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Abstract : The Project Presents Traffic Congestion Avoidance System Based On Traffic Density Estimation 

Using Image Processing Algorithms Such As Background Subtraction, Otsu Thresholding And Mathematical 

Morphology. Traffic Congestion Has Become A Major Problem In Every Large City Of The World. To Ensure A 

Reliable Transportation System It Is Important To Have An Intelligent Traffic Control System. So Image 

Processing Techniques Are More Reliable And Promising One For This Smart Control System. Here Two 

Different Methods Based Object Detection Will Be Performed Which Are Gradient Detection And Direct Image 

Subtraction. The Background Subtraction Approach Is Used For Foreground Object Detection. Before 

Background Subtraction, The Gradient Edges Are Detected From Both Images And It Will Be Subtracted. Then 

Non Linear Filtering Is Used To Remove Noises Which Occurred Due To Subtraction. Image Flood Filling Will 

Be Performed Before Segmentation And Otsu Thresholding Is Used To Extract Foreground Object To Create 

Binary Mask. Along With This Thresholding, Mathematical Morphology And Connected Component Analysis 

Also Used Which Has An Ability Of Greatly Attenuating Color Variations Generated By Background While Still 

Highlighting Foreground Objects. The Required Time For Each Road At Junction Is Calculated From Traffic 

Density Of Each Road And Weighted Time Allocation Factor By Weighing Its Time Allocation Depending On 

The Traffic Density. Finally The Simulated Results Will Be Shown That Used Background Subtraction 

Technique With Mathematical Morphology Approach Is Effective Rather Than Prior Approaches And It Is 

Flexible And Low Cost System To Avoid The Traffic Congestion Problems. 

Keywords— Hardcoded Versus Intelligent Traffic Control, Junction Traffic Simulation, Reduced Traffic 

Congestion; Signal Control, Switching Algorithm Traffic Density Calculation, Video And Image Processing. 

 

I. Introduction 
In The Modern Era, One Of The Most Exigent Issues That Our Society Is Facing Is Vehicular 

Congestion Increasing At An Exponential Rate. Let Us Take The Case Study Of Chandigarh, One Of The Union 

Territories Of India. Chandigarh Has The Largest Number Of Vehicles Per Capita In India. According To 

Chandigarh Transport Undertaking, More Than 45,000 Vehicles Were Registered This Year In Chandigarh 

Making The Total Count Of More Than 8 Lakhs Vehicles On The Road. While The Number Of Vehicles Are 

Increasing At A Fast Pace, The Infrastructure In The City Is Not Being Able To Match This Growth. Traffic 

Jams During 

Rush Hours Are Becoming A Routine Affair, Especially In The Internal Sectors Where Long Queues 

Of Vehicles Can Be Seen Stranded. Therefore, We Have Tried To Address The Problem With The Help Of Our 

Research Paper Wherein The Focus Would Be To Minimize The Vehicular Congestion With Virtually No 

Installation Of Any Kind Of Hardware. We Have Achieved This With The Help Of Video Processing Of The 

Live Feed That Can Be Obtained From Surveillance Cameras And Eventually To Deploy A Feedback 

Mechanism In The Working Of The Traffic Lights Where The Density Of The Traffic Would Also Be Factored 

In The Decision Making Process. 

 

II. Literature Review 
An Excessive Amount Of Research Has Been Conducted To Mitigate The Problem Of Vehicular 

Congestion. 

[4] Khekare, G.S., Sakhare A.V. Proposed The Development Of Vanets (Vehicular Ad Hoc Networks), 

Which Are The Quintessential Of The New Types Of Networks Emerging In The Wireless Technologies. The 

Salient Features Of Vanets Are To Provide Communication Between Vehicles Themselves And Between 

Vehicles And Road Side Units. VANET Also Plays An Important Role In Concepts Such As Smart Cities. The 

Paper Is Based On A Framework Of A Smart City That Will Transmit Information About Traffic Conditions 

And Will Go A Long Way In Aiding Drivers To Take Spontaneous And Smart Decisions To Prevent 

Themselves From Vehicular Congestion Which Will Ultimately Help In Reducing The Overall Congestion. 

[5]Badura S., Lieskovsky A. Presented A New Model For Intelligent Traffic Systems Which Will 
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Encapsulate The Features Of Surveillance Via The Cameras Present On The Junction And With The Help Of 

Data Delivery Systems Let The Users Access That Data. Image Analysis And Foreground/Background 

Modeling Schemes Would Be The Important Elements Of Surveillance And Data Transmission Over A Mobile 

Ad-Hoc Network Will Comprise The Data Delivery Part Of The Entire System. Various Experiments Have 

Been Conducted In The Project And They Exhibit Great Potential In Terms Of Efficiency And Real Time 

Execution. 

[7] Salama A.S., Saleh B.K. And Eassa M.M. Provide A Design Of An Integrated Intelligent System 

For Management And Controlling Traffic Lights With The Help Of Photoelectric Sensors. The Installation Of 

The Sensors Is A Very Important Criteria In This System Because The Traffic Management Department Has To 

Monitor Cars Moving At A Specific Traffic And Then To Transfer This Data To Traffic Control Cabinet Which 

Can Then Control The Traffic Lights According To The Sensor's Readings By Employing An Algorithm Based 

On The Relative Weight Of Each Road. With The Calculation Of The Relative Weight Of Each Road, The 

System Will Then Open The Traffic For That Road Which Is More Crowded And Give It A Longer Time As 

Compared To The Other Less Congested Roads. The Real Time Decision Making Ability Of The System Stands 

Out Very Saliently. Moreover, The System Can Also Be Programmed For Emergency Scenarios Such As 

Passing Of Presidents, Ministries, Ambulance Vehicles And Fire-Trucks That Require Virtually Zero 

Congestion Through An Active RFID Based Technology. As A Result The System Will Guarantee The Fluency 

Of Traffic For Such Emergency Cases Or For The Main Vital Streets And Paths That Require The Fluent 

Traffic All The Time, Without Affecting The Fluency Of Traffic Generally At Normal Streets According To 

The Time Of The Day And The Traffic Density. Also The Proposed System Can Be Tuned To Run 

Automatically Without Any Human Intervention Or Can Be Tuned To Allow Human Intervention At Certain 

Circumstances. 

[8]Haimeng Zhao, Xifeng Zheng, Weiya Liu Presented A Design Of Intelligent Traffic Control System 

Based On DSP And Nios II. Their Model Of Intelligent Traffic Control System Deploys Dual-CPU Combined 

With The Logic Control Of FPGA (Field Programmable Gate Array) Which Involves Functions Like Cross-

Phase Adjustment, Exchanging And Establishing Related Information And Live Human-Computer Interaction. 

In Order To Achieve Vehicular Congestion It Is Different From The Conventional Traffic Signal Controller In 

Way That It Works Mostly At The Mode Of Timing And Multiple Phases According To The User Demands 

Dynamically. Both The Hardware And Software System Are Realised In The Paper. 

The System Proposed By Sakhare, Khekare [4] Suffers From A Limitation That To Implement 

VANET The Appropriate Hardware Has To Be Installed On Every Vehicle Which Can Be Comparatively 

Difficult To Install In A Two-Wheeler. Moreover, The Entire Framework Is User Dependent As The Overall 

Traffic Congestion Will Depend On The Decisions Made By The User. 

The Model Designed By Salama [7] Requires The Deployment Of Photoelectric Sensors And By Zhao 

[8] Requires Logic Control With The Help Of FPGA. Both These Systems Demand Constant Maintenance Both 

In Monetary Terms And System Analysis. All The More, They Are Comparatively More Prone To Damage Due 

To The Rugged External Conditions In Which Are Deployed. 

The Method Proposed By Us Overcomes The Limitations Of Khekare [4] As It Is Implemented On A 

Four-Way Junction And Has No Relation To Every Automobile That Crosses It Apart From Its Vehicle Density 

And As The Only Hardware Employed In Our Research Are The Surveillance Cameras On The Four-Way 

Junctions Therefore No Need Of Constant Maintenance And Less Prone To Failure As Is The Case With 

Salama [7] And Zhao [8]. 

 

III. Design And Methodology 
A Four-Way Junction Would Suffice Our Purpose Of Demonstrating The Functioning Of Our System. 

Design Of The System 
• Road Diagram Showing Live Feed From Cameras.  

• Images Showing Changing Density Of Vehicles On Road.  

• Algorithm Providing Traffic Light Switching And Its Results  
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Following Diagram Shows The Design Of The System: 

 
Figure 1: It Is Four Way Junction 

 

 
Figure 2: Cameras Installed On Red Light. 

 

IV. Methodology 
This System Consists Of Video Cameras On The Traffic Junctions For Each Side As If It Is A Four 

Way Junction. Therefore Four Video Cameras Will Be Installed Over The Red Lights Facing The Road. 

Cameras Would Be Capturing Video And Broadcasting It To The Servers Where Using Video And Image 

Processing Techniques The Vehicle Density On Every Side Of The Road Is Calculated And An Algorithm Is 

Employed To Switch The Traffic Lights Accordingly. 

Hardware Also Includes Connection Of These Cameras To The Server To Receive Live Feed And A 

Server Capable Enough For Handling The Processing Requirements. 

Software Used In The System Includes MATLAB Video And Image Processing Toolbox [1] And C++ 

Compiler To Generate Algorithmic Results. 

Take A Four Way Traffic Junction, Having Sides Named S1, S2, S3 And S4. Cameras Are Installed 

Over The Red Light For Each Side Named C1, C2, C3 And C4 Respectively. Server Receives The Live Feed 

From The Cameras And Performs Similar Processing For Each Feed. 

 

Figure 3: Camera Feed From C1 At Particular Instance 

 
Figure 4: We Are Interested In One Side Of The Road So The Frame Is Cropped  To Required Area And It Is 

Converted Into Black And White As Shown 
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We Are Interested In Only One Side Of The Road So The Frame Is Cropped To Required Area And Is 

Converted To Black And White As Shown. 

Figure 4 

Now We Need The Image Of The Lane When It Was Empty As A Reference. This Is Done Manually And 

Required To Be Done Only Once Since The Same Background Image Can Be Used Until The Structure Of The 

Road Is Changed. 

 

Figure Shows The Background Image Converted To Black And White For The Side C1. 

 
Figure 5 

 

As Video Is Being Captured At 30 Frames Per Second And We Are Looking For Vehicle Density 

Every Second. So Let’s Consider A Time T, It Contains Frames T [1 To 30]. 

Now, Number =0; 

For I=1:30 

We Use Image Subtraction Technique. [2] I= Imsubtract(Background,T[I]) 

After That We Calculate The Size Of The Matrix Of The Subtracted Image We Receive. 

X=Size (I); 

In The Following Code We Are Adding Up All The Values Present In The Matrix Of Subtracted Image. 

For I=1:X(1) For J=1:X(2) 

Number= Number + (I(I,J)); End 

End 

So, After 30 Iterations We Receive A Number And Then The Number Is Divided By A Constant Value ‘C’ 

Which Is Determined As: 

C= Height Of Camera From Road * Number Of Rows In Subtracted Image Matrix * Number Of Columns In 

Subtracted Image * Number Of Frames Per Second In Video I.E. 

C= H* (1)* (2)*Fps 

Number = Number/C; 

This Provides Us With The Approximate Density Of Vehicles On Road Considering That A Vehicle 

Larger In Size Will Have Higher Density As It Will Cover Relatively More Area And More Time To Pass The 

Traffic Junction. This Process Is Repeated For Every Second And For All The Sides. 
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Now, We Have The Real Time Density Of Vehicles At Every Side Of Traffic Junction And Density Is 

Added To The Algorithm As A Variable Stated Below To Switch The Traffic Lights. 

Please Note That It Doesn't Provide The Number Of Vehicles. It Provides The Density Of Traffic, For 

Instance The Vehicle Density Of A Truck Could Be Equivalent To Two Medium Sized Cars And The Benefit 

Of Calculating The Vehicle Density Is The Amount Of Time A Truck Will Take To Pass The Light Which 

Would Be Equivalent To The Total Amount Of Time Two Cars Will Take One After Another. 

 

Following Figure Shows The Density Of Vehicles At A Time. Density Scale Mentioned On Left Side Of This 

Image. 

 
                                                      

V. Simulation And Results 
Hard Coded: In The Conventional Traffic Lights After Every Particular Time The Light Switches Back To 

Red. Therefore We Take A Scenario Where It Is A Junction With Four Sides, So At Any Side Green Light 

Remains For 60 Seconds And Red For 180 Seconds I.E. Every Side Gets Green Light For Fix Time Of 60 

Seconds, One Another After. This Is The General Algorithm Of Hard-Coded Traffic Systems. 

Dynamic Coded: In The Algorithm Proposed By Us, Consider A Side Which Is Currently Red. On This Side 

We Will Add Density Of Vehicles Present Every Second (It Will Indirectly Represent Waiting Time), So It 

Keeps On Getting Calculated For All The Sides Where Light Is Red. 

Now, Just Before 5 Seconds When The Green Light Of A Lane Is Going To Finish, We Look Into 

Total Density Values Of Each Lanes Having Red Light, And The One With Maximum Is Provided With The 

Green Signal, The Density Is Converted To 0 For The One Which Was Green Earlier, Density Of Other Two 

Red Lights Remain The Same, And The Process Of Adding Up The Density Repeats. 

The Time Of Green Signal Is Calculated Using The Number Of Vehicles As Per Density That Can Pass 

In One Second. So The Total Density Present Divided By The Number Of Vehicles That Can Pass In One 

Second Provides Us With The Amount Of Time For Which Signal Is To Be Kept Green. We Will Also 

Consider That Minimum Amount Of Green Light Provided To A Lane Must Be 10 Sec And Maximum Is 60 

For Practical Reasons. 

 

Comparing The Two Algorithms: 

Here We Have Taken Into Account Random Number For Each Side Such As 0, 1 Or 2 Cars Can Arrive 

Per Second Randomly In Every Lane And Both The Algorithms Are Run On The Same Set Of Numbers For 

600 Seconds. 

Table Shows The Vehicle Density At Every Lane On The Interval Of 30 Seconds For Both The Algorithms 

Which Shows How Many Number Of Vehicles Are Waiting At Every Lane In A Time Period Of 30 Seconds 

And Also The Total Density. In Hard Coded Algorithm We Have Assumed That Lane 1 Has Green Light From 

Time T=0 To T=60 And They Are Switched After Fix Interval Of 60 Seconds. In Dynamic Coded Algorithm At 

T=0, Lane 1 Has Green Light And Further Lights Are Switched According To Algorithm. 
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Table I 
S.N Algorith Tim Lan Lan Lan La Total 
O M E E 1 E 2 E 3 Ne  

  (Sec    4  

  S)      

1 Hard 30 0 25 20 24 69 

 Dynamic  14 1 17 6 38 

2 Hard 60 1 51 28 45 125 

 Dynamic  11 1 9 24 45 

3 Hard 90 26 70 0 76 172 

 Dynamic  8 20 2 25 55 

4 Hard 120 45 85 1 91 222 

 Dynamic  1 8 24 13 46 

 

Both Algorithms Run 100 Times And Every Time We Have Different Set Of Random Numbers. Here 

Are Some Examples Showing How Many Cars Passed In Case Of Both Algorithms And Also The Improvement 

With The Dynamic Algorithm. 

This Process Is Repeated 100 Times And The Average Is Calculated. 

 

On Average Results Obtained Are: 
Total Number Of Cars: 870 

Cars Passed In Hardcoded System: 584 

Cars Passed In Dynamic Coded System: 805 

Therefore It Shows An Improvement Of Approximately 35%. 

 

VI. Conclusion And Future Prospects 
The Traffic Management System Proposed Possesses Certain Advantages Over The Existing Intelligent 

Traffic Control Systems Prevalent Such As Pressure Mats And Infrared Sensors. 

• Installation Cost Of Our System Is Very Less Comparatively Because We Require The Live Feed Which Is 

Easily Accessible From The Surveillance Cameras Present At Each Traffic Junction. Most Of Major Cities 

And The Traffic Junction Where Traffic Remains High Have Cameras Already Installed.  

        So, A Lot Of Hardware Cost Is Cutoff, At Max Some Cameras Would Require To Be Repositioned Or          

Adjusted. 

• Maintenance Cost Of Our System Is Virtually Negligible As Our System Does Not Include Any Additional 

Hardware Components As Compared To The Other Traffic Monitoring Systems Which Employ Pressure 

Mats Which Normally Suffer The Problem Of Wear And Tear Due To Their Placement On Roads Where 

They Are Subjected To Immense Pressure Constantly.  

• Distance Among Vehicles: One Great Feature Is That Traffic Always Remains At A Distance. If We Look 

At The Density Of Vehicles At All Lanes In Dynamic Algorithm Mode And Compare It To Hard Coded, 

We Could See A Drastic Difference Which Would Reduce Congestion By Almost 4 To 5 Times And All 

Vehicles Can Move Spaciously.  

This Paper Provides A Solution To Reduce Traffic Congestion On Roads Overriding The Older System 

Of Hard Coded Lights Which Cause Unwanted Delays. Reducing Congestion And Waiting Time Will Lessen 

The Number Of Accidents And Also Reduces Fuel Consumption Which Inturn Will Help In Controlling The 

Air Pollution. Moreover, The Purview Of Our Project Can Be Augmented For Coordination Control Which 

Places Traffic Signals On A Coordinated System So That Drivers Encounter Long Strings Of Green Lights. This 

Will Also Provide Data For Future Road Design And Construction Or Where Improvements Are Required And 

Which Are Urgent Like Which Junction Has Higher Waiting Times. 

 

Acknowledgment 
The Authors Wish To Thank Dr. Naveen Aggarwal And Prof. Sunil Agrawal For Their Consistent 

Support And Guidance For   This Research Project Under U.I.E.T, Panjab University. 

 

References 
[1] Matlab Image Processing And Video Processing Toolbox Http://Www.Mathworks.In/Products/Image/  

[2] Image Subtraction Technique From Matlab  
[3] Http://Www.Mathworks.In/Help/Images/Ref/Imsubtract.Html  

[4] Automatic Traffic Density Estimation And Vehicle Classification For Traffic Surveillance Systems Using Neural 

Networks.Mcajournal.Cbu.Edu.Tr/Volume14/Vol14No3p187.Pdf 
[5] Khekare, G.S.; Sakhare, A.V., "A Smart City Framework For Intelligent Traffic System Using VANET," Automation, Computing, 

Communication, Control And Compressed Sensing (Imac4s), 2013 International Multi-Conference On , Vol., No., Pp.302,305, 22-



Gradient Differencing Based Traffic Density Estimation For Intelligent Traffic Control System  

International Conference On Progressive Research In Applied Sciences, Engineering And Technology   13 |Page 

(ICPRASET 2K18) 

23 March 2013 

[6] Badura, S.; Lieskovsky, A., "Intelligent Traffic System: Cooperation Of MANET And Image Processing," Integrated Intelligent 

Computing (ICIIC), 2010 First International Conference On , Vol., No., Pp.119,123, 5-7 Aug. 2010 
[7] Yang Xiao; Yu-Ming Xie; Lingyun Lu; Shuang Gao, "The Traffic Data Compression And Decompression For Intelligent Traffic 

Systems Based On Two-Dimensional Wavelettransformation," Signal Processing, 2004. Proceedings. ICSP '04. 2004 7th 

International Conference On , Vol.3, No., Pp.2560,2563 Vol.3, 31 Aug.-4 Sept. 2004 
[8] Salama, A.S.; Saleh, B.K.; Eassa, M.M., "Intelligent Cross Road Traffic Management System (ICRTMS)," Computer Technology 

And Development (ICCTD), 2010 2nd International Conference On , Vol., No., Pp.27,31, 2-4 Nov. 2010 

[9] Haimeng Zhao; Xifeng Zheng; Weiya Liu, "Intelligent Traffic Control System Based On DSP And Nios II," Informatics In Control, 
Automation And Robotics, 2009. CAR '09. International Asia Conference On , Vol., No., Pp.90,94, 1-2 Feb. 2009 

[10] Dian-Xia Hu; Zhi-Peng Zheng, "Intelligent Traffic Management System," Artificial Intelligence, Management Science And 

Electronic Commerce (AIMSEC), 2011 2nd International Conference On , Vol., No., Pp.3075,3076, 8-10 Aug. 2011 
 


