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Abstract

Low-level cameras are generally used in low-cost UAVs employed for photogrammetric product generation. Although such cameras
have advantageous features in terms of flight time and maneuverability thanks to their light weight in a compact structure, they have
also some limitations. These sensors are generally operated by rolling shutter which affects the image geometry. Unlike global shutter,
a camera with rolling shutter creates a photograph by scanning line by line. In this study, two flights were performed by means of DJI
Phantom 4 Pro to investigate the rolling shutter effect on the accuracy of photogrammetric product. Study area was a part of
approximately 60 ha of Tasliciftlik Campus, Tokat Gaziosmanpasa University. Average speeds of the platform during photography
were 8 m/sec and 12 m/sec. Obtained data were evaluated according to SfM workflow. The orthophotos of the study area were produced
from aerial photographs both with and without rolling shutter correction by using photogrammetric software. 24 ground control points
located in the study area were used to strength the model and to make accuracy assessment. According to the results, total root mean
square error values were improved from 6.33 cm to 4.78 cm and 7.01 cm to 4 cm for the flights pertaining to the 8 m/sec and 12 m/sec,
respectively. Thus, it can be said that better accuracy values can be obtained when rolling shutter correction are implemented during
the process. Lower speeds may require multiple flight tasks depending on the extents of the study area. Therefore, it is more reasonable

to fly at higher speeds and then apply rolling shutter correction to complete field work in less time.
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Introduction

Unmanned aerial vehicles (UAV) or drones are used for
both hobby and commercial purposes. Competition with
increasing diversity in the market and the compactness of
the devices which provides sufficient quality photographs
caused the rise in the number of the users. This increase
naturally occurred not only in the population that was
somehow close to the UAV-related practices (generally
related with earth sciences) but also at different
environments (Bayirhan and Gazioglu, 2020; Gazioglu et
al., 2017).

When two photogrammetric products with different
accuracy are jointly examined, they can be very
compatible with each other in terms of visuality. 3D
models, orthophotos, elevation models such as digital
surface model and digital terrain model can be produced
by means of aerial photographs obtained from low-level
cameras mounted on the UAVSs and all these are used in
varied sectors (Karatas and Altmisik, 2020). However,
visual attractiveness may lead to incorrect or incomplete
interpretation of products by people who are not familiar
with the factors affecting quantitative accuracy. Lack of
background of many job groups in evaluating possible
error sources causes specific issues such as shutter type to
be excluded.

Factors affecting the accuracy of the final product in terms
of quantitative in applications performed with UAV have
been discussed in many aspects such as UAV type (Tahar
and Ahmad, 2013), flight parameters (Dandois et al.,
2015; Mesas-Carrascosa et al., 2016), image quality
(Wierzbicki et al; 2015), image type (Amrullah et
al.,2016) and variation of ground control points (GCP)
(Martinez-Carricondo et al., 2018; Ren et al., 2020).
Many studies with similar purposes are available in the
literature. Apart from these, a topic has been addressed by
very few researchers, which is the shutter type of the non-
metric camera. In Structure from Motion (SfM)-
photogrammetry, sufficient accuracy in terms of quality
and quantity can be achieved when appropriate conditions
are ensured, even with amateur devices. However, low-
level aerial cameras are often embedded to low-cost
UAVs due to maximum flight efficiency and their limited
capacity. These sensors are generally operated by rolling
shutter which affects the image geometry.

The main task of a shutter in a camera is to control the
amount of light reaching the sensor. The shutter of a
camera determines how and when light is recorded. In
today’s cameras there are basically two different shutter
types: global and rolling. A camera with global shutter
works on the principle of completing the capture of a
photograph of interest at once as. However, this process
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spreads over a period of time in a camera with rolling
shutter, which is called line-by-line scanning as can be
illustrated in Fig. 1. In other words, the most obvious
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(b)

difference between the two sensor types is the snapshot
exposure.

Fig. 1: Rolling shutter (a) and global shutter (b) operating systems

The possible negative effect of the rolling shutter system
is spatial distortion. This effect becomes more
pronounced in cases where image reading cannot keep up
with the speed of moving objects. Distortion occurs in the
image because the camera with rolling shutter cannot
adequately respond to the speed of the object compared to
the global shutter. This is often exemplifying by a rotating
helicopter or ventilator propeller, guitar string, spinning
tire, and similar objects. Therefore, as the speed increases,
severity of the rolling shutter effect increases and the
quality of the image decreases. On the contrary, all pixels
in the captured image by using global shutter corresponds
to the exactly same time of exposure. To better
understanding of the effect caused by rolling shutter, Fig.
2 and Fig. 3. represents the comparison of the rotating
propeller (Url-1) and high-speed railway (Url-2).

Rolling shutter Global shutter ;
Fig. 2. Comparison of shutter types for rotating car tire
(Wiany and Israel, 2003)

Fig. 3. Comparison of shutter types for high-speed railway
(Url-1).

When considered in terms of photogrammetry, what is
moving for the rolling shutter effect changes. In the
examples mentioned above, the camera is stationary and
there is a moving object. The object does not have to be
movable for the rolling shutter effect to occur.

In UAV photogrammetry, the area of interest is stationary
and the moving one is the camera integrated into the
device. The resulting spatial distortion is not as visibly
evident as with a spinning propeller or wheel. However,
in a methodology where the final product is produced by
deriving from optical data, it affects the final accuracy.
Since there is a distortion in the geometric structure of the
image, evaluating the data as if there is no rolling shutter
effect may result in higher error values. As can be
understood from the sample project reports of Pix4D (Url-
2), RMS error for the final product can be improved by
means of rolling shutter correction. These reports belong
the applications performed by using DJI Phantom 4 and
DJI Inspire 1; however, study area was about 6 ha and the
number of GCPs were 5 and 4 for different projects. In a
limited number of studies, information was given about
the type and importance of shutter such as Letessier et al.
(2015), Lao et al. (2018) and Deng et al. (2018). Study
carried out by Vautherin et al. (2016) investigated the
rolling shutter effect on the mapping accuracy by using 8
GCPs distributed on the area of interest. Zhou et al. (2020)
investigated the rolling shutter effect in UAV
photogrammetry with a more complex study and
proposed a mathematical correction approach. In order to
test the contribution of rolling shutter correction on the
mapping accuracy more clearly, more comprehensive
application in terms of the distribution and number of
control points was carried out. In this context, it was
examined whether the rolling shutter correction has
positive effect on the mapping accuracy after the flights
performed at different speeds in an area of approximately
60 ha with 24 GCP.
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Materials and Methods

Materials and methods include the description of the study
area and application involving field work and processing
the data obtained in the field.

Study Area

Study area was a part of the Tasliciftlik Campus of Tokat
Gaziosmanpasa University, Turkey which is presented in
Fig. 4. This area covers an area of approximately 60 ha
including 5 academic buildings and various

In the scope of the study, DJI Phantom 4 Pro was used to
collect aerial photographs of the campus. It is a small-
sized instrument with a weight of approximately 1400 gr
including battery and propeller. Although it is mentioned
in DJI website that the Phantom 4 pro has a mechanical
shutter feature, the sensor of its camera is CMOS
recording each image line by line. Thanks to the almost
30-minute flight time it offers, this device is used by many
users for their hobby intentions, but it can also be
preferred in several engineering practices due to its data
acquisition capabilities and flight possibility at different
heights assisted by its global positioning system (GPS)
module. Even if the capability of the GPS modules
mounted on this type of low-cost UAVs are limited to
meter level due to their single frequency, the model can
be strengthened with the help of GCPs installed on the
area of interest. The GCPs in the study area are the points
established to be used in the courses within the scope of
undergraduate education of the Geomatics Engineering
Department. Point coordinates were determined by GNSS
measurements performed on previously established
points.

Two flight tasks were carried out with a flight height of
150 m. This value corresponds to the height from the take-
off point which was the near the GCP 14 and platform

administrative buildings. There are roads, trees, forest and
bare soil surfaces at different heights. Thus, it can be said
that rolling shutter effect was investigated in a changing
roughness of topography. Region along the GCP 1 to 21
represents the lowest heights in the study area while
region around the GCP 6 has the highest heights. 24 GCPs
were used in the application. Actually, almost 40 points
are located in the covered area but some of them is
invisible in the photographs due to trees and some of them
was destroyed during the construction operations in the
campus area.

Study Area

position in the air. Overlap rates in all directions were the
same in both flight plans. The main difference between
two flights was the platform speed. The average speed
throughout the flight was 8 m/sec on the first flight and 12
m/sec on the other.

Agisoft Photoscan software was used to process the data
to apply the SfM procedure. Data regarding both speeds
were processed with and without rolling shutter
compensation. Thus, 4 separate projects were generated.
After the first alignment of the photographs, weak point
cloud was produced. Points matching with each other
were detected between consecutive photographs and the
camera position of each photograph was estimated. Then
each photograph was marked with the GCPs seen within
the area covered and integrated with their 3D coordinates.
Although some points except these 24 points were
destroyed during the construction works in the campus
and invisibility by the trees, available ones can
characterize the topography. Contrast of GCPs with the
ground and their appearance in the photograph are
illustrated in Fig. 5. Based on the camera positions and
GCPs, dense point clouds were produced by densification
of the weak point cloud. Data processing was completed
with optimization of camera positions and orthophoto
production.
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Fig. 5. View of GCP in the photograph
Results

Effect of rolling shutter on the image and mapping
accuracy were evaluated by means of accuracy
assessment. There are two types of spatial accuracy when
SfM application is performed: Interior accuracy and
exterior accuracy. The error calculation made directly via
GCPs corresponds to the internal accuracy. However, for
exterior accuracy, error calculation is made by means of
check points in the model which was optimized with a
certain number of GCPs. Thus, internal accuracy refers to
the consistency the model within itself and exterior
accuracy is more efficient in terms of reliability of the
results. However, study carried out by Martinez-
Carricondo et al. (2018) proved that if the points are
distributed all over the area homogeneously, interior
accuracy based on all GCPs are sufficient not only in
terms of planimetry but also altimetry. Therefore, interior
accuracy assessment was made for all models based on
the formulas given below:

RMSEy = \/z?=1(ximadrell_xiGNSS)z 1)
RMSE, = \/Z?ﬂ(yimadzl_yicwss)z )
RMSEyy, = \/(RMSEy)? + (RMSEy)? (3)
RMSE, = JZ?=1(Zimod:ll_ZiGNSS)2 ()
RMSEroqy = /RMSEyy2 + RMSE 52 (5)

where:

RMSE is the root mean square error,

n is the number of GCPs used,

Ximodet IS the GCP coordinate of point i on the X-axis,
Yimogel IS the GCP coordinate of point i on the Y-axis,
Zimogel IS the GCP coordinate of point i on the Z-axis,
RMSExy is the horizontal accuracy,

RMSE; is the vertical accuracy, and

RMSErqta is the total accuracy.

Discussion and Conclusion

The results with and without correction at different speeds
were evaluated to determine the effect of rolling shutter
correction. The results obtained from the values in the x
and y directions indicate planimetric accuracy. It doesn’t
matter to interpret the error values in the x and y directions

separately. The value obtained from the z direction
corresponds to the accuracy of the altimetry.

Considering the flight performed with a speed of 8 m/sec,
planimetric accuracy was improved from 3.89 cm to 2.9
cm after the rolling shutter compensation. Similarly, this
value was improved from the 4.92 cm to 3.2 cm for the
data belonging to the flight of 12 m/sec. Therefore, the
effect of rolling shutter correction was greater at high
speed in terms of planimetric accuracy.

When the vertical accuracy is evaluated, the error value
improved from 5 cm to 3.8 cm after rolling shutter
correction in the 8 m/sec application. This change is from
5 cm to 2.4 cm in higher speed application. Therefore, as
with planimetric accuracy, the effect of rolling shutter
correction was more pronounced at higher speed in
altimetry accuracy.

For the total error, these values were improved from 6.33
cm to 4.78 cm and 7.01 cm to 4.0 cm, respectively.
Although the speeds were 8 m/sec and 12 m/sec, the
difference in terms of the amount of total error
improvement was almost double. Generally, it can be said
that rolling shutter affects the geometric structure of the
photographs and applying correction makes the results
better.

In the uncorrected rolling shutter application, a better
overall accuracy was obtained for 8 m/sec since the
geometric distortion in each image is less, which is what
it should be. When rolling shutter correction is not
applied, accuracy was expected to be lower in the
applications where the platform was faster, which the
Table 1 supports this situation. However, after
introducing the rolling shutter correction, better results
were obtained in terms of overall accuracy in the
application performed with higher speed.

Table 1. Accuracy assessment for the projects (cm)

Project Information RMSE, RMSE, RMSE,
8 m/sec without RS 2,8 2,7 5,0
8 m/sec with RS 2,1 2,0 3,8
12 m/sec without RS 3,0 3,9 50
12 m/sec with RS 2,0 2,5 2,4

Results regarding projects without rolling shutter revealed
that its effect is much more at higher speeds. However, a
contradiction can be seen in altimetry results after the
rolling shutter compensation. There was further
improvement in the data, which was thought to have
suffered further deterioration due to speed. A similar
result for altimetry were obtained in the study performed
by Vautherin et al. (2018). For better evaluation, more
points may be included in the accuracy assessment after
flights to be made at a time when invisible GCPs in the
study area become usable. Oniga et al. (2018) mentioned
that there should be 1 GCP per 200 m? in the area of
interest but this ratio for the point density corresponds to
the thousands of points in this study. This is contrary to
the short duration of field work, which is one of the main
advantages of photogrammetry. Another factor that
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causes a paradox in altimetry results may be originated
from one of the factors affecting the accuracy of the final
product in terms of quantitative in applications performed
with UAV which was explained in the introduction
section of the paper.

It is currently difficult to determine at what speeds and at
what heights the rolling shutter correction should be used.
Considering that the effect of the correction is clearer in
the higher-speed application in the study, rolling shutter
compensation may not be needed at speeds lower than 8
m/sec. However, as the flight altitude increases, the
accuracy will decrease due to the numerical increase in
the GSD value. In addition, low level UAVs at higher
altitudes will be more difficult to stabilize, so image
distortion will be more. Therefore, even if it is not
necessary in low flights, it will be beneficial to bring the
correction in case of high flight altitudes in terms of better
results.

In this study, one battery was enough to complete the
flight at once for both 8 m/sec and 12 m/sec. Vautherin et
al. (2016) also employed flights with 1 m/sec and 4 m/sec.
At very low speeds, the shutter type will not have much
impact on the photograph and is likely to require more
flights to cover the study area. Instead, it makes more
sense to fly at higher speeds and then apply rolling shutter
compensation. A comparison of results with flights at
much higher speeds than 8 m/sec and 12 m/sec when the
other factors are as identical as possible will reveal the
rolling shutter effect more clearly. In future studies, the
effect of rolling shutter correction on the results can be
revealed even more clearly with point distribution
variations in topographically different terrains.
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