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Abstract

In This Research Work, The Behavior Of Driver On Urban Mid-Block Section With Heterogeneous Traffic Conditions Is Evaluated. The
Study Of Vehicle To Vehicle Interaction Plays Vital Role To Identify The Microscopic Characteristics In Mixed Traffic Streams. In This
Background, An Access Controlled Mid Block Road Section Was Selected For Video Data Collection. The Main Objectives Of This Study
Include Developing Vehicular Trajectory Data And Analyzing The Lane Changing And Vehicle Following Behavior Of Driver On The
Mid Block Section Considering The Relative Velocities And Relative Spacing Between Various Types Of Vehicles Under Heterogeneous
Traffic Conditions. The Videos Were Collected From Urban Roadway In The Kurnool District Of Andhra Pradesh. The Length Of The
Stretch Is 120m And The Width Is 7.0 M. Data Was Collected By Dividing The Stretch Into Four Equal Parts Each Of Length 30m. The
Data Was Extracted To Know The Variations In Terms Of Longitudinal And Lateral Speeds, Vehicle Following And Lane Changing
Behavior Of The Drivers. The Data Extracted Was Smoothened By Moving Average Method To Minimize The Human Errors. Lateral
Amplitude Of The Vehicles Of Various Types Was Analyzed. The Study Revealed That Vehicles In The Mixed Stream, In General And In
Particular, Bikes And Autos Particularly Move Substantially In The Lateral Direction.
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Introduction

Analyzing Behavior Of Driver On No Or Little Lane Discipline Under Heterogeneous Traffic Conditions Is More Complex
In Urban Mod-Block Sections. Extraction Of Vehicle Trajectories Plays An Important Role To Analyse The Longitudinal
And Lateral Gaps Maintained By The Drivers In Mixed Traffic Stream. As All Types Of Vehicles With Different Static And
Dynamic Characteristics Occupies The Same Lane In Heterogeneous Traffic Conditions, That Leads To No Lane Discipline
Which Allows Drivers To Simultaneously Look For Possible Lateral Movements While Progressing Longitudinally. This Is
Predominant On Indian Highways Under Mixed Traffic Conditions. The Subject VVehicle Will Have Impact Of The Vehicle
Moving Ahead, Behind And Its Surroundings. From Several Decades, The Behavioral Models For Vehicle Following And
Lane Changing Have Been Studied For Various Traffic Situations.

Microscopic Analysis Is Widely Used To Envisage Longitudinal And Lateral Movement Of Vehicles In Traffic Stream
Including Acceleration, Deceleration, Relative Distances And Relative Velocities By Bearing In Mind The Immediate
Neighboring Vehicle Characteristics And The Traffic Environment. Whereas Macroscopic Analysis Describes The
Movement Of Vehicle In Platoons Or Clusters Or Groups In A Traffic Stream. This Analysis Is Used To Determine The
Fundamental Traffic Characteristics Such As Speed, Flow And Density And Their Inter-Relationship. The Foremost
Methodologies Apply To Illustrate Macroscopic Analysis.

The Basic Behaviors Behind This Analysis Are, It Is Assumed That All The Drivers Behaves Similar Under Same Traffic
Conditions. But, In Reality, Each Driver’s Perception And Reaction According To The Traffic Environment In A Traffic
Stream Is Totally Different. Especially This Is Not Suitable For Heterogeneous Traffic Conditions With No Lane Discipline.
Hence Researchers Initiated To Analyse Individual Driver Characteristics By Microscopic Analysis.

Objectives
» Developing Vehicular Trajectory Data At The Mid-Block Study Locations Under Mixed Traffic Conditions
» Analysing The Longitudinal And Lateral Behaviour Of Driver On The Mid Block Sections In Mixed Traffic
Conditions
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» To Determine The Time To Collision In Vehicle Following And Lane Changing Behavior Of Driver
The Paper Is Divided Into Six Sections, One Of Which Is This One. Section Two Contains A Review Of The Literature As
Well As An Explanation Of The Gaps. Section 3 Explains The Data Collection Process, Approach, And Study Area
Description. The Fourth Section Discusses The Driver's Lane-Changing Behavior. The Section Is Divided Into Subsections
That Characterize Lane Changing Duration, Vehicle Lateral Position, And Lateral Amplitude. Section Five Discusses The
Driver's Car Following Behavior In Terms Of Relative Velocities, Distances, And Time To Collision. The Paper's Summary
And Conclusions Are Reported In Section Six.

Literature Review

It Is Essential To Know The Vehicle Trajectory Data For Investigating Vehicle Behavior In A Mixed Traffic Conditions.
Several Methods Have Been Used To Know The Vehicle Trajectory Data In The Past Works. Narayana Raju Et Al., (2018)
Have Studied Vehicle Behavior In Mixed Traffic Environment. They Analyzed The Macroscopic And Microscopic Flow
Characteristics, Including The Relative Velocity, Relative Spacing Between The Vehicles Both In The Longitudinal And
Lateral Direction. They Have Concluded That The Lateral Behavior Of A Vehicle Plays A Vital Role In The Driving
Behavior And Its Patterns Which Is Not Predominant Under Homogenous Traffic Conditions On High-Speed Multilane
Highways. Pallav Kumar Et Al.,(2017) Extracted The Trajectory Data Of The Urban Mid-Block Section And Smoothened
The Extracted Trajectory Data To Minimize Human Errors By Moving Average Method, Local Weight Regression Method
And Savitzky Golay Filtering Method And Performed Swot Analysis For Smoothening Techniques. They Concluded That
For Smoothening Vehicle Trajectories, ‘Moving Average Method’ Is The Best Technique.

Few Researchers Have Addressed The Need For Lateral Movement In Different Vehicles. The Lane Change Acceptance And
Duration Carried Out By Minming Yang Et Al. (2019). They Examined One Of The Time For Collision For Safety
Improvement. In This Study The Lane Shift Time Of The Naturalistic Driving Study Was Analysed Using An Automated
Extraction Algorithm. The Effect Is Also Analysed On The Following Driver And Found That The Lane Change Varies
Between 0.7 Second And 16.1 Seconds For Different Type Of Vehicles. Danish Farooq(2019) Investigated The Impact Of
Major Traffic Parameters On Lane Changing For A Two-Lane Freeway Road Section. They Used Traffic Simulation
Software With “Cautious” Driving Logic Calibration To Estimate The Impact Of Designated Traffic Parameters On Lane
Change Frequency. Two Notable Phenomena Characterise Traffic Conditions In Developed Countries. The First Is A Mix Of
Truck Styles, And The Second Is A Lack Of Lane Discipline. Anuj Kishor Budhkar And Akhilesh Kumar Maurya (2017)
Conducted Testing On Various Instrumented Vehicles Of Various Types That Are Designed Using Ultrasonic Sensors
Mounted On Both Sides Of The Vehicle, Which Provide Which Provides Inter-Vehicular Lateral Distance And Relative
Speed; And A Gps Device Equipped With Cameras, Which Provides Vehicle Type And Speed Of Interacting Vehicles. They
Are Driven On Different Highways In Six Indian Cities To Measure The Lateral Gaps Held By Various Interacting Vehicles
At Different Speeds. Which Provides Inter-Vehicular Lateral Distance And Relative Speed; And A Gps Device Equipped
With Cameras, Vehicle Type And Speed Of Interacting Vehicles. They Are Driven On Different Highways In Six Indian
Cities To Measure The Lateral Gaps Held By Various Interacting Vehicles At Different Speeds.

In Considering The Available Space Gaps, Speeds, The Surrounding Vehicles And The Lateral Lifting Of The Vehicle
During Medium Traffic Flow Conditions, Gowri Asaitambi Et Al. (2018) Have Researched And Constructed A Model On
Vehicular Lateral Shift Time. Study Findings Indicate That The Time Of The Lane Change Varies From 0.15 To 15 Seconds
At An Average Of 2 Seconds. For The Right Side Move (2.5sec), Was Seen To Be Slightly Greater Than The Left One (2.3
Sec). The Study Was Performed By Munigety Et Al.(2014) On The Lane Change Movement Of Vehicles On The Highway,
Under Mixed Traffic Conditions Found That 2w (3 Sec), 3w Lateral Movement Time (12 Sec). Matlab Programming Has
Extracted The Results.

Venkatesan Kanagaraj And Gowri Asaithambi (2016), Evaluated Vehicle Following Behavior And Concluded That Vehicles
In The Mixed Stream-In Particular Motorcycles Moves Unsubstantially In The Lateral Direction. Chakradhar Reddy Et Al.,
(2017), Smoothened The Extracted Vehicular Trajectory Data For Homogeneous Traffic Conditions To Minimize The
Human Errors While Extracting The Data And Suggested That, The Moving Average Method Is The Best Suitable Method.
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Bangarraju, And Ravi Shankar (2016) Worked On The Lateral Distance Keeping Driver Behavior In Mixed Traffic
Conditions With Little Lane Discipline. They Have Concluded That Lane Changing Frequency Is Influenced By The
Density, Flow And Mean Speed Of The Traffic Stream. Lane By Lane Vehicular Arrivals Is Not Very Independent. Mohd
Erwan Sanik Et Al,(2016) Worked On Drivers Lane Changing Behavior At Urban Intersection By Using Gap Acceptance
Approach And They Concluded That The Main Factor Which Influences Lane Changing Event, Is The Flow Rate Of Vehicle
Movements. Mohd Erwan Sanik Et Al,(2016) Have Researched On Driver Lane Changing Behavior At Urban Intersections
By Using The Gap Acceptance Approach. They Have Concluded That The Main Factor Which Influences The Lane
Changing Event Is The Flow Rate Of Vehicle Movements. Geethi Mukta Mahapatra Et Al.,(2013) Studied The Vehicles
Lateral Movements On Non Lane Discipline Traffic Stream, On A Straight Road And Concluded That Lateral Acceleration
And Heading Angles Are High, In The Case Of Three-Wheelers Than In Case Of Cars. The Variation Of Lateral
Acceleration And Heading Angles Are High At Lower Speeds. Daniel (Jian) Sun, Studied The Driver Behavior
Characteristics Considering Focus Group Studies And In-Vehicle Driving Tests And Developed A Gap Acceptance
Algorithm To Model Lane Changing On Urban Arterials. Corsim Was Used To Develop The Model. C. Mallikarjuna Et Al.,
Have Done Research On Lateral Gaps Maintained By Different Types Of Vehicles Under Different Traffic Conditions. The
Statistical Analysis Was Done And The Gaps Maintained By The Vehicles With More Are Less Same Speeds Were
Normalized.

Time To Collision For Longitudinal Behavior Of Driver Was Also Carried Out By Some Researchers And Is Varies From
0.5 Sec To 90 Sec Depending On Relative Distance And Velocity. In The Case Of Opening The Mid-Range Section, Rear
And Side Swipe Collisions Are More Common. Simulated Driving Simulation Tests Have Been Conducted By Nengchao Et
Al (2020). The Analysis Of Variance Test To Assess Driving Characteristics Including Ttc Was Carried Out In This Study.
They Found That When Shifting The Lane From The Opening Section To The Inner Lane, Drivers Can Usually Control The
Distance And Speed Difference From The Previous Vehicle. Qiang Luo Et Al (2020) Analysed Various Driver Types And
Quantified The Impact On Road Safety By Setting The New Car Rear End Collision Model. They Used Fuzzy Theory To
Develop The Reasoning Model, Which Took Into Account Conventional Safety Factors Like Driver Age And Fatigue Level
And Output The Driver Reaction Time. They Came To The Conclusion That Keeping A Safe Distance Of 50 Meters
Between The Leading And Following Vehicles Would Prevent Rear-End Collisions. Chang Wang Et Al (2020) Developed A
Lane Shifting Decision Model With A 2-Level Safe Threshold In Mixed Traffic Situations That Took Into Account Rear
Vehicle Deceleration Behavior. The Safe Thresholds Were Determined To Be 0.85 M/Sec2 And 1.76 M/Sec2, Respectively,
Based On Risk Perception Of Different Drivers. Quingwan Xue Et Al. (2018) Created A Model Of Rear End Collision
Avoidance Behaviour That Takes Into Account Driver Differences During The Car Following And Collision Avoidance
Process. A Mote Carlo Approach Was Used In Model Simulation And Found That The Likelihood Of Rear-End Collisions
Increased Considerably With Driving If The Distance Maintained By Subsequent Cars Dropped Under 15 M. Ttc Is One Of
The Most Relevant Safety Indicators Based On Time In Road Safety Assessments For The Detection Of Rear End Conflicts.
Mohmoud Safferzadeh Et Al (2015) Suggested A Generalised Ttc Formulation Using Motion Equations Which Could Be
Used According To Availability Of Data And The Necessary Level Of Accuracy. They Came To The Conclusion That The
Ttc Ranges Between 0.5 And 10 Seconds.

Gaps In The Literature

The Studies Were Carried Out To Analyse The Safety And Lane Changing Behavior Of The Driver And To Extract The
Vehicle Trajectories Were Done On National Highways, Multi Lane Roads And On Bridges I.E., On Control Points. The
Focus Group And In-Vehicle Data May Not Give Accurate Results As The Group Of Selected People Already Knows About
The Test. Only A Few Studies Were Found In Urban Areas To Describe The Acceleration And Deceleration, Longitudinal
And Lateral Behavior Of Vehicles. Most Of The Research Works Were Carried Out Without Considering The Safety Aspect
I.E., The Safe Distance Between The Vehicles In Longitudinal As Well As In Lateral Direction. There Is A Need To Study
The Behavior Of Drivers On Urban Mid Blocks, Considering The Above Mentioned Characteristics.
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Study Area

The Road Taken Is The Land Mark And Entrance Way Into The Kurnool City Via Hyderabad National Highway Of
India, Which Is A Two Lane Road Always Having Heavy Traffic. The Carriageway Is Of 7.0 M Width With Divided Road
Markings At 3.5m From The Median. The Width Of Shoulder Is Of 1.5m. The Length Covered Is 120m From The Fly Over
And Towards New Bus Stand.

The Road Approaching Near Bellary Cross Roads, Kurnool, Is Taken As A Study Area. Kurnool, One Of The Most
Populous Districts Of The State Andhra Pradesh, Has Seen A Considerable Increase In Traffic Over The Last Few Years.
Bellary Cross Roads Is A Door Way Into Kurnool City Which Is Always Having Heavy Traffic. Road Dividers Had Been
Provided That Divides The Four Lane Road Into Through And Opposite Traffic. Traffic Flow Videos Were Taken From
Provided Cctv Camera On The Fly-Over Located At A Height Of 6.0 M From The Surface Of The Road. Traffic Is Recorded
Continuously For A Time Period Of 5 Hours From 8:00 Am To 1:00 To Assess The Volume, Speeds, Trajectories, And Lane
Change Behavior Of Drivers Of Different Types Of Vehicles.
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RESULTS
COMPARISION

W
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Fig.1: Methodology Fig.2: Study Section

For Analyzing The Traffic Characteristics The Peak 15 Minutes Data Was Considered. The Total Length Of Road
Stretch Is Divided Into Two Parts, Each Part 60m In Length. This Was Done To Know The Accurate Values Of Vehicle
Trajectories, Vehicle Following And Lane Changing Behavior Of The Driver. The Vehicle Trajectories, Flow, Speed Were
Extracted Using Traffic Data Extractor (Tde), For Every 1.0-Second Resolution. To Minimize The Error Of Parallax The
Video Is Cropped Through Free Crop Video Software And Enlarged For Every 60m And The Lateral Movements
Corresponding To The Longitudinal Distance Of The Vehicle Were Reported. The Methodology Involved In The Study Is
Shown In Fig.3

To Perform The Analysis Of The Data Collected For Our Project, We Have Used Traffic Data Extractor (Tde) Software. Tde
Package Developed By lit Bombay For The Purpose Of Data Extraction For The Development Of Indian Highway Capacity
Manual Project. The Software Package Contains Tools For Vehicle Trajectory Extraction, Speed Extraction And Vehicle
Counting From A Video Based Survey. By Using Traffic Data Extractor, We Can Also Extract The Pedestrian Data. The
Following Numerical Shows The Extracted Trajectory Data For The Area Of 7x120m2.

Flow Data Was Extracted By Observing The Number Vehicles Crossing The Line Through Manual Monitoring;
Whereas Speeds And Trajectories Of Various Types Of Vehicles Were Extracted From Tde. The Maximum Flow Rate Was
Observed As 3487 VVph And Minimum As 2837 Vph. Total 2350 Vehicles Of Trajectories Were Extracted To Determine The
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Longitudinal And Lateral Traffic Flow Characteristics.

Table.1:Observed Vehicles For Trajectories And Traffic Flow Type Of
Vehicle Type | No.Of Vehicles Vehicle Flow(Vph)
Observed Bike 3487
Bike 1271 Auto 1660
Auto 802 Car 374
Car 194 Bus 8
Bus 34 Lev 101
Average 952
Lev 49
Table2: Instantaneous Speeds Of Vehicles
Type Min | Max | Mean | St.De
m Bike Of
H Auto Veh
mcar Bike 8.36 | 50.23 | 30.96 | 6.72
& bus Auto 557 | 42.03 | 2851 | 581
.oy Car 7.30 | 41.73 | 27.95 6.75
Bus 7.00 |40.52 | 27.73 | 6.72
Lcv 751 | 36.48 | 26.90 | 5.96
Avg. 6.87 | 40.25 | 26.89 | 6.21

Fig.3: Percentage Of Vehicles On Selected Stretch

Longitudinal And Lateral Velocities

Speed Is The Rate At Which A Vehicle Covers Distance. Velocity Is The Rate At Which The Position Of The
Vehicle Changes. When Going In The Negative Direction, The Average Speed Is Reflective And Can Be Interpreted As A
Negative Number. The Average Speed Does Not Signify Direction And May Be Either Zero Or Positive. It's In The Other
Direction That The Velocity Gets Negative. A Velocity Value May Be Negative And It Means That The Vehicle Is Moving
In The Opposite Direction. A Lateral Velocity With Negative Sign Indicates The Vehicles Are Moving In Left Side And That
Of Right Side Are Positive Sign. Lateral Velocities With Negative Value Reveal Vehicle On The Left Side And Positive
Value On The Right Side. The Instantaneous Speeds Of All The Vehicles Were Premeditated And Were Observed Precisely
Equal As There Was A Huge Traffic. The Vehicles Are Moving With An Average Speed Of 26kmph. The Mean Lateral
Velocity Is Found As 0.063m/Sec. It Was Observed That About 70 Percent Of The Overall Vehicles Head To The Left Side
And The Remaining 30 Percent To The Right. This Can Be Attributed To The Median On The Right Hand Side. The
Increase In Lateral Velocities Examined Higher On The Left Hand Side And The Velocities Are More Or Less Same For All
Types Of Vehicles. This May Be Because Of More Vehicular Friction Due To High Traffic Volume And Congestion.
Whereas, The Average Longitudinal Velocity Is Found As 9.0m/Sec. The Major Proportion Of Two Wheelers Followed By
Autos, Cars, Lcvs And Busses Were Observed On The Road Section. Figure 4 Shows The Lateral And Longitudinal
Velocities Of Vehicle Types.
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Fig.4: Lateral And Longitudinal Velocities Over The Study Section

Smoothening Of Data

While Extracting The Data, Longitudinal And Lateral Velocities, Higher Speeds And Accelerations Of Vehicles
Were Observed. The Functional Conditions In The Field Resulting From Data Incoherence Cannot Be Identical. This Is Due
To Human Mistakes During Vehicle Tracking, As The Data Has Been Extracted Manually. From The Past Studies, It Was
Observed That The Extracted Data Can Be Smoothened By Using Moving Average, Savitzky—Golay Filtering Techniques
And, Local Regression Methods (Narayana Raju), Local Weighted Regression Method (Tomer Toledo) To Obtain The
Continuous Positions Of The Vehicles. Narayana Raju Et Al. Suggested The Moving Average Method As The Best Method
To Smoothen The Data, As This Method Can Remove Errors And Improve Internal Coherence By Simple Moving Average
Dependent On The Adjacent Data Points. Hence, In This Study, To Minimize The Human Errors While Extracting The
Data, The Extracted Data Was Smoothened By Moving Average Method. Moving Average Is Type Of Intricacy; The Mean
Is Normally Taken From An Equal Number Of Data On Either Side Of A Central Value. This Ensures That Variations In The
Mean Are Aligned With The Variations In The Data Rather Than Being Shifted In Time. Hence A Central Moving Average
Can Be Computed, Using Data Equally Spaced On Either Sides Of The Point In The Series Where The Mean Is Calculated.
In This Graph Orange Colored Curve Shows The Variation Of Original Extracted Data And The Blue Colored Trend Line
Depicts The Moving Average Curve Of 5 Points. From The Time Space Plots, It Is Observed That With Increase Of Degree
In Moving Average, The Data Has Been Smoothened In A Much Better Way. However, Smoothening Should Be Kept To A
Minimum Of 3,5 And A Maximum Of 7 Points. The Degree Of Smoothing Is Again Determined By The Quality Of The
Video Footage And The Movement Of The Vehicles In The Study Segment. Figure 5 Depicts The Trajectory Data Obtained
Using Tde. Figure 6 Depicts Data That Has Been Smoothed Using The Moving Average Process.
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Fig. 6: Data Smoothening

Time Space Diagram Is A Pragmatic Approach To Vehicle Travel Interpretation. It Depicts A Two-Dimensional
Trajectory Plot Of The Vehicle. Time Space Diagrams Can Be Traced For One Specific Vehicle And Several Vehicles. By
Taking One Motor Vehicle At A Time, Analysis Processes On The Location Of The Vehicle Can Be Done In Terms Of
Time. The Results Of The Analysis Create A Graph That Describes The Movement Of The Vehicle In One Dimension In A
Common, Simple And Detailed Manner. This Analysis Illustrates The Position Of The Vehicle In Relation To Time On A
Road. The Following Activities, As Well As The Behavior Between And Inside The Vehicles, Can Be Easily Visualised
Using These Plots. This Can Then Be Summarized And The Actions Of The Vehicle Around The Road Can Be Measured.
The Time-Space Diagram Is Useful In Studying The Relationship Between The Position Of Vehicles In The Traffic Stream
And Time. The Diagram Shows The Movement Of Vehicle Along The Longitudinal Distance With Respect To Time. The
Upper Part Of Fig.7 Shows The Time Space Diagram When All The Vehicles Are Considered For Obtaining The
Observations. In The Contrast, The Lower Part Shows The Time-Space Diagram When Only A Few Numbers Of Vehicles
Are Considered For Obtaining The Observation. Overlie Is A Situation That Occurs During The Overcoming Of The
Vehicles In Adjacent Lane. Two Wheels, Autos And Cars Were Found To Be More Likely To Take Over The Lead Vehicles
Than Others. Reduced Speeds Flatten The Lines' Slopes, While Increased Speeds Result In Steeper Slopes. Acceleration
Allows The Time-Space Curve Of The Accelerating Vehicle To Curve Until The New Speed Is Reached. Crossing Curves
Mean That Both Vehicles Were In The Same Place At The Same Time. Unless Passage Is Permitted, Crossed Curves Are An
Indicator Of Collisions.
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Fig.7: Time-Space Diagram

Lane Changing Behavior

Lane Changing Phenomenon Is Considered As An Act Of Driving Maneuver That Moves A Vehicle From One Lane To
Another When Both Lanes Have The Same Direction Of Flow (Gowri.A). Lane Changes Can Be Classified Into Mandatory
(Mlc) And Discretionary (Dlc) Lane Changes. An Analysis Of Lane Changing Behavior Indicates The Differences In Lane
Changing Characteristics Of Different Types Of Vehicles. This Phenomenon Is Quite Common In Heterogeneous Traffic
Conditions With No-Lane Discipline. Lane Changing Is A Difficult Task Due To Its Natural Randomness And The Amount
Of Things Drivers Look At. We Can't See The Beginning Of A Driver's Hesitation To Change Lanes, But There Is A Point
At Which They Are Able To Predict The Moment At Which The Driver Changes Lanes For Sure.

Lane Changing Duration

Lane Changing Duration May Be Defined As The Passing Of Vehicle From Present Lane To The Preceding Lane
And Is The Process That Occurs Between The Initiation Time And Completion Time During Lane Changing. There Are
Numerous Factors Which Influence Lane Change Duration Such As Flow Conditions, Traffic Density, Lead, Front, Lag And
Surrounding Vehicles In The Traffic Lane In Which The Subject Vehicle Is Been Changed. A Total Of 2350 Effective Lane
Changes Were Observed. Of That, 54 % Of Bikes, 34% Of Autos, 8.25% Of Passenger Cars, 1.5% Of Busses And 2.08% Of
Lcvs Were Identified. For Each Lane Change Starting And End Points In Time Were Collected Which Are Defined As The
Time Instances When The Lateral Movement Of Subject Vehicle Begins And Ends Respectively. The Lane Change Duration
Is The Time Lapse Between Its Initiation And Completion And The Value Of Lane Change Duration Is Always Positive. The
Mean Values Are Found As 4.0, 4.7 And 5.3 Seconds For Bikes, Autos And Cars. The Value Ranges From 3.5 Sec To 9.3
Sec For Different Types Of Vehicles. Due To The Heavy Traffic Friction Busses And Lcvs Are Not Changing The Lane And
Are Moving On Mid Lane With A Shy Gap Of 0.25m From The Median. Linear Regression Analysis Of Lane Change
Duration In Seconds Verses The Lateral Distance Shows The Maximum R2 Value Of 0.98 For Autos, 0.91 For Bikes And
0.68 For Cars.

Lateral Position Of Vehicles
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The Trajectory Data Was Extracted, Both In Longitudinal And Lateral Directions Using The Tde. In The Traffic
Data Extractor User Interface, The Surveyed Video Files Were Loaded. The Trap Length And Width Of Road Sections Were
Given As Length And Width Of The Marked Rectangle Portion, Which Acts As Calibration Of The Road Section On The
Software Screen. Further, The Vehicle Class Of A Given Vehicle Was Entered In The Software Interface By Observation.
Then, That Particular Vehicle Will Be Tracked Employing Clicking On The Vehicle With The Help Of The Mouse Pointer.
On A Similar Basis, Every Vehicle Present In The Traffic Stream Was Tracked For The Selected Time Duration. The
Tracked Data Were Exported To Ms Excel Files In The Form Of Image Coordinates, And It Was Further Converted To Real -
World Coordinates Along With Vehicle Trajectories. Vehicle Trajectories Were Extracted With A Time Resolution Of 0.5

Sec. The Tracked Vehicles Will Be Shown With A Green Color Mark. The Lateral Position Of Vehicles Across The Width
Of The Road Are Shown In Figure 8.
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Fig.8: Lateral Displacements Of Vehicles From Median Side
The Lateral Position Of Various Types Of Vehicles Was Studied By Extracting The Video Footages Using Tde. For
This, The Median Side Was Taken As The Origin With Lane -1 Followed By Lane-2. Pedestrian Volume, Pedestrian
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Crossings And Parking Of Vehicles Adjacent To Shoulder Lane Were Not Considered In The Study As The Main Aim Of
This Research Article Is To Analyse The Driver Behavior On Selected Stretch. It Is Observed That A Minimum Gap From
The Median For Bikes 0.2m, Autos 0.33m, Cars, Busses And Lcvs 0.25m. These Charts Reveal That Most Of The Autos
Are Moving In Lane-1, Buses, Cars And Lcvs Are Moving Close To The Median And Bikes Are Moving Almost All The
Width Of The Lane. For Cars, Buses, And Lcvs, Effective Use Of Lane-2 Was Not Noted, Indicating That Most Large-
Vehicle Drivers Prefer To Drive Close To The Median And Choose Lane-1 Even Though Space Is Available On The
Adjacent Lane. These Cars Move In A Logical Lane-By-Lane Manner Through The Road Section. All Smaller Vehicles, On
The Other Hand, Operate With Non-Lane Based Sagacity And Act As Small Particles Through The Porous Medium Created
By Bigger Vehicles. From These Results, It Can Be Deduced That Mixed Traffic Conditions With High Traffic Flow Plays A
Critical Role In Reducing Compliance With Lane-Visibility.

Lateral Amplitude

Nonetheless, Little Research Has Been Conducted To Date On Vehicles' Lateral Action (The Most Essential Criteria
For The Indian State). Due To The Lack Of Lane Control And Mixed Traffic, Vehicle Laterality Is Extremely High In
Comparison To Countries With Lane Discipline. Due To The Absence Of Lane Behaviour, A Driver Develops Associations
With Vehicles Not Only Longitudinally, But Also On The Surrounding Vehicles.

To Study The Lateral Behavior Of Vehicles Lateral Amplitude Was Computed For Each Vehicle Category Over
The Study Stretch. Lateral Amplitude Is The Lateral Weaving Of Vehicles, Which Is The Difference In Maximum And
Minimum Lateral Positions Over The Study Section (Narayana Raju ), As Shown In Figure 9. Regard To This, The
Descriptive Statistics Were Determined For Each Category Of Vehicle, And Were Shown In Fig.9. From Keen Observations,
It Is Thought Full To Be As The Volume Levels Steps Up, The Lateral Weaving Goes On Increases For All The Vehicles
Over The Section. Since, Bikes And Autos Are Magnified In Size Compared To Other Vehicles Static Characteristics, Are
Capable In Order To Pass Through Other Vehicles With Meager Space Between Them. The Study On Lateral Amplitude
Depicts That, The Magnified Vehicles Are Mostly Liable For Non Lane Base Movement Of Other Vehicles On Road
Section. Bikes Posses’ Greater Value Of Lateral Spin Varies From 0.5m To 7.0m, Followed By Autos 2.2m To 7.0m Across
The Road.
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Fig.9: Lateral Amplitude Of Various Types Of Vehicles
Lateral Clearance Between Vehicles

Lateral Clearance Is The Lateral Distance Between The Vehicles. With No Lane Control, Vehicles Travelling In A
Heterogeneous Traffic Stream Maintain Some Lateral Gaps With Adjacent Vehicles/Objects. It Is Important To Consider
Both The Stochastic And Deterministic Aspects Of Driver Behavior When Describing Traffic Gap Lengths. The Majority Of
The Studies Agree That Lateral Differences Either Differ Continuously Or Can Be Constant Over Time (Dibyendu Pal). The
Lack Of Sufficient Field Data Makes It Difficult To Understand Lateral Gap Behavior And Its Effect On Overall Traffic
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Flow Behavior. At The Macro Level, Lateral Gaps Affect Individual Vehicle Movement And As A Result, Traffic Flow
Behavior. If The Available Lateral Gaps Restrict The Speeds Of Individual Vehicles, The Average Stream Speed And Ability
Of The Traffic Stream Would Be Impacted. As A Result, One Of The Most Important Aspects Of Assessing The Traffic
Stream With No-Lane-Discipline Is Vehicle Lateral Gap Maintenance Behavior. One Of The Crucial Aspects That Influence
The No Lane-Discipline Traffic Stream Behavior Is The Lateral Gaps Held With Adjacent Vehicles Or With The Median, Or
Curb. The Lateral Gap Is A Feature Of Several Other Factors Besides The Passing/Overtaking Vehicle's Pace, According To
Studies. The Current Study's Findings Clearly Show That The Lateral Gap Analysis Between Vehicle Groups Has A Major
Impact On The Fluctuations In Traffic Flow. Autos Have A Narrower Distance Than Any Other Vehicle Type, Followed By
Bikes, Cars, And Light Commercial Vehicles (Lcvs). This May Be Due To Auto Drivers Behaving More Aggressively With
Neighboring Vehicles. With Other Vehicles, The Buses Maintain A Clear Gap Of Almost One Meter. Almost All Of The
Bikes And Cars Are Travelling With A Protected Lateral Distance Between Them And The Buses.

Table.3: Lateral Clearance (M) Of Vehicles

Type Of | Bike Auto Car Bus Lcv

Vehicle Mean | St.De Mean | St.De Mean | St.De Mean St.De | Mean St.De
Bike 0.60 0.36 0.71 0.48 0.68 0.40 1.07 0.34 0.62 0.41
Auto 0.36 0.26 0.70 0.46 0.67 0.53 0.75 0.64 0.51 0.33
Car 0.59 0.38 0.84 0.37 0.91 0.49 1.14 0.57 0.92 0.24
Bus 0.98 0.60 0.90 0.63 1.19 0.39 1.29 0.39 1.06 0.27
Lcv 0.70 0.46 1.10 0.74 0.96 0.52 1.60 0.40 1.01 0.40

Car Following Behavior

Car Or Vehicle Following Behavior Is One Of The Complicated Perceptions From Several Years. In Mixed Traffic
Conditions, With No Or Little Lane Discipline, The Following Vehicle Is Associated With Leading Vehicle Ahead And The
Lag Vehicle. There Were Innumerable Researches Upon Car-Following Behavior Of Driver. From This Study, The Relative
Distances And Relative Velocities Of The Lead And Following Vehicles Were Examined. Relative Distance Is Defined As
The Longitudinal Distance Between Lead And Following Vehicles In Similar Direction And Within The Same Line.
Whereas The Relative Velocity Refers The Difference Between Following Vehicle Velocity With Respect To Lead Vehicle
Velocity. The Value Of Positive Velocity Indicates The Higher Value Of Following Vehicle Velocity And Vice-Versa.

Table.3: Relative Velocities (M/Sec) Of Vehicles Based On Following Driver

Type Of Veh | Min Max Mean | St.De | Range
Bike -12.25 | 11.86 | 0.32 2.79 24.11
Auto -12.85 | 13.83 | -0.07 | 3.00 26.68
Car -8.52 | 7.56 -0.18 | 2.53 16.08
Bus -11.96 | 4.71 -0.64 | 3.44 16.66
Lcv -4.10 | 3.72 0.02 1.97 7.82

To Better Understand The Behavior Of Following Drivers In Relation To The Leading Vehicle, Descriptive
Statistics Such As Minimum, Maximum, Mean, Standard Deviation, And Range Were Computed For Each Following
Vehicle Group. The Findings Show That The Vehicles Are Operating At A Congested Level Of Service. In This State, The
Vehicles Are Unable To Travel Laterally Freely, And As A Result, They Simply Follow The Vehicles Ahead. As A Result,
A Significant Amount Of Following Behavior Was Observed Among The Vehicles. The Close Proximity Of The Vehicles
Can Result In A Rear-End Collision. The Observed Mean Relative Speeds Of Bikes And Lcvs Of 0.32 M/Sec And 0.02
M/Sec, Respectively, Indicate That Following Vehicles Travel Marginally Faster Than Leading Vehicles, Which Is
Negligible.
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Whereas Autos, Cars And Buses Accompany Their Leading Vehicles At A Slower Rate Than The Vehicles Ahead.
The Distance Between Bikes With Any Other Vehicle Is Less When Compared With Other Vehicles. On The Other Hand,
The Velocity Of Autos Is Higher As Noticed. Even If The Following Vehicle's Speed Increases Significantly, Smaller
Relative Distances Between Vehicles Will Result In A Rear-End Collision. Since All Vehicles' Instantaneous Speeds Range
From 26 To 31 Kmph, The Chances Of An Accident Are Reduced On This Stretch. The Obtained Values Of Relative
Distance And Velocities Of Various Types Of Vehicles Are Tabulated In Table 3 And Table 4.

Table.4: Relative Distance (M) Of Vehicles Based On Following Driver

Vehicle | Bike Auto Car Bus Lcv

Type Mean St.De Mean St.De | Mean St.De Mean St.De | Mean St.De
Bike 1.97 0.85 2.68 1.16 2.40 1.03 2.98 1.22 3.02 1.40
Auto 2.43 1.14 2.78 1.89 2.33 1.26 2.71 1.32 3.20 1.15
Car 2.93 1.27 2.66 1.76 2.82 1.18 3.39 1.40 3.91 1.05

Time To Collision

A New Physical Quantity Was Calculated On The Basis Relative Distance And Relative Velocity Which Is Said To
Be Time To Collision (Ttc). Ttc Is Greater Illustrious Safety Factor And Is Utilized In Various Car Following Models For
Assessing Risk In Rear-End Collision. Rear —End Collisions Occur In Car Following Processes. Ttc Value Is Commonly
Known As Time For Two Vehicles To Collide If They Go On In Their Current Speed And On The Similar Path. Hence
Greater The Ttc Value Infer A Much Protected Situation. Based On Relative Distance And Velocities The Time To Collision
Values Are Obtained. Ttc Depends On Acceleration Characteristics Of Following Vehicle. The Ttc Thresholds Were
Attained From K-Means Clustering Analysis Using Python Tool. The Ttc Risk Level Is Divided Into Three Categories
Which Are High, Medium And Low. The Risk Level Is High With A Lower Value Of 0.105 Sec To A Higher Value Of 11.5
Sec With An Average Of 4.34 Sec. 77.6% Of The Vehicles Are Observed To Be In High Risk Level. The Medium Risk
Level Ranges From 11.8 Sec To 37.2 Sec With A Mid Range Of 19.16 Sec Simultaneously 18.18% Of The Vehicles Are
Recorded To Be At Medium Risk Level. Lastly The Least Risk Level Begins At 46.8 Sec To 92.4 Sec With A Mean Of 66.2
Sec And Only 4.41% Of The Vehicles’ Presence Is Noticed In The Low Risk Level. The Ttc Values Acquired Are Shown In
Table5. As Maximum Number Of Vehicles Is Maintaining Less Relative Distances And More Relative Velocities Based On
Following Type Vehicle, There Is A Chance Of Rear End Collision Between Lead And Following Vehicle.

Table.5: Time To Collision Thresholds

Risk Level (Sec) | Min Max | Mean | St.De | Risk %
High 0.105 | 11.50 | 4.34 2.96 77.6
Medium 11.80 | 37.22 | 19.16 | 6.92 18.18
Low 46.82 | 92.44 | 66.24 | 1421 | 4.41

Conclusions

The Aim Of This Paper Is To Investigate The Traffic Characteristics Of Mixed Traffic. To Estimate Longitudinal And
Lateral Characteristics, A Comprehensive Collection Of Vehicle Trajectory Data Was Collected In An Urban Midblock Road
Section In Kurnool, Andhra Pradesh. The Lack Of Lane Control Is A Common Feature Of Mixed Traffic. Vehicles In The
Mixed Traffic Stream, In General, And Bikes And Autos In Particular, Travel Significantly In The Lateral Direction,
According To The Analysis. The Following General Conclusions Have Been Reached Based On The Research And
Interpretation Of Data Observed.

» The Longitudinal Flow Characteristics Show That The Speeds And Accelerations Are High In The Case Of Bikes,
Cars And Buses Comparative To The Lcv’s. This May Be Due To Poor Dynamic Operations Of Lev’s
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» All Most All The Buses And Lcv’s Are Moving Very Close To The Median And Choosing The First Lane. As The
Majority Of Autos And Bikes Are Choosing Both First And Second Lanes

» Due To High Traffic Friction Along The Study Stretch, Relative Distances Between Successive Vehicles Are Found
To Be Very Small, And Relative Velocities Of Following Vehicles Are Also Small, With The Exception Of Bikes
And Lcvs, Whose Velocities May Be Ignored.

» The Lateral Amplitude Of Vehicles Shows That The Lateral Weaving Of Bikes And Autos Were More As These
Vehicles Tend To Have More Weaving Nature Due To Their Smaller Size Compared To Other Vehicles

» The Ttc Values Acquired Are Shown That The Maximum Number Of Vehicles Is Maintaining Less Relative
Distances And More Relative Velocities Based On Following Type Vehicle, There Is A Chance Of Rear End
Collision Between Lead And Following Vehicle.
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