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Hybrid Position/Force Controller Applied to Exoskeleton

Z. Achour and M. Hamerlain

Abstract—Exoskeleton robots was designed to be worn on
the lateral side of an upper extremity and is able to assist arm
movements The approach hybrid force-position for controlling
compliant motions of exoskeleton is presented in hybrid
technique described combines force with positional data to
satisfy simultaneous position and force trajectory, Some
simulations are presented that verify the performance of the
controller for different situations.

Index Terms—Hybrid position/force control, exoskeleton
robot, nonlinear system.

I. INTRODUCTION

This paper presents an upper extremity (UE) with five
degrees of freedom rotoid joint wearable robot and its
control strategy to provide movement assistance and active
rehabilitation exercises to physically disabled individuals,
For the exoskeleton can work correctly and thus achieve the
expected results in terms of rehabilitation or assistance, it
must be strictly controlled, a position controller alone
generally gives poor performance and may even cause

instability. Hybrid position / force control is required [1]-[3].

This paper presents an external hybrid force/position
controller for an exoskeleton robot using a cascade scheme
with two control loops. In the outer loop there is a force
controller that acts as a perturbation for the position
reference, the inner loop, which is used to control the end-
effector position, uses both the signals generated by the
outer loop and the desired end-effector position. The control
laws are simple, the PID type for joint servoing and PI for
the external force loop. The mechanical structure of the
exoskeleton is a closed chain, the dynamic modeling of
robots is an important for simulation and control of robots
different technique have been proposed [4], [5].in this paper
we use Newton-Euler (NE algorithm) recursive technique .

This paper is organized as follows: dynamic model in
Section 2, different methods Hybrid Position/Force
Controller in section 3, simulation results are presented and
discussed in section 4, conclusions and outlook on future
work are given in section 5

Il. DYNAMIC MODEL
Our exoskeleton is a multi-contact system with five
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degrees of freedom. It includes 08 joints with 07 bodies
attached to a base. Five of the 08 joints are active by DC
motors, and the other joints are passive.
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where
e qy-Vector of the tree structure joint variables
e g.Vector of the cut joints
e g,and q, are respectively vectors of active joint
and the passive joint

Inverse Dynamics Using Recursive NE Algorithm

The Newton-Euler equation giving the external forces
and moments on a link j about the origin frame j is written
as:

I' = NE(q,q, §,fe, me) 4)

where:
e q,qand dare respectively, the position, velocity and
acceleration of the robot .
e f.and m.are the external forces and moments of the
links of the robot on the environment
The forward algorithm is given for j=1,..., n with i=a(j) as
follows:
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These equation are initialized by w, = 0,®, = 0,V, =
—g, U3 = 0,with g is the acceleration of gravity.
Where
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where o; = 0 if joint j is revolute, o;j =1 if joint j is
prismatic, and 6 ; = 1 — o;
T/ is the screw transformation matrix given as

j ipi
Ri _Ripjl
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T) = (12)

where RjiRotation matrix from i to j
e w; the angular velocity of link j
. Vjthe lineaire acceleration of the origin of frame j
e T total external forces on link j
e M; total external forces on link j about O;
e J;(6x6) inertia matrix of link j
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where M;, MS; and J; are the standard inertial parameters of

linkj. They are respectively, the mass, the first moments,
and the inertia matrix about the origin. With

(14)

And where a; is the unit vector along the z;axis which is
the axis of jointj.

The matrix W defines the 3 x 3 vector product matrix
associated to the (3 x 1)vector Wsuch that :

0 -w, Wy
W=|w, 0 —wy (15)
Wy Wy 0
WX V=WV

The backward equation can be calculated for j=1,..., n:

j — gl j
f =F +fg (16)
m:: = Mlj + mL]. (17)
i
f' = Rif (18)
ml; = mi; + R}m}: +P xf! (20)
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where f;and m; are the reaction forces and moments of link
a(j) on link jrespectively I, is the inertia of the rotor

transmission gears of the motors of joint j,Fg; and F; are the
coulomb and viscous friction parameters respectively ,fij

and m"ej are the external force and moments of link j on the

43

environment.

I1l.  HYBRID CONTROL

W Khaliland E.dombre distinguished [6] in two types of
hybrid force/position control:

Fig. 1. Exoskeleton.

A. Parallel Hybrid Force-Position Control

The basic approach for the hybrid force-position control
was already presented by Raibert and Craig (1981) [7], [8].
The control problem is divided into parallel control loops
for position and force control with their set-point Xset and
Fset respectively with the selection matrix S ,the N degrees
of freedom (DOF) are assigned to be either force or position
controlled (See Fig. 1)

I = X)L {T[sa0] + ¥i[(1 = 5;)Ax ]} (22)

where :
[; is torque applied by the iy, actuator
Afjisforce error in jth DOF
Ax; is the position error in jth DOF
I;; and j;; are force and position compensation
functions, respectively ,for the j, input and this iy, output
e s; component of compliance selection vector :

s = diag(s1, S2, 53, -+, SN)

with
s;=0 If the jth DOFis controlled in position
s;=1 If the jth DOFis controlled in force
W. Khalil et E. Dombre distinguishes three control
diagram control:
e  Control diagram of hybrid position and force
proposed by Raibet And Craig (1981)
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Fig. 2. Control diagram of hybrid position and force proposed by
RaibetAnd Craig (1981).
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e  Control diagram of hybrid force-position control
with sum of velocity
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Fig. 3. Control diagram of hybrid force-position control with sum of
velocity.

f

where:
PCLJ position control law in the joint space
FCL force control law
ke~ Estimatedstiffness matrix
e  Control diagram of hybrid force-position control
with sum of efforts
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Fig. 4. Control diagram of hybrid force-position control with sum of efforts.

Y
[
-3

—h

B. External Hybrid Force-Position Control

External Hybrid Control scheme below (Fig. 2) gives an
overview of the representation of a hybrid control gset (5x1)
and Fset (6x1) inputs for the respective position desired and
force desired. The position loop runs independently when
there are no forces acting on the tool tip. Once forces are
sensed, a force error is generated based on the force
constraints set [9], [6], [10]. A corrective position term is
then added to the output from the position loop.

Qs==t

real forcs

Fig. 5. External hybrid control scheme.

IV. RESULTS
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Fig. 6. Responses of position, force and position error respectively of axisl.
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Fig. 9. Responses of position, force and position error respectively of axis4.
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Fig. 10. Responses of position, force and position error respectively of
axisb.

From the result presented it can be seen that the desired
position given for the exoskeleton is good, The error in
position, at the same pace as the force setting, which
confirms that the variation in the position is due mainly to
the variation in the force setting.

V. CONCLUSION

In this paper, first we model our exoskeleton by
identification, after this step we propose different methods
Hybrid Position / Force Controller, Parallel hybrid force-
position control External Hybrid diagram control

Controllers PID to be implemented on our robot,
simulation results are satisfying several perspectives of
improvement are envisaged in the future from its
implementation of External Hybrid Control on our
exoskeleton.
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