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Chlorophyll Density Inversion of Soybean Canopy Based on
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Abstract: Hyperspectral images of soybean at different growth stages were collected by using multi-
angular observation system in the field. Reflectance spectra of different objectives including soil, soybean
plants, and illuminated leaves were extracted and they were used to retrieve the chlorophyll density of
soybean canopy by using reflectance spectra at different observation angles, and furthermore explored
detailed model inversion effects of soybean group for ground soil, shadow leaves, and angle changes.
Studies have been showed that when the angles combination was 0°, 20°, 40° and 60°, there were the
highest determination coefficient of 0. 834, and the lowest root mean square error of 6. 13 for prediction
model of chlorophyll density. Meanwhile, the zenith angle and azimuth angle was 40° and 0°,
respectively, which had the best inversion model. The changes of zenith angles were the most key factor
to affect assessment accuracy of chlorophyll density for soybean canopy.
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Fig.1 Multi-angle hyperspectral imaging system
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Tab.1 Key performance parameters of VNIS
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Tab.2 Planting information of soybean
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Fig.2  Acquired images of soybean canopy at different zenith angles
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Tab.3 Statistics of pixel number of different
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60 7549 52746 56841 3824 60295 60665
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Fig.3 Masked images of different typological objects
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Fig.4 Correlation between chlorophyll density and
canopy spectra from different zenith angles
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Tab.4 Correlation coefficients, sensitive regions and
selected wavebands between chlorophyll density and

canopy spectra from different zenith angles

KTifA AP

S| U X K/ nm P
/(%) /nm

0 921 ~962 933 0. 626
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Tab.5 R’ and RMSE between chlorophyll density and
canopy spectra from angles combination of different

zenith angles

Bt MEHE/(°) R? RMSE
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Fig.5 Correlation between chlorophyll density and canopy spectra from different azimuth angles
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Tab.6 Correlation coefficients, sensitive regions and
selected wavebands between chlorophyll density and

canopy spectra in different angles
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Fig.6  Correlation between chlorophyll density and canopy spectra from different azimuth angles
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MR T A Ry 40° B, BIVAIF 55 i 20505 B Y i
HEIN A, B 6 fE 7 nl g, IR A M EUEE
Tk I 2R 1 A S R B AR 2 AR T 2T A
1 930 ~950 nm & W FAHOC, HE, fEE IS
] UL, 968 J2 ' i AT I 28 4% 88 A ] DL il B A
e 5 2 AR DG 3K AT LA 40° Y K T0UFf T B g

-2 3R A Sk 22 S A AR AT £L /MG 780 ~ 830
nm R, YL B i R AR AR R (A ] 22 ik
U2 BT LA 4 D JT AL Z )28 5 AN Y TR
P BRI AEUT LTSN B 22 UCHIUH OV AR P51t
T Z ] 28 5 B
xRT HEZFEMARAULATEELERN
R BB NE R BURXE (40° KT )
Tab.7 Correlation coefficients, sensitive regions and

selected wavebands between chlorophyll density and

canopy spectra in different angles

AR IR RS . AT LE KR /D22 S e o o KK R
IS AR XA T 350 22 A ) T UE W /() /nm P
. NP . . e 0 504 ~717,926 ~950 561 -0.628
AR E 26 1 78 40° I B %A B R B, it % 025 02 o 0457
Hh 4 A5 A7 A AH O R KB/ IME IR 0°,90° My 180 758 ~ 1000 932 0.671
270° .180°, X A1 20° K T0ff F IG5 R AR 270 898 ~972 933 0. 563
R L Sy L RE S TS S o -menee el 0T
N VELAS 44 N o o o 3 - 5 ~ —=0.
/J\EI’JJIIB‘IJ?%H@ AR i 8 @ 0°.90°,270° | ¥y PV 180 430 ~723,926 ~953 933 0.551
FHIC R BHARBIR 5 I A B R v (HE PTG B ) 270 480 ~712,924 ~950 607 ~0.686
A2 180°1% A o M (I LLAMIE K 930 ~ 950 nm B 0 436~720,923~959 640  -0.765
Bb) o SYFTHEIA AT A R IS H e K T sy o d0TTIRASIR 9 o008
R Bl FOA o R L ] 180 435 ~721,959 ~970 563 0. 662

f1 20° HAfl HE S 75 3 171 270 511 ~696,892 ~972 933 0.679
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Fig.7 Correlation between chlorophyll density and canopy spectra from different azimuth angles
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Tab.8 Correlation coefficients, sensitive regions and
selected wavebands between chlorophyll density and

canopy spectra from different angles

g O e SRR K
/(%) /nm EX 43
0 926 ~950 933 0.477
90 924 ~957 933 0.536
MV 180 924 ~957 933 0.533
270 922 ~ 960 933 0.548
0 433~720,922~962 536 - 0. 857
90 448 ~722, 927 ~948 562 -0.749
PV 180 502 ~710, 925 ~955 536 -0.570
270 450 ~719, 929 ~944 640 -0.710
0  437~714,760 ~1000 561 ~0.708
90 496 ~714, 924 ~956 933 0.633
SV 180 511 ~709, 923 ~959 933 0. 636
270 466 ~714, 924 ~955 641 -0.662

x99 MEAEXBENMARAFNABETER
FHEHRE RBAFIRIZE
Tab.9 R’ and RMSE between chlorophyll density and canopy

spectra from angles combination of different azimuth angles

K KTiifas(°)  MEAE/(°) R? RMSE
(0,90,180,270)  0.549 10. 10

20 (0,90,270) 0.542 9.10

(0, 180) 0.414 9. 41

(90, 180,270) 0. 434 10. 12

(0,90,180,270)  0.816 6.43

Wy 0 (0,90,270) 0.719 7.12
(0, 180) 0.782 5.73

(90, 180,270) 0. 569 8. 83

(0,90,180,270)  0.320 12. 40

0 (0,90,270) 0.319 11. 10

(0, 180) 0. 289 10. 35

(90, 180,270) 0.310 11.24

(0,90,180,270)  0.788 6.92

0 (0,90,270) 0. 600 8.50

(0, 180) 0. 565 8.17

(90, 180,270) 0. 780 6.30

(0,90,180,270)  0.812 6.52

Py 0 (0,90,270) 0. 655 7.90
(0, 180) 0. 681 6.94

(90, 180,270) 0. 799 6.03

(0,90,180,270)  0.773 7.17

. (0,90,270) 0. 765 6.52

(0, 180) 0.754 6. 09

(90, 180,270) 0. 609 8. 40

(0,90,180,270)  0.774 7.13

0 (0,90,270) 0.734 6.94

(0, 180) 0.557 8.17

(90, 180,270) 0.774 6. 40

(0,90,180,270)  0.761 7.36

v 20 (0,90,270) 0.724 7.06
(0, 180) 0.585 7.91

(90, 180,270) 0. 590 8.61

(0,90,180,270)  0.883 5.13

. (0,90,270) 0. 687 7.52

(0, 180) 0.597 7.79

(90, 180,270) 0. 883 4. 60

SR S SR F R U R U, HAEAN TR
KA (20°,40°,60°) B A 40° B 2R 5E 22 508
Fi (R} 0.816, RMSE 4 6. 43) ;20°7 2 ,60°5 1K .
P UL RH |, K TA ARk, XS ] o7 A AR BB R e
TR BA s, S P00 LR W
IR AR LA, BARAS [ R T 1 e e 2R 4L
AR AHSRHR T K TR A 25 R, il
St R GRS S B IS, IR R T 60° B I 5, 20°
RZ,40° 5 M1k, 3IX AL 8 K W25k )2 it 3 (8 B2 L
BilA 5, 3% 3 PTG, RTIUMA 60° 8 [15%
I F B A AR i, 2007 22, 40° A

KT G BTANIR) 5 50 A AE K 5 2 g 28 8 A
RUF A A9 SR, X LA T R RE 2R 4 5 9k
TiffRe . AU 2 RIA e, AR 2k, 7EX
T0Uff 2005, (0°,90°,270°) 1 FE 4 A 1 P e R 5
Sk 0. 542 0. 600 .0. 734 ; i (90°,180°,270°) £f Ji
HE B Y RE 5 38 0.434 .0.780,0. 774 1M1
(0°,180°) I FE 40 & MY € R B4 3l R 0.414
0.565.0.557, i = H &5 %, & B (90°, 180°,
270°) A G A B e RE R EE . 180° K
T RDURIN W0 A7 905 L PN 1) B 52 = 3 AR s it e 1 AR
R, M FO SRR, AR AAEESA
K M EHOLIE LR , OIS E B R, 78
A A P 2R 280 T A 7R v (0 A Y £ B, P
TR P E RO S 7 B LB e AR
HIF B EL, e REFEL,

40° K TRAA I, (0°,90°,270°) Ff JE4H G R E
ZE0 9 0.719 0. 655, 0. 724 i (90°, 180°,
270°) fA AL G P R0 R 0,569 ,0.799
0.590; 111 (0°, 180°) 1 B 4 & 1 Y & 2R 80 5
0.782.0.681.0. 585, /i Liduee REEAE R LI,
40° KT N RT AL AA AR K, X0l G
40° R TILAf T 4B B 1) 78 55 B & AR R AR AL TS,
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1R R E R B, 2 A5 T B X A 6 A 6 40° K
T0AA T AR B TS 5 A B K DTk, X 7 2 i —
HWFE

60° R THANE, (0°,90°,270°) f B 2404 By o E
ZE03 9K 0. 319.0. 765 0. 6875 (90°,180°,270°)
FARELL A B 32 2 80559120 0.310,0. 609 0. 883 ;
1M1 (0°,180°) fA B 4 & 1 o 3 2 5053 14 0. 289
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i I g 25 % TN AR AR 1) e o AR B BB I O
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