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Estimation of Maize FPAR Based on UAV Multispectral Remote Sensing
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Ministry of Agriculture and Rural Affairs, Zhengzhou 450002, China
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Abstract; In order to explore the potential of estimating the fraction of absorbed photosynthetically active
radiation (FPAR) of crops from unmanned aerial vehicle (UAV) multispectral remote sensing images,
the vegetation index, texture index and leaf area index ( LAI) were extracted from UAV multispectral
images, which were used as model input parameters. On the basis of analyzing the correlation between
different parameters and FPAR, the vegetation index and texture index were optimized. The FPAR of
maize was estimated by unary linear regression ( UL) , multivariate stepwise regression model ( MSR) ,
ridge regression model ( RR) and BP neural network model ( BPNN). The results showed that the
vegetation indexes, texture indices and LAI had a strong correlation relationship with FPAR, and the
absolute value of correlation coefficient of vegetation index was the largest. Among different types of
FPAR estimation models, BPNN model had the best estimation effect. The determination coefficient ( R*)
and root mean square error ( RMSE) of FPAR estimation model were 0. 857 and 0. 173, respectively.
The R* and RMSE of validation model were 0. 868 and 0. 186, respectively. The relative error ( RE)
between model estimation value and field measured value was 8. 71% . In different combinations of model
parameters, the FPAR model fused with vegetation index, texture index and LAI had the best estimation
and verification effect, which indicated that the fusion of multi feature parameters can effectively improve

the estimation effect of FPAR. These results provided a scientific basis for precision estimation of maize

Wk B 2022 -06-29 & [A] H 1. 2022 -08 — 10

ELTE: R E A %I H (2018YFD0300702) i B 44 T A BF & 5 4 7 4 300 (212102110250 ) F1 70l 55 45 BF 4 24 2 8 B 350 F
( HNKJZK — 2022 - 53B)

EZ B A FRRI(1979—) , 5, @l se 6t 4, 2 F RV E R 5, E-mail : 26585273@ qq. com

WS WEWG (1964—) 55 B8 0, 4, EE N F ARG BB ARBFSE, E-mail : 2gqzx@ hnagri. org. cn



510 M

FORM 55 JETRAMZOGHEE B £ K FPAR A5 203

FPAR and production potential based on UAV multispectral remote sensing data.

Key words: maize; fraction of absorbed photosynthetically active radiation; unmanned aerial vehicle;

multispectral remote sensing; vegetation index; texture index
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absorbed photosynthetically active radiation, FPAR) J&
RAEM W )2 X PAR W RE 7, J2 A8 8 14 0] 9 2
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Tab.1 Main parameters of UAV multispectral sensor
i I B b4 /nm P &/ nm TRAR 5 23/ %
i 475 20 51.2
5 560 20 51.2
A 668 10 51.2
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21 717 10 51.1
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Location of study area and experiment design
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0.727 ~0. 803, HH 3¢ R Hh i KW AH 16 £y MTVI2;
TIs 5 FPAR [ IR 1} 0. 634 ~0. 733, #2¢ R Bk
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VIs \LAI Tls, i@t P {Hkz % VIs TIs \LAI 5 FPAR
25, AR 285 FPAR Z ] P {E#/N T 0.01,
K AR SHE FPAR Z M H AW B ZFE X%, I
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Fig.2 Correlation coefficients of different parameter

types to FPAR
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2.2.1 —JnZRPhmm

430 LA Vs Tls , LAT 2 85 A 4 A = 81, & 57
FPAR [ — 0 2k M Al S AL AL S PP B UK B, ol
2 WA, FEAS [ R B A Bk Y FPAR Al 43045 75
o T MTVI2 #48 FPAR 557 8547 (19 4k 5 A
V5 UE RS B, Al BB R O 0.645, RMSE
0.276 , K iiF % R* A 0. 679, RMSE # 0. 288, i &
{E 5 SEE [E] RE A 12. 13% 5/ [6) S0 B0 35 B0R 2 1Y
FPAR fli A A v 36T NDTI 9 FPAR A5 B A7 55 4
A SRS BE 5 00 IE RS BE, A B SR RY O 0,537,
RMSE >4 0.360, & iiF #5 &1 R* & 0.559, RMSE 4
0.251, f B (H 5 LM A ] RE 4 16.54% ., 3 T
LAT # # iy FPAR fi A5 R® 5 0. 560, RMSE Jy
0.319, 5 F B R* & 0. 573, RMSE & 0. 323, ft &
{5 52 {E E] RE A 16.37%

#*2 FPARW— & MEMEEREEITN
Tab.2 Unary linear estimation model accuracy

evaluation of FPAR

.- UERS LRTIES

R? RMSE R? RMSE  RE/%
PVI 0.561 0.328  0.591  0.316  15.73
MTVI2 0. 645 0.276  0.679  0.288  12.13
EVI 0.610 0.292  0.643  0.290  12.47
VARI 0. 598 0.300  0.630  0.293 13.28
TSAVI 0.570 0.317  0.600  0.313 14. 76
GLI 0.529 0.365  0.557  0.357  18.90
ExG 0.584 0. 305 0.615  0.304  13.66
RGBVI 0. 546 0.350  0.575  0.345 17. 69
NDTI 0.537 0.360  0.559  0.251 16. 54
RTI 0. 487 0.380  0.517  0.383  19.31
DTI 0. 452 0.408  0.509  0.376  20.97
LAI 0. 560 0.319  0.573  0.323  16.37

2.2.2 ZIui A EHELR
¥ VIs TIs LAI i 41 &, 5k 3 F 2504 &,

37 FPAR 1 22 J03% A5 1] VA fili B4R A0 I D7t A5 R K 2
(F3), H123 /M, Vs Tls | LAT P 9 2 & , i &
Fi#l R4 0. 657 ~0.703, RMSE 4 0. 246 ~ 0. 295,
ISAF BI 7 R S 0.694 ~ 0.759, RMSE Jy 0.247 ~
0.306, ff % {6 5 52 W {6 ] RE A 10.42% ~
12.73% o X — 245 B #  — VIs, TIs, LAI ¥ gt 1
FPAR i 5 #5 ABUA BF ele 3%, 1 A Vs, Tls | LAI
3 PSR FPAR ff B LI R* 4 0.764, RMSE 4
0.217 , B 3iF % R* 4y 0. 773, RMSE 3k 0. 233, & #1
5 AH 5 S MAE 0] RE 2 9.35% , X — 45 AL T
VIs TIs LATAEZIE A PIP41 & Ud BH 389 in g 45
ZHUREA R FPAR AGSAEE . O 17 & WMPFI AN

[A 2506 FPAR £ 034 2 [] I 4l 50485 Y 1) 53 ik, 43
BT T A [R5 A S 506 FPAR A5 2088 780 1) 53 ik B . 7
RGBS, LL Vs (9 57k B AH A48 85, LAT
W2, Tls AL, X —25 RS F SRR @SS
FPAR [ #H G M AL, N 55 — AN J5 1 R AE T VIs [ Tls
5 LAL X%} FPAR {55152 .

®3 FPARWEZLESERABEEREEITMN
Tab.3 Multiple stepwise regression estimation

model accuracy evaluation of FPAR

Gy N/ WAE
S B BTk Il 24 4 I UESE
2% /% R* RMSE R?> RMSE RE/%
MTVI2 52.64
Vis + LAI 0.703 0.246 0.759 0.247 10.42
LAI  47.36
MTVI2 62.48
Vis + Tls 0.689 0.283 0.708 0.293 12.58
NDTI  37.52
NDTI 46.53
TIs + LAIL 0.657 0.295 0.694 0.306 12.73
LAT  53.47
MTVI2 34.06
Vis + Tls +
NDTI  29.32 0.764 0.217 0.773 0.233 9.35
LAI
LATI  33.62
2.2.3 U] AEAY

b SCHR T AN [l Al 5 S B 2 (] ) e M n] A
R T A S R 2 (R I AR SO TR S
By g T FPAR (1 05 0] I 4% 550485 780 O I #0455 AL RS
Bl 4 algn, L VIs + TIs + LAT Jy 25011 FPAR
BRI R* Ry 0. 836, RMSE 4 0. 196, 15 JiF 52
R*7 0.852, RMSE 4 0. 202, 1 % £ % {1 5 H ] 52
EE] RE 24 8.79% . X —45 315 Z 508 4 bl 4 4l
BFPAR (945 3 — 50, HORS A i & Vs,
TIs \LAT 3 Fr 2 %014 FPAR il 5345 A 54T 728 70 1 4
4 1) FPAR Al SRS ORS B2 3447 B B i3, 31X — 25 21
HE— 20 FRWY 104 18] A 455 7Y B A RI0RE B0 A ] AR 2 5L
Z V) A R AR M Tn) BT, F — 7 R R I A R o A T A
BORS R W) A 8 B A S FPAR Al SR A o i oy
fill & 2 R ZHURE A A FPAR AR 535 B0 1R K i

F 4 FPAR HjIg B35 BAER B EIFN

Tab.4 Ridge regression model accuracy evaluation

of FPAR
e Lnafls
ZHAE B2 A I
R* RMSE R®> RMSE RE/%
VIs + LAI MTVI2 + LAI  0.833 0.211 0.849 0.214 9.41
VIs + Tls MTVI2 + NDTI 0.818 0.224 0.833 0.221 10.36
TIs + LAI NDTI + LAI ~ 0.797 0.243 0.822 0.230 11.24
VIs + TIs + MTVI2 +
0.836 0.196 0.852 0.202 8.79
LAI NDTI + LAIL

2.2.4 BP 15 W) 4% p5i 0
FEERA E @I XX FPAR £l 810 52 ), 184
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SRR 58 P 7R S Bk B Bl b, DL Vs (Tls |
LAT @A S50, W E 4 T FPAR By BPNN A& UK 3
M2 5 Al AR A S50 @) FPAR A L)
VIs + TIs + LAT Jyfi A Z 8019 FPAR fi 25 BRI R* Ky
0.857 ,RMSE 3} 0. 173 | B3 1% R” > 0. 868 , RMSE
9 0.186, #55 AY A 55 {8 5 [ ] 52 I {E (W] RE
8.71% . X —%55 5 Z 0% nl ) (I8 [n] 14 £l 55 45
W3, HARSE 5 bk B A elcst s Rl i, 280
4 Vs + Tls + LA i) FPAR i 545 B4 T E S %
T 2 BB — 2 A RORG JE

BETSHA S Vs + Tls + LAL il i BP #f 28 ¥]
25T FPAR A BEBIARY S i 45 3 0F 58 X415 100 4l
Tl R S 0 K FPAR 25 )43 A6 (& 3) o MAS ]
A/ B oK FPAR 25 [H] 43 i 8] | #2 B FPAR X
[, FPAR 4% 5 ] & 0.336 ~ 0.621, i it ] K
0.583 ~0.862, ¢ 14 0.491 ~0.813, MK

IR/ X
AR o

0.35 0.500.65 0.80
OF &t

0.35 0.500.65 0.80

(b) AR

%5 FPAR K BP 2 [ 4 i B A8 504 B 3T 4
Tab.5 BPNN model accuracy evaluation of FPAR

Pl I IF 4R
SHAE  BWEN Mo HE
R? RMSE R? RMSE RE/%
Vis MTVI2 0.751 0.216 0.707 0.245 11.22
Tls NDTI 0.621 0.298 0.656 0.269 14.33
LAI LAIL 0.653 0.273 0.684 0.253 13.26
VIs + LAI MTVI2 + LAI 0.849 0.189 0.851 0.197 8.95
Vis + Tls MTVI2 + NDTI 0.815 0.207 0.847 0.209 9.28
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Fig.3 Spatial distribution maps about FPAR of maize at different growth stages
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