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Abstract— The advent of unmanned aerial vehicles has improved aerial photography, which is now aided by computer software for data
acquisition and processing. These developments allow for accurate aerial photographs of Kebun Raya Universitas Mulamarwan
Samarinda (KRUS) for managerial purposes. This study aims to compare the accuracy of horizontal and vertical geometry with Agisoft
Photoscan (AP) and Pix4D Mapper (PM) software. The materials consisted of 150 aerial photographs of KRUS with eight ground
control points (GCP) and one internal control point (ICP). Data were obtained from nine flight paths with AP and PM software
linked to GCP and ICP. These data were processed and compared to manual measurements using linear error (LE) 90 and circular
error (CE) 90 criteria. The commission omission equation was used for the object accuracy test on orthophoto. The vertical geometry
accuracy test was carried out using the criteria of root mean square error (RMSE) and LE90 values on the digital elevation model. In
comparison, the horizontal geometry accuracy test was performed by using the obtained orthophoto based on RMSE and CE90 criteria.
The result demonstrated that the horizontal geometry accuracy for AP was higher than PM, indicated by lower RMSE and CE90 values,
which were 0.091 versus 0.148 and 0.139 versus 0.224 for AP and PM, respectively. The vertical geometry accuracy was similar, with
lower RMSE and LE90 values of 0.169 versus 0.309 and LE90 0.279 versus 0.224 for AP and PM, respectively. Furthermore, AP is a
potential tool for KRUS spatial mapping.

Keywords—Ground and internal control point; digital elevation model; orthophoto; linear and circular error; commission omission
equation.
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[10]-[12]. This photogrammetric measurement can be applied
I. INTRODUCTION both on a small and large scale with camera systems, thermal
or infrared, light detection and ranging (LiDAR), and a
combination of those three above [13]-[15]. Therefore, this
technological advancement is suitable for survey and
mapping purposes.

Survey and mapping activities on a large scale require high
accuracy in a short time. Photogrammetry can be an
alternative solution. Photogrammetry serves to obtain reliable
information about physical objects and the environment
through recording, measuring, and interpreting photographic

Aerial photography technology continues to develop
rapidly, effectively, and efficiently. The development of
aerial photography is aided by computer software for data
retrieval and processing [1]-[3]. The most recent
photogrammetric technology for mapping purposes today is
the use of unmanned aerial vehicles (UAV) for mapping areas
[4]-[6]. Compared to earlier mapping technologies, this
technology has various advantages, including a shorter
processing time, a simpler and easier-to-transport design, and . ) L
a high level of accuracy [7]-[9]. A UAV aircraft is a light and images from recorded electromagnetic energy radiation [9],

small aircraft controlled by a remote-control system using [10}-[12], [16], [1.7 ) Alt.ernatively, prgcessing. acrial
radio waves. In addition, it can be controlled manually or photographs to obtain precise data and information for

automatically using data from sensors and has the advantages mapping and engine@ring PUrposes [3]_[5]' The devek)pmem
of faster time, simplicity, ease of carrying, and high accuracy of accurate and efficient photogrammetry is very beneficial in
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the field of mapping [18]-[20]. In addition, mapping cannot
be separated from the reference to terrestrial measurements,
from setting ground controls to measuring land borders
measured in the field. [23], [26], [27]. Furthermore,
photogrammetry mapping enables high accuracy in
topographic and parcel mapping [21]-[23]. Notably, mapping
results in the form of photo maps cannot be directly used as a
basis or attachment to map publications [22], [23], [26]. As a
consequence, mapping techniques through aerial photography
are used, namely recordings of part of the earth's surface made
using cameras mounted on vehicles, including airplanes [6]—
[81, [21], [24], [25]. Furthermore, aerial photographs must be
processed with software such as Agisoft Photoscan (AP) and
Pix4D Mapper (PM).

AP is a computer technology software in image processing
algorithms and digital photogrammetric techniques that can
identify mosaic coordinate points and create a digital surface
model (DSM) automatically [21]-[24]. Meanwhile, Pix4D
Mapper develops advanced digital photo processing
algorithms and converts digital photos into ortho mosaic 2D
georeferenced 3D surface and point cloud models, automatic
aerial triangulation, and professional UAV data processing
software [19]-[22]. The initial application of both software
for photogrammetry was for photogrammetric topographic
mapping [28]-[30]. Furthermore, the engineering sector
utilizes photogrammetry to create maps of land tax, land,
forest, geology, and urban and regional planning and zoning
[31]1-[33]. In addition, the fields of astronomy, architecture,
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ecology, mineralogy, and military information collections are
the oldest users to date [34]-[36].

Kebun Raya Universitas Mulawarman Samarinda (KRUS),
with a land size of 300 hectares, is geographically located at
0°25'24" S and 117°14'14" E. The Faculty of Forestry,
Universitas Mulawarman, has authorized the use of this
KRUS for instructional purposes. It is a need for managerial
considerations that this KRUS be accurately mapped.
Therefore, this research aims to compare the horizontal and
vertical geometric accuracy of KRUS’s map using AP and
PM.

II. MATERIALS AND METHOD

A. Materials

One hundred fifty aerial photos of KRUS were used and
obtained using DJI Phantom 4 Pro. This UAV-Drone was
equipped with an AP that automatically regulated nine
determined flight paths and an internal control point (ICP),
and autopilot flight [4]-[6]. On the ground, eight stakes as
static ground control points (GCP) were installed that have
been connected to national reference and ICP on the Drone
(Fig. 1). In addition, the length of the wide of several objects
was measured with a rolling meter for further accuracy testing
[23],[26], [27]. These selected objects were dormitory, house,
trench wall, gutter, decker, fishpond, field, office, and road
(Fig. 2). The activity of this aerial photography acquisition
was completed in March of 2020.

GCP1
Latitude: 0°26'17.51999"8
Loagitude: 1171243 38699"E

GOP 2
Latitude: 0726'30 428695
Longitude: 117T*13'01L.53909"E
GCP3
Lativwde: 0°26'41.11034"8
Longitude: 117°13'18.86157"E

GCP 4

_ Latitude: 0°26'S1. 722008

___,—-"' Langitude: 117°13'35.618837E

Latitude: 0°27"36. 500328
Longitade: 117°13'08.279547E

Fig. 1 Nine flight paths of DJI Phantom 4 Pro-Drone starting form Southwest (denoted with triangle) and 150 shoot points (red dot) to obtain 150 aerial
photographs over Kebun Raya Universitas Samarinda with eight ground control points (GCP).
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Fig. 2 The measured objects and their location for accuracy testing in
clockwise order: dormitory, house, trench wall, gutter, decker, fishpond,
field, office, and road

B. Methods

The 150 aerial photographs were merged to obtain one
sheet of 2D photography and a georeferenced digital elevation
model (DEM) of KRUS using AP and PM software,
respectively (Fig. 3). In addition, both software was also used
for the aerial photo orthorectification process [21]-[23].
Furthermore, the two software were used to determine the
difference in geometric accuracy of the resulting orthophoto
and DEM [10]-[12]. To test the accuracy of orthophoto
objects, interpretations were employed, and commission
equations for horizontal and vertical geometry were used [6]—
(8], [21], [24], [25].

In the AP segment, the aerial acquisition photos from the
AP software were merged and reconstructed based on the
sequential flight path. Two or more photos were aligned to
create the matching points and obtain the initial 3D
visualization. The GCPs were identified, and their coordinates
were imported as a reference for X, Y, and Z coordinates,
which could improve the quality of DEM and orthophoto in
geodetic geometry. The Build Mesh module was obtained as
follows: DEM, digital surface model (DSM), digital terrain
model (DTM), and Orthophoto, which were then used to
create the final 3D model. Furthermore, the Build Orth mosaic
module corrected geometric errors in DEM and GCP aerial
photographs. Then, both DSM and DTM processes were used
in the Build DEM module to convert the final 3D model to a
raster or grid format.

Initial processing was the first module with the use of PM.
The coordinates of GCP’s were imported and then extracted
to serve as key points and a reference for X, Y, and Z
coordinates. Therefore, the obtained DEM and Orthophoto
could be improved the geometric quality.

Further processing using Arc GIS 10.1 software was
carried out in three stages simultaneously to verify the
correctness of the orthophoto model. The first stage was initial
processing to improve the accuracy of obtained DSM and
Orth mosaic. The second stage was to increase the density of
the 3D points in the 3D model. The final stage was DSM, Orth
mosaic, and Indexing to convert the processed data into DSM
and Orth mosaic [37], [38]. In addition, both AP and PM
software were used to check the correctness of the orthophoto
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model, horizontal and vertical geometry [15], [39], [40].
Furthermore, the next process was to proceed with the
accuracy of orthophoto objects.

The accuracy of geometry describes the difference between
the coordinates of an object's position on a map and its actual
position. The criterion for this accuracy includes a circular
error (CE) and linear error (LE) with a 90% confidence level
for horizontal or orthophoto accuracy and vertical or DEM
accuracy, respectively. The accuracy of CE90 and LE90
values described that the horizontal and vertical error did not
exceed 90% confidence level. In addition, two-dimensional
mapping considers the field's X and Y coordinates, key points,
and positions. Furthermore, the root means square error
(RMSE) was used for positional accuracy, which describes
the value of the difference between the test point and the GCP
point and the random accuracy of objects [17].

The accuracy test refers to the difference in X, Y, and Z
coordinates between the aerial photo test points and objects in
the field using RMSE for CE and LE. The accuracy of aerial
images was tested by placing key point items in the field and
matching these photographed objects on the processed aerial
photographs using the following Formula la & 1b [17].

The square root of the average square of the difference
between the coordinate data values and the coordinate values
from an independent source with better precision is the root
mean square error (RMSE).

1)  RMSE Calculation:

D2
n

RMSEorisontar =

D? = \/RMSE? RMSE? = \/

D (Xdataxcek)z (Ydataycek)z
n

RMSEporisontar = ’w (1a)
Where:
n = Total number of checks on the map
D = The difference between the coordinates measured in
the field and the coordinates on the map
x = Coordinate value on X. axis
y = Coordinate value on Y. axis
z = Coordinate value on the Z-axis

The circle's radius indicates that 90 percent of the error or
difference in the horizontal position of objects on the map
with the assumed actual position is not greater than that
radius. Circular Error 90 percent (CE90) is a measure of
horizontal geometric accuracy that is defined as the radius of
a circle indicating that 90 percent of the error or difference in
the horizontal position of objects on the map with the assumed
actual position is not greater than that radius. Linear Error 90
percent (LE90) is a distance number indicating that 90 percent
of the error or discrepancy in the height value of objects on
the map with the real height value is not more than the
distance value. The formula for calculating CE90 and LE90
values is:

CE90 = 1,5175 x RMSE,

LE90 = 1,6499 x RMSE, (1b)



2)  Orthophoto model accuracy test: Aerial photography
scale refers to the distance of aerial photographs on the ground,
camera focal length, and altitude of flight to objects from sea
level in the process of forming DSM, Orth mosaic, and index
using formula 2 [10]-[12].

ab _ f

f
=MW R @)

Where:

S = Aerial photography scale

ab = Distance in aerial photography

AB = Distance in the field/field

f = Camera focal length

H = Airplane's flying height concerning object/field

H = Altitude of the vehicle flying

h = The height of the object above sea level (asl)

oo o e o e o e e e e S R e e e e e e

At Phustacan Ravais

[T —r——

2D aerial photography with Agisoft
Photoscan and Pix4D Mapper

3) Geometric accuracy analysis: Aerial photography
produces a central projection of varying scales from the
heights of different locations and then averages (average
photo scale). Comparing the camera focal length and flight
altitude to the average location height, formula 3 [15], [39],
[40].

S average = Hhaverazs 3)
Where:
f = Camera focal length
H = The altitude of the vehicle flying
h = Height of object/field from sea level (asl)
S = Scale
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Fig. 3 Sequential workflow to compare horizontal and vertical geometry accuracy between Agisoft Photoscan and Pix4D Maper softwares at Kebun Raya

Universitas Mulawarman, Samarinda
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TABLEI

IIL. RESULTS AND DISCUSSION AGISOFT'S RMSER AND CE90 CALCULATION RESULTS

RESIDUAL (m)
A. Aerial Photography with AP and PM Id CODE (dx)? (dy)? dx*+dy?
Orthophoto and DEM data were the results of aerial photo 1 CP238 0.00170 0.02968  0.03138
processing. The orthophotos generated by the AP (Fig. 4) and 2 CP237 0.00038 0.05214 0.05252
PM (Fig. 5) software looked exactly like the actual item 3 Cp227 0.01133 0.05841 0.06974
= . . 4 CP236 0.01441 0.00301 0.01741
shapes in the investigated field. 5 CP235 0.00058 0.00064  0.00122
6 CP234 0.00510 0.00510 0.01020
7 CP230 0.01314 0.00241 0.01555
8 CP231 0.01571 0.00695 0.02266
9 CP232 0.04775 0.00513 0.05288
10 CP233 0.00046 0.00039 0.00085
150 CP16 0.00000 0.00016 0.00016

TOTAL 0.51677
AVERAGE 0.00833
RMSEr 0.09130
CE90 0.13854

DEM results in vertical LE90 accuracy for APA obtained
accuracy of 0.16930 m, with an RMSEz value of 0.27933 m
(Table II) [17].

TABLE II
AGISOFT'S RMSEZ AND LE90 CALCULATION RESULTS
RESIDUAL (m)
Id CODE Z Field  Z Orthophoto dz?
1 CP181 480.36145 479.95100 0.16847
: 2 CP179 480.86102 480.60800 0.06402
e 3 CP178 481.54593 481.26800 0.07724
T 4 CP182 481.54779 481.33500 0.04528
Fig. 5 Visualization of orthophoto by the use of Pix4D Mapper 5 CP183 481.86295 481.52900 0.11152
6 CP189 482.11505 482.03300 0.00673
.. 7 CP187 482.37091 482.11200 0.06703
Furthermore, a similar result also occurred on both 2D and 8 CP188 48224170 482.03100 0.04439
3D DEM obtained using AP (Fig. 6) and PM (Fig. 7), showing 9 CP186 482.14517 481.99700 0.02195
no difference in elevation or image shape from aerial 10 CPI85 482.22965 482.04100 0.03559
photographs that appear on the ground surface. 150 CP279 497.28790 496.96200 0.10621
TOTAL 0.77712
A AVERAGE 0.02866
RMSEz 0.16930
LE90 0.27933

DEM results in horizontal accuracy CE90 for PM
Accuracy obtained 0.22384 m, with an RMSEr value of
0.14751 m (Table IIT) [10], [11], [17].

TABLE III
= RMSER AND CE90 P1x4D MAPPER CALCULATION RESULTS

Fig. 6 Visualization of Digital Elevation Model by the use of Agisoft RESIDUAL (m)
PhotoScan (A. 2D and B. 3D) d CODE (dx) (dy) oordy?
1 CP235 0.00126 0.00256 0.03138
2 CP234 0.00041 0.00860 0.00900
3 CP236 0.00237 0.00397 0.00634
4 CP230 0.13815 0.00001 0.13816
5 CP231 0.10932 0.00109 0.11041
6 CP232 0.03772 0.00788 0.04561
7 CP233 0.00072 0.00000 0.00073
8 CP227 0.07062 0.01569 0.08630
9 CP237 0.00204 0.03112 0.03316
10 CP238 0.00204 0.01876 0.02082
Fig. 7 Visualization of Digital Elevation Model by the use of Pix4D Mapper : : : : :
(A. 2D and B. 3D) 150  CP93 0.52196 0.06949 0.59145
TOTAL 1.34901
B. Test the Accuracy of Orthophoto Objects AVERAGE 0.02176
. . RMSEr 0.14751
DEM results horizontally with CE90 accuracy for AP. The CE90 022354

accuracy obtained is 0.13854 m, with an RMSEr value of
0.09130 m (Table I) [17].
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DEM results from vertical accuracy of LE90 for PM The 9 CP237 488.07739 487.89000 0.03512
accuracy obtained is 0.50924 m, with an RMSEz value of 10 CP238 488.36346 488.23600  0.01625
0.30865 m, and the LE90 value does not exceed 0.75m (Table : : : : :
V) [10], [11], [17]. 150 CP93 48529550 483.58000  2.94295

TOTAL 5.90648
TABLEIV AVERAGE 0.09527
RMSEZ AND LE90 PIx4D MAPPER CALCULATION RESULTS RMSEz  0.30865
RESIDUAL (m) LE90 0.50924
Id CODE Z Field Z dz?
Orthophoto C. Orthophoto Accuracy Test Results
1 CP235 488.09686 488.02700 0.00488 Conducted to determine the comparison of object distance
2 CP234 487.86972 487.89000 0.00041 values in the field and the orthophoto interpretation. The
3 CP236 487.59116 487.55800 0.00110 measurement results of the object are used as the basis for
4 CP230 486.74771 486.08400 0.44051 testing, and the measurement and interpretation data are
5 CP231 486.74100 486.03600 0.49702 lculated using the C ission Omissi tion (Tabl
6 CP232 486.89206 486.78600 0.01125 calculated using the Commission Omission equation (Table
7 CP233 487.33521 487.38500 0.00248 V).
8 CP227 488.38580 487.48700 0.80785
TABLE V
ORTHOPHOTO ACCURACY TEST RESULTS
. Interpretation (m) Field Difference (m) Accuracy (%) .
id Agisoft PIX4D (m) Agisoft PIX4D Agisoft PIX4D Description
1 9.77 9.78 9.78 -0.013 0.005 99.866 99.951  Fish Pond
2 14.22 14.31 14.34 -0.124 -0.032 99.137 99.774  Fish Pond
3 20.98 20.97 21.17 -0.194 -0.205 99.086 99.032  Fish Pond
4 17.98 17.99 18.49 -0.506 -0.502 97.265 97.286  Dormitory Length
7 36.65 36.64 35.97 0.678 0.668 98.115 98.143  Roof Length
9 8.79 8.78 8.70 0.090 0.080 98.965 99.076  Roof Width
10 9.96 10.02 9.97 -0.008 0.054 99.920 99.457 Roof Length
13 19.46 19.51 19.54 -0.084 -0.031 99.568 99.840  Office Length
14 1.77 1.74 1.70 0.068 0.043 96.007 97.484  Deker Length
15 1107 11.05 11.17 -0.103 -0.118 99.074 98.945 House Length
6 15.98 16.08 15.82 0.156 0.256 99.015 98.383  Dormitory Length
17 5.04 5.06 4.95 0.090 0.109 98.189 97.806 House Length
18 19.77 19.73 19.55 0.217 0.178 98.890 99.088 House Length
19 15.05 15.08 16.10 -1.047 -1.023 93.496 93.646  Dormitory Width
20 15.12 15.02 15.20 -0.078 -0.185 99.490 98.783  Dormitory Width
22 30.77 31.03 30.95 -0.183 0.080 99.407 99.743  Gutter Length
23 8.47 8.54 8.54 -0.067 -0.003 99.219 99.964 House Length
24 8.74 8.67 8.60 0.145 0.075 98.319 99.130  House Length
25 8.32 8.39 8.98 -0.661 -0.590 92.642 93.428 Road Width
26 6.11 6.19 6.17 -0.056 0.021 99.087 99.665 Road Width
27 4.02 4.03 4.08 -0.060 -0.052 98.528 98.722  Field Width
28 1.89 1.81 1.82 0.069 -0.009 96.224 99.529  Trench Wall Length
29 83.29 83.32 83.02 0.274 0.303 99.670 99.635  Fish Pond
30 14.01 14.02 13.94 0.068 0.078 99.510 99.440  Field Width
0 27.98 27.97 27.85 0.127 0.116 99.544 99.583  Field Length

Table V shows the difference between the measurement
results and the interpretation of objects on orthophoto. The
lowest was at AP at 0.008 m and PM at 0.003 m, the highest at
AP at 1,047 m, and PM at 1,023 m. Calculating the accuracy
percentage using the equation of the commission method
obtained an average of AP and PM software > 90% with
accuracy > 85%. This shows that the interpretation results are
accepted overall because they meet the minimum requirements
for the accuracy test and high accuracy values. The results of
the comparison of the CE90 and LE90 horizontal and vertical
geometries from the calculation of the AP and PM software
Tabel VI.

TABLE VI
COMPARISON OF HORIZONTAL AND VERTICAL GEOMETRY ACCURACY

Horizontal accuracy (m) Vertical accuracy (m)

Caption Agisoft PIX4D Caption Agisoft  PIX4D
RMSEr 0.091 0.148 RMSEz 0.169 0.309
CE90 0.139 0.224 LE90 0.279 0.509
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Based on Table 6, the AP software values RMSEr 0.091 m
and CE90 0.139 m, while the PM software values RMSEr
0.148 m and CE90 0.224 m. The results of the CE90 value on
a scale of 1:1000 class 1 with a maximum error of < 0.2 m
(orthophoto horizontal position < 0.2 m). The AP software
values RMSEz 0.169 m and LE90 0.279 m, while the PM
software values RMSEz 0.309 m and LE90 0.509 m. Based
on the value of LE90 scale 1:1000, class 2 maximum error <
0.30 m and class 3 maximum error < 0.5 m according to the
RBI map already meets the standard of accuracy. The results
of comparing the accuracy of the geometry of the AP software
have a good accuracy value compared to the PM software.

IV. CONCLUSION

The results of processing aerial photos with AP and PM
software in the form of Orthophoto are the same as the actual
object shapes in the field and visually produce DEM in the
form of 2D and 3D. The aerial photo accuracy test results using



AP software have RSEr values of 0.091 and CE90 0.139 m,
while PM values of RSEr 0.148 and CE90 are 0.224 m. Based
on the CE90 value on a scale of 1:1000 class 1 the maximum
error is < 0.2 m. The AP software values RMSEz 0.169 and
LE90 0.279 m, while the PM software values RMSEz 0.309
and LE90 0.509 m. The results of the LE90 value on a scale of
1:1000, class 2 maximum error < 0.30 m, and class 3
maximum error < 0.5 m according to the RBI map already
meet the standard of accuracy. The calculation of the accuracy
of the orthophoto and DEM data shows that the AP software
has a better accuracy value than the PM software.
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