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Abstract 

 

This study provides an overview of the sensor technologies commonly used for 

automated vehicle classification and counting, with a focus on non-intrusive 

sensors. Video cameras are found to be the most feasible solution for data 

collection in traffic census as it can operate in portable mode and used at any 

location. Several factors must be considered to ensure accurate counting. These 

involve optimum placement of the camera to ensure that all vehicles can be 

observed, and the lighting conditions must be considered to ensure good video 

quality. These further contributes to accurate classification and counting of 

vehicles by dedicated deep learning algorithm. As the data collection may involve 

location with poor access to cloud computing and storage, offline processing is 

therefore recommended. The study also revealed opportunities for solving issues 

related to strategic placement of video cameras, and development of dedicated 

deep learning algorithms. 
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INTRODUCTION  
Traffic census is a vital tool used in road planning as it provides information on 

the volume and composition of traffic on roads and highways. Through a 

thorough analysis of traffic census data, road planners can identify areas of 

congestion and develop strategies to improve traffic flow (Lam et al., 2006). 

Moreover, the data can be used to inform decisions on the development of new 

roads and highways, and the placement of roadside facilities such as rest stops 

and gas stations (Gibbons et al., 2019). Data collection is an essential part of 

traffic census. It is an important process that allows researchers to gather a wide 

range of information related to traffic and road transportation. This information 

can then be used to create models, draw conclusions, and make decisions about 

traffic patterns and congestion (Mohd Yusoff et al., 2022). Traffic census data 

collection methods involve the use of both manual and automated methods. 

Manual methods involve the use of direct observation and field surveys 

to collect data (Ogunyemi et al., 2021). This includes using traffic counters to 

count the number of vehicles at an intersection, observation of traffic patterns and 

speeds, and surveys of drivers and pedestrians. There is no need for costly 

equipment such as cameras or sensors, and the data collection process is relatively 

simple. Personnel can be stationed at a given location for a predetermined amount 

of time and record the number of passing vehicles (Sharma, 1981). This method 

can be used to measure traffic volumes on urban and rural roads. The accuracy of 

manual counting is dependent on the efficiency and consistency of the data 

collection process. Personnel must be adequately trained to accurately observe 

and record the passing vehicles and must be cognizant of any discrepancies or 

errors in their data collection. In addition, the data must be recorded in a timely 

manner to ensure that the count is accurate (Prabha et al., 2016).  

Generally, manual counting is labour-intensive, time-consuming, and 

can be unreliable. Fortunately, there are several ways to overcome these 

limitations. Automated traffic counters can be used to collect more accurate and 

comprehensive data than manual counting (Hoxha et al., 2023). Specifically, both 

intrusive and non-intrusive sensor technologies can be used to automatically 

measure traffic volumes. Intrusive sensors are embedded in the road surface and 

use physical means, such as piezoelectric transducers and inductive loops. These 

sensors require physical installation and are best suited for measuring traffic 

volumes in a single location. Non-intrusive sensors are typically used to measure 

traffic volume over a larger area. These sensors use radar, cameras, and other 

devices to detect the presence of vehicles, which are then counted and converted 

into traffic volume data (Balid et al., 2018). 

Different sensor technologies offer a wide range of options for traffic 

counting. Each technology has its own advantages and disadvantages, so it is 

important to consider the specific requirements of the application and the 
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environment to choose the most suitable one. Ultimately, the most suitable sensor 

technology should be selected to achieve the best results for automatic traffic 

counting. This paper aims to compare and analyse the feasibility of intrusive and 

non-intrusive sensor technologies for vehicle counting in traffic census. Based on 

the current practice of vehicle counting practices, the most practical technology 

is proposed. These involve potential study on development of portable vehicle 

counting system based on video camera technology.  

 

SENSOR TECHNOLOGIES 
This paper has short-listed four intrusive sensors, and five non-intrusive sensors 

for traffic control. The respective technologies are summaries in terms of its 

working principles, and applications. Subsequently, the most suitable sensors are 

selected for use in vehicle classification and counting. 

 

Intrusive Sensors 

The installation of intrusive sensors on pavement surfaces has been demonstrated 

to provide a high degree of accuracy, although the associated costs for installation 

and maintenance are considerable. These sensors can be divided into three 

distinct categories, namely passive magnetic sensors connected to processing 

units via wired or wireless connection, pneumatic tube sensors transmitting data 

to processing units through wired or wireless media, and inductive loops 

composed of wire coils buried beneath the road and linked to processing units 

(Tasgaonkar et al., 2020). 

The implementation of road sensors is advantageous due to their 

technology maturity and accuracy in detecting vehicles. However, their 

installation is costly and can cause disruption to traffic during installation, 

maintenance, or repairs. To address this issue, wireless battery-powered sensor 

nodes have been introduced to replace the intrusive sensors and are installed over 

the pavement. This technology is expected to revolutionize transportation sensors 

and improve the quality, quantity, accuracy, and trustworthiness of data collected 

from roads and avenues, while being more cost-effective compared to current 

solutions (Zhou et al., 2017). Table 1 summarizes the applications of pneumatic 

road tube, inductive loop detector, magnetic, and piezoelectric sensors. 

 
Table 1: Intrusive Sensors and Applications 

Sensor Type Applications 

Pneumatic Road Tube Track the number of vehicles, vehicle classification and counting. 

Inductive Loop Detector Detect presence, count, movement, and lane occupancy. 

Magnetic Sensors Detect presence of vehicle and whether it is moving or stationary. 

Piezoelectric Sensors Vehicle classification, counting, measures weight and speed. 
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The use of pneumatic road tube sensors, which involve the placement 

of one or more tubes across traffic lanes, has been developed to enable the 

accurate counting and classification of vehicles. When a vehicle passes over the 

tube, the pressure exerted on the tube produces an electrical signal that is 

transmitted to a processing unit. Meanwhile, the inductive loop detector is a 

widely utilized sensor in traffic management, employed for data collection on 

vehicle flow, occupancy, length, and speed. This detector consists of a wire which 

is wound in a loop and installed into or beneath the surface of the road. The 

inductive loop detector works by measuring the change in the electrical properties 

of the circuit when a vehicle passes over the sensor, thereby generating an 

electrical current that is sent to the processing unit. Comparatively, magnetic 

sensors are utilized to detect vehicles by detecting a shift in the earth's magnetic 

field. They can be used to obtain flow, occupancy, vehicle length and speed data, 

and are appropriate for implementation on bridges. Likewise, piezoelectric 

sensors detect vehicles travelling at high speeds over a sensor via a change in the 

sensor's voltage and can monitor up to four lanes. Piezoelectric systems are most 

often composed of piezoelectric sensors and inductive loop detectors (Guerrero-

Ibanez et al., 2018). 

 

Non-Intrusive Sensors 

Non-intrusive sensors are deployed in various locations off roads to detect 

vehicles, their speed, and the lane they are travelling on. Due to their cost and 

vulnerability to environmental conditions, they are primarily employed in 

applications that provide information on a particular site, such as traffic 

congestion at a traffic light, road weather conditions, and the condition of the 

pavement. For example, some sensors are mounted on masts to monitor a 

particular area, while others are placed on bridges with their monitoring area 

directly beneath. Other sensors are situated at ground level, using a beam that 

traverses the road and is primarily used for single lane traffic with unidirectional 

flow, as they are highly susceptible to interference from other objects (Zhou et 

al., 2017). Table 2 summarizes the applications of video cameras, radar sensors, 

infrared sensors, ultrasonic sensors, and acoustic array sensors. 

 
Table 2: Non-Intrusive Sensors and Applications 

Sensor Type Applications 

Video Cameras 
Multi-lane vehicle detection, vehicle classification, presence, flow 

rate, occupancy, and speed. 

Radar Sensors 
Measurement of volume, speed, and direction of vehicle for 

managing traffic lights. 

Infrared Sensors 
Measurement of speed, length, and volume of vehicle, as well as 

lane occupancy. 

Ultrasonic Sensors Track the number of vehicles, vehicle presence and lane occupancy. 

Acoustic Array Sensors Track vehicle passage, measurement of vehicle presence and speed. 
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Non-intrusive sensors offer many of the same capabilities as intrusive 

sensors, yet with fewer difficulties. However, their performance is highly 

dependent on environmental conditions such as snow, rain, and fog. Accurate 

traffic data is essential to making informed decisions regarding traffic 

management. Additionally, non-intrusive sensors are more visible to drivers, 

resulting in quicker responses, such as slowing down, when detected. The biggest 

challenge, however, is not just in the installation of these sensors, but in reducing 

driver reaction times, based on the collected data, and providing drivers with a 

more accurate view of the context and reality of the road (Guerrero-Ibanez et al., 

2018).  

A video image processor system comprises of numerous video cameras, 

a computer for the processing of images and a sophisticated algorithm-based 

software for the interpretation and translation of those images into traffic data. 

Specifically, the cameras located at the roadside capture and evaluate video 

images of the traffic scene to detect the variations between consecutive frames 

using traffic parameters such as flow volume and occupancy (Zhang et al., 2007). 

A limitation of video image processor systems is their susceptibility to decreased 

efficiency due to unfavourable weather conditions. 

Radar sensors can transmit low-energy microwaves that reflect off 

objects within their detection range. Examples of radar sensor systems include 

Doppler systems that measure the frequency shift of the returned signal to track 

the number of vehicles and accurately calculate speed, as well as frequency-

modulated continuous wave radar that utilizes a continuous transmission power 

to measure flow volume, speed, and presence (Yang et al., 2022). Generally, radar 

sensors are precise, easy to install, and can operate in most conditions. However, 

they are also highly susceptible to electromagnetic interferences. 

Infrared sensors can detect the energy produced by vehicles, road 

surfaces, or other objects. These sensors work by transforming the reflected 

energy into electrical signals that are sent to a processing unit. There are two types 

of infrared sensors: passive infrared, which detects vehicles through the emission 

or reflection of infrared radiation to collect data such as flow volume, presence 

of vehicles, and occupancy; and active infrared, which utilizes light emitting 

diodes or laser diodes to measure the reflection time and collect data such as flow 

volume, speed, classification, presence of vehicles, and traffic density (Hussain 

et al., 1993). 

Ultrasonic sensors are employed to measure the distance between two 

objects by calculating the amount of time which elapses between a sound wave 

at frequencies ranging from 25 kHz to 50 kHz being transmitted and reflected by 

the object back to the sensor. The electrical energy generated from the received 

energy is transmitted to the processor. These sensors are used to collect data 

related to vehicle flow and velocity (Appiah et al., 2020). However, one of the 



Khairul Khaizi Mohd Shariff, Megat Qamarul Zaffi Megat Ali, Aisyah Hartini Jahidin, Megat Syahirul Amin 

Megat Ali, & Ahmad Ihsan Mohd Yassin 

Video Camera Technology for Vehicle Counting in Traffic Census: Issues, Strategies and Opportunities 

 

© 2023 by MIP 66 

major drawbacks of this type of sensor is its high susceptibility to external factors. 

Acoustic array sensors, which are composed of several microphones, are also 

used to detect sound energy produced by a vehicle entering their detection area 

(Chen et al, 2001). This is replacing magnetic induction loops as a method to 

determine traffic volume, occupancy, and average speed of vehicles. 

 

Considerations 

Both methods have their own strengths and weaknesses, which should be 

considered when deciding which technology to use. Intrusive sensors are installed 

in the road surface and directly measure the presence and passage of vehicles. 

They are reliable and accurate, making them suitable for measuring the exact 

number of vehicles passing through a given area. However, they are expensive to 

install and require ongoing maintenance. Furthermore, the installation process is 

disruptive to traffic, as the sensors are inserted into the road surface. Based on the 

review, pneumatic road tubes and piezoelectric sensors have been short-listed as 

suitable for vehicle classification and counting. 

Meanwhile, non-intrusive sensors are placed above the road surface and 

measure the presence of vehicles using video cameras, radar, infrared, ultrasonic 

or acoustic technologies. They are relatively inexpensive to install and require 

minimal maintenance. Additionally, they can be used to measure the speed of 

vehicles, as well as the number of vehicles passing through an area. However, 

they are not as accurate as intrusive sensors and may be affected by environmental 

conditions, such as rain or snow. Generally, only video camera can perform both 

vehicle classification and counting. 

Both intrusive and non-intrusive sensors require installation, although 

the former in the road surface and the later above it. These are usually installed 

at traffic hotspots throughout the city. However, for planners who perform 

feasibility studies, these may not be suitable as the data collection may involve 

new road locations that are not equipped with these fixed technologies. Therefore, 

an alternative solution that is portable, but can perform vehicle classification and 

counting efficiently should be considered. In this case, intrusive sensors are not 

practical as the technology is fixed to the road or pavements. Hence, video 

cameras are deemed the most feasible as it can also function in portable mode. 

  

VIDEO CAMERA BASED VEHICLE COUNTING 
A portable system for vehicle counting will greatly improve the efficiency of data 

collection for traffic census. These should be based on suitable placement of 

video cameras and the use of intelligent algorithms for counting vehicles offline. 
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Placement Strategies and Device Specifications 

The placement of video cameras on the road for vehicle counting is an important 

factor for efficient and accurate data collection. It is important to ensure that 

camera placement is optimal to ensure that the vehicles passing by are not 

obscured or misrepresented in the footage (Grant et al., 2000). An example of a 

vehicle that is potentially obscured by another vehicle is shown in Figure 1. 

 

 
 

Figure 1: An Example of Vehicle that is Potentially Obscured by Another Vehicle 

 

The most important factor to be considered is the type of road and lane 

configuration. On a multi-lane road, the camera should be placed on the shoulder 

of the lane. Another factor to consider is the angle of the camera (Zhang et al., 

2007). A wide-angle lens can be used to capture a large area, while a narrow-

angle lens can be used to focus on specific lanes. It is important to ensure that the 

camera is not obstructed by foliage or other objects, and that its field of view is 

not too wide or too narrow. Figure 2 shows an example of video recording with 

tree branches covering the later end of the road. 
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Figure 2: An Example of Tree Branches Covering the Later End of the Road 

 

It is also important to consider the lighting conditions when determining 

the best placement for the camera. A camera placed in an area with direct sunlight 

will produce higher quality footage than one placed in a shaded area (Kamkar et 

al., 2016). Additionally, placing the camera in an area where there is minimal 

vehicle traffic will reduce the risk of the footage being obscured by passing 

vehicles. Finally, the location of the camera should be chosen to ensure that the 

footage collected is representative of the local traffic patterns. For example, if the 

camera is placed too close to a traffic light or intersection, the footage may not 

accurately reflect the overall traffic patterns in the area. 

 

Deep Learning Algorithms for Vehicle Counting 
Video camera placement can have a significant impact on the performance of 

deep learning algorithms used for vehicle counting. The placement of the camera 

affects the quality of the image data that is collected and used for training, and 

thus affects the accuracy of the model. For example, if the camera is placed too 

high or too low, the resulting images may not capture the full view of the vehicles, 

making it difficult for the deep learning algorithms to accurately identify and 

count the vehicles. Additionally, if the camera is placed too far away from the 

area of interest, the images may be too blurry or have insufficient resolution, 

leading to misclassified objects and inaccurate vehicle counts.  

To maximize the accuracy of deep learning models for vehicle 

counting, the camera should be placed in an ideal location in terms of height, 

angle, and distance. The camera should be placed at a height that is tall enough 

to capture the entire view of the vehicles, yet not too high to cause a loss of detail 

and resolution. The angle should be chosen so that it provides the best view of 

the vehicles, while avoiding any obstructions or shadows. Hence, the camera 
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should be placed close enough that the resolution is sufficient to properly identify 

and count the vehicles. 

Vehicle counting from video is a challenging task, as it requires the 

algorithm to be able to detect and track vehicles over multiple frames and make 

accurate predictions about their number. This task is typically performed using 

convolutional neural networks (CNN), which can extract features from images 

and videos and learn to recognize vehicles in a scene across frames. CNN can be 

trained on large datasets of videos with labelled images of vehicles to learn how 

to recognize and count them. This is done by providing the network with several 

examples of vehicles, and then training it to recognize their presence in different 

scenes. Once trained, the CNN can be used to detect and count vehicles in a video 

by analysing each frame of the video. The algorithm can then use its knowledge 

of the vehicles’ features to accurately identify them and track them across frames. 

This allows the algorithm to accurately count the number of vehicles in a scene, 

even if there are multiple vehicles present (Liang et al., 2020). 

You Only Look Once (YOLO) is a state-of-the-art convolutional neural 

network-based approach that can detect objects in an image and classify them 

into different categories. YOLO has been applied to a wide range of applications, 

including vehicle classification, and counting. In vehicle classification and 

counting, YOLO is used to detect vehicles in an image or video and then classify 

them into different categories, such as cars, trucks, buses, and motorcycles. 

YOLO uses a single deep neural network to simultaneously detect objects and 

classify them into the specified categories. It can detect objects of various sizes 

and shapes and can be used to count the number of vehicles in each image or 

video (Lin et al., 2021). 

 
Access to Cloud Computing and Processing Issues 

Cloud computing has become a critical tool for vehicle classification and 

counting in recent years. By providing access to big data, the cloud has enabled 

more accurate and efficient analysis of vehicle data. This has resulted in improved 

accuracy and precision for vehicle classification and counting. The cloud 

provides access to vast amounts of data that can be used for vehicle classification 

and counting. With the ability to store large amounts of data, the cloud can be 

used to aggregate multiple data sources from different locations and enable real-

time analysis. This in turn enables the development of predictive models for 

vehicle classification and counting, which can be used to identify patterns in 

vehicle behaviour. This can be used to improve the accuracy of vehicle 

classification and counting (Qiao et al, 2018). 

However, the use of video data for vehicle classification and counting 

poses some significant challenges when it comes to sending this data to the cloud. 

As video is typically high resolution and can involve large volumes of data, it 
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may require a high bandwidth connection with a fast upload speed to send it to 

the cloud. This can be a problem in places with limited internet access or in areas 

with a low population density, where the available connection speeds may be 

slow or even non-existent. In addition, the process of transferring the video data 

may introduce latency, which can be an issue when it comes to gathering accurate 

data in real-time. This delay can cause problems with the accuracy of the data and 

make it difficult to capture vehicles moving at high speeds. Furthermore, the cost 

associated with sending large volumes of video data to the cloud can be 

prohibitive for some applications. 

A feasible approach to solve this is to perform offline processing of the 

video data. In addition, deep learning algorithms can be used to process video 

recordings even when the recording is offline. This makes it possible to count 

vehicles in recordings even if they were made in the past. This enables long-term 

vehicle counting and monitoring of traffic patterns and congestion. The 

advantages of using offline processing for vehicle counting are numerous. First, 

it is much more cost-effective than traditional methods of vehicle counting, as it 

does not require the use of expensive equipment and personnel. Additionally, the 

data collected is much more accurate, as the software can detect subtle differences 

in the video recordings. Additionally, the data collected is much more 

comprehensive, as it can provide a detailed analysis of the vehicles travelling on 

a given stretch of road. 

 

WAY FORWARD 
This study provides an overview on the sensor technologies commonly used for 

vehicle classification and counting. The intrusive type provides more variation in 

sensor technology. However, for the non-intrusive sensor type, only video camera 

is considered feasible. Meanwhile, a more specialized data collection for traffic 

census requires reconsideration on the technologies used since it may involve 

roads that do not have access to the conventional sensing devices. Therefore, 

intrusive sensors are ruled out as it requires installation with high maintenance 

cost. This leaves video cameras which can also operate in portable mode. To 

ensure accurate count of the vehicle types, several additional factors must be 

considered. 

The placement of video camera by the roadside has to be optimized so 

that every vehicle can be observed by the recording video frames. Hence, 

installation of the portable device on a pole of optimum height angle will 

minimize the risk of a vehicle being obscured by another vehicle. Furthermore, a 

strategically placed video camera should avoid foliage of other objects covering 

the camera view. Furthermore, the lighting conditions that can also affect the 

quality of video being recorded. These are important as a good quality video data 

will result in accurate vehicle classification and counting by the deep learning 
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algorithms. In this situation, access to cloud for real-time computing and storage 

is also considered not feasible as this requires large bandwidth and fast upload 

speed. Hence, offline processing by dedicated machine is recommended. 

The strategies to be adopted will result in optimum use of resources. 

However, optimum settings can further be assessed through extended research. 

Based on the discussed strategies, two of issues can potentially be solved through 

a structured study. The first involves optimum placement of video camera by the 

roadside. The scopes to be considered include the elevation and angle of the 

device, as well as impact of lighting conditions on the quality of the video data. 

Meanwhile, the second issue can be solved through a dedicated study on the 

development of deep learning algorithm for accurate vehicle counting. 
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