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Abstract

In the civil works, the measurement of earth-volume is one of the important elements in the estimation of the
reasonable construction cost. Related studies mainly used GPS (Global Positioning System) or total station to
obtain information on civil work areas. However, these methods are difficult to implement in inaccessible areas.
Therefore, the aim of this paper is to use the UAV (Unmanned Aerial Vehicle) to measure the earth-volume.
The study area is located in a reservoir construction site in Sangju-si, Gyeongsangbuk-do, Republic of Korea.
We compared the earth-volume amounts acquired by UAV-based surveying to ones acquired by total station-
based and GPS-based surveying, respectively. In the site, the amount of earth-volume acquired by GPS was
147,286.79m?. The amount of earth-volume acquired by total station was 147,286.79m?, which is the 96.13%
accuracy compared to the GPS-based surveying. The earth-volume obtained by UAV was 143,997.05m' when
measured without GCPs (Ground Control Points), 147,251.71m® with 4 GCPs measurement, and 146,963.81m?
with 7 GCPs measurement. Compared to the GPS-based surveying, 97.77%, 99.98%, and 99.78% accuracies
were obtained from the UAV-based surveying without GCP, 4 GCPs, and 7 GCPs, respectively. Therefore, it can
be confirmed that the UAV-based surveying can be used for the earth-volume measurement.
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Fig. 1. Study area
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Table 1. Specifications of trimble r8s

Type Specifications
Channels 440
Satellite signals GPS: L1C/A, L1C, L2C, L2E, L5
Horizontal: 8mm + 0.5 ppm RMS
Vertical: 15mm + 0.5 ppm RMS
Horizontal: 3mm + 0.1 ppm RMS
Vertical: 3.5mm + 0.4 ppm RMS

VRS precision

Static precision
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Fig. 3. GPS data acquisition in study area
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Table 2. Specifications of total station

Description CX series
p compact X-ellence station CX-105
Length : 171mm
Aperture : 45mm
Telescope - :
Field of view : 1° 30
Focussing screw : 1speed
Accuracy 57(0.0015gon/0.025mil)
Measuring time 0.5 sec or less
Measuring Coaxial phase shift measuring
method system
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Table 3. Specifications of UAV and camera

UAV Inspire 1 Camera Fc 350
Flight FOV(Field o
altitude £4500m of View) 94
Flight ; Focal
time <18min length 3.61mm
. Vertical : 0.5m | F-stop F/2.8
Hovering Horizontal :
accuracy .
25m 1SO 100
Speed <22m/s Resolution | 4,000%3,000
Weight 29359 Pixel size | 1.561x1.561um
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Table 4. Coordinates of GCP by GPS

No X(m) Y(m) H(m)
1 428660.708 103641.236 246.921
2 428700.695 103657.956 247142
3 428614.796 103693.343 248.832
4 428643.152 103706.488 256.082
5 428609.582 103753.034 266.010
6 428740.057 103687.402 266.006
7 428719.993 103745.416 249,985
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Table 5. Comparison of accurecy and measurement
time(Reference : GPS survey)

Suf[;?éing Volume | Accuracy Meastlil;liment
GPS 147,286.79°|  100% 4 hours
Total station |141,594.07m’| 96.13% 3 hours
without , o ;
GCP 143,997.05’| 97.77% 15 minutes
UAV | 4 GCPs |147,251.71n"| 99.98% 30 minutes
7 GCPs |146,963.81m°| 99.78% 40 minutes
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