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Abstract

The paper reviews the vehicle detection methods using the intrusive and non-intru-
sive sensors. The objective of literature review is to summarize the sensors and tech-
nologies used in vehicle detection and traffic estimation. Integrating these sensors
will give vital information by communicating with the monitoring station related
to the presence of the vehicle on the road. Sensors and communicating technolo-
gies have a widespread application in intelligent transportation systems. The modern
devices and technologies are discussed that determine the vehicle count, classifica-
tion, location, speed, traffic volume, density, traffic estimation. Sensors fusion can
further integrate information from different sources and provides more accuracy.

Keywords Sensors - GPS - WSN - Intelligent transportation system (ITS) - Vehicle
detection - Vehicle classification

1 Introduction

Sensors and other technologies obtain information related to the physical attributes
of the environment or system. Sensors can vary from small size to bulky one as per
the application. Sensors have a vast number of applications in agriculture, defence,
environment, forest, disaster management, medical, and transportation, etc. [1]. One
of the important uses is in the Intelligent Transportation System (ITS) which con-
sists of electronics, communications, control, and sensing all types of traffic param-
eters to improve efficiency through the intrusive or non-intrusive sensors [7]. The
sensors provide the traffic-related information, like speed, volume, density, individ-
ual classification of the vehicles, and much more.

The road transport has a crucial role in the economic growth. Public transporta-
tion is available almost in all the countries; however, people prefer their motorbikes
or cars for commuting, but it leads to a rise in the number of vehicles and pollution
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on the road. During peak hours, lots of congestion is faced by the drivers. The com-
muters and goods transport occupy the entire width of way for faster travel to the
destination. The monitoring of road vehicles is possible with the help of modern
devices and technologies [19]. Installations of cameras and various sensors along
the road can detect the presence of vehicles, while a real-time Global Positioning
System (GPS) can track the vehicle throughout the journey [4]. Vehicle detection is
also based on image and video processing by using static and dynamic cameras [78].

The traffic parameters are used to determine the road traffic conditions, i.e.,
whether the road is free for travel or is congested [8]. The traffic congestions may
also be due to rains, snowfall, water-logging, landslides, accidents, oil spill on the
road, big container vehicles blocking the roads, new road lane construction, agi-
tation, strikes, and religious activities. All these events have a massive effect on
road traffic in the city and national highway [44]. The traditional methods of traf-
fic monitoring comprise of the intrusive sensors, like inductive loops, pneumatic
tubes, piezoelectric sensors. However, these equipment are bulky, and maintenance
is quite tricky as road pavement cut is required to install them [19], and the traffic is
adversely affected due to installation work.

A literature study was carried out on vehicle detection, i.e., sensors and technolo-
gies available for detection of vehicles. To determine the papers related with the
congestion on roads, papers based on traffic estimation were referred. Various search
engines e.g. Google Scholar, Science Direct, Microsoft Academic, CORE, etc. have
been used in order to get the research papers most relevant to the current topic.
This paper discusses the popularly available vehicle detection and tracking systems,
including an overview of various sensors and technologies used for vehicle detec-
tion, road traffic monitoring, and management. Numerous case studies using sensor
technologies are also covered. At the end, the readers will get a reasonably good
idea about the selection and use of sensors/technology for a specific application of
ITS. The paper is organised in six different sections. Section 1 covers the introduc-
tory part, while Sect. 2 covers the various vehicle detection systems and their needs.
Section 3 includes several applications of vehicle tracking systems, while Sect. 4
focuses on selected case studies of vehicle detection and traffic estimation. Section 5
presents a comparative study of sensors technologies for transportation system,
while Sect. 6 summarises the review of work.

2 Vehicle Detection Systems

The vehicle detection system gives detailed information about the type of vehi-
cle, whether it is a car, truck, bus, or heavy vehicle. The driver details can also be
saved and shared through the server. The speed and traffic are estimated to avoid
speed violations and traffic congestion by giving alerts to drivers. Drivers get the
alarms so they can avoid congestion or reduce the speed or take the alternate path
available on the route. Present-day sensors, like accelerometers [37, 56], ultrasonic
[24], magnetic sensors [64] are useful in vehicle classification, distance measure-
ment and determining the vehicle speed. The radio frequency identification (RFID)
[69] is frequently being used for tracking the vehicles at certain checkpoints. The
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RFID readers [46] are installed on the roadside to monitor the information related to
the vehicle and compare it to calculate the speed travelled for a particular distance.
The RFID with the combination of hybrid technologies [45], like Geographic Infor-
mation System (GIS) and Wireless Sensor Network (WSN), [72], Global System
for Mobile (GSM) [42], GPS [58] are minimizing the disadvantages of RFID and
increasing the efficiency for many ITS applications. Video cameras [57], High-reso-
lution satellite images [13]; Wang et al., 2013), Unmanned Aerial Vehicles (UAVs)
Aerial images [15], Light Detection and Ranging (LiDAR) [51] based systems are
also used, but these have a higher cost as compared to other methods, like WSN [11,
43], and GIS [5, 14].

The sensor nodes collect the data related to road transport. This sensor is low-
cost and works on battery backup and communicates wirelessly to the devices. This
information will decrease the time required for traveling, pollution in the air, over-
all consumption of fuel, and the congestion on roads [66]. Various types of sensors
have been used world-wide for traffic-related studies. The two broad categories are;
intrusive and non-intrusive sensors, as briefly explained below:

2.1 Intrusive Sensors

These include inductive loops [8] (Marszalek et al. 2018), magnetometers [68, 79],
piezoelectric sensors [8], micro loop probes and pneumatic road tubes. The sensors
are installed beneath the pavement of the road. These sensors provide high accuracy
for vehicle detection [19]; but the disadvantage is that road cutting requires closure
of the way.

2.2 Non-intrusive Sensors

These are installed above ground, and include video cameras [78], microwave radar
[210), LiDAR [36], ultrasonic [27, 35] and hybrid sensor technologies, like passive
infrared [47]. These sensors are installed beside the roadside or overhead of the lane.
These devices detect the presence, speed, classify the types of vehicles, lane cross-
ing, etc. The most significant disadvantage is that they are power-hungry devices,
and their performance deteriorates during fog, heavy snow, or rains.

The vehicle tracking system consists of grouping GPSs, RFID tags, readers, and
sensors. The GPS is a tracking device that determines the exact location of a vehicle
[20]. The collected data from the sensor/device is sent to the server through GSM/
General Packet Radio Service (GPRS) module installed in the GPS unit. The reader
reads the information from the RFID tag, and GIS traces the location of the vehicle.
The GPS works on the constellation of satellites in the space that computes the posi-
tion on the Earth [39]. It has an enormous number of applications in transportation,
like (1) vehicle fleet management and monitoring, (2) data collection and mapping
of the transport infrastructure, (3) incident management and monitoring, and (4)
vehicle navigation systems.
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3 Applications of Vehicle Tracking Systems

The GPS tracking is a vital technology in day-to-day life. Many organizations and
services require real-time monitoring of the vehicles. It is a way to find out the loca-
tion of objects, persons or vehicles, its source, and destination. The tracking devices
trace the path of the vehicle. The vehicle tracking system provides detailed infor-
mation regarding latitude, longitude, and direction of flow of vehicle from source
to destination. If a vehicle is stolen or damaged during an accident; in those cases,
tracking devices can provide vital information about the vehicle through the server
to the monitoring station. The tracking may be in the form of Barcode, Quick
response (QR) code, RFID based, or GPS based tracking. Some of the important
applications of the tracking system are as follows:-

3.1 Tracking Criminals

Police officers can install a GPS tracker for the suspected vehicle. The device can
monitor every move and direction of the vehicle. The GPS devices track the vehicles
continuously, and can help police to track any stolen or missing vehicles [39] and
criminals. In developed countries, along with GPS tracking, video surveillance from
the helicopters keeps a track of the criminals, informs the chasing vehicles to follow
the direction so that they catch them quickly.

3.2 School Buses

The tracking devices installed in the school buses will give the current location and
the distance from the school to home and vice versa [41]. This information is valu-
able as regards to child safety in the vehicle. Schools, as well as parents with the app
installed on their smartphone can track the status of the school buses. Cameras are
also installed in school buses for real-time video surveillance.

3.3 Bus Rapid Transit Systems (BRTS)

In BRTS, a separate lane is allocated, especially for the city buses. It gives priority
to city buses at intersections, and diversions, The city buses can interact with each
other to reduce the delays [21]. The display board indicates the information about
all the bus running on the route, its predicted time of arrival, and the last stop to the
passengers.

3.4 Cabs
Commuters use private cars for a shorter or outstation journey from companies, like

OLA, UBER, MERU, etc. These offers this facility with various types of cars, like
mini, micro, sedan, prime, etc., based on the economy and comfort of the passengers.
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Three to four passengers on the same route can share the car through pool options.
The mobile application on the smartphone gives data of nearby vehicles from the
source and estimated time of arrival using the GPS [32]. It indicates the shortest and
fastest route from source to destination after hiring the car. The application displays
the information of the driver, like his name, contact number, photo, vehicle number,
mobile number. In case of an emergency, relatives can also get the details.

3.5 Fleet and Traffic Management

For fleet management, the organizations keep the database of the information and
track the transport vehicles traveling throughout the journey. It keeps the informa-
tion related to the driver, types of goods, its capacity, halt record, etc. It consists of
database information, telematics, and GPS tracking [39]. It can help prevent delays
in delivery, fuel consumption, reduce road accidents, track and recover lost vehicles.

In case of traffic regulation, the system would provide information to drivers
about taking alternate route or release the traffic at regular intervals, as the system
is continuously tracking the vehicles during accident or landslides or falling of the
vehicle on the road or traffic jam due to heavy rush in a festival.

3.6 Smart Cities

The system will provide reliable navigation and traffic management for the drivers
and commuters of the vehicle. It will mitigate traffic congestion with the help of
Internet of Things [17]. The monitoring system collects the data and then commu-
nicates to the central server. The information is related to weather, disasters, traffic
congestion, diversion, bridges, flyovers, etc.

4 Some Case Studies

A large number of studies have been carried out world-wide on vehicle detection
and traffic estimation using sensors, electronic devices, cameras, etc. These case
studies have been grouped as per sensors/devices used for traffic estimation, vehicle
tracking and traffic management. Some of the popular sensors and technologies used
are discussed as follows:

4.1 Accelerometers

Accelerometers with the combination of magnetometers detect the traffic conditions.
Accelerometers detect the vehicle axles while magnetometers check vehicle entry,
exit, and approximate speed. Ma et al. [37] developed a system and tested at Inter-
state 80 at Pinole, CA, USA. They installed high-resolution cameras on the high-
way that give the video and images while a commercial weigh-in-motion system
records the axle counts, spacing, and weight of every truck. The results obtained
include vehicle classification, axle spacing, and vehicle counts. The results during
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congestion, were found to be 99% accuracy using the prototype automatic vehicle
classification system.

Rivas et al. [56] developed an algorithm to detect the presence of cars, their travel
direction, and speed. The piezoelectric accelerometers have the same working prin-
ciple as Micro-Electromechanical Systems (MEMS), i.e., to examine the peak levels
and frequency of vibrations of vehicles through this sensor. A radar and video-cam-
era was used to validate the results with that of accelerometer data.

4.2 Ultrasonic Sensors

Odat et al. [47] used six Passive infrared(PIR) thermopiles Melexis MLX 90614
attached to the system through SMBus. The ultrasonic rangefinder MaxBotix MB
7066 and two passive infrared sensors arrays in combination classified the vehicle
types, detected the presence, and estimated their speed. The sensing device inter-
faced with the microcontroller through serial communication. They measured
the temperature in the adjacent area. The ARM Cortex M4 with a frequency of
168 MHz, and an internal Lithium battery of 8 Ah was used as energy source. The
passive Infrared (PIR) sensors detected the infrared radiation emitted by any vehicle.
The ultrasonic sensors emitted the sound waves and echoes back after recognizing
the target. They used a dynamic Bayesian Algorithm that integrates data from dif-
ferent sources in spatial as well as temporal domain. The proposed model having a
combined interface of the sensors gave 99% accuracy for vehicle detection, with a
mean error of 5 kph in vehicle speed estimation, and a mean error of 0.7 m in vehi-
cle length estimation. The decentralized approach was found to reduce the energy
utilization and increase its lifetime.

Jo et al. [26] used ultrasonic sensors module NRF04 from Devantech and MicaZ
from Crossbow which detected the vehicles in multiple lanes. The ultrasonic sensors
obtained road traffic data with WSNs. This information is sent to the client—server,
using a routing protocol for decreasing the power consumption and transmission
delay. The vehicle detection algorithm involves segmentation; vector signal condi-
tioning, vector extraction, and pattern matching. The routing protocol consisted of
power profiling as well as the discovery phase, synchronization, and data collection.
Ultrasonic sensors measured the distance data of the vehicle from two lanes out of
the bidirectional four lanes road. The vehicle detection algorithm gave an error rate
of less than 2%, and routing protocols saved about 92% of the communication mod-
ule power.

4.3 Magnetic Sensors

A magnetic sensor recognizes the change in the magnetic field. All vehicles con-
sist of some amount of metals. It creates a magnetic disturbance concerning the
Earth’s magnetic field. Zhu and Yu [79] developed an algorithm for detecting the
cars in parking and determining the speed using WSNs. The proposed algorithm
includes state-machine detection and cross-correlation detection. At the same time,
cross-correlation gives the speed between the signals of two sensors along the road.
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Experimental results showed that the parking algorithm had an accuracy of 99.65%
for entry and 99.44% for an exit, while the speed determination had an accuracy of
92%.

Taghvaeeyan and Rajamani [64] used magnetic sensor network along the road-
ways of the Minnesota which measured the traffic in the immediately adjacent lane.
Figure 1 shows the arrangement of sensors, which includes four three-axis Aniso-
tropic Magnetic-Resistive (AMR) sensor placed on the side of the road. The system
measured speed, number of vehicles, and differentiated the type of vehicle that was
passing through a nearby lane. Signal processing techniques computed faster with
the cross correlation techniques. There results show that the maximum error of the
speed estimated is less than 2.5% over the entire range of 5-27 m/s (11-60 mi/h).

The algorithm developed by Vancin et al. [67] gives the traffic status of the road
in four conditions; no traffic, mild traffic, heavy traffic, and very-heavy traffic. The
magnetic sensors obtained immediate, real-time, and novel solutions as a vehicle
detection system. The sensor nodes are installed at the start and the finish of the road
to obtain the number of vehicles per hour for a day for traffic analysis. The vehi-
cle classification algorithm classified the vehicle, like cars, mini-buses, buses, and
trucks by obtaining magnetic signature length with an accuracy rate of 95%.

Velisavljevic et al. [68] installed a set of 32 magnetometer sensor nodes on a pub-
lic road of the area of Bicester, Oxfordshire, UK. Magnetic sensors generated a mag-
netic signature of the vehicle. Magnetic signatures determined the vehicle speed,
length by extracting the position at the start and the end. The time delay between
the two graphs determined the vehicle speed. Video recording and magnetic loop
devices validated the results.

4.4 GPS Receivers

The exact location, i.e., latitude, longitude and altitude is determined with the GPS.
The GPS uses the basic working principle of trilateration to get relative position of

Vehicle
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AMR sensors along the road

Fig. 1 Magnetic sensor collects data of the vehicle
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objects. The GPS receivers are also in built in the smart phone or a mobile computer
attached to the car. It can track the movement of the trucks, how the driver delivers
the goods timely to its proper destination. Fleet management systems, smartphones,
ambulances usually have GPS receivers for tracking or finding the locations [58].
The GPS is a satellite-based system that uses satellites orbiting the globe to measure
and compute its position on the Earth. It is also known as Global Navigational Sat-
ellite System (GNSS). At least four satellites are required to be tracked by the GPS
receiver to improve the accuracy. The Global Positioning System in vehicle track-
ing systemsis used that provide information such asthe location coordinates, speed,
time,This GPS receiver is used today in many applications, like smartphones, cabs,
fleet management, etc. [4]. The GPS uses Geofencing; whenever a vehicle enters
a boundary, location-based services gets activated by the application. The GSM/
GPRS module is useful for maintaining the communication between the computer
and GSM/GPRS system installed in the vehicle with a SIM module. A GSM/GPRS
module assembles a GSM/GPRS modem with, so that it can be easily interfaced
with a computer or a microprocessor/microcontroller-based system interfaces with
a GSM/GPRS module through standard communication interfaces, like RS-232
(serial port), USB, etc.

4.5 RFID

The RFID identifies the object and tracks the tag with a reader. The data related to
any vehicle is stored electronically on the card. The RFID tags can be active tags or
passive tags. Passive tags don’t have their power; they get it from the adjacent RFID
reader. Active tags have their battery source; they can operate at a longer distance
[45]. The RFID technology improves the location accuracy with the arrangement
of the RFID tags and the vehicles that carry RFID readers along with them. The
GPS accuracy minimizes when the traffic is under the tunnels, basement parking, or
dense areas. Figure 2 shows the view of the positioning using active RFID [75]; the

RFID tags Vehicle

RFID tags Reader | Location Estimation I——} Information to Driver

A

GIS

Fig.2 Active RFID positioning scheme
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tags were installed on one lane of the road. The reader reads the information from
these cards. The location and speed are determined by tag readings and provided
to the GIS-based navigation system. Nearby vehicles get the data through wireless
communication. The traffic status, vehicle collision, and shortest route information
are thus determined.

The RFID technology can be integrated with WSN to develop an intelligent bus
tracking system [21]. The integration is done in two ways. In the first one, with
the wireless facility, RFID reader transmits data to and from the reader. The RFID
reader behaves like a sensor node; it reads the tag ID of a vehicle and sends it to the
host application with an ad-hoc network. In other case, motion sensor detects the
change in the direction of the object. The hybrid technique with WSN and RFID
offers more benefits as there is more noise during the measurement of Received Sig-
nal Strength Indicator (RSSI), while WSN has a good range [12]. On the other hand,
RFID technology has the advantage of providing precise information with high fre-
quency (HF) and good range for Ultra High Frequency (UHF). The combination of
indoor positioning and tracking system increases the positioning accuracy and avail-
ability. Figure 3 shows the architecture of the hybrid positioning system, where the
sensor node collects the information along with RFID [72].

The UHF and HF tags have their own RFID reader, while the sensor nodes of
WSN communicate through IPV6. The positioning algorithm utilizes the Kalman
filter. The information passes through the local area network to the database server.
Xiong et al. [72] evaluated the performance of the proposed tracking system, first
through simulations and then through real experiment deployment.

Nafar and Shamsi [42] used the RFID and GSM together with IEEE802.15.4 to
create a vehicle identification (ID) system. They used the tag and kept a fixed wait-
ing time. Later, a pseudo-random generator was used to add a random number to
provide the security. Initially, scanning is done by RFID to avoid collision of the
packets. It becomes difficult for the third party to recognize the tag ID as random
numbers are mixed with its information.

The Internet of Things (IoT) approach tracks the vehicle with GPS, GSM, and
RFID together. Prinsloo and Malekian [52] designed an antenna, modulation
scheme, and software for vehicle tracking. The database server stored and trans-
mitted the information with the Graphical User interface (GUI). The PHP scripting

| RFID tag with High Frequency | | RFID tag with Ultra High Frequency |
v

v

Gateway HF Reader UHF Reader
—>| Local Area Network |1—

v

Database Engine

v
| Applications |

!

Fig.3 Hybrid RFID-WSN systems
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language created a database server and GUI with Microsoft. NET. A position estima-
tion algorithm predicted the location. The GSM technology transmitted information
to the cloud for storage and processing. The GUI helped display the information on
a Google Maps interface.

4.6 RADAR & LIDAR

The Radio Detection and Ranging (RADAR) works on the principle of Doppler’s
effect as the moving body approaches nearer, frequency increases; and as it goes
away, frequency decreases. The radar gun targets directly towards any vehicle and,
the device displays the speed on it. Fang et al. [16] used a system that uses a K-band
Gun transceiver as radio front and DSP chip as a signal processing unit. It was oper-
ated in the K-band and utilized digital signal processing. Hough Transform classi-
fies and extracts spatial data. The accuracy was found to increase for detecting and
classifying the vehicle. It has less cost as compared to the other traffic sensors. This
device is efficient for researchers as well as traffic police. Continuous-wave radar
detects and classifies the types of vehicles.

Luo et al. [36] used LiDAR point clouds that build up a 3D picture of the vehi-
cle in Canada. The Kalman filter increased the accuracy with the Hungarian algo-
rithm. MATLAB software was used to provide vehicle tracking solution. The results
gave the average run time as 70 ms per frame, while vehicle travels at fix speed of
100 km/h.

4.7 Cameras

It provides more advantages as it gives pictorial data. Suresh et al. [63] found
that video recording is useful for traffic analysis, as it determines the relationship
between the speed volume and density. They fixed the cameras above highway lanes.
The static cameras are used for recognizing the license plate from captured images.
Ozbay and Ercelebi [48] detected the license plates of the vehicles using image pro-
cessing algorithms.

Zhou et al. [78] worked on cameras which record the road traffic in different cli-
matic conditions. They collected 2009 samples, in which 1218 samples belonged to
vehicles, and the remaining photos had shadows, fog light, and solid commotion.
The samples are divided into two sections; the preparation set which incorporates
263 vehicles and 246 non-vehicles that utilized in SVM-based classifiers, and the
other set is used as the testing set to inspect the presentation of classifiers. For the
estimation of the background, they proposed an improved algorithm by isolating the
pictures into numerous little non-covered areas. The vehicle part can be found from
the fields if there is some power change between the present picture and the founda-
tion. All classified results are merged into a parallelogram that gives the state of
information of every vehicle.

Schoepflin and Dailey [57] used the algorithm in three phases to adjust roadside
traffic cameras that were introduced along the street side to track the vehicles with a
traffic speed sensor. The algorithm determines the camera position for the roadway
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utilizing the movement and edges of the vehicles. The calibrated cameras with cam-
era position algorithms define the lane boundaries and endpoints of the road. The
image coordinates transform into real-world coordinates; and distance divided by
the inter-frame time determines the speed.

Zhang et al. [76] experimented using a video camera vehicle detection and clas-
sification framework for gathering traffic information using computer vision algo-
rithms. Detection of shadows and removing it from successive images of the vid-
eos were carried out extracting the background images. They derived background
images from a video sequence, detected the presence of a vehicle, and calculated
pixel-based vehicle lengths for classification. Pixel length classifies the types of
vehicles in real-time images as well as video processes through a plug and play
system. The system was tested at three different locations under various traffic and
environmental conditions. The accuracy for vehicle detection obtained was above
97%, and the total truck count error was lower than 9% for all three tests.

4.8 Satellite and Aerial Images

Remote sensing systems provide useful images for desired urban/suburban infra-
structure, e.g., Landsat MSS and TM, IKONOS, World-View, Radarsat, etc. [23].
Razakarivony and Jurie [54] used machine learning techniques and implemented a
protocol to generate and check the results. Aerial vehicles captured images for rec-
ognizing the road vehicles. The database of vehicles consisted of various classes,
such as camping car, car, pick-up, tractor, truck, van, and other vehicles.

Cao et al. [9] used satellite images to implement transfer learning for recogniz-
ing the vehicles on the highway. They found that with the low pass filter, accuracy
increases in aerial and satellite images. Vector maps and satellite image coordinates
through ArcGIS and Maplnfo software were utilized.

Zhang et al. [74] used the Conventional Neural Network (CNN) and Multilayer
Perceptron (MLP) to test aerial photography and satellite sensor dataset in urban as
well as rural areas of Southampton, UK. The sample data was gathered and divided
for training and testing purposes. The CNN-MLP combined algorithm gave a better
performance as compared to individual methods.

Geospatial information provided by optical remote sensing can be used for rec-
ognizing an object. Zhang et al. [77] used two datasets in optical remote sensing
images to evaluate the performance of their proposed model. Intensity gradients
represented the appearance with a rotation-invariant feature, and the support vector
machine detects the geospatial objects.

Traffic estimation was done by Reinartz et al. [55] based on single-car measure-
ments with the time series images achieved from the airborne sensor. Geocoding
gave the speed and traffic-related parameters from the image sequences. The photos
taken from different heights and angles provided information about traffic analysis,
while the traditional and this method compared the image for reconstruction.

The UAVs are ubiquitous as these are cheaper and have vast applications. Instead
of using single UAV, Elloumi et al. [15] used multiple UAVs for detecting the road
traffic. The UAV camera provided real-time images and videos data from various
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positions. The control station monitored the traffic information with an algorithm
that generated the trajectory of UAV moving data point location.

The camera in the air monitors the remote areas which have less accessibility. It
can capture several vehicles. It considers two scenarios; one standstill and the other
dynamic. For both cases, there are different approaches for realizing the existence
of vehicles, a pixel-level video foreground detector during standstill scenarios. In
dynamic case, the images are registered initially, and then the pictures detect the
moving vehicle. For changing the resolution, the training samples get updated.
Xiang et al. [71] utilized the multi-threading method for the analysis of traffic data.

4.9 Geographic Information System

The GIS gathers, manages, and analyzes the data. The integrated information is in
the form of maps and 3D representation. It analysis the position spatial informa-
tion, and arranges the data in graphical format. Derekenaris et al. [14] merged the
data from GIS, GPS, and GSM technologies in Greece for routing the path of ambu-
lances. In an unlikely accident, the ambulance reaches the incident place using the
shortest path. The navigation system provided the nearest hospital; and the smallest
distance from the available routes. Maps showed the path with the data structures.

Aloquili et al. [5] determined the petrol/diesel level, vehicle speed, latitude, and
longitude using GPS, GIS, GPRS and tracking software. They considered the fac-
tors, like traffic congestion, and topography of the region. Algorithm developed was
assigned to choose the shortest way between the starting point and the end station.
Security was given through Geofencing methods, while Dijkstra’s and Kruskal’s
algorithms were applied to compute weights depending on the proposed cost func-
tion. The GIS represented the real-time position of the vehicles which was useful for
road condition analysis.

4.10 Inductive Loops

The inductive loops are actually under the road surface of city roads or highways.
The inductance of the coil is going to vary whenever any (metallic) vehicle passes
through it. Marszalek et al. (2018) used inductive loop approach to recognize every
passing car nearby. The instrument measured the impedance of the circuit. It con-
tained the resistive and inductive magnetic part for identifying vehicle axles pass-
ing through it. A total of 4000 vehicles were captured from the video footage with
usual road conditions, and the axle was detected with greater accuracy. The results
achieved were approximately 71.8% accurate with a lifted axle, and 98.8% for other
vehicles.

4.11 Smart Phones/Wireless Devices
Mobile phones with android operating system recognize the existence and types of

vehicles. The radio signal power is checked frequently for road vehicle congestion,
and traffic data can further reduce the emissions from fuel, duration of the journey.
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Lewandowski et al. [33] used the random forest technique for checking and getting
more approximation. They realized three types of vehicles; semi-trucks, trucks, and
personal cars.

Li et al. [34] used bluetooth, Wi-Fi, mobile beacons together to give traffic infor-
mation and differentiate between types of vehicles along the road at Wisconsin. The
data server obtained all the information related to smartphones, and the distributed
sensor network followed a single object. It coordinated between routing protocols
and Constraint Satisfaction Problems (CSP) algorithms. The networking algorithms
developed were geographic centric. In space—time cells, the cells get divided into
less area and permitted the message through the entire network. Nodes managed the
signal processing and communication in the whole area. Each activated node runs
an energy detection algorithm whose output sample at an apriori constant rate esti-
mates objects; it executes the method of recognizing energy.

Mohan et al. [40] used sensors, like accelerometer, microphone, GSM radio, and
GPS in smartphones in Bangalore to check the road traffic conditions. They detected
honks, braking, potholes, and bumps, and the Nericell sensors monitored the path of
vehicles and road conditions. The system collected the data together from the smart-
phone and the server.

Alexander et al. [3] proposed a system for sensors to get that battery recharged
through solar for observing the change in the state of vehicles. In remote locations,
there is an interruption of electricity or no power. In that scenario, Zigbee nodes
created the network. Every node consisted of an IR sensor that realizes some move-
ment. In the star arrangement, one node acts as manager and others as slaves in the
network. The sensor is attached to a power unit that can give energy continuously
from the sun.

In tunnels or dense areas, GPS does not work efficiently, so along with roadside
units (RSU) in vehicle inertial navigation system (INS) was proposed by Zarza et al.
[73]. The locus circle increased accuracy. The unit along the path gave mobile sig-
nals, with the data obtained from the navigation system. After linearization, the least
square method estimated the vehicle position for the given range and varying speed
and INS estimation errors. It obtained the required locus circles. Lots of simulations
were carried out to check the error rate.

4.12 Sensors Fusion

Kim et al. [29] used two different sensors which were placed together to realize the
object by having perception from 3D and light amplification. For robust tracking of
the objects, the period renewal method synchronizes the oldness of the object deter-
mined. Initially, the sensor processes the data for accurate tracking of the obstacles.
Data processing algorithms were designed for, such as re-ordering of object data,
object age, and time delay update. A period renewal method was developed to pre-
dict the progression time of the laser scanner. Kalman filter calibrated the informa-
tion from light amplification and compared for identical results from a 3D device for
a period of 1 ms and 66 ms, respectively. Statistical methods were used to check the
results of the sensor’s data.
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LiDAR, camera and RADAR can gather the information together for the dynamic
movement of an entity and checking for its directions. Chavez-Garcia and Aycard
[10] collected the data in different driving scenarios and classified, like pedestrian,
bike, car, and truck. A clustering method identified the dynamic things off the recog-
nized area, and their procedure provided data on the observable shape and the close-
ness of the moving vehicle. The classifier was found to have a significant influence
on the feature and speed as it checks the car position frequently.

5 Comparative Study of Sensors in Road Traffic

During the literature review, it was observed that various sensors, approaches, tech-
niques, and input data are used by authors for several applications, including vehicle
surveillance, traffic count, traffic classification, traffic management, etc. The selec-
tion of sensors is as per the feasibility of applications and areas. Therefore, a com-
parative study has been made to provide an insight to the readers and give some idea
about the suitability of sensors and approaches for a specific application. It is given
in Table 1.

Each sensor has its own way of working as well as its cost varies. Table 2 sum-
marizes the pros and cons of the traffic sensors. The results obtained from vari-
ous approaches proposed by different authors can provide the vital information for
selecting the devices and technology. Table 3 presents a brief comparison of the
equipment used along with the methodology, results, and end applications.

The sensors/technologies provide their strength and weakness in the road trans-
portation applications. The inductive loop offers the best accuracy for vehicle count
[8], and the high-frequency excitation model provides better vehicle classification.
The major weakness of this sensor is lane closure required for maintenance and
installation of the inductive loop each time as the pavement cut is essential. Ultra-
sonic sensors are cost-effective as they are used frequently for recognizing vehicle.
Detection of vehicles is done either from the upper to lower part or from sideways
inclined manner [24]. Lane violation detection, over height vehicle detection, dis-
tance estimation is possible with the ultrasonic sensors. Environment conditions
have less impact on ultrasonic sensors [35]. The magnetic sensors are less suscepti-
ble to stresses of traffic. They can’t sense any stopped vehicles without any interfac-
ing of the sensors and the software [68]. Microwave Radar provides the most signifi-
cant advantage by measuring the vehicle speed and direction [2]; the disadvantage
it offers is that it cannot detect stopped vehicles on the road. The passive infrared
sensor measures the speed while it is quite sensitive to bad weather [47]. Video cam-
eras detect various lanes, and many vehicles, the only thing is the accuracy depends
on the view and location of the camera. Lousy weather conditions affect the qual-
ity of images/videos. The maintenance/calibration of the camera is required periodi-
cally [57]. Smartphones offer more advantages as multiple sensors integrate with the
android based operating system [40]. It can provide additional traffic and environ-
mental related information to the user as well as the control station. The disadvan-
tage is, there can be interference in the ISM frequency bands of operation.

@ Springer



Page 150f28 29

Sensing and Imaging (2020) 21:29

UOTIBOYISSB[O S[OTYIA
wo)sAs uoreSIALN ‘WoIsAs Suryoe1) o[oIyaA oy,
uonodp SYJeI],

UOI}0JAP JLeI) ‘UOTIOIP [OTYIA

uonoIdIP SYJRIL,

uonewnse peadg

Suryors} pue uonoIP A[OIYIA

uonewnsd paads ‘UONOANIP AOIYIA

UOT)I9JaP J[IIYSA

UONBOYISSE[O ‘UOTIOIIP I[OTYIA

UOTO)IP J[OIYIA

UOTJBOYISSE[O J[OIYIA

‘[euSts uooeaq Ay} Jo Jurpuag

‘eyep oy} sjuasaidar pue ‘sazAeue ‘saimded 1|
“JJe1oare Aue Jo 9[ajes ysnoay) parmdes safew]
SuIp10931 09PIA

SJUQLIND APPa SOONPUT S[OTYIA

Jorq S10opaI aABM Y

yoeq S309ha1 WYSIT

I Jo uolisstury

Teudis orpey Yim Iapeay £q uonosjeqg

PIey onauSew ay3 ur a3uey)

Uo109)op I9)Je [RUSIS JOBq S0UYIH

SUOTJRIQIA SI)BAIO [39UM I[OIYSA

SOUOUJ MBWS/AIA(] SSO[OIIA
SID

soSew [er1oR/A[oreS
SeIouwe)) 09pIA
sdoo aAnonpuy

und Yvavy

qvdrl

SIOSUQS pareIju]
ardd

SI0SUDS ONQUSEIA
SIOSUQS OTUOSEI[[)

SI9)AWOII[IIY

uoneorddy

9rdrourid Sunpiop

A3o[ouyoa)/s10suag

JLyen peol I0J sa130[ouyda) s10suds Jo suonedrjdde pue ojdiourid Sunyiop | djqel

pringer

As



Sensing and Imaging (2020) 21:29

29 Page 16 0f28

x9[dwoo 9)1nb are sj00) pue swAISAS

*SUOTIIPUOD IOYJAM ISIIAPE Iopun A[asIoape s1odpje Arenb oSewy

saSewI U UOT)IOISIP 2q ULD I,

Surssaooid 10} A10WwAWw 210W SAINbIY

juswaAed peor Jo Sunino ‘9oULUSJUTEW PUE UOTIR[[RISUT IO,
A71S02 pue JNOYJIP ST UOTIB[BISU]

SUONIPUOD JOYIEIM PUE JYSI] 0) QANISUSS Yonuw AIoA

Se) o) pear jouued ‘93uer JO JNO ST PILd Y J]

Que| 9y} JoTeau KI9A Pa[[eISuI 9q O,

OPIS I2YJOUR UO Ik $102(Q0 puL JPIS SUO UO JIe SIOSUIS

JUQUIUOITAUD ) UT SUOTIRIQIA AU 0) QAISUIS

sisATeue pue uonorpaid 19)39q $AIS I]
BJEp JO UOTIOR[09 JIIND © SI19JJ0 T

uomnnjosai feneds y3iy e sey I

eare [eoryder30a3 1031e] B S1I9A00 I]

Pa10)S oIe PUE P2Jo3Jop dIe SI[OIYQA JO S[TRIAP JoeXy

s1o1owered pajefaI-ouyen [[e sopraoid

uS1Sap UT 9[qIXA SI I

uonIpuod Aue Ul JIoM UB)D)

P109Jop aIe ‘sueLsapad se [[om st ‘9[0A01q ‘SO[OIYQA YIIM SUOTY
1500 Mo ‘1omod Mo

SUONIPUOD JOYJeam AUe Ul Isnqoy

Pa310939p oxe souef o[dnnA

SUOT)IPUOD I9YIBAM AUR UI ISNQOY
P9J09Jop Ik SI[XE I[OIYIA

SID

soSew] [eLIOY/AI[[o1eS

seIoure)) 09pIA

sdoo aAnonpuy
AvVaAvd/avari
SIOSUQS paIeIjuy
ary

SI0SUQS O1AUSEIA

SIOSUQS druosen|N)

SI9JWOIAIIY

soSejueApesiq

sagejueApy

so130[0UYd], SIOSUIS

SOOIAQP/SIOSUAS JO SOTEIUBAPESIP pue saSejueApy ¢ d|qelL

pringer

As



Page 170f28 29

Sensing and Imaging (2020) 21:29

UONJRUWLIOJUT Ojel],

SpOOY ysey ueqin
PUE SOLIRUIOS SIIIYA PeOY
QAIOSqQ ‘uonewnsy paads

‘uoneOyIs
-Se[0 [OIYAA PUE ‘UOHEWISO
paads ‘U010 S[OTYIA

UOI}0)AP I[OIYA ‘WIISAS
UONEOYISSL[d IIYIA Y],

Q)el1 JO1Ig Ue Yunod
u01399)9p 9[o1YaA ‘sporrad
uorsstusuen jaoed uo
paseq AS10u9 jo uon
-eZI[NN 93BIAAY ‘QouRISIq

‘armeradwo)
ur Jo110 ‘ormjerodwa],

UOTIOQIIP [OABI], ‘YU
-o0e[dsIp ‘uord8Iap A0
-TYOA ‘UOTJRIO[OIJE "SA QUWIL],

JUNod J[OIYAA ‘Suroeds o[xy

BJep OLyen

0} BIEp 0UR)SIP S)LISAUOD

wyILIoS[e pue ‘Qoue)sIp
Q) AINSBIW SIOSUIS

Keop own)
Q)BWNS WIOJSue) 9]
-OABM PUE UOTIR[Q1I0D-SSOID)

*JOSUQS [OBd JO BIep oy} Ul
Sw ¢ F uey) 1yS1y s1
[9AQ] SUONIBIQIA ) SO

wny)riose oy,
JuowroAed
PEOI 9Y) UO UOTJRIQIA B
$9)BOIO JBY) 9II0J B I8
910 Q[OIYQA Y} JO A1) YL,

wyILIOS[e U0NIIP
9[o1yaA 7000301d Junnoy
‘1072[N32IX
a3e)[0A ‘O[npowr [0NUOD)
I9[[0NU0d0101W D Td ‘NSM
S[OPOJAl QIMXIJA] UBISSNBD)
‘SyIom
-JoN UeIsoAeq Jrweukq
‘soqid
-OwLIdY) YId XIS “Io[[on
-UODOIITW X110 NIV

sy
-03[e UONOAAP J[IIYIA
IO[[OX)UOJOIDIA
ou() oumnpIy ‘onpowt
uonismboy eleq ‘I0suos
UOTIRIS[IIIB ILNOJ[A0ZAIJ

I9)[y oFe1oae SUTAOIA
‘woIsAs uonowr
ur JyS1om ‘19Jowoleu
-SeJAl PUE 19)OWO0IA[IOIY

[Le] Teror

SIOSUQS JIUOSeN[() [L¥] Te 1@ 3P0

[96] Te 10 seary

19)WOIA[300Y [LE] TR 19BN

uoneorddy

SISy

K3oopoyloN

wyjLos[e
pue ‘aremijog ‘arempiey

90IN0G/SIOSUIS SQOURIYIY

KSojopoyiew pue sIosuas ay) jo uosuedwo) ¢ ajqel

pringer

As



Sensing and Imaging (2020) 21:29

29 Page 18 0f 28

juow
-aInseaJq paadg pue ‘uon
-eoyIsse[) ‘Sununo)) 9[o1yeA

UOTIO9)3P J[OTYIA

uonewrnxoxdde
paads ‘9[o1yoA Surziugoooy

Q1njeusts onouSeA ‘I0II0
uonewnss paads ‘Sdn
Jo sjuowaInseaw paadg

QInjeusts onou
-Sew ‘vondwnsuod 1omog

‘KovInooe
paads Sururualep ‘oI
-Iedop ‘[BALLIE O[JIYIA

"UOTJB[A1I0D-SSOID
i paads oy seuruwIolep
Jey) W G'() ST SIOSUIS OM)

Q) U22M)2q SJUBISIP Y],
*9[oIYA ) JO
[BALLIE U]} UO POy O1)dU
-Sew s yyreq ur oSueyo e
$109)9p J0SUS dNAUTEI
pue ‘ormredap 10 [eALLIE

uodn soyem J0suag YT

*KoeIndoe 10§ §159) 1039

-WO[AY ‘SoInjeusIs om)

U9M]2q UOTIR[ILIOI-SSOIO
PIZI[EWLIOU AU} SQUIINA

[opou poy onjou
-SeIAl ‘O[npou ss[IIM
QogX ‘IOSuds onouSew

WYILIOSE UOTIOIP S[OIYIA
‘opou
JOSUQS SSI[AIIM “TOSUIS
[eondo ‘rosuas onouSew y
wyjose
uonv93op paads 901y
‘wnyyrio3e uonugooar
Sunyred ‘uone[o1109-ss010
PUB UOT1I2)0p UIYIRUI LIS
‘JOSUQS J1oUTeIN

[+9]

ueweley pue uekoseAyse],

[19] 'Te 39 sayuanyig

10SU9S ONAUSEIN [6L] nx pue nyz

uonedrddy

SInsoy

KSo[opoyloN

wypLo3e
pue ‘a1em)jos ‘drempiey

90IN0S/SIOSUDS SO0UIRJOY

(ponunuoo) ¢ s|qey

pringer

As



Page 190f28 29

Sensing and Imaging (2020) 21:29

*9[OIYA € JO
Suriojiuow AJI0[AA JWI-[BY

WIQ)SAS UOTIBIO] IITYIA

Suryoel], Joopug

UONEI0T S[IIYA JorI],

-9[NPOW JOUISYIT
2y} ySnoiy) pnojo ay) 03 It
spuas pue durejsowr pue
poads Jo uonewIOJuI Ay}
spear (LY s5e) ALY
aarssed sey o[oIyoa oy,

Kyooroa gewrxoxdde pue
iy, 'SA 2oueysig jo ydein

uonorpaid oy

SOAIS JA)[Y uBW[RY 9INO

-119 Yue) O UM BUUIUR
Te[noIr) gy Jo uSisoq

Qoue)sIp J03eS01Io)Ul
pue ‘A[ddns parein3ox
90UBONPU] BUUIUY

‘uonisod
10119 Jo arenbs ueaw j001
SIO1ID se gouewIoj1od Suryoern
Suruonisod ‘4D ‘ISSY  2AIS suone[nWIs OIEIAUOA

‘uon
-e31aeu s)o1pard wyjrios[e

9L, “Iopear oY) ySnoxyy

eiep 3} LIy speal

“Q[OTYAA AU} JO [BALLIE

uonisod 9[oIYoA

a[npour Joureyyy ‘sSuryy
Jojourdnuy ‘pnop) ‘ardy
SID
‘JHd PIm walsks aseqeieq
‘S[npow NSO pue
SdD SMMPON 19peay A1

Iy uewey ‘SOMBU0)
‘S0pOU JOSUOS

SSO[AIIAN ‘SIapeal (I

w3y DAVIN

~ANVT S00T 1eAleS

1O JOSOIIA ‘800T
0IpNIS [BNSIA JJOSOITIA

“Sur

-]01U0d 2109 pue JUISUdS

NSD ‘SdD ‘dIdy ‘ad1

[6t] Texuoedse], pue J0pudq

[zS] uenyorelql pue oofsurlq

[2L] e 32 Suorg

3} UO IS[[ONUOI0IDIIA 0010 ‘romod Jo so[npoN aiy [9¥] Te 10 SuiN
wyjose
uonedrddy SINSoY K30[0pOyIOIN pue ‘arem)jos ‘dremprey 90IN0G/SIOSUIS SOOUQIOJIY

(ponunuoo) ¢ s|qey

pringer

As



Sensing and Imaging (2020) 21:29

29 Page 200f28

suonIpuod peol Surzreue

SIsA[euy
SJel], Peoy SWII-Tey

woIsAS
SuryorI} UOIBIO[ S[ITYSA

uon

yyed 3s9110yS oy Surpurg

‘uoneoyIsse[)
S[OIYIA JUNOD) S[IYIA

QoueIsI(J ‘Al
901A9(] ‘sA[OIYQA Jo yed
Sunjorl], ‘s[rejop IoALg

poads
UOTIOAIIP “I0LID UONBIO]

ydess oy prmg

PUE JIOMIQU 3] J09[0S
swyioge s ensyliq

waoperd

BIPOW [BID0S 9} WO}

sjoam) oy} pue sdoog

9AT}ONPUI WOIJ BJep
ouyen ay) sejeISAuI S[H

AydeiSodoy

PUE 10008} NV ‘SIYST|

JLjjer) ‘Quil) [9ARI) AYI|

UOTJBWLIOJUT JWIT)-[BAX

WOJJ UOTJBUTISOp pue

90IN0S UaaMm3aq yred
rewndo ue op1aoid oJ,

uonezIes0]
opraoxd syTomjou
INSD pue LI-IM "son
-SLISJORIBYD S,9[1qOW
Suraow oY) p10da1

SIDO

‘SIDIs0d “TOSIBIS0d
‘swyynosde s ensyigq

‘gqoSuon

‘dHd 1dLOS VAV
‘SSD “TINLH “1oniL,

sdoof aAnonpuy
“I9IUN0D) SOIYIA 089N

‘aseqejep
§S900Y/ 1JOSOIOTIA ‘9 A
‘Surougjoan) ‘suyjLiode
s [e[snry] pue s ensylig
‘wapow §YJH/SdD
SID ‘[epouwt
sso[-yjed soueisip S0
‘sseduIod ‘SIoATOIAI
SdD ‘SI9NPUWOII[0Y
‘sdoyde

[£5] Srep pue soyig

[29] wog

(6] Te 3o 1qmbory

-eyndwod uonedso] orweukq ‘UOTJEWITISO UOTIBIO| S[NPOWI JUSUWIAINSEIIA ‘vdd ‘seuoyd [[oD SID [¢z] noxds pue 1p
K310 9} UT SI9)JUAD
3y} [[B 0 }T SPIBMIO)
pue UOT)BWLIOJUT Y}
308 10AISS I, "pror
3} O dYJen Y} pue
paads a[oryaA ‘sagf 0L, paads oy souruIalep TOSAIN ‘VAVT ‘dST
JuowaSeurw OYJeI], ‘3[OTY2A “ISUMO JO BIR(] wiyLiod[e Surpooyy Ay, SIOSUSS parenjuy ‘qLid ad [69] uam
wypLose
uoneorddy s)nsoy ASO[OPOYIS]N  PUE ‘OTem}jos ‘drempIef] 90IN0S/SIOSUIS SOIUQIRJOY

(ponunuoo) ¢ s|qey

-
)
50
R
-t
(=9
7
&l



Page210f28 29

Sensing and Imaging (2020) 21:29

Sunjoen
PUE UOT103]3P J[IIYIA

uono9Jap JoSIe],

woISAS [01UOD dLJel],

Sunyoen aarssed Joopuy

Sunyoen
Iopnnuj ‘uonisod
SdD IopeAq ‘owr) Anoy

Aipiqeqoid
uonoANR( ‘SONSLIAIE
-reyd Sunerado I9AT00Y

yiomiau
oyye1], Jo paads ueapy

(1O 0ye21PU]

Aiend yury pue [SSY
ur soSueyo uo paseq
UOTBWITISS SOUBISI(]

uonsafuoo

Suruuerd

uondadoIojul 193Je IopeAd

A} $9SBYD 10qOY ‘BIEP

Jo uonedai3se pue

IOpBYT JO UONII[AS

*SJUSAD SOJRIqI[BD pUR
SOSUQS JOPBAD JBAU SOPON

uonoP 1931e) J0J
SooeI) BIEp [Eal Saye) e
‘wy)LIog[e 9y) Ul 19S elep
JO Sururel], ‘synsax uone|
-nurs 303 0], “UONO9SINUI
AU} T8 SI[OIYAA ISUJ(]
109}9p SOpOU JOSUDS G/,
paads pue
‘sIoquunu due[ ‘YISuo[
1] s1orowrered oyjen jo
uonezrundo “yromjou
110dsuen oy) 21n3yuod o,
9pOU YUIS 0) JUSWUOIIAUD
ur 93ueYD SWLIOJUT JOSUDS
‘suosiad ¢ jo paads pue
Sty o1 sureped Sur
-AOwW A} sIsATeue YSIII
rmaedap 10 [eALLIR
Q[OIYIA SQUITLLIAIP JBY)
‘sagewr peol Jo sa3pa

wyog[e unnol
YlIewpue[ oy} ‘WyILL

-o3[e Surpooy ‘SOAuL],
JIOATOOSUEBT) PUNOSEN[N
ue ‘30qoI snowouone
‘19JoW0JQUS LA ‘Sopou
I0SUds ()0 ‘sejouw

10 ZRINN Ad[arIog

‘wiypriod[e Surnpayos
JUSWIAAOIA ‘WILIOS[
Surmnpayos Apaain
‘SIOSUQS
o1e)s ‘SIOSUAS A[IGOIA

wyjIoge uonezw
-ndo awm [eABT) WNWITUTIA

JIUN UOTIOISIAUT “JIun
QPISPEOI ‘JIUN JIIYA

poseq-Aiiqeqoiq
‘uore)s aseq pue ‘sopou
10SUDS ()7 ‘10Sus JYS1]

SUIILIOS [ UOI0AP I[d
-1y ‘aseqerep OALAVN

[09] Te 1o dreys

[c9] 10 uRY,

[0L] 'Te 30 arfuopm

NSM [8€] e 19 ory

Sursuas

SuLiojuow SYjel],  dUJen ‘SIed JO SuonddRq Ay $19939p Jojerado [9qoS ‘SEIOWIED QUIOQITY oway [SS] Te 10 ZyreuTay
wypLose
uoneorddy s)nsoy ASO[OPOYIS]N  PUE ‘OTem}jos ‘drempIef] 90IN0S/SIOSUIS SOIUQIRJOY

(ponunuoo) ¢ s|qey

pringer

As



Sensing and Imaging (2020) 21:29

29 Page220f28

Suroel], pue dwin
uni e SuIzruSooa1 9[dIYoA

uonewnsy
paadg pue uono3IIp OTYIA

MITA-INIA ‘ma1A dog,
‘MITATRIY ‘MITA IPIS
‘MATA JUOI] JO AoRINOOY
Kep Apnopo ‘Suruoad
‘UOOUINJY ‘SUTUIOIA

ur A9BINd0Y Uon0A_(J

J1 syoern)
JIOY[ UBWEY ‘SO[OIYOA
AY) SAIBNUAIYIP UTRWOP
10105 ASH "PBOI Y} U0
SO[OIY2A JO JoquInu Ay}

$109)0p WIILIOS[E Y],
SOWBIJ QAIS
-s900ns oy ur uonisod

9[o1yQA Jo uorstredwo))

Bl
uewey ‘++) ‘AD uadQ
‘1d A11oqdsey

TOSAIN “VAVI ‘AD uedQ
‘eIowre)) 09pIA

SeIoue)) 03PIA

[9]
TeSi[eg pue [[[eypueny

[1€]
BURMUSIY UL Jewny|

wypLose
uoneorddy snsoy ASO[OPOYIS]N  pUB dIeM]JOS ‘dIempIeH 90IN0G/SIOSUIS RERNEICIEN |
Surssaooxd oSewr
1M UOTJRULIOJUT [OTYIA
Koex s10enx9 9[yoid Surso[d sa3ew] [eo13ojoydioN

UONO)IP J[OIYIA

uonorpard mop oIy,

Sunyoen jo51e],

-NOOE UONONR(T I[OTYIA

QuIN[oA dLeI],

‘QuINQJI[ peay 1SN

ASojoydiow [enuarayIq
swrn pue ‘Kysusp
‘paads ‘ownjoa oyyen
JO pI0da1 oY) Sursn
mop oyjen syoipaid

YI0MION [BINON [eIOYNIY
Juow
-oSeurw YI0M)AU $918)
-11108§ pue uonesedoid

BIep Soonpal Surieisny)

SseIouwre)) 09pIA

SeIouWed
0JPIA WOoIJ 198 el

SN ‘Jore[nuwiis SOAuL],
‘Furpooy ‘Surd)sn[)

SeIOWRD) 09PIA

LANVA
SIOMION J0UPY JR[NOTYIA

[6S] “Ie 10 ewireys

[og] ‘Te 10 Tewny]

[82] “Ie 10 anodyeyy|

uoneodrddy

Synsoy

K3o1opoyioN

wypLose
pUE ‘0IeM1JOS ‘QIEMPIEH

90IN0S/SIOSUSS

SAOUAIJY

(ponunuoo) ¢ s|qey

pringer

As



Page230f28 29

Sensing and Imaging (2020) 21:29

spoos
snoxaguep Jo SULIOJIUOIA

UOTI0)IP J[OTYIA

Suryoen J[oIyaA

uoT)BWLIOUT
Pa0UAIRYAI-09L) sAeydsip
QIEM)JOS A1 SOIINOS
[PUI)X? WOIJ PIAILIAI
st uonjelsodsuen [0oyos
‘$JUQAQ JO OURINIOQ
‘IOAISS Q) O} JUSS ST UOT)
-ewwIoju] "1,gQ 0) suon

-150d 9[21Y9A $9AIS SdD

SOJRUIPIO0D SID
PUE SSAIPPY ‘Al SPIYIA
©JEP UOISIA
0919)$ 1M SR
pUR JoUUEDS JOSE] )
Jo eyep oy spo1paxd
IO)[I] UBWIEY] JOSUDS
ay) jo Kefop awn ay)
Sumyorew 109fqQ  soUTWLIAGP WIPLIOS[E oY,
sIojowojousew
pUE I9JOUWIOIS[AIIL JO
©JEp 9U) poyloul Uorez
-Hemde[g-0ry M
sassao01d 193y oonred
Qoueyrodwy Surdwesg

JIOLI3 UOTJRWITISD
ueow ‘poads ‘uonIsoq

urrojjerd oFpaymoury st
‘so[npour a1emijos 31od
-dns uors1oo(J ‘eremijos
S[RUTWIS], SULIOIUOIA
I9S() ‘S[EUTWID], pIeogq
-UQ ‘UOTRUITOUT S[ITYIA
‘aInssoiq ‘arjeroduwa],

19)[ uewIey]
UOISIA
0019)$ ‘IoUUEBDS Jase]

SUOT)B[NWIS
OHBD SIUO 001 1Y

uewrey| ‘SULIY J[onIed
IajouwIoleu

-SeA ‘101oW0IA[00Y

[0S] ‘T 30 seuelq

[62] T8 10 wry

uorIsn,g
JosuaS  [gz] ounl pue 1911191S0H

uoneodrddy

Synsay K3o1opoyioN

wypLose
pUE 9IeM}JOS ‘OrempIer]

90IN0S/SIOSUSS SOIUQIRJOY

(ponunuoo) ¢ s|qey

pringer

As



29 Page240f28 Sensing and Imaging (2020) 21:29

Sensors technologies provide a different aspect of collecting vehicle traffic data.
Accelerometers recognized larger size of vehicles approximately as compared to the
smaller size of vehicles [7]. Ultrasonic sensor system identified the improper traffic
rule violation of the vehicles. Liu et al. [35] achieved an accuracy of more than 90%.
Magnetic sensors provided good accuracy for vehicle entry and exit. These sensors
describe the types of vehicles based on the magnetic signature. The accuracy rate is
more than approximately 99% was achieved for a vehicle at a standstill [79]. RFID,
if used with other technologies, like GPS, WSN, and INS. These sensors provide
more benefits considering the application is indoor area or tunnels [45]. Unmodu-
lated continuous wave radar is cost-effective as compared to other kinds of sensing
devices [16]. The LiDAR provides a more magnificent view and 3D perception of
the objects with a 360° scanning feature. Data processing is also less cumbersome. It
works in any complex environment when multiple vehicles are to be detected [36].
The detector with the inductive loop determines the vehicle length (Marszalek et al.
2018).

The best way to recognize the vehicles that have storage facility is with the cam-
corders that can capture pictures as well as take videos throughout the day. The
detection is best if it is located at the best view angle to cover a larger area of road
lanes. During the unlikely climate scenarios, working is going to get deteriorated
[78]. Algorithms can detect vehicles without training data in the satellite images [9].
Multi-temporal data sets are readily available to the researchers frequently with sat-
ellite images. Computer vision approaches require machine learning and training of
data for analysing remote sensing images [54]. In GIS environment, georeferencing
provides secure tracking of the vehicles carrying the goods and commuters on the
road. It determines the shortest route which is very useful in traffic management [5].

6 Conclusion

In this study, we have summarized the literature review on vehicle detection, track-
ing, and traffic estimation with sensors and technologies. We have provided a survey
of vehicle detection techniques so that readers can have a fair idea of selecting the
sensor for road traffic monitoring and management. Smart sensors installed at the
intersections of the road would help avoid traffic congestion. Emergency vehicles
may be given the highest priority, and their waiting time is minimized. Along with
WSN research studies on traffic control and management, RFID, Zigbee, Vehicular
Ad hoc Networks (VANET), bluetooth devices, cameras, and infrared signals have
been used [43]. Three basic things are always considered sensing, traffic control, and
safety. Sensors gather the traffic data and provide it to the control station. The traffic
control station manages the traffic congestion, while the security is active during the
traffic jams and road rules violation.

Modern technologies offer electronic toll control at toll plazas. Fast tags vehicles
have a separate lane and waiting time decreases. Service roads are for local traffic as
it separates from transport. Two-lane highways are to be converted to 4-lanes, while
4-lanes are widening to 6 lanes. Proper grade separator, median openings, footpath
for pedestrians are also required. Separate roads as per the speed, like slow-moving,
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medium moving, and fast-moving vehicles are needed to avoid obstructions and
accidents [18].

Railway level crossings on NH network should not interfere with highways;
over-bridge or under-bridge constructed gives a safer and faster journey. Ring road
and link roads make the intercity travel better as proper connectivity is available in
the city [18]. Bypass roads can separate the NH from entering the central city and
reduce traffic congestion. However, road widening, development of the road infra-
structure depends upon the environment, and land acquisitions, and financial budget
aspects.

Vehicle detection, classification, and tracking utilize the state of art technologies.
The location-based services provide the vehicle count, speed, volume, density to the
driver as well as the monitoring station. Various mathematical models estimate the
road traffic. Sensors/technologies offer a higher demand in the ITS. It covers a vast
number of applications that can minimize the traffic congestion issues with the inte-
grated data from sensor fusion. The smart cities will have the transportation sector
connected to the IoT.
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