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Evaluation and analysis of optical camouflage
efficiency based on cosine similarity
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Abstract: In order to solve the problems of single camouflage effectiveness evaluation method and insufficient quantitative
analysis method, the cosine similarity principle was introduced to carry out simulation evaluation, and the theoretical analysis of
visible light camouflage effectiveness evaluation was optimized. Based on the characteristics of color optical data, color histogram
was used to show the color frequency distribution of target and background, and the difference of color fusion between sample
target and background was studied. The luminance spatial characteristics were shown by luminance spatial distribution map, the
luminance difference between the sample target and the background was explored. By collecting and calculating the pixel data of
the target and the background image, the fusion effect of the target and the background was quantified. Based on the typical
verification example, the correctness of the evaluation method was verified through the positive and negative comparative analysis.
The results show that the cosine of the included angle between the image feature vector of the target and the background is
0.9982, and the fusion effect of the cosine similarity between the target and the background is respectively 0. 9821 and 0. 7324
by positive and negative comparison. Qualitative analysis and quantitative calculation show that cosine similarity theory can
provide relevant algorithm support for camouflage effectiveness judgment and has certain practical value and application value.

Key words: image processing; camouflage effectiveness; cosine similarity; color histogram; image brightness

51 &
P JRAE 0 T BRI E O R i | 2k RO T R

5 Y B A > LI-SJO "%"Hd:‘
Vb i BRI (1997 3 B BRI Bge oy A I RSDBIISORTIE ™ o 9T, O A9t 22

A FIRE) LR T O BP0 T T T B
# JHTHIK R A, E-mail ; superdido@ sina. com MAAR . AR IR HE R, ZRE

Wi H 91 :2021-01-04 5 e 6 24 H 499:2021-03-31 5 N R PR 8 AT, Bl 2 08 A S R E TR



F46 5 24

PR ST ATLAN U (2 DR RE T AR 43T 261

FABCRAR R HARAS T FIEE N G250 . B 24 i ]
B A D A i B2, 38 VI B8 oK — M X Db ek
REPEATPIAG I 705 , SR oA DB 8OR  PEAN L K D e 7
FE M BRI S

LA AT Dok RS AE J1 . H bR 4 fig o
HEE A Z ORI R AL T —FhER il B s
S AOL A N BCR B, UG T — @ M FHRCR .
YANG 25 N\ A3 B R GE T B 42 i 1 aL
THRAEGE RSSO REROCRVEAS O ik e —E R |
AEAS S AR DB CR  (HX T HAR S8 SRl &
FEPEFF ARG U] o T SeAFR AR5 1 (TR >
J [ {47 (back propagation , BP) il £ i 45 41" T B
957 A (A H RN AN D R FI W7 A T PR
2 , AHL H R RERS S P B FH ) Al - B 5 T 40
oy —Jri, i O R RRIRTE , SN TE I DR A e
RCRE A J7 1T P BORE R SCRR B 734 DL

[ A AH S AT A 1 5008 T D 5 22 M Fh e
FEE B BOR AT, D D e B i) JE ke 3 1 H B
HESIE R B T IR RCR IR RSO A R 2, JEH:
JEX AR 5T S — AR KR ITIARA . FET
e, ARSCHR B H R AIT DG AL, B A Z AR
JEIIE, XA DR RREHEATIEAN , TR S DA RE T
T AU A BT T o

1 ETHRUEEIERREFE MR TTIE

1.1 BiEEFE

AR SLARRLEE PG A 7 25 (0] 1] b, 36 3 1] 52 £
PRI TR ABL A S 1o 5 ) S £ 1) DR/ 0, DTG S BB o) 22
[ AR AR L o IS A E SCRE AN FIARLLE 7 B 7 T
ﬁ%f?ﬁﬂ’ﬂﬁj)ﬂ“” o ra=[x,y,21,b=[x,y,
2 1,0 a 5 b JAREIEN -

X%y Y1), 212

cosf = (1)
«/xlz +yl2 +zl2 . «/xzz +y22 +z22
A ,a,b 53537 P 7S (] f"ﬂ%,xl »Y15213%25,)25% )
25 0] [] £ 1 70, 0 SR s (] ) B ) A o
Ha 5 b RN a F1 b Je XTI RANN e
WA

a +b -
cosf = T (2)
S5 AR SR B I IR B, H bR 5 T 52 ]
ARARLPE R A5 51 07 V5 W TR SR (R 2EA 1 B8
FAE BPRFIE S5 S RRHEm &, BRI RIERFIEA
MUBEREAE | G0 TR AL | 78 4 28 ROk AR DA B ARURR AR

A Ay R PR AR RE TP I 5 BE A BG4
EP B R R o ST, AR SO s OO 3E R AE
T HAT SRR R R R SR A, e RGBT B R
JEE 25 i) 3 A AT IR 2 18] £ S8 8 FE X, X DA 2 SR it
Fr VAl , DLHOR B RS2 T R O BR VR PE A AT A1, X 3
ERPREAE L LA A48 b R R ORI SC 1 7 i b A T ik
R IG F 2T T 1A T O OR AP PAG B AT

RGB B2 [a] LAZL 2 B 3 FHEAS (0 Bt
i 3 FhEEA AR R ) B, A )Tz B
s la] o AP A AR LT BE I AT, T LK
I3 256 AAEGE, ) 3 R LAl (U 7E EAT B IR B
I 25 A7 256 x 256 x 256 245, ] LI a5 A IR fE
BB B . HSV B %5 i) Al RGB i 5%
B 22 i) AT AR 2 5 B E 1Y R s, v 4 IR R G
JE ARIEE SERE, DL —FIE e s R 1 B
REBOSIG B 75 LG R N BN R AT 7w, 3R
B AT LU R RO B A FROC AT AR B P 15 A
P LMERE N i/ NoC, fENAF R R — ME R
MR N — MR ST R — M B, K
BRI —ME B . BEMGXH E L R R i A X
B ST & (5 B TAL PR LU R . 1T B AR
SRR A AR AN A 1 B

background| [background target color| | target
color feature] | | luminance feature LCUHAnes
feature feature
background target
feature feature
| |
lbackground target feature
feature vector
vector
cosine
similarity
theory
camouflage
effectiveness

Fig.1 Technology roadmap

B FAR B RAE 100 5230 Sfrn, P fusy, o » AHRE 3
W, b B by sy, SRR ARAE 1) R CAE
fRCB,ZﬂEDfHSVJ IV 72,82,0, Flhy,s,,0,0 N

o= (r b
{fR(,B,l (ri,g,b)) (3)
fHSV,l = (hl7‘sl’vl)

2 = (1,8,,0,
{ RGB, ( g ) (4)

HSV,2 — (hz »S2 ,Uz)
XH,6,,60, 3B HAR 51 5B RRIE ) £
FNSE BE AR [ I A, AT



262 Wk % R

2022 4F3 H

rr,+g.g +bb,
«/rlz +g,2 +b,2 . «/r22 +g22 +b22
hihy +s.s, +v,0,
«/hlz +5,7 +,” «/hz2 +8,0 0y

Fzf HAR O 8 H AYTE T FRAR H ARl BRI E (7
AOMER SN ZE 2R AR AR AFRE ) , SR A Tl BUR A
T, BT DA 1) SR A AT L7 70 Bt A7 136 R 42
THT 30% , 33X 2 XD 2 A 1 K 4% ) e Uy B . — M
Mo, Y HAR S SR BRI RS 0.8 DL, A B Uil
HI AR DR B 1 P8 . AT AR X AR
TiEAS S AR 1 SR ARRLRE , mT LU S 2 1 i DA
Vil
1.2 EGIEEREN

BT AR SZAHARLURE B AE T DG Y R 4
HEMR A R AE A BEGRAIE ] 12 1 43 3, O T 3K BT
AIPEREROR %S MG e OB AE LR J5) .

(1) PFAlxF R4 RGB BRI A, H 5t & Fn %
B R r,g,b ks v 55 6 ANHIHE , RE T AL
X4 HAR A 5ol B R ARHE . X T —(EER L
H RG] 55 BUER R EAE 1) 0, il An e i
FAE ABCRFIEST

(2) AL R B bR s =T 30 PP AR
INUA LA S H AR A 500 AR ARALE ) 6, DR I 25K
HFR T S RE R S A RETR 22 5 LR I 1R
FHE ] £

2 ZBISHR

N T BUEAR SO B 595 R E PR B o
AZIT A DN RURE VA U 52 (A, 907 <2
JFRESE. LA 2 SR FExE 5, 64T H AR B3R BRI #9

cosf), =

(5)

cosf, =

SR E], SEBE AR SRR B, il H AR5 H
S ARRAE ) e 2 8] 19 56 R AL DB AR

K2 b s o SR A RO T 5 B LR SR (B
VRGO HARSE MR R DRI, B
SRAFIAE G AN KA LLIRER (00 3, i AR @
HE BERRT, B S H S EL THANE,
TE—E R IO OR B [RIRE, H AR (5
ST B AL R T 0 R, BRA RO
P, S ROR B . BTG AR WOSTEEN, HAr S
TR RS OB, BEOE R AU I DRk
2.1 XXy

DA URAE BE H AR5 52 B I8 &, B AR
& AR TR R EA R ASCP L HAR
O, P O BARRL G T 57, IR H AR5 15 5T
FAESRI o 1R B e 1 St ax ik, e 18] 2 9 3%
RS SB vl S w7 N T % S 57 ol N
PRI (o alicfE s st 1S 2 W5 3 Mg st 4) 7
B BEAT AL B, FIBURFAE A9 S EL, AR R A B R
i X BAAE DN AL 3 B

Fig.3 Segmentation of research object
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Fig.5 Color histogram
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Table 1 RGB components of target and background features

mean

target  background 1 background 2 background 3 background 4

value
r 104.4 136.2 156.6 113.6 145.8 138.05
g 101.67 133.0 149.2 119.9 142.8 136.23
b 59.77 64.8 89.2 60.9 87.3 75.55

Table 2 HSV components of target and background features

background background background background mean
1 2 3 4 value

h/(°) 0.177  0.161 0.148 0.188 0.165 0.166

s 0.500 0.585 0.474 0.543 0.474  0.519

/
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Fig.7  Validation object
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Table 3 RGB component of validation object

target background 1 background 2 background 3 background 4 mean vuale
r 120. 4 162.2 158. 4 156. 4 145.3 155. 6
a (Fig. 7a) g 113.1 157. 4 146.2 154.6 140. 3 149. 6
b 94.0 124.2 117. 4 125.3 111.0 119.5
r 95.3 186.3 175.3 171.9 189.0 180. 6
b (Fig.7b) g 82.3 186.3 176.2 173.9 188.8 181.3
b 70.0 190.5 182.9 180.3 192.3 186.5
Table 4 HSV component of validation object
target background 1 background 2 background 3 background 4 mean vuale
h/(°) 0.1407 0.1434 0.1192 0.1485 0. 1494 0. 1401
a (Fig. 7a) s 0.2877 0.2710 0.3091 0.2418 0.3048 0.2817
o/(ed - m™2) 0.4753 0.6411 0.6244 0.6234 0.5762 0.6163
h/(°) 0.0818 0.6427 0.6589 0.6283 0.6423 0.6432
b (Fig.7b) s 0.2861 0.0247 0.0445 0.0479 0.0195 0.0342
o/(ed - m™2) 0.3739 0.7470 0.7171 0.7071 0.7543 0.7314
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