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DISCLAIMER: This design has been prepared by first year engineering students at the University of 
Toronto and does not present a Professional Engineering design. A Professional Engineer has not 
reviewed this presentation for technical accuracy or adequacy. The recommendations of this 
presentation, and any other oral or written communications from the Students, may not be 
implemented in any way unless reviewed and approved by a licensed Professional Engineer where such 
review and approval is required by professional or legal standards, it being understood that it is the 
responsibility of the recipient of the design to assess whether such a requirement exists. 



Executive Summary 
Dr. Merrill Swain, a member of the Harbord Village Residents’ Association (HVRA), has 
approached our design team on behalf of the HVRA. Wrong-way driving is a persistent issue on 
one-way streets in the neighborhood and current measures, such as in-street planters, are not 
entirely effective to combat the problem. Dr. Swain has requested a design to reduce the 
frequency of wrong-way drivers as they pose a threat to the safety of the residents.  
 
The functional basis of the project is to transmit information to incoming drivers. The primary 
functions are to alert wrong-way drivers and prevent them from driving in the wrong direction. 
To enable this function, the design gains attention of the driver, relays information about street 
directions, and directs the driver to the correct roads. The design should maintain current levels 
of public greenery. Considerations will be taken to account for City of Toronto bylaws and 
legislation concerning road safety. 
 
The design should operate across the varying landscapes of the neighbourhood, which is 
composed of schools, parks, businesses, and a long-term care facility. Considerations of 
Toronto’s extreme changes in weather conditions ensure functional operation of the design year-
round. Important stakeholders are the Harbord Village residents, including pedestrians and 
bicyclists, and governmental organizations, notably the East York Community Council. Children 
and the elderly are especially vulnerable to wrong-way drivers near public parks and schools.  
 
The team produced three conceptual designs which satisfy the requirements outlined previously. 
The first design implements traffic circles and half-closures at specified intersections to 
physically prevent wrong-way drivers. Depending on the road directions in the intersection, 
specific lanes are planned to be partly inaccessible to wrong-way drivers.  
 
The second design uses image software and radars to detect wrong-way drivers and alert 
authorities. Regulatory signs alert incoming drivers about the photo-enforced roads and potential 
fines for offenses, which compel drivers to follow traffic signs. The design provides continuous 
enforcement of the area by tracking the offending drivers, and ensuring they are held 
accountable.  
 
The third design consists of a five-part program to enhance/alter current traffic measures and 
introduce a novel police enforcement program. The system allows for localized targeting of 
wrong-way drivers, greater variety of cues to alert drivers of the correct path to take (speed 
humps, arrows, painted arrows), and has a low projected cost. This design is chosen as the 
preferred solution due to its more effective performance in satisfying the objectives.  
 
Measures of success include standards of ASTM International and retroreflectivity tests from the 
Manual on Uniform Traffic Control Devices (MUTCD). To test against city standards, speed 
measurements and volume testing can be done. For testing of the overall efficiency and cohesion 
of the system, in-street testing in different neighbourhoods, cost effectiveness analysis (CEA), 
and traffic simulations would be used. 
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1.0 Introduction 

Dr. Merrill Swain, the client for this project, is a board member of Harbord Village Residents’ 
Association (HVRA). The HVRA manages development projects, initiatives and events with the 
goal of improving the quality of life of the residents [1]. The HVRA is concerned with the issue 
of wrong-way driving on one-way streets, because it poses a safety risk for residents [2]. The aim 
of this project is to develop an effective design that mitigates wrong-way incidents. The 
requirements of the design are outlined as functions, objectives and constraints; the latter is 
especially influenced by service environment and stakeholders. This document proposes three 
conceptual designs, within the scope, that satisfy the requirements. A single proposed design is 
chosen and measures of success are analyzed.  

2.0 Problem Statement 
Harbord Village is a neighbourhood in Toronto situated between Bloor, Spadina, Bathurst and 
College streets [2]. The neighbourhood is primarily composed of one-way streets, with directions 
often changing at every block [2]. The arrangement of these streets was designed as a traffic 
calming-measure to reduce the influx of drivers who drive through the neighbourhood to quickly 
access major streets, notably taxi drivers and passenger cars [3]. Unfortunately, many drivers 
compromise the safety of residents by driving the wrong way. During a 24-hour period on June 
13th, 2000, 28 vehicles were observed driving the wrong way with the majority at the 
intersection of Russell Street and Robert Street [4]. 
 
Wrong-way driving has the highest fatality rate of all motor vehicle accidents, around 12 - 27% 
higher than the others [5]. Moreover, wrong way driving can result in severe long-term injuries 
[5]. This is especially troubling for Harbord Village which has significant child and elderly 
populations [6] who frequent public areas such as parks [3]. The gap of this problem is the lack 
of effective solutions to deter wrong-way driving.  
 
Currently, traffic signs, such as arrows and “do not enter” signs, are implemented to indicate the 
street directions. Nevertheless, many drivers ignore these signs to take shortcuts, or do not see 
them if they are unfamiliar with the neighbourhood [2]. In-street concrete planters, distributed 
across the neighbourhood, help to slow down incoming traffic; however, they do not always 
deter drivers from dodging it [Appendix A][7].  
 
The client requests a design to reduce the frequency of wrong-way driving in Harbord Village to 
improve the safety of its residents. The design should be implemented within 2-3 years and 
consider the by-laws of the city and the safety of the community members.   

3.0 Detailed Requirements  
Technical requirements for the design are proposed below which address the underlying need of 
reducing wrong-way drivers, which is emphasized in the objectives. The functions aim to alert 
and lead drivers correctly.  
 
3.1 Functions  
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This project focuses on alerting wrong-way drivers and leading them towards the correct path. 
The functional basis is to transmit information about road directions (for process, Appendix B). 
 
3.1.1 Primary Functions 

● Alert drivers driving the wrong way 
● Prevent movement in the wrong direction 

 
3.1.2 Secondary Functions 

● Detect wrong-way driving 
● Gain the attention of driver  
● Relay information to driver 
● Direct the driver towards the correct path 

 
3.1.3 Unintended Functions 

● Collect and store information about the area/traffic 
● Slow down speeding drivers 
● May distract drivers 

 
3.2 Objectives 
The objectives of the design, with metrics, are listed below in descending order of importance 
(See Appendix B Table B1 for justifications). 
 
3.2.1 Prevention of wrong-way driving 

● The maximum distance the vehicle travels the wrong way before coming into contact 
with the design should be 0m 

 
3.2.2 Clear reception of information  

● Information about road directions should be received 2 car-lengths distance away (~10m) 
before entering the intersection [8] 

 
3.2.3 Low Cost 

● Should cost no more than $550,000CAD (See Figure B4 in Appendix B) [11] 
 
3.2.4 Public Greenery 

● Should keep percentage of area covered in greenery at 23.42% (Appendix B) [9] 
 
3.2.5 Implementation Date 

● Should be implemented in 2-3 years [3] 
 
3.3 Constraints 

● The design must obey city laws: 
1. Road laws for pedestrians and drivers [12]  
2. Bylaw enforcement - noise complaints [13]  
3. Building construction and demolition bylaw [14] 

● Must withstand extreme weather conditions 
○ Temperature between -32.8 to 40.6°C [15] 
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○ Wind speeds of 129 km/h [15] 
● The design must be safe to maintain, and must not harm people and the environment in 

any possible way. 

4.0 Service Environment  
Harbord Village is a neighbourhood in Toronto, bordered by Bloor Street, Spadina Avenue, 
College Street and Bathurst Street. It can be found about the coordinates, 43.661904°, -
79.404271° [16], spanning ~0.6565 square km [9]. 
 
4.1 Physical Environment 
This section describes geographical conditions and urban attributes in which the design should 
function optimally. For specific locations of institutions and parks and street-level photos, see 
Appendix C. 
 

4.1.1 Notable Neighbouring and Included Institutions 
● Storefronts on bordering streets [9] 
● 349 houses designated as heritage conservation sites [17] 
● Schools [9] 

■ For specific schools, see Figure C3.  
● Kensington Gardens 

■ Care home with 350 residents [18] 
 

4.1.2 Street Attributes 
● Road Attributes 

○ Concrete base and asphalt outer coat [19] 
○ One-way streets [Figure C3] 
○ Robert Street, Sussex Avenue and Russell Street have widths of 66ft [20] 

■ Similar to other streets in neighbourhood [20] 
■ Includes: 

● Roads where two cars can pass each other [20] 
● Laneway provides access to parking [20] 
● 5ft-wide sidewalk [20] 

● Parked cars on one side of one-ways streets [Figure C2] 
● Concrete planters on streets [Figure C2] 
● Pinch-point at Russell and Robert Street [Figure C1] 
● ~3 signs at every intersection indicating no-entry [Figure C2] 

 
4.1.3 Weather Conditions of Toronto 

● Precipitation 
○ Snowfall 

■ 121.5cm on average annually (1981-2010) [15] 
■ Highest monthly average depth of snow: 7cm (January) [15] 
■ Road salt can be used to melt snow [21] 
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■ Snow plows come irregularly [3] 
■ Highest recorded snow depth: 65cm [15] 
■ Highest daily snowfall: 48.3cm [15] 

○ Rainfall 
■ 714.0mm on average annually (1981-2010) [15] 
■ The highest daily rainfall: 98.6mm [15] 

● Temperature 
○ Ranges 40.6 ~ -32.8°C [15] 
○ Yearly average: 9.4°C [15] 

● Wind 
○ Speeds up to 129km/h [15] 

● Humidity 
○ Highest recorded Humidex value: 44.5 [15] 

 
4.1.4 Parks and Greenery 

● Greenery covers 23.42% of Harbord Village [Figure B3] 
● For specific parks, see Figure C3. 

 
4.2 Living Things 

● Residents walk pets on streets 
● Trees 

○ Some taller than houses [Figure C1] 
○ ~4000 were catalogued in Harbord Village in 2008 [22] 
○ In concrete planters and pinch-point planters 
○ On residential properties and parks, with branches extending over roads [Figure 

C2] 
 
4.3 Virtual Environment 
Harbord Village has consistent communications coverage [23]. Each street has power lines 
[Figure C1], supplying power from Toronto Hydro [24]. 
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5.0 Stakeholders 
The positive or negative impact of the design on each Stakeholder is listed below. The two major 
categories are residents (of Harbord Village and nearby areas), and government organizations.  
 

Stakeholder Impact of Design 

Residents ● Safety for residents, especially those who 
commute 

○ More than two-thirds of residents take 
public transit, bike or walk [Appendix 
D].  

○ Helpful for pedestrians who may walk 
on the roads in the winter due to 
irregular clearing of snow on sidewalks 
[3].  

● May cause interference accessing 
home/garages quickly [3].  

Drivers who follow the traffic flow ● Allow navigation through streets with more 
ease and safety. 

● May cause unintended distractions.  

Cyclists ● Increase safety of cyclists who travel on the 
road [Appendix D]. 

● May interfere with/alter bike lanes.  

Joggers  ● Increase safety for joggers going against the 
traffic flow. 

Children  ● Safe access to playing fields, schools and 
childcare centers [8].  

Long-Term care facility community ● Safer access to community parks [3].  
● Safety issues regarding to aged people in 

caring centers and nursing homes [3]. 

East York Community Council ● May interfere with Council’s planning and 
growth managements.  

● Have authority to approve resolutions/initiate 
budgets for projects [25]. 

City of Toronto ● Must comply with City of Toronto’s 
regulations. 

● Will benefit their goal of minimizing injuries 
or death due to traffic incidents, outlined in the 
Vision Zero Plan [26].  
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6.0 Alternative Designs  
The following sections provide three alternative design solutions which satisfy the scope of the 
problem. 6.1 consists of a combination of half-closures and traffic circles at intersections. 6.2 
contains a radar and camera system placed on specific streets. 6.3 provides modifications to the 
current traffic system and proposes a novel community participation program. For idea selection 
process, see Appendix I. The team used multi-voting techniques and a graphical decision matrix 
to determine the top three designs.    
 
6.1 Traffic Calming Measures  
This design uses traffic calming measures: traffic circles and half-closures to physically prevent 
wrong-way driving. A single measure will be used at specified intersections in Harbord Village, 
depending on the physical organization of the intersection.   

 
Figure 6.1.1. (a) Traffic circles are raised barriers in the centre of intersections. They force 
vehicles to travel in counter clockwise direction. They reduce vehicle speed allowing drivers 
sufficient time to direct themself in the correct path and see traffic signs clearly [11]. Moreover, 
they reduce accident frequency [27] (b) Half closures are placed at an intersection that block 
vehicles from turning onto a designated street, but still allow access to the other two streets [11]. 
Note that a portion of the street parking may be reduced. Image source: [28][29].  
 
Individual traffic calming measures are placed at certain locations based on the available area in 
the intersection and traffic direction. For locations of installations and design 
specifications/features, see Appendix F.  
 
Table 6.1.1 
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Objectives Performance How the design meets the metrics 

Prevention  
Of wrong-way 
driving 
 

High ● Traffic Circle: requires vehicle to travel in counter-
clockwise direction allowing driver time to see 
correct path; reduce vehicle-on-vehicle collisions at 
intersections [36] 

● Half-closure: physical barrier from turning onto 
wrong way at an intersection (allows other paths)  

Clear reception 
of information  

High ● Traffic circles and half closures are visible from 2 
car-lengths away.  

Low Cost Low ● The costs estimated based on the map is between 
$31,000 to $98,000 [Appendix F] [11] 

Public 
Greenery 

High  ● The public greenery will increase as half closures 
installed will create more green spaces [11][Appendix 
F]. 

Implementation 
Date 

Low  ● 3-5 years [Appendix F] 
● Installed only when 60% of formal poll in favor 

(minimum 50% voter participation) [30] 

 

6.2 Detection stations using radars and cameras 
This design utilises a combination of cameras and radars to accurately detect and track wrong-
way drivers, and regulatory signs to alert drivers. This design uniquely aims to prevent wrong-
way driving by introducing effective enforcement of fines.  
 
Regulatory signs will be placed alongs the bordering intersections which lead into Harbord 
Village. These signs inform incoming drivers that the area is monitored by cameras, and a fine 
for wrong-way driving [Appendix G]. 
 
A detecting station will be placed midway in roads that are near specific intersections in Harbord 
Village [Appendix G]. It is composed of a dual radar and a confirmation camera, provided by the 
company TAPCO through their Wrong Way LED Warning System [31]. Dual radars (approach 
and outgoing radars) are placed on a roadside post, facing opposite directions of the road [31]. 
As a wrong-way driver approaches and continues past the approach radar, the outgoing radar 
verifies the offense and sends alerts to dispatch center. On the same post is a camera that sends 
images of the offending vehicle [32] to a server [31].   
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Figure 6.2.1. Close-up example of proposed locations (shown in blue) to set up the radar and 
camera system. Edited by Marc Salama [9].   
 
For a complete distribution of system and design specifications/features, see Appendix G. 
 
Table 6.2.1 

Objective Performance  How design meets metrics 

Prevention 
of wrong-
way driving 
 

High Based on previous reports (2012-2017), a similar system 
reduced wrong-way driving in San Antonio, Texas by 38% 
[33]. Camera enforcement may discourage the offense due 
to warning of potential fines [34].  

Clear 
reception of 
information  

Moderate ● Due to placement of signs at the borders of the 
neighborhood, drivers are alerted quickly and will 
be cautious of upcoming traffic signs.  

● All-weather information 
○ In winter, the snow may prevent the drivers 

from seeing the signs and it also may cause 
a poor quality picture. 

Low Cost Low ● Total cost is $204,968.40 CAD + $580 projected 
monitoring cost per year (Appendix G).  

● Opportunity for cost recovery from fines, ~$110 
CAD per offense [35].  

Public 
Greenery 

High Will not reduce or increase greenery area. The warning 
signs will be placed on existing posts, as to not take up too 
much space and avoid congestion.   

Implementa High According to company representative, the project may take 
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tion Date 5 months to implement the project: 
● 2-3 months to get approval from the city (depends 

on discussion with city officials) 
● ~7 weeks for installation. 

 

6.3 Design 3 - A Quiver of Arrows and Drivers (QAD) 

This design is a cost-efficient method of correcting drivers, directionally and in terms of speed. 
This solution emphasizes slowing down drivers to allow for more decision-making time [36] and  
to prevent severe injuries in the event that wrong-way driving persists [37].  
 
It involves a five-part implementation: 

1. Speed humps near schools and retirement homes, to alert drivers quickly of upcoming 
traffic signs and prepare for nearing turns 

2. Lowering street signs allowing more visibility 
3. Installation of new arrow signs at intersections to indicate which directions are enterable 
4. Painted pavement arrow markings at entrances of intersections 
5. Encouraging residents to report wrong-way driving as a means of incentivizing police to 

increase enforcement and police presence in the neighbourhood 
● Through a community-scale campaign with newsletters and lawn signs with 

homeowner permission 
● May build a sense of community by encouraging participation 

 
Parts 1- 4 require city approval before installation [11]. 
 

 
Figure 6.3.1: Example of lawn sign drafted by Edrianne-Alexa Tumaneng; the number written is 
the non-emergency line for Police 14 Division [38]. 
 
For locations of installations and design specifications/features, see Appendix H and I. 
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Table 6.3.1 

Objectives Performance How design meets the metrics 

Prevention  of  
wrong-way 
driving 
 

Moderate ● Speed humps slow drivers, which increases time to 
make the correct turn [36]  

● May increase police presence due to wrong-way 
driving reports. This and lawn signs would deter 
drivers [39][40].   

○ Requires neighbourhood support. 
● No physical impedance to stop drivers from driving 

in the wrong direction 
● Design focuses on new drivers since it assumes 

drivers lack quick processing time or information 

Clear reception 
of information  

High ● Traffic signs are visible from 110 meters away [41]. 
● Lowering traffic signs are shown to decrease 

wrong-way driving incidents [Appendix L]. 
● All-weather information 

○ In winter, road surface arrows may be 
covered. 

○ In summer, the signs may be covered by 
foliage.  

Low Cost High ● Total cost will range from $31,994.35 to 
$112,243.15 

● The average total cost will be $72,118.75 
(Appendix K). 

Public Greenery High ● Design does not alter greenery levels. 

Implementation 
Date 

High In conversations with 311, on average, it would take 1.5 
years to receive all permits (if components were to proceed 
simultaneously) with some components receiving permits 
after 9 months [Appendix L]. 

See Appendix L for more background information. 
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7.0 Proposed Conceptual Design  
When comparing the three proposed designs, our team primarily focused on the top three 
objectives; the design’s ability to reduce wrong-way driving, effectively transmit information to 
drivers, and low cost. Each alternative design satisfies the objectives; however, design 6.3 
outperforms the rest in terms of overall optimization of objective goal performance (See 
Appendix M).  
 
The method of preventing wrong-way driving in this system allows for localized targeting of 
wrong-way drivers. 

● Design encourages resident participation as a means to locate offenders.  
● The police enforcement program will allow officers to locate specific areas/intersections 

that receive the most calls from residents. They may plan routes near this area to 
potentially fine repeat offenders.  

● Resources can be spent more efficiently by avoiding areas where the frequency of 
complaints are much lower. 

 
The design provides a greater variety of cues to drivers to alert them of the correct path to take, 
in comparison to 6.1 and 6.2, which provide fewer cues.  

● When the painted direction arrows are covered by snowfall during the winter, the arrow 
signs will provide a visual cue.  

● At most intersections, the are more “do-not-enter” signs than “one-direction” signs. 
Driver’s can be overwhelmed by the amount of these signs and it makes it difficult to 
quickly receive information about road directions. Unlike in 6.1 and 6.2, the use of 
painted arrows in 6.3 on roads emphasizes the road direction more effectively. 

● Increased decision time for drivers at intersections due to quicker access to information 
from alert system. 

 
This design has a low projected cost relative to the other designs 

● A key focus of this design is to enhance/alter current features in the neighborhood. 
Referring back to the problem statement, an issue with the current system is that many 
signs are prone to being blocked by foliage. 6.3 overcomes this limitation. One direction 
arrow signs will be lowered for clearer visibility and a few more will be added to streets 
without them. This is financially beneficial since it optimizes the performance of the 
current design through a low cost.  

● Speed humps and arrow signs take up the largest portion of the budget. 
● The police enforcement program may allow for cost recovery through fines given to 

offenders. 
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8.0 Measures of Success 
In this section, tests of effectiveness for each individual component of Design 6.3 are presented. 
The proposed design is analyzed in terms of long-term cost effectiveness and how the 
components of the system combine efficiently. See Appendix N for more information on 
equipment, guidelines and processes. 
 
8.1 Measures of Success for Speed Humps 
Measures of the volume of cars per day and speed are done to confirm success [42] and to 
confirm that a street fits Toronto guidelines [Appendix N.1]. Pneumatic road tubes can be 
temporarily installed to measure the volume of cars per day [Appendix N.1]. 
 
To measure initial speed in the area before speed hump installation, tests can be done using laser 
range finding devices [43]. Since Major Street has already had speed humps installed, the 
equipment can test the effectiveness of already installed speed humps and this can be used to 
determine the probable speed reduction on the suggested streets. These tests will occur in areas 
indicated in Figure H2: Robert Street, Brunswick, Lippincott, Borden, and Lennox St. In past 
cases, a 48-hour study period was used to collect data [42]. These tests occur after polling has 
occurred to confirm that technical & safety warrants are met [11]. 
 
8.2 Measures of Success for Lowering and Adding Signs and Pavement Markings 
The suggested signs have been tested under the standards of ASTM D4956 [44][45] which 
include testing its wear under various conditions; all signs are predicted to be effective for 7 
years [44][45]. 
 
Sign visibility can be directly related to retroreflectivity [46], which is a type of reflectiveness 
that aims light back to its source [47]; this relates to the component of lowering signs [See 
Appendix L]. Signs and pavement markings are tested under MUTCD standards, which suggest 
the following retroreflectivity tests: visual inspection at night and measuring with 
retroreflectometers [Appendix N.2]. Under MUTCD, the suggested signs meet the minimum 
requirements [49]. 
 
To test the ability of adding signs, a survey can be done in neighbourhoods such as in 
Cabbagetown in Toronto; Cabbagetown is comprised of one-way streets and have many arrow 
signs installed in certain intersections [See Appendix N.2.2]. Participants can be asked to drive 
through a route of Cabbagetown or another similar one-way neighbourhood, and the amount of 
people who drive the wrong way can be recorded to determine the impact of adding signs on the 
amount of wrong-way drivers; this amount can be compared to a one-way neighbourhood 
without as many arrow signs. 
 
A similar test to the previous test can be done using areas with pavement markings like at 
Kingston Road and Glen Stewart Crescent in the Beaches neighbourhood of Toronto [Appendix 
N.2] to again test the impact of pavement markings on wrong-way drivers. If pavement markings 
are like the aforementioned intersection, which has already been installed on city streets, drivers 
will see pavement markings before entering the intersection; thus this component adheres to the 
objectives regarding clear reception of information and prevention of wrong-way driving. 
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8.3 Cost Effectiveness 
To do a cost effectiveness analysis (CEA), the cost per unit affected is found by dividing the total 
cost by the number of units affected [50]. The units affected would be the number of wrong-way 
drivers over the entire design lifetime which can be found through using samplings of the 
number of drivers over a given time [Appendix N.3]. The cost per wrong-way driver can be used 
to compare against other solutions to confirm its compared effectiveness. 
 
8.4 Traffic Simulation 
Traffic simulation using PTV Vissim software can be used to measure unforeseen impacts of the 
design i.e. increase in traffic volume or delay, allowing system-wide analysis. The software is 
able to estimate traffic density, distribution, and potential problems[51]. See Figure N1 for 
example. 

9.0 Conclusion 
The purpose of this project is to design a system that can reduce the number of wrong-way 
drivers in Harbord Village. The design should effectively alert and prevent potential wrong-way 
drivers, through a low cost. The design should operate within varying conditions and not harm 
residents. In this document, three designs were proposed which satisfy the requirements. After 
analysis, design 6.3, QAD, was chosen which uses a combination of arrow signs, pavement 
markings, speed humps, and a community-wide campaign. Due to its effective targeting of 
wrong-way drivers, optimal cues for altering, and low cost, this is the preferred design suggested 
to the client.  
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Appendices 

Appendix A: Figures for Problem Statement 
 

 
Figure A1. Concrete Planter in the Winter Photo by Sujay Kumar. The snow partly interferes 
with the visibility.  
 
 

 
Figure A2. Concrete Planter in the summer Photo by Kerry Clare. Sign is used in order to alert 
drivers that they cannot enter the road. However, it is easy for drivers to ignore and dodge this 
planter. Source: Harbord Village Residents Association. (2018). Harbord Village Green Plan. 
[Online]. Available: https://harbordvillage.com/projects/greening/green-plan/ Accessed: Feb 9 
2018. 
 
 

https://harbordvillage.com/projects/greening/green-plan/
https://harbordvillage.com/projects/greening/green-plan/
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Appendix B: Process for the Detailed Requirements Generation  

This section details the justifications and methods used in order to develop the functions, 
objectives and constraints.  

 
Figure B1. An image of how the team generated the functions using the black box method. 
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Table B1. Pairwise Comparison Table 
The team used pairwise comparison to determine the order of priority of the objectives in the 
design. Through team discussion, it was decided that the key focus of the client’s needs is 
reducing the frequency of wrong-way drivers. Clear reception of information helps to achieve the 
first objective. From the client meeting, and the 2015 Green Plan, it was made clear that Harbord 
Village residents and the HVRA value the preservation of the flora, and that they always try to 
implement “greening” plans. Thus, the design should not negatively impact the green areas (such 
as by reducing the green areas). Our client placed low priority on the cost of the design but did 
prefer to have an implementation day that would be as soon as possible. The pairwise 
comparison chart was updated after client meeting two. During idea generation stage, the team 
agreed that the cost objective should be weighed much higher now, since the cost of the designs 
were varying and reaching large values. To provide evidence of feasibility of the designs to the 
city council, cost should be an important objective.  
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Figure B2. A map of Harbord Village taken from maps.google.ca. Access to this image can be 
found at: https://www.google.ca/maps/place/Harbord+Village,+Toronto,+ON/@43.6613907,-
79.4093621,16z/data=!4m5!3m4!1s0x882b3495277f4709:0x9e26feccc7f552e3!8m2!3d43.661904!4d-
79.4042712 
 
 
 

https://www.google.ca/maps/place/Harbord+Village,+Toronto,+ON/@43.6613907,-79.4093621,16z/data=!4m5!3m4!1s0x882b3495277f4709:0x9e26feccc7f552e3!8m2!3d43.661904!4d-79.4042712
https://www.google.ca/maps/place/Harbord+Village,+Toronto,+ON/@43.6613907,-79.4093621,16z/data=!4m5!3m4!1s0x882b3495277f4709:0x9e26feccc7f552e3!8m2!3d43.661904!4d-79.4042712
https://www.google.ca/maps/place/Harbord+Village,+Toronto,+ON/@43.6613907,-79.4093621,16z/data=!4m5!3m4!1s0x882b3495277f4709:0x9e26feccc7f552e3!8m2!3d43.661904!4d-79.4042712
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Figure B3. A satellite image of Harbord Village taken from maps.google.ca. Access to this image can 
found at: https://www.google.ca/maps/@43.6611155,-79.4049427,105m/data=!3m1!1e3 

Process for how we calculated percentage of area covered in greenery is outlined below: 
The team used a random number generator to produce 10 different cartesian points (x-y points). 
The group then add an x-axis and y-axis to the image and located where that translates to on a 
satellite image of Harbord village, which the team can do with maps.google.ca.  
 
On Google maps, there is a tool known as “measure distance” where you can set two points on a 
map and find the distance between them. An example of this is shown in figure B2. Using this 
tool, we can measure an area of 50 meters by 50 meters. Afterwards, we can use the same tool to 
measure the area covered by greenery.  
 
Finally, the team divided the area covered by greenery by the whole area and multiplied the 
value by 100 to find the percentage area covered by greenery at that location.  
The team repeated the above 9 more times at other locations and found the mean percentage area 
between the ten percentages. 
  
This gives an accurate values as the team did not make any assumptions about the dispersion of 
greenery and we took multiple readings for a result (which also makes the value more reliable). 
 
 

https://www.google.ca/maps/@43.6611155,-79.4049427,105m/data=!3m1!1e3
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Figure B4. An image of the process used to determine the potential budget needed for the 
project [11]. Although the cost was not provided by the client, the team used this value as a 
reference during the idea generation process.    



 

 28 

 
Figure B5. This screen capture was taken from the city of Toronto website. It shows examples of 
the laws the design must obey.  
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Appendix C: Photos on Street-level at Harbord Village and Neighbourhood 
Map 

This appendix includes photos taken from the passenger seat of the car of YangYang Chen on 
Saturday, February 3rd at 1:00PM to 2:00PM. This preliminary drive, including members Athbi 
Alfadhli and Edrianne-Alexa Tumaneng, was conducted to gain a further understanding of the 
perspective of the driver when creating the problem statement and the general project 
requirements. A map of the area is also included. 

  
Figure C1. Pinch-point at Russell and Robert St by Edrianne-Alexa Tumaneng. 
 
 
 
 

 
Figure C2. Two photos of streets including trees (which extend over the roads), power lines and street 
signs by Edrianne-Alexa Tumaneng. 
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Figure C3. Simplified map of Harbord Village, which displays road directions, names of major 
streets, parks and schools. Edits made by Edrianne-Alexa Tumaneng using information from 
Google Maps [9] and conversations with the client [3]. Original graphic taken from Harbord 
Village Green Plan 2015 [5]. 
 
To right of map is the University of Toronto [9]. 
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Appendix D: Stakeholders - 2016 Census for Harbord Village Residential 
Area  

The following figures contain select data from the Census data sheet for Harbord Village, 
compiled by HVRA member Merrill Swain [6].  
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Appendix E: Idea Generation Process 
This section outlines the idea generation process that was used to develop the three alternative 
designs in section 6.0 of the document.  
 

 
Figure E1. After briefly consulting literature relevant to the project, the team brainstormed 
design ideas that might satisfy the functions that were developed in the detailed requirements. At 
this stage, any idea was accepted in order to foster discussions.  
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Figure E2. A continuation of the brainstormed design ideas.  
 
  

 
Table E1. In the first voting period, each member received 5 votes for Alert and Prevent, and 2 
votes for detect. Members voted individually. The numbers are a reference to the numbered 
designs shown in previous figures. 
 

 
Table E2. The designs are compiled in order of votes.  
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Figure E3. Using a function in excel, approximately 300 combinations were made randomly. 
Each combination consisted of one design solution from each of the following sections: Alert, 
prevent and detect. Duplicates and combinations which were too similar, were removed from the 
spreadsheet. A second voting period occurred in which each member voted for 10 combinations. 
This figure shows all the combinations which received a vote, and the corresponding amount of 
votes. Team discussions occurred during the voting process.   

 
Figure E4. The top ten combinations were determined through team discussion. 
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Figure E5. Graphical decision matrix to determine the top 3 designs. x-axis: minimum distance 
the vehicle travels the wrong way before coming into contact with the design (scale 5 = 0m) 
y-axis: distance for information about road directions being received before entering the 
intersection(scale 5 = 10m) 

 

 
Figure E6. As a result of additional research on specific components of the designs, the team 
worked to make minor changes to the design specifications. This was done as a means to ensure 
that each design was distinct. 
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Appendix F: Design 6.1 figures [11] 

 
Figure F1. Map adapted from HVRA Greening Map [5], with suggested traffic calming 
measures: half-closures and traffic circles in Harbord Village. Locations were determined based 
on intersection size and traffic directions. A traffic circle is suggested at Ulster and Brunswick, 
because there are no planters giving it enough space to accommodate it. Half-closures are placed 
where it is necessary to prevent cars from turning onto the wrong direction.  
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Figure F2. Example of Traffic Circle at South Street and Intervale Road.  
Area of Traffic Circle = pi*(1.93)^2 = 11.7 metres squared 
 

 
Figure F3. The road width is 7.25 m which is 0.21 m smaller than at Ulster and Brunswick 
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Figure F4. The road width at Ulster and Brunswick is 7.46 m, thus it is large enough for a traffic 
circle. 
 

 
Table F1. Cost retrieved from resource: [Pande, A. and Wolshon, B. (2016). Traffic engineering 
handbook. 7th ed. New Jersey: John Wiley and Sons.] 
 
 

 
Figure F5. Example of greening opportunities of traffic circle   
Source: National Association of City Transportation Officials. (2018). Mini Roundabout. [online] Available at: 
https://nacto.org/publication/urban-street-design-guide/intersections/minor-intersections/mini-roundabout/ 
[Accessed 9 Mar. 2018]. 
 
 

https://nacto.org/publication/urban-street-design-guide/intersections/minor-intersections/mini-roundabout/
https://nacto.org/publication/urban-street-design-guide/intersections/minor-intersections/mini-roundabout/
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Figure F6. This diagram illustrate the process from the stage of requesting a traffic calming 
measure to the final stage of installing one.  
Source:  CITY OF TORONTO TRANSPORTATION SERVICES DIVISION. (2016). Traffic Calming Guide for 
Toronto Appendix 9. [online] Available at: https://www.toronto.ca/legdocs/mmis/2016/pw/bgrd/backgroundfile-
94207.pdf [Accessed 9 Mar. 2018]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.toronto.ca/legdocs/mmis/2016/pw/bgrd/backgroundfile-94207.pdf
https://www.toronto.ca/legdocs/mmis/2016/pw/bgrd/backgroundfile-94207.pdf
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Appendix G: Additional Figures for Design 6.2 
 
 

 
Figure G1. A proposed sign (from Seton) which will alert incoming drivers about the cameras. 
The text can be changed according to preferences from city council. It is a class R regulatory 
sign with black font on white background. The design was chosen from guidelines in the Ontario 
Traffic Manual Book 1, Appendix B, Sign Design Principles.  
 
Source 1 : Custom Seton Sign 
Seton Signs, labels and Safety Solutions. (2018). Custom Worded Traffic Signs. [online] Available at: 
http://www.seton.ca/custom-products/custom-traffic-parking-signs/custom-traffic-signs/custom-worded-traffic-
signs-tb2013.html [Accessed 9 Mar. 2018]. 
Source 2 : OTM Book 1 
 The Official Ministry of Transportation (MTO) Driver's Handbook. (2017). Signs. [online] Available at: 
https://www.ontario.ca/document/official-mto-drivers-handbook/signs#section-0 [Accessed 9 Mar. 2018]. 
 
  

 

http://www.seton.ca/custom-products/custom-traffic-parking-signs/custom-traffic-signs/custom-worded-traffic-signs-tb2013.html
http://www.seton.ca/custom-products/custom-traffic-parking-signs/custom-traffic-signs/custom-worded-traffic-signs-tb2013.html
https://www.ontario.ca/document/official-mto-drivers-handbook/signs#section-0
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Figure G2. Graphic shows how the radar/camera system operates. The camera will face the 
direction that is opposite to that of the road, as to solely detect wrong-way drivers, and avoid 
false detection [31]. 
 
 
 

 
Figure G3. The figure shows specific details about the camera used in the design [31]. 
 



 

 43 

 
Figure G4. Map shows where the camera and the radars (blue circles) will be placed based on 
information given in the client meeting. Edits made by Edrianne-Alexa Tumaneng using 
information from Google Maps [9]. Original graphic taken from Harbord Village Green Plan 
2015 [5].The intersections between these locations are common “pain points”, where the 
occurrence of wrong-way driving has been high (as observed by residents). The major pain 
points are Ulster and Brunswick, Sussex and Robert, Borden south of Bloor [3]. 17 signs, 
warning drivers of cameras, are to be placed at the borders of the neighborhood. This method is 
preferable to putting the signs directly in the streets beside the camera, since it reduces the 
congestion of signs that a driver must be aware of.  
 



 

 44 

Component Cost for 1 Quantity Total Cost 

Camera and 
dual radar 
system 

$19,995 CAD 10 $199,950 CAD 

Signs $295.20 CAD 17 $5,018.40 CAD 

Total Cost of Design  $204,968.40CAD 

Table G1. This table shows the calculation of the approximate cost of the design. The projected 
cost for the camera and dual radar system was provided by the Tapco company. For the cost of 
the signs that warn drivers of cameras, the cost of a custom sign from the Seton company was 
used as a benchmark. There is a $580 projected monitoring cost per year, according to Tapco 
representatives.  
Source:Seton Signs, labels and Safety Solutions. (2018). Custom Worded Traffic Signs. [online] Available at: 
http://www.seton.ca/custom-products/custom-traffic-parking-signs/custom-traffic-signs/custom-worded-traffic-
signs-tb2013.html [Accessed 9 Mar. 2018]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.seton.ca/custom-products/custom-traffic-parking-signs/custom-traffic-signs/custom-worded-traffic-signs-tb2013.html
http://www.seton.ca/custom-products/custom-traffic-parking-signs/custom-traffic-signs/custom-worded-traffic-signs-tb2013.html
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Appendix H: Location Plan for Design 6.3  

 
Figure H1. Map adapted by Edrianne-Alexa Tumaneng from HVRA Greening Map [5], with 
suggested speed humps in areas of schools, parks and Kensington Gardens. 
Ulster Street has a park, Margaret Fairley Park, however via Google Maps [9], it was found that 
the street is less than 120m, and thus traffic calming measures cannot be added [11]. 
Signs were assumed to be opposite the lane one approaches with in the adjacent corner of the 
corresponding lane one would turn into.  
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Figure H2. This map shows locations walked by Edrianne-Alexa Tumaneng. Edits made by 
Edrianne-Alexa Tumaneng using information from Google Maps [9]. Original graphic taken 
from Harbord Village Green Plan 2015 [5]. 
 
To ascertain which intersections need more signs, Google Maps [9] was consulted and each 
intersection was approached from Street View to see the perspective of any driver approaching 
and which directional arrows were missing; the images were taken from August 2017 in most 
areas but Edrianne-Alexa Tumaneng walked through the following highlighted areas on March 
6th, 2018, to have updated information, since the areas highlighted were from Google Maps 
drives prior to 2017. Thus, information in non-highlighted sections are reliant on Google Maps 
data and may be different from current reality, considering graffiti, removal of or damage to 
existing signs. 
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Figure H3. Proposed locations of arrows on road surface and suggested amounts of lawn signs 
per area. Graphic taken from HRVA Greening Plan [5] and adapted by Edrianne-Alexa 
Tumaneng. 
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Appendix I: Design Specifications for 6.3 
 

Component Design Specifications 

Pavement Markings See Figure K1 

Arrow Signs Size: 36 x 12” 
Max Viewing Distance is 100’ 
Average Text Size: 4” 
0.080” engineering grade reflective 
Aluminum 

● Resistant to fading and mild chemicals 
 
 [44][45] 

Speed Humps 8.5m wide (maximum) 
4m long  
75mm high 
[52] 

Lawn Signs 18 x 27 inches[53] 

 
Figure I1: An image of one of the suggested signs used as a benchmark [45]. 
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Appendix J: Cost for Design 6.3 
Given the location plan in Appendix H, the cost is derived as follows: 
Traffic 
Measure 

Number of 
Locations 

Number of 
Items Minimum Cost 

Maximu
m Cost 

Average 
Cost 

Implementati
on Time 

Speed Humps 7 Streets 18 $1,000 [11] 
$5,000 

[11] 
$3000 

[54] 

1.5 years to 
receive 
permit 

Arrow Signs 5 Intersections 7 

Left Signs (4) at 
$46.05 each [44] 
 
Right Signs (3) 
At $46.05 each 
 
[45]   

9 months to 
receive 
permit 

Directional 
Signs on 
Ground 24 + 25 = 49 

30 + 30 = 
60 $206.20 $343.68 $274.94 

9 months to 
receive 
permit 

Lawn Signs 
Throughout 
neighborhood 

15 + 8 + 10 
+ 20 + 12 = 
65 

$20 each  (18x27 
inches) [53]    

Table J1. This table details the number of devices and the cost as a result. 
 
Surface arrow pairs at intersections were considered two different items at the same location, 
since only one surface location would have to be inspected for painting. 
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Appendix K: Calculation for the cost of painted arrows on the road 
Our proposed solution involves adding more painted arrows on to the road. Using the Ontario 
traffic manual, we found the Ontario standard for painting arrows on the streets, a figure of 
which is found directly below. 
` 
Figure K1. Standards for the size of painted arrows in Ontario [55] 
 
Using figure K1, Athbi Alfadhli was able to determine the area of the arrows. To do this, he first 
found the area of the whole area enclosing the arrow. Each small square has an area of 225cm2 
based on the figure. Therefore, if he count edup the number of boxes that are “empty”, he could 
find the total area that is not covered by the area. So then therefore, the area of the arrow will be 
the total area minus the “empty” area. 
Then, after finding the area of the arrows, he then proceeded to find the volume of paint we 
would need, which can be found using the following equation: 
 
Volume Needed = total surface area / spreading rate 
 
The theoretical spreading rate of the paint the team are using was: 3 - 5 m2/L [56]. So after 
converting the area of the arrows to meter2, he proceeded to find the range of the volume of paint 
needed in litres. 
It was not possible to determine the cost per m2 of paint that the city of Toronto plans to use if 
the solution were to be implemented. It was then best to model the industrial use of Alkyd Resin 
and chlorinated rubber base road marking paint [56] with its commercial counterpart. Using a 
cost of 35$ per 3.84 litres [57], he was then able to calculate the cost to paint each arrow. 
 
Pavement markings on speed humps use inlaid thermoplastic pavement markings which are 
standard for the City of Toronto [52] and are included in the price estimated [54]. 
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Appendix L: Background Supporting Info For Design 6.3 

 

Objective 3.2.1 ● In a similar case in California, a lawn sign campaign targeting 
speeding induced 16% decrease in speeding offenses [58].  

Objective 3.2.2 ● This countermeasure is said to have positive effects for older 
drivers [59], and the older residents comprise 12% of the 
population north of Harbord and 22% south of Harbord in Harbord 
Village [6]. 

● In a Georgia highway, lowering the signs in combination with 
other countermeasures decreased wrong-way maneuvers from 88.6 
to 2.0 monthly  [59]. The California Department of Transportation 
has used lower signs [59]; in studies of these areas, wrong-way 
driving incidents decreased from 50-60 monthly to 2-6 monthly, 
due to signs now being directly in the path of headlights [59].  

Objective 3.2.3 -- 

Objective 3.2.4 -- 

Objective 3.2.5 In conversations with 311, 
● 9 months to get the permit for a new sign 
● 1.5 years to get the permit for speed humps 
● 9 months to add new painted arrows on the road 

 
During a call with 311, Athbi Alfadhli had been discussing how further enforcement against 
wrong-way driving can be implemented within Harbord Village. It was suggested to him to 
emphasize to the residents of Harbord Village to report any wrong-way driving by either calling 
their local police division or filing a report online. The increase in reports will show the police 
that there is an issue with reckless drivers in Harbord Village and therefore lead to a higher 
police presence in the neighbourhood. The higher police presence incentivises drivers to follow 
the correct road directions and therefore lower the number of wrong-way driving incidents. 
Finally, for more information regarding the statement, “may increase police presence” in section 
6.3, please refer to the source below which highlights Toronto Police Services’ focus on 
neighbourhood policing in the following years and increased communication between police 
officers and civilians.  
Source: Anon. (2017). TRANSFORMATIONAL TASK FORCE REPORT EXECUTIVE SUMMARY. [online] 
Available at: http://www.torontopolice.on.ca/TheWayForward/files/executive-summary.pdf [Accessed 9 Mar. 
2018]. 

 
 

 
 
 

http://www.torontopolice.on.ca/TheWayForward/files/executive-summary.pdf


 

 52 

Appendix M: Weighted Decision Matrix   
 

The weighted decision matrix method that the team used follows the process outlined in the 
textbook Designing Engineers: An Introductory Textbook (S.McCahan, P. Anderson, M. 
Kortschot, P.Weiss, and K. Woodhouse). 

 
Table M1. The objectives were given weights, assigned as percentages. The weight values were 
determined through discussion, and the details are provided in the last column of the table.  
 
 

 
Table M2. Each alternative design is compared to the objectives. A scale of 0% to 100%, which 
represents a range between “does not meet objective at all” and “outstanding with respect to the 
objective”.  
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Table M3. Percentages from Tables M1 and M2 are combined to produce a value that quantifies 
the relative success of the alternative design in meeting the objectives that have been set out.  
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Appendix N: Explanation of Thought Process and of Equipment for Measure 
of Success 

N.1 Measures for Speed Humps 
In Toronto guidelines for traffic calming measures, such as speed humps, it is established that 
only streets with less than 8000 cars per day are suitable for installing such traffic calming 
measures [11]. Measuring speed is also necessary to ensure a street meets Toronto’s guidelines 
for traffic calming techniques; it must have an 85th percentile speed at a minimum of 10km/hr 
above the speed limit [11].  
 
When driven over, pneumatic road tubes release a burst of air pressure along the rubber tube and 
this pressure closes an air switch [60]. This produces an electrical signal that is analyzed or 
counted by software; thus creating a volume measure over a certain period of time. 
 
Laser range finding devices measure its distance to an object 238.4 times in a second to measure 
speed [43]. Software like C is then used to analyze the distance of an object from the laser and its 
relation to speed [43]. 
 
While studies have been done showing speed humps drop speeds approximately 15km/hr after 
and 20km/h at the peak of the hump, the method of using laser guns can confirm this using 
Major Street as a test area [61]. 
 
N.2 Measures for Visual Information 
 
In measuring signs and pavement markings effectiveness, two parts, sign detectability and 
legibility are considered [62]; since the pavement markings do not have words and the arrow 
signs are primarily a symbol as well, legibility will be considered processed at moment of 
sighting.   
 
Handheld retroreflectometers are placed on the surface of a sign and emit light and when the 
light is reflected, it is analyzed by a photoreceptor that is sensitive to light [63]; the amount of 
light emitted by the retroreflectometers can be adjusted to mimic daylight conditions or for the 
impact of headlights [63]. Mobile luminance cameras have also been used to determine 
retroreflectivity [64] which takes photos as a driver approaches a sign that can be analyzed by 
software, such as Matlab [65], to extract a selected area’s contrast and luminance [66]. Similar 
approaches of retroreflectometers are used in the determination of effectiveness of pavement 
markings [67]. Current technology approximates to a driver’s viewpoint at 30m according to 
ASTM standards [67]. A common method of measuring visibility and legibility, which is 
endorsed by the Manual on Uniform Traffic Control Devices (MUTCD), involve trained 
inspectors above or at the age of 60 approaching signs via car and analyzing the retroreflectivity 
of signs [68]. 
For further background reading regarding  
 
Cabbagetown is comprised of one-way streets as evident through Google Maps [9]. 
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Figure N.2.1: A photo of Google Maps’ street direction representations of Cabbagetown with a 
pinpoint at a suggested intersection to use in a test route [9]. 

 
Figure N.2.2: A photo from Google Maps with an example of a suggested intersection (Carlton 
and Sackville Street in Cabbagetown) to run tests in due to the use of positive arrow signs [9]. 
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Figure N.2.3: A photo from Google Maps at Kingston Road and Glen Stewart Crescent [9], with 
pavement markings at the base of the intersection. 
 
N.3 Measure of Cost Effectiveness 
The street would be analyzed by city surveyors to find the number of wrong-way drivers in a 
given time, such as 24 hours; a one-day survey in Harbord Village in 2000 was used to ascertain 
the number of wrong-way driving incidents [4].  
 
N.4 Traffic Simulation 
Vissim is capable of simulating vehicles, public transit, cyclists and pedestrians [51].  
 

 
Figure N1. Example of Traffic Simulation of Ulster and Brunswick produced by Sujay Kumar 
using PTV Vissim 10 [69] 
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