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ABSTRACT

Unmanned Aerial Vehicle (UAV) as data acquisition tools are becoming more
affordable for many civil engineering applications. However, the accuracy of the
output is influenced by many parameters. The main objective of this study was to
investigate the effect of flight altitude toward the final output measurement
accuracy without using Ground Control Point (GCP). Altitude is a parameter that is
very important in flying UAV that must be taken into consideration. Notably, the
flight altitude depends on the ground condition, surrounding obstruction, Ground
Sample Distance (GSD) and camera monitoring. The UAV should fly in a lower
condition when GSD is better. However, this approach rarely can succeed because
different site conditions such as flat terrain nor hilly terrain required different
flight planning. Therefore, a field experiment will be carried out to investigate the
optimum flight altitude to obtain acceptable accuracy of orthomap at hilly type of

terrain. This study evaluates both the qualitative of the image and the quantitative
aspect of the orthomap. The actual measurement of selected features was made
and compared with the on-screen measurement. An orthophoto will be generated
by using Pix4Dmapper on a selected slope of the hilly terrain in UPNM Campus.
Based on the results, different accuracy obtain on flat surface is 0.14% and slope
surface is 2.77%, which needed further study to identify the method to reduce
error. It is found that the accuracy without GCP is not having large error of more
than 1% for flat area. Due to distortion of image on slope surface, the error is
larger and needed GCP calibration. This study shows that UAV is a feasible
platform for mapping of small area with acceptable accuracy.

1.0 INTRODUCTION

As to date, the application of UAV as a replacement for satellite and manned aircraft have been showing
growing interest. This is mainly due to several critical pull factors such as low cost, fast speed, high
manoeuvrability and enhances the safety of UAV system. Data acquisition is the most expensive stage in
most civil engineering project and research. UAV promises an acceptable cost for data acquisition with
acceptable accuracy. According to Raczynski in [1], the most sophisticated UAV aircraft technology is
being driven by land surveyors for various applications. Over the years, drones have become cheaper and
handier. New developments in sensors and fly platforms have expanded applications enormously
including volume calculations, producing orthophoto maps, generating 3D models, obtaining Geographic
Information System (GIS) data, monitoring open-pit mines production, conducting construction checks,
general mapping of terrain and more [3-6]. The UAV shortens the length of inquiry from several days to
several hours to spend on the field. They also, if used correctly, improve the safety of the person who
performs the measurements, as the operator may live in a dangerous zone [7-8]. The low-cost drones are
found to produce an accurate product if used appropriately, however, a question remains on how to carry
photogrammetric missions to achieve the highest possible accuracy [8-10]. Raczynski mentions the
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adoption of new innovative technologies, particularly in mapping and surveys, are based on product
enhancements offered in terms of accuracy and reliability and the effectiveness of time and money spent
on measurement [1].

Many factors must be taken into consideration when capturing data and the most important are flight
parameters such as height (altitude) on which UAV is flying, percentage of which adjacent images are
overlapping and speed of the aircraft while taking photos, as a sensor used for acquiring images is a
rolling shutter camera [11-13]. Moreover, site condition also may influence the data captured. Indirect
geo-referencing (geometric correction) plays an important role in bundle block adjustment since the
reliability of camera calibration is based on the accuracy of Ground Control Points (GCP). However, no
GCP is used in this study and the geo-localization process only depends on the GPS measurements
provided by the UAV [14]. Hence, the flight mission parameters such as altitude influencing the accuracy
assessment of the final product.

Photogrammetry is the science of making measurements from photographs. From the overlapping
images, finding a position of 3D points of a scene is the key problem [15-16]. Thereby, it can be processed
later based on collinearity condition. It is a process where a line originates from central projection of a
camera and goes through a point in sensor plane (on the image) to the point of the object in the ground
coordinate system. The three-dimensional points of a scene location are determined by the intersection of
many lines. In order to reconstruct metric model from images, the orientation of image and calibration of
camera are essential [17-18]. These two approaches enable it to be achieved which are by classical
photogrammetric workflow or computer vision (VC) technique. The model can be resolved when known
camera positions and triangulation are placed. This can be countered if the positions of the camera are
unknown which is by placing a set of reference markers with 3D coordinates that is known, manually
identified in the images and to get the camera positions by using resection [19-20].

2.0 STUDY AREA

Location of the study area is within UPNM campus. An area within a road project will be used as hilly
terrain hazardous slope. This site was selected because it has an open area and minimal signal
interference hence,
significantly decreases the chances of crashing the UAV. The purpose is to study the accuracy assessment
without using GCP.

a) Google earth photo
Figure 1. Study area

3.0 METHODOLOGY

This study was conducted using DJI Phantom 4 drone. The methodology of this study can be divided into
five phases. Phase 1 involves the preliminary study. Phase 2 consists of preparation and planning. In
phase 3, data was acquired using the UAV and mobile application such as Altizure and D]JI GO 4. Phase 4 is
data processing stage using Pix4D Mapper and ArcGIS 10.5 software. In Pix4D Mapper, data were
processed to generate the output such as Orthophoto and Digital Surface Model (DSM). The contour of the
DSM was processed using ArcGIS 10.5. Finally, data analysis is in Phase 5. Figure 2 illustrates the
methodology for this study.
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Figure 2. Methodology of the study

Qualitative and quantitative analysis were carried out in this study for accuracy assessment. The
qualitative analysis was done by analysing the quality report generated by DSM and generate contour for
every altitude. Meanwhile, quantitative analysis was done by analysing the numbers of overlapping
images computed and carried out on site measurement. This study was carried out without using GCP in
order to investigate the accuracy assessment to be obtained in short of time or during emergency that
prohibits the use of GCP. Various studies have proved that accurate data can be obtained when using GCP.
Furthermore, the use of GCP is a reliable tool to obtain the accuracy needed. Hence, this study indicated
that without the use of GCP, the data obtained are approximately the same as the original data that were
conducted using ground survey. This shows that even without GCP the data obtained are still reliable in
order to obtain the accuracy assessment with different flight altitude.

4.0 RESULTS AND DISCUSSION

4.1 Qualitative Analysis

Qualitative analysis is carried out on map visualization by digitizing the features in the images. The
analysis was done by comparing digital features of ArcGIS 10.5 software and the images taken. A contour

of each altitude was generated automatically by using ArcGIS software. One metre interval was used for
contour lines. DSM generated by Pix4Dmapper is the main source of contour lines.

a) b) ¢)
Figure 3: Digital surface model (DSM) of different altitudes; a)60m, b)80m, c)100m

Figure 3 shows that the DSM is approximately the same for 80m and 100m altitude. For 60m altitude, the
DSM did not produce good result due to low overlapping of images. Therefore, it was found that 80m and
100m altitude produced a good aerial map.
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a) b) C)
Figure 4. Contour lines of different altitudes; a)60m, b)80m, c)100m

Figure 4 shows the pattern of contour lines for different altitudes. From the observation, the peak of slope
for 80m and 100m altitude was detected. For 60m altitude, the peak of slope was not detected due to low
overlapping of images. Therefore, it was found that 80m and 100m altitudes gave better contour lines
with one metre interval. The comparison between the contour lines generated by ArcGIS software of the
three different altitudes and the survey data is shown in Figure 1 e. From the observation, the peak of the
slope of 60m was not detected compared to 80m and 100m. This is because at 60m it did not have enough
overlapping of images. Meanwhile, at 80m and 100m it gave better result as per survey data. Based on the
comparison of the contour lines with the survey data, it was shown that all of them give the same
alignment of road and slope location. But the actual height is not applicable due to not having Ground
Control Point (GCP).

4.2 Quantitative Analysis

Quantitative analysis is being done for data calculation and computation in order to obtain numerical
quantity.

Figure 5. Overlapping Images of Different Altitudes; a) 60m, b) 80m, ¢) 100m

Figure 5 shows the overlapping images of all three altitudes. The observation showed the overlapping
images of all of them were varied because the UAV were captured from different flight altitude with the
same waypoints. A number of overlapping images was computed for each pixel of the orthophoto. Red
and yellow areas indicated low overlap for which poor results may be generated. Green areas indicated
an overlap of over 5 images for every pixel. Good quality results can be generated if the number of key
point matches is sufficient for these areas. The numbers of overlapping images for altitude 60m were the
lowest compared to altitude of 80m and 100m. This shows that 60m altitude generated a poor result in
the overlapping images compared to 80m and 100m altitude. This was due to the close distance between
the fly altitude and the real height of the site This is because, when calculated that 7 numbers of berm
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with height of 6metre each which is 7 x 6 = 42metre whereas the fly altitude was at 60metre. The actual
fly altitude was 60m - 42m = 18metre. So that, the number of overlapping images were at the very lowest
at 60 m altitude. Nevertheless, the data generated looks clearer than other altitudes.

On site measurements which was carried out by using the 2D data from ArcGIS software,
measurements of some locations were analysed. From the observation and measurement obtained, there
were some variances of measurement between on site and 2D data. From the analysis, the measurements
have been divided into two types such as on flat terrain and on slope terrain. Regarding to the types, each
of the types were separated into two kinds of measurements that were less than 5m and more than 5m.
On the flat terrain, data for both less than 5m and more than 5m could be verified. But on slope terrain,
only data for more than 5m could be verified.

Accuracy Assessment on Flat Terrain < 5m
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Figure 6. Graph of accuracy assessment on flat terrain not more than 5m

Figure 6 shows the graph for accuracy assessment on flat terrain for features not more than 5m. 1.00m
dimension is the measurement of road marking. The colour is white with black background. 2.20m is the
measurement of zebra crossing. The colour is between yellow, black and yellow. 3.34m is the
measurement of sump of drain. The reverse pattern of graph between dimension 1.00m with 2.20m and
3.34m can be seen. Based on the findings, it is observed that for 60m altitude, the accuracy is lower due to
insufficient overlapping of images for high pixel value. For dimension 1.00m, the error increased in small
dimension feature because the higher the altitude, the pixel becomes blurrier, and the edge of the feature
was undetectable. However, for dimension 2.20m, the error decreased because of the contrast of the
colour which is yellow and black that made the edge of feature detectable even though the pixel blurry is
3.34 m dimension which is the same as 2.2m. Therefore, it is suggested that 80m altitude is the optimum
flight height to capture the photos because contrast of the colour and the variance are stable.
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Figure 7. Graph of accuracy assessment on flat surface more than 5m
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Figure 7 shows the graph of accuracy assessment on flat terrain for features more than 5m. 7.07m is
the measurement for width of road. 17.5m and 17.8m are the measurement of continuous line. 7.07m has
contrast colour of black and green. The findings suggest that it is easier to measure from edge to edge
because of the contrast of the colour. However, for dimension 17.5m and 17.8m continuous line, it is hard
to identify the length of the feature when measured on screen because of the difficulty in measuring the
actual length on site.
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Figure 8. Graph of accuracy assessment on slope surface more than 5m

Figure 8 shows the graph of accuracy assessment on slope terrain for features more than 5m. 6.31m and
9.00m are the measurement of rock at slope. 7.16m is the measurement of berm. The variance of 6.31m
and 7.16m is getting smaller once it reaches 80m to 100m by 0.41% and 0.13%. However, for dimension
9m, the variance increased because of the pixel blurry and shadow. The accuracy is stable when it reaches
80m. Therefore, it is suggested that 80m altitude is sufficient to obtain accurate data for hilly site area
(slope with 7 berms).

5.0 CONCLUSION

From the study, it can be concluded that the optimum flight height is 80m and above because of the
variation of ground height during data acquisition. This is because, 80m is considered as the start of flat
and slope terrain at the take-off point. Features with contrast colour give better results at all altitude
compared to features with less contrast colour such as black and white. On flat terrain, measuring long
line will have a large variation. However, for features of short line with contrast colour give less variation.
On slope terrain, lower altitude gives large variation. Therefore, in monitoring slope terrain it is found
that the optimum flight altitude is between 80m to 100m. The objective to identify the correlation
between flight altitude and accuracy assessment in flat and slope terrain features without Ground Control
Point (GCP) have been done flight altitude significantly affects the accuracy. The altitude also affects the
pixel of aerial photo which influences the accuracy. The higher the altitude for hilly area, the rate of
accuracy is improved while the lower the altitude at hilly area, the accuracy rate becomes lower due to
low overlapping of images. The second objective which is to identify the optimum flight altitude of UAV
for acceptable accuracy without GCP also been covered. Based on the findings, it is found that 80m is the
optimum flight altitude for hilly area that have 7 berms. On top of that, 80m and 100m flight altitude 3D
map have high similarity rate when compared to actual survey data.

6.0 ACKNOWLEDGEMENT

Thank you to National Defence University of Malaysia (NDUM)for giving us opportunity to perform this
research.

List of Reference

[1] Raczynski, R. ], “Accuracy analysis of products obtained from UAV-borne photogrammetry
influenced by various flight parameters,” M.Sc Thesis, NTUT, 201 Raczynski, R. J. (2017). Accuracy

*Corresponding Author | Ismail, N. | neza@upnm.edu.my 6
© The Authors 2021. Published by Penerbit UPNM. This is open access article under the CC BY license.



(2]

(3]

[10]

[11]

[12]

Ismail et al. | ZULFAQAR Journal of Defence Science, Engineering & Technology | Vol. 4, Issue 1 (2021)

analysis of products obtained from UAV-borne photogrammetry influenced by various flight
parameters (Master's thesis, NTNU).

Ahmad, A., “Digital mapping using low altitude UAV,” Pertanika Journal of Science and Technology,
Vol. 19(S), 2011, pp. 51-58. Ahmad, A. (2011). Digital mapping using low altitude UAV. Pertanika
Journal of Science and Technology, 19(S), 51-58.

Bhandari, B., Oli, U., Pudasaini, U.,, & Panta, N., “Generation of high resolution DSM using UAV
images,” In FIG Working Week, 2015, pp. 17-21. Bhandari, B., Oli, U., Pudasaini, U., & Panta, N.
(2015, May). Generation of high resolution DSM using UAV images. In FIG working week (pp. 17-
21).

Colomina, I, & Molina, P., “Unmanned aerial systems for photogrammetry and remote sensing: A
review. ISPRS Journal of photogrammetry and remote sensing, Vol. 92, 2014, pp. 79-97. Colomina, 1.,
& Molina, P. (2014). Unmanned aerial systems for photogrammetry and remote sensing: A review.
ISPRS Journal of photogrammetry and remote sensing, 92, 79-97.

Eling, C., Klingbeil, L., Wieland, M., & Kuhlmann, H., “Towards deformation monitoring with UAV-
based mobile mapping systems,” In Proc., 3rd Joint Int. Symp. on Deformation Monitoring (JISDM),
TU Wien, Vienna, 2016. Eling, C., Klingbeil, L., Wieland, M., & Kuhlmann, H. (2016). Towards
deformation monitoring with uav-based mobile mapping systems. In Proc., 3rd Joint Int. Symp. on
Deformation Monitoring (JISDM), TU Wien, Vienna.

Federman, A., Santana Quintero, M., Kretz, S., Gregg, ., Lengies, M., Ouimet, C., & Laliberte, ]. (2017).
“UAV photgrammetric workflows: A best practice guideline,” International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences - ISPRS Archives, Vol. 42, No.
2WS5, 2017, pp. 237-244. Federman, A., Santana Quintero, M., Kretz, S., Gregg, ]., Lengies, M,
Ouimet, C., & Laliberte, J. (2017). UAV photgrammetric workflows: A best practice guideline. The
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences,
42,237-244.

Gerke, M., & Przybilla, H. J., “Accuracy analysis of photogrammetric UAV image blocks: Influence of
onboard RTK-GNSS and cross flight patterns,” Photogrammetrie-Fernerkundung-Geoinformation,
Vol. 2016, No. 1, 2016, pp. 17-30. Gerke, M., & Przybilla, H. ]J. (2016). Accuracy analysis of
photogrammetric UAV image blocks: Influence of onboard RTK-GNSS and cross flight patterns.
Photogrammetrie, Fernerkundung, Geoinformation, 2016(1), 17-30.

Gomez, C., & Purdie, H., “UAV- based Photogrammetry and Geocomputing for Hazards and Disaster
Risk Monitoring - A Review,” Geoenvironmental Disasters, Vol. 3, No. 1, 2016, pp. 23. Gomez, C., &
Purdie, H. (2016). UAV-based photogrammetry and geocomputing for hazards and disaster risk
monitoring-a review. Geoenvironmental Disasters, 3, 1-11.

Greenwood, F., “How to make maps with drones,” Drones and Aerial Observation, 2015, pp. 35-47.
Greenwood, F. (2015). How to make maps with drones. Drones and Aerial Observation: New
Technologies for Property Rights, Human Rights, and Global Development, 35-47.

Hallermann, N., & Morgenthal, G., “Visual inspection strategies for large bridges using Unmanned
Aerial Vehicles (UAV),” In Proc. of 7th IABMAS, International Conference on Bridge Maintenance,
Safety and Management, 2014, pp. 661-667. Hallermann, N., & Morgenthal, G. (2014, July). Visual
inspection strategies for large bridges using Unmanned Aerial Vehicles (UAV). In Proc. of 7th
IABMAS, International Conference on Bridge Maintenance, Safety and Management (pp. 661-667).
Kraus, K., “Photogrammetry: Geometry from Images and Laser Scans,” Berlin, Boston: De Gruyter.
2011. Kraus, K. (2011). Photogrammetry: geometry from images and laser scans. Walter de
Gruyter.

Madawalagama, S. L., Munasinghe, N., Dampegama, S. D. P. ], & Samarakoon, L., “Low cost aerial
mapping with consumer-grade drones,” 37th Asian Conference on Remote Sensing 2016.
Madawalagama, S. L., Munasinghe, N., Dampegama, S. D. P. ]J,, & Samarakoon, L. (2016, October).
Low cost aerial mapping with consumer-grade drones. In 37th Asian Conference on Remote
Sensing (pp. 1-8).

Ramlj, S., Tuan Zizi, T. K., Mohd Zainudin, N., Hasbullah, N. A., Abdul Wahab, N., Mat Razalj, N. A, &
Ibrahim, N., “Aggressive Movement Feature Detection Using Color-Based Approach On Thermal
Images,” Journal Of Defence Science, Engineering & Technology, Vol. 2, No. 2, 2019. Ramli, S,, Zizi, T.
K. T, Zizi, T., Zainudin, N. M., Hasbullah, N. A,, Wahab, N. A, ... & Ibrahim, N. (2019). Aggressive
Movement Feature Detection Using Color-Based Approach On Thermal Images. Zulfagar Journal of
Defence Science, Engineering & Technology, 2(2).

Molina, P., Colomina, I., Vitoria, T., Silva, P. F., Stebler, Y., Skaloud, ]., & Prades, R., “EGNOS-based
multi-sensor accurate and reliable navigation in Search-And-Rescue missions with UAVS/”
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Vol.

*Corresponding Author | Ismail, N. | neza@upnm.edu.my 7
© The Authors 2021. Published by Penerbit UPNM. This is open access article under the CC BY license.



[15]

[16]

[19]

[20]

Ismail et al. | ZULFAQAR Journal of Defence Science, Engineering & Technology | Vol. 4, Issue 1 (2021)

38, No. 1, 2011. Molina, P., Colomina, 1., Vitoria, T, Silva, P. F., Stebler, Y., Skaloud, J., ... & Prades, R.
(2012). EGNOS-based multi-sensor accurate and reliable navigation in Search-And-Rescue missions
with UAVS. The International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, 38, 87-93.

Tahar, K. N, “A New Approach On Slope Data Acquisition Using Unmanned Aerial Vehicle,”
International Journal of Research and Reviews in Applied Sciences. Vol. 13, 2012, pp. 780-785.
Tahar, K. N. (2012). A new approach on slope data acquisition using unmanned aerial vehicle.
IJRRAS,(3), 13, 780-785.

Ahmad, K. A, Segaran, ]. D., Hashim, F. R,, & Jusoh, M. T., “Lora Propagation at 433 MHz in Tropical
Climate Environment,” Journal of Fundamental and Applied Sciences, Vol. 9, No. 9S, 2017, pp. 384-
394. Ahmad, K. A, Segaran, J. D., Hashim, F. R,, & Jusoh, M. T. (2017). Lora propagation at 433 MHz
in tropical climate environment. Journal of Fundamental and Applied Sciences, 9(3S), 384-394.
Vautherin, J., Rutishauser, S., Schneider-Zapp, K., Choi, H. F., Chovancova, V., Glass, A., & Strecha, C,,
“Photogrammetric accuracy and modeling of rolling shutter cameras,” ISPRS Ann. Photogramm.
Remote Sens. Spat. Inf. Sci, Vol. 3, No. 3, 2016, pp. 139-146. Vautherin, J., Rutishauser, S., Schneider-
Zapp, K., Choi, H. F,, Chovancova, V., Glass, A., & Strecha, C. (2016). Photogrammetric accuracy and
modeling of rolling shutter cameras. ISPRS Annals of the Photogrammetry, Remote Sensing and
Spatial Information Sciences, 3, 139-146.

Westoby, M. ], Brasington, J., Glasser, N. F., Hambrey, M. ], & Reynolds, J. M., “Structure-from-
Motion’photogrammetry: A low-cost, effective tool for geoscience applications,” Geomorphology,
Vol. 179, 2012, pp. 300-314. Westoby, M. ], Brasington, ]., Glasser, N. F., Hambrey, M. ., & Reynolds,
J. M. (2012). ‘Structure-from-Motion’photogrammetry: A low-cost, effective tool for geoscience
applications. Geomorphology, 179, 300-314.

Ahmad, K. A, Salleh, M. S., Segaran, ]. D., & Hashim, F. R,, “Impact of foliage on LoRa 433MHz
propagation in tropical environment,” AIP Conference Proceedings, Vol. 1930, No. 1, 2018, pp.
020009. Ahmad, K. A, Salleh, M. S, Segaran, J. D., & Hashim, F. R. (2018, February). Impact of foliage
on LoRa 433MHz propagation in tropical environment. In AIP Conference Proceedings (Vol. 1930,
No. 1). AIP Publishing.

Yeh, F., Huang, C, Han, ], & Ge, L., “Modeling Slope Topography Using Unmanned Aerial Vehicle
Image Technique,” MATEC Web of Conferences, Vol. 07002, 2018, pp. 1-6. Yeh, F. H,, Huang, C. ],
Han, J. Y, & Ge, L. (2018). Modeling slope topography using unmanned aerial vehicle image
technique. In MATEC web of conferences (Vol. 147, p. 07002). EDP Sciences.

*Corresponding Author | Ismail, N. | neza@upnm.edu.my 8
© The Authors 2021. Published by Penerbit UPNM. This is open access article under the CC BY license.



	1.0 INTRODUCTION
	2.0 STUDY AREA
	Location of the study area is within UPNM campus. An area within a road project will be used as hilly terrain hazardous slope. This site was selected because it has an open area and minimal signal interference hence,
	significantly decreases the chances of crashing the UAV. The purpose is to study the accuracy assessment without using GCP.
	b) Survey data
	a) Google earth photo 
	4.0 RESULTS AND DISCUSSION
	4.1 Qualitative Analysis
	Qualitative analysis is carried out on map visualization by digitizing the features in the images. The analysis was done by comparing digital features of ArcGIS 10.5 software and the images taken. A contour of each altitude was generated automatically...
	Figure 4 shows the pattern of contour lines for different altitudes. From the observation, the peak of slope for 80m and 100m altitude was detected. For 60m altitude, the peak of slope was not detected due to low overlapping of images. Therefore, it w...
	4.2 Quantitative Analysis

	5.0 CONCLUSION

