tinmelines. Due to the uncertainty in time delays caused by
aircraft software processing, data transmission, etc., the tinelines
defined bel ow neasure only the tine it takes to get the data directly
fromthe radar. This allows for a clean analysis of bandw dth and
| atency requirements. The radar system designer should include a nethod
of directly measuring these delays, to avoid inaccuracies caused by
attenpting to neasure themindirectly over the aircraft system bus.

a. Detection: Tinme required to detect a new (not seen before)
target.

b. Reacquisition: Tinme required to reacquire a previously
detected/tracked target that has been dropped. This is applicable to
radars that optim ze reacquisition. For other radars, this may be the
same as the detection tine.

c. Automatic Handover: Time required fromthe tine the target
is detected, until it is handed over to an external bus. This assunes
that targets are handed over automatically, as they are detected,
wi t hout operator intervention

d. Manual Handover: Tine required to hand over an already
detected/tracked target. This applies when the radar does not
automatically handover the target, but waits for an operator to pick a
target to handover. This is the tinme between the radar receiving the
operator input, and the handover of the target to an external bus. This
does not count delays introduced by an operator input device, e.g. a
touch panel

11
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A. 3 Maxi mum Qperating Envel ope and Operation in Degraded Conditions.
The following itenms should be specified in the detailed item
speci fication:

1. Flight conditions

a. Maximumyaw, pitch, and roll angle for which the radar
systemw || continue to neet its perfornmance requirenents.

b. Maxi mumyaw, pitch, and roll velocities for which the radar
systemw || continue to neet its performance requirenents.

c. Maximumyaw, pitch, and roll accelerations for which the
radar systemw || continue to nmeet its performance requirenents.

2. Arcraft alignnent.

a. Physical. This defines the required accuracy of the
physical alignnment of the radar to the airfranme in order to neet radar
performance requirenents.

b. Inertial. This defines the required accuracy of the
inertial reference between aircraft and radar.

2. Cutter environment. Tabulated clutter conditions versus
percent degradation in radar performance.

3. Weather. Wather conditions under which the radar will conti nue
to neet its performance requirenents.

4. (bscurants. Should be a tabul ated val ue show ng | evel s of
di fferent obscurants versus percent degradation in performance.

5. Threat environnent. The specification should define what types
of threats the radar m ght encounter, and describe the radar perfornmance
in each condition. This includes passive threats such as decoys or
obscurants, and active threats such as jamrers. The specification
shoul d take into account current and forecasted threats at the tine the
specification is witten.

A. 4 Radar subtypes/nodes. This Appendix, up to this point, applies to
radars that performdetection and/or tracking of air and ground targets.
However, the radar may have special nodes, or be of an entirely

di fferent design, for which the above guidance is not relevant. An
attenpt is made bel ow to gi ve gui dance about what should be witten into
the specification for these special nodes or radars.

1. Terrain following. Radars for following terrain, as an aid to

navi gati on, are noderately specialized, but have sonme common
characteristics that should be included in the detailed specification.

12
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a. Maxi mumrange, azinuth and el evati on.

b. Mninumsafe flying height and speed, in tabular formif
appropri ate.

c. Types of objects identified (foliage, buildings, wres,
etc.), and, very inportantly, whether the radar identifies these objects
itself, or relies on an external database of previously surveyed data.

2. Imging. |Imaging radars are often used in mappi ng applications
where real-time target detection/identification isn't required.
However, with advances in technology, it is envisioned that inmaging
radars will be able to performthese tasks eventually. The paraneters
i n paragraph A 2 should be general enough to cover the case of inmaging
radars performng target detection and/or tracking.

3. Weather radars. Wen used as navigational aids, the follow ng
paraneters should be required as a mnimumin the detailed
speci fication.

a. Maxi mumrange, azinuth, and el evati on.

b. Ability to identify precipitation, both type and severity,
along with the associ ated accuraci es.

C. Ability to identify severe climatic activity, such as high

wi nds or other dangerous conditions, along with the associ at ed
accuraci es.
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