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Abstract This paper proposes a technique that can automatically calculate earth volume by creating a
3D model using aerial photographs obtained from a UAV and converting the structure into a solid model.
In order to confirm the applicability of this technique in the field, we analyzed the accuracy, efficiency,
and economic feasibility of earth-volume calculation work. The results of the method were compared
with the result of calculating earth volume using point measurement, and the proposed method had a
deviation of 0.09%. In terms of work efficiency, it reduced the time required for work by about 53% and
the design cost by about 49%. The analysis results confirmed the field applicability of the method
proposed in this study and its improvement effect. In the future, it is expected that the application will

be expanded to monitoring of construction sites and management of construction projects.
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Hto & B-Rep &¥|E 2d 7322 3 A7NFig. 4(a)
o} ETTF AFE 7HsA RIS et o 23 A3KFig.
4b)E YR Aol

Fig. 1. Setting up the research area

o Ao tiste] -4 UAVE ol-85to] FZArzl
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Table 1. VRS-Network RTK coordinate system setting

Projecti D Y-coord. virtual
rojection atum coordinates(m) Fig. 3. Result of closing surface model
Transverse WGS84 200,000
Mercator
L . . . X-coord. virtual
Origin longitude Origin latitude coordinates(m)
129° 38° 600,000
Table 2. Result of GCP surveying (Unit: m)
No. X Y Z
! 183,019.312 192,703.754 4212 (a) Transformation of solid structures
2 183,022.296 192,672.302 4.251
3 183,030.282 192,630.821 4.431
4 182,934.311 192,628.314 4.551
5 182,935.104 192,659.697 4.412
6 182,933.485 192,689.308 4.434
7 182,819.116 192,689.212 4.523
8 182,813.797 192,656.821 4.501
9 182,813.658 192,627.872 4.543

(b) Section segmentation result
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Fig. 4. B-Rep solid structure conversion results
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(a) Format Conversion Result (Wireframe)

(b) Format conversion result (rendering)
Fig. 5. B-Rep solid model format conversion results
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Fig. 6. Reconnaissance surveying layout
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Fig. 7. Result of creating a profile
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Fig. 8. Result of creating cross-sectional view
by point(sample)

Table 3. Earth-volume calculation result based on
reconnaissance surveying

Surveying station Length A(;?)a Earth-volum(m’)
NO 0 + | 0.00 0.00 240.84 0.00
NO 0 + | 7.87 7.87 579.26 3,227.09
NO 1 + | 0.00 | 12.13 589.92 7,091.07
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NO 2 + 0.00 | 20.00 500.31 10,902.30

NO 3 + 0.00 | 20.00 504.04 10,043.50

NO 4 + 0.00 | 20.00 508.69 10,127.30

NO 5 + 0.00 | 20.00 504.67 10,133.60

NO 6 + 0.00 | 20.00 481.95 9,866.20

NO 7 + 0.00 | 20.00 482.86 9,648.10

NO | 8 | + | 000] 2000 496.96 9,798.20

NO | 9 | + | 000/ 2000 50025 9,972.10

NO | 10 | + | 0.00 | 2000 | 496.16 9,964.10

NO | 11 | + | 0.00 | 20,00 | 490.61 9,867.70

NO | 12 | + | 0.00 | 2000 | 33110 10,217.10

NO | 12 | + [1635] 1635 | 289.39 6.707.51

Sum 256.35 - 127.565.87
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Table 4. Comparison and analysis of earth-volume
calculation results

Divisi Earth-volum | comparison
ivision () ©)
3D Model 127,455.99
0.09 |
Reconnaissance surveying 127,565.87

Survey(method of
average end
areas)

-
0.09 %

3D model

o

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000

Fig. 9. Comparison and analysis of earth-volume
calculation results
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‘ Based on Solid Model Based on Reconnaissance Surveying

Work planning & Establishment of Work planning &
. preparation work plan preparation
o
work plan
Preoccupation
GCP
Preoccupation surevying
Gcp pation | |  sure vying Surveying
surveying
Surveying
GCP surveying Preoccupation
Shooting preparation (cadastral
VAV aerial control point) Surveying
Shooting
Image i i
Surveyi
e
AT H AT/ izati |
Create project Production of actual
- = measurement
Creation of 3D Creation of point reconnalssance map
models cloud data/3D model onof
o
cross section Production of profile
Accuracy verification
Solid structure Production of of
Model structure i cross sectional view
conversion
Format conversion
Earth-volume Earth-volume
Farthvolume 0 " ajculation Earthrvolume calculation
calculation N calculation :
by solid model by cross section

Fig. 10. Setting work process by earth-volume
calculation method
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Table 5. UAVehicle Survey Standard Specification
(National Geographic Information Institute, 2019; Construction Association of Korea, 2022)
Number of people
Division Detailed work Stinli?rd Engineer Note
Special advanced | Intermediate | Beginner
Establishment of | Work planning and preparation 0.25kr 0.5 (60} (6]
work plan Reconnaissance 0.25kit 0.50 0.50
Installation of air photo signa 7 points 0.59
. 0.98 1.05 1.05
Installation of plane 7 points Within 0
air photo (0.49) (0.56) (0.63) | Within
signal/GCP survey GCP survey 0.26 120 106 1'nd1cate
Elevation 2km lnte'rnal
0.12) (0.14) 0.32) business
flight preparation 0.25kit 1.13 0.50 1.13
UAV aerial shooting 0.25kt 0.19 0.19 0.19
photograph
shooting Inspection of shooting image 0.25kz 0.2 0.2
and summary of results . 0.2) 0.2)
. Aerial- Aerial triangulation/Organization 0.25kr 0.6) 0.6)
triangulation
Orthoimage . .
production DSM/Orthoimage production 0.25k (1.3) (1.3) Within 0
Geographical Digital restitution 0.25kr 0.28) 0.57) (0.85) 0.57) iAndicatel
e interna
features depiction vectorization 0.25kr (0.49) business
Quality Quality control 0.25ket (0.50)
control/Clean up
check Clean up check 0.25k (0.50)
. - 3.85 3.44 3.63
Orthotmage 0-250f (1.12) 3.73) (4.28) 0.83)
Digital restitution , - 3.85 3.44 3.63
Sum (Excluding Orthoimage) 0. 25l (1.40) (4.30) (5.13) (1.40)
N , - 3.85 3.44 3.63
vectorization 0.25kr 1.12) (4.22) (4.28) 0.83)
)] O = = =
Y PHoR LAk ARSI olgA ARt Table 6. Area-by-area coefficient of UAV survey
_4\__9_/\]2}% ZF 97 84 B4 _?_]c}l- B X}E (Construction Association of Korea, 2022)
H BEARIGASE AEsiarh o, FAJAHA S 4
= r Work planning and 1
Z IAoA 2022 AXTA EF }?ZIJOHJﬂ A AlekaL preparation
9}‘1‘—:— UAV —2‘—%9,] %"‘ZJ’EH*C}E E.ll 132(_11:5 HH7H%-{|\—§ Zi], Reconnaissance 1 1.26 2.12 3.62 6.67
83 ]’9&‘4’ Table 6-‘74‘ Table 7 UAV‘Z‘E]:«] S ]’EHAJ' Photograph shooting 1 1.19 1.63 2.47 | 4.16
T 9 HA3YE ALE Uepd Aoz AA @& 84 Aerial triangulation 1 1.26 | 212 | 3.62 | 6.67
242 AT HAF 0,25k olekde] et B F
FASF 15 A8stlon, UAVERE 53 6&“"\?%(1 Tabl . . | reso] ¢ Ua
_ able 7. Coetticients spatial resolution of UAV
o] FFET} Sem/pixeld L] SAAGE curvey v P
12 A83519c} o]9} Zo] A wi/jHsES TAYE (Construction Association of Korea, 2022)
A8 A]ZJ—_EO “?‘Ei /\\l-%% l:—.‘,_o ?l"ﬁﬁ]-/?oﬂ Z_ﬂl_g_%}_iljﬂ GSD 3cm 5cm H|3L
5402 FYAYASE AE5I%Tt Table 87 Ok
Coefficients 1.07 1

HHZE A QA1 AFYS Q3] EXEF A

He 7leA 558 AT Aol

UEERS
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Table 8. Calculation of earth-volume based on UAV 3.1.1 &8|E DY 7|4t EZEF A R 88 M
surveying engineer rade for each rocess -
o ? selc wdlo] suier ERee] A= et 39
Input engineer grade =ojolgl W A -
) A7FS. AbAElod o &
Division Interme ] ‘l‘l:] \_a 4 49 ]LE r o_ol'/v\r’]'~ Table 10 Ea
bpres e G o = melo] J)uier £ A2 91T 34 R
i ol A QA|7F AV ArE Z o A 2
Eetablichment a\’ggrl;sézrrlz;r;gn ol ol ol - A 284 4P AR YErd Aoz A 370l o
of work plan [ PP —— o 2RAI% 3835202 A2E AL Tl % U
ati - -
o Z AH 3] 7Aoo A H AQATg B
T o T T o® 1% A4 3l 12008, AhaE %
GCP survey
Surveying - O @) (@]
Shooting Table 10. Calculation of earth-volume based on UAV
UAV aerial preparation - o o o survey time required for each process and
photograph Shooting - e} e} e input manpower factor
hooti
shooting . Imag(‘a - @) - e) Required time by input
o inspection manpower (minutes)
erial N _ _ ;
triangulation AT/Organization o o Division Engineer grade S-um
Create Project - - - Inter ‘ (minutes)
) o Expre|Advanc di Beginn
Creation of Point| ss ed [ o
Creation of cloud data/ - e} - - te
3D models 3D model Work | Time | 240 | 480 | 480 | - {1,200
Accuracy Establish{ planning and [~
Verification o o - - ment of| preparation |factor|0.600| 1.200 {1.200| - | 3.000
Solid structural ~ ~ ~ work Time | - 240 | 240 _ 480
Model transformation © plan | Exploration
structure - actor| - |0.600[0.600| - 1.200
conversion Format - O - -
conversion Time | 240 | 240 - - 480
Farth-volume IPreoccupation
Earth-volume _ GCP factor|0.600/ 0.600 | - | - | 1.200
caleulation calculation O O - - survey T - % % % 270
by solid model Survey me
factor| - |0.225(0.225]0.225 | 0.675
b Time - 10 10 10 30
i - reparation
Table 9. Calculat}on of earth V'olume 'based on p actor] — 10,025 10,0251 0.025 | 0.075
reconnaissance surveying engineer grade for UAV
h aerial Time| - | 30 | 30 | 30 | 90
each process Shooting
phOfgr factor| - |0.075|0.075|0.075 | 0.225
Input enginee aphy
P ara e Image |Time| - | 15 | - | 15 | 30
Division i ti - -
Advaninterm[Beginn nspection | factor 0.038 0.038 | 0.075
ced |ediate| er AT AT/ Time | - 120 | 120 - 240
Establishment | Work planning and | . Organization | factor| - 03 103 - 0.600
¢ k ol B Time | O O O
of work plan preparation Create Time | - 15 - - 15
GCP Preoccupation Time | - - O Project factor| - ]0.038| - - 0.038
survey(C.P) Survey Time | - - O Create Creation of | Time | - 180 - - 180
GCP survey Preoccupation Time | - O - 3D Ptsm /cloud
(cadastral model ata, d3]13 factor| - |0.450| - - 0.450
supplementary Surveying Time | - (@] mode
control point) Accuracy | Time | 120 | 120 - - 240
Recsir:él;sn@;nce surveying Time| - | o | - Verification |factor|0.300| 0.300 | - - ] 0.600
- Solid Time | - 400 - - 400
Production of actual
A Model | structural
measurement Time | O o - structure| transformation |factor| = | 1.000 | - - | 1.000
Production of | reconnaissance map conversi - - w - - o
cross section | Production of profile| Time - on Form:ft 1me
Production of cross Time ~ conversion |factor| - ]0.150] - - | 0150
sectional view Earth- |Earth-volume| Time | 60 60 - - 120
Earth-volume volume | calculation
Earth-volume . . . .
) calculation Time| O | O - calculatif by solid  |factor[0.150| 0.150 | - - | 0300
calculation .
by cross section on model
Sum of required time (minutes) 3,835
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£ 9ol Wct= A7IEREE FH0A 7508, o1E B A, AA AQATRE 8170802 APgE AL
0|83t FIAY FHoA 2408, 32+ B AT RIS 5 e, 1 F ZAGAE 3704 1,2008,
olA 435802 AA TA WiE] Z4ZF 31.3%, 19.6%,  VIFSE 1,520%, ASAYE 2 HE| JoH 27t
6.3%, 11.3%%2 FEY AQ AI7HS H Q7 5= AS A g 2 Tl 4,8008°F ZH 14.7%,
gelg 4= Al 18.6%, 58.8%F TIHEO] A4 QA7+ AA|FH= AL &

A 4 At
3.1.2 ST V| EST ME XY g8d 24
o =
Table 112 @%=e 79 £3% 422 gat 3y 313 N 238 Hul & =4
¥ EQlelel U 2947 AP ABE ek Aotk @ 7Y 2e) 204708 AR ol WA
FEFe olgate] BS5S ZFAIe] ket EEF A o BESF AEE AT 584 E4e sFst UA
22 9o 4205 FAE Eole @ AQA7ke A ETE o] Vet 3AE 2942 F 3,8358,
AYEF 78] AQATRS 8170802 BAF
, 27HoR BEY A WEL AaAke Hdos
Table 11. Calculation of earth-volume based on 5 el ol= L b o _ 5
reconnaissance surveying time required Hla-2A4517] ffste] 7 iE 3e 1) V1A= 9
for each process and input manpower = Q) AEAY 3) EZH AEE FLESHA] 7|E ZAe
factor =
AQAE AEFSIATHTable 12).
Required time by input
manpower (minutes) Sum
Division Engineer grade (minut Table 12. Comparison and analysis of time required
- ) for each process between earth-volume
|Advanced| ndie;tr:e Beginner calculation methods
Establishme| ~Work | Time| 240 | 480 | 480 [1,200 Time required tof p, o ived
nt of work | planning and calculate to calculate
plan preparation |ractor 0.6 1.2 1.2 |3.000 Division earth-volume carth-volume Comparison
. 0,
Time - - 60 60 baseij(());dsohd based on field 9
Preoccupation| :
GCP survey factor - - 0.150 {0.150 (minutes) survey (minutes)
C.Pp) Ti - - 80 80 isiti
Survey Acautsition off 5 580 2,970 13.13% |
factor| - - 0.200 |0.200 asic data
GCP survey _ | Time| - 30 - |30 Data 1,135 4,800 76.35% |
Preoccupation processing
(cailastral factor - 0.075 - 0.075 Earthovol
suppl ementa artn-volume
o el - . ; 0 ol 120 400 70.00% |
control Survey
point) factor| - 0.200 - |0.200 Sum 3,835 8,170 53.06% |
Reconnaissal Time - 1,520 - 1,520
nce surveying
surveying factor o 3.800 - 3.800 5000 .
Production of Time 800 800 ~ 1.600 5000 mmUav based —JReconnaissance survey based ——Compare s
actual -13.13%
7,000 -20%
measurement
reconnaissanc|factor| 2.000 2.000 - 4.000 6,000 230%
Production € map z% 5,000
of cross | o 4 iction | Time| 800 | 800 - |1.600 £ 400 N
section ¥ £ =
of profile |factor| 2.000 | 2.000 - |4.000 2 3000 0.00%
Production of| Time 800 800 - 1,600 2,000 -76.35% ~70%
Cross o
<ectional view| factor| 2.000 | 2.000 | - |4.000 1000 . o
R ' Acquisition of Data processing l—wmv’;‘nc Total oo
Barth- Earth—vol}]me Time | 200 200 - 400 basic data PSR aleulation A
volume calculation Fie. 11. C . d lvsi f i red
X by cross  |factor| 0.500 | 0.500 ~ 1,000 ig. 11. Comparison and analysis of time require
caleulation | ion for each process between earth-volume
calculation methods
Sum of required time (minutes) 8,170
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Table 13. Calculation of earth-volume based on UAV
survey cost required for each process

- Engineer Ur‘nt Manpow| Amount
Division price
grade ler factor] (won)
(won)
Work planning Express | 249,499 | 0.600 [ 149,700
Establish and Advanced | 218,088 | 1.200 | 261,706
ment of | PrePAAION i ediare] 189,335 | 1.200 | 227,202
work plan) Advanced | 218,088 | 0.600 | 130,853
Exploration
Intermediate| 189,335 | 0.600 | 113,601
Express | 249,499 | 0.600 [ 149,700
Preoccupation
Advanced | 218,088 | 0.600 | 130,853
cer Advanced | 218,088 | 0.225 | 49,070
survey
Survey Intermediate| 189,335 | 0.225 | 42,601
Beginner | 158,319 | 0.225 | 35,622
Advanced | 218,088 | 0.025 | 5.453
ShOOtHTg Intermediate| 189,335 | 0.025 | 4,734
preparation
Beginner | 158,319 | 0.025 | 3,958
UAV
aerial Advanced | 218,088 | 0.075 | 16,357
phmﬁ)grap Shooting  |Intermediate| 189,335 | 0.075 | 14,201
Y Beginner | 158,319 | 0.075 | 11,874
Image Advanced | 218,088 | 0.038 | 8,179
inspection Beginner | 158,319 | 0.038 | 5,937
Advanced | 218,088 | 0.300 | 65,427
AT AT/Organization
Intermediate| 189,335 | 0.300 | 56,801
Create Project | Advanced | 218,088 | 0.038 | 8,179
Creation of
Create Point cloud | Advanced | 218,088 | 0.450 | 98,140
3D model| data/3D model
Accuracy Express |249,499 | 0.300 | 74,850
Verification | Advanced | 218,088 | 0.300 | 65,427
Model
Model structure Advanced | 218,088 | 1.000 | 218,088
structure conversion
comversion| - Convert |\ yoced | 218,088 | 0.150 | 32714
Construction
Farthe Calculation of | Express |249,499| 0.150 | 37.425
ol earth-volume
Oum,e based on solid .
calculation Advanced | 218,088 | 0.150 | 32,714
model
Sum(won) 2,051,36
6
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Table 14. Calculation of earth-volume based on

reconnaissance surveying cost required by

7V 2 o) Hol AH Y FHNH 7465%2 7}
% 27 4 HolS bR Gl A& BT 5 9]

process
— pe
L Engineer Ur'nt anpow Amount
Division arade price er (won)
(won) | factor Table 15. Comparison and analysis of costs for each
) Work Advanced |218,088| 0.600 | 130,853 process among earth-volume calculation
Establishmen| lanni
¢ of work | P &““Cing Intermediate| 189,335| 1.200 | 227,202 methods
an
plan preparation | Beginner [158,319| 1.200 | 189,983 Cost required | Cost required
to calculate to calculate X
GCP Preoccupation| Beginner [158,319| 0.150 | 23,748 carth-volume | earth-volume Compari
survey Division based on based on son
S Begi 158,319 0.200 1,664 0
cp urvey cginner | 158,519 3 solid model field survey 2
GCP (minutes) (minutes)
survey  |Preoccupation [[ntermediate 189,335| 0.075 | 14,201 Acquisition of
(cadastral e 1,361,601 1,374,991 0.971
supplementa Data processing 619,626 2,444,538 74.65 |
ry c?ntrol Survey [Intermediate| 189,335| 0.200 | 37,867 Earthovol
point) arthryolume 70,139 203,712 65.571
- calculation
Reconnaissa Reconnaissan 5
nce " Intermediate| 189,335| 3.800 | 719,473 Sum 2,051,366 4,023,241 49.014
. ce surveying
surveying
Production | Advanced |218,088| 2.000 | 436,176
of actual 4,500,000 0070 \ MUY bised ETReconmaiisance survey based —-Compare 0%
measurement 4:000.000 | -10%
reconnaissandntermediatel 189,335| 2.000 | 378,670 3,500,000
Cross- e map 3,000,000
selfl;ign Production | Advanced |218,088| 2.000 | 436,176
Production | ©f Profile fintermediate| 189,335| 2.000 | 378,670 B
Production off Advanced |218,088| 2.000 | 436,176 1,000,000 e iz oo
cross 500,000 ' | 70%
sectional  |[ptermediate] 189,335 2.000 | 378,670 ° £ Data ! ’ p_ﬁ Total “Hove
VieW basic data calculation
Barth- Earth-vol'ume Advanced |218.088| 0.500 | 109,044 Fig. 12. Comparison and analysis of costs for each
volume calculation process among earth-volume calculation
R by cross _ methods
calculation cection | mtermediate| 189,335| 0.500 | 94,668
Sum(won) 4,023,24
1 B3 A2 U 20018 AEele] vl ay
3t At & AFolA AAGE &EE 2o 7Ekst EF
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(Table 15).
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