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Nearness Sets Theory

Evaluation of Optical Camouflage Based on Tolerance
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Abstract On the research of evaluating optical camouflage ground targets, a method using tolerance nearness sets
from every sub-image and all of tolerance nearness class in background and object sets are calculated. Nearness
measure (tNM) is used to evaluate camouflage effect and compared with Hausdorff distance (tHD)
OCIS codes

to evaluate ground targets camouflage effect is proposed, according to the characteristics of the camouflage images
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The targets and backgrounds are extracted from these images. which seen as different sets in tolerance space, and

100.2000; 100.3008; 330.5000

divided into numbers of sub-images. Several features such as statistics. color and texture characteristics are extracted
than tHD as the evaluation index
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i The results show
that tolerance nearness sets method can well replace human eyes to evaluate camouflage effects and tNM is better

1mage processing; camouflage 1images evaluation; tolerance nearness sets; nearness measure
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Fig. 1 (a) Weak nearness relation and (b),(c¢),(d) nearness relation
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Fig. 2 Camouflage evaluation flow chart using tolerance nearness sets
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Table 1 tNM and tHD of Fig. 3

Fig. 3(a) Fig. 3(b) Fig. 3(c)
Camouflage Camouflage Camouflage
1 2 2 1 2
sort sort sort
1 is better 1 is better 1 is better
tNM 0.3767 0.2189 than 2 0.1267 0. 1066 than 2 0. 4499 0. 3936 than 2
1 is better 1 is worse 1 is worse
tHD 2.5909 2.6416 than 2 2.7481 2.7186 than 2 2.6467 2.6189 than 2
Subjective
1 is better than 2 1 is better than 2 1 is better than 2
sort
Fib. 3(d) Fig. 3(e) Fig. 3(D
— — Camouflage — —
Not disguised Disguised Not disguised Disguised Camouflage
ort
tank tank o truck 1 truck 2 sort
tNM 0.2922 0. 4004 (d is worse than e) 0. 2329 0. 4341 1 is worse than 2
tHD 2.2198 2.2432 (d is better than e) 2.3078 2.1929 1 is worse than 2
Subjective

d is worse than e 1 is worse than 2

sort

1210001-4



TS, T AT B ROE A ORI M UT S

2 1A LAH L 8 3Ca) ~ (D) % ONM {1 K
ZINIS] T S Bt T O 2 A DL 1 AR G B IE A
SR 5 IR 320 AH — 2O , % F tHD H, J A
Bl 3Ca) FE 3CH RBAE 5 AR LI A5 — B0 AR BB
TEGFAR S GEW] T ONM AR S DA Ph 2 20O 09 48 B A1
F tHD, 5 AR 35U IR R AR 4 i — Bk

4 SRR PR SOR R 43 A

T LB ISR R 5 B n AR 2 BR
KERKE e, EXTE 3 M IR L & B4 B
SPHR n 528 2 e X (NM BB 0 3 AR A R, DA
B 3Ch) FE 3CD R 2B n B e XF P B8R 1 52
M, & 4Ca) (o) 43l 2 B 3(b) (D FE e=0.5 B
tNM {E B B R AR i 2, B 4 (b) L () 43 512
E 3(b) . (DFE n=15 Fll n=9 B} tNM [ ¢ 251k ph £k

0.40 = 2&background
A -#- 1&background
0.30
= =
% Z
0.20
0.10
(@)
10 12 14 16 18 20 22 24
n
0.7

-+ no dis&background

0.6 -#- dis&background

0.5
0.4
0.3
0.2
0.1

tNM

©

0
6 8 11 1519 23 27 31 36
n

0.8

0.6

tNM

0.4

0.2

K. & 4 A oONM AR ER5 Be 8 n 1935
SR U E H B BRSO 2 ONML )
XoE R N B £ A T R R A R 2
MRS H bR 57 58 T A — 258 BR 28 i A 5 B/,
INM AP TR0 L AZ 2, il «(NM 1
R ARAS /N, 2SI I IE R 7 BB 30 247
BR BN BE TS B AR 7 19 LB ROR . ONM B Bl e fH
R EIEOEK. Y o [E3G 2] — & 72 FE B, (NM
fEfa TR X B e {8 A2 Tk 98 1 4%
TERIE T 17— 25 R A 1 25 0 (5 2 B b FLFF 5t
(101 R R B[] — 28 BRAE b o fd oNML B R
e MEEFENTE— & YO A SCHERL 12 I $2 1 e N 45
INFVIHE G SE 50 43T s F — A 3k — 3 [T 4 /)N 3]
0.2~+1-3/2,

—+— 2&background
-@- 1&background

(®)

01 05 09 15 2.0 25 28
€

—+no dis&background
-s-dis&background

@
15 20

0.1 05 0.9
€

Bl 4 O[] 2 B B o] 3 Bl 3t fH oNM [ 52 )
Fig. 4 Effect of different parameters on tNM

5 4 ©

37 HH — T T £ 2 T 78 MR 4 T3 19 B4 D%
V% DS AR O 25 B VR T 3 T HR 38 O
o {90 5 4% 7 THT R T T 4 T A D 4 P4 0 Pl 2
FLRE. AN %7 T 2 O 1 % e R
P11 247 5 1 280 7 O S B PSR T4
4 ONM A $5 B AR 0 A AR 19 £8 8 A TR 5 W03
2 B L B X — PR 45 SR A A R L I T I

) tHD AN 65 .

s X X #

1 Hu Maohai. Algorithm of object recognition based on similarity
measurement of correlation output[ J]. Chinese J. Lasers, 2012,
39(4): 0409002
B BT AR DG AR A B i BAR IR B BT P B
&, 2012, 39(4): 0409002

2 S. Jeffrey. Infrared target model validation using gray-level co-
occurrence matrices| CJ]. SPIE, 1999, 3699 197~206

3 Zhang Xuewu, Ding Yangiong, Yan Ping. Vision inspection of

1210001-5



Jt

g

g3

M

metal surface defects based on infrared imaging[J]. Acta Optica
Sinica . 2011, 31(3): 0312004
gk, TME B M. — R T LA SR Y 5 R 4 R R T
B s I k)], R R, 2011, 31(3): 0312004

4 Zhu Huanhuan, Du Sidan. Camouflage assessment based on
wavelet texture characteristics[J]. Computer Engineering , 2008,
34(16) . 227~229
R BT, FET /NSRRI (T,
MILAZ, 2008, 34(16); 227~229

5 Zhang Su, Wang Wensheng. Optical correlation recognition of
the moving target in cluttered background [ J]. Acta Optica
Sinica , 2012, 32(1). 0107001
gk, E30A. ERERT B AEEMOEFEMSRMNT]. &
223, 2012, 32(1) . 0107001

6 Guo Haitao, Tian Tan, Wang Lianyu e al.. Image segmentation
using the maximum entropy of the two-dimensional bound
histogram[ J]. Acta Optica Sinica, 2006, 26(4); 506~509
S, OO, EEE S R 4R MO BRSO E
Bor#EITkT]. R F F 4, 2006, 26(4); 506~509

7 Wang Dong, Lii Xuliang, Xu Weidong e al.. Camouflage
application models with pixel frequency analysis [J]. J. PLA
University of Science and Technolgy . 2004, 5(3). 74~77
R, BER, WIR % BT K E I B 38 BOR 9 O 26 07
FABRL)]. M E® T X FFIR, 2004, 5(3): T4~77

8 Wang Hao, Zeng Zhaoyang, Lan Yongjieet al.. Stability of LMS

camouflage evaluation [ ] ]. Electro-Optic

Technology Application, 2007, 22(5) . 10~12

color space on

T, HEAR, 22Uk 5. LMS B 53 8] 5 M AR O T
R L] ke E A B A, 2007, 22(5): 10~12
9J. F. Peter, A. Stepaniuk. Nearness in
approximation spaces C]. Proc. CS&P'06 Workshop. 434~445
10 P. James, W. Piotr. Foundations of near sets [J]. Information
Science , 2009, 179: 3091~3109

11 Mao Guojun, Qian Tao, Lii Jian'gang et al.. Tolerance spaces

skowron, J.

theory expansion and application in artificia neural network[ J].
Computer Science, 1994, 21(5) . 27~30
EEA. & %, BEN 5. SRR EEIS YR K EAE N T
2o g R LT, S SEAUR L 1994, 21(5): 27~30

12 H. Christopher, P. James. Near set evaluation and recognition
(NEAR) system V3. 0; UM CI laboratory technical report[ R].
Canada: Computational Intelligence Laboratory, 2012

13 Jin Hongliang, Liu Qingshan et al.. Face detection using
improved LBP under bayesian framework [ C]. Proceedings of the
Third International Conference on Image and Graphics, Hong
Kong: IEEE, 2004

14 S. Georg, W. Andreas, B. Horst. Minimum description length
principle applied to camouflage assessment[ C]. SPIE., 2001,
4370 50~59

15 Chen Hongye, Zeng Zhaoyang, Shen Junping et al.. Application
of image similarity on camouflage evaluation [J]. Electro-Optic
Technology Application, 2006, 21(5): 28~30
BRZHE S RAPH , TRYT S5, R AR RL 3 7 P 2R 7 i i B T
[J]. e K REM. 2006, 21(5): 28~30

RERE: FL8

1210001-6



