384 4521 7 I - S Vol. 38 No. 2

2017 42 H Chinese Journal of Scientific Instrument Feb. 2017

mEMREREERRENIZITHERE"

HEH R FLIERLE K, F M
RN TR P R AR S TR R TR 401311)

i E AP R R BT E R 2 B RO DR CR NS A S R 4R 1 T — PO AR ke B S A kA

B I7 % AR IR F AR DU DG R ATEEHEA SR A T AR LR B R IE S RO . (S R s (G e L A, AR
L] 5 Sy R Rt Ji Oh e 1 SR 400 16 52 ] 58 ST AN S B0 25 7 e o AR AR B i WE 5, 45 B B I LA AL 14y 7 1 Oy 2 ]

%Wk TGN P S T ik o il i 22 Pl O I SR A0 E S B W, AR SO VA A ORI 1 F AR BRI R AR, LA 8

L D2 BB ICR, , 25 B R AE S KB AR ARG 23% DAL (I T Mot 2 A g O 7 3k 1&2—‘5(7‘3“‘/2&%%7@%*%@\%%@

e it A JEAB AN Dh i I A SC IR S SR 23 A, DA iR DA e [ S R b= AL RO A A BETHRAIE T — PR T 15

KA D RS AR AL s 05 A D% s AR T s 50 U

HESZES: E951.4 THO6S MEARIRES: A ERREZHSENR: 410.40

Bionic camouflage pattern design by genetic evolutionary algorithms

Chen Shanjing, Kang Qing, Wang Zhenggang ,Pu Huan, Xin Ying

( Department of National Defense Construction Planning and Environment Engineering, Logistical Engineering University ,

Chongqing 401311, China)

Abstract: The traditional camouflage pattern design is too single, and mostly depends on the designers experiences, as a result, the
camouflage performance is not satisfied in war field. Thus, a novel bionic camouflage pattern design method by genetic evolutionary
algorithm is proposed in this work. The comprehensive parameter model is obtained according to the principle of human visual
reconnaissance and photoelectric imaging reconnaissance. The camouflage pattern is processed by fine selection, cross-breeding and
variance-breeding based on zebra stripes camouflage pattern. The proposed bionic camouflage pattern can counter imaging reconnaissance
to improve the traditional camouflage pattern design. The comparative experiments by several camouflage methods indicate that the
proposed method can reduce detection and recognition feature of target superior to the others traditional camouflage patterns.
Comprehensive feature parameter is reduced by more than 23% of initial value, which is better than other traditional camouflage
patterns. An integrated model of reconnaissance, genetic evolutionary and camouflage theory is achieved in the proposed method, which
provides a novel approach for scientific and felicitous camouflage pattern design.
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Fig.2  The overall layout of camouflage training ground
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Fig.8 Curve of comprehensive feature parameter
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Fig. 10 Bionic camouflage pattern by genetic evolutionary
algorithms for simulating room ( The thirty, three RGB
components of stripe and background are [95,128,88],
[210,179,174])
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Comparative picture of simulating room on target identification and edge detection
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(c) Result of edge detectionby bionic
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method based on leaf of poplar

on leaf of poplar(three RGB components of
poplar leaf and backgroundare
[210,179,174], [95,128,88])
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Fig. 12 Camouflage result, target identification and edge detection of simulating room by bionic method based on leaf of

poplar( the method proposed by Ref. [7])
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Fig. 13 Camouflage result, target identification and edge detection of simulating room by the method based on combining region
growing and color similarity (the method proposed by Ref. [8])
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Table 1 Comparative table of four camouflage patterns for simulating room on brightness feature,
edge feature and texture feature
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Fig. 14  Cavern entrance of The Soviet Union
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Fig. 16  Curve of comprehensive feature parameter
for cavern entrance

P17 I AR WS ) B EL 2 Pl ke e 58 (R AR AR
FUCHIRE RCB =353 5[ 113,116,69] |
[168,158,154])

Fig. 17 Camouflage pattern which is mapping by
zebra stripe for cavern entrance (the first generation,
three RGB components of stripe and background are

(113,116,697, [168,158,154])
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Fig. 18 Bionic camouflage pattern by genetic evolutionary
algorithms for cavern entrance (The sixty-fourth, three
RGB components of stripe and background are

[113,116,69], [168,158,154])
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(a) Result of main areaidentification (b) Result of main areaidentification for (c) Result ofmain areaidentification for the proposed

for original picture camouflage patter nwhich is mappedby zebra stripe camouflage pattern by genetic evolutionary algorithms

(d) S5 0y PR 2 Bk I 5 0 ()T %] 58 LR WG i S 5 45 (DA SCIBAL A BEVH 5 IRIL SR P 25 R
(d) Result of edge detection for original picture (e) Result of edge detection for camouflage (f) Result of edge detectionfor the proposed
pattern which is mappedby zebra stripe camouflage pattern by genetic evolutionaryalgorithms

P19l 1 E AR TR A SR AGI F) 45 SR X L

Fig. 19  Comparative picture of cavern entrance on target identification and edge detection
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RGB=4r# 4354 [113,116,69] [168,158,154]) (b) Result of main area identification by (c) Result of edge detectionby bionic
(a) Camouflage result by bionic method based on bionic method based on leaf of poplar method based on leaf of poplar

leaf of poplar(three RGB components of poplar leaf
and backgroundare [113,116,69], [168,158,154])
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Fig.20  Camouflage result, target identification and edge detection of cavern entrance by bionic method based

on leaf of poplar(the method proposed by reference[ 7] )
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(a) Camouflage resilitby the method based on (b) Result of main area identification by the (c) Result of edge detectionby the method
combining region growing and color similarit method based on combining region growing based on combining region growing and
(three RGB components oftarget is [113,116,69]) and color similarity color similarity
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Fig.21 Camouflage result, target identification and edge detection of cavern entrance by the method based on combining

region growing and color similarity (the method proposed by Ref. [8])
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Table 2 Comparative table of four camouflage patterns for cavern entrance on brightness feature,

edge feature and texture feature
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