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Abstract  

Vehicle movements through intersections can be improved by channelization, by including 

separate channels for the right turn movements. A standard channel provides an entrance angle 

greater than 90°, while a smart channel design is a modified right-turn channel that decreases the 

channelized right turn to approximately 70°. This study compares whether the different channel 

configurations have different safety performance based on conflicts and sight distance. 

Vehicle interactions were manually identified using Post Encroachment Time (PET). A 

total of 805 interactions with PET less than or equal to 3s. were observed, involving the total 

movements of 58,546 right-turn and through vehicles on eight different channels. 

The means of the five safety performance parameters in this study were significantly higher 

at standard channels than at smart channels. Ordinal logistic regression results indicated that the 

probability of a potential conflict having a high severity is 4.1% higher at smart channels than at 

standard channels 
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1. INTRODUCTION 

1.1 Background 

The safety and operations at signalized intersections are affected by turning movements; 

therefore, providing exclusive right-turn lanes at these intersections has become popular in many 

upgrade projects and newly constructed intersections (Roefaro, 2011). Exclusive right-turn lanes 

increase efficiency by reducing vehicle delays, commonly at intersections with high right-turn 

traffic volume (Autey et al., 2012). Right-turn lanes are also used to increase intersection capacity 

by separating through traffic from right-turning traffic and reducing vehicular delays (Potts et al., 

2005).  

The standard channel design requires a wide angle where drivers have to look over their 

shoulders while identifying a gap in oncoming traffic, whereas the smart channel design slows 

down vehicles in the vicinity of the crosswalk while providing an appropriate angle for sight 

distance when turning right (Gemar et al., 2015). In an attempt to reduce the crossing distance for 

pedestrians to shorten distance exposure and reduce pedestrians' likelihood of conflicting with 

vehicles, a new design termed “smart channels” was proposed by Potts et al. (2005) as an 

alternative design. The smart channel design is more pedestrian-friendly and supports improved 

traffic operations (City of Ottawa, 2009). Implementing “smart channels” is commonly advocated 

for safer pedestrian crossing, however, the benefits extend to vehicle-vehicle interactions because 

the smart channel reduces the channelized right-turn angle to 70°. This entrance angle affords 

drivers a better view of the traffic stream they are about to merge into (Autey et al., 2012). 

According to the Transportation Association of Canada’s (TAC) guidelines, the new design 
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conforms to these guidelines as drivers should not have to turn their heads more than 150° to check 

approaching traffic (TAC, 2017). 

A pilot study was successfully done in Ottawa in 2009 whose desired objectives of the 

smart channel design were to reduce the workload of the driver by reducing the angle of entry and 

shoulder check, reduce viewing angle, improve the visibility of pedestrians, and to reduce turn 

speed for consistency with yield conditions that may need a full stop (City of Ottawa, 2009).  

For the safe operation of roadways, intersection sight distance is a significant control. 

However, sight distance at intersections presents a complex issue as it requires a detailed analysis. 

Several conditions impact the intersection sight distance, and these vary on different highways, by 

rural vs urban, volume levels, speed, and expectations (Layton, 2012). Both urban and rural setting 

studies have shown that the collision rate at most intersections generally decreases when sight 

obstructions are removed and sight distance increased (TAC, 2017). A roadway design with 

adequate sight distance enables vehicles to travel efficiently and safely to perform necessary 

driving manoeuvres. The sight distance for approaching vehicles should be considered when 

designing a channelized right-turn lane and should provide sufficient visibility for various users, 

clear of obstructions (Montana Department Of Transportation, 2016).  

Traffic signal-controlled intersections are thought by some not to require intersection sight 

distance provision, reasoning that conflicting traffic movements cannot co-occur. Therefore, full 

sight distance at the intersection is not needed (Michigan Department of Transportation, 2015). 

However, signalized intersections have various operational possibilities, and intersection sight 

distance is needed for the following reasons: motorist signal violations, malfunction of traffic 

signals, flasher mode of signal operations and permitted right-turn on-red (Michigan Department 

of Transportation, 2015). In addition, if right-turn on red is not allowed, these other reasons will 
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still hold at intersections with no channelized right turn lane. At a channelized signalized 

intersection, the yield control criterion for providing sufficient intersection sight distance is used 

for the channelized right turn (TAC, 2017). 

Road safety analysis has profited from reliable analysis methods that utilize observable 

traffic events that do not involve crashes due to crash data limitations. These are referred to as non-

crash events or surrogate measures. The theory behind using surrogate measures to study road 

safety assumes a relationship between severity and the frequency of different traffic events (De 

Ceunynck, 2017). Surrogate safety measures are the most widely used for identifying future 

threats, such as rear-end collisions. Although surrogate safety measures focus on quantifying 

traffic events' danger in a meaningful way, observing behavioural aspects of non-crash events may 

contain a significant amount of useful information needed to investigate underlying processes (De 

Ceunynck, 2017). An objective proximity indicator has been recommended as a surrogate measure 

for traffic interaction analysis. Post Encroachment Time (PET), among the different proximity 

indicators within the literature, offers a simple way to measure proximity generally between two 

road users (or between two vehicles in this study) without the need for extrapolation of road users' 

future speed or positions (Kassim et al., 2014). Post- Encroachment Time (PET) can be defined as 

the time difference between the moment the first vehicle leaves the area of potential collision and 

the moment the second vehicle arrives at this area while possessing the right of way (Allen et al., 

1978). 

1.2 Problem Definition 

Sufficient sight distance for drivers at yield controlled approaches to an intersection was 

recognized as one of the most critical factors contributing to overall safety (AASHTO, 2011). A 
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5% crash reduction per quadrant (20% for the four quadrants) can result from improved sight 

distance (Kennaugh, 2010). According to Kennaugh (2010), step 3 of the crash mitigation process 

at intersections involves characterizing the field conditions, which requires traffic data studies that 

include: traffic volume, traffic conflict study, spot speed and evaluating sight distance. Hardly any 

studies have evaluated how right-turn lane configurations at intersections influence sight distance 

and conflicts at intersections. This study focussed on investigating from a safety perspective 

whether the different channel configurations, smart and standard channels, may reflect a safety 

issue based on conflicts and sight distance. 

The dependence on reported collision data alone for analysis of traffic safety would 

introduce plenty of shortcomings. The shortcomings would arise because collisions are relatively 

rare events, and safety evaluation requires observations over a long time to monitor stable patterns 

(Laureshyn et al., 2010). Collisions are also usually underreported depending on the severity level 

and road user involved, hence a constraint to utilizing collision data. Road users’ pre-collision 

behaviour is usually not reported and does not provide complete information about the collision 

process (Laureshyn et al., 2010).  

1.3 Research Objectives 

This study's primary study objective was to compare whether different configurations, i.e., 

standard and smart channels at channelized signalized intersections, have different safety 

performances based on conflicts and sight distance. 

1.4 Research Contributions 

The contributions below were achieved in this thesis. 
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1. This study focussed on comparing whether different configurations, i.e., standard and smart 

channels have different safety performances based on conflicts and sight distance using 

statistical analysis. 

2. The channel configuration effect was estimated on sight distance triangle leg, PET 

measurements, sightline distance, time headway, and right turning sightline angle using 

statistical analysis. 

3. The channel configuration effect on conflict rate at intersections was estimated using 

statistical analysis 

4. The study estimated the probability of PET at any severity level using ordinal logistic 

regression. 

A total of 805 interactions with PET less than or equal to 3s. were observed, out of 

observations involving the movements of 44,048 through vehicles and 14,498 right-turn vehicles 

on eight different channels: 109 interactions within proximity level PET(0,1]s., 493 within PET 

proximity level (1,2]s. and 203 within the PET proximity level (2,3]s.  

1.5 Organization of Thesis 

This thesis consists of seven chapters. Chapter One presents the introduction. Studies 

related to the safety evaluation of channelized signalized intersections are presented in Chapter 

Two. Furthermore, Chapter Two presents the importance of having sufficient sight distance at 

right-turn channelized intersections and the need for using conflicts as a surrogate measure of 

safety. The study area is described in Chapter Three with a description of the channels considered 

for study. The chapter includes a description of the data collected at each channel. Chapter Four 

presents the methodology used to measure Post Encroachment Time (PET). Sight distance 
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methodology is presented in Chapter Five. Chapter Six presents the data's descriptive statistics, 

statistical analysis comparing performance parameters at smart and standard channels and 

estimating a conflicts’ probability at any severity level given the performance parameters studied. 

Conclusions and recommendations of this study are suggested and highlighted in Chapter Seven. 
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2. LITERATURE REVIEW 

2.1 Introduction 

The American Association of State Highway and Transportation AASHTO (2011) defines 

channelization as the separation of traffic movements using pavement markings and islands 

(Gemar et al., 2015). Adverse operational and safety effects could result from a significant volume 

of right-turn vehicles at intersections; therefore, channelized right-turn lanes are commonly 

implemented at intersections with high right-turn traffic volume to improve safety and reduce 

vehicle delay (Autey et al., 2012). The new design known as “smart channels” decreases the 

channelized right-turn angle to approximately 70°. The design was meant to be more pedestrian-

friendly while improving traffic operations (Autey et al., 2012). The alternative right-turn design 

was recently proposed to improve further channelized right-turn lanes safety for drivers (Sayed et 

al., 2013). This design provides drivers with a better view of the traffic stream they are about to 

merge with while also allowing for safer pedestrian crossing (Sayed et al., 2013). Right-turn slip 

lanes are often installed by transportation planners because to name a few, they allow for the 

control of the angles at which vehicles merge, diverge, or cross controls prohibited turns and 

control vehicle speeds (Gemar et al., 2015). In the past, right-turn lanes accommodated high 

turning speeds, coupled with pedestrians' low visibility, and therefore, unsafe pedestrian crossings 

(Gemar et al., 2015). The Urban smart channel design adopted slow speeds and a 55-70° angle 

between merging vehicle flows, allowing pedestrians' good visibility (Gemar et al., 2015). 

However, on some skewed intersections, the key geometric principle of achieving the 70° skew is 

not always feasible (Suderman et al., 2015). Although right-turn slip lanes are expected to reduce 

rear-end collisions involving right-turn and through vehicles on the same approach, the speed 
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differential between the two is reduced, therefore, rear-end and sideswipe crashes on the crossing 

approach may increase due to merging traffic (Gemar et al., 2015).  

Gemar et al.(2015) compared intersection approaches safety of right-turn lanes, shared 

through/right turn lanes and conventional right-turn lanes. It was found that the estimated number 

of crashes for rear-end and sideswipe were not significantly affected by the type of right turn 

approach but concluded that sideswipe crashes increase when the right-turn movement is given an 

exclusive lane. 

The City of Winnipeg has had great success in utilizing the “smart channel” design for 

most intersections. It has proven to increase yield to pedestrians and reduce  vehicle speed 

compared to the standard compound curve (Suderman et al., 2015). Compared to traditional 

compound curvature, smart channels help reduce the amount required by drivers to turn their heads 

to clearly see oncoming traffic, mostly at skewed intersections. The design guidance is in Figure 

2-1. 
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Figure 2-1: Geometric realignment for smart channels (Autey et al., 2012) 

 

The City of Ottawa has adopted the smart channel design as a measure of improving road 

safety. The difficulty for older drivers turning their heads at skewed (non-90) angles to view 

intersection traffic and potential conflicts to smoothly merge with adjacent lane traffic is 

recognized by the US Federal Highway Administration (FHWA) (Autey et al., 2012). 

Furthermore, promoting sharper angle entry into the cross street improves pedestrian visibility 

while decreasing the extent to which drivers approaching have to turn their heads while looking 

out for oncoming traffic (Autey et al., 2012). 

Florida Department of Transportation (FDOT) right-turn lane design proposed another way 

of narrowing the turning path using pavement markings. The markings expand the channelizing 
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island using chevron pattern markings. Regardless of the many benefits associated with this 

retrofitting treatment, there are drawbacks to implementing this design. Although the initial cost 

may be low, long term costs might be incurred because of having to maintain additional pavement 

markings. Secondly, motorists who prefer to execute a higher speed may not follow the delineated 

path and encroach on the markings, making the treatment ineffective, and higher costs would be 

incurred to modify the curb radius to inhibit this behaviour (Gemar et al., 2015).  

Comparing the Ottawa design to the Florida DOT design, The Texas Department of 

Transportation (TxDOT) attendees (input obtained from focus group meetings with additional 

TxDOT personnel) seemed to prefer the former as this configuration appeared to require less right-

of-way. The Ottawa design was more suitable for elderly drivers with vision and neck concerns 

than the Florida DOT design, which encouraged non-compliance with the pedestrian crossing 

location because of the availability of extra perceived refuge in the island's painted area. 

Nonetheless, the Ottawa design's concern was with space availability and if the entrance to the 

right-turn slip lane would be blocked by vehicles waiting at the signal. TxDOT participants 

suggested the deceleration lane as a potential remedy to the latter.  

Accordingly, it was proposed to modify the Ottawa design to comply with the Americans 

with Disabilities Act (ADA) requirements and checking with the AASHTO Green Book for the 

minimum island size recommended. Therefore, it is an easily implementable solution as it is a 

relatively low cost since this retrofitting remedy only requires stripping (Gemar et al., 2015). 

2.2 Sight Distance at a Channelized Right-turn Lane 

Intersections need to be designed to provide sufficient sight distance to enable drivers to 

control and safely operate their vehicles. Sight distance is a critical factor in designing intersections 
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and is based upon speed (Kennaugh, 2010). If there are no potentially conflicting vehicles on the 

major road, a driver approaching a yield sign can enter the major road without stopping. It is vital 

to note that the sight distance needed by a driver on a yield-controlled approach should be greater 

than that for a stop-controlled approach (Kennaugh, 2010).  

Initially, intersection sight distance was presented as a function of perception reaction time 

and vehicle speed by AASHTO (1984). Later, the new criterion in AASHTO (2001) based 

intersection sight distance on the gap-acceptance concept, derived from the drivers’ observed 

behaviour when entering an intersection. Intersection sight distance should then be provided to 

enable drivers to identify that critical gap (Harwood et al., 1996). This sight distance can be 

guaranteed using the line of safety envelope curve (Liu et al., 2010). A driver about to enter the 

intersection, safety-related factors are the primary concern, with drivers looking inside the 

intersection’s landscape to obtain information. The line of safety envelope curve allows drivers to 

judge the road situation while in a continuous moving process. As the driver obtains road 

information, their line of sight constantly tangents to the inside landscape, forming a continuous 

sight distance. Therefore, sufficient sight distance may improve intersection traffic efficiency, 

enabling vehicles to pass safely by the maximum speed (Liu et al., 2010). Figure 2-2 illustrates the 

line-of-sight envelope curve, which also applies to right-turning vehicles on the minor road and 

approaching through vehicles on the major roadway.  
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Figure 2-2: Line of sight envelope curve (Liu et al., 2010) 

 

Adequate sight distances are achieved by designing nonlimiting horizontal and vertical 

alignment, avoiding sight distance obstructions in quadrants of intersections and inside horizontal 

curves. This distance has been defined as a function of operating speeds (Glennon, 2004). It is 

critical to know the safety benefits of expected sight distance for any proposed changes to the 

existing alignment. Equally valuable are the safety benefits of low-cost alternative improvements 

such as roadside obstruction removal to improve sight distance(Glennon, 2004).  

A few studies have addressed the role of intersection sight distance in producing accidents; 

(David and Norman, 1975; Wu, 1973; Mitchell, 1973; Moore and Humphries, 1975). However, 

only two of them provide a form of relationship between intersection sight distance and accidents. 

Wu (1973) analyzed the relationship between accident rate and a term he used as ‘clear vision 

right-of-way’ at 192 intersections, the study concluded that intersections with poor visibility had 

significantly higher injuries and total accident rates. Nevertheless, depending on varied right-of-

way widths, conclusions might be misleading in both the explicit and poor vision categories.  
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David and Norman (1975) studied the relationship between accident rate and other traffic 

and intersection features. The intersections included were 558 in number that had 4,372 accidents 

over three years. The study concluded significant accident differences between “clear” and 

“obstructed” intersections for different restriction levels. However, many indicator variables that 

could significantly affect accident rates, such as speed limits and turning lane presence were not 

accounted for, possibly making a misleading sight distance conclusion (Glennon, 2004). Despite 

the unclear safety effectiveness of improved intersection sight distance, low-cost treatments, 

including removing minor obstructions on the inside of horizontal curves, are solutions to be 

considered (Glennon, 2004). 

Harwood et al. (2003) research involved a panel of safety researchers that developed 

Accident Modification Factors (AMFs) for specific traffic control features and geometric design. 

The latter developed estimates of the safety effectiveness of right-turn lanes. The panel did not 

find any well-designed before-after-studies on the accident reduction effectiveness of right-turn 

lanes. After reviewing the available studies, it was estimated that the presence of a right-turn lane 

and one approach to a rural stop-controlled intersection reduced intersection-related accidents by 

5%, and a right-turn lane on both major approaches reduces the latter by 10%.  

At signalized intersections, drivers without right-of-way require intersection sight distance 

(ISD) to perceive and react to conflicting vehicles. Sight distance horizontally and vertically must 

also be maintained to enable drivers to have an adequate line-of-sight as they approach the 

intersection (FHWA, 2013). Vehicle speed and sight distance are closely related to traffic safety, 

and Liu et al. (2010) found a close correlation between intersection sight distance and vehicle 

velocity. 
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In highway geometric design, sight distance is a vital safety element. The ISD existing 

approach is deterministic and significantly relies on extreme values of the component design 

variables such as friction coefficient, design speed and perception-reaction time (Easa, 2000). The 

distance the driver had, free from obstruction to view an approaching vehicle before a manoeuvre 

that resulted in a conflict was made, is described as the sightline distance in AASHTO (2018) used 

in the design of ISD. AASHTO (2018) discusses six different cases for ISD that can be used to 

determine the required sight distance.  

The basis for calculating sight distance traditionally at intersections has relied upon the 

sight distance triangle's notion (Harwood et al., 1996). Channelized right-turn sightlines should be 

clear of obstructions and need to provide sufficient visibility for vehicles. The driver may either 

stop or continue through the intersection with a turning manoeuvre at channelized intersections; 

this is known as a “yield decision” (Harwood et al., 1996). 

Considering that channels are yield controlled, to accommodate right-turns without 

stopping, the length of the leg of the approach sight distance triangle along the minor road should 

be 25m. The assumption is based on the observation that drivers turning right without stopping 

will slow to a turning speed of 16km/h [10mph] (AASHTO, 2018). 

2.3 Vehicle Safety at Channelized Intersections 

An evaluation at three intersections in Penticton, British Columbia, was done to evaluate 

right-turn lanes' conversion to smart channels by (Autey et al., 2012). A before and after analysis 

of the safety impact was done using automated detection and analysis of traffic conflicts with 

computer vision techniques. The results showed that the conversion of standard channels to smart 

channels could lead to a considerable reduction in both conflict frequency and severity. The 
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average conflict severity reduced by 41%, while the total average hourly conflict reduced by 51%. 

Automated video-based conflict analysis significantly facilitates the traffic conflict data collection 

and overcomes the reliability and repeatability issues commonly associated with manual traffic 

conflict observations (Autey, 2010). 

Road safety assessment can be based on either collision data or surrogate measures of 

safety. Road traffic safety is traditionally based on road collision statistics as the primary data 

source (Chin and Quek, 1997). An alternative approach is based on surrogate safety measures 

when analyzing road safety, usually due to the inherent collision data limitation. 

2.3.1 Conflicts as a Surrogate Measure for Safety 

Traffic conflicts are usually defined as an ‘observable’ case where two or more road users 

approach each other in space and time to the extent that a collision is likely to happen if their 

movements remain unchanged (Zheng et al., 2014). Techniques for road safety analysis that rely 

on data other than collisions are termed as surrogate safety measures. The emergence of traffic 

conflicts in road safety studies ignited a debate about their validity as descriptors of hazardous 

road conditions and caused hesitation in adopting traffic conflict programs in the absence of a 

strong correlation with accidents (Brown, 1993). There are still some disputes on what traffic 

conflicts are, despite decades of conceptual development and widespread application (Zheng et al., 

2014). There is no clear relationship between geometric design standards and safety because the 

relationship between surrogates and safety is often counter-intuitive or uncertain. Therefore, sight 

distance as a substitute for safety is measured by crash frequency and severity (Hauer, 2000). 

Clarity is needed about what ‘road safety’ means to avoid sterile disagreement. For example, if 

two highway design alternatives connecting A and B, accommodating the same traffic, the 

highway design likely to have fewer and less severe crashes is considered the safer one. Therefore, 
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the road's safety is determined by the frequency and severity of crashes expected to happen on that 

road. In that case, road safety is always a situation of degree, either safer or less safe (Hauer, 2000). 

Surrogate measures target at developing safety indicators related to safety but not based on 

observing collisions. Accidents are rare and complex events, and therefore, their statistics are 

difficult to use in predicting failure in the crash environment (Brown, 1994). The accuracy with 

which road safety can be estimated depends on the precision with which the probability of accident 

occurrence can be estimated (Brown, 1994). Reported accident statistics provide no satisfactory 

causal link between road user risk and elements on the road that present hazardous conditions. The 

latter has led to the development of traffic conflict observation techniques intending to reduce the 

uncertainty in estimating road user safety while producing a human factor measure. The human 

factor measure would provide a symptomatic diagnosis of hazardous road elements (Brown, 1994). 

Studies point out that a continuum of all traffic events is presented as conflicts and collisions being 

some extreme manifestation of the process of generating all traffic events. 

Traffic conflict indicators as an alternative to safety analysis were used to quantify road 

user’s degree of proximity, and in some cases, identify traffic conflicts, namely, Post 

Encroachment Time (PET) and Time- to- Collision (TTC). Time-to-Collision is defined as “ the 

time that remains until a collision between two vehicles would have occurred, if the collision's 

course and speed difference are maintained” (Hayward, 1972). In vehicle-vehicle conflicts context, 

TTC represents the time elapsed from the current moment until both vehicles reach a level of 

proximity that the former’s safety is compromised if movements of either vehicle remain 

unchanged. Post- Encroachment Time (PET) can be defined as the time difference between the 

moment the first vehicle leaves and the area of potential collision and the moment the second 

vehicle arrives at this area while possessing the right of way (Allen et al., 1978).  
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Based on the literature, Post Encroachment Time (PET) provides a simple way to measure 

proximity without the need for extrapolation of future speeds or positions of road users. PET can 

objectively measure road users' proximity to a collision where a collision was not observed 

(Kassim et al., 2014). 

2.3.2 Post Encroachment Time 

 A threshold needs to be selected when counting the number of conflicts to determine the 

observations with PET values below an identified threshold and is used solely to identify events 

for analysis (Kassim et al., 2014). In studies where the surrogate measure magnitude and collision 

frequency were not consistent, PET was used successfully to account for collision record 

limitations (Peesapati et al., 2018). 

Regarding safety estimation at a site, many surrogate measures have a significant 

advantage of not requiring historical crash data directly (Peesapati et al., 2018). However, the exact 

relationship between PET and crashes is still an ongoing research area. Peesapati et al. (2018) 

studied the use of PET to estimate crashes between opposing through vehicles and left-turning 

vehicles for its ability to predict opposing left-turn crashes. The model combining traffic volume 

characteristics and PET had better prediction power than PET alone (Peesapati et al., 2018). 

Furthermore, it was determined that PET could be capturing the impact of other intersection 

characteristics on safety as other intersection characteristics inclusions. These may include grade, 

sight distance or other parameters that result in only marginal impacts on predictive capacity 

without the justification of the increased model complexity (Peesapati et al., 2018). 

Huang and Wu (2003) and Kassim et al. (2014) measured the proximity between cyclists 

and motor vehicles at signalized intersections in Beijing, China and Ottawa, Canada, respectively. 
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The conflict movement scenarios observed in Kassim et.al. (2014) study are illustrated in Figure 

2-3. The method used for these studies can also be applied to motor vehicle-vehicle interactions. 

Two-time durations were measured to identify a conflict in either scenario using the image 

sequences of the traffic events involving the road users mentioned above. The time lag that both 

authors used to measure road user proximity fits the PET description. Huang and Wu (2003) study 

with the camera frame rate of 25 frames/second found the average time lag as 2.93 s. and a 

minimum of 0.52 s., while Kassim et al. (2014) study that had a camera frame rate of 

approximately 30 frames/second, with a precision of 0.033 s., found the average time lag as 1.77 

s. and a minimum of 0.07 s. The latter study also examined automated methods of measuring PET 

compared to the Manual Frame Count Method (MFCM) and found that both methods' PET 

methods had a high correlation of determination. The average absolute difference between the 

methods was 0.12 s. The Automated Method (AM) decreased the processing time by 67%. 

Therefore, the proposed AM can practically support large-scale data collection for investigating 

the PET counts and collisions relationship. 

 

Figure 2-3: Conflict movement scenarios between motor vehicles and cyclists at a 

signalized intersection. (a) right-turn motor vehicle vs cyclists. (b) Through motor vehicle 

versus left-turning cyclists. (c) Left-turning motor vehicle versus through cyclists (Kassim 

et al., 2014)   
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3. STUDY AREA DESCRIPTION 

This chapter presents the study area and describes the procedure followed to obtain all the 

necessary data required for analysis in this study. A description of the selected study area 

introduces the chapter. It then presents the data requirements for analysis that guided the data 

collection process.   

3.1 Study Area 

The area selected in this study is in Ottawa City, the capital of Canada, located in 

Southeastern Ontario. Ottawa is the country’s fourth-largest city. The population in Ottawa in 2020 

was estimated at 1,393,086, with a 1.08% annual change since 2015. The population density is 317 

per square kilometre (820/square miles). The city's total surface area is 2,778.13 kilometres 

(1,072.9 square miles) (City of Ottawa, 2020). There are several right-turn channelized islands 

implemented at intersections within the City of Ottawa. These are common at wide intersections 

with high-speed right-turns and large corner radii. The addition of a channelized island can help 

reduce the speed at which right-turns are made (Autey et al., 2012). There are two right-turn lane 

designs implemented at intersections: the conventional standard channel design and the improved 

right-turn lane design. The latter is also known as the City’s “urban smart channel.” The urban 

smart channel as a countermeasure is only appropriate at locations where a channelized right-turn 

lane is already installed (City of Ottawa, 2010). The improved right-turn lane design provides all-

round good visibility and reduces speed, whereas a standard right-turn lane design promotes high 

speed with low visibility, and the drivers’ attention and head is turned away from crossing 

pedestrians (City of Ottawa, 2010). 
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The intersections used in this study were chosen based on data availability from the City 

of Ottawa. The videos used were from previously positioned cameras by the City of Ottawa to 

collect volume data at intersections within the city. Therefore, the camera location at the 

intersections and orientation favoured vehicle count studies. Nonetheless, one of the city’s 

engineers assisted in looking through a vast number of videos within the City of Ottawa’s database 

for three weeks to identify channels with a camera location and orientation that could be utilized 

for this specific study. The intersections chosen for this study were those that had a view of vehicles 

downstream of the right-turn channels and through vehicle movements. Figure 3-1 shows an 

overview of the study area with all eight-channel locations at the seven intersections chosen for 

this study. The channels consist of four smart channels and four standard channels. Smart channel 

locations include Strandherd and Longfields, Baseline and Clyde, Riverside and Heron, Greenbank 

and Strandherd. Standard channel locations include Baseline and Woodroffe, with two channels 

considered for study at this intersection, eastbound right and westbound right, Fisher and 

Meadowlands, and Riverside and Brookefields. 
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Figure 3-1: Location of study intersections (Google Earth 2020) 

 

A summary of the eight channels is shown in Table 3-1, including the approach and 

movement direction using the four cardinal directions. i.e., a southbound-right-turn direction 

represents vehicle movements from the northern direction, turning right towards the West. 

Table 3-1: Intersections direction of travel and channel location 

Type of Channel 

C
h

a
n

n
el

 i
d

 

Intersection name Direction 

Standard Channel 

1 Fisher and Meadowlands EBR 

2 Baseline and Woodroffe  EBR 

3 Baseline and Woodroffe WBR 

4 Riverside and Brookefield SBR 

Smart Channel 

5 Baseline and Clyde EBR 

6 Greenbank and Strandherd SBR 

7 Riverside and Heron SBR 

8 Strandherd and Longfield EBR 

*SBR-Southbound Right, EBR- Eastbound Right, WBR-Westbound Right 
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The City of Ottawa provided the Average Annual Daily Traffic (AADT) for the 

intersections used in this study and are presented in Table 3-2, for right-turn AADT, through 

AADT and total AADT, including the year the data was obtained. 

Table 3-2: Average Annual Daily Traffic at each intersection (City of Ottawa, 2020) 

Type of 

Channel 

In
te

rs
e
ct

io
n

 i
d

 

Intersection name 
Year 

collected 

Right 
AADT 

Through 
AADT 

Total 
AADT 

Standard 

Channel 

1 Fisher and Meadowlands 2019 784 6811 29991 

2 Baseline and Woodroffe  2016 595 2907 21328 

3 Baseline and Woodroffe 2016 1157 4901 21328 

4 Riverside and Brookefield 2020 2667 322 52501 

Smart 

Channel 

5 Baseline and Clyde 2014 2848 7770 58060 

6 Greenbank and Strandherd 2014 801 1144 15827 

7 Riverside and Heron 2019 6526 13279 77596 

8 Strandherd and Longfield 2016 1331 2713 42525 

 

The City uses Miovision cameras, commonly set up for one day to collect vehicle volume, 

usually between 6:45 am-6:45 pm. The monitoring cameras' views of each channel location chosen 

for study are shown in Figure 3-2 and Figure 3-3. 
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Figure 3-2: View of monitoring camera at smart channels 

 

Figure 3-3: View of monitoring cameras at standard channels 

 

Baseline & Woodroffe - EBR 

Baseline & Woodroffe - WBR 
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The vehicle movements analyzed in this study are right-turn movements through the 

channel and the through vehicle movements through the intersection. An example is shown in 

Figure 3-4 at Riverside and Brookefield.  

 

Figure 3-4: Vehicle movements at intersections 

 

Figure 3-5 illustrates the smart channel location at each intersection used in this study. 

Intersection A is a four-leg intersection at Heron and Riverside Dr., with three smart channels and 

one standard channel. The channel with the southbound right-turn direction of travel was selected 

for the study. The through vehicles are in the eastbound direction. The channel’s right-turn lane 

has a shared lane downstream that crosses a cyclist lane and bus lane, making this intersection 

different from the rest of the intersections chosen. Intersection B is at Strandherd and Longfields; 

it is a four-leg intersection with three smart channels. The movement direction for the smart 

channel selected is eastbound right-turn, crossing a cyclist lane before merging into a shared lane 

downstream. The movement of the through vehicles is in the southbound direction. Strandherd and 

Longfields intersection lane orientation on the through lane is different compared to other 
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intersections. There is only one lane upstream and two lanes downstream, which indicates no direct 

link between the right-turn and through vehicles at this channel. Intersection C is at Greenbank 

and Strandherd, a four-leg intersection with three channels, two standard channels and one smart 

channel. The smart channel vehicle movement is westbound right-turn free-flow with a shared lane 

downstream that crosses a cyclist lane. The through vehicles travel in the northbound direction. 

Intersection D is a smart channel at Baseline and Clyde, a four-leg intersection with an eastbound 

right-turn movement direction that consists of a shared lane with an island upstream and a shared 

lane downstream. 

 

Figure 3-5: Smart channel locations at each intersection 

 

Figure 3-6 illustrates the location of the standard channels used in this study. Intersection 

E is at Brookefield and Riverside, a four-leg intersection with four channels, all standard channels. 

The channel considered is a standard channel with movement direction southbound right-turn. The 

channel has a shared lane upstream and a shared lane downstream. Intersection F is at Baseline 
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and Woodroffe, a four-leg intersection with four standard channels. The two channels considered 

for this study are those with movement direction: eastbound right-turn and westbound right-turn, 

both with an island and shared lane downstream. Intersection G is at Meadowlands and Fisher, a 

four-leg intersection with four standard channels. The channel considered for the study is the 

eastbound right-turn direction. It consists of a shared lane with an island upstream and a shared 

lane downstream.  

 

Figure 3-6: Standard channel locations at each intersection 

 

The different lane orientations and vehicle traffic flow at Strandherd and Longfields and Heron 

and Riverside require that the data is analyzed accounting for these intersections to determine 

whether they significantly affect the data. 



27 

 

3.2 Data Description 

The data used in this study was from eight-channel locations in the City of Ottawa at seven 

intersections. The data collected focussed on observing drivers and identifying potential conflicts 

based on the PET threshold (0,3]s., of vehicle interactions between right-turn and through vehicle 

manoeuvres at a signalized channelized intersection at four standard and four Smart channels. This 

section describes each variable obtained at each channel location. Thereafter, a detailed description 

of how these variables were measured is presented in Chapter 4 and Chapter 5. Performance 

parameters have been defined in this chapter, as observed at the intersections for each interaction. 

There are five performance parameters used in this study. 

1. Post encroachment time involving very close proximity between motor vehicles. 

2. Intersection sight distance (using time headway as the measure). 

3. Right turning sightline angle. 

4. Sight distance triangle leg on the through road. 

5. Sightline distance 

3.2.1 Post Encroachment Time 

The PET definition for this study is the time difference between when the rear part of the 

motor vehicle leaves (or the front part arrives at) the area of a potential collision and when the 

front part of another motor vehicle arrives at (or the rear part departs from) this area (Kassim et 

al., 2014). The motor vehicle part may include any one of the vehicle’s four corners. The count 

events were based on a threshold selection, i.e., count of interactions. The PET measurements 

counted were less than or equal to 3s. i.e. traffic conflicts were registered if the conflict measure 

values are less than the predetermined threshold (Sayed et al., 2013). PET is analyzed in two ways 
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as shown in Chapter Four, as PET measurements at each channel configuration within the 

threshold (0,3]s., and PET categorized into three proximity levels: PET (0,1]s., count of 

interactions between 0 and 1, not including 0, including 1, PET (1,2]s., a count of interactions 

between 1 and 2, not including 1, including 2, and PET (2,3]s., count of interactions between 2 

and 3, not including 2, including 3. PET (0,1]s. reflects a potential conflict with a high severity 

level/proximity level, PET (1,2]s. reflects a potential conflict with a medium severity level and 

PET (2,3]s. reflects a potential conflict with a low severity level.  

3.2.2 Intersection Sight Distance 

In design, intersection sight distance (ISD) required at an intersection is based on the traffic 

control, approach speed, road width, and the design vehicle. In this study, intersection sight 

distance is studied for each interaction event between right-turn vehicles and through vehicles 

using time headway as a measure of ISD, sight distance triangle leg (SDTL), sightline distance, 

right turning sightline angle as visibility parameters. 

The sight distance triangle leg (SDTL) is the distance on the through road at the point the 

through vehicle is first observed by the right turning vehicle. The SDTL distance was calculated 

using the sight distance triangle by obtaining the sightline distance and decision point distance for 

each interaction. Sightline distance was measured as the line of sight from the right turning driver’s 

location to the conflicting through vehicles’ location. The sightline distance was estimated at the 

moment when a driver had an unobstructed view of the conflicting through vehicle. 

The right turning sightline angle is estimated as the angle the driver needed to turn his head 

to view the approaching vehicles before a potential conflict was observed. The right turning 

sightline angle was measured from the line tangential to the right-turn channel's centerline to the 
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sightline. The literature mentions that smart channels have a better safety performance because of 

the smaller entrance angle, making it easier for drivers to manoeuvre during a right-turn. The 

smaller the angle, the easier a driver making a right-turn can view the conflicting through vehicles. 

Regardless of unrestricted view to see a vehicle at standard channels, one might have to turn back 

close to 150°, which is very difficult for some drivers such as older drivers and inexperienced 

drivers. Therefore, smart channels help make the driving task simpler, hence better performance 

in terms of safety based on literature.   

Time headway used in this study is defined as the time difference between two successive 

locations of the through vehicle for each interaction event when the through vehicle crosses a given 

point along the through lane at an intersection. The two successive locations are identified at the 

moment the right-turn vehicle had an unobstructed view of the conflicting through vehicle and the 

potential conflict point downstream. i.e., based on the time of arrival to the conflict point for a 

through vehicle. Time headway was used as the measure of ISD using the frame count method in 

Virtualdub, a video processing utility for Windows. 

 

 

  



30 

 

4. POST ENCROACHMENT TIME METHODOLOGY 

4.1 Background 

Many authors have ventured to identify or apply surrogate safety measures to prevail over 

the frequent lack of sufficient crash data. Some include; post encroachment time (Allen et al., 

1978); and time-to-collision (Minderhoud and Bovy, 2001). An objective indicator is used to 

characterize the interaction between motor vehicles known as; Post- Encroachment Time (PET), 

which provides a simple way to measure proximity without the need for extrapolation or predicting 

future positions of vehicles. In a situation where a collision was not observed, PET can be used to 

measure vehicles' proximity (Tarko et al., 2009).  

The PET definition for this study is the time difference between when the rear part of the 

motor vehicle leaves (or the front part arrives at) the area of a potential collision and when the 

front part of another motor vehicle arrives at (or the rear part departs from) this area (Kassim et 

al., 2014). Right-turn and through movements between vehicles will be considered for this study. 

The interactions between these vehicles were also referred to as potential conflicts.  

This chapter describes a manual method used to measure PET between vehicles using a 

video analysis technique suggested by Kassim et al. (2014). The chapter is divided into three 

sections: data collection, PET measurement method, and PET sample data summary. 
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4.2 Data Collection 

PET data collection between motor vehicles involved using videos provided by the City of 

Ottawa to monitor right-turn motor vehicle movements and through motor vehicle movements to 

identify interaction events at all eight channels.  

4.2.1 Video Data Collection 

The videos from which data was extracted had a frame width of 720 pixels and a frame 

height of 480 pixels. The videos provided by the City of Ottawa used for this study had video 

footage between 6:45 am - 6:45 pm, a total of 12 hours on the day the camera was set up to observe 

the movements at each channel per intersection considered. This time window was used to obtain 

all observations used in this study. Table 4-1 details the day, month and year; the video data was 

created in the City of Ottawa’s database. Table 4-2 gives a sample summary of the PET data 

collected. Each video was one hour long. In total, 96 videos were viewed, equivalent to 96 hours 

of viewing. A total of 58,546 vehicles were observed in this study, involving the movements of 

44,048 through vehicles and 14,498 right-turn vehicles. These observations were done over four 

months, covering all eight channels. Table 4-3 summarizes the total vehicle volume observed at 

each intersection for right-turn vehicles and through vehicles. 
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Table 4-1: Day of camera set up for each intersection 

Type of 

Channel 

In
te

rs
e
ct

io
n

 i
d

 

Intersection name 
Day 

Collected 

 

 

 

Month 

 

 

 

 

Year 

Standard 

Channel 

1 Fisher & Meadowlands Tuesday November 2019 

2 Baseline & Woodroffe  Wednesday October 2019 

3 Baseline & Woodroffe Wednesday October 2019 

4 Riverside & Brookefield Wednesday October 2019 

Smart 

Channel 

5 Baseline and Clyde Tuesday November 2019 

6 Greenbank & Strandherd Thursday May 2020 

7 Riverside & Heron Thursday  April 2020 

8 Strandherd & Longfield Tuesday November 2019 

 

4.2.2 Method of Measuring PET 

The method used for this study was the Manual Frame Count Measurement (MFCM) 

suggested by Kassim et al. (2014), a method to identify motor vehicles’ behaviour while 

manoeuvring the signalized intersections to determine the PET. The videos were observed 

manually to identify interactions. Interactions involving vehicles turning right at the channel and 

conflicting through vehicles were the focus of this study. The potential area of conflict is illustrated 

in Figure 4-1. A right-turn interaction occurred when a motor vehicle made a right-turn through 

either a smart or standard channel and crossing the conflicting through motor vehicles’ path. 
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Figure 4-1: Right-turn and through vehicle interaction schematic drawing 

 

Furthermore, two scenarios were observed with this interaction type depending on whether 

the vehicle turning right or through vehicle arrives first at the possible collision area, as seen in 

Figure 4-2. 

 

Figure 4-2: Vehicle interaction scenarios 
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Using the Manual Frame Count Method (MFCM) suggested by Kassim et al. (2014), the 

point where the two paths of the motor vehicles intersect is known as the area of potential collision 

according to each scenario seen in Figure 4-2. This point of intersection was visually identified 

while running the video in Virtualdub. Once the intersection point was identified, a pointing device 

was placed on the computer screen to mark this location. The accuracy of identifying the 

intersection point is a function of the observer’s accuracy (in this case, author of thesis). The events 

identified in this study were reviewed and verified by a former graduate student, and events with 

a frame difference of more than two had to be revisited for review by the thesis author.  

For each interaction event, two frame counts were recorded corresponding to the 

interacting motor vehicle’s arrival. The first frame was noted and recorded when the rear end of 

the right-turn vehicle (or through vehicle) leaves an area of potential collision and the second frame 

was noted and recorded when the front of the through vehicle (or right-turn vehicle) arrives at the 

area of potential collision. Thereafter, the frame count difference divided by the camera frame rate 

(approximately 30 frames/second) was used to obtain the PET for each event. 

A threshold of PET (0,3]s. was selected to count the number of interaction events. The use 

of PET threshold is attributed to research done by (Hyden and Linderholm, 1984). Very long PET 

values may not be relevant to safety and could be related more to regular non-hazardous events. A 

PET of 3s. as a critical threshold was used in many studies for PET between vehicles and cyclists 

(Kassim et al., 2014) (which used thresholds of 1 and 2 and 3s.), between motor vehicles (Sayed 

et al., 2008), between motor vehicles and pedestrians (Lord, 1996). In this study, a PET threshold 

of 3s. was used to identify interaction events between vehicles based on the study by Gettman et 

al. (2008), who analyzed various surrogate safety measures using four simulation models for 

different intersections. In the studies done by Gettman et al. (2008) and Kassim et al. (2014), 
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interactions’ proximity levels were classified into three proximity thresholds (0,1], (1,2], and 

(2,3]s. 

4.2.3 PET Data Summary 

An objective conflict indicator known as; Post Encroachment Time (PET) was used in this 

study to characterize interactions between motor vehicles at a channelized signalized intersection 

for both smart and standard channels. The chapter describes a manual video analysis technique 

used to measure PET between motor vehicles. The method used is the Manual Frame Count 

Method (MFCM) suggested by Kassim et al. (2014) to record PET measurements for each 

interaction event from the videos for all eight channels, four smart channels and four standard 

channels in the City of Ottawa, Ontario. 

A total of 805 interactions with PET less than or equal to 3s. were observed, out of 

observations involving the movements of 44,048 through vehicles and 14,498 right-turn vehicles 

on eight different channels. A sample data of the first nineteen PET measurements at Baseline and 

Clyde are presented in Table 4-2. A PET threshold of 3s. was used to characterize hazardous 

events, as discussed in Section 4.2.2.  
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Table 4-2: Sample data of PET measurements  

 

Table 4-3: Total vehicle volume observed at each intersection 

Type of 

Channel 

In
te

rs
e
ct

io
n

 i
d

 

Intersection name Direction 

A
p

p
ro

x
im

a
te

 

D
u

ra
ti

o
n

 (
h

rs
) 

Total 

vehicle 

volume 

(right) 

Total 

vehicle 

volume 

(through 

volume) 

Standard 

Channel 

1 Fisher and Meadowlands EBR 12 417 4549 

2 Baseline and Woodroffe  EBR 12 1001 5857 

3 Baseline and Woodroffe WBR 12 2748 8475 

4 
Riverside and 

Brookefield 
SBR 12 

2490 1138 

Smart 

Channel 

5 Baseline and Clyde EBR 12 2553 6725 

6 
Greenbank and 

Strandherd 
SBR 12 

2869 5033 

7 Riverside and Heron SBR 12 840 9883 

8 Strandherd and Longfield EBR 12 1580 2388 

*SBR-Southbound-right, EBR-Eastbound-right, WBR-Westbound-Right 

Intersection Time Video events PET

Baseline & Clyde 6:45am-7:45am 1 1 1.37

Baseline & Clyde 6:45am-7:45am 1 2 2.50

Baseline & Clyde 6:45am-7:45am 1 3 1.94

Baseline & Clyde 7:45am- 8:45am 2 1 1.20

Baseline & Clyde 7:45am- 8:45am 2 2 2.40

Baseline & Clyde 7:45am- 8:45am 2 3 1.47

Baseline & Clyde 7:45am- 8:45am 2 4 0.83

Baseline & Clyde 7:45am- 8:45am 2 5 2.00

Baseline & Clyde 7:45am- 8:45am 2 6 2.80

Baseline & Clyde 7:45am- 8:45am 2 7 1.27

Baseline & Clyde 7:45am- 8:45am 2 8 1.63

Baseline & Clyde 7:45am- 8:45am 2 9 1.60

Baseline & Clyde 7:45am- 8:45am 2 10 2.20

Baseline & Clyde 7:45am- 8:45am 2 11 1.63

Baseline & Clyde 7:45am- 8:45am 2 12 2.37

Baseline & Clyde 7:45am- 8:45am 2 13 1.37

Baseline & Clyde 7:45am- 8:45am 2 14 2.30

Baseline & Clyde 7:45am- 8:45am 2 15 2.50

Baseline & Clyde 7:45am- 8:45am 2 16 1.10
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5. SIGHT DISTANCE METHODOLOGY 

This chapter presents the method used to measure the sight distance at the intersections 

used in this study, using a manual technique. This chapter is organized into two main sections, the 

data collection and the measurement procedures. The subsections include a brief recap on the study 

sites' description, the video data collection process, followed by a detailed description of the 

methodologies used to measure time headway (as the measure of ISD), sightline distance, right 

turning sightline angle, SDTL as parameters of visibility. The distance between the through 

vehicles’ location when first seen by a right turning vehicle to its location at the potential conflict 

area could not be measured directly from the video in Virtualdub, hence using time headway as a 

measure of ISD. Besides, time headway is a more relevant safety measure compared to distance 

as it is a better indication of driver response to safety-critical events. 

5.1 Data Collection 

Manual techniques were utilized to measure the sightline distance, right turning sightline 

angles, SDTL and time headway for each event at the eight channels when a conflict was observed 

on the intersecting lane. As explained in Section 3.1, the study uses seven, four-leg signalized 

intersections within Ottawa, Ontario, comprising of four smart channels and four standard 

channels. A map showing the location of the intersections is shown in Figure 3-1. The view of the 

intersections as viewed from the monitoring cameras, previously positioned by the City of Ottawa, 

is shown in Figure 3-2 and Figure 3-3 for smart and standard channels, respectively.  

According to AASHTO (2011) policy, motor vehicle drivers approaching an intersection 

at-grade should have an unobstructed view of the whole intersection to avoid collisions by 
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permitting control of the vehicle. One of the smart channel functionalities is to reduce turning 

speed in consistency with yield conditions that may require a stop (City of Ottawa, 2009).  

During turning manoeuvres, sight distance is usually measured from the height of the 

turning vehicle driver’s eye (also known as an observer) to the top of the approaching conflicting 

through vehicle (also known as an object). In some cases, the driver cannot clearly detect the 

approaching vehicles’ presence until part of the vehicle is visible because of an obstruction within 

its sight distance triangle (TAC, 2017).  

The channel shown in Figure 5-1 is at Strandherd and Longfields. During data extraction 

from the videos, the right-turn vehicle (marked 1) was the observer, illustrated in Figure 5-1, the 

conflicting through vehicle (marked 3) as the object, and the adjacent through vehicle obstructing 

the observer's sightline (marked 2) as the obstructor. Figure 5-1 is an example of a scenario where 

the observer could not clearly see the approaching conflicting through vehicle until the right-turn 

vehicle was just about to merge into the intersecting lane. In some cases, the vehicle in the adjacent 

through lane to the right-turn lane waiting to go through the intersection, restricted the right-turn 

driver’s view of the approaching conflicting through vehicles. The obstruction extent depends on 

the adjacent through vehicles’ lanes alignment and the vehicle's size and position in the adjacent 

through lanes.  
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Figure 5-1: Obstruction along the sightline 

 

The new positions 1 and 2 in Figure 5-2 for each conflict observation were identified at the 

point when the right-turn vehicle could see the approaching conflicting through vehicle on the 

intersecting lane. These positions are free from obstructions and enable drivers to obtain the 

information they need to decide whether to stop or merge with oncoming traffic safely. The 

position of the right-turn vehicle for this scenario is further downstream of the right-turn lane 

compared to that in Figure 5-1. A conflict was observed depending on the conflicting through 

vehicle’s speed, time headway and whether sight distance was sufficient or not. Sufficient sight 

distance is necessary such that the right-turn vehicles can avoid conflicts with the conflicting 

through vehicles approaching from the left.  



40 

 

 

Figure 5-2: Point of clear visibility for right-turn vehicle 

 

5.2 Measurement Procedure 

5.2.1 Sightline Distance and Right Turning Sightline Angle 

 Firstly, the sight distance triangle concept described in (TAC, 2017) was used to obtain 

the sightline distance for each conflict observed, see sightline in Figure 5-3. The sightline's starting 

point depends on the position of the right-turn vehicle along the channel. The right-turn vehicle’s 

position is estimated at the point a right-turn driver first sees the approaching conflicting through 

vehicle from the left (vehicle position B), to the location of the conflicting through vehicle along 

the through lane’s centerline (vehicle position A on the right) that was free from obstruction.  
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Measuring the sightline distance directly from the image captured from Virtualdub was a 

challenge, as the camera angle and position were not specific to a conflict study. The videos used 

were provided by the City of Ottawa, with camera positions specific to vehicle counts study. 

Therefore, the image captured for sightline distance measurements would have required 

perspective correction using the Homography Matrix to obtain accurate sightline distance 

measurements. An alternative approach was used, where the location of the right-turn vehicle 

relative to the conflicting through vehicle from the left was identified, one that had a clear view 

(free from obstructions). Identifying position 1 (decision point location) and 3 (conflicting vehicle 

location) for each case was done visually using Virtualdub illustrated in Figure 5-2. 

Thereafter, an aerial view of each intersection was obtained from Google Earth. The aerial 

view image was imported into AutoCAD to draw each lane's centerline on both the right-turn lane 

and conflicting through lane. Finally, the aerial view was imported into ImageJ (a Java-based 

image processing program) to measure the sightline distances between vehicles using the vehicle 

positions identified in Virtualdub for each interaction event.  

Figure 5-3: Sight distance triangle (TAC, 2017) 



42 

 

The image imported into ImageJ software program consists of a scale bar, shown in Figure 

5-4 as an example at Riverside and Brookefield. The scale bar was used to scale the image before 

measurements were done. The straight-line tool, shown in Figure 5-5, was used to draw a straight 

line along the scale bar's length. Under the Analyze drop-down menu, the set scale option was 

selected, and the pop-up window was displayed with the line distance in pixels. The known 

distance of 40m shown on the scale bar is input into the known distance section along with its unit 

of length (m). Pressing the okay button set the scale.  

 

Figure 5-4: Image showing lane centerlines and scale bar 



 

 

 

Figure 5-5: Procedure of setting image scale 

 

Once the scale of the image was set, sightline distances were measured. ImageJ can 

measure multiple lines and store those lengths within the program, which can be reproduced later 

if needed. Using the Analyze-Tools- Region of Interest (ROI) manager, the ROI manager window 

popped up and was used to record the measured sightline lengths’ coordinates. The vehicles' 

relative position of the (right-turn and through vehicle) locations identified in Virtualdub 

mentioned above were mapped onto the aerial image in ImageJ using the line tool, and the sightline 

distance measured. Each sightline drawn is labelled in sequence, as coordinates of the distance 

drawn on the image shown in the ROI manager. Each measurement made is recorded within the 
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program through this method. Selecting a measurement in the ROI manager highlights the line 

measured and can be edited if needed.  

 

Figure 5-6: ROI manager to save measured distances 

 

After mapping all the distances onto the image, the “measure” button on the ROI manager 

was used to record the measured distances and a pop-up up window with the measured distances 

appeared. The measurements in the results window were saved as a Microsoft Excel file. The 

measurements used for illustration are for video one (6:45 am-7:45 am) out of the twelve videos 

at Riverside and Brookefield. Line 1, shown in the results window in Figure 5-6, is the sightline. 
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Once the sightline was drawn, the right turning sightline angle was measured using the 

angle tool on the ImageJ toolbar. The angle is drawn from the tangent of the right-turn channel’s 

centerline to vehicle A’s sightline, illustrated in Figure 5-7. 

 

Figure 5-7: Right turning sightline angle measurement  

 

5.2.2 Sight Distance Triangle Leg  

The method used to obtain the SDTL as described in (TAC, 2017), is illustrated in Figure 

5-3 based on the sight distance triangle. D1 in Figure 5-3 illustrates the sight distance triangle leg. 

After measuring the sightline distances for all observations described in Section 5.2.1, the same 

procedure was used to measure the decision point distance 𝑑𝑏. The distance 𝑑𝑏 is a line drawn 
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from point A in Figure 5-8 to a point perpendicular to the through vehicle’s lane centerline. A 

sample of the sightline distance 𝑑𝑐 and decision point distance 𝑑𝑏 are illustrated in Figure 5-8. 

 

Figure 5-8: Conflicting vehicle distance measurement 

 

The measurements of the sightline distance and decision point distance obtained were 

saved as a Microsoft Excel file. Line 1 is the sightline distance 𝑑𝑐 , line 2 is the decision point 

distance, labelled 𝑑𝑏. The SDTL is labelled 𝑑𝑎. The SDTL is then calculated in Excel using 

Equation (5-1). 

 𝑑𝑎 = √(𝑑𝑐)2 − (𝑑𝑏)2 
(5-1) 

 

The sample data recorded in Table 5-1 includes the intersection name, the video number 

out of twelve videos for each channel location, the observation ID, the measured sightline 

distances, the right turning sightline angles, decision point distances, SDTL and finally, the 
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channel type. Sample mapped measurements for video one (6:45 am - 7:45 am) out of twelve 

videos at each intersection are presented in Appendix A. 

Table 5-1: Intersection sight distance measurements at Riverside and Brookefield 

Intersection Video 
O

b
se

rv
a
ti

o
n

 

ID
 sightline 

distance 

(m) 

Right 

turning 

sightline 

angle 

 

decision 

point 

distance 

(m) 

 

 

SDTL 

(m) 

Channel 

type  

Riverside & 

Brookefield 1 1 43.7 104.30 16.7 40.4 standard 

Riverside & 

Brookefield 1 2 39.8 124.33 14.2 37.2 standard 

Riverside & 

Brookefield 1 3 59.3 144.78 4.9 59.0 standard 

Riverside & 

Brookefield 1 4 39.1 119.06 14.0 36.5 standard 

Riverside & 

Brookefield 1 5 48.3 145.16 5.1 48.1 standard 

Riverside & 

Brookefield 1 6 46.5 117.69 13.0 44.6 standard 

Riverside & 

Brookefield 1 7 51.4 124.57 12.4 49.8 standard 

 

5.2.3 Time Headway Measurement  

Time headway is measured based on arrival time to conflict point for the through vehicle 

as a measure for ISD for each potential conflict event. Time headway is measured as the time 

difference between the point the conflicting through vehicle from the left is first seen by the right-

turning vehicle, and the point the through vehicle arrives at/ leaves the area of potential conflict 

depending on the type of manoeuvre. 

The time headway was measured using the frame count in Virtualdub, similar to PET. The 

difference while measuring time headway is that only one vehicle was observed (the conflicting 

through vehicle) to obtain these measurements. An example measurement at Riverside and 
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Brookefield is illustrated by position 1 in Figure 5-9, the point where the right turn vehicle driver 

first sees the conflicting through vehicle from the left. This position is indicated by the frame count 

9187. Position 2 in Figure 5-10 is when the conflicting through vehicle’s rear end leaves the point 

of potential conflict. This specific conflict involved the right-turn vehicle arriving at the potential 

conflict area after the conflicting through vehicle. This position is indicated by the frame count 

9350. The frame count difference divided by the camera frame rate gives the time headway for 

each event shown by Equation (5-2). The camera frame rate is 29.97 frames/second, approximately 

30 frames/second. 

 

Figure 5-9: First position of approaching conflicting through vehicle 
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Figure 5-10: Second position of approaching conflicting through vehicle 

 

 
𝐹𝑟𝑎𝑚𝑒 𝑐𝑜𝑢𝑛𝑡 2 − 𝑓𝑟𝑎𝑚𝑒 𝑐𝑜𝑢𝑛𝑡 1

𝑓𝑟𝑎𝑚𝑒 𝑟𝑎𝑡𝑒 (𝑓𝑟𝑎𝑚𝑒𝑠 𝑠𝑒𝑐𝑜𝑛𝑑⁄ )
 (5-2) 

 

The sample data of the time headway measurements at Riverside and Brookefield are 

shown in Table 5-2 obtained using Equation (5-2). The table shows sample time headway 

measurements obtained, the video number the data was obtained, the observation ID, calculated 

time headway(s.) using the frame count and frame rate, and the channel type at which the 

measurements were made.  
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Table 5-2: Time headway sample measurements 

Intersection Video 

observation 

ID 

Time 

headway(s.) 

channel 

type 

Riverside & Brookefield 4 1 5.44 standard 

Riverside & Brookefield 4 2 7.71 standard 

Riverside & Brookefield 5 1 6.41 standard 

Riverside & Brookefield 5 2 6.57 standard 

Riverside & Brookefield 5 3 3.27 standard 

Riverside & Brookefield 5 4 5.44 standard 

Riverside & Brookefield 5 5 5.17 standard 

Riverside & Brookefield 5 6 3.84 standard 

Riverside & Brookefield 5 7 8.38 standard 
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6.  DATA ANALYSIS 

This chapter presents the statistical analysis that helps compare how different channel 

configurations, i.e., smart and standard channels influence both sight distance and conflicts. PET 

is the surrogate measure of safety used in this study, as described in Chapter Four, represented by 

traffic conflicts instead of collision-based data.  

Strandherd and Longfields lane orientation does not have a direct link between right-turn 

vehicles and conflicting through vehicles. Heron and Riversides’ lane orientation also differs from 

the other channels because of the bus lane immediately downstream of the channel's right-turn 

lane. In some analysis sections, the two channel locations were excluded individually to determine 

whether the data is significantly affected by these two intersections. The channel locations variable 

is coded (1-8) in SPSS using alphabetical order; 1- Baseline and Clyde, 2- Baseline and Woodroffe 

(EBR), 3- Baseline and Woodroffe (WBR), 4- Fisher and Meadowlands, 5- Greenbank and 

Strandherd, 6- Riverside and Brookefield, 7- Riverside and Heron and 8- Strandherd and 

Longfields. 

6.1 Data Statistical Descriptives 

This section presents descriptive statistics of the performance parameters used in this study. 

The statistics summarize the study’s dataset comparing performance parameters at both channel 

configurations, at smart and standard channels. The continuous variables are PET measurements 

(0,3]s., sightline distance, SDTL, right turning sightline angle and time headway. The descriptive 

statistics for each variable report central tendency measures and the measures of variability and 

normality tests. The categorical variable is PET severity level categorized into three groups and 

classified as an ordinal variable. The frequency statistics of the PET severity levels are presented, 
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indicating the frequency of potential conflicts count per channel type. The percentage potential 

conflict count frequency at any proximity level was also obtained within each channel 

configuration at the four smart channels and four standard channels. 

Descriptive statistics of the performance parameters are shown in Table 6-1 for smart and 

standard channels. There were 369 observations at standard channels and 436 observations at smart 

channels. The mean of the variables; PET (s.), time headway (s.), SDTL (m), sightline distance 

(m) and right turning sightline angle were higher at standard channels than at smart channels. There 

is more variability in the data variables at standard channels for time headway, SDTL, sightline 

distance and right turning sightline angle than at smart channels, whereas the variability in PET 

measurements have similar variance at both channel configurations. 

 The degree of skewness was determined using Fishers’ skewness coefficient, where the 

skewness is divided by the standard error skewness, which is the z-score shown in Table 6-2. PET 

data at both smart and standard channels was positively skewed indicated by PET z-score which 

lies outside the range ±1.96 at the 5% level of significance. Time headway and sightline distance 

data are positively skewed at standard channels while at smart channels, the time headway and 

sightline distance distribution indicate that the data is likely to be normally distributed. The right 

turning sightline angle data is negatively skewed at both channels. The SDTL is positively skewed 

at standard channel and negatively skewed at smart channels. 
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Table 6-1: Data measure of central tendency 

 

Table 6-2: Z-score for each variable 

z-score PET  
Time 

headway  

 

SDTL  Sightline 

distance  

Right 

turning 

sightline 

angle 

standard channels 2.67 5.13 2.99 4.99 -6.35 

smart channels 3.97 -0.90 -3.95 -0.30 -8.91 

 

The data distribution is then visually analyzed using the frequency distribution with the 

normal curve superimposed and compared for smart and standard channels in Figure 6-1. The 

figure indicates more variability in most parameters at standard channels than at smart channels. 
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Figure 6-1: Frequency data distribution at smart and standard channels



 

 

The normality of the data was tested using the Shapiro-Wilk and Kolmogorov-Smirnov 

test. At the 5% level of significance, time headway data is normally distributed at smart channels 

for the Kolmogorov-Smirnov test but not normally distributed for the Shapiro-Wilk test. All other 

parameters in Table 6-3 indicate that they are not normally distributed, p-values <0.05. The 

normality test was repeated and shown in Table 6-3 at both channel types at each channel location 

using the variables; PET, time headway, SDTL, sightline distance and right turning sightline angle. 

It was observed that parameters at some channel locations were normally distributed. Therefore, 

there is not enough evidence to suggest that the data is strongly normally distributed or not when 

comparing channel types. 

Table 6-3: Normality tests with all channel locations (1-8) 
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6.2 PET Severity Levels Analysis 

The PET measurements at PET threshold (0,3] s. were categorized into three severity levels 

described in Section 4.2.2. Figure 6-2 shows that smart channels have a higher count of conflicts 

at medium and high severity proximity levels than at standard channels, whereas smart channels 

have a lower conflict count at low severity. Figure 6-3 and Figure 6-4 show the potential conflict 

count when channel location 8 and channel location 7 are excluded from the data, respectively. 

 

Figure 6-2: Conflict count with all intersections included 

 

The patterns are similar when channel locations 7 & 8 are excluded to those when all 

channel locations are included in the data. The medium severity potential conflict count changes 

the most between the three graphs. 
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Figure 6-3: Conflict count at each severity level excluding channel location 8 

 

Figure 6-4: Conflict count at each severity level excluding channel location 7 
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There was a need to identify which channel locations contribute more to the overall count 

of potential conflicts in a particular severity level. Figure 6-5 shows the percentage of potential 

conflict count at standard channels. It is observed that Baseline and Woodroffe WBR and Riverside 

and Brookefield contribute a percentage over 20% of the total potential conflict count at medium 

severity. The two channels also contribute a larger percentage of potential conflict count at both 

the low and high severity levels. Whereas, in Figure 6-6, Baseline and Clyde contributes the largest 

percentage of potential conflict count for low and medium severity levels. Greenbank and 

Strandherd location also contributes to the medium severity count and contributes the highest 

percentage of high severity potential conflict count at smart channel intersections.  

 
 

Figure 6-5: Percentage of potential conflict count at each standard channel 

intersection 
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Figure 6-6: Percentage of potential conflict count at each smart channel intersection 

 

The higher percentage of potential conflict counts at the intersections mentioned above was 

most likely due to a higher volume count at these channel locations. Refer to Table 4-3. 

6.3 Statistical Analysis  

The performance parameters: PET, sightline distance, right turning sightline angle, SDTL 

and time headway were analyzed in this section using t-tests and ordinal logistic regression. The 

first t-tests were done to compare parameter means at the channel configurations. ANOVA was 

used to compare the four channels’ parameter means in each channel configuration. The results 

are shown in Appendix B. The Games-Howell post-hoc test was used if a statistically significant 

result was obtained using ANOVA, to compare all possible group combination differences for the 

four smart and four standard channels. The Games-Howell test aids in determining which channel 
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location within a channel configuration differs significantly from the others. The tests and 

interpretations are presented in 0. The second t-test tested the statistical significance of the 

difference in conflict rate for the different PET proximity levels at each channel configuration. 

The independent t-test was conducted to test the statistical significance of the difference in 

parameter means; sightline distance, SDTL, PET, time headway and right turning sightline angle 

at smart and standard channels. The null hypothesis (H0) is defined as (H0: Ixm  = Ixd), i.e., there is 

no difference in the means between the two groups, where Ixm: mean of the parameter at smart 

channels, Ixd: the of the parameter at standard channels. The t-test was done assuming unequal 

variances. The p-values for PET, sightline distance, right turning sightline angle, time headway 

and SDTL were less than 0.05. Therefore, there is enough evidence to reject the null hypothesis, 

i.e., there is a statistically significant difference between the means of the PET, sightline distance, 

right turning sightline angle, time headway and SDTL at smart and standard channels. The t-test 

results are shown in Table 6-4. Refer to Table 6-1 for the means of each parameter at smart and 

standard channels. Excluding channel locations 8 and 7 had similar results to the null hypothesis 

tested when all channel locations were included. Refer to Appendix B.  

Table 6-4: Independent samples t-test 

 

channel type smart standard smart standard smart standard smart standard smart standard

Mean 1.55 1.64 5.44 7.02 48.9 58.0 99.6 114.8 46.26 55.73

Variance 0.32 0.32 1.86 5.75 78.2 343.2 302.7 472.4 116.48 412.07

Observations 436 369 436 369 436 369 436 369 436 369

Hypothesized Mean Difference 0 0 0 0 0

df 782 561 508 701 539

t Stat -2.26 -11.26 -8.728 -10.835 -8.050

P(T<=t) two-tail 0.02 <0.001 <0.001 <0.001 <0.001

t Critical two-tail 1.96 1.9642 1.965 1.963 1.964

PET (s.) Time headway (s.) Sightline distance
right turning 

sightline angle
SDTL
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6.3.1 PET Conflict Rate  

The number of conflicts at each channel are used to obtain a conflict rate by dividing the 

number of conflicts by the exposure using Equation (6-1). In this equation, exposure is set as the 

maximum theoretical count of interactions that could happen in a video (Kassim et al., 2014). It is 

a product of the through vehicle volume in every observed video and right-turn vehicle volume in 

the same video, termed as the total number of vehicle-vehicle-events (VVE). 

 Conflict rate 

= ( 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑓𝑙𝑖𝑐𝑡𝑠

𝑉𝑉𝐸
) 𝑋 100,000 

(6-1) 

   

The conflict rates calculated with Equation (6-1) for each channel location are recorded in 

Table 6-5. The results indicated that the Baseline and Woodroffe (WBR) channel had the highest 

conflict rate of 4.59 at PET proximity level (1,2]s. 

Table 6-5: Data summary of the conflict rate each intersection 

  PET severity level 

Channel 

type 
Intersection name 

PET(0,1]s PET(1,2]s PET(2,3)s 

Smart 

channel 

Baseline & Clyde 0.11 0.79 0.36 

Greenbank & Strandherd 0.31 0.70 0.08 

Riverside & Heron 0.02 0.10 0.11 

Strandherd and Longfield 0.05 0.72 0.40 

Standard 

channel 

Baseline and Woodroffe WBR 0.79 4.59 2.48 

Baseline and Woodroffe SBR 0.05 0.22 0.17 

Fisher & Meadowlands 0.02 0.16 0.09 

Riverside & Brookefield 0.64 2.96 0.99 

 

The independent samples t-test was used to test the statistical significance of the difference 

in conflict rate at the different PET proximity levels; (0,1]s., (1,2]s. and (2,3]s. at smart and 

standard channels. The null hypothesis (H0) is defined as (H0: Psm=Psd), where Psm: The conflict 

rate at smart channels, Psd: The conflict rate at standard channels. The p-values at all PET 
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proximity levels based on conflict rates were found to have a (p-value > 0.05) at smart and standard 

channels. For PET (0,1]s., the p-value is 0.30, PET (1,2]s., the p-value is 0.29, PET (2,3]s., the p-

value is 0.30. Therefore, at the 5% level of significance, there is not enough evidence to reject the 

null hypothesis, i.e., that there is no statistically significant difference between conflict rates at 

smart and standard channels for all three severity levels. The results are summarized in Table 6-6. 

However, each channel’s group sample size is very small (four smart channels and four standard 

channels), and possibly, the t-test results were affected by this. 

Table 6-6: PET conflict rate statistical results 

  PET (0,1]s. PET (1,2]s. PET (2,3]s. 

  smart standard smart standard smart  standard 

Mean 0.12 0.37 0.57 1.98 0.24 0.93 

Variance 0.02 0.16 0.10 4.72 0.03 1.23 

Observations 4 4 4 4 4 4 

df 4   3   3   

t Stat -1.20   -1.28   -1.24   

P(T<=t) two-tail 0.30   0.29   0.30   

t Critical two-tail 2.78   3.18   3.18   

 

6.3.2 Ordinal Logistic Regression 

The dependent variable, severity level, is categorized based on the PET measurements into 

three levels of severity, PET(0,1]s, categorized as potential conflicts of high severity, PET (1,2]s., 

potential conflicts of medium severity and PET(2,3]s. as potential conflicts of low severity. 

Ordinal Logistic Regression (OLR) was used over Multinomial Logistic Regression (MLR) 

because the dependent variable categories are ordered from low-high severity. The model run in 

SPSS considered the parameters, SDTL, right turning sightline angle, time headway, sightline 

distance and channel type as explanatory variables to estimate the probability of PET at any 
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severity level. The parameters were based on the eight channels’ data at four smart channels and 

four standard channels with 805 observations in total. Several ordinal logistic regression models 

were run, and the parameters that were insignificant in estimating a potential conflicts’ severity 

level were omitted one at a time, and the model re-run. The other models considered excluded 

channel location 8 (Strandherd and Longfields) and channel location 7 (Riverside and Heron), one 

at a time. Once again, the models were run using SPSS for each exclusion while removing the 

model's insignificant parameters. In all three cases, all intersections present, excluding channel 

location 8 and excluding channel location 7, only channel type was statistically significant in 

estimating the probability of a potential conflicts’ severity level at the 5% level of significance.  

The model included and interpreted in this section is one with channel type as the only 

explanatory variable when all intersections were included, and the rest of the models are shown in 

Appendix D. The variable “channel” in the output shown in Table 6-9 indicates the intersection’s 

channel configuration, coded 1= smart channels and 0= standard channels in the program. 

“PET_A” indicated in Table 6-9 is an ordered categorical variable for PET severity levels, coded 

1= low severity, 2= medium severity and 3= high severity.  

Ordinal logistic regression is an extension to binary logistic regression, using the log-odds 

probability transformation. It requires thinking about cumulative probabilities instead of individual 

category probabilities. Hence, this technique requires the dependent variable to be an ordinal 

variable, i.e., the cumulative probabilities of attaining at least a given category is possible if 

categories are ordered (Harbaugh, 2019).  

In logistic regression, producing minimum variance unbiased parameter estimates is not 

possible using the least squares estimation (Czepiel, 2012). Therefore, in place of the least squares 

estimation, maximum likelihood estimation is used to solve for the parameters that fit the data 
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best. This involves finding the parameter set which the probability of the data observed is greatest. 

The probability distribution of the dependent variable derives the maximum likelihood equation. 

Since 𝑦𝑗 represents a binomial count in the jth population, there are ( 
𝑛𝑗

𝑦𝑗
 ) ways to arrange 𝑦𝑗 

successes among 𝑛𝑗  attempts, and the probability of a success for any one of the 𝑛𝑗  attempts is 𝜋𝑗, 

the probability of 𝑦𝑗 successes is 𝜋𝑗
𝑦𝑗. Similarly, the probability of 𝜋𝑗

𝑦𝑗 failures is (1 − 𝜋𝑗)𝑛𝑗−𝑦𝑗. 

The likelihood function has a similar form to the probability density function, with the function 

parameters reversed; the values of β from the likelihood function are expressed in terms of known, 

fixed y values in the form in Equation (6-2). The maximum likelihood estimates are the β values 

that maximize the likelihood function in Equation (6-2).  

 𝐿(𝛽|𝑦) = ∏
𝑛𝑗!

𝑦𝑗! (𝑛𝑗 − 𝑦𝑗)!
𝜋𝑗

𝑦𝑗(1 − 𝜋𝑗)𝑛𝑗−𝑦𝑗

𝑁

𝑗=1

 (6-2) 

 

Ordinal logistic regression uses log-odds of cumulative probabilities. Consider an ordinal 

dependent variable with ordinal level, 𝑌𝑗 (j=1,…,n-1 levels), given a vector of 𝑥 explanatory 

variables. The cumulative probability that an observation y will be less than or equal to ordinal 

level 𝑌𝑗 is obtained using Equation(6-3). 

 𝐹𝑗(𝑥) = 𝑃(𝑦 ≤ 𝑌𝑗|𝑥) (6-3) 

 

The cumulative probability obtained from Equation (6-3) is transformed into 

odds (
𝐹𝑗(𝑥)

1− 𝐹𝑗(𝑥)
) , and the log of the odds transforms it into the logit, which is the log odds of being 

in category j or less shown in Equation (6-4) (Harbaugh, 2019).  
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𝐿𝑗(𝑥) = 𝑙𝑜𝑔𝑖𝑡(𝐹𝑗(𝑥)) = log (
𝐹𝑗(𝑥)

1− 𝐹𝑗(𝑥)
) 

 

(6-4) 

 

 

𝐿𝑗(𝑥) = 𝛼𝑗 − (𝛽1. 𝑥1 + 𝛽2. 𝑥2 + ⋯ +  𝛽𝑘. 𝑥𝑘) 

 

(6-5) 

 

Using the information above, the regression model was run for n-1 equations in total (since 

the cumulative probability of being in the highest category is 1). 𝛼𝑗 is the intercept of level j, 

obtained from the logistic regression output, 𝛽 is the explanatory variables’ estimate obtained from 

the logistic regression output. However, it is essential to note that the model estimate values 

obtained are subtracted because of the nature of the outcome variable being ordinal, shown in 

Equation (6-5). Compared to binary regression with categories 0 and 1, when estimating the 

probability of finding category 1 instead of category 0, the model's signs change accordingly in 

ordinal logistic regression. The equation helps to interpret the relationship between the 

independent variables with the ordered categorical variable for the dependent variable.  

The “Goodness-of-fit” results in Table 6-7 contain non-significant test results for the 

Deviance and Pearson chi-square tests, which indicate that the model fits the data well.  

Table 6-7: Goodness-of-fit 

 

Ordinal Logistic Regression assumes that the relationship between independent variables 

are the same across all possible comparisons, also known as the proportional odds assumption. 
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This assumption is tested in SPSS using the “test of parallel lines”, and the results are shown in 

Table 6-8. The p-value of 0.838 indicates that the null hypothesis should not be rejected at the 5% 

level of significance, therefore, the assumption of proportional odds is satisfied. 

Table 6-8: Test of parallel lines to test proportional odds assumption 

 

The output of the ordinal logistic regression using SPSS is shown in Table 6-9. The 

estimates and intercepts from Table 6-9 are used in Equation (6-5) to calculate the different 

cumulative probabilities for each ordinal level. PET_A = 1 and PET_A = 2. The intercepts for this 

model for each boundary are; low severity|medium severity= -0.901 and medium severity|high 

severity= 2.060. 

Table 6-9: Ordinal logistic regression output with all intersections 

 

Equation (6-6) is the logit of the cumulative probability of a potential conflict having low 

severity (Logit(𝐹𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦)), and the second Equation (6-7) gives the logit of the cumulative 

probability of a potential conflict having low to medium severity (Logit(𝐹𝑚𝑒𝑑𝑖𝑢𝑚|𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦)). 
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The model estimate values are the same, refer to Equation (6-6) and Equation (6-7) and are 

subtracted from the corresponding intercepts obtained in the output for each ordinal level. 

 
Logit(𝐹𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦) = -0.901 – (0.359*channel) 

 
(6-6) 

 

 
Logit(𝐹𝑚𝑒𝑑𝑖𝑢𝑚|𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦) = 2.060– (0.359*channel) 

 
(6-7) 

 

For a conflict at a smart channel, channel code =1, the log odds of reaching the low severity 

level and reaching the medium severity level are calculated using Equation (6-6) and 

Equation(6-7). The log odds values are logit(𝐹𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦) = -1.260; logit(𝐹𝑚𝑒𝑑𝑖𝑢𝑚|𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦) = 

-1.701, exponentiating the log odds (𝑒𝑙𝑜𝑔𝑖𝑡) gives the odds for each category. The odds of being 

in the low severity category is 0.284, and the odds of being in the medium severity category or low 

severity is 5.479. The odds are then transferred to cumulative probabilities; p = (𝑒𝑙𝑜𝑔𝑖𝑡 /(1+𝑒𝑙𝑜𝑔𝑖𝑡)), 

it is observed that the cumulative probability of a potential conflict having low severity is 0.221, 

and the cumulative probability of a potential conflict having medium to low severity is 0.846. 

Therefore, obtaining the probability of a conflict having a specific severity category is calculated 

in Table 6-10. 

Table 6-10: Calculated probability of each severity level at a smart channel 

Probability Calculated 

probability 

(low 

severity) 

 =𝐹(𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦) =0.221 

(medium 

severity) 

𝑃(𝑌 ≤ 2)−𝑃(𝑌 ≤ 1) =𝐹(𝑚𝑒𝑑𝑖𝑢𝑚|𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦  − 𝐹𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦) =0.846-0.221 

=0.625 

(high 

severity) 

1 − 𝑃(𝑌 ≤ 2) =1-𝐹(𝑚𝑒𝑑𝑖𝑢𝑚|𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦) =1-0.846 

=0.154 
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Following the same procedure, the estimated probabilities for each severity level for a 

conflict at a standard channel (channel=0), are calculated and presented in Table 6-11. 

Table 6-11: Calculated probability for each severity level at a standard channel  

Probability Calculated 

probability 

(low 

severity) 

 =𝐹𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦 =0.289 

(medium 

severity) 

𝑃(𝑌 ≤ 2)−𝑃(𝑌 ≤ 1) =𝐹(𝑚𝑒𝑑𝑖𝑢𝑚|𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦  − 𝐹𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦) =0.887-0.289 

=0.598 

(high 

severity) 

1- 𝑃(𝑌 ≤ 2) =1-𝐹(𝑚𝑒𝑑𝑖𝑢𝑚|𝑙𝑜𝑤 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦) =1-0.887 

=0.113 

 

The OLR results indicate that the probability of a conflict having low severity at standard 

channels is 6.8% higher than smart channels. In comparison, the probability of a conflict having 

high severity is 4.1% higher at smart channels than standard channels.  
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7. CONCLUSIONS AND RECOMMENDATIONS 

7.1 Summary and Conclusions 

This study's primary objective was to compare whether different configurations, i.e., 

standard and smart channels at channelized signalized intersections, have different safety 

performances based on conflicts and sight distance. 

The performance parameters were observed at the different intersections and include the 

following indicators: post encroachment time involving very close proximity between motor 

vehicles and intersection sight distance measured for each unique conflict case using time headway 

as a measure of ISD. Sightline distance, SDTL and right turning sightline angle were used as 

visibility parameters.  

The City of Ottawa provided the videos used for data extraction, and each channel location 

had twelve one-hour long videos recorded by the City from 6:45 am-6:45 pm. Data extraction was 

done over four months to obtain the required variables.  

A total of 805 interactions with PET less than or equal to 3s. were observed, out of 

observations involving the movements of 44,048 through vehicles and 14,498 right-turn vehicles 

on eight different channels: 109 interactions within proximity level PET(0,1]s., 493 within PET 

proximity level (1,2]s. and 203 within the PET proximity level (2,3]s.  

Chapter Two presented the literature review focusing on sight distance effects on conflicts 

observed at channelized intersections. A few studies have addressed the role of intersection sight 

distance in collisions; (David and Norman, 1975;  Mitchell, 1973; Moore and Humphries, 1975). 

Only two of them provided a form of relationship between intersection sight distance and 
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accidents. Sight distance horizontally and vertically must also be maintained to enable drivers to 

have an adequate sightline as they approach the intersection (FHWA, 2013). The availability of 

sight distance on a roadway should be sufficient to enable drivers to “correctly” judge the road 

traffic environment, determine the appropriate driving behaviour, and control adequate execution 

time to avoid conflicts and accidents when manoeuvring the intersection. Vehicles adjacent to the 

right-turning vehicle may contribute to sight obstruction. The line-of-sight envelope is essential, 

according to Liu et al. (2010), while a driver is about to enter the intersection to avoid conflict with 

the approaching vehicles. Safety-related factors are the primary concern as drivers look inside the 

intersection's landscape to obtain information (Liu et al., 2010). Judging the intersection road 

situation is a recurring movement process accompanying the constant moving of a vehicle as a 

driver obtains road information. The driver’s line of sight continually tangents to the inside 

landscape or road elements to form a continuous sight distance. Therefore, a good sight distance 

could ensure that a vehicle passes through the intersection safely (Liu et al., 2010).  

Chapter Three presents the study area and how the intersections used in this study were 

selected. It also gives a detailed description of each channel based on location and channel 

characteristics and travel direction for each channel location. The chapter then describes the 

parameters used in this study. 

Chapter Four presented the methodology of measuring an objective conflict indicator 

known as; Post Encroachment Time (PET). PET was used to characterize interactions between 

motor vehicles at signalized channelized intersections for both smart and standard channels. A 

manual video analysis technique was used to measure PET between motor vehicles. The method 

used is the Manual Frame Count Method (MFCM) suggested by Kassim et al. (2014) to obtain 

PET measurements for each interaction event from videos for all eight-channel locations, 



71 

 

consisting of four smart channels and four standard channels. The PET measurements counted 

were less than or equal to 3s. i.e. traffic conflicts were registered if the conflict measure values are 

less than the predetermined threshold (Sayed et al., 2013).   

 Although an accurate method, the shortcoming of the MFCM method is how time-

consuming it is to manually obtain PET measurements. Estimating PET for each interaction could 

benefit from Automated Methods such as one suggested by (Kassim et al., 2014).  

Chapter Five presented a methodology used to measure intersection sight distance for each 

interaction using time headway as a measure of ISD. Sightline distance, right turning sightline 

angle and SDTL were used as visibility parameters. The SDTL was calculate based on the sight 

distance triangle described in (TAC, 2017). The right turning sightline angle was measured as the 

angle the driver needed to turn their head to view approaching traffic. Sightline distance was 

measured as the line of sight from the right turning driver’s location to the oncoming through 

vehicles’ location. The sight distance measured corresponding to each interaction event was 

between motor vehicles at signalized channelized intersections at the point where a driver making 

a right-turn through the channel had an unobstructed view of the conflicting through vehicles. 

Despite the camera orientation and location on the site being unfavourable to measure distances 

directly from the video, an alternative method was used. The alternative method involved using a 

Google Earth aerial view screenshot of each intersection of interest, and each was imported into 

ImageJ software. The vehicles’ approximate relative position was identified from the video using 

Virtualdub and manually mapped onto the aerial view from Google Earth. However, this method 

of measuring sight distance is subjective as one needs to visually identify the vehicles' relative 

positions when the sight distance triangle is free from obstructions. The proposed technique would 

have benefited more from a camera height, orientation and camera location that could view the 
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intersection in an aerial view without the need for perspective correction. The camera position and 

orientation would reduce the subjectivity in determining the relative positions of vehicles. This 

method would also benefit from computer vision techniques that can easily map the coordinates 

of each vehicle. Hence, making the procedure less time-consuming.  

Chapter Six presents descriptive statistics of the variables used in this study for both the 

dependent and independent variables. The study area consists of two groups of channel 

configurations, smart and standard channels. The focus was on potential conflicts between right-

turn vehicles and through vehicles at channelized intersections. The performance parameters 

included; PET measurements (0,3]s., SDTL, right turning sightline angle measurements, sightline 

distance and time headway. The descriptive statistics summarize the study’s data set at the two 

channel configurations. The descriptive statistics for each performance parameter reported central 

tendency measures and measures of variability. The categorical variables are PET severity level, 

an ordinal variable, categorized into three groups, and a binary variable, channel type. 

The frequency statistics for each PET severity levels are presented, indicating the 

frequency of potential conflicts per channel configuration. It was observed that smart channels 

have a higher count of conflicts of medium and high severity levels compared to standard channels, 

whereas smart channels have a lower conflict count at low severity. The percentage count 

frequency for each severity level was also presented for each channel location. It is observed from 

the graphs that Baseline and Woodroffe (WBR) and Riverside and Brookefield contribute 

significantly to the total potential conflict count at medium severity. The two channels contribute 

a bigger percentage to both the low and high severity level potential conflicts count. Baseline and 

Clyde contribute to the larger percentage of potential conflict count for low and medium severity 

levels. Greenbank and Strandherd also contributes to the medium severity count, contributing the 
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most to high severity potential conflict count at smart channels intersections. Smart channel 

intersections appear to have a higher conflict count for high severity level. 

T-tests were done to determine whether there are statistically significant differences 

between group means based on channel configurations, at smart and standard channels, for the 

continuous variables; PET measurements, SDTL, time headway, right turning sightline angle and 

sightline distance. The t-tests showed statistically significant differences between the means of 

PET measurements, SDTL, time headway, sightline distance and right turning sightline angle at 

smart and standard channels. 

 A one-way ANOVA was performed, and the results are shown in Appendix B. There was 

a statistically significant difference between the means for PET, SDTL, sightline distance and right 

turning sightline angle at the four smart channels. However, there was no statistically significant 

difference between means of time headway at the four smart channels at the 5% significance level. 

At the four standard channels, it was found that there was a statistically significant difference 

between the means for time headway, sightline distance, SDTL and right turning sightline angle. 

However, no statistically significant difference between the PET means at the four standard 

channels at the 5% significance level. Due to the different sample sizes at each channel location 

within each channel configuration, the Games-Howell test, which accounts for this sample size 

difference, was used to identify the specific differences based on channel type for the four smart 

channels and four standard channels. Using PET as an example at the different channel locations 

within a channel configuration, although the mean of PET is statistically significantly higher at 

smart channels than that at standard channels, the result is likely due to the PET means at the four 

standard channel locations having no statistically significant differences between them. Whereas 

the PET means at the four smart channels are statistically significantly different from each other. 
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Despite this being the case for smart channel locations, some locations combinations exhibited no 

statistical significance within the group. In conclusion, there is not enough evidence to conclude 

that the PET mean at standard channels is statistically significantly higher than at smart channels 

using the t-test.  

The number of potential conflicts at each channel were used to obtain a conflict rate by 

dividing the number of potential conflicts at each intersection by the exposure, estimated as the 

maximum possible theoretical count of potential conflicts for each severity level. Based on this 

analysis, it was found that there is no statistically significant difference between smart and standard 

channel conflict rates for all three levels of proximity. The sample size used for this analysis was 

very small; therefore, the results might be biased. This analysis could benefit from increasing the 

intersection sample size for each channel type. 

The ordinal logistic regression results indicate that the probability of a potential conflict 

having low severity at standard channels is 6.8% higher than at smart channel intersections. In 

contrast, the probability of a potential conflict having high severity at smart channels is 4.1% 

higher than standard channels. The results indicated that intersection sight distance is not 

statistically significant in affecting the probability of the severity of a potential conflict at the 5% 

significance level, p-value > 0.05. In conclusion, although smart channels have a higher probability 

of a high severity potential conflict, it does not necessarily mean that they are less safe. It is likely 

that drivers were more comfortable merging at lower thresholds of PET at smart channels than at 

standard channel. 

This study's shortcomings were all based on the video limitations from which data was 

extracted. The location and orientation of the stationary video cameras operated by the City of 

Ottawa were set up for a vehicle count study and not a conflict study—hence rendering these 
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videos undesirable to measure sight distance and PET. The shortcomings are attributed to the 

cameras' low height and the video resolution that made it unsuitable for identifying interactions 

between vehicles and the corresponding sight distances. Preferably, the cameras should have been 

at a much greater height, high enough to give an aerial like view of the intersection and allow for 

perspective correction where required. Manually extracting data from videos was a common 

limitation for all methodologies in this study. Automating these procedures would be beneficial in 

processing larger-scale data and timesaving. 

7.2 Recommendations  

The following can be recommended based on the results of this study: 

1. The measurement methods discussed in this thesis would benefit from automated video 

analysis to detect and track motor vehicles to identify which events may lead to 

collisions. An automated video analysis would result in a more efficient method of 

vehicle data collection. 

2. The statistical analysis results from comparing the safety effect of standard and smart 

channels, based on conflicts and sight distance, provide useful information that could 

be considered in intersection geometric design to improve safety. 

3. It is recommended to use a camera position height during the on-site video data 

collection process to simplify identifying vehicle-vehicle events and ease sight distance 

measurement for each unique event. 

4. The instantaneous speed of a vehicle (spot speed) at a specified location can be used to 

design road geometry, such as determining and evaluating proper intersection sight 

distance. During the crash mitigation process at intersections, intersection safety 
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involves characterizing the field conditions, which requires traffic data studies that 

include: traffic volume, traffic conflict study, spot speed and evaluating sight distance 

(Kennaugh, 2010). Three of these field conditions were included in this study’s analysis 

besides spot speed. It is recommended to include the spot speed. 

5. In conclusion, future work recommendations include obtaining collision data at each 

intersection used in the study, studying the correlation between collisions and conflicts, 

and increasing the sample sizes for each channel configuration. 
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Appendix A. Sight Distance Measurements Mapped Using ImageJ 

Sample measurements in video one out of twelve for each channel location 

a)  

 

b) 
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c) 

 

d) 

 

Figure A-1: Sight distance measurements at smart channels. a) Baseline and Clyde, 

b) Greenbank and Strandherd, c) Riverside and Heron, d) Strandherd and Longfields 

 



84 

 

e)  

 

f) 
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g) 

 

Figure A-2: Sight distance measurements at standard channels. e) Fisher and 

Meadowlands, f) Riverside and Brookefield, g) Baseline and Woodroffe (EBR and WBR) 
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Appendix B. Normality Tests, Additional T-tests and ANOVA 

Table B-1: Data descriptives at all standard channel locations 
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Table B-2: Data descriptives for all smart channel locations 
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Table B-3: Normality tests at each channel location 



 

 

T-test excluding channel location 8 

After excluding channel location 8 (Strandherd and Longfields) from the data, the means of PET measurements, sightline distance, 

SDTL, time headway and right turning sightline angle are statistically significantly different from one another. 

Table B-4: T-test of parameters excluding channel location 8 
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T-test, excluding channel location 7 

The t-test results interpretation does not change from those when channel location 8 is excluded from the data. 

Table B-5: T-test of parameters excluding channel location 7 



 

 

One Way-ANOVA test 

The null hypothesis is that the means at all channel locations within each group are equal. 

At standard channels locations, it was observed that the means of time headway, sightline distance, 

right turning sightline angle and SDTL are statistically significantly different from one another, 

p<0.05 at the 5% level of significance. PET means at all intersections are not statistically 

significantly different from one another. For smart channel intersections, PET, sightline distance, 

right turning sightline angle and SDTL means are statistically significantly different from one 

another, while time headway means of the four channels are not statistically significantly different.  

The one way ANOVA results after excluding channel locations 8 and 7 from the data, 

shown in Table B-7 and Table B-8 show a similar pattern of results to those obtained when all 

channel locations were included at the four smart channels four standard channel locations. 

Therefore, channel locations at 7 and 8 will not be eliminated from the data when using the Games-

Howell post-hoc tests when determining which channel locations significantly differ from the rest.  



92 

 

Table B-6: ANOVA with all channel locations included 

 

SDTL(m) 

SDTL(m) 
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Table B-7: ANOVA excluding channel location 8 

 

SDTL(m) 

SDTL(m) 
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Table B-8: ANOVA excluding channel location 7 

 

 

  

SDTL(m) 

SDTL(m) 
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Appendix C. Games-Howell Post-Hoc Test 

This test compared the channels within each group for smart and standard channel 

intersections, to determine which intersection within each group significantly differs from the 

others at the four smart channel intersections and four standard channel intersections.  

ANOVA was performed with the Games-Howell post-hoc Test in SPSS, and the 

characteristics of the data were considered when selecting this test to make multiple comparisons 

between intersections as the independent variable. The independent variable is split based on 

channel type with two levels: smart and standard channel intersections. The continuous dependent 

variables for the comparison at all intersections are sightline distance, SDTL, PET measurements, 

right turning sightline angle and time headway. Each variable is explained in Section 3.2 as to how 

it relates to safety at channelized intersections.  

 Before performing ANOVA, assumptions were considered and tested. These include at 

least one categorical variable with two or more levels, in this case, four locations for each channel 

type. The second assumption is that there is one dependent variable measured with a continuous 

level. Independence of observations was assumed. The dependent variable is assumed to have 

homogeneity of variance. Games-Howell post-hoc advantage is its ability to manage unequal 

sample sizes. 
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PET Games-Howell Post- Hoc test 

Table C-1 illustrates the unequal sample sizes at the intersections considered, which 

validates the use of the Games-Howell post-Hoc test. The test can also be used when the 

homogeneity of variance is violated. Table C-1 also shows the descriptive statistics for smart and 

standard channels for PET measurements as the dependent variable. It is observed that at smart 

channels, the means of PET are different compared to those at the standard channel intersections, 

whose means are closer to each other. The standard deviations vary for the smart channel but not 

as much for standard channels.  

Table C-1: PET descriptives for each smart channel intersection 

 

 

Using Levene’s test in Table C-2 to test homogeneity of variance, at standard channels, the 

finding is not statistically significant, p value= 0.570 > 0.05; this provides evidence that variances 



97 

 

may be equal at standard channels and unequal at smart channel intersections with p-value = 0.007 

<0.05 which is statistically significant. 

Table C-2: PET homogeneity of variance test 

 

The test of between subject effects results in Table C-3 indicate that at standard channels, 

the p-value is 0.106 and is not statistically significant indicating that the PET means at the four 

standard channels are not statistically significantly different from each other. The partial R2 is 

0.017, this means that standard channel types explain 1.7% of the variance in the dependent 

variable PET. At smart channels, the p-value is <0.001, indicating statistical significance; the 

partial R2 is 0.113; this means that smart channel types explain 11.3% of the variance in the 

dependent variable PET.  
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Table C-3: PET test of between subjects effects for each channel type 

 

The post-hoc test for PET at each channel type for homogeneity of variance was violated 

for smart channels and not standard channels using Levene’s test. However, considering the 

different sample sizes for the intersections, the same post-Hoc test (Games-Howell) was used for 

interpretation of results. At smart channel intersections, there was a statistically significant 

difference between groups determined by One-way ANOVA (F=18.44, p= <0.001). A Games-

Howell post-Hoc test revealed that the time to proximity at Baseline and Clyde, Riverside and 

Heron and Strandherd and Longfields were significantly higher compared to Greenbank and 

Strandherd. There was no statistically significant difference between the three channels, Riverside 

and Heron, Strandherd and Longfields. Whereas at standard channel intersections, there was no 

statistically significant difference between groups, see Table C-4. 
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Table C-4: PET post-hoc results at smart channels 
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Table C-5: PET post-hoc results at standard channels 
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Right turning sightline angle Games-Howell test 

Table C-6 shows the descriptive statistics for standard channels with right turning sightline 

angle as the dependent variable. The standard deviations vary for both channel types.  

The post-hoc test for right turning sightline angle at each channel type for homogeneity of 

variance was violated at smart channels using Levene’s test with p-value <0.05 but not violated at 

standard channels, refer to Table C-7. This indicates statistical significance proving evidence that 

variance may be unequal at smart channels. Games-Howell post-hoc test was used to interpret the 

results at both channel types because of the unequal sample sizes.  

The test of between subject effects in Table C-8, at standard channels indicates the p-value 

is <0.001 and is statistically significant, the partial R2 is 0.283, this means that standard channel 

types explain 28.3% of the variance in the dependent variable right turning sightline angle. At 

smart channels, the p-value is <0.001, indicating statistical significance; the partial R2 is 0.062; 

this means that smart channel types explain 6.2% of the variance in the dependent variable right 

turning sightline angle.  

A Games-Howell post-hoc tests indicated by Table C-9 for smart and standard channels 

show the intersections whose right turning sightline angle measurements were significantly 

different from one another. 
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Table C-6: Right turning sightline angle descriptives 

 

Table C-7: Right turning sightline angle homogeneity of variance test 
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Table C-8: Right turning sightline angle tests of between subjects 
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a) 
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b) 

Table C-9: Right turning sightline angle post-hoc tests. a) standard channels ,b) 

smart channels 
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Sightline distance 

Table C-10 shows the descriptive statistics for smart and standard channels. The standard 

deviations at both channel types vary. 

The post-hoc test for sightline distance at each channel type for homogeneity of variance 

was violated for both smart and standard channels using Levene’s test with both p-values <0.05, 

refer to Table C-11. This indicates statistical significance proving evidence that variance may be 

unequal within the two groups. Games-Howell post-hoc test was used to interpret the results in 

Table C-13. 

The test of between subject effects in Table C-12, at standard channels, the p-value is 

<0.001 and is statistically significant, the partial R2 is 0.332, this means that standard channel types 

explain 33.2% of the variance in the dependent variable sightline distance. At smart channels, the 

p-value is <0.001, indicating statistical significance; the partial R2 is 0.115; this means that smart 

channel types explain 11.5% of the variance in the dependent variable sightline distance.  

A Games-Howell post-hoc tests indicated by Table C-13 for smart and standard channels 

show the intersections whose sightline distance measurements were significantly different from 

one another. 
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Table C-10: Sightline distance descriptives for each channel type 

 

Table C-11: Sightline distance homogeneity of variance test  
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Table C-12: Sightline distance tests of between subjects effects 

 

 

 

 

 

 

 

 

 

 

 



109 

 

a) 
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b)  

Table C-13: Sightline distance post-hoc tests. a) standard channels, b) smart 

channels 
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SDTL Games-Howell test 

Table C-14 shows the descriptive statistics for standard channels with SDTL as the 

dependent variable. It is observed that at standard channels, the means of SDTL within the groups 

of channels. The standard deviations within each channel group also appears to vary  

The post-hoc test for SDTL at each channel type for homogeneity of variance was violated 

for both smart and standard channels using Levene’s test with both p-values <0.05. This indicates 

statistical significance proving evidence that variance may be unequal. Games-Howell post-hoc 

test was used to interpret the results in Table C-15. 

The test of between subject effects in Table C-16, at standard channels, the p-value is 

<0.001 and is statistically significant, the partial R2 is 0.328, this means that standard channel types 

explain 32.8% of the variance in the dependent variable SDTL. At smart channels, the p-value is 

<0.001, indicating statistical significance; the partial R2 is 0.114; this means that smart channel 

types explain 11.4% of the variance in the dependent variable SDTL.  

A Games-Howell post-hoc tests indicated by Table C-17 for smart and standard channels 

show the intersections whose SDTL measurements were significantly different from one another. 
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Table C-14: SDTL descriptive statistics at each channel location 

 

 

SDTL(m) 
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Table C-15: SDTL homogeneity of variance tests  

 

Table C-16: SDTL Tests of between subjects effects at smart and standard channels 

 

 

 

 

SDTL(m) 

SDTL(m) 
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a) 

 

 

 

SDTL(m) 
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b) 

Table C-17: SDTL post-hoc results a) standard channel, b) smart channels 

 

 

 

SDTL(m) 
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Time Headway Games-Howell test 

Table C-18 results show the descriptive statistics for smart and standard channels with time 

headway as the dependent variable. It is observed that at smart channels, the means of time 

headway vary for both channel types. The standard deviations do not vary as much at both 

channels.  

The post-hoc test results for time headway at each channel type for homogeneity of 

variance for both smart and standard channels in Table C-19 indicate, p-value >0.05 using 

Levene’s test. This indicates statistical insignificance proving evidence that variances may be 

equal at both channel types, however, the Games-Howell post-Hoc test was used to interpret the 

results because of the unequal sample sizes.  

The test of between subject effects in Table C-20, at smart channels, the p-value is >0.001 

and is not statistically significant. The partial R2 is 0.076 for smart channels. This means that smart 

channel types explain 7.6% of the variance in the dependent variable time headway. The partial 

R2 at standard channels is 0.008; this means that smart channel types explain 0.8% of the variance 

in the dependent variable time headway.  

A Games-Howell post-hoc tests indicated by Table C-21 for smart and standard channels 

show the intersections whose time headway measurements were significantly different from one 

another. 
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Table C-18: Time headway descriptives at intersections at smart and standard 

channels 
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Table C-19: Time headway homogeneity of variance test at smart and standard 

channels 

 

Table C-20: Test of between subjects effects results at smart and standard channels 
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a) 
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b) 

Table C-21: Time headway post-hoc results at a) standard, b) smart 
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Appendix D. Ordinal Logistic Regression 

The variables included in this regression are time headway, channel type, sightline 

distance, SDTL, right turning sightline angle, channel location and PET severity level; coded 1= 

low severity level, 2- medium severity level, 3- high severity level. 

The output tables show the following abbreviations/acronyms to represent; channel is 

channel type; coded 1-smart channels, 0-standard channels, right turning sightline angle, 

Timeheadways- time headway, SDTL. For all three cases namely, all intersections included, 

excluding channel location 8 and excluding channel location 7, all explanatory variables are 

initially input into the model, then removed one at a time, if p-value >0.05. 

All intersections- all variables included 
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All intersections- Remove sightline distance 

 

 

All intersections-remove right turning sightline angle 
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All intersections-remove time headway 

 

 

Exclude channel location 8- all variables present 
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Excluded channel location 8- remove sightline distance 

 

 

Excluded channel location 8- remove time headway 
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Excluded channel location 8- remove right turning sightline angle 

 

 

Excluded channel location 8- remove SDTL 
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Excluded channel location 7- all variables present 

 

 

Excluded channel location 7- remove sightline distance 
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Excluded channel location 7- remove right turning sightline angle 

 

 

Excluded channel location 7- remove time headway 
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