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1. Abstract: 

 A tunnel is an underground passageway, dug through the surrounding soil/earth/rock and enclosed except 

for entrance and exit, commonly at each end. Tunnels are constructed for the convenience of people. Some tunnels 

allow traffic to only move in one direction. But, there may be incidents where people may break this rule, leading to 

traffic jams or accidents. Therefore, to avoid this real- time problem we have developed a system named Cloud-

based wrong-way vehicle motion detection system which will detect the movement of vehicles in the wrong direction 

and capture an image of the vehicle and store it in the cloud storage. Cloud-based wrong-way vehicle motion 

detection system will also be helpful to prevent accidents on one way and will reduce the manual work. As it is an 

one time investment and as it reduces manual work it becomes cost effective.There is no requirement of policeman at 

the site to keep watch on people for 24 hours. It can detect multiple vehicles coming from the wrong direction and 

can capture images of the same. Whereas, manuallyit is difficult to catch more people coming from the wrong 

direction. 
 

2. Introduction: 

At present, traffic management is one of the major problems which people are facing in  

India.Traffic congestion is when vehicles travel slowly because there is too much traffic on roads. This makes trip 

times longer, and increases queuing. This is also known as a traffic jam. Congestion may result due to narrow roads, 

accidents on the roads or roads being closed.  Statistics show that in India, over 1,47,000 people were killed in road 

accidents in 2018 alone. In order to ensure a smooth flow of traffic in congested areas of cities, the traffic control 

authorities often designate parts of the streets as one-way streets. But, there may be incidents where people break 

this rule, leading to traffic jams or accidents.  

Generally the following problems are faced by people: 

 Traffic jams/ road congestions 

 Accidents 

 Wastage of time 
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On the basis of above facts, we have developed a system titled ―Cloud-based wrong-way vehicle motion detection 

system‖ to tackle these problems. This system is designed to detect the movement of vehicles in the wrong direction 

and capture an image of the vehicle and store it in the cloud storage. It is a onetime investment and as it reduces 

manual work, it becomes cost effective. Once the system is fixed at the site, there is no need to check the system 

constantly. This system can detect multiple vehicles coming from the wrong direction and can capture their images.  

For the demonstration purposes of this system, we have selected a site in our locality of Nashik which consists of a 

road tunnel which allows for city traffic to cross under the Mumbai-Agra Highway (NH-3) which passes through 

Nashik. Since the tunnel is a narrow one, only one-directional traffic is permitted. However, there are incidences of 

some vehicle drivers driving in the opposite direction and causing chaos. 

3. Hardware Used 

3.1 Arduino Uno 

Quantity used – 01 unit 

The Arduino UNO is an open-source microcontroller board based on the Microchip ATmega328P microcontroller 

and developed by Arduino.cc. The board is equipped with sets of digital and analog input/output (I/O) pins that 

may be interfaced to various expansion boards (shields) and other circuits. The board has 14 Digital pins, 6 

Analog pins, and programmable with the Arduino IDE (Integrated Development Environment) via a type B 

USB cable. It can be powered by a USB cable or by an external 9 volt battery, though it accepts voltages 

between 7 and 20 volts. 

Technical Specifications: 

 Microcontroller: Microchip ATmega328P  

 Operating Voltage: 5 Volts 

 Input Voltage: 7 to 20 Volts 

 Digital I/O Pins: 14 (of which 6 provide PWM output) 

 Analog Input Pins: 6 

 DC Current per I/O Pin: 20 mA 

 DC Current for 3.3V Pin: 50 mA 

 Flash Memory: 32 KB of which 0.5 KB used by bootloader  

 SRAM: 2 KB 

 EEPROM: 1 KB 

 Clock Speed: 16 MHz 

 Length: 68.6 mm 

 Width: 53.4 mm 

 Weight: 25 g 
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Fig.1 Arduino Pin diagram 

 

3.2 Limit switch: 

Model:SS-5GL 

Quantity used: 04 units 

Technical Specifications: 

 Switching capacity of 3A at 250VAC, 5A at 125VAC, 0.1A at 30VDC. 

 Pin plunger, hinge, long hinge, simulated roller, hinge roller lever actuators available. 

 Solder, quick connect, PCB terminals available. 

 Operating force is 0.06N, 0.12N, 1.47N, 0.49N, 0.25N, 0.16N, 0.08N, 0.39N based on ordering. 

 SPDT, SPST-NC, SPST-NO contact configuration. 

 Two split springs ensure high stability and durability. 

 

Fig.2Limit Switch 
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3.3 Ultrasonic Sensors: 

Model number: HC-SR04 

Quantity used: 02 units 

Technical specifications: 

 Operating voltage: +5V 

 Theoretical Measuring Distance: 2cm to 450cm 

 Practical Measuring Distance: 2cm to 80cm 

 Accuracy: 3mm 

 Measuring angle covered: <15° 

 Operating Current: <15mA 

 Operating Frequency: 40Hz 

 

Pin Configuration: 

Pin Number Pin Name Description 

1 Vcc The Vcc pin powers the sensor, typically with +5V 

2 Trigger Trigger pin is an Input pin. This pin has to be kept high for 

10us to initialize measurement by sending US wave. 

3 Echo Echo pin is an Output pin. This pin goes high for a period of 

time which will be equal to the time taken for the US wave to 

return back to the sensor. 

4 Ground This pin is connected to the Ground of the system. 

 

 

Fig.3 2D Pin Diagram 
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Working 

As shown above, the HC-SR04 Ultrasonic sensor is a 4-pin module, whose pins are, namely Vcc, Trigger, Echo and 

Ground, respectively. This sensor is a very popular sensor used in many applications where measuring distance or 

sensing objects are required. The module has two eye-like projectors in the front which form the ultrasonic 

transmitter and receiver. The sensor works with the simple formula that 

Distance = Speed × Time 

The ultrasonic transmitter transmits an ultrasonic wave, this wave travels in air and when it gets objected by any 

material it gets reflected back toward the sensor. This reflected wave is observed by the ultrasonic receiver module. 

Now, to calculate the distance using the above formula, we should know the speed and time. Since we are using the 

ultrasonic, wave we know the universal speed of US wave at room conditions which is 330m/s. The circuitry inbuilt 

on the module will calculate the time taken for the US wave to come back and turns on the echo pin high for that 

same particular amount of time. This way, we can also know the time taken. Now simply calculate the distance 

using a microcontroller or microprocessor. 

3.4 Webcam 

Model: C8.0 

Quantity used: 01 unit 

Image 

 

Technical specifications: 

Connectivity  USB 

Has Tilt  No 

Focus Range  5 to infinity cm 

Model Id  Face2Face C8.0 

Model Name  Face2Face C8.0 

Built In Microphone  Yes 
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Night Vision Features  6 LEDs for night vision with brightness controller 

Part Number  C8.0 

Has Night Vision  Yes 

Digital Zoom  4 X 

Compatible Devices  Laptop 

Has Pan  No 

Color  Black 

Brand  iBall 

Category  Webcam 

Video Sensor Resolution  4 megapixel 

Frame Rate  30 fps 

Still Image Sensor Resolution  8 megapixel 

Is HD  No 

Sensor Type  CMOS 

Video Capture Resolution  2304 x 1728 

Image Capture Resolution  3264 x 2448 

 

 

4. Software Used 

Here is a list of the software components that were used in our model: 

4.1 Arduino IDE: 

The Arduinointegrated development environment (IDE) is a cross-platform application for Windows, mac 

OS, Linux that is written in the programming language Java. It is used to write and upload programs to Arduino 

board. Arduino consists of both, a physical programmable circuit board (often referred to as a microcontroller), 

and a piece of softwareor IDE (Integrated Development Environment) that runs on your computer, used to write 

and upload computer code to the physical board. The Arduino IDE supports the languages C and C++ using 

special rules of code structuring. Programs written using Arduino Software (IDE) are called sketches. These 

sketches are written in the text editor and are saved with the file extension ―.ino‖. The editor has features for 

cutting/pasting and for searching/replacing text. The message area gives feedback while saving and exporting 

and also displays errors. The console displays text output by the Arduino Software (IDE), including complete 

error messages and other information. The bottom right hand corner of the window displays the configured 

https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Cross-platform
https://en.wikipedia.org/wiki/Windows
https://en.wikipedia.org/wiki/MacOS
https://en.wikipedia.org/wiki/MacOS
https://en.wikipedia.org/wiki/MacOS
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/Java_(programming_language)
https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/C%2B%2B
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board and serial port. The toolbar buttons allow you to verify and upload programs, create, open, and save 

sketches, and open the serial monitor. 

4.2 Python 

Python was conceived in the late 1980s by Guido van Rossum at Centrum Wiskunde&Informatica (CWI) in 

the Netherlands as a successor to the ABC language (itself inspired by SETL), capable of exception 

handling and interfacing with the Amoeba operating system. Its implementation began in December 1989. 

Python is an interpreted, high-level, general-purpose programming language. Created by Guido van 

Rossum and first released in 1991. Python has a design philosophy that emphasizes code readability, notably 

using significant whitespace. It provides constructs that enable clear programming on both small and large 

scales. Python features a dynamic type system and automatic memory management. It supports 

multiple programming paradigms, including object-oriented, imperative, functional and procedural, and has a 

large and comprehensive standard library. Python uses dynamic typing, and a combination of reference 

counting and a cycle-detecting garbage collector for memory management. It also features dynamic name 

resolution (late binding), which binds method and variable names during program execution. 

4.3 Cloud Storage: 

Our system uses the client side of cloud computing to use the storage provided by cloud-hosting companies. 

The NIST's definition of cloud computing defines Software as a Service as:  

The capability provided to the consumer is to use the provider's applications running on a cloud infrastructure. 

The applications are accessible from various client devices through either a thin client interface, such as a web 

browser (e.g., web-based email), or a program interface. The consumer does not manage or control the 

underlying cloud infrastructure including network, servers, operating systems, storage, or even individual 

application capabilities, with the possible exception of limited user-specific application configuration settings. 

In the software as a service (SaaS) model, users gain access to application software and databases. Cloud 

providers manage the infrastructure and platforms that run the applications. SaaS is sometimes referred to as 

"on-demand software" and is usually priced on a pay-per-use basis or using a subscription fee. In the SaaS 

model, cloud providers install and operate application software in the cloud and cloud users access the software 

from cloud clients. Cloud users do not manage the cloud infrastructure and platform where the application runs. 

This eliminates the need to install and run the application on the cloud user's own computers, which simplifies 

maintenance and support. Cloud applications differ from other applications in their scalability—which can be 

achieved by cloning tasks onto multiple virtual machines at run-time to meet changing work demand. Load 

balancers distribute the work over the set of virtual machines. This process is transparent to the cloud user, who 

sees only a single access-point. To accommodate a large number of cloud users, cloud applications can 

be multitenant, meaning that any machine may serve more than one cloud-user organization. 

https://en.wikipedia.org/wiki/Guido_van_Rossum
https://en.wikipedia.org/wiki/Centrum_Wiskunde_%26_Informatica
https://en.wikipedia.org/wiki/Netherlands
https://en.wikipedia.org/wiki/ABC_(programming_language)
https://en.wikipedia.org/wiki/SETL
https://en.wikipedia.org/wiki/Exception_handling
https://en.wikipedia.org/wiki/Exception_handling
https://en.wikipedia.org/wiki/Exception_handling
https://en.wikipedia.org/wiki/Amoeba_(operating_system)
https://en.wikipedia.org/wiki/High-level_programming_language
https://en.wikipedia.org/wiki/General-purpose_programming_language
https://en.wikipedia.org/wiki/Guido_van_Rossum
https://en.wikipedia.org/wiki/Guido_van_Rossum
https://en.wikipedia.org/wiki/Guido_van_Rossum
https://en.wikipedia.org/wiki/Code_readability
https://en.wikipedia.org/wiki/Significant_whitespace
https://en.wikipedia.org/wiki/Dynamic_type
https://en.wikipedia.org/wiki/Memory_management
https://en.wikipedia.org/wiki/Programming_paradigm
https://en.wikipedia.org/wiki/Object-oriented_programming
https://en.wikipedia.org/wiki/Imperative_programming
https://en.wikipedia.org/wiki/Functional_programming
https://en.wikipedia.org/wiki/Procedural_programming
https://en.wikipedia.org/wiki/Standard_library
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The pricing model for SaaS applications is typically a monthly or yearly flat fee per user, so prices become 

scalable and adjustable if users are added or removed at any point. Proponents claim that SaaS gives 

a business the potential to reduce IT operational costs by outsourcing hardware and software maintenance and 

support to the cloud provider. This enables the business to reallocate IT operations costs away from 

hardware/software spending and from personnel expenses, towards meeting other goals. In addition, with 

applications hosted centrally, updates can be released without the need for users to install new software. One 

drawback of SaaS comes with storing the users' data on the cloud provider's server. As a result, there could be 

unauthorized access to the data. 

5. Block diagram 

 
 

6. Construction 

 

1. Two pairs of limit switches are fitted in parallel to each other. The switches in these pairs are connected to 

each other physically using a long object, such as metallic rumble strips. 

2. An ultrasonic sensor is mounted on each of the two walls of the tunnel, both of which face diagonally 

towards the inside of the tunnel. The working angle of these ultrasonic sensors is 15°. Both ultrasonic 

sensors are tilted outwards in such a way that they don’t overlap each other’s working areas.     

3. A camera is placed at the top-mid positioned to face the direction of the entry of the vehicles moving in the 

wrong direction. 

4. The camera, ultrasonic sensor, and the switches are connected to a microcontroller which takes input and 

provides output to these components as needed. 
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7. Working 

 
1. Our system uses two means to detect the direction in which the vehicles are moving. 

a) The first means uses two pairs of limit switches which get pressed when a vehicle passes through the 

tunnel. The microcontroller monitors the sequence in which these pairs get pressed, thus acting as the 

primary means of detecting if something is wrong with the flow of traffic through the tunnel. This 

system remains active and waits till an irregularity is detected, after which it activates the ultrasonic 

sensors. 

b) The second means uses two ultrasonic sensors to verify if a vehicle is actually moving in the wrong 

direction. This is done using the fundamental usage of the ultrasonic sensor’s working, i.e., measuring 

the distance between the sensor and the object (vehicle). This measurement of the distance is taken 

repeatedly, thus making sure that the vehicle is moving in the wrong direction. 

The combination of the two sensors makes sure that false positives do not occur. Both of them cover 

half of the area of the tunnel, thus distributing workload and increasing accuracy. 

2. Once it is known to the system that a vehicle is moving in the wrong direction, the microcontroller triggers 

the camera to capture a frame instantly, so that the lawbreaker’s  vehicle and its number plate is seen 

clearly in the picture. 

3. This picture is then uploaded to a database stored on a cloud. Storing the pictures on cloud storage enable 

remotely accessing the databases from anywhere, anytime. 

8. Advantages: 

 Cost effective: It is a onetime investment and as it reduces manual work it becomes cost effective. 

 Reduction in manual work: There is no requirement of policeman at the site to keep watch on people for 24 

hours. 

 Low maintenance: Once the system is fixed at the site there is no need to check the system frequently. 

 Quicker than manual operation: It can detect multiple vehicles coming from the wrong direction and can 

capture images of the same. Whereas, manually it is difficult to catch more people coming from the wrong 

direction. 

9. Disadvantages: 

 It can be confusing to detect a vehicle during heavy traffic. 

10. Conclusion: 
Our system thus helps to solve major problems in road traffic management.  
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The photos of the lawbreakers and their vehicles get stored on the cloud database, available to be accessed 

later by the police officials. 
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