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Abstract: Metrics of infrared image complexity were not only used to characterize the variation of complex
scenario for target recognition, but also are applied widely in infrared imaging system performance
prediction and evaluation, performance comparison of target recognition algorithms, constructing and
improving target acquisition model, and other fields. The definition of image complexity for infrared target
recognition is presented, and some recently presented and some classical image complexity metrics in this
field are summarized and analyzed comparatively. The basis for choosing metrics is proposed, and the
shortcomings and deficiencies of existing metrics are pointed out. Image complexity metrics for infrared
target recognition will develop towards fusing many features or integrating many metrics in the future.

Key words: infrared target recognition, image complexity, metric

0 35l

LLANEAR 3 5 SR BAT RBUZ R Bk dr . 250
PREIZ . PUT-PLRE S ok HEA Rk TARSEIU AT, REWS
FEH AR S AL, SCOL T 25| RE IR e, 1E
ZERHAR AT R

H1 T HARHI 2 REPE . A P85 1 S 2R A R X
PUEOR I Aol R RS R 3R, 208 R T 9 kAT LA
FEBD IR SR, HARUURITERESZ 2™ R0
FERLCRAT S, HARTRES B RT3 i 25 2 %
TSN ZLAMES AL, ARG T 5. S5,
H b3 ] e 4 B BB 2 ol e A B e i o3 5h, H b

kS HEA: 2013-01-06; f&iT HEA: 2013-01-23.

T SR 21 A0 7 A% S 2 b 23 52 31 AU Al
BEALECHVER, R BH SRS X 20 A 7= 2 — 2 (5%
M. ZUARS A G AR HORiE S . Tk
M P 8, PRI A PG ] 2 (e e, R R RN e g 7
S, PRI BRI I e o g L SRR AR H bR
BRI, SEERE LA E G ) B AR R K
RKEL LA CPR. gk 455 ). Sherman
SEMEET AL AN EENI SN ED, JpBng
5 K RS HWWSH. Fhigg). KA
IR S H. B TS E R AL S, i 753 3 LA
LS T A A DG B S B ) s R SR R IR 41 b
BRI R . UG EE &E JE T B BT 21 BHE

PEZEN: Frork (1982-), U, [Wb/k, RRNRLAMSG S B3 HARUIT HBTSL TAE. Email: lile-116@163.com

EHEWH: ERHIRINH.
88



354 2 M)
201342 H

FeALAR S 2L H R UM PR 2 B T BT i 25id

Vol.35 No. 2
Feb. 2013

IKPE S T AN e S, AL H A UUNRIER X R 4
[t e N P 3 e TT AR K R A S B A
MBS AR A ANER SR, AL TF 25
MBI 525, T He S H AR S R
PERE SR B

LA EIMG 528 B R T I ANURT LART T ik 4
AT TR LA AR R ARSI S 2%, 1y HLAE
LT A MR AL BT PR R P RBP4, 205 it R
GEVERE T AP AP, HRR U Sk R X O
SERIEGHE HRR RO e 2rsh Rt 4
AMb AR A VAR 5 Tt A7 )32 T B

T, NSRRGSR RER BRI, R
ZLAN H AR R R B A TR AL, 1R
FIH TARZ A H AR G2 RTr ik A
SO LA H AR UM BB S R FEEAT T3 30, RHEHE R
S5 T HY LR R0 22 i 14 P8 DT VR EAT R G VA M
AR L3 AT, S R RIE R AR, 45 L
ABERTTIRAL, I L, B T 1% 8 it

%ﬁﬁ‘% o
1 5NBERRRAIEGREREREX

AP —A LT N H T A 22 R s i e &,
MAtLst, ey JRMHEAS PR E AR E, hTE
AT T AN o3 M T EAFAEAR R IN 22 5, BARFETT
B A& Lo BRI BE R AREN R 58 AT
BIG AL AT 55, 9 n H AR BRI S 4
BIGAKENSS, BGAAE B R S 28R DO, S 40 4
HARUNAT S5 Sk i, AT LAgs i UG 5 2% 5
X

LA HAR R EHR 2 B 2041 HAR U BB S
&g Te T ARG RS2 B AR BT g
RYPERE. ARIEES . IR LA, BAREE A
KT PEER R, FECRIULLAEE ] GefA A
RO W | e K B o A R ZU A IS, DA
FbR™ A I BE SR L JLART W 7 0 S 14 45 5 i) H b
PO R FE I, SR FARR i Sk A G b ) H A ) T
MEFESE

AT I ZLA B AR MG AR i AL dE 3
AN O FIMLLANG RN E; @44
Bl b ] BRAELE 2 H AR BN I R 3. @04
SAREARN R . AR Ut ZLAMNEHR ISR AR L
SR F I H AR RO SR S 1. X IEAN R SE R H
PRURAAE S5 N 2L AR, W REXT T ob— ANk
RGN, RZIMR. Bk, se e 2ARK H AR
PN SEEFN H bR S i (5 B LA B 52 5% B JE B 2

AHTBER, B L.
2 SNBERRRAIEGREREEEE

ZLA0 H bR R B S A% B 8 Tk n] AN [+
IR e IR RGN, ATLAA EET A
IR AL AL FHLAS AL . Ak H AR KN, TR et
SN =R NS T AR N E R A S B T R SR
fE, ATRAO T IREES 1% SUEERIAR Il 55
FHIE . AU LLAMEMR S AR B B (0 I, K
T HAREAE, BAR N 7 AR, K R 74y
N 5 OfFE H AR i @ H bs/ R 1 sc R s
@2 HFRENERE; @2REGERE; OF&K
o REE H bR R H AR R R UG S AR AE T H
b B AT BRI PE RN g b H bR 5 B AR BN I 38 1) ]
Dok ARy H b k2 1 R R A R PR G RE f  X
MNMEMGR I EA A . B AR s R R R IR 0y =
Lty 2P0 A e e B e L
21 HEBWREE

R H bR RN 1) H A DX ST R
o Fr BRI T Hbr 550 AR A AH X
BIERAE, T THRAR R R H bafhetta,

1) HARKE DAL AR AR, LU
B FE IR FEREZ S AR AR I AE S H U 45

2) HFRGURFIE . AR IR S I A HRE . S5 K )E
FPRER T VAL Bk SR eS8k
2% ) duk A TR VR SRS

3) HIRTERERE . AFE HARIME . AL K.
Kevith. BB, HARFRKEF S S, LR
MR RE . AR LA . H AR DI AR a2 X
B AR R R B R DT T B SN o R T
B HARIEEHE S 2T H bR i s 1 i A 5 3 H Aw
MRz . 34, BAREB M A B HsJLARIR
R, WAl T IRAA .

4) HFRAGHRHE. A3 H b i, H
PPN SR EERAE . BARIASbRIEZE . HARIAZR S
BERA . /e, IR A, Horh, HAR
Gebntl 2 2 0y B 1 H bR A i E nAn vl 2=, H
PRIDZE MR S T B AR R, /e im k&R
TET HAs 515 5t X2 [ 1A 2045 25 A E, F
KRR R ERAE T I GAG R &

22 B/ EME=BEGESE

AR/ Jed 580 S P 45 5 2 e B b H bR X 3
B s AR X I A X B £, SRAE T H AR RSB R EE0I 4
PRI H bR bR ic oA BOGB X Ik, DL TS S $ i H
NI

89



354 H2H
2013 42

AP INE S N
Infrared Technology

Vol.35 No.2
Feb. 2013

WH, R sUE SOV L HBR A O K RS
N EFRI 2V G IR IR, 2e B B AR K 85 R 43 1
oy
221 HAREHTE 5ot e i

o 18] B 1K) H b/ Je 381 SO B RS B 2 H AR 5 )R
T S50 TR PRI R S8 2

Ap= |per— g @

X o HARIKBEYIE s s AT S K BESAE
TP R RORE [l AU A 5 L8 H AR TS S
gtz . BT sool Res A R AEE A, A
SE T REI L H AR A A iR 2 H bR b T4 IE
A, W E P T Sok 7. Wilson 451
PEH P 7 ATAR (root sum of squares, RSS) J& &, HJi:

RSS= [(/JT ,UB)Z + GTZ]I/Z (2)
A or AR HFRKEPRMEZ . Mor=0 I, RSS
J5 5 5K BE A 25 A

M S s BRI SRR AR S 9 5t 2
) (A FEARLRT LG, DANHRALSE S S, M T 5
FRTEOINBU L E, 2R JRiR s seh a0 ah g5/ Hbs 5
T AT X 3 FRPE, 3L SOh R/ H bw ]
HERIE, Hoe .

z{s.gn(ﬁ;_J VF—@ &)
[p(b)log, (1 p(b;)+e, )1}

e g A EARIKEEIIE by A JRTS Se R 41
FIOKBE Ry s p(b) KL by R eo — AN/
(MIE%L, B eo=2.2X10"°, Btk HiBLiHEE 0 (X%,
AN, A Doyle JREEMST H bRt b R el
2.2.2  HIRRHTE S %

H r R 5B 58 2 (target-to-backgroundentropy
difference, ETB) KAE T Hbr 55 Ja il i 5t Il Ak 5 53
A —3bE, Rz, R E bR LTS serh oy
2K

ETB=I|E(T)—E(B)| 4
A E(T)FI EB) 200k H R A1 5K )4 -
23 2FBEREEMHES

2R H b S 3 M R R R TR H AR R B H
PRl RS s MG S &, ARG HEA, ATeLA R
WM FEA G 5 R H bRAR R B . 7RI Rh R X
b, e nr LA SR VAL BT O AN G TR AR S H RRAR
IRFAE, FECH AR RN RS A R 1 n] g
231 T HERPKEES VAL

{5 L (signal-to-noise ratio, SNR) & —Fl i ]
MG E VN ik, TS 5 5 e S (1) 50 55 %

90

#, HatH B HEREZM, W IREA:

SNR= lnax/ 08 ()
L N R H BRI IR KB op AURTE SOKE
(RbRIUEZE o

T S A% i R 21 4h H AR TR0 1 32 T
R RS EGIEEEAR, BE AR
(I, Zei R S h A S B RRE S AL
5, AR gt S HAME SN E S 2 S
DA BAR AR B s e,

Phillips 455t DL F AR 05 2544 SRR,
K VA— A8 SO GBS e A I RS o 7EH—14k
A8 XAH I ZR R (R At |, Sims 32 H LT AR 45
5 R TR () e R O iy R 2 PR T e g i
(7 SEAE, FE R S5 55 H AR S - T Al vk i £

Fff] Cramer-Rao 5%, 1E R PEAL B A 5 8 1 Ak
Ehr. WP T 450t )5 2 (statistical variance,
SV Feie RO v S8 8%, R G VP AN i -
SERIARLRE, $RH H AR A AR R, S RERA
XPRRME A7 R R A ME— M IR A

AP o 4T ARG N FARRIN, K {5
AR Z SR E 5 /I H AR IR 10 LUABLAE b 1245 3R
RON /N H AR R BE I RUE, R T 5 5 s I RUE
A 251 UG ) H AR R .

2.3.2 T HBRIK RS ATRHE

b5 1 55 DX K B2 40 AT R IR 1R 2 e R
Yo T HAR ARSI E 228, I n] LI H AR 575
S DXk AR P8 R 6 0 A R AT 1) T S R S AR AL AT
W . FH I 7947 : Bhattacharyaa 254, Bayesian
4P K-S K% (Kolmogorov-Smirnov test) 81
Kullback-Leibler #5272 ,

AR 22 2 2 R FH — 28 U0 A% G vk o) A TE X oy
LA BRI 2, AHJE AN RESS tH PR RUERT . Ok
U, A2 e R P 2 o) BEAE Sl 7 2T A0 PR 1A K A
PR

Rong %5?815Z ] Kohonen 4 21 2R % 2% =) 435,
FENL TS SRR, AT DUAT A 2 S R I A () A
I IV 5 2% o 2Rl 2 TSV o0 5 /N o K 48 VA U
Gibbs 2% > N7 21 A SR IR 0 AT A,
Hilbert-Schmidt i % & 1k 4 #1 % /Bixﬁlfpﬁ ATR
(automatic target recognition) Z Gk HEM 54 .

2.3.3 FET HIRMILZG S RHILE

Toet F|H] Search2 £4ki FEAIFFT H F5 45 A AHALLEE
JE 5 NHRIRS H kRt pg 2 i e 2B, R BIR 3228
M A AE DN B Ax, Soe R LA B IEK.
ik, A BULL FERIL ST 1 205 R AL IG5



354 2 M)
201342 H

FeALAR S 2L H R UM PR 2 B T BT i 25id

Vol.35 No. 2
Feb. 2013

P, KA 55 HAREGIA ST ) 43 A n) & 22 E K —
WL AT AR .

i [ 20 A 320 2 - b 5 T 55 4 A A 8L
(2 RS, M 3 5 S MBS 0 e 1 5 4 R
fiE, J@iL Karhunen-Loeve 4t 7. H x4 MR IE 2
), SR S A MR Ak 1) HARFFIE S B, THEAS
)X 57 5 PR S M ARBLRE , 15 2ARBURE il i
NG AR ACLE i T ) ZE V1 AR Sk 3 AN 37 55 1 s
GiitRTr .

2.3.4 T HFRIREFL

Shteinman 23 ) ety 223005 )t s BEAR AN
HFr2L oM B, 3 R TE 4% top_hat F1 bottom_hats
ARG H bR 0, DAE D AR BRI B
[ . Shteinman “EHEHUBE AU A AR S E0 S HAx
FAN R AEREAT XS B, T AR AE s 6 X6 B3R
DR 1 2 BEALL H ARREAT V12
2.3.5 T HFREEIHILE

IR PEFLA R — P PR Sr 0 H 5%, T
AL E AR R A MR T E S, AR T A
BARFIRFE R 3 AR, S TR S AR A7 B 1
EIEEPSE

Rotman 2P Tk i S A4, 42 Y COM/ICO
M (co-occurrence matrix/improved co-occurrence matrix)
e RS, AR S B T UG SO R IE S H6 28 H
PRIX IR Copeland 405 i iz 3L ARSI 6 F H
FriG 5 om S E 5 : ACE (average co-occurrence e
-rror ). WACE (weighted average co-occurrence error).
AWCE (average weighted co-occurrence error). ASCE
(average squared co-occurrence error). WASC (weigh
-ted average squared co-occurrence error) 1 AWSCE
(average weighted squared co-occurrence error). SEI4
WMWY, AETVEEH AR AT 55 B AR I AR R B AR R 1) 221
I, IX 6 MR R &5 R, JF B AR Al
HATR = AR R

Waldman 25F°h Jui i X 5 HFRIR ST IR
AT 1AL, I AR S7 0 BGOSR, S — A
U b2 RUBE . Shirvaikar 250 B TR E X
2% ] TIC (texture-based image clutter).

L E A D RAR N TP NS 7 o B 2
T 50 IR H AR X A B AR AR R ) — 21
VERTS S5 I8 H AR X R A AL B R s 4Rt oy
A A PP B o H R DM 2 %0 ) 56 8 H AR X
BRAICAET AR UGB R R 1

A BEAR B R AR A5 (R R RO ARL, VR R S T H bR
15 RS A L 1) R B R
2.3.6 T HbRIAR IR AR

Moore 25 UVHR HH 5 i 1 A % e B 2% ol R
MTTV (masked target transform volume), RiF|H H
b 51 SR R i R ) SRR, WoR AR
€ H AR IR E T S 28K 0t NIRE ZR 4270
RIS IGAE, Fe T MTTV 243 R a7 1 %
ZR G0V 6 O ASE 25 110 % N RGRE 2% R ) 5 I (R 2240 T ¢
Py 2 RO R e e R RO, gt Al
LR 2l B, DU Hofh 32 & 249 R . MTTV
RN /NS V(T

MTTV=%ZN:{Z [CSF(f,.f,)x

k=1 fyf,

min (‘F (t(m,n))HF (b (m,n) f (m,n))‘)]/

[Y CSF(f,,.f,)|F (t(mn))}
(6)
|
K LM f(mn)=e ~" : CSF 4 AIR

(R} L B U R 5, B Barten 430 F g il HLIH-25 e
Hrs t(m, n) A HASEIE: b(m, n)Ah T 5B

1175 SR o — S T Mannos-Sakrison % L
J5E RO R B Y S AR A T, R A IR 2 )AL %
4. Mahalanobis Z5M24 1 3£ T+ Fukunaga-Koontz
AW HAMRFIE(E A 22 R, B H AR 5 15 501
gy 225t W B AR IR i R B 3R 2 TR
FORIZS RS o A 2R AR T DU ST RO R A1 5
R U R A A RS, el LA Fa s
%, JLEZDRI T8 AR P R R
237 T HRRESIRBERBEY LI

L IR BF R AL 10~ 11 1) 4 25 ) B 08 50 e h 5
ME GG Z 2 s A S, gk 5neirk
L ARG O A /N s ), A BEMb IR T %
(RIBEHLRRE . Bitouk ZElSMR HIE T /R B BEHLIZ B
R Toeplitz B 7 2 K dthiid H AR 5 ip 240 A 4e it
R o
24 2REKGEEZE

A )R VG P A I UG AR ) S5 R S R 2
A JR B G E REAE FATAT HARGE R, DARmih 4 )5
FEARPERFAE o X287 5y XA 1] S AR 2 KB A
(PIIME . 722 R0, DA I — e AR T %

91



354 H2H
2013 42

@ A HOR

Infrared Technology

Vol.35 No.2
Feb. 2013

TR TR TE o il R 55
241 FETIREGHNEE

1983 4, Schmieder 251 S5 A TR B 15 5 440
T HFRRM B s /e, B2 28— Mo st
AR, W e XWgeih 2 SV:

Sv= (%ZN;(;ZJ )

X g2 sh | MR R K EERFRHEZ: N AR
YR TOH . X A e e A b B 458 2 ) R A B
i, ARG T IR H—

Gevly 22 RBE SV ] LURAE T 5t 1) S R At
B, A RENS A BE XA 4> A (bimodal dark and light
image) [JENME, (H & AN F T bt SR g 75 1R 3 4
P55 [FIE, SV RERIAR BIG 1  F aER
B PR SE AN A 1) B A o] REAS 2UAR ] 1) SV &
"7, 56, Schmieder 258175 5 45 (1 S vh K R,
SV @& TR HA 73 JERH IR AR TS 5ok, R
I3 AR IR AT S A% il AL o

BIXFEETE 7 22280 RE SV ST, VF 224
T O VE . Singh SV T gl ek R,
WIS A WA NI R IT RS, RSV 2% SV,
P A R . SIKMOMR SRS AR it T 25 4
PR JE (Silk statistical variance, SSV).

W U ST U R IR 20 4TS 5 5 2 R
JE g BARRFERR, R TR 20E H T AN R e
Ji 3 55 BB B TR 0 e I B i (1 i, R
EFARANSEY TP NN 7S B N | IV LR R IR € 2N
i O HHEAT T RAE. i, Bty
P& H OBk 0 5 22 InAUE SR 7, 3RAG T IR A
R
242 TN E

Aviram 25U 0B S R L, A IRAL S R 50 H
A R E IR, 0 BUR A S LU BRI
A B G i i H B, TR AR

1 N 1/2
POE:{NQSPOEﬁ} (8)
i=1

A N AR RIsRIcE; POE + MR | AN TN
B A% S H -

Meitzler Z502FI H /N 14 2 43 3 2% Bk R0 IR
PR R G, PEH /NI 2 o HR il oMb 2 R
2.4.3 FETARH )

H AL SRR I S BT %5 B (power spectral
density, PSD) /A ik B AL F IR TS S 490k, FR oy JE

92

TZHR L AN G IR DAL FURE K5 T PSD A5
EALHE IR R 1 FE ) ) B, ORI PSD AR
BRI AL, W1 Groves 25PN EBLSLERI
SCH IR IR 93 A AN L. Markov BB (1) P A 4
HH 4% By SR BE R PSD BB IR Z4 e AN Ak 1« 7]
I, A1 SR AEE PR AN, 252 2 24
TR, BN S HUN 45 R AP 5 G IR 6]
N —E0bE, PR35 5t PSD 20 A A 1) 4k U g
152 KRERE L35 AN A S A 1 7 50475 7 gk — 20 i F
FCo J3Ab, IR ZRB R EANTE 5o M JE AT 1,
A 7% H AR, X ipdtig T e A Gk
[y, LB HFR A S a R E e, BRI S
G WA FFHE— D5

Salem 4 BVR I IE AT e B 2k kA B0 BT
( orthogonal rotational linear discriminant analysis,
ORLDA ) #& i JiE %% 2% 3% R & ( Rotational clutter
metric), X 244 IEZLANEIRBEAT 2K T 70 4, 45 2R
BN W 7> R RIAH KL 98%. Groves
SO ST /N AR B (K Al AL RS, SRR i R
JETRI B R AT 76 18 H AR I RS IS B4R RRAE . Perju
ATV 7 e A VR A 52 2% B R R D 0 FR) A R S
I, A HAR U AT SE PR, 4 H R DS sl 13
(e e RN 7 L
25 EREE

WHAFOLN, BT N HAR R S 2, A
K2 M A Rl s/ RGN E &S &
JUBEEELG B — [ i U BT A
251 ZMAE

Rotman 2558l 1A S b Jepls R R 2508 2 2
BRLL A G TR SRS, /i 5 AR
DA KL AH K R

Chen 2PN H bRbruEZ: . HART-II0 S50 % |
HFRET . B ARAS S T4 EE R Fisher B85 5 Fifr 45 i &
JULIZME A S, WIER IR K TS ATR &
IEMEREZ AR R o
252 ZHi ot

Z LG oMt de A Ge v 1 T VR
i (Z4abn) EWERRE. AR EK 2
KGR S Zougit o e A4 &, SEIL T &5
R 2 i B 5 % B P e RURE 23 A 2040 H AR U3
UIRF

1) HI5HT. Noah ZOE 404 KUK 28R
AR LA RN, RAFEAS . gt 808
HyRHbREEILT 4 KK, 80 Z R EGEE R,
FI ISR 3 4 vh SERAFE MR IO R B, 1 AR



354 2 M)
201342 H

FeALAR S 2L H R UM PR 2 B T BT i 25id

Vol.35 No. 2
Feb. 2013

PERERE, AR X 1 G AT 025

2) BT, BRI I . R
T3 ZE FNAESASE /)N Y 2% e w400 2 (RO R 3 HEREAIE [1)
A, FHECERHIE I E RN Z JTIES A, R T
FOr o AT R R A U R A SR R e R, R
SRR SRE A H by 32 25 1 SR SRR R )
AR, T T e LA BRI R AR R

3) BTt Ko ie — Mg fitb HoAR,
TH LI AR 22 A8 5 2 TR) TR PN SO DG 2R ISRV £
PP I IEA G, IF A E LAMBOAR AR Bk R s HL A
ARIEHE SR, X JUAMEARAS T BE 8 S B ok A 22 11
AR F TG B A LA H bR EHG = RE
Z AL SRAFAE VAL AR DG, DRI 2 At 17— A
K I G 1 RO P R B B 7, itk
MR SE RN EWNRYE ATR Bk [MAFAER I
AN, AT RL TS I AN B RS SR B . Meitzler
26051 Namuduri 2552, Fadiran 25542 th 56T 4 1
ARG R

4) B RIH T B RIH T H g iz
RN 873, HE RN, HE AR uES 204
e pret taB=-2 /i N ol N ST i = W e S5 5 T
SR RN E 5 i 5 BT AR DR o )tk 3 1) AR
MG AR ER A4S, Ralph 25845 % 44 0]
VA BT VAR B IE A R 2 5 R R . A — A8 S R
JBE S DhEEAES . Silk Gevh 25 2% RE R 2
FRPEIA 5 FhEG R AT S ATR RSNEREMNX
Ao

5) FA&4HT . Clark M2 6 FIH & s 43
M I K7 Z2 1IEAC e R, /N T Rl
ST, WE HER TR K-SR HAR
SR SR . A, HARkREZE . AR,
H bR AP 7 SR T35 H bRl o 5 /i H Ar il
SehnifE ZE v O Bl MG S B RS 5 H AR fig 2 7]
FRIFH I » Lucero 2080y S I 3 43 40 b itk 2 I
— Al P IR PE S AR FRE VA — 1 1 B R e
B H—H H B TP EERNE —1b K-S 25 o Ak i R
FEILTE 4 Bl UG R ROBEAE, AR5 Y FH A e/ — 3fe
TR HARER I R 5 4 Fh B85 5 ROBE 2 1) (g [0
i,
253 ZHEMENL

7 ROV b 2 AN I RRIEIG, $ RFI FH SH 1]
LS H AR5 1 S0 LURr R F ol 5 10 1 s 2%
R 5. B RS SRFH H AR T St LR R A s
ARG G E s g B EERE R =
e 4 FPASAEAE B S A OGP E R AE R R -, Il

XPHATH— A B, R SR BN 1 505028,
AR5 X6 A — S ) 1 TR 5 23 ) ) 3 oF 2 (1) R B 82 1
SRR, 19220 SR R .
254 EHLEE

Voicu ZECOR AL S0, W & Fh L FRANTY SHEE
TE P S AR g e tepd,  DATROMIARI A 28 RS2 564 I 4R
AR i) 22 S s DMUAE S B Bk B, et B
2 S BLAIEE T %% () I R B A AR

3 EEFRRENAKIE

A BINRIREE, AMUSTA R SA R,
HA 5 BB NS U5 A 5% . AL FELLAH
905 5B RTINSV LA 3R
[2:36,67,68]

D Hir58ESIEEAR . 2N BRI L
B TIRBEAT R R b H bR AT SR AL 4E R
2, AEIEFE VAR EE L8R AT 55 1 HARAITS Sy
Yo Bl 2R PN H xR, AXRERR &R 2K
JEAE, BRZ RS, K H &S
INISEANENSE SR S IV N L N 2N EeE £
R

2) B E NIRMRLSERFE . S H RGO R,
NHAE PR LT AR R (0 SRR FEAN I, A R
RS A RAB N AN, ABAT I thAFAE 5 AR SE
A,

3) 5 HER A HEIRVERE AR IE 2ol . A&
FOEA IR, N 2SS H AR PO A RE i
LRI . LAMEHR IR 2 BT, AN H AR
USRI BER N A A, BT

4) RE IR BRI AL

5) R A .

6) S TR EE ESc L

) HAA RGBT SENE, X Ty
(RIE ME EEai, RERE N — B BEEHIBL. T Rah &
10 FBOR ) P BB SRS AR RS 52 R SR 2% LA AL Ao

8) HAT 787 MU AN B &, T AU A
AR FNR, X AFRI 5 IRAAL .

4 BEFRE

LTI LA H AR IR ) R R R R R Ty
TRIEAT ARG VAGHAR LE AT, A AFAE LA R i i
A -

D RAMEBERBENZ, ERZH I
K GBS, RS N AR SRR, RN
PERET e b AR, EERRAL

93



354 H2H
2013 42

AP INE S N
Infrared Technology

Vol.35 No.2
Feb. 2013

2) AR R ity EEAR A 20 46 A W 5 B 4
AR AT A E .

3) JERTTIAMIVERE 5 VSRR 1A (AU i)
WAL AR AR S5 PEREZOR AT T, fem BB R
PRI PE TR R RCR . H AT B G ARTER
WA o

4) ARG SR R R H AR R P RE T
bR CBIIERIBER . SUMNMER . MRS 2 A ™
R E REOCR ARG, H ATE B ks W 1 20
KA, ARt DRiE.

BEELLAM)BE . PG A B AR RS AR B A
FURIPRIE A S, ZLA0 H AR R B S % B JEE oA RN
i) 75 Rl 22 PR AL B 25 22 B R DT VR R 3
J&E. BEEH AR TERERLANE 5 AL BE S AW, — 4
PEfE O E R TR BRI AN R SR T BT
ALK RENS SEIN SEEL

S 3CHK:

[1] fT)aT. XSS SIK[M]. dbats o=t it 35-38.

[2] Sherman J W, Spector D N, Swonger C W R, et al. Automatic target
recognition systems[M]. The Infrared and Electro-optical Systems
Handbook, SPIE Optical Engineering Press, 1993: Emerging Systems and
Technologies, 343-402.

[31 Yang L, Yang J, Yang K. Adaptive detection for infrared small target
under sea-sky complex background[J]. Electronics Letters, 2004, 40(17):
1083-1085.

[4] Haik O, Lior Y, Nahmani D, et al. Effects of image restoration on
acquisition of moving objects from thermal video sequences degraded by
the atmosphere[J]. Optical Engineering, 2006, 45(11): 1-8.

[5] Sadjadi F A. Infrared target detection with probability density functions of
wavelet transform subbands[J]. Applied Optics, 2004, 43(2): 315-323.

[6] Ralph S K, Irvine J, Snorrason M, et al. An Image Metric-Based ATR
Performance Prediction Testbed[C]//35th IEEE Applied Imagery and
Pattern Recognition Workshop, 2006: 1-9.

[7]1 Moorea R K, Campb H A, Moyerc S, et al. Masked target transform
volume clutter metric applied to vehicle search[C]//Proc. of SPIE,
Infrared Imaging Systems: Design, Analysis, Modeling, and Testing XXI,
2010, 7662: 1-11.

[8] Gilles J, Landeau S, Dagobert T, et al. IR Image databases generation
under target intrinsic thermal variability constraints[C]/International IR
Target and Background Modeling & Simulation Workshop (ITBMS),

Toulouse, France, 2009.

94

[9]1 Liming S, Weidong G. A New Camouflage Texture Evaluation Method
Based on WSSIM and Nature Image Feature[C]//International
Conference on Multimedia Technology (ICMT), 2010: 1-4.

[10] Mario I, Chacon M, Alma D, et al. Image complexity measure: a human
criterion free approach[C]//Annual Meeting of the North American Fuzzy

Information Processing Society, 2005: 241-246.

[11] Peters li R A, Strickland R N. Image Complexity Metrics for Automatic
Target Recognizers[C]//Automatic Target Recognizer System and
Technology Conference, Naval Surface Warfare Center, Silver Spring,
MD, 1990: 1-17.

[12] Clark L G, Velten V J. Image characterization for automatic target
recognition algorithm evaluations[J]. Optical Engineering, 1991, 30(2):
147-153.

[13] Wilson D L. Image based contrast to clutter modeling of detection[J].
Opt. Eng, 2001, 40(9): 1852-1857.

[14] HHE, Bk, WD, & SIRW R NSNS N2 S H bR I T
9], B 2R, 2009, 30(9): 1754-1760.

[15] Aviram G, Rotman S R. Evaluation of human detection performance of
targets embeded in natural and enhanced infrared images using image
metrics[J]. Optical Engineering, 2000, 39(4): 885-896.

[16] Lucero A B, Silverman G B, Bair J W, et al. Image metrics[R]. Northrop
Corporation, 1986.

[17] E S D, W M R. Detection Performance in Clutter with Variable
Resolution[J]. IEEE Trans on Aerospace and Electronic Systems, 1983,
19(4): 622-630.

[18] ukakwr, fTHELZE, XIHEE, &5 W RPN LLAMRE R GG M
[J]. 4I5M53# T8, 2008, 37(4): 565-568.

[19] Phillips M A, Sims S R F. Signal-to-clutter measure for ATR
performance comparison[C]//Proc. SPIE 3069, Automatic Target
Recognition VII, 1997.

[20] Sims S R F. Putting ATR performance on an equal basis the
measurement of knowledge base distortion and relevant clutter[C]//Proc.
SPIE 4050, Automatic Target Recognition X, 2000.

[21] He G, Zhang J, Liu D, et al. Clutter metric based on the Cramer-Rao
lower bound on automatic target recognition[J]. Applied Optics, 2008,
47(29): 5534-5540.

[22] Chang H, Zhang J. Evaluation of human detection performance using
target structure similarity clutter metrics[J]. Optical Engineering, 2006,
45(9): 1-7.

[23] Mao X, Diao W. Criterion to Evaluate the Quality of Infrared Small

Target Images[J]. J Infrared Milli Terahz Waves, 2009(30): 56-64.



535 % 5 2 Vol.35 No. 2

201342 TPALKER : 2140 H AR IR S 2R L i 87 1850 Feb. 2013

[24] Birkemark C M. Cameva, A methodology for estimation of target [39] Tidhar G, Rotman S R. Clutter metrics for target detection
detectability[R]. Utrecht: Workshop on "search and target acquisition", systems[C]//17th IEEE Meeting in Israel, Ramat Gan, Israel, 1991:
1999. 166-169.

[25] Anderson D R, Moore J, Montgomery J, et al. Infrared Seeker [40] Chang H, Zhang J. Evaluation of human detection performance using
Performance Metrics[R]. Invariant Corporation, 2003. target structure similarity clutter metrics[J]. Opt. Eng, 2006, 45(9): 1-7.

[26] Carlson J J, Jordan J B, Flachs G M. Task Specific Complexity Metrics [41] Chu X, Yang C, Li Q. Contrast sensitivity function based clutter
For Electronic Vision[C]//Proc. SPIE 0901, Image Processing, Analysis, metric[J]. Opt. Eng, 2012, 51(6): 1-6.

Measurement, and Quality, 1988: 35-43. [42] Mahalanobis A, Sims S R F, Van Nevel A. Signal-to-clutter measure for

[27] Lanterman A D, Sullivan J A O, Miller M I. Kullback-Leibler distances measuring  automatic  target  recognition  performance  using
for quantifying clutter and models[J]. Opt. Eng, 1999, 38(12): complimentary eigenvalue distribution analysis[J]. Opt. Eng, 2003, 42(4):
2134-2146. 1144-1151.

[28] Rong S, Bhanu B. Modeling Clutter and Context for Target Detection in [43] Yang C, Wu J, Li Q, et al. Sparse-representation-based clutter metric[J].
Infrared Images[C]//IEEE Computer Society Conference on Computer Applied Optics, 2011, 50(11): 1601-1605.

Vision and Pattern Recognition, California Univ, 1996: 106-113. [44] Yang C, Zhang J, Xu X, et al. Quaternion phase-correlation-based clutter

[29] Zhu S, Lanterman A D, Miller M I. Clutter modeling and Performance metric for color images[J]. Optical Engineering, 2007, 46(12): 1-7.
analysis in Automatic Target recognition[R]. Workshop on detection and [45] Bitouk D, Miller M L, Younes L. Clutter Invariant ATR[J]. IEEE
classification of difficult targets, 1998. Transactions On Pattern Analysis And Machine Intelligence, 2005,

[30] Toet A. Structural similarity determines search time and detection 27(5): 817-821.
probability[J]. Infrared Phys Technology, 2010, 53: 464-468. [46] Kowalczyk M L, Rotman S R. Characterization of Backgrounds[M].

[31] Li Q, Yang C, Zhang J. Target acquisition performance in a cluttered Electro-optical imaging system performance and modeling,
environment[J]. Applied Optics, 2012, 51(31): 7668-7673. Washington, USA:SPIE Press, 2000, 28: 1-21.

[32] ATIEZE, skeldy, X%, S5 Pk T S AALRE i) e )R [I]. [47] Singh H, Gautam V, Bhaskara M, et al. Two dimensional clutter: a new
TR B FRHTKZEER, 2009, 36(1): 166-170. definition[C]//36th Midwest Symposium on Circuits and Systems, 1993:

[33] Shteinman A, Bushlin Y. Background clutter in the SW infrared spectral 88-91.
band: measurement and analysis[C]//Proc. SPIE 3375, Targets and [48] Cathchart J M, Doll T J, Schmieder D E. Target detection in urban
Backgrounds: Characterization and Representation 1V, 1998: 39-47. clutter[J]. IEEE Transactions On Systems Man And Cybernetics, 1989,

[34] Aviram G, Rotman S R. Evaluating human detection performance of 19(5): 1242-1250.
targets and false alarms, using a statistical texture image metric[J]. Opt. [49] Silk J D. statistical variance analysis of clutter scenes and application to
Eng, 2000, 39(8): 2285-2295. a target acquisition test[R]. IDA Paper P-2950, Alexandria, VA: Institute

[35] Copeland A C, Trivedi M M. texture perception in humans and for Defense Analysis, 1995.
computers,models and psychophysical experiments[C]//Proc. SPIE 2742, [50] Qingyu H, Wei Z, Chunfeng W, et al. Adaptive small target detection
Targets and Backgrounds: Characterization and Representation 11, 1996: based on evaluating complex degree of infrared image[C]//Proc.of SPIE
436-446. International Symposium on Photoelectronic detection and imaging,

[36] Waldman G, Wootton J, Hobson G, et al. A normalized clutter measure 2009, 7383: 1-8.
for images[J]. Computer Vision, Graphics, and Image Processing, 1988, [51] Yang L, Zhou Y, Yang J, et al. Variance WIE based infrared images
42(2): 137-156. processing[J]. Electronics Letters, 2006, 42(15): 1-2.

[37] Shirvaikar M V, Trivedi M M. Developing texture based image clutter [52] Meitzler T J, Karlsen R E, Gerhart G R, et al. Wavelet transforms of
measures for object detection[J]. Optical Engineering, 1992, 31(12): cluttered images and their application to computing the probability of
2628-2639. detection[J]. Optical Engineering, 1996, 35(10): 3019-3025.

[38] Aflits, AR, HiKk. R LA H b BT RPN ] S [53] Chang H, Zhang J, Wang X, et al. Background clutter and detection

3R, 2010, 31(10): 2026-2033.

algorithm-based staring IR seeker preformance evaluation [C]//Proc.

95



354 H2H
2013 42

AP INE S N
Infrared Technology

Vol.35 No.2
Feb. 2013

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

96

SPIE, Infrared Components and Their Applications, 2005, 5640:
381-390.

Jkrr, EIRE. ARBGRFEEBRRIEEITEEIE[M] % 1
% AL RHEOR A R, 2010: 305-350.

Groves G K, Chacon K M, Prager K E, et al. Quantification of clutter in
electro-optical tracking systems[C]//Proc. SPIE Acquisition, Tracking,
and Pointing VIII, 1994, 2221: 287-295.

Salem S, Halford C, Moyer S, et al. Rotational clutter metric[J]. Opt.Eng,
2009, 48(8): 1-11.

Perju V, Casasent D, Mardare I. Image complexity matrix for pattern and
target recognition based on Fourier spectrum analysis[C]//Proc. SPIE
Optical Pattern Recognition XX, 2009, 7340: 1-9.

Rotman S R, Hsu D, Cohen A, et al. Textural metrics for clutter affecting
human target acquisition[J]. Infrared Phys Techn., 1996(37): 667-674.
Chen Y, Chen G, Blum R S, et al. Image Quality Measures for
Predicting Automatic Target Recognition Performance[C]//IEEE
Aerospace Conference, 2008: 1-9.

Noah M A, Noah P V, Schroeder J, et al. Background characterization
techniques for pattern recognition applications[C]/Proc. SPIE
Aerospace Pattern Recognition, 1989, 1098: 55-70.

Meitzler T, Gerhart G, Singh H. A relative clutter metric[J]. IEEE
Transactions on Aerospace and Electronic Systems, 1998, 34(3):
968-976.

Namuduri K R, Bouyoucef K, Kaplan L M. Image metrics for clutter

[63]

[64]

[65]

[66]

[67]

[68]

[69]

characterization[C)//International Conference on Image Processing,
2000: 467-470.

Fadiran O O, Molnar P, Kaplan L M. A statistical approach to
quantifying clutter in hyperspectral infrared images[C]//IEEE Aerospace
Conference, 2006: 1-10.

Ralph S K, Irvine J, Snorrason M, et al. An Image Metric-Based ATR
Performance Prediction Testbed[C]//Proceedings of the 34th Applied
Imagery and Pattern Recognition Workshop, 2005: 1-6.

PORE, Bk, RRBEPE LLAMN H AR SRR LOT IR B
4R, 2011, 31(3): 1-6.

Voicu L I, Uddin M, Myler H R, et al. Clutter modeling in infrared
images using genetic programming[J]. Opt. Eng, 2000, 39(9):
2359-2371.

Shirvaikar M V, Trivedi M M. Developing texture-based image clutter
measures for object detection[J]. Optical Engineering, 1992, 31(12):
2628-2639.

WL, TR, AT AR RGN LM SA RACEORD]. &
SR, 2004, 26(5): 13-17.

Moore R K, Camp H A, Moyer S, et al. Triangle search experiment to
isolate scene clutter effects[C]/Proceedings of the SPIE, Infrared

Imaging Systems: Design, Analysis, Modeling, and Testing XXI, 2010:

1-9.



	88-96_TË8__¢�î�Æ+þÏ
B¦¦Ï¹Õüð_„¡9?_67

