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Abstract Optical spectral remote sensing images can be used to extract corn canopy structure information rapidly
in a large area. However, it cannot provide vertical canopy structure information, which leads to underestimated
leaf area index (LAI) result. Terrestrial laser scanning can provide high precision 3D structure information of corn
canopy, but only in the limited sampling area. Therefore, these two technologies are combined to extract high
precision canopy structure through canopy analysis by using terrestrial laser scanning data voxelization method.
Reflectance of large area of corn canopy using Landsat8 optical images is obtained, and accurate corn canopy LAI
results are got through regression analysis of canopy structure information of voxel-based canopy profiling. The
results show that LAI has the strongest correlation with the normalized difference vegetation index (NDVI), the
correlation coefficient R°=0.8086, the root mean square error (RMSE) is 0.1230, and the correlation between LAI
and ratio vegetation index (RVI) is the worst, R°=0.7079, RMSE is 0.1520. Based on the validation analysis of the
measured values, the average relative error of the three models is lower than 10%, and the credibility of the three
models is relatively high.

Key words remote sensing; terrestrial laser scanning; Landsat8; leaf area index; voxel; voxel-based canopy profiling

OCIS codes 280.3640; 280.4788; 280.4991
1 51 5

T AR S BC(LA D) S 20 B 76k 2 25 0 I S 802 — 18 6 ek 1 A= Wy W B 7, e 4 PG R ik
70 A RN ReE K AR AR A5, R e bRl P & MM P A LATAE H B2 H AT, )z A0 B i AR s Foe Sk B

Y 5 B #: 2015-06-11; W 2 1& 2075 B #3: 2015-07-09

E£WB: MK HAP ¥4 41371327)

YEZ B I sk WIE(1990—), 55, B 52 28, 32 28 D=l i Jak iy A O T A9 i 9T . E-mail: 13718547852@yeah.net

SImEN 9 H5(1979—), o b Bl NS AR E BN T AR . E-mail: suwei@cau.edu.cn(GEIF B R N)

1114002-1



S I S

Fm AR LA R R WA — R

e 48 52 b I B LAT Y J5 vk BAT WA, B3 ZRE 2 R B pg A0 (W Jy A, B ™ E R AT O
LATAYARH . 2 2 S A5 AT LA 12 BOR T AR E K E 2 15 B H IRk R O )2 8 H 4515 B, S BUE
{8 K LATES 7778 TG 35 XM J= P38 i 7 o ki o8 52 8 Fr) LA ff 0 14 TR0 b R 3RO 78 i i — b g 22
OB SR o NP L2 W B A R AW O ok 3 N RE N a7/ IS BUR VAN SR I E N D URIIE S ITRER 2/ €
FE A =G AL bR, (o FAE RS B = 2 e 2 A L 010 S B R B T AR R A O A B0 T S DA 43
AR RRE R R OR BT R E B R S, AR 2 GRS T AR Hosoi SF TR I
A J2 23 B 12 £ HORE B LA, 9 5 2 o P b 2 O 77 2 el , S B0 T AR L 2B B 1) e ot v AR A
JEE o3 A il 2 AR T /N 22 A R A 7 40 A i T BR e L0 A il G DA B LA Zheng SN 37 A A5 A £R2 R B )
7 A AR AR = 2 A 2 SR B B T AR Y T A [ R TR s S AR TR A e M R/ TR
AL HEAT AL BRI R AT A3 . 72 [ P, e 53 45 ML B R T e T b SO 7 Gk T T Btk i F 5
A T — R R

{EL2 Ml HE O B IR0 T ARAE ), U K IX Fh AR AR % A A ARTE SR R ik R B A R B S A Y
RAEW) ST G540 2 B 4 BOTIE DT ST 80 o BIr LA, IF % LA B 0O 78 35 D B08E U7 19 oK LATER IO 58+
O3 Wb B AT FE AN A AT SRy T KA A I A R T30 X T 0K 5 S W BT R R R Al TR R B SR
I T R B B K R A A Ay AR R A B AR A

2 MRS XA A S A A R R
2.1 ARXEHR

WEFE X AL 5T KB Tl = A4 R oK 3277 X, M B B A G 2 39°~40°, AR & 116°~117°, -1
TR R 100 m A2 47 o 20134E 8 H 31 H (9 H 1 H 43 i AEJL 5038 MNAR X R 24AR X, RER I X, Wbk s B 8
T B BRI 6 B K AR L E AT M S O TR IR I S . IO 64 EORAETT I, EORK B R A e
KOCEAARERYE, Ho 3O 30 00T e A2 58 R, A R T 3ot R A 2R B REOLE R . B 145 T 2013
£ 9 A 1 55T X I8 A9 Landsat8 8 B4R & .
116°15'0"E 116°40'0"E 117°5'0"E

%

40°0'0"N
40°0'0"N

39°35'0"N
39°35'0"N

39°10'0"N
39°10'0"N

4 116°15'0 116°40'0"E 117°5'0"E
K1 #F9E X8 2013 4E 9 /1 1 A Landsat8 215 (R/G/B:2/3/4)
Fig.I Landsat8 image of the investigated area acquired on Sep 1%, 2013 (R/G/B: 2/3/4)
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Table 1 Riegl VZ-400 parameters
Parameter Value
Product model Riegl VZ-400
Laser wavelength Near infrared wavelength band
Scanning mode Pulse type
Scanning distance 600 m (ground reflectance of 90%)
Scanning accuracy 3 mm (100 m distance)
Laser safety grade Primary safety laser
Scanning speed 300000 point/s
Range of scanning field of view 100°x360°
Angular resolution 0.0005°
Camera NIKON D700/D300(s)
Tilt sensor Double axis tilt sensor (tilt range +10°, accuracy +0.008°)
Dust waterproof grade IP64, dust proof, rain proof
Data storage Embedded 32 GB flash memory
Weight 9.6 kg
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Fig.2 Corn planting region
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Table 2 Common VI formulae

Vegetation index VI formulae Reference
Ratio vegetation index (RVI) S =P /P Jordan""
. . . . . _ Pxik T Prea .
Normalized difference vegetation index (NDVI) S ="+ Deering
p\l“ +p“l'l|
- flm -1 ,
Modified simple ratio (MSR) Suse = os Chen'""
(flm + 1)
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Table 3 Regression equations and R*, RMSE statistic data

Model Regression equation R RMSE
LAT-RVI y=0.1572x+2.672 0.7079 0.1520
LAI-NDVI y=5.1771x-0.0741 0.8086 0.1230
LAI-MSR y=0.8501x+2.384 0.7398 0.1434
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Table 4 Accuracy assessment of LAl inversion

Absolute error Relative error /%
Model
Min Avg Max Min Avg Max
LAI-RVI 0.02 0.30 0.69 0.71 7.68 18.48
LAI-NDVI 0.00 0.35 0.73 0.09 9.47 19.56
LAI-MSR 0.02 0.29 0.70 0.44 7.57 16.69
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Fig.4 Comparison curves of inversed LAl and measured LAT in field work
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