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Contribution of a Knee Orthosis to Walking

O. Bordron, C. Huneau, É. Le Carpentier, and Y. Aoustin

Abstract— This study is devoted to investigate the influence
of a knee orthosis for human walking by using a mathematical
model for a 7-links planar biped - composed with two identical
legs, two feet and one trunk - with an orthosis attached to both
thigh and calf, during walking. In the first part, we design a
cyclic walking gait in the sagittal plane for human without the
orthosis. The second part we consider that the human looses
his muscular possibilities in one of his knees. To overcome his
handicap the human is equipped of a knee orthosis. We analyse
the positive effect of the orthosis over the assisted knee to track
the previous designed reference trajectory. By using at each time
an optimisation algorithm, we minimise the torques provided
by the human. The numerical tests confirm the possibility to
reduce the torque produced in the disabled knee. The next step
is to take into account explicitly an information from EMG
signal during a walking to modulate the power of the orthosis.

I. INTRODUCTION

Active orthosis have been developped in medical envi-

ronment. They can be used for reducing chronic strains,

compensating muscle impairments in case of rehabilitation

or helping elderly people during walking (RobotKnee [1],

EICoSI [2]).

Each assistive system has its own design, with its geometrical

and mechanical properties. These features have an impact

over walking and over the operator [3]. Then, to estimate the

impacts of an orthosis over walking gait before designing the

system is important.

Several studies using simulation and walking optimisation

have already been done [4][5]. Nevertheless, walking gait

optimisation has never been done for optimising the con-

tribution of a knee orthosis. Depending on the reeducation

stage of the patient, we propose to optimise the torque profile

supplied by an orthosis. As we simply want to highlight the

advantages and drawbacks of the proposed method, the study

is carried out with a 2D planar model.

The biped model, walking gait and optimal trajectories are

defined Section II. Then, the dynamic model is completed

with an orthosis on the left knee. In Section III, the knee

orthosis contribution is optimised to carry out the same

walking.

II. MATERIAL AND METHODS

A. Model of the biped

The model used to simulate a step is illustrated Figure 1.

This model is composed of one trunk, two legs - each one is

composed with both a thigh and calf - and two feet. Model

parameters of each link are those used in [8].

The left foot is considered flat on the ground (the left foot

forms a complete joint with the ground), that is to say for any

time qp1
= 0 (see Figure 1), and the origin of the reference
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Fig. 1. Modelisation of the planed biped. a) Parameterisation of the biped.
Note that angles are positive in counterclockwise. b) Length segments and
position of the centers of mass.
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Fig. 2. A step of the biped and conditions of cyclicality.

frame is taken at the left ankle. The created dynamic model

of the seven-link biped is detailed in [8].

B. Definition of the optimal trajectories

The walking gait studied here is cyclic. Thus the walking

gait can be defined by designing over one step only (see

Figure 2). This step is defined by a phase of single support

and an impact with the ground. The impact model is the

same used in [6]. We assume that trajectories describing the

motion are defined by polynomial functions of fourth order,

depending on time. By using cyclic conditions, we are able

to describe the entire cyclic gait with these parameters:

(xhf
, yhf

, d, q3f
, q̇f,qint) (1)

(xh, yh) is the configuration of the hip, d the step length, q3f

the final position of the trunk, q̇f the final velocity and qint

the position at mid-cycle.

The design of the walking gait is made under the con-

straints: no take off and no sliding of the stance foot during

the single support, the center of pressure must be inside

the sole surface of the foot on the ground, and limits in

magnitude of the joint torques and joint velocities.

The cost function used for optimisation is the normalised
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Fig. 3. Power of the knee at v = 1.0 m.s−1 and α = 0.4.

dynamic effort [7]. From a data set of (1), the Matlab R©

functions fmincon R© and MultiStart R© are used to obtain the

optimal trajectory in Figure 4.

C. Contribution of the orthosis

We add an orthosis to the biped model. It is modeled

by one additional mass with inertia to both calf and thigh.

Its features are those identified for the EICoSI orthosis [9].

Consequently, the dynamic model of the biped equipped with

the orthosis changes [8].

In this study, we assume that the orthosis is positioned on

the knee of the support leg. We are not interested here in

the swing phase since the stance phase requires much more

torque to the knee.

The torque profile supplied by the orthosis is optimised by

using the same cost function as in II-B, under the constraint

Porth ≤ αPmax. α ∈ [0; 1] is a reeducation coefficient

reflecting the assistive level needed for a patient. It varies

throughout the reeducation. If α = 0, the knee is not assisted

and if α = 1, the knee is fully assisted. Pmax is the maximal

power that must be provided by the knee to carry out the

trajectory with the orthosis.

III. RESULTS

For example, at walking speed v = 1.0 m.s−1, and for

α = 0.4, the optimised torque profile of the orthosis is given

Figure 3. The constraint Porth ≤ αPmax is fulfilled. For t ∈

[0; 0.1], the patient has to provide power on the knee to carry

out the trajectory defined in Section II. But for t ∈ [0.1; 0.2],
the orthosis provides all the power required to ensure the

walking gait.

In the same way, we compute optimised torque profiles

for different coefficient α, at walking speed v = 1.0 m.s−1.

Energy distributions corresponding to these results are given

Figure 5. They are normalised by the total energy spend at

the knee to carry out the step. It shows that the assistive

factor α introduced in Section II nearly corresponds to the

normalised energy.

IV. CONCLUSION

This paper has computed optimised torque profiles for

the knee orthosis in order to carry out a given trajectory
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Fig. 4. An optimised step at
walking speed v = 1.0 m.s−1.
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Fig. 5. Optimised contribution of
the orthosis at v = 1.0 m.s−1.

(for instance the natural step of the patient), in the case

of a simple planar model. The numerical tests confirm the

possibility to reduce the torque produced in the disabled

knee. Besides, we showed that the assistive level can be

modulated by the introduction of the assistive factor α.

Nevertheless, in the interests of realism, the model will

be completed in a further step by taking into account the

impedance of the joints. Indeed, the impedance of the tendon-

muscle system can have a significant impact on the results.

From this study, a possible extension is to extract information

in time and amplitude from the power profile in order to

efficiently control the orthosis. Another information could

be extracted from the EMG signal to adjust the desired

trajectory.
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