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Estimation of Actual Leaf Area of Maize Based on Terrestrial Laser Scanning

Su Wei' Guo Hao' Zhao DonglingI Zhang Mingzheng"2 Zhang Rui’ Wu DaiyingI
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China
2. College of Resources and Environment, Shandong Agricultural University, Tai’ an 271018, China)

Abstract; Leaf area index (LAI) is one of important parameters of quantitative description of leaf growth
situation. Compared with effective LAI which is influenced by gathering condition among leaves greatly,
actual LAT can reflect the real crop growth status more accurately. Terresirial laser scanning ( TLS) can
obtain high precision crop structure information quickly such as height and biomass. But in terms of leaf
area information, the major part is effective LAI. Reference to the idea of voxelization, the method was
put forward for estimating actual leaf area of maize according to the leaf and its projective plane’ s
mathematical relationship in voxel, which makes full use of TLS’ s advantage of gathering vertical
information. The point data which can perform maize actual growth state as the data source directly. And
the maize point cloud was divided into a series of leaf unit by voxel. The leaf unit area based on the leaf
and its projective plane’ s mathematical relationship in voxel were calculated. Then the maize actual leaf
area was calculated. The different TLS was used to obtain four sample’ s maize point clouds which were

different in varieties and scales in both Beijing City and Hebei Province, respectively. The point obtained
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from sample points ( No. 1,

2, 3) is individual maize point, and the actual LAI was calculated in

different voxel sizes. The main conclusions are as follow: calculated LAI has a good correlation with

measured LAI as all of decision coefficients are greater than 0. 8, it proved that this method is credibly.

The optimal voxel size is 0. 17 ¢cm, 0. 15 ¢m and 0. 15 em, respectively. Relevant with the optimal voxel

size, RMSE is 61. 898 ¢cm’,44. 058 cm’ and 42. 844 c¢m’ respectively, the relative error between the plant
total leaf area is —2.678% , 0.619% and -0.474% accordingly. The result means that this method

has a high accuracy. In the sample point No. 4, the relative error between calculated LAT and measured
LAl is - 14.663% , the calculated LAI is smaller than measured LAI. All in all, the method about

estimating actual leaf area of maize according to the leaf and its projective plane’ s mathematical

relationship in voxel is feasible with high precision.

Key words: maize; terrestrial laser scanning; actual leaf area; voxelization
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®1 BEAR1IEXREHAFEXIHERITEER
Tab.1 Calculated value of maize’s actual leaf area of sample point No. 1 em’
I PRI e ERpe
0.20 0.19 0.18 0.17 0.16 0.15
1 156. 244 146. 315 132. 823 119. 905 107. 006 95.6143 177. 625
2 378. 656 370. 843 339. 401 312. 645 282.323 256. 686 285.959
3 460. 548 434.551 393. 806 354.832 317.217 281.451 358. 355
4 521.139 489. 735 446.952 406. 621 365. 472 327.978 391. 000
5 683.773 464. 458 589. 985 534. 468 481.471 431. 055 484.550
6 546. 003 508.213 460. 882 420. 942 378.771 340. 548 523.113
7 749. 442 711.990 646. 947 585.226 522. 540 465. 485 509. 524
8 564.332 538.748 494. 383 447.942 407. 813 366. 103 476. 000
9 444.348 418. 467 381.226 343.546 307.230 272.985 410. 175
10 438. 300 405.777 368. 329 332. 150 299. 627 265. 896 365. 688
11 553.036 533.906 486. 107 439. 281 396. 046 353. 621 310. 075
12 232. 465 219.619 198. 694 177. 363 158. 871 140. 733 261.875
13 202. 104 188. 748 176. 563 136. 890 138. 121 122.410 177. 665
14 130. 460 120. 731 109. 450 98. 957 87.078 78.078 109. 085
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Fig.7 Line chart of calculated leaf area value of sample

point No. 1

Fig.8 Relationship between calculated leaf area

and measured leaf area
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Tab.2 Precision evaluation of calculated leaf area of

sample point No. 1

WERA RERE WHRIRE  giRE/ HXHRE/
cm R? RMSE/cm? cm? %
0.20 0. 831 124.191 1220. 163 25.206
0.19 0.818 104. 832 893. 414 18. 456
0.18 0. 815 76. 888 384. 805 7. 949
0.17 0. 826 61. 898 -129. 620 -2.678
0.16 0.819 69. 092 -590.133  -12.192
0.15 0.819 90.243  -1042.040  -21.527

—o— L AR ~=-VOXELA0.20 cm -+ VOXELA0.19 cm
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Fig.9 Line charts of calculated leaf area of sample points No.2 and No. 3
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Tab.3 Precision evaluation of calculated leaf

area of sample point No. 2

WK JOERE BWHMRIRE  gSiRE/ HXHRZE/
cm R? RMSE/c¢m? em? %
0.20 0.953 132.515 1226. 100 26. 879
0.19 0. 949 111.723 718. 288 15.747
0.18 0. 947 90. 243 792. 500 17.374
0.17 0. 942 69. 592 559.353 12.262
0.16 0.935 52.279 317. 630 6.963
0.15 0. 926 44. 058 30. 952 0. 679
0.14 0.917 54. 466 -271. 430 -5.595
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