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Abstract— Moving vehicle detection at nighttime is an essential 

process for Intelligent Transportation System (ITS). In recent 

years detecting and recognizing vehicles at nighttime has played 

an important role for traffic control surveillance applications and 

autonomous driving Different traffic parameters such as traffic 

flow rate, vehicle speed, travelling time, volume, density, 

congestion levels are calculated by using vehicle detection 

methods. These vehicle detection methods can be applied for 

vehicle classification, vehicle tracking, road traffic monitoring at 

nighttime and management etc. Nighttime vehicle detection is a 

challenging task and it may improve the traffic safety. Various 

nighttime vehicle detection methods have been proposed by 

researchers. The main objective of this paper is to introduce 

different methods for nighttime vehicle detection system using 

image processing and also to provide brief study of these 

methods. 
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I. INTRODUCTION   
Nowadays, accidents at a nighttime are increasing in a 

tremendous rate because of low visibility on roads. As compared 

to daytime the appearance of vehicles at nighttime is different in 

terms of color of the vehicle, reflection of the light on the body of 

vehicle, environment lightning etc. because the taillights of the 

vehicles are often very salient. Thus the various image processing 

approaches are required to enhance nighttime road environment. 

 

Detecting and recognizing vehicle at nighttime is an important 

and challenging research area in the Intelligent Transportation 

system (ITS), Advanced Driver Assistance System (ADAS). 

Automated Driving System (ADS). To avoid forward collision 

Advanced Driver Assistance System (ADAS) is used which can 

be able to detect the appearance of the vehicle such as shape, 

color, size and edged. Most of the nighttime vehicle detection 

system uses feature detection techniques such as headlights (HL), 

taillights (TL) and brake lights. To reduce road accidents at a 

nighttime and to improve luminosity, identification of vehicles in 

front of vehicle as well as approaching vehicles (travelling in the 

other direction than a host vehicle) at a daytime based on their 

appearance features such as color, shape or typical patterns is 

feasible. But for the nighttime vehicle detection, only taillights 

and headlights are the most reliable features.             

 

There are various problems to detect vehicles at nighttime. For 

effective detection of vehicle at nighttime several requirements 

can be considered such as Different environmental conditions, 

Different traffic conditions, Different road Symbols, Accuracy in 

vehicle detection, effective real time operations. Moving vehicle  
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detection is the study of motion of the vehicle in the captured 

video. 

 

 

II. NIGHTTIME VEHICLE DETECTION 

 
There are several nighttime vehicle detection algorithms that use 

headlights and taillights of the vehicle as the main feature in the 

detection of the vehicle. The general template for the vehicle 

detection at nighttime is as shown in figure-1 which consists of 

mainly six phase’s input video phase, preprocessing phase, Image 

detection phase, Feature extraction phase, Moving vehicle 

detection phase and classification to detect the vehicles. 

 

 
Figure 1: General algorithm for nighttime vehicle detection 

 
As shown in the figure, system takes video as a input then in 

preprocessing phase video is converted into images after that 

image detection method can be used and features can be extracted 

and based on that moving vehicle is detected and finally displays 

output. The information at the output phase can be used for 

evaluation of various traffic parameters and also it can be applied 

for various road traffic applications. 

 

                   III. TECHNIQUES 

 

A. Segmentation 
 

Segmentation is the process of partitioning digital image into set 

of pixels. Image segmentation divides images into smaller parts. 

By the segmentation the processing of images is easier. In 

segmentation each pixel of an image contains similar attributes. 

There are many different ways are available to perform image 

segmentation such as Otsu method, K-means clustering, 

watershed segmentation, special theory based segmentation. 

 

JunbinGuo et.al. [1] used the OTSU algorithm for taillight 

segmentation for detection the vehicles at nighttime. They 

introduced two methods. 

 
 Paring of Taillights Based on Similarity Analysis. 

 Removing the Pair of  Non-Vehicle Taillight Based on   

            Relevance Analysis. 

 

After analyzing the histogram of the whole image author 

determined the count of average number of higher gray scale and  

lower boundary of the threshold. After that by using OTSU 

method the original optimal threshold is calculated and that 
calculated threshold is between the highest grayscale of the whole 

image and the lower boundary, by this threshold value image 

divided into several sunblock’s All the operations are 

accomplished in the region of interest (ROI), and that ROI is 

restricted vanishing line and the corresponding line of the head of 

the host vehicle. Figure-2 shows Result based on similarity 

analysis for the taillight pairing. 

 

   
 
    (a) Original image               (b) Result of taillight pairing. 

 
Figure 2: Result of taillight pairing based on the similarity 

analysis [1] 

 

Figure-3 shows Results of vehicle detection based on relevance 

analysis and taillight pairing. 

 

  
 
(a) Vehicle detection result     (b) Vehicle detection result   

       in binary image                        in color image 

 

Figure 3: Results of vehicle detection based on taillight pairing 

and relevance analysis [1] 

 

 

Qing Ming et.al [2] introduced a method for detection of the 

vehicle which is based on forward looking CCD camera, where 

the information of the vehicle taillights is employed to generate 

the candidate of the vehicle.  

Author proposed a method in which on the basis of tail lights of 

the vehicle, they use color segmentation method to find the 

candidate of the vehicle which is less affected by the 

illumination. Detection of the vehicle involves two steps: 

 

 Generation of the vehicle candidate and  

 Verification of the vehicle candidate. 

 

 

In first step many kind of information is selected such as shadow 

information between two vehicles or edge histogram information 

and in second step they used Gabor filter for feature extraction. 

Figure-4 shows vehicle detection process architecture. 
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Figure 4: The architecture of vehicle detection process [2] 

 

Bhavinkumar M. Rohit et.al. [3] Introduced low light video 

frames having low exposure values of image and used the 

segmentation approach to detect the taillights. They used low 

exposure image frames because only the bright red color and 

taillight of the vehicle are visible in the image frame and removes 

unnecessary factors. The major issue in identifying the taillights 

is segmenting the red color from other noises. 

 

Yen-Lin-Chen et.al. [4] proposed a method in which the vehicles 

are identified by locating and detecting taillights and headlights 

of the vehicle using the technique of image segmentation and 

pattern analysis. Figure-5 shows the proposed nighttime traffic 

surveillance system block diagram. 

 

 
 
Figure 5: Block diagram of the proposed nighttime traffic    

surveillance system. [4] 

 

B. Filtering and Enhancement 

 

Image filtering is the process of modifying or enhancing an 

image. By using image filtering the size, colors, shading and 

other characteristics of image are altered. An image processing 

operations which uses filtering technique includes edge 

enhancement, smoothing and sharpening. An image filter can be 
applied commonly to reduce noise in an image. Image 

enhancement improves the quality of an image. 

There are many different types of image filtering are available 

such as Gabor filter, Median filter, Gaussian filter, spatial filter, 

temporal filter. 

 

Hossein Tehrani et.al. [5] proposes a method in which the idea of 

latent parts is used to optimize the structure of objects in 

deformable part models. The IR imaging technique is also 

included in [5] which uses Discriminative Part Models (DPM) 

 

Prof. SuvaranaNandyal et.al. [6] used image processing for 

vehicle detection method also used image enhancement 

techniques. Author introduced automatic vehicle detection and 

classification using features of an image. Their work mainly 

deals with the automatic vehicle detection, classification and 

traffic surveillance in restricted vehicle count. This work is 

enhanced using better feature extraction techniques so the output 

image is more suitable for specific applications. In this approach 

image contrast enhancement is used to emphasize brightness 

differences. Figure-6 shows authors proposed system design 

 

 
         

   Figure 6: Proposed system design [6] 

 
Bharti Sharma et.al [7] proposed an automated vehicle detection 

algorithm for the traffic images. To detect the vehicle different 

morphological profiles are used and to reduce the noise effect the 

averaging filter is used. Author used filtering to extract target 

objects. Shape index is computed to extract the target object. 

Shape index threshold is used to extract vehicles more accurately. 

Shape Index (SI) is computed using following formula. 

 

              
 
Following figure-7 shows, author’s proposed block diagram of 

the automatic vehicle detection algorithm 
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Figure 7: Block diagram of the automatic vehicle detection 

algorithm. [7] 

 

 

C.  Edge Detection 

 
In image processing edge detection is the process of finding the 

object boundaries. Edge detection is used for image segmentation 

and data extraction in areas such as image processing, computer 

vision and machine vision. 

The primary goal of edge detection is to produce a line drawing 

of a scene from an image of that scene. 

There are many different types of image edge detection are 

available such as Sobel, Prewitt and Canny edge detection. 

 

Brinda. R. B et.al [8] introduced a smart traffic controller using 

real time image processing. By using various edge detection 

algorithms and object counting methods the image sequence from 

camera is analyzed. Author used Canny edge detector for their 

proposed model. The Canny edge detector is the standard edge 

detector algorithm in image processing. 

Figure-8 shows the block diagram of proposed system 

 

 
 

Figure 8: Block diagram of proposed system [8] 

 

Figure-9 shows Canny edge detection 

 

 
 

Figure 9: Output of canny edge detector [8] 

 

P.Srinivas et.al. [9] proposed a method that uses Canny edge 

detector to detect the taillights of the vehicle because the Canny 

edge detector is most widely used detector. Canny edge detector 

is used to smoothens the images and finds the gradient of the 

images to highlight the regions with high spatial derivatives. It 

then tracks these regions to suppress any pixel that is not at the 

maximum. Two threshold values are used in this technique. It is 

set to zero if the magnitude is below the first threshold. If the 

magnitude is above the high threshold, it is made an edge and if 

the magnitude is between the two. Figure- 10 shows the output of 

different edge detectors. 

 

 
 

Figure 10: Output of various edge detection techniques. [9] 

 
Manoj K Vairalkar et.al. [8] introduced Sobel operator for image 

edge detection. The Sobel operator consists of a pair of 3×3 

convolution kernels. One kernel is simply the other rotated by 

90°.  The techniques implemented for edge detection that are 

gradient and laplacian detection depending on the output of these 

variables. The gradient magnitude is computed by 

 

                  
 
Where Gx and Gy are magnitude in x and y direction respectively. 

 

IV. REVIEW OF OTHER TECHNIQUES 

 
Kyeong Min Jeong and Byung Cheol Song [11] proposed a 

nighttime vehicle detection system using rear-lamp intensity. 

Author proposed algorithm which mainly composed of tone-

mapping, choosing the candidate of rear-lamp, tracking and 
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pairing of lamps. Figure 11 shows the entire block diagram of 

proposed algorithm 

 

 
 

Fig -11: Block diagram of proposed algorithm. [11] 

 

Result of this proposed algorithm for nighttime vehicle detection 

system is shown in figure-12 

 
 

Figure 12: Result of vehicle detection in night-time using the 

proposed algorithm [11] 

 

Ronan O’malley et. Al. [12] determined nighttime vehicle 

detection based on the detection of taillights. Author proposed a 

system of image processing that is able to detect vehicles at 

different distances and also in different conditions such as 

weather and lighting conditions. This proposed system in [12] 

focuses on close range detection so the distance between the rear 

light in an image is large enough to distinguish the individual 

lights. Figure 13 shows the successful taillight detection at 

different distances. 

 

 
Figure 13: Examples of successful tail light detection at different 

distances. 

 

P. Dave et. al. [13] proposed an algorithm which is novel 

approach for vehicle detection in nighttime scenes. This approach 

is useful when only one taillight is functioning and only partial 

view of vehicle is visible through the front camera. Author [13] 

determined the method which is able to detect single taillight 

instead of pairs. They used optical flow to detect vehicle in 

nighttime scenes Color Inherited Optical Flow (CIOF).  

 

 
 

 

Figure 13: Flowchart for vehicle type and taillight status 

determination [13] 

 
Noppakun Boonsim et.al. [14] proposed an algorithm for 

identifying vehicle ahead by using its taillights. Identification of 

taillights is implemented using two steps: 

 

 Extraction of Candidates[14] 

 
This step is use to obtain the taillight regions of the candidates  

In this step HSV color space is use to convert an image and to 

detect white and red pixels two color thresholds are applied. By 

extracting red pixel regions along with white pixel next candidate 

regions are created. 

 

 Verification of the taillights[14] 

 
The taillight verification is done by applying the symmetry score 

of size, shape and position of score of candidate. By computing 

y-direction distance of each pair the symmetry of position is 

considered. Y-direction distance is the length between border and 

center of candidates in Y- axis. The symmetry score of pair can 

be computed by 

 

            
Where DS is y-distance symmetry score of pair Pk. Hi and Hj are 

the y axis-distance between border and center of Ci and Cj, 

respectively. 

To justify the area characteristics equality size symmetry is check 

by using 
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Where AS is defined as size (area) symmetry score of pair Pk. Ai 

and Aj are the area of candidate Ci and Cj, consecutively. 

Then the symmetry of shape is checked by analyzing aspect ratio 

of candidate width and height. 

 

              
Where ARS is the aspect ratio symmetry score of pair Pk. ARi 

and ARj represent the aspect ratio of candidate Ci and Cj, 

respectively. 

A Pair Aspect Ratio is computed by 

 
position symmetry score is experimentally defined as the most 

significant value following by size and shape symmetry 

 

 
Finally, the maximum symmetry score will be considered to 

confirm the position of TLs. The symmetry score of TL should be 

more than 80. If the score is less than the threshold value, test 

images will be discarded. Taillight Positions are verified by using 

 

 

 
 

CHALLENGES 

 
There are many techniques available for detecting vehicle at 

nighttime but most of the accidents are caused by heavy vehicles. 

The vehicle detection methods are not used for heavy vehicles 

because the taillights of the heavy vehicles are different than the 

cars and motorcycles also their height is different. By using 

computer vision techniques this task can be possible but it 

requires high cost. 

 

CONCLUSION 

 
This paper reviews different techniques used for vehicle detection 

and identification using their taillights at nighttime. This paper 

consists of image processing techniques that are most widely 

used in vehicle detection such as segmentation, image edge 

detection, filtering and enhancement of an images. By combining 

these techniques the vehicles can be detected at nighttime and it 

will be helpful to reduce accidents.  
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