List of figures

1.1

1.2

2.1

2.2

3.1

4.1

4.2

4.3

4.4

4.5

4.6

5.1

52

5.3

54

5.5

5.6

Safety pyramid of traffic interactions [S] . . . . . . ... ... ... ... 3
Interaction of vehicles in non-lane-based traffic . . . .. ... ... ... 7
Traffic conflict data collection . . . . . .. ... .. ... .. ...... 26
Conflict data collection techniques and sample size . . . .. .. ... .. 31
Framework for (a) pooled and (b) hierarchical models . . . . . . ... .. 60
Study sites map (a) location and (b)roadway geometry of study sites. . . . 63
Camera view of the study sites . . . . . . .. .. .. ... ... ..... 64
Trajectory Extraction using Tracker Software. . . . . . . .. ... .. .. 66
Extracting and Cleaning Vehicle Trajectories. . . . . . . ... ... ... 69
Relationship between derived and observed vehicle speeds. . . . . . . .. 70
(a) Vehicle composition and (b) speed variation at different sites. . . . . . 71
Conflict and crash in non-lane-based traffic for all site data. . . . . . . . . 78
Fisher’s chi-plot for test of dependence. . . . . .. ... ... ...... 80
Asymptotic dependence between negated TTC and negated Gapyy. . . . . 81
Threshold stability plot for joint-site model. . . . . . .. ... ... ... 84
Spectral measure plot for joint-site model. . . . . . . .. ... ... ... 85

Diagnostic plots for the joint-site model. . . . . . . ... ... . ... .. 86



XXiv

List of figures

6.1
6.2
6.3
6.4
6.5
6.6
6.7

6.8
6.9

7.1

7.2

7.3

7.4

7.5

7.6

7.7

Speed of different vehicle types. . . . . . . . ... L L oL 93
Speed of different vehicle types. . . . . . . ... oL 95
Comparison of (a) TTC and (b) Gapjy among L-Fpairs . . . . . .. . .. 96
Spectral measure plot for negated TTC vs. negated Gapyge. . . . . . . . . 97
Threshold stability plot for (a) negated TTC and (b) negated Gapjat . . . . 97

Proportion of conflicts in interactions and proportion of crashes in conflicts. 101

Comparison of proportion of conflicts in total interactions based on the

two modelling approaches (global and L-F). . . . .. .. ... ... ... 102
Sensitivity analysis of crash probability with different thresholds. . . . . . 103
Single threshold based conflict segregation. . . . . ... ... ... ... 105
Variation of MTTC among (a) sites (b) L-Fpairs. . . . . ... ... ... 111
Threshold stability plot for the pooled model. . . . . . .. ... ... .. 115

Model parameters: posterior distribution (a) L-F-based models (b) site-
basedmodels. . . . . . ... .. 116
Crash risk with a 95% CI based on hierarchical and pooled models (a)
site-based models (b) L-F-based models. . . . . . . .. ... ... .. .. 119

Trace plot for hierarchical models (a) L-F- based models (b) site-based

Posterior predictive checks for (a) pooled model, (b) site-based hierarchical
model, and (c) L-F-based hierarchical models. . . . . . . . ... ... .. 121
Sensitivity analysis of crash risk (95% credible interval) with different

thresholds (a) site-based models (b) L-F- based models. . . . . . . .. .. 122



List of tables

1.1

2.1
2.2
2.3

24

3.1

4.1
4.2
43
4.4

5.1
5.2
5.3

6.1
6.2
6.3
6.4

Common conflictindicators . . . . . . . . . . . . . .. . e 4
Previous review studieson SSM . . . . . . ... Lo 17
Data collection and extraction of conflict indicators from field data . . . . 28
Selection of conflict indicators . . . . . . . . . . . ... ... ... 32
Summary of Conflict modeling approaches in reviewed literature . . . . . 46

Parametric bivariate extreme value distributions used in the present study 56

Details of Study sites . . . . . . .. .. .. Lo L 65
Extracted Vehicle Trajectory Data . . . . . . . ... ... ... ..... 66
Vehicle class and their average dimensions . . . . . . . . . .. .. .. .. 67
Descriptive statistics of vehiclespeeds . . . . . . . ... .. ... .... 72
Descriptive statistics of conflict indicators (TTC and Gapye) . . . . . . . 77
Correlation between lateral and longitudinal parameters . . . . . . . . .. 80
Estimation results of bivariate threshold excess models . . . . . . .. .. 83
Descriptive statistics of TTC and Gapyge . . . . . . . . . o . .. oL ... 94
Threshold for marginal and joint distribution . . . . . . . .. ... .. .. 99
Model selection based on AIC . . . . ... ... ... ... ... .... 99

Estimation results of BGPmodel . . . . . . . . ... .. ... ...... 100



XXVi List of tables

7.1 Threshold estimated from threshold stability plot . . . . ... ... ... 117

7.2  Estimation result of hierarchical and pooled model . . . . .. ... ... 118



References

[1]

(2]

[7]

[8]

[9]

[10]

[11]

[12]

World Health Organization (WHO), “Global status report on road safety 2023,”
Geneva, 2023, licence: CC BY-NC-SA 3.0 IGO.

V. Kanagaraj, G. Asaithambi, T. Toledo, and T. C. Lee, “Trajectory data and flow

characteristics of mixed traffic,” Transportation Research Record, vol. 2491, no. 1,
pp- 1-11, 2015.

R. Nair, H. S. Mahmassani, and E. Miller-Hooks, “A porous flow approach to mod-
eling heterogeneous traffic in disordered systems,” Procedia-Social and Behavioral
Sciences, vol. 17, pp. 611-627, 2011.

A. Ahmed, D. Ngoduy, M. Adnan, and M. Baig, “On the fundamental diagram
and driving behavior modeling of heterogeneous traffic flow using uav-based data,”
Transportation Research Part A: Policy and Practice, vol. 148, pp. 100-115, 2021.

C. Hydén and L. Linderholm, “The swedish traffic-conflicts technique: International
calibration study of traffic conflict techniques,” Linkdping, Sweden, 1984.

Ministry of Road Transport and Highways (MORTH), “Road accidents in India,”
2022.

P. Perel, K. Ker, R. Ivers, and K. Blackhall, “Road safety in low-and middle-income
countries: a neglected research area,” Injury Prevention, vol. 13, no. 4, p. 227, 2007.

A. Tarko, G. Davis, N. Saunier, T. Sayed, and S. Washington, “White paper surrogate
measures of safety anb20 (3) subcommittee on surrogate measures of safety,” Safety
Data Evaluation and Analysis—ANB20, vol. 20, no. 3, pp. 1-13, 2009.

A. Svensson and C. Hyden, “Estimating the severity of safety related behaviour,”
Accident Analysis and Prevention, vol. 38, no. 2, pp. 379-385, 2006.

E. Hauer, Observational before/after studies in road safety. estimating the effect of
highway and traffic engineering measures on road safety. UK: Elsevier science
Itd, 1997.

F. H. A. (FHWA), “Highway safety evaluation—procedural guide,” Federal Highway
Administration, Tech. Rep. FHWA-TS-81-219, November 1981.

H. C. Chin, S. T. Quek, and R. L. Cheu, “Quantitative examination of traffic
conflicts,” Transportation Research Record, vol. 1376, pp. 67-74, 1992.



138 References

[13] H. C. Chin and S. T. Quek, “Measurement of traffic conflicts,” Safety Science,
vol. 26, no. 3, pp. 169-185, 1997.

[14] W. D. Glauz and D. J. Migletz, Application of traffic conflicts analysis at intersec-
tions, 1980, report No. NCHRP 219. Transportation Research Board, Washington,
D.C.

[15] M. R. Parker and C. V. Zegeer, “Traffic conflict technique for safety and operation:
Engineers guide,” 1989.

[16] C.N. Kloeden, A.J. McLean, V. M. Moore, and G. Ponte, “Traveling speed and the
risk of crash involvement,” NHMRC Road Accident Research Unit, The University
of Adelaide, Tech. Rep., 1997.

[17] B. E. Porter, T. D. Berry, and J. Harlow, “A nationwide survey of red light running:
Measuring driver behaviors for the ’stop red light running’ program,” 1999.

[18] H. W. Heinrich, Industrial Accident Prevention: A Scientific Approach. McGraw-
Hill, 1941.

[19] F. Amundsen and C. Hyden, “Proceedings of first workshop on traffic conflicts,”
Oslo, TTI, Oslo, Norway and LTH Lund, Sweden, Tech. Rep. 78, 1977.

[20] S.S.Mahmud, L. Ferreira, M. S. Hoque, and A. Tavassoli, “Application of proximal
surrogate indicators for safety evaluation: A review of recent developments and
research needs,” IATSS Research, vol. 41, no. 4, pp. 153-163, 2017.

[21] J. C. Hayward, “Near misses as a measure of safety at urban intersections,” Master’s
thesis, The Pennsylvania State University, 1971.

[22] B. Allen, B. Shin, and P. Cooper, “Analysis of traffic conflicts and collisions,” Tech.
Rep. HS-025 846, 1978.

[23] M. M. Minderhoud and P. H. Bovy, “Extended time-to-collision measures for road
traffic safety assessment,” Accident Analysis and Prevention, vol. 33, no. 1, pp.
89-97, 2001.

[24] K. Ozbay, H. Yang, B. Bartin, and S. Mudigonda, “Derivation and validation of new
simulation-based surrogate safety measure,” Transportation Research Record, vol.
2083, pp. 105-113, 2008.

[25] A. Arun, M. Haque, A. Bhaskar, S. Washington, and T. Sayed, “A systematic
mapping review of surrogate safety assessment using traffic conflict techniques,”
Accident Analysis and Prevention, vol. 153, p. 106016, 2021.

[26] D. Gettman and L. Head, “Surrogate safety measures from traffic simulation models,”
Transportation Research Record, vol. 1840, no. 1, pp. 104-115, 2003.

[27] A. Svensson, “A method for analysing the traffic process in a safety perspective,”
1998.



References 139

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Y. Zhang, D. Yao, T. Z. Qiu, L. Peng, and Y. Zhang, ‘“Pedestrian safety analysis
in mixed traffic conditions using video data,” IEEE Transactions on Intelligent
Transportation Systems, vol. 13, no. 4, pp. 1832-1844, 2012.

J. A. Oxley, E. Thsen, B. N. Fildes, J. L. Charlton, and R. H. Day, “Crossing roads
safely: an experimental study of age differences in gap selection by pedestrians,”’
Accident Analysis & Prevention, vol. 37, no. 5, pp. 962-971, 2005.

B. R. Kadali and P. Vedagiri, “Proactive pedestrian safety evaluation at unprotected
mid-block crosswalk locations under mixed traffic conditions,” Safety science,
vol. 89, pp. 94-105, 2016.

S. P. Venthuruthiyil and M. Chunchu, “Anticipated collision time (act): A two-
dimensional surrogate safety indicator for trajectory-based proactive safety assess-

ment,” Transportation Research Part C: Emerging Technologies, vol. 139, p. 103655,
2022.

S. K. Nirmale, A. R. Pinjari, and A. Sharma, “A discrete-continuous multi-vehicle
anticipation model of driving behaviour in heterogeneous disordered traffic condi-
tions,” Transportation Research Part C: Emerging Technologies, vol. 128, p. 103144,
2021.

N. Raju, S. Arkatkar, S. Easa, and G. Joshi, “Customizing the following behavior
models to mimic the weak lane based mixed traffic conditions,” Transportmetrica
B: Transport Dynamics, vol. 10, no. 1, pp. 20-47, 2022.

L. X. Nguyen, S. Hanaoka, and T. Kawasaki, “Traffic conflict assessment for non-
lane-based movements of motorcycles under congested conditions,” IATSS Research,
vol. 37, no. 2, pp. 137-147, 2014.

D. W.S.R. L. L. L. K. Deng, J. and L. Fei-Fei, “Imagenet: A large-scale hierar-
chical image database,” in 2009 IEEE conference on computer vision and pattern
recognition, 2009, pp. 248-255.

T. Y. Lin, M. Maire, S. Belongie, J. Hays, P. Perona, D. Ramanan, P. Dollér, and C. L.
Zitnick, “Microsoft coco: Common objects in context,” in Computer Vision—-ECCV
2014: 13th European Conference, Zurich, Switzerland, September 6-12, 2014,
Proceedings, Part V 13. Springer International Publishing, 2014, pp. 740-755.

J. Ward, G. Agamennoni, S. Worrall, A. Bender, and E. Nebot, “Extending time
to collision for probabilistic reasoning in general traffic scenarios,” Transportation
Research Part C: Emerging Technologies, vol. 51, pp. 66—82, 2015.

Y. Lu, K. Cheng, Y. Zhang, X. Chen, and Y. Zou, “Analysis of lane-changing conflict
between cars and trucks at freeway merging sections using uav video data,” Journal
of Transportation Safety and Security, vol. 15, no. 9, pp. 943-961, 2023.

N. Raju, S. Arkatkar, S. Easa, and G. Joshi, “Investigating performance of a novel
safety measure for assessing potential rear-end collisions: An insight representing a
scenario in developing nation,” IATSS Research, vol. 46, no. 1, pp. 138-146, 2022.



140

References

[40]

[41]

[42]

[44]

[48]

[49]

[50]

[51]

[52]

N. Raju, S. Arkatkar, and S. Easa, “Receptiveness angle: A new surrogate safety
measure for monitoring traffic safety,” IATSS Research, vol. 47, no. 4, pp. 526-534,
2023.

7. Wang, G. Lu, H. Tan, and M. Liu, “A risk-field based motion planning method
for multi-vehicle conflict scenario,” IEEE Transactions on Vehicular Technology,
2023.

L. Zheng, T. Sayed, and M. Essa, “Investigating the transferability of bayesian hier-
archical extreme value model for traffic conflict-based crash estimation,” Canadian
Journal of Civil Engineering, vol. 48, no. 9, pp. 1071-1080, 2021.

S. Das and A. Maurya, “Defining time-to-collision thresholds by the type of lead
vehicle in non-lane-based traffic environments,” IEEE Transactions on Intelligent
Transportation Systems, vol. 21, no. 12, pp. 4972-4982, 2019.

G. Tiwari, D. Mohan, and J. Fazio, “Conflict analysis for prediction of fatal crash
locations in mixed traffic streams,” Accident Analysis and Prevention, vol. 30, no. 2,
pp- 207-215, 1998.

A. Ahmed, A. Sadullah, and A. Yahya, “Errors in accident data, its types, causes and
methods of rectification-analysis of the literature,” Accident Analysis and Prevention,
vol. 130, pp. 3-21, 2019.

J. Bhatti and L. Salmi, “Challenges in evaluating the decade of action for road safety
in developing countries: A survey of traffic fatality reporting capacity in the eastern
mediterranean region,” Traffic Injury Prevention, vol. 13, no. 4, pp. 422-426, 2012.

M. W. Younis, Z. Batool, M. Bukhari, Z. ur Rehman, S. Shahzad, A. ur Rehman,
A. H. Khan, M. Yasin, M. Irfan, and M. S. Alj, “Pattern of underreporting of road
traffic injuries (rtis): An investigation of missing burden of rtis in pakistan,” Journal
of Transport and Health, vol. 14, p. 100575, 2019.

D. Sarkar, K. Rao, and N. Chatterjee, “A review of surrogate safety measures on
road safety at unsignalized intersections in developing countries,” Accident Analysis
& Prevention, vol. 195, p. 107380, 2024.

M. Abdel-Aty, Z. Wang, O. Zheng, and A. Abdelraouf, “Advances and applications
of computer vision techniques in vehicle trajectory generation and surrogate traffic
safety indicators,” Accident Analysis and Prevention, vol. 191, p. 107191, 2023.

D. Nikolaou, A. Ziakopoulos, and G. Yannis, “A review of surrogate safety measures
uses in historical crash investigations,” Sustainability, vol. 15, no. 9, p. 7580, 2023.

D. Singh, P. Das, and I. Ghosh, “Surrogate safety assessment of traffic facilities
under ordered and disordered traffic condition: Systematic literature review,” KSCE
Journal of Civil Engineering, vol. 27, no. 11, pp. 5008-5029, 2023.

S. M. A. M. Das, T. and N. Rouphail, “Surrogate safety measures: Review and
assessment in real-world mixed conventional and autonomous vehicle platoons,”
IEEE Access, 2023.



References 141

[53] S. Bonela and B. Kadali, “Review of traffic safety evaluation at t-intersections using
surrogate safety measures in developing countries context,” IATSS Research, vol. 46,
no. 3, pp. 307-321, 2022.

[54] A. Arun, M. Haque, S. Washington, T. Sayed, and F. Mannering, “A systematic
review of traffic conflict-based safety measures with a focus on application context,”
Analytic Methods in Accident Research, vol. 32, p. 100185, 2021.

[55] J. Pinnow, M. Masoud, M. Elhenawy, and S. Glaser, “A review of naturalistic driving
study surrogates and surrogate indicator viability within the context of different
road geometries,” Accident Analysis & Prevention, vol. 157, p. 106185, 2021.

[56] L. Zheng, T. Sayed, and F. Mannering, “Modeling traffic conflicts for use in road
safety analysis: A review of analytic methods and future directions,” Analytic
Methods in Accident Research, vol. 29, p. 100142, 2021.

[57] C. Wang, Y. Xie, H. Huang, and P. Liu, “A review of surrogate safety measures and
their applications in connected and automated vehicles safety modeling,” Accident
Analysis & Prevention, vol. 157, p. 106157, 2021.

[58] A. Sheykhfard, F. Haghighi, E. Papadimitriou, and P. Van Gelder, “Review and
assessment of different perspectives of vehicle-pedestrian conflicts and crashes:

Passive and active analysis approaches,” Journal of Traffic and Transportation
Engineering (English Edition), vol. 8, no. 5, pp. 681-702, 2021.

[59] S. S. Mahmud, L. Ferreira, M. S. Hoque, and A. Tavassoli, “Micro-simulation
modelling for traffic safety: A review and potential application to heterogeneous
traffic environment,” IATSS Research, vol. 43, no. 1, pp. 27-36, 2019.

[60] C.Johnsson, A. Laureshyn, and T. De Ceunynck, “In search of surrogate safety indi-
cators for vulnerable road users: a review of surrogate safety indicators,” Transport
Reviews, vol. 38, no. 6, pp. 765-785, 2018.

[61] L. Zheng, K. Ismail, and X. Meng, “Traffic conflict techniques for road safety
analysis: open questions and some insights,” Canadian Journal of Civil Engineering,
vol. 41, no. 7, pp. 633-641, 2014.

[62] K. Suzuki and H. Nakamura, “Trafficanalyzer-the integrated video image processing
system for traffic flow analysis,” in Proceedings of the 13th ITS World Congress,
2006.

[63] D. Brown, “Video modeling: combining dynamic model simulations with traditional

video analysis,” American Association of Physics Teachers (AAPT) Summer Meeting,
2008.

[64] C.R. Munigety, V. Vicraman, and T. V. Mathew, “Semiautomated tool for extraction
of microlevel traffic data from videographic survey,” Transportation Research
Record, vol. 2443, no. 1, pp. 88-95, 2014.

[65] J. Charmant, Kinovea Version 0.8. 15. Bordeaux, France, 2018.



142

References

[66]

[67]

[68]

[69]

[73]

[74]

S. Venthuruthiyil and M. Chunchu, “Savetrax: A semi-automated image process-
ing based vehicle trajectory extractor,” in 99th Annual Meeting of Transportation
Research Board, 2020.

C. Johnsson, H. Norén, A. Laureshyn, and D. Ivina, “T-analyst-semi-automated tool
for traffic conflict analysis,” in InDeV, Horizon, 2020.

R. Amrutsamanvar, B. Muthurajan, and L. Vanajakshi, “Extraction and analysis of
microscopic traffic data in disordered heterogeneous traffic conditions,” Transporta-
tion Letters, vol. 13, no. 1, pp. 1-20, 2021.

R. Yao, W. Zeng, Y. Chen, and Z. He, “A deep learning framework for modelling
left-turning vehicle behaviour considering diagonal-crossing motorcycle conflicts at

mixed-flow intersections,” Transportation Research Part C: Emerging Technologies,
vol. 132, p. 103415, 2021.

D. Tan and L. Kieu, “Tramon: An automated traffic monitoring system for high
density, mixed and lane-free traffic,” IATSS Research, vol. 47, no. 4, pp. 468481,
2023.

Y. Guo, T. Sayed, M. H. Zaki, and P. Liu, “Safety evaluation of unconventional
outside left-turn lane using automated traffic conflict techniques,” Canadian Journal
of Civil Engineering, vol. 43, no. 7, pp. 631-642, 2016.

R. Jiang, S. Zhu, P. Wang, Q. Chen, H. Zou, and S. Kuang, “In search of the
consequence severity of traffic conflict,” Journal of advanced transportation, pp.
1-15, 2020.

J. Fazio and G. Tiwari, “Nonmotorized-motorized traffic accidents and conflicts on
delhi streets,” Transportation Research Record, pp. 68-74, 1995.

N. Salman and K. Al-Maita, “Safety evaluation at three-leg, unsignalized inter-
sections by traffic conflict technique,” Transportation Research Record, vol. 1485,
no. 28, pp. 177-185, 1995.

T. V. Rao and V. R. Rengaraju, “Modeling conflicts of heterogeneous traffic at urban
uncontrolled intersections,” Journal of Transportation Engineering, vol. 124, no. 1,
pp- 23-34, 1998.

F. Huang, P. Liu, H. Yu, and W. Wang, “Identifying if vissim simulation model and
ssam provide reasonable estimates for field measured traffic conflicts at signalized
intersections,” Accident Analysis and Prevention, vol. 50, pp. 1014-1024, 2013.

D. Kapski and L. Bertuliene, “Improving the method of conflict situations,” The
Baltic Journal of Road and Bridge Engineering, vol. 9, no. 4, pp. 317-324, 2014.

A. Van der Horst, M. Thierry, J. Vet, and A. Rahman, “An evaluation of speed man-
agement measures in bangladesh based upon alternative accident recording, speed
measurements, and doctor traffic conflict observations,” Transportation Research
Part F: Traffic Psychology and Behaviour, vol. 46, pp. 390—403, 2017.



References 143

[79]

[80]

[81]

[82]

[86]

[87]

[88]

C. Uzondu, S. Jamson, and F. Lai, “Exploratory study involving observation of
traffic behaviour and conflicts in nigeria using the traffic conflict technique,” Safety
Science, vol. 110, pp. 273-284, 2018.

S. Mitra, D. Mukherjee, and S. Mitra, “Safety assessment of urban un-signalized
intersections using conflict analysis technique,” Journal of the Eastern Asia Society
for Transportation Studies, vol. 13, pp. 2163-2181, 2019.

M. Rocha, M. Anzanello, F. Caleffi, H. Cybis, and G. Yamashita, “A multivariate-
based variable selection framework for clustering traffic conflicts in a brazilian
freeway,” Accident Analysis and Prevention, vol. 132, p. 105269, 2019.

C. Uzondu, S. Jamson, and F. Lai, “Investigating unsafe behaviours in traffic conflict
situations: An observational study in nigeria,” Journal of Traffic and Transportation
Engineering (English Edition), vol. 6, no. 5, pp. 482—492, 2019.

M. Paul and I. Ghosh, “A novel approach of safety assessment at uncontrolled inter-

sections using proximal safety indicators,” European Transport-Trasporti Europei,
2017.

G. Zhang, J. Chen, and J. Zhao, “Safety performance evaluation of a three-leg
unsignalized intersection using traffic conflict analysis,” Mathematical Problems in
Engineering, p. 2948750, 2017.

T. P. Hsu and K. L. Wen, “Effect of novel divergence markings on conflict prevention
regarding motorcycle-involved right turn accidents of mixed traffic flow,” Journal of
safety research, vol. 69, pp. 167-176, 2019.

A. Chen, Y. Chiu, M. Hsieh, P. Lin, and O. Angah, “Conflict analytics through the ve-
hicle safety space in mixed traffic flows using uav image sequences,” Transportation
Research Part C: Emerging Technologies, vol. 119, p. 102744, 2020.

H. Ge and Y. Yang, “Research on calculation of warning zone length of freeway
based on micro-simulation model,” IEEE Access, vol. 8, pp. 76 532-76 540, 2020.

M. Paul and I. Ghosh, “Post encroachment time threshold identification for right-
turn related crashes at unsignalized intersections on intercity highways under mixed
traffic,” International Journal of Injury Control and Safety Promotion, vol. 27, no. 2,
pp- 121-135, 2020.

J. Goyani, A. B. Paul, N. Gore, S. Arkatkar, and G. Joshi, “Investigation of crossing
conflicts by vehicle type at unsignalized t-intersections under varying roadway and
traffic conditions in india,” Journal of Transportation Engineering, Part A: Systems,
vol. 147, no. 2, p. 05020011, 2021.

M. Mohanty, B. Panda, and P. P. Dey, “Quantification of surrogate safety measure
to predict severity of road crashes at median openings,” IATSS Research, vol. 45,
no. 1, pp. 153-159, 2021.

N. M. Hasain and M. A. Ahmed, “Safety evaluation of unsignalized intersection
with heterogeneous traffic using post encroachment time and conflicting vehicle
speed,” European Transport/Trasporti Europei, no. 88, pp. 1-14, 2022.



144

References

[92]

[100]

[101]

[102]

[103]

N. M. Pawar, N. Gore, and S. Arkatkar, “Examining crossing conflicts by vehicle
type at unsignalized t-intersections using accepted gaps: a perspective from emerg-
ing countries,” Journal of Transportation Engineering, Part A: Systems, vol. 148,
no. 6, p. 05022004, 2022.

J. Goyani, N. Gore, and S. Arkatkar, “Crossing conflict models for urban un-
signalized t-intersections in india,” Transportation Letters, pp. 1-9, 2023.

A. B. Paul, N. Gore, S. Arkatkar, and G. Joshi, “Investigating and modeling the
influence of pet-types on crossing conflicts at urban unsignalized intersections in

india,” International Journal of Injury Control and Safety Promotion, vol. 30, no. 2,
pp. 239-254, 2023.

D. Singh, P. Das, and N. Parvez, “Surrogate safety evaluation at uncontrolled
intersection in non-lane base traffic conditions,” European Transport/Trasporti
Europei, vol. 93, 2023.

G. Mwesige, H. Farah, and H. N. Koutsopoulos, “Risk appraisal of passing zones on
two-lane rural highways and policy applications,” Accident Analysis and Prevention,
vol. 90, pp. 1-12, 2016.

A. Karimi, A. M. Boroujerdian, and I. Amini, “Risk evaluation of multiple passing

maneuvers on two-lane rural highways in iran,” Accident Analysis & Prevention,
vol. 163, p. 106472, 2021.

X. Vuong, R. Mou, T. Vu, V. Tran, and C. Nguyen, “A safety evaluation model of
intersections under mixed traffic conditions using traffic conflicts and cloud model,”
Journal of Advanced Transportation, vol. 2021, pp. 1-11, 2021.

M. Torkashvand, I. Aghayan, X. Qin, and F. Hadadi, “An extended dynamic proba-
bilistic risk approach based on a surrogate safety measure for rear-end collisions on

two-lane roads,” Physica A: Statistical Mechanics and its Applications, vol. 603, p.
127845, 2022.

H. Patel, N. Gore, S. Easa, and S. Arkatkar, “Novel traffic conflict-based framework
for real-time traffic safety evaluation under heterogeneous and weak lane-discipline
traffic,” Transportation Research Record, p. 03611981231172962, 2023.

Z.Qu, Y. Gao, X. Song, Y. Xia, L. Ma, and R. Yao, “Traffic conflict identification
of e-bikes at signalized intersections,” Transport, vol. 36, no. 2, pp. 185-198, 2020.

N. Kronprasert, C. Sutheerakul, T. Satiennam, and P. Luathep, “Intersection safety
assessment using video-based traffic conflict analysis: The case study of thailand,”
Sustainability, vol. 13, no. 22, p. 12722, 2021.

L. Trinh, K. Sano, and K. Hatoyama, “Modelling and simulating head-on conflict-
solving behaviour of motorcycles under heterogeneous traffic condition in develop-

ing countries,” Transportmetrica A: Transport Science, vol. 17, no. 4, pp. 921-945,
2021.



References 145

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

S. Li, Q. Xiang, Y. Ma, X. Gu, and H. Li, “Crash risk prediction modeling based on
the traffic conflict technique and a microscopic simulation for freeway interchange

merging areas,” International Journal of Environmental Research and Public Health,
vol. 13, no. 11, p. 1157, 2016.

G. Paul, N. Raju, S. Arkatkar, and S. Easa, “Can segregating vehicles in mixed-traffic
stream improve safety and throughput? implications using simulation,” Transport-
metrica A: transport science, vol. 17, no. 4, pp. 1002-1026, 2021.

M. Paul, I. Ghosh, and M. M. Haque, “The effects of green signal countdown timer
and retiming of signal intervals on dilemma zone related crash risk at signalized
intersections under heterogeneous traffic conditions,” Safety Science, vol. 154, p.
105862, 2022.

A. Adavikottu and N. Velaga, “Analysis of speed reductions and crash risk of
aggressive drivers during emergent pre-crash scenarios at unsignalized intersections,”
Accident Analysis and Prevention, vol. 187, p. 107088, 2023.

Y. Guo, T. Sayed, and M. H. Zaki, “Exploring evasive action-based indicators for
ptw conflicts in shared traffic facility environments,” Journal of Transportation
Engineering Part A: Systems, vol. 144, no. 11, pp. 1-10, 2018.

Y. Ma, H. Meng, S. Chen, J. Zhao, S. Li, and Q. Xiang, “Predicting traffic con-
flicts for expressway diverging areas using vehicle trajectory data,” Journal of
Transportation Engineering, Part A: Systems, vol. 146, no. 3, p. 04020003, 2020.

A. Shariat-Mohaymany, A. Tavakoli-Kashani, H. Nosrati, and A. Ranjbari, “Iden-
tifying significant predictors of head-on conflicts on two-lane rural roads using
inductive loop detectors data,” Traffic Injury Prevention, vol. 12, no. 6, pp. 636-641,
2011.

N. Nadimi, D. R. Ragland, and A. Mohammadian Amiri, “An evaluation of time-
to-collision as a surrogate safety measure and a proposal of a new method for its
application in safety analysis,” Transportation Letters, vol. 12, no. 7, pp. 491-500,
2020.

Y. Xia, Y. Qin, X. Li, and J. Xie, “Risk identification and conflict prediction from

videos based on ttc-ml of a multi-lane weaving area,” Sustainability, vol. 14, no. 8,
p. 4620, 2022.

P. Vedagiri and D. V. Killi, “Traffic safety evaluation of uncontrolled intersections
using surrogate safety measures under mixed traffic conditions,” Transportation
Research Record, vol. 2512, pp. 81-89, 2015.

A. Charly and T. Mathew, “Estimation of traffic conflicts using precise lateral posi-
tion and width of vehicles for safety assessment,” Accident Analysis and Prevention,
vol. 132, p. 105264, 2019.

J. Cao, J. Chen, X. Guo, and L. Wang, “Trajectory data-based severe conflict
prediction for expressways under different traffic states,” Physica A: Statistical
Mechanics and its Applications, vol. 621, p. 128595, 2023.



146

References

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

N. M. Hasain and M. A. Ahmed, “Proposing an effective approach for traffic safety
assessment on heterogeneous traffic conditions using surrogate safety measures

and speed of the involved vehicles,” Traffic injury prevention, vol. 25, no. 2, pp.
219-227, 2024.

S. S. Mahmud, L. Ferreira, M. S. Hoque, and A. Tavassoli, “Using a surrogate
safety approach to prioritize hazardous segments in a rural highway in a developing
country,” IATSS Research, vol. 44, no. 2, pp. 132-141, 2020.

S. S. Mahmud, L. Ferreira, M. S. Hoque, and A. Tavassoli, “Overtaking risk mod-
eling in two-lane two-way highway with heterogeneous traffic environment of a

low-income country using naturalistic driving dataset,” Journal of Safety Research,
vol. 80, pp. 380-390, 2022.

M. Paul and I. Ghosh, “Development of conflict severity index for safety evaluation
of severe crash types at unsignalized intersections under mixed traffic,” Safety
Science, vol. 144, p. 105432, 2021.

A. Tageldin, T. Sayed, and X. Wang, “Can time proximity measures be used as
safety indicators in all driving cultures? case study of motorcycle safety in china,”
Transportation Research Record, vol. 2520, no. 1, pp. 165-174, 2015.

A. Kumar and A. Mudgal, “Effect of vehicle size on crash risk in a heterogeneous

traffic scenario: a bivariate extreme value approach,” Transportation Letters, pp.
1-16, 2023.

H. Zou, S. Zhu, R. Jiang, Q. Chen, J. Wu, P. Wang, and C. Diao, “Traffic conflicts
in the lane-switching sections at highway reconstruction zones,” Journal of Safety
Research, vol. 84, pp. 280-289, 2023.

X. Jiang, G. Zhang, Y. Zhou, L. Xia, and Z. He, “Safety assessment of signalized
intersections with through-movement waiting area in china,” Safety Science, vol. 95,
pp- 28-37, 2017.

M. Paul and I. Ghosh, “Speed-based proximal indicator for right-turn crashes at
unsignalized intersections in india,” Journal of Transportation Engineering, Part A:
Systems, vol. 144, no. 6, p. 04018024, 2018.

S. Shekhar Babu and P. Vedagiri, “Proactive safety evaluation of a multilane
unsignalized intersection using surrogate measures,” Transportation Letters, vol. 10,
no. 2, pp. 104-112, 2018.

M. M. A. Manan, “Motorcycles entering from access points and merging with
traffic on primary roads in malaysia: Behavioral and road environment influence on
the occurrence of traffic conflicts,” Accident Analysis and Prevention, vol. 70, pp.
301-313, 2014.

M. M. A. Manan and A. Virhelyi, “Motorcyclists’ road safety related behavior at
access points on primary roads in malaysia—a case study,” Safety Science, vol. 77,
pp. 80-94, 2015.



References 147

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

N. A. Kamaluddin, C. D’ Agostino, A. Laureshyn, and A. Vérhelyi, “Modelling of
motorcyclists’ risky behaviour at an urban t-junction using generalised linear model:
An exploratory study,” IATSS Research, vol. 47, no. 1, pp. 94-104, 2023.

A. Shahana and V. Perumal, “Rear-end conflict variation at signalized intersections
under non-lane-based traffic condition,” Transportation in Developing Economies,
vol. 8, no. 2, p. 32, 2022.

O. Bidkar, S. Arkatkar, G. Joshi, and S. Easa, “Effect of construction work zone on
rear-end conflicts by vehicle type under heterogeneous traffic conditions,” Journal
of Transportation Engineering, Part A: Systems, vol. 149, no. 4, p. 05023001, 2023.

R. Chauhan, A. Dhamaniya, S. Arkatkar, and M. Haque, “A conflict-based safety
assessment technique for rear-end crash risk at signalized intersections in a lower-

middle-income country: a comparison between homogeneous and heterogeneous
traffic conditions,” Safety Science, vol. 161, p. 106075, 2023.

S. S. Puwara, A. M. Rao, and S. Velmurugan, “Surrogate safety evaluation and
validation with crash history for interurban midblock sections under heterogeneous
traffic conditions in india,” Indian Journal of Engineering and Materials Sciences
(IJEMS), vol. 28, no. 5, pp. 480—492, 2021.

N. Raju, P. Kumar, S. Arkatkar, and G. Joshi, “Determining risk-based safety
thresholds through naturalistic driving patterns using trajectory data on expressways,’
Safety Science, vol. 119, pp. 117-125, 2019.

N. Gore, R. Chauhan, S. Easa, and S. Arkatkar, “Traffic conflict assessment using
macroscopic traffic flow variables: A novel framework for real-time applications,”
Accident Analysis and Prevention, vol. 185, p. 107020, 2023.

L. Nguyen, S. Hanaoka, and T. Kawasaki, “Describing non-lane-based motorcycle
movements in motorcycle-only traffic flow,” Transportation Research Record, vol.
2281, pp. 76-82, 2012.

L. Xing, J. He, M. Abdel-Aty, Q. Cai, Y. Li, and O. Zheng, “Examining traffic
conflicts of upstream toll plaza area using vehicles’ trajectory data,” Accident
Analysis and Prevention, vol. 125, pp. 174-187, 2019.

A. Shahana and P. Vedagiri, “Developing rear-end and side-swipe conflict prediction
models for urban signalized intersections under disordered traffic conditions,” IATSS
Research, vol. 48, no. 1, pp. 1-13, 2024.

W. Qi, W. Wang, B. Shen, and J. Wu, “A modified post encroachment time model of
urban road merging area based on lane-change characteristics,” IEEE Access, vol. 8,
pp. 72 835-72 846, 2020.

Y. Wang, H. Tu, N. Sze, H. Li, and X. Ruan, “A novel traffic conflict risk measure

considering the effect of vehicle weight,” Journal of Safety Research, vol. 80, pp.
1-13, 2022.

Z. Xu and D. Chen, “Detection method for all types of traffic conflicts in work
zones,” Sustainability, vol. 14, no. 21, p. 14159, 2022.



148 References

[141] F. Ye and Y. Zhang, “Vehicle type-specific headway analysis using freeway traffic
data,” Transportation Research Record, vol. 2124, pp. 222-230, 2009.

[142] L. Liu, L. Zhu, and D. Yang, “Modeling and simulation of the car-truck heteroge-
neous traffic flow based on a nonlinear car-following model,” Applied Mathematics
and Computation, vol. 273, pp. 706-717, 2016.

[143] M. A. Das, S. and A. Budhkar, “Determinants of time headway in staggered car-
following conditions,” Transportation Letters, vol. 11, no. 8, pp. 447-457, 2019.

[144] L. Zheng, C. Zhu, T. He, S. He, and S. Liu, “Empirical validation of vehicle
type-dependent car-following heterogeneity from micro- and macro viewpoints,”
Transportmetrica B: Transport Dynamics, vol. 7, no. 1, pp. 765-787, 2019.

[145] J. Sayer, M. Mefford, and R. Huang, “The effects of lead-vehicle size on driver
following behaviour: is ignorance truly bliss,” in Proceedings of the Second Interna-

tional Driving Symposium on Human Factors in Driver Assessment, Training and
Vehicle Design, July 2003, pp. 221-225.

[146] K. Aghabayk, M. Sarvi, and W. Young, “Understanding the dynamics of heavy
vehicle interactions in car-following,” Journal of Transportation Engineering, vol.
138, no. 12, pp. 1468—1475, 2012.

[147] S. K. Dimitriou, L. and M. Abdel-Aty, “Assessing rear-end crash potential in urban
locations based on vehicle-by-vehicle interactions, geometric characteristics and

operational conditions,” Accident Analysis and Prevention, vol. 118, pp. 221-235,
2018.

[148] M. Parker, “The effect of heavy goods vehicles and following behavior on capacity
at motorway road work sites,” Traffic Engineering and Control, vol. 37, no. 9, pp.
524-531, 1996.

[149] A. Nagahama, D. Yanagisawa, and K. Nishinari, “Dependence of driving character-
istics upon follower—leader combination,” Physica A: Statistical Mechanics and Its
Applications, vol. 483, pp. 503-516, 2017.

[150] J. Weng, S. Xue, Y. Yang, X. Yan, and X. Qu, “In-depth analysis of drivers’ merging
behaviour and rear-end crash risks in work zone merging areas,” Accident Analysis
and Prevention, vol. 77, pp. 51-61, 2015.

[151] J. Hu, H. Wang, W. Wang, and W. Qi, “Sequence calculation and automatic dis-
crimination of vehicle merging conflicts in freeway merging areas,” Sustainability,
vol. 14, no. 24, p. 16834, 2022.

[152] K. I. Wong and C. Liao, “Safety evaluation for mixed traffic flow using video based
data,” Journal of Eastern Asia Society for Transportation Studies, vol. 1967, pp.
1697-1709, 2012.

[153] P. Zhao and C. Lee, “Analysis and validation of surrogate safety measures by types
of lead and following vehicles,” Transportation Research Record, vol. 2659, no. 1,
pp. 137-147,2017.



References 149

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

J. Wang, Z. Zhang, F. Liu, and G. Lu, “Investigating heterogeneous car-following be-
haviours of different vehicle types, traffic densities and road types,” Transportation
Research Interdisciplinary Perspectives, vol. 9, p. 100315, 2021.

L.Z.J.N.L.Z. Ding, N. and L. Lu, “Quantifying effects of reverse linear perspective
as a visual cue on vehicle and platoon crash risk variations in car-following using
path analysis,” Accident Analysis and Prevention, vol. 159, p. 106215, 2021.

K. K. Hyun, S. K. Mitra, K. Jeong, and A. Tok, “Understanding the effects of
vehicle platoons on crash type and severity,” Accident Analysis and Prevention, vol.
149, p. 105858, 2021.

Y. Jo, C. Oh, and S. Kim, “Estimation of heavy vehicle-involved rear-end crash
potential using wim data,” Accident Analysis and Prevention, vol. 128, pp. 103-113,
2019.

J. Weng, Q. Meng, and X. Yan, “Analysis of work zone rear-end crash risk for
different vehicle-following patterns,” Accident Analysis and Prevention, vol. 72, pp.
449-457, 2014.

K. Hyun, K. Jeong, A. Tok, and S. G. Ritchie, “Assessing crash risk considering
vehicle interactions with trucks using point detector data,” Accident Analysis and
Prevention, vol. 130, pp. 75-83, 2019.

W. Wang, Y. Wang, Y. Liu, and B. Wu, “An empirical study on heterogeneous
traffic car-following safety indicators considering vehicle types,” Transportmetrica
A: Transport Science, vol. 19, no. 2, p. 2015475, 2023.

J. Goyani, N. Gore, and S. Arkatkar, “Modeling crossing conflicts at unsignal-
ized t-intersections under heterogeneous traffic conditions,” Journal of Advanced
Transportation, 2022.

J. Damani and P. Vedagiri, “Multivariate analysis of following and filtering ma-
noeuvres of motorized two wheelers in mixed traffic conditions,” IATSS Research,
vol. 47, no. 2, pp. 121-133, 2023.

J. Goyani, N. Pawar, N. Gore, M. Jain, and S. Arkatkar, “Investigation of traffic
conflicts at unsignalized intersection for reckoning crash probability under mixed
traffic conditions,” Journal of the Eastern Asia Society for Transportation Studies,
vol. 13, pp. 2091-2110, 2019.

J. Shen and G. Yang, “Crash risk assessment for heterogeneity traffic and differ-
ent vehicle-following patterns using microscopic traffic flow data,” Sustainability,
vol. 12, no. 23, p. 9888, 2020.

P. Kar, S. P. Venthuruthiyil, and M. Chunchu, “Non-stationary crash risk modelling
of powered two-wheelers using extreme value analysis of surrogate crash events,”
Accident Analysis and Prevention, vol. 183, p. 106973, 2023.

X. Gu, M. Abdel-Aty, Q. Xiang, Q. Cai, and J. Yuan, “Utilizing uav video data
for in-depth analysis of drivers’ crash risk at interchange merging areas,” Accident
Analysis and Prevention, vol. 123, pp. 159-169, 2019.



150 References

[167] K. Wu and T. Lin, “Investigating the effects of travel lane configuration and lane
width on traffic safety where powered-two-wheelers (ptws) share with larger vehi-
cles: A micro perspective,” Accident Analysis and Prevention, vol. 172, p. 106682,
2022.

[168] T. Vuong, “Traffic conflict technique development for traffic safety evaluation
under mixed traffic conditions of developing countries,” Journal of Traffic and
Transportation Engineering, vol. 5, no. 4, pp. 228-235, 2017.

[169] Y. Wei, K. Li, and K. Tang, “Trajectory-based identification of critical instantaneous
decision events at mixed-flow signalized intersections,” Accident Analysis and
Prevention, vol. 123, pp. 324-335, 2019.

[170] P. Wang, S. Zhu, and X. Zhao, “Identification and factor analysis of traffic conflicts

in the merge area of freeway work zone,” Sustainability, vol. 15, no. 14, p. 11314,
2023.

[171] R. Jiang, S. Zhu, H. Chang, J. Wu, N. Ding, B. Liu, and J. Qiu, “Determining an
improved traffic conflict indicator for highway safety estimation based on vehicle
trajectory data,” Sustainability, vol. 13, no. 16, p. 9278, 2021.

[172] S. Coles, J. Bawa, L. Trenner, and P. Dorazio, An Introduction to Statistical Modeling
of Extreme Values. Springer, 2001, vol. 208.

[173] H. Ge, R. Xia, H. Sun, Y. Yang, and M. Huang, “Construction and simulation of

rear-end conflicts recognition model based on improved ttc algorithm,” IEEE Access,
vol. 7, pp. 134763-134771, 2019.

[174] D. V. Killi and P. Vedagiri, “Proactive evaluation of traffic safety at an unsignalized
intersection using micro-simulation,” J Traffic Logis Eng, vol. 2, no. 2, pp. 140-145,
2014.

[175] H. Ge, M. Huang, Y. Lu, and Y. Yang, “Study on traffic conflict prediction model of
closed lanes on the outside of expressway,” Symmetry, vol. 12, no. 6, p. 926, 2020.

[176] Q.Li, Z.Lei, J. Zhu, J. Chen, and T. Ma, “An automatic conflict detection framework
for urban intersections based on an improved time difference to collision indicator,”
Remote Sensing, vol. 13, no. 24, p. 4994, 2021.

[177] P. Kar, S. P. Venthuruthiyil, and M. Chunchu, “Assessing the crash risk of mixed
traffic on multilane rural highways using a proactive safety approach,” Accident
Analysis and Prevention, vol. 188, p. 107099, 2023.

[178] S. Zhou, J. Sun, X. An, and K. Li, “The development of a conflict hazardous
assessment model for evaluating urban intersection safety,” Transport, vol. 26, no. 2,
pp- 216-223, 2011.

[179] K. R. Mishra, M. Mohanty, and P. P. Dey, “Modelling traffic safety at uncontrolled
median openings: A case study in india,” IATSS Research, vol. 46, no. 4, pp.
441-449, 2022.



References 151

[180] P.Kar, S. Kumar, S. Samalla, M. Chunchu, and K. R. Shankar, “Exploratory analysis
of evasion actions of powered two-wheeler conflicts at unsignalized intersection,”
Accident Analysis and Prevention, vol. 194, p. 107363, 2024.

[181] P. Songchitruksa and A. P. Tarko, “The extreme value theory approach to safety
estimation,” Accident Analysis and Prevention, vol. 38, no. 4, pp. 811-822, 2006.

[182] L. Zheng, K. Ismail, and X. Meng, “Freeway safety estimation using extreme value
theory approaches: A comparative study,” Accident Analysis and Prevention, vol. 62,
pp. 3241, 2014.

[183] L. Zheng and T. Sayed, “Comparison of traffic conflict indicators for crash esti-
mation using peak over threshold approach,” Transportation Research Record, vol.
2673, no. 5, pp. 493-502, 2019.

[184] Y. Guo, T. Sayed, and L. Zheng, “A hierarchical bayesian peak over threshold
approach for conflict-based before-after safety evaluation of leading pedestrian
intervals,” Accident Analysis and Prevention, vol. 147, p. 105772, 2020.

[185] L. Zheng, K. Ismail, T. Sayed, and T. Fatema, “Bivariate extreme value modelling
for road safety estimation,” Accident Analysis and Prevention, vol. 120, pp. 83-91,
2018.

[186] C. Wang, C. Xu, and Y. Dai, “A crash prediction method based on bivariate ex-
treme value theory and video-based vehicle trajectory data,” Accident Analysis and
Prevention, vol. 123, pp. 365-373, 2019.

[187] L. Zheng and T. Sayed, ‘“From univariate to bivariate extreme value models: Ap-
proaches to integrate traffic conflict indicators for crash estimation,” Transportation
Research Part C: Emerging Technologies, vol. 103, pp. 211-225, 2019.

[188] A. Borsos, H. Farah, A. Laureshyn, and M. Hagenzieker, “Are collision and crossing
course surrogate safety indicators transferable? a probability-based approach using
extreme value theory,” Accident Analysis and Prevention, vol. 143, p. 105517, 2020.

[189] J. Cavadas, C. Azevedo, H. Farah, and A. Ferreira, “Road safety of passing maneu-
vers: A bivariate extreme value theory approach under non-stationary conditions,”
Accident Analysis and Prevention, vol. 134, p. 105315, 2020.

[190] A. Arun, M. Haque, A. Bhaskar, S. Washington, and T. Sayed, “A bivariate extreme
value model for estimating crash frequency by severity using traffic conflicts,”
Analytic Methods in Accident Research, vol. 32, p. 100180, 2021.

[191] Y. Guo, L. Zheng, and T. Sayed, “A comparison of collision-based and conflict-
based safety evaluation of left-turn bay extension,” Transportmetrica A: transport
science, vol. 16, no. 3, pp. 676—694, 2020.

[192] J. Pickands III, “Statistical inference using extreme order statistics,” The Annals of
Statistics, pp. 119-131, 1975.

[193] J. Beirlant, Y. Goegebeur, J. Segers, and J. Teugels, Statistics of Extremes: Theory
and Applications. John Wiley and Sons, 2004, vol. 558.



152 References

[194] A. Gelman, J. B. Carlin, H. S. Stern, and D. B. Rubin, Bayesian data analysis.
Chapman and Hall/CRC, 1995.

[195] K. Ismail, T. Sayed, N. Saunier, and C. Lim, “Automated analysis of pedestrian-
vehicle conflicts using video data,” Transportation Research Record, vol. 2140, pp.
44-54, 20009.

[196] TIRC131-2022: Guidelines for Identifying and Treating Blackspots, “Indian Roads
Congress,” 2022.

[197] R. L. Bleyl, “Using photographs to map traffic accident scenes: a mathematgical
technique,” Journal of Safety Research, vol. 8, no. 2, pp. 59-64, 1976.

[198] V. Punzo, M. T. Borzacchiello, and B. Ciuffo, “On the assessment of vehicle
trajectory data accuracy and application to the next generation simulation (ngsim)

program data,” Transportation Research Part C: Emerging Technologies, vol. 19,
no. 6, pp. 1243-1262, 2011.

[199] S.J.Z.S. M.-M. L. Fu, T. and N. Saunier, “Automatic traffic data collection under
varying lighting and temperature conditions in multimodal environments: Thermal

versus visible spectrum video-based systems,” Journal of Advanced Transportation,
2017.

[200] S. Jin, D. H. Wang, and X. R. Yang, “Non-lane-based car-following model with
visual angle information,” Transportation Research Record, vol. 2249, pp. 7-14,
2011.

[201] D. S. R. M. El-Tantawy, S. and B. Abdulhai, “Safety evaluation of truck lane
restriction strategies using microsimulation modeling,” Transportation Research
Record, vol. 2099, no. 1, pp. 123-131, 2009.

[202] J. Wu, H. Wen, and W. Qi, “A new method of temporal and spatial risk estimation

for lane change considering conventional recognition defects,” Accident Analysis
and Prevention, vol. 148, p. 105796, 2020.

[203] V. Mahajan, C. Katrakazas, and C. Antoniou, “Crash risk estimation due to lane
changing: A data-driven approach using naturalistic data,” IEEE Transactions on
Intelligent Transportation Systems, 2020.

[204] F. A. Mullakkal-Babu, M. Wang, H. Farah, B. van Arem, and R. Happee, “Compar-
ative assessment of safety indicators for vehicle trajectories on highways,” Trans-
portation Research Record, vol. 2659, no. 1, pp. 127-136, 2017.

[205] A. Borsos, “Application of bivariate extreme value models to describe the joint
behavior of temporal and speed related surrogate measures of safety,” Accident
Analysis and Prevention, vol. 159, p. 106274, 2021.

[206] L. Zheng, T. Sayed, and M. Essa, “Validating the bivariate extreme value model-
ing approach for road safety estimation with different traffic conflict indicators,”
Accident Analysis and Prevention, vol. 123, pp. 314-323, 2019.



References 153

[207] N. Fisher and P. Switzer, “Chi-plots for assessing dependence,” Biometrika, vol. 72,
no. 2, pp. 253-265, 1985.

[208] A. Stephenson, “Statistics of multivariate extremes,” CRAN, Tech. Rep., 2012.

[209] P. S. Dutfoy, A. and N. Roche, “Multivariate extreme value theory-a tutorial with
applications to hydrology and meteorology,” Dependence Modeling, vol. 2, no. 1,
pp. 3048, 2014.

[210] S. K. A. Reddy, A. Chepuri, S. Arkatkar, and G. Joshi, “Developing proximal safety
indicators for assessment of un-signalized intersection—a case study in surat city,”
Transportation Letters, vol. 12, no. 5, pp. 303-315, 2019.

[211] S. T. Fu, C. and L. Zheng, “Multivariate bayesian hierarchical modeling of the
non-stationary traffic conflict extremes for crash estimation,” Analytic Methods in
Accident Research, vol. 28, p. 100135, 2020.

[212] L. Zheng and T. Sayed, “A bivariate bayesian hierarchical extreme value model
for traffic conflict-based crash estimation,” Analytic Methods in Accident Research,
vol. 25, p. 100111, 2020.

[213] S. T. Fu, C. and L. Zheng, “Multi-type bayesian hierarchical modeling of traffic

conflict extremes for crash estimation,” Accident Analysis and Prevention, vol. 160,
p. 106309, 2021.

[214] C. Fuand T. Sayed, “Random parameters bayesian hierarchical modeling of traffic
conflict extremes for crash estimation,” Accident Analysis and Prevention, vol. 157,
p. 106159, 2021.

[215] P. Reyad and T. Sayed, “Real-time multi-objective optimization of safety and
mobility at signalized intersections,” Transportmetrica B: Transport Dynamics,
vol. 11, no. 1, pp. 847-868, 2022.

[216] Ministry of Road Transport and Highways (MORTH), “Road accidents in india,”
2018.

[217] A. Kathuria and P. Vedagiri, “Evaluating pedestrian vehicle interaction dynamics
at un-signalized intersections: A proactive approach for safety analysis,” Accident
Analysis and Prevention, vol. 134, p. 105316, 2020.

[218] A.P. Tarko, “Surrogate measures of safety,” Transport and Sustainability, vol. 11,
pp- 383-405, 2018.

[219] L. Zheng, K. Ismail, and X. Meng, “Investigating the heterogeneity of post encroach-
ment time thresholds determined by peak over threshold approach,” Transportation
Research Record, vol. 2601, no. 1, pp. 17-23, 2016.

[220] R. Chauhan, A. Dhamaniya, and S. Arkatkar, “Spatiotemporal variation of rear-end
conflicts at signalized intersections under disordered traffic conditions,” Journal of
Transportation Engineering, Part A: Systems, vol. 147, no. 11, p. 05021007, 2021.



154

References

[221]

[222]

[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

S. Bonela and B. Kadali, “Examining the effect of vehicle type on right-turn crossing
conflicts of minor road traffic at unsignalized t-intersections,” IATSS Research,
vol. 47, no. 4, pp. 545-556, 2023.

A. Kamel, T. Sayed, and C. Fu, “Real-time safety analysis using autonomous vehicle
data: a bayesian hierarchical extreme value model,” Transportmetrica B: Transport
Dynamics, vol. 11, no. 1, pp. 826-846, 2023.

F. Nazir, Y. Ali, A. Sharma, Z. Zheng, and M. M. Haque, “Car-following crash
risk analysis in a connected environment: A bayesian non-stationary generalised

extreme value model,” Analytic Methods in Accident Research, vol. 39, p. 100278,
2023.

Y. Ali, S. Washington, and M. Haque, “Estimating real-time crash risk at signalized
intersections: a bayesian generalized extreme value approach,” Safety Science, vol.
164, p. 106181, 2023.

C. Fu and T. Sayed, “Identification of adequate sample size for conflict-based crash
risk evaluation: an investigation using bayesian hierarchical extreme value theory
models,” Analytic Methods in Accident Research, vol. 39, p. 100281, 2023.

W. H. Kruskal and W. A. Wallis, “Use of ranks in one-criterion variance analysis,”
Journal of the American Statistical Association, vol. 47, no. 260, pp. 583-621, 1952.

A. Arun, C. Lyon, T. Sayed, S. Washington, F. Loewenherz, D. Akers, G. Anantha-
narayanan, Y. Shu, M. Bandy, and M. Haque, “Leading pedestrian intervals—yay
or nay? a before-after evaluation of multiple conflict types using an enhanced
non-stationary framework integrating quantile regression into bayesian hierarchical

extreme value analysis,” Accident Analysis and Prevention, vol. 181, p. 106929,
2023.

L. Zheng and T. Sayed, “Bayesian hierarchical modeling of traffic conflict extremes
for crash estimation: A non-stationary peak over threshold approach,” Analytic
Methods in Accident Research, vol. 24, p. 100106, 2019.

N. P. Lemoine, “Moving beyond noninformative priors: why and how to choose
weakly informative priors in bayesian analyses,” Oikos, vol. 128, no. 7, pp. 912-928,
2019.

R. C. Team, R: A Language and Environment for Statistical Computing, 2023.
[Online]. Available: https://www.R-project.org/

H. Wickham, M. Averick, J. Bryan, W. Chang, L. McGowan, R. Francois, G. Grole-
mund et al., “Welcome to the tidyverse,” Journal of Open Source Software, vol. 4,
no. 43, p. 1686, 2019.

J. Guo, J. Gabry, and B. Goodrich, “Rjags: R interface to stan,” 2018, r package
version 2.18.2.

J. Gabry and T. Mabhr, “bayesplot: Plotting for bayesian models,” 2021, r package
version 1.1.



References 155

[234] B. Carpenter, A. Gelman, M. Hoffman, D. Lee, B. Goodrich, M. Betancourt,
M. Brubaker, J. Guo, P. Li, and A. Riddell, “Stan: A probabilistic programming
language,” Journal of Statistical Software, vol. 76, 2017.

[235] M. D. Hoffman and A. Gelman, “The no-u-turn sampler: adaptively setting path
lengths in hamiltonian monte carlo,” J. Mach. Learn. Res., vol. 15, no. 1, pp. 1593—
1623, 2014.

[236] A. Vehtari, A. Gelman, D. Simpson, B. Carpenter, and P. Burkner, “Rank-
normalization, folding, and localization: An improved r for assessing convergence
of memc (with discussion),” Bayesian Analysis, vol. 16, no. 2, pp. 667-718, 2021.

[237] A. Gelman, X. L. Meng, and H. Stern, “Posterior predictive assessment of model
fitness via realized discrepancies,” Statistica sinica, vol. 6, no. 4, pp. 733-760, 1996.

[238] H. Huang, C. Siddiqui, and M. Abdel-Aty, “Indexing crash worthiness and crash
aggressivity by vehicle type,” Accident Analysis and Prevention, vol. 43, no. 4, pp.
1364-1370, 2011.






Publications Based on the Work Done in the Thesis

Journal Articles:

1.

Kumar, A., and Mudgal A., (2023). Effect of vehicle size on crash risk in a
heterogeneous traffic scenario: a bivariate extreme value approach. Transportation

Letters 1-16, https://doi.org/10.1080/19427867.2023.2171843.

Kumar, A., Mudgal A., (2024). Risk assessment of rear-end crashes by incorporating
vehicular  heterogeneity into Bayesian hierarchical extreme value models.
Transportmetrica B: Transport Dynamics, 12(1),
https://doi.org/10.1080/21680566.2024.2323058.

Kumar, A., Mudgal A., (2024). Defining Traffic Conflict in Non-Lane-Based Traffic

Conditions: An Extreme Value Approach. Journal of Transportation Engineering, Part

A: Systems (ASCE). https://doi.org/10.1061/JTEPBS. TEENG-8037.

Journal Articles (Communicated):

4. Kumar, A., and Mudgal A., (2024). Application of Surrogate Safety Measures in

Heterogeneous and Non-Lane-Based Traffic Conditions: A Systematic Literature
Review. International Journal of Injury Control and Safety Promotion, (Submitted, May

92024).



