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Abstract: Perceptual contrast between the target and background is one of the main influencing factors
of visible and infrared gray fusion image quality. Existing contrast metrics have not put enough
consideration for the human visual system. An simple and effective target—background perceptual contrast
metric was proposed combined with the human luminance masking effect based on the form of Weber
contrast model. The simulated image and the observer evaluation scores of real scene gray fusion images
were used to test the proposed model. Experimental results show that the proposed target—background
perceptual contrast metric provides better predictions than five other existing contrast metrics. It is more
closely matched to human perceptual evaluation and can efficiently implement the objective evaluation of
target—background perceptual contrast for gray fusion images.
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Fig.1 Bright targets with same intensity difference

on different intensity backgrounds
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Fig.2 JND due to background intensity values
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Tab.1 Results of CP and five contrast metrics

for Fig.1
Metrics (a) (b) (c) (d) (e)
G, 0.0000 1.1033 1.8245 1.1891 0.0000
Cyw 0.4693 0.1312 0.0756 0.0531 0.0419
Cy 0.0240 0.00010 0.0005 0.0003 0.0003
G 0.0315 0.0011 0.0006 0.0004 0.0003
Cr 0.0099 0.0070 0.0044 0.0032  0.0026
Cu 0.0000 0.0010 0.0020 0.0030 0.0038
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Fig.3 Region of the target and background in the infrared image
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Fig.4 Source images of the real scene and gray fusion images

TERGEd . R 17" CRT SR 28 T i S0 8
Z 0 R 248 Tl GOG(Gain, Offset and Gamma)fii %Y
AT REPEAL DS U E A SE B2 100 cd/m?, 20 4 H

AIEH B A KIE R IEF W g E S5 58,
57053 B H AR 58 5ok He B2 8 SCUA RS2 3 H (1)
J& g B R RS RV 23 R T PR R
BEGTE bR, A ER R 4558 R £L AR
ATWSEIRIEE, 205 LA A R EE D 5 R I A 7R
6 IR KR E EUR . WEEE A EGR B S 5
SRR LG BE AN 32 Bl R X B 1~10 234, #5i%
A MR AT A B e BOR 45 RT3 8, % T — I 1#
BT Z A HERIE L, ZOREE G M54 11
B K 20 2 45 VP4 OT- 34945 2z KR H
br 58 5 L BE Y T 2 5 UL 43 2 (Mean
Opinion Score, MOS),

TR ARG BRI VAR5 RS MOS 1)
Pearson & AH ¢ R4 ""(Pearson linear correlation
coefficient,PLCC) LA & Spearman JIii ¢ A5G ZR %L 17
(Spearman rank-order correlation coefficient SRCC),
PLCC fifj i 3 % WLF 4 70 O 2k — Btk , SRCC
i E AN B HEP— 2k . PLCC Al SRCC i
K, LB WPAN AR BT 5 AR 9 EWRZ , 55 2
R 4 P EE S AR B RS S O
MOS FIt b A A 5 45 5 DL KRR R 1 R R A G
FRHCH TRy 0T b BEASE AL ) I HAE H bR 55 IX sk
FRA R WV B P R H AR5 75 50 D .
Il 4(c)~4(h) EMPHN 2 I045 219 MOS 53 B0Z B
I, JURhZ I AL R b | AT Co 45 HH T 2 326 03
MITHREEE A, SUEAE FUITAN 43 550 P A G 3=

&5 25 1 6 RS LE BERSERIXS TS50 Bir FH Y 8 41

F2E4XN MOS 5EENRBERRBXERL

Tab.2 MOS, predicted values and the

correlation coefficient between them for Fig.4

Met-
rics

© (@ (e & (¢ () PLCC SRCC

MOS  7.1000 6.3000 5.1500 4.5500 3.2500 1.6500 - -
Cr 28.6367 20.1773 17.1825 14.3826 9.1175 4.0363 0.9790 1.0000
Cy 1.5939 1.0363 1.1181 0.6912 0.4279 0.1630 0.9562 0.9429
Cs  0.0205 0.0150 0.0162 0.0112 0.0128 0.0087 0.8849 0.8857
C) 0.0257 0.0209 0.0235 0.0142 0.0169 0.0113 0.8700 0.8857
Ce  0.1711 0.1273 0.1306 0.0917 0.1038 0.0665 0.9098 0.8857

Cy  0.2289 0.1798 0.1022 0.1126 0.1869 0.0883 0.6304 0.6000
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Fig.5 Cumulative distribution functions of the correlation

coefficients for different contrast metrics

4 %

‘—l¢
>

AT (9 T 5 e BERE T IR 78 73 S8 N HR AL 52

Rt M SCRET AR FEEERIE 30, 51 A RIS 52
FERE TR RAE, PR — Al R R B s ST R
X LEBEPF R R PR R LA L 8 4 EL 50y
S 6 BN [A] B BE Rl D7 1549 2 A Bl TR 45 0 PEAR
P BORBAER A R, SCR A AR R, SEA M 5
Aol x LU BE VT B A RUAR LE, M SR A SRR X L R A
T2 A G R EWUESZ (IR 45 2R, AT LA B

AR S B B Rl TR H AR 558 SRR L B2 Y
BN

WA, SO T T B T R E AR
DB T, A RBSS & SR I H AR U SR IR
B N HRIEGHR Y H b 55 AT 7 57 DXk, A B A 3
TIPS 1 H AR5 75 SRR LU PR AR Y

SE

[1] Zhnag Yong, Jin Weiqi. Objective assessment method of night
vision fusion image quality [J]. Infrared and Laser
Engineering, 2013, 42(5): 1360—1365. (in Chinese)

K5, 4R AL ARG R BT LT AN O s (9], £04h
5ot T, 2013, 42(5): 1360-1365.

[2] Gao S, Jin W, Wang L. Quality assessment for visible and
infrared color fusion images of typical scenes[J]. Chinese Optics
Letters, 2012, 10(8): 081101.

[3] Schreiber W F. Fundamentals of Electronic Imaging Systems:
Some Aspects of Image Processing [M]. New York: Springer,
1993: 60-70.

[4] Michelson A A. Studies in Optics [M]. USA: Courier Dover
Publications, 1995.

[5] Peli E. Contrast in complex images [J]. Journal of the Optical
Society of America A: Optics, Image Science, 1990, 7 (10):
2032-2040.

[6] Winkler S, Vandergheynst P. Computing isotropic local contrast
from oriented pyramid decompositions [C]// International
Conference on Image Processing, 1999, 4: 420—-424.

[7]1 Frazor R A, Geisler W S. Local luminance and contrast in natural
images|J]. Vision Research , 2006, 46(10): 1585-1598.

[8] Yuan Y, Zhang J, Chang B, et al. Objective quality evaluation
of visible and infrared color fusion image [J]. Optical
Engineering, 2011, 50(3): 033202-033211.

[9] Netravali A N, Haskell B G. Digital Pictures: Representation and
Compression[M]. New York: Perseus Publishing, 1988: 266—269.

[10] Chou C H, Li Y C. A perceptually tuned subband image coder



N
Tk

BHRF . REBRSBEBRL

Ak w2
A R

R o WL 5t PG B RN AR A

1665

[11]

[12]

[13]

[14]

based on the measure of just —noticeable —distortion profile [J].
IEEE Transactions on Circuits and Systems for Video
Technology, 1995, 5(6): 467-476.

Fairchild M D. Color Appearance Models[M]. USA: John Wiley
& Sons, 2005: 134-138.

Otsu N. A threshold selection method from gray -—level
histograms [J]. IEEE Transactions on Systems, Man, and
Cybernetics , 1979, 9(1): 62—66.

Singh A, Harrison A. Standardized principal components [J].
International Journal of Remote Sensing, 1985, 6(6): 883—896.

Burt P J, Adelson E H. The Laplacian pyramid as a compact

[15]

[16]

[17]

image code[J]. IEEE Transactions on Communications, 1983,
31(4): 532—-540.

Burt P J. A gradient pyramid basis for pattern —selective image
fusion [C]//Proceedings of the Society for Information Display,
1992: 467-470.

Berns R S. Methods for characterizing CRT displays [J].
Displays, 1996, 16(4): 173—-182.

Video Quality Experts Group. Final report from the Video
Quality Experts Group on the validation of objective models of
video quality assessment, Phase II[R/OL]. [2003-08-25]. http:

//www.vqeg.org.



