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ABSTRACT

Disabled people asdstance is developing
thanks to new tedhnologies. Mohile robdics is one of
them. Low cost constraints impose the dioice of
sensors of mean capacities perception: ultrasonic
sensors, odometry and low-cost camera (information
feadback and goal-tracking). The approach is
developed in two steps. The first one mnsists in
giving maximum autonomy capacities to the roba
(planification, navigation and localisation). The
seond step is the study of the Man-Machine Co-
operation (MMC). Indeed, the aim is to perform a
misson (mohile roba displacament) with the roba
capacities and the man posshilities. The main
problem is then task allocation between the two
intelligent entities. Each one has planification,
navigation and locali sation abiliti es. Enhanced reality
techniques are used in the Man-Machine Interface
(MMI) to present feedback information to the human
supervisor (ultrasonic sensors measures on the flat
plane). Video image fealback permits the person
immersion in the roba reality during the misson. A
more spedfic study has been performed about the
locali sation error detedion which is very important to
automatic planification and navigation.

INTRODUCTION

The amergence of robaic solutionsin disabled people
aid tasks is realistic under only two conditions. The
first one @mncerns the very principle of the aid. The
system must not « do for » but compensate the action
deficiency of disabled people. So, that implies a man-
machine @-operation. The person intervention degree
begins with the simple ntribution in perception or
dedsion functions and ends with machine
teleoperation. The partial autonomy of the system
completesthe field of people abiliti es either to palli ate
deficiency due to the handicap or to redlise tedious
actions.

The sewmnd condition is the st of the
asgstance This grong constraint limits the autonomy
degree of the system by the reduction of perception
ability and computing power. In that case, the man-
machine m-operation permits to balance the machine
deficiencies by the perception, the dedsion, and to a
minor extent the action means of the person.

Among the main today’s life functions listed by WHO
(World Hedth Organisation), several actions like
carrying, grasping, picking up moving, are
“robaisable’. Different kinds of projed have been
presented in [Kawamura94]. First ones are
workstation-based systems. A table-mounted roba

arm works in an environment where the position of
different objeds are known by the system. HANDY 1
([Topping9g) and DeVAR ([Vanderloos95]) are two
examples. Seand kinds of projeds are stand-alone
manipulator systems where the objed position is not
known. This all ows more flexihility but needs snsors
for the ewvironment perception: Tou system
([Casals93]) and ISAC ([Kawamura94b]). Other
solutions are whedchair-based systems. The most
well known system is MANUS ([Jackson93]). Mohile
roba systems are also used: WALKY ([Neveryd99),
Hedth Care Roba ([Fiorini97]), URMAD
([Dario95]) and MOVAID ([Gudiedmelliog]). The
last kind of systems proposed are ll aborative robaic
aid systems where multiple robds perform several
tasks for the user ([Kawamura93)).

Under bath conditions sen before, not «do for» and
«not cost too much», a mohil e roba is devel oped with
AFM (French Assciation against Myopathies). The
misson consists in carrying an objed in a partialy
known environment such as a flat. The flat plan is
known but table, chair are not modelled and are
considered as obstacles. The deficiencies of the man
and the machine are palliated by a well-suited
co-operation. During the progress of the misgon the
main goal is to dispaich operations between the
person and the machine ([Crevits95]). The task
all ocation depends on numerous factors: i) at person
level, handicap degreeand tendency to get tired, ii) at
machine leve, abilities and performances, iii) at
misson level, task type and task development -
corred or not corred.

The moving of a mohile roba can be divided
into three tasks: planning, navigation and
localisation. Planning determines the best path to go
from one point to another. Navigation ensures the
roba follows the path avoiding obstacles.
Locali sation gives the position and the orientation of
theroba inside the flat at any time.

The paper describes the Man Machine Co-
operation (MM C) for the threetasks. After presenting
the system architedure, the foll owing sedion analyses
the different command modes of the machine and the
intervention degree of the person inside each mode.
Then the MMC is described for each function:
planning, navigation and localisation. Two planning
strategies are @nsidered in sedion 3 where the
intervention of the person is variable. Sedion 4 is
interested in the navigation which can be completely
automatic or manual asssted by some functions of the
machine such as obstacle avoiding. Sedion 5
develops localisation which requires the dosest man
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machine @-operation becuse of the difficulty of the
operation.

ASSISTANCE SYSTEM ARCHITECTURE

The aid system is composed of a control-
command station for the person and a manipulator
arm mounted on a mohile roba (Figure 1).
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Figure 1 : System architecture.

M obile robot

In order to « not to cost too much » the robot
has limited and poor perception means at its disposal,
an odometer and an ultrasonic ring. Odometry gives
the position and the orientation versus angular
rotation of the wheels. The method is ssimple and low
cost but presents a systematic error which depends on
the distance and a non-systematic error mainly due to
wheel spin and diding. Ultrasonic ring measures the
distance between the robot and obstacles all around
the robot. Generally the ultrasonic technology is
limited to proximetry because of medium
metrological characteristics and a high rate of
erroneous measures. The algorithms must operate in
those difficult conditions.
The camera mounted on a pan and tilt base is a
commercial device dedicated to general surveillance
applications. The unit presents a smart feature: the
auto-tracking mode. The camera automatically
follows the movement of an object. The camera plays
two roles: i) the video feedback during the robot
displacement, ii) the pointing out of a direction or
thanks to the auto-tracking the following of an object.
In the last case therobot is driven by the camera.

Control-command station

The Control-command station is composed of
a screen which displays different types of information
via enhanced reality techniques (Figure 2):
i) feedback information such as video image of what
is seen by the robot, the robot position on the 2D flat
plan or robot operating indicators.
ii) complementary command information such as
command modes. The person disposes of three
command modes to direct the mobile robot.

Video image
- Flat Plan

Text or symbolic information

D

Figure 2 : Enhanced reality approach for the
feedback information.

In mode 1 the person points out the destination

on the 2D flat plan displayed on the screen. The robot
automatically reaches the position avoiding obstacles.
In mode 2 the person points out a direction or an
interesting object on the video image. He defines the
goal driving the tilt and pan base of the camera. The
auto-tracking function of the camera directly pilots
the robot when the destination is an object.
In mode 3, the person teleoperates the robot
«manually » via a joystick or any command device.
An assistance to automatically avoid obstacles may be
available,

TASK ALLOCATION

Different scenari are conceivable to pilot the
robot following the command mode and the degree of
person intervention during the task execution in
accordance with the handicap degree and the
tendency to get tired. The person intervention can be
classified in three levels: i) supervision which uses
perception and decision functions to elaborate a
diagnostic during the execution of the task., ii)
control/command which uses perception-decision-
action ether to define a goal or iii) to manually pilot
the robot.

As seen in the introduction the mission « move the
robot from one point to another » implies three main
functions: planning, navigation and localisation.
Table 1 resumes the intervention level of the person
during the involvement of the mission.

Table 1 : Co-operation between man and machine.

PLANNING

Thisisthefirst step to execute a mission. Man
and machine have capacities to determine the way to
follow in the flat. In al three modes defined above,
the person givesthe goal (Figure 3).
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Mode 1: the person defines the goal
ontheflat plan.

w

I

Mode 2: the person defines the goal
onthe video image. The camera uses
the autotracking function.

w

I

Mode 3: the persontel eoperates the
roba. The camerais used only for
feadbad.

Figure 3 : Path planning following the command
mode.

In mode 1, the goal designation can be of very

low level. The person gives the position of the goal by
pointing it out on the plane drawn on the screen. But
the designation can be of higher level. If the person
wants to go to the fridge, the goal is defined, the
machine @mputes intermediate subgoals using the
knowledge of the environment. The planning method
is based on the visibility graph and the A* algorithm
([Benreguieg97]). It is also possble for the person to
give some subgoals before the computing of the
machine,
In mode 2, the person points out a goa with a
camera. The goal must be in the vision field of the
camera. The @mera tracks the obed and
automatically points out on it with pan and tilt moves.
The roba moves in the diredion pointed out by the
camera. This is a human like behaviour where the
objed is considered as a target which can be mohile.
In that case, intermediate subgoals are not useful. The
remaining issie is only to avoid obstacles on the path.
Thisisanavigation problem.

In mode 3, planification is performed on line by the
person who drives manually the robd. The amerain
then used only to return visual information.

NAVIGATION

The problem is to follow the planed trajedory.
The navigation is divided into two behaviours: goal-
seeking and obstacle avoidance A fusion of those two
behaviours is achieved to provide the roba move
orders (Figure 4).

T g gl gl P g T ol T iy

Source
T —_—

T

Subgodl

A A A A AL

A AT T T T

Goal

A) Planned path

R
Robat trajectory

n

'
i
'
3

Obstacle

- UItrasonicmeasurefﬁ
e

=
o
- ]

= e o o @aeEr

B) Robot navigation with obstade avoiding

Figure 4 : Fusion of two behaviour, obstacle
avoiding and goal-seeking for robot navigation.

Entiredly automatic navigation can be
performed in modes 1 and 2. Goal-seeking depends
on the relative positions of the roba position and the
next subgoal which define the diredion to follow and
the speed (depending on the distance). If an
unmodeled obstacle stands on the robad path, it must
be avoided. Ultrasonic sensors deted these obstacles
and fuzzy logic manages the obstacle avoidance The
aim isto create a human like behaviour by passng as
far as posgble from obstacles. The fusion of those
behaviours is realised by taking into acoount only
obstacle avoidance when an obstacle is near the roba.
When the distance between obstacles and the roba
grows up, goal-se&king behaviour takes more
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importance in the roba command. All these results
are detailed in [Benreguieg97)].

In mode 3 the person drives diredly the roba, goal-
seeking behaviour is then disabled. Nevertheless
obstacle avoidance @n be avail able to help the driver.
In that case, the person gives only a diredion to
follow (with a joystick for example) and the roba
avoids itsdf the obstacles. This a very appredable
help espedally when the roba is in another room out
of thefield of the person vision.

LOCALISATION

This is a main issue in mohile robdics where
the @-operation is the most useful. Indeed, to plan
tragjedory and to reach a goal, the robad must know
where it is. The difficulty is increased by the
characteristics of the low cost perception system
composed of an odometry and a ring of ultrasonic
sensors. Odometry is well known for the systematic
error which increases with the distance Ultrasonic
sensors  present  several  measure  problems,
speaularity, multiple edoes and large solid angle. So,
the algorithms are robust to erroneous measures and
stay under human control to manage difficult
situations which can not be solved automatically.

L ocalisation principle

The localisation is built following threeideas: i) the
localisation must be as autonomous as possble
considering the poor perception means, ii) the
complexity of the system is reduced thanks to the use
of the human capacities in the perception and
dedsion fields to make a diagnosis or to treat a
failure, iii) the person made the diagnosis by using
three information types of information, exteroceptive
and proprioceptive data and algorithm indicators.

The eteroceptive data ae the ultrasonic measures
which give the distance between the roba and
environment elements (wall, corner, obstacle). The
proprioceptive information is the location and the
orientation of the roba in the flat computed from the
odometry. The indicators inform the person about the
behaviour of the locali sation algorithms.

The main problem is that those three types of
information are not completely reliable. To ensure a
high low localisation performance rate and to avoid
the rgjedion of the asdstance system by the disabled
people we propose a complex man-machine -
operation which can be divide into threelevels. In the
first level the roba automatically computes its
situation during a move in the by fusing utrasonic
data with odometry flat (localisation on-line). If the
person deteds a probem he runs the secnd
level(localisation off-line). The roba interrupts the
misgon to determineits stuation by matching a great
number of ultrasonic measures with the geometrical
modd of the ewironment. If the automatic

localisation fails the operator takes charge of the
fail ure management.

On-line localisation

The odometry is correded on line - theroba is
moving towards a goal - by ultrasonic measures. The
roba is not lost but inaccurately localised. Few
ultrasonic measure limit odometrical systematic
errors up to a defined level. In every command modes
the automatic process is under the @ntrol of the
person. In our case theroba is atwo driving wheded
circular structure. The perception system integrates a
ring of eight Polaroid® ultrasonic sensors and an
odometrical device

The algorithm uses the ultrasonic measures to

control the dead redoning localisation. The main
steps of this algorithm are:

1- Computing the roba location roughly by
odometry

2- Matching few ultrasonic measures with
elements of the moddled environment,
here segments.

3 - Correding the odometrical location by
minimising the position and orientation
differences between moddled and
measured segments.

Complete results are publi shed in [Hoppenot98§].

Generally the knowledge of the position and

the orientation of a mohile roba uses two functions
called reative localisation and absolute locali sation.
The former is chedked up by the odometry, smple
and inexpensive. Its disadvantage is an unbounded
acaumulation of errors. The latter requires a more
complex system based on a laser range finder or/and
camera(s) to corred the odometry from time to time.
With a poar perception system, strategy must be
different and must take into acocount the ategories of
odometrical errors ([Borenstein96]). In our approach,
a real time algorithm limits gstematic earor
acaumulation with a low set of ultrasonic measures.
The absolute localisation is no more necessary except
if a non systematic aror or if a bad knowledge of the
orientation and the postion of the roba at the
starting point of the task ocaurs. In that case, a more
complex procedure based on a large set of ultrasonic
measures is run after the person has made the
dedsion.

Off-line localisation

If, in spite of the on-line locali sation, the roba is logt,
an off-line localisation processis used. In that case,
odometry can not be used. So, the localisation is only
based on the ultrasonic measures and a priori
knowledge of the environment (unknown obstacles
can be present in the environment). To palli ate the
missng odometry an ultrasonic scanning is
performed.

The position is calculated in three steps. The pre-
processng step consists in merging measures to build
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segments. The seand step makes the assumption that
the room is redangular. The mmputed segments are
merged to huild redangles that are matched with the
known environment. At that stage, several positions
of the roba are posshle. The last step chooses the
best solution. First, a cost function reduces to two the
number of solutions (symmetry of the redangle). The
ambiguity is lved thanks to the door used as
discriminating dement. Exhaustive results are given
in [Hoppenot0Q].

Error detection
As e abowe the robad localisation with a poor
perception system succe@ls in most Stuations.
Neverthelessthe dedsion making «the roba is lost »
and then «run off-line localisation » must be taken
either by the roba or the disabled person. It is
important in this kind of applications to think about
man’s misson. [Cunin97] insists on the active
participation of the disabled people to the misgon.
Though the probem solving process must operate as
autonomoudly and automatically as possble the user
must interact at any time. In our opinion the man-
machine @-operation allows to complete man or
machine deficiencies : action for the disabled person
and perception abiliti es and computing power for the
robd due to low-cost constraints.
In the @se of the roba localisation the person takes
the dedsion «the robad is lost ». Before finding
strategies of interaction, the pre-condition of the @-
operation is to define the mntents of the exchanged
information and espedally the information feedback
to the man. This first work focuses on the ability of
the person to determine if the misson is performing
corredly without the help of the video image. When
the roba is moving, two kinds of errors can ocaur :
the localisation error in the flat and the blocking-up
error defined as the incapability of getting out of a
blocking situation .
The study is composed of two steps :

- the roba ability to deted errors thanks to

avail able on-vehicle data (called automatic

detedion),

- the human ability to deted errors with only
exteroceptive and proprioceptive
information.

Automatic detection of errors
As s before the available information is of three
types:
- proprioceptive data (the roba speed and
positi on variations);
- exteroceptive data (ultrasonic measures);
- indicator of the well operating of the on-line

localisation  algorithm  (number  of
matchings between the measures and the
environment).

Two criteria ae defined, one for each kind of error.
The first one, used for the postion error, proceels

from the on-line localisation algorithm. The number
of matchings between the measures and the
environment is used to evaluate the relevance of the
calculated position. A threshold is defined below
which a position error is deteded. Its value is 15%
matched measures; it takes into acoount the
well-known problem of multiple bounds and cone
aperture of ultrasonic sensors and the fact that the
environment is not completely known.

The second one, used for the blocking-up error,
proceals from the knowledge of the speal and the
position variation of the roba on the one hand and
the sensors measurements and the other hand. If the
roba does not go ahead any more (that means the
linear speed and the position variation equal zero) the
roba might be blocked. The semnd idea is to
consider the measures of the sensors; if they are
small in all the diredions (right, front and left), the
roba might be blocked too. In fact, only the first
condition is interesting. If the linear speed of roba
equals zero for the last ten iterations, the robad is
dedared blocked if it has not reached the goal of its
misgon.

Using those aiteria, only 1 false eror detedion is
made on 18 tests. In the example giving the wrong
detedion, there is an obstacle in the middle of the
room. Numerous ultrasonic measures come from the
obstacle and not from the known environment. So, in
spite of the good position of the roba, the matching
percentage is not sufficient and an error is deteded.
The main probem is to distinguish between the two
types of errors. Indeed, a blocking-up error induces a
position error due to the blind zone of the ultrasonic
SENSOrs.

Human detection of errors

Ultrasonic impads

Robat trajedory

Figure5: Training screen.




P. Hoppenat, E. Colle: "Robaics Asdstance to disabled and elderly people’ - IMACS200Q Lausanne, Sesson

170, abstract, pp.261, 21-25 August 200Q

Several experiments have been performed to seeif a
human operator is able to deted errors with only two
kinds of information : the roba position given by the
odometer and the ultrasonic measures.
The room is presented to the operator on a video
screen (fig.9). Information feedback is added on the
screen. Several cases are proposed : 4 information
feadback combinations and 3 types of trajedories.
The 4 information feedback combinations are:
1-only the present position without the
SENSOrS MeasuUres,
2 - dl the positions snce the beginning of the
misgon without the sensors measures,
3 - only the present position with the sensor
Mmeasures,
4 - all the positions snce the beginning of the
misgon with the sensors measures.
Thethreekinds of trajedories are:
1 - with a position error,
2 - with an odometrical error,
3 - without error.
Among the three groups (one per trajedory) of nine
real trajedories, oneis used to train the person.
Threesets of tests have been performed. Set 1 foll ows
the previous protocol, set 2 is as &t 1 but with a
simplified feedback and set 3 is as &t 2 but with a
time onstraint for the task exeaution.
In set number 1, there is no significant difference
between disabled (here spedally myopathes) and able
people. More, the representation of the ultrasonic
measures on the screen is too difficult to understand.
Indeed each measure of the sensors was represented
by a letter and a colour. In the following those
impacts of the measures are pictured only with
crosses and three olours for right, front and left
impacts.
In set number 2, experts in robdics and utrasonic
technology have better results than unexperimented
people. That means the latter one @n improve the
detedion ability.
A complete feedback information (combination 4)
gives the best result of detedion.
The last set (number 3) is performed only with the
combination 4 but under a time nstraint : find the
error as quick as posshble. This forces people to use
sensor measures to determine if there is an error or
not.
Table 2 shows a comparison between set 2 and set 3.
Column A revedls that the detedion of non-efror is
better in set 2. The reason is that people waited for
the end of the misgon to seeif the roba performed it
well. But Column B indicates that the arred
detedion of error is better in set 3; moreover, al the
localisation errors are crredly deteded. That is very
interesting in the field of disabled people asdstancein
which anon-detedion of an error could be dangerous.
Column C shows that set 3 gives better results in the
detedion of the type of error too. The way to corred

the position error might be different with an
odometrical error than with a position one.

A B C
Set 2 97% 77% 50%
Set 3 70% 100% 83%

Table 2: Comparison between second and third tests.

with: A : corred detedion of non-error,

B : corred detedion of error,

C : corred identification of error type.
Those tests reveal that disabled people, spedally
myopathes, have the same detedion rate than able
people. That is not very surprising : they only have
physical handicap. The most important result is that,
in spite of its complexity, the full information
(position memory and utrasonic measures) is useful
and well suited to deted position errors. There is no
eror in the detedion of errors which guaranties a
great level of seaurity.

Discussion

The previous paragraph presents two ways to deted
errors, automatic and human detedion. It shows that
sensor measures and the matching number are
pertinent to deted a position error. The isae is now
to find the strategies to huild the best co-operation.
The problem consists in taking the dedsion to
activate the off-line locali sation procedure that delays
thetask in progress At present time, an evaluation of
the following strategy is in progress While the roba
moves the person judges if it is well-localised thanks
to information feedback : sensor measures and the
matching number. The dedsion of the running off-
line locali sation is taken by the person.

Oneideais to use the automatic detedion of error as
a warning signal. Without detedion, the person
knows that there is no error (detedion threshold can
be adjusted). In the @se of automatic detedion, the
supervisor is called to deddeif theroba islost or not.
That is a good way to shift a responsihility to the
machinewhen it is sure it works well.

CONCLUSION AND FURTHER WORK

Asdstance robdics for disabled people @n be
emerged under two conditions: the person had to be
integrated to the asdstance process and the system
must not cost too much. The low cost constraint
limits the mmplexity system to the detriment of its
autonomy ability. A well adapted co-operation
between the man and the machine mmpensates the
deficiencies of each one. From the person viewpoint,
the robd appears as a tod able to act on the
environment. The person adds the roba high level
perception and dedsion means. The task allocation
depends on the misgon to perform. For planification
and overall navigation the interaction of the person
evolves foll owing the dmmand modes. In mode 2 the
roba bewmes transparent, the person pil ots the pan
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and tilt camera inside the flat as though he was
physically in the distant room.

Localisation is a most difficult prodem when
the perception system is poor. We are developing a
threelevels | ocali sation. Autonomous on-line and off -
line localisation are under the supervision of the
person. We have studied the person ahility to make a
diagnosis only with exteroceptive and proprioceptive
information without a video camera. The feedback to
the operator can be ompleted by an indicator of the
well operating of the on-line algorithm.

We are airrently developing the man machine
interface based on the enhanced redlity.
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Command Planning Navigation L ocalisation
mode
Mode 1 * Pointing out : man * Supervision : man * on-line: machine | ¢ off-line: MMC
* Path planning : machine |« Control/command :| * supervision : man
machine
Mode 2 * Pointing out : man * Supervision : man * on-line: machine | ¢ off-line: MMC
 Auto-tracking : machine |« Control/command :| * supervision : man
machine *
Mode 3 * Control/command : man | ¢ Control/command : man * on-line: machine |« off-line: MMC
( asgsted by the machine) * supervision : man
*

1) MMC : Man Machine Co-operation
2) * : the function can be disabled
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Table 1 : Co-operation between man and machine.




