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EXECUTIVE SUMMARY
TAPS, an acronym for Travel Assistive Pathfinding System, is a 
support system that aims to provide an inclusive, affordable, 
and accessible method of navigation for the visually impaired. 
Employing the technology of metal-detection, bone conduction, 
and Bluetooth ibeacon, TAPS consists of three components: the 
smart cane attachment, the navigational metal paint, and ibeacon 
information tile.

Visual Impairment comes in various shapes and forms, and 
although it may not be as well discussed as cancer or other forms 
of major diseases, it can still affect people’s lives in a dramatic way. 
As we rely 80% of our senses on visual inputs, we built our society 
based upon our vision. Therefore, as soon as our vision is lost, we 
are faced with a tremendous barrier to life that we have built for 
ourselves such as driving to work, or go to the grocery store down 
the street.

Besides those who were born with visual impairments, the design 
is also intended for almost all of us. As studies show that 1 in 9 
people will develop irreversible vision loss by age 65, and 1 in 4 
will receive some form visual impairment by age 75, some of us 
would become part of the demographics that needs TAPS. The 
goal for TAPS is to reduced the effect of that barrier as much as 
possible; to help people with visual impairment to continue to live 
their lives without limitations.

TAPS is also designed with the city governing authorities in 
mind. The traditional way of creating pathfindings for the visually 
impaired is to place in tactile paving tiles throughout the cities. 
However, the processes to retrofit our current infrastructures is 
extremely expensive. TAPS offers a reliable and cost-effective 
solution in the form of the navigational paint.

UltraCane is a patent protected, award winning primary mobility 
aid for the visually impaired. UltraCane uses ultrasonic sensors to 
detect objects up to 4 meters and relay that information to the 
users; giving them much more time to react and made decisions. 
Unlike UltraCane and other smart cane designs, which simply 

extend the range of detection for the mobility cane, TAPS creates 
a safe and clear path for the users to navigate. Through our user 
research, many of our participants have noted that traveling to and 
from their destinations is the most stressful part of their everyday 
lives. By creating a safe path for the users, TAPS eliminates that 
pain point of uncertainty in travel and provides an affordance for 
obstacle evasion.

Many Assumptions are made during the development of TAPS. 
Thus, risks and opportunities evaluations are part of every stage in 
the design process. 

One of the greatest risks facing TAPS is the application of the 
navigational paint. As travel conditions may vary in real life, the 
trust of the system by our users may be extremely dangerous for 
them if the paints are not applied correctly. However, the same risk 
may offer us an opportunity to re-evaluate the inclusivity of our 
cities and our streets.

Another noticeable risk comes from the durability of the paint and 
the metals that are embedded within. As the navigational paints are 
completely exposed to the elements, wear and tear is a natural thing. 
If a part of the path is broken, that might present a confusion for the 
users within the system. To counter that risk, thermoplastic paints 
similar to what we use for the roadway dividers can be deployed to 
help the paints last longer. On the other hand, the paint durability can 
also be used as an opportunity in the scenario of a change in the path. 
Temporary paints can be sprayed around construction sites to act as 
a detour for the users. This means TAPS can also be added in as part 
of the construction code when blocking off sidewalks or changing the 
locations for public transit stations.
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I AM MICHAEL LEE
“Design is a place where creativity 
and logic meets”

Bio
I am the Creative Director and a Freelance Design of my 
personal studio M_Lee Creative. I have a background 
in Chemical-Physics and Forensic Science from Simon 
Fraser University and also have a Bachelor of Design 
in Industrial Design from Emily Carr University of Art + 
Design. Throughout my career, I have been recognized as 
a multidisciplinary designer. I believe that being a creative 
individual should not be about limiting oneself to one 
discipline or medium, instead, it should be about exploring 
other possibilities, and learning and challenging 
oneself continuously.

I specialize in creative problem solving and human-
centered designs. I have created health care improvements 
for Providence Health Care, co-hosted human-centered 
design workshops for the Health Design Lab at Emily Carr 
University, built brands and websites for local businesses 
and have worked with major brands such as Coca-Cola 
and Pepper Lunch. I am also passionate about startups and 
has acted as the design consultant for local startup tech 
companies TerraTap Technology Inc., Orello Hearing, and 
H+ Technology.

My vision for M_Lee Creative Studio is for it to become 
a comprehensive creative solution for all businesses 
and professions; and that it would be a place where the 
logicals and the creatives meet.

Inspirations
I draw most of my inspiration from my trainings in the 
field of science. For me, design is a form of problem 
solving; thus, I would usually start with identifying the 
opportunities within a design situation then draw my 
inspirations from the possible solutions.

Most of what I see also becomes part of my inspirations. 
The people, the buildings, the environment, the systems, 
the situations, and the interactions are all building blocks 
we have created, and like Lego pieces, I would manipulate, 
rearrange, assemble, and disassemble them to come up 
with interesting combinations. As a designer, I believe it is 
our job to mix/mess things up and to become the bridges 
and the glues that connects drastically different things 
together.

Industrial Designer + Communications Designer + Interaction Designer
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MY DESIGN PROCESS

Process 2 : Research
Conduct research base on the parameters 
set in the defining phase and to gather all 
information relate to the direction.

Process 3 : Ideate
Ideation base on the research done. 
Some assumptions are also tested 
during this phase for validation.

Process 4 : Prototype

refined and constructed physically for actual 
testings. Some form of user testing may be 
conducted depending on the need of the project 
during this phase.

Process 5 : Build
After all of the prototypes are made 
and tested. One final concept is 
selected for the build.

Process 6 : Analyses
After the design is build, it is analyzed 
and studied. Some designs may be 
revised during this phase and go through 
the entire design process again.

Process 1 : Define
Define the problem space, the user, 
and the overall design directions and 
set the parameter.



PHASE ONE | DEFINE
THE STORY
It all begin one afternoon in the month of October on my way back 
from school. To obtain user research data, I have been taking the 
public transportation system to and from Emily Carr University of 
Art + Design instead driving as my usual means of travel around 
Vancouver. It was an incredibly busy day for the #41 bus that was 
heading towards Joyce Collingwood Skytrain Station, which was 
not unusual, yet that day the bus was delayed for more than 45 
minutes. When the bus finally arrived, passengers rushed onto 
the bus, and I was the last person that made on. Upon departure, 
the bus driver announced through the speaker system on the bus 
that his bus will not be reaching Joy Collingwood Station and will 
be turning back on Victoria Street, which is just a couple stops 
short of the Skytrain station, due to scheduling issues. As I am not 
heading to the Skytrain station and my stop is just one stop before 
Victoria Street, I stayed on the bus.

A couple stops later the packed bus stopped at a smaller 
neighbourhood stop, and a visually impaired couple got onto the 
bus. As the couple struggled to get onto the bus, the bus driver 
delivered the same message of the change in schedule as he had 
to everyone else and advised her to wait for the next bus that is 
coming behind his. The lady immediately becomes very stressed 
and proceed inside the bus without acknowledging the driver. As 
she continued towards the handicap seats, she accidentally sat on 
an older woman, who was already on the seat. After some shuffling 
around, the visually impaired couple finally sat down. Before 
leaving the station, the bus driver made the announcement again 
of the change due to schedule. Upon hearing the announcement 
through the speaker, the visually impaired couple finally realized 
that they are on the wrong bus, but sat helplessly as the bus pulls 
out of the station. They looked so stressed, anxious, and lost as the 
bus drives past through stops after stops.

Finally, after seeing that they have yet to get up to change buses, 
I walked up and offered to help them get on the bus behind us. 

They agreed, and I lead them off the bus and up the following one. 
However, the same seating situation happened again on the next 
bus as people are not noticing the couples visual impairment.

After this encounter, I started to realized the lack of support for 
those with visual impairment in our city. Even with all the existing 
support systems such as tactile paving in certain stations and 
sound assist at some crosswalks, there is an opportunity for a 
design that can connect them all.

$15.8 billion

200

Total annual cost of 
vision loss in Canada 
in 2007.

Canadian workers are 
at risk of suffering 
eye damaging injuries 
EVERYDAY.
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THE FACTS

Above data are obtain from the Nation Coalition for Vision Health research for Vision Lost in Canada in 2011

$15.8 billion

200

$30.3 billion

68 %

over 4 million

40 %

Total annual cost of 
vision loss in Canada 
in 2007.

Canadian workers are 
at risk of suffering 
eye damaging injuries 
EVERYDAY.

Projected total annual 
cost of vision loss in 
Canada in 2032.

Adults with vision loss 
are unemployed.

The number of 
Canadians with an age-
related, blinding ocular 
disease in 2007.

(Will double as the number of 
aged doubles)

Canadians in the 
workplace do not get 
needed visual aids.

Canadians will develop 
irreversible vision loss by 
age 65.

Provinces offers 
publicly funded vision 
rehabilitation services.

Canadians will develop 
irreversible vision loss by 
age 75.

Number of federal 
agencies in Canada 
exclusively funding 
vision research

Canadian ophthalmologists 
over age 55 are due to 
retire in the next decade.

Number of studies 
examining the optimum 
number and distribution of
eye care providers needed 
in Canada

1 in 9

Only 1

1 in 4

0

1 in 3

0
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RISKS OF VISUAL IMPAIRMENT

DOUBLE

TRIPLE

QUADRUPLE

DOUBLE

DOUBLE

the incidence of difficulties in daily living and social dependence.

the incidence of falls.

the mortality rate.

the incidence of depression.

the incidence of hip fractures.
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MoSCoW METHOD MoSCoW method is prioritization technique used in management, business analysis, project management, 
and software development. For the purpose of this design project, MoSCoW method is used to prioritize the 
various design criteria into Must Haves, Should Haves, Could Haves, and Wont Haves.

MUST 
HAVES

COULD 
HAVES

SHOULD
HAVES

WONT
HAVES

• Must be affordable.

• Must be compact.

• Must be lightweight.

• If hearing devices are involved, must not imped the users’ ability to hear their 
surroundings.

• Must be durable.

• Must be water proof.

• Must provide the users with necessary support to maintain autonomy of travel.

• Must be easily installed by the city.

• Cost of installation must be lower than that of traditional tactile paving.

• Could have ultrasonic sensors as an attachment.

• Could have GPS location capabilities in case of emergencies.

• Could have an induction charging station for any built in battery.

• Could have motion charging to increase battery life.

• Could be connected to a smart phone for future mobile application developments.

• Should be an add on for users’ existing canes.

• Installation of any attachment or add on should be intuitive.

• If electronics are involved, should have long battery life.

• Should be easy to operate with minimal training.

• Should have reflective surfaces to increase user notability.

• Should increase the users desire to go out more often.

• Should decrease the anxiety and stress cause by traveling for the users.

• Wont require the users to purchase another cane.

• Wont require the need of a smart phone to operate.
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ASSUMPTIONS TO TEST Testing Assumptions and validating them is an important step to take to make sure that no false assumptions are made towards the product 
being designed. With the x-axis of the matrix measures the severity of the risk if the assumption is wrong and the y-axis measures how well the 
assumption is known as valid, this matrix helps determine which assumptions should be a priority for testing.

Known

unKnown

Low Risk
High Risk

Assumptions that must be validated
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VALUE PROPOSITION CANVAS Value Proposition Canvas is a great tool to start the generation process to ideate concepts. The value proposition canvas focuses on the pains 
and gains of the target users from the actions they have to conduct to carry out their tasks of traveling. From there, gain creators and pain 
relievers are generated then some key features of the product and service can be produced.

• Navigating around the neighbourhood.

• Locating the transit stops.

• Locate the bus poles.

• Knowing which bus is coming up next 
and from how long will it be arriving.

• Finding the bus shelters.

• Finding the proper direction to walk.

• Navigating around constructions.

• Determining which is inbound and 
which is outbound in a skytrain station.

• Going up and down stairs.

• Locate elevators.

• Better paving system for better navigations.

• Better inter-connectivity between users and 
the infrastructures.

• A better way to navigate around 
constructions or changes in paths.

• Strangers offering to them.

• Bus drivers are helpful towards them

• Bus drivers will make the effort to let 
them know which stops are coming up.

• Be helpful if the bus driver can know 
that there is a person with visual 
impairment to offer help accordingly.

• Indicators from the bus or trains to let 
users locate the entrance better.

• Designated spots for them to be more 
easily detected by the drivers as well as 
for ease of boarding.

• Tactile or passive navigational system.

• Able to go out more.

• Able to live a normal live.

• Reduced stress and anxiety.

• Increased social interactions.

• Increased job opportunities.

• Better neighbourhood navigational.

• Able to communicate to the bus drivers of 
users’ needs.

• Clearer indication of rout changes.

• better directinoal indicators at intersections.

• Can’t find the bus stops.

• Dangerous to navigate in the 
neighbourhoods due to lack of support.

• Does not leave home often due to 
stress and anxiety of the ourdoor.

• Getting onto the wrong bus.

• Not knowing where you are.

• Don’t want to rely on strangers.

• Falling on stairs.

• Keeps on accidentally sitting on people 
when on public transit vehicles.

• Can’t hear the stops being announced
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PHASE TWO | RESEARCH
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Several documentations on the effect of blindness is reviewed to 
gain insights into the minds of those with visual impairment and 
what they have to go through to over come their disabilities.

LITERATURE REVIEW
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Unlike a real person or a standard persona, a proto-persona is 
based on the assumptions of the targeted demographics. They 
are a collection of heuristics, market research, and intuition 
presenting an opportunity to articulate the target audience, 
their needs, and behaviors. Proto-personas is used to check 
again further the actual data and helps to set the grounds to 
generate and ideate for the design.

Several proto-personas were generated with various scenarios 
and conditions to ensure the concepts generated from these 
proto-personas are accurate and are human-centred.

From the proto-personas we have discovered several crucial 
points for the design:

• A lof of our target users is still wanting to continue their 
work regardless of receiving their disabilities.

• For some that were born with visually impaired, they 
would still want to go out and be connected to a 
community. For some that become visually impaired, they 
still would like to maintain their social lives.

• Some are not able to afford or to take care of a guide 
dog as they were maybe living in a place that does not 
allow pets.

PROTOPERSONAS
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EMPATHY STUDY

Empathy study was deployed as it is important to observe how 
participants react to changes in their visual sensory input; to 
also see how they would interact with their environments. As we 
rely on the majority of our interpretation of the world around us 
through our visual sense, we build our society mainly base off 
of optical inputs. Therefore, to properly design for the visually 
impaired, it is important to be able to get into their worlds and to 
“see” things from their perspective; to see how they would operate 
daily tasks as easy as traveling around the city differently.

To accomplish the empathy study, Visual Impairment Simulation 
Goggles were made to simulate conditions of the users in the 
target environment. Testing participants were asked to wear the 
simulation goggles in particular scenarios to obtain feedback from 
testing participants on what work for them in the environment and 
what don’t.

The testing participants, who are not visually impaired, all 
describe to a sense of lost in their surroundings. The majority of 
the participants describes that although completing tasks such 
as moving objects around and tasks that involve feeling around 
with their hands are relatively comprehensible, navigation in a set 
environment was the most difficult for them. Without the usage of 
a mobility cane, most participants shuffle their feet around trying 
to get a sense of their surroundings, and most of them describe 
a sense of stress and anxiety. Even after having the chance to 
observe their surroundings first before putting on the simulation 
goggles, participants have great difficulties traversing the set path.
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OBSERVATION & INTERVIEWS

On-site observations and surveys in the design space provided further 
insight into the needs and the lack of support for the users with visual 
impairment

These spaces include both slow and busy bus stops (with shelters and 
without shelters) and Skytrain stations.  The test mainly focuses on 
discovering and defining the pain points of the target space, and to note 
any interaction between users with visual impairment and the system.
Interview questions are then conducted on random transit users on what 
works for them and what doesn’t.

The picture to the left is a typical bus stop in a typical neighbourhood. 
Some users have noted that there are almost next to no support for 
visual impairment to locate the stop unless they can find the bus pole 
through physical touch.

The text on the stop sign to indicate the buses that will stop at this 
station is extremely small even for people with sight, and there are no 
bus schedules available at some of the stop, making it impossible to 
know when the next bus in coming.

Even at busier and newer bus stops along Main street, the LED 
displays that disclose bus numbers and arrival times are still heavily 
relying on sight.

Tactile paving for the visually impaired is present at the majority of 
SkyTrain stations in Metro Vancouver. However, a lot of them were 
installed without considering the users.

This first picture is taken at the Oakridge Mall 41st Street station along 
the Canada Line. However, a visual impaired participant describes his 
anxiety of following the lines as the tactile paving line cuts through the 
flow of walking traffic through the gate to reach the handicap fair gate. 
The same participant also noted that the tiles would end at the elevator 
on the floor of the platform, but has none at the surface level.

An expert from the Canadian National Institute for the Blind has also 
expressed that the tactile paving along the edge of the platform has no 

way of indicating where the train entrances are, which makes it extremely 
dangerous for users with visual impairment when boarding the trains.

At the busiest station, “Commercial Drive,” it becomes even more 
difficult for users with visual impairment to navigate as there are multiple 
entrances and exits, as well as confusion lines drawn along the ground 
that can only be seen at this station. Furthermore, there are no tactile 
paving anywhere to be seen at this station until the platform. Some 
interview participants describe this station to be their worst nightmare to 
travel through.
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QUESTIONNAIRE & SURVEYS

Questionnaire and survey questions were sent out to participants 
on the public transit system in Metro Vancouver. However, there 
were no responds returned from Canada Institute for the Blind 
due to schedule issues. Nonetheless, the responses still provided 
insight to some of the problems existing in our current transit 
system.

Questionnaire and Survey Findings:

• Most of the participants would love to be able to take the public 
transit more often.

• Some noted that there is a significant inconsistency in how long a 
vehicle (both buses and sky trains) would stay in their respective 
stations.

• Some noted that any changes in the route would often not be 
communicated properly. The lack of proper communication would 
create a lot of anxiety for users with visual impairment as they rely 
heavily on routines and set routes to travel safely.

• About half of the participants indicates that they would be willing 
to take the public transit if they are suddenly being diagnosed with 
visual impairment and would no longer be allowed to operate 
vehicles. The other halves are extremely fearful of the inefficiency 
of the public transit system.

• The majority of the participants are willing to use a blind 
(mobility) cane if suggested as it would help them to get 
around.
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VIDEO PROTOTYPING

The Video Prototype was in an attempt to understand, study, and 
express the amount of anxiety and stress that a user with visual 
impairment would feel and go through on daily bases trying to use 
the public transportation system in Metro Vancouver.
A lens attachment was made from MDF and panels of plexiglass 
with different types of visual impairment act as filters to simulate 
actual visual impairment and what visual impact it would have on 
someone with visual impairment.

After setting up the scene and establish the premise, a walk 
through experience of a sighted user is used as a control for the 
audience. The shots also focus on the items such as walking down 
stairs, cross a park, through a walkway, looking at the watch to 
check time, checking the bus schedule, and navigating to the 
next bus that we have taken for granted. It was also interesting to 
discover through video prototyping that even for riders, who are 
sighted, it is relatively difficult to read the bus schedule and hard to 
identify the upcoming bus numbers—especially on a rainy day like 
the day of the shoot.

Although it is still relatively easy to see the surrounding environments 
with certain visual impairments, it is hard to determine where objects 
are and climbing the stairs is especially challenging.
The next couple scene is all simulations of different visual 
impairments: Diabetic Retinopathy and Retinitis Pigmentosa 
then finally complete vision loss. From the video, it is very easy 
to see the amount of anxiety that a user would go through 
when trying to travel to their destinations even with the least 
complicated visual impairments.

https://vimeo.com/213633349
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D I A B E T I S C H E
R E T I N O PAT H I E
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PHASE THREE | IDEATE

EMILY CARR UNIVERSITY OF ART + DESIGN
MAXE FISHER
SPRING 2017

M_LEE CREATIVE STUDIO
MICHAEL LEE

WWW.MLEECREATIVE.COM

18 TRAVEL ASSISTIVE PATHFINDING SYSTEM



VISUAL DESIGN BRIEF

Autonomy
safe
worry-free
trusting
oriented
accessible
attractive
simple
ergonomic
intuitive
guiding
structured
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MIND MAP
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USER JOURNEY MAPPING

User journey mapping is used 
to get a rough sense of how the 
system can be interconnected, and 
what would be the ideal experience 
our users can have.
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SCENARIO MAPPING MEET TOM

Behavior Demographic
Information
Psychographic

• 26 years old.

• Tom is single

• Works as an administrator at SFU everyday.

• Tom loves his work.

• Tom is not born blind.

• Has a genetic defect that is gradually making 
Tom extremely near-sighted.

• He is legally blind, but can still see rough outline 
of objects and colour.

• Tom wears glasses, but it is not enough for him 
to see things clearly.

• Tom is not allowed to operate a vehicle.

• Tom doesn’t mind taking the public transit

• Tom is very environmentally friendly.

• Tom owns a smartphone.

Pain Points & Needs

• Wants to continue doing his job and doesn’t 
want his disability to effect his career.

• It was hard coping with his new found disability.

• Tom feels self-concienous about his disability 
and doesn’t want other people to know.

• Doesn’t want to use a blind cane even if he can.

• Doesn’t know how to use a blind cane.

• Doesn’t like to constantly having to look in front 
of his feet at where he’s walking.

• Finds it hard to transit around town due to 
his disability.

• Gets quite confused at a complex transfer 
station, but is still managable if had been 
there before.

Potential Solutions

• No cane solution.

• Built in detection shoe insoles that’s connected 
via bluetooth to the smartphone.

• The smartphone can vibrate to indicate getting 
off track or approaching hazardous changes in 
environment.

• Optional ear piece connection to send out low 
tones if hands are full.
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SCENARIO MAPPING SIMPLE SCENARIO
Tom is a 26 years old Administrator at SFU. However, due to genetics, Tom is slowing loosing his sight and is extremely near sighted. Tom is not allowed to operate a vehicle, but 
he still has to go to work everyday. Lucky his work place is only one bus ride away from home. Everyday Tom would walk about 100m to the nearest bus stop down the road 
from his house, get on the bus for a short 15min ride, and his work place is just 50m down the road from his destination stop.

- Worried
- Concerned
- Uncertain
- Frustrated

- Worried
- Concerned
- Uncertain

Don’t want other  
people to know of 
the disability.

Is the insole connected?

Is my headphones 
connected?

Am I wearing the shoes 
with the smart insoles 
in?

Where are my 
headphones?

Am I on track?

Am I going the right 
directions?

It the bus early?

Have I already missed 
my bus?

stop?
Which way am I going?

Tom leaves home to go 
to work 

Tom follows the smart 
guide lines to the 
nearest bus stop.

Tom steps close to the info 
plate. The plate then 
relates the bus 
information to Tom:

- Which station is this.
- What’s the next bus #
- From how long will it 
arrive at the station.

Tom gets onto the bus 
when it arrives when it arrives at his 

stop

Tom follows the smart 
guide lines to his 
workplace

Tom steps close to the info 
plate. The plate then 
relates the bus information 
to Tom:

- Which station is this.
- What’s the next bus #
- From how long will it 
arrive at the station.
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SCENARIO MAPPING COMPLEX SCENARIO
Tom is a 26 year old Administrator at SFU. However, due to genetics, Tom is slowing loosing his sight and is extremely near sighted. Tom is not allowed to operate a vehicle, but 
he still has to go to work everyday. Unfortunatly, Tom lives quite a distant away from his work place and has to travel using a series of transfer of bus rides and skytrain rides. 
Tom’s path also comes across the busiest station (Commercial Station) and has to ensure he catches the expo line heading to into.

SkyTrain

Tom leaves 
home to go 
to work 

Checks to make 
sure he has his 
smart insole in 
his shoes.

Connects the 
insole to his 
smartphone 
app.

Puts on his  
bone induction 
headphones.

Following the 
smart guide, 
Tom reaches his 
nearest bus stop 
and listen to the 
info of the bus.

The smart guide 
was able to alert 
him whenever 
he is starting to 

The App sents a 
gentle vibration 
through his 
headphones.

Tom gets on the 
East-bound bus 
safely

bus safely

bus safely

Tom gets on the 
North-bound 
bus safely

bus safely
Following the 
smart guide, 
Tom his a info 
block giving him 
the direction for 
Expo or M-line

Following the 
smart guide, 
Tom his a info 
block giving him 
the direction for 
Expo or M-line

Heading toward 
the Expo line, 
another info 
block prompts 
him for the 
in/out bound

Tom follows the 
smart guide and 
hits a info block 
giving him the 
direction to go 
north or south.

Following the 
direction, Tom 
heads for the 
North bound 
bus station.

Following the 
out bound line, 
Tom gets onto 
the skytrain 
heading into 
Surrey

Following the 
smart guide, 

bus heading to 
where he works.

Tom gets onto 
the bus bus

Following the 
smart guide, 
Tom begin to 
head towards 
his work place.

Tom reaches his 
work place 
safely.

The info block 
provides Tom 
the info he 
needs to make 
sure he’s waiting 
for the right bus.
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POTEINTIAL LIGHTING SOLUTIONS

Lighting was one of the 
consideration for a solution to create 
better indicators and signals for the 
visually impaired as navigation.

However, lighting was not considered 
for the refined prototyping as they 
may not be able to benefit all of the 
users with visual impairment.  
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CONCEPT ONE | SMART TILE

Concept one focuses on redesigning the tactile paving tiles.

The initial concept was to create an lit path for the users with minor visual 
impairment to follow. The tiles can also be used to create zonings for 
locations such as bus shelters or as indicators for potential hazards.

This concept was not selected for prototyping because it would be very 
costly for the city to have to carve out the sidewalks and install tiles. In 
addition, the traditional tactile pavings are still able to do everything that 
this concept does at the fraction of the cost.
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CONCEPT TWO | ENTRANCE INDICATOR

This is some initial exploration for the entrance of the SkyTrains 
and the buses. The design is in attempt to solve the target users’ 
pain of not able to locate the entrance to the vehicles as it pulls 
into the station. It also serves to answer the part of the system 
after our target users have already been lead to the stations via the 
smart guiding lines. This was meant more for future possibilities 
that could be added to the system to increase inclusive ability of 
for the visually impaired.

As the vehicle pull into the stations, the rim of the door will 
glow red (top figure). This will indicate to the target users of the 
locations of the entrances which not only reduce the chances of 
them missing the vehicle, it will also reduce the risk of physical 
injuries. Once the door is fulling opened, the rim will then glow 
green to indicate safe passage.

This concept was not considered for prototyping as it still relies on the 
users’ vision to function properly. In addition, this concept does not help 
the overall navigation for the users.
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CONCEPT THREE | SMART INSOLE

Smart shoe insoles have also been considered. The concept is that the 
shoe insoles would have a metal detector build in, and as the users walk 
over a designated path that has metal contained within, the smart insoles 
would relate that detection as navigation.

This concept directly influenced the conception of TAPS. However, it was 
not adopted due to feedbacks from experts in the Canadian National 
Institute for the Blind that the mobility cane is a great tool for the visually 
impaired and should not be removed.
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Inspired by the smart shoe insoles concept, the initial concept for TAPS 
was formed. Similar to its predecessor, the smart cane concept replies 
on metal detection technology to detect a set guided path for the visual 
impaired to follow.

This concept offers the best navigation and guidance for the users as 
well as having the potential to connect all parts of the system to form a 
network of travel for the visually impaired. 

The concept focuses on replacing the on-the-market cane attachment 
tips on almost all of the mobility canes on the market. Also, with the 
possible adoption of the new Raspberry Pi Zero W, a tiny computer 
that fits in the palm of the hand, the device can also be connected via 
Bluetooth of wireless internet.

CONCEPT FOUR | SMART CANE
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PHASE FOUR | PROTOTYPE
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The first component to be prototyped is the circuitry and electronics of 
the design. Many metal detection sensors were considered as well as 
different types of metal detectors.

Beat Frequency Oscillation

Different Types of Metal DetectorsThis is among the most basic of metal 
detectors. The concept behind how it works is very easy to understand. 
This metal detector is considered weak and is the option most commonly 
used in most electronics shops. It has the ability to find objects located 
about two feet below ground. All metal detectors use a coiled of copper 
rolled around a ring of iron or steel. The metal detectors have one 
large ring that is attached to the base of the detector. In addition, it has 
another tiny ring attached slightly higher. The coils are both connected to 
oscillators that can generate a frequency.

Very Low-Frequency Detectors

This is one of the most popular metal detectors currently in use. 
This is especially so among experienced treasure seekers. The 
detector can be highly accurate and sensitive. This coil also has a 
pair of coils, which work together. The first coil is the transmitter, 
usually giving off an intense electric current. The second coil is a 
receiver; it picks the signal from the main coil and amplifies it many 
times over.

Pulse Induction

Different Types of Metal DetectorsThis is one of the latest 
innovations in detecting metallic objects. Guards commonly use 
this type of detectors for detecting concealed weapons at security 
checkpoints. However, the technology is not very efficient in 
differentiating the different types of metals.

CIRCUITRY & ELECTRONICS
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After figuring out the electronics, a working prototype of the metal 
detection cane is constructed. This working prototype was constrcuted 
to test out if the swinging motion of using a mobility can will effect the 
deteciton of the metal path.

WORKING PROTOTYPE
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Raspberry Pi
After the testing is completed for the arudino, further testings are moved 
to the Raspberry Pi, a small prototyping linix comupter. The benefits of 
using a Raspberry Pi is of its small size and big computing power. This 
opens up more potentials for the design.

Raspberry Pi Zero W (picture to the left) is the newest addition to the 
raspberry pi family. It has all the same computing power as a regular Pi 
but much much smaller (65 mm x 30 mm x 5 mm). The Pi Zero also has 
built in bluetooth and wifi which can be used to connect to and from any 
bluetooth devices.

iBeacon
The term iBeacon and Beacon are often used interchangeably. 
iBeacon is the name for Apple’s technology standard, which 
allows Mobile Apps (running on both iOS and Android devices) 
to listen for signals from beacons in the physical world and react 
accordingly. In essence, iBeacon technology allows Mobile Apps to 
understand their position on a micro-local scale, and deliver hyper-
contextual content to users based on location. The underlying 
communication technology is Bluetooth Low Energy.

iBeacon technology is deployed with the design to serve as 
markers for the cane to relay neccessary information to the users.

COMPUTING & iBEACON
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To test out whether or not the metal detector can pick up the metals in 
the paint, metal shavings were used with acrylic paint as the prototype.

Although the metal detectors can find the metal shavings themselves, 
the signal becomes feeble once mixed with the acrylic paint due to the 
particles being very spread apart. Even after several coats of paint (up to 
7 layers) the detection signal is still fairly weak.

Further research into to metal detection and how metal conductivity 
works, it is discovered that simply having metal property in the paint is not 
enough. For metal particles to be accurately detected by a metal detector, 
the metal particles need to have a certain mass.

To test the theory, the metal mesh was used, and the detection range 
was up to several centimeters away. This proofs the theory that the metal 
particles requires mass for proper detection.

In replacement of the metal shavings, tiny metal beads with the diameter 
of 0.5mm were found. However, due to time restraint on the project, 
they were not able to arrive in time for actual testing. Nonetheless, larger 
counterparts of the metal beads (with the diameter of 3mm) was used, 
and the detection range was sufficient for the concept.

METAL PAINT
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The purpose of the adaptation of the bone conduction technology was 
to find a way to relay important navigational information to the users. 
Although tactile feedback, such as vibrations from the cane, have been 
considered, it was noted by an expert from CNIB that tactile feedback 
is critical for those with visual impairment. To add vibration to the cane 
design would mean that the users won’t be able to feel the minute details 
of bumps and lumps on the surface they are are walking on. This may 
cause further hazard as the vibration may be confused with the user and 
cause them to miss important feedbacks such as the bumps on a tactile 
paving tile.

To relay information such as direction, position, location, and transit 
schedules, audio feedback would be able to provide the most detail. The 
design must be very aware of blocking off the user’s ears and ultimately 
their ability to hear their surroundings. Many visually impaired rely on their 
sense of hearing to locate themselves; also, listening to their surrounds 
would also help them avoid certain danger.

The benefits of a bone conduction headphone are that it does not block 
off a user’s ear cannel. As vibrations are sent through an area located 
before the ear cannel, the audio sounds are translated through the jaw 
bones directly into the ear drums.

BONE CONDUCTION
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PHASE FIVE | BUILD

EMILY CARR UNIVERSITY OF ART + DESIGN
MAXE FISHER
SPRING 2017

M_LEE CREATIVE STUDIO
MICHAEL LEE

WWW.MLEECREATIVE.COM

36 TRAVEL ASSISTIVE PATHFINDING SYSTEM



Consists of Control Module and Detection Tip, the Smart Cane 
Attachments are designed to fit and be easily adaptable to existing 
mobility canes.

DETECTION ACTIVATION BUTTON

To engage metal detection, the user will press this 
button to activate the system. This provides the 
affordnace to have the system be off when on vehicles 
or in elevators that are mainly made out of metal.

SMART CANE TIP

The special cane tip is made from durable high impact 
resistant plastic. The cane tip houses the metal 
detection coil and are design to be easily replaced with 
the exiting cane tips.

SMART CANE ATTACHMENT
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3D PRINTING
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BONE CONDUCTIVE HEAPHONE

The guiding paint uses non-ferris 
metal aluminum, which gets picked 
up by the detector and produce 
a low vibrating tone via built in 
bluetooth to the bone-conductive 
headphones.
 
Since metal objects on the streets 
are rarely aluminum, there will 
be no false detection and is very 
distinctive.

Detection are relayed to the user via the bone 
conductive headphone.
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CAUTION & WARNING
The caution and warning paint consists of ferris metal (iron), which 
produce a loud higher pitched noise when picked up by the detector. It 
warns the users of potential hazards such as ledges, stairs, or drop-off 
such as skytrain platforms.

Since most of the objects on the streets, such as garbage bins, street 
lights, and bus poles, are usually made from steel, the detector can warn 
the user of potential bumping and tripping hazard without physically 
contacting the objects.

The detection is also related to the user as a tone to warn them of 
potential dangers.
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BONE CONDUCTIVE HEAPHONE

Using iBeacon technology, the Smart Attachments on the mobility cane 
is able to detect the beacons embedded in the plates, and relate that 
information to the users via their bone-conductive headphones.
The plates are able to relay crucial Information such as bus numbers, transit 
arrival times, changes in route, or directions to the users within a set radius.
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SMART CAUTION & WARNING PAINT

Using ferris metal iron infused thermoplastic paint as caution and warning zonings,
the paint is able to warn the user of potential hazard in their paths

INFORMATION PLATES

Employing iBeacon BLE technology, the Information Plates 
are able to relay crucial
information such as direction, transit information, and 
change in route to the user at specific locations

SMART GUIDING PAINT

Using non-ferris metal aluminum infused thermoplastic 
paint as primary guidance paths, the paths are durable 
and weather resistant.
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SEQUENCE OF USE

After installing the smart cane 
attachments to their existing 
canes and putting on the bone 
conductive headphones, the users 
can leave for their destination 
from wherever they are.

The mobility canes can still be use 
the way they were intended to be.

Once the users have arrive at 
their nearest guiding path, they 
can engage the metal detection 
feature to location the path.

Once the detector have located 
the guiding path, the users can 
then follow it towards their 
destinations.

With every swing, the smart cane 
attachment will pick up the 
signal and relay that information 
as small vibrations to the bone 
conduction headphone. The 
vibration is very gentle as not to 
cause discomfort or distractions.

Meanwhile, the bone conduction 
heaphone allows the users to stay 
focus on their surroundings and 
environments.

Upon arrival at an information 
plate, the computer in the cane 
attachment will automatically 
detect the information marked 
with the plate and rely that 
information to the user via the 
bone conductive headphone.

As the iBeacon technology 
deployed with the information 
plate cane work with proximity, 
the smart cane can also know if 
the user is close to a bus station 
and relay that information to the 
user as well.

If the user choose to take the 
public transportation system, 
the smart cane is able to detect 
the different type of metal in the 
hazard paint and letting the user 
know where the entrance of the 
transit vehicle is.

The cane is also able to pick up 
the differences in the metals and 
warn the users of harzards such as 
drop offs to a ledge or a platform, 
beginning of a startcase...etc.
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PHASE SIX | ANALYZE

After the conception of TAPS, several user testings were 
conducted to ensure the functionality of the system and its 
effectiveness. The design was again brought to the experts and 
CNIB for comments and suggestions.

User testings were also conduction on fellow designers to receive 
feedback on the design. Participants were asked to wear blindness 
simulation goggles and to use the working prototype to navigate 
through a tight and cluttered path in our shared studio space.
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EXPERT INTERVIEWS

Some experts and trainers from the Canadian Institue for the Blind 
were interviewed for phase four of the user testing, and they have 
provided some valuable feedback and comments on the design.

Expert Feedbacks and Comments:

• A rehab trainer mentioned that the design should be compatible 
with users’ existing canes instead of requesting them to 
purchase a new one. Her argument was that some users’ have 
their cane specially selected for their preferences; therefore, it 
would be difficult for them to have to adopt to a particular cane 
design.

• An employee, who is also a cane user, noted that the design 
would be especially beneficial in wide open flat areas such as 
universities, colleges, hospitals, and malls as the standard way of 
using a mobility cane requires curbs, sidewalks, and grasses for 
the users to situate themselves in the environments

• An expert was concern about the detector picking up 
random metal objects on the streets which may throw off the 
navigation. A solution that resolved from the concern was to 
have the guiding path be made out of aluminum instead of iron 
as the majority of metal objects on the streets are steel (an alloy 
of iron). This change also created the affordance for the design 
to detect obstructions before physically contacting them.

• Another expert has also suggested keeping the design around 
the mobility cane as it is a highly visible tool when traveling in 
the community and would help the users to receive assistance 
should they need them.
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USER TESTING

The final phase of the user testing involves participants using the 
guiding path to navigate.

Through the test, all the participants were able to navigate through 
an extremely tight and crowded space safely, and they all indicate 
that the design made them feel safe to walk forward.

It is noted that due to the participants’ height differences, some 
found it difficult to use with the provided cane length. This 
problem can resolved if the design is an attachment to users’ 
existing canes.
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PRODUCT REFINEMENTS
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Several product refinements were considered for the design:

First, the product would require further form and aesthetic design. 
Although new designs have been made, adjustments are still 
needed as the electronics are developed and refined.

Second, packaging and branding for the smart cane attachment 
needs to be considered.

Third, a more thorough calculation of the cost of product needs 
to be conducted after finalizing the electronic components. 
Price calculation should also be made on the metal paints 
to ensure that the cost is considerably lower than that of 
traditional tactile paving.

Lastly, another round of user testing should be conducted to 
ensure that there are no more experience breaking factors for 
the users. Several real life scenario should be run and user 
feedback should be taken into account.



FORM REFINEMENT
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CANE COMPONENT REFINEMENT

To connect the smart cane attachment tip and the electronics 
control module, the current prototype has a wire that runs 
along the length of the cane and is attached via straps. This 
poses a problem with the collapsible function of most of the 
mobility canes. Functionally, it would also pose a problem for 
users trying to install the wires and to ensure that the wires are 
attached properly.

To counter the problem, special elastic electrical wires made by 
ROBODENTM are considered. The elastic electrical wires can 
replace the bungee cord that runs through the center of all of 
the collapsible mobility canes.

As an result, for the final design of the smart cane attachment 
for TAPS, the attachment will come as an replacement for 
both the tip and the grip of the mobility cane. When a user 
purchase TAPS, they will simply go through the normal routine 
of replacing their cane tip, bungee cord, and grip of their cane 
to convert their cane to a smart cane. 
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After threading the elastic electric cord through the mobility cane and out the end of 
the grip and electronic housing, the cord can then be looped around and serves the 
same function as the original bungee cord and holds the cane together.

This makes the new cane attachment much more aesthetically pleasing and eliminates 
the risk of the exposed cord, like that of the prototype, catching onto objects and 
creates a hazard.
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T R AV E L A S S I S T I V E  PAT H F I N D I N G  S YS T E M

an inclusive, affordable, and accessible 
way of travel for the visually impaired
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