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Abstract—In this paper, we present a software application that
aims at translating data collected by a cell phone into voice
signals to help the blind and visually impaired users navigate
their way from a starting point to a destination point. This means
that cell phone issues voice messages to guide the user along a
predetermined path. The application utilizes existing hardware
in cell phone devices, such as GPS, compass, etc. This project
is designed to research and develop a framework for assistive
technologies using Nokia mobile platform. The outcome is a
software product, an application on Nokia cell phones, and the
project has direct social benefits because it aids people who are
visually impaired. An application was developed to show a proof-
of-concept for personal trip navigation using a cell phone (Nokia-
N8). Similar applications exist for driving, but this application
attempts to offer a similar goal to all people’s trips.

I. GLOSSARY

For consistency, The following nomenclature are used
through this paper.

o Azimuth: the angle (in degrees) that the user (or phone)
is facing, measured from magnetic north.

o Bearing: the angle (in degrees) between two points, typi-
cally between the current position and the next waypoint.

+ Heading: the angle (in degrees) that the user (or phone)
is moving towards, measured from magnetic north.

o Trip: a collection of waypoints that the user follows in
order from one destination to another.

« Waypoint: a single set of latitude, longitude, and azimuth
that acts as a physical marker.

II. INTRODUCTION

While there are many assistive technology products on the
markets today benefiting blind and visually impaired people,
more products need to be developed to help them practice their
life easily. In this paper, we develop an innovative product that
provides visually impaired people with a greater understanding
of their environment, thereby improving the quality of their
lives. The most interesting point is that we don’t have to
develop a new hardware device to do this job. Instead, we
utilize the resources that already exist in most cell-phones
to perform the required tasks. We are introduction a new
software application developed on Nokia N-8 to help the blind
and visually impaired users. This application was developed
using python language on Symbian, which is an open source
operating system currently used in Nokia Mobile Devices
and is designed to make minimal demands on batteries and

to have low memory. Since Nokia has announced that Win-
dows Phone 7 will become the company’s primary smartphone
platform, the developed python code is well documented and
is designed so that it can be easily converted, with a minimum
effort, to other programming languages.

This paper is organized as follows. Section III highlights
similar research work. Section IV lists the application features.
Section V discusses the application design and modes of oper-
ation. Section VI highlights the application coding. Section VII
shows the performance evaluation of the developed application
and lists the limitations. Finally, we draw our conclusion in
Section VIIIL.

III. BACKGROUND

Several software development work has been done on cell
phone platforms to address health care applications [1]. A
literature survey shows several applications such as aiding
those with Alzheimer’s disease [2], developing a socially
assistive mobile home robot companion for the elderly with
mild cognitive impairment [3], and supporting employment
for people with severe mental illness [4]. There are also
few accessibility applications from various vendors that are
worth mentioning such as TalkBack [5], Spiel [6], Voice
Readouts [7], and VoiceOver [8]. TalkBack is one of the
official accessibility services provided by Google. It uses
synthesized speech to describe the results of actions, such as
moving to a new control with the directional pad or clicking
on a control, and events such as a notification or incoming call
[5]. Spiel is an accessibility service that provides an alternative
to TalkBack. It also uses synthesized speech to describe
actions and events, but it has its own rules for speaking
that may differ from TalkBack’s [6]. Voice Readouts is the
Motorola accessibility service that is analogous to TalkBack
and Spiel. It also uses synthesized speech to describe actions
and events according to a set of rules [7]. VoiceOver is another
application implemented on iphone. VoiceOver only allows
users to control the phone using simple gestures that let the
user physically interact with items on screen. With VoiceOver,
users just touch the screen to hear a description of the item
under their finger, then gesture with a double-tap, drag, or
flick to control the phone [8]. Our proposed project is totally
different since we aim at translating data collected by a cell
phone into voice signals to help the blind and visually impaired
users navigate their way from one place to another.



IV. APPLICATION FEATURES

The application has the following user functionalities.

o Obtain GPS information at a regular interval.

o Obtain magnetic compass readings at a regular interval.

o Read and parses a text database for multiple trips and
waypoints.

o User-selectable trip and waypoint.

o Compute the distance and bearing from the user’s current
position to the next waypoint.

o Auto-advance waypoints as the user reaches them.

« Using text-to-speech, speak instructions relating the dis-
tance and bearing of the next waypoint.

o Speak instructions of future actions and notes when
approaching a waypoint.

o Allow the user to take a picture, storing date, time,
position, and azimuth.

In addition to the above features, the application also has
the following administrative functionalities.

o Create new trips.

o Create and delete waypoints.

o Update waypoint location and orientation, and attach
specific notes.

« Store modified trip and waypoint information back to the
database.

V. APPLICATION DESCRIPTION

The application is split into three main modes of operation:
trip, raw data, and edit mode.

A. Trip Mode

Trip operations are by default shown to the user and are
immediately available upon starting the application. As shown
in Figure 1, the trip screen shows the current trip, the current
waypoint, the distance and bearing to the waypoint, the audible
instruction and any note associated with the waypoint.
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Fig. 1. Trip screen.

The current trip can be selected by pressing the current trip
field and selecting a new trip from the list. Trips are named
according to their start and end waypoints. When a new trip
is selected, the current waypoint is set to the first waypoint of
the trip.

The current waypoint automatically advances to the next
waypoint in the trip when the user is within 2m of the
waypoint, however a different waypoint can be chosen at any
time by pressing the current waypoint field and selecting from
the list.

The distance and bearing to the current waypoint are cal-
culated from the user’s current position in meters and degrees
respectively.

The active instruction is displayed in part in the instruction
field. Pressing it will open a dialog containing the entire
instruction. In addition, the instruction is spoken every 5 sec-
onds. The instruction is created from the distance and bearing
to the current waypoint. If the user is nearing the waypoint,
within 30m, the instruction also contains information about
the upcoming waypoint, such as custom notes or actions to be
taken when reached. Figure 2 shows a sample instruction.

’ Walk 62 meters to your
left at 83 degrees

g

Fig. 2. Typical instruction.

The waypoint note displays any custom notes associated
with the current waypoint. Pressing it will open a dialog
containing the full note.

The user can take a picture at any time by pressing menu
and take picture. This takes a picture using the rear-facing
camera within approximately the next second' and saves the
image to the phone. The filename is determined by the current
date and time as well as the user’s latitude, longitude, and
azimuth. This picture is not shown and the user is informed
that the image is saved. Figure 3 shows a sample message
displayed.

B. Raw Data Mode

Raw GPS and sensor data can be viewed by pressing menu
and show raw data. To return to the trip view, press menu and

Inote that time is subject to the camera interface response time.
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Fig. 3. Taking a picture.

show trip. The raw data view shows the raw collected data
from the GPS and sensors, shown in Figure 4. When initially
starting up, many of the fields will be (...) while a reading
is being acquired. After which, the data will be shown and
refreshed every second.
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Fig. 4. Raw data view.

The GPS field shows the number of satellites available and
which GPS module is being used. Latitude, longitude, speed,
and heading are displayed along with their accuracy. The
compass field shows the phone’s azimuth in degrees, measured
from magnetic north.

The magnetic field shows the x, y, and z readings of the
magnetometer as well as the calibration level between 0 and
3. If the value is less than 3, the sensor can be calibrated
by slowly rotating the phone in different directions through
its entire range of motion. This allows the sensor to detect
the orientation of the earth’s magnetic field, becoming more
calibrated. Depending on the environment, this process can
take up to 30 seconds of rotating.

C. Edit Mode

Edit mode allows the user to create new trips or edit existing
trips by adding, editing, or removing waypoints. To create a
new trip, press menu and create new trip. A new trip will
be created with an initial waypoint. To edit an existing trip,
ensure the trip is the currently trip and press menu and edit
trip. Figure 5 shows the edit waypoint menu presented.
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Fig. 5. Edit waypoint menu.

The waypoint menu displays a list of all waypoints within
the trip. Each waypoint can be selected to show a list of
options, as shown in Figure 6: rename, set to current location,
set note, insert new before, insert new after, and delete.
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Fig. 6. Waypoint editing options.

Rename renames the waypoint. Names should be concise
since the trip name is automatically generated from the names
of the first and last waypoints of the trip. Set to current
location updates the latitude, longitude, and azimuth of the
waypoint to the current location. Set note sets any notes
associated with the waypoint.



Insert New Before and Insert New After create a new
waypoint, setting it to the current location and ordering it
either before or after the selected waypoint. The newly created
waypoint can then be selected and renamed similarly to
other waypoints. Delete removes the selected waypoint after
confirmation.

After editing is complete, press Back to return to the trip
view. A dialog will appear, as shown in Figure 7, prompting
to save the changes. If the user selects yes, the database will
be updated, otherwise the changes will be lost.
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Fig. 7. Leaving edit mode.

VI. PYTHON CODING

The application is written in Python, using the PyS60 —
Python for Symbian 6.0 — libraries. The majority of function-
ality is provided by these libraries, such as GPS, magnetometer
and compass, text-to-speech, and camera interfacing.

A. Database

The database is a custom design, stored in a simple flat-
file text database. Each record is one line and fields are
separated by tabs. This is done so that the database is easily
parsable and modifiable by third-party applications or by the
user themselves. Each line describes a single waypoint and has
the format described in the following Database record structure
code.

- Type, integer, For future use,

- TripID, integer, A unique trip ID to
associate waypoints

- Latitude, float, Standard latitude
expressed in decimal degrees

- Longitude, float, Standard longitude
expressed in decimal degrees

— Azimuth, float, 0 to 360 degrees,
measured from magnetic north

- Name, string, Waypoint name

- Notes, string, Any waypoint notes

must be 10.

The Type field is designed for future use as it may be
expanded to allow the database to hold additional information.
Currently, each waypoint has a type of 10 and all other values
are ignored.

The Trip ID field associates the waypoint to a particular
trip. Waypoints within the same trip are parsed and organized
in the same order as they appear in the database. Given
the dictionary implementation, the contents of the trip ID
field are not restricted to integers. However, for simplicity
and consistency, trip ID values are integers starting at 0 and
incrementing for each new trip.

Latitude, longitude, and azimuth are the three waypoint pa-
rameters, measured in decimal degrees. Latitude and longitude
are in the range -180 to 180, and azimuth is in the 0 to 360
range, although the code is designed not to fail if a different
range is used for the azimuth.

The waypoint name and notes are the only textual informa-
tion and should not contain any tab or newline characters as
these would interfere with the database parsing.

Comments and other lines may be added to the database
without breaking the application, but will be removed if the
application saves the database, such as when leaving the edit
mode.

B. Updating Information

The GPS module runs an update function whenever it
acquires new data, typically every second. This function reads
all the GPS data and stores it locally for processing. If certain
values are not available, reasonable defaults are assumed.
Sensor data is read at the same time and stored similarly.

After reading new data, all other processing functions are
run, updating position and waypoint information as well as
generating new instructions.

Information is printed to the screen every half-second in a
separate execution thread.

VII. PERFORMANCE EVALUATION

Throughout development and testing, the GPS and compass
modules were found not to be as accurate as desired. This
introduced some limitations to the attainable resolution in
determining the user’s position.

A. GPS

When implementing the GPS data collection, it was as-
sumed that coordinate data would be accurate enough to
reliably position and direct a user, equating to roughly +/-
3m as an absolute maximum. While GPS technology can be
accurate to the centimeter range [9], the US Department of
Defense regulates civilian GPS technology to be low-speed
and low-accuracy devices.

In our application, we used only the internal GPS in the
N8 device. Assisted and bluetooth GPS were not used. Our
experiments show that the built-in GPS receiver in the Nokia
phone is accurate to a minimum of 4/- 10m, although this
accuracy can only be attained under certain conditions. Upon
start up and indoor testing, accuracies can be as low as +/-



300m, and varies widely and quickly. Outdoors, accuracies
are typically under 100m.

The GPS operates best when in motion. Even at a slow
walk of 0.8m/s, the GPS can quickly converge and maintain a
10m accuracy. When inside a vehicle, accuracies can drift due
to the vehicle’s structural interference. The build-in GPS unit
maintains accuracies for all of it’s fields. This can be used to
selectively filter GPS data.

In addition, the GPS unit also maintains derivative data:
heading and speed. Like position data, it is most accurate when
the device is in motion, but is found to be much more accurate
in determining heading than the magnetic compass.

B. Compass

The magnetic compass is a derived sensor from the phone’s
magnetometer. The magnetometer is a 3-axis sensor that senses
the magnetic field in each of the axis. The compass then uses
this data along with device’s orientation to compute the users
azimuth, relative to magnetic north.

Although the compass updates much faster then the GPS
unit, surrounding metals can alter the readings. Such con-
ditions exist indoors, in vehicles, and especially near sound
equipment.

When testing the compass, values constantly varied, making
it very difficult to rely on this data. In addition, the compass
would often get stuck and fail to read anything or read the
same value over and over again. Investigating the underlying
magnetometer, a calibration flag was found that indicated, on a
scale from O to 3, the estimated accuracy of the magnetometer.

This information is used to judge the accuracy of the
compass as well as alert the user of required calibration.
Moving the phone in various patterns, such as a figure 8§,
allows the magnetometer to calibrate and obtain more accurate
results. This resulted in much better readings, and although
still easily influenced, the compass would no longer get stuck.

VIII. CONCLUSION

In conclusion, the application demonstrated that it could
be used to assist users in navigating from one destination
to another. However, the accuracy provided by the GPS and
compass interfaces could be improved by using the assisted
and bluetooth GPS as well as the internal GPS.

To further improve the application, image processing could
be also used to identify paths and obstacles to the user. This
would allow the GPS to track the user’s path and offer general
direction, but maintain a more accurate view of the user’s
environment. In addition, this would allow the user to interact
with their environment in real-time, a critical task when street
lights, cars, and other moving objects are involved.

GPS and other sensor data could be improved by imple-
menting filters to further reduce the noise generated. If further
assumptions could be used, such as the user always moves
within a certain speed range, than erroneous data could be
more easily identified and removed.

External GPS modules could also be used to increase the
accuracy of the GPS. These could be on the user’s person and

connect wirelessly to the phone. Using third party GPS re-
ceivers could employ additional processing and GPS features,
such as Wide Area Augmentation System (WAAS).
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