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Maize Leaf Area Index Measurement Based on Vehicle 3D LiDAR
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Abstract: Leaf area index (LAI) is an important crop phenotyping parameter and an important indicator
of crop growth and yield. Using vehicle-mounted three-dimensional (3D ) LiDAR, crop morphological
parameters such as plant height and LAI can be quickly obtained. Maize was taken as the research
object, and a method of calculating LLAI based on the ratio of the number of stratified point clouds or the
number of stratified point clouds to the number of ground point clouds was proposed by using the data of
three-dimensional LiDAR point clouds in vehicle. 3D point cloud data of Jingnongke 728 and Nongda 84
were obtained by vehicle platform. Firstly, the point cloud data were preprocessed to obtain the point
cloud data of the measured LAI true value region. Secondly, the point cloud of maize plant and the
ground point cloud were segmented. According to the fluctuation degree of the ground, the distance
threshold of random sample consensus’ s plane model was set to be 0. 06 m. then according to the vertical
structure distribution of maize, the maize plants were divided into high, middle and lower layers, and
each layer was calculated. The number of clouds was marked as H, M and L, respectively. At the same
time, the ratio of the number of point clouds in each layer of high, middle, and lower layers to the
number of ground point clouds was marked as H, , M, and L,. Finally, the linear regression models of the
true values of H, M, L and H , M,, L and LAI were established respectively. The experimental results
showed that the LAI binary linear regression measurement model established by H, and M, variables was
the best. The R” of Jingnongke 728 training set was 0. 931, the verification set R* was 0. 949 , the R® of
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Nongda 84 training set was 0. 979, and the verification set R* was 0. 984. The research result provided a

solution for rapid measurement in the LAT field.
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Fig.3 Change of plane segmentation point cloud
1.2.3 SHENE

FORAR BRI A5 S0 A — MR 3 2 MRk B R
HFZFF 2, PR 2 B s 2. E
oK SRR PR 3K B B e, OF- 24 BEAE 300 em, |2
9240 cm DL, H 2K 120 ~240 em, T )24 120 em
PLR o AR YGRS R AR FOR A K8 K wl b i, £
KAV H v B WA A F] 300 em, FF BN A2 0 AL
HEAT 45 B AR A

MR 53 22 3120 5 v J3E fef7 P 0 0 J0 X0 A A i 2
AR BETE T RSB MhZ2MEZES s
HEAT PR AL D8 P A0 B, BRI Rl SR s
X BT Z A LR . QA B, X}
M BARATH)Z R )20 B0 R )2 B s K
S,V ST I R AR OB (9 AR R R O g
T Ak PN AS k20 D6 Ak L ST R B RS R AT X L A
KT 0 O A R A B
1.2.4 I pa ARURS B 7

BB 5 A8 43 W — 2R DL EOR M AR L
b T RZEAEE HM LS efmaarERNA
i —RREUERE P TFTRHENS RS
W S R H M, LT HA1ER
B AR, PR AR e 2 40 BT S A5 1) T K i T
FRAEHL LAL, X FE A BEAT B0 40 40, A0 45 SL 2R P A6
U2 R e EINE B T S RIS e

X A AR E AT AR LR A (A AR R Y
FHOE RBOR 7 22K IR 7 (VIF) o an it VIF {5/h T
10, ARy B 722 5 Z MR AR e SR vk o Jr 22 g ik A
FIEARX N

LI (3)

Dyp=—y
VIF 1 -7

AP r—HERRE
D\[}"’ﬁ%ﬂ%ﬂ& %
X R A B AT — LAk [l U3 A 22 ST 4k e el 1

3T, B S TR IR WU T S A e T AR S AR e AR
il F e 5 R 80 R® V2 7 MR A% 22 (RMSE ) Fi A X 44 5
15 22 (f\RMSE ) 7 2 PEAN BERLURS B2 (1945 5

— & R*{H %K RMSE F1 rRMSE {f # /N % 75 [A]
DRI et ) (R 0 o S R R o A B XS
722 i 0 PR S 22 (R Y 2R I T AT R 5

2 HERSW

2.1 HETmAIE

D& VLP — 16 BIBOG R A LR AL E 5 &40
Z I B LAL — 2200 U AE 9 56 )2 43 A A0 7 B
HEPNGH IR . W€ A o8 X FZ 19 B {E
AREXe -0.55m, 0045 m] . Ze[ -0.50 m,
0.50 m |, Ak FR Y AAEALEE X B OK =4k 2= Bods it
AT ELE U8 AL B e R BE 728 A5 208 MU , AR
K 84 45 216 W% . B U AT A R D 2 X R
OKAE PR AN S 5 00 08 = B0 RS AR T X
6 G SR, 245 I X8 K R RR S S R
FHE T 58 = O 1 24 1 T = B A 2 288 4>
A, HoH AR BR S 2 008 A, M T AL 280 . i A 4
PR o

Bl 4 FEoRE = HEE LM
Fig.4 Maize point cloud pass filter processing

2.2 EXREMHRzMESZSE

e A TAL B S 1 AR Bl R AT P T A H
AIR(L) A, B B A bR b Y B U 0
[2.7m, 5.0m], 3575 Y ARARR T 2.7 m 1 Hb 1] 53
= EAE D AR ECE Y AR T 2.7 m R i
T oK R B AE o X b T R A D R AR R AT
PR (2) A, BB Sy I ALy P TR AL, 3 R 5 ik
R BE LR A — B B 5 AR Al b o K R B A B
EHEE N 0. 06 m, FR A5 43 B 1 T80 A 2 B4 AR
REBE. HHAT55R(3) 84F, st R FF 728 FIfe K
84 M THI A1 = B Y A AR B P R4 0 2,95 m i
2.96 m, JEF- TS 2z B Y AR BR R T M TP A
) 88, AT TH = B0 3 20 Pr A A A il R
T A B s JF AR AR P T A s I R X g g
TR (4) B4R, B IF LR (D) RN R EEEN S



16 & ol HLOM ¥ R

2019 4

s AP BR (3) 345 1 361 T A = il 7 3 58
AR 2 = B o
2.3 EXREHKREASTE

Zeab B RUR R 728 R K 84 K OK Y #E 1) F
P BE 43 5k 250 em F1 220 em, AR AR KA Bk
B3 27 1 i AR 728 R R 84 1y 43 )2
MG B AR R 728 B2k 200 em DB RN
100 ~200 cm, FJZH 100 em DL R ;R Kk 84 2N
176 cm DL I, 2K 88 ~ 176 ecm, F 2% 88 cm L
To

BEA B R R 28 = B ds R 2 A Bl
T3 08 D A X K A M = B R AT 4 )2 O
Wk B RSB E . MR ER#EITE TSI
BT U8 I, I m B BB R 6, ARl S A B B A
1.2, XHEHE RS o #7728 iC kB RESA s
2.4 EARMHEREHERNES

3K I AC R 728 Ak K 84 1) 200 £ 41 AL A

2 M54 (Train set) A1 5 jiE 48 ( Validation set) o
BEAL P b g 40 ZH B E R S 2 HAR Edl 15
NVNGRAE . AR AL B AR B AT SR L A I, 3
T R o 2 R A O AR ORIy 22 I IR 5 o X 2k
BB AT — T LM A F £ T 4k [ E 43 A,
A= 5 PN IS e RS I TR AT =5 5 QiR i A
ZRAEFIRUESE 1) R*  RMSE Fl rRMSE , £ Jy #5073
s
2.4.1  JLRZMR

X ERMR PO 3 R A AR H M LA
b TR A S R S T S s BOR B U E
H, M, L A7 LA I o X0 A W] i Ak B 2R 7Y,
SACEF 728 i H M (L 8 H, M, (L, 8] B A G 2 B0
VIF i 1 frsn , Horf H M (L [a] (% VIF ) BUE S
A 1.040 ~1.081,H, M, L |8 VIF & BE 7 E R
1197 ~ 1. 414, v LUF H, 5URFL 728 51 A Hb 1H &
Je VIFEAT /DRI . AR 84 v H ML 8 H, .
M, Lo A5 280 VIF gk 2 s, Herp H M (L

®1 WRM 728 f H ML H M, LIEKEXFEEHN VIF
Tab.1 Correlation coefficients and VIF values among H, M, L or H , M , L, of Jingnongke 728
Jb P 7Y ZH H M L fib 2 EY H, M, L,
H 1 -0.229 0. 205 H, 1 0. 527 0.411
B3 30 M -0.229 1 0.261 HE R M, 0.527 1 0.534
L 0. 205 0.261 1 L, 0.411 0.534 1
TR H 1. 055 1. 044 LB H, 1.385 1.203
VIF M 1. 055 1.073 VIF M, 1.385 1.399
L 1. 044 1.073 L, 1.203 1.399
H 1 -0.250 0.197 H, 1 0.508 0. 406
MK R M -0.250 1 0.274 KRB M, 0.508 1 0.541
L 0.197 0.274 1 L, 0. 406 0. 541 1
L H 1. 067 1. 040 " H, 1. 349 1.197
VIF M 1. 067 1.081 VIF M, 1.349 1.414
L 1. 040 1. 081 L, 1. 197 1.414
F2 RAK84HF HMLIH M LEKHEXZEM VIF
Tab.2 Correlation coefficients and VIF values among H, M, L or H , M,, L of Nongda 84
b 3R S8 H M L Qb FE SR H, M, L,
H 1 -0.687 -0.292 H, 1 0.072 0.123
e Y M -0. 687 1 0.597 LI E Vi M, 0.072 1 0. 859
. L -0.292 0.597 1 o L, 0.123 0. 859 1
BB H 1. 894 1. 093 KB H, 1. 005 1.015
VIF M 1. 894 1.554 VIF M, 1. 005 3.815
L 1. 093 1.554 L, 1.015 3.815
H 1 -0.706 -0.295 H, 1 0.031 0. 121
P 3 M -0.706 1 0.582 T R M, 0.031 1 0. 857
L -0.295 0.582 1 L, 0.121 0. 857 1
Ll H 1.994 1. 095 L H, 1. 001 1. 015
VIF M 1. 994 1.512 VIF M, 1. 001 3.766
L 1. 095 1.512 L, 1.015 3.766
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Tab.3 LAI model and evaluation indicators of //, M and L variables in Jingnongke 728

4k 3 _ IR VE M 46 bR B e AL E A 18 AR

A TR R? RMSE/% rRMSE/% R? RMSE/% rRMSE/%

1 1. 103 38 +0. 000 64H 0.319 0.207 0. 141 0.472 0.208 0.143

2 2.32232 -0.000 79M 0. 660 0. 147 0. 101 0.732 0. 151 0.112

3 1.598 94 +0. 000 39L 0.013 0. 250 0. 190 0. 020 0. 280 0.219

o 4 1.862 67 +0. 000 46H - 0. 000 70M 0.812 0. 109 0. 067 0. 884 0. 097 0. 060

R 5 2.257 16 -0.000 88M +0.001 19L 0.774 0. 120 0. 084 0.778 0. 137 0.097

6 1.103 91 +0. 000 64H - 0. 000 01L 0.319 0.207 0. 141 0.472 0.208 0. 143

7 1.897 07 +0. 000 37H - 0. 000 78 M +0. 000 88L 0. 868 0.091 0. 057 0.892 0.095 0.058

8 1.96238 -0.000 17(H+M + L) 0. 054 0. 245 0. 190 0. 059 0.276 0.223

9 1. 105 27 +0. 000 66 H 0.320 0.207 0. 141 0.476 0.208 0. 142

10 2.293 10 -0. 000 84M 0. 664 0. 146 0. 100 0.742 0. 148 0. 109

11 1.598 94 +0. 000 39L 0.013 0. 250 0. 190 0. 020 0. 280 0.219

o 12 1.848 02 +0. 000 45H - 0. 000 74M 0. 804 0.111 0.068 0.879 0. 099 0.061

W 13 2.22527 -0.00095M +0.001 25L 0.787 0.116 0. 081 0.780 0. 136 0. 094

14 1. 104 83 +0. 000 66H - 0. 000 01L 0.320 0.207 0. 141 0.476 0.208 0. 142

15 1.886 56 +0. 000 36H - 0.000 84M +0. 000 94L 0. 869 0. 091 0. 057 0. 884 0. 099 0. 060

16 1.93140 -0.000 17(H+M + L) 0. 045 0. 246 0. 191 0.053 0.277 0.223

x4 RK84H HMLIHERIEHEE R FM
Tab.4 LAI model and evaluation indicators of H, M and L variables in Nongda 84
Ak 7 IRV 46 b7 B UE S VP4 46 A

H A A TR R? RMSE/% rRMSE/% R? RMSE/% rRMSE/%

1 3.053 48 -0.000 42H 0. 839 0.133 0. 050 0.811 0. 138 0. 052

2 1.820 11 +0. 000 72M 0.728 0.173 0.070 0.728 0.165 0. 067

3 2.122 69 +0.005 73L 0.322 0.273 0.113 0.250 0.277 0.114

. 4 2.512 67 -0.000 28H +0. 000 36 M 0.934 0. 085 0.035 0.926 0. 087 0.037

Sl 5 1.788 64 +0. 000 68M +0. 000 92L 0.733 0.171 0. 069 0.721 0.168 0. 067

6 2.707 51 -0.00037H +0.003 31L 0.937 0. 083 0. 031 0.916 0.093 0.036

7 2.49179 -0.000 31H +0.000 22M +0. 002 16L 0.962 0. 065 0.026 0. 945 0.075 0.030

8 3.42902 -0.00035(H+M +L) 0.334 0. 270 0. 102 0.256 0.275 0. 102

9 3.056 32 -0.000 44H 0. 842 0. 132 0. 049 0.815 0. 136 0.051

10 1.877 01 +0.000 75M 0.735 0.171 0. 069 0. 740 0.162 0. 066

11 2.122 69 +0.005 73L 0.322 0.273 0.113 0. 250 0.277 0.114

e 12 2.549 88 -0.000 30H +0.000 36 M 0.929 0.088 0.036 0.920 0. 090 0.038

B 13 1.83534 +0.000 70M +0.001 05L 0.742 0. 168 0. 068 0.733 0. 164 0. 066

14 2.71299 -0.00039H +0.003 28L 0.938 0.082 0.031 0.917 0.092 0.035

15 2.516 33 -0.000 32H +0. 000 22M +0. 002 24L 0. 960 0. 066 0.026 0.943 0.076 0.031

16 3.42769 -0.00038(H+M +L) 0.338 0.269 0. 101 0.269 0.272 0. 101
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Tab.5 LAI model and evaluation indicators of /, , M and L, variables in Jingnongke 728
Ak B ) YRR PEN 45 47 Rl 4R RO 15 R
2 it L R® RMSE/% rRMSE/% R? RMSE/% rRMSE/%
1 1.70512 -0.022 13H, 0.012 0. 250 0. 194 0.001 0. 285 0.227
2 2.04923 -0.137 18M, 0.759 0.123 0. 094 0.787 0. 137 0. 109
3 1.738 75 -0.246 60L, 0. 060 0.244 0. 185 0.071 0.274 0.216
4 1.89559 +0.10007H, -0. 177 63M, 0.931 0. 066 0. 040 0.949 0. 065 0. 042
ok 2 5 2.007 53 -0.163 16M, +0.310 38L, 0.828 0. 104 0. 080 0. 848 0.115 0.091
6 1.742 13 -0.001 72H, - 0. 243 13L, 0. 060 0.244 0. 185 0. 068 0.274 0.217
7 1.877 64 +0.091 70H, -0.193 44M, +0.229 29I, 0.967 0. 045 0.030 0. 965 0.054 0.035
8 1.99698 -0.058 16(H, +M, +L,) 0.367 0. 200 0.159 0.375 0.229 0. 190
9 1.70329 -0.022 05H, 0.011 0. 250 0. 194 0.001 0. 285 0.227
10 2.04250 -0. 150 54M, 0.767 0.121 0.092 0.795 0.133 0. 106
11 1.73875 -0.246 60L, 0. 060 0. 244 0.185 0.071 0.274 0.216
12 1.89181 +0.096 62H, —0.190 55M, 0.923 0.070 0.043 0. 944 0. 068 0. 044
5 13 1.998 05 - 0. 180 59M, +0. 325 05L, 0. 841 0. 100 0.076 0. 854 0.112 0. 087
14 1.74117 -0.001 26H, -0.244 15L, 0. 060 0.244 0.185 0. 069 0.274 0.217
15 1.87229 +0.087 43H, -0.209 63M, +0.247 55L, 0. 965 0. 047 0.031 0.959 0. 059 0.039
16 1.99176 -0.061 12(H, + M, +1L,) 0. 357 0.202 0. 160 0.366 0.231 0.191
R6 RKR84HH ML HARBEHEERITM
Tab.6 LAI model and evaluation indicators of H , M,k and L, variables in Nongda 84
pust o L4 R Y 2R 5P 45 b B e SR A 18 R
Fm R RMSE/% rRMSE/% R? RMSE/% rRMSE/%
1 2.96087 -0.05271H, 0.795 0.150 0.055 0.775 0.153 0.055
2 2.43965 +0.034 15M, 0.133 0.308 0.132 0. 104 0.301 0.128
3 2.48324 +0.349 43L, 0.070 0.319 0. 136 0. 022 0.317 0. 134
4 2.72629 -0.054 54H, +0.040 37M, 0.979 0.048 0. 020 0.984 0. 040 0.016
Tk 2 5 2.463 67 +0.049 01M, -0.243 66L, 0. 142 0.307 0.132 0.137 0. 295 0.126
6 2.741 62 -0.05548H, +0.502 15L, 0.937 0.083 0.035 0.928 0. 086 0.036
7 2.72271 -0.054 66H, +0.037 79M, +0. 042 63L, 0.980 0. 047 0.020 0.984 0. 040 0.016
8 2.95706 -0.02478(H, + M, +L,) 0.272 0.282 0. 107 0.256 0.277 0.102
9 2.96072 -0.054 59H, 0.79%4 0. 150 0. 055 0.775 0.153 0. 056
10 2.42646 +0.04045M, 0. 161 0.303 0. 130 0.128 0.297 0. 127
11 2.48324 +0.34943L, 0.070 0.319 0. 136 0.022 0.317 0.134
12 2.72921 -0.05540H, +0.043 26M, 0.978 0. 049 0.021 0.983 0.042 0.017
et 13 2.47090 +0.066 37M, -0.396 15L, 0. 185 0.299 0. 129 0. 189 0. 286 0.122
14 2.74252 -0.057 40H, +0.499 06L, 0.935 0.085 0.036 0.926 0. 087 0.036
15 2.72647 -0.05554H, +0.04123M,+0.03104L, 0.978 0. 049 0.021 0.983 0. 042 0.017
16  2.95619 -0.02647(H, +M, +1L,) 0.274 0.282 0. 107 0.262 0.276 0.102
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