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Abstract: Vehicle detection, speed tracking, and controlling are emerging fields where a lot of studies were carried out in the past decade. 

This paper presents a detailed survey of the various methodologies presented in the state of the art for vehicle tracking and speed controlling. 

The autonomous car has progressed in the advancement of the Internet of Things and Artificial Intelligence. Many times it happens that, 

though we have a good quality of cameras due to weather, the camera cannot detect the vehicle properly. The camera may face some 

problems like in day and night vision, sometimes in the rainy season, the vision cannot be clear. At this time the technology moves from 

Image Processing to Computer Vision. At the same time, IoT devices are useful to track the speed of the vehicle as well as control the 

speed of the vehicle. The comparative analysis of the various methods found in the literature using the image and video processing was 

discussed. 

Keywords: Computer Vision, IoT, Safety, Speed tracking 

 

1. Introduction 

Safety is very important to reduce the occurrence of accidents at 

high speed. According to a recent survey, most accidents happen 

near school and hospital zones, and at sharp turns. This number has 

increased in the past few years. Therefore controlling the vehicle 

speed is a most essential issue. Several methods are discussed in 

this paper related to vehicle detection through image processing, 

digital image processing and computer vision. After detection of a 

vehicle, the next step is to measure its speed and further discussion 

is going on controlling vehicle speed using IoT devices. Traffic 

video and image analysis will be utilised for traffic observation, 

investigation and checking for traffic conditions in numerous 

urban areas and metropolitan territories[30].Object tracking aims 

to segment a Region of Interest (ROI) from a video scene sequence 

and keep tracking its motion and position[35]. Image processing 

system is good in free-flow traffic, but they face difficulties with 

congestion, shadows and lighting transformation [27]. To remove 

these, a new feature-based method and technology are developed 

known as Computer Vision. Many computer vision algorithms are 

using Morphological operations that apply a structuring element to 

an input image and create an output image of the same size [4]. 

 

2. Literature Survey 

The authors [1] proposed a technique through which the vehicles 

are detected and classified based on their sizes. Firstly video 

camera recording is given to the preprocessing to detect the vehicle 

and classification of vehicle. The author used the Sobel edge 

detection algorithm to detect vehicle edges. Then the first level of 

binary dilation is done on horizontal, vertical and 45-degree 

vehicles. Then based on this, an algorithm will fill the binary holes. 

After that second level of binary dilation and Morphological binary 

operation is performed to classify the vehicles. An algorithm also 

uses threshold values, filtering algorithms and edge detection 

algorithms for vehicle detection; vehicles are classified by their 

length. 

[2] The authors have proposed an algorithm for vehicle counter 

classification. Here in the proposed algorithm, video frames are 

given as input to the algorithm. These video frames will be broken 

into frames as images, firstly the images are converted into 

grayscale images and then it passes for the image enhancement. 

For edge detection, an author used the Canny operator. Motion 

analysis is fetched by a combination of backward image and 

forward image differencing method. And then it passes to the Sobel 

edge detector. Detection zone definition generates a pane of ⅓ of 

height and ⅔ of width. The Kalman filter can optimally estimate 

the current position of each vehicle and also predict the location of 

the vehicle in future video frames by minimizing noise. After this, 

an algorithm counts the number of vehicles coming and leaving the 

region. This can be useful for traffic flow counting for moving 

vehicles. 

With the help of CCTV cameras, it is possible to detect the speed 

of a vehicle. In [9] the authors presented an algorithm that counts 

the number of vehicles along with the speed of the vehicle. At the 

very first step, the input video is converted into various small 

frames, and then applied threshold and morphological operations. 

Detection of objects is done using the connected component 

method. Temporal differencing optical flow algorithms and 
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background subtraction methods are used for the detection of 

moving vehicles. Feature extraction based on background 

subtraction is done with various techniques like extracted images, 

region of interest, threshold on converting grayscale images into 

binary images and morphological operations to remove noise. 

Mahalanobis distance algorithm is used for object matching. 

Finally, a speed teaching algorithm is applied. 

Satellite images are having small sizes of vehicles, due to this 

detection of vehicles sometimes gives ambiguous results. In [11] 

the authors presented a new technique to detect the vehicle from 

satellite images. With the help of the Geographical Information 

System (GIS), accurate road information is available. In the 

proposed model, firstly using satellite images and GIS information 

ROI (Region of interest) can be detected. I.e. length and bounded 

width, repetitive patterns and sometimes replica is also detected to 

correspond to vehicle dimensions. Based on these parameters, a 

filtering algorithm is applied and a vehicle queue is detected.  After 

that, a line extraction algorithm is applied for the extraction and 

filtering of an image. Using the combined least square adjustment 

method a car can be determined. 

Vehicle detection using high-resolution satellite images is a 

challenging task. Here [3] authors proposed an algorithm to detect 

a vehicle from satellite images. For this, firstly the satellite image 

is read in Matlab to detect a vehicle. Then RGB to Grayscale and 

Grayscale to Binary conversion is done, to apply necessary 

operations on binary images. The Canny edge detection algorithm 

is used for image segmentation based on their edges. Finally, 

image enhancement is done with the help of filtration and cropping 

in some areas. Also, Clob analysis is used to detect the vehicles.  

In[32], authors have proposed a tracking algorithm for adaptive 

background subtraction from window deleting tracking moving 

objects. The authors used a median filter to achieve a background 

image from the video, also compared the median filter with the 

mean filter and proved the median filter has a better effect since it 

reduces impulse noise. In the last step, they use an adaptive 

background subtraction algorithm to detect and track moving 

objects. 

In [28], the authors proposed a new technique for vehicle speed 

estimation. In the proposed technique, a stationary camera will 

collect the traffic videos. The cameras are marked based on 

geographical equations in this technique, the image sequence is 12 

frames/second. First, is the mean filter method for background 

generation for background extraction. Then, an algorithm which 

takes advantage of two-color-based characteristics and combines 

them for object extraction is used.  

By using only color features or by using only texture features of an 

image, a suitable background model cannot be achieved. To 

remove this disadvantage [34] authors proposed a new algorithm 

named Gaussian pyramid layered algorithm. The Gaussian 

pyramid layered algorithm is a combination of the codebook 

algorithm and local binary patterns algorithm (LBP). In the first 

step, noise generated by camera shaking is eliminated by an image 

pyramid.  After this, the codebook model is constructed on the low-

level and LBP model is constructed on the high level of the 

Gaussian pyramid. At last, a set of operations are performed 

according to the spatial relations of pixels. The main purpose of 

developing this algorithm is to detect the moving vehicle on 

camera shaking.  

Object detection is one of the primary tasks in computer vision 

which consists of determining the location of the image where 

certain objects are present, as well as classifying those objects. In 

2015, the YOLO (You Only Look Once) algorithm was born with 

a new approach, reframing object detection as a regression 

problem and performing in a single neural network. That made the 

object detection field explode and obtained much more remarkable 

achievements than just a decade ago. So far, combining with many 

of the most innovative ideas coming out of the computer vision 

research community, YOLO has been upgraded to five versions 

and assessed as one of the outstanding object detection algorithms. 

An author presents a new approach as “You Only Look Once”. 

Here authors frame object detection as a regression problem to 

spatially separated bounding boxes and associated class 

probabilities. In one evaluation a single neural network predicts 

bounding boxes and class probabilities directly from full images. 

This model can be directly trained on full images [5]. 

Authors detected YOLOv2 as “YOLO9000”, which detects 9000 

different objects [6] 

The Authors presented an incremental approach to YOLO named 

“YOLOv3”. Here authors trained a new network. This network is 

a little bigger than its previous version, but this gives more accurate 

detection [7]. 

To improve a Convolution Neural Network accuracy, [8] authors 

added new improvements as a new method for data augmentation 

Mosaic and self–adversarial training, selected optimal hyper- 

parameters while applying genetic algorithms and cross mini-batch 

normalization. Authors give a name as YOLOv4. 

In [10], an author proposed a new technique for vehicle detection 

and tracking vehicles. Here, the image resizing is done based on 

the input frame. An improved YOLO detection algorithm is used 

for vehicle detection (iYOLO-proposed in this paper). Multi-object 

Spatial Association rule is applied for priority ordered output. 

Based on this tracking information is fetched. iYOLO algorithm is 

designed on parameters reduction, combined vehicle class and 

concentrating two level features. The next algorithm is known as 

Double layer long short term memory refiner (dLSTM) as 

proposed in this paper. In this, the multi-object association rule is 

applied and an adaptive missed detection counting threshold 

method is applied to improve its performance. 

To detect any moving vehicle, starting reference point and ending 

reference point are required. In [12], the authors presented a new 

method for vehicle speed detection. An algorithm starts with 

detecting a moving object as a vehicle where a video image 

sequence is applied as input, from this an image is fetched. These 

images are converted into binary images, and then background 

subtraction and foreground modelling methods are applied to get 

the clear image in binary format. Speed is estimated using the 

difference between the previous image frame and the new image 

frame based on their location. The authors give the name the 

Shrinking algorithm. 
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In [33], here authors present a system that achieves vehicle 

detection by using a background image subtraction algorithm 

based on blocks followed by a deep learning data validation 

algorithm. The purpose is to segment the image into equal size 

blocks and to model the static reference background image by 

calculating the variance between each block pixel and each part 

block pixel in the adjacent frame. The proposed system has four 

background modelling based on the blocks method. The first 

method is an absolute difference, the second method on image 

entropy, the third method on XOR function and the fourth on 

discrete cosine transform (DCT). Among these four, based on 

experiment results, authors proved that the DCT method has the 

highest vehicle detection accuracy.  

In [13], the authors used monocular cameras used for vehicle speed 

detection. These cameras have wider coverage compared to two-

camera systems. In the proposed model, from the video sequences, 

RBG images and optical flow images are found. Due to the 

symmetry between time and space domains, a new spatial-

temporal convolutional block is created as (2+1)D Convolution. 

The author is claiming that by using this technique, this model is 

not requiring manual intervention.  

In [14], the author introduces the processing of automatic vehicle 

detection and recognition using a static image dataset. Here, the 

model uses a surveillance CCTV camera system that includes 

detection of moving vehicles, counting the number of vehicles and 

verification of their permit with the organization.  The video is 

given as input, from which a license plate is detected through frame 

extraction, edge detection, corner detection, rectangle detection 

and range of rectangle. Preprocessing step includes, applying 

sharpness, histogram equalization technique, smoothing the 

rectangle of plate number and applying a threshold value. Text is 

recognized with the help of the division of the number plate into 

horizontal segments and recognition of the number plate from the 

segments of the number plate. Authentication can be done with the 

comparison of number plate data and database entries along with 

some basic database operations. 

In[23], the authors have proposed a moving vehicle congestion 

detection in OpenCV. Here they used the adaptive threshold 

method, Gaussian-based background subtraction with tracking 

methods such as block tracking and virtual detector. The proposed 

system can identify, track the congestion and count the object. 

They used Otsu’s algorithm in which adaptive threshold will be 

done for background modelling. Also given a feature as a false 

alarm due to shadow, so that shadow elimination was done, to get 

the clear object. 

In [16], the authors proposed a prototype for a vehicle speed 

monitoring system using accelerometer-based wireless sensors. 

The speeding sensors detect the vehicle details like vehicle 

number, speed detail, time and send data to the analysis station. 

Based on the data received, warning messages are sent to their 

vehicles. On the other hand vehicle Ad-hoc network (VANET) 

systems like nearby vehicles through wireless networks. The 

proposed model is also capable of generating e-reports for 

simulated speed vehicles. The main aim of the proposed system is 

to avoid accidents and to alert the drivers about the speed limits for 

safe travelling. 

In [25], the author proposed a new technique as a fast mean shift-

based target tracking system for partial conclusion and changes in 

object appearance. 

In[35], the authors have proposed an algorithm for tracking a single 

moving object. In the first phase, the moving object is detected 

using simple background subtraction. In the next phase, the system 

will track the detected object using a modified mean shift method 

(proposed) and Kalman filter. The author compared both the object 

tracking algorithms: the modified mean shift method and the 

Kalman filter and proved that the Kalman filter generates a good 

output with respect to time. 

In [22], the authors proposed a new technique for face tracking. 

The Continuous Adaptive mean SHIFT also called CamShift, this 

algorithm shows unstable tracking when there exist objects with a 

similar color to that of a face in the background. The improved 

CamShift algorithm uses Kinect’s pixel-by-pixel depth 

information and the sin detection method to extract candidate skin 

regions in HSV color space. Also, the authors are saying that the 

proposed improved Camshift is better than the Tracking learning 

detection algorithm in terms of processing speed. 

Sometimes, the camera is shaking due to the vibration of the 

running vehicle, due to rough roads and tracking a vehicle is a little 

tough. So [24] have proposed a new algorithm to improve this. 

They proposed an improved particle filter-based vehicle tracking 

algorithm via a histogram of oriented gradient features. To match 

the corresponding, fast retina keypoint algorithm and to remove 

outliers M-estimator sample consensus algorithm is used. Finally, 

the image is extracted by affine transformation matrix calculated 

from the retained inliner. After this, a proposed algorithm is 

applied for vehicle tracking.   

We often find complex scenes on the road consisting of trees, 

buildings and others, so conventional optical flow methods can not 

accurately detect the boundary of a moving vehicle. Here in[26], 

the authors proposed a new technique for these challenges. In the 

newly proposed technique, firstly a moving vehicle is detected by 

the optical flow method and then uses a shadow detection 

algorithm based on the HSV color space algorithm to make the 

shadow position. After this, threshold segmentation and then later 

combines the region-labelling algorithm to realize the shadow 

removal and accurately detect the moving vehicle. The author also 

introduces improved affinity calculation and mutation function of 

antibodies to make particle algorithms. 

In [29], the authors proposed an algorithm as “the Kalman filter ” 

which aims to predict the speed of a vehicle with respect to the data 

from a recorded video. An input video is given firstly to the 

OpenCV, which converts in grayscale and applies the Canny 

algorithm for preprocessing phase. Object detection is done based 

on the adaptive foundation subtraction procedure. A DBSCAN: 

Density-based spatial social affair of organization and with tumult, 

is used for clustering and noise. This DBSCAN is used to 

recognize each article in a gathering of the vehicles and also uses 

flexible heaps of pixels for perceiving the speed from vertical 

adjustment.  

In [30], the authors aim to build an automatic alert system that can 

accurately localize and track the speed of any vehicle that appears 
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in aerial video frames, using an automated speed detection camera 

system (SDCD) that alerts the concerned when a vehicle crosses 

the speed limit. These cameras also recognize the number plate of 

a vehicle, checking the database of the owner of that vehicle the 

message is sent to them. 

In [31], the authors proposed an algorithm for moving car detection 

and recognition techniques based on artificial intelligence. To 

enhance the high-frequency information of the image, the point 

operation is adopted. 

In [15], the author presented a model, using Arduino programming 

speed control is proposed. Arduino is programmed in such a way 

that the prescribed speed limit is incorporated in the transmitter 

unit, which transmits the signals. These signals are received by 

receivers in the vehicle using Zigbee wireless communication 

technology. The speed of the vehicle was automatically controlled 

by the input signals by the receiver, with the help of an encoder 

sensor. 

Here [17], the authors proposed a technique for accident 

prevention in hilly areas. In their proposed system, they use a 

transmitter antenna that is placed on a critical region. When any 

vehicle passes through this speed-limited region, that time the 

vehicle receives this frequency: the frequency of speed and the 

speed of the vehicle is automatically fixed to a particular speed in 

that region. The objective of this model is to save fuel energy and 

provide control of vehicles to drivers. This model uses interfaces 

such as the Radio Frequency (RF) with the help of an encoder, 

decoder and the Integrated Circuit (IC) that sense hazard field and 

distance. According to the distance, it generates the PWM pulse 

that controls the speed of the vehicle and displays it on the LCD 

screen. The model can also sense the obstacles and gives intimation 

to the driver. 

In [18], the authors proposed a technique, where an automatic 

speed controlling framework is fabricated utilizing the 

microcontroller-based foundation of the Arduino Uno board. The 

signals are transmitted by the transmission unit and it was received 

by the collector in the vehicle utilizing Zigbee remote 

correspondence and the speed of the vehicle is consequently 

constrained by the beat width balance or DC engine controlling 

fuel handle. In the proposed model, the first system will send a 

message to the driver to slow down the speed, if the speed is higher 

than that prescribed speed in the particular area and the driver 

doesn’t reduce speed then, in a few seconds the system will take 

over control automatically and reduce the speed of the vehicle. 

Here [19], the authors proposed a model that controls a vehicle’s 

speed using an IoT device. RFID tags are kept at the beginning and 

end of a restricted region. When a vehicle passes through a 

restricted area like a school or college, the RF receiver in the 

vehicle will send a signal to the microcontroller. Through the 

transmitter, the RF receiver will receive the speed of the vehicle 

and compare the speed with available data. If the speed is above 

the specified speed, it controls the vehicle’s speed automatically. 

In this model, using slotted couplers the speed of the vehicle is 

monitored and using the PWM technique the speed of the vehicle 

can be maintained. 

In [20], the authors have proposed a new technique for the speed 

control system. Often sign boards are available on the roadside for 

speed control. Using image processing concepts, these sign boards 

are scanned and using a microcontroller speed is checked. If the 

speed is above the signboard, an alert message is passed to the 

driver. If the driver still does not control the vehicle, then the 

vehicle automatically controls and speed is reduced to the 

threshold speed limit on the speed label. Also, one notification is 

passed to the traffic authority about over-speed driving with 

vehicle information.   

In [21], authors have proposed a new approach for automatic speed 

controlling of cars. In this approach, the authors used the traffic 

signal automated system by using light-sensitive sensors. Here, the 

authors developed a system, where the traffic signal lights (red, 

green, yellow) are embedded on the streets and cars would have 

light detecting sensors. These sensors are kept at the bottom of the 

car, which will differentially detect the colors of lights omitted and 

accordingly signal the car is the-accelerated. For any emergency 

purpose, manual speed control is also provided.  

In [37], the authors present a new stereo vision-based model for 

multi-object detection and tracking in surveillance systems. 

Monocular camera-based systems have some drawbacks like 

illumination variation, shadow interference, and object occlusion. 

Here, a sparse set of feature points are identified in the camera 

coordinate system and then projected to the 2D ground plane in 

each frame.  According to their height values and locations on the 

plane, a kernel-based clustering algorithm is proposed to group the 

projected points. By producing clusters, the orientation of objects, 

the number of objects and the position of an object through the 

surveillance scene can be determined for online multi-object 

detection and tracking. Experiments have been done on both 

indoor and outdoor applications with complex scenes to show the 

advantages of the proposed system. 

In[36], the authors present a vehicle detection and counting 

technique as a Haar feature. The Haar feature was previously 

developed for face detection. This feature is a machine learning 

technique that uses positive and negative datasets as a training 

phase, and this extracts features from these images 

3. Conclusion 

As per the literature, various methods were used for vehicle 

detection, speed tracking and controlling near schools, hospital 

zones and sharp turns to prevent accidents. The traffic video and 

image analysis were used for resolving the various traffic and 

accident related issues.  

Recent studies says that, the image processing system is modified 

to computer vision to overcome the problem of congestion of 

traffic, shadows and lighting transformations. Researchers have 

presented various techniques for resolving the above problem. 

Hence, it is utmost mandatory to detect vehicle, its number plate, 

speed, driver’s license number, so that over speeding person can 

be penalised. Few studies were also reported recently towards the 

hidden cameras on toll road and crucial points to find out over 

speeding drivers. In over populated country like India, It is very 
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important to take suitable measure to regulate the traffic and 

prevent the chance of creating the accidents.  
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