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 Abstract— The Cyclists and Motorcyclists detection in 

streaming traffic video has been a challenging task due to 

irregular movement within the road and smaller image size 

within the frame. This paper is proposed a novel method of image 

segmentation of cyclists and motor cyclists and subsequent 

detection with image moments in traffic video footage. However, 

isolation of pedal cycles and motorcycles with perfect object 

boundaries has been a challenging problem with respect to other 

vehicle categories in the context of image segmentation. Irregular 

shape image segmentation for pedal cyclists and motor cyclists 

using a novel recursive image segmentation algorithm is 

proposed in this work. The recursive image segmentation 

algorithm is applied to extract image pixels of a moving object in 

the binary image. The extraction of all the pixels of a bicycle 

could be accomplished successfully using the proposed algorithm. 

Subsequently, pixel count, height, width and the image Hu 

moments are recorded and used to identify the motorcycle 

category. An accuracy of 91.2% was obtained for video footage 

duration of 6 minutes video sequence for the detection of cyclists 

and motor cyclists. This recursive image segmentation method 

has successfully been applied in identification of motorcycles in 

traffic video sequences.  

Keywords— Image features, Image segmentation, Irregular 
shape  

I. INTRODUCTION   

The transportation in emerging countries emphasis the 
importance of multimodal transport implementation with 

accurate detection systems [1]. Due to various social and 

economic factors motorcycles are becoming increasingly 

popular. Segmentation of motorcycles in streaming traffic 

videos can be seen as the first step in developing traffic 

estimation models using vehicle tracking, speed calculation, 

motorcycle helmet use and occlusion processing  

Several studies exist in the literature on image 

segmentation, vehicle detection including motorcyclists and 

cyclists detection and counting based on image processing 

approach. The system proposed as in [2] which demonstrates 
a method to enforce better safety protocols using the automatic 

real-time detection of motorcyclists with and without a helmet. 

Machine learning based approach was used to identify the 

motorcyclists and the helmet usage. The ultimate objective of 

the study was to detect two-wheeler cyclists who violated rules 

not wearing a helmet while driving on the road. The first step 

is detect the motorcycle and then to detect the helmet using 

support vector classification. The implementation algorithm 

demonstrated high accuracy results and proposed a solution to 

enhance the safety measurements for motorcyclists. The 

system proposed as in [3] which detects motorcyclists not 
wearing helmets. There are three main steps of the proposed 

method namely image enhancement, feature extraction 

and,classification. The features used were area of the object, 

the circumference of the object, object’s center point on X 

axis, object’s center point on Y axis and the location of the 

object, while the classification process used back-propagation 

neural network and SVM. The classification stage is used to 

distinguish between an object of motorcycle and a non-

motorcycle. The accuracy of the system has measured by two 

methods. The accuracy of testing performance of image   

enhancement is 93.75% while eleven images were not 

detected. The accuracy of classifier was 96.95%. The 

reference [4] objective is to propose and develop a system for 

automatic detection of motorcycles on public roads. The 
strategy included four parts such as region of interest 

determination, background detection, dynamic objects 

segmentation and vehicle classification. A comparative 

analysis was performed to identify the best pair of descriptor 

and classifier for classification of detected vehicles as non-

motorcycle or motorcycle. SURF, HAAR, HOG and LBP used 

as descriptors and Multilayer Perceptron (MLP), Radial-Bases  

Function Networks (RBFN) and Support Vector Machine 

(SVM) were used as classifiers. The video sequences collected 

using a CCD video camera on public roads during day and 

night. The videos have a resolution of 1280 X 720 pixels, and 
they are 114 minutes long. Matlab tool and OpenCV library 

were used for implementation. One of the challenges was to 

differentiate motorcycles and bicycles because they have 

similar characteristics. The system is supposed to extend to 

identify motorcyclists without helmets and to identify the 

license plate. It is important to implement techniques that 

allow detection and tracking motorcycles to reduce accident 

rates. As in reference [5] proposes a vision based motorcycle 

monitoring system to detect and track motorcycles. According 

to different vehicle models, the visual length and visual width 

of different vehicle models are around 6m and 2m 

respectively, and the visual length and visual width of 
motorcycles are around 3m and 1.2m respectively. If these 

motorcycles overlap with other motorcycle or vehicle, 

segment occlusive motorcycles in the bounding boxes before 

doing the next processing. Then, the detection and tracking 

methods processed in each object. After motorcycle detection, 

the helmet of the motorcyclist detected by helmet detection 

method. If the visual length, visual width and pixel ratio of the 

bounding box are within the occlusive problem, occlusive 

problem of the motorcycle class is obtained using five 

equations. Five motorcycle classes identified in the study are 

Vehicle-motorcycle vertical occlusion, Vehicle-motorcycle 
horizontal occlusion, Motorcycle-motorcycle horizontal 

occlusion, Motorcycle-motorcycle vertical occlusion and 

Motorcycle-motorcycle diagonal occlusion. The center of the 

helmet uses to tracking the position of the motorcycle on the 

next frame. Helmet center in the current frame and the helmet 

centers in the previous frame are used to track the motorcycle. 

If this distance is minimum the tracking of the motorcycle is 

found. The recognition rate is 95.23%.  



This work demonstrated on, and in part motivated by, the 

task of bicycle and motorcycle identification using a novel 

method of image segmentation of cyclists and motorcyclists 

and subsequent detection with Hu moments using traffic 

camera video footage. The importance of multimodal transport 
implementation with accurate detection is described in 

different methodologies which highlight the importance of 

cyclists as an efficient, alternative, environmentally friendly 

mode of transport but also an increasing number of incidents. 

Since the goal of our final system is traffic management and 

prediction of traffic congestion prioritizing safety and 

sustainability, detection and analysis of cyclists and 

motorcyclists count is important. Isolation of moving objects 

with perfect object border is challenging problem in vehicular 

category wise traffic analysis since, the image pixels of other 

objects also extracted with the target moving object. Using the 

above segmentation methods in literature, isolation of motor 
cyclists and pedal cyclists with perfect object boundaries is a 

challenging problem in vehicular traffic analysis. In many 

methods usually moving objects are extracted inside a 

rectangular frame with image pixels from other objects 

included in the analyzed image. Since these image segments 

contain additional image pixels from other objects it is not 

favorable for feature extraction and detection of the vehicle 

category.  

The main objective of this study is to detect the 

motorcyclists and cyclists in a traffic scene and extract them 

with irregular shaped boundaries for vehicular identification. 
It is very important to extract only the cyclist image without 

background image pixels for feature extraction and 

identification of occlusion problems in a detected image blob 

and segment only motor cyclist or cyclist. The novel recursive 

algorithm in [6] used in the proposed method is most clearly 

distinguished from previous approaches in its ability to detect 

irregular shaped moving objects. The performance of 

motorcycles identification method is vulnerable to various 

environmental variations, such as illumination, vehicle 

shadow, noise, angle of cameras and weather-related 

anomalies in the image.  

The remainder of the paper describes our experimental 
methodology, experimental results and discussion and finally 

conclude this paper and describe directions of future work.    

  

II. THE PROPOSED METHODOLOGY  

The proposed method is an image processing-based 
technique to detect pedal cyclists and motorcyclists with 
irregular shaped object boundary and low pixel count 
estimating motorcyclists count. The algorithm used is capable 
of extracting comparatively high percentage of pixels of a 
moving cyclists. Background subtraction technique as in [7] 
[8] are used to identify moving objects eliminating static 
objects from the video sequence. A binary thresholded image 
is then filtered with a 2D low pass filter as in [9] [10] to isolate 
irregular shaped image boundaries of objects. White pixels are 
considered as the pixels of the moving object. Subsequently, 
the recursive image segmentation algorithm applied to 
resulting binary image to segment motorcyclists and cyclists 
acquiring a high percentage of pixels of the pedestrian image. 
A rectangular region of interest is selected in the resulting 
binary image to apply recursive image segmentation algorithm 
to fast the image processing task. From this recursive 
algorithm all connected white pixels of the thresholded image 
blob are recorded to identify the presence of a moving object. 
Subsequently all the pedal cyclists and motorcyclists in a 

video frame are extracted in an efficient manner. Feature 
analysis of cyclists from their extracted irregular shaped image 
is important for classification, recognition and image retrieval. 
Accordingly, the pixels count, height and width of the objects 
and Image moments are recorded. Using the image moments 
seven invariant moments called Hu moments used for image 
feature analysis. The block diagram for the cyclists and motor 
cyclists detection and counting is given in Fig. 1.  

Euclidean distance calculation method is used to obtain the 
difference between the features of each extracted object and 
reference feature vector of a cyclist. Pre identified reference 
feature vectors cyclists and motorcyclists images are used to 
compare the Euclidean distance between the features of 
extracted image blob and the reference feature vectors. If the 
matched value obtained is comparatively close to the template 
image and the height to width ratio and the pixel count are 
within the expected ranges of the template image, extracted 
image is identified as a cyclist or motorcyclist. Subsequently 
if the Euclidean distance value is comparatively higher, the 
extracted image blob is considered as a non-cyclist or non-
motorcyclist image. The relationship between the image 
features and the cyclist or non-cyclist images can be computed 
using the above methodology. These feature parameters are 
site-specific and unique to the camera angle and the distance 
between the camera and the moving object. To obtain accurate 
results for different moving objects, selection of suitable 
camera angle at the roadway is important. This two-
dimensional structure of the scene is useful to improve the 
accuracy of cyclists and motorcyclists detection and feature 
analysis.  

The required traffic videos collected using an IP camera 
and a roadside digital camera installed. Since this proposed 
work is continued to vehicle count prediction using deep 
learning. IP camera configured to record videos to a SD card 
of 64 GB size. Camera settings changed to record traffic 
videos continuously and videos saved in the SD card as one 
hour videos. SD card data was copied from IP camera without 
changing the camera angle via ethernet cable connected to IP 
camera and laptop. IVMS software is used to collect video 
recordings from IP camera to laptop. The IP address of the 
camera changed to a static IP address. There are many reasons 
to change and set a static IP address for IP camera. such as a 
managed switch, wireless router, or outdoor access point. 
Setting static IP addresses helps to avoid network conflicts 
which could cause certain devices to stop working correctly. 
A static IP address will ensure that any IP camera software or 
mobile apps that connect to the camera will not lose 
connectivity if there is a power loss or if the camera is 

 

  

Fig. 1. Block diagram of the proposed system for cyclists and motor cyclists 

detection  



intentionally re-started. Setting a static IP address is an 

advanced networking function, and a basic, fundamental 

knowledge of transmission control protocol(TCP) and internet 

protocol(IP) is needed in this task. Hikvision camera model 

used for this task. SADP application installed on machine and 

changed the IP address of camera to a static IP address.  

 These feature parameters are site-specific and unique to 

the camera angle and the distance between the camera and the 
moving object. To obtain accurate results for different moving 

objects, selection of suitable camera angle focusing the road 

surface is important to capture good image segments of 

cyclists. Since the pixels count is higher value compared to the 

pixels count range of cyclists, non-cyclists vehicular segments 

discarded in the initial part of the algorithm. This two-

dimensional structure of the scene is useful to improve the 

accuracy of cyclists and motor-cyclists detection and feature 

analysis. Fig. 2 shows cyclists detected, and image features 

captured for different motorcyclists. The cyclists in figures A 

and B are detected in the same region of the road and travelling 

in the same direction while cyclist C is travelling in the 
opposite direction. Cyclists A and B are distanced to the 

camera and cyclist C is closer to the camera. Pixels count, 

height and width values of A and B cyclists are comparatively 

likely to each other although much difference with cyclist C. 

But the Hu moments values for all A, B and C are close to each 

Since the shape of all detected objects are same. Table 2 

depicts the feature parametes are unique to the camera angle 

and the distance between the camera and the cyclist. Hence 

euclidean distance method used to calculate the difference 

between the extracted object and reference object, different 

regions of the road should have different feature arrays for the 
cyclist identification.  

 

         Fig 2.A     
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Fig. 2. A, B and C cyclists detection in consecutive video frames  

 

Table 2.  Features extracted in motorcyclists A, B and C in consecutive video 

frames.  

  Image A   Image B   Image C   

Pixels count   8234   9554   14713   

Height   120   132    180   

Width   116   125   145   

Hu moments(0)   2.8484   2.7053   2.7797   

Hu moments(1)   7.1251   7.4775   7.6882   

Hu moments(2)   9.4092   9.3404   10.1849   

Hu moments(3)   9.6036   9.3279   9.1214   

  

Table 2.  Features extracted in motorcyclists A, B and C in consecutive video 

frames.  

III. RESULTS AND OBSERVATIONS  

The required images for the proposed work were acquired 

with the help of an IP camera and a digital camera. The 

algorithm was used to extract and detect cyclists and 

motorcyclists. This method has applied to real image frames 
of videos of vehicles. These videos have been captured from 

different angles and distinct traffic conditions. The pixels of 

vehicles have been extracted including the moving casted 

shadow. Data identified in each object of a video frame are the 

number of objects in a frame, pixel count, height, width, 

midpoint of the object and no of motor bikes captured within 

a video sequence. The algorithm was used to extract different 

odd shaped objects. Moreover, this method was applied to real 

image frames of videos of vehicles. These videos have been 

captured from different angles and distinct traffic conditions. 

The pixels of vehicles have been extracted including the 
moving casted shadow.  

Data identified in each object of a video frame are the 

number of objects in a frame, pixel count, height, width and 

midpoint of each object. Table 1 shows the accuracy 

percentage of the number of vehicle extraction obtained for 

motorcycle vehicle category using proposed image processing 

algorithm. The missing number field in table 1 represents the 

vehicles that were not segmented successfully because they 

were extracted in combination with other vehicles. Using the 

Hu moments and the data recorded from the image processing 

  

  

  



algorithm the count of motorcyclists and cyclists were 

recorded.  

Fig. 3 shows the irregular shaped motorcycle segment 

obtained as the result using proposed method. Only the pixels 

of moving cyclist with casted shadow extracted to the detected 
cyclist image without background pixels.  

It is important how different the proposed method is from 

what is already in practice. In the proposed method, 

motorcycle identification using a novel method of image 

segmentation of cyclists and motorcyclists and subsequent 

detection with Hu moments using traffic camera video 

footage. The novel recursive algorithm used in the proposed 

method is most clearly distinguished from previous 

approaches in its ability to detect irregular shaped moving 

objects. 

IV. CONCLUSION  

An approach for motorcyclists and cyclist extraction with 
a high accuracy using a new recursive image segmentation 
algorithm and subsequent detection with Hu moments using 
traffic camera video footage is presented. Detection of cyclists 
with an accuracy of 91.2% was obtained for video footage 
duration of 6 minutes video sequence which recorded on a 
Tuesday between 8.00 AM to 8.15 AM. This accuracy of 
detection of cyclists is believed to be significant for many 
other statistical analyses for making further predictions and 
design decisions on transportation problems. Accurate traffic 
information also helps governments and organizations by 
supporting the development of smart and sustainable mobility 
systems to reduce overall congestion levels. More specially, 
analyze vehicle category wise motion-based count and 
dynamically learned using live statistics and make predictions. 
The future work would look into further improvement of 
detection probability of cyclist and 

   

 TABLE I.  Results of motorcycles extraction from the video sequence using 

image processing algorithm  

 

  

  

 

  

Fig. 3. Extraction of irregular shaped motorcycle image from 

traffic video sequence.  

motorcyclists and correlating obtained data with other traffic 
parameters such as accident rates.  

In future research, this work will be extended to identify 

motion-based detection and prediction of cyclists and 

motorcyclists in an intersection. Improvements to the proposed 

algorithms in this paper will be carried out to make a better 

system, robust to weather conditions, illumination variations, 
and camera position and angle. 

ACKNOWLEDGMENT 

This research was supported by the Accelerating Higher 

Education Expansion and Development (AHEAD) Operation 

of the Ministry of Higher Education funded by the World Bank.   

 

REFERENCES   

[1] P. Negri, X. Clady, M. Milgram and R. Poulenard, "An 

OrientedContour Point Based Voting Algorithm for Vehicle Type 
Classification," 18th International Conference on Pattern Recognition 

(ICPR'06), 2006, pp. 574-577, doi: 10.1109/ICPR.2006.264.  

[2] V. L. Padmini, G. K. Kishore, P. Durgamalleswarao and P. T. Sree, 
"Real Time Automatic Detection of Motorcyclists With and Without a 

Safety Helmet," 2020 International Conference on Smart Electronics 
and Communication (ICOSEC), 2020, pp. 1251-1256, doi: 
10.1109/ICOSEC49089.2020.9215415.  

[3] Sutikno, I. Waspada, N. Bahtiar and P. sidik, “Classification of 
motorcyclists not wear helmet on digital image with backpropagation 

neural network,” TELKOMNIKA (Telecommunication Computing  

Electronics  and  Control),  2016  14.  1128-
1133. 10.12928/TELKOMNIKA.v14i3.3486.  

[4] R. Silva, K. Aires, T. Santos, K. Abdala, R. Veras and A. Soares, 
"Automatic detection of motorcyclists without helmet," 2013 XXXIX 
Latin American Computing Conference (CLEI), 2013, pp. 1-7, doi:  

10.1109/CLEI.2013.6670613.  

[5] M. Ku, C. Chiu, H. Chen and S. Hong, “Visual motorcycle detection 
and tracking algorithms,” in WSEAS Transactions on Electronics, 

2008, 5. 121-131.  

[6] M. Eeshwara, R. Thilakumara and N. Amarasingha, “Recursive Image 

Segmentation for Vehicular Traffic Analysis,” in Proceedings of the 
13th KDU International Research Conference, 15-16 October 2020. 

[7] M. Radhakrishnan, “Video object extraction by using background 

subtraction techniques for sports applications,” in Digital Image 
Processing, 5(9), pp. 91–97, 2013.  

[8] A. Hardas, D. Bade and V. Wali, “Moving Object Detection for Video 
Surveillance using Different Color Spaces,” in International Journal of 
Computer Applications, 2015,118(13), pp.39-43.  

[9] F. Cabello, J. León, Y. Iano and R. Arthur, “Implementation of a 
fixedpoint 2D Gaussian Filter for Image Processing based on FPGA,” 
IN Poznan: 2015 Signal Processing: Algorithms, Architectures, 

Arrangements, and Applications (SPA), pp. 28-33, 2015.  

[10] E. S. Gedraite and M. Hadad, "Investigation on the effect of a Gaussian 

Blur in image filtering and segmentation," Proceedings ELMAR-2011, 
2011, pp. 393-396.  

[11] H. Ades, B. Dattatray, and W. Vibha, “Moving Object Detection using 

Background Subtraction, Shadow Removal and Post Processing,” in 
IJCA Proceedings on International Conference on Computer 
Technology ICCT 2015(2):1-5, September 2015.  

[12] E. Gedraite and M. Hadad, “Investigation on the effect of a Gaussian 
Blur in image filtering and segmentation,” in Zadar :Proceedings 

ELMAR-2011, pp. 393-396, 2011.  

[13] A. Hoover et al., "An experimental comparison of range image 
segmentation algorithms," in IEEE Transactions on Pattern Analysis 

and Machine Intelligence, vol. 18, no. 7, pp. 673-689, July 1996, doi: 
10.1109/34.506791.  

[14] P. G. Michalopoulos, "Vehicle detection video through image 

processing: the Autoscope system," in IEEE Transactions on Vehicular 
Technology,  vol. 40,  no. 1, pp. 21-29,  Feb. 1991, doi:  

  10.1109/25.69968.   
 
 

 

 Motorcycle   

Actual number of vehicles   91   

Extracted number   83   

Missing number   8   

Average accuracy %   91.2%   



[15] P. Viola and M. Jones, "Rapid object detection using a boosted cascade 
of simple features," Proceedings of the 2001 IEEE Computer Society 

Conference on Computer Vision and Pattern Recognition. CVPR 2001, 
2001, pp. I-I, doi: 10.1109/CVPR.2001.990517.   

 

[16]  L. Wimalaratna and D. Sonnadara, “Estimation of speeds of moving              
vehicles from video sequences,” in Proc. 24th Technical Session, Sri 

Lanka, pp. 6-12Z , 2008. 
 

[17]  Zhengqin Li and Jiansheng Chen, "Superpixel segmentation using   

Linear Spectral Clustering," 2015 IEEE Conference on Computer 
Vision and Pattern Recognition (CVPR), 2015, pp. 1356-1363. 


