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ABSTRACT
Critical gap has been estimated to investigate the gap acceptance characteristics of U-turning vehicles at 
mid-block median opening (MBMO) because proper modeling of gap acceptance behavior coupled with the 
integration of an intelligent transport system (ITS) can offer an efficient and safe driving environment at 
MBMO. In this regard, support vector machine (SVM) and occupancy time (OT), have been used to estimate 
the spatial and temporal critical gap of U-turning vehicles. The outcome of this study suggests that the SVM 
method can perform with better veracity than the OT method in accessing the gap acceptance behavior of 
U-turning vehicles. The result of the study also indicates SVM method can be used for the prediction of gap 
acceptance and rejection of U-turning vehicles and further can be integrated with a cognitive architecture 
for safe and efficient traffic flow and management at MBMO in an ITS environment.
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Introduction

Mid-block median opening (MBMO) is an uncontrolled location 
where traffic functions purely on the driver’s perceptions (Khan and 
Mohapatra 2021a; Dash, Mohapatra, and Dey 2019; Mohapatra and 
Dey 2018; Zakariya and Rabia 2016). MBMO are provided to take 
U-turns and reverse their direction. The u-turning maneuver is 
complex because U-turning vehicles need to find a gap between 
two vehicles to make a U-turn (Khan, Vivek, and Mohapatra 2021; 
Khan, Mohapatra, and Dey 2022). In the U-turning process, gap 
acceptance is a complex and risky process because the U-turning 
vehicle has to judge the available gap based on perception and make 
a decision on whether it is safe to enter the MBMO area and 
complete the U-turn (Khan and Mohapatra 2020, 2021b; 
Mohanty and Dey 2019). The decision also varies for the same 
driver based on the difference in traffic condition, speed of the 
approaching vehicle, driver characteristics, type of nth vehicle, 
and psychological character of the driver such as angry, happy, 
frustrated, and so on (Sil et al. 2018). Therefore, gap acceptance 
plays an essential role in evaluating the safety of minor vehicles, 
traffic operations at an uncontrolled intersection, and intelligent 
transport systems (Das and Maurya 2020; Gillet et al. 2015). 
A graphical representation has been presented in Figure 1 to repre-
sent the gap size considered in this study.

Many researchers have mainly focused on the safety aspect of the 
minor-street vehicle at the uncontrolled intersection because the 
minor-street vehicles are very much prone to right angle collision 
with the major-street vehicles if either of the vehicles fails to apply 
the brake and reduces its speed or stops to allow the other vehicle to 
complete its operation (Shekhar Babu and Vedagiri 2018; Pawar, 
Gore, and Arkatkar 2019; Goyani et al. 2019; Pawar, Gore, and 
Arkatkar 2022). A similar concern arises at MBMOs, which are 
hotspots for accidents and congestion due to the problems asso-
ciated with demanding traffic operations like a judgment on the 

availability of suitable gap, decision on acceptance or rejection of 
the available gap, and merging with the approaching through traffic 
(ATT) stream (Khan and Mohapatra 2022). In gap acceptance 
analysis, the critical gap is estimated by various statistical proce-
dures because the critical gap cannot be directly calculated in the 
field but can be estimated by the accepted and rejected gap of minor 
stream vehicles (Pawar et al. 2015). The critical gap of U-turning 
vehicles (minor stream movement at MBMO) can be defined as the 
minimum gap required by a driver intended to make a U-turning 
maneuver at MBMO (Dash, Mohapatra, and Dey 2019).

In the last few decades, thrust has been given to the employment 
of Intelligent Transport Systems (ITS) technology in the road net-
work. Augmentation of ITS technology can significantly improve 
the safety of road traffic and the decision-making process of drivers 
of minor movement vehicles at uncontrolled intersections (Hublart, 
2012; Mohan and Chandra 2020). A similar inference could also be 
made for MBMO, where traffic operation is quite similar to uncon-
trolled intersections. Furthermore, due to advancements in sensor 
technology, the driver assistance system, for example, conventional 
cruise control, parking assistance, autonomous emergency braking, 
and collision mitigation system, have been revamped. The aim of 
the development of advanced technology is to ease the job of the 
drivers and to provide a safe and pleasant driving experience. As 
MBMO is one of the crucial transportation infrastructures which 
facilitates the most complex maneuver process (180° turn) needs 
utmost deliberation. Therefore, the complex traffic operation and 
gap acceptance behavior of U-turning vehicles at MBMO must be 
studied thoroughly and need to be modeled to develop a well- 
organized ITS for supporting the U-turning drivers to detect the 
imminent safety issues that U-turning drivers may encounter due to 
improper decision making on accepting the available gap in the 
ATT stream. The detailed methodology of the present study is 
illustrated in Figure 2.
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