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Simulation and Sensibility Analysis of Earth Surface Bidirectional
Reflectance Factor Based on Radiosity
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College of Geo-Exploration Science and Technology, Jilin University, Changchun, Jilin 130026, China

Abstract Conventional fixed imaging sensors are mostly used to analyze the changes of spectrum resulting from
changes in the biochemical parameters of the ground objects. However, the computer simulation model used to
study the bidirectional reflectance characteristics can not complete the simulation of multiple types of ground objects
because of the large amount of view factors that need to be calculated when constructing a scene. Therefore, there is
less connection between them. To deal with these problems, based on the Radiosity Applicable to Porous Individual
objects (RAPID), we simulate the reflectance of the Yuhuayuan area in Changchun City and analyze the sensitivity
of the reflectance to the environment factors. The results show that the field of view of the sensor has a strong
influence on hot spot. The solar zenith angle and sky light ratio have a strong influence on all directions of the visible
and near-infrared bands. Simulating the influence of environmental factors on the imaging spectrum is a good way to
provide the basis for inversion of the ground objects of the biochemical parameters of fixed imaging sensor.

Key words remote sensing; bidirectional reflectance factor; radiosity model; parameter analysis; computer
simulation
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Fig. 1 Schematic of geometric relationship of

solar-target-observation

() R 5 S e 2 b5 Q0 QL 43 3SR K BH O BRSO
fo) 55 A LI 5 1) B S AR A . BT Vo TEEUE |
ETF Ve B LLUF B 700 T Ve B8 Voror 5 55 SE , £4F
G LU BRI T o B A BT AR L, H AT
Sdh Z R Ve 10 Vigor o
2.2 iE&HEELIEE RAPID

RAPID R 5 £k 1 T 00 b ) 7 55 , FLOoR il ik
FERZEMIE LT ILD 5.

D) =4 5094

Yy 55 SCALAE 3 5 09 JLART R Ak L B ) 100 O 2 R
PE LK BA-H AR LT X &R B A K KRS8 &
PRARS A p AR 1 0 ek S22 M 3 o0 2H . A8 TSR S T
PR, 80 ed SR FH 2 AL B B 3 o AL
T — LE A ) SR AR R R T AR A
L (512 1 o IS O SO R DN S = @ 1 1V 7 N
SR FH 50 b T A5 8 A 400 T g AR 07 FH] A 48 s 4 SC
48 3R B — AR W %) 288 O3] R 45 R 2, 6 T A B
EBEL TGN = 2 NS e o

2) TS L Y e AR

O AL R BT %) HRORE S K B LSO R R S 18
SO RRRE By B A BT

Ly =l +lavg, s (3)

T v R Vi 19 K P EL ST OG R FRBE 5 v,
R RS 18 GO R,
X A B SO ) BROBE G S
S D0 Fravena, | Prave * 2|

Ve —
SN COS (95 VSSMV“ 1
SSN

Is.

4
KAk, HBE R0, M RHKIUM (SZA);
Vs HEFLER Vo W B FIF 55 Vesu B Visu
) B KA s Vv vey N EFLEE R Vaa W Vissn 19 7
)i Q. R BHE A S B B AR 5 fvgveaana, N
TR Q. EELER Ve i i Ve B9 AT L

092802-2



55, 092802(2018)

ANSHBIFHRE

www.opticsjournal.net

A
RS BTG 1 R
2 U
Liv,, =ka S (5)
SR Uy 9 BRE ST VR F1 FAT B R YV o 19
T AR RO s Py o 8 3R 7 UK 0 A B 0
FEN Ve BEBIR R AR
3 HHE AT
AR 75 SCR AN —A> T T B T 9 RE 1 35K )
— AT TC Y HE A 3238 23 o 5 5 S R AR i 4
TR TR A R R A AR R R A R O B . T
THIE LN
F. = ZO“"'Q ,
TS
K008 V=i M Veu=j MHAZFLH 1
T Q ERESERNEG AT MbrE &AL
WRIT S T MAbske; MELMR iy T
P HAEERESL R AT B N 5 0
FLEE A BB R AR AT I R S R
F, 2P a=F, . >iP,a=2,0,,0, (D
K F, BT fbehi &L SN Mtsh m
AL R R ] T P o 2 Bk AE ST AR T AT
AN S0 5 R L B BR R HR
0 SRR
B LA 2R ARG B, & XA
B, =E, +p, 2, FuBu.+7, > FuBys (8
Aorbe Ak 2B Z 4L A IETE AT T s 00 7
AT L 2 AL R B RO R E ARG E,

(6)

O BRLCHILST I N R AR T SO L 2 AL R Y
it 5 R O R0 0

3 SR

3.1 HIREXEHEERE

WFIE XA T35 R K T A A6 B #b X, AR &
125°18'15"~125°18"38" .4t 4 43°53'5"~43°5320",
A 262000 m”, JH K 2047 m, 52 BF5E X TH R
K/NH BRI & 0 2 A B 38 I % (i MISR Al
CHRIS) 125 [8] 43 #¥ 58 T 1 6 2 0F 9% 75 22, (R L AR
W R IR B FEFE 0 & o =5 o i 8k TR X
O R R AR P AR AUL 45 SR AT B IE , D RS i R M 4y
Mrog el s, @4 =5 TR 5 KR B IE Ha,
BUBSE N 631 km, M 4 98.9080°, BT 45 45 1]
S PEFENATIR 0.8 m, R RE J) R 357, 3K LA £ X
I A 2 TR UR N A W f A FRIR O AR B e )2 1 S AL
FVEE BE R AR FMOR P 26 55 B S AR .
3.2 HEEN

2015 4 10 H 9 H e B 10 16 el b X 5 4h >k
ASD FieldSpec 3 St 3 1% >R 4 B 4fs . P K38 Bl A
350~2500 nm, G RFEM B R 1.377 nm @350 ~
1050 nm 1 2 nm@1000~ 2500 nm, Y&iE% 7 BE R R
3 nm@700 nm Al 10 nm@1400 nm,2100 nm, *
FEY R NG R IRE H —0.8~15.1 C, R K <2
e, R = HMESN R 10 IO B {E 1S 2+ A
TR RS R, M SR A S AL 2 0 AKE A
EF o PCRAR B I & 0 I E] E] B Y 15 min(10 min #§
FEETIE] .5 min WEAAXERETED . 7= MR i Ak
AR T 10 R4l By = A RE A R, BOF
BB R R 5 E AR SR N E 1 R,

1 w5 LR BT M S Y AR

Table 1 Measured reflectance and transmittance of ground objects at GF2 center band

Wavelength A /nm

Ingredient

514 550 670 800
Reflectance 0.060 0.112 0.060 0.373
Board leaf )
Transmittance 0.052 0.169 0.065 0.567
Reflectance 0.045 0.06 0.081 0.310
Board stem )
Transmittance 0 0 0 0
Reflectance 0.107 0.140 0.087 0.472
Needle leaf
Transmittance 0.070 0.100 0.064 0.462
Reflectance 0.128 0.142 0.200 0.291
Needle stem )
Transmittance 0 0 0 0
Soil Reflectance 0.060 0.108 0.054 0.415
o1
Transmittance 0 0 0 0
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Fig. 2 Establishment images of computer simplified scene. (a) Remote sensing imagery of Yuhuayuan area;

(b) top view of simulation scene; (c¢) oblique drawing of simulation scene
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Fig. 3 Variations of scene BRF with view zenith angles at different angles of FOV.

(a) Principal plane direction; (b) cross principal plane direction
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Fig. 4 Variations of scene BRF with view zenith angles at different angles of SAA.

(a) Principal plane direction; (b) cross principal plane direction
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Fig. 5 Variation of scene BRF with view zenith angles at different ratios of sky to light.

(a) Principal plane direction; (b) cross principal plane direction
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Fig. 6 Variations of scene BRF with view zenith angles at different angles of SZA. (a) Principal plane direction;

(b) cross principal plane direction
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