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Abstract: Earthwork volume calculation plays a vital role in determining physical
progress and validating payment claims in large-scale infrastructure projects such as the
Trans-Sumatra Toll Road (JTTS). As the main contractor, PT Hutama Karya
Infrastruktur is responsible for ensuring high precision in volume estimation in
and actual site conditions. UAV-based
photogrammetry has emerged as an efficient and scalable method for acquiring

accordance with technical standards
topographic data and accelerating the assessment of earthwork volumes. Among the
factors affecting model accuracy, the configuration of sidelap and overlap during UAV
flight planning is critical to achieving an optimal balance between data quality and
processing efficiency. This study investigates the impact of different sidelap—overlap
settings on the accuracy of digital elevation models (DEMs) and earthwork volume
calculations on the Pekanbaru Ring Road Toll Project. Volumetric analysis was
benchmarked against total station (TS) reference data. Results indicate that the 80%—-80%
configuration produced the lowest vertical RMSE (0.028 m), followed by 70%-70% (0.031
m) and 75%-75% (0.038 m). However, in terms of volume deviation from TS
reference—computed across STA 1+100 to STA 1+475 (with a reference volume of
60,216.48 m3)—the 75%—-75% configuration demonstrated the highest accuracy, with a
deviation of just 809.70 m?® or approximately +1.34%. These findings suggest that while
higher overlap reduces RMSE, it does not always lead to better volumetric accuracy. The
75%-75% configuration provides the best trade-off between technical precision and
computational efficiency. UAV-based volume estimation proved to be slightly
conservative yet remained within acceptable engineering tolerances. This validates its
reliability for embankment analysis and highlights the method’s potential to reduce
survey time compared to conventional total station workflows—supporting the
integration of digital construction practices and spatial data-driven project monitoring in
line with PT Hutama Karya Infrastruktur’s strategic initiatives.

Keywords: Trans-Sumatra Toll Road, photogrammetry, sidelap, overlap, earthwork,
BIM

1. Introduction
Earthwork is one of the largest components in toll road construction projects, both
in terms of cost and work volume [1]. The accuracy of cut-and-fill volume calculations
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directly influences the reporting of physical progress, payment reconciliation, and claims
management between contractors and project owners [2]. Cut-and-fill operations in
national-scale projects such as the Trans-Sumatra Toll Road (JTTS) require accurate
topographic data to avoid volume calculation deviations that may result in contractual
disputes or delayed payments. Conventional survey methods such as Total Station and
GNSS RTK have been proven to deliver highly precise data. However, their application
requires relatively long processing times and a large number of human resources,
particularly in large coverage areas with high safety risks for workers [3].

With technological advancements, Unmanned Aerial Vehicle (UAV)-based
photogrammetry has become an increasingly popular alternative in cut-and-fill
operations. UAVs can map large-scale areas in a short time with high accuracy, reduce
safety risks, and enable more frequent data acquisition for monitoring work progress [4].
The accuracy of photogrammetric outputs depends not only on sensor specifications and
flight altitude but also on acquisition geometry, including overlap and sidelap
parameters, which determine point density, Digital Elevation Model (DEM) quality, and
the accuracy of volume calculations. Optimizing these configurations is necessary to
achieve a balance between data quality and processing efficiency. A study by Elhadary
et al. [5] demonstrated that increasing overlap from 60% to 80% significantly improved
point cloud geometric accuracy from 0.685 m to 0.049 m. Similarly, research by
Erfanzadeh & Saadatseresht [6] revealed that optimal overlap-sidelap settings can
improve RMSExy accuracy up to tenfold and RMSExyz up to fivefold, greatly
influencing 3D reconstruction quality.

The development of Building Information Modeling (BIM) technology enables
direct integration between photogrammetric data and infrastructure design models.
UAV-generated point clouds can be processed into as-built surface models, which are
then compared with design surfaces to calculate excavation and embankment volumes
automatically.

This study aims to evaluate the effect of different sidelap—overlap configurations in
UAV data acquisition on the accuracy of earthwork volume calculations in the Siak
Access Road project, Pekanbaru Ring Road Section. The analysis focuses on the impact
of each configuration on vertical accuracy and volume deviation compared to Total
Station reference data, while also assessing data processing efficiency in terms of the
number of photos, point cloud density, and processing time. This approach is expected
to identify the configuration that provides the optimal balance between data quality,
technical accuracy, and operational efficiency, thereby supporting progress monitoring
and payment reconciliation processes in cut-and-fill operations.

2. Materials and Methods
2.1. Location and Data

The study was conducted on the construction project of the Siak Access Toll Road,
Pekanbaru Ring road Section, which forms part of the Trans-Sumatra Toll Road (JTTS)
network along the Rengat-Pekanbaru corridor. Specifically, the study area is located
between STA 0+675 and STA 1+625 (Figure 1), representing one of the access points to
the Pekanbaru Ring Toll Road.



INASURVEYOR. 2026, 1, 1. pp. 76-85

78 of 85

Figure 1. Research Location of Siak Access Toll Road

The study employed the following datasets: (1) The alignment of the Siak Access
Toll Pekanbaru Ring Road Section, used as a reference for flight planning; (2) Right of
Way (ROW) data, defining the toll road corridor boundaries for data processing and
volume calculation; (3) Aerial imagery acquired using three sidelap-overlap
configurations (70%-70%, 75%-75%, and 80%-80%); (4) Ground Control Point (GCP)
distribution data, serving for georeferencing and photogrammetry model calibration; (5)
Post Processing Kinematic (PPK) log data, recording UAV camera positions for
coordinate correction; (6) GNSS RINEX data, containing satellite observation records for
PPK-based positional correction; (7) Total Station field survey data, used as reference for
validating photogrammetry outputs; (8) Independent Check Point (ICP) data,
representing accuracy checkpoints excluded from georeferencing; (9) Road design
alignment data, including planned alignment and elevation, serving as a benchmark
against existing elevation; (10) DEM and orthophoto products derived from
photogrammetry, used for topographic analysis and volume calculation.

2.2. Methodology
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Figure 2. Flowchart of Research Methodology
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2.2.1 Data Acquisition

Prior to the flight, Ground Control Points (GCPs) were established and Independent
Check Point (ICP) data were collected. The GCP and ICP points were distributed across
the entire flight area, including the edges, central sections, and zones with elevation
variations, to ensure that the accuracy assessment could represent the full coverage area
along the corridor. This distribution strategy helped maintain model stability in
elongated corridor areas [7]. The location of each GCP (Figure 3) was measured using
the Static Real-Time Kinematic (RTK) method to obtain highly accurate coordinates

Figure 3. Distribution of GCP and ICP

Before commencing aerial image acquisition, static GNSS observations were
conducted at a Benchmark (BM) located at ICS-7. This initial observation was carried out
for a minimum of 15 minutes prior to data acquisition as a preliminary step to obtain
accurate coordinates for establishing the base station reference. Subsequently, GNSS
observations were continued throughout the acquisition process to support
georeferencing corrections of the imagery using the Post-Processing Kinematic (PPK)
method [8].

Aerial imagery was acquired using three sidelap—overlap configurations: 70:70, 75:75,
and 80:80. For this study, data acquisition was conducted with a Fixed-Wing VTOL
Atmos UAV equipped with PPK control points. The survey covered a corridor of
approximately 900 m in length and 90 m in width, at a flight altitude of 90 m (Figure 4),
with the same cruising speed applied across all configurations, resulting in a Ground
Sample Distance (GSD) of 1.2 cm. The flight plan is illustrated in Figure 4. All missions
were carried out on the same day under comparable field conditions to minimize
external variables such as lighting, humidity, and heavy equipment activity.

Figure 4. UAV Flight Plan for Data Acquisition
2.2.2 Data Processing

Photogrammetry data processing began with camera position correction using the
Post-Processing Kinematic (PPK) method, which integrates UAV GNSS data with base
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station measurements at the Benchmark (BM) to generate precise exposure station
coordinates. These data were then incorporated into the photogrammetry software along
with Ground Control Points (GCPs) as control anchors. Subsequently, a Gradual
Selection process (Figure 5) was applied to the tie points using three key parameters:
Reprojection Error (RE) to eliminate points with high projection deviations,
Reconstruction Uncertainty (RU) to remove points with weak contributions to the
model, and Projection Accuracy (PA) to discard points with low projection reliability.
This filtering process was shown to reduce dense cloud processing time by up to 37%
without compromising accuracy [9].
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Figure 5. Gradual Selection Process

The tie point data optimized through the gradual selection process serve as the
primary foundation for generating a dense point cloud. This optimization ensures that
the resulting spatial structure attains high accuracy, thereby enabling the Digital
Elevation Model (DEM) to accurately represent topographic conditions and enhance the
quality of elevation information.

2.2.3 Vertical Accuracy Test

Vertical accuracy test was carried out by comparing the Z-coordinate values obtained
from photogrammetry processing with field data at Independent Check Points (ICPs),
which were measured using GNSS or Total Station. The elevation differences were then
analyzed using the RMSEz and LE90 parameters in accordance with the provisions of
the Regulation of the Head of BIG No. 6 of 2018 on map accuracy standards (Figure 7),
which establishes tolerance limits for each map class [10]. In addition, technical
references from the General Specifications of Bina Marga [11] were used to ensure that
the specifications meet road construction requirements, particularly for calculating cut
and fill volumes in toll road construction, where elevation serves as a key parameter in
estimating work quantities.

The LE90 value can be obtained using the formula based on the United States
National Map Accuracy Standards (US NMAS), expressed as LE90 = 1.6499 x RMSEz.
NMAS requires that 90% of the tested points must have an elevation closeness of < 2 of
the contour interval [12].

Eetelitian Peta RBI
Interval Helas 1 Helas 2 Helaz 3
No. Skala kontur Horizontal | Vertilal Horizontal Vertikal Horizontal Vertilcal
(m) |CES0 (LESO (CE90 [LE9D (CESOD {LESO
dalam m) | dalam m) dalam m) dalam m) dalam m) dalam m})
1. 1:1.000.000 400 200 200 0o 300,00 500 500,00
2. 1:500.000 200 100 100 150 150,00 250 250,00
3. 1:250.000 o0 50 500 75 75,00 125 125,00
4. 1100, 000 40 20 A a0 30,00 50 50,00
5. 1:50.000 an 10 pii] 15 15,00 235 25,00
=N 1:25.000 10 5 5 7.5 7,50 12,5 12,50
7. 110,000 4 2 2 3 3,00 3 5,00
8. 1:5.000 2 1 1 1,5 1,50 2,5 2,50
9. 1:2,500 1 0.5 0,5 0,75 0,75 1,25 1,25
10, 1;1.000 0,4 0.2 0,2 0,3 0,30 0.5 0,50

Figure 7. Indonesian National Map Accuracy Standard
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2.2.4 Earthwork Volume Calculation Based on BIM

Earthwork volume calculation in this study was carried out using Autodesk Civil 3D
with a Building Information Modeling (BIM) approach to integrate design data and
photogrammetry survey results. The initial stage required existing elevation data
derived from surface modeling of photogrammetry processing, as well as design
elevation data representing the planned fill height according to the project’s technical
documents. In addition, corridor geometry and alignment data (centerline, offset, and
superelevation) were needed so that the surveyed surface could be registered in
accordance with the planned toll road alignment. The existing surface data were
imported into the Civil 3D plan and then combined with the design surface, thereby
producing elevation differences at each cross-section along the corridor.

The volume calculation process was carried out using the Compute Materials feature
in Civil 3D, which allows for the automatic determination of existing and design
surfaces as input parameters, and subsequently generates cut and fill volumes at each
specified station interval (in this study, every 25 m). This method applies the volume
calculation principle based on the Average End Area (AEA) method [13].

Figure 8. Compute Material Volume Calculation

3. Results

3.1. Differences in Sidelap—Overlap Configurations

Sidelap—overlap configurations play a critical role in determining the number of
acquired photos, the length of flight lines, the duration of data acquisition, and the
density of photogrammetry data. In this study, three configurations were tested with
parameters of 70-70%, 75-75%, and 80-80%, while other variables such as flight altitude
(90 m), cruising speed, and field conditions were kept constant to ensure fair comparison
of results.

The comparison results (table 2) show that each increase in sidelap-overlap
configuration linearly contributed to the improvement of all output parameters, such as
the number of acquired photos, RMSE values (both horizontal and vertical), as well as
the total number of point clouds generated. This upward trend was consistent across all
scenarios, except for the pixel error values, which did not exhibit a linear relationship.

This inconsistency was attributed to the pixel error being more influenced by the
distribution and quality of Ground Control Points (GCPs) during the calibration and
georeferencing process [14].

Table 2. Configuration Result
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Sidelap - Overlap 70% - 70%

75% - 75%

80% - 80%

Number of Photos 320
Number of Corridors (lines) 4 Lines
Corridor Length (m) 4,881
Data Processing Time (Hours) 3.4

Tie Points 144,516
RMSE GCP (m) 0.0248
Point Cloud 153,171,542
Error (pixels) 0.95

416 524
5 Lines 6 Lines
6,102 7,323
4.05 4.2
157,897 168,509
0.0252 0.0536
163,696,051 174,581,561
0.776 0.821

YAll configurations were conducted at a constant flight altitude of 90 m and identical field conditions.

3.2. Accuracy Testing Result

Accuracy testing was conducted to ensure that the photogrammetry products were
in compliance with applicable technical standards, particularly in the vertical aspect,
which is a key factor in calculating earthwork volumes. The testing referred to the
Independent Check Point (ICP) method in accordance with the Regulation of the [10],
with a focus on the Linear Error 90% (LE90) parameter as an indicator of vertical
accuracy. Elevation data derived from photogrammetry modeling at ICP locations were
compared with elevation data obtained from field measurements.

Table 3. Vertical Accuracy Test (70-70)

1: Point Name Elev ICP (m) Elev DEM (70-70) (Dz)? (m)
1 ICP-1 8.189 8.137 0.003
2 ICP-2 8.010 8.052 0.002
3 ICP-3 8.183 8.178 0.000
4 ICP -4 8.345 8.320 0.001
5 ICP -5 3.099 3.059 0.002
6 ICP-6 3.147 3.078 0.005
7 ICP-7 3.188 3.171 0.000
8 ICP -8 3.161 3.138 0.001
Total 0.012
Average 0.002
RMSE 0.039
LE90 0.064

'ICP = Independent Check Point. Elev ICP values are measured from field survey (GNSS)

Table 4. Vertical Accuracy Test (75-75)

1: Point Name  ElevICP (m) Elev DEM (75-75) (Dz)? (m)
1 ICP-1 8.189 8.152 0.001
2 ICP-2 8.010 7.955 0.003
3 ICP-3 8.183 8.149 0.001
4  ICP-4 8.345 8.327 0.000
5  ICP-5 3.099 3.139 0.002
6  ICP-6 3.147 3.199 0.003
7 ICP-7 3.188 3.195 0.000
8  ICP-8 3.161 3.130 0.001
Total 0.011
Average 0.001
RMSE 0.037
LE90 0.061

! (Dz)? is the squared difference used in the RMSE calculation



INASURVEYOR. 2026, 1, 1. pp. 76-85

83 of 85

Table 5. Vertical Accuracy Test (80-80)

lj Point Name Elev ICP (m) Elev DEM (75-75) (Dz)? (m)
1 ICP-1 8.189 8.177 0.000
2 ICP-2 8.010 8.031 0.000
3 ICP-3 8.183 8.176 0.000
4 ICP-4 8.345 8.335 0.000
5 ICP-5 3.099 3.141 0.002
6 ICP-6 3.147 3.168 0.000
7 ICP-7 3.188 3.158 0.001
8 ICP-8 3.161 3.126 0.001
Total 0.005
Average 0.001
RMSE 0.025
LE90 0.041

' (RMSE and LE90 values are computed following the Map Accuracy Standard (BIG, 2014)

3.3. Comparison of Earthwork Volumes from Photogrammetry and Total Station

The cross-section method in photogrammetry data processing was used to calculate
earthwork volumes by comparing cross-sectional profiles from actual modeled data with
design or existing conditions.

Table 6. Comparison of Volumes for Each Configuration

Sidelap - Overlap 70% - 70% 75% - 75% 80% - 80%
Total Area (m?) 2,468.26 2,480.92 2,466.81
Total Volume (m?) 59,084.14 59,406.78 59,057.30
Volume Difference (m?) 1,132.34 809.70 1,159.18
Volume Deviation 1.88% 1.34% 1.93%

Wolume Difference is the deviation of UAV-derived volume compared to the reference volume obtained from
total station survey at STA 0+675-1+625

3.4. Payment Reconciliation and Claims

The application of UAV photogrammetry with the appropriate configuration makes
a tangible contribution to improving the accuracy of earthwork volume estimation,
thereby supporting transparency in payment reconciliation at the project site. From a
cost perspective, this method reduces survey time up to 70% compared to conventional
total station methods and decreases rework caused by measurement errors.

4, Discussion

In the 80%-80% configuration, the highest GCP RMSE (0.0536 m) was recorded
compared to the other configurations. This increase was influenced by the larger number
of photos and the greater complexity of the processed data, which could heighten the
potential for errors during the bundle adjustment process, even though the pixel error
values remained relatively small (< 0.95). This is consistent with findings by [15], who
explained that increasing the number of images enlarges redundant data and smooths
the model, but also increases the likelihood of positional inaccuracies, particularly when
GCP distribution is suboptimal.

Based on the results of vertical accuracy testing using ICPs, all LE90 values were
below the vertical accuracy threshold of Class 1 defined by [10], which requires vertical
accuracy of < 0.175 m for 1:1000 scale maps. This demonstrates that photogrammetric
products generated under all configurations met the highest class of vertical accuracy
recognized nationally. The differences in vertical RMSE values among the scenarios
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indicate that flight configuration does affect elevation accuracy. According to [16],
determination of contour intervals should consider map scale, terrain relief conditions,
and the intended map use.

According to [17] the accuracy of earthwork volume estimates decreases as
cross-section spacing increases, with discrepancies becoming larger in rugged terrain.
Therefore, shorter spacing is recommended to capture terrain variations and improve
estimation accuracy in mountainous areas. Although the number of point clouds and
RMSE values generally represent the level of accuracy, the 75%—75% configuration
showed denser and more uniform point distribution, providing a more precise
representation of field conditions. Interestingly, even though the 80%-80% configuration
achieved the best vertical accuracy (LE90), it did not yield the closest volume accuracy to
the Total Station reference.

This confirms that vertical accuracy does not always directly correspond to volume
accuracy, as point cloud density, overlap quality, and image geometry also significantly
affect DEM quality and volume calculations. These results align with findings [18],
which emphasized that density and distribution of measurement points are crucial in
improving DEM accuracy and volume estimation.

Finally, UAV photogrammetry contributes to minimizing disputes in work volume
claims by ensuring payment reconciliation reflects actual physical progress. High
accuracy reduces risks of overpayment or underpayment, while efficiency gains (up to
70% faster survey time) further justify its application in infrastructure projects. Future
research may further optimize overlap—sidelap parameters in various terrain conditions
to balance computational efficiency, vertical accuracy, and volume estimation precision.

5. Conclusions

The utilization of photogrammetry with varying sidelap-overlap configurations
demonstrated that the 75%-75% configuration produced the most optimal results
compared to the other configurations. This finding is supported by the smallest volume
deviation from the actual Total Station (TS) field data of +809.70 m® (+1.34%), along with
a relatively low GCP RMSE (0.0252 m) and consistent accuracy testing results. Although
the 80%—-80% configuration yielded the best vertical accuracy, this did not inherently
correspond to the highest volume accuracy, as factors such as point cloud distribution
and density, overlap quality, and image geometry also played significant roles. The
gradual selection process contributed substantially to optimizing tie points, resulting in
a cleaner dense cloud with reduced noise and a more accurate surface representation.
The balanced point cloud density obtained with the 75%—-75% configuration effectively
represented field conditions more realistically without excessive data loads, thereby
expediting data processing and conserving computational resources.

This optimal photogrammetry configuration offers strategic advantages,
particularly for PT Hutama Karya Infrastruktur as the implementing contractor. Reliable
data accuracy facilitates payment reconciliation processes that are more transparent,
measurable, and accountable, as the calculated work volumes more precisely represent
actual field conditions. Furthermore, this method reduces reliance on conventional
survey methods, which require more time, thereby accelerating progress monitoring and
payment claim processes.
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