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WICHRC14 DD s Horpar 2T A B . 20 B g ik B4y i ok
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HRRE X B3 10 A5 DR A1 50 ST 1 I AR 1 SR
TR BT AR B HE B AR B A T — i i s A L A

e 1 H0HE T RAAR B 1k AT - 2 4 1 [ A Y
FEGUESS A, 33 B DUBSE Y A i 8 PR R 4 (R FSLLL{E 5 5]

Y S48 22 (RMSE) 78 R A $8 AR o 38 38 X e v] DL &
W, LT NDVI [T RL e P RECR® 4 0.795 7, & F
FETF AR B H 500 R DAY e v R B AL 5 s
B B3 2% RMSE Sy 2. 743 2, % - fth s # 46 £5 =11
FHR ) RMSE, 3 %) ik ol LR B, 6T RVI a5 55
FIBAE M RECR® 0. 747 9, RMSE 24 3. 047 1, TR
= TR 8 AR R BRI R . 3 2 B¢ TR AR A
BAGM R SR E B LIS T ZE R, @ e E
T NDVI § [l TR R @ v R KL R Sy 0. 754 6, FES
SR Y A7 A 25 RMSE Jy 2. 925 45 8T RVI fif [a] 945
IR EPE RS R? 4 0. 730 0, RMSE #73.183 4, &t F 8 4~
FEF R R BN B A 4 2 B T A AR TR ) TR A R
f%3EF NDVI A1 RVI 485058, Jir LUFE N PR Bt F6 5505
EFEM . B R & R L 56 % 8 NDVI, k%
& RVI, DUATHEIAE R .

Table 1  Chlorophyll concentration retrieval models based on
vegetation indexes of Platanus orientalis L.

R A R* RMSE
RVI y=3.796 62+5.511 6 0.747 9 3.047 1
NDVI y=48.748 0x—6.744 7 0.7957 2.743 2
DVI y=236.998 0x+9.989 3 0.301 3 5.072 5
PVI y=91.540 0x+88. 154 0 0.617 5 3.753 0
SAVI y=57.806 0xr—5.941 8 0.703 7 3.303 4
TSAVI y=—42.631 0x+76.004 0 0.490 4 4.332 2
MSAVI2 y=20. 581 0x+0.840 5 0.498 7 4.296 7
RDVI y=57.929 0x—4.555 6 0. 666 3 3.505 8
PRI y=0.005 6x—0. 253 9 0.661 4 3.5311
Rs10/Rseo y=9.526 1lx—1.651 8 0.297 4 5.086 8

Table 2 Chlorophyll concentration retrieval models based on

vegetation indexes of Populus tomentosa Carr.

b A L R? RMSE
RVI y=4.504 32+5.164 5 0.730 0  3.183 4
NDVI y=064. 3392x—14. 075 0.754 6  2.9254
DVI y=39.373249. 728 5 0.2125 5.778 0
PVI y=120. 01z+111. 48 0.6527  3.6371
SAVI y=68.9372x—11. 29 0.6065 3.8530
TSAVI y=—55.753x+96. 022 0.540 8  4.0121
MSAVI2 y=63. 2922 —40. 272 0.6137 3.7667
RDVI y=68.93x—9. 724 0.5609  3.8145
PRI y=160. 512+46. 473 0.7290  3.199 4
Rs10/Rss0 y=6. 649 1x+6.510 7 0.1593  5.969 8
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Fig. 1 Relationship between ANN-BP predicted and measured
foliar chlorophyll concentration of Platanus orientalis
L.
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Fig. 2 Relationship between ANN-BP predicted and measured
foliar chlorophyll concentration of Populus tomentosa

Carr.

2.3 ANFIS EMEREREHEDHMNA

T A SR B A RS 32 R b 22 D % 1) R TR B R LS
B 45 AR W X P AN RIS T DAR A Y, T Y H & L
FORIHEHE 248 ANFIS(adaptive network-based fuzzy inference
system) L FR A H 1E W #2845 4k B &R 48 (adaptive neuro-
fuzzy inference system) & X RIS L & 10— =4, H
TROBHERA 5 A B4 B 2% g, H 28] TR KR
il MALHZ R 48 SORREFR B BRI = 2hr BRI —1
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A 27 S AL AR 428 Tl 2R G2 A B R A

A SCR T ANFTS 2544 J5 80 0 SCwR 15, 76 i F s LA
matlab 7 G #HATLI, FI A matlab AEDH] T B A48 b 42 4
T EURAE T B R AL anfisedit XF ANFIS JE47 Y1 R 5, I
rh R R S 2 B SR T IR B T R S R
hybrid /B &1 %k, 1% 22 (i Cerror tolerance) &5 0, Ep-
ochs &4 50, X B 3% 760, 680, 550, 430 nm 4k 1) 5z &
FANE R T FHXE L A REAS £ 3R AR St TR
H TR YL BRI T vk B Sl AR ) A A T AR e, R
e A (Range of influence) § 10 25 RS 32, 3
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TR 15 MEEARAR A evalfis pRECIEA TR 4 2 1000 . 353
TRE AT RS, WE 3 fE 4. 3 EEM. A% AN-
FTS #8052 ) {8 55 5900 {1 4 2 1k R 000 3 O 0,999 8 Fn
0.995 6, RMSE 43512 0. 081 9 #1 0. 247 6, #HLETJLEN T
s ORI 1 B AR . B A R AR Y
W

45+
2] =
= 40- y 02.9978x+0‘0589
<ZC R"=0.999 8
“5 354 RMSE=0.081 9
2 30
g
7 25
S
5 201
B
& 154
10 T T T 1
10 20 30 40 50

Chlorophyl content value measured

Fig.3  Relationship between ANFIS predicted and measured
foliar chlorophyll concentration of Platanus orientalis
L.
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Fig. 4 Relationship between ANFIS predicted and measured

foliar chlorophyll concentration of Populus tomentosa

Carr.
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F11.619 9,
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Application of ANFIS in in-situ Measured Hyperspectral Data for
Vegetation Chlorophyll Content Estimation

YAO Fu-qi"" ?, ZHANG Zhen-hua'* . YANG Run-ya?, SUN Jin-wei' , WANG Hai-jiang' , REN Shang-gang’

1. College of Geography and Planning, Ludong University, Yantai 264025, China
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Abstract Hyperspectral reflectance and green degree of Platanus orientalis L. and Populus tomentosa Carr. leaves were meas-
ured by the ASD portable spectrometer and the portable chlorophyll meter SPAD-502, respectively. The chlorophyll concentra-
tion retrieval models based on 10 common vegetation indexes were established, and the ANN-BP model which used wave bands
with larger correlation coefficient as input variables was established for chlorophyll content estimation. Finally, the ANFIS mod-
el was established to inverse vegetation chlorophyll content using hyperspectral data. The results showed that normalized differ-
ence vegetation index can inverse chlorophyll content better than other vegetation index, and the determination coefficients R* of
models of Platanus orientalis 1.. and Populus tomentosa Carr. were 0. 795 7 and 0. 754 6, respectively. The determination coef-
ficients R* between the predicted and the measured chlorophyll content based on ANN-BP models of Platanus orientalis 1.. and
Populus tomentosa Carr. were 0. 935 2 and 0. 917 1, respectively. ANFIS model which is a good method to be applied to hyper-
spectral data for estimation of vegetation chlorophyll concentration can greatly improve vegetation chlorophyll concentration esti-
mation accuracy, and the determination coefficients R* between the predicted and the measured chlorophyll content of Platanus

orientalis 1.. and Populus tomentosa Carr. were 0.935 2 and 0. 917 1, respectively.
Keywords Hypespectral; Chlorophyll content; Vegetation index; ANN-BP; ANFIS
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