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Inversion of chlorophyll content in soybean canopy based on

UAYV multispectral images

YAO Tan, LI He, XU Yigao, YANG Zishang, LI Junying, DOU Yufei, MA Aobo, CUI Gongpei
(College of Mechanical and Electrical Engineering, Henan Agricultural University, Zhengzhou
450002, China)

Abstract: [ Objective 1By using a drone remote sensing platform to conduct rapid, non-destructive
dynamic monitoring of soybean chlorophyll content, a multi-spectral inversion model for soybean
canopy chlorophyll content is established, and the optimal chlorophyll inversion model for
soybean at different growth stages is explored. [Method] In order to achieve the rapid
determination of chlorophyll content in the soybean canopy, taking the soybean experimental field
in Huojia County, Xinxiang City, Henan Province as an example, 17 multispectral vegetation
indices of four soybean varieties were preprocessed, and the correlation between vegetation index
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and chlorophyll was analyzed. The multispectral inversion model of soybean canopy chlorophyll
content was established by using univariate regression (UR), stepwise regression (SR), partial
least squares regression (PLSR) and back propagation neural network (BP). The inversion model
of soybean canopy chlorophyll content was evaluated by the coefficient of determination (R?) and
the root mean square error (Se). [Results] The absolute value of the correlation coefficient of
vegetation index between the three fertility period and the chlorophyll content of soybean canopy
was between 0.6 and 0.94. BP neural network model has the best inversion effect in soybean
seedling (V2) and flowering (R2), with modeling set and validation set R?> above 0.94, and Se
below 0.2, among which the chlorophyll inversion effect of the PLSR regression model of
Zhonghuang 301 at the flowering stage was better than that of the BP neural network model, but
the goodness of the model was not much different; in the pod stage (R5), the differences of the
chlorophyll content inversion models of different varieties were obvious, and the inversion effect
of the BP neural network models of Wansu 1208 and Zhonghuang 301 was the best, with the R? of
the modeling set and the verification set above 0.93 and the Se of less than 0.2,The PLSR
regression models of Pudou 857 and Zhengdou 365 were the best, with R?> above 0.90 and Se
below 0.2 in the modeling set. [Conclusion] BP neural network can be used to quickly and
accurately invert soybean chlorophyll in the V2 and R2 periods, which can provide guidance for
soybean field nutrition diagnosis, and the chlorophyll content of individual varieties needs to be
studied in the RS period due to the differences between different varieties.

Key words: soybean chlorophyll content; airborne multispectral imaging; vegetation index;partial
least squares regression; BP Neural Network

VRN E EZ MM —, KREAEENTZAE, A RA R, #1718 B3
L, HaEFEO S EY RS — B RAEEBIEERERI, B BIRE&
AP R T (B R B 22 4 B B XY, SR IR IR &[RRI L, A TR
SARKKE TR R, B, B B g IR T 5, AT A R I NERTL,

TEMZR R FAOAT B I AR R e, AR AV M AR B R L RERAK HAELAR
RN, HR e, ok i SO E ARG, SRR, T AR FIRE BB 1)
RS R E, NEYIAERRDUARE . PR A MR L T B i 7 A s
SCRPUOTN, SEIRAARTT AFAG AR UL  SGHE 7 B AN 22 0 SR AR i MR, A4
R RE SR 0 R R 7 ) R SR A (1214 St A ISR ] 5 FiAS R B0 — FRUAL BE 7V 4 ML
TRALBET71% Je 3 iR IR 30 K AR B 7 128 B2 4 ik B s ' ol B8 a3k AT AL B, 0 iz Hh () dpe A TR
WP TTEFRHER KA BT H S, @V REARGE (g R S EADGRR ) 1 iH
B, 2R I SO 7 — 5 (GF-1) BEHYE, T4 BRI — b Z(E 45 (Green
normalized difference vegetation index, GNDVID) . €0 BB #4520 (Green ratio vegetation
index, GRVD) Fl =%k 5% (Triangular greenness index, TGD) 3 ME#FEELF 1 o<
AR AE B B AN i 2 R AEXS # & (Soil plant analysis development chlorophyll
meter, SPAD) 1H; N7 [ AR B M HAR A A [ VA A B L AR AR ] Y A5 A S T
SPAD fH, KILFEHLARM BIH L RA BRI THERE . H RBRSEITHA] GF-23 38 EER
BARKILHMESRE a KE, Hh S8 G0 ) 2P B R SO BE R, T BB
0.983, “FEIMIXIRZEN 14.33%. JENREEUSE T AN IEREOARREE 740, 2. i 3 Al
WOCR B RIAR, FRed 7 nr WOt B 22 R 3L (Vegetation difference vegetation index,
VDVD) UIREUi SR i pi (5 2 . K VDVI XA a] WG BB ANLE B4 B
B RS UECR, SRR FERTIE 90% LA b SRTT, X AR T7 VAN PR T-HE ] WO i B T i 4k



OREREE S . Bei Cul MR T 4 MEIOGIERE, GRS R TIIEE (Red-edge
chlorophyll absorption index, RECAD . £l R/ = MIEAEH 2L (Triangular
vegetation index, TVD) \ £ M-S 25 RIS/ A A 338 1 151 445 34 (Optimized soil-adjusted
vegetation index, OSAVI) FIZLi M4 R IHE 2/ 1 = M HE 2 (Modified triangular
vegetation index 2, MTVI2), FIFH 456 {7 4 /N2 it J2 G Hicaf # g 5 AN 3R etk (el DA A 2
SRR H, RECAL/TVI XMZREGE S I TS . X LR AR R, I moai s
KRR e &' A TS,

Zi LRIk, BEAR GEAMY I ARAFAE R IR, Dy 7B AERA MR B 18] K e 2 Y
MRS E. APFTSRAE 450~950 nm 1D S X [A]6F SRR 1 T8 AMLRE B 2 il Hicis
HATEGPHE ARATR RSN, SEHPRAERERIE (UR) | BB EIE (SR | s/
FelrH (PLSR) Al &AM LE (BP) 4 Mot iE@ L K dE SR =2k
T S AR AR, SRR A KA L I S R AR o 18 T AL Z G 00 K e E 4k
RO BT G, 58O H A A S G il o

LR ERHE

1.1 38 X g5
1.1.1 X3 X 3%

DA BR & os i B ——I r 8 2 13k BRI . BT ARE 113° 30
2 113° 44" Fbsdh 35° 02" % 35° 20" Z0H], AEBEONER KGR, BALFE
WRIE Z= R R Re i, DUZRARGIR R EOCER L K G AME X, B A e N AL
WEMA R BRI E . 2023 4, ZE KRG MHE AR T 550 201, 2022 F3Eh0 7 150
NP
1.1.2 #F 7 su A

AT ST SR OAHES. 857 ifE 1208, FE 365. H3E 301, I ATIERMLIX 2
PR (07 b, MACHE T 380 A A I IE 100 d A2 4
1.2 #EIREL
1.2.1 RAMR AR £

K FH K58 A &) Phantom 4 RTK B! 2 S e 22 Jie 22 =k BE AL e AN LRBUE 25, 16
AHURT LASRER (133 K BB A 450~950 nm, A8 1 AR WOGAHNLEL 5 A~ 2o6iEMNL, HAE
200 JIG R FEE, BT IR, LS RTK BIRHeh RGese il mab 2z (725, LRSI Z)
RV ZE, GRS E AR E (S E . Phantom 4 RTK 76 100 m K47/ B R i i ke A
FEES (GSD) AEFERIIE 2.74 cm.

N PRIE 26 B I o i A R M, SRAERS TALETEAL AU (E] 11:00-13:00, KA BA
PIESL R AT, YATEEN 30m, KATHAE N 2 m «s!, il 555 E S5 BN 85%,
SRR E R RIS XA (V2D « Rl (R2) « 4536/ (RS) 3 NFEA BRI
WA Z kg, wEl 1 s,

(8) TLAHL (b) PEECREE T
(a) UAV (b) Image acquisition interface



Bl 1 TANFGERE

Fig.1 UAV images acquisition
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Fig. 3 Chlorophyll BP neural network structure diagram
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Table 1 Modeling and validation results of chlorophyll regression model for four soybean varieties in different

periods
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Fig. 5 Fitting results of chlorophyll inversion models for four soybean varieties at different growth

stages
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Fig. 6 Chlorophyll inversion image
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