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ÄÄÄuuuõõõ���ÝÝÝ   ������ÅÅÅ���¢¢¢½½½;;;...///ÔÔÔVVV���
������AAA555ïïïÄÄÄ*

�À°1)2) �1u1) §U°1)† {71) o�r1) �,¸1) �Ð1)2) Ho1)2)

1) ( �a�ÆI[:¢�¿, ¥I�Æ��aA^ïÄ¤, �® 100101 )

2) ( ¥I�Æ�ïÄ)�, �® 100049 )

( 2011 c 4 � 12 FÂ�; 2011 c 7 � 25 FÂ�?Uv )

Äup�m©EÇõ�Ý ��Å (directional polarimetric camera, DPC) ¼��¥I¾ôn�/«;./L
õ�ÝÊ�êâ, 3Ê�ºÝþ�ü��¢½«�o«;./Ô�n«�²�V���Ç (bidirectional reflectance

distribution function, BRDF) �.�ëê, ¿é�.°Ý?1©Û. (JL², n«�²� BRDF �.éõ�Ý��Ç
êâÑk�Ð�[ÜUå, Ù¥, Ross-Li �.éÜ�a.�[ÜØ���, Ross-Roujean �.éàèa.�[ÜØ
���, RPV �.é¢½Ú/7a.�[ÜØ���. 3dÄ:þ, :©Û
o«¢½;./Ôp�m©EÇ�
V���A5, ïÄuy, ØÓ/Ô���Ç�3�O, ��Nª³Ñ�XÑ���C�C�. ¢½«�;./Ô
a.V���A5�ïÄ, ò�Äu�aêâ&ÿ/LÚ�íÔn1ÆëêJønØ|±.

'�c: õ�Ý ��Å, V���Ç©Ù¼ê, ½þ�a, Ø¼ê

PACS: 78.20.Ci

1 Ú ó

/¥L¡ÔNé��áÅË����ÚÑ�
´áu�KËN5�, ¿���Ó5, ´äk²
w���5, �±^V���Ç©Ù¼ê (bidirec-

tional reflectance distribution function, BRDF) 5°(
½Â. 3½þ�a¥, DÚ�íM��a  ò/
L��b��KËN, ��íM��üØ���,

Ïd/LV���Ç´íM��ü���'�¯
K [1−6]. d	, /LV���Ç©Ù¼ê�±^5
?1ºLa.�©a [7,8], �¡È�êÚÙ¦)Ô
Ônëê�ü [9,10], /íÍÜXÚ��íÅ� [11]

�. 8c, ISÚIS®²ïÄ
õ«ÄuÊ�Ú
¥(êâ� BRDF �.. o�`5�±©�na:

Ôn�., ²��.Ú�²��., Ù¥�²��
.�2�¦^ [12−16]. 3�.�y�¡, Maigen[17]

|^ POLDER êâ5�['�
ØÓ� BRDF

�.éêâ�[ÜUå, (Jw« Rahman-Pinty-

Verstraete(RPV) �. [13] Ú Ross-Li �. [15,16] Ñ
�±éÐ/�N POLDER ¼��õ�Ý��Çê
â. � Maigen 3©Û¥�Ñ
íM��K�, íM
�����D(¬3[Ü¥é BRDF �.ëêE
¤K�, ÏdÙ©Û(JJ±3íM��ü¥��
A^. Litvinov[18] |^ RSP ¼��õ�Ý��Çê
â:ïÄ
~^�²� BRDF �.é��Úà
èêâ��[Uå, ¿©Û
/L BRDF ��.Ø
�éíM��ü°Ý�K�. � RSP ÿ�¼�?Û
¥I/«�/L��Çêâ, NASA � Glory Oy
�1� APS[19] Daì�.5g RSP, �du�«
�Ï�8ÿ�¤õu�,�.

�8c��, �é¥I/«;./Ô?1Ê�
�15¼�p©EÇõ�Ý��Çêâ�¢��
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öI	�¥(êâ. p�m©EÇõ�Ý ��
Å (directional polarimetric camera, DPC) ´ISÄ
�gÌïuÚ�O�p©EÇ°Ì (ã�©EÇ
� 1024 × 1024, 3 4000 m Ê�pÝ, /¡©EÇ
� 4 m) Ê�õ�Ý ��Å, DPC �)n�^5
ÿþ ��Åã (490 nm, 665 nm, 865 nm) Ú��
�ÚÅã. DPC ��O8�´�±lõ��ÝÚõ
�Åã5¼��í!/L�� Ú �&E, l
�O(/�ü�í�1Æá5Ú/L�����
A5. �©Äu DPC ¼��¾n�/« (2À�¥
ì½) �õ«;./Ô�p©EÇõ�Ý��êâ,

µd
n«~^�²� BRDF �.éõ�Ýêâ
��[Uå, 3dÄ:þ©Û
;./Ôõ�Ý�
�Ç�A:. ÙïÄé�Ø=�)��Úàè, �
*Ð�¢½ïÓÚ/7, �©�ïÄ�±�ò5p
©EÇõ�Ýêâ�2��A^JønØ�âÚ
êâ|±.

2 �²� BRDF �.

/L�����á5�±^����Ý
 R

(bidirectional reflection matrix, BRM) 5£ã, ��
��Ý
Jø
\��Ë�|�Ñ��d÷�d
ëê (Stokes parameters) �m�éX [6]:

I =
1
π

R(λ, θv, θ0, φ)I0(λ) cos θ0, (1)

Ù¥ I = [I,Q,U, V ]T ´Ñ���d÷�dëê,

I0 = [I0, Q0, U0, V0]T o�\�ËìÝ. λ�\��
Ñ��Å�, φ��é� �: φ = ϕv − ϕ0, ϕ0, ϕv

©O����*ÿ� �. θ0, θv ©O����*
ÿUº�. �\�1��� �1�, R Ý
¥�
�� R11 �L
o���Ç (~^ RI 5�O), R21

Ú R31 �L
 ���Ç (Rp):

I =
1
π

RI(λ, θv, θ0, φ)F0(λ) cos θ0, (2)

Q =
1
π

R21(λ, θv, θ0, φ)F0(λ) cos θ0, (3)

U =
1
π

R31(λ, θv, θ0, φ)F0(λ) cos θ0, (4)

Rp(λ, θv, θ0, φ) =
√

R2
21 + R2

31, (5)

ª¥� F0 �L
R��\�1���ü ¡Èþ
�\�Ïþ. þã��Ç� ���Ç½Â�2�
¦^ [14,20].

3 MISR(multi-angle imaging spectroradiome-

ter), MODIS (moderate resolution imageing spectro-

radiometer), POLDER (polarization and directionality

of earth’s reflectances) Daì�/L��Ç?n
¥, Rahman-Pinty-Verstraete (RPV) �., Ross-Li �
.Ú Ross-Roujean �.n« BRDF �.~�¦^.

RPV �.´����5� BRDF �. [13], úª�

RI(λ, θv, θ0, φ) =
(cos θ0 cos θv)k−1

(cos θ0 + cos θv)1−k
ρ0(λ)F (γ)

× (1 + R(G)), (6)

F (γ) =
1 − g2

(1 + g2 − 2g cos γ)1.5
, (7)

1 + R(G) = 1 +
1 − ρ0

1 + G
, (8)

G =
√

tan2 θ0 + tan2 θv − 2 tan θ0 tan |θv| cos φ,

(9)

ª¥, ρ0, g Ú k ��.�ëê, γ �Ñ��. F (λ)

� Henyey-Greenstein �¼ê, (1 + R(G)) ^5�[
9:�A. RPV �.ëêÚ/LÑ��Ônëê�
m¿vk��éX, ¿÷vp´5, =ò θ0, θv ��
��.�Ø¬UC.

Ø°Ä�.�±L�� fiso, fvol, fgeom n�
Ø¼ê��5|Ü, n�Ø©O�L��Ó5Ñ�,

NÑ�ÚAÛ1ÆÑ� [14,16]

RI(λ, θv, θ0, φ)

= fiso(λ) + k1(λ)fgeom(θv, θ0, φ)

+ k2(λ)fvol(θv, θ0, φ). (10)

3ÄuÊ�Ú¥(êâ� BRDF ïÄ¥, Ross-thick

Ø~^�NÑ�Ø fvol(θv, θ0, φ)[14,16], ù�Ø�í
�5gË�DÑnØ�ügÑ��[, �[¥b�
z����´ÃS�, z��¹
Nõ�Å©Ù�
��ÇÚßLÇ�Ó��¡. õgÑ�²~�w�
��Ó5Ñ�, �±^Ø fiso 5£ã. fvol(θv, θ0, φ)

�±��

fvol(θv, θ0, φ) =
(π/2 − γ) cos γ + sin γ

cos θv + cos θ0

− π

4
. (11)

Ross-Roujean Ú Ross-Li �.�«O3uAÛ1Æ
Ñ�Ø fgeom �£ãØÓ, Roujean �AÛÑ�Ø
vk�¹Ù¦��.ëê, �6u1ìÚ*ÿAÛ,
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�±��

fRouj
geom(θv, θ0, φ) =

1
2π

[(π − φ′) cos φ′ + sinφ′]

tan θ0 tan |θv| −
1
π

(tan θ0 + tan |θv| + G), (12)

ª¥ φ′ = |ϕv − ϕ0|, ����� 0 6 φ′ 6 π. Ross-

thick �NÑ�� Roujean �AÛØ÷vp´5,

Ïd Ross-Roujean �.�÷vp´5. G �½Â
� (9) ª�Ó.

3AÛØ£ã¥, Li-dense Ø (fLiDen
geom ) � Li-

sparse Ø (fLiSp
geom) ²~�¦^ [16], Ù£ã�

fLiSp
geom(θv, θ0, φ)

= O(θv, θ0, φ) − sec θ′v − sec θ′0

+
1
2
(1 − cos θ′) sec θ′v sec θ′0, (13)

fLiDen
geom (θv, θ0, φ)

=
(1 − cos θ′) sec θ′v sec θ′0

sec θ′v + sec θ′0 − O(θv, θ0, φ)
, (14)

O =
1
π

(t − sin t cos t)(sec θ′v + sec θ′0), (15)

cos t =
h

b

√
D2 + (tan θ′0 tan θ′v sinφ)2

sec θ′v + sec θ′0
, (16)

D =
√

tan2 θ′0 + tan2 θ′v − 2 tan θ′0 tan θ′v cos φ,

(17)

cos θ′ = − cos θ′0 cos θ′v − sin θ′0 sin θ′v cos φ, (18)

θ′v = tan−1
( b

r
tan |θv|

)
,

θ′0 = tan−1
( b

r
tan θ0

)
. (19)

XJ | cos t| > 1 @oÒ�� 0. fLiSp
geom � fLiDen

geom Ñ
�¹ü�ëê h/b Ú b/r, ùü�ëê3�5�.
¥~~���½�. 'X MODIS � BRDF J��
{¥¦^
 fLiSp

geom, ¿� h/b = 2, b/r = 1. �©
� Ross-Li �.¥� h/b � b/r ©O��� 2 Ú 1,

� MODIS � BRDF J��{¥�ëê��.

3 êâ£ãÚ?n

ò DPC �ÅSC3�Åþ¡, 3¾n�/
« (2À¥ì½) ?1
üg�1Á�. DPC �Å
� POS XÚë�, Ø=�±O(��ÊûUÝ,

�U
¢�¼�zÜ�¡��Å^�Ú �&E.

�ÜÊ�û�, /¡¢�^ CE318 ��1ÝO5é
�í?1*ÿ, ±¼��1����ííM�1Æ
þÝ, íM�âfÌ©Ù, Eò��ê�&E. ��
1ÝOe�3¥ì½#�ËA�º¢, ²Ý: 113◦

22′ 59.63140′′,�Ý: 22◦ 30′ 57.46574′′. äN��1
êâ�L 1.

L 1 �1êâ

�1?Ò �1�m (UTC) íM�1ÆþÝ (865 nm) �1pÝ /km *ÿAÛ

1 03/12/2009 0.41 4.0 θ0 = 46.5◦(±1◦), 0◦ 6 θv 6 40◦

03:00-04:00 0◦ 6 φ 6 180◦, 95◦ 6 Θ 6 175◦

2 04/12/2009 0.43 4.0 θ0 = 61◦(±1◦), 0◦ 6 θv 6 40◦

06:25-07:45 0◦ 6 φ 6 180◦, 80◦ 6 Θ 6 160◦

ã 1 CE318 3¥ì½�ü���âfÌ©ÙÚEò��ê

�âAÛ&E±9 CE318 ÿþ�íM�&
E, �±ïá�éL¿(Ü POS Jø�AÛ&E
é DPC êâ?1�íÅ�, l¼�Ó�/Ô3
ØÓÊû ����Çêâ. �íÅ���n�

RMeas
λ (z, θ0, θv, φ) = RAtm

λ (z, θ0, θv, φ)

+ RSurf
λ (θ0, θv, φ).T ↓

λ (θ0)T
↑
λ (θv), (20)

Ù ¥, RAtm
λ (z, θ0, θv, φ) � L ç N þ � � � í �

z (=§Ë���Ç), RSurf
λ (θ0, θv, φ) �/L��

��Ç, = BRDF, λ �LÅ�. T ↓
λ (θs) Ú T ↑

λ (θv) ©
O�L
�eÚ�þ�ßLÇ. �±ÏLe¡��
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§5O�:

T ↓
λ (θ0) = exp

[
−

(ψδm
0,λ + ζδa

0,λ

µs

)]
, (21)

T ↑
λ (z, θv) = exp

[
−

(ψδm
λ (z) + ζδa

λ(z)
µv

)]
, (22)

�§¥� µv ´*ÿUº��{u�, µs ´��U
º��{u�. þI m Ú a ©O�L©fÚíM
�. δm

0,λ Ú δa
0,λ ���©f�íM��1ÆþÝ,

δm
λ (z) Ú δa

λ(z)�pÝ z e��©fÚíM��1
ÆþÝ. �§ (21) Ú (22) vk�Ä/LÚ�í�
m�õgÑ�, ´^ü�²�Xê ψ Ú ζ 5£ã
õgÑ��K�. ψ �u 0.9, ζ �±d��²�ú
ª [21,22] 5O�, =

ζ = 0.3658 + 0.1023α∗ + 0.0080α∗2. (23)

RAtm
λ (z, θs, θv, ϕr) �±|^¥þË�DÑ�

§ 5 O ( O �, ~ ^ � ¥ þ Ë � D Ñ ^ � k Ä
u SOS � 6SV, ±9Äu�\\\g�� RT3.

4 (J�©Û

12/04/2009 eÌ�1����Uº���, Ñ
���©Ù��'�Ün, �©�¢�¦^TU�
êâ. ã 2� 12/04/2009 �1�n�Ê��êâ²
L?n����K�©��J, lã¥�±wÑ�
1«�S©Ù
Ü�, àè, ¢½ïÓ±9/7�
/Ôa.. du 865 nm ÅãÉ�íK���, �
©3©Û/L� BRDF A5�, ¦^TÅã���
Çêâ.

ã 2 n�Ê����K�©��J

�
¦�Uõ�¼�Ó�a/Ô3ØÓ��
�*ÿêâ, lã 2 ¥õ� �|8
Ó�«/Ô
���Çêâ, z� ��L
��/Ô3¤k*
ÿ�����Çêâ, �±w���êâ��. ã 2

¥� + �LÜ�, 4 �Làè, �L¢½, © �
L/7. DPC �Å�Ì°, Ïd�±æ8v
õ�
CXõ�*ÿ�Ý�êâ��5?1 BRDF �.
�ü. L 2 ´�â¤k�Ý�êâ��©O^n
« BRDF �.�ü¤��(J.

ã 4 w«
�©�*ÿêâÚn«�.��

[êâ�Ñ���'X, �±wÑn« BRDF �
.Ñäk�Ð��[Uå, U
O(��AØÓ
/La.3ØÓ�Ý���ÇCz. lL 3 �
±wÑ: Ross-Li �.éÜ�a.�[ÜØ��
�, Ross-Roujean �.éàèa.�[ÜØ���,

RPV �.é¢½Ú/7a.�[ÜØ���. ã 3

�âz«/La.éA��` BRDF �.5±
�Ñ��Ç�Ñ���éA'X, �[�êâ:
� Ü u Ì ² ¡ þ (= � é � �� 0◦ ½
ö 180◦).

L 2 RPV, Ross-Li, Ross-Roujean �.�üëê

RPV Ross-Li Ross-Roujean

λ = 865 nm ρ0(λ) g k fiso k1(λ) k2(λ) fiso k1(λ) k2(λ)

Ü� 0.1925 −0.1164 0.6145 0.3783 0.0289 0.3581 0.3568 0.0199 0.3984

àè 0.2091 −0.1515 0.5457 0.4279 0.0288 0.5793 0.4371 0.0467 0.5616

¢½ 0.1159 −0.1423 0.3327 0.2562 0.0133 0.4126 0.2457 0.0088 0.4311

/7 0.1882 −0.1463 0.8604 0.4335 0.0851 0.2170 0.4140 0.0967 0.2373
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L 3 n« BRDF �.éØÓ/L��[Ø�

RPV Ross-Li Ross-Roujean

Ü� 0.24231745 0.23526941 0.23647379

àè 0.27955663 0.27584798 0.27429131

¢½ 0.15695856 0.15853713 0.15901145

/7 0.25567413 0.26552660 0.26328668

l�ü� BRDF �.��: o«/Ôa.¥,

àè�/L��Ç�p, Ùg´��Ú/7, ¢½
ïÓ�/L��Ç�$. àè���ÇCz��,

�Ï´3æ8àè��Çêâ����)
�«
��
8I, �½«àè�'�«�àè8I¹Y
þ��, Yé 865 nm 1�äkáÂ5, ��ù

8I���Çü$. ¢«ïÓÔ8I�/L��Ç
�$, �Ï´¢«ïÓp$ØÓ, �3�þ�ÒK
«�. /7a.duÓ��¹
��Úè1, Ïd

ã 3 z«/La.éA��` BRDF �.

��ÇCz���, �´�Nþ���Ç�pu¢
½«�. �Ù¦na/ÔØÓ, ¢½8I3Ñ��
C��, ��ÇÄkü$, 3 80◦ �mm©,p, ù
`²¢«8I�c�Ñ��r. o«/Ôa.�/
L��Ç3��Ñ���Ñ��uc�Ñ�.

ã 4 ��Ç�Ñ��'X (a) Ü�; (b) àè; (c) ¢½; (d) /7

5 ( Ø

�©é DPC Ê��1�*ÿêâ?1�í

Å���/L�õ�Ý��Çêâ, �ü��

¥IH�/«;./Ô�Cù	Åã (865 nm)

� BRDF �.. (JL², RPV �., Ross-Li �
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.Ú Ross-Roujean �.Ñ�±�Ð��[o«/
La. (Ü�, àè, ¢½, /7) �õ�Ý��Ç
êâ, �vk?Û�«�.�±3¤k�/La
.[Ü¥Ñ�±Ø���. Ross-Li �.éÜ�a
.�[ÜØ���, Ross-Roujean �.éàèa.
�[ÜØ���, RPV �.é¢½Ú/7a.�
[ÜØ���. �'��5� RPV �., �5Ø
°Ä�. (Ross-Li �.Ú Ross-Roujean �.) �
ëê�üL§�\{üÚ½. o«/Ôa.
¥, àè���Ç�p, Ü�Ú/7g�, ¢½/
«�/L��Ç�N $. àèdu¹Yþ�Ø

Ó, ��Ç¬kÅÄ. /7du�¹
��Úè
1, ��Ç�ØXß��� (XÜ�) ½. ¢½
«��ÒK¬ü$��Ç, Ù��Ç�Ñ���
Cz5Æ�Ù¦n«a.ØÓ, �Ñ��C��
Äkü$, ,�m©,p. DPC *ÿ���o«
/Ôa.���Çêâ3��Ñ������Ç
Ñ�p, �du*ÿ^���, �©�êâ�U�
NÑ9:�A. �©éo«;./Ô�õ�Ý�
�Çêâ±9 BRDF �.�ïÄ, ò��Yp©
EÇõ�ÝDaì�A^JønØ�yÚêâ
|±.
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Abstract

This paper deals with the retrieving of the bidirectional reflectance distribution functions (BRDFs) of the distinct urban cover in

the Pearl River Delta (PRD) region employing the high-spatial-resolution multi-angle polarized measurements made by the directional

polarimetric camera (DPC). The results show that three BRDF models (RPV, Ross-Roujean and Ross-Li ) describe the DPC measure-

ments well. Forest is best fitted by Ross-Li and bare soil is best fitted by Ross-Roujean. Urban and shrub are best fitted by RPV. The

results demonstrate that the reflectances of different types of surfaces are different and increase with the increase of scattering angle.

The basic theory of investigating surface properties using multi-angle measurements is proposed.
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