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Table 1 The training parameters measured in 1999 used in BP model (TM2)

EI %

x5 L P IAI D 0(%) R T, sbrf 0,(") 01

HA

1999-08-18 0.46 0.045 1.9 0.9 80 0.19 0.219 0.181 17 0.24
1999 -08 -28 0.44 0.036 3.1 0.98 80 0.21 0.205 0.167 21 0.22
1999-09-11 0.39 0.04 5.4 0.99 78 0.24 0.16 0.079 26 0.18
1999 -09-29 0.37 0.035 3.9 0.96 76 0.22 0.169 0.076 30 0.34
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0.07, g k23R E=0.001169

KL ERAFHY 10 20 (7 52, 3 AR FEA S
K NERLEFT ISR AR RNZRa Rk 2 (%
TR . BRI BT SO AR R (E R S T
SN s FEVRINR TUAS R T 2 BV 1) S S B R
S 3 AU S L R R AE L R T A 2 307 —
525y B X I, 1999-08-18 fy BEALL Ay i} 55 14
G A R 25 7E 9.09% 7 Ji], Hirp— 2 5
By A A IR 2% T 1%, 1999-08-28, 1999-09-11,
1999-09-29 #4 A5 X 12 2= th, K 3 4> 76 £ 9.09% 1)
P A3 A B LA e 3R 22 5% 107
AL,

® 2 KEWERSHEBRLIGRE R (1999 FL0 T™M2 E)
Table 2 Comparison of BRDF measured in 1999 and Network calculated for different viewing
zenith angles and training error in principal plane

L TF £ 1999-08-18 1999-09-29
/() PHEE SEIME xR 2 AR/ V0 A SN Y Xt iR 2= HExHiRE/ %

—60 0.0469 0.0426 —4.25%107% —9.06 0.0484 0.0484 —2.32X107° —0.06
—52.5 0.0433 0.0396 —3.70X10% —8.53 0.0453 0.0446 —6.63X10" —1.47
—45 0.0402 0.0384 —1.80X10% —4.48 0.0423 0.0397 —2.60X10? —6.23
—37.5 0.0359 0.0358 —8.43X10°° —0.23 0.0376 0.0321 —5.22X10° —14.23

—30 0.0341 0.0345 3.50x10* 1.03 0.0357 0.0301 —5.53X10° —15.8
—22.5 0.0324 0.0335 1.11x10°% 3.43 0.0321 0.0281 —4.02X10° —12.01
—15 0.0327 0.0327 1.06X107° 0.03 0.0343 0.0289 —5.44X10° —16.16
—7.5 0.0379 0.0412 3.32X10 % 8.79 0.0405 0.0342 —6.35X10° —15.83
0 0.0443 0.0486 4.29%1073 9.69 0.0476 0.0424 —5.21X10° —10.95
7.5 0.0493 0.0517 2.45X1073 4.97 0.0525 0.0424 —5.21X107° —3.86
15 0.0569 0.0574 4.87x10* 0.86 0.0608 0.0620 1.21X10°° 2.27
22.5 0.0633 0.0669 3.66X1073 5.79 0.0672 0.0670 —2.12X10°* —0.06

30 0.0676 0.0719 4.24%1073 6.27 0.0712 0.0719 7.35x10* 1.3
37.5 0.0703 0.0718 1.48X10° 2.1 0.0734 0.0754 1.93X10°° 2.86

45 0.0717 0.0694 2.32X1073 —3.23 0.0745 0.0808 6.33X10° 8.8
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60 0.0761 0.0705 5.63X10% —7.4 0.0788 0.0882 9.42X10° 12.28
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Table 3 Comparison of BRDF measured in 2000 and Network calculated for different viewing

zenith angles and test error in principal plane

LI T £ 2000-08-07 2000-09-18
/O R S dRfRE  ARNRE/Y% | ieEm S MR Rt/ Y

—60 0.1 0.0782 —0.0218 —21.83 0.0997 0.094 —0.0055 —5.49

—52.5 0.0838 0.0899 0.0061 7.28 0.092 0.089 —0.0032 —3.5
—45 0.0834 0.0912 0.0078 9.4 0.0836 0.081 —0.003 —3.65
—37.5 0.0849 0.0936 0.0087 10.32 0.0722 0.069 —0.0032 —4.46

—30 0.0928 0.1051 0.0123 13.28 0.0557 0.049 —0.0063 —11.3
—22.5 0.0855 0.0895 0.004 4.77 0.0518 0.05 —0.0017 —3.36
—15 0.0853 0.0867 0.0014 1.56 0.047 0.046 —0.0007 —1.34
—7.5 0.0843 0.0839 —0.0004 —0.5 0.0443 0.045 0.0003 0.72
0 0.0844 0.0818 —0.0026 —3.16 0.0436 0.043 —0.0003 —0.69
7.5 0.0884 0.0843 —0.0041 —4.65 0.0434 0.042 —0.0011 —2.47
15 0.0989 0.102 0.0031 3.14 0.0405 0.041 0.0007 1.57
22.5 0.0996 0.1069 0.0073 7.32 0.042 0.043 0.0009 2.28
30 0.0999 0.2195 0.1196 119.68 0.0429 0.047 0.0038 8.69
37.5 0.0998 0.0903 —0.0095 —9.55 0.0509 0.053 0.0019 3.66
45 0.0869 0.081 —0.0059 —6.87 0.0667 0.06 —0.0067 —9.97
52.5 0.0808 0.0813 0.0005 0.59 0.0821 0.089 0.0067 8.18

60 0.0909 0.0842 —0.0067 —7.29 0.0538 0.047 —0.0072 —13.3

14 0.00704 7.264118 —0.00145 —2.02529
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Table 4 Comparison of canopy parameters of rice measured in 1999 and invert modeling calculated and training error

H 2 IAI L P

wy H BEAUME SCMME  AERHRZE/ T | BERUE SCOME HIRRZE/ % B S AXRRE/ P
1999—08—07 2.3 1.9 —17.5 0.40 0.46 15.4 0.039 0.045 16.7
1999—08—28 3.39 3.1 —8.6 0.42 0.44 5.8 0.037 0.036 —1.48
1999—09—18 4.95 5.4 9.1 0.48 0.39 —18.8 0.039 0.04 2.8
1999—10—08 3.55 3.9 9.8 0.37 0.37 0.58 0.038 0.035 —7.7

®S KEBEREMSH KR BP RERZLER (2000 &£ TVM2 K E)

Table 5 Comparison of canopy parameters of rice measured in 2000 and invert modeling calculated and test error

H % LAl L p
I g STUME AERRRZE T | B STHMME AERRRZE | BERME ST MR T
2000—08—18 1.6 1.4 —19.6 0.49 0.58 15.82 0.039 0.045 13.9
2000—08—28 2.95 3.3 10.6 0.49 0.42 —17.83 0.038 0.037 —2.7
2000—09—1% 28 DIg 3 34¢ 0442 0L 38 1188 01043 J.0LL 2N
2000—09—29 3.4 3.7 8.10 0.587 0.77 23.73 0.045 0.037 —21.7
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Table 6 Forward modeling performance using RMSE

MK A/ () P KRR FE RMSE
—60 6.33X10*
—52.5 4.34X10~
—45 3.14x10°*
—37.5 2.11X1074
—30 1.37x10*
—22.5 2.86X10°
—15 3.00X10 6
—7.5 4.53X10°6

0 1.49X10°°
7.5 1.73X10°°
15 4.79%10°6
22.5 3.29X107°
30 3.67X103
37.5 1.53X10°*
45 27810
52.5 3.90x10*
60 8.81x1074

Wt BRSSO LA R R . X
PR A VR R ) S5 S5 R KR P St VR B B b iy
FEIR LIRS OGS J2 454 ) FRAE DG iR B4,
FEARKAR BE L3 Ef NS5 ) AU 7 15 A S ) e
TR, ORPRAL T MU B A% AR 1 )5 7 i W
MERR T H ORI BAFUL MR 7Y
B A BARE , 0T A3 470 () — U I 1 R T PR 3
AN PRI 70 308 A R AE I T 1 ) B R 31—
AU, FRAERR R, i B T 7, T
R P R B R K R AR A 4 7K S 22 403 e
SRR BB, FEA ] S Wt KR AS [ A K 3 00 R
SITRFE A B AE A A BT (BB A LA
ANan BP BEAUR TR M 28 % —dH N 2
ez I AR Gt AR RE 6185 3 22 Al 7K A8 X

FE =B X3, SENME 5 DB AR R 1R 22 A X R K
(0 2), (HBHSRE, R Ak sh, e iR EE 2]
LA,

BIFFEN m S SRR A e 25 H Y, it e 22 D 2 I
5SS SOE A BOE R BRI S R K
TR TEL = 5 A 25 AP R 0 R PR TR A K A K 3
HAREF X, MHARRR KT s e
B, KT IR S 250 BP s AR HA [ i

S RO B LR R P P A T L JROR
A et R E AR RO T 3 B
M3 ek 7K R e J2 44 5 40 BP I T R A7 K i
Sy IR T AT 00, (B RS T 5265, B
B AL AT RO — 5 B Bkt LA BN 2R
KRG R FAE G Bl X TR B, 4N, AR5
U T F2 P11 S 5] LTI T51 £ K 5 2 %
HEH LBHUAE RS R BFRE, e o
TH £ L 1] 2 S % AR b 2 0 A B 50 R B Y 4
BHEGEERERM,

Lo

T A B SO R 45 PR o R SR B
Ve (15 2 R (4 S . — B R B A A
AR, S PPEILAARZRE R E RN, 45 Hh o ok
T YT AT AR, HEDL ALHAERM%EE
J I T A A U (EKE R T KRS X1 S A
HIF ) A0 S AR A R A 3 v S — Rl ) 21k, A
WA d 2 TR A S ST B R B 2 A
TEEER SR K LS L 1y BP AEA I 254K
B PR T i S 7K R 1) S S5 BP T 1) AR AR R Jz 38 A
T, ERIRE 1R LA R, 97K R S S A
AR DL 438 T T T B 7K R X1 5 S R0 4L it
SOEE R G SRR M T R % . KRR AR K
ARBL AR [6] B G 4 P 5 AR G 246 HL BP i 1) 4
PRI S AR BT 1 7K R 1 AR K N 3B 75—
AHIBRDT EE ARSI HE KRS it R e T AU 2R,
TR P 5 | N KRR T P T X1 S B R A N
SRMERE— PR SO

2 # [ Bk (References)

[1] Li YM.Wang RC et al- Effects of Rice Canopy Structrual Change on
Bi-directional Reflectance [J]- Chinese Journal of Applied Ecology
2001,12(3) 401 —404[ Z= Mg, FA L. KIGBESE WAL
X B S RA R (1] I A 25 S, 2001, 12(3) , 401 —
104]

[2] Shen GR.Wang RC- Modeling Birectional Reflectance of Multicom~
ponent Rice Canopies[J]- Transactions of the Chinese Society of Agri~
cultural Engineering,2001,17(5) 146 —149. [ B3, FOAH-
RS 410 W S S HRL £ 7 1], 72l TR 2 4, 2001
17(5),146—149. ]

[3] Rumelhart D E., Hinton G E, Williams R J- Learning Internal Repre-
sestations by (Fmror Prépigatior {14 JrcRamelhatt D EpL./ WeClel -
land - Parallel Distributed Processing : Explorations in the Microstruc-
ture of Cognition[C]- Cambridge. MIT Press, 1986.



258 - T I H6%
[4] Gong P Wang D X. LiangS- Inverting a Canopy Reflectance Model [8] Shen GR-Wang RC- Study on the Multicomponent Bidirectional Re-
Usinga Neural Network [J]- INT- J- Remote Sensing, 199920 flectance Model for rice[J]- Chinese Journal of Applied Ecology, [ B
(1. 111122, T7o M- KFEZ 44 W io) SRR G [T ], B AR ZS
[5] Helmut Schiller; Roland Doerffer- Neural Network for Emulation of an ZAR. OF . 1
Inverse Model ; Operational Derivation of Case 1| Water Properties [9] Wang RC:Chen MZ- et al- Studies on Agronomic Mechanism of the
from MERIS Data[J]- INT- J- Remote Sensing, 1999.20(9), Rice Yield Estimation by Remote Sensing[J]- Journal of Zhejiang A~
17351746, gricultural University, 1993,19(Sup. ). 7—23. [ £ AWM. BR4# Bk
[6] Hong W,Wu CZ- et al- A Study on the Model of Forest Resources 8. KFERE AL T 0 A LB A Y II. f#2H 550
Management Based on the Artificial Neural Network [J]- Journal of AT [T] WA K22 4R, 1993, 19 (36 1)) . 7—
Natural Resources, 1998, 13 (1), 130—135[ tfF, A& i %, 3T 23. ]
NG 25 0 BRAR ST IR AT AR R 25 [T] . A SRR IR 2441 [107  Alan H _ Strahler- Vegetation Canopy Reflectance Modeling ™ Recent
1998,13(1),130—135] Developments and Remote Sensing Perspectives [J]- Remote Sensing
[7] FengP- et al- A Drought Degree Evaluation Method Based on the Reviews» 1997, 15 (15) ,179—184.
Artificial Neural Network [J]- Systems Engineer-Theory & Practice. [11] Andelgadir A Abuelgasim: Sucharita Gopal. Alan H Strahler- For-
2000,2(3)  M1— 1. [ P4, T A THEMERN T2 ward and Inverse Modeling of Canopy Directional Reflectance Using a
FEEAL H k(1] R4 TR 55k, 2000,2(3),141— Neural Network[J]- INT- J. Remote Sensing,1998,19(3) 453 —
1447 471,

Study on Bi-directional Reflectance Model of Rice Using a Artificial Neural Network

SHEN Guangrong: WANG Ren~chao
(Institute of Agriculture Remote Sensing and Information Application, Zhejiang University » Hangzhow 310029, China)

Abstract: There are nonlinear relations among the bi-directional reflectance of rice. its canopy architecture parameters
the spectral characteristics of the different components of rice; and the illumination and viewing geometry - This article
explores the use of artificial neural network for both forward and inverse bi-directional reflectance modeling of rice based
on the data measured in Zhejiang University (Hangzhou China) for field experiments from 1999 to 2000. The assumption
here is that the bi-directional reflectance of a rice canopy is the function of the geometry of its constituent elements the
spatial distribution; spectral features of the elements, and the illumination and viewing geometry - This implies that the bi~
directional reflectance of the canopy is particular sensitive to the canopy 's structural parameters, the spectral characteris-
tic of foliage s and the illumination and viewing direction- It also implies that canopies with different parameters will exhib-
it different bi-directional reflectance- On the basis of these analysis,we decided to have 10 input parameters ;:model incli-
nation angle of the canopy ( 0), eccentricity ( D) » reflectance of foliage ( R ) » transmittance ( T1) » sun zenith angle 0,)soil
reflectance( sbrf) » the ratio of mean length to canopy height ( L1)and the ratio of width to length ( P) leaf area index
( LAI) , diffuse to total incident radiation( Q1) - There are 17 output parameters ; bi-directional reflectance of the canopy in
the principal plane:from —60° in the forescattering direction to +60° in the backscattering direction at increments of
7.5° in forward BP model. On the other hand there are 3 output parameters :leaf area index »the ratio of mean length to
canopy height and the ratio of width to length and other 22 parameters mentioned above except eccentricity and model in-
clination angle of the canopy are input parameters in inverse BP model -

After model development ; the neural network model is tested against the independent data set- The Root mean square
error between the bi-directional reflectance of rice measured and simulated varies from 4.53X10"° to 3.67X10"°. The
inversion model of artificial neural network is able to inverse the rice canopy structural parameters with 81. 8% accuracy -
The results of both forward and inverse modeling suggest that the model of artificial neural network is of high precise to
simulate the relations of  the hi~directional reflectance. of rice -and its. canopy (structural; parameters. Further research is
needed to monitor the rice growth by the neural network model -

Key words: neural network ;BP algorithm ; rice ;bi-directional reflectance ; inverse



