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Abstract: The reasonable structure of fruit tree canopy is beneficial to the effective distribution of
illumination, which has vital significance to enhance the fruit yield and quality. At present, it is difficult
to obtain illumination intensity data in the canopy of fruit trees, and the prediction accuracy is low. In
order to study inner canopy illumination distribution, a random forest prediction model was proposed
based on canopy profile shadow feature and point cloud color feature. The detailed research methods were
shown as follows. Firstly, the spindle “Shanfu 6” apple tree was chosen as the research object and
Kinect 2. 0 was used to acquire double face point cloud data of tree, and then the complete data was
obtained with pre-process. Secondly, the improved space colonization algorithm with growth angle
constraint and phyllotaxis adding rules were used to rebuild apple tree 3D model. Finally, the “slice
method” was used to cut canopy model every 0. 1 m in the vertical direction, and then the POV — Ray
renderer was used to render shadows layer after layer, meanwhile, light meter was used to obtain
illumination intensity data every 0. 1 m from top to bottom consistently, and the random forest network that
with input data of color feature of every layer and output data of relative illumination intensity was built as
the apple tree canopy illumination distribution prediction model. The experiment results showed that the
proposed method can predict the illumination distribution accurately. The determination coefficient R’
between true value and predicted value was 0. 864, and MAPE was 0.236. Random forest regression
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model can be used as an efficient method for prediction of canopy illumination distribution, and it can

provide reference for fruit tree pruning and plastic research.

Key words: apple tree; point cloud; 3D reconstruction; canopy shadow; canopy illumination; random

forest
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Tab.2 Comparison of regression accuracy with different models
I i1 A i 2 I i3
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SLR #7 0.271 0.776 0. 294 0.757 0.267 0.792
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RF 5% 0. 826 0.312 0. 832 0.319 0. 808 0.375
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Tab.3 Comparison of regression results with combined features
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N

R? MAPE R? MAPE R? MAPE

M 1 0. 826 0.312 0. 864 0.236 0.796 0.394

SERH 2 0. 847 0.295 0.852 0. 267 0.783 0.412

SER 3 0. 834 0.307 0.857 0.261 0.776 0. 429

F4 BYESEMPALZERITEE
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Fig. 10  Regression results and reconstruction

image of prediction model

XA AR ] AT AR B 22 RS T 05 23 st T
4508 R 0. 736 , MAPE 24 0. 462 , 5 30 JLA 1Ll 45
JAHI , MAPE 9K T 31. 6% ,{H AN 84 T8 i
TINPKS PRI RF BB — PR BEAG E |, H 3 P 45
558 14 ' F e T 9
4.7 it
4.7.1 RF A5 HANRIAY Y LA

TEARWFFTH , R TAAE ST R AR, a5
RIS AT | 4k 3 4k 4 H4EA5E it At 1 48t
TSR M IEIESE KA RF AR b3 15 5] 1 B0
ERHIE SRR B Z B IE M X R S5 E KRR,
SLR #5784 H BB B R RAIF 5 0 R 5 2 R] (1) — it
LR e 2 M RPR I T SLR RS B T kS BE . KNN
BEAY 5 SVR BEAY 7 SR IE I 1) 52 e 5 T A i 58
SREUT 432 K053 (0 B0 10 4k P3G s | — o R 14
N7 R BN T 5 SR (g 52 ), T LA KNN 5 SVR 5%
BRI TONRG B AN . RF RIS 0 A S5 %%
P SR 1) 3 S N B IO VR R R R, ] LAASEALL
A Z AN AR AR LM RS B 28 LG &R %t
A SO O IEAETE— 2 WIBOM P 5 52 2% 1 R A
FHPEAR 58 , AdaBoost #5815 GBRT 454 2 F2 4K AJ LI
BARMER R (HE R T RF SR 22 5 48
TR E R SRR R A K R AR AR ki, IR,
TR BE AR T RF A5,
4.7.2  FEWRCHESR Y ERAE

MR TR RRAE 7 2 00 [l 25 ok R AT
S BRI B HRAE + A5 2 HSTRRAE” 10 R he



%5

UL S S o R 1P o NI VR K RE S U R S oW = LS e Y

221

e, B E 25 i P g 280 R M 0.864, MAPE X
0.236 fHJE 3 SRR G 7 S8 MR OR R 13 0 93
WK 5, S K BEHRAE + 555 RGB 4R 1E” J7 & AN
“BHSEZ IR ERSAE + 52 Lab FRAE” 7 RAY UL E R AL
R> 7 % 4 0.826,0.796, MAPE 43 %] & 0.312,
0. 394 FEFRRFIE Ty 2 v, S A G RFIE T A0 L, T
i BE AR I, Hod < AU BA 52 K B8 R AE ™ 114 ] )1 245 21
A, U 45 R B D e R R 0,816, MAPE
0. 345, M 7E 5 2z B @R AE 5 28 b, HST B (4,25 ) 36
PUERAR, IFTEZ5 R A P e ZE R4 0. 782, MAPE fy
0. 417 , HAh P Fh B0 €525 (8] 5 HST AH LG, S04 B2 A
BER PR ; A, 750 R A2 i B v, R B A Y
/NIEARAE , BRDF A5 7Y (18] — 26 FE A 152 DA % 28 SRR

5 #ig

(1) RF B a1 9 2558 R* R 0. 864, MAPE A
0.236, Z5AFH], RF BIRY AT DL 4 48 7 BH 52 K
JE RN AR 5 00 IR B 2 (Rl AR 2tk 5 & LT
DUKS B2 W Jd v T oAt 5 R AsE Al

(2) FREZ K B 5 0 BE A B A A it R H DG 1, R
IF) ) B0 22 T X 0 245 3% 5% i 5 K, He v HIST B
23 [ 5 51 58 A 50 P A DG

(3) FET SR S 5 = B AT — YA,
FHBEHLARA AT 7Y | I F 568 )2 BF 5% 1 Y IR 5 e
S E B A T 10 438, 48 s TS SR AR e 2 O R
588 () A AT AR O [T USAE AR AT SR 5 S22 ' BRI L B
FE RS |

SFREINER W RRT 7 A — RE IR

Advances in research of digital plant; 3D digitization of plant

San Diego: University of California at

& % X #

(1] BAEVL, B 6E, S0, 5. B o Bk e A IE S 250 =807k [ )], P EARI R, 2015, 48(17) 13415 -

3428.
ZHAO Chunjiang, LU Shenglian, GUO Xinyu, et al.
morphological structure[ J]. Scientia Agricultura Sinica, 2015,48(17) :3415 —3428. (in Chinese)

(2] gk A0%mg, ok, 55, 56 T S0 DB iR — (5 BRI S Ay i r e ik e ()] A Rl K224 4, 2013,
32(4):126 - 134.

ZHANG Jian, LI Zongnan, ZHANG Nan, et al. Advances in 3D information collection and reconstruction of crop based on the
measured data[ J]. Journal of Huazhong Agricultural University, 2013,32(4) :126 —134. (in Chinese)

[3] HONDA H. Description of the form of trees by the parameters of the tree-like body: effects of the branching angle and the
branch length on the shape of the tree-like body[ J]. Journal of Theoretical Biology, 1971(31) ; 331 —338.

(4] ®220F BNE AR AF. T S AERCA s O ISR RO EORIE )], dLJ5PE 2, 2012(7) 29 - 12.
ZHANG Lanfen, LI Bingzhi, ZHANG Sheqi, et al. Light interception measurement of apple trees trained to tall spindle shape
base on three-dimensional digitizer[ J]. Northern Horticulture, 2012(7) ;9 —12. (in Chinese)

[5] PRUSINKIEWICZ P, LINDENMAYAR A. The algorithmic beauty of plants[ M]. New York ; Springer-Verlag Press, 1990.

[6] FK&h,IMEH, H10% S5 BET Ray Tracing AU HEMOE)ZG I HITE[ 1], RAULATSE, 2019,41(1) .26 -33.
ZHANG Jing,SHI Yi,HU Shaojun, et al. Research of illumination distribution of digital plant canopy based on Ray Tracing[ J].
Journal of Agricultural Mechanization Research, 2019,41(1) ;26 —33. (in Chinese)

(7] SRF SRAR XN, A5, ST 3R = e B e B A N [ )] Al TR 27 412,2018 ,34(16) :177 - 183.

GUO Cailing, ZHANG Weijie, LIU Gang, et al. Illumination spatial distribution prediction method based on apple tree canopy
box-counting dimension [ J]. Transactions of the CSAE, 2018,34(16) :177 —183. (iin Chinese)

[8] JAROSZ W. Efficient Monte Carlo methods for light transport in scattering media[ M ].

San Diego,2008.

(9] hIEFH, R FY, 5K, A5, BT =4k i 2 B C R A A9 S SR S J2 0 B0 A 15 05 1 [ J/0L ] ROl HLB A7 412, 2015,

46(6) :263 —268.
MA Xiaodan, GUO Cailing, ZHANG Xue, et al. Calculation of light distribution of apple tree canopy based on color
characteristics of 3D point cloud[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(6) ; 263 —
268. http;//www. j-csam. org/jesam/ch/reader/view _abstract. aspx? file_no =20150638&flag = 1. DOI. 10. 6041/]. issn.
1000-1298.2015.06.038. (in Chinese)

[10] WANG N, SHEN Y, HUA J, et al. Analyzing the canopy light distribution among different poplar genotypes using terrestrial
laser scanner and the GreenLab model [ C] // International Conference on Functional Structural Plant Growth Modeling,
Simulation, Visualization and Applications. IEEE, 2017.214 -223.

[11] GOVIND A. On the nature of canopy illumination due to differences in elemental orientation and aggregation for radiative
transfer[ J |. International Journal of Biometeorology, 2014, 58(8) ;1803 — 1809.

[12] NASIR A K, TAJ M, KHAN M F. Evaluation of microsoft kinect sensor for plant health monitoring[ J]. TFAC — Papers on
Line, 2016, 49(16) .221 -225.

[13] YIN B, SHAH D, TANG L. 3D perception-based collision-free robotic leaf probing for automated indoor plant phenotyping
[J]. Transactions of the ASABE, 2018, 61(3) :859 —872.

[14] WAL 3 QEARPR R SRR A T]. Wi, 2006(5) :7 - 10.



222 P AT A S (4 20109 4
YAO Jili. Rigorous formula for direct calculating parameter in 3D transformation[ J ]. Bulletin of Surveying and Mapping, 2006(5) :
7 —10. (in Chinese)

[15] BICHO A D L, RAFAEL A R, MUSSE S R, et al. Simulating crowds based on a space colonization algorithm[ J]. Computers
& Graphics, 2012, 36(2) :70 - 79.

[16] SHINOZAKI K, YODA K, HOZUMI K, et al. A quantitative analysis of plant form—the pipe model theory I . Basic analyses
[J]. Japanese Journal of Ecology, 1964, 14(3): 97 —105.

[17] SHINOZAKI K, YODA K, HOZUMI K, et al. A quantitative analysis of plant form—the pipe model theory II. Further
evidence of the theory and its application in forest ecology[ J]. Japanese Journal of Ecology, 1964, 14(4). 113 - 139.

[18] XIE K, YAN F, SHARF A, et al. Tree modeling with real tree-parts examples[ J|. TEEE Transactions on Visualization and
Computer Graphics, 2016, 22(12) . 2608 -2618.

(191 W7 o, G, AF . T LR B Se i S BT [0 ] ARk TRE24412,2014,30(9) « 168 - 175.
HU Shaojun, GENG Nan, ZHANG Zhiyi, et al. Interactive modeling of outdoor trees based on spare images| J]. Transactions
of the CSAE, 2014, 30(9): 168 —175. (in Chinese)

[20] LETCHFORD A N. A new separation algorithm for the Boolean quadric and cut polytopes[J]. Discrete Optimization, 2014,
14.61 -71.

[21] OKEEFFE S E, BRELAND J, SHIRATUDDIN M F. MPI and POV — Ray parallel solution to improve performance of photo-
realistic rendering utilizing albacore and sequoia[ C] // International Conference on Computer & Information Science, 2012.

[22]  SRERM, KLU, fo) 55, 55, A% BRDF BIFSE R HHERE[ )], JEig 5065301 ,2017,37(3) 1829 - 835.
ZHANG Xuzhou, DU Pengpeng, HE Yong, et al. Review of research and application for vegetation BRDF[ J]. Spectroscopy
and Spectral Analysis, 2017,37(3) :829 —835. (in Chinese)

(23] Hmamn, ST 80, 45, WRIVISPSRA BB BT FE[ J/0L] . AL HZ,2017 ,48 (4§ 71)) :98 - 102,333,
YANG Lili, ZHANG Dawei, XIE Rui, et al. Study on pruning simulation of apple trees at initial fruit stage [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2017 ,48 (Supp. ) :98 — 102,333. hitp: / www. j-csam. org/
jesam/ ch/reader/ view_ abstract. aspx? file_no =2017s016&flag = 1. DOI: 10. 6041/j. issn. 1000-1298. 2017. S0. 016. (in
Chinese)

(24]  XUHGUE, A, MR B, 4. DR TG0SE BE-5 R BH g BE AR G R U [ 7] e T/, 2012,39(7) 149 - 54.
LIU Weifeng, XIE Yongjie, CHEN Ruowang, et al. Observation of relationship between zenith luminance and sun high angle
[J]. Opto-Electronic Engineering, 2012,39(7) :49 —54. (in Chinese)

[25] Hhigerh. SERMEZEI M TR IEDIFE [ D] bat: hERL R, 2015.
MA Xiaodan. Calculation of light distribution to apple tree canopy[ D]. Beijing: China Agricultural University,2015. (in
Chinese )

[26] 3%, HIBK, M H, % 1CESat — GLAS MOR K A5 6f 52 326 MR J2 00 5 U0 [ ). ot Bl Bl k24t
2018,38(9) :26 -33.
ZHANG Rongxin, XING Yanqiu, ZHANG Xinwei, et al. Effect of laser off-nadir angle on estimating forest canopy height[ J].
Journal of Central South University of Forestry & Technology, 2018,38(9) :26 —33. (in Chinese)

[27] sk SERBEEOC B RICEEARITE [ D], I PUALRAMRFHE R ,2018.
ZHANG Jing. Research on key techniques of illumination model on the canopy of apple trees[ D ]. Yangling: Northwest A&F
University, 2018. (in Chinese)

[28] ZREWE, KT, #h3CEE. FET Lab Bl MIBOMAEE SE BESR O RIS [ J/OL] . Al AL 41 ,2018,49(10) ;240 —249.
NIU Yaxiao, ZHANG Liyuan, HAN Wenting. Extraction methods of cotton coverage based on Lab color space[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2018 ,49(10) ;240 — 249. http: // www. j-csam. org/jesam/ch
/reader/view_abstract. aspx? file_no =20181027&{lag =1. DOI;10. 6041/ j. issn. 1000-1298.2018. 10.027. (in Chinese)

(29] T, 5 A, 5. FTHEHLARMRITIRRIL A /NZ M R SPAD (HIEREAGSE[J/OL]. A HUM 4 ,2015,46(1) «
259 -265.
WANG Liai, MA Chang, ZHOU Xudong, et al. Estimation of wheat leaf SPAD value using RF algorithmic model and remote
sensing data[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46(1) ;259 —265. hitp: // www. j-
csam. org/jesam/ ch/reader/ view_abstract. aspx? file_no =20150136&flag = 1. DOI; 10. 6041/j. issn. 1000-1298. 2015. O1.
036. (in Chinese)

[30]  FiRdhJe. ot et DX S SR RE 2 3D B EER 5 e G MR 20T D). B  PUAL R 7 2013,

CHEN Xilong. An experimental study of light interception and photosynthesis product for 3D virtual tall-spindle apple canopy in
Loess Plateau region of China[ D]. Yangling:Northwest A&F University, 2013. (in Chinese)



