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Abstract

Field-level maintenance of radar signature
treatment requires that non-specialist
military personnel properly identify needed
repairs. To simplify this task, an automated
method is required that can compare radar
signature data to baseline data, measure the
differences, and identify the source of
serious defects. Significant work has been
done wusing artificial intelligence (AI)
techniques to simplify this diagnostic task.
A portable measurement radar was used to
gather signature data on a small MQM-107D
target drone. One set of data was collected
of a baseline vehicle. Then data was
collected after several anomalies were
introduced, such as an uncovered pitot tube,
wing joint untaped, or fastener screw not
tightened. The data was processed as global
downrange plots, and then baseline data was
subtracted from anomaly data and the
difference was compared to signature
specifications as a function of angle. Al was
used to identify signature defects that
require repair. The results showed that an
Al-aided diagnostic tool could help identify
places where signature treatment repair was
needed. This tool can be adapted to a variety
of user and target needs.

Introduction

Low Observable (LO) systems require
specialized measurement equipment to
ensure the LO characteristics are sustained.
A portable diagnostic measurement system
to assist maintainers of LO aircraft is
required to provide measurement capability
to meet the In-Service radar cross section
(RCS) measurement framework, assess

mission readiness and capability, and
provide near real-time results.  Defect
isolation, diagnosis and RCS assessment are
important attributes of the signature
maintenance function. The purpose of this
effort, managed by the Advanced
Technology Test Team (ATTT), was to
develop a system, which could measure an
item and determine the signature health of
that item with minimal human interaction.
The desired features include a single system
with organic measurement and analysis
capability, a system that is adaptive to
various users and LO assessment needs, and
the ability to use a variety of methods to
determine corrective actions. This paper
provides the details of the development of
automatic anomaly detection software.

ICON Downrange Profile System

The Icon Downrange Profile system is an
anomaly detection and registration program
based on the analysis of downrange profiles.
The software provides graphical facilities
for loading reference and target data, finding
differences between the latter, building data
abstractions of these differences and
automatically matching the differences with
known anomalies. Users can also register
newly encountered differences. The system
allows graphical retrieval and comparison of
registered anomalies. The differencing and
matching phases of the analysis are complex
processes that use clustering algorithms to
create abstract representations of the
differences (known as clusters) which can
be registered into an anomaly database.
Menus are provided to allow users to fine-
tune the various processing parameters in
each of the phases of the analysis. The
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clustering techniques were very successful
in recognizing differences and providing the
necessary data abstraction paradigms for
correctly retrieving known anomalies from
the database and distinguishing between
them. The Icon system exploits Knowledge
Technologies” GBB™ and ChalkBox™
products.

Figure 1 outlines the phases involved in data
analysis. The end result is either a match
with a known anomaly(s) or the option to
register a newly detected type of
anomaly. There are three major phases: the
image analysis phase, the cluster analysis
phase and the anomaly detection/registration
phase. Each of these phases takes place at a
different level of abstraction.
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Figure 1. Analysis Overview.

Each of these steps has proven crucial to the
overall process. The image analysis phases
provide data alignment and noise
elimination. The clustering phases provide
not only data abstraction, but also a
significant amount of data compression. The
anomaly detection phases rely on advanced
matching facilities.

The Icon analysis phases comprise three
levels of data abstraction. These are the
data-point level, the cluster level and the
anomaly (composite cluster) level. Figure 2
outlines the three semantic levels and
indicates which analysis activities are
performed at each. Notice for example that
there is a despeckling phase at both the data-
point level and the cluster level of the
overall analysis.

At the data-point level, operations are
performed on individual points in the
downrange profile. At the cluster level,
groups of data points (clusters) are created
and operations are performed on individual
clusters. Finally at the anomaly level, groups
of clusters (set-composite clusters) are
created as composite objects. At this level,
operations are performed on groups of
clusters.
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Figure 2. Data Abstraction Levels.

Example/Software Validation

To validate the usefulness of the software,
measurements were taken on the MQM-107
target drone. Measurements were taken in a
“pristine” condition and then realistic
defects were implanted on the vehicle. The
MQM-107 is shown in Figure 3. As an
example of the detection process the port
access screws were not secured as shown in
Figure 4.

Figure 3. MQM-107




Figure 4. s Screw Anomaly
Figure 5 presents the output of the anomaly
detection process. As can been seen, in the
difference data frame, the software
successfully found the anomaly.

Figure 5. icon Anomaly Detection Software
Output.

Summary

This initial effort of developing automatic
detection of radar signature defects was very
successful. Distinguishable differences have
been detected and clusters generated
coincided with perceived regions of
differences in the target data. Future efforts
will include development of a more
extensive anomaly database, extending and
optimizing the clustering techniques,
adapting the Icon software to ISAR data,
and automating the parameter selection
process.

Sponsoring Agency Acknowledgment

This effort was sponsored by the Office
of Naval Research and managed by
Advanced Technology Test Team
(ATTT).




payIsseoun

VO e euly)
POTCTCLY @POD
UOISIAL(J SUOdBIA /I9IUQ)) IBJIB A\ IV [BABN

J[peay) AdueN

$193J9(J IN)BUSIS
Iepey JOo UoI}ddI( dewoyny

paljIsse[oun)




paljIsse[oun)

SI[NSSI QWII}-[BAT JBAU SAPIAOI] —
Aigeded pue SSOUIPEBAI UOISSITW SASSASSY —

JIOMIWRIJ JUIWAINSBIW )Y ITAIIS-U]
AU} JO IIT JALL, pue [[ Io1], IO ArIiqeded jududinsedw SOpPIAOIJ —

1JeIoIie ()] JO SISUTBIUIBW ISISSE 0} WIISAS
JUSWIDINSBAW d1souIeIp 9[qeiiod :uopnjos pasodoig .

PAUTRIUTR 918 SONSLIdJORIRYD
O] 2INSUS 0] PAIOIUOW 9 ISNUT SWIISAS )] ‘WI[QOIJ

WIISAS

JUSWIAINSBIJA 9[qBMO 0] JuswdInbay
paLJIsse[oun)




‘ parjIsse[oun

aseqele(
abeuw
/SOY

Juswainseapy
ainjeubis oiweuAq a|21YaA :Al 4911

5 | slool juswainsesyy o191yaA [Ind :jif 4311

aseqeje(
abew|

> s|oo| Buibewy] auoz :|| 4911

/T

aseqejeq
lelajey

s|00] onsoubeiq julod ;| Jo1g

NI0MIWRL]
JUSUWIDINSBIIN SO 0TAIS-U]

HALHAD JUVIUVM HIV TYAYH

il WA

paljIsseoun




paljIsse[oun)

|eanu) Juepiodw }soo

|eJauar) pajielaq douaLIadxy

paJjedaid-1wag pajjoJjuo) juswiuodinug

apu Aisp | ybBnouzisowly EEEICEENZENTT]

M3 Auep salouanba.i4

[oUuu0S.Iad d@dueuajule| O sto9ulbuz juswdojaraqg O

S19SM Wd)SAg juswainsesd| SHOY

SPAAN] JURIdI(]

paljIsse[oun



’ parjIsse[oun

109J9p d1103ds & 01 parjdde uorjoe SAII01I0D JO 109JJ0 AJLIDA —

2INJBUSIS [OIYA [[BIDA0 AU} UO 109Jop oyroads e Jo joedwr ssassy —
JUWISSAsse SOV 199Jo(

SUOT}BO0[ 109JAP PAIR[OSI 18 SO PAOUBYUD JO ISNBD JUTULIND( —
SISOUSRIP 199J2(

21n1eUSIS S[OTYSA JO uonepeI3ap uIsned s109Jop JO UONEBIO] QUIINA( —
UONB[OST 199J3(]

PIOYSAIY} 2INJBUSTIS JO9[J MO[2q IO J& SI 2InJeuJIs 9[OIYSA WJUO)) —

UONBOLIOA S S[OTYIA

HBILHID JUVIHYA b TYAYH

SUOIOUN,{ JUBUUIBA INJBUSIS

paLIsse[oun




“uny

_ payIsse[oun

Aowsmgoﬁ Hov owiy

&..«...».sﬁ_

weeHe: | W

(ap) spryuben .

= -0
S190 P : ISP

YILHID JHYIHV A HiY TYAYH

UOIn9a§ SSOU17) Je

parjIsse[oun



pa1jIsse[ou)

10adsy
AITR 661 94E1 e1tl 0s01

Qogqumqt\nu

d3eWI 93URIUMO(]

paLjIsse[oun)




paLJISse[ouN)

P109[[09 BIBp ATRI[IXNY —
1S9} Jopun W)l 0} dFueY —

(12-aq) dnoidapeq
0} o1uB310 {(Aep0}) ANIS PAXI] —

9ZIS TBJISAYJ —
159] JO SOTWRUA(] —

dryg .

(dSf sd1o) uLIen)
UO1)BO0] 219)Sne Ul JJRIJITY e

JUOWIUOIIAUD
JOLLIBD JO SIUTBISUOD [[V —

(ASr AseN)
JOLLIRD pIeoqe YJRIOIY

BILHID JUVIHVM BV TYAYH

TN

»*

SJUQWAIMNbaY AABN

parjisse[oun




paljIsse[oun

9IMOANIYDIL JO 1SAI UM UOIIRISIIU]

(JUQUIUOITIAUD
JoLLIRD “3°9) sjuawaaimbai uorsstwr J0J A)fiqeng

1092 U
asn Jo aseq
pPaadg
IS

SSUI001I0YS WISAS JUWAINSBIA] JUALIN))

parjIsse[oun)




01

paijisse[oun

AINSBAW-JI PUB WI)I JBY) O) SAI[EWOUR PP ‘W)l
Qunsud,, e anseaw 0] YSHIA Y 9S() - SIUSWAINSBIN —

TUWdO[9AIP 21BMIJOS UOI}IIIP A[BWOUR OIJRWOINY —
SYSBL o
UONOBIUI UBWNY

[eTuIur YIrm W)l Jey) JO Yi[eay unjeusis Ay} dUIWLIdp pue
W) Uk 2INSBIW UBD YOIym WidIsAs © dojaasp o, :asodang

193l01 SIsATRUY BIR(]

paljIsse[oun



paLjIsSse[ouN

SQI[RWOUR UMOUY YIIM SQIUIISJJIP Saydjewn A[[ednewomny —
SOOUAIJJIP ASAY) JO SuondeInSqe vIRp Spling —
BIep 19518) PUB JOUIIIJAI UDIMIA] SAOUIIIJJIP SQUILIN( —
BIep 19318
pue 20Ud19Ja1 JUIpeOo] J0J sanI[Ioe] [edrydelis sapIaolg —
WAISAS 9[1J0IJ dsueIuMO NODI
AU} pado[2Adp TRUOTIBUIIU] SAISOTOUYII ], AFPIA[MOUY
sanbruyo9)
QOUABI[[AIU] [RIONIY Sulsn wer3oid uornensi3al
puUe U0I1193)9p AJewoue Uk JO JUIWAOTIAI(] -

BILW HYAHVA HY TVAYH

.qwﬁ JSe ], UONI319(J A[BWOUY dewoIny

paLJISse[ouN




4!

paljIsse[oun

S191sN[d JO sdnoi3 uo pawiojrad are suonerddo
pue $303[qo 911s0dwod se Pajeard e sIsnd Jo sdnoiar) —

[OAYT AJEUIOUY o
SI9)ISN[D [BNPIAIPUL UO PauwLIofIad
dxe suorerddo pue pajeard are sjurod eyep Jo sdnoin) —
[OAQT IAISN]))

argoad asueIumop
oy} ut syutod [enpiArpul uo pawrojad suonerdd —

[PASTT JUIOJ-BlE(]

uonoensqy e Jo S[PAd]

payIsseoun




m_ payIsse[oun

BleQq
FEXA (4

ejeq
IWIIIY

s[Ie19(J SISA[euy oFew]

paLIsse[oun)




4!

payjIsse[oun

A EITY (1 () DA EIT 11 o) owﬁwa”“%ﬁ
appadsaq ¢ IS ¢ .
10205y 103dsY 4 Lddsy
0041 04§1 oFbl 01gl 081l 0s01 0041 0461 Opbl 0iel 0811 001 o Juil st Ovbl 0IET ggir 001
%] 0 o 0 ul i
| ) a a
7 8 i A
u Z 1 g [ 8 " u.m_au—nu &ﬂ_&. Slgh2e =oRla “mzy N oY z
] v " . . B ] v
v 3 o . . so. ey
u Z » .._ 5 v nm... 5 n.n _z
2 M a ! ' ® M
9 o 0 o : N )
a a ST \ e d
e sz 1) szr ER e 8zl
1930 9y1s0dwo -39S A[03dsa(] pue 9FION sI9ISN)) aseq

BYIHWM U TYAYH
rogesrass

= SISARUY JISN)

3

paLjIsse[oun




! payisse[oun

ALk o1

- ON 3% oN s394

ASIOMsIIRREY ATBUIOUR a1} mata 01 9] nok pmog |
“agny oapd ayy
JOA07Y (ST XY PIPUSLALUOIIL 81 [ 'Patialep seam AEWIOUR UB ‘PUNOJ SeM YITES i

 JATBUIOUR MU ST} 32151821 0] a5 NOA PO
ATETUIOUR UMOT] AUB YO1EW 10U P Bep 18R} oy

parelag

uoHEDYNON K33

dewouy

[9A9T AJewiouy)
S[1813(] UONIQ(J AJewiouy/

payIsse[oun



91

paljIsse[oun
ere( LOT-NON

aBranwog snebwmon
o 08 U 98 9c oL 0% OB 0%  0& 0% W

£

ade] /m
yurop SuIp

ade] o/m
Jurof SUIA

ws
st/

“y.. noypm

st s FOPLLOATRONGIVAVEND 9qm yayd Aeuiouy

SqI0SE
"xoxdde Jo 1y3rom e pue 439 91 JO YISud[ ‘.01

Jo ueds3uim e yym auoip 123181 8 SI LOT-INOW QUL —

LOT-INOIA 9} UO JUSWIAINSBI
srowwer3ord aremijos ay) 03 papraoid ag 01
SPAQU BJEP OIISI[BAI dIBMIJOS ) JO SSAUNJASN Y] SJBPI[BA O], o

HBILHID JBVIUVM bl TAYH

UOHEPI[EA

payisse[oun




L1

palIsse[oun

INQO SMAIIS SSAIIY U] SMIIIS $S333Y

SMIIIS SSAIVY 110J

palJIsse[oun




81

payisse[oun

| $30U31a1IN(T 318307 _

| eumnopeo |

sucgexadg feprarg

_M M0puLfy, saBEu] _

| eBemmp |

RIS
BaRaQ

Ao wae s o

£ERAQ

vje( 20UBIRIIA

__ ee( Ado) _ J080sq
————— T} 951 0501 Z0LT

14§

m aseqerec] AEWouy _

| sowmpigpmy |

stsApewry vreq

| mwemipeo7 |

K [— £

Ka |

_m 20Ua19J3Y PEOT] _

j0adsy
TN

NOoOR S wo s Do

o0
o3
—

Bugsseadaid we( ddA0£014% ©1eq 1B

JYEDLOTAY ©Ieq 39UsIRJTY

"SIDISO[D SOUBIIIP |  SNIEYS .Euoumw

ENENO

a 00:90:_0 Fi

HILHID JBYIHVM HNY T¥ATH

SMIIOS SSI00V 10]

parjisse[oun




61

abusiumo(] ‘sA sbumissaiy

oLl @8 02 0§ O0E  OF o 06 0% 0 06 Ol-
I3 1 1 i L L 1 1 | t H i1 1 1 i 1 1
134 T T T
008 -] -
055 -
ugsnaoy 00§ 3
sualaung
g sung| 2y
G sue)beiy OSk- )
gstt - oney
o) sn9a4 .
0050 : sydy 000
{essagasay | Bunybiapn
b0t 8215 §d4d -
440 ¢ pemey U
AN od
G600 m:(;mEmQ -
€100t ¢ byiauey DOE
5862 : g baiy
alzzL © masbuy )
sL:  swoghy U
b200 pu|beig R
S0S'LL ¢ baijdog
wse : baymg U
piD DU 2y -
0.8 ° weua e
158 ¢ e
W s |03 -
86720420 - 8RQg|og 0oL 1 . L
86-1-0 4 MOPLOLIAXVOLWVLYOND

MO SMIIOS SSI0Y 0]

parjIsse[oun

Uh-

06

05

oL

oL

0e

0§

0¢

08

ol

§:
G
oSt -

0050
{essagasey :
beol -

440 -

M

5600 ¢

ELODL -

5862

gleet -
et

b20°0
50511

0258 *
bLo :

e
18-
£E0L

86/20/20 *

uQ snaoy
suoRouny
suis| 2y
suua | beiy
ofey
ojuj sNoo4
Bydiy
BuyBlom
oS 14
pleiieaN
od
Buy Jejua)
bgswe)
ma baiy
Mma eibuy
g bq
1outbaly
bai4 doyg
baijuaig
ou| 2y
2y pug
yuag
8wl {03
8eg|od

sbusiumo( ‘sa sBurissoi)

ol 06 8¢ 08 0E DL ¢ 0¢ 0% 04 06 Ol
L VR VNN OO YHONOURE OO DU R S S RS | PR S TS W .
13d T T : - DL
0087 -
06
0'55-- -
0t
0'05-- -
i3
0'sb-- )
- e
00b-- :
Ul
[
it
00e-
0t
052
08
002 o2
0'G1-- 06
00L-- L . : oL

86-21-20 ¥4

aurjaseq

MOPLOLOIAXYBLAVLYOND

BILHID IUVIHVA HIY TYAYH

SMOIIS SSAOY 1O

parjisse[oun




0T

paLIsse[oun

UoI)29[3s J9uwered djewomny —

erep YVSI 03 3depy —

sanbruyod) Surisn(d dziwndo pue pudxq —

aseqelep JAISUIXI IO —

Ajipows pue qerddo 03 Aigeded asnoy-uj —
110JJ9 UO-MO[[0]

BIBp 19318) AU} Ul SQIUAIIJJIP

JO SUOISAI PAAIIA YIIM PIPIOUIOD PIIBIIUIS SIASN[) —

P19313P U QAR SIOUAIIJJIP d[qeysin3unsi(q —
[JSSAOONS AIJA S)IOJJQ [BNIU]

Areuruung

pa1jIsse[ou)

¢




