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List of abbreviations
Abbreviation Explanation

GNSS Global Navigation Satellite System

RTK Real-Time Kinematic

GIS Geographical Information System

DSM Digital Surface Model

DTM Digital Terrain Model

GSD Ground Sampling Distance

GCP Ground Control Point

CHP Check Point

QC Quality Control

RGB Red, Green, Blue (visible light spectrum)

CAD Computer-Aided Design

CORS Continuously Operating Reference Station

ISO A value that indicates the sensitivity of the camera sensor to light
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1 INTRODUCTION

Skeye is an aerial survey and inspection company utilising the latest unmanned aircraft with high precision
cameras and survey equipment. By taking a series of overlapping images from known locations it is possible to
make very accurate measurements and even 3D models from still images. This is the science of
photogrammetry.

Prior to a survey, a flight plan will be created which sufficiently covers the project area. The flight plan will take

into consideration the camera type, camera lens, drone altitude and necessary overlap between the images.

These variables will be optimised to ensure that the resulting data matches the client's output requirements.

Once on site, the survey requires the creation of so-called ground control points (GCPs) which are placed on the

project site. These are clearly marked so that they will appear in the aerial images taken by the drone. Usually

these are marked by survey markers on the ground and are placed strategically across the site at a predefined

spacing which is determined during the planning stage.

The centre point of each GCP is measured using a highly accurate Real-time Kinematic (RTK) Global Navigation

Satellite System (GNSS) receiver.

Creating a link between the centre point of each GCP in the drone images to exact X, Y, Z coordinates will ensure

that the project is properly scaled and geo-referenced which allows the software to create valuable and accurate

3D models.

It is possible to create a number of products using this technique, such as:

● RGB coloured point clouds

● Textured 3D mesh models

● Digital Surface Models (DSM)

● Digital Terrain Models (DTM)

● Orthophoto mosaics

● Elevation contour lines

During the placement of the ground control points an additional set of GNSS points are measured. These points

will not be used during processing but are meant to verify the quality of the products.

The verification is done by comparing the elevation of these check points (CHPs) and the elevation of the
coordinates in the products. Additionally, the horizontal error is calculated by comparing the placement of the
GCPs in the orthophoto. With these results it is possible to determine the final accuracy of the project.
It is important to measure sufficient check points that are well distributed across the project site to get a
statistically correct and meaningful indication of the achieved accuracy.
Most photogrammetric data processing packages give an indication of the achieved accuracy but in practice it
can be observed that these figures are usually too optimistic when compared to measured check points.

When Skeye received the new DJI Phantom 4 RTK we were challenged to test the accuracy of this device.
The unique selling point of this drone is that it is able to record the exact set of coordinates at the moment of
the image acquisition using RTK GNSS. This integrated system ensures that the coordinates are matched to the
centre point of each image.

Because the image location is well known it is possible to reduce the amount of ground control points needed in
the field. This reduces the amount of time needed to be on site whilst maintaining the same level of accuracy.
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2 METHODOLOGY

In order to evaluate the performance of the DJI Phantom 4 RTK, Skeye had decided to conduct two surveys at
two stockpile storage sites. Skeye undertakes stockpile volume checks on a weekly basis for a range of clients
across the United Kingdom and the Netherlands and has many years of data to compare against.

Three types of processing tests were performed at both locations:

● No RTK flight positions and using the full amount of available GCPs

● All RTK flight positions and 4 GCPs placed on the corners of the project site

● All RTK flight positions and no GCPs

The equipment used to check the results was a Leica GX1230GG RTK GNSS receiver. This system uses a national
CORS network for RTK correction signals which allows the system to measure GNSS points with an uncertainty of
1 to 2 centimetres in the horizontal plane and 2 to 3 centimetres in the vertical axis.
Each ground control point was measured with five observations and the mean value was taken as the GCP
coordinate.

Both locations were processed using AgisoftPhotoscan to ensure that the products were more easily
comparable. The products of the two locations were as follows:

● Point cloud with an average density of 400 points per square metre

● Digital surface model with a grid size of 5 centimetres per pixel

● Orthophoto mosaic with a grid size of 2 centimetres per pixel

The final products were analysed in the GIS software package Global Mapper. The following three types of
analysis were performed on both locations:

● A quality control based on the GCPs and CHPs by checking their elevation compared to the DSM

elevation with respect to GNSS

● The difference in stockpile volume in cubic metre for 4 and 0 GCPs relative to the volume calculated on

the DSM that was generated with all available GCPs

● Creating a difference grid between the DSM of 4 GCPs and 0 GCPs relative to the DSM of all the available

GCPs

The verification (check) points are meant to verify the absolute accuracy of the DJI Phantom 4 RTK.
For an exact volume calculation, the following points are important:

● Should the volume be calculated relative to a level (imaginary) plane, such as a certain number of

metres above sea level?

● Is the stockpile located on a flat or sloped ground floor?

● Should the stockpile be calculated relative to a second 3D model?

In the case of calculating volumes relative to another model, it is worth noting that because the second DSM has
a fixed and absolute location it is important that the newly created DSM matches it as closely as possible.
Any deviation between the data sets and the stockpile calculation will yield very different results.
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For the stockpiles measured in this test, existing ground models are used to ensure that the survey data is
accurate. Ground models have been created through existing topographic survey data from each site which
show all ground levels.

A final test that was performed was to create a difference grid. This newly created grid shows the height
difference between two data sets for each grid cell. An elevation colour scalebar was made to highlight areas of
large deviation.
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3 RESULTS

3.1 Site 1

The first location that was surveyed is situated in The Netherlands and was a completely flat terrain with one
large stockpile. The size of the terrain is around 250 metres by 100 metres. Weather conditions were stable with
3 metres per second wind and some clouds. The material on the location was processed coal.

The figures below shows the locations of each ground control point and check point. A red dot indicates a GCP
and a blue dot indicates a check point.

Page 7



The quality control results of stockpile site 1 were as follows:

3.1.1 Use of all (nine) ground control points

Table 1 – Z accuracies using 9 GCPs

With 9 GCPs and no RTK flight positions it is possible to achieve around a one centimetre standard deviation
with respect to GNSS.

Table 2 – X,Y accuracies using 9 GCPs

The horizontal error on the orthomosaic averaged to around one centimetre deviation.
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3.1.2 Use of four ground control points

Table 3 – Z accuracies using 4 GCPs & RTK flight positions

In this data set we achieved similar results with only 4 GCPs and all ofthe RTK flight positions.

Table 4 – X,Y accuracies using 4 GCPs & RTK flight positions

When using less GCPs, the horizontal error only went up slightly.

3.1.3 Use of no ground control points

Table 5 – Z accuracies using 0 GCPs and only RTK flight positions
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The RTK positions of the Phantom 4 were good enough to achieve centimetre results when no GCPs are used.

Table 6 – X,Y accuracies using 0 GCPs and only RTK flight positions

When not using any GCPs, the average error goes up by only 0.3 centimetre.

3.1.4 Site 1 – Volume Comparison

The verification of the stockpile volume in m³ at site 1 was as follows:

Table 7 – Volume calculation comparison

Only a slight average difference of 0.01% between using 4 GCPs and 0 GCPs. However, due to the large size of
this stockpile, the difference in cubic metres is considerable.

3.1.5 Difference Grids
By overlaying and subtracting one DSM from another DSM it is possible to produce a data set showing the
relative differences between the two datasets. This data will highlight areas which show variation in the Z value.
Areas where there is a negative Z value will be shown in a shade of red whilst areas with a positive Z value
difference will be shown in a shade of blue. Areas shown in grey show very little or no difference at all.
The scale bar shows a colour ramp with 5-centimetre intervals.
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Figure 4. Difference grid between DSM 9 GCPs and DSM 4 GCPs

Figure 5. Difference grid between DSM 9 GCPs and DSM No GCPs
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3.1.6 Conclusion Site 1

Figures 4 and 5 show very little variation between data sets across the entire site. Whilst this shows a difference
in Z values it also shows that the XY values are extremely consistent and match up well between datasets. There
is a sign of noise in the data in the centre left of the site which is due the presence of a puddle of water.

For a flat project site like this, which is flown with a high overlap, the results from using no GCPs and only RTK
flight positions is very comparable to having the site well covered with GCPs. The X,Y & Z values showed a
consistent standard deviation between the measured points and the processed data.

3.2 Site 2

The second location is based in the United Kingdom and is around 300 metres long and 100 metres wide and
contains multiple stockpiles. The ground floor is concrete but uneven in areas as it slopes and deviates around
the site. Topographical and UAV surveys over the last 2 years have managed to capture an accurate ground floor
model which is consistently used as a reference for calculating the volumes.
Weather conditions were stable with 4 metres per second wind and overcast. The types of material on the
location were several kinds of stones and sand.

The figures below shows the locations of each ground control point and check point. A red dot indicates a GCP
and a blue dot indicates a check point.
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The quality control results of stockpile site 2 were as follows:

3.2.1 Use of all (eleven) ground control points

Table 8 – Z accuracies using 11 GCPs

When using 11 GCPs and no RTK flight positions, the standard deviation on the check points was less than 2
centimetres.

Table 9 – X,Y accuracies using 11 GCPs

The average error on the orthomosaic was less than one centimetre.

Page 13



3.2.2 Use of four ground control points

Table 10 – Z accuracies using 4 GCPs & RTK flight positions

When reducing the amount of GCPs from 11 to 4, the deviation on the check points goes up as well. This
indicates that the flight positions were overall less accurate than the ground control points.

Table 11 – X,Y accuracies using 4 GCPs & RTK flight positions

The average error goes up slightly when reducing the amount of GCPs. The vertical error is more pronounced
than the horizontal error.
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3.2.3 Use of no ground control points

Table 12 – Z accuracies using 0 GCPs and only RTK flight positions

Without any GCPs the deviation on the check points is more similar to using 4 GCPs.

Table 13 – X,Y accuracies using 0 GCPs and only RTK flight positions

The horizontal error is less than 1.5 centimeter which indicates that the flight positions have a similar amount of
horizontal deviation.
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3.2.4 Site 2 – Volume Comparison

The verification of the stockpile volumes in m³ at site 2 were as follows:

An average difference of 0.39% between using 4 GCPs and 0 GCPs.
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3.2.5 Difference Grids

Figure 8.Difference grid between DSM 11 GCPs and DSM 4 GCPs (left) and DSM 11 GCPs and DSM no GCPs (right)

3.2.6 Conclusion Site 2

At site 2, a slight deviation between the surface models can be observed. The most likely reason for this
difference is that with less GCPs the importance of accurate flight position goes up. And when these positions
are not as reliable as the ground control points, the result is a small shift on the model. This effect is more
pronounced when no GCPs are used to geo-reference the project.

It is also more difficult for the photogrammetry software to calculate an accurate focal length of the camera lens
when no ground reference is used. An inaccurate focal length results mostly in a difference in the Z-axis.
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4 CONCLUSION

The DJI Phantom 4 RTK shows good results. In most cases, the accuracies that can be achieved without any GCPs
are less than 3 to 4 centimetres. For a lot of projects this would be accurate enough. When in need of even
higher accuracies, the RTK flight positions are a good photogrammetric support of a well distributed network of
GCPs.

In the situation of calculating stockpile volumes it is advisable to use at least 4 GCPs to support the software
calculating accurate camera parameters. With large stockpiles, a small difference in height of only a few
centimetres can result in very large differences in volume. By using GCP’s the software has more certainty in
calculating an accurate camera focal length value.

The Phantom 4 RTK has a one-inch sensor with a pixel size of 0.00241 millimetres (2.41 microns).
Due to this small pixel size, the performance in low lighting conditions when surveying are not ideal as the
camera has to increase the ISO value. This makes the photos grainier and more noisy which increases the
amount of noise in the processed point cloud.
Flying at a lower altitude helps with picking up finer details in the photos which increases the quality of the
photo alignment. However, the lower flying altitude ultimately slows flight speeds and limits the potential
coverage, making the P4 RTK effective over smaller sites but far less efficient for larger mapping projects.

Whilst the feature of having accurate RTK based flight positions does help with creating accurate 3D models with
less GCPs, it is still crucial to measure independent check points across the project site to verify the results of the
final products. Without any check points it is not possible to filter out any human or computer errors that could
have occurred during processing.

It is important to note that a good processing workflow helps to ensure consistent results. This is especially
useful when having to compare 3D models of the same site over a period of time. Small tweaks in the processing
can yield very different results, therefore using a workflow to keep the results consistent regardless of the
processor is highly recommended.

The DJI Phantom 4 RTK is a good survey tool that can yield high accuracies. However, when performing high
accuracy photogrammetry, like stockpile calculations, we do recommend that it is used in combination with at
least 4 ground control points. Not having any ground control points is possible but makes the end result a slight
bit less accurate. In addition, a number of verification points are also needed to perform quality control of the
final products. If you are measuring verification points, then a few extra ground control points will ensure the
highest accuracies and best end results.

Our main conclusion on the use of the DJI Phantom 4 RTK is that the positioning part (i.e. the RTK) works
extremely well but due to the small sensor that it is best suited for smaller survey areas (< 50 ha) and good
lightning conditions.
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