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ABSTRACTS

The main purpose of new studies investigating 
pantograph catenary interaction in electric rail sys‑
tems is to detect malfunctions. In the pantograph 
catenary interaction studies, cameras with non-con‑
tact error detection methods are used extensively in 
the literature. However, none of these studies anal‑
yse lighting conditions that improve visual function 
for cameras. The main subject of this study is to in‑
crease the visibility of cameras used in railway sys‑
tems. In this context, adequate illuminance of the 
test environment is one of the most important pa‑
rameters that affect the failure detection success. 
With optimal lighting, the rate of fault detection in‑
creases. For this purpose, a camera, and a LED lu‑
minaire 18 W was placed on a wagon, one of the 
electric rail system elements. This study consid‑
ered CIE140–2019 (2nd edition) standards. Thanks 
to the lighting made, it is easier for cameras to de‑
tect faults in the electric trains on the move. As a re‑
sult, in scientific studies, especially in rail systems, 
the lighting of mobile test environments, such as 
pantograph-catenary, should be optimal. In environ‑
ments where visibility conditions improve, the rate 
of fault detection increases.

Keywords: rail system lighting, pantograph-cat‑
enary interaction, fault detection visibility, lumi‑
nance, illuminance

1. INTRODUCTION

As in all areas, the biggest need for transporta‑
tion is energy. Energy consumption is increasing 
day by day due to the needs of modern life, the in‑
creasing competition environment, and cultural and 
social developments. The area where electric ener‑
gy is used in transportation systems is electric rail 
systems. Demand for railway transportation is in‑
creasing. The energy required to move the train 
comes from the power line. For the rail system vehi‑
cle to be continuously energized, there must be con‑
stant contact between the power line and the panto‑
graph. Even a short-term non-contact between the 
pantograph and the catenary negatively affects the 
rail system vehicle and the electronic systems in‑
side it. Therefore, the interaction between the pan‑
tograph and the catenary should be tested dynam‑
ically and statically at certain intervals. In order 
to detect malfunctions in the dynamic interaction 
of pantograph-catenary on the travel wire, the force 
applied by the pantograph mounted on the rail sys‑
tem vehicles and providing the necessary energy 
to the train set is measured. If this force is applied 
more than desired, it causes breaks due to the force 
of the electric line. If the applied force is small, the 
electric train causes arcing and mechanical damage 
to the pantograph while driving. Accelerometer sen‑
sor, load cell sensor and encoder or GPS system are 
required to perform these tests [1–6]. In this study, 
the lighting conditions of a recording system with a 
LED lamp and a camera mounted on a wagon using 
in an electric rail system were analysed.
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2. LIGHTING AREA

Electric rail systems have been used in transport 
for many years. The most important element in elec‑
tric rail systems is the pantograph and the catenary. 
Compatibility between the pantograph and the cat‑
enary is one of the most important issues in these 
systems. The pantograph is a movable and catena‑
ry fixed element. These two elements are in contact 
with each other, and movement is provided in elec‑
tric rail systems. Therefore, the pantograph-catena‑
ry interaction that moves and contacts each other in‑
creases the number of failures [1–6].

Current in the pantograph is the primary source 
of failure in electric rail systems. The pantograph 
is located on the roof of the train and collects cur‑
rent from the upper catenary line. The catenary line 
is fixed to poles with support points at regular in‑
tervals along the railway line [7–9]. When the train 
is moving, the pantograph moves along the cate‑
nary line to support energy continuity. When the 
speed in the electric rail systems increases, vibra‑
tions occur in the catenary line. This disrupts the in‑
teraction between the pantograph and the catenary. 
These vibrations negatively affect the contact be‑
tween the pantograph and the catenary. Since the 
contact between the pantograph and the catenary is 
interrupted by electrical contact, wear and arc occur. 
In electric rail systems, elements other than panto‑
graph-catenary are advantageous in terms of main‑
tenance factor [7, 8]. So, they usually do not cause 
malfunctions. Therefore, care factor multipliers are 
high. The source of the malfunction is the panto‑
graph catenary interaction elements. For this pur‑
pose, many studies are conducted in scientific stud‑
ies that study the pantograph catenary interaction. 
However, the lighting conditions are not taken into 
consideration in recordings made with the camera 
in fault detection studies. Therefore, sufficient suc‑
cess is not achieved in fault detection. This study 
provides appropriate lighting for camera recording 
during a moving train. In this way, it has been un‑

derstood that the camera can record (for the light‑
ing class M2, 50 km/h < speed < 90 km/h) more ac‑
curately when the illuminance levels and luminance 
are selected appropriately [9, 10]. Fig. 1 shows the 
system that records and illuminates the pantograph 
catenary image.

2.1. Methods

In electric rail transport systems, arc and abra‑
sions occur due to the horizontal movement-bal‑
ance of the pantograph and the contact force applied 
by the pantograph to the catenary. If the interaction 
between the pantograph and the catenary is inap‑
propriate, the contact is cut. Therefore, the train is 
de-energized. The vibrations of the contact wire and 
external effects cause malfunctions in the rail sys‑
tems. It is important that periodic monitoring, fault 
detection, and necessary maintenance can be pre‑
dicted in railway systems. Monthly checks of rail‑
way systems focus on two important points. These 
are the monitoring of the rail profile and the cat‑
enary line. Accidents are determined in advance 
by examining factors that cause accidents, such as 
abrasion, breaking, bending, catenary line stretch‑
ing, contact condition, compatibility of catenary 
line, and pantograph axis of rails. Image process‑
ing based contactless methods have been developed 
using cameras to diagnose these faults. Nowadays, 
contactless condition monitoring methods are more 
preferred. With the cameras used in these methods, 
the railway line is monitored without contact, and 
the image processing algorithms developed, and 
malfunctions in the railway line are detected. Such 
methods are efficient methods that work faster, re‑
ducing workload.
 Various mathematical methods have been ana‑

lysed using cameras to detect components and faults 
in rail systems. These methods are support vector 
machine, Gabor filter, basic image processing meth‑
ods, deep learning, binary pattern matching base, 
wavelet transform, template matching, Hough trans‑

Fig. 1. System that 
records and illumi‑
nates the pantograph 
catenary image [1–4]
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form, Sobel edge extraction, line segment detector, 
and batch algorithm conversion techniques [11–24].
 Images recorded with the camera were anal‑

ysed by the black tree conversion technique to de‑
tect the rail faults with loose connections [25].
 To detect defects in the railway fasteners, anal‑

ysis was done using machine vision methods using 
a camera [26–31].
 An analysis was conducted with basic image 

processing methods using camera for scissors detec‑
tion malfunctions [32–34].
 HSV colour conversion, masking, edge ex‑

traction, and basic image processing methods were 
analysed using the camera for the detection of rail 
line tracking [35].
 Using the camera for surface detection; visu‑

al based methods, Haar-like method, Otsu method, 
machine vision method, adaptive background ex‑
traction, image segmentation, deep learning, deep 
convolutional neural network, gaussian filter, edge 
extraction methods, and object recognition tech‑
niques were analysed [36–47].

Although each study uses different methods, the 
common point of these studies is the use of cam‑
era images. However, none of these studies did not 
consider the vision conditions of the camera. In this 
case, troubleshooting has become difficult. Optimal 
lighting should be done to increase the rate of fault 
detection.

The most important problem here is that the 
camera cannot record clearly in any conditions. For 
the camera to record clear images in day or night 
conditions, the criteria specified in CIE road stan‑
dards should in terms of illuminance level and lumi‑
nance values. Because trains running on rail systems 
should be evaluated as road vehicles in motion. Any 
arc or malfunction between the pantograph and the 

catenary during the movement of the electric train 
is recorded by the camera. For the camera to clearly 
detect this fault, parameters such as speed, surface 
type, reflection coefficient, luminous flux, distance, 
and maintenance factor must follow CIE‑140 stan‑
dards. So, a train in railway systems is like a vehi‑
cle on a highway [48, 49]. There are many studies 
in the literature that have been done using a fault de‑
tection camera. However, in no study was the visi‑
bility of test runs evaluated in terms of lighting. Arc 
and malfunctions caused by poor visual conditions 
are sometimes not detected by the camera. In oth‑
er words, in experimental studies (if  it is specific 
to each experiment), the most important parameters 
that affect visibility are optimal illuminance lev‑
el and luminance values [50–52]. Fig. 2 shows the 
state of the pantograph-catenary arc failure in the 
non-illuminated environment.

2.2. Condition Monitoring and Fault Detection

Many contact and contactless methods have 
been developed for monitoring the components that 
make up the railway line. When reviewing current 
research in the literature, it is clear that non-con‑
tact methods are more profitable. Image process‑
ing-based methods are used to detect malfunctions 
in rail components and rail surfaces. Images are tak‑
en from the railway system via a camera. Status 
monitoring and diagnostics are performed on the 
acquired images using some image processing tech‑
niques. Experimental installations for the develop‑
ing image processing-based methods are quite sim‑
ple and do not require large costs. As a result of the 

Fig. 3. When the electric train is stationary, signals from 
the accelerometer (a) and signals from the force sensor (b)

Fig. 2. Pantograph-catenary arc failure in non-illuminated 
environment [1–5]
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measurements conducted physically in the test envi‑
ronment, the signals received from the electric train 
are shown in Figs. 3–5.

In Fig. 3, when the electric train is stationary, 
signals from the accelerometer and signals from 
the force sensor are shown. In Fig. 4, the electric 
train is in motion (no malfunction), signals from 
the accelerometer and signals from the force sensor 
are shown. In Fig. 5, the electric train is in motion 
(at the time of failure), signals from the accelerom‑
eter and signals from the force sensor are shown.

The moment when the visual conditions are the 
most important for the camera is the breakdown 
moment in Fig. 5. During the malfunction, the sen‑
sors detect vibration because they measure physi‑
cally. That is, sensors detect the malfunction, but if 
the vision conditions are not good, the camera can‑
not detect the malfunction. The accelerometer and 
force sensors detected this malfunction. Therefore, 
vision conditions need to be improved. If the cam‑
era recording the fault clearly detects it, the fault 

can be detected. If the lighting conditions are not 
suitable, some faults are not visible. However, the 
sensors that make physical measurements verify the 
fault information. Therefore, the lighting criteria 
cannot be neglected.

3. AREA LIGHTING DESIGN

Point lighting calculation method was used in 
area lighting calculation. In this method, the area 

Fig. 4. Electric train in motion (no fault), signals from the 
accelerometer (a) and signals from the force sensor (b)

Fig. 5. Electric train in motion (at the time of failure), sig‑
nals from the accelerometer (a) and signals from the force 

sensor (b)

Fig. 6. Divided 
account areas of 
the surface to be 
illuminated
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to be calculated for lighting is selected. According 
to the observer, who is positioned to stand in the 
middle of the area, point calculation has been made. 
Fig. 6 shows the entire illuminated field of the pan‑
tograph with the calculated areas of the illuminated 
surface separated. The LED luminaire mounted in 
the wagon illuminates the pantograph at a right an‑
gle. Calculations were made according to the total 
illuminance levels and total luminance values com‑
ing from all luminaires [7–10, 50–52].

3.1. Features of The Area Lighting

The road surface class is R1. Additionally, 
Qo=0.10, and the distance of the luminaire is 5 m. 
The maintenance factor of the luminaire is 0.91, and 
all calculated luminance values are corrected. The 
ratio of the lowest luminance value to mean lumi‑
nance value is greater than 0.4 in the calculations 
for area lighting, ensuring that the rate of the lowest 
luminance value to the highest at the latitude coor‑
dinate of the observer is greater than 0.7. The illu‑
minance levels, luminance value, and uniformities 
of the area are in accordance with relevant stan‑
dards. Luminaires were established in single from 

to the axis of the area and at a distance of 5 m. This 
study simulation was performed accordingly with 
LED luminaires [48, 49, 53–55]. Table 1 shows the 
area and lighting parameters.

3.2. Simulation Study

The main purpose of the new studies is to reach 
the most economical results that provide adequate 
visibility conditions. In the new study on area (zon‑
al) lighting, classifications are taken into consid‑
eration in the various scenarios’ conditions. The 
most correct reference to area lighting is internation‑
al standards. For this reason, simulation is adapted 
to CIE standards. According to CIE140, the lumi‑
nance values, average luminance level, average and 
longitudinal uniformity values of all points were cal‑
culated for the observers.

Luminaries used in area lighting should be se‑
lected taking into account the glare level, the lumi‑
nance level of the area, uniformity, and economy, 
and they should be determined in consequence of 
computer calculations according to the luminance 
method.

It is a simulation program written with Visual Ba-
sic. Various options are available for area parame‑
ters in the simulation program. For the lighting pa‑
rameters are selected such characteristics as distance 
to the luminaire, height of the luminaire, distance of 
the luminaire from the road, console angle, IP pro‑
tection class, pollution rate, cleaning period, and 
maintenance factor for the pole or suspended light‑
ing installation. For the luminaire parameters (the 
name, angle of the luminaire (angle relative to the 
road), power of the lamp used, lifetime, luminous 
flux, ballast power, and new lamps) can be added 
into this simulation under the database process at 
any time. It is possible to add any type of lamp into 
the simulation [48, 49, 53–61]. The result of this 
simulation is a simple and correct calculation.

Table 2. Optimal Parameters of The Illuminated 
Surface for The Camera

Observer location (m) 1.50
Laverage 1.51

Uo 0.77
Uı 0.82

TI% 3.00
Eaverage 29.06

Emin 20.92
Emax 35.84
Uoa 0.72
Ula 0.58

Table 1. The Area and Lighting Parameters

Number of lanes 1 Lighting class M2
Strip width (m) 3 Console angle (degree) 0
Total width (m) 3 Luminaire angle (degree) 15

Road surface class R1 Lamp type LED
Qo 0.10 Luminaire power (W) 18

Distance to illumination 0 Luminous flux (lm) 1825

Illumination height from ground (m) 5 Maintenance factor
(once a year) 0.88



Light & Engineering 	 Vol. 28, No. 6

132

4. LIGHTING APPLICATION

In this study, a 1-lane area that is suitable for 
CIE140–2000 and 2019 (2nd edition) area light‑
ing calculations has been investigated in the sim‑
ulated environment. Calculations were made at 
an angle of 15° for 18 W LED luminaire. While 
Laverage =1.50 cd/m2, this corresponds to CIE140–
2000 and 2019 (2nd edition) road lighting calcula‑
tions for M2. If Laverage =1.50 cd/m2 is less, then the 
lighting is not suitable for CIE140–2000 and 2019 
(2nd edition). To increase the camera vision, 18 W 
LED luminaire was used in the lighting. This LED 
light was able to meet the normalized parameters 
according to CIE140–2019. As for the illuminance 
level and luminance values, the 18 W LED lumi‑
naire increased visibility. The optimal parameters 
of the illuminated surface for the camera are shown 
in Table 2.

In this study, measurement and calculation were 
made using simulation at 30 points selected in hor‑
izontal and vertical positions. Table 3 shows the il‑
luminance levels for the camera, and Table 4 shows 
the luminance values for the camera.

6. RESULTS

Proper design of the lighting installation is of 
great importance for both driving and safety. The 
main purpose of new studies investigating the pan‑
tograph catenary interaction in electric rail systems 
is the detection of malfunctions.

The main subject of this study is to increase the 
visibility of cameras used in railway systems. Sup‑
plying optimal lighting is to refine fault detection. 

For this purpose, a camera and a LED luminaire 
18 W were installed on a wagon, which is one of the 
electric railway system elements. This allows you 
to see more clearly the failures that occur during the 
movement of the electric train.

There is 5 m between the LED luminaire and the 
pantograph catenary contact point. The measure‑
ments were made while the wagon was moving. 
For lighting criteria, it was treated as a road vehicle 
moving under normal road conditions. The simula‑
tion used was adapted to CIE140–2019 (2nd edition) 
standards. According to CIE140, the luminance val‑
ues, average illuminance level, average and longitu‑
dinal uniformity values of all points were calculated 
for the observers. The data of the luminaire used has 
been entered into the simulation database. The re‑
sults were analysed for the good vision of the cam‑
era recording on the moving wagon.

Lighting conditions are very important in such 
experimental studies. Because the visual ability of 
the camera on the wagon affects the success of the 
applied mathematical methods. For example, in a 
mathematical method that detects 85 % malfunc‑
tion, fault detection can be 99 % if the camera re‑
cords more clearly. In this respect, the lighting of 
the test environment is one of the most parameters 
affecting the failure detection success. As in this 
study, special solutions should be analysed in simu‑
lated lighting environments.
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Table 3. The Illuminance Levels for The Camera

Emin=20.92 lx Emax=35.84 lx Eaverage=29.06 lx Uoa=0.72 Ula=0.58

m/m 0.35 1.05 1.75 2.45 3.15 3.85 4.55 5.25 5.95 6.65
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Table 4. The Luminance Values for The Camera

Observer: ​Laverage= 1.51 cd/m2, Uo= 0.77, Uı= 0.82, TI= 3.0 %
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