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INTRCDUCTION

Human gait is cne of the most gophisticated systems of locomotion
existing in the animel kingdom. It is made up of two essential functions.
(1)} propulsion : a seguence of gait cycles permitting displacement, and
{2) éynamic atabilization permitting balanced upright posture over rugged
terrain, as well as acrobatic positions.Sequgntial movelents acquired st
a young age, are automatie functions, which are under the voluntary con -
trol of the hierqrchica; command system and 0 permit the choice of star—
ting, stopping, the path and the speed of walking. In order te meintain
dynemic stabilizaetion we must comnstantly utilize senscry feedback. This
feedback ccmes from vision, the most precise system of regulation {visual
control), from the cutaneous zone of conmtact with the ground (extercceptive
level), from the modular and tendinous sensors (proprioceptive 1eveli.
and from the vestibular inertial center {semi-circular canals, sensers of

linesr and angular scceleration }.
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For many disabled people, pertieulgrly paraplegics, polio Patients, those
vith congenital defermities of the lower limbs or polyneuritics with & loss
of the gait function, or in aged or cardiac patiant, a certain deficiency

of gait function, some compensation is Teguizred : either the use of erutches,
which if the upper limbs are Tunctionel, permit a pendulasr gl.;.t. or I eyele
gait ; or the use of a wheel chair, £ither manjpulated by the patient
himself, of run by electrical rotors, jhatever methods used the patient
cannot walk normally. ‘ '

The principal objective of the AMOLL project is 40 restore the function
pecple working on this project is highly justified because the gifficulty of
the problems to be solved call for interdisciplimary sollsborstion. The
Purpose of this paper is to take stock of our research and to present the
esaential elements of the project.

There are three kinds of problems to be taken into eonsideration :

1) the conception of an orthosis and ita adaptation ¢e the patient,
2) the problems of portable energy and the choice of actuators,
3) the control problem.

PROBLEMS IN DESIGNING THE ORTHOSIS

There are two ma.iﬁ requiremehts : it must be handy and comfortable
for the patient and of a reasonable. weight. If the patient is to accept
and use hie assistive device, it is esséntial that it be as simple as
possible. We have chosen an orthotic suit composed of three modules,
permitting adaptation to each part of the impaired limb. The modules _
vhich are attached to the pelvis; thigh and lower leg are joined together
by two articulations, one on the hip and the other on the knee. When
assembled, the modules constitutes a pheumatic-metal composite system to
hold the motors next to the corresponding joints, metal pins are placed
between pneumatic tubes fixed in the suit {figurs 1). This pinching
effect vhen the tubes are inflated gives a good attachment and relisaves the
strain on the metal pieces,

First of all the mechanical efforts at the metal-pin and pin-holder
levels were messured laterally end anteroposterially, for a 3 pin or & pin
system. (Figure 2) and{figure 3} . The pneumatic composite was also mecha-
nically measured, the combined results are shown in table 1. One sees that
the composite system diminishes the strains and that the patients limbs

carry & part of the load. The second result implies that the patients Limbs
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Fig 1 - Modular thigh unit with rods in place.

can support the loading efforts. Another advantage of this modulsr system
is that compered to the one-piece pneumatic orthosis used by paraplegies,
it is no longer necessary to inflate and deflate the orthosis to stand up

or sit down. Figure Y4 shows the assembled modules.

TABLE 1 - Mechanical tests on Pneumatic suit.

i flexion. torsion

: * max N/mm2 : max N/mmo :
‘Oply metal-pins suit deflated : 510 P so8 :
: i : :
:Metal pins with pneumatik : :
fpinching effect (press.? bars) : 380 f Loo i
:inflated suit on limb P wo : 280
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Fig 4 - Modular assembly

This arrangement permits a simple mounting of the orthotig device on
the patient.

PROBLEMS OF ENERGY AND THE CHOICE OF ACTUATORS

The ecalculation of the energy necessary for the two-legged locomotion,
has been the object of numerous works. The most recent being those of
Yukobratovic and his team (references t and 2). Even th ough we lack
precise experimentsl deta, we think that an orthotic suit needs power of
250 watts. The cheice of energy is not yet definitely decided. Electrical
energy is easily stored but the possibility to obtain a free, passive,
state, & bloked state and powered movement in two directions can only be
made with a connecting gear or with torque motors. Our choice seems to go
towards the use of D.{. servo motors with a nominal power of 60 W for the
hip and 30 W for the knee. These motors have s peak power to average power
ratio of 4 to 1 compared to only 2 to 1 for torque motors. Rotatory hydrau=-
lie actuators pose problems of fluid leakage and energy storage ; but it
is easy to have hifh power with a lover veight mnd to have three states of
control (povered, free, and blocked).

Eowever, the source of portable energy will be the aim of special
research. It should allow an autonomy of 1 hour without outside support.
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We have voluntarily chosen only 4 actustors even though this poses a

double problem : what to do with the passive degrees of freedom and the

movements at the foot. Indeed, each mobile articulation only has one active
- degree of freedcm. In the case of the fiip, there are pormally three degrees

of freedom that serve the orientatiom of the lower limb. We have therefore,

undertaken to reduce the lateral motion and the torsion to its minimum

%o have o more rigid orthotic system. The knee being a rotary joint requi-

res only one active degree of freedom. We treat the foot in the same way

as the lover limb prothesis. The mobility of the apkle joint will be

reduced to a few passive degree of freedom. Walking in this case, will

be possible dus to & special shoe, with a anterior and posterior curved

sole and s square heel, so that the foot will be pushed in a good position

as soon 48 the heel contacta the ground.

Contrul problems are the most difficult of all. Two solutions are
possible : in the first, the patient is placed in an entirely automatic
ayatem which includes propulsion and stabiliration. In this case, the
major risk is that ‘he feels "foreign" to his device, and ill at ease
wvith it. In the second case, the patient takes care of the stabilizatiom,
himsel?, prepulsion, and regulation of gait being provided by an artificial
s'yste:i Ve have chosen the second solution, for we feel that the patient
lccepts an sasistive device nore easily if he himself is responsable for -
his stabilisation using two crutches (see figure 5).

The control system for propulsion must be a logical system. The
different states are detected from the contact information of the heal-
and toe with the ground and sngular information from the hip and knee joints.
Preliminary, measurements made on A treadwill show that the curves of
angular speed as a function of the normalized time in the walking syecle
are independent of the walking speed and angular speed at the joints. Yer
a given mubject the peaks oceur at the same point in the cycle. In addition
both the length of the step and the cadence are proportiomal to the walking
speed ; the curves having almost constant slope. '
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'!naeoret:.ca.uy this permits an agtematic control of the valking sequence
in order to minimize the energy used and to adapt the force of the
wotors to possidle variation of passive joint resistance {cmses of
spasticity in pareplegies) a system with automstic feedback to limit
the torques.

The patient able to intervene in the logical programue ,
vith the help of svitches for the hierarchial control of the
following four parameters

A, ltm
B. atanding up ;: sitting down

C. speed ¢ontrol. This is carried out in two ways.

1) either changing the length of the stop
by controlling the extent of the angles or

2} changing the rate of stepping.

Eventuslly the combination of the two procedures can be controlled
by & sipgle command. _ Lo
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Fig 5 -Subject standing with crutches and sitting. In standing
position(left)the subject vears a prototype Buit with
passive joints. In the sitting position (right) mock-up
rotary hydraulic actuators are mounted on the jointa.

D, Stop. (Two types are probable)

1) preprogrammed stop - vhen anticipated, the system can be brought
to a stop slowly within a few asteps, with feet together at the end of the
sequence,

2) Emergency stop. - either the feet are quickly brought together, °I°
the joints are put in the free state if a fall is inevitable.



42

With this man-machine control ‘systen for walking, the principel decimions
are made by the patient. Medieal doctors eall this voluntary eontrol.

The future research should be directed towards programmes to mowmt step;
and to walk on uneven terrain. Becsuse of the ammmt of work necessary,
probably three years of research wvill be needed to complete the AMOLL
project.
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