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SUMMARY  

 

The use of Unmanned Aerial Vehicles (UAVs) for remote data acquisition has rapidly evolved 

in recent years. The integration of UAV with Global Positioning System (GPS) and Geographic 

Information System (GIS) techniques have reduced time and cost in acquiring data for 

inaccessible land areas. Topographical mapping of water bodies, marshy areas or land areas 

without land cover using traditional methods of surveying in Ghana is time consuming and 

challenging. This study considered topographical mapping of muddy Tailings Storage Facility 

(TSF) sites at a rain forest mining area at Osino in the Eastern Region of Ghana. DJI Phantom 

4 Pro consumer UAV was flown at an altitude of 75m in a 3D flight mode. Real Time Kinematic 

(RTK) GPS was used to coordinate a reflective-marked Ground Control Point (GCP). 

Georeferencing the orthophoto was done using the GCP. Digital Terrain Model (DTM) was 

generated from the processed orthophotos after which contours at 5 m interval were generated. 

Cross sections across the TSF were drawn for further geotechnical and stability analysis for the 

tailings dam. The accuracy of the topographic map is below 5 cm and confirms the suitability 

of using consumer grade UAVs for topographical mapping of inaccessible areas in a cost-

effective manner. Thus, the integration of RTK technology with the UAV and GIS is a feasible 

and appropriately accurate solution for mapping inaccessible areas. 
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1. INTRODUCTION 

Topographical surveying is mostly required by Engineers and Architects to aid in infrastructural 

designs and construction. Topographical maps are used for planning, monitoring and 

development of infrastructure in Ghana. Geomatic Engineers are professionally required to 

undertake the topographic surveying in accordance with the code of ethics of the Ghana 

Institution of Surveyors (GhIS) and the standards from the Survey and Mapping Division 

(SMD) of the Lands Commission of Ghana. Due to the high cost of topographical surveying, 

unprofessional Surveyors are either hired or even not involved in infrastructural development 

and planning. This is evident in the haphazard infrastructural development in Ghana resulting 

in persistent flooding after rainfall and collapse of buildings especially in the urban areas like 

Accra, Kumasi. Professional land Surveyors in Ghana  are constantly researching on cost 

effective methods of surveying in order to achieve Sustainable Development Goals (SDG) 9 

and 11 (Terah Antwi et al., 2020). To undertake a topographical survey, considerations must be 

made on the purpose, map use, scale, size and terrain involved, cost, equipment to be used, 

duration and surveyor’s experience (Ghilani & Wolf, 2012). General mapping surveying is done 

by either ground and photogrammetric methods or both (Ghilani & Wolf, 2012). The most 

common survey instruments in Ghana are the Total Station and Global Positioning System 

(GPS). Topographical mapping of water bodies, water-logged areas or land areas without land 

cover using traditional methods of surveying in Ghana is time consuming and challenging.  To 

map out swampy areas, flooded areas or any area without getting in contact with the land surface 

have been daunting tasks with high cost of operation and risk to the surveyor. Photogrammetry 

methods, remote sensing data, scanners and LiDAR mapping have been the available accurate 

way of mapping such areas (Jalayer et al., 2015; Lato et al., 2015; Lim et al., 2003; Tang & 

Shao, 2015). These surveying methods are, however, very expensive to undertake.  

 

 

The Land Surveying profession is constantly searching for fast and cost-effective ways of 

surveying inaccessible area for years (Casagli et al., 2017; Malehmir et al., 2016; Quaye-Ballard 

et al., 2013). In recent times, the use of UAVs in surveying is being practiced worldwide 

(Christiansen et al., 2017; Gonzalez et al., 2016; Turner et al., 2016). UAVs, specially built 

with on board high accuracy GPS and specifically built for mapping are available, but at a high 

cost. However, consumer grade UAVs which are cheaper, simple to use and easily available 

with multiple uses including photography, delivery, agriculture and surveillance, are being used 

with the aid of GPS and Ground Control Point (GCP) for topographical surveying (Aleshin et 



 

al., 2019). UAVs survey uses photogrammetry methods with an output of orthophotos which 

are geo-referenced and further processed for geographic data with the aid of software. UAVs 

also used for vegetation cover estimation (e.g. Chen et al., 2016; Ghazal et al., 2015; Torres-

Sánchez et al., 2014) as well as river topography and vegetation (Watanabe & Kawahara, 2016). 

Orthophotos give a pictorial view of the site which makes planning and analysis easier, unlike 

conventional surveying methods where sketches and pictures are taken in addition.  

 

This type of UAVs for land surveying has proved to be accurate for topographical survey 

worldwide. For example, Chi et al. (2016)  studied  High Accuracy Topographic Mapping via 

UAV-based Images and identified the integration ability of high accuracy topographic map via 

the image of quad-rotors UAV and ground control points (GCPs) in Taiwan. Chi et al. 

concluded that UAV-based surveying may be good to replace current GPS and total station in 

the future. Sadikin et al. (2019) worked on “Topographic Mapping Using Unmanned Aerial 

Vehicle (UAV) Technology-Photogrammetry Method” in Indonesia and concluded that  the 

produced topographic map meets the needs of a 1:1,000 and 1:2,000 in the horizontal and 

vertical directions respectivley. Watanabe et al. (2016), evaluated the accuracy of Digital 

Surface Model (DSM) of river-channel morphology derived from the imagery acquired with a 

low-cost digital camera on board an unmanned multi-copter. The study concluded that DSM 

from UAV based photogrammetry technique reproduces the ground elevation very well with 

the maximum error of 4 cm over a floodway where the vegetation height and density are low 

and that the DSM reasonably captures the thick vegetation cover over sandbars. Obanawa et al. 

(2015) in “High-resolution topographic survey using small UAV and SfM-MVS technologies 

in hardly accessible area” in Japan concluded that it is possible to survey the inaccessible area 

like free face and deep gorge in detail. Fitzpatrick (2015) found that using UAVs for volumetric 

calculation and topographic mapping is as accurate as traditional survey methods and mostly 

cost and time effective when mapping areas 10 to 200 acres in size at locations with little or no 

vegetation. Aleshin et al. (2019) used Phantom 4 UAV in creating DTM  and presented the 

qualitative comparison of DТM that were generated using different engineering equipment and 

various processing methods. The analysis of the results was based on the least squares method. 

The study concluded that the use of the photos from the UAVs is effective for the DТM 

generation. Taddia et al. (2019) conducted  research in Italy by using DJI phantom 4 Real Time 

Kinematic (RTK) UAV for topographic mapping of coastal areas and confirmed that the on-

board RTK approach really speeds up the precise mapping of coastal regions and that a single 

GCP may be needed to make a reliable estimation of the focal length. 

 

This study examines the suitability and accuracy of a topographical survey conducted with the 

combination of RTK-GPS instrument and a consumer grade UAV at an inaccessible tailings 

dam at Osino in the Eastern Region of Ghana to produce cross sections and contours for design 

and construction of tailings storage facility (TSF). TSF are earth-filled embankment dam that 

are used to store byproducts of mining operation (Choi & Song, 2016; Wang, 2017; Yakubu et 

al., 2019). Mining areas located at Osino and Asiakwa in the Eastern Region of Ghana are 

within the valley flats of the Birim sub-basin of the Pra River. The region is dominated with 

heavy rainfall during the rainy seasons in Ghana. Due to the fact that TSFs are earth-filled, 

heavy rainfall renders the dam walls weak, muddy and inaccessible. An unstable TSF may 

collapse and cause environmental pollution, loss of life and property Wang (2017). 



 

Geotechnical investigation and stability analysis test are periodically done in order to check the 

condition of the dams, redesign and reconstruct to improve productivity and safety (Attewill et 

al., 2004; Brown & Hewitt, 2016; Dong et al., 2019). TSF geotechnical investigations require 

a topographical survey with Digital Terrain Model (DTM) and contours for generating cross 

sectional drawings of the dam for stability analysis test (Pastor et al., 2015; Torgoev, 2017).  



 

2. METHODOLOGY 

The methods and data process adopted for the study is shown in Figure 1. 

 

Figure 1: Flowchart of methods and data processing 

2.1 Reconnaissance Survey 

A site visit was done to plan the best way to undertake the studies. The Survey and Mapping 

Division (SMD) of the Lands Commission of Ghana was visited to seek locations and 

coordinates of National benchmarks closer to the study location. A desk study was done by 

studying Google and Topographical maps of Ghana. 



 

2.2 Establishment of Benchmarks and GCP 

From National benchmarks provided by the SMD, a total of four concrete Temporal 

Benchmarks (TBM) were established using static GPS surveying method. A vehicle screen 

shield which costs less than a dollar together with a masking tape was used as a reflective 

material for GCP (Figure 2). Six GCPs were established near the tailings dam via static GPS 

surveying method.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: (a) Team constructing relective material ; and (b) Reflective material used as GCP 

 

2.3 GPS- RTK Survey 

RTK-GPS survey was carried out in a semi-kinematic or the stop-and-go mode to improve the 

accuracy of data of geographic details at locations that were easily accessible by the team 

(Figure 3). Spot heights across the TSF at notable locations were also taken. Two (2) points 

were taken on reflective materials to be used as validating points.  

 

 

Figure 3: GPS-RTK Survey 

(a) (b) 



 

2.4 UAV Survey 

Flight plan (Figure 4a) was designed to determine the area and path for the UAV survey (Figure 

4b). The UAV was set to enhanced 3D mode. The selected flight height was seventy-five meters 

with approximately fourteen (14) minutes flight duration using three batteries for an extended 

area of 160,000 sqm. Duration of both GPS-RTK and UAV survey was a day for an actual area 

of approximately 50,000sqm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: (a) Flight Plan; and (b) UAV survey  

 

2.5 Data Processing 

The RTK-GPS data was downloaded and processed. UAV data was also downloaded and 

processed using a Photogrammetric and image processing software. GCP coordinates (Figure 

5a) were imported into the software for georeferencing (Figure 5b) the orthophotos.  

 

Figure 5: (a) GCP on Orthophoto; and (b) Georeferencing GCP 

(a) (b) 

(a) (b) 



 

A dense cloud, mesh textured tiled model was created from which a DTM was generated. The 

file was exported into a GIS software for digitizing the geometry of the TSF (Figure 6a) and 

further analysis. Points were picked on the orthophoto to compare with the GPS-RTK validating 

points as well as the water levels. The digitised geometry of the TSF includes the inner bottom 

perimeter, the toe perimeter, the top outer and inner edge perimeter. Additional coordinates for 

spot heights and geometry needed to draw cross-sections across the TSF were extracted on the 

orthophoto in the GIS software and exported to a Computer Aided Design (CAD) software 

(Figure 6b). The GPS-RTK coordinates were also imported into the CAD software.  

 

    

 

 

 

 

 

 

 

 

 

Figure 6: (a) Digitising boundaries of tailings dam; and (b) Point generation in GIS software 

 

All GPS-RTK points and the generated points from the orthophoto were imported into the CAD 

software. The digitised TSF geometry lines were also imported and refined with imported 

additional points. The duration of data processing and plotting lasted a day. 

3 RESULTS AND ANALYSIS 

The orthophoto showing TSF and surroundings in 3D is shown in Figure 7.  

 

Figure 7: (a) Orthophotos of TSF sites (b) 3D projection of TSF 

(a (b

(a) 
(b) 



 

The GPS-RTK coordinates of GCPs used in geo-referencing the othophoto are shown in the 

table below (Table 1) 

 

Table 1: Coordinates of GCPs 

 

Validating GPS-RTK points compared to the points picked on the processed orthophoto are 

shown in table 3. From table 3, the highest difference recorded was 4.3cm in elevations and 

4.7cm in Eastings.   
 

Table 3: Validating GPS-RTK points compared with Orthophoto points 

Description Coordinates Difference 

 VPGPS1 VPOP1  

Eastings 775579.770 775579.751 0.019 

Northings  696209.039 696209.049 0.01 

Elevations 275.500 275.543 0.043 

    

 VPGPS2 VPOP2  

Eastings 775682.252 775682.299 0.047 

Northings 695917.161 695917.198 0.037 

Elevations 275.173 275.142 0.031 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number Eastings Northings Elevations Description 

1 775577.529 695909.931 270.400 BGCP1 

2 775682.252 695917.161 275.173 BGCP2 

3 775725.174 696142.912 268.792 BGCP3 

4 775580.103 696208.639 275.536 BGCP4 

5 775436.841 696253.518 280.127 BGCP5 

6 775467.804 695938.048 271.378 BGCP6 



 

Required information was drawn and shown on a standard topographical map with a scale 1:100 

(figure 8). 

 

Figure 8: Topographical Map showing TSF geometry and Cross section of TSF 

 

A surface was created from both GPS-RTK points and generated points from the orthophotos 

in the CAD software. From the triangulation, contours at 5m intervals were generated. Cross 

sections through each TSF were drawn (figure 8).  

 



 

4 CONCLUSIONS AND RECCOMMENDATIONS 

 

The accuracy of the topographic map was below 5 cm and confirms the suitability of integrating 

consumer grade UAVs with GPS and GIS for topographical mapping of inaccessible areas in a 

cost-effective manner. It was cost effective because it took comparatively shorter period for 

topographical mapping. Field work was drastically reduced. The data was sufficient and 

accurate enough to design a TSF for sustainable mining activities and investigations. It was also 

useful for siting piezometers for geotechnical investigations. Consumer grade UAV is 

recommended for topographical survey especially for inaccessible areas. UAVs are 

recommended for the production of acurrate geometry and cross-sectional drawings for design, 

geotechnical analysis of slope stability of TSFs.  
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