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Abstract

It is important to improve the efficiency of plant breeding and crop yield to fulfill increasing
food demands. In plant phenotyping studies, the capability to correlate morphological traits
such as plant height, stem diameter, leaf length, leaf width, leaf angle and size of panicle
of the plants has an important role. However, manual phenotyping of plants is prone to
human errors and is labor intensive and time-consuming. Hence, it is important to develop
techniques that measure plant phenotypic traits accurately and rapidly. The aim of this study
was to determine the feasibility of point cloud data based on a 3D light detection and ranging
(LiDAR) system for plant phenotyping. The obtained results were then verified through
manually acquired data from the sorghum samples. This study measured the plant height,
plant crown diameter and the panicle height and diameter. The R? of each trait was 0.83, 0.94,
0.90, and 0.90, and the root mean square error (RMSE) was 6.8 cm, 1.82 cm, 5.7 mm, and 7.8
mm, respectively. The results showed good correlation between the point cloud data and
manually acquired data for plant phenotyping. The results indicate that the 3D LiDAR system
has potential to measure the phenotypes of sorghum in a rapid and accurate way.
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73971 Eeh(Omari etal., 2020). B4 tHR--0] 2] 212 T 77 (phenotyping) S HE Aol )3
2 Y= lom, fF Q1o BFoto] S H HHU F 55k lom RS F-/okAY 2
Al Zkgkst7] of ok B & QL)

A ol A S7d Aol oJgh 2hE AT A4S floiA] 2ol 2, 7217] 52 ©|-&5l 3DRGB B
A8 TS o sldo] 28517 ek 22| ol of3 2 AFIZS 7]ke] 3D ofu] A 7 E o] 83 B4
3| Zh=-9] o], 1] L ] TH(crown canopy)2] 715 =73t AL AFH|7F A TH Zermas et al., 2018; Jiang et al.,
2019). SFA|9t 2] g0l A FR17|E o] 8ok WA 7]/ =t of| whet A eko] Atttz ©do] It RGB 9
&2 FERE S WA o] Xk A 2lof tgh &gt S7g o] o3 9] A=e] et B A ole AR ¥

32 YA E =7 o] 7153 2ho|thlight detection and ranging, LIDAR) 7|&-2 20| #] ohhS 53 &4l 2 vt
AFslo] HiAlgo] Zo}kQ 7| 7bA] A™ AlZKtime of flight, ToF)S AlAFste] £ Ex)712|2] A 9 E4)|9] 3712
Aot S L 4= ATh(Lefsky etal, 2002). FA FE 740 Q5= A&58, A 59 Thfg A&
ool Al 85|11 10, 3D FAF AlA 2] M7= Zgdin Qi a'ol‘:]' 270 o]| ofsf) &5 wlojEl= YA

FE x,y,z FEE 7= HER AT s tlo]E| S ZJAE FEHe-E(point cloud)2HL 51 (Jang et al., 2020),
HRIE F2he=3D A7 AT EQ 0|2 Eaf A70 H $H7do|ut axil% 3DE /g5l BA Y HALS sh=tl
AbgEL

3D 2folt} ZRIE FEfEE 0|83t S thE e 7Ierhs 2 F3she o] Aeskar gt
A JHS &5 7hestH 3D 2dF e 5 A % tlo]ele] A7 9 Al Zert 7Hs sk, s HlolEle] A
7], 712] 9 91x] A H 5 uots}r|of golsirt. gk A-E0] Bul, o] 52 S Tol 9loj A= RGB ¥/d2 3D Al
T8 B AQIE F2He-E do|ElE A/dste] S7E Aol Hls) 2toltt ZRIE FekeEF o] &3 7ol £olst
t}. o]2{3gt o] g2 gto|c} LRI E FeFQE = 0]-83}0] 244(Qiu et al,, 2019), B-3H(Sun et al., 2018), H(Zhu et al.,
2021) & OFEH sAE2] FEiA 2P A4S 2 Sk g A7F A= Ak T3 UAY, H °“7l 01%4
g 5ol 7t o5 EPO]E} 2NHZRE FS53 ARIE EEPO C Hlo]E & JR4 R4 S0l &-8&5h= 5
CHet A7t Edhs] 3% o] th(Comba et al., 2020). SFAITE 0] 58 gho]ct A7HU 2R E] B 55 = oJE aa}%
= R E}O]EP ‘310151% B W5H9S wf XA} 1Y elo|th A7 2 HE] FEst X E Zeke T o
o[El7} 5ol A7) A Y, gt /% AAIDE, tiA 15 2 FEle] 7Had S S74ske ol 4 Aghetrial B
= ATHCalders et al., 2020).
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Materials and Methods
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Korean Journal of Agricultural Science 49(3) September 2022 484



Noncontact measurements of the morphological phenotypes of sorghum using 3D LIDAR point cloud

Sorghum samples

l

Data collection
(point cloud data)

Ground truth data collection

Pre-processing
(down-sampling, noise removal)

Ground data segmentation
(RANSAC)

R Data analysis
(sensor data & ground truth data)

Fig. 1. Workflow chart of the experiment. RANSAC, random sample, and consensus.
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2 360°, 2] 0 2 300°2] W= AloK(field of view, FOV)E 7}RIth 424~2] glo|c} ZQlE k& o IES 9
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d& Iol 2 Al Eo| SrEA] == XA R g 2ho|th Al 7F ARG SH= 2llo] & el EAM =4I B2t
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tlole 52 AAIsI o, 4= ZF 159 102] Q] TFE fIx|ol|A] Hlo|ElE 55ttt 2tolth AlA= ol
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(A) (B)
Fig. 2. (A) Leica Geosystems BLK 360 (B) sensor position for point cloud data acquisition.
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Fig. 3. Point cloud data (A) raw point cloud (B) region of interest (ROI) cropped point cloud data.
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2ot MM ZHE] 853 LRI E F2o-C tloel= tidEo] 224 U 513 EA, Ao 7, 3+
0] o 2 HE] 7|0l5} o] 22 w3ksl T %El'(Ullnchetal 2018)(Fig. 4). T}2HA], 2 Ao A= ol E Falo .
St ARt S0l A 91| Y A7)0l 3t Y Kol FFS 7| *]= o] 2 & A A57] 215K SOR (statistical outlier removal)
e S ARSI SORS ZH ZQIEO|A] o1 & IEW}XH gt 72| & ALK =, Ake] R} 7oA Raret
7HgsiH, 743-&01‘5 Atole] at A7 Ae] D BE HAIEG E 4 7= BE ZRIES ko|R &
o]/ Fx| 2 7+5toq “Xﬂo}—“lEiE} JZwl = aleln|g R s 23X TQIEo| QIS 0|2 ZRIE 9] et BEH
0)°] A otosaona et al, 2019). = A oA = IR o2 ZIEZ} 150705 FA =t 2h=o] of]
5194 n =150, Open3D2} SOR ZE}7} A|-85h= 712 parameter 4k 2= 0= 0,052 A1 Ef5}to] A3t

oQ
&

rUlm olrl

_|_,
=
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Fig. 4. Result of statistical outlier removal for point cloud data. Red points and gray points indicate noise
and inliers, respectively. (A) Point cloud data of sorghum before statistical outlier removal (SOR) (B)
sorghum data after SOR.

R EQIE ZEPE U HlolE ] AL F 102] E53tElolEE OME X wlolg| 2 &7Fo] 2 4 ofzt
volume} pixel] gHJo1 2 3D F7+e] 7] ThelQl %@(Voxel)dl #‘E&S iz HIOIEM ZANSHA e Voxel grid
down-sampling (VGD)2 T¢] 3%t QFof] EAlish= O & #3loto] 5 sk Z Hlo|Ee
715 Z0l= AL Sthlosyulaetal, 2019). VGDE Toﬂ el rtH voxel2] £L7lE A 2L B WEAE sk

JNEZ} AUX|A| ZHFslA] 2= o] 23S FA o Fojn|eh tlolefo] o] dAye 4= Q1o voxel®] 2717}
12 73|l o] ’al7} A 9] §17] whizoll A& voxel 27] A7 0] 27H T 4 mmO] voxelS ©]-85H%] VGDE A
724 o9 Y7} 2 mm voxelS ©]-8-510] VGD &t t|o|Efo]] Ha W=7} 5952 32, 12 mm voxel S ©]-8-5}

D 3 2o vlsf] P2 E/doll f-o ek S fAlskL Q&= 2elstRie). whabi] 2 AollA] voxel®] 7] 1}
E]'D] El=4mmz A5t VGDE 3451 thFig. 5).
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2 Ao A E 2] ZH Hlo]ElE FE517] e K S 2 random sample and consensus (RANSAC) ¥l 8] &S
AH8-5FITE RANSACS 0|2 F= o 4271 B2 o] LollA A, 95, W 52 £ o] dx|5k=
A3 (inlier) & ZH= FalE]Eo)Th(Li et al, 2017). & ALollA = 2 &2 EG L 2410] 2| I glo]g & &
2]517] 95l AEsFRTh HH-E 5517 -1401' Ak 0.02, BHS ot A ZJIE NS 50 L 7HE B
2 ZRIEE AW dlo]E & 7Hstlal, A|H W 2232 9Jsl] 500 3] vH= AA|sIich Bgo] 4e- =2 W
o] A/ = QIA L 2 Atol|Al= Z|Hol| tigt o] B & A A5t = F4 0 & AR & s S o)/

2 7k55t0] ARSI
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(A) | (B)

(©
Fig. 5. Result of voxel grid down-sampling for point cloud data. (A) Point cloud data of sorghum before
voxel grid down-sampling (VGD) (B) - (D) sorghum data after VGD with voxel size 2, 4, 12 mm.

HlolE 24

S MEe 20 YH 223 9o 4 AES Fdoks ZRIE SR E to|gAle] 7] o] JEE 23ts
+ z4ke] Zdigt A x| Agke] xpol & AlLFsIIT Al =R E| 535t t|o|E|e] 41 7|&7|= Abs 0= H A x| o
AA|e} tlol g 4ol A=2] 17 E7 U5t el A= Adshe ERIE SFEF-E to]E 9] X|shdt zgk
ol MFE] 2FE2] 427 2/ gt zgke] xfol7} AlEe] 2 1E YERATHAL 3 ESHI T Wang et al., 2020). 231+ A(1)
2 58l A= o1, o] 7] A Max Z (maximum z value) 2! min Z (minimum z value)= 242t 2o 24} Y 24 23S
ojugtet.

Plant height = Max Z — min Z Q)

S0 STE HE 22 98] 2 A2 0) T FeLE elo]E Ao 41 Lu] RS EISH Xy A 4
of 2|t} Ae) Aststeict. WA, AEe) 439 Zoh Lot xF Aol AAFHEE 2SI om, Ao xghkzt 3
4 xgte] Atol7k Aol £TE S Uehitha Boslelch 48E e 4(0)E 53 AZ359om, of714 Max X

(maximum x value) 2! min X (minimum x value)i= 2} 2| ol xgt 2 2|4 xghZ o|n|sict,

Plant Crown Diameter = Max X — min X 2
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42 o]Ak9] o] B FEE 9|3l Z} o|4to| sk EQIE Z2ke-E H|o|E{E CloudCompare 2 Cyclone
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1

Results and Discussion
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o,

Hojd 7o = whet) Fig. 72} Zo] 2H o] 7]&of Xl o=

F7} o] FA| = 7k o] Al 4= QAL 5‘5@ 71 g2 ZRIEES 23}
’3 Fig. 7B2} o] Egfo] obd A=9] 3 F-a2 W&k BUE FE 4 A 2B digital surface model (DSM)
7} digital terrain model (DTM)2] 22} canopy helght model (CHM)& A8-5h= 2] (Mielcarek et al,, 2018) 5 2F2+2] AHE
2 ETHOR BYE 4 9l WS Velslob s 410 2 WA o 3 eAlolH Yol d Aol s 71
£ o]-&3F ukFo] it o] 20| EQ| to]E & g SHTF =N AEo] ATl wet 21 ghE AIVEE &
5 7FsAd0] e Aoz wselal, s Al S Boll 2L |59 A& =Y 4= S 202 7hiHo

]o

(B)

Fig. 6. Result of random sample and consensus (RANSAC) algorithm of samples. (A) Top-front view (B) front
view.

,.._,B-..,,

(A) (B)

Fig. 7. Several problems of random sample and consensus (RANSAC) algorithm. (A) Segmented part of
samples (B) RANSAC result out of focus.
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54 B9 ZOIE FeH9 dloleZRE] 240 Feld S-S F25T MY A2 Zatulmsto] 45
o = = A
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AABACE. Table 17} g 801 45343} o5 3t) ebigict. 4] ol eJExL A 713l

A=A d 2%

o3t Z1, _q\_l_l-i o]/\}- Zo] gl 217:1% =45t g|o]| g9 }éé ZFt 0;1]__71-_4 MAPEF= 1-_| 9.5,1.3,2.2,9.0%, RMSE
E27685,182,57, 7.8 mmE AA| Z7zholl v]3] AlA el S3to] 2A| et 2420) 25 @lé S RVSEZ 60
mm 014} 70| Lz o] §2 X)W Refshs BAol N ABe] 278 ZAskct] folnlgh A5 ol o4 2 Hs]

o] §AIE|317] mj£-0 2 BhekEITkFig. 7). A4 571 8 AT WgolA ZEe] YSAE ZoHe A9 mm Te7E
2] AWstA 24sto] RUE|Ho] vidstn, 2HEo] RUEHE QaiAs + 10 mm ©]5te] 24 ex7F @ LETh
T2 4 MAPEZF 1.3%2 U 7H9] 574 5 T 7F =2 oS =8 LEIAT RMSEE 182 mmEZ 37}
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3 ; 20 5
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=
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o < 2 - .83 75 A R2=0.94
° °
420 ° 70 : :
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27+ °
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£ 23 &
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Fig. 8. Evaluation of phenotyping performance between sensor derived and manually measured data. (A)
Sorghum plant height. (B) Sorghum plant crown diameter. (C) Sorghum plant panicle length. (D) Sorghum
plant panicle diameter. RMSE, root mean square error, MAPE, mean absolute percentage error.

Table 1. Result of phenotyping performance of sorghum.

Phenotypic traits R’ MAPE (%) RMSE (mm)
Sorghum plant height 0.83 9.5 68.5
Sorghum crown diameter 0.94 13 182
Sorghum panicle length 0.90 2.1 5.7
Sorghum panicle diameter 0.90 9.0 7.8

MAPE, mean absolute percentage error; RMSE, root mean square error.

Conclusion
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= o= FE5
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