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Multiresolution Scene Matching Algorithm for Infrared and Visible Images Based
on Non-subsampled Contourlet Transform

Abstract

Abstract: Aiming at scene matching problem for taking infrared image as the actual data and the visible
image as the referenced data, a multiresolution matching algorithm was proposed based on non-
subsampled contourlet transform (NSCT). By using the transform of phase congruency transform, the
difference of grayscale and contrast between infrared image and visible light image was weakened.
Subsequently, the two types of images were separately transformed into non-subsampled contourlet
domain and the proposed method took the Krawtchouk invariant moment as matching feature. The
presented method, which used the improved genetic algorithm (GA) as searching strategy which
conquered the precocious phenomenon, realized the multiresolution matching between infrared image
and visible light image. The presented method used the relative coefficient of Krawtchouk invariant
moment between the two types of images as fitness criterion for searching. Experimental results show
that the proposed method has not only high matching accuracy and fast matching speed, but also better
robustness in comparison with some classic matching algorithms, which can resist the geometric
distortion of rotation for actual image.
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Abstract: Aiming at scene matching problem for taking infrared image as the actual data and the visible
image as the referenced data, a multiresolution matching algorithm was proposed based on non-subsampled
contourlet transform (NSCT). By using the transform of phase congruency transform, the difference of
grayscale and contrast between infrared image and visible light image was weakened. Subsequently, the two
types of images were separately transformed into non-subsampled contourlet domain and the proposed
method took the Krawtchouk invariant moment as matching feature. The presented method, which used the
improved genetic algorithm (GA) as searching strategy which conquered the precocious phenomenon,
realized the multiresolution matching between infrared image and visible light image. The presented method
used the relative coefficient of Krawtchouk invariant moment between the two types of images as fitness
criterion for searching. Experimental results show that the proposed method has not only high matching
accuracy and fast matching speed, but also better robustness in comparison with some classic matching
algorithms, which can resist the geometric distortion of rotation for actual image.

Keywords: scene matching; phase congruency; non-subsampled contourlet transform; Krawtchouk
invariant moment; genetic algorithm

5l& BEATRE A EAL A BN SRR . BARFEME IS
P T LG IR A R 5 VL RE CAE I8 3R
RN FHAGFR) TN, A TR AR A A
7, B[ M2 T = =7 i/ Y Nasy=|
Wi H A : 2015-09-06 &l H #: 2016-01-18; DS RPEG R AR, AERZATOL ARG
HEGR I WUASRL 4 (20030142004), iRk I FRARLR) TR R LA UR AL AR A2 25
QBT RE ) B 7 5 42(2014ZCX010), MR BR A4 1 At 1 R = b g gk
A A Opo0163D AU ERPIRIEN, AR RRRES) . FIUE,

EHFf: XIRIQ974), B, Wi, MtE, % R EFEHER R vT Woe G, SER A ZLANEG R
12, WO AN S

http: // www.china-simulation.com

© 1795«

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 8, Art. 13

% 28 455 8 ]
2016 4 8 JJ

MG DL R ) 5 s CO ER T 12—

RSk A UNE S I B DS PN S R
() 773 R R T P 7 R T D s g D i
5% 2 R RS P 0 ¢ P88 A IR A B A R
HERPARAG AT UCHC o £ 5 5 P B R A 2 Jes 1 SR B
PEANK, AASAE [R5 B AR DL S S0 Tl )32 R AT 1
LT DI DG I 5 R AE S Y5t 1 A0 DG I 4R L 1w
ANFEARS o B THRFAE R ULHC 75 32 90 AN 1 4R FH AR R
15 B AEAFIZ IR TV A e P A5 DG e s P A
WAIIWTITIT o HAT, VERCRE AR BT H] 2R AE
LA P SRR AL B Oy 1 B
IR A POVRUAN AR AR A A,

UK, SR UUEC IR AR ) SR A
)L ARRAPE S &L IR AEE DU EER A, P gt
VERE R m] AN IR DY o STHR[A] A P48
T (1) 0 O R FDRE T4 SR UL IC 2 2411
HRUEAT I . SCRR[SIA S 448 2= =5 [ A, F)
PN 22 0 B AR R P A /N T B B A
B RS AR 2 A0 UG, F LR . 3
FR [AL]7E A /) 98¢ 2 e s 4 Pl A5 DA ik 2> 45 2% % 1)
R IRD IR S I P PR AN AR RELAE DA DG RCARFAIE ST 45 i 1)
THS T A2 5 (A RUREAE 2 o) P A U7 T3
VG PRGN AG

FHXS TN B AR e, AR T SR 8 R U AR
(Non-Subsampled Contourlet Transform, NSCT) &
R IE R B YRR TR, BRI R L AN
[Fi) 7 o) 30 24 P -l S M 1 47 R R T 1 23 B
YOS, BA T MR & e, o T g
HRERRM, HTHIERH NSCT skt
R AR NGO R EUE e Sl T

Yapl 1454 1) Krawotchouk & —Fh g7 84 iF
ACFE,  BENE RALAT ] B A5 r I M DI Y Jmd
i, P RAR G i b S R A6 R o ARG AT RE A
tt, Krawtchouk 1EAZ A HAT A LU ATAT S B K)
Pl A5 IX ek 8 IR S AR AE A e ol A B
Krawtchouk %F A48 & HAT Krawtchouk S A
L, I RAT RAFRPERE e iR EEANAS M . o]

E R
Journal of System Simulation

Vol. 28 No. 8
Aug., 2016

% 18K Krawtchouk SRR A A REAE % (7] 2 45 L AL
IR A ks B

HT£040 5 0] WG SUG LR AN R, 38 s
BRI R« RPECRE BAPAE I B 28 5, S0 DLy
TETRIFRI= LEASR 520 o PG AR AL — S50 WA
A JRFIG HRGS L FEANAR Y, B8 T B R OR B
5 50) B 22 S s 416

WAL 15 (Genetic Algorithm, GA)E—Fi 45
WREBEAR I, BABHRME. @M. B
S HERUA O AT I S VR 5 ) 2 N TR
el o ARIBAL BE BN LTE AT S Sl FE g
AR R 25 5 LR 2, B GA WA R 2 4 )=
SRR, ARFPRE O B (FTE AR AR B IR 1)
W), T LRI i 5 IR

Zr LR, AR SRR AR AL — B AR el 55 210
A5 AT IR 22 S ) 3 I, £E NSCT 3Bl
— M PR S R ICI T S DR . Bes:
Rc4s BAT AR YER) Krawtchouk ANARH1E A H x
(RSLPERFAERA , 1 o R S 5 ) ek i A% 5
AR R R A 2R S, 78 NSCT 38y RO AR A ]
B AT ULHS, IR VTR 45 S AR B 5
VLRCIE R T, 2 Rk AT 24 0 7 3 R UL
Fic 45

1 ML —F MR #H,. NSCT.
Krawtchouk A~Z8% ) 3 4 J5 7
1.1 BB — B H B i
21405 n] WG G R AR A A7 10 45 TR K )
X LG 75 57, AN B VT BC R AR S BRI AR
Wy DRI o A —FEAS H B 16 & Morrone 252235 7E
B FC Ey Ry IR I B2 HA 1), 38 S0 A BE 8 IE B
TN BN IR U RFAE AR R Fourier 18
Wiy B i R BRAR B AR T AR — Bk A e
—DNTCEMMIAE, S A2 AR AR R AR5
W A A — B R E RE W H 1A 5 R AiE, HRA
JR B HEADNS L BEANASPE (4 A, BEHT T 1155 B
IR 550 O FE 22 S I 560, R ok 22 A2 MR IR AE

http: // www.china-simulation.com

« 1796 «

https://dc-china-simulation.researchcommons.org/journal/vol28/iss8/13



Gang et al.: Multiresolution Scene Matching Algorithm for Infrared and Visible

5 28 45 8 1]
2016 4 8 1

R A
P.Kovesi“®ldt— i B Gabor JEiE 5%, KA
— B AR R B T E A a1 AR A — 2L
PEARH R HN «
-2 Wo (% V) A (X Y)AG (6 Y) - T, |

PeON =SS e

S A (X, y) HEIR 1 4 R 58 U n B
] o MR s W, (X, y) A S8 s Sy InAL R 1+ T,
AT A A, A AL WS KT T, A
RV EARAL—3G & RV = L 53 BER 0;
Ao (X, ) FIAHAL AR AL BREL o

XoF S PG R U AR AT AR A — B A e
5 3 HAT Ja ¥ 6 BRI b B AN AR M AR A — 2obk
KIE, hml Wo't 5 240 R VL B4 fik e — R AH Bk
FE R ARAE o XL HAER A T Ik BRI I IR
AT T BRI e s, IR B T 30 S s M I
XA L, PTRRAR R AR R ELJE 22 SR VG e
SRR ) s ],

1.2 NSCT #Hip

NSCT 408 B 43 it bl 25 A FUBE b (#7387 [n)
Tt o AERAER B 4 - B (Laplacian pyramid,
LP) & T8 4 fift 4 FH R 52 B NSCT 1) 2 RUEE 53 filt -
— 2 LP Mk e A — AN b — 5 5 (R R R
HAGIE SR AL S b — 25 5 1 2= A B — AN i
Iy R R RS R AR AR AR SR kAR
AT o AERAFE T 1) 83 %3 2H (directional filter bank,
DFB){E LP Z3- i #4321 1 7ty 8 B4 Ry At ) 43 il A
TSl 56U R BT ) oAl o th T
A FRFERIR RAE, BRI o3 i AN AL A AN A
IR BTN, IXAHFF NSCT HAT PR AR LK
YT RS TR B BAT R R/ F R Rk

B2 NSCT A2 i, KR 73 A8 ¥ R B I(E
Bl 7%, HARD 0 REOAT BRI IR,
IF Hax 26 R FR R AR G P i B AR AR, il
%o NSCT AL RECXPRFA 1K 2R Z PRI B
WA AT EURUCHES . PRIE, 4 R7e NSCT it 17K

M)

SR, 2 NSCT 32 7 R 2040 5] W 55 UCle 5 v

\Vol. 28 No. 8
Aug., 2016

BIULEC RS, bt D KRR R 251,
PEm LA AR

1.3 Krawtchouk AZ54E 1 18

TEFGULEC N FH b, RRAE R A IR e — ANk
B RN BRI R IR R IR 1, BEW] Rk
EULTEAR A SRR AE » 7] it m] SRAHEAN [ 2R AR g )L
TRFPEAS B o S8k, PRI 40 i ] B0 1) A iR T
b, WG R TR RS R AN AR E &,
HAEKB AP, gaseiiefe s, JifRFeAze,
PEL S P AE 2 PRI DT E AR RS ALE [r) o A 58 IE A AE T
[ Iy 7 B 1) 4 SR A B AR A5 I, DAt AS s
Ty R BA W 2 R, T HE LAX 2 B 4
ZERIARBE . AL G IEASFRAHEL, Krawtchouk
TE AR EA 1] LA ATAR] 2 0 11 P 45 DX s b 42 H
JREBFFAERIL AL A — R PERE S MR R IEAS
B, LM i Krawtchouk AN A7 g H A
Krawtchouk FHFIEANE T, FFHA RIEFHFR .
JERE R EEARASME . Krawtchouk 4 AR IEAZ
PEWBR T A e s R BRI 05 B, kR T
e LI SRR UG A B R R 22, 1Ry
IE Ir) B 50 4 A2 R H AR RRAE SR I Bk . BB
f(x,y) [ (n+m)Bfi- Krawtchouk i &7~ 4 «

N-1M-1 —

Qun =X > K06 PN =) Ko (y: M =D F(x,y) =

x=0 y=0

n m
& n,p, 8j,m,p,Mi,j

Zo:j g
= 2
JAM; p, N)p(m; p,, M) ()

My K i+ LT

N-IM-1
m;; = Z Z X'y f(x,y) 3)
x=0 y=0
K, (x; p,N) & U414 Krawtchouk £ s\
. K. (x;p,N)
Ko (X, p,N) =——-F 4
Ocp D p(n; p,N) @
. nl=py n!
o, N)=(-)"(——)" —— 5
/J(nlo)()(p)(_N)n ®)

N
kn (X1 p, N) = Za'k,n,pxk = 2 Fl(_n!_x; N ,%) (6)
k=0

http: // www.china-simulation.com

© 1797

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 8, Art. 13

5 28 5 8 3 RGN A Vol. 28 No. 8
2016 4 8 Journal of System Simulation Aug., 2016
- = o 3 3 - — _ _
Hrh: x, n=0,1,2,...N,N>0,pE€(0,1). ,F, LI Y (P P)Qun—Q)
PRI : fit = n=0m 03 — (10)
LF(abicz)= z(a)k(b)k (7) \/ZZ(QW—Q)Z
ko (€ k! n=0m=0
Hrp: (@) /& Pochhammer 7. b P, S G (n+m) i Krawtchouk AS3%
(@), =a(a+1)...(a+k-1) ®) K, POAVHIYME; Q,, A& LARVEEANMALT B AL 4R 55

KT R AR E Krawtchouk 4, A H i
R ek, A, FTFERENE f(xy) 1
BRI TS, W e R x B, IR
VR R 2 S i UG AT RS AR 15 25— 14k
K& tHEIE— LG L, A3 2P
e« RO HAT AR P47 6 A JUATHE vigo K5 3L
i AZIEMG Krawtchouk JEvHSE A, wl #4325
B el R B AR LA AR Krawtchouk A
Al
_ Zzal n, pl jsm, pz

Qnm: =10
\/p(n, P, N)p(m; p,, M)
2 NSCT BMZoHERZILEE
ESEOL R

AL L Krawtchouk ANAR S 4 ST (K REAE 5
Tl BEAl, 75 NSCT 82 [ 6 #4 FRUEAR AT I 15k
2y WA DL O, IR R AR ) DL 45 R AE R
HHRR LI R 4R T, B R B 4 e
B DT BC 25 3 o DURC I Fs bR T 84 S0 18
R R R LA S, 3 — DR R
[E. NSCT % 73 e f st R UL AR R T

A 1 SPLLAM S W] WO R T A A — Sk
A, VIS PR AT BRI LG R B 2 S

AR 2. XPLLAN H bR EHEATRT WG 22 B 57
SBEATHE T RAERC AL e, 193 W9 2H 70 i R4

AR 3 AR ] WO R L R B
GRALFIHE, BEMLAERC m AN, RARIEGATSIAL
B Y)TE A AR A

A A LLH RTINS BRI R BEARAIES 73
(11 (3+3) B Krawtchouk ASAR A AH G R EAE by i v JE
ERAE

)

B s B AGOR N — B A v AR 8 (n+m) B
Krawtchouk A, Q AILIfE. SRR 5
—AMA&, FIF Krawtchouk ANAR AR 26 2R 500 (1)
AMARTENE, S BEEILNIERE X B R5E
SEPRERAE, BB LS A TR

IR 5 AR R 2 i KA B L 4
JE IR s

AR 6. MRHRIEAE B U, AR 23 )
VC AT (X,Y);

BB T AR L1 L, BLY) A O AR,
NARSEA %R, WRNZZ R RAAEIL A E . B XA
o, HREEEKRBIES PR N IRV E .

AL Z P LURT WO UG AR A 73 (AT 41 AR
PR AA X(xy),  HBATHE7 X gnhd, &RV
BRI (10)20e A8 SCRAR SR F SCHR[18] (1 92

N S R AR SR IR I G BB 2R AP n
ANANRIRE DL 500 B8, 12, 82,0, 10 o 303 B
KA P AR BN TN Ky A % B 1R e I 44

T, AR CUBET BER FE R, IITsE X
M:fg (11)

M@ ATE H,  AF WA RO, T
BT 1, RSB A T
ASSCHETPERE AR, ShA A X A8
SRR ST R e, SEBIs AL AR R A ] 1 o
o ASCRE SCIAMA B 38 NAS SCRIAR S U R4

Pc = W(Af - Afmln) + Pomax (12)
Pmmax ~ Pmmin -
P, = —(Af Afpin) + Pomin -~ (13)

Af o — AF
MRS, py, H9 B[R] U5 10 A2 4k, 1 p, W)

min

http: // www.china-simulation.com

«1798 o

https://dc-china-simulation.researchcommons.org/journal/vol28/iss8/13



Gang et al.: Multiresolution Scene Matching Algorithm for Infrared and Visible

528 %5 8 17 Vol. 28 No. 8
2016 4 8 /1 XN, 45 NSCT 45 %2 20 R 40 4h 5 1) I 5 % UG e 559% Aug., 2016
*H& o pcmax N pcmin N pmmax ﬂsu pmmin ﬁ%uii H: T%J_‘HTJ" Eﬁg\(lz)ﬁl:;%,f&/l\{zkﬂﬂ E‘Jiytt% pc ’ %ﬁﬁﬁ

RS 5 EEA 0 R R
A BALEACH B RO SRR A AF $E

(L) MRAMAI AL 7 Ll 5 1T S ARt A% AR
LA, BN SE I SE B W 1 B

v th SR VRO B

ZLAM AR

UG |

FRRL— 2k A,

HIS8 I 25

A

NSCT i, Mg

A

THE L AMEAE B 115
Krawtchouk AR 4

fE AT TOBIR A4 L
LS AL HE

JUEEFF IRV
A A 75 Krawtchouk A28 4 56
[N ALy RE, AT EARIC R
Kl 1 NSCT % 5 #f R IL it 72

3 5

SR AR 6 7 IE & AL, CPU F 4
3.4 GHz, WAF 4GB, #f1-& 4 matlab 2008a.
BTN RFE A B0 A e R RS R R AR “9-77, T
JEWAE A “pkva”o SR AEC L AIE Hh S E S
MIR/ANGRESE o LB /N, 75 R4 (R T T B 1) 4
RETS BRI 45 F o L BUBRAR I, DCECRER JsD
HlTaEHZ, s s E B amed,
Dyt ORICHC . LRG58, AR SCHIRI I il )220
3, 774N [16,8,4].

P ROBAL SR B, AT XORNAR S JE ast AL SRk
PEAERMRI DT, B XA EEITE, K
A LR S 0.4~0.9, TMASRH TFIIEL
B AN I AE IR B o #5748 S LG A A A
K, BIRAE LA Z FAME, HA7 7] BEAR A B
BRI, B BRI e A B L 2R
SRR AL S LR IUE R /N, AR A
AT AR e D) R L e ) s iR 2 .
AT B O 2B A AN A L At
B ny 2 BB AT I R R AR AR B ARAN AT 183G
ISR (R 2 St /N T — W /N B ELA R Dy e S 4k
MEN . Ak, 5 2R BRI, Hi iR

AL SIL AN R BB AN B 45 R 2 AT
WAL RIEAUS R . PN A T A, i B
BEM A () AF SLERE T 1. STk, segt s
B SE TR A RE BT IR Af L, FHAF B 0.1 F
0.9, WX T pemax ~  Pemin #X 0.8 £ 0.4,
B A T Prmax A1 Prmin HX 0.4 1 0.1, %€
FHAB P ARAS 2438 0 3 25 S I 0.01 BlIEAR,
100 KA A A RUBE N it AL 48 2R 45 R 4 A1

K =T T WO 5 2L AR E 5y 5
ATVLHCSEYS, EHGPF1035 % 100 i, ik EHE A v]
WOGEIG, Sl R FHLL MBS RN 53k
640x720 1535, 640x600 1535, 720x240 143, 5L
5 v = A b oy BT A e WG S, n
K 2(a)F1 2(b), Pl 3(a)F! 3(b). & 4(a) Rl 4(b)FT 7o
ZLANHBR 1y 20 3 LA G 2(b) h i, 41
ShHEFR 4 KA TA5ES 3(b), A 5MH bR 5 WAk
EIfg 4b) T4, KNSR 128x128 4. K 2
fogoh, 3 d, K4 Fdonlhash Bz 1.
2. 3. 4 N5 [PARL, — Btk AR 4. WIS AT A
5, AR WOEIEUE R E AR LA B AR 1A B AT
DURCSEE o CAIZEAN HARTE ] WG B Hh AR A7
B4 (143, 82). (342, 274). (343, 69). (420, 152)
(501, 141). T EtfEEERKMEEA — € A

http: // www.china-simulation.com

* 1799 «

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 8, Art. 13

%5 28 %54 8 1) E R Vol. 28 No. 8
2016 4 8 Journal of System Simulation Aug., 2016

SEVE, XF 5 ANLLA H FRAEXS N =it W% B L
R EAY R 53 0 T SIS AT A S 100 4K, 24 HAL Y
VERC 224 (0, O)I AR VLHC IEAf, IE A VL &5
mE 23). K 3(). ® 4@e)Fir. WP d, -
ELLAMEG S ] G BB PR LG BE 22 S 0K, (A
SCEENT B R0 LR 22 S AN BURK, BB AR 4F
IULECES R . % L ARRACRIE MG g1, Hp
a FoRA VLU TR 22 I R], b AR
PRI AR 48 2R SR R vt IR L I I AR S
o IWHIRTG HY, SR FH SOt T84 44 2R SR 1R A S
TEAEVCHCRE BRI 20 8 B3R B3 . ASCEE W)
VT IE IE A2 43 51 &y 98%, 100%, 97%, 96%F1 98%.
R BRI B AL A 2R SN, AN SO UL C 1A 3
W53 86%, 92%, 88%, 84%F 87%.

CYREIWAIASEES

(b) “LANE

Sl B

() ZLAMHFRL  (d) Z4hHER2 (e) L4MHER 3

() Hix 122 (9) Hbr24e8 (h) Hir32&H

j,,

(i) DLficgs R
B2 L1 EE DL

GEO POINT

() AEEEG

-——

(b) 2L4ME

(c) arshEdr 4 (d) Hhs 4L

GEO POINT

(e) VERC&h R
B3 WA 2 EILR IR

(b) Zr4ME%

o g

(c) ZL4MHA5 5 (d) Hbx53H

(e) VCHggh R
K4 13 ERILE

http: // www.china-simulation.com

https://dc-china-simulation.researchcommons.org/journal/vol28/iss8/13



Gang et al.: Multiresolution Scene Matching Algorithm for Infrared and Visible

528 %5 8 17 Vol. 28 No. 8
2016 47 8 A XN, 45 NSCT 48 % 2 #F R L0451 WOt B TR 5k Aug., 2016
K1 AL ST R MRS T 52 e .
o SPEUCEER  SPIYPLALR  TFIYICEE P IUER
Y EagE EbigE MWals I bis %2 OB B
1 (0.02,001) (0.2,025) 11649 14537 SR FRUER AL ST ek i A
2 (0,0 (0.05,0.1) 08027 1.0216 FHEE /N 100 100
3 (0.03,0.01) (0.15,0.18) 13769  1.8249 T SE AT VR 50 50
4 (0.02,0.05) (0.22,027) 1.1463  1.7934 B 0.9238 0.9978
5 (0.01,0.02) (0.16,0.14) 1.0839  1.4821 AR (1826221193)  (-0.0547,0.092 5)
B \ WeshE 0.9~1
N LA 4 H 2L AN H BRSO B VT BC A 4] St B oK 6 32
IR A ST FEE R o DERC I FE A NSCT 8w e % %) 0.8-0.9 " "
S Ve %
REETFE, 38 = OB R ot s A
BAT S M 0.7532 0.952 8

(RIVL BC A 5 O (485, 160), %4 VL BC I e Al 1k
FASE S =k B 0.26, X M. [ AS XORIAR S LE 2 53 R
0.72 F110.16; 5 —ZALHEMR UL EC LA UL £k
Ly, 7E(100,100)40 355 P 4k 2L FH gk 15t A4 48 21 5k
W&, 15-FHH UCECA B (492, 155), %2 UCH
FPRE R A e ik 31 0525 5 — ARSI E8 A5 21 1)
VCHECA & 4 (497, 149), P s i i 21 0.64;
E— B[R 2 R B 19 25 4 VLR AT #(501,141)
T TbE R A3 B i 3 075, HEAMTTIE L R AN B = 2%
B G, e R B s A 0.26 224631 0.75,
XIS L ZR ARGy 0.72~0.48, A8 5 EE AR
M 0.16 R4 E] 0.34, ST TR B AR1)
buit i A e Rz AN EPr ATk e

h ik S IR AE AR SCHRE R TR e il A ) R
BEsE RS, R B EEMERENR Scaffer pRi%k
BT EL

f(x,X,)=05-

sin”~ X2 +x —05
[1+0.0010¢ + x3)F

I R 7 (0,0) A0 15 2804 R KB 1, FLYERE(0,0) 55
2y 3.14 Ju N AT 2 4A R AR R

bR e AL FVE RSO S5 011847 50 I A
HESTVEIRSKAR S Rl . BoR{H 0.923 8, x,=1.826 2,
X,=2.119 3; REFIRE RN BoR{E 0.997 8,
x1=—0.054 7, %,=0.092 5. % 2 ¥ T HILHiE1T
S5 0L, AT HE eSO B AT SRR T L ] R e

=100 <X, %, <100 (14)

3.1 ANFAEZERLLE

RICRH] 3 P LUTC 7 AT LA () X
RR[ATIBE I HLA5 805 (b) SCHR[BMI /N8 2 23
2 SIFT %5 (c) SCHR[LL/ NI Z 4 HE % Hu A
AR o R B ANLLAM HARTEXS B =it ] I &
(A7 B 4 2R 7 ) EE S AT 4 5% 100 IR FIRAN[H]
U5 R LBk 3 s Wl B il &
() IEAA 2K BAFEI B e e kK, X2
DA A AR R L VA SR R (D) (C)TEDR
UEIERZE R RN, R B R4 wr, BRI T UL AC A
() AR 45 B /N, R4 T AR A ). S (C) 1
HE BT (D), RS FH (b) BRI IL AT
FHIE R BEARZ « ASCHEPH TAE NSCT 35
Krawtchouk ANARFREHRHLEG R RF Ak, DL B i
ERFIH e 3 MUk, fwttilr, BRI
He B EAREL NSCT 35, 1 ] AR 45 DT i 45
i TR ACAT R T AT A, PR L DG P o i A 5
@) (b). (c)FAFHR,

3.2 HiEHPiREtEse

XF 5 WILL A H bR U I AIIAE R 0, 5 2433
4 0.005. 0.05 A1 0.1 Fy e, A HIASCHE
L EATICRC . TR g H bRz AT 5% 50
U, B ERIT IR 2 3 4 FToR.

http: // www.china-simulation.com

* 1801«

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 8, Art. 13

55 28 %4 8 1] RGN B Vol. 28 No. 8
2016 4 8 Journal of System Simulation Aug., 2016
* 3 ARFEICEE R
S [N RECRER SPIVCELR 2 MG 5 P UCE I 7] /s IE2%%
BT (0.63, 0.67) 15.639 8 76
) /INBASIFT (0.25, 0.27) 74218 87
NB+HU ARNZRSE (0.26, 0.19) 6.9427 85
AT (0.02, 0.01) 1.164 9 98
AR (0.62, 0.66) 13.254 6 77
) /NJEASIFT (0.22, 0.28) 5.783 4 86
NB+HU ARNZRSE (0.18, 0.23) 45376 88
AT (0,0) 0.802 7 100
AR R (0.7, 0.64) 17.8854 72
3 N +SIFT (0.31, 0.27) 8.562 3 81
NB+HU ARNZRSE (0.29, 0.22) 7.7756 83
AT (0.03, 0.01) 1.376 9 97
BT (0.53, 0.61) 16.154 8 78
A /INBASIFT (0.25, 0.3) 7.8536 84
NB+HU ARNZRSE (0.22,0.21) 6.297 7 86
AT (0.02, 0.05) 1.146 3 96
AR (0.69, 0.71) 15.853 1 76
: N +SIFT (0.19, 0.23) 6.274 3 88
NB+HU ARNZRSE (0.18, 0.31) 5.698 8 85
AT (0.01, 0.02) 1.0839 98
K4 AR SR e 0.1 LU RIS ATHREAS BN BOR B I VUL 25 S o 2 M 7 iy
£ 2] B SR R 7EING . N NN,
S maz i"% FERE) 0.0 I, P IICRE T 52 b T 3
1 0.05 22) MR, B DY T AR SO AR ok e i ) —
0.1 (3.-4) SE Il
0.005 (0,1) \
) 0.05 1) 3.3 HERPUERE LA AR HE
000-;5 ‘(‘ff;) GBI S BT R U
3 0.05 1-2) WERE AR o S0 SV 5 SR S MR K F e R L AT e
0.1 43) AR o RLLAN H AR BB HEAT i AT & 5, (2+2)
0.005 (L.-1) B Krawtchouk AARHE4IZE 5. XHAAN FFRAAEA
4 0.05 (3,3) N v g g N =
o1 42) Tl A4 1 PR RABAT A SCHV 50 U, 1 B K IC
0.005 (1,0) WRZE M R PEIR 6. AT ARSI EIEAR
5 0.05 (2-2) ANSZ BT A1 FE R 2, B BUE e J LA g
0.1 (3,-4)

b BE RS A VS G A B W A% 1 UL iR 2= (E
AT T R IE, RZAH. ATLUE I, SRAIASC
SRS P 1) H AR B R EA T VLIS, e 7 o JEE A

Ji. H17T Krawtchouk AARFEIIARE ML, R iEss
GRS 15°, AT IEVRRENS BOR i E L, R
NGRS Y s N S 2 I
Krawtchouk ANAZFEAT 4 VL BCAFAL PPt .

http: // www.china-simulation.com

* 1802 «

https://dc-china-simulation.researchcommons.org/journal/vol28/iss8/13



Gang et al.: Multiresolution Scene Matching Algorithm for Infrared and Visible

5 28 45 8 1]
2016 4 8 1

£

[4

@ HFF15° (b)) HEx110° (c) Hx 115°

(d) H#x 25° (e) HFr210° (f) Hix215°

‘

(9) H#x 35° (hy HA5310° (i) H#x315°

(i) Htr45° (k) HAx410° () HAx 415°

(m) H#¥555°

(n) H#r510°
K5 Zr4h Hbrlieh:

(0) H#z515°

5 ZIANHFRR 2 B Krawtchouk ANAR%E

\Vol. 28 No. 8

INI, 5 NSCT 3% o 3 2040 5 0] WOt e R UL R VL Aug., 2016

K6 SIRMPUER LT AR 45 R

Ekesn  ULECACE DRRCRZE VLR

ANHbE  EEEMIE 2 B Krawtchouk AR
0 31.060 2
1 5 31.0118
10 31.018 5
15 31.042 4
0 22.3154
) 5 21.6779
10 21.7336
15 21.2454
0 28.6797
3 5 28.490 6
10 28.368 1
15 28.267 6
0 26.154 8
4 5 26.076 7
10 26.0137
15 25.942 3
0 34.163 2
5 5 33.724 0
10 33.366 9
15 33.068 3

SH e iy M s
5 (143,83) ©0,1) 1.2785
1 10 (144,82) (1,0) 19731
15 (142,83) -11) 23679
5 (343,274) (1,0) 0.826 7
2 10 (341273)  (-1-1)  1.4638
15 (342,275) ©0.1) 1.886 3
5 (343,68) 0-1) 13127
3 10 (342,70) (-11) 24765
15 (342,70) (-11) 27583
5 (420,154) 02) 1.1879
4 10 (418,153) (-21) 18349
15 (418,154) (-22) 22178
5 (500,140)  (-1-1) 11143
5 10 (500,143) -12) 17765
15 (499,140)  (-2-1) 21583
4 258

ARSCAR Y T — R AR TR SR 5 B A e
Krawtchouk ARG A% HIL K 2 70 B R 41
A ) W' SR VC RS  AZ SRR A A — 3L
PEARHe ) 59 2005 0] DLt BB B 22 5 IR it
X AT LG FE HE P B AN 21 Ak s P B 3R AT AR TR R
FERRIE AR, TIN Krawtchouk ANARARRHEHY 14
R JRIFIARFALL M o i 2 50 1) e e A
X e RO ARG 70 3 21 50 55 m] WLl B 4R kA T DL
PCERAE, RIGBH L, mASI RN PRI T
MG ILAC . A SCHEST, IR LU 518

(1) REARLL— SRR I BV 20405 A IOk
ZRERRILEC Y, M R BEAT AR, — S A
PR BATCIRAGS b EANAZ (R — SOE R 5
I 1 20505 R] ML BB I D A2 AN [ i i
JEEEEATALLE PR i AL, ]IS i vy DG R B350 e 7 R g
FRIEAZ G N o BEAh, AL AR SRAERE BRI
At R 4n 1 UL RO R =S 0], {EH] krawtchouk AAZ
S 3 DG PRy ik LR ek ait A% S0 A T i P R 5K
W, WA SO i CAT IR AR VL S 7 iR LE,
ACRA B UL B FE A 580% TRl I 5%

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

* 1803 «



Journal of System Simulation, Vol. 28 [2016], Iss. 8, Art. 13

% 28 455 8 ]
2016 4 8 JJ

SRS LT AT E A, L SR . )y
HARAEN] 71— i

(2) ARSIV B LR, (HEE SR IL
E 30T TR S P PR S IR BRI AT — s 2280, 08
i LN A DU AR B, n R UL e SA R4
PR S SR DSP BEATRE A N id 55 T Bk
S v DU RO B L 2 TR SE AR 2EsK . tedt, JEF
SR 6 R U 73 0 5 R e 8 M7 1) D 4% 14 12 6
XFDCHCHRS I VUG R M A SCRATIRA T 1 o
b N AW LT

S5 30k

[1] Stefano L D, Mattocia S, Tombari F. ZNCC —based
template matching using bounded partial correlation
[J]. Pattern Recognition Letter (S0167-8655), 2005,
26(14): 2129-2134.

[21 Z=tizil, EpEE, JKkEEH. SSDA a5k [3].
4x1il, 2007, 14(2): 66-68.

[81 R, WOCH:, MnH. —FPhE TN oA R
JEE MR il 5 0 S B DL ROV [0 FRT AR, 2011,
39(9): 2200-2203.

[4] HaEs, #hir, TRE, 4. SR GSCIERS R AR AR T
FEUAL S 2040 5l Wos R RCHESTVE [3]. £04h
50 TR, 2012, 41(1): 248-254.

[5] wXERWI, FER, xRy, A BUGRZ RUBERCHER) /N iR
SIFT Jiik [3]. Vb TR 24244R, 2011, 29(1): 17-21

[6] Sima, A Aleksandra, Buckley, et al. Optimizing SIFT for
matching of short wave infrared and visible wavelength
images [J]. Remote Sensing (S2072-4292), 2013, 5(5):
2037-2056.

[7] K%, 2, v, 2. 2055 ) WG BHRRRIE &
WGBSR O] WHEAE B RS B2

E R
Journal of System Simulation

Vol. 28 No. 8
Aug., 2016

224, 2013, 25(6): 857-864.

[8] W#F, HhAAR, B, 5. HTHRITEMKT AN AT
ENLITVE [J]. RS HAAR, 2014, 26(6): 1291-1296

[9] mle, TR, B BT TEAXNNLIN G G
ARG EHEE S O] A AL2E )R, 2007, 30(6):
1014-1021.

[10] J H Lee, Y S Kim, D Lee, et al. Robust CCD and IR
image registration using gradient-based statistical
information [J]. IEEE Signal Processing Letters
(51070-9908), 2010, 17(4): 347-350.

[11] P2, Rk, WEOR, S5, T AR SR UL A4
W3 MpGE Lok ] R TR SR FHR, 2011,
33(4): 847-853.

[12] Cunha A L, Zhou J P, Do M N. The nonsubsampled
contourlet transform: theory, design and applications [J].
IEEE Trans. on Image Processing (S1057-7149), 2006,
15(10): 3089-3101.

[13] Yap P T, Paramesran R, Ong S H. Image Analysis by
Krawtchouk Moments [J]. IEEE Trans. on Image
Processing (S1057-7149), 2003, 12(11): 1367-1377.

[14] Morrone M C, Owens R A. Feature detection from local
energy [J]. Pattern Recognition Letters (S0167-8655),
1987, 6(5): 303-313.

[15] ZEW), B2, WR, 5 —MEENLS ST EE
G5t UL EC 5L [ WA A, 2010, 31(6):
1185-1195.

[16] Kovesi P. Image features from phase congruency [J].
Videre: Journal of Computer Vision Research
(51089-2788), 1999, 1(3): 1-6.

[17] 5K 71, Bifd, ERAe, 2. £ T Krawtchouk AN AEEE A
D7 55 BUl AN L SR K ENSEE 9], a3 2% 4R, 2007,
35(7): 1403-1408.

[18] XN, ZEBEHT. Ak FRAERL T D 1 H bR ER AT 7T
[01. WEHLTFEE N, 2010, 46(19): 196-199.

http: // www.china-simulation.com

* 1804 «

https://dc-china-simulation.researchcommons.org/journal/vol28/iss8/13

10



	Multiresolution Scene Matching Algorithm for Infrared and Visible Images Based on Non-subsampled Contourlet Transform
	Multiresolution Scene Matching Algorithm for Infrared and Visible Images Based on Non-subsampled Contourlet Transform
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/mz9SCO4sII/tmp.1688108042.pdf.bj13Q

