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Camouflage target detection of the best polarized reference direction
based on LMS and /o color space

Huang Yanhua, Wu Wenyuan, Gong Yanchun, He Suhong, Du Huayue, Li xia

(College of Science, PLA University of Science and Technology, Nanjing 211101, China)

Abstract: Considering camouflage target polarization detection under the complicated background, basing
the Chinese color system and CIE1976L*a*b* color space, the 256 gray levels table was established by
LMS and laf3 color space. A best polarized reference direction was found out by field experiments of the
high polarization degree target—background contrast. Representing polarization information advantages —
disadvantages and reflecting polarization detection capability strengths—weaknesses was further researched.
Experimental results showed that, the?linearly polarization direction of perpendicular to the incident is a
best reference direction, the polarization image of LMS space was reduced few information than its gray
image in the bright illumination, but possessed the stronger ability of representing target polarization
information; polarization image of /a3 space was compared its gray image in low illumination, not only
the contrast of targets and background was obviously improved, but also the detecting ability of shadowed
target was stronger, the calculation results is consistent with the interpretation results of human eye.
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Tab.1 Relationship between brightness level (V)and tristimulus values(Y)

\4 0/ 0.5/ 1/ 1.5/ 2/

Y 0.00 0.32 0.91 1.81 3.04
\4 5.5/ 6/ 6.5/ 7/ 7.5/
Y 25.53 31.26 37.71 44.86 52.71

2.5/ 3/ 3.5/ 4/ 4.5/ 5/
4.67 6.74 9.31 12.43 16.14 20.50
8/ 8.5/ 9/ 9.5/ 10/ /

61.20 70.28 79.85 89.81 100.0 /

SEPE B L* JE AT A N MR E 45 1L 1 2 & 5
oy, 5 ZHEE Y AR RO R AKX 5). i T
56 B 5 B LF R O (0,100) , 0 L* R B KA 2R
ZHEAOL Y, MIHAKXG)MAKXE®), HILE 1%
o Se B L* i 0~255 JKE 5 E V /Y 0~10 4y
F B R R (LA 2 19 L* #i£R)

AH Ew AR I, . TET LR EBE
TR 2 BHE 1R 0 bR HE Y 256 S B L* B 3%, % 0%
oyt a*=b*=0, 143k 8x32 1Y L*a*b* Pi(h =5 [w] K4
2 RGB Hi a7 i) , 1 23 3 (5) . (6) 7 e e 45 Y* \5/.1
Se Iy (UL 1) SR RIJE R T 5/% Y+ 5/ 1 U B o
JEr M R R . TR R TP ESE
PR 27 A RO 2%, A0 AT L LR A D e 0 5 1 Y
JEE 73 4 A AL D 2 H b O AR R AR 1) 22 5

I Chinese color system ‘

1

| 256 levels L* a*=b*=0 l

1

| RGB space l

Luminance components
data table

P17 AR SR B G MO R A
Fig.1 Process of generating the luminance component data table

Hh I A AR E LT W SRR ) R B B s A
FER)BLAM SE AR VR, PR WM /N T 2.5 i

PR, KERY WAL 2.5 5 8.5 ZRIy P k@,
F W) B R T 8.5 iy b€ 18] 2y Seh ey
M58 B R b LF Y LR FE S W VG
AR L* Y B Sy L SRR % .

260 31.0
220"

{0.8
180 s
E {0.6 &
3140 S
% 042
& 100} 42
']
60 028

L
f=}

Brightness level/V

P2 S5 L Y* LK BEG S W Ve R
Fig.2 Relationship between brightness and gray level of

the luminance component L*,Y*,L and [

Bl 28R 0] FE Y B /N T 2.5 IR I, 1 )
PR K A 10, 132], i 4% V5 B
[0,0.52]; fE M BRI BE R T 8.5 B IX, L 73 & 70 HE R
Bow, KIERAE N [178,255], i 4k 5 L B
[0.71,1.00]; 76 4 B & A2 F 2.5 15 8.5 Z [A] 1Y JK (8
DX, Y L* Jp i oy B R B K (RS [ Dl (65,2201,
i 1R B2 JE 6] 210.26, 0.871 ¢ X T JK i 9% (fi 41% 1) 73 B
OB, W DL B AR 4598 OB IRTE 1A (A 85w
LS AR 56 T, Loas i) 5 w1 1 5 1) 54K o P
A, B30 A [6] 84 016 BE 2% 0, 7 8 306 BB 35 1Y 231 2 5 (i)



636 21 505 ok T AR

% 43

A RS BCE 22 1 IR 15 S, A RE S A AT IR H s .
TERLR) Y+ A0 L* 23 8 oM 50 R AT B, B LA AE SC
LTS L* L SRR KR

3 XBAkETRR

Hir 55 5 09 % b B a7 DL s 3 51 H A5 89 e
71, B AR Q)R AR 0 O L R T S %
6] A 5 A S 2 0 1), AR AT 3 A O A AR I o B R
T G J 0 O B T, A 2R AR 5 IR iR X L R
Wi WY I 225 5 1) b AR i AR PR B H AR g )
WOBARXANSHZ I ERESE TN, B 55
B R BE X R A S
IM(W, (x,3)-M(W, (x,y))]
IM(W, (x,y)+M(W, (x,y)l’
A MWy (x,)) MW, (x,)) 7390 2 7n H AR5 8 5
() i I B 24 {8 5 Z R BT %k 19 IX 38 . DOLPK #& K, it
W1 25 25 N S ol I B s s ez, U] B AR R A
mx .
31 HERKENNRESESFE

2012 4F 12 F mg ot A b, BEIAC R BH R A<, 4
0.2 mx0.3 m {1 5 B 2k % O 2 5 A5 2E 17 B S0 f i 6
MSLE . LW EWME 3 fin, R 1230 HiEEN
JE FE D5000 . 5 AH AL FH 26 i B 45 Sk 20 B M B A BIL

DOLPK= (x,yyezZ (9)

Incident face

Sunshine CCD

\ /X(Polarizer

/

P 3 i i ) R

Fig.3 Sketch map of polarization measurement

I Z 2RI RE O T BEARAS B0 1 Ik 15 8L, 258
H RS TE S TRD A MO RO O i B R R AR AR
P P AR BILBE B O 2 F AR 0 2 1.8 mo SE 8 I ] g
7:30~17:30,9 fUAT AN 15 g0 6] B 2 /N i 40 — 0 3t
T8 14 A a] 50, BE U] F 10 B2 0°~170° e 5% fi
IR A, 3LAA R 1418 5K B, 7p B R 10 3216%2136,
W 4 s o it EULWT I, 1 ME R 2RO e H
F8 D A1 R P s AT 0k IR R R A o — Se T AR LR, R
LR

(€)1 7:00

I N R B R A T ]

Fig.4 Different time desert camouflage image

(1) K FHG 5 Rt v g /9 ~F 160y A, 52 5%
H CCD JS iR FE 76 AT N o i 4k & 42 CCD
A, S5 DA g K% 6 10 5 A S EEAT ) A6
Z% )7

(2) i ¥z AH BL R L AH 7] (9 3 8 250 BURHBLOL
Pl Y [l 0y v (RIE FS, AH AL AR B AR AE 5 1SO 52 M i
201, BT R RN B I Y 3R 85, ISO B 500 5 £5 BE
55 mm, PRI EE B 17100, B8 56 4442,

SR Db rh, X H AR R B 2 AR R A S I 9
Bl 32 2 DY ) 0 (IR R 43, BRAR Sy o0 15 S A8 43
XA T SRELIE IR R R, L
— M ERA/N T H AR WA 9 5 BT, 7E i
7% bU BE 43 07 B B, T BB I E bR S R, R
BRI

(1) JUE s k£ 0 LB H br AT 5, o X
S thEE Hw, WWE 4(b);

(2) ¥E DX I B 1 g ST 0 I B B0 3% B Ak
L* (L 175 18] 1 i 4 1 5

(3) #4523 % J5 0] F = Ff B € 25 ] 38 500 O 2%



F2m FRAEE AT LMS lof 1 & & H & & A E 5 w4 B AR R 3R A 637
H s W HE J7 o ) DOLPK T2 £ K #AH R, 1l DOLPK %5 = W) &,

X b3 A I E] ORI IR R, 2 L 0°(10°
------ AT0° N HIER S T 1A, A3 B A5 I A 18 A
5 1 43 ) B R AR 1B, G0 bR S 5 D
PR XL, 4R UL 5.

MBS R L* (LD =S (8] 5 00 4% 2 25 5 [l

JLT 4 P 1E 2 2% )5 16 2 50°~120°38 Bl 4 . % T LAB
%5 [, DOLPK W {f 4 B i i B 45 o /8 100° 25 45, T
XtF laB, 23 6], W AR H BRI 437 B 3 43 45 P AE 50° 4
AL T e 1000 2 Ay, AR AR 25 O T8 T
Fo, 8 5 8] LA i, 78 90° 42 45 B 60 &, LB =5[] )3

L* L 1

0.8
0.6f
0.4F £

DOLPK

02}¢
0 f

11:00

50 100 150 0 50 100 150

0.8
0.6r
04l

DOLPK

0.2+

[

16:00 17:00

0 50 100 150 0 50 100 150 0O

100 150 0 50 100 150 O 50 100 150

Degree btween the largest light direction of polarimeter and incident face/(°)

P 5 AN [5 15 8] AN 1) 2 2% J5 1) i 4k 1] 1) DOLPK

Fig.5 Polarization image DOLPK of different reference direction and different time points

SRAT BE 5 W DOLPK . %3R8 UL F 3 25| 1 F 1
S % g5 4Bk 94° .98°  85°, E IR A Y

F KOG 7 ) 5 A T LT o EE (A3 R
7 B A IR 05 160) 5 3145 19 DOLPK ¥ ¥ 308 B K .
AT LI T E AR RS T W RO e AT
AT H bs R R AR SO, B RO e
EHPERZ, NS HEMESHTT W ER
DOLPK iy, SE R 45 R 5 Mg 0 A AW 5 o P L,
PLSCH I B i 2 % 5 ) 3R AR Bl e B

DOLPK #5 K , 545 F TR 51 H #r .
3.2 R BREIREN S

[l 6(a) e £ 7 HE JiT 7, 9256 TP AE TR T ORDG BRE
PIABLE, Bl E T EAR Y 0.2m 1 AR
PR AR BE SRR FO 8% )y F 12 \,ﬂﬁwé
HARFEAS | 4R AH P 5 K BH B9 e 4 R B 2k
ilIS73 ﬁﬁﬁtﬁmﬁmEﬂﬁéﬁuvﬁﬂ&h{wmﬁvﬁmﬁw
FEZ 2 J7 Il o A AR R 5 K3 6 il A X5 1k 7 1) 43 ) A
0°.60° ,120° =~ J7 1] (1 >R £& B 7 an 18] 6(a)~(c) T 7 .

6 AR Stk 2 2% Oy 1l 1 O 3¢ H AR B

Fig.6 Camouflage target photos basing on reference direction
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Tab.2 Evaluating results of polarization and gray images of Fig.7 basing the L.l color space

Light target under the sunshine

Shadow target under the sunshine

Color space

Mean Entropy Contrast Mean Entropy Contrast
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image I 0.088 7 3.299 1 0.2393 0.066 7 3.8376 0.193 8
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