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Abstract
Unmanned aerial vehicle (UAV) technologies are becoming increasingly common, with ever-expanding ap-
plications. Low-altitude imaging makes it possible to quickly acquire high-resolution data for various objects, 
especially for mapping. This paper presents the mapping of a bridge and its notice marks, lights, and span 
to produce electronic navigation charts for inland navigation. The research object was the Clowy Bridge on 
the Regalica River in Szczecin, Poland. In order to carry out the research, two photogrammetric flights were 
made, and three sets of photos were created, from which orthophotos were developed. The research included 
the analysis of the orthophoto generation process, as well as quantitative and qualitative analyses. The results 
of the research demonstrated the possibility of using this type of data for mapping bridges to create electronic 
navigation maps for inland navigation.

Introduction

One of the basic navigation aids is electronic 
charts, which cover inland waterways and should 
ensure the safe navigation of a ship. In navigational 
charts, a special group are objects that restrict nav-
igation. Such objects undoubtedly include bridges, 
which often limit the transit capacity of ships by 
narrowing the waterways within the limits of the 
navigable span and the vertical clearance (Kujawski, 
Jerzyło & Rekowska, 2018). For this reason, bridg-
es are often collision structures (Knott & Winters, 
2018), which unfortunately can lead to the temporary 
exclusion of the navigable route and road infrastruc-
ture or the loss of many lives; therefore, navigation 
near bridges should be adequately supported by var-
ious navigational aids (Chen & Duan, 2003), such 

as notice marks, lights, and radar reflectors. These 
aids are used in terrestrial navigation and are also 
mapped in navigation charts. Given their particular 
importance, it is essential to ensure that such data 
are mapped with sufficient accuracy and timeliness.

Nowadays, it is common to use imaging materials 
acquired using photogrammetric platforms to create 
maps. Until recently, the only source of high-resolu-
tion data was aerial orthophoto maps; however, their 
resolution and processing make it impossible to map 
objects such as bridges due to radial distortions of 
land objects. An alternative to aerial photogramme-
try is low-altitude photogrammetry, which in recent 
years has provided new opportunities for spatial data 
acquisition. The unquestionable advantages of this 
technology include the relatively low costs of data 
acquisition, the acquisition of spatial data of various 
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topographic and engineering objects, measurements 
in places that are difficult to access, or the creation 
of photogrammetric products with very high reso-
lution. This technology has a very wide application 
range, including map creation and updating (Koeva 
et al., 2018), coastal bathymetry mapping (Tsuka-
da, Shimozono & Matsuba, 2020), biomass map-
ping (Lopatin & Lopatina, 2017), topographic sur-
face elevation change mapping (Lizarazo, Angulo 
Morales & Rodríguez Galvis, 2017), shoreline map-
ping (Łubczonek, Łącka & Zaniewicz, 2019), analy-
sis of coastal zones (Lowe et al., 2019, Angnuureng 
et al., 2020, Burdziakowski et al., 2020, Casella et 
al., 2020, Contreras-de-Villar at al., 2021), and many 
others.

Unmanned aerial vehicle (UAV) technology is 
also used for bridge inspections, whose advantag-
es include a faster inspection time, better access to 
the bridge, and to reduce overall process costs. Any 
inspection should also take into account the design 
of the UAV, including the cameras, data acquisi-
tion method, and geometric resolution (Khaloo et 
al., 2018). Interesting solutions include drone con-
tact measurements of bridge structures (Ikeda et al., 
2018), imaging of concrete delamination using vid-
eo and infrared cameras (Escobar-Wolf et al., 2018), 
the use of passive infrared sensors for delamination 
detection (Mac et al., 2019), planning autonomous 
missions for data acquisition (Jung et al., 2019), 
or crack identification (Kim et al., 2018). Other 
interesting studies that may be useful for any work 
requiring image quality assessments can be found in 
refs. (Kedzierski et al., 2019, Burdziakowski, 2021).

This study focuses on the use of UAV technology 
to map bridges and the navigational infrastructure 
located on them to develop navigational charts. The 
research included both qualitative and quantitative 
assessments of the bridge span, notice marks, and 
lights (features included in standards for the pro-
duction of inland electronic charts). The rationale 
for undertaking the research was a previous study, 
which used a ground-based laser scanner that unfor-
tunately had limited capabilities for scanning lights 
and marks. The identified problem was the inaccu-
rate measurement of marks due to the material used 
in their construction, which enhanced the reflection 
of light. A second problem was the poor reflection of 
the laser beam from the black housings of the lights 
(Łubczonek, 2017). A practical aspect is the possibil-
ity to acquire data of bridges where access and mea-
surement are usually difficult (e.g., railway bridges 
and designated measurement times due to railway 
traffic) and the often limited possibility to obtain 

measurements with a GPS receiver. The second case 
concerns the high-steel structures present on some 
bridges, which obscure the horizon of GPS anten-
nae, making an accurate measurement impossible or, 
in some cases, preventing a measurement entirely. 
The advantage of UAV imaging is that a complete 
set of data (image information and object coordi-
nates) can be acquired without interfering with the 
operation of the bridge. Such data can also be used 
for navigational infrastructure inventories.

Materials and methods

The research used data acquired during two pho-
togrammetric missions with a DJI Phantom 4 Pro 
drone. The flights were carried out over the Clowy 
Bridge in the city of Szczecin, Poland. The data were 
processed in Pix4D software. For quantitative eval-
uation, the position of objects such as the outer edge 
of the bridge span, notice marks, and navigation 
light housings were measured with an RTK geodetic 
receiver. Table 1 summarises the basic parameters of 
the measuring instruments used in the study.

Table 1. Basic parameters of the measuring instruments used

DJI Phantom 4 Pro
Satellite Positioning Systems: GPS/GLONASS
Sensor: 1" CMOS, effective pixels: 20 M
Photo: JPEG, DNG (RAW), JPEG + DNG
Max Flight Time: Approx. 30 minutes
Range: 350 m
Sokkia GRX1
Number of channels: 72
Signals to be tracked: GPS, GLONASS, SBAS
Measuring frequency up to 20 Hz
RTK accuracy: H-10 mm +1 ppm, V-20 mm +1 mm

The study area included a section of land with 
the Clowy Bridge. The bridge is located in Poland, 
in the city of Szczecin, on the Regalica River (Fig-
ure 1). The Clowy Bridge is constructed of two 100 
m long steel segments supported on two pillars. The 
materials are reinforced concrete and steel. The road-
way across the bridge is covered with asphalt, while 
the pedestrian lane is made of a hardened layer. This 
lane is separated from the road by a metal safety bar-
rier. There are railings on the outer parts of the span. 
The view of the bridge is shown in Figure 1.

Figure 2a, 2b, and 2c show the objects under 
investigation. Notice marks and navigation lights 
are attached to the bridge with brackets. In the case 
of the marks, the measurements were carried out 
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by inserting a pole through the holes in the bracket, 
while in the case of the lights, a pole was applied 
to the outer bolt. The span was measured by apply-
ing the pole to its outer edges. The location of the 
analyzed objects on the bridge span is illustrated in 
Figure 2.

The research workflow (Figure 3) consisted of 
the successive steps of measurement, elaboration, 
results & analysis, and conclusions.

Data acquisition

Images were acquired in two aerial missions, 
which differed in the way the bridge was framed. 
In the first mission, the flight was conducted along 
the length of the bridge. In this case, the longer side 
of the camera transducer was perpendicular to its 
axis. In the second case, the flight was carried out 
on courses perpendicular to the axis of the bridge, so 
the longer side of the transducer was parallel to the 

Figure 1. Location map of the bridge and view of the bridge and its elements: road safety barriers, railings, asphalt road, and 
pedestrian lane

Figure 2. Objects used in the survey: a) Notice marks, navigation lights, and the side of the span (painted green), b) pole mea-
surement of the lights, c) pole measurement of the notice marks. On the map: arrangement of lights, marks, and reflectors on 
the Clowy Bridge

Measurement Elaboration Results & Analysis

Conclusion

Measurement
of photo-points,

navigational signs,
lights, span using

GNNS RTK
 

 
 

 

Two photogrammetric
surveys: longitudinal
and transverse to the
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Orthophoto compilation from
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Figure 3. The research workflow
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axis of the bridge. This allowed for the preparation 
of three sets of photographs for the study: with the 
frame arranged transverse to the axis of the bridge, 
with the frame arranged perpendicular to the axis of 
the bridge, and a combination of the first two sets. In 
order to align the block of photos, a photogrammetric 
network was established, consisting of seven ground 
control points, which were located on both sides of 
the bridge and opposite banks. Considering the sur-
roundings of the bridges, the possibility of establish-
ing a photogrammetric network is usually limited 
due to the amount of exposed terrain. Duplication 
of these points in three locations was performed to 
prevent their possible obscuring by cars or people 
staying near the bridge (anglers). The coordinates 
of the ground control points were measured with 
an RTK receiver using GPS and GLONASS sur-
face corrections of the TPI network. The average mp 
measurement error was 0.007 m (based on the report 
generated from the GNNS/RTK measurement file). 
The flights were carried out at an altitude of 55 m 
using the DJI GS Pro application. The front and side 
overlap of the images was 90%. The camera settings 
were: aperture unit f/2.8, exposure time 1/1000 s, 
sensor sensitivity ISO 100, and focal length 9 mm. 
The flight plans for creating the three image data sets 
are illustrated in Figure 4.

Data processing analysis

The UAV data were processed in Pix4D soft-
ware. The software allows the input of ground con-
trol point coordinates, which enable the alignment of 
a block of images with simultaneous registration to 
a coordinate system. The data processing was auto-
mated, with a choice of parameters in the following 

three data processing stages: “Initial Processing”, 
“Point Cloud and Mesh”, and “DSM, Orthomosaic 
and Index”. For the extraction of tie points, full-scale 
images were selected to ensure accurate results. 
Optimization of image merging was carried out in 
the Aerial Grid or Corridor flight paths option. For 
image calibration, extractable keypoints were auto-
matically selected, and the standard methods were 
used: Automatic Aerial Triangulation, Bundle Block 
Adjustment, and camera self-calibration. For point 
cloud densification, the default image scale (half-
size) and point density were used. The resolution of 
the generated DSM was the same as the resolution 
of the images. The DSM generation process includ-
ed noise filtering and surface smoothing. It should 
be noted that the software cannot edit tie points, 
probably due to their large number per image pair. 
The Image Coordinate System was WGS 84 (EGM 
96 Geoid), and the Output Coordinate System was 
ETRS89 / Poland CS2000 zone 5 (EGM 96 Geoid). 
The basic data related to image processing are sum-
marized in Table 2 (based on the Quality Report gen-
erated by Pix4DMapper software).

During processing, based on visual inspection, 
a large amount of noise was found above-water 
near the banks and sides of the span, the lighthous-
es on the bridge, and the radar reflector mounts; 
therefore, this noise was filtered out manually and 
removed together with the lighthouse points and the 
radar reflector mounts due to their shuffling. The 
noise removal process affected the orthorectification 
result. Editing involved the local correction of a part 
of the image, especially the elongation of the span 
edge where marks and lights were fixed. Figure 5 
illustrates the successive steps of orthoimage cor-
rection using the example of a streetlamp and radar 

Figure 4. The flight plans for the creation of the three image data sets

Table 2. The basic data related to image processing

Dataset 1 Dataset 2 Dataset 3
Percentage of calibrated images 79 84 72
Georeferencing (mean RMS error of 7 GCP) [m] 0.022 0.022 0.023 
Number of Matched 2D Keypoints per Image (mean) 6025 4412 2405
Ground Control Points RMS error [m] X = 0.009, Y = 0.007,  

Z = 0.052
X= 0.012, Y= 0.008,  

Z= 0.046
X= 0.009, Y=0.005,  

Z= 0.058
Area 0.040 km2 0.035 km2 0.036 km2

Photos 396 457 853
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reflector. The first image, which was created with the 
system noise reduction option, shows very large dis-
tortions of the lamp and the reflector mount. Similar 
distortions for standing objects were also observed 
in the work in ref. (Koeva et al., 2018). On the other 
hand, removing this part of the DSM resulted in their 
replication in many places, known as the ghost effect 
(Xue, Zhang & Chen, 2021). These distortions were 
removed during the manual editing of the orthomo-
saics. The orthogonal projection options were cho-
sen for the correction, which allows measurements 
to be made using the final product. Unfortunately, 
the image fragment in this projection was not always 
generated correctly; thus, such a process does not 
entirely allow the preservation of the correct geom-
etry of the photographed objects. Such editing was 
also necessary when the light was obscured by 
a streetlamp. This made it necessary to take addi-
tional images from land or oblique images from the 
UAV to ensure that all objects were quantitatively 
identified to ensure the completeness of the mapped 
objects.

Image matching

An important step in the development of pho-
togrammetric products is the matching of image 
feature points, whose number and distribution play 
an important role in the correctness and accuracy 
of image matching and orientation results. Mousa-
vi et al. (Mousavi, Varshosaz & Remondino, 2021) 
indicated that the use of appropriate keypoint selec-
tion techniques can improve the entire image block 
alignment process. Many point extraction algo-
rithms have been developed for various applications 
(e.g., Wang, Fan & Wu, 2013; Verdie et al., 2015). In 
the case of photogrammetric software, the extraction 

process is often completely automated, without the 
possibility of correction. This is certainly dictated 
by the fact that many tie points are often generat-
ed (thousands of points per image), which makes 
manual correction difficult and essentially impracti-
cal. For the cases analyzed, the number of matching 
points for the same area varied. Undoubtedly, this is 
connected with the flight technique. For the set of 
photos no. 1, there were on average 6025 matches 
per photo; for the set of photos no. 3 – 4412; for the 
last one – 2405. It is certainly worth noting the last 
case, for which the doubled number of photos did 
not increase the number of matched keypoints, and 
even significantly decreased them. 

In the implemented processes, a considerable 
portion of the images was uncalibrated. The high-
est number of calibrated images was recorded for 
flight 2 (84%), followed by flight 3 with 79%, and 
the lowest for the combined set with 72%. Analyzing 
the location of uncalibrated images, we can conclude 
that these are images were taken over water due to 
the lack of a possibility to generate characteristic 
points, which was connected with the uniform struc-
ture of water and also its variability caused by the 
river current. Due to the lack of use of these parts 
of the water body in mapping, their absence from 
the final product is not a major problem, except per-
haps for the completeness of the image and aesthet-
ic aspects. It should also be noted that despite the 
high mutual overlap of the images (90%), a uniform 
block of images was not obtained for flight 1. This 
block was divided into two parts, which undoubtedly 
affected the accuracy of the final study.

In addition, the software could be used to ana-
lyze the quality of the matching based on uncertain-
ty ellipses (Figure 6), which tend to be larger at the 
edges of the image block and smallest in the middle. 

Figure 5. Local orthomosaic correction
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As can be seen, such a relationship occurred in the 
second set of images. The uncertainty ellipses for the 
first set of images were larger on the bridge span due 
to the processing of the data as two separate blocks 
of images. In the case of the third set of photos, their 
shapes were irregular, including the occurrence of 
large uncertainty ellipses, which indicates problems 
with the merging of the photos in the whole block. 
Some of the uncertainty ellipses were located in the 
centers of the projection of the photos over water. 
Nevertheless, the ellipses have different sizes on 
the bridge span, indicating problems with matching 
them. In addition, the merged set of photos eliminat-
ed the problem that occurred with photo set 1.

Another element of the analysis is the number of 
image matches. The minimum number of matches is 
25, while the optimum is more than 1000. Analyzing 
the maps of matches shows that in all cases, the num-
ber of matches decreased significantly at the span 
of the bridge. Both cases are illustrated in Figure 6. 
For image sets 1 and 3, the number of matches was 
very small – about 25. The best case was image set 2, 
where the number of matches ranged from 25 to 222.

In the cases analyzed, the location of the tie points 
is also interesting. The fewest points were located on 
the asphalt roadway. A greater number of them were 
observed on horizontal markings, which is certainly 
an advantage for this type of facility. A much larger 

number of tying points were located on pedestrian 
walkways, road safety barriers, and fewer on the 
railings. The highest number of tie points was in the 
land area of the study, which has a varied structure, 
causing many tie points to be generated. A view of 
the generated tie points is illustrated in Figure 7. 

Results

Qualitative analysis

The final orthophoto product was highly detailed 
and of good quality. Marks and lights could be iden-
tified from the image, along with the measurement 
points (Figure 8a). It was also noticed that the span 
edge was not very well represented – in some plac-
es, it was not clearly marked and had slight artefacts 
(Figure 8b). Additionally, after local correction of 
the orthophoto fragments, the effect of patches was 
noticed, which affected the aesthetics of the final 
work (Figure 8c). In some cases, it was not possible 
to select a suitable orthophoto for local correction, 
so hence the object was not reproduced correctly in 
its entirety (Figure 8d). The continuous lines of the 
horizontal markings were mapped correctly, which 
also demonstrates the correctness of the orthomosaic 
generation. Undoubtedly, the final product meets the 
technical requirements in terms of the identification 

Uncertainty ellipses 100x magnified

Number of matches
 25  222  444  666  888  1111  1333  1555  1777  2000

Figure 6. Match distribution and uncertainty ellipses for image sets 1, 2, and 3

Figure 7. The view of tie points
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of surveyed objects and the acquisition of vector 
data with centimeter accuracy.

Quantitative analysis

The quantitative assessment was carried out 
based on:
(1) Mean deviations (rm) of points acquired from 

orthoimage (xo, yo) and points (xg, yg) measured 
with a GNSS RTK receiver. Additionally, the 
minimum and maximum values of the obtained 
deviations were analyzed. Calculations were 
performed separately for 10 marks (k = 10) and 
18 lights (k = 18). In the case of the bridge span, 
the deviations were measured on the section 
orthogonal to the vectorized bridge segment at 
13 points (k = 13). The mean deviations were 
calculated according to the following formula:
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(2) Mean difference in the distance between consec-
utive marks and lights located on two sides of 
the span (k = 12 for each span). Additionally, the 
minimum and maximum values were analyzed. 
The calculation of the difference involved sub-
tracting the distance between them in the ortho-
photo (doi) from the distance calculated based on 
RTK (dgi) measurements. The aim of this analy-
sis was to determine the relative accuracy, i.e., 
if the mapped marks and lights showed similar 
distances to the real values (they were not unnat-
urally distant from each other or close). The 
mean differences (dm) were calculated using the 
following formula:
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Tables 3 and 4 summarize the values analyzed.

Table 3. Analyzed values of deviations

Objects Image dataset rm [m] rmin [m] rmax [m]

Navigational  
marks

Dataset 1 0.14 0.07 0.29
Dataset 2 0.05 0.02 0.09
Dataset 3 0.05 0.01 0.12

Lights
Dataset 1 0.08 0.01 0.22
Dataset 2 0.04 0.02 0.08
Dataset 3 0.03 0.01 0.05

Bridge  
span

Dataset 1 0.06 0.01 0.10
Dataset 2 0.06 0.01 0.11
Dataset 3 0.06 0.03 0.10

Table 4. Analyzed values of relative accuracies

Span side Dataset rm [m] dmin [m] dmax [m]

Northern
Dataset 1 0.05 0.01 0.26
Dataset 2 0.01 0.00 0.08
Dataset 3 0.02 0.00 0.07

Southern
Dataset 1 0.03 0.00 0.09
Dataset 2 0.01 0.00 0.04
Dataset 3 0.02 0.00 0.08

Based on the results in Table 3, it can be con-
cluded that the best results were obtained for data-
sets 2 and 3. The mean errors had values up to 6 cm 
and maximum errors up to 12 cm. Dataset 1 showed 
the highest maximum error of 29 cm. In terms of 
relative accuracy (Table 4), the highest value of 
the mean error was 5 cm in all cases. The highest 
maximum errors were recorded for measurement 
set 1. Analyzing the magnitude of the errors along 
the bridge span, it can be concluded that they do not 
show much dependence on the number of tie points 
or specific parts of the bridge. Some regularity was 
noted in case no. 1 (Figure 9), where larger errors 
occurred in the middle part of the span. For the sec-
ond set of measurements, larger errors occurred on 

Figure 8. Analyzed cases of qualitative assessment: a) lights and marks, b) edge of the bridge span, c) effect of car removal, and 
d) uncorrected object with a broken sign effect
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the right side of the span (Figure 10), and for set no. 
3, their magnitude varied (Figure 11).

Figure 9. Signature map of deviations (cm) from marks and 
lights for set no. 1

Figure 10. Signature map of deviations (cm) from marks and 
lights for set no. 2

Figure 11. Signature map of deviations (cm) from marks and 
lights for set no. 3

Figure 12 shows a map with vectorized marks, 
lights, and bridge span as elements of an electronic 
navigational chart for inland navigation.

Figure 12. Mapped marks, lights, and span on the IENC map

Conclusions

Based on the conducted research, it can be con-
cluded that the use of low-altitude photogrammet-
ric data allows for the mapping of marks, lights, 
and bridge spans within the required accuracy. 
The obtained accuracies significantly exceed the 
requirements related to the development of IENC 

maps (1 m). Due to the higher accuracies obtained 
and the better matching of the photos during the 
ortho generation process, the camera sensor should 
be positioned with its longer side along the bridge 
axis during measurements. Increasing the number of 
images by longitudinal and transverse flights over 
the bridge produced similar accuracies, so a single 
mission is sufficient. This certainly shortens the mis-
sion time and increases the safety of the entire oper-
ation. The high relative accuracy between marks and 
lights guarantees their correct positioning on the map 
along the span of the bridge. In the case of the bridge, 
the orthophoto study required manual corrections of 
mosaicking. It was also found that the edges of the 
bridge span were not reproduced very accurately, 
which slightly deteriorated the photo-interpretation 
properties of the final product; therefore, additional 
oblique photographs will be helpful for photo-inter-
pretation. After applying manual mosaicking cor-
rections, a poor tonal alignment of the image was 
obtained. During the development of photogram-
metric products of bridges, attention should be paid 
to the type of pavement and the various structures 
on it (road safety barriers and railings), as these can 
significantly impact the generation of tie points and 
subsequently the alignment accuracy of the image 
block.
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