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Target registration for two wave band infrared images based on
improved structural similarity

Wen Xin, Xie Tianxia, Yan Junhua,Zhang Yin, Huang Wei

(College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to register targets between two wave band infrared images, the overall structure feature is studied in this paper. A no-
vel target registration algorithm for two wave band infrared images based on improved multi-scale edge structural similarity is proposed by
means of improving structural similarity algorithm, multi-scale structural similarity algorithm and edge structural similarity algorithm in
Gauss scale space. Improved multi-scale edge structural similarity is calculated through using images of different scales and their edge
images in Gauss scale space. Then the performance of target registration can be improved due to that target’ s complete edge structure in-
formation in the infrared images is utilized fully. The experimental results show that the accuracy of target registration based on the pro-
posed method is better than other algorithms, and the target similarity between two wave band infrared images is higher than 0. 98.
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FEIR R 4 B DX (] — A 1Y), (ERTE X T R B 1 [
— AR PEAE TR & SR — R, BA R R 22 5%,
R I A5 5 1A 21 510 195 5 B Pl A0 T o 530 1k ) 8
2o FETEEMRIERLLANP IR B MR BCHE S 2 i Kk e
AT RS o R SR AT AT 1 DX IR 1 45 4 4 1)
J3E B I D) R ARATAE T 1) R AL s DR TR, o 74 K A 2 i
BEEMRARTS 1 3L W T HERSCR: | (H B RUBE 4 25 48 AR DL
ANRE I XS A58 R RUBE 78 A P A5 i) E B T o s W L. FL 4%
TR Qi W B3 a3 BRI 7 S R N AR
fIEZA5 3 (affine scale-invariant feature transform, ASIFT) 4
UE ASORT i T DX AR P 445 g AL B2 Sk 0 B3 A 15 79 DG TR s X
ASIFT FAE s 0 RUBE e A5 5 72 4 HAT B 1) B 4
P (EL R B RURE 118 235 4 R AL A PG R 728 A R g %
TRDCIE AR A SR SIS 5 Wirth M2 AT S0 L 25
NI Charrier C 28 N #HH THF Rl &7 M2 R
JESS AR RS R FE S T T S5 A AR BLRE X R R
JER)ERRE  (H R 4 R i = R SRR, TC I 20 Ar K]
B BRI RUEE , Hg 307 4 7 55 R v g 2 ROBE [RTR AT
BN R, U ERES R B R L &5 B L
G5 BT A5 R, X TR S5 R AL RE i TSR e R AR
AU AhE R A R Wang Z 25 R 2 R4
AR S S T EHRIA %45 B, 520 AT T G-
B SE R G AE G B, /N T RGO B 22 5 X 45 K AH
RLE RS2, L 33K b B0 12 0 B3 0 Dt TR kA7 RUBE A2 4k
H RS T S5 AL RE o B 1 2 RUBETH 3R, Bofr S 4h
P REARLRE b HAR A i i 22 ROBE AR

LLAMEMG S i A ESORAE R D AR /N 73 B
AR HG RE /NS B AEAR AT ML IR B T B AR B 215 1L
ZEfE e R, MR S H bR I I Bk A BUE R,
H bR G A RUEE 23 Bl 22 28 5 e £L A AR LT b 21 AH BIL
& AV ERAY) AT 2 5, 80T HiRnyizest
FR AN P LA Z AR B 2 A RO R] o PR kA SC
PTG A BE T e 3 R A Ta) Y 22 RUBE D G 45 A AE A
i HARECHER I, SR A I B R 15 B AR BC I

1 HFHRUNERE

Zhou W % \AE 2002 AF 1 IREE L 25 A AH LS . & fig
% BTG VTG 1) A 25 4 72 Ak, A 0 7P 1 A% ) R 0
.
1.1 Z5H1E0E

ZER AL EE ™ (structural similarity, SSIM ) |y 3 />
OIREN IS, 43 5 BEARRLRE 43k, % LU AR JRE 3t 4G
FARALRE St H BRI 2T A MEMG AN HR 2T 40 R 43 5
F M 7R, F M Z I8 58 BE AR BLRE X LE B2 AR B B2 FN 45
FIFRALEE 73 S LCF M) e (F M) s (F,M) F7m U F |

M Z[a](#) SSIM 2y ;
SSIM(F, M) = [I(F, M)]*+[c(F, M)]* -
[s(F,M)]” 0<a,B,y=<l (1)
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JE M ASAL T ], AR SCHRIZAE N 256, K, << 1o AR3CN T 1
PERIR W ¢, ey oy BIHIIIBCH 0.01
1.2 ZREZHMEME
% R ZE R AR BE ( multi-scale structural similarity
MS-SSIM) A A SSIMJE B AN [l )R Pl 4 i £ 4 )
JE . F .M Z[a]f¥] MS-SSIM Jy :

N

MS-SSIM(F, M) = [f[[l(p, My]" ] -

i=1

N N

[T CeCk, a1 12 - [TT LsCF, M) ]7

0<a,B,y=s1 (2)
s VR RUEE BB, 25 1 R0 5 B 5 R 2R LR
JEMARSEN =5, 0, (0= 1,2, ++,5) BHUE 4> 50
0.044 8 .0.285 6.0.300 1.0.232 6.0.133 3,
1.3 A EEMEIE

5 B bR (0 205N I AF e 22 5, IR 2140 S
H A A H AR IR B T I MRS R G s B
T 2238 MG S5 A5 87 1, ih R S5 MO A DL (edge struc-
tural similarity, ESSIM ) "' 5 H.45 €& # ¢4 . ESSIM 7£ i
LA AR L 2 B, R Y BR R B A 1 3 2140 B
BRI LLANEAR F M %R i % B, F M Z [
ESSIM ;.

ESSIM(F, M) = [I(F, M)]® -+ [c(F, M)]* -
[s,(F,M)]” 0<a,B,y=<l (3)
Rofis s, (F, M) = eiew 0 0 ISR P

Xof o7 1) 101 2 PR BRI AR AR 22 , 0y 2678 R F .M X 1
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JEZE R FE L) ( multi-scale edge structural similarity based
on Gauss scale space, MS-ESSIMG ) , Jfy T 5k i 2k 4544
FEARLRE ) RUBE A2 A 1 8 R 1, A SCHE T+ MS-SSIM. Al ES-
SIM , TS E5 R ARRLEE B ) T H A 2180 B 1 30 2 1R
A4 B A 11 2 v B0 RUPE 225 (R 19 22 RUBE 300 % 25 A6 AR JE
MS-ESSIMG &%,
2.1 EHREZHE

Young R. A. "SI T w5 307 R 23 ) 5 A A Z
[AEAEE BRI AR o o 3 RUBE 245 ) i ) PR A
I7) v 30T A o e e A T BB R i R LA
FATR ) 73 B3

P RS L, y, ) BT 2800 ¢ W% G (x,
y, O FEEER 1(x, y) BFHFH

I(x, y) «G(x,y,t), t>0

L(x = 4
(2, 5, 1) Lu,m, PNC)
Hrpr,

G(x,y,t) = %mexp( —%) (5)

2.2 HHMNETSHREZEA MS-ESSIMG &%

MS-ESSIMG 533 & 75 i 7 KRB %5 [a] % SSIM | MS-
SSIM Fll ESSIM #E A7 el k45 3 . A A RUEE 25 (8] v AN [)
RO R MG S Heih Zr I, S 3 D ARALBE Lyse (F,
M) eyse (F, M) Flsyse (F, M) R . FET i R
BEZS[E ) F M Z 0] 22 RUBE i 2% 45 F9 A AL B MS-ES-
SIMG Jy :

MS-ESSIMG(F, M) = [Ly(F, M)]® -

[ews (Fy M) 1P+ [sys (F, M) ] 0 < a,B,y <1 (6)
A Lo (F, M) = [U(Fy, My)]" ey (F, M) =
H Le(Fyy M) " syse (F, M) = H [s,(Fi, M) 1"

Hep F =F«G(x,y,t,),M,=M -+ G(x, y,t),i=
1,2, ,N,N I REBADE 5 MS-SSIM 5k —2(, X
HBN=5,0 (i=1,2,-,5) WE{E4 5 H 0. 044 8,
0.285 6.,0.300 1.,0.232 6.0.133 3,
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JFEAFHBLEE 1 22 RUBE 5 ¥ AFARLE | $5c 2045 3 25 T vy Jor RUBE
23 (8] 22 ROE D G5 F AR

3 ET MS-ESSIMG HiERA5N iR E
GBI AR

SVEFEAOD IR g e AR £L AR A R 2L Sh 5o
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/N FPELANER T B AR ARG SRR X m LA E ok
WAV FO,(i=1,2,--,N)) eSS PLIEE
TR HAR MO, (j = 1,2, -, N,) B &5 A AL MS-ES-
SIMG , 3 B HAR U AP 5 R 5, (G =1,2, -+, N,) o B
JE B s, (= 1,2, -+, Ny) BRI, $0 3 e R 45 F4 A1 B
JEE A s, (kel,2,,N,) o TH(FO,,MO,)JEHFRIE
A ECHEXT o H R BCHER L AR BT A&l 1 B
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Flow chart of target registration between two wave

Fig. 1
band infrared images based on MS-ESSIMG algorithm
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4.1 OHFIREREGEREELE

SSIM 453 \MS-SSIM %53  ESSIM 453 . MS-ESSIMG
B e GICC & NorCovCor B 1E NorCroCor B JETE 6 Xif
HHZLAMEMR A 21 A0 RS i E BR G o S 56 45 SR an 1A
2.3 iR o AR LA AE (/N GO ANHE | v 45
NGALANAE e KL GAHMLANAE ) WY H bR s i — A~ H

=
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(al) FIG 15
(al) Original image pair 1

(b2) EIZXF2(1SSIM
(b2) The registration resu]t of SSIM
algorithm acting on image pair 2

(a2) FEUZAT I SSIMAT I L HE &5 T
(a2) The registration result of SSIM
algorithm acting on image pair 1

1

(a3) UGS TIIMS-SSIMETIA L HE 45
(a3) The registration result of
MS-SSIM algorithm acting on image pair 1

ESSIM

(ad) BT LI ESSIMAT i At 45
(a4) The registration result of
ESSIM algorithm acting on image pair 1

(a5) [EHZ ] 1 (FMS-ESSIMG 5775 il v 45 S
(a5) The registration result of
MS-ESSIMG algorithm acting on image pair 1

MS-ESSIMG

(b5) EIf5%

GICC

(a6) 506 1IN GICCH A AL &5 R
(a6) The registration result of
GICC algorithm acting on image pair 1

NorCovCor

(a7) FEHZ X1 NorCovCor 5k it v &5 Yt
(a7) The registration result of
NorCovCor algorithm acting on image pair 1

(b1) EMgx2)5
(b1) Original image pair 2

(b3) B4 412 (MS-SSIM AT e e 45 L
(b3) The registration result of
MS-SSIM algorithm acting on image pair 2

-:

(b4) EURAT2(MESSIMAT VAR 45
(b4) The registration result of
ESSIM algorithm acting on image pair 2

J21MS-ESSIMGHLVAAC 45
(b5) The registration result of
MS-ESSIMG algorithm acting on image pair 2 MS-ESSIMG algorithm acting on image pair 3

(b6) EZ X2\ GICCH VAL 45 Ht
(b6) The registration result of
GICC algorithm acting on image pair 2

(b7) % 55211 NorCovCor 5. v Fi th 45 1
(b7) The registration result of
NorCovCor algorithm acting on image pair 2

bR, B/ NAGRUARE N B FR 1L S8 SO ARE 2
PR 2 A GHLAHEN I H R 3. 2.3 gt B &R
e I LI AN G A o TR AL AN ER . I LA ER T
P AL ) SR AR IR, 2o 1 A5 R AE — i A P 2L
Hh L ZL A PG i BEAH TR T A, SR s 21 S & 15 G
SRR EAETE DX, AR MR S 4 2R

(c1) G35 K
(cl) Original image pair 3

SRR HESS (c2) P45 0F3 11 SSIMET VA i 45
(c2) The registration result of SSIM

algorithm acting on image pair 3

(c3) FEZAT3IIMS-SSIM SETLACHESS
(¢3) The registration result of
MS-SSIM algorithm acting on image pair 3

(c4) PG T3 IESSIMAT i AL 45
(c4) The registration result of
ESSIM algorithm acting on image pair 3

(c5) #1503 11MS-ESSIMG ST.72: it e 45 Yt
(c5) The registration result of

(c6) EIZ A3 MGICCH AL HES
(c6) The registration result of
GICC algorithm acting on image pair 3

(c7) BEI% X} 3 (¥ NorCovCor 5T it HE 45
(¢7) The registration result of
NorCovCor algorithm acting on image pair 3
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NorCroCor [E |:| a

(a8) [E{50F 111 NorCroCor STIA L 45 (b8) K5 A2 FINorCroCor Sy Al HE 45 (c8) [l 50f 3ffINorCroCor S AL 45 S
(a8) The registration result of (b8) The registration result of (c8) The registration result of
NorCroCor algorithm acting on image pair 1 NorCroCor algorithm acting on image pair 2~ NorCroCor algorithm acting on image pair 3

(a) BB TR H ARACTHE IR 45 24 (b) &G xT B2 H AR HER K 4521 (c) FBRT 3 10y H AR ACHELR K &5 2R

(a) The target registration results of image pair 1 (b) The target registration results of image pair 2 (c) The target registration results of image pair 3

K2 7 FBCHERIETEIRIGRT 1 ~3 i HARRCHE L S ROR

Fig.2 The target registration results of seven algorithms acting on image pair 1 to 3

LD
(al) ElgxT4 5 (b1) g5 E (c1) ElgxT6 5 I
(al) Original image pair 4 (b1) Original image pair 5 (c1) Original image pair 6
SSIM ’
K
(a2) R AT A1 SSIMETIL ALt 45 (b2) FEH5XT 5 ¥ SSIMET VA ACHE 45 AL (c2) EIGAT6 I SSIMAT VL ALHESY
(a2) The registration result of SSIM (b2) The registration result of SSIM (¢2) The registration result of SSIM
algorithm acting on image pair 4 algorithm acting on image pair 5 algorithm acting on image pair 6
MS-SSIM
(a3) EE T4 IMS-SSIMFT L L it £ L (b3) EZTS51IMS-SSIMAET I AL 45 J (c3) EIEAT61IMS-SSIM Sk e &5
(a3) The registration result of (b3) The registration result of (c3) The registration result of
MS-SSIM algorithm acting on image pair 4 MS-SSIM algorithm acting on image pair 5 MS-SSIM algorithm acting on image pair 6
ESSIM

(ad) EZAAIMESSIMAT IL A HE 45 (b4) 5] SIESSIMET AL HE L (c4) EUEATOIMESSIMATILAC S A
(a4) The registration result of (b4) The registration result of (c4) The registration result of
ESSIM algorithm acting on image pair 4 ESSIM algorithm acting on image pair 5 ESSIM algorithm acting on image pair 6

i
.

(a5) EE T4 IMS-ESSIMGHT i AL #E 45 J (b5) EIETSFIMS-ESSIMGHT i ALt 45 (c5) El& X6 IfIMS-ESSIMG - AL HE 45 T
(a5) The registration result of (b5) The registration result of (c5) The registration result of
MS-ESSIMG algorithm acting on image pair4 ~ MS-ESSIMG algorithm acting on image pair 5 MS-ESSIMG algorithm acting on image pair 6

GICC
(a6) £ 50T 4 I GICC AL T T 45 S (b6) EIMGAT S IAIGICCHT 1 i &5 Y (c6) EIFTOIIGICCHTARL HESS S
(a6) The registration result of (b6) The registration result of (c6) The registration result of
GICC algorithm acting on image pair 4 GICC algorithm acting on image pair 5 GICC algorithm acting on image pair 6
NorCovCor

(a7) & X4 NorCovCor ik it 45 (b7) EHE AT 5 INorCovCor 5y At v £ S (c7) 15 X611 NorCovCor 51 FL HE 45
(a7) The registration result of (b7) The registration result of (c7) The registration result of

NorCovCor algorithm acting on image pair 4 NorCovCor algorithm acting on image pair 5 NorCovCor algorithm acting on image pair 6
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NorCroCor

(a8) &% %} 4 FNorCroCor Sy i v 45 3t
(a8) The registration result of
NorCroCor algorithm acting on image pair 4

(a) EIGRT P41 H b FCHER S 45 21

(b8) &% 5 INorCroCor i i 45
(b8) The registration result of
NorCroCor algorithm acting on image pair 5

(b) FEgxT IS B ARACHEIR SR S5 2R

(c8) 15456 1INorCroCor i it ik 45
(c8) The registration result of
NorCroCor algorithm acting on image pair 6

() E1gxt EEl61r) H brACHER S 45

(a) The target registration results of image pair 4 (b) The target registration results of image pair 5 (c) The target registration results of image pair 6

K3 7 MBCHERIETEIRIG X 4 ~ 6 i HARRCHE L S ROR

Fig.3 The target registration resuls of seven algorithms acting on image pair 4 to 6

6 NG Z AAAAE IR 55 F RS 04k R 55
Ak, B 2 3 B SEEG 2 S, SSIM. 7k MS-SSIM 3k |
MS-ESSIMG H57E 6 %t s 21 SMNEG Rt 2101 B R 1 Fi g
FEAR [R50 1) HARMERABCIE , ESSIM 353 | GICC 5332 Nor-
CovCor B35 1 NorCroCor B3 1 L T H A e HE £ 152 1 1
Olo ESSIM BT 2 R HARECHESS B (B X 2.5) ,
GICC Bk T 3 I HARECHERS 2 (EE % 1.3 4) , Nor-
CovCor B BL T 2 WK H b5 e HE 45 1% (IR X 3.4),
NorCroCor Fi: B 1 3 Yk HARHECHESS R (EHEXF 1.3 4) o

B BC T A 3 0 S H BR 6 BE e TR A %S H
Frxh S LM . ZEASER S f 6 XTEG, FExT A
154 3 A HARXS, i ARG S50k 18, H ARAD fE IE
RN 1R,

21 F£ B, SSIM % @  MS-SSIM & 7% | MS-ESSIMG
SRR HARECHE IEB %355 T 100% , ESSIM 55:3% (GICC
1% \NorCovCor 53 Fll NorCroCor 574 1 H Fr e #E 1E 5
FILT 90% . X LB SSIM Bk MS-SSIM F.3:  MS-
ESSIMG 521 Hbn FCHEMERE L T+ ESSIM 55034 (GICC 55
% NorCovCor .31 NorCroCor B3k

1 tMHEAELINEREEERHE

Table 1 Accuracy of target registration for

seven algorithms (%)
Jiik SR RiNRTES
SSIM 100
MS-SSIM 100
ESSIM 88.89
MS-ESSIMG 100
GICC 77.78
NorCovCor 77.78
NorCroCor 83.33

4.2 I5MAIREREGR BIREERELILR

A SCER YL T MS-ESSIMG S A9 ZL A P B
15 AARRCHES 2 5 35T SSIM ) H ARBC ESA e 5L T MS-
SSIM (1) FIARBCHEF A T HARBCHERS BE LUAL, PR R bR

FUBRARUBEAEL , PR oA A AR ARLE R0 7, e P A T2
o B IAR IR (1) ((2) (6) 115,

6 P50 v TE B C 1 B AR 22 18] 4 R fBL 2 0
F 2R, R AR R T 3 A AR R A H bR o
X e B AR ARLBE i R AR B AR I 2041 K 8
B HER R FO, (FO, F1 FO, , h 25N B ) B R MO, |
MO, #1 MO, . FO, 5 MO, .FO, 5 MO, .FO, 5 MO, ZIF
9 HARFCHEXT

R2 APBEGHIEREERBRZERBE

Table 2 Similarity of correctly registered targets

for six image pairs

UG XS H ARt SSIM MS-SSIM MS-ESSIMG
FO,-MO,  0.490 706 0.909 466 0.999 103
[f]ﬁ FO,-MO,  0.661 231 0.946 353 0.999 367
FO5-MO;  0.727 936 0.958 555 0.989 958
FO,-MO,  0.645 598 0.943 339 0.985 017
Gl
42 FO,-MO,  0.723 151 0.957 713 0.983 662
FO5-MO;  0.698 125 0.953 227 0.991 286
FO,-MO,  0.967 635 0.995 624 0.997 970
4
%3 FO,-MO,  0.958 893 0.994 420 0.995 639
FO4-MO;  0.908 523 0.987 293 0.986 245
FO,-MO,  0.867 095 0.981 170 0.993 900
fﬁ FO,-MO,  0.939 637 0.991 735 0.996 723
FO5-MO;  0.918 105 0.988 675 0.996 531
FO,-MO,  0.439 765 0. 896 275 0.994 165
iﬂﬁ FO,-MO,  0.348 573 0.868 936 0.992 259
FO5-MO;  0.680 373 0.949 960 0.993 568
FO,-MO;,  0.616 844 0.937 628 0.996 574
;ﬂf FO,-MO,  0.657 672 0.945 672 0.998 811
FO;-MO;  0.680 850 0.950 048 0.993 786

2 KW, MS-ESSIMG 7% 1) H #5 AR BEAE & T
SSIM &3kl MS-SSIM 443 | 3 5 B 3L F MS-ESSIMG %4
DAL AN B B ARG E R ) B AR T RS = T
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SET SSIM f#y H AR L ST 75 Ak T MS-SSIM # H 4R iC v
k. BARTESR 1 v SSIM S3A 1 MS-SSIM 5394 19 H AR
BCHEIE R AR E] T 100% | [EIRAR R IL I AR A KO 18,
BRI INAE AR, SSIM 3741 MS-SSIM $532: /) H 4 i 1
IEHRMA T RES R T 100% .
4.3 AXEZEHEBIRIRA P A

TELLAN M 15 E AR I i Y B Ak b, A e sz 3 ml
WES LLAN W i B AR Y H AR5 (target recogni-
tion algorithm of visible, mid infrared and far infrared ima-
ges, TRA_VMF) K HACR S RlG ] WOt 5 i 2L 5 AR
FUARERAE A9 H R UL O RBIRCR X L . 3 S B H AR
PSRRI T/ INBA A 5 B 1) A R 22 R 285 1 H AR

PH I (target recognition algorithm based on wavelet in-

variant moments and back propagation neural network, TRA
_WIMBPNN) ™" T 43 43 H7 15 S35 16 B LAY H
PRI 280 7% (target recognition algorithm based on principal
component analysis and support vector machine, TRA_PCAS-
VM) T Hu AR5 SR R HLAY H AR SE %
(target recognition algorithm based on Hu invariant moments
and support vector machine, TRA_HIMSVM) ' JLFIE 4k
RHIE 5 S )AL 1l 22 I 265 114 AR U3 305 (target recogni-
tion algorithm based on shape feature and back propagation
neural network, TRA_SFBPNN) " T IR 4 AE 55 37 35
AL B FRiR 3 4L (target recognition algorithm based
on shape feature and support vector machine, TRA _SFS-
VM) P HARIRINZE 3 R,

£3 AMBRRANEENBRIAGER

Table 3 Target recognition rates of 6 target recognition algorithms
Bk TRA_VMF TRA_WIMBPNN TRA_PCASVM TRA_HIMSVM TRA_SFBPNN TRA_SFSVM
Hir 1.2 5 e il i JiER | il B JiE | il i JiE | il i TiEs | i TR | il B
HF5 3 4 BBk ek ek ek ek ek ek
[ERTRILERY =% N ¢ 116 116 116 116 116 116
AR A AR IR AR 29 29 29 29 29 29
H¥r 1 152/ % 79.310 3 0 48.275 9 58.620 7 27.586 2 79.310 3
Hr 2 512/ % 93.103 4 89.655 1 96.551 17 24.1379 17.241 4 37.9310
HA% 3 518/ % 93.103 4 6.896 6 13.793 1 89.655 2 27.586 2 37.9310
Hbr 4 PR/ % 96.5517 17.241 4 0 58.620 7 100. 000 O 100. 000 0
HAR S H3/ % 90.517 2 28.448 3 39.655 1 57.758 6 43.103 4 63.793 1

e HER LACGRTE, Bbn 2 UKL, Bn 3 AUREEES, Bin 4 AR

73 FW, TRA_VMF Bk HbR 1 HbR 2 F1HFR 3
R i T A 5 A AR UL 3 B 4
AR AR WIAE] T 96% LI E, B&IKT TRA_SFBPNN 44.7:
F TRA_SFSVM B3 0 U0 28 5 H A5 S U0 38 L H A 5
P E ARSI R 30% DL b XUk B RS TT oG har
HNSGIELT ANEMG H R AR o] A B R i H AR R B
A AR PERE, UEBH T EC LD AN B RE H
A BT HAR RS, REARSCHMGRT 4 28 HARFEA,
{AEIX 4 K HAREAR R & AR R . A SCEKX 4
FHARREAR B — K HIR AR Z P LA, I
IR A Ry HAth SR (1 B 2 RS AR H bR, A
SCRLEAI SR BA 5 1 H AR 3

5 & it
A SCAE 3 REE 23 () % SSIM , MS-SSIM il ESSIM 3

Frol bR 3 7 MS-ESSIMG 53k (i 2150 P i B 141 4% H
PRECHER L o KI5 6 Pk RER L R BCHER i 4E 6 X h

LT BN G RIGEAT Ah PR T B S0 , S0 55 R
SUIIET MS-ESSIMG 51 ) 20 50 1 B 12 1 4 o
VLAY bR M I B0 5 A LA S A 0 T B A
Moo KBTI R 2 LRI (R 2 L1
RO 7 T L 5 AR RO . e, A SO
VR O 192 B £ T T 52T 5 P R A
FEAE 1Y RS 66 H T 5 4 T 00 33220 5 P 1
EBRAHERY BRI He , AE W] T e YT A1 B
UG E A BT E R SN B MS-ESSIMG 5 3 5
o B BB E R MDA RIS Rt , 24 {2
FRBCHINI , B0k 2 HOBEREIT T2V A A 43 B 43
“h 352 x 288 320 x 240 f{HR 2T AN ER Fm 21 4 AR B T
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