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Abstract This paper presents a wearable guiding system for
visually impaired and blind people in an unknown indoor
environment. The objective of this system isto obtain a map
and to track the position of the pedestrian during the
exploration of the new environment. The user can interact
with it to provide additional information. In order to build
this system the well known Simultaneous L ocalization and
M apping (SLAM) from mobile robotics will be used. One of
the most used solutions is the Extended Kalman Filter. The
user will be equipped with a short range laser, an inertial
measurement unit (IMU), a wearable computer for
processing purpose and a bone head phon. This system does
not intent to replace the use of the white cane. Its purposeis
to gather contextual information and transmit it to the user
for navigation.

Keywords—SL AM ; Wear able computing; Visually Impaired
and Blind People

trusts the white cane to travel with a minimal wfe
technology.

Many projects aim to solve this problem in
different forms. In this project the plan to intaty
various techniques known for localization and toviote
the user with a precise guiding system.

A major problem known in the visually impaired
and blind community is the exploring of unknown
environments. The aim is to solve this issue innaoor
environment. When a visually impaired person exgsdor
an environment, they usually need to be accompanyed
a visual capable person to guide them around. im th
process, the blind person searches for landmarksser
landmarks are used later on to recognize theittipasilt
is a long period of adaptation until the persomlite to
move alone in this environment.

The proposed system will scan the environment
that the blind person is exploring. With this apmaill

In recent years there has been a major interest e constructed while simultaneously the persongipos
the localization and guiding of people in indoordan js tracked in this map. The person can interach wits
outdoor environments. Different methods to accoshpli system and provide additional landmark informatithe

this are available. The application of each careddon  recollected data will be useful for guiding thisrgmn
the environment and on the precision of localizatioat  throughout the explored environment.

is required. Such methods are for example GNS8&] fie

strength measurements (WLAN, GSM, Bluetooth), PDR, The best way to provide orientation commands
etc. For a precise indoor localization GPS caneotised to the blind person is via audio. Since blind peogaly
due to attenuation and scattering of the signals [2on external audio information, the use of converalo
Preferred methods for indoor localization are tlse of head phones is not a appropriate solution becdnese t
pre-installed indoor communication infrastructurleser, cover the ears of the person. A solution for this the
radar, sonar, camera, motion sensors, etc. Assuthatg bone phones that transmit audio information at baick
not all buildings have a pre-installed communicatio the ear via the bone [6].

infrastructure, the field strength measurementshoukt

also cannot be used. For a precise indoor independe Il. STATE OF THE ART AND EXPLORATION OF
localization, it is crucial to perform sensor fusi[2]. UNKNOWN INDOOR ENVIRONMENTS

l. INTRODUCTION

An interesting application scenario for precise
pedestrian localizations is for the visually imeairand
Blind people [1]. This group of pedestrians stllies and

For the millions of people around the world who
have a visual impairment, technological and non-
technological innovations have contributed



fundamentally to the quality of life. Thanks to deon ETA's) specifically designed for the visually imped are
technology it is possible to browse the web, send a available [5]. These range from simple sound-engtti
receive e-mails almost as easily as a sighted peilso  beacons that can be positioned in strategic placmsnd
This is enabled by two factors: computer hardwaré a the environment, to smartphone GPS. This can bRiluse
software interfaces that try to present informattmmough at a high level but it has some major disadvantages
speech or with Braille, and the fact that many wealges Firstly it is based on static maps and therefonenoa
and applications are designed with accessibilitynind. provide dynamic information on-the-fly, and secagnil
does not work indoors. The GPS devices that aler¢al
When it comes to navigating in the physicalfs; the visually impaired, like the usually haseme
world the scenario is complex; in fact navigatingexira features like easy tagging of locations, edagging
independently in unfamiliar environments is nearlygnq retracing functionality, and a "where am fture

impossible for someone who does not pick up much Qfhich tries to describe the current location interof
the contextual information provided by the envir@mh  3qged locations around it [4].

information that is mostly visual. For instanceaiperson
found him/herself in a random building, a quick rgla
around the current location tells about the bugddin

Things such as signs, furniture, corridors andrciaes, l1l. SIMULTANEOUS LOCALIZATION AND
and the view from windows can tell about what the MAPPING
purpose of the building is, and a location can be Simultaneous  Localization and  Mapping

approximated from the outside view. Most of this(s) Am) is a well-known problem in mobile robotics.
information will be completely missed by someoneowh This is the process in which a mobile robot caridbai

cannot pick it up with their eyes, and so a majorhap o the environment and at the same time conifsute
challenge is to design a system that can trandmst t location[8].

information, or provide the knowledge in anotheywa

The essential SLAM problem can be explained
A blind person navigates in a highly structurediih the following diagram.

manner using both physical and artificial landmarks
Examples of the former include walls, pavement sdge
material changes and auditory information such hes t
beeps of a traffic light or how the sound reverbesan

the location. Artificial landmarks are, for exampléhird

door on the left" when walking in a corridor. Sinoute X«
familiarity is important, it is desirable to reuas much of

a route as possible, because straying from the rpaght

mean a complete loss of the route. If this shoaldpen, Landmark
it is important to be able to retrace back to avkmo Eetmated > °
landmark in order to regain the sense of locatiod a

orientation. Routes that stay fairly static migfiten be

preferred . because of the Iovvgr ris!< of Someda“ﬁigure 1 SLAM
encountering a large obstacle forcing a differente.

True — —

The diagram in Fig.1 shows a mobile robot that
moves through an unknown environment. This robot is
equipped with sensors that provide observations to

Unless the visually impaired person walks with
someone else, there are two widely employed saisitio

make navigating easier: the white cane and theegutd. different landmarks and its odometry. The obseovatd

They both prowde.basm assistance |n. avoidingautss landmarks can be obtained with a laser scannertfist]
and detecting stairs, though the guide dog cannlear_ . . . .

, provides distance and angle obtained from different
routes and help much more than the cane when somgeth I, . .

positions. Landmarks are features in an environrtiett

has changed along the route. The cane on the b#met .
: . L can be used as reference and for the registration o
is very simple and is intuitive to use becauseehdves . - :
) L multiple scans when combining different measurement
like an extended arm. Because of this, it is easfrust

] ) i ) from diverse positions. For example, in an indoor
completely in the information the cane provides. . .
environment, landmarks could be lines, walls, crane

Aside from the white cane or the guide dogledges or more specific obstacles [8]. So basictéy

some navigation systems (known as electronic traisl,



SLAM problem is to obtain an estimation of the piosi
based on different types of observations.

Fig 1. At a time instant k, the following quantgiare
defined:

x,. The state vector describing the
orientation of the vehicle.

u,: The control vector, applied at time k-1 to drithe
vehicle to a state, at timek.

my: A vector describing the location of th& landmark
whose true location is assumed time invariant.

7. An observation taken from the vehicle of the toma
of thei" landmark at time k.

In addition, the following sets are defined:

XO:k = {xo, Xq,- .,xk} = {Xo:k_l,xk}: the hIStOFy Of

vehicle locations.

UO:k = {uOl Uy, ..
control inputs.

Jur} = {Up—1,ur}: the history of

m = {my, m,,..,m,}(3): the set of landmarks.

the set of all

ZO:k = {Zli ZZ!' "Zk} = {ZO:k—llzk}:
landmark observations.

To compute this problem, it is possible to do saha
probabilistic form, and its probabilistic distrithan is
shown in (1).

P(xklmlzo:k! UO:kle) (1)
Observation modeP (z,, m|Zy.x, Up.1» Xo) (2)

Motion model:P (x; x4, ux) (3)

Many approaches have been proposed for
solving this particular problem. The most popular
algorithms to solve the problem are based on the

where f(o) models vehicle kinematics and;, are
additives, zero mean uncorrelated Gaussian motion
disturbances.

In the same manner the vehicle observation modebea
described as follows.

location and

P(zi|xx, m) & z(k) = h(xx, m) + vy (5)

whereh(o) describes the geometry of observation apd
are additive, zero mean uncorrelated Gaussian
observation errors.

The mapping can be accomplished by using a
grid mapping method. It basically works by dividitige
environment into small grids and deciding whetHweat t
grid is occupied or not by scanning the environmérd
grid is occupied, then the system assumes thag tikea
solid object there; so it is drawn in the map.

IV. Pedestrian Dead Reckoning ( PDR)

PDR is a form of positioning based on a known
staring point. After having this initial locationhe
pedestrian is tracked with every move he does. Whig
it is possible to estimate the new position at &ime.
One form of tracking the movement of a pedestriahyi
using an inertial measurement unit (IMU), which aigu
contain accelerometers, gyroscopes and magnet@neter
This can be placed on different parts of the peidest
body to recognize movements. The most precisetway
obtain step length and direction from the pedestria
done by a foot mounted IMU. Step length can be
calculated by using the acceleration vectors obthiny
the IMU [2]. Direction or orientation on the othkand
can be obtained by fusing gyroscope and magnetosnete
data. In this last case the magnetometers dataotis n
always consistent with the true orientation [3].

V. WEARABLE SLAM SYSTEM

It is intend to use the SLAM problem from

Extended Kalman Filter and the Rao—BIackweIIizedmObile robots for pedestrians (visually impairedd an

Particle Filters [8, 10].

The vehicle motion can be described in the follapior

blind). In this case the problem has to be addessa
different manner, due to the different movement
conditions. Pedestrians have a much more complex
odometry than mobile robots. They differ in the eypf

by using the Extended Kalman Filter for Slam(EKF-movements and degrees of freedom. The laser scanner

SLAM)

P (x| xk—1, ui) © x5 = (X1, uge) + wy (4)

position with mobile robots is stable compared he t
surface[11]. This cannot be guaranteed for huméamgbe
Furthermore, the human body is specific to eackqrer
as is motion. Thus, the challenge is to extract the
odometry for each pedestrian and to obtain stadderl
scanner data.



(1]
(2

(3]

Figure 2. Blind Pedestrian wearing the SLAM system (4]

To extract precise pedestrian odometry, steps)
length and orientation, a foot mounted PDR willused.
The pedestrian is exploring an unknown environmsat,
there won't be a fixed starting point.

For land marks observations the pedestrian will®!
be equipped with a short range laser scanner irothe
back area. The decision to place it in this bodyaes is
due to, its stability and to avoid interferencenfrahe 71
hand by using the white cane. To obtain horizolatsér
scans, the raw data requires processing with thé disita (8]
and projection onto the horizontal plane.

With the recollected data from the sensors it is[g]
possible, by using the Extended Kalman Filter,doieve
a precise localization. Simultaneously with the neea
reading a map of the environment will be constiugt
using the above mentioned grid mapping.

The pedestrian can also interact with the system,
by adding important landmarks or preferred locagtiom
the environment, mean while he is exploring it.

Once the user has a map and his position is been
tracked in the before unknown environment. Thealigu
impaired person is able to navigate through it, by
receiving commands via audio from the system.

Data processing will be accomplished with
wearable computing devices, so there will be total
independence of any main computer or network.

CONCLUSION AND FUTURE WORK

In this paper we presented an integrated
framework of how a precise guiding system can be
build, by using a pedestrian tracking method ahANs
for mobile robots. For visually impaired and blipdople
this would be a great improvement for the navigadod
exploring of new environments.

[10]

[

This system is currently been tested with

recollected data, and field test will be done witkually
impaired and blind people.
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