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Abstract. The current activities in photogrammetry technology such as the permission to apply non-metric 
cameras, development of Structure from Motion (SfM), and potential usage of videogrammetry are part of the 
answers to the need for low-cost camera-based mapping. Therefore, this study aimed to test and compare the 
accuracy of photogrammetry and videogrammetry methods for three-dimensional (3D) modeling obtained 
using a non-metric camera with SfM processing. Terrestrial Laser Scanner (TLS) was used to obtain comparative 
data and the results showed a degradation of photo resolution in videogrammetry method, causing a reduction 
in the number of point clouds produced compared to photogrammetry. Moreover, the point cloud test showed 
that the surface variation results for both methods were identical to 3D modeling with a higher point density 
recorded in photogrammetry and the relative distance was different by 0.125 meters. The average difference in 
point cloud between photogrammetry and TLS was 0.062 meters while videogrammetry and TLS had 0.106 
meters. The absolute test produced an RMSE value of 0.022 meters for photogrammetry and 0.032 meters for 
videogrammetry at a 95% confidence interval, indicating the two methods produced similar data quality. The 
results led to the conclusion that videogrammetry had satisfactory values and could be used as an alternative in 
3D modeling but was not considered better than photogrammetry. 
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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.
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1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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1.  Introduction
The development of photogrammetry is inseparable 

from the advancement in mapping science and technology. 
Moreover, the legalization of non-metric cameras and the 
potential use of videogrammetry for three-dimensional 
(3D) mapping purposes has made photogrammetry a quite 
affordable method. This is based on the ability of the non-
metric cameras in video-based photogrammetry to produce 
spatial data at sub-meter values for orthophoto needs, DEM 
(Digital Elevation Model) data production, 3D reconstruction, 
and cadastral (Elkhrachy, 2021; Murtiyoso, Grussenmeyer, 
et al., 2017; Murtiyoso, Koehl, et al., 2017; Murtiyoso & 
Grussenmeyer, 2021; Rokhmana et al., 2019; S Sai et al., 2019).

Structure from Motion (SfM)-photogrammetry has been 
developed to be capable of supporting low-cost 3D mapping 
and reconstruction (Eltner & Sofia, 2020; Rogova, 2020; Zhang 
et al., 2019). The method is a branch of computer vision and 
photogrammetry with the ability to obtain 3D data from 
different photo-taking perspectives (Al Khalil, 2020). SfM has 
showed quality results in the production of 3D data compared 

to standard photogrammetry and real-world situations 
(Agüera-Vega et al., 2023; Fabris et al., 2023; Ishida, 2017; 
Peña-Villasenín et al., 2019). This is associated with several 
advantages when applied in 3D mapping such as quick and 
accurate production of models and an increase in processing 
efficiency (Deliry & Avdan, 2023; Kovanič et al., 2024; Siong 
et al., 2023). SfM only requires overlap between photos and 
does not require complex criteria or the strict procedures 
often identified in traditional photogrammetry. Furthermore, 
the model accuracy can be calculated through a comparison 
with the reference or by measuring the control point deviation 
(Deliry & Avdan, 2023; Iheaturu et al., 2020). The quality of 
SfM is influenced by several factors because the process is 
based on automatic digital image matching. Some of these 
factors include digital camera resolution which affects texture 
detail, the number of photos related to overlap as well as the 
target, lighting, focal length, and lens quality influencing the 
automatic digital image matching process (Deliry & Avdan, 
2023; Javadnejad et al., 2021; Parente et al., 2019; Siong et al., 
2023).
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In addition to SfM-photogrammetry, some methods can be 

used to record objects based on video (Ahmad et al., 2019). An 
example is video-based photogrammetry or videogrammetry 
which focuses on calculating 3D position of objects by 
extracting photos from the video recording process. It has 
been identified as another alternative for reconstructing 3D 
objects (Kaiser et al., 2022; Murtiyoso & Grussenmeyer, 2021; 
Pepe et al., 2022). The advantages include time management 
related to the process of acquiring data (Herráez et al., 2016) 
and the lack of overlapping due to the process of photos from a 
video recording by frame (Ortiz-Coder & Sánchez-Ríos, 2020; 
Ramirez et al., 2022). Videogrammetry processing is based on 
the methods in photogrammetry which include extracting point 
clouds from several photos and performing image matching 
through triangulation (Kurniawan et al., 2017; Torresani & 
Remondino, 2019). The method has benefited greatly from the 
development of digital video sensors and photo-orientation 
algorithms but is still considered unable to compete with 
conventional photogrammetry due to the inherent reduction 
in photo resolution during the conversion from video to photo 
(Murtiyoso & Grussenmeyer, 2021; Torresani & Remondino, 
2019). Videogrammetry can be a practical option for taking 
photo data for 3D mapping purposes despite the setbacks. 
Potential technological developments such as SfM, Non-
Metric Cameras, and Videogrammetry can be used to support 
low-cost and accurate mapping. Video methods can also be 
combined with SfM processing by focusing on the precision 
and accuracy of the process and product. Therefore, this study 
aimed to analyze the potential of combining videogrammetry 
with photogrammetry in 3D point cloud production using non-
metric cameras for modeling. The intention was to explore the 
capabilities of videogrammetry in producing SfM-based 3D 
modeling with planning controls that suppressed the inherent 
weaknesses. This led to the combination of SfM method with 
non-metric cameras as the central point in the data collection 

process to support the need for low-cost mapping. The aim 
was to prove that the application of different non-standard and 
low-cost methods could provide high-quality spatial products.

2.  Methods
This study was conducted using 3D modeling object 

located at the Heritage Path of the 1883 Eruption of Krakatoa 
- Krakatoa Monument, South Betung Bay, Bandar Lampung 
City, Lampung, Indonesia. The specific location of the object is 
presented in the following Figure 1.

Krakatoa monument used as the study objected is 
located at latitude 5°26’44.26”S and longitude 105°15’43.80”E. 
Moreover, data were collected using two methods, including 
photo and video. The methods were subjected to similar 
three stages, including a distance of 6 meters from the object 
to take the entire shape, 1 meter from the object, and above 
for the detailed relief. It is important to state that the photos 
and videos are taken with the same camera specifications and 
shooting path. The camera used was the Xiaomi Yi Action 
with a resolution of 16 Megapixels and a sensor size of 1/2.3 
“CMOS capable of recording video at a maximum resolution 
of up to 2K and a frame rate of up to 30 fps. The stages used for 
the study are presented in the following Figure 2.

The monument objects were acquired through photos 
and recording videos followed by the extraction of the data 
to be used as input in SfM-based processing. The video data 
was obtained through a frame extraction process to obtain 
overlapping photos. This was followed by data processing 
from both photogrammetry and videogrammetry using the 
basic SfM. 3D point cloud and mesh models for each method 
were compared. There was also a comparison of the products 
with the data acquired through Terrestrial Laser Scanner 
(TLS) which was considered the best model reference. The 
data analysis methods adopted were relative and absolute 

Figure 1. Study Location
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comparisons. The relative aspect focused on surface variation, 
volume density, and point discrepancy while the absolute used 
field size to determine Root Mean Square Error (RMSE) from 
the results.

3.  Result and Discussion 
 Camera Calibration

The calibration process was applied to the non-metric 
camera used to determine the quality. This was conducted by 
photographing a special chessboard with the results presented 
in the following Table 1.

The values for the radial distortion parameters k1, k2, 
and k3 as well as tangential distortion parameters, p1 and p2 
were very large. The calibration is very important to ensure 
increased accuracy in photogrammetry process because the 
Xiaomi Yi Action is an action camera. It was observed that 
the lens had high radial distortion because the camera had a 
wider lens designed with a radial effect. The calibration was 
determined for the purpose of correcting the data acquired. 
This was achieved by reducing the effect of existing lens 
distortion to ensure the light propagation data on the camera 
was obtained at the corrected value. The trend was related to 
the ability of the calibration parameter information to improve 
the quality of the point cloud produced. This was confirmed 
by Rokhmana et al. (2019), Abdullah et al. (2019), and Sobura 

(2021) through the application of non-metric cameras for 
mapping and 3D modeling.

Analysis Product
The point clouds produced through photogrammetry and 

videogrammetry were compared to identify the capabilities 
of each method. The triangulation process applied showed 
that RMSE for photogrammetry was 0.032 meters while 
videogrammetry had 0.029 meters, indicating a difference 
of 0.003 meters. The analysis conducted using the Fisher test 
showed that the values were not statistically different at a 95% 
confidence interval. This led to the conclusion that the quality 
of the point clouds produced was the same and an equivalent 
comparison process could be applied due to the absence 
of significant triangulation errors. Furthermore, the aerial 
triangulation results showed that the effects of distortion were 
suppressed due to the fairly low RMSE value. This is in line 
with the previous report of Rokhmana et al. (2019), Abdullah 
et al. (2019), and Sobura (2021) concerning the capabilities of 
non-metric cameras for mapping needs.

The number and quality of point clouds produced can 
improve the quality of 3D modeling (Liu et al., 2023). Therefore, 
the spatial resolution which was more familiar with Ground 
Sampling Distances (GSD) was compared for both methods. 
Videogrammetry produced a resolution of 9.57 mm/pix while 

Overlapping 
Images

Image Orientation

Dense MatchingImage Orientation

Dense Matching

3D 
Point Cloud

Data Acquisition

Capturing ImageRecording Image

Extraction Video

Overlapping 
Images

Comparison

3D 
Point Cloud

Videogrammetry Photogrammetry

Figure 2. Workflow

Table 1. Lens Calibration Parameter
Parameter Value for Camera

cx[mm] -23,692
cy[mm] 3,541
f[mm] 2085,429
k1 -0,239
k2 0,141
k3 -0,098
p1 -0,005
p2 0,001

Source: Primary Data Processing
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photogrammetry had 2.56 mm/pix. In comparison with the 
aerial triangulation result, videogrammetry was observed 
to have a 3 3-fold reduction in GSD while photogrammetry 
decreased by 13 times. This was associated with the limitation 
of GCPs and ICPs in using a total station at an accuracy of 
fractions of cm. The values relate to Class III on ASPRS 
Accuracy Standards for Digital Geospatial Data which is 
categorized as lower-accuracy visualization-grade geospatial 
data suitable for less-demanding applications. GSD values 
recorded were observed to be in line with results reported by 
Murtiyoso & Grussenmeye (2021).

The weakness identified in applying videogrammetry to 
extract photos from the video is the differences reflected in the 
resolution. This is observed from the fact that the application 
of the same method at the same data collection distance using 
the same camera is expected to produce approximately similar 
GSD. However, photogrammetry showed more detailed 
resolution values   due to the quality of the input photo. This 
confirmed that recording with the same camera but using 
two different methods produced photo outputs with different 
resolutions. For example, photogrammetry produced images 
at a resolution of 4608 x 3456 while the photos extracted 
from videos recorded at 2K 30 fps quality reduced to 1920 x 
1080. These highly significant differences in resolution led to 
variations in the image quality. The trend confirmed that the 
photos from photogrammetry had better sharpness than those 
produced using videogrammetry. The observation was in line 
with the previous results reported by Torresani & Remondino 
(2019). Moreover, photo quality has a significant influence on 
the SfM process because a higher quality can lead to better 
key point detection, leading to the production of more sparse 
point clouds. The total number of point clouds produced by 
photogrammetry and videogrammetry are compared in the 
following Figure 3.

Photogrammetry has a more significant number of point 
clouds than videogrammetry as observed from 92,600 and 
34,295 recorded respectively. Point clouds are data filtered by 
eliminating those not needed due to high errors or noise. The 
trend showed that videogrammetric frame extraction process 
produced more number of photos than photogrammetry 
with 303 and 243, respectively. Videogrammetry is expected 

to have more point clouds at the same processing parameters 
due to the higher number of photos produced. However, 
photogrammetry had a figure considered to be 3 times more 
than videogrammetry, showing that the photo data had higher 
quality than the video data. This showed that the point cloud 
noise generated in videogrammetry was at a higher level 
compared to the other method.

The trend was related to the observation of Torresani & 
Remondino (2019) that the difference in selecting keyframes 
from the video was a mandatory prerequisite in 3D modeling 
process to produce precise point clouds. This was considered 
a challenge in the process of extracting keyframes in video 
data. Therefore, more point clouds were eliminated in 
videogrammetry in the gradual selection process due to 
degraded data sources compared to photogrammetry.

Data for 3D modeling reconstruction are often collected 
through photogrammetry but there is a need to compare the 
usage with the application of videogrammetry. This is based 
on several parameters such as Surface Variation, Volume 
Density, and Point Discrepancy, and the results are presented 
in the following Table 2.

The comparison shows that photogrammetry has 
superior accuracy as observed from the 11.3% data containing 
errors in the surface variation parameter at a 95% confidence 
level compared to 17.5% recorded for videogrammetry. It is 
important to state that surface variation represents the quality 
of the data against noise and a small value shows the existence 
of smaller noise. The trend was observed to be in line with 
the previous report of Jia et al. (2018). The surface variation 
data processing showed that the point cloud data from 
videogrammetry contained noise, thereby indicating several 
weaknesses.

Another comparison was the volume density parameter 
which could affect the quality of 3D modeling produced. The 
results showed that the average density in photogrammetry 
was 3,852,108.00 while videogrammetry had 226,516.547 . 
This was determined based on the resolution of the camera 
used and the quality of the photos obtained with subsequent 
influence on the quality of 3D modeling. The criterion is 
that a higher density leads to better quality for 3D modeling 
due to the possibility of a closeness to the real object (Saif 

Figure 3. Comparison of Total of Point Clouds
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Table 2. Comparing Results

Testing Product
Surface 
Variation

Photogrammetry

; 11.3% outlier

Videogrammetry

; 17.5% outlier

Volume 
Density

Photogrammetry Videogrammetry

Point 
Discrepancy

Photogrammetry vs TLS

% outlier

Videogrammetry vs TLS

; 8.4% outlier

Photogrammetry vs Videogrammetry

 % outlier
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& Alshibani, 2022). The trend showed that the quality of 
3D photogrammetry model could not be surpassed by 
videogrammetry due to the downgraded photos associated 
with resolution issues.

Point discrepancy was further compared using TLS data 
considered to be correct. This was based on the criterion that a 
farther point discrepancy value was a representation of worse 
point cloud quality. The results showed that photogrammetry 
had an average of 0.062 meters compared to TLS at a standard 
deviation of 0.071 meters and the total points with distances 
above the 95% confidence interval were 8.5%. Meanwhile, 
videogrammetry produced an average of 0.106 meters with a 
standard deviation of 0.131 meters and the total points with 
a distance above the 95% confidence interval were 8.4%. This 
showed that the noise point clouds produced by both methods 
were not statistically different and the result was in line with the 
previous observation by Murtiyoso & Grussenmeyer (2021). 
The outlier points were also observed to be approximately 
the same percentage value and this showed the ability of 
videogrammetry to compete in producing products less 
significantly different in quality from photogrammetry.

The final aspect was to compare the quality of the model 
geometry produced with real-world measurements through 
RMSE. The results showed that photogrammetry had 0.022 
meters while videogrammetry produced 0.032 meters. 
This showed that photogrammetry had better quality but 
videogrammetry was also sufficient. The trend was further 
confirmed by the t-test conducted which showed there was 
no significant difference in the values produced through both 
methods at a 95% confidence interval. In terms of the data 
acquisition process, videogrammetry was superior due to the 
ability to shorten the time required significantly compared 
to photogrammetry and TLS. The observation was found 
to be in line with the results of the previous study by Ortiz-
Coder & Sánchez-Ríos (2020). The difference in the photo 
quality due to resolution degradation is a real challenge to 
videogrammetry process. However, the results showed the 
method was able to produce quite high 3D point clouds which 
were not significantly different statistically from the real 
form. The trend showed the capability of videogrammetry to 
produce quality 3D modeling.

This study deliberately did not consider frame splitting 
in videogrammetry activities to estimate the ideal conditions. 
The results showed that the products were not significantly 
affected by the decrease in resolution. This was based on the 
ability of SfM to remove noise from the point clouds in order 
to enhance the quality. However, future studies can consider 
frame splitting to maintain the quality of photo resolution. 
Another interesting observation was that videogrammetry 
required 3 minutes 3 seconds to produce 303 photo frames at 
fixed intervals depending on the method used to break down 
the frames. Meanwhile, photogrammetry used 50 minutes 
to produce 243 photos. The observation was in line with the 
results of Torresani & Remondino (2019) that videogrammetry 
was beneficial in terms of data acquisition speed. The results 
showed that the speed was covered by the degradation of the 
resolution associated with the photos produced.

The assumption that the absence of photodegradation can 
make videogrammetry very superior in all aspects compared to 
photogrammetry is not confirmed due to the major weakness 
identified. The lack of control for the measurement can lead to 
the production of bad 3D point clouds by videogrammetry but 
this is also not proven because the mapping is controlled with 

good planning to ensure both photo and video data have the 
same parameters during the collection process. The analysis 
showed that videogrammetry had the ability to produce 
models with quite high accuracy not statistically different from 
photogrammetry. The advantage of fast acquisition time could 
be the reason for the adoption of this method as an alternative 
for low-cost 3D modeling. However, this benefit cannot be 
explored efficiently due to the weaknesses associated with the 
resolution of the photos produced.

4.  Conclusion 
In conclusion, two non-metric camera-based modeling 

methods, including photogrammetry and videogrammetry, 
were compared. This was based on the expectation that 
videogrammetry could be used as low-cost 3D modeling 
alternative solution. The results showed that the method was 
beneficial because data acquisition was approximately 15-20 
times faster than photogrammetry. However, the quality of the 
photo data was reduced and this led to a decrease in the quality 
of the texturing product. The determination of the solution 
for the appropriate keyframes can allow videogrammetry 
to compensate for 3D point cloud accuracy produced by 
photogrammetry. Moreover, both methods were observed to 
have similar surface variation and volume density as presented 
by the lack of significant differences in the noise point clouds. 
This was further confirmed by the ability of videogrammetry 
to produce a lower surface variation value and higher point 
density. Both methods were compared with the discrepancies 
in TLS data. The results showed that the average difference in 
photogrammetry was 0.062 meters and the outlier was 8.5% 
while videogrammetry had 0.106 meters and 8.4%, respectively. 
In terms of the physical results of the model, RMSE produced 
was similar statistically as reported by 0.022 meters and 0.032 
meters recorded for both methods, respectively.

GSD was very detailed but the control point measurement 
capability was insufficient for the quality required, leading to 
a minimum error of 1 pixel in the aerial triangulation process. 
Empirically, the tolerance value was 3-5 GSD pixels with the 
consequence that the quality of the control points was in the 
same metric size fraction. The value was related to Class III on 
ASPRS Accuracy Standards for Digital Geospatial Data used to 
represent lower-accuracy visualization-grade geospatial data 
suitable for less-demanding applications. Videogrammetry 
generally had the ability to produce accurate 3D modeling even 
though the method could not outperform photogrammetry. 
Considering time and cost, it could be an alternative for low-
cost 3D modeling needs to produce results not substantially 
different from photogrammetry in the statistic tolerance of 
95% confidence interval. 

Further studies are required to use appropriate video frame 
splitting to avoid significant degradation of photo resolution. 
This is necessary to explore the potential of videogrammetry 
properly without considering the possibility of a decrease in 
photo resolution during the conversion from video.
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