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• Editorial Board Member, Journal of Advanced Transportation, Wiley, United Kingdom; 2020 - To
date

• Education-Scholarship Award from Institute of Transportation Engineer (ITE), USA; 2008

• Solo recipient of Thomas C Rumble Fellowship ($52,000/annum) during PhD; 2007
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Background

• Traditional Crash
Data Analysis

Surrogate Safety Measures

Historical Crash Data

Proxies assessing 
risk of unsafe 

conditions

• Long observation period
• Non-reliability
• Small sample size of data
• Under reporting
• Fails to assess driving behaviour and 

state at a particular instant

• DOES NOT rely solely on actual crash data
• Proactive approach towards safety assessment
• Availability of a larger dataset for evaluation
• Successfully depicts temporal and spatial 

proximity characteristics of near-crash situations

 Road safety evaluation methodology can be broadly classified into two sub-groups:
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Surrogate Safety Measures

FHWA (1989) A traffic conflict is a situation in
road traffic where two or more
road users (such as vehicles,
pedestrians, or cyclists) approach
each other in such a way that
there is a risk of a collision if their
movements continue unchanged.

...
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Traffic Conflict Techniques

 Swedish (STCT)

 Dutch (DOKTOR)

 British (UKTCT)

Most successful applications of TCT
o STCT

o Use TA and CS

o Determine severity of the encounter
Using Diagram

o 30 severity levels are defined
 Level => 26 ~ Critical



Pedestrian-vehicle conflict studies @IIT Roorkee



Study-I

Analysis of Pedestrian Conflict with Right-Turning
Vehicles at Signalized Intersections

9

Pedestrian Deaths:  32,825 in 2022 vs. 15,746 in 2016 (108% increase)
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Mechanism Of Right-turning Vehicle and Pedestrian Conflict

Kumar, A., Paul, M., & Ghosh, I. (2019). Analysis of Pedestrian Conflict with Right-Turning Vehicles at Signalized Intersections in India. Journal of Transportation Engineering, Part A: 
Systems, ASCE, 145(6), 04019018. https://doi.org/10.1061/JTEPBS.0000239
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Photos from two sites

Two Phase 
(Permissive RT)

Φ 1 Φ 2

Four Phase (Permissive RT)

Φ 1 Φ 2 Φ 3 Φ 4
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Evaluation of Conflict Indicators

Post Encroachment Time
Time between the moment
that the first road user
leaves the potentially
occupied conflict zone and
the moment the second
road user reaches it.

Time to vehicle
Time that remains until a
collision to happen if the
pedestrian maintains the same
speed and path after realizing
the abnormal traffic conditions.

Deceleration to safety time
Necessary deceleration to
reach a nonnegative PET
value if the movements of
the road users remain
unchanged.

PET = T2 - T1 TTV = L/V DST = 2L1/ (T2 – T1)2 
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Descriptive Statistics

Site 4Site 3Site 2Site 1

0.500.840.960.48Minimum
PET values (sec) 3.103.214.785.40Maximum

2.522.212.412.65Average
0.520.610.680.64Minimum

TTV values (sec) 3.002.843.284.51Maximum
4.913.445.025.16Average
0.490.620.540.60Minimum

DSTped values (m/sec2) 1.521.641.852.74Maximum
1.021.151.241.69Average
1.320.540.620.68Minimum

TTA values (sec) 1.521.642.353.24Maximum
1.140.981.041.32Average
0.490.580.500.71Minimum

DSTveh values (m/sec2) 1.681.241.851.30Maximum
1.200.720.981.04Average

Table 1: Minimum, maximum and average values of PET, TTV and DST

Kumar, A., Paul, M., & Ghosh, I. (2019). Analysis of Pedestrian Conflict with Right-Turning Vehicles at Signalized Intersections in India. Journal of Transportation Engineering, Part A: 
Systems, ASCE, 145(6), 04019018. https://doi.org/10.1061/JTEPBS.0000239
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Classification of Conflict Indicators by K-mean clustering

Silhouette plot for K = 3                                   Silhouette plot for K = 4                                        Silhouette plot for K = 5
Global Silhouette Value = 0.60                    Global Silhouette Value = 0.71                           Global Silhouette Value = 0.55 

InterpretationRange of Average Silhouette Value

A strong structure 0.71-1.0

A reasonable structure 0.51-0.70

A weak structure0.26-0.50

No substantial structure <0.25

Table 2: Interpretation of Silhouette values (Spector, 2011)

Kumar, A., Paul, M., & Ghosh, I. (2019). Analysis of Pedestrian Conflict with Right-Turning Vehicles at Signalized Intersections in India. Journal of Transportation Engineering, Part A: 
Systems, ASCE, 145(6), 04019018. https://doi.org/10.1061/JTEPBS.0000239
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Classification of Conflict Indicators by K-mean Clustering

Severity level
Indicators 4321

4.48-5.403.12-3.562.40-2.880.48-2.32PET
3.16-4.512.42-2.881.28-1.900.52-1.12TTV
0.48-0.900.94-1.241.28-1.441.50-2.74DSTped

2.40-3.241.70-2.260.94-1.620.54-0.88TTA
0.36-0.520.58-0.941.00-1.181.24-1.68DSTveh

Table 3: Final cluster ranges for indicators

Table 4: ANOVA results for indicators

Sig.F
ErrorCluster

Indicators
df

Mean 
Square

dfMean Square

0135.0221300.24438.852PET
0.003136.5251301.9803144.226TTV
0.0019.2281300.07831.329DSTped

0.00088.2421301.828312.236TTA

0.00232.4461304.560398.122DSTveh

Kumar, A., Paul, M., & Ghosh, I. (2019). Analysis of Pedestrian Conflict with Right-Turning Vehicles at Signalized Intersections in India. Journal of Transportation Engineering, Part A: 
Systems, ASCE, 145(6), 04019018. https://doi.org/10.1061/JTEPBS.0000239

1 = Most severe
4 = Least severe
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Distribution of Conflicts in Green Interval of Right Turning Traffic

Distribution of conflicts in the green interval of 
right turning traffic

Percentage of 
conflict with far 
side pedestrians

Percentage of 
conflict with near 
side pedestrians

Green 
Interval

18%10%First quarter

16%14%Second 
quarter

25%30%Third 
quarter

51%46%Fourth 
quarter

Table 5: Distribution of conflicts with severity level-1

Kumar, A., Paul, M., & Ghosh, I. (2019). Analysis of Pedestrian Conflict with Right-Turning Vehicles at Signalized Intersections in India. Journal of Transportation Engineering, Part A: 
Systems, ASCE, 145(6), 04019018. https://doi.org/10.1061/JTEPBS.0000239
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Relation of Conflicts with Vehicle Type

Frequency of conflicts with different vehicle types
Distribution of conflicts with severity level-1 

with associated vehicle types at each site

Kumar, A., Paul, M., & Ghosh, I. (2019). Analysis of Pedestrian Conflict with Right-Turning Vehicles at Signalized Intersections in India. Journal of Transportation Engineering, Part A: 
Systems, ASCE, 145(6), 04019018. https://doi.org/10.1061/JTEPBS.0000239
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Statistical Modelling Results

Standard ErrorSignificance levelCoefficientVariablesS. No.
0.1100.036-2.189Pedestrian with more than one company1.
0.2150.0081.333(a) 1.07 m/sec< Crossing speed ≤1.49 m/sec2.
0.3500.0122.352(b) Crossing speed >1.49 m/sec
0.2890.0451.500(a) 64 sec <Waiting time ≤90 sec3.
0.6800.0493.522(b) Waiting time >90 sec
0.4420.0012.456Young pedestrians4.
1.9860.0264.318(a) Male pedestrians5.
0.2000.029-1.233(b) Female pedestrians
0.0180.0460.564Rolling while crossing6.
2.3480.0024.676Third quarter of green interval7.
0.3890.0081.912Fourth quarter of green interval
0.0360.0100.889Right turning vehicle volume8.
4.6540.0487.864Constant9.

Table 6: Results of Logistic Regression Model - Risk taking behavior [“1” (risk taken) and “0” (risk not taken)]

 A test of the full model against a constant only model was significant, therefore indicating that the predictors as a set 
reliably distinguished between ‘risk taken’ and ‘risk not taken’ (chi-square = 42.148, p<0.001 and df =4). 

 Nagelkerke’s R2 value of 0.712 indicated a strong relationship between prediction and grouping. Prediction success overall 
was 81%. 

Kumar, A., Paul, M., & Ghosh, I. (2019). Analysis of Pedestrian Conflict with Right-Turning Vehicles at Signalized Intersections in India. Journal of Transportation Engineering, Part A: 
Systems, ASCE, 145(6), 04019018. https://doi.org/10.1061/JTEPBS.0000239
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Summary of Findings

Traffic Conflict Technique: PET, TTV, DSTped, TTA and DSTveh.

Four classes of severity levels- 1, 2, 3 & 4

Maximum conflicts @first and second quarters of green interval.

Severe most conflicts occurred in the third and fourth quarters of green interval.

Maximum and severe most conflicts occurred with LMVs such as cars and SUVs.

Pedestrians’ age, gender, waiting time, speed, type of crossing, group, and vehicle volume

have a significant effect on the risk-taking behavior of pedestrians.
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Changes in Traffic Signal Operational Modes

Two Phase 
(Permissive RT)

Φ 1 Φ 2

Φ 1 Φ 2

Split Phase

Φ 3 Φ 4

Slower turning speed, no interaction with 
opposing through: Better yielding

Four Phase (Permissive RT)

Φ 1 Φ 2 Φ 3 Φ 4

Φ 1 Φ 2

Split Phase

Φ 3



Analysis of Spontaneous Order of Pedestrian-
Vehicle Conflicts at Signalized Intersections

21
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Spontaneous Order

 Segregation of transportation 
modes from each other.

 Focus is to minimize conflicts. 

 Use of signs, markings, signals, 
traffic calming measures, etc.

 Removing physical barriers and 
abolishing rules.

 Behavior of road users to rely on 
social cues (i.e., spontaneous order).

 No use of signs, signals, and 
markings, etc.

Traditional Safety Design Concept of Shared Space

The disorderly type of setting, built from the silent cues of other road users instead of pre-defined rules, is 
termed as spontaneous order.

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Spontaneous Order

"An important quality of collision is
mutuality. If I collide with you, then you
collide with me. And if I don’t collide
with you, you don't collide with me. In
promoting my interest in avoiding
collision with you, I also promote your
interest in avoiding collision with me.“

Daniel B. Klein

Ice Skating rink
Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Spontaneous Order

Skvallertorget, Norrköping, Sweden before and after remodelling of the intersection (Ref: Hamilton-Baillie B, 2008)

Before After
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Study Sites (Zebra Crossing ~ Partial Shared Space)

Pedestrian 
Flow (ped/hr)

Conflicting 
Traffic Flow 

(veh/hr)

Signal Cycle 
Length 
(sec)

Size of 
Intersections

Subject 
CrosswalkName of SitesSite No.

380112018050m x40mNorthbound
Mulchand Intersection, 

New Delhi
Site 1

462105518045m x30mWestbound
Peeragarhi Intersection, 

New Delhi
Site 2

375138518530m x30mEastbound
Subhash Nagar 

Intersection, New Delhi
Site 3

323124618040m x30mNorthbound
Madhuban Intersection, 

New Delhi
Site 4

310115014020m x18mSouthbound
Darshanlal Intersection, 

Dehradun
Site 5

282142114525m x20mEastbound
Ballupur Intersection, 

Dehradun
Site 6

• A total of twelve signalized intersections were selected from the following three cities of India:-
(1) New Delhi, (2) Jaipur, and (3) Dehradun

Table 7: Features of the selected intersections

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Study Sites

Pedestrian 
Flow (ped/hr)

Conflicting 
Traffic Flow 

(veh/hr)

Signal 
Cycle 

Length 
(sec)

Size of 
Intersections

Subject 
CrosswalkName of SitesSite No.

356 1210 135 20m x18mEastbound
Crossroad Mall 

Intersection,
Dehradun

Site 7

392 1100 140 20m x18mSouthbound
Tehsil Intersection, 

Dehradun
Site 8

410 1350 145 25m x22mWestbound
JDA Circle,

Jaipur
Site 9

322 1400 140 25m x20mWestbound
Sanganeri Gate 

Intersection, Jaipur
Site 10

374 1236 140 20m x18mNorthbound
Gopalpura Intersection, 

Jaipur
Site 11

385 1108 145 40m x20mNorthbound
Shaheed Smarak 

Intersection, Jaipur
Site 12

Table 7 continued….

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Yielding Behavior of Pedestrians and Vehicles 

Pedestrian Dominance
Normal Dominance: Pedestrian continues
walking, and the vehicle yields to pedestrians by
slowing down and allows the pedestrian to pass.
Coercive Dominance: Pedestrian uses hand
gestures by raising the hand and showing palm
towards the oncoming vehicles as an indication to
slow down or stop, thereby passes prior to the
vehicle.

Vehicle Dominance
Normal Dominance: The vehicle continues
moving and pedestrian yields to the vehicle by
slowing down and allows the vehicle to pass.
Coercive Dominance: Vehicle speeds up or
accelerates (sometimes blinks the headlight and
blows the horn) as an indication to pedestrian to
slow down or stop and passes prior to the
pedestrian.

 𝑴𝒐𝒅𝒂𝒍 𝑫𝒐𝒎𝒊𝒏𝒂𝒏𝒄𝒆 𝑰𝒏𝒅𝒆𝒙 (𝑴𝑫𝑰) =
𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒕𝒊𝒎𝒆𝒔 𝒑𝒆𝒅𝒆𝒔𝒕𝒓𝒊𝒂𝒏𝒔 𝒚𝒊𝒆𝒍𝒅𝒆𝒅 − 𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒕𝒊𝒎𝒆𝒔 𝒗𝒆𝒉𝒊𝒄𝒍𝒆𝒔 𝒚𝒊𝒆𝒍𝒅𝒆𝒅 

𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒄𝒐𝒏𝒇𝒍𝒊𝒄𝒕𝒔

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Pedestrian-Vehicle Interactions and Conflicts

• Left turning vehicles (entering)

• Straight moving vehicles (entering)

• Right turning vehicles (entering)

• Left turning vehicles (departing)

• Straight moving vehicles (departing)

• Right turning vehicles (departing)

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Analysis and results

Table 8: Frequency of Conflicts

Total

Number of conflicts

Site No.

Departing vehiclesEntering vehicles

Right turn
(Type 6)

Straight
(Type 5)

Left turn
(Type 4)

Right turn
(Type 3)

Straight
(Type 2)

Left turn
(Type 1)

1511540201837211
1882348242142302
1481742182034173
1421839162430154
1281522312315225
1201425281615226
1502130212041187
1541737251835228
1662126362025389
13624153123241910
15518352217382511
14716382220183312

1785Total number of conflicts
Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Pedestrian Dominance at Intersection

Table 9: Proportion of Pedestrians Exhibiting Normal and Coercive Dominance

Conflict with Departing VehiclesConflict with Entering Vehicles

Far Side 
Pedestrians

Near Side 
Pedestrians

Far Side 
Pedestrians

Near Side 
Pedestrians

195 (84%)124 (46%)202 (92%)89 (35%)
Normal 

Dominance

37 (16%)146 (54 %)16 (8%)164 (65%)
Coercive 

Dominance
232270218253Total

There was a statistically significant difference (𝜒ଶ=163.87, p<0.001) in the number of pedestrians of the near
side and far side for showing normal and coercive dominance at the intersection for entering vehicles
(𝜒ଶ=163.87, p<0.001) and departing vehicles (𝜒ଶ=78.29, p<0.001).

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994

Entering approach Exiting approach
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Analysis of Modal Dominance Index

• MDI values for entering vehicles at each intersection

 The difference in the 
number of yields by 
pedestrians and 
vehicles for three types 
of maneuvering was 
significant for six sites 
(Site 1, Site2, Site 7, 
Site 8, Site 9, and Site 
10). 

 At rest six sites, the 
difference was not 
found to be statistically 
significant.

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Analysis of Modal Dominance Index

• MDI values for departing vehicles at each intersection

The chi-square test 
results suggested that 
the difference in the 
number of yields by 

pedestrians and 
vehicles were 

significant for all the 
nine intersections on 

which pedestrian 
dominance prevailed.

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Analysis of Modal Dominance Index

• MDI values for different categories of vehicles

Difference in the yielding 
preference by 
pedestrians and vehicles 
for various vehicle types 
was found to be 
statistically significant 
(𝜒ଶ= 349.54, p<0.0001).

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Pedestrian Violation Analysis

Number of 
Times Vehicles 

Yielded

Number of Times 
Pedestrians 

Yielded

Number of 
Conflicts 

(Percentage)
Violation Type

519200719 (40.28%)Non-Violation
6182188 (10.53%)Spatial Violation

158605763 (42.74%)Temporal Violation

4075115 (6.45%)
Spatial & Temporal 

Violation

Table 10: Number of yields by pedestrians and vehicles for the types of violations

Spatial 
Violations

Temporal 
Violations

Spatial & 
Temporal 
Violations

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Pedestrian Violation Analysis

• MDI values for type of violation
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 The number of yields by 
pedestrians exceeds the 
number of vehicle yields during 
the spatial violation, temporal 
violation, and spatial & temporal 
violation.

 Only for non-violation conflicts, 
the number of vehicular yields is 
higher. 

 These results were found to be 
statistically significant with 𝜒ଶ= 
349.54, p < 0.0001. 

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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Estimated Results of Development of Dominance Model

Standard ErrorSignificanceCoefficientVariables
0.1100.0024.318Vehicles/cycle

Type of vehicle
1.3250.005-1.2542W
0.2150.0002.535Car

Pedestrian violation
0.5520.0114.292Temporal violation

Group size of crossing pedestrians
0.3500.0033.262Single pedestrian
0.2890.049-1.010More than two pedestrians

Type of pedestrian-vehicle interaction
0.6800.045-1.824With left turn entering vehicle
1.9860.0262.815With straight entering vehicle

Size of intersection
0.5650.001-5.322Small 
1.4420.0023.875Constant

Table 11: Estimated results of the binary logit model –
‘Vehicle dominance’ (1)  vs. ‘Pedestrian dominance’ (0) 

 Nagelkerke’s R2 value
was found to be 0.814,
which indicates a strong
relationship between
grouping and prediction.

 The overall predictive
accuracy was 87.7%.

Kumar, A., & Ghosh, I. (2020). Analysis of Spontaneous Order of Pedestrian–Vehicle Conflicts at Signalized Intersections. Transportation Research Record, 2674(11), 440-454. 
https://doi.org/10.1177/0361198120945994
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SUMMARY

Modal Dominance Index: Pedestrian Dominance & Vehicle Dominance

MDI values for the interaction of pedestrians with straight and turning vehicles needs to be

checked.

Motorized two-wheelers are more likely to yield to pedestrians during the crossing.

High pedestrian flow leads to a greater number of conflicts at the intersections.

The size of the intersection is found to be related to conflict proximity (PET).

Vehicle volume (per cycle), type of vehicles, pedestrian violation, the group size of crossing

pedestrian, type of pedestrian-vehicle interaction, and size of intersection have been found

to be in relationship with the dominance of road users at the intersections.



Pedestrian Behavior and the Associated Conflicts at
Signalized Intersections

38
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Types of Signal Violations

Dangerous
violations

Pedestrians commit a 
dangerous violation 

when crossing during 
the red phase. 

Non-dangerous 
violations

Pedestrians start to 
cross too late but still 

manage to finish before 
conflicting traffic gets 

the green light. 

Dangerous 
crossings

Pedestrians start to 
cross at the green light, 
and the end of crossing 

during the red light.

 𝑽𝒊𝒐𝒍𝒂𝒕𝒊𝒐𝒏 𝑷𝒓𝒆𝒗𝒂𝒍𝒆𝒏𝒄𝒆 =  
𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒑𝒆𝒅𝒆𝒔𝒕𝒓𝒊𝒂𝒏𝒔 𝒄𝒓𝒐𝒔𝒔𝒊𝒏𝒈 𝒐𝒏 𝒓𝒆𝒅 

𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒑𝒆𝒅𝒆𝒔𝒕𝒓𝒊𝒂𝒏𝒔 𝒕𝒉𝒂𝒕 𝒂𝒓𝒓𝒊𝒗𝒆𝒅 𝒅𝒖𝒓𝒊𝒏𝒈 𝒓𝒆𝒅 𝒑𝒉𝒂𝒔𝒆

Kumar, A., & Ghosh, I. (2022). Non-compliance behaviour of pedestrians and the associated conflicts at signalized intersections in India. Safety Science, 
Elsevier,  147, 105604. https://doi.org/10.1016/j.ssci.2021.105604
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Pedestrian-Vehicle Conflicts

A conflict is said to have occurred if either of the following interaction types is observed:

A pedestrian yields by slowing down and allows the vehicle to pass.

A pedestrian speeds up and passes the conflict zone before the arrival of the vehicle.

A vehicle yields by braking and slowing down and allows the pedestrian to pass.

A vehicle accelerates and passes the conflict zone before the pedestrian arrives.

Neither of the road users takes evasive action, but there is a small-time lapse
between the moments they pass the conflict zone.

Kumar, A., & Ghosh, I. (2022). Non-compliance behaviour of pedestrians and the associated conflicts at signalized intersections in India. Safety Science, 
Elsevier,  147, 105604. https://doi.org/10.1016/j.ssci.2021.105604
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Study Sites ~ Issue with Pedestrian clearance time

Pedestrian 
Flow (ped/hr)

Conflicting 
Traffic Flow 

(veh/hr)

Signal Cycle 
Length 
(sec)

Size of 
Intersections 

(mxm)

Subject 
CrosswalkName of SitesSite No.

380 1120 180 50 x40Northbound
Mulchand Intersection, 

New Delhi
Site 1

462 1055 180 45 x30Westbound
Peeragarhi Intersection, 

New Delhi
Site 2

375 1385 185 30 x30Eastbound
Subhash Nagar 

Intersection, New Delhi
Site 3

323 1246 180 40 x30Northbound
Madhuban Intersection, 

New Delhi
Site 4

310 1150 140 20 x18Southbound
Darshanlal Intersection, 

Dehradun
Site 5

282 1421 145 25 x20Eastbound
Ballupur Intersection, 

Dehradun
Site 6

• A total of twelve signalized intersections were selected from the following three cities of India:-
(1) New Delhi, (2) Jaipur, and (3) Dehradun

Table 12: Features of the selected intersections

Kumar, A., & Ghosh, I. (2022). Non-compliance behaviour of pedestrians and the associated conflicts at signalized intersections in India. Safety Science, 
Elsevier,  147, 105604. https://doi.org/10.1016/j.ssci.2021.105604
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Study Sites ~ Issue with Pedestrian clearance time

Pedestrian 
Flow (ped/hr)

Conflicting 
Traffic Flow 

(veh/hr)

Signal 
Cycle 

Length 
(sec)

Size of 
Intersections 

(mxm)

Subject 
CrosswalkName of SitesSite No.

356121013520 x18Eastbound
Crossroad Mall 

Intersection,
Dehradun

Site 7

392110014020 x18Southbound
Tehsil Intersection, 

Dehradun
Site 8

410135014525 x22Westbound
JDA Circle,

Jaipur
Site 9

322140014025 x20Westbound
Sanganeri Gate 

Intersection, Jaipur
Site 10

374123614020 x18Northbound
Gopalpura Intersection, 

Jaipur
Site 11

385110814540 x20Northbound
Shaheed Smarak 

Intersection, Jaipur
Site 12

Table 12 continued….

Kumar, A., & Ghosh, I. (2022). Non-compliance behaviour of pedestrians and the associated conflicts at signalized intersections in India. Safety Science, 
Elsevier,  147, 105604. https://doi.org/10.1016/j.ssci.2021.105604
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Data Description

TotalNon-violationViolation
Gender

51043554 (62%)1550 (66%)Male
29852193 (38%)792 (34%)Female
808957472342Total

Age
33451906 (33.2%)1439 (61.5%)Young
39643108 (54%)856 (36.5%)Middle-aged
780733 (12.8%)47 (2%)Old

808957472342Total

Table 13: Observed frequencies of violation and non-violation by pedestrians

Kumar, A., & Ghosh, I. (2022). Non-compliance behaviour of pedestrians and the associated conflicts at signalized intersections in India. Safety Science, 
Elsevier,  147, 105604. https://doi.org/10.1016/j.ssci.2021.105604
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Data Description

Number of pedestrians arrived in greenNumber of pedestrians arrived in red

Total
Crossed at the 
end of green 

Completed crossing 
in green

TotalWaited for greenCrossed in redSite No.

53525 (4.7%)510 (95.3%)985523 (53.1%)462 (46.9%)Site 1
109822 (2.0%)1076 (98.0%)750382 (50.9%)368 (49.1%)Site 2
86016 (1.9%)844 (98.1%)640348 (54.4%)292 (45.6%)Site 3
68710 (1.5%)677 (98.5%)605361 (59.7%)244 (40.3%)Site 4
66036 (5.5%)624 (94.5%)580355 (61.2%)225 (38.8%)Site 5
65317 (2.6%)636 (97.4%)475290 (61.1%)185 (38.9%)Site 6
80325 (3.1%)778 (96.9%)621363 (58.5%)258 (41.5%)Site 7
86327 (3.1%)836 (96.9%)705376 (53.3%)329 (46.7%)Site 8
88418 (2.0%)866 (98.0%)756394 (52.1%)362 (47.9%)Site 9
69914 (2.0%)685 (98.0%)589349 (59.3%)240 (40.7%)Site 10
80822 (2.7%)786 (97.3%)688378 (54.9%)310 (45.1%)Site 11
84535 (4.1%)810 (95.9%)695362 (52.1%)333 (47.9%)Site 12

93952679128808944813608Total

Table 14: Observed frequencies of pedestrian arrival in red and green

Kumar, A., & Ghosh, I. (2022). Non-compliance behaviour of pedestrians and the associated conflicts at signalized intersections in India. Safety Science, 
Elsevier,  147, 105604. https://doi.org/10.1016/j.ssci.2021.105604
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Analysis and Results

• Frequency distribution of pedestrian violations
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Analysis and Results

p-valueCoefficientStandard ErrorVariable
0.001-5.5290.020Pedestrian volume during red phase
0.020-1.3340.521Vehicle volume during red phase
0.082-0.5120.369Speed of vehicles (km/h)
0.0991.2010.045Speed of pedestrians (m/sec)
0.0012.8210.712Mean waiting time of pedestrians 

during red interval
0.003-2.5380.185Crosswalk length (m)

R2 = 0.954, Number of observations= 950

Table 15: Model Results for Violation Prevalence 

• Violation Prevalence Model

Kumar, A., & Ghosh, I. (2022). Non-compliance behaviour of pedestrians and the associated conflicts at signalized intersections in India. Safety Science, 
Elsevier,  147, 105604. https://doi.org/10.1016/j.ssci.2021.105604
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Analysis and Results
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• Distribution of Conflicts in Red Phase 1. A pedestrian yields by slowing
down and allows the vehicle to
pass.

2. A pedestrian speeds up and
passes the conflict zone before
the arrival of the vehicle.

3. A vehicle yields by braking and
slowing down and allows the
pedestrian to pass.

4. A vehicle accelerates and passes
the conflict zone before the
pedestrian arrives.

5. Neither of the road users takes
evasive action, but there is a
small-time lapse between the
moments they pass the conflict
zone.

Kumar, A., & Ghosh, I. (2022). Non-compliance behaviour of pedestrians and the associated conflicts at signalized intersections in India. Safety Science, 
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Analysis and Results

• Temporal proximity of conflicts
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Comparison of PET distributions in the beginning, middle, and end of the red interval

 At the beginning of 
the red phase, 
approximately half 
of the conflicts 
(about 52%) have 
PET values of less 
than 2 seconds. 

 At the end of the 
red interval, about 
70% of the conflicts 
have PET values 
less than 2 seconds

Kumar, A., & Ghosh, I. (2022). Non-compliance behaviour of pedestrians and the associated conflicts at signalized intersections in India. Safety Science, 
Elsevier,  147, 105604. https://doi.org/10.1016/j.ssci.2021.105604
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Analysis and Results

• Severity of pedestrian-vehicle conflicts using STCT

Out of 877 conflicts identified 
for severity analysis, 385 (44%) 
were potential conflicts, 255 
(29%) were slight conflicts, 
and 237 (27%) were serious 
conflicts
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Analysis and Results

• Severity of pedestrian-vehicle conflicts using STCT

 About 60% of the serious 
conflicts occurred at end of 
red. 

 The potential conflicts 
were predominant (65%) in 
the beginning of the red 
interval.

 About 58% of the slight 
conflicts occurred at the 
end of the red interval.

Classification of vehicle-pedestrian conflicts based on severity levels
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Ordered response model for conflict severity

p-valueExp (B)Coefficient (B)Standard ErrorVariable

0.0012.6670.9810.218Vehicle speed
Type of vehicle

0.0101.4160.3480.2142W
Gender of pedestrian

0.0041.6680.5120.308Male
Group size of crossing pedestrians

0.0031.2750.2430.089Single pedestrian
Proportion of red phase

0.0011.8000.5880.075Middle
0.0001.6170.4810.152End

Length of crosswalk
0.0032.0380.7120.108Large
0.8553.9801.4130.402Threshold 1
1.2003.4121.2050.359Threshold 2
0.6851.748−0.4520.510Threshold 3

Log-likelihood = −𝟑𝟎𝟎𝟐. 𝟏𝟒𝟒

Number of observations = 1787

LR chi square (8) = 42.114

Prob > chi square = 0.000

Pseudo R2 =   0.598

Table 16: Estimated results of the ordered logit model

Dependent Variable: 
1 = severity level-I (potential conflicts) 
2 = severity level-II (slight conflicts) 
3 = severity level-III (serious conflicts) 

Kumar, A., & Ghosh, I. (2022). Non-compliance behaviour of pedestrians and the associated conflicts at signalized intersections in India. Safety Science, 
Elsevier,  147, 105604. https://doi.org/10.1016/j.ssci.2021.105604
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Summary of Findings

• 44.6% of pedestrians violate the traffic signals.

• Latter half of the red phase is the violation-dense period.

• Violation prevalence increased with the increase in waiting time of pedestrians.

• The violation prevalence decreased with the increase in pedestrian volume, vehicle volume, and 

crosswalk length.

• Critical conflicts occurred more frequently at the beginning and end of the red phase.

• Severity of conflicts- Time to accident and conflicting speed.

• Vehicle speed, vehicle type, pedestrians’ gender, the group size of crossing pedestrians, proportion 

of red phase, and crosswalk length were found to be significantly affecting the severity of conflicts. 



Recent works at IIT Roorkee
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Machine learning framework for the development of an interactive pedestrian crossing to enhance
pedestrian safety

Safety issue: Miscommunication
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Predictive PerformancePrediction HorizonModels usedStudies

0.883 (AUC)4sRandom forest (RF) Muduli & Ghosh ( 2023)

0.829 (AUC)2sstacked GRU Rasouli et al. (2020) 

0.85 (AUC)2sRNNKotseruba et al. (2020) 

0.911 (AUC)2sRandom forest (RF)Muduli & Ghosh ( 2023)

0.938 (AUC)1.5sLSTMZhang et al. (2020) 

0.940 (AUC)1.5sRandom forest (RF) Muduli & Ghosh ( 2023)

Prediction of Pedestrian Intention 

Muduli, K. and Ghosh, I. (2023) Prediction of the Future State of Pedestrians While Jaywalking Under Non-lane-
based Heterogeneous Traffic Conditions. DOI: 10.1177/03611981231161619, Transportation Research Record,
Sage Publications.

• YOLO 
• COCO dataset
• DeepSORT
• MediaPipe
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Transformer with Attention 
Mechanism (Google, 2017)

First application @road safety in 
Developing Country

Muduli, K. and Ghosh, I. (2024) Prediction of Vehicular Yielding Intention While
Approaching a Pedestrian Crosswalk. 10.1177/03611981241252835, Transportation
Research Record, Sage Publications.

ADAS – higher Level of automation – I2V/I2P
Sequence based Prediction of Vehicular Yielding Intention 



A typical pedestrian-vehicle interaction

Based on a detailed study by Nie et al. (2021):

Reaction Time = Perception + Decision Time + Execution Time

As proposed model is designed to predict interaction severity, pedestrians no longer need to
spend time perceiving and interpreting the situation. This reduces the cognitive load and allows
them to focus solely on how to respond.

Hence,

Reaction Time = Decision Time + Execution Time

=  0.17+1.52 = 1.69 seconds (Backward Avoidance Behavior)

= 0.24+1.84 = 2.08 seconds (Forward Avoidance Behavior)

Muduli, K., & Ghosh, I. (2025). Predicting Pedestrian-Vehicle Interaction Severity at Unsignalized Intersections. Traffic Injury Prevention. Taylor & Francis, (Accepted; Manuscript ID: 249718806) 

Predicting Pedestrian-Vehicle Interaction Severity at Unsignalized Intersections
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BEHAVIOR OBSERVATION AND INTERACTION SEVERITY ESTIMATION

An AI-powered tool (DataFromSky Viewer) for analyzing trajectories, speeds, and 
acceleration of road users was used to estimate severity levels.

INTERACTION CATEGORIES

1. Safe Passage:

 No imminent risk, smooth interactions, high PET (>3 sec).
 Low speeds (≤10 m/s), controlled trajectories.

 Example: Vehicle yielding or negotiated passage.
2. Critical Event:

 Moderate risk, closer temporal proximity, moderate PET (1-3 sec).
 Speeds (5-10 m/s), evasive maneuvers, moderate acceleration.

 Example: Pedestrian withdrawal or acceleration.

3. Conflict:
 High risk, near-misses, low PET (<1 sec).

 High speeds (>10 m/s), emergency maneuvers.
 Example: Vehicle acceleration or emergency braking.

OBSERVER TRAINING AND RELIABILITY

 6 observers evaluated 4,315 interactions.

Inter-Rater Agreement:
 Measured using Fleiss Kappa (κ = 0.75)

 Demonstrated substantial agreement beyond chance
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PROPOSED MODEL ARCHITECTURE AND TRAINING PROCESS
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F1-ScoreRecallPrecision

0.840.910.78Class 0 (Safe Passage)

0.890.850.93Class 1 (Critical event)

0.900.860.95Class 2 (Conflict)

0.87Accuracy

0.880.870.89Macro avg

0.880.870.88Weighted avg

RESULTS
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Ranges of conflict angles for different conflict types Conflict points and their types at (a) Site 1, (b) Site 2, and (c) Site 13

Safety evaluation at roundabout and unsignalized intersections

Different types of traffic conflicts at unsignalized junctions on NHs61
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