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Conductor assisted obstacle avoidance system

Research report discussing the development of the Conductor assisted obstacle 
avoidance system. Conductor uses advanced sensors and microcontrollers to 
search for obstacles in the user’s path and provide feedback to the user, allowing 
them to effectively avoid hazards. Sensors are lightweight, rugged, inexpensive 
units controlled by a low-power hobbyist-level microprocessor. Feedback is pro-
vided through an unobtrusive headset using bone conduction audio technol-
ogy.
This report covers the second half of the design process, from concept to final 
design proposal — a period of 4 months from January to April 2008. Topics dis-
cussed include problem identification, concept pruning, user testing, ergonomic 
and aesthetic development, hardware and software development, final refine-
ment, proposed design and potential future directions of research.

Includes appendices, digital documentation, source code for microcontroller.
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Preface

This report is part II of the documentation concerning a fourth-year Major project carried out 
at the Carleton University School of Industrial Design from September 2007 to April 2008.

Part I of this report focuses on the period from September to December 2007. It covers aca-
demic, market and technological research; initial user research; consultations with physiother-
apists, caregivers and experts in various fields relevant to the project; problem identification; 
and primary conceptualization and solution development.

This report, part II, provides a short recap of the previous semester’s research and problem 
identification. It then details the period from early January to early April 2008. It covers con-
cept refinement and further development; hardware and software development and imple-
mentation; user testing of concepts; final design development; details of the proposed final 
design; and potential areas for future research or expansion of the project area.
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1.0 Background of Project

This project was carried out in the Carleton University School of Industrial Design as a fourth-
year major project for the 2007-2008 school year, and is is one of four to develop what is 
referred to as a Smart Rollator.

A rollator is an assistive mobility device — a form of 
walker. Rollators are differentiated from walkers by 
having four wheels, rather than static supports. This al-
lows users to be more mobile and travel more smooth-
ly and easily than a regular walker. Rollators are highly 
effective, but they are essentially mechanical supports. 
It was believed that there was an opportunity to make 
the rollator more than this.

The concept of a ‘Smart’ rollator refers to the use of ad-
vanced technologies to assist rollator users in various 
ways. How exactly the advanced technologies would 
assist the users was not defined at the beginning of 
the projects; this would be determined through user 
research and problem identification.
 
From a personal standpoint, I chose to work in this area for two reasons. First, I had never 
worked on a medical-design project before, and I wanted to expand my horizons. Second, I 
was intrigued by the idea of developing sensor systems and learning to program the micro-
controllers that drive them as part of the process. I had always wanted to build functional 
prototypes as part of the design process, ending up with a working model to demonstrate 
functionality, and I felt that this project and the newly opened Interactive Products Lab would 
allow me this opportunity.

This project was carried out individually, as part of a group of four designers working in a 
common area. Parts of the research and testing process were shared at various points, due to 
the similarity of many aspects of the four projects in the group.

The basic research was conducted jointly over a few months at the beginning of the develop-
ment process. This research was broad in scope, intended to gain a rapid understanding of the 
majority of the factors that would influence later designs; detailed research would come later.

Research was conducted by several methods. The group conducted interviews with physio-
therapists and caregivers, in order to gain information on the prescription process and the 
impairments associated with aging, and to get insights into personal and logistical issues as-
sociated with rollator use. The group also conducted user research; studying users’ use cycles 
and use patterns provided insights into the issues from the user’s perspective, and allowed 
the group to notice problems that users did not notice or would not acknowledge. Finally, the 

Figure 1. Dana Douglas Nexus III rollator
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group also conducted academic research into existing ‘smart rollator’ prototypes, and into the 
types of advanced technologies that might prove useful. For interested readers, these findings 
are given in great detail in Part I of this report.

In the course of the research process, we discovered that there were serious problems associ-
ated with being a visually impaired rollator user. One of the largest issues was associated with 
the prescription process. In essence, if a user presents with severe enough visual impairments, 
physiotherapists will be hesitant to prescribe a rollator, for fear that the user will be unable to 
see some hazard in their environment, trip over it or fall into it, lose their balance and injure 
themselves.

One of the greatest drivers of quality of life among elderly persons is mobility. A user who 
remains mobile in later life will have greater longevity and quality of life. The walker or rolla-
tor is one of the most-prescribed and most valuable assistive mobility devices. As such, I saw a 
great shortcoming in that visually-impaired users were often unable to take advantage of the 
increased mobility a rollator offers.

This realization defined my project. I stated the design goal as thus:

To help visually impaired rollator users remain mobile by 
empowering them to navigate safely and independently.

2.0 Early Concepts

Early concepts were diverse. Some preliminary development had been carried out with the  
Lego Mindstorms NXT system; these small robotic units were useful for mocking up how the  
system would work and doing basic sensor development. However, the system was deter-
mined  to be highly limited - the programming environment is designed for ease of use rather  
than flexibility and power, and the detection hardware is limited to prepackaged sensors  
designed for the system.

At this point the system’s overall layout was still somewhat unclear; exactly how all the com-

”“

Figure 2. Hazards. (L-R) Obstacles, corners and walls, stairs, curbs.
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ponents would be integrated, and what the system’s overall ‘flow’ would be, had not been 
dealt with. 

Housings for the sensor and processor systems were conceptualized as add-on parts for an  
existing rollator. However, the type and number 
of sensors was not yet determined.

Feedback systems included automatic braking — 
one possibility was that the rollator, on detecting 
an obstacle, would be able to automatically stop 
and prevent the user from being injured. Other 
concepts for feedback fell into three main areas: 
haptic, visual and aural. Obviously, the other two 
areas (olfactory and gustatory feedback, smell 
and taste) are not reasonable for this system.

Haptic feedback concepts were based on large, macroscopic motions, since previous research 
indicated that small vibrations were ineffective. Other possibilities included heating of the 
handles using peltier thermoelectrics; this had plenty of issues of its own.

Visual feedback concepts focused on the realization that the user group is visually impaired, 
not blind. Based on the type of visual disorder, users might be able to see certain kinds of 

Figure 3. First prototype “rollator”, built with NXT

Figure 4. Concepts
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visual feedback. Concepts focused on wireless add-ons (LED-based) to the users’ existing 
glasses.

Audio feedback is one of the most effective options; it is fast, easy to implement and flexible. 
The most obvious way of implementing audio feedback is through headphones. However, 
headphones are incompatible with hearing aids, and they tend to block outside sounds. This 
can be a severe hazard to visually-impaired users, who may use their ears to hear approaching 
cars and related hazards.

2.1 Bone Conduction
Research uncovered the idea of bone conduction audio feedback. This technology allows 
audio feedback to be presented without blocking the ear. A small piezoelectric transducer is 
placed on the side of the head, somewhere in the area noted in figure 5. The audio is conduct-
ed directly to the cochlea, through the bones of the head. The entire outer and middle ear is 
excluded, allowing it to be free to listen to the environment.

Figure 5. Transducer location, skull

Figure 7. Normal hearing

Figure 6. Transducer location, head

Figure 8. Bone conduction audio
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As a result of feedback from the concept stage, the direction was changed somewhat. Among 
the major changes:

— The idea of automatic braking systems was eliminated. J. Frappier decided to focus on 
braking systems, and it was determined that it was better to split the focus. I would focus only 
on providing warning feedback to the user.
— It was decided that the clip-on form factor (seen on both the visual and auditory feedback 
systems), while elegant, would be significantly more complex than a fully integrated headset. 
It would require two sets of batteries, wireless communications between the headset compo-
nents, and other issues.
— Based on the belief that audio feedback would be the most effective (suggested in prelimi-
nary research, and confirmed with later testing), an audio system was made the priority, with 
visual and haptic systems as possible secondary interfaces or future development.
— I realized that the NXT and its sensor systems were highly limited, at least for the intent I 
had for the project; a new sensor development platform would have to be found.
— It was decided that the “kit of parts” mentality - making the system compatible with any 
existing rollator - was a good idea.
— It was determined that the ultimate goal of the system, whether it turned out to be attain-
able in the course of the fourth-year project or not, should be to make a system capable of 
integration with all of the other Smart Rollator projects. It should be able to potentially form a 
part of a single highly advanced rollator concept for use sometime in the future.

3.0 Testing and Development Plans

These large changes to the concept direction helped define where the project was going. 
Based on feedback and suggestions, I was able to work out the ‘flow’ of the system, and what 
the overall schematic might look like. It was determined that there were three main compo-
nents to the system.

First, a system to detect the obstacles 
would be required. This would involve 
various  types of sensors, capable of 
‘seeing’ the types of objects and envi-
ronmental features  identified as haz-
ards.

Second, some form of processing unit 
would be needed. This processor would 
read the data  from the sensors, deter-
mine what is a hazard, and generate the 
signals required to drive  the feedback 
system.

Figure 9. System schematic
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Third, once a hazard is detected, the user must be alerted. Therefore, some sort of feedback 
device would be required.

Based on this structure, plans were generated for the development, testing and refinement 
process for the remainder of the time available. There were five main areas of testing and de-
velopment identified, though these were reorganized as the project progressed. Overall, the 
plans were more ambitious than was reasonable given the timescale, and were scaled back 
somewhat as a result. The original definition was as follows:

— Sensor development (infrared, ultrasound)
— Microcontroller development (programming the system)
— Feedback development (audio primarily, potentially visual and haptic).
— Aesthetics (determine whether the formal language is appropriate)
— Navigation (determine if the concept of audio-based obstacle avoidance is valid)

These areas were later refined. For instance, the focus on visual and haptic feedback was 
removed for time and scope issues, and the aesthetic testing was rolled into the feedback-
device ergonomic testing.

Plans of development and testing methodology were also generated. These were deliberately 
general in nature, since the exact developments would be dependent on the success of previ-
ous work. However, general testing ideas were still useful, and helped organize the project. 
Specifics of development and testing are discussed later, in their relevant sections.
 
The original development and testing schedule is available in Appendix A. As a result of 
some parts progressing very quickly and others more slowly, the original schedule was not 
closely followed. A large “open” time, originally devoted only to production of final models 
and related materials, was deliberately left near the end of the schedule to allow some leeway 
for unexpected events and problems. This was fortunate, since there was a great number of 
unanticipated events, and the time was filled right until the end.

4.0 Refinement of Concepts

4.1 Preliminary Sound Testing
Throughout the early part of the concept refinement phase, it was still somewhat unclear how 
C. Ledda’s project and my own would integrate together; we were both working for the area 
of visually impaired users.

Group testing of elderly users was conducted to determine the ideal method of feedback; this 
would affirm or refute the belief that audio feedback was the most effective system. Users in 
the proper age group, walking forwards, were presented with two types of feedback, and told 
to stop when they noticed the stimulus. Timing and averaging of the results would serve two 
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useful purposes. First, it would allow us to determine which type of feedback system (audio, 
haptic) was the most effective, requiring the shortest time to stop; second, it would provide 
an idea of the minimum range required for safe detection of obstacles. Visual feedback was 
not incorporated in this test, as it appeared to be the least valuable for visually impaired users.

A simple mock-up of a handle with a haptic feedback system (vibration unit) was constructed 
to test that system. To provide sound feedback, a noisemaker was employed by a designer. 
The results were as followed:

— When presented with haptic feedback, users took an average of 54 cm to stop, requiring 
2.2 seconds.
— When presented with audio feedback, users took only 37 cm to stop and required just 1.3 
seconds.

Audio feedback provided the fastest response time and, hence, the longest detection thresh-
old. On the whole it was very successful. The results were somewhat surprising, since we had 
believed that a haptic response would be more ‘instinctual’ and therefore faster; however, 
haptic feedback provided the longest response time. It also resulted in a few strange observa-
tions: one user continued walking, speeding up when the feedback was presented. This was, 
obviously, the opposite effect from that we had intended. While the user could be trained to 
use haptic feedback, audio was still the more successful system, and was selected for develop-
ment.

4.2 Sensor Development
All of the object-detection concepts use the same fundamental idea for finding obstacles: 
Sensors are used to read the distance to any nearby objects. If the distance suddenly increases 
or decreases, it can be assumed that an obstacle of some sort has passed in front of the sen-
sor. Furthermore, sensors that output a real distance measurement can be used to warn the 
user if (for instance) they are approaching a wall or getting near a corner. 

Testing of the NXT sensors uncovered some significant problems. The sensors were only able 
to detect objects up to about 2.5m away, and were basically unable to detect objects set at an 
angle to the sensors’ emitters. The sensors had to be set directly perpendicular to the ground 
in order to see changes in altitude. As a result, they were ineffective at providing warnings of 
edges and curbs.

I determined that more specialized sensors would be required for successful detection of haz-
ards. Several types of sensors were considered, based on early research — ultrasound, infra-
red, and laser being the most relevant.

To evaluate the ultrasound system, I chose the Devantech SRF02 ultrasound sensor. This sen-
sor has a larger range than the NXT sensor (6.5 metres). Ultrasound sensors function in basi-
cally the same manner as a submarine’s sonar system. The sensor emits a short pulse of ultra-
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sound at about 40KHz, then listens for the returning echo. Since the speed of sound is roughly 
constant for a given environment, the distance can be determined from the time taken for the 
pulse to return.

The infrared sensors I evaluated, the Sharp GP2D12, use a system of triangulation to measure 
distance. The sensor has a separate emitter and receiver, separated by a known distance. The 
emitter sends out a beam of infrared light directly perpendicular to the sensor. The receiver, 
using a linear detector array and an optical system, can determine the angle of the return-
ing light. Using triangulation, it is possible to determine the distance from the emitter to the 
reflection.

   

Laser rangefinding sensors were examined, but ultimately rejected due to cost (ranging from 
$2,000 to $10,000 or more). The accuracy they offer was deemed unnecessary, so it was not a 
great loss.

4.3 Arduino
In order to drive the new sensors, a new prototyping platform was required. The sensors all 

Figure 10. SRF02

Figure 12. IR sensor schematic

Figure 11. GP2D12

Figure 11. Ultrasound sensor schematic
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used different protocols for communication and control, 
and none were compatible with the pinout of the NXT 
controller. For further development, I decided to use the 
Arduino physical computing platform. This is an open-
source, small, low-cost (about $25) board designed to 
use the Atmel ATMega1x8 series of microcontrollers. 
The platform has its own IDE (integrated development 
environment, for writing code), which is easy to learn for 
those with some experience with C/C++ or Java.

There were several major advantages to this choice:
— The platform uses a very flexible breakout board, with a large number of input/output pins 
and analog-to-digital converters
— The language the Arduino is programmed in is fairly straightforward and easy to learn
— The system is completely open-source, with a large number of enthusiasts worldwide using 
the platform in hundreds of different fields. This results in a large volume of free and example 
code for common uses.

Prior to February 2008, I had never done any coding or hardware development for a digital 
microcontroller platform. I did have some experience with analog electronics, and had tried 
my hand at C++ and Java coding, which I believe helped me get up and running quickly.

Initially, there were some problems getting the Arduino to run and connect to the computer. 
These issues were mostly related to the serial connection on the older board I was using; after 
switching to the more modern USB-controlled Arduino, the connection and programming 
process worked smoothly.

For the beginning of the development process, I wrote very simple code to get familiar with 
the programming language. The first program simply blinked an LED at various rates. I de-
cided to start development with the GP2D12 infrared sensor, since its data output was sim-
pler than the ultrasound sensor: the GP2D12 outputs a changing voltage according to the 
distance to the object. I planned to read this data using the analog-to-digital inputs on the 
Arduino. This system assigns an integer value from 0 to 1024 depending on the voltage ap-
plied to the A2D pin.

The first program simply read data from an infrared sensor and sent it back to the computer as 
a string of numbers. This was useful, making it easy to view the data coming in from the sen-
sor; however, the chains of numbers were hard to visualize as objects.

As a result, I decided to write a simple program that would graph the data coming in over 
the serial port. The Arduino language is based on a language called Processing; this uses es-
sentially the same code structure, but is designed for use on a desktop computer. As such, it 
includes graphics routines that were useful for writing a graphing program. I found several 
suggestions and pieces of example code demonstrating how to connect an Arduino to a Pro-

Figure 13. Arduino board
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cessing application, and incorporated these into the code.

The application I wrote essentially takes incoming data from the sensors (formatted via the 
Arduino) and graphs it as a sequence of lines on screen. This allowed me to view the data in a 
graphical format, helping analysis greatly.

  

Note that code for all applications and routines developed in the design process is available in 
Appendix C, which is on the included documentation CD.

4.4 Sensor Testing
It is difficult to break down the sensor development into clear testing and design phases. 
Rather than producing a single extensive prototype and then running a battery of tests on the 
system, the microcontroller development process lends itself to getting small parts working 
one at a time, debugging for a few minutes and retesting in a quick and simple manner. Much 
of the code-writing and hardware development took place in this manner. For instance, the 
system would be configured in a certain manner, code would be uploaded, and the program 
run; based on the type of output and/or errors noticed, the code or wiring would be modified 
accordingly and rebooted. 

4.4.1 Sound Feedback
In order to provide basic sound feedback, an audio library was integrated into the Process-
ing application. This audio library allowed the playback of MP3 or WAVE samples at arbitrary 
times. It was used to trigger feedback at varying rates based on the proximity of an obstacle 
— as the sensor’s range decreased (ie., as the user approached the obstacle) the sounds 
would play faster and faster. The bone conduction units were not available at this point, so 
sound feedback was provided alternately with speakers or with headphones.

Figure 14. Data graph of obstacle detection Figure 15. Errors in data, visible only in graph
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4.4.2 Rolling Prototype
The first prototype rollator with the new system used only one sensor at a time, mounted on a 
model 4200WX rollator, and using a laptop as the main processing entity. The Arduino simply 
acted as a bridge to the sensors, reading data and formatting it for the computer, with all the 
analysis and sound generation taking place on the laptop. 

Testing of this system was a hybrid process. By this point, in recognition of the scope of the 
project, the intended use cycle had been simplified. Early use cycles had intended to indicate 
to the user, through audio feedback, exactly where the obstacle was in their environment. 
This would be accomplished through binaural audio processing or a similar system. However, 
this would require that the user keep their head facing forwards at all times to be effective. 
Furthermore, the development of a true navigation system would have required work beyond 
the time available for the project.

The simplified version of the use cycle relied on the fact that the users were not fully blind. 
Few age-related visual disabilities result in total loss of sight; it is common for users to be able 
to see out of their peripheral vision, or in high brightness outdoors, or within a certain range. 
It was therefore determined that the system would simply warn the user of an obstacle in 
their path and give a general indication of its location (near/far, left/right). It would be up to 
the user to stop, locate the obstacle, and avoid it. This new use cycle was also ideal for the 
testing conducted previously, where users were asked to stop as quickly as possible.

Essentially, since the idea of users stopping within a certain distance when presented with 
audio feedback had been confirmed, and given time constraints, little testing was deemed 
necessary on the system as implemented. The testing process would be exactly the same as 

Figure 16. Instrumented rolling prototype rollator
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the audio testing conducted earlier, the only difference being that the sound feedback would 
be produced automatically instead of by a human.

Nevertheless, some basic testing was conducted. A few users tested the system, being quite 
able to approach an obstacle slowly and stop when the feedback was presented. One user en-
joyed the system and requested that he try it with his eyes closed. This led to a rather interest-
ing observation: the user approached an obstacle and, knowing where on the rollator the sen-
sor was located, swept the rollator back and forth until the sound stopped, then proceeded. In 
this manner he was able to navigate around a small obstacle and turn around in a corner with 
no visual reference. I decided not to include this pattern in the use cycle, as it would compli-
cate the system beyond what I would be able to deal with in the time I had. It was, though, a 
very interesting process to watch, and could be considered for further development.
 

The second part of the sensor testing involved determining what angle the sensors should be 
placed at in order to detect obstacles most effectively. This testing was conducted by attach-
ing the two types of sensors to variable-angle mounts and placing them on the rollator. The 
sensors were moved to various angles and the rollator was slowly moved towards an obstacle 
(located in the corners or directly ahead, the most crucial areas) while the incoming data was 
viewed with the graphing application (figures 14,15, 17). Combining this information with 
mathematical calculations based on the sensors’ documented specifications helped deter-
mine the ideal angles and placement.

Sensor testing resulted in the following data.

Infrared sensors
— Data is less noisy and more consistent overall
— Distance reading is more accurate, particularly at short ranges
— Faster update rate
— Works off-axis up to roughly 40 degrees
— Maximum range of about 80 cm

Figure 17. Instrumented rolling prototype rollator, test details
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Ultrasound sensors
— Longer range, 3-4m as tested and theoretically up to 6.5m
— Not affected by shiny or clear surfaces
— Only works reliably face-on (angled surfaces are a problem)
— Slower update rate

Essentially, infrared sensors are better at accurate, close-range navigation, but ultrasound 
sensors are required for any form of long-range warning. Two possibilities were created for the 
final sensor layout, since it was unclear at this point whether the ideal system could be imple-
mented.  As seen in figure 18-19, the ideal system would have five sensors: two ultrasound 
sensors for long-range detection; two infrared sensors for locating obstacles near the front 
corners of the rollator; and a third infrared sensor for locating edges and curbs. The alternate 
system dispenses with the two outboard infrared sensors, since the ultrasound sensors can 
fulfill that role, albeit with less accuracy. It is not shown, since the ideal system was used.
 

4.5 Sensor Housing Development
Once the ideal number of sensors was decided upon, housing development could proceed. 
They key descriptors for this component of the system were mostly that it had to be as small, 
lightweight and unobtrusive as possible. There are no parts of the sensor housing that people 
directly interact with, after the initial installation, so the emphasis was on making the compo-
nents as easy to integrate and transparent to the user as possible.

Taking visual cues from the rollator frame, which is a tubular structure made mostly of primi-
tive shapes and simple lines, led to more refined concepts than before. These sensor block 
designs incorporated mounting points for the ultrasound and infrared sensors, held at the 
proper angles. At this point, I was still considering the housing of the processor and power 
systems, so these concepts included areas to mount the requisite hardware.

Figures 18-19. Ideal sensor layout. Red = infrared, blue = ultrasound
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The system of mounting, nearly identical to the way a bicycle accessory mounts using bolts 
and a circular clamp, remained throughout the design process. It is very inexpensive, and ef-
fective at holding the components in place for a long time, as required.

4.6 Bone Conduction Testing
Early in the project development, there were plans to obtain and test samples of the bone 
conduction transducer units. In mid-February, a source for the parts was found — NEC/Tokin 
in Japan. The components they produce, apparently still in prototype and testing phases, 
are unique in that they incorporate an organic polymer outer coating designed to maximize 
sound propagation while still providing a soft contact patch.
Sample components were ordered, but due to shipping errors, the parts were in transit for 
over 6 weeks. The parts eventually arrived less than a week before the final deadline, meaning 
that any changes based on testing would be impossible to make.

However, all was not lost. The headsets were 
designed with a specific component from NEC 
in mind (the KDS-UM-01). This component was 
chosen based on its size (large enough that exact 
placement would not be critical, but small enough 
to be unobtrusive) and specifications (good sound 
reproduction at most frequencies, low power 
draw).

Following the arrival of the transducers, some very 
basic development was carried out. The trans-
ducers were wired to a headphone jack and con-
nected to an unpainted mockup of the headset design. I tested this system myself by playing 
music through the headset while wearing the mockup, then detached the transducers and 
placed them in different locations on my head. There were three main observations:

Figures 20-23. Sensor housing sketches and concepts

Figure 24. NEC/Tokin BCTs (UM-01 in top left).
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— The location chosen for the transducers (based on research of BCT technology) is indeed 
the best spot for sound conduction. While the sound was somewhat audible from most posi-
tions on the head, the location in front of the ear provided the loudest and clearest sound. It 
is assumed that this effect, since it is based on fundamental human anatomy, would be the 
same for practically all users.
— The BCTs require more power than a standard headphone jack (eg., portable audio player 
or laptop) can provide. The result is that a signal at headphone level can be heard, but is very 
faint. This can be rectified easily, by including a larger amplifier circuit in the driver.
— Increased pressure does not generally lead to better sound; the size of the contact area has 
far more of an effect. As designed, the adjustment system works to maximize the contact area, 
so this is ideal. 

4.7 Headset Development
The user feedback unit is the third part of the obstacle avoidance system. Following the real-
ization during the concept phase that the clip-on feedback unit idea would be overly complex 
and difficult to implement, the newly refined headset designs were all based around a single 
unit for the user to put on.

Basic development and research resulted in four main headset design possibilities. These 
were:
— A behind-the-head design, based on modern street-style headphones
— An over-the-head design, based on the traditional headphone form factor
— A frameless glasses-type design, based on athletic eyewear
— A more traditional glasses-like design, meant to be as unobtrusive as possible.

The requirements common to all four designs were than the headset needed to be large 
enough to contain all the relevant electronics, and provide a means of supporting the bone 
conduction transducers (BCTs) in the proper position on the head.

Figures 25-28. Headset designs. (L-R) headphone-type,  glasses-type, behind-the-head,  traditional.
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Following the development of these four concepts, it was noted that from an ergonomic 
standpoint, the two glasses-type designs were essentially the same, with only aesthetic varia-
tions. Therefore, the number of overall designs was reduced to three: behind-the-head, head-
phone-type and glasses-type.

In order to test the headset designs, semi-functional ergonomic mockups were constructed 
from various existing parts and sheet styrene.  These would be used to evaluate comfort, fit 
and adjustability issues, as well as providing an indication of overall user preferences.

Testing was conducted on a range of users, male and female, in the intended age group (55-
65) and outside. Users were asked to put on the models and adjust the BCTs to a comfortable 
position, while observations were made of fitting and adjustment issues. The users were then 
asked for their opinions and observations on the fit, and their impressions of the conceptual 
design.

Some of the key results of testing are as follows

Glasses Model

Figures 29-32. Headset ergonomic mockups. (Clockwise from upper left) Glasses-type, headphone-type, 
behind-the-head v1, behind-the-head v2
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On the whole, this model was very successful, with only a minority of users disliking it.

Positive Results:
— Users found it was easy to put on; fit was enjoyable, secure and comfortable
— Design was unobtrusive, appearing as a normal pair of glasses
— Adjustments were easy to make
— Possibility of using the user’s own prescription
Negative results:
— The BCT area felt too “wide”; users wanted the BCTs to tilt in various axes for better fit
— Some users simply did not like the idea of wearing glasses, prescription or otherwise

Headphone model
The headphone model was, on the whole, less successful.

Positive Results:
— Users know how to put on headphones; there is an easy mapping of prior knowledge to 
the new design
— The design could appear as just a pair of headphones, therefore being unobtrusive
— The possibility of listening to music was brought up
Negative results:
— The design could not be worn (or worn comfortably) if the user was wearing a hat
— Headphone-type accessories may not work with, or ruin, some hairstyles
— Balding men did not like the feel of the headband
— The headset’s position interfered with existing glasses
— Physically a larger model overall

Behind-the-head model
Response to this model was mixed, with some users enjoying the feel and others disliking it

Positive results:
— High-tech feel can be an advantage for some users; “I feel like a secret agent”
— Good for users who dislike glasses
— Compatible with a hat, and most hairstyles
Negative results:
— Sci-fi or high-tech feel can be a disadvantage for other users: “I feel like a Star Trek robot”
— Flat band was uncomfortable on top of the ear
— Needed more pressure to stay on reliably

One comment that was repeated many times was that the BCTs should have a softer cover-
ing (the models’ analog was simply a hard plastic piece of the proper size and shape). This 
issue was considered, but solving it would not be an easy task. Simply placing a TPE overmold 
around the transducer would be insufficient, since the transducers rely on a fairly inelastic 
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contact point for good sound transmission. Trying to find a polymer that would be both com-
fortable for the user and effective from a sound-transmission point of view is an engineering 
project unto itself. This is further evidenced by the fact that the NEC/Tokin transducers use a 
highly custom elastomer as their contact point. I decided that the NEC polymer would suffice.

As a result of testing, the headphone design was eliminated. Since the glasses-type design 
and the behind-the-head design were both fairly successful, and each had advantages for 
certain users, it was decided that the two designs should be somehow combined into one.

Observations of and comments regarding the fitting issues helped determine which adjust-
ments would be necessary for proper fitting. Original concepts included a large number of 
adjustments, since it was uncertain how many would be required. It was determined that, of 
the many possible, only four to five adjustments would be needed for optimum fit:

— Moving the BCT in and out (closer to or further 
from the body of the headset); this is needed to 
accommodate for users’ head diameter being 
larger or smaller than average
— Moving the BCT forwards and backwards rela-
tive to the body of the headset; this is needed to 
help the user line up the transducer where it is 
most comfortable and sounds the best
— Rotation of the BCT about a vertical axis (yaw); 
this was requested by users for comfort
— Rotation of the BCT about a front-back axis 
(pitch); this is related to the size of the user’s head, 
and helps position the BCT properly on the head
— Length adjustment of the rear headband, for 
the behind-the-head design

5.0 Design Refinement

In this penultimate phase, results from testing were integrated into all aspects of the design in 
order to refine it into as ideal a system as possible.

5.1 Headset Refinement
Further refinement of the headset design focused on formal and aesthetic development, ex-
ploration of details, and design for size and weight constraints. This began as sketch develop-
ment based on existing measurements and concepts, then moved into CAD for finalization of 
dimensions and mechanisms.

Figure 33. BCT adjusments required
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In order to accommodate as many users as possible in a simple and effective way, it was 
decided that the headset should be reconfigurable between the glasses-type format and the 
behind-the-head format. 

One of the key requirements of the headset was that it be unobtrusive. In order to accomplish 
this, it was determined that the headset should be as physically small and light as possible, 
and that it should appear as much like a normal pair of glasses as possible when configured as 
glasses.

Minimizing the size and weight required that the interior components of the headset be 
worked out beforehand. To further this goal, any components that were not required to be in 
the headset (eg. sound generation) were offloaded to the processor unit. After some develop-
ment, the minimum number of components required in the headset were defined as follows:
— Two BCT units, NEC/Tokin KDS-UM-01
— Two SR44 hearing aid batteries
— Lightweight radio receiver, PCM, operating on a free short-range band (27 or 900MHz)
— Stereo bridge circuitry and amplifier, to feed left and right BCT
— Small receiving antenna
— Power switch

Figure 34. Headset refinement
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The radio receiver and amplifier circuitry can be easily miniaturized on a single PCB; examples 
of similar radios seen in model aircraft can weigh under 1 gram and are smaller than a penny. 
The receiver only needs to listen for and interpret the transmissions from the processing and 
power unit, reducing power consumption drastically. The antenna could be as simple as a fine 
wire, since the receiving range would generally be around 1m.

Power would be provided by two SR44 batteries. These are standard hearing aid batteries, and 
as such are easy to replace. They should be able to provide several days’ worth of average use, 
based on estimated power consumption figures. Rechargeable batteries were considered, but 
that would require extra internal charging circuitry, a recharging system, more user involve-
ment, etc., and so the idea was rejected.

Aesthetically, the design was inspired by existing types of glasses frames. The design is based 
on studies of some of the more popular frame designs today, with emphasis placed on the 
design being modern and elegant but not overly “flashy”. 

In a lucky coincidence, a major trend in glasses design at the time of the project was to have 
very wide arms, narrowing towards the ear. This was used to advantage: the interior space 
available was greatly increased, making it easier to incorporate the required hardware.

Overall size, and positioning of the components relative to each other, was based on a com-
bination of two sources. The first was measurements taken from a number of different types 
of glasses (specifically, those meant to fit a wide variety of users, such as safety glasses and 
sunglasses); the second was the observations of BCT positioning and location made in the 
earlier testing phases.

Figure 35. CAD model of headset with interior components
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5.2 Sensor Housing Refinement
Refinement of the sensor housing designs also took place. By the time this process was start-
ed, the differences between my project and C. Ledda’s were much more clear. Mr. Ledda had 
decided to work on a centralized power and charging system (termed “Liberty”) that could be 
used to power the entire group’s smart rollator systems, with an emphasis on ease-of-use for 
visually impaired users or those with fine motor difficulties. 

At this point, Mr. Ledda and myself decided that my project and his could exist in a sort of 
symbiosis: my unit required power and a housing for the processor unit, while his system 
needed something to power. Therefore, we determined that the Liberty system would con-
tain the processor/transmitter unit and batteries required for the Conductor system, and the 
Conductor sensors would plug directly into the Liberty unit. The effect this had on the sensor 
housing design was to make them smaller; now that they no longer had to house a processor 
unit or batteries, they could be reduced to a size not much larger than the sensors themselves.

From a functional standpoint, the sensor housings simply had to hold the sensors at the 
proper angles and be trivial to mount to any rollator frame. These goals were easy to accom-
plish in the design.

Aesthetically, the major emphasis was on making the housings as unobtrusive as possible. 
The design did not change much from the earlier development; refinements to the idea of a 
tube containing the sensors led to a more rectilinear design, but with the same vertical layout 
for easy mounting. Furthermore, this reduction in size led to a corresponding reduction in 
weight, a great advantage.

Figure 36. Left/right sensor housing design Figure 37. Center sensor housing design
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The housing for the center (edge-detecting) sensor was also developed at this time. This 
center sensor must be set at a specific angle to the ground to function properly, and must 
be in the lateral center of the rollator. This lateral-center location was also the spot where the 
Liberty charging antenna was to be mounted. Therefore, the sensor housing was designed to 
clip directly to the bottom of the Liberty unit. It maintains the same aesthetic as the other two 
housings.

5.3 Sensor and Processing Refinement
As noted, early sensor development relied on a relatively powerful laptop computer to carry 
out all data processing and sound generation. This was capable of demonstrating that the 
system was functional, but only with a single sensor and an excess of computer power. There-
fore, refinement of the sensor and processor systems were directed towards making the entire 
system run on the Arduino.

The first obstacle to this was sound generation. On the laptop, MP3 files were used for the 
samples; this flexibility was a great advantage, since any arbitrary sound could be used for 
the feedback. A few days of attempting to generate tones with the Arduino, using raw square 
waves from the pulse-width-modulation pins, led to two conclusions:
— Code to generate sounds with the Arduino would take up a great deal of on-chip memory 
and processor power, reducing the amount available for sensor analysis
— The tones sounded awful, and improving on them was beyond my abilities

To solve this problem, a standalone MP3 board was purchased. The uMP3 (micro-mp3) board 
from Rogue Robotics is slightly smaller than an Arduino, can play just about any MP3 file on 
an SD card, and has several methods of control (serial, parallel, direct pin connection).

Beyond some early fits and starts getting the board running properly (mostly issues with the 
serial interface and the bitrate of the MP3s), the uMP3 board was very successful. One major 
advantage of the board is that up to 8 MP3 files can be triggered with a simple switch. This 
simplified the control structure greatly, since only 5 different sounds were required for the 
5-sensor implementation.

All of the Processing code used for data analysis and triggering of sounds was ported to the 
Arduino platform. Since the code is highly similar, the process was fairly straightforward. In 
some cases it was actually simpler; For instance, instead of requiring a full set of sound librar-
ies to provide feedback, the Arduino code simply pulls one I/O pin low (one line of code) to 
trigger the uMP3 board.

The code was also updated to allow reading from all 5 sensors simultaneously. For the most 
part, this involved simply repeating the same sensor-reading process for each sensor, once 
per cycle. This worked fine for the infrared sensors, which were oriented in such a way that 
they scanned completely different areas. However, there were issues with the ultrasound sen-
sors: they interfered with one another. One unit would send out a pulse, and both units would 
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read the echo, resulting in useless data.

The solution to this problem came from an offhand comment remembered from an early 
meeting with the Systems Engineering counterpart to the smart rollator project. Discussing 
ultrasound sensors, one member of their group mentioned that they were planning to alter-
nate which sensor was active, at a high rate of speed. This would be just as effective as having 
both sensors running at once, but there would be no interference between sensors. Imple-
menting this system effectively solved the problem.

The overall logic flow of the new system can be seen in Appendix B. This flowchart provides a 
graphical depiction of how the system operates, and is too large to include in the body of this 
report. In essence, the steps are as follows:

- Read data from Left IR sensor
- Read data from Right IR sensor
- Read data from Center IR sensor
- Pulse left ultrasound sensor
- Wait for response from left ultrasound sensor
- (Continue reading from all 3 IR sensors until pulse returns)
- Read distance from left ultrasound sensor
- Pulse right ultrasound sensor
- Wait for response from right ultrasound sensor
- (Continue reading from all 3 IR sensors until pulse returns)
- Check values of all 5 sensors
- If the values are within a certain range (this is different for each sensor), trigger the relevant 
sound feedback event
- Return to beginning.

The actual program logic is slightly different and significantly more complex, but the above is 
a good approximation.

There was some concern that the Arduino’s atMega processor would be unable to keep up 
with the incoming data from 5 sensors, while still dealing with analysis and sound trigger-
ing. As it turned out, the code was efficient enough that the sensors could be run at excellent 
speed; the ultrasound sensors strobe at approximately 4-5Hz, while the infrared sensors (in 
keeping with their use as close-in warning devices) update at about 12-18Hz. This provides 
detection times of less than 250ms in the worst case, which is so short as to be negligible.

5.4 Feedback Refinement
The ultrasound sensors respond to any obstacle between 2m and 80cm with a slow, low-fre-
quency pulse in both left and right transducers. This indicates to the user that there is an ob-
stacle ahead, but that it is not yet a hazard. The slow, low-pitched pulse was chosen since the 
ultrasound sensors trigger most often (far obstacles are more common than very near ones), 
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and it is easier to listen to the calm tone than a faster, high-pitched feedback. The ultrasound 
sensors do not provide any directional feedback, since their scanning cones are very broad 
and overlap significantly in the center.

The two corner infrared sensors respond to obstacles between 80cm and about 15cm with a 
faster, higher-pitched tone. They also provide directional feedback - an obstacle to the left will 
produce a tone on the left side and vice versa. At close ranges, it could be useful to indicate to 
the user which side an obstacle is on (for instance, a door frame or corner that the user is un-
knowingly getting close to). The higher-pitched tone alerts the user that there is an obstacle 
at close range.

The center infrared sensor operates in a slightly different manner. It can detect the same 
types of obstacle as the side sensors, but it is specifically geared towards locating changes 
in altitude; that is, curbs, stairs, and so on. It accomplishes this by reading the distance to the 
ground, with the processor looking for data outside an expected range. An average instal-
lation might result in the sensor reading the distance to the ground as 40cm, plus or minus 
2-5cm. If the sensor reads a value less than about 38cm (indicating a rise in altitude) or more 
than about 42cm (indicating a drop), it produces feedback.

The feedback used for the center sensor is the most unique and insistent. It is a quick three-
note trill, and is played about 1.8 times per second. This feedback is designed to be quickly 
recognizable, providing the user with immediate warning that they are approaching an edge; 
as noted, curbs and stair edges are the most dangerous areas for visually impaired rollator us-
ers.

The program’s logic is configured so that the most crucial sensors can override the less impor-
tant ones. That is — if the center sensor is detecting, the center warning will be played regard-
less of whether the other sensors see obstacles as well; the two outer infrared sensors can 
override the ultrasound sensors, but not the center sensor; and the long-range feedback will 
be played only if there are no obstacles up close. If there are no obstacles within 2 metres, no 
feedback is played at all.
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6.0 Final Design

This section contains a discussion of the final proposed design and its features. The Conduc-
tor system is composed of four parts: three sensor units and the feedback headset. Individual 
components are elaborated upon below.

Figure 38. Conductor system in context
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6.1 Headset
The headset is composed of several parts. These are shown in figure 39, and are described 
below.

Right Unit
The main “body” of the headset is the two side units. These units form the arms of the glasses 
when the headset is configured as such, and hold all the electronics and the BCT units. The 
right unit holds the right BCT and the receiver/amplifier system. The receiver is held behind 
a removable panel (screwed in place) for easy access if service is required. The right unit also 
contains the power switch, mounted directly opposite the electronics board on the outside. 
At the front is a connector for the bow piece; at the rear, a slot connects to the rear band.

Left Unit
The left unit is a mirrored version of the right unit. However, it carries the batteries rather than 
the electronics. The battery cover is a slide-lock door, as seen on many kinds of electronic de-
vices, to simplify battery replacement. This unit contains the same connectors as on the right. 
There are only three electrical connections required between the left and right half (figure 40) 
— battery power, BCT signal, and ground. 

Bow
The bow forms the front part of the unit when it is configured as glasses. The three required 
electrical connections are made through wires running inside the bow frame; the connectors 

Figure 39. Headset, exploded view
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simply snap-fit into place. The nosepiece is removable and adjustable for different users, and 
the bow can accept different users’ prescription lenses (or other lenses, such as sunglasses).

Rear band
The rear band serves the same purpose as the bow, when the headset is configured in the 
behind-the-head format. The three connections are made through contacts in the rear slots of 
the side units. The band is angled in such a way as to hold the side units in tension, since the 
contact points are different for the behind-the-head and glasses-type formats.

Bone conduction unit
As noted earlier, there are four major adjustments required for optimum fit of the bone con-
duction units: Lateral X and Z, and pitch/yaw rotation. All of these issues are solved with a soft 
silicone spacer mounted on a sliding track. When the headset is prescribed, the physiothera-
pist will choose the proper thickness of spacer from a set of various thicknesses. This accounts 
for the size of the person’s head, and the lateral X adjustment. When the user puts on the 
headset, they will use the slider to adjust the position of the BCT forwards and backwards 
(lateral Z) to the location where they get the best sound. Finally, the flexible silicone allows the 
BCT to twist and rotate to the best angle, conforming itself automatically to the user’s head; 
this eliminates the need for separate mechanical adjustment of the pitch and yaw.

The signal used to drive the BCT units is conducted through a pair of zebra-type conductors 

Figure 40. Headset wiring diagram
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hidden within the silicone; this, and spring contacts inside the slider unit, eliminate the need 
for any wires or cables.

Aesthetics
Aesthetics are based on existing glasses frames. The form is elegant and modern, but not 
overly high-tech or avant-garde. Obviously, some differences between regular glasses and 
the headset are unavoidable. The headset’s arms are thicker than average, and the BCTs are 
relatively visible, if not at first glance. Nonetheless, the arms are less than 9mm wide at their 
thickest point.

When configured as a behind-the-head unit, the headset definitely has more of a science 
fiction aesthetic to it. It is smaller and lighter than the glasses format, and the rear band can 
disappear under hair or a hat if the user likes. The shape is similar to a cell phone’s bluetooth 
headset, and could easily be mistaken for one. 

Figure 41. Headset as glasses

Figure 42. Headset as behind-the-head
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The colors used for the prototype, black and bright blue, were chosen as colors that are in line 
with the aesthetic direction: unobtrusive, elegant and high-tech. The majority of the frame is 
black, with user touch-points (the BCTs and the power switch) in blue. Research indicated that 
black is the most common color for glasses frames, especially those with wide arms; the blue 
color was chosen for its vibrancy, without being too flashy and obtrusive.

Of course, some users may prefer a different aesthetic. The baby boomer generation (the 
intended market, in 5 years or so) has been — arguably — characterized as more concerned 
with appearances and status symbols than other generations. Demographics aside, a product 
that is meant to be worn as or appear as a personal accessory should always be available in a 
variety of styles. Shown are some variations of colour, material, pattern and lens type.

The material for the headset as proposed is predominantly nylon, similar to that used in ath-
letic sunglasses. This material has the proper amount of elasticity to maintain pressure on the 
BCTs when the headset is worn as glasses. When worn behind-the-head, pressure is main-
tained through the spring-steel rear band. The nosepiece is a medium softness TPE, and the 
BCT supports are OO-30 durometer silicone rubber.

6.2 Sensors
There are three sensor units: two mounted on the outer corners of the rollator, and one 
mounted in the center on the Liberty unit.

Figures 43-46. Headset aesthetic variations.
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The outer sensor units each contain an SRF02 ultrasound sensor, pointed just off the forward 
axis, for detection of long-range obstacles; and a GP2D12 infrared sensor, mounted slightly 
more off-axis, for close-range detection. The units are just large enough to contain the sen-
sors, the supports that hold them at the proper angle, and the internal data line connector.

In order to mount the two outer sensor units to the rollator, the formerly described bike-
accessory system remains. The units are simply pushed onto the frame, relying on the flex-
ibility of the plastic to snap them into place; once positioned, the units are tightened with a 
screwdriver. Unless they are shifted, these units will not require adjustments beyond the initial 
setup. A cable to transfer power and data is run from the sensor housing into the Liberty unit, 
connecting with a simple 3.5mm TRS jack for easy detachment when required. The cables are 
meant to be routed through the basket to avoid them becoming tangled or caught.

      

Figure 47. Left/right sensor housing, exploded

Figure 48. Detail of sensor mounting system Figure 49. Center sensor
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The center sensor retains the clip-in mounting system described earlier. It is simply snapped 
into place on the underside of the Liberty unit, then adjusted to the proper angle (the Liberty 
unit allows for this adjustment). Data and power are handled in the connector itself. See figure 
50 and 51.

The sensor housings are painted gray, roughly the same color as most rollator frames. This is 
to help the system blend into the walker as much as possible. A small logo (the Smart Rollator 
team logo) appears on each sensor as a simple branding icon. The total weight of the sensor 
units is less than 250 grams; weight is a major concern in rollator design.

6.3 Demonstration Prototypes
All of the major components for the Conductor 
were prototyped. A model of the headset was 
constructed and finished; while it is not wired, it 
is functional from a mechanical standpoint. The 
BCTs move back and forth, it is reconfigurable 
between behind-the-head and glasses-type, 
etc. 

In addition, a functional model of the sensor 
and processor systems was constructed. As 
discussed above, all the code runs on a com-
bination of an Arduino and a uMP3 board. The 
sensor units are functional both electrically 
and mechanically, using the proper mounting 
system and internal supports for the sensors as 
well as being wired. The processor unit (placed 
inside a foam box for demonstration purposes; 
this represents the Liberty unit) and sensors are mounted on a 4200WX rollator frame and, 
when powered, provide obstacle detection with feedback through connected headphones or 

Figure 50. Liberty unit + center sensor Figure 51. Liberty + Conductor

Figure 52. Headset physical model
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speakers.

The code used to run the demonstration rollator, among other programs, is available on the 
documentation CD.

          

6.4 Use Cycle

                

        

Figure 53. Side sensor physical model

1 2 3

4 5

Figure 54. Center sensor physical model + processor pack

Figures 55-59. Use Cycle
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1. User puts on headset and turns it on. They may also adjust the BCTs to a comfortable posi-
tion if needed.
2. The user powers up the Liberty system (this could be automatic, based on motion) and be-
gins walking with the rollator. As the user walks, the system scans the area ahead of them.
3. The sensor sees a sudden change in distance, and the processing unit determines that it is a 
hazard.
4. Audio feedback is presented to the user; exactly which type of feedback occurs depends on 
the sensor that was activated.
5. User stops, locates the obstacle, and walks around it. Return to step 2.

7.0 Validation
At the outset of the project, there were three aspects of the system that I wanted to validate. I 
wanted to prove that the system as proposed was possible to implement, usable on a day-to-
day basis, and effective at solving the issues identified at the beginning. I believe that all three 
of these aspects were successfully demonstrated.

Possible:
The technology required to build a fully functional prototype was developed. The system 
operates as required, having the desired effect of reliably detecting obstacles and providing 
feedback. The technology, while not implemented on the same hardware as would be used 
in a production system, demonstrates that it is quite possible for the entire system to fit on a 
small, inexpensive microcontroller, using cheaply available hobbyist-level parts. 

Usable:
The headset design (both aesthetic and ergonomic), and the concept of audio obstacle avoid-
ance, are rooted in user testing. Most of the features on the headset are the result of user 
requests and observations. Testing has confirmed the concept that users can react to audio 
feedback in time to stop from hitting an obstacle, given the range limits of the sensors.

Effective:
Physical and functional parameters were set out in project briefs throughout the develop-
ment of the project. These parameters included size, weight, appearance descriptors, ease of 
assembly, and so forth. All of these parameters were met, either qualitatively (eg weight) or to 
the designer’s satisfaction (eg ease of assembly).

8.0 Next Steps and Future Development
As proposed, the system has been validated and is fully functional. Hypothetically, the system 
could be given to users in its current form, and would provide effective assistance in many 
circumstances.
However, the product is highly complex, and designed for the medical market. In this area, 
a very long multi-step testing process is required prior to certification — and, to complicate 
the process, optimization of a product that brings together so many areas is necessarily an 
extended process. While the system is effective in its current form, I believe that it represents a 
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‘version 1.0’ — that is, the first fully resolved model in what will be a long and highly informa-
tive development and refinement process. All of the testing and development to this point 
has been centered around gaining an overall view of the issues surrounding such a system, 
and solving them in a manner that is effective and functional. 

I believe the most immediate next step would be to conduct extensive user testing of the fully 
functional system. This would indicate which areas are well-resolved and which areas would 
need more development prior to production. I have considered continuing into this phase, 
and have made some preliminary contact with the Kingston branch of the CNIB. It remains to 
be seen what will happen in that respect.

In addition to preparing the way for large-scale user testing, attaining a version-1 level of de-
velopment opens the door to many potential future developments of the system:

— Further integration with the ENURSE system, or with the braking system developed by J. 
Frappier. There are great opportunities to enhance all three systems through integration. For 
instance, integration with the ENURSE could allow physiotherapists to view the number of col-
lisions the user had with objects, or the average distance they were maintaining from nearby 
obstacles, and adjust their therapy plan accordingly. Integration with the braking system 
could allow the rollator to automatically brake itself if an obstacle was encountered within 
a certain distance. Integrating all three might allow even more effective automatic braking, 
linked to both the speed of the rollator and the distance to the obstacle.

— Advanced interface development. The interface as implemented is functional and works 
as intended, but is probably not ideal. Consultations with audiologists, psychologists and/
or interface designers could help develop a more effective interface, based on psychological 
research. Adjustments might be made to the type of sound or the speed at which it is pre-
sented; voice synthesis is another option. There is also the potential to go beyond an audio 
interface and incorporate a haptic or visual interface into the system, as originally considered 
but eliminated due to time issues.

— Advanced sensor and hardware development. As the system stands, it is effective at de-
tecting obstacles, but increased range and accuracy is always an advantage. Furthermore, 
there are sometimes issues reading distance properly from certain surfaces (notably highly 
polished floors). More advanced research might also allow features like obstacle discrimina-
tion, letting the user know precisely what type of obstacle they are approaching, or result in 
fewer false positives.

— Advanced navigation systems. It is possible that the system could be developed from ob-
stacle avoidance to a full audio navigation system. The system could perhaps incorporate GPS 
navigation, allowing users to be directed along a sidewalk with audio feedback, or it could 
include a short-range RFID system for navigation inside a specific building.

On the whole, I feel that the design process was a success. The Conductor system provides an 
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effective, well-resolved, functional first-generation system that meets the users’ needs. It also 
provides jumping-off points for a great deal of advanced research, and groundwork for enor-
mous development opportunities. I hope that myself or others will continue developing the 
system in the future. 



I SMART R   

 

LLAT   

 

Roo oo

9.0 Appendix A
Testing and development, original schedule.
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10.0 Appendix B

System software flowchart. This provides a good overview of the logic within the software 
controlling the obstacle-detection system. This flowchart is still somewhat simplified from the 
actual implementation; for the full code, see Appendix C.



III SMART R   

 

LLAT   

 

Roo oo

11.0 Appendix C

Software that was written for the Arduino and in Processing over the course of the project. 
The source code can be found on the associated documentation CD under /Appendix-C/. 
Most code is fully or partially commented. A description of each program follows.

/sensor_control_WORKING/
The most recent version of the code that runs the demonstration unit. The Arduino wiring 
required to make the system work properly is noted in the header of the code. Communicates 
with the uMP3 board and all 5 sensors.

/ir_Read/
A program that reads data from an infrared sensor connected to the Arduino and sends it as 
comma-delimited strings (1,2,3,4,6,7,12) over the serial connection. This is used to connect the 
Arduino to Processing for data analysis. 

/ultrasound_dataread/
A program that does effectively the same thing as ir_Read, but designed for the SRF02 ultra-
sound sensor, which uses a different connection method.

/ir_sound_gen/
A program that generates a changing pitch from a speaker connected to the Arduino, based 
on the distance recorded by an IR sensor. Early test program; this direction was abandoned

/SRF02_programmer/
A small application used to change the I2C address of the SRF02 sensors. This is necessary to 
use more than one sensor at a time.

/ump3_programmer/
An application used to program the uMP3 board over a software serial connection. This is 
required to change any settings on the board (volume, repeat, control mode, etc).

/Processing/PR_serialDataRead_IR/
A processing application that will take any comma-delimited data coming in over the serial 
port and graph it as a time series. This version has some tweaks to make it run more efficiently 
with the speed and scale of data coming from a GP2D12 infrared sensor. Requires that the 
Arduino have the ir_Read code loaded for best results.

/Processing/PR_serialDataRead_SRF02/
Essentially the same application as above, but adjusted to be more effective when dealing 
with data from an SRF02 ultrasound sensor. As above, the arduino must have the ultrasound_
dataread code loaded for proper functioning.


