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Research on Polarized Reflectance and Bi-directional
Reflectance on Anthracite Surface in Near-infrared Band

SUN Zhong-qiu, ZHAO Yun-sheng, YAN Guo-gian, LU Tai-nan
(College of Urban and Environmental Sciences, Northeast Normal University, Changchun 130024, China)

Abstract: The polarized reflection light from a target is accompanied by its bi-directional reflection
light. To determine the quantitative relation between the polarized reflectance and the bi-directional
reflectance on the surface of anthracite, the polarized reflectance on the surface of anthracite is measured
at multi-angles and the polarized reflectance and bi-directional reflectance are analyzed according to
the degree of polarization. The result shows that the influence of an incident angle on the degree of
polarization is determined by the surface roughness and carbon content of anthracite. With the increase
of the incident angle, the degree of polarization can be increased in the range of 0° ~ 60°. With the
increase of carbon content, the degree of polarization can be increased too. The degree of polarization
of the anthracite with a smooth surface is greater than that of the anthracite with a rough surface. The
degree of polarization can indicate the proportional relation between the specular reflection component
and the diffuse-reflection component in the reflected light. The calculated degree of polarization can
show the inherent nature of anthracite and quantify the relation between the polarized reflectance and

the bi-directional reflectance more minutely.

Key words: bi-directional reflection; anthracite; carbon content; polarization

WfS HEj: 2009-11-10

HLWH: BREEEMAFRELEITL 973) T H (20000B426305) 5 E K B KA % 34 (40771153) F1 (40971190) ;
FARTE R FR A 6K F HE (106111065202)

E&EAr: Ak (1986) , F, EMREBEAA, AEHRE, TEHARX T WA RKRALERES € EEK, Email
shilengzhi00@163.com

http://journal.sitp.ac.cn/hw INFRARED (MONTHLY)/VoL.31, N0.3, MAR 2010



16

N

Ap 2010 4 3 A

15 =

B FH AR TE LR L — P E AR, b
Jeifi . LS Tk Y BB RORE. A i A PR
R Emn TAIALE Y, KT REENA
gy, Ho RBEHAC TR B A IR T & RS,
T [ e AR KR Y S R B (Cdaf) 2 90% ~ 98% . [A]
T, B TC 3 2 T 14 v AR A 50 D ¢ T A AR R
i B AR, TS 5 e 2 B AR b IS HE R Y
TEALR, DB KA AEMRERN M. 5
HEHA B, TolR G e ik o B, 1% R0 R
ik, WEER, MBER, MR, BRI A E M,
BERE, FEBLETAR.

LAFEXT B4 B R B R 45 R0, 2
7 J3E i IR S IR 5 R0 4 S S 2 TR R R R OG &R
231, iy IO R T R AR R, BRI
ﬂﬁ%ﬁF,@ﬁ%E%Eﬁﬁﬁﬂﬁki,ﬁ
AS S5 Ao o3 IR 't . oA AR A% i 7R X B R
T VR R, TR BARaRAHEEENE S
PR U2 B SRR, R IR IR B AR E 2
i — P A R B W, S RRA,
0] ek 7 08 R 25 AT 4 i IR S S 5 BT A S S AN
A DR H e B ) i I R R RO R
15 FLXF R I 20 AR X o0 T SR AL AR BE
A SRR R, [ 0 R R R R M T R
B SRt T — i L

2 Rk KA G XXX A

2 1 B D A% SO I T E AR 78 SO R R
8 Sk 2o R 7 A Y R AL AR R A VR R B AR S B
TR, HEHR K - LA IR 5 B 19 W46 5
Wy B0 MR e B AR, 2
TEMARERE — W B JE, ARIEFEIR /R A, HIX
SHFEm RIS, HISHEH FE 2R3N I7 1M —
EGASHER.

24 S SE D E IR OB IR, AR AE 5 B
fE, MBI, ARt R m e, B
e (FEAS RO T) A

I =1, cos’a (1)

INFRARED (MONTHLY)/VoL.31, N0.3, MAR 2010

X, o S i s ) SR AE T 170 -5 NS D 4% 56
(i D R AE 7 1) 22 T 4 S AL B <24 e i e AN S5
Je MRS, F 5T 6 B A AL

L 5 347 e AR X o W e B i BR SE B, X
FAEmIRE (B R0 AWML, S HREES
P ik, HEHR AR R A — 2, B i Bk
JEH SR 1, K EmIRIEH BN 1, ,
FEmIRICHIHBE R 1, , WA

I=1I +1, (2)

i -5 2% ' Bl T TP AT B SRR L,
SECREEAEHE Y L, , T

ITL
IQUO =1+ D) (3)
=l @)
B2 (3) F1=X (4) 152
I, =2I, (5)
IL = Igoo - IOO (6)

L6 RUAT R e NS, BCAT e 4 N 2R

FifRE, WL, =0, I =1, (BRMER ()M
S (6) . T ARHR BE (952 S R 45 s o 4 6
H. 41 )
p=7 (7)
it (2) . 2 (5) Ik (6) FAR (7), 135
pe e (s)
5t (8) AT BA5)
I, 1—p
. 1+p )
ML (5) . 2 (6) 5 (9) 155
I p
TR (10)
AE SRR e, R 4R £ 90° A

0° Yy S Sp RE A ] DASR i 9% B2, HAE R 2 A
S IEHASAL B E . Hh T s BT AN BE 7 A A IR

http://journal.sitp.ac.cn/hw



3k, Hw3M AN

Ah 17

PG, BT LA BCEY S rf ) A B 't 2 B BT S I e AR
(7, D 4R ' 2 H 8 SCS  AE , TTX e A T
St 5 S 1 RT DA SE o S5 R A D R O
e maRt s B KAS T8, RIHmIRE S,
AT DA KR XS % T S 5 5 1 S S A LA DG R R
R, X T R H W ) E AR Y 3E B
BRr R TR AT A KR,
3 LA HEF &
3.1 LI{NEE

S50 v SR A o [ B2 B 4 R O 2R R LA
TIF 5% BT A0F a4 017 5 55 6 B o 190 {00 ek O S0 %
T (1) ft B BE . 1) 52 5 0 BE v LA AR B3 AT R Sl ot
P, JEHHHA AG30nm ~ 690nm) Fl B(760nm ~
1100nm) FANEBE; 7E 0° ~ 70° 3 F P9 & F 10°
RN SRTA; FEHRMZE B 00~ 60°
WA 7Tk, HIERE N 1005 SEIR 5 5 &
Z A DA 40° ~ 360° FEfE 10° 25— R 7 67 (180°
BRI s ZRA R RIREE L, Ak
B AT B M . FEAAEH: 2 5[] AR R (1
B —AME ARSI B T Z AT 30 Y R BT Ak
15 049 B 1 F 2 1A
3.2 LM

S50 Fir P (9 0 0 A A 1L A X BT 7,
e it AR

FCadf =100 — Vdaf 9)

Vdaf T4 J0 K FEFE KAy, 3 IR T T K
FfRk (Fedaf) &8R4y, 94% ~ 97% B FEW T
THEE, 90.5% ~ 93.5% MRy AL, 86% ~ 91%
FARIY AR, R IRIX, TR A RS H
R R RIE ISR, HIREE 1% A4,
S5 v BT JC AR AR 0 ) e B TR O 1) L
By TCHHHE (B 2) FIAREY TCIAAE (BE 3)

3.3 LWHE

XU Te] 52 35 BE AR 2 23 18] YO TR
AT G, Bl 5 B A m R A 0° i Bl
Ja, B W IR A R 900 M BUE, B MH
EVEREERAAENEIEE. IEFER 7 X8 e A
S AR A, IFBEA MRS,

http://journal.sitp.ac.cn/hw

O R TR JEE () Kl S0 AR HE T

hY v A
HHR N < 25 cos ) (1)
e A A
l:{jgrjt*ﬂ){(ja%%ﬁ25COSG <h< 8cosf (12)
ST A )\
HURE R > 8cosd (13)
K, h AREP A EE, N FASE

WK, 0 WS AIRE. M TR R R R
o HHRALM BN, W o (U8 h, B
FhdE 10

X, n AIERKE  f WREHRE BT 2
R I REER, o ARG FHE. FH

Bl 00 B MR BE, ORI R R A
(12) , KBERN 43R 1E, 7 780nm , 900nm , 1000nm
=B, TR R RRE TR R iR
FREAMAERTE., LR B BEBEMEKE
B & 760nm ~ 1100nm ,
4 %R 5 5 M0

I F X 16 B S0 BE AR 2 22 B il i EL A
AN TR Bk & 5 A [RDHLRE BE 1 T 08 8 1 i 4R B2
K 12K 6 A bn T AL/, DAARAR i 4R
FEAE, DA [R]4R I0 R T00 A5 00 45 04 s 9% B2 A [+
NN

B 1 ZE 3 AR A A 40° I, A[E KR
& i B AR WG 0 o Y O PR . Jl A AL
=BT AR B, IR S ik i Y o6 W 0 M8 A 0 i
TREARF, BT RMERECHE, Bl LM
180° Ab 2> & A= B THI S5, e H B 7 AL M b iy
S ECAEAR /D, 2R M R T A 4 T A S R T A7 it
FAEIEME,

Kl 4 Z & 6 WA 40° I, AFEBRE R
L2 TR ) TC A 0 R AR BE . HE B =R AT R
BB, AR i k04 KRR TOHE A5 04 fi 9 BE AN [
TETTAALAA 180° Ab, RN KT A % F NG KT A
I AFAE— W E, 75 H BRI KT A At A B .
B AAAE . 3 i B HLRE (1 7 A 4 55 T A 5% TED 2 S

INFRARED (MONTHLY)/VoOL.31, N0.3, MAR 2010



18 a

Ap 2010 4 3 A

REBEAIXT B/, H AR WA A v i 2R B A VS
Bl 2 120° ~ 240° Z [6] () J7 32 £

0.8
—+-0°
0.8 10°
20°
0.4 —%—30°
A ——d0°
0.2 ——50°
/ \\ —ar
0 B
°R92885%82888588858¢9

HHHHHHHHHHHHH

B1 B 1 SEWRTEAEN S MO 40° B A9 fi 4k BE

0.8

-

0.6 e
AP

0.4 ——30°
—a— 40P

0.2 x —— e
L A

0 e
oooooooooooooooooo
REECSIEEESRERERS R
0/(°)
B2 HE 2 JEW R TE ST A 40° I /Y D ik B2
0.8

——0°

0.6 10°
20°

0.4 ——30°
—e—40°

0.2 £ 500
f =

oooooooooooooooooo
mmmmmmmmmmmmmmmmm
HHHHHHHHHHHHH

Bl 3 A 3 G AR TEN S A 40° W A4 it 4% B2

FRAEFER B A T AKX H, 4L
FEHA T AEE AT, P FA
SPFTHT (14 41 W £ BN S6F 8 B8 1) 18 T 9 /0, T i
F N G T A 4R 8 2 BN S A B (1 348 o T 8 K
XA I 8 5 B v ) I R D 8 L, DA TAT 3K
XS ) P T S St 43 B B i, R e e B o
/0N

TG A 5 2% T A 0 2 5 A e El SO S R O
T FANGTH >R (L) RER, 24 A5
AT 10° ~ 60° ST P BF, 1, Frds SOt R
RE 12 Y EG 1 B AR R 0 38 T DR /DN, 24 3k B A A
Hr¥e sy, 1, WERZE, BB 6HR 582 4w
PR, T IOESEE TR, 1. 2R
B, EARKE O g 5 5o o i SOt

INFRARED (MONTHLY)/VoL.31, N0.3, MAR 2010

ke BTN A > R R L. 5 1. ZEAY
ZUER), FrUAMEHE M BRI, Wi Z 161 %
WIEH K,

it 9% S S Fh B T SR 7 AR Y, T AN TR 45
M H AR 2RI B B SRR 0 R, D
PREEE, Wi AR AR Y B T SRR A, S 22 IR
. MRIELETT LA 180° . TRINK T A T AL
KT A I B 2 (Y 5 6Bl 7 17 4T 19 65 1,
UK S @R B e 1. , B 8) H5HH T
AN TEPHUBE A2 BE A TCAR A A I R BE, 4RI 1,
K 2Pm. MPARPREEET R R LA
B, Bl O & A B0, IR BEAS R T
LR 25 18T 1) it 41 B2 /N T ' 1 2 T 114 O R

0.8

0.6

0.4 ——30°

0.2

B 4 A 1 OMURE SR T TEN S AR 40° I i 4R B2

0.8
-=u-0°
0.6 10°
20°
0.4 —%—30°
—ea—40°
0.2 & —+—50°
—=— 60"
0 e R
CocoogocfCoocCoollocoge o
NFoOoRXoAFCRSIT O S oy F
mmmmmmmmmmmmm
0/(°)

Bl 5 A 2 MRS SR T TEN S A R 40° I Y i 4% B2

--0°
0.6 10°
20°
0.4 —+-30°
——40°
——h0"
——B0"

B 6 A 3 HUKE R T ZEN S AR 40° I 4 4% B2

AR Al 9% JBE T DA K 18 SO 5 88 1T S S 22 T
A LB DG R RN ok, 2R 3. 3R 4 70 o BRI
RIAEFNGRIAN, AFEEfE HRE

http://journal.sitp.ac.cn/hw



3k, Hw3M AN

¥ 5 2R T RELURE 1) 0 AR AR AE S 1R N S R T A I
X1k 56 T S AT 5 18 S S Y B, 3K B R Oy 5X
(10) THEF i Sfe iy, Ju 3k 9 2% e A B0 ) AR B
LR MRS R B AL, A A 10° ~ 60° 1
B P, ok T R R T B T S AR A 1 5E
M K Xt 18 S A AR 1 SE

A1 ABR A& BB RIRE A A
N5 F B 2w s
10° 0.098 0.056 0.053
20° 0.136 0.132 0.127
30° 0.202 0.164 0.141
40° 0.313 0.269 0.252
50° 0.558 0.513 0.502
60° 0.842 0.752 0.722
A2 M A E IR BRIk B AT £
N5 MR B2 MR 3 MR
10° 0.028 0.004 0.008
20° 0.072 0.067 0.042
30° 0.173 0.124 0.112
40° 0.221 0.182 0.173
50° 0.35 0.276 0.225
60° 0.63 0.589 0.503

WL H AR 3 MR 4 AT RUE H, HURE R
Xt IO MR 1) Al R B S T LB, M R — 2
I, FENMT M 10° ~ 60° YL A, ] A SR BT

TH] S 55F 55 18 SOt 1 EEAE AR AL R
teoo — tmo
ey (15)
ﬁ*,GOﬁA%ﬁﬁ&Pﬁ B 1] S5 S 5 18 SO

A3 XA A@AIEE GRS E

R A5 R A6 P AR
M BIEW MW M
10° 0.1086 0.0593 0.0559
20° 0.1574 0.1521 0.1455
30° 0.2253 0.1962 0.1641
40° 0.4556 0.368 0.3369
50° 1.2624 1.0534 1.008
60° 5.3291 3.0322 2.5971

http://journal.sitp.ac.cn/hw

Ah 19
o4 Ak A IAM 6 I G A
R4 5Z R4
N JHE 1A RS JE 2 fH RS S5 3 HH RS
10° 0.029 0.005 0.0081
20° 0.0776 0.0718 0.0438
30° 0.2092 0.1416 0.1261
40° 0.2837 0.2225 0.2092
50° 0.5385 0.3812 0.2903
60° 1.7027 1.4331 1.0121
B HAE, ¢, AN AR 100 B8 5

BT E LR, DAARE 3 DA, MR R B A2 AL R
0.98, JEHERME A AL AN 0.95 , HUKE (Y Toil AR
7% T X JEL X e 18 S St 55 X 1A 5 T S S EE AL 1 22
AR B 5 0 T 51 ¥ 2 TG Ao L 1o 8 S5 55 X 1] 5
T SO HUAELFR A2 AL B 52 T

5 %t
3 2o 0 A8 O R 1 90 B 5 o LA A

25k

(1) JEEN B RV A X T M8 A5 1 fi 9% B2 A7 —
SE B BEE SN RIA R, fn 35
TEN S A3 0° ~ 60° 15 i Py 3 T, (B 3F To AR AR SR
T ) X5 16 58 T S ek 9 R W) R X X 1k s
S

(2) WEE TCHRAERR & B, Ho i 9% 2 A
B, T A R X B T S A AR Ak B R T DR T X
18 SR AR AL B R

(3) LR J3E X 0 M A 25 T 4 00 1 S 59 5 fiv i
BCET I E B SN — R I, RO
. IR, FEREE ASHATE 0° ~ 60° JEH
P, BT ST, R R BE AR TR
T FEL R B2 08 0L 174 18 S5 S5 ) B Wi Sk ol T 3 THD KL S
P N S 2 SR 2 ThT L Y 6 45 A8 Lk A U B
Ry 2,

(4) 32 it 4% BE W] LURF SR 6 H Y B 1T S S5
58 SO B EOAI OG AR S R MRS
G A—REN, TR iR BEBR, i B
TERE, BRI,

LRG DL Lghve, JOARIRERR T (Y i iR SR 2 PR
bt 5 X 1) S P AR Y, SEER AT RTUA R, &

INFRARED (MONTHLY)/VoOL.31, N0.3, MAR 2010



20 a

Ap 2010 4 3 A

TG, R BERUBR, BEEA 5 X > A
ALY TCAAE . DR, T A A D AR 6 B AR A
TEIARE R B By, WRHURE R DA, dl
T BRI AR TUA

SE 3k

(1] ¥4, BRIL K, BRSCEL. R B 2 gt 5 3 = 0 4
o E (7). BRAESER A, 2003, 31(12): 98-100.

2] B=Tt, RAHE, WIHAL, % ZHEMIKRKSS
R E R R AR [J]. LI SZRIEFR
2005, 24(6): 441-444.

[3] WU Tai-Xia, ZHAO Yun-Sheng. The bidirectional
polarized reflectance model of soil [C]. IEEE Trans-
actions on Geoscience and Remote Sensing, 2005,
43(12): 2854-2859.

(4] XIHYE, Whodil, BN, SF. fw bR A HLEE K
J%7 Fi [J). €19, 2008, 29(5): 5-9.

[5] Berry H G, Livingston A E. Measurement of Stokes
parameters of light [C]. Proc. SPIE, 2000, 4133:

172-178.

[6] Azzam R M A, Bashara N M. Ellipsometry and Po-
larized Light [M]. Netherlands: North-Holland Pub-
lishing Company, 1997: 1-98.

Sophie Lacherad,

Jacquemoud. Leaf BRDF measurements and model

[7] Laurent Bousquet, Stephane
for specular and diffuse components differentiation
[J]. Remote Sensing of Environment, 2005, 98: 201—
211.

[8] Vanderbilt V C, Sparrow E M. Polarization pho-
tometer to measure bidirectional reflectance factor
R(55°, 0°; 55°, 180°) of leaves [J]. Optical Engineer-
ing, 1986, 25(2): 1105-1114.

(9] &8k, FFEK, FREF. IR 5k
B [P]: 96239489.0 L AU AEH, 1998-03-04.

(10] HHNS, TR, 4858, SF. AL e 2R X SO o A
PRSI [J]. TIEAWIEFM, 2005, 26(4):
683-685.

(11] EBE. RNERT HRELFE M) JL50: HB R
A, 1987, 26-38.

[12] Xiao D H, Kenneth E T, Prancois X S, et al. A
Comprehensive physical model for light reflection [J].
ACM Computer Graphics, 1991, 25(4): 175-186.

#FEZhZE News

% E Wl B A T B B IS AR AY
R 3% 7 B 5 4E

3E www.selectscience.net iR E , *
Cedip ISP R AN F AN WEF K ELE T
BmERENRRNAEARKE K B H
A PROTON H 3 41 4h WAL # ik th 44 (L B
1),

PROTON # & & 4 4 — A& R K E o A
FRETE | FREE (3.6um ~ 49um) | K&
HWUEEFETRAAUNRE G LEEAE N
RRRENIEN., e HEFERAAE, FHH
e R A A NN Bl &

BAMAE—FNELFER BRI ER b
KATHHEL, FTRITEHRALLH#ATY
e DA AE Skm ~ 25km 8 8 B 4R G & W
WAR R B A7, PROTON #h pk % 4 4 g 4% i 3T
— 4 RELBRIATEERME, CERENAT

INFRARED (MONTHLY)/VoL.31, N0.3, MAR 2010

EHXR N2 ROA22 B AWNEN / HFEF.

Cedip 2L R A Tk, # R, Bl X
RZENMIFR, ®it, flEfmEE gt
ShEEN., LR HF OEM ARk, A FE & HR
FNBEAERE TRFAER T %, L¥E. K
FAMFRMRGRIUTNEA TERARRFHE
aRX, FFREATHRLEAAREZHBNX
#F, BRERFT N EBEEATSANAERNE &
ol -G

B 1 PROTON w3 21 48 WAL 3 3 & B 44 58 % B
O &M T

http://journal.sitp.ac.cn/hw



