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Reconfiguration of Physical Structure of Vegetation
by Voxelization Based on 3D Point Clouds

ABSTRACT

Vegetation affects water level change and flow resistance in rivers and impacts waterway ecosystems as a whole. Therefore, it is
important to have accurate information about the species, shape, and size of any river vegetation. However, it is not easy to collect full
vegetation data on-site, so recent studies have attempted to obtain large amounts of vegetation data using terrestrial laser scanning
(TLS). Also, due to the complex shape of vegetation, it is not easy to obtain accurate information about the canopy area, and there are
limitations due to a complex range of variables. Therefore, the physical structure of vegetation was analyzed in this study by
reconfiguring high-resolution point cloud data collected through 3-dimensional terrestrial laser scanning (3D TLS) in a voxel. Each
physical structure was analyzed under three different conditions: a simple vegetation formation without leaves, a complete formation
with leaves, and a patch-scale vegetation formation. In the raw data, the outlier and unnecessary data were filtered and removed by
Statistical Outlier Removal (SOR), resulting in 17%, 26%, and 25% of data being removed, respectively. Also, vegetation volume by
voxel size was reconfigured from post-processed point clouds and compared with vegetation volume; the analysis showed that the
margin of error was 8%, 25%, and 63% for each condition, respectively. The larger the size of the target sample, the larger the error.
The vegetation surface looked visually similar when resizing the voxel; however, the volume of the entire vegetation was susceptible
to error.
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(a) Voxel Concept

==7.10.1 m

(b) Vegetation Shape Detection (Jalonen and Jarveld, 2014)

Fig. 1. Schematic Diagram and Example of Approach to Explain
the Voxel
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Fig. 2. Schematic to Show the 3D Scan Setup

(a) Foliated

(b) Defoliated

Fig. 3. Point Cloud Matching Results of Single Vegetation
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(@) 3D Point Cloud Measurement in REC Channels

(b) Cropped Single Patch

Fig. 4. Point Cloud Matching Results of Vegetation Patch
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Table 1. The Vegetation Sample Volume Measurement Results

Volume
ml, cm’ m’

(2) Main Stem 106 0.000106
(b) Branch 70.5 0.0000705

(c) Leaf 195 0.000195
(d) Twig 99.5 0.0000995
(e) Defoliated: (a) + (b) 176.5 0.0001765

(f) Foliated: (e) + (c) + (d) 471 0.000471

(g) Patch: (f) x 23 10,833 0.10833

PR o A T 2RIk 2 A Qo] = el
% fz 471 ml olglow], Slo] ghe AW F71e] ke 1765
mig) Ao Ve w24 AR Qo] Apfehe ke
2045 migkE o 5 glom, Ay B AR ] 24 Ak
Table 12 53 3218 5= Slek et 2 W Ad] A

10,833 mlz 3g3pck

3.2 3D HOIE SzjRC Sxi2| pd

=A% I20E FetE Leicad] Register AT EO1E £
A5 st S Cloud Compare AZESo]E ARg-3e] 4]
s o R R I e D = 2 e e e e e e |
AFH Aol F] == FEEgH o2 RIS 2HE 5
U= ofEfeloleS A= oItk ofF SRl SAIA oV
A A(Statistical Outlier Removal, SOR) ¥H-S AR83}] Fig, 59}
Zo] olg-glojo] Holy XEJEE TEH3ck SOR WHe
z7] FRIE FEe-E9] 7F 3} 7R 7R A Abele] Hit
AYE Axtelar, 712 BEE 53l Aod oo BF AXE
o= AL o2 7155k A A s Boothroyd, 2017).

a5 ZRIE FEE VEA] R 2] AlEE
gk He] SOR #g o2 ofg-gfo|ofrl Z93] AAA] &
om, wEr olgfst 7] 2x1& /s $18] SORS
¥ A-83k= Zlo] ARk Atk Boothroyd, 2017). Boothroyd
(2017)2] AFrollM= SORS] A ¥iA] A8 A| 20 %7FA] ZERJIET}
AA=L, F 1A HEA] 15 %7FA] AR AR veRto
(Fig. 5), to]g] =o]=o] AAE S 2w Rl 71533tk
Ju Al W ol ALsHA E, dild Bl Pgake]elA
AA=7] ARFER7] wizel] AAAR o)Fe] §liE Aoz delA
Atk 53] 1] Afo|zoM= 2] 7] o] AR Ty

A ke Ao HISSLh webd F 2 SOR S A7
= P4 7 EOE Sz Agsidon],

Z7] Hjo]Ej2} SOR A-gof| W ENE AAZAF= Table 29}
Ok e vle] FOlE Fehg 3 mme) JUEE 24T
A ] 5, Go] ke 1) 97167, ol §he 1) 2097475
A elgiom, 6 mme] FUw e 2 Ao A% 83838
ek SORS] % e 2§ F, AEHow 217} 80,7337,
EQIE FPe=E B F4o|

H

g3tk

3.3 T AP 3l ARMIHR|O| SISt 3 S| AP
a8 e xyz e RS TRE0R A B Qe
Sehg= F9J0] AMgA7} Aele A 712 7K SEe|Octree)
T AR A ol wel S 34 glo] ohgel]
o ¥l 24 057} T TIIE s B ArdHck
A 2] B 257} Uehd ik ohe} Hal} Sk
2 SIEkBienert et al, 2014). 23] Fejers Hge g
Festeld H4e] B4 2718 Aejsis Ao) 71 Fasih
G B4 )E Fold A4S THse o Wad A St
A B o]% BEF SA|me] A WA T e AR
ARIe] 2638 5+ ik Wb 2 Holfe HE 932 AT

9% B4 =M B3] v AR e
33.1 0| Sl Aol 2| A

WA o] g g A4 BAe pE ATk
(Fig. 6). 2 87)9] B4o] g2 m) 219 Fehg A7EL 5

Al

2]
glom, o] w B4 xjo]=E 355,015 mmo]L, 2Jge] Bl
357,956 mI3] Ao 2 UERITE o] B3)7} 355.015° mm’Sl
AHEA| /NS E%S u] AFg=lE Faloln, A 2A1S 38t
7] 98l A=sA & BAS AMRIGSS oStk &, A
B3l 176.5 ml$} 357.661.5 mle] x}o)7} 9= Aoz BAl
Ato]=E Ex o 2 ARsfof gt} B Apo]= RREAQ)
Ba) AXt Az, 2ol Alo|=7} 2774 mm ¥ wje] Fuj= 272,139
ml2 24 Faje} 718 2k 03R1 Ao R UeRgon, ojuf Al
M= 127557000k Bgh 54 Alo]=E 2H] 5 2 £71¢]
Fal= fAslglon], 53] Bdo] Alo]=E 1387 mm Xt 2H
AT A, A Fole] Afort vl HojA e As & F
Itk Table 3). EAe] Afo]=E= FOE Fupe-so] jfre} 2t
Bl5el] ofzf) AR whiel] A Fale} FUgE B Aloj=E

AP AP Ik et ol ol gle] g Wk el
Fuhol Pl A Pk ) SRS & 5 9ok

Vol.40 No.6 December 2020 575



Single Vegetation .
- - Vegetation Patch
Defoliated Foliated
Preprocessed
1* SOR
2" SOR
3“SOR
4" SOR

Fig. 5. Effect of Passing the Statistical Outlier Removal (SOR)

Table 2. Removal of Isolated Points with Successive Passes of The Statistical Outlier Removal (SOR) Tool

Defoliated Foliated Patch
No. of Points Reduction (%) No. of Points Reduction (%) No. of Points Reduction (%)
Pre-processed 97,165 - 2,097,475 - 838,384 -
1" SOR 89,490 7.90 1,838,256 12.36 748,954 10.67
2" SOR 80,733 9.79 1,561,804 15.04 628,422 16.09
3" SOR 76,102 5.74 1,393,898 10.75 542,157 13.73
4" SOR 73,044 7.02 1,226,121 12.04 471,195 13.09
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Table 3. Number of Cells, Volume, and Error by Voxel Size in Defoliated Vegetation
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Fig. 6. Variation of Volume by Voxel Size in Defoliated Vegetation

Voxel Size (mm) Voxel Count Voxel Volume (ml) Error (ml) Error (%)
355.015 8 357,956 357,661.5 121,447
177.508 12 67,116 66,822.3 22,690
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44.377 74 6,466.99 6,172.49 2,096
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Table 4. Number of Cells, Volume, and Error by Voxel Size in Foliated Vegetation
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Fig. 7. Variation of Volume by Voxel Size in Foliated Vegetation

Voxel Size (mm) Voxel Count Voxel Volume (ml) Error (ml) Error (%)
504.495 8 1,027,210 1,026,739 217,991
252.248 37 593,858 593,387 125,985
126.124 137 274,860 274,389 58,257
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0.985 614,087 587.477 116.477 25
0.493 614,087 73.435 397.565 84
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Table 5. Number of Cells, Volume and Error by Voxel Size in Vegetation Patch
Voxel size (mm) Voxel Count Voxel Volume (ml) Error (ml) Error (%)
1,906.880 8 55,470,300 55,459,467 511,949 %
953.440 25 21,668,100 21,657,267 199,919 %
476.720 114 12,350,800 12,339,967 113,911 %
238.360 473 6,405,630 6,394,797 59,031 %
119.180 2,224 3,764,830 3,753,997 34,653 %
59.590 10,398 2,200,240 2,189,407 20,211 %
29.795 42,908 1,134,930 1,124,097 10,377 %
14.898 146,642 484,840 474,007 4,376 %
7.449 382,650 158,144 147,311 1,360 %
3.724 577,828 29,851 19,018 176 %
1.862 623,136 4,023.96 6,809.04 63 %
0.931 628,422 507.261 10,325.739 95 %
L7 = 9k ueh] B g3 I0EE A™sH| AL thd Béland, M., Widlowski, J. L. and Fournier, R. A. (2014). “A model
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