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A Powered Lower Limb Orthosis to Assist the Gait of 
Incomplete Spinal Cord Injured Patients 
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Abstract
This paper addresses the mechanical design and control of a 
new active stance-control knee-ankle-foot orthosis. The orthosis
is intended to provide gait assistance for incomplete spinal cord 
injured patients with functional hip muscles, but partially 
denervated knee and ankle muscles. This device consists of a 
passive compliant joint that constrains ankle plantar flexion, 
along with a powered knee unit that prevents knee flexion 
during stance and controls flexion-extension during swing. For 
this purpose, the knee joint incorporates a controllable 
mechanical locking system and an electrical DC motor. Based 
on human walking biomechanics, a hybrid control model is 
proposed. This model takes into account the parameters of the 
orthosis and the characteristics of the gait cycle, which is
divided in eight different phases. A fractional order controller is 
designed following decision based control techniques.

1. Introduction
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2. Biomechanical specifications
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3. Mechanical design of the active orthosis
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Figure 1.  Knee unit of the SCKAFO.
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Figure 2. Global mechanical design of the orthosis.

4. Control approach 
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Figure 3. Block diagram of the controlled system.

 

Figure 4. Decision based controller. 
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Figure 5. Mechanical orthosis model.

 

Figure 6. Simulation result of the controlled knee joint.

5. Conclusions
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