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Abstract—The periodical maintenance of railway systems is 

very important in terms of maintaining safe and comfortable 

transportation. In particular, the monitoring and diagnosis of 

faults in the pantograph catenary system are required to provide 

a transmission from the catenary line to the electric energy 

locomotive. Surface wear that is caused by the interaction 

between the pantograph and catenary and non-uniform 

distribution on the surface of a pantograph of the contact points 

can cause serious accidents. In this paper, a novel approach is 

proposed for image processing based monitoring and fault 

diagnosis in terms of the interaction and contact points between 

the pantograph and catenary in a moving train. For this purpose, 

the proposed method consists of two stages. In the first stage, the 

pantograph catenary interaction has been modeled; the 

simulation results were given a failure analysis with a variety of 

scenarios. In the second stage, the contact points between the 

pantograph and catenary were detected and implemented in real 

time with image processing algorithms using actual video images. 

The pantograph surface for a fault analysis was divided into 

three regions: safe, dangerous and fault. The fault analysis of the 

system was presented using the number of contact points in each 

region. The experimental results demonstrate the effectiveness, 

applicability and performance of the proposed approach.  

 
Index Terms— Condition monitoring, fault diagnosis, image 

processing, pantograph-catenary system.  

 

I. INTRODUCTION 

HE importance of electricity in the field of transportation 

is increasing, due to environmental damages and the 

reduction in fossil fuels. Consequently, the development of 

alternative energy sources is necessary to reduce the damage 
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from transportation on the environment. Electrical energy is 

the most reliable and clean energy source. Therefore, all 

available resources are being applied to increase the use of 

electrical energy around the world. Electrical railway systems 

have had a significant position in the transportation industry 

for many years. This system is an efficient alternative to 

highway and air transportation.  

Pantograph catenary (PAC) systems have been used for a long 

time in railway systems. Pantograph system is used to transmit 

the electrical energy from the catenary system for to the train. 

The quality of this transmission is based on the continuation of 

contact force. A contact force must occur between the 

pantograph and the contact wire of the catenary for a train to 

move on an electrical railway system. This contact consists of 

friction and results in heat rising. The rising heat is one of the 

most significant reasons for the wearing on the PAC system. 

The wear is a result of the contact generated by the friction, 

which affects the PAC system, especially the mechanical 

structure of the pantograph [1-4]. 

To achieve better control of the PAC interaction, the contact 

force must be regularly measured and the contact losses 

determined. A low contact force leads to the formation of an 

arc. An excessively high contact force leads to wearing on the 

contact strip of the pantograph top and the catenary. If an 

extreme lifting force is applied to the pantograph, more 

contact will occur with the contact wire; it may even remove 

it. This will severely damage the pantograph and the catenary; 

it will also cause oscillations. In addition, wear increasing on 

the contact wire, or the pantograph collector, can cause an arc 

to form.  Consequently, the necessary precautions to reduce 

wear should be taken. This will extend the life of the 

equipment and reduce the maintenance and repair costs [5-7].  

Many methods have been developed for condition 

monitoring and fault diagnosis in PAC systems. The first is 

based on current-voltage processing based methods and image 

processing based methods.  

If the interaction between the pantograph and the catenary is 

not proper, the contact and the energy of the train can be cut 

off or the catenary can be damaged. The vibrations of the 

contact wire and external forces can cause variations in the 

contact force. This generates losses and instability conditions 

in the system [8- 9].The general scheme of the PAC system 

for a railway line is shown in Figure 1. The most prominent 
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parts in this scheme are the pantograph and the catenary; 

however, all components have a different significance. 

Many studies have been achieved by examining the 

pantograph and catenary systems and the failures that may 

occur in these systems [7-16]. Wang [7] emphasized that the 

pantograph slide and the contact wire are a friction pair. A 

high-performance sliding contact testing machine was used to 

obtain the experimental data. The mathematical model of 

wearing was tested to create some testing and curve fitting 

methods. Electrical and mechanical wear were mentioned, 

depending on the value of the contact pressure variation. 

Pombo [17] focused on using multiple pantographs. When 

there was a fault in one of the pantographs, the availability of 

the second pantograph was investigated. The effects of 

environmental degradation on the PAC system were analyzed; 

a finite element method was used for the modeling. Xiaodong 

[18] performed a self-adaptive active control to reduce the 

vibrations by applying them to the suspension system of the 

PAC system. Ocoleanu [19] used a thermal analysis to 

examine the interaction between the pantograph and the 

catenary. The temperature of the contact point was measured 

for current values with an infrared camera.   

In [20], the mechanical structure of the PAC system and the 

resonance event at different speeds, with a double pantograph, 

were investigated. The required software was formed by 

considering the non-linear pantograph analysis. The effects of 

the factors that are comprised of wear and their comparisons 

are presented in [21]. A new test device was improved for a 

flexible contact action in [22]. Ostlund [23] gave a condition 

monitoring approach for a pantograph contact strip in winter. 

However, the wearing in the PAC systems does not only occur 

as a result of the arcing. Hence, a more detailed analysis for 

wearing or arcing is necessary for these systems. 

Ide [24] accomplished state estimations using a non-linear 

state feedback control approach to control the contact force at 

a constant value in the PAC system. A non-linear observer 

was used to estimate the situations. The estimated situations 

were linearized with feedback. Figure 2 illustrates a block 

diagram of the control approach. Bucca [25] proposed a wear 

model procedure for the contact wire and contact strip of the 

PAC pair. Laboratory tests were conducted to perform a wear 

analysis for the contact strips; these were made of different 

materials, speeds, contact forces and current values. The 

results obtained from the laboratory test and wear map were 

used to regulate the wear model. 

In the literature, many researchers neglected to avoid the 

challenges of controller design. The catenary was modeled 

with a time-varying value of catenary stiffness k(t). The actual 

values for the contact force and the train speed were used. The 

results obtained for the constant train speed value exhibited 

better performance than the variable train speeds. The 

improvement in the results obtained for the variable speed 

values and the reduction of the negligence for the PAC system 

provide a more realistic model.  

In the literature, image processing based approaches focus 

on the detection of arc or contact point. However, the position 

of the contact between pantograph overhead and catenary wire 

has not been analyzed. The arc will occur after the wearing of 

pantograph strip. Only the determination of the contact points 

is not sufficient to evaluate the pantograph strip. The main 

contribution of the paper is to analyze the position of contact 

point. This knowledge is used to evaluate the pantograph 

overhead condition. The proposed approach was divided into 

two sections: the contact strip wear model formed by the 

carbon and graphite materials in the DC line and the wear 

model formed by the variation in the contact wire’s 

mechanical tension. The wear model schema is presented in 

Figure 3. The simulation results for the graphite and copper 

contact strips were obtained and compared. The results reveal 

that the amount of the contact wire wear and contact strip wear 

depth were increased when the copper contact strips were 

used. 

In this study, a new approach has been proposed to diagnose 

pantograph related problems. An image processing based 

method was proposed to analyze pantograph strip and 

determine pantograph faults. The main contribution of the 

proposed method is that both the position of the contact wire 

and the wear of contact strip are predicted via a contactless 

system. If it touches the end or the horn of the pantograph, 

serious problems and faults can occur.  The second 

contribution is to perform the contact point analysis between 

the pantograph contact strip and the catenary wire based on 

image processing. The contact point and the position of the 

contact wire are detected by applying canny edge detection 

and Hough transform. The data were acquired from a camera 

mounted on the train. The most commonly touched points of 

the pantograph strip to the catenary line have been analyzed; 

the statistical data have been obtained. Thus, the most worn 

points of the strip and the service life of the pantograph can be 

determined by condition monitoring and fault diagnostic 

algorithms.  
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Fig. 1.  The pantograph and catenary system for a railway line 
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Fig. 2.  The block diagram of the control system [19]. 
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The rest of the paper is organized as follows: section II gives 

an analysis of PAC systems; section III introduces the 

proposed experimental approach; Conclusions are given in 

section IV. 

 

II. ANALYSIS OF THE PAC SYSTEMS 

The contact force occurs through the interaction of the 

pantograph and the catenary. The mean of the current 

collection quality is used to provide the necessary electrical 

energy for the operation of trains with a sufficient magnitude 

of contact force to create a reduction in wear. Due to the 

friction and heat impact of the contact force exerted by the 

pantograph, a greater wear occurs. While the train is moving, a 

force is applied to the catenary contact wire via a pantograph. 

After the pantograph passes, a small amount of sagging in the 

wire and oscillations will occur, because of this sagging. The 

oscillations cause variations in the contact force and vibrations 

in the pantograph [26]. 

The flexibility and sagging of the contact wire are very critical 

in these systems. The contact wire is fixed on the supports at 

regular intervals. It is close to the support point, while the 

flexibility and sagging of the wire are less. The flexibility 

increases at the middle points of the wire. In this case, the 

faults and pantograph breakage can occur at high speeds. In 

order to avoid this problem, the sagging of the contact wire is 

tried to reduce. Various structures are designed to create a 

flexible structure [27-28]. A wide variety of failures can be 

encountered in such systems. The contact between the 

pantograph and the catenary must be in a reliable region.  The 

wrong positions deteriorate the pantograph strip for several 

reasons, such as: 

• Rail or ground.   A breakdown of rail or ground affects 

the interaction between the pantograph and the contact wire. If 

the train cannot move forward, the contact is always at the 

same point. The supporter and rail mounting must be 

appropriately practiced when the ground is very hilly. 

• Catenary. Good optimization of the catenary stiffness and 

sagging is required.  

• Pantograph. Irregularities or a very small crack on the 

surface of the pantograph increases the number of serious 

problems as the speed increases. 

• Weather conditions. These systems are affected by adverse 

weather conditions, because they usually work outdoors. The 

effects (e.g., extreme heat or cold, windy weather and ice 

loads) can disrupt the normal structure of the system. 

The analyzing of the interaction between the pantograph 

and the catenary should be the most appropriate way to reduce 

the problems and the costs of the system. For this purpose, 

different approaches such as simulation based, model based 

and periodic monitoring have been proposed. The adaptation 

to catenary structures and working conditions can be achieved 

with an actively controlled pantograph. The modeling is 

becoming more difficult with an increase in the speed of the 

system. In order to realize the required simulation, the 

electrical railway system needs to be analyzed, step by step, in 

detail. The establishment of such systems is very difficult and 

expensive. Due to environmental conditions or unexpected 

effects, undesirable faults may occur. These faults may lead to 

accidents or an interruption in the operation. Periodic 

monitoring, fault detection and the pre-estimation of the 

required maintenance of railway systems is extremely 

important worldwide. Monthly checks of railway systems are 

made with no interruptions in many countries. Due to the 

technical characteristics of the passive pantographs, the 

renewal or editing operations cannot be conducted. While the 

model is developing, the constant contact force variation 

should be targeted [4, 29-36]. Hence, it is necessary to 

optimally use and evaluate the existing systems. For this 

purpose, the necessity of fast, effective, and contactless 

diagnosis and monitoring methods have been increased. When 

situations (e.g., the wear of rails, breaking, twisting, catenary 

line tensions, contact, and the compatibility of the pantograph 

axis with the catenary line) are examined, the factors that 

prevent accidents will be pre-determined [31-36].  

The symbolic representation of the pantograph, the catenary 

and the pantograph regions affecting contact, are illustrated in 

Figure 4. Figure 4 shows the three main regions defined for 

the contact points on the pantograph surface. The 

circumstances of each region are examined. The regions 

depend on the impacts of the contact.  

The first region of the pantograph is the fault region. This 

region corresponds to the horns and the ends of the 

pantograph. If any contact is realized here, it leads to 

enormous damage. Breaking or rupturing can occur on the 

pantograph, resulting in the catenary and the contact being cut 

off.  

The second region is the dangerous region. This region is 

between the fault region and the safe region. A contact that is 

in this region does not lead to big problems; it is an 
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Fig. 3.  The wear model [25]. 
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Fig. 4.  PAC system: (a) the symbolic representation of the pantograph and 

the catenary and the (b) Pantograph regions. 
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undesirable condition. The contact between the pantograph 

and the catenary should ideally be in the safe region; it 

depends on the desaxement. It is also important to know where 

the fault occurred:  in the dangerous region or the fault region.  

The third region is the safe region.  A fault may occur on 

the right side or the left side of this region.  

The separation of these three regions on a pantograph surface 

is important for powerful condition monitoring and fault 

diagnosis.  Figure 4 shows that the dangerous region and the 

fault region are divided in itself.  The safe region is shown in 

green, the dangerous region is in blue and the fault region is 

red. 

III. PROPOSED EXPERIMENTAL APPROACH 

The points of the pantograph that touch the contact wire are 

very important for this system. The vast majority of problems 

can occur due to the wear and deterioration on the surface of 

the pantograph. The contact, which is always at the same point 

of the pantograph, is not reliable. Therefore, the pantograph 

surface is divided into specific regions. The situations that 

might occur for each region are mentioned.  

In this study, a contact point monitoring method based on 

image processing for the PAC systems has been proposed. The 

pantograph contact strip on the image is determined with the 

image processing techniques. The pantograph contact strip and 

the contact wire are detected with the Canny edge detection 

algorithm and the Hough transform. The block diagram in 

Figure 5 is used to create the analytical approach. After the 

mathematical model of the contact point variation between the 

pantograph and catenary is achieved, the amount of contact is 

obtained and evaluated with the diagnostic algorithm. 

In the proposed method, the contacts on the pantograph 

regions are analysed by following the contact point. After this 

review process is complete, the contact status in the critical 

regions of the pantograph contact area is observed. The 

probability of faults increases with the contact of the catenary 

contact wire in the critical regions of the pantograph surface. 

As such, the probability of a fault is calculated by detecting 

the fault potential. The contact area with a zig-zag structure, to 

prevent overheating, is monitored with the enhanced contact 

point monitoring algorithm. In this way, a scanning area 

between the pantograph and the contact wire in the PAC 

systems is formed. This scanning area is illustrated in Figure 

6. Figure 6 shows that the scanning area on the surface of the 

pantograph is formed to avoid contact in the contact wire at 

the same point on the pantograph. Due to an incorrect 

adjustment or small problems incurred during system 

operation, the scanning area may not be at the desired 

location. If the contact wire is not in the scanning area, the 

faults increase. The contact occurred in the undesired regions 

is determined by monitoring the contact point in here.  A 

condition monitoring is performed by estimating the faults on 

the pantograph surface with the obtained results. The flow 

chart of the proposed method in this study is given in Figure 7; 

the block diagram of the proposed algorithm is given in Figure 

8. 

 

As seen in figure 7-9, the image of the PAC system is 

received from the camera. The Canny edge extraction is 

applied to this image; straights are obtained with the Hough 

transform. The pantograph contact strip is determined by 

taking into account straight angles. A new contact area 

comprised of a contact strip is formed. New straights are 

obtained by applying the Canny and Hough within this area. 

The contact wire of the catenary is detected with the angles of 

these straights. During the determination of the contact wire, 

the contact wire can be confused with the messenger wire. 

Therefore, after the contact wire is detected in the first frame, 

a small area involving it is formed and the contact wire is 

searched for in this area for the next image. The block diagram 

of the Canny edge extraction algorithm is given in Figure 9. 

The results of a pantograph image obtained for the Canny 

edge extraction algorithm, according to the threshold values, 

are given in Figure 10. The block diagram of the Hough 

transform is given in Figure 11. The straights for the sample 
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Fig. 5.  The experimental arrangement used in the proposed method. 
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Fig. 6.  The scanning area for the contact wire on the pantograph surface. 
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Fig. 7.  The flow chart of the proposed method. 
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PAC image obtained from the edge extraction algorithm, 

according to threshold values, are given in Figure 12. 

A sample image of the PAC system is presented in Figure 

13. The gray-format of this image, the result of the Canny 

edge extraction and the straight lines detected by the Hough 

transform, are illustrated in Figure 13. 

Receiving the 
pantograph 

image

Performing the 
edge 

extraction

Finding the 
pantograph contact 

strip with Hough 
transform

Obtaining the 
pantograph 
contact area

The edge 
extraction of 
the contact 

area

Detecting the contact 
wire in contact area

Situation 
analysis

 
Fig. 8.  The block diagram of the proposed method. 
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Fig. 9.  The block diagram of the Canny edge extraction [37]. 
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Fig. 11.  The block diagram of the Hough transform [38-39]. 
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Fig. 12.  The implementation of the Hough transform for  the threshold 

values of the sample pantograph image: (a) the image obtained from the edge 

extraction; (b) threshold = 0.1; (c) threshold = 0.5. 
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Fig. 13.  Obtaining the lines for a sample PAC system  image: (a) normal 

image; (b) gray image; (c) the results of the Canny edge extraction; (d) 

detecting the straights through the Hough transform. 
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Fig. 14.  Determining the pantograph contact strip and the catenary contact 
wire: (a) detection of the pantograph contact strip; (b) detection of the 

catenary contact wire. 
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Fig. 10.  The implementation of the Canny edge extraction algorithm for  the 

threshold values of the sample pantograph image: (a) normal image; (b) 
threshold = 0.1; (c) threshold = 0.5. 
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The contact strip of the pantograph and the catenary contact 

wire within the obtained straights are determined by 

considering the angle of the lines. The pantograph contact 

strip and the catenary contact wire detected in the pantograph 

contact area are given in Figure 14. The intersection of the two 

straights in the analytical plane is shown in Figure 15. 

The slope equation given in Equation (1), is used to obtain 

the intersection point of the detected straights for the 

pantograph contact strip and the catenary contact wire. 
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                          (1) 

Another straight is drawn; it includes the points of E, F and 

G, given in Figure 15, to calculate the values of point E. The 

equation of the straight line with slope 3m  is given in 

Equation (2). 
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The latest state of Equation (2) is given in Equation (3). 
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        (3) 

The values of xE  and yE  are calculated in Equation (4) 

and Equation (5) by using the value of 3m  , given in Equation 

(3).  

3*)( mABAE xxxx 
                  (4) 

3*)( mABAE yyyy 
                  (5) 

The contact point is monitored by using the values of Ex and 

Ey  on the image of the PAC. The intersection points are taken 

as contact points.  

In this study, the videos of the PAC system taken from 

camera fixed to the roof of the locomotive have been used. 

The sample images received from the three pantograph videos 

for 500 frames are illustrated in Figure 16. The location of the 

contact point is monitored with the image frames received at 

regular intervals from the videos of the pantographs. The 

contact point has been identified by using 500 frames taken 

from the video of the PAC system for each video with the 

proposed method. The position graph of the detected contact 

points is shown in Figure 17. The detection of the contact 

point locations is required according to the regions of the 

pantograph surface. The location graph is given in Figure 18, 

by taking into account the position of the contact points 

obtained in Figure 17 for each frame. Contact should 

continuously be in the third region for a normal PAC system. 

However, in the PAC video, the contact points were found to 

be available in the first region and the second region. Contact 

in the second region can damage the pantograph surface and 

can lead to faults. Contact in the first region is more critical 

and causes major damages and faults. The horizontal and 

vertical axes positions of the contact wire and regional 

distribution of the contact points are given in Figure 19 for 

each frame received from the PAC system videos. 
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Fig. 15.  Intersection of the two straights in the analytic plane. 
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Fig. 16.  The images for  three  pantograph videos: (a) Video 1; (b) Video 2; 

(c) Video 3. 
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(c) 

 

Fig. 17.  Detection of the contact point from the PAC video: (a) Video 1; (b) 

Video 2; (c) Video 3. 
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As seen in the figure 18, the vast majority of the contacts 

occurred in the third region. The number of contact points and 

contact ratios, according to the regions of the 500 frames, can 

be seen in Table 1.  The contact ratios for the first region are 

very low. This region is the fault region. The problem must be 

resolved as soon as possible. The mean operation time for 

each frame used in this study is 251.3 ms; the standard 

deviation is calculated as 38 ms. 

 

IV. CONCLUSIONS 

In this study, the contact point regions on the pantograph 

surface, formed by the interaction of the pantograph contact 

strips and the catenary contact wires, have been monitored to 

identify the faults of the PAC system. The pantograph surface 

is divided into three regions, depending on the contact 

situation. These regions include the fault, dangerous and safe 

regions. The diagnostic algorithm has been established to 

determine each regions effects on system performance. 

Ideally, the contact points will be on the pantograph’s safe 

region at all times. The faults are not realized in the third 

region. If the contact ratio is below 5% in the second region, 

the probability of a fault is very low. This is determined by the 

diagnostic algorithm. This is because it is likely a temporary 

condition and is negligible. An increase in this ratio or a 

sliding of the contact to the first region leads to major 

problems. The situations of the contact points for the three 

values of speed are given. The simulation results are obtained 

for the fault scenarios. 

After this analytical approach for condition monitoring and 

fault diagnosis was established, an image-processing based 

method was proposed to predetermine the PAC system faults. 

A pantograph video taken from a camera fixed to the roof of 

the locomotive is used in the proposed method. The contact 

point was identified by applying this method for each frame 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 18.  The distribution of the contact points, according to the pantograph 

regions: (a) Video 1; (b) Video 2; (c) Video 3. 
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TABLE I 

THE NUMBER OF CONTACT POINTS ACCORDING TO THE REGIONS 

Videos 

Total 

number 

of 

frames 

First region 

(Fault region) 

Second region 

(Dangerous region) 

Third region 

(Safe region) 

The 

number 

of 

frames 

Contact 

ratios 

(%) 

The 

number 

of 

frames 

Contact 

ratios 

(%) 

The 

number 

of 

frames 

Contact 

ratios 

(%) 

Video 

1 
500 10 2 107 21.4 383 76.6 

Video 

2 
500 6 1.2 50 10 444 88.8 

Video 

3 
500 8 1.6 85 17 407 81.4 

 

 

 

 
(a) 

 
(b) 

 
(c) 

 

Fig. 19.  The horizontal and vertical axes positions of the contact wire and 
regional distribution of the contact points: (a) Video 1; (b) Video 2; (c) 

Video 3. 
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received from the video. The contact point was monitored by 

repeating this process for 500 frames. The contact is expected 

to be in the third region, but when the obtained experimental 

results were analyzed, the contact points were in the first and 

the second regions.  

The type of fault is detected according to the regions, then 

repairs can be made and the correctional measures can be 

determined. The monitoring of the contact point prevents these 

faults, decreases the maintenance costs and ensures 

transportation security. Therefore, the monitoring approach of 

the contact point for the PAC systems is very important. The 

second region contact ratios are greater than 5%. If the contact 

wire only touches to the safe region, no fault will be reported. 

However, a fault is reported according to the position of the 

contact wire.  

ACKNOWLEDGEMENT 

This work was supported by the TUBITAK (The Scientific 

and Technological Research Council of Turkey) under Grant 

No: 112E067. 

REFERENCES 

[1] J. Jerrelind, L. Drugge, A. S. Trigell, M. Nybacka, “Simulation of 

Vehicle-Overhead Power System Interaction on Electric Roads”, 13th 

Mini Conference on Vehicle System Dynamics, Identification and 
Anomalies, 2012. 

[2] I. Aydin, M. Karakose, E. Akin, “A New Contactless Fault Diagnosis 

Approach for Pantograph-Catenary System”, 15th International 
Symposium Mechatronika 2012, pp.1-6, 2012. 

[3] L. Zhou, Z. Shen, “Progress in High-Speed Train Technology Around 

The World,” Journal of Modern Transportation, vol. 19, no.1, pp. 1-6, 
2011. 

[4] Z. Wang, F. Guo, Z. Chen, A. Tang, Z. Ren, “Research on Current-

carrying Wear Characteristics of Friction Pair in Pantograph Catenary 

System”, 59th Holm Conference on Electrical Contacts, pp. 1-5, 2013. 

[5] E. Karakose, M. T. Gencoglu, “An Analysis Approach for Condition 

Monitoring and Fault Diagnosis in Pantograph-Catenary System”, IEEE 
SMC 2013, IEEE International Conference on Systems, Man and 

Cybernetics, October 13-16, Manchester, UK, pp. 1963-1968,  2013. 

[6] J. Benet, N. Cuartero, F. Cuartero, T. Rojo, P. Tendero, E. Arias, “An 
advanced 3D-model for the study and simulation of the pantograph 

catenary system”, Transportation Research Part C: Emerging 

Technologies, Volume 36, , Pages 138-156,  November 2013. 
[7] E. Karakose, M. T. Gencoglu, “Adaptive Fuzzy Control Aproach for 

Dynamic Pantograph Catenary Interaction”, 15th International 

Symposium  Mechatronika, 2012, pp.1-5, 2012 . 
[8] C. O'Donnell, R. Palacin, J. Rosinski, “Pantograph Damage And Wear 

Monitoring System”, The Institution of Engineering and Technology 

International Conference on Railway Condition Monitoring, pp.178 – 
181,  2006. 

[9] Y. Zhang, Y. Qin, X. Cheng, L. Jia, Z. Xing, “An Analysis Method for 

the Correlation between Catenary Irregularities and Pantograph-

Catenary Contact Force,” Transportation Research Board Annual 

Meeting, 2012.  

[10] A. Basso, A. Collina, M. Galimberti, R. Sala, “Pantograph dynamic 
analysis by means of non-contact optical measurement techniques,” 

EVACES 2011 – Experimental Vibration Analysis for Civil Engineering 

Structures, pp. 553-560, 2011. 
[11] C. Nituca, “Thermal Analysis of Electrical Contacts from Pantograph–

Catenary System for Power Supply of Electric Vehicles”, Electric Power 
Systems Research, vol. 96, pp.211– 217, 2013. 

[12] E. Karaköse, M. T. Gencoglu, “An Investigation of Pantograph 

Parameter Effects for Pantograph-Catenary Systems”, Innovations In 
Intelligent Systems and Applications. IEEE International Symposıum, 

INISTA 2014, Italy, 2014. 

[13] A. Facchinetti, M. Mauri, Hardware-in-the-Loop Overhead Line 

Emulator for Active Pantograph Testing, IEEE Transactions on 
Industrial Electronics, Vol. 56, Issue 10, 4071- 4078, 2009. 

[14] H. Wang, Z. Liu, Y. Song, X. Lu, Z. Han, J. Zhang, Y. Wang, 

“Detection of Contact Wire Irregularities Using a Quadratic Time-
Frequency Representation of the Pantograph-Catenary Contact Force”, 

IEEE Transactions on Instrumentation and Measurement, 1-13, doi: 

10.1109/TIM.2016.2518879, 2016. 
[15] S.H. Kia, F. Bartolini, A. Mpanda-Mabwe, R. Ceschi, Pantograph-

catenary interaction model comparison, 36th Annual Conference on 

IEEE Industrial Electronics Society (IECON2010), 1584-1589, 2010. 
[16] C.A. Luna Vázquez, M. Mazo Quintas, M. Marrón Romera, Non-contact 

sensor for monitoring catenary-pantograph interaction, IEEE 

International Symposium on Industrial Electronics (ISIE 2010), 482-
487, 2010. 

[17] J. Pombo, J. Ambrosio, “Environmental and Track Perturbations on 

Multiple Pantograph Interaction with Catenaries in High-Speed Trains,” 
Proceedings of The Thirteenth International Conference on Civil, 

Structural And Environmental Engineering Computing, pp.1-14, 2011. 

[18] Z. Xiaodong, F. Yu, “Active Self-adaptive Control of High-speed Train 
Pantograph,” Power Engineering and Automation Conference (PEAM), 

Vol. 3, pp. 152 – 156, 2011. 

[19] C.F. Ocoleanu, I. Popa, G. Manolea, A.I. Dolan,S. Vlase, “Temperature 
Investigation in Contact Pantograph-AC Contact Line,” International 

Journal of Circuits, Systems And Signal Processing, vol. 3, pp. 154-163,  

2009. 
[20] A. Bobillot, J.P. Massat, J.P. Mentel, “ Design of Pantograph-Catenary 

Systems by Simulation,” 9th World Congress on Railway Research 
(WCRR), 2011. 

[21] T. Ding, G. Chen, Y. Li, Q. He, W. Xuan, “Friction and Wear Behavior 

of Pantograph Strips Sliding aganist Copper Contact Wire with Electric 
Current,”  AASRI Procedia, pp. 288-292, 2012. 

[22] W. Wang, A. Dong ,G. Wu, G. Gao, L. Zhou, B. Wang, Y. Cui ,D. Liu, 

D. Li, T. Li, “Study on Characterization of Electrical Contact Between 
Pantograph and Catenary,” Electrical Contacts (Holm), 2011 IEEE 57th 

Holm Conference on, pp. 1-6, 2011. 

[23] S. Östlund, A. Gustafsson, L. Buhrkall, M. Skoglund, “Condition 
Monitoring of Pantograph Contact Strip”, 4th IET International 

Conference on Railway Condition Monitoring, , pp. 1 – 6, 2008. 

[24] C. K. Ide, S. Olaru, P. R. Ayerbe, A. Rachid, “ A Nonlineer State 
Feedback Control Approach for a Pantograph-Catenary System”, 

System Theory, Control and Computing (ICSTCC), 2013 17th 

International Conference, p. 268-273, Sinaia Romania, 2013. 
[25] G. Bucca, A. Collina, “A Procedure for The Wear Prediction of 

Collector Strip and Contact Wire in Pantograph–Catenary System”, 

Wear, Vol. 266, pp. 46–59, 2009. 
[26] R. Garg, P. Mahajan, P. Kumar, “Effect of Controller Parameters on 

Pantograph-Catenary System”, American International Journal of 

Research in Science, Technology, Engineering & Mathematics, pp. 233-
239, 2013. 

[27] K. K. Ang, J. Dai, “Response Analysis of  High-speed Rail System 

Accounting for Abrupt Change of  Foundation Stiffness,”  Journal of 
Sound and Vibration, vol.  332, pp. 2954–2970, 2013. 

[28] J. Ambrosio, J. Pombo, M. Pereira, “Optimization of high-speed railway 

pantographs for improving pantograph-catenary contact,” Theoretıcal & 
Applied Mechanics Letters 3, 013006, 2013. 

[29] B. Allotta, L. Pugi, F. Bartolini, “Design and Experimental Results of an 

Active Suspension System for a High-Speed Pantograph,” IEEE/ASME 
Transactions on Mechatronics, Vol. 13, No. 5, pp. 548-557, October 

2008. 

[30] R.J. Lian, “Enhanced Adaptive Self-Organizing Fuzzy Sliding-Mode 
Controller for Active Suspension Systems,” IEEE Transactions on 

Industrial Electronics, vol. 59, no. 12, 2012. 

[31] I. Aydin, E. Karakose, M. Karakose, M. T. Gencoglu, E. Akin, “A New 
Computer Vision Approach for Active Pantograph Control”, Innovations 

In Intelligent Systems and Applications. IEEE International Symposıum. 

2013, INISTA 2013, 19-21 June, Albena, Bulgaria, 2013. 
[32] I. Aydin, M. Karakose, E. Akin,, “Anomaly detection using a modified 

kernel-based tracking in the pantograph–catenary system”, Expert 

System with Applications, vol 42, pp. 938-948, 2015. 
[33] T. Ding, G.X. Chen, Y.M. Li, H.J. Yang, Q.D. He, “Arc Erosive 

Characteristics of A Carbon Strip Sliding Against A Copper Contact 

Wire in A High-Speed Electrified Railway”, Tribology International, 
Vol. 79, pp. 8–15, 2014. 



1551-3203 (c) 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TII.2016.2628042, IEEE
Transactions on Industrial Informatics

[34] C. Nituca, “Thermal Analysis of Electrical Contacts from Pantograph–

Catenary System for Power Supply of Electric Vehicles”, Electric Power 
Systems Research, Vol. 96, pp. 211– 217, 2013.  

[35] O. V. Van,  J-P. Massat, C. Laurent, E. Balmes, “ Introduction of 

Variability in Pantograph-Catenary Dynamic Simulations”, The 
International Association for Vehicle System Dynamics (IAVSD), pp. 1-

8, 2013.  

[36] A. Plesca, “Thermal Analysis of Sliding Electrical Contacts with 
Mechanical Friction in Steady State Conditions”, International Journal 

of Thermal Sciences, Vol. 84, pp. 125-133, 2014.  

[37] A. Haghi, S U. U. Heikh, , M. N. Marsono, “A Hardware/Software Co-
design Architecture of Canny Edge Detection”, 2012 Fourth Int. Conf. 

Comput. Intell. Model. Simul., vol. 2, no. 2, pp. 214–219,  2012. 

[38] A. Landi, L. Menconi, L. Sani, “Hough Transform and Thermo-Vision 
for Monitoring Pantograph-Catenary System, Proc. Inst. Mech. Eng. Part 

F J. Rail Rapid Transit, vol. 220, no. 4, pp. 435–447, Jan. 2006. 

[39] D. Rujiao, Z. Wei, H. Songling, C. Jianye, “Automatic Inspection of the 
Localizer Slope based on Improved Hough Transform”, IEEE Int. 

Instrum. Meas. Technol. Conf., pp. 1–4, May 2011. 

 

 

Ebru Karakose was born in Elazig, 

Turkey, in 1983. He received B. S. degree 

in electrical-electronical engineering from 

Firat University, Elazig, Turkey, in 2007, 

the M. S. degree in electrical-electronical 

engineering from Firat University, Elazig, 

Turkey, in 2010, respectively and he 

finished the Ph. D. program in electrical-

electronical engineering from Firat University, Elazig, Turkey, 

in 2015. He works as assistant professor doctor in the 

Electrical-Electronical Engineering, Firat University, Elazig, 

Turkey.  His research interests are railway inspection systems, 

fault diagnosis, image processing. 

 

Muhsin Tunay Gencoglu was born in 

Elazig, Turkey, in 1973. He received the 

B. S. degree in electrical engineering 

from Firat University, Elazig, Turkey, 

the M. S. degree in electrical engineering 

engineering from Firat University, 

Elazig, Turkey, respectively, and the Ph. 

D. degree in electrical engineering from 

Firat University, Elazig, Turkey. He is 

currently an associate professor doctor in the Department of 

Electrical-Electronical Engineering, Firat University, Turkey. 

 

Mehmet Karakose received the B. S. 

degree in electrical engineering from 

Firat University, Elazig, Turkey, in 

1998, the M. S. degree in computer 

engineering from Firat University, 

Elazig, Turkey, in 2001, respectively, 

and the Ph. D. degree in electrical 

engineering (computer engineering) 

from Firat University, Elazig, Turkey, in 

2005. He is currently an associate professor doctor in the 

Department of Computer Engineering, Firat University, 

Turkey. He was a research assistant at Computer Engineering 

Department, Firat University from 1999 to 2005. His research 

interests include fuzzy systems, intelligent systems, simulation 

and modeling, fault diagnosis, computer vision, railway 

inspection systems, and photovoltaic systems. Assoc. Prof. 

Karakose is IEEE senior member. 

 

Ilhan Aydin was born in Elazig, 

Turkey on 1981. He received the B.Sc. 

degree in computer engineering from 

Firat University, Elazig, Turkey, in 

2001. He received the M.Sc.  degree in 

computer engineering  and Ph.D. degree 

in  electrical and electronics 

engineering from Firat University, 

Elazig, Turkey, in 2006 and 2011, 

respectively. He is currently an Assistant Professor in 

Computer Engineering at Firat University. His research 

interests include soft computing, optimization, real-time 

systems, FPGA, fault diagnosis and condition monitoring, 

signal and image processing. 
 

Erhan Akin was born in Erzincan, 

Turkey, 1963. He received the BS and 

MS degrees in electrical engineering 

from Firat University, Elazig, Turkey 

in 1984 and 1987 respectively, and the 

PhD degree in the area of ac drives 

from Firat University, Elazig, Turkey 

in 1994. He was with the Department 

of Electrical Engineering, Firat 

University, first as Assistant professor 

and then as a Associate profersor of electrical machines. He is 

currently a Full Professor of computer engineering with 

university of firat, Elazig, Turkey. His main research interests 

are in power electronics, digital control of variable-speed ac 

drives, fuzzy control and soft computing techniques. 


