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Abstract In a situation where the amount of bulky waste needs to be quantified, a three-dimensional model of the
wastes can be constructed using drones. This study constructed a drone-based 3D model with a range of flight
parameters and a GCPs survey, analyzed the relationship between the accuracy and time required, and derived a
suitable drone application technique to estimate the amount of waste in a short time. Images of waste were
photographed using the drone and auto-matching was performed to produce a model using 3D coordinates. The
accuracy of the 3D model was evaluated by RMSE calculations. An analysis of the time required and the
characteristics of the top 15 models with high accuracy showed that the time required for Model 1, which had the
highest accuracy with an RMSE of 0.08, was 954.87 min. The RMSE of the 10th 3D model, which required the
shortest time (98.27 min), was 0.15, which is not significantly different from that of the model with the highest
accuracy. The most efficient flight parameters were a high overlapping ratio at a flight altitude of 150 m (60-70%
overlap and 30-40% sidelap) and the minimum number of GCPs required for image matching was 10.

Keywords : Flight parameters, Amount of waste, Root Mean Square Error, Ground Control Points, Accuracy of 3D
Model
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Fig. 1. Study area
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Table 1. Study Materials

Materials Model Detail

max speed: 18m/s
weight: 3.4kg
flight time: about 15m

Drone DJI Inspire 1 pro

Sensor Size: 17.3 x 13.0 mm
Max-Pixels: 16.0M

Diagonal FOV: 72 degree
Shutter Speed: 8~1/8000 sec

Camera DJI Zenmuse X5

Satellite: GPS, GLONASS
VRS H: 8mm+0.5ppm RMS
VRS V: 15mm+0.5ppm RMS

VRS-RTK
GNSS

Trimble R8s

Photoscan
ver 1.4.2

Image . .
Photographic processing

processing S/W

150m= F23FSi T

APRLE o
g AR
Tk oy
2] 7] wjo]
938}
7, (1) TF5E 80-9
B 60-70%,

2o #Hdy
A8 A AAIEE
VRS/RTK-GNSSZ o]-&3to] =]

ANEAL AAlste] AR

A}

tjo

2
Lo

iin)
_&:_1
il
X b

By

2
2
ofy
J
ol
il
o,

o)

8
of

of\
f
k4

5

o

N oot

of o 2
e
o
ftl

4
Frt

(=}
<

0,

0-40%=

e

4
Frt

W

=
K2
s

il

%

o
L=
o

499

332k #HEE AT R3S At 3ake By
A== 94e] RMSE(Root Mean Square Error)E 7
sbste] 914 4 s B3l Frketdrh. RMSEE duk
o qig 71% 5 sh12, 13]0]9

5
33491 mgel

[

2o AR R} A =
TS B AT XA ) vuE Fa) 11 Aol s
B glolth B QM= xyz FXE EES] HaL
a3k

31 =2 7|8t 3%t2
A YT WA,
AN ER N5l whek 334 w3
k. el AYRA e 7
349 293} GAg ol

=

it £ orlo HTORT ofy
o N
T -
R
1o

o,
=T

(o]
i
52
30
N

of

of
o,
o
oz

P

o
1 ol N
o,
2
~
=
M
o

e
o
o

Y
o
ofl

)

T i

:

2

ar

O]E A=



A 71Ee 8] =g A A9 AlE, 2018

|

Fig. 2. (a) is Ortho image using drone. (b) are Ortho image and 3D model zoomed in version.

Table 2. Accuracy and Paramater of 3D Model
Constructed with Drone

Number 3D model accurac . .
of 3D of XYZ (RMSEy Fl;ilg él)l\t/g;ll(;;(*{n) OI\quéng;r
model [m])
1 | High 0.08 30, )
2 0.10 80, 25
3 A 0.11 120, 1 25
4 0.11 80, 1 20
5 | 0.13 120, 30
6 0.13 150, 20
7 0.14 150, 15
8 ] 0.14 120, 15
9 | 0.14 150, 10
10 0.15 150, 30
11 0.15 120, 20
12 0.15 80. 1 15
13 0.16 120, 1 10
14 0.16 50, 1 25
15 0.17 50, 1 20
35 0.33 150, | 10
36 0.63 120, | 5
37 0.63 50, 10
38 0.67 30, 5
39 0.70 80, 10
40 L1l 50, 10
41 124 80, 10
4 128 150, | 10
43 105.35 50, 1 0
44 120.58 120, | 0
4 120.84 80, | 0
46 123.49 120, 1 0
47 124.00 150, 1 0
48 124.07 80, 1 0
49 Low 124.75 150, | 0

: Forward lap 80-90%, Side lap 50-60%
: Forward lap 60-70%, Side lap 30-40%
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Fig. 3. Digital Surface Model using Drone (1~4: High Accuracy / 46~49: Low Accuracy)
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Table 3. Time spent building 3D model (top 15 with high accuracy)
3D model accuracy . . . . .
Number of of XYZ Entire of work | Flight altitude(m) and Overlap*, Number of GCP, Survey |Image processing time
3D model (RMSE [m]) time(minute) / Flight time(minute) time(minute) (minute)
1 0.08 954.87 80, 1 20 30 60 874.87
2 0.10 941.82 80, 1 20 25 50 871.82
3 0.11 442.5 120, 1 9 25 50 383.50
4 0.11 924.77 80, 1 20 20 40 864.77
5 0.13 451.45 120, 1 9 30 60 382.45
6 0.13 131.15 150, 1 4 20 40 87.15
7 0.14 121.17 150, 1 4 15 30 87.17
8 0.14 420.47 120, 1 9 15 30 381.47
9 0.14 111.12 150, 1 4 10 20 87.12
0.15 98.27 150, | 3 30 60 3527
0.15 430.38 120, 1 9 20 40 381.38
923.82 80, 1 20 15 30 873.82
409.35 120, 1 9 10 20 380.35
50, 1 46 25 50 955.65
50, 1 46 20 60 952.78
* 1 : Forward lap 80-90%, Side lap 50-60% | Forward lap 60-70%, Side lap 30-40%

0.

1058.78

502

0.16

—_
—_

0.16

0.17




NZHEE BHN EEE ol8d 34 By 737 B}
4, 8= 9 By = 2 A7 oF 100~150%2] R o7 3l
w9l

B oATE Aol ot FAFEGOA Bk FFolle A5 wr|EFt =2 7)) 33k =Y
Aq7)=e TAFES AEstaL A Atshzdl 7FE s)ake) | Eeate] v ATE B3 oS Aud Y
BE4Q B2 &8s st Sigith W o] Be s How welth w3 gy H71ES 98}
et S7IEAS tFsl Adetel AvI=el A #elsta As] e 5 A28 AN
39 BB FEAD 2P FH| 208 A xyz  sjolstel TS WS AT E WAT A0E B
RMSE A&=5 Axlste] o #AE Z48E =8 <t} o)k, =23 Ao gie &% A7= Sa3 3
o MR NPauret g FEES A ert gt
t}l B3 EE 50m, 80m, 120m, 150m=z FE3hl1 B e Ayl =28 883le] Aldsn F8F
FTEEE B2 FTHEE(TTEHE 80:90%, ITHE ol Hy|EY A=Y v|xAae 389 Foz At
50-60%)% FEFRE(EFHE 60-70%, FFUE  wm 9/)% Ao, ve] So| FohlA SEr%9 4
30-40%) = Eskalh. GAAE HHAM ARE = A 5 Baf kg @del 7]ofE 5 9l AeR Hel
A7E"L 0, 5, 10, 15, 20 25, 30702 2] 283513

S SRR} AR Qe Gl ARHA 2 T
MNeE Asta F 49719] 3249 B¥ T} FALGdo] A References
2=k 497) B¥e] RMSE: #1 0.08%H HA
124.752 YERyt} o] 71t A= =& A9 1570 [1]1 Rock, G., Ries, J. B. & Udelhoven, T, “Sensitivity
o R 2N} 1 B BART Clevaion models (DEM). In Proceedings of Conference

AT A9 157] 28 71 4709 2Eo] 150m1 on Unmanned Aerial Vehicle in Geomatics.
SN 98 DUE 28T Ao G, 89 L) U M Tok & S, & Pl N DM gmorie
FTEEE 157 B8 7k 10 B8-S A|9]sha B Sahitler hill”, Measurement 73, pp. 539-543, 2015.
E2 THREAAM 2YE G4 AHEE Aow ye [3] S. A. Rhee, T. J. Kim ,J. L. Kim, M. C. Kim & H. J.
FREE A Agaol s Ao etk 137) UAV Trnages on River-se Failites. Korean Jour of
=39 W7 1070 viRkQl e 9] 157 el X Remote Sensing 31(2), pp. 183-191, 2015.
B D)9 75 A VPITAS A 0 oGS L X i) e g o
ggajjof 5= Ao = YERtE RMSEZ} 0.08% 7H using UAV in Beach Area“, Korean Association of
U] LR 19 53] 404 7b0] 954.8750.2 LhE Cadastre Information 18(2), pp. ‘207-2?6, 2016. N
kel 2k ARl 108802 K T 1S3 ) cevaon medels and orhoimagery for environmental
219 28] RMSE 7} 0.17% YEh} ¥ w38 7he] gt applications: data accuracy evaluation and potential for

-
O

0.092 =LA
9827702 71
0.1524 A&7}
kAt &, 28 A7} RMSEE H]
OS2 YET.

HoodoA &3 7=
= H]EE‘?‘;?b M 3y

= 60-70%,
]}\]—7] ;G 7H

ztolubA] 9Tt
o 109 334

TH T

T

T3 Mmﬂo]

#°] RMSE%

zkel 7k ¢
|

sk e

A5
= o
pu =]

/\]—7(40]] 7]-201—
150mell A =&
E130-40%)°]H
= Ha 107H o]A}ol 7
e =

TR
=K
T

503

(6]

[7]

(8]

river flood risk modelling”, International journal of
remote sensing 38(8-10), pp. 3159-3180, 2017.

Pérez Alberti, A., & Trenhaile, A. S, “An initial
evaluation of drone based monitoring of boulder
beaches in Galicia, north western Spain”, Earth
Surface Processes and Landforms 40(1), pp. 105-111,
2015.

J. J. Yu, H. S. Park, Y. J. Yang & D. H. Jang,
“Assessing the Applicability of UAS for Detecting
Geomorphological Changes in Coastal Areas: A Case
Study in the Baramarae Beach in Anmyeon-do”, Journal
of the Korean geomorphological association 23(4), pp.
113-126, 2016.

S. W. Son, J. J. Yu, H. J. Jeon, S. H. Lim, Y. E. Kang,
& J. H. Yoon, “Investigation of Measurement Feasibility
of Large-size Wastes Based on Unmanned Aerial
System”, Korean Journal of Remote Sensing 33(5), pp.
809-820, 2017



S| Eerel=EA] A9d AlE, 2018

[9] Udin, W. S., & Ahmad, A, “Assessment of
photogrammetric mapping accuracy based on variation
flying altitude using unmanned aerial vehicle”, InIOP
Conference Series: Earth and Environmental Science
18(1), pp. 012027, 2014.

[10] Mesas-Carrascosa, F. J., Notario Garcia, M. D., Meroiio
de Larriva, J. E., &Garcia-Ferrer, A, “An analysis of the
influence of flight parameters in the generation of
unmanned aerial vehicle (UAV) orthomosaicks to survey
archaeological areas”, Sensors 16(11), pp. 1838, 2016.

[11] Agiiera-Vega, F., Carvajal-Ramirez, F., & Martinez-
Carricondo, P, “Assessment of photogrammetric
mapping accuracy based on variation ground control
points number using unmanned aerial vehicle”,
Measurement 98, pp. 221-227, 2017.

[12] Tomastik, J., Mokro§, M., Salofi, S., Chudy, F., &Tunék,
D, “Accuracy of photogrammetric UAV-based point
clouds under conditions of partially-open forest canopy”,
Forests 8(5), pp. 151, 2017.

[13] Yu Jae Jin, Park Hyun-su, Kim dong woo, Jeong Ho
Yoon, & Seung Woo Son, “Assessing the Applicability
of Sea CIliff Monitoring Using Multi-Camera and SfM
Method”, Journal of the Korean geomorphological
association 25(1) pp. 67-80, 2018.

& & 2(Seung-Woo Son) [H3]3]
020134 8¢ : Al&oigtn Ae|z=7
st (274 8AAh
02014 39 ~ A4 : Agdga
FEARAE AR
2013 7¢ ~ @A : F=EA
A-G7rA7d A7
<TAHok>
FRAR, S5, TR, 2RI QFEY
4 (Dong-Woo Kim) [M3]3H]

*2018d 24 : T gt
(M21544h

02018 3¢ ~ A :
-G 7rATe Avdd

BELE!

RS

£ X S(Jeong-Ho Yoon) [R3|9

01997 29 ufhstal ARk
g3} (FE4Ah

©2003d 29 : Ut ALY
83} (o] gk}

1996 79 ~ FA : FHERA
A7t AYATA

X & Zl(Hyung-Jin Jeon) E=EEl

0200551 8¢ : ghFdigtal Fehush
A (w7188 AAh

02011 2¢ : 3}
A B8k} (R

& 20114 1€ ~ &A : =3HEA

A-FGriAd 2WATY

vy R

o

4 ¥ Z(Young-Eun Kang) [H3]¢H]
02009 2¢ : Agdigtu Az
EEE LR
02012 2¢ : Meujetu
273} (Fhbal)
02018 79 ~ A : FERIEES
g AFARELE 79 AEA T4
Bty

oM,

HE4



AITEE FHolA EBS o] 8% 33 BF F53 7t

o
T

X Zl(Jae-Jin Yu) (3]
020154 2¢ : FFUFgw =2y}
GEEELD)

20169 3¢¥ ~ &Al : FFoiga
A2)e wAE
020161 12€ ~ &A :

o

=3

ox

| | -7 74 AT

<BiEek
g, AAFAL GIS, E27]4F G4

505




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


