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Abstract. This paper presents the design of the deictictionalities for the
navigation of a semi-autonomous powered wheelalraien by a person with
disability. Such functionalities, primarily based a command by vision and a
control by laser, offer an ergonomic mode of cdntmthe user. The first
functionality implemented is an automatic passihgpigh narrow passages.
The user must point the objective to be passedutfiroon an interface
presenting an image of the environment. Then, theelchair moves in
autonomous mode. Firstly, we describe the contrglihode for the wheelchair,
the perception of the environment, the user interfand the means of path
following. Then, we present and comment the resalitained during the
experimental tests.
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1 Introduction

At present, wheelchairs with manual or powered pigipn provide mobility to a
great number of people with disability. However,aimdforce is required to drive a
traditional wheelchair, and a certain level of @eity to drive a powered wheelchair,
leaving the use of wheelchairs still difficult far significant population of disabled
people. An in-depth study clinicians and doctfiis estimate them from 1.4 to 2.1
million people lying under this case in the Unitethtes. This highlights the utility of
the studies undertaken since the mid-eighties om development of smart
wheelchairs. Their aim was to facilitate the cohtfoa wheelchair. A state of the art
was carried out in2] presenting the various types of technologies, odshof
instrumentation and control used, as well as thtedlf research projects carried out.
The first systems consisted of a mobile platforripged with a seat and sensors.
They used technologies of autonomous mobile robdtc the types of sensors used
(Ultrasounds, Infrareds or Vision) as well as foe tmovement algorithms (obstacle
avoidance, wall following, etc). For example, MisteD [3] and Vahm-1[4] was
composed of a robotic platform base equipped witagsound sensors. Many projects
were developed thereafter, around commercial palesmdeelchairs undergone
through heavy instrumentation, and integrating enmater and a set of sensors. The
advantage was having a system focusing basicalhuoman and thus more adapted to
him. For example, Navchajg] is a prototype design originating from the Lancer™



model, equipped with an array of ultrasows®hsors and a computer. Its movement
algorithms are reactive, based on the histograabstacle densities.

We have developed a prototype, the Vahm-2, at aborhtory based othe
PowerPush™ wheelchair equipped with autonomous &edhi autonomous
functionalities [6]. Many other prototypes werdeveloped, which differ in the
possibilities in control methods, the modes of gation, the nature of environments
considered and the data processing metfids

Some recent works aim at designing lighter strastysroviding specified smart
functionalities and which are likely to adapt tb tgpes of electric wheelchair. Thus
the SWCY8] proposes assistance in navigation through a systenprising ofUsS,

IR sensors and Bumper. Moreover, recent progregerins of miniaturization and
cost suggests certain types of sensors, such essriagge finder sensors or cameras,
to be more adapted to these problems.

The objective of these wheelchairs is to allwonomous movements to the user
without depriving him of the possibility to inteme. To find a level of comfort
between the wheelchair's autonomous control andctivdrol of the user over the
actions carried out by the wheelchair, one can lasw as well as possible to employ
human intelligence in this human - smart wheelchagociation] and[10].

The best way of letting the user command over ttexgss is to consider his
cognition during movements. More precisely, thecams should be oriented towards
complementary control between the wheelchair aeduger. That's why the choice,
concerning the user interface and the user inpudeman the wheelchair, are very
important. The current input control mechanismsgeafrom the standard joystick
based control or switching sensors (pneumatic swifiushbutton, etc), to more
sophisticated input mechanisms such as treatmehegihysiological signals (EOG),
video analysis of the user (position of the faggsg, or more recently, rests on the
interfaces projected by video projectors and aralyzy camergl1]. On the matter, a
promising approach is “the deicti¢12]. The concept of a deictic interface lies in
proposing an outline of the environment to the usaer which he points the
localization that he wishes to reach. It has theaathge of being very intuitive and
has already been considered in two projedt3), on a mobile robot anfiL4] on a
mobile platform.

We have developed our own deictic control for a @ed wheelchair. In the
following, the methodology adopted for a particdlanctionality, the passing through
of narrow passage, is presented. Firstly, the maapkemented to be able to control
the wheelchair, the mode of perception of the @mritent and the deictic approach
applied to our interface with the user are expodéekt, we discuss the method of
detection of the narrow passages in the environntieatgeneration of the trajectories
and the mode of control of the wheelchair. Lagthg experimental tests carried out,
starting from this functionality, are describedye characteristic examples are
detailed and the set of tests achieved are analydmas the potentialities of this
approach are emerged.



2 Methodology

Our problematical is to define a set of behavioofsthe wheelchair, making it
possible to drive it by means of a deictic commasging a light structure made up of
a computer, a laser range finder sensor and a eaither idea is that the user should
be able to control the wheelchair by simple andiiivie instructions such as: "I want
to pass this door ", "l want to reach this poimr™1 want to follow this wall". Thus,
the user will have to provide (through an interjatweo types of information to the
system: the type of action to be carried out arltitalization of the target in the
environment. In this regard, our first conceptientie functionality of automatic
passing through a narrow passage. The image freroamera, fixed on the screen, is
used as an input interface with the user wheretieates the passage to be reached.
Measurements from the laser sensor are then usekbtesmine the trajectory to
follow. This first application enables to outlinanous possibilities of this “vision-
laser” association.

2.1 Control method of the prototype

The Vahm-3 prototype developed at the laboratoriy ifact, the instrumentation of
the model of wheelchair Storm™ manufactured by ¢ave. It is equipped with a
computer, a laser range finder and a camera, (BigThis wheelchair is usually
controlled by a joystick, while our objective is ¢ontrol it through instructions sent
by program.

One of the problems encountered in our approatteismpenetrability of existing
technology which, moreover, varies according to eltigair. Indeed, we have no
knowledge of the way of generating the voltagesmfréhe joystick, of the
communications protocol between the different eletmeof the wheelchair (for
example the DX bus) and of the internal regulattbthe vehicle. In order to bypass
this problem and to return our developments adatotedl wheelchairs, we design our
system by "simulation of the joystick”, i.e. thajactories will be expressed in a
succession of joystick positions (defined by thglarand the amplitude) which will
be converted into voltages sent to the motorshigidim, we established a fuzzy logic
module, which determines the voltages sent to tléomcontrol according to the
position of the joystick. It is based on qualitativonsiderations which reproduce the
movements as close as possible to actual joystiokral. The design of this module
[15] can make our system easily adaptable to any conmhermdel of powered
wheelchair.

Two types of control are thus possible: the usuahwal mode by the joystick and
the programmed mode which - from the simulatedtmosiof a joystick - will send
the signals to the motor control systems. The aeient of automatic movements
will thus require the calculation of a successibmidual positions of the joystick.



2.2 Perception of the environment

We have used two external sensors in our desige fif$t sensor is a camera, giving
an outline of the environment which is understamelély the user. Currently, the use
of video is dedicated for the user interface thatwill detail below. The other sensor
is a laser range finder sensor that enables usssune a range of distances of 0 to 4
meters to the obstacles around the wheelchair@rcalar plane of 0° to 240° with a
resolution of 0.36°. These measurements are condili into a set of points
characterized by their Cartesian co-ordinates énfitame of reference of laser sensor.
Laser measurements are used to perceive the emardnand thus to program its
movement.
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Fig. 1. Vahm-3 wheelchair. Fig. 2. Interface with the user.

2.3 Deicticinterface

The Human Machine Interface between the user aednweelchair is designed to
minimize the user workload, enabling him to contiloé wheelchair as simply as
possible. As discussed earlier, the user has tadedwo pieces of information to the
system, the type of action to be carried out amdttipographic localization of the
target in the environment.

Concerning the first part, we currently confinedrsalves to the behaviour
"passing through a narrow passage". Thereaftersailge choice of behaviours will
be introduced, proposing a selection of activabations presented to the user on the
screen. For the second part, the user should itedica the interface, the target
localization in the environment. Thus the interfaceust present the most
comprehensible vision of the environment to him. W&ve chosen to display the
video image directly from the camera as a reflectbthe environment (Fig. 2). On
this interface, the coordinates of the target atershined with a click on the screen in
the target area (currently this click is made vim@use but we are considering other
methods more adapted to users). This "click" habedranslated into topographic
target point usable by the different elements @& #lystem. This is a question of
converting the point clicked on the screen, charaad by the coordinates (i, j) in
the image, into the coordinates (x, y) of the cgpmnding topographic position in the
plane of measurement of the laser sensor. Thisl&@on would be approximate,
requiring simplifying assumptions. The first beitiee assumption that there are no



obstacles between the camera and the point prdj@tthe environment on the level
of the laser sensor. In order to define a mode avfversion, the correspondence
between certain particular points in the image @medenvironment is established as
following.

Experimentally, we determine, in the environmehg positions of the points P2,
P5 and P8, which are located in the image, in #mgre of the lower edge, the centre
of the image and the centre of the upper edge césphly. To do so, "landmarks" are
placed in the environment so that they corresportti¢ points wanted on the screen
and the distances ||OP5|| and ||P2P8|| are theumaean the environment. The Fig. 3
represents the correspondence between topograptadization and points of the
image. The point (i, j) of the image is represeriigdts polar coordinate$(0) in the
frame of reference of the laser. Knowing that tbezontal focus angle of the camera
is 70° and that the dimension of the image is @&*2B8 pixels we can calculate:
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Then, starting fromp and 6, one finds the Cartesian coordinates (x, y). This
estimate supposes linear the relationship betweedistances perceived in the image
and those corresponding in the environment. Itteptable for our application since
on the one hand the passage is generally indi¢atbd in the vicinity of the middle
of the image, and on the other hand the real |patidin of the narrow passage is
determined with measurements of laser. Indeed, seethis conversion to obtain a
first indication of localization of the passage, iethallows thereafter, regain this
position with exactitude thanks the laser sensavikhde shown in the next section.
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Fig. 3. Conversion of the click of the user on the vide&€artesian coordinates in the frame of
reference of the laser.

2.4 Detection of the narrow passage

In order to pass through a narrow passage, itdeggary to locate it precisely in the
environment, at the beginning and during the moveroéthe wheelchair. Using the
data from the laser sensor, this is carried othénfollowing way.



Firstly, in the frame of reference of the laserssgnall the possible passages in the
environment are sought. A passage is defined adpetween two obstacles that is
large enough for that the wheelchair can pass giroli is detected in the following
manner. The points resulting from laser measurerentivided into sets of obstacle.
For that, a sweeping of the points is carried dutinit is created at the first point,
then, for each point, the distance from its prengdgioint is measured. If the distance
is smaller than the width of the wheelchair, thie@ point is considered to belong to
the unit in progress, else, a new unit is createthfthis point. Once sets of obstacle
are defined, the minimal passages between eachatmitietermined which will be
memorized as a possible passage of the wheelchar.can see on Fig. 4, an
overview of the narrow passages characterized lopuple (cross, round). At the
beginning of the trajectory, the passage closeitdgoint (x, y) calculated from the
user input is selected as target, while the runpagsage, during the movement of the
wheelchair, is determined as the closest to thed usthe preceding stage.

As the wheelchair moves at a slow speed, the tngctoward the same target is
guaranteed. The movement stops when the laserrsdetaxts that the passage has
been passed, or otherwise, on the user’s behest,cau click on the screen at any
time to do so.

........

Fig. 4. Overall picture of passage in the environmenthencartography of our application.

2.5 Trajectory Generation

In order to pass through a narrow passage, thelelte@e must be positioned well in
front of it before entering. This requires the difon of a trajectory which brings the
wheelchair in the good orientation. In our appimat the trajectory is the result of a
succession of target point. By observing the ttajées adopted by a person driving a
wheelchair manually and taking into account thest@ints of programming, the
target points are defined in the following way. & geometrical sectors are defined
relative to the limiting points of the passage dodeach sector; a target point is
defined towards which the wheelchair will move irder to leave the sector. We
actually want to reproduce, the behaviour of a @ersvho drives the wheelchair in
front of the narrow passage with an orientationrapimated before going towards
the centre of the passage while refining the oaitio. We thus create three areas,
each having its target point as shown in Fig. &hls configuration, if the wheelchair
is located in area 1, it moves towards the Pcltfoid as soon as it enters in area 2,
moves towards the Pc2 point, and so on. The whaieldoesn't reach really the



target point as he changes of target when he chaamgas. This allows a continuous
motion and transitions between the targets poamnsain fluid. The Fig. 6 shows these
areas and points during movement.
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Fig. 6. Outline of the areas associated with
their target points in our application

2.6 Control on aposition

At every moment, the objective (input to the sygtam expressed by the polar
coordinates of the target point. The wheelchairtrtiuss continuously adjust itself in
relation to this one. To achieve this, a digitaDRdontroller has been designed to
generate the simulated joystick signals. In thetrobrfeedback representation, the
polar coordinates of this target point characteriby a couple (angle, distance)
corresponds to the error of orientation and theresf position, respectively. The role
of our controller is to cancel these two errordidgram of the control loop is shown
on Fig. 7. The PID is adjusted empirically using frakahashi Method. This method
allows adjusting the parameters of the controlleclosed loop and does not require
any model of the wheelchair. After refining the wments the following gain
parameters were obtained: P =4;1=0.01;D=11
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Fig. 7. Diagram of the control loop during a passing afraw passage



3 Experimental results

For the evaluation of the methodology, a set ofstegere achieved to verify its
operating mode and to estimate its operationatdin#i great number of courses were
carried out in different places in our laboratoraree of them are described here. For
each test, an outline of the environment on the interface is given, as well as the
trajectory followed by the wheelchair. On the eomiment image, the arrow indicates
the target pointed by the user to launch movem&he trajectory is obtained
indirectly, starting from the succession of lasezasures, as follows. During the
execution of the procedure, the location of themampassage, perceived by the laser
sensor, is memorized at each measurement. Thusmtwement in the narrow
passage in relation to the laser reference is ddaiFor more legibility, the reference
frame is changed by fixing the target passage whedewheelchair is shown to move.
Then, the localization of the wheelchair in thiarfre is recovered by projection.
Thus, a trace of successive positions of the whe&ldn relation to its target is
obtained. On the trajectory, the wheelchair is@epnted as a rectangle corresponding
to its maximum expanse.

Fig. 8. Tests presenting the starting vision (on the kgociated at the trajectory of
the wheelchair in this configuration (on the right)



The process of passing through the passage isdewadi to have been completed
when the laser sensor (located in front of the \dinedr) is passed through the target.
The trajectory thus stops at this stage. Then,vwtheelchair must be able to pass
through the narrow passage, from where the impoetana good orientation.

This functionality can be employed to pass throsgkieral types of obstacles, a
door, between two tables, or two obstacles unspdciThe tests described in Fig. 8
illustrate it. It is noticeable that the trajecewiobtained are close to those which a
human would have followed manually. For examples oan see in the second test,
that the wheelchair moves away from the door do approach this one in face. This
is made possible by our method of trajectory gdimra One can thus see the
importance of the repositioning and orienting befoentering. Indeed, if the
wheelchair takes aim at the centre of the passage the beginning, he could not
pass this one. The fluidity of the movements camw dde noticed by analyzing the
variation of distance between the rectangles. Mpamrse of the wheelchair has been
represented by a rectangle at each interval oéthreasurements, i.e. at regular time.
The difference between the rectangles thus repiedba speed of the wheelchair
during movement which is almost constant (arou3dngs).

4 Discussion and conclusion

The implementation of this first functionality attte profitable tests carried out show
that this association command by vision and cortydbser is a promising design for
the deictic control of smart wheelchairs. During thany tests carried out, two types
of limits could be identified. First of all, thenits of the methodology itself are put in
highlight as follows. So that the functionality ofrrow passage is efficient, the
wheelchair must start from a certain distance ftbenpassage (at least 1m), since it
must follow a succession of target to pass thrahghobjective. If it is too close, the
target point retained would actually be the cenftir¢he passage. It would arrive in
front of the narrow passage with a wrong orientatiad fail. In such a configuration
a human driver would do a manoeuvre before entering

The second limitation is of technological naturetimarily due to the
characteristics of the sensors. The angular foéuhe camera limits the possible
passages to those visible on the interface. Fumithe, the perception of the laser is
limited to an angle of 240°. It is possible, thatfollow-up of the trajectory if the
wheelchair must move away from the objective, tbise can go out of the
measurement field of laser sensor. These techrmabljinits can easily be overcome
by modifying the used devices (for example by tgkincamera with larger focus or
by adding a second laser sensor).

One could show here that the complementarity betwkeser and vision is
operative for the control of the smart wheelchdihe deictic control that we
conceived and illustrated on the functionality afsging through of narrow passage
gives satisfactory results. In order to achieveommand entirely designed on this
model it will be necessary for us to develop otherctionalities such as direction
following, docking and wall following.
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