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Research on camouflage properties and image completion methods of
microfluidic color-changing systems
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Abstract; To imitate the chameleon skin, a method using microfluidic color-changing system to camouflage films is
proposed. By sensing and collecting environmental color change information, the control signal of the microfluidic
system can be adjusted in real-time to drive the dyed liquids circulating in the micro channels of the camouflage film
to achieve dynamic cloaking and camouflage. The microstructure of the film and the working principle of the
microfluidic color-changing system are introduced. The mechanism to generate the color signal by deep learning
image completion algorithm and image processing technology is illustrated. “ Canny” double-threshold edge
detection algorithm and color similarity are used to analyze and evaluate the camouflage. The tested results show that
the camouflaged chameleon skin is not obvious and has a relatively high compatibility with environmental
backgrounds and the dynamic cloaking effect can be achieved. The camouflage film implemented by the microfluidic
color-changing system can be applied to various occasions such as camouflage uniforms for officers and soldiers,
robot skins, weapon equipment, and camouflage nets for military facilities.
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Fig.] Working principle of microfluidic color-changing system
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Fig.2 Flow chart of color-changing signal generation
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Fig.4 Chameleon skin camouflage
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Fig.5 Grayscale images of microfluidic chameleon skin camouflage
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Fig.6 “Canny” double-threshold edge detection
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Fig.7  Chameleon skin camouflage and itscolor similarity with

background



.88 MoK O T

i 54 %

1) ARSI T — b AT 2728 0 3R
e DR MR O R4 TN, SRR A ) Rk
FNEHG AL BEE AR 1 IRV T L i A DR B vl 1) €
AR I A COR BR o A 5 S il i 4 742
GREMNES JFWIA QR TEA DRI A
VRIE R, AT S 5 R (PR

2) SR T Canny” XU FL 322 G5 A6 I 3332 R4
FRABLIE X D2 35 R 2 4 ﬁ-ﬁ'l‘,%%%ﬂ%fﬂmjﬁf
HFEANETT R B AR OEVERE WO
A SE IR T, B RE AL | e I JEE PR Hji'%'xﬁ%
FLARAHRR L, Al B T 5 SRk R i ML A B2 Jik L 25X
%%%%%ﬂﬁiiﬁﬁ@é@%% MEgE

5% ik

[1] MJEJRI I, ROUGIER A. Color switching in V50, + H, O films

cycled in Li and Na based electrolytes : novel vanadium oxide based
electrochromic materials [ J]. Journal of Materials Chemistry C,
2020, 8(11): 3631. DOI: 10.1039/¢9tc06753a

[2] RAJYALAKSHMI T, BASHA S J, KHIDHIRBRAHMENDAR V, et
al. Synthesis and investigations for white LED material;: VO3 doped
calcium cadmium phosphate hydrate nanophosphor[ J]. Journal of
Molecular Structure, 2020, 1205 127605. DOI; 10.1016/j. mol-
struc.2019.127605

[3] YU Cunjiang, LI Yuhang, ZHANG Xun, et al. Adaptive optoelec-
tronic camouflage systems with designs inspired by cephalopod skins
[J]. Proceedings of the National Academy of Sciences of the United
States of America, 2014, 111(36): 12998. DOI. 10.1073/pnas.
1410494111

[4] WANG Zelinlan, GUO Zhiguang. Biomimetic photonic structures
with tunable structural colours: from natural to biomimetic to appli-
cations[ J |. Journal of Bionic Engineering, 2018, 15(1); 1. DOI;
10.1007/s42235-017-0001-9

[5] LING Yuan, XIANG Chunlan, ZHOU Gang. Multicolored electro-
chromism from benzodipyrrolidone-based ambipolar electrochromes
at a fixed potential[ J]. Journal of Materials Chemistry C, 2017, 5
(2):290. DOI; 10.1039/c6tc04834j

[6] KASAHARA T, ISHIMATSU R, KUWAE H, et al. Color-tunable
microfluidic electrogenerated chemiluminescence cells using Y-

shaped micromixer[ J|. Japanese Journal of Applied Physics, 2018,

57(12): 128001. DOI; 10.7567/JJAP.57.128001

[7] KOBAYASH K, ONOE H. Microfluidic-based flexible reflective
multicolor display[ J]. Microsystems & Nanoengineering, 2018, 4.
17. DOI; 10.1038/s41378-018-0018-1

[8] HEIKENFELD J, ZHOU K, KREIT E, et al. Electrofluidic displays
using Young-Laplace transposition of brilliant pigment dispersions
[J]. Nature Photonics, 2009, 3(5): 292. DOI: 10.1038/NPHO-
TON.2009.68

[9] MORIN S A, SHEPHERD R F, KWOK S W, et al. Camouflage and
display for soft machines[ J]. Science, 2012, 337 (6093) . 828.
DOI. 10.1126/science.1222149

[10] 5k BT HUmIE 4540 OG22 B R G BOR X Ee it 52
[D]. W/REE: I/REETALR?, 2017
ZHANG Min. Research on microfluidic colour-changing system
based on shape memory allay actuator and optical applications[ D].
Harbin: Harbin Institute of Technology, 2017

[11]SINGHAL V, MAJUMDAR A. Row-sparse discriminativedeep dic-
tionary learning for hyperspectral image classification [ J]. IEEE
Journal of Selected Topics in Applied Earth Observations and Re-
mote Sensing, 2018, 11 (12). 5019. DOI. 10. 1109/JSTARS.
2018.2877769

[12] XIAO Youzi, TIAN Zhigiang, YU Jiachen, et al. A review of object
detection based on deep learning[ J ]. Multimedia Tools and Applica-
tions, 2020, 79(33/34) . 23729. DOI.10.1007/s11042-020-08976-6

[13]WU Xiongwei, SAHOO D, HOI S C H. Recent advances in deep
learning for object detection[ J]. Neurocomputing, 2020, 396. 39.
DOI; 10.1016/j.neucom.2020.01.085

[14]LIU Li, OUYANG Wanli, WANG Xiaogang, et al. Deep learning for
generic object detection: A survey[ J]. International Journal of Comput-
er Vision, 2020, 128(2): 261. DOI; 10.1007/s11263-019-01247-4

[15]HESAMIAN M H, JIA Wenjing, HE Xiangjian, et al. Deep learn-
ing techniques for medical image segmentation; achievements and
challenges[ J]. Journal of Digital Image, 2019, 32(4) ; 582. DOI;
10.1007/s10278-019-00227—x

[16] GHOSH S, DAS N, DAS I, et al. Understanding deep learning
techniques for image segmentation| J]. ACM Computing Surveys,
2019, 52(4) . 20. DOI; 10.1145/3329784

[17]XU Shuzhen, ZHU Qing, WANG Jin. Generative image completion
with image-to-image translation[ J]. Neural Computing and Applica-
tions, 2020, 32(11) : 7333. DOI: 10.1007/s00521-019-04253-2

[ 18]YU Jiahui, LIN Zhe, YANG Jimei, et al. Generative image inpaint-
ing with contextual attention[ C]// 2018 IEEE/CVF Conference on
Computer Vision and Pattern Recognition. Salt Lake City; IEEE,
2018 18347746. DOI; 10.1109/CVPR.2018.00577

(wE B %)



