INTERNATIONAL JOURNAL OF SUSTAINABLE CONSTRUCTION ENGINEERING AND TECHNOLOGY
VoL. 13 No. 4 (2022) 216-223

© Universiti Tun Hussein Onn Malaysia Publisher’s Office International
Journal of
. IJSCET Sustainable
- Construction

Engineering and
ISSN : 2180-3242  e-ISSN : 2600-7959 Technology

http://publisher.uthm.edu.my/ojs/index.php/ijscet

Application of Unmanned Aerial Vehicle (UAV) in Terrain
Mapping: Systematic Literature Review

Zieziyana Nordin?, Anuar Mohd Salleh!*

'Faculty of Civil Engineering and Built Environment,
Universiti Tun Hussein Onn Malaysia, Parit Raja, Batu Pahat, Johor, 86400, MALAYSIA

*Corresponding Author

DOI: https://doi.org/10.30880/ijscet.2022.13.04.019
Received 31 October 2022; Accepted 31 October 2022; Available online 13 November 2022

Abstract: Unmanned Aerial Vehicle (UAV) is an advanced technology that can be control remotely. It hovers up
in the air and travel with different height and distance depending on the capability of the UAV. Originally, this
technology was invented for military practice. Now, the innovation of UAV is growing and have contribute to
various field including terrain mapping in surveying work. Carrying out mapping task in terrain such as mountain,
valley, plateau, or rainforest can be a difficult task in-terms of time, practicality and cost. Another challenge is
when the survey area is permanently clouded over and the limited availability of aircraft platforms and the orbit
features of satellites causing difficulties to obtain high quality photos. Therefore, there are much research that used
UAYV technology to do mapping work and obtain Digital Terrain Model (DTM), Digital Surface Model (DSM) and
Digital Elevation Model for various purposes. In this study, systematic literature review using thematic analysis
methodology was used to review, evaluate and combine relevant literature review. The aim of this study is to
categorise the application for terrain mapping using UAV and also to identify the system and result improvement
of UAV during the usage in terrain mapping. From the thematic analysis, two themes which are understanding the
earth structure with the subtheme of geotechnical study, geomorphological study and flood study and UAV system
improvement with the subtheme of accuracy assessment, accuracy enhancement and resolution were formed.
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1. Introduction

New high-tech devices that are available today are necessitates by digital mapping technology and it result in a
higher data accuracy (Yuansheng, 2018). Unmanned Aerial Vehicles (UAVS) is a product from the innovation of
modern technology and now are known as a competitive data gathering equipment that can be controlled from a
distance (Koeva et al., 2018). Military goals and other application in different field had catalyst the evolution of UAV
including the innovation of its platform and its system. Nowadays, a wide application of UAV in the geomatic study
can be seen despite the fact that this technology has been used in this field approximately around thirty years ago (Nex
& Remondino, 2014) Challenges in terms of devices and terrain condition might be encountered during mapping work.
A number of conventional devices used to produce Digital Terrain Model (DTM) and Digital Surface Model (DSM)
have several disadvantages in terms of cost, time taken and practicality (Yazid et al., 2019). Terrain conditions and
areas might vary. Depending on these condition, different challenge might be encountered. In mountain or natural
terrain, several obstacles arise when conducting geophysical survey due to potential elements that might cause
difficulties in surveying work including types of energy source, reserve forests, disturbance from wildlife, and
extremely wavy terrain conditions (Ismail et al., 2018).
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This study aims to categorise the application for terrain mapping using UAV in different study field and to identify
the system and result improvement of UAV during the usage in terrain mapping. Therefore, this study will focus on
analysing previous research through a comprehensive systematic literature review method to assess the UAV
applicability in terrain mapping

2. Methodology

To ensure this study will achieve its objectives, a search for related articles that linked to the application of
Unmanned Aerial Vehicle (UAV) in terrain mapping using Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) will be conducted. PRISMA that was published in 2009, aimed at improving systematic
review reporting (Page et al., 2021). This method provide transparent establishment of research question, making it a
widely used technique in medical and management-related study (Ali et al., 2021). Figure 1 shows the research flow
chart methodology using PRISMA method.
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Fig. 1 - Research flow chart methodology using PRISMA

2.1 Screening and Eligibility

Articles are selected from SCOPUS database. The database platform provides filtering tools to refine researchers’
research. This tool is helpful as it will help in narrowing down the number of documents by filtering out documents that
are not related to the study. The filtration criteria are selected as in Fig.1.

2.2 Data Extraction

Using thematic analysis, the data from the identified documents will be extracted for analysis purpose. This method
constructs a logical structure for researcher to relate a study from the theme identification with the whole study content
(Alhojailan, 2012). Two steps to identify the main and sub theme are choosing data that aligns with the research

objective and the output should be analysed for main theme and concept determination (Ali et al., 2021).

2.3 Testing Equipment

There are various of testing method using UAV in order to obtain terrain mapping. From a landslide study in
Mayun Village, a DJI Inspire Il UAV equipped with a Xemuse X4 lens was used to map the area. Few controls
measure like maintaining the speed to 4.6 m/s and sustaining 85% of frontal side lap was by utilizing Pix4D capture
double-gridded mission was done to give better outcome (Ahmad et al., 2021). Meanwhile, another study in Okeanos,
use DJI Phantom 3 with a 3.61mm FC300X camera to capture 75 images in the area and then processed using Agisoft
Photoscan software giving a total of 24 million points in a point cloud dataset (Valkaniotis et al., 2018).

An unstable rock mass risk assessment conducted at the Yumenkou tunnel entrance, Shanxi province, China use
DJI Phantom Pro4 where it manages to be utilised within the study area and 500m further (Wang et al., 2021). Another
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geomorphology study in Spark Lake in Jiuzhaigou, China was performed by using two UAV and equipping each of it
with GPS and IMU to record output in the process of acquiring images (He et al., 2021). Lastly, in a geomorphological
study in Aktru River basin, Gornyi Russia the UAV used is the multi-rotor DJI Mavic Pro model while the images were
processed through Agisoft Photoscan Software package (Hedding et al., 2020).

3. Results and Discussion

The systematic literature reviews have been organised into 2 main themes, which are understanding the earth
structure and UAV system analysis where each of which caters to a different theme in which the notion of application
of UAV in terrain mapping.

3.1 Understanding the Earth Structure

This theme emphasis on the application of UAV in different fields where it has helped researchers to study and
understand the earth structure. Therefore, the sub theme selected will be based on these fields which consist of
geotechnical study, geomorphological study and flood study.

In geotechnical study, UAV were used in order to do slope analysis and hazard assessment. Through a slope map,
linear geological elements of slope map were identified (Piras et al., 2017). This will help to analyse the critical parts of
slope that can lead to landslide. The further analysis from UAV data help to obtain slope angle which will be used for
hazard identification (Zolkepli et al., 2021). A visualisation of 3D map from the data obtained through UAV was used
to produce a 3D models of rock slope and then the stability of the slope is further analysed through software. The
material parameters, failure criterion, and stability analysis method are entered to perform three-dimensional stability
analysis and obtain a 3D global critical slip surface of the slope (Congress & Puppala, 2021). By combining output of
thematic layers from high to low, identification of the most unstable area can be identified (Leo Stalin &
Gnanaprakasam, 2020). Fig. 2 shows unstable area in active mine pit. A study by (Fang et al., 2021) utilised UAV to
identify man-made terrace damage in loess plateau of China. The terrace damages were extracted using high-resolution
orthophoto imagery and DSMs which will then be used to produce classification map for the damages (Fang et al.,
2021). From map generation, researcher can obtain useful information such as soil leak area and decay length of the
study area (Kim et al., 2019). Meanwhile, findings from (David Stewart et al., 2018) in New Zealand verifies that there
are a number of event where UAV was deployed for earthquake, rockfall and stability assessment and cliff risk
assessment.

Geomorphological study is listed as the subtheme of this study. From this subtheme, researcher can learn about
earth surface and the relationship to its geological structure. A finding from (Sasak et al., 2019) shows that by data
combination from TLS and UAV-SfM produce a high-resolution DEM that opens up new options for multiscale
geomorphic modelling and segmentation, presenting a full nested structure of landforms and land surface processes.
Small details such as a small 2cm flute, foreland channels, and human influences can be spotted using the DEM created
with the help of a UAV (Ely et al., 2017) UAV are suitable to be used in 1 mountainous terrain covered in snow as it
can capture a high-quality image under a windy condition up to 20m/s (Buhler et al., 2016). (Lytkin & Syromyatnikov,
2021) findings shows that orthomasaic produced managed to obtain polygonal features of the affected area because of
thermocast effect. Meanwhile (Nahon et al., 2019) verifies that UAS-based DEM ables to gain morphological
characteristics of foredune out of area coverage by Mobile Laser Scanning (MLS). Geomorphic changes after a natural
disaster specifically flood, can also be detected using UAV. Flood cause fluvial deposition shifted including a large
portion of the fresh fluvial accumulations (Langhammer & Vackova, 2018).

Another subtheme listed under this theme is flood study. Schumann et al. (2019) used the approach proposed by
Schumann et al. for flood-fill modelling where it uses DTM data gain from UAV to create a floodplain elevation model
to represent the flooded site. UAV face difficulties in generating full reproduction of the channel bottom but it can
generate the bathymetry of shallow stream. Thus, with this limitation, the extent of the flood spill can be observed
during the flood event was well-matched by the reconstruction of the flooded region generated from the DEM
(Langhammer & Vackovd, 2018). Flooding and the damage of infrastructure happened primarily in agricultural areas
and near river facilities (Kim et al., 2019).
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Fig. 2 - Unstable area in active mine pit (Leo Stalin & Gnanaprakasam, 2020)

3.2 UAV System Analysis

The research analysed in this theme focus on the technical part of UAV revolving around the approach used to
understand and improve the system during the usage and the result from UAV mapping. Therefore, the selected
subtheme for this theme are accuracy assessment, enchasing accuracy and resolution improvement.

Many researchers conducted accuracy assessment of the data and generated from UAV such as DTM, DEM, DSM
and orthophoto in their study. This will help to ensure that the output from the experiment is accurate and reliable. To
assess the systematic error, root mean square error (RMSE) can be calculated. A number of researchers used RMSE
method in their study (Adams et al., 2018; Buhler et al., 2016; Mian et al., 2016; Nam-Bui et al., 2020; Nesbit &
Hugenholtz, 2019; Sasak et al., 2019; Stark et al., 2021; Vieira et al., 2021; Wierzbicki & Nienaltowski, 2019; Yazid et
al., 2019). The lower the RMSE value, the accurate the data. Different type of survey area can influence the accuracy of
the data from UAV. It was found that generated DSM and DTM in forest area have lowest accuracy compared to
plantation area and developed area due to obstruction that block rays from reaching the ground surface (Yazid et al.,
2019). A study using a dense point cloud to analyse the accuracy of terrain mapping conducted by (Wierzbicki &
Nienaltowski, 2019) finds that when the test areas have no vegetation, higher accuracy result can be obtain compared to
thicket test area. Assessing the accuracy of DSM (Y coordinate) and the orthomosaic (X and Y coordinate) using
georeferencing of bundle block adjustment (BBA) with Post-Processing Kinematic (PPK) method give a high accuracy
result where the accuracy does not exceed 0.072m did not exceed 0.034m respectively (Zabota & Kobal, 2021).
Researcher have also compared data from other mapping equipment to assesses the precision of data output by UAV.
(Neshit & Hugenholtz, 2019) examined exceeding 150 scenarios with various mix of oblique and nadir camera angles,
picture overlap settings, and flight line orientations to a reference dataset obtained with TLS to see how imaging angle
effects accuracy and detail of UAV-SfM 3D outputs. A comparison of accuracy from UAV mapping and TLS mapping
was done and it was found that UAV are more accurate than TLS for terrain mapping (Gruszczynski et al., 2017).
Accuracy result between different UAV grade is comparable depending on selected data sampling and processing
parameters. A reliable DEM accuracy can also be obtained when operating the UAV in a lower flight altitude (Fang et
al., 2021). The results from (Fang et al., 2021) demonstrate that the DSMs and SDMs for snow depth mapping were
acquired with < 0.25 and < 0.29 m accuracy when exposed under full sunlight. To assesses the accuracy of DSM,
elevations can be compared to ground control points collected with a differential GNSS (Vieira et al., 2021). Data
accuracy can also be done by comparing the position error from drone mapping with traditional mapping (Kim et al.,
2019).

Another subtopic in this theme is enchasing accuracy where the analysed articles discussed about various method
to increase the accuracy of the UAV output and the system itself. The UAV Findings from (Nesbit & Hugenholtz,
2019) show that, augmenting parallel-axis (nadir) picture obstruct with oblique images decreases or eliminates
systematic dome errors in UAV-SfM datasets. Meanwhile, genetic algorithm-based view planner for UAV terrain
modelling generates optimum flight paths that improve the accuracy of model regeneration by up to 43% compared to
the basic grid, as well as increasing model completeness (Martin et al., 2016). A white reference target, as well as
upward and downward shortwave radiation data from broadband silicon pyranometers workflow technique, were used
to create an accurate albedo product by utilising UAV and other mapping equipment (Ryan et al., 2017). Furthermore,
the incorporation between UAV photogrammetry and high-quality IMU/GNSS data in sandy coastal area gives a
vertical accuracy at least 15cm (Kumar, 2018).

219



Zieziyana et al., International Journal of Sustainable Construction Engineering and Technology Vol. 13 No. 4 (2022) p. 216-223

The next subtheme is resolution improvement. In this subtheme, ways to increase the resolution of image. Flying
UAYV in a lower altitude will increase the image gain from the survey. A study by (Fang et al., 2021) shows that images
increase from 80 to 247 when flight altitude decrease from 250m to 50m. Flying the drone over a lower altitude have
also increase the orthomosaic resolution and DEM compared to higher altitude (Battulwar et al., 2020). The drone
specification such as the focal length and sensor size also will affect the image resolution. (Nam-Bui et al., 2020) used a
DJI Phantom 4 Pro commercial quadcopter with a 20-megapixel RGB camera with a focal length of 8.8 mm and a
sensor size of 13.2 mm x 8.8 mm to take high-resolution aerial photography in their study. Cameras with bigger sensor
size produce sharper photo because of the high ISO speed and signal-to-noise ratio (De Marco et al., 2021). However,
camera problem such as distortion and dark current (additional noise from camera) that can disrupt the photo
resolution. To overcome this problem, lens distortion parameters identification and dark current subtraction can be done
(Jakob et al., 2017). (Thiele et al., 2022) overcome distortion problem using open source hylite toolbox. High resolution
photo can also be produced when there are dense point cloud and no relevant gaps in the survey area, leading to precise
representation of the terrain surface (Vieira et al., 2021).

3.3 Findings Summary

As a conclusion, UAV is an important tool that have been used to produce maps in 3 different study which are
geotechnical, geomorphological and flood study.Through the 3D module produced, researcher able to analyse the
stability of rock slope while the DSM and orthophoto can produce damage classification map. In geomorphological
study, DEM used to generate models representing landform structure and process, focusing on small detail. It also
detects changes after flooding and can be visualised through 3D map. As for flood study, DTM will be utilised to
produce elevation profile while DEM can reconstruct flooded region.

To ensure that UAV system and the data produced are reliable and accurate for terrain mapping, methods of
accuracy assessment, accuracy enhancement and resolution improvement were also identified through previous
research. There are several accuracy assessments that can be conducted depending on the types of error that need to be
assessed. The common systematic error assessment is RMSE method. Accuracy assessment can also be conducted by
setting variables such as the height of flight altitude, type of survey area and the lighting condition of the area. It can be
sum up that lower flight altitude, low vegetation area and good lighting condition results in higher accuracy in
producing maps. A method to evaluate DSM can be done by using the integration of BBA and PPK method. Other
accuracy analysis that can be done is comparison of data obtain from UAV and other mapping equipment or by
traditional mapping. To enchase the accuracy, findings from previous research shows several methods can be applied
such as augmenting parallel-axis picture block with oblique image, application of UAV genetic algorithm-based view
planner for UAV terrain modelling, implementation of white reference target, as well as upward and downward
shortwave radiation data and combination UAV photogrammetry and high-quality of IMU/GNSS data. Lastly, the
resolution of UAV output can be improved through flying the UAV in lower altitude, use UAV equipped with camera
that have large sensor, overcome distortion problem by conducting lens distortion parameters identification, dark
current subtraction or use hylite toolbox. Better resolution also can be obtained when there are dense point cloud and no
relevant gaps in the survey area.

4. Conclusion

This study was conducted with the aim to categorize the application for terrain mapping using UAV in different
study field. This research also aims to identify the system and result improvement of UAV during the usage in terrain
mapping. Through this study, 2 themes were organized which are understanding the earth structure and UAV system
analysis. From these themes the area of study for the application of UAV in terrain mapping which are geotechnical
study, geomorphological study and flood study was identified while ways to increase the quality as well as assessment
of data accuracy and UAV system are figure out through the subtheme of accuracy assessment, accuracy enhancement
and also resolution improvement. It is suggested that researcher analysed as many as possible article or research paper
that was related to the study. This can be done by widening the subject area that are relevant to the study or by
including research publication that are less than 2015. This helps in-depth understanding and identification of other
possible application of UAV in other area of study and also the enhancement of the system and output. Researcher who
are interested in conducting a systematic literature review using quantitative methodology can conduct a bibliometric
analysis.

Acknowledgement
This research was supported by Universiti Tun Hussein Onn Malaysia through Tier 1 (H899)

220



Zieziyana et al., International Journal of Sustainable Construction Engineering and Technology Vol. 13 No. 4 (2022) p. 216-223

References

Adams, M. S., Blhler, Y., & Fromm, R. (2018). Multitemporal Accuracy and Precision Assessment of Unmanned
Aerial System Photogrammetry for Slope-Scale Snow Depth Maps in Alpine Terrain. Pure and Applied
Geophysics, 175(9), 3303-3324. https://doi.org/10.1007/s00024-017-1748-y

Ahmad, N., Shafique, M., & Hussain, M. L. (2021). Landslide assessment by using multi-temporal UAV datasets: a
case study in northern Pakistan. Arabian Journal of Geosciences, 14(18), 0-8. https://doi.org/10.1007/s12517-021-
08166-0

Alhojailan, 1. M. (2012). Thematic Analysis: A Critical Review of Its Process and Evaluation. WEI International
European AcademicConference Proceedings, 1(2011), 8-21.

Ali, M., Mustapha, I., Osman, S., & Hassan, U. (2021). University social responsibility: A review of conceptual
evolution and its  thematic  analysis. Journal of Cleaner  Production, 286, 124931.
https://doi.org/10.1016/j.jclepro.2020.124931

Battulwar, R., Winkelmaier, G., Valencia, J., Naghadehi, M. Z., Peik, B., Abbasi, B., Parvin, B., & Sattarvand, J.
(2020). A practical methodology for generating high-resolution 3D models of open-pit slopes using UAVs: Flight
path planning and optimization. Remote Sensing, 12(14). https://doi.org/10.3390/rs12142283

Buhler, Y., Adams, M. S., Bosch, R., & Stoffel, A. (2016). Mapping snow depth in alpine terrain with unmanned aerial
systems (UASs): Potential and limitations. Cryosphere, 10(3), 1075-1088. https://doi.org/10.5194/tc-10-1075-
2016

Congress, S. S. C., & Puppala, A. J. (2021). Geotechnical slope stability and rockfall debris related safety assessments
of rock cuts adjacent to a rail track using aerial photogrammetry data analysis. Transportation Geotechnics,
30(April), 100595. https://doi.org/10.1016/j.trge0.2021.100595

David Stewart, Harry Fallas, David Knott, & Timothy Delport. (2018, September). Use of small unmanned aerial
vehicles and related digital data in geotechnical and natural hazard impact assessments. Australian Geomechanics
Society. https://www-scopus-com.ezproxy.uthm.edu.my/record/display.uri?eid=2-s2.0-
85054517279&origin=resultslist&sort=plf-
f&src=s&st1=Use+of+Small+Unmanned+Aerial+Vehicles+and+Related+Digital+Data+In+Geotechnical+and+Na
tural+Hazard+Impact+Assessments&sid=266a65cedc11fe39a58a55512e2e03f1&sot=b&sdt=b&sI=131&s=TITLE
-ABS-
KEY%28Use+of+Small+Unmanned+Aerial+Vehicles+and+Related+Digital+Data+In+Geotechnical+and+Natural
+Hazard+Impact+Assessments%29&relpos=0&citeCnt=1&searchTerm=&featureToggles=FEATURE_NEW_DO
C_DETAILS_EXPORT:1

De Marco, J., Maset, E., Cucchiaro, S., Beinat, A., & Cazorzi, F. (2021). Assessing repeatability and reproducibility of
structure-from-motion photogrammetry for 3d terrain mapping of riverbeds. Remote Sensing, 13(13).
https://doi.org/10.3390/rs13132572

Ely, J. C., Graham, C., Barr, I. D., Rea, B. R., Spagnolo, M., & Evans, J. (2017). Using UAV acquired photography and
structure from motion techniques for studying glacier landforms: application to the glacial flutes at Isfallsglaciéren.
Earth Surface Processes and Landforms, 42(6), 877-888. https://doi.org/10.1002/esp.4044

Fang, X., Li, J., Zhu, Y., Cao, J., Na, J, Jiang, S., & Ding, H. (2021). Obia-based extraction of artificial terrace
damages in the loess plateau of china from uav photogrammetry. ISPRS International Journal of Geo-Information,
10(12). https://doi.org/10.3390/ijgi10120805

Gruszczynski, W., Matwij, W., & Cwiakata, P. (2017). Comparison of low-altitude UAV photogrammetry with
terrestrial laser scanning as data-source methods for terrain covered in low vegetation. ISPRS Journal of
Photogrammetry and Remote Sensing, 126, 168-179. https://doi.org/10.1016/j.isprsjprs.2017.02.015

He, J., Lin, J., Ma, M., & Liao, X. (2021). Mapping topo-bathymetry of transparent tufa lakes using UAV-based
photogrammetry and RGB imagery. Geomorphology, 389, 107832.
https://doi.org/10.1016/j.geomorph.2021.107832

Hedding, D. W., Erofeev, A. A, Hansen, C. D., Khon, A. V., & Abbasov, Z. R. (2020). Geomorphological processes
and landforms of glacier forelands in the upper Aktru River basin (Gornyi Altai), Russia: evidence for rapid recent
retreat and paraglacial adjustment. Journal of Mountain Science, 17(4), 824-837. https://doi.org/10.1007/s11629-
019-5845-5

Jakob, S., Zimmermann, R., & Gloaguen, R. (2017). The Need for Accurate Geometric and Radiometric Corrections of
Drone-Borne Hyperspectral Data for Mineral Exploration: MEPHySTo-A Toolbox for Pre-Processing Drone-
Borne Hyperspectral Data. Remote Sensing, 9(1). https://doi.org/10.3390/rs9010088

Kim, S. S., Kim, T. H., & Sim, J. S. (2019). Applicability assessment of uav mapping for disaster damage investigation
in Korea. International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences -
ISPRS Archives, 42(3/W8), 209-214. https://doi.org/10.5194/isprs-archives-XLI1-3-W8-209-2019

Kumar, S. (2018). Causes of Replacing Geographical Traditional Mapping into New World Digital Mapping through
Geospatial Techniques. 5(1), 26-28.

Langhammer, J., & Vackovd, T. (2018). Detection and Mapping of the Geomorphic Effects of Flooding Using UAV

221



Zieziyana et al., International Journal of Sustainable Construction Engineering and Technology Vol. 13 No. 4 (2022) p. 216-223

Photogrammetry. Pure and Applied Geophysics, 175(9), 3223-3245. https://doi.org/10.1007/s00024-018-1874-1

Leo Stalin, J., & Gnanaprakasam, R. C. P. (2020). Application of Unmanned Aerial Vehicle for Mapping and Modeling
of Indian Mines. Journal of the Indian Society of Remote Sensing, 48(6), 841-852. https://doi.org/10.1007/s12524-
020-01118-3

Lytkin, L. V., & Syromyatnikov, I. I. (2021). Application of an Unmanned Aerial Vehicle for Large-Scale Mapping of
Thermokarst Landforms. [IOP  Conference Series: Earth and Environmental Science, 666(6).
https://doi.org/10.1088/1755-1315/666/6/062030

Martin, R. A., Rojas, I., Franke, K., & Hedengren, J. D. (2016). Evolutionary view planning for optimized UAV terrain
modeling in a simulated environment. Remote Sensing, 8(1), 26-50. https://doi.org/10.3390/rs8010026

Mian, O., Lutes, J., Lipa, G., Hutton, J. J., Gavelle, E., & Borghini, S. (2016). Accuracy assessment of direct
georeferencing for photogrammetric applications on small unmanned aerial platforms. International Archives of
the Photogrammetry, Remote Sensing and Spatial Information Sciences - ISPRS Archives, 40(3W4), 77-83.
https://doi.org/10.5194/isprsarchives-XL-3-W4-77-2016

Nahon, A., Molina, P., Blazquez, M., Simeon, J., Capo, S., & Ferrero, C. (2019). Corridor mapping of sandy coastal
foredunes with UAS photogrammetry and mobile laser scanning. Remote Sensing, 11(11), 1-14.
https://doi.org/10.3390/rs11111352

Nam-Bui, X., Quoc Long, N., Thi Thu Ha, L., Ngoc Quy, B., Goyal, R., Trong Hung, V., van Chung, P., Xuan Cuong,
C., van Canh, L., & Hong Viet, L. (2020). Influence of Flight Height on The Accuracy of UAV Derived Digital
Elevation Model at Complex Terrain  Nguyen. Inzynieria  Mineralna, 2020(1), 179-186.
https://doi.org/10.29227/1M-2020-01-27

Nesbit, P. R., & Hugenholtz, C. H. (2019). Enhancing UAV — SfM 3D Model Accuracy in High-Relief Landscapes by
Incorporating Oblique Images. 1-24. https://doi.org/10.3390/rs11030239

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D., Shamseer, L., Tetzlaff, J.
M., AKl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hrébjartsson, A., Lalu, M. M., Li, T,
Loder, E. W., Mayo-Wilson, E., McDonald, S., ... Moher, D. (2021). The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ, 372. https://doi.org/10.1136/BMJ.N71

Piras, M., Taddia, G., Forno, M. G., Gattiglio, M., Aicardi, I., Dabove, P., Russo, S. Lo, & Lingua, A. (2017). Detailed
geological mapping in mountain areas using an unmanned aerial vehicle: application to the Rodoretto Valley, NW
Italian Alps. Geomatics, Natural Hazards and Risk, 8(1), 137-149.
https://doi.org/10.1080/19475705.2016.1225228

Ryan, J. C., Hubbard, A., Box, J. E., Brough, S., Cameron, K., Cook, J. M., Cooper, M., Doyle, S. H., Edwards, A.,
Holt, T., Irvine-Fynn, T., Jones, C., Pitcher, L. H., Rennermalm, A. K., Smith, L. C., Stibal, M., & Snooke, N.
(2017). Derivation of high spatial resolution albedo from UAYV digital imagery: Application over the Greenland ice
sheet. Frontiers in Earth Science, 5(May), 1-13. https://doi.org/10.3389/feart.2017.00040

Sasak, J., Gallay, M., Kanuk, J., Hofierka, J., & Minar, J. (2019). Combined use of terrestrial laser scanning and UAV
photogrammetry in mapping alpine terrain. Remote Sensing, 11(18). https://doi.org/10.3390/rs11182154

Schumann, Muhlhausen, & Andreadis. (2019). Rapid Mapping of Small-Scale River-Floodplain Environments Using
UAV SfM Supports Classical Theory. Remote Sensing, 11(8), 982. https://doi.org/10.3390/rs11080982

Stark, M., Heckmann, T., Piermattei, L., Dremel, F., Kaiser, A., Machowski, P., Haas, F., & Becht, M. (2021). From
consumer to enterprise grade: How the choice of four UAS impacts point cloud quality. Earth Surface Processes
and Landforms, 46(10), 2019-2043. https://doi.org/10.1002/esp.5142

Thiele, S. T., Bnoulkacem, Z., Lorenz, S., Bordenave, A., Menegoni, N., Madriz, Y., Dujoncquoy, E., Gloaguen, R., &
Kenter, J. (2022). Mineralogical mapping with accurately corrected shortwave infrared hyperspectral data acquired
obliquely from uavs. Remote Sensing, 14(1). https://doi.org/10.3390/rs14010005

Valkaniotis, S., Papathanassiou, G., & Ganas, A. (2018). Mapping an earthquake-induced landslide based on UAV
imagery; case study of the 2015 Okeanos landslide, Lefkada, Greece. Engineering Geology, 245, 141-152.
https://doi.org/10.1016/J.ENGGE0.2018.08.010

Vieira, G., Mora, C., Pina, P., Ramalho, R., & Fernandes, R. (2021). UAV-based very high resolution point cloud,
digital surface model and orthomosaic of the Ch& das Caldeiras lava fields (Fogo, Cabo Verde). Earth System
Science Data, 13(7), 3179-3201. https://doi.org/10.5194/essd-13-3179-2021

Wang, Z. F., He, S. M., Liu, H. D., & Li, D. D. (2021). Formation mechanism and risk assessment of unstable rock
mass at the Yumenkou tunnel entrance, Shanxi province, China. Bulletin of Engineering Geology and the
Environment, 80(2), 1433-1448. https://doi.org/10.1007/s10064-020-01953-1

Wierzbicki, D., & Nienaltowski, M. (2019). Accuracy analysis of a 3D model of excavation, created from images
acquired with an action camera from low altitudes. ISPRS International Journal of Geo-Information, 8(2).
https://doi.org/10.3390/ijgi8020083

Yazid, A. S. M., Wahid, R. A., Nazrin, K. M., Ahmad, A., Nasruddin, A. S., Rozilawati, D., Hamzah, M. A., & Razak,
M. Y. A. (2019). Terrain mapping from unmanned aerial vehicles. Journal of Advanced Manufacturing
Technology, 13(1), 1-16.

Zabota, B., & Kobal, M. (2021). Accuracy assessment of uav-photogrammetric-derived products using ppk and gcps in

222



Zieziyana et al., International Journal of Sustainable Construction Engineering and Technology Vol. 13 No. 4 (2022) p. 216-223

challenging terrains: In search of optimized rockfall mapping. Remote Sensing, 13(19), 1-31.
https://doi.org/10.3390/rs13193812

Zolkepli, M. F., Ishak, M. F., Yunus, M. Y. M., Zaini, M. S. I., Wahap, M. S., Yasin, A. M., Sidik, M. H., & Hezmi, M.
A. (2021). Application of unmanned aerial vehicle (UAV) for slope mapping at Pahang Matriculation College,
Malaysia. Physics and Chemistry of the Earth, 123(February), 103003. https://doi.org/10.1016/j.pce.2021.103003

223



