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Accuracy Evaluation of Open-air Compost Volume Calculation Using
Unmanned Aerial Vehicle

Heung-Min Kim' - Su-Ho Bak - Hong-Joo Yoon - Seon-Woong Jang
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ABSTRACT

‘While open—air compost has value as a source of nutrients for crops in agricultural land, it acts as a pollution that adversely affects
the environment during rainfall, and management is required. In this study, it was intended to analyze the accuracy of calculating
open—air compost volume using fixed-wing UAV (unmanned aerial vehicle) capable of acquiring a wide range of images and automatic
path flights and to identify the possibility of utilization. In order to evaluate the accuracy of calculating the three open-air compost
volume, ground LiDAR surveys and precision surveys using a rotary UAV were performed. and compared with the open-air compost
volume acquired through a fixed-wing UAV. As a result of comparing the calculation of open-air compost volume based on the ground
LiDAR, the error rate of the rotary-wing was estimated to be +5%, and the error rate of fixed-wing was -15 ~ -4%. one of three
open—air compost volume calculated by fixed-wing was underestimated as about -15 %, but the deviation of the open—air compost
volume was 2.9 m3, which was not significant. In addition, as a result of periodic monitoring of open-air compost using fixed-wing
UAV, changes in the volume of open—air compost with time could be confirmed. These results suggested that efficient open—air compost
monitoring and non-point pollutants in agricultural for a wide range using fixed-wing UAV is possible.
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UAV(Unmanned Aerial Vehicle), LIDAR, DSM(Digital Surface Model), Open-Air Compost
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AE FAF YT FIE FPseH, HI M9l W
oA Euld tet 94 AaE FA583Ih A% LIDAR,
s e} FRlge7], el FAFs7I= A5d Ane
A2l DSM& Alzste] opAEn] A4 75 Aot
Stk o F LiDAR oFH =] A4 35 7502 34
2 5o 1)l opHEu] Al e YL

I8 1. AFXA
Fig. 1 Study area

a2l 2. AFX|A Lf ofMEH| (a) OFMEH| A (b)
OFM E[H| B, (c) OFME[H| C
Fig. 2 Open-air compost in the study area (a)
compost A, (b) compost B, (c) compost C

2.2 A% oA 27J(LiDAR) &%

oA E o] AA g 2 3§17 o] &gk oFF
FH] AAF A HaLE 918 A4 LIDARE ©]-&315
o} B Aol A ARE-¥ X4 LIDAR+ Leica RTC360
Laser Scannerg A&} tHTable. 1)

X 1. LIDAR A&
Table 1. Specification of LIDAR

X High—speed, high dynamic
Distance time of flightenhanced by
measurement Waveform Digitising
(WFD) technology
1 (in accordance with IEC
Laser class 60825~ 1:2014), 1550 nm
(invisible)
X X 360° (horizontal) / 300°
Field of view | (i)
Range Min. 0.5 = up to 130 m
Speed Up to 2,000,000 pts / sec
q 3 user selectable settings
Resolution | (3/6/12 mm@ 10 m)
Angular accuracy 18"
Range accuracy 1.0 mm +
10 ppm
Accuracy 3D point accuracy
1.9 mm @ 10 m
29 mm @ 20 m
53 mm @ 40 m
. 0.4 mm @ 10 m, 0.5 mm
Range noise @20 m
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Fig. 3 Datum points and LIDAR location, (a) compost A,
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2). Phantom4 RTK+ RTK(: Real-Time Kinematic) X
Eo] 71A 9 Z2E ol em 59 YA Ag% &RIt 7bs

at.

E 2. Phantom4 RTK A&
Table 2. Specification of Phantom4 RTK

X(olsl e} 714 & AFgskslen], 9% F5S Sl
Duet T 7}v2hE AH8-8F3IeHTable 3). Duet T+= &L 3
AZE 5 91A9l A RGB, €49 942 A5 o Ak
2 d7olA= RGB 8745 AHEakaith

X 3. eBee X, Duet T M &
Table 3. Specification of eBee X, Duet T

Weight 1,391 g
Maximum flight time | 30 min eBee X
R D Maximum  control 7 km Weight 1,391 g
:’ijr distance TGOS nl Meximum fiight time | 90 min
L Sty Pixel : 20 MP Maximum control |
0 m
FOV ga° distance
(Field of View) Duet T
F/2.8-11, 1_0A6 mm
opHE|u o] A4S AA57] 9% Phantomd RTK Focal lendih ) 5y e
oé/g— "ﬂ%‘\% DJI GSR( Ground Station RTK) 01%3] ﬂ] Shutter Global shutter
- oo 1/30 = 1/2,000
o]Ad& o]&3F9th GSR2 Phantom4 RTK(o]3} 3|4 ¢ - s
N N Resolution 5,472 x 3,648 px
7179 HlE HEZ ojFejAlo) ol rlg = dA,
9, AE A 9 THE S AR NG £ nogpacs 9 A e Fue /4 Ao 22
2= obA o] Au =gro o3 = Azl & . - . -
A= opEmle AR S5 98 ol AZ FE 2 e)oiol eMotion 32 o451tk eMotion 3& M8 1
=1 - - = TEAAY Fglen B
= - -
o Flol geliet. wel g
3} -
el o, 89 LS 5 m 3
i 062 AT

O 4. 3™ J|H v|HAEAZE Y AL S A,
(@) oM E|H| A B, (b) OFXE[H| C.
Fig. 4 Rotary-wing flight path and image acquisition
location, (a) compost A, B, (b) compost C.
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Beongnam-ri

J% 5 ™o T HlE2 2 A FS 2R
Fig. 5 Fixed-wing flight path and image
acquisition location.
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Fig. 6 Distribution of GCP.
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i} Je2 A5 ¢ B2 EJAE 7] A 33

. i7Znp 3 nE
31 FAFFIHN 94X AE=E A5
AT dS o] &gk bR EH| A A FF A

XU (2016) 5 TEQIHIGA o] & TESTF AUA
Z 018)el wh=w 7 2 531 1/500 ~ 1/6009]
3 A BB B EFEA 004 m, Ak

E 4. OfME[H| A B GCP 22Xt
Table 4. GCP error of Open-air compost A, B

GCP Error X (m) | Error Y (m) | Error Z (m)
1 0.034 0.032 0.091
2 0.037 -0.018 0.091
3 0.009 0.005 -0.018
4 -0.022 -0.018 -0.067
5 -0.042 -0.011 -0.071
RMSE 0.031 0.019 0.073

& 5. oOfMEH| C GCP At
Table 5. GCP error of Open-air compost C

GCP Error X (m) | Error Y (m) | Error Z (m)
1 -0.009 0.013 -0.033
2 0.003 -0.012 0.005
3 0.007 0 0.021
RMSE 0.007 0.010 0.023

6 0NXQ JH MAIEA GCP 2t
Table 6. GCP error of fixed-wing orthomosaic

GCP Error X (m) | Error Y (m) | Error Z (m)

1 0.005 -0.016 0.033

2 0.002 0.002 -0.021

3 0.006 -0.002 -0.096

4 -0.004 -0.007 0.039

5 0.001 -0.008 0.154

6 -0.002 0.006 -0.070
RMSE 0.004 0.008 0.083
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% 7. OFMEH]| A (a) FAIE A,
(b) LIDAR DSM, (c) &M< Z|A DSM,
(d) 2™ 7IK1I DSM.

Fig. 7 Compost A, (a) orthomosaic,
(o) LIDAR DSM, (c) Rotary-wing DSM,

(d) Fixed-wing DSM.

0% 8. ofMEH| B, (a) HAIE A,

(b) 2[™<l Z[d DSM, () A< 7|M DSM.
Fig. 8 Compost B, (a) orthomosaic,

(b) Rotary-wing DSM, (c) Fixed-wing DSM.

e

o =
v 5
=. s o

% 9. oM E[H| C, (a) MAIA AL (b) LIDAR DSM
() =M<l 7] DSM ) _T'_K*O' 7| DSM.
Fig. 9 Compost C, (a) orthomosaic, (b) LiDAR

DSM, (c) Rotary-wing DSM, (d) Fixed-wing DSM.
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oA Eu] Al HA % A4 LIDAR 26010 m’, 84
o] 7]A 27308 m’, 24 ¢] 714 251 92 m'z AEH Yk
x]/\]— LlDAR—J opdg]u] x%;q] 7] o x%ﬂE% §]
A9 7)H = 10499 %E T 4 stelen, 149 7]
A& 96.86 % ¥ 4 sF3itHtable 7).

obA EH] BE Eﬁ ofgle]l fx|etaL Al om Fuie]
augl AR08 507 A4 LIDAR &7 #7590 o=
7t Q13 obAE ] A A AbEel] gA7F AT 74
2+ LIDARE A9 g %{6&%714 ob A EH] B A A &
349 714 1531 m’, 4] 714 1383 m'= &35491
o} 3] 714 9] oA ElH] azﬂ S e R FYgEE
1A 7)AE= 90.33 % FA FA sArHtable 8).

obA & H] Co] A ZW LiDAR 1838 m’, 37
713 1752 m’, 249) 714 1548 m’= A1&E3le} 24
LiDARPJ o]mg]a] z%;q]ak& 7]&0; x%gh:b g]x{g}
1A= 9930 %= Ho 4 shden, 1A 7AE
8421 % A& 4 sF3lthtable 9).

=

¥ 7. OFMEH| A MAjZF H|W Z3}
Table 7. Result of compost A volume comparison

LiDAR Rotary-wing | Fixed-wing

Volume 260.10 m®* | 273.08 m* | 251.92 m®

Volume Ratio

(UAV/LIDAR)*100(%) _ 104099% | 8%

¥ 8 OFMEH| B MAj2F vlm Z3}
Table 8. Result of compost B volume comparison

LiDAR Rotary-wing | Fixed-wing

Volume - 15.31 m® 13.83 m°

Volume Ratio

(UAV/LIDAR)*100(%) B - 90.33 %

¥ 9. OfMEH| C M H{W Zx}
Table 9. Result of compost C volume comparison

LiDAR Rotary-wing | Fixed-wing

Volume 18.38 m* 17.52 m® 15.48 m®

Volume Ratio
(UAV/LIDAR)*100(%)

- 95.30 % 84.21 %

7} Z]_g_tﬂ oFAE R A% vlu A3 x4 LIDAR
717 349 71419 ek 45 %, 1A 7|A LAHE
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Fig. 10. Distribution of open-air compost.

m°)

Table 10. Time series change of open-air (Unit : m°)

OFX ElH| OF=EHl | OHXEIH| OFE ElH]

A B C D

2020.11.17. 6.55 22.45 19.44 36.1
2020.11.20. - 21.02 19.26 39.93
2021.01.20. 247.77 12.77 12.56 45.76
2021.01.25. 242.41 10.93 14.79 48.62
2021.02.04. 250.21 14.14 10.71 49.9
2021.02.19. 194.18 13.92 13.57 51.14
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o En] A 20009 11¥€ 0¥ ZHEo = 23l 714 9
AA| EQH o] == QlEF ofAER|e] DSM % A}
AR AAEA ek} 20209 11€ 2092 A 9] 8k of
A E] AAD W3k 2000 119 17Y o Hu| = o2
B ARgE o] 655 m*e] FH]7E AbAlE e} 9lglem, 2021
W 01€ 209 247.77 m’e] En)7}F AAE AL 9189
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RS ol gate] delEo] AT

2020.11.17.

% 1. OFNME[H] A MY 3}
Fig. 11. Changes in the volume of open-air compost A.
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