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Motivation
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In	the	world

400	000	000 people in wheelchairs

500	000 spinal injuries annually

6	000	000 stroke disease every year

Simple low-efficiency mechanical verticalizers 
without walk function

Basic	methods	of	rehabilitation

Walking function is only implemented at 
stationary mechanotherapy complexes 
Hocoma (by Locomat), available only in 30 
hospitals in the Russian Federation due to the 
very high cost of procurement

The number of medical procedures with the use of robots in the US and Europe 
increased by 40% annually, which reduces the number of complications by 80%, 
significantly reduce the time of hospitalization, patients recover faster in the 
working process and ensure high quality of life
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Assistive exoskeletons

Ekso Bionics (USA)ExoAtlet (Russia)RexBionics (New Zealand)
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Problems
• Current research done in the area of exoskeletons focuses mostly 

on walking, while not giving enough attention to standing up 
motion.

• Dynamic balancing still remains an important problem for two-
legged robotics in general and lower-limb exoskeletons in 
particular especially for non-crutches solutions.

• Dynamical analysis of verticalization process of patient usually is 
considered without reference on the problem of separation the 
heel from supporting surface. It changes square of supporting 
surface and require very precise control adaptive algoritm.

• Problem of the synthesis of an adaptive control system with an 
ability to correct its own control strategy based on the user’s 
individual peculiarities still remains insufficiently studied. 
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Active foot of the ExoLite exoskeleton

There are several modifications of the ExoLite’s 
active  foot:
The basic version includes pressure sensors and 
accelerometers.

The second tier version additionally includes 
distance sensors.

The last version is «Flexisble foot» which  is made 
of flexible composite material, allowing the foot to 
slightly deform during the motion for better 
contact with the ground.

1,2 – electric motors, 3 – exoskeleton’s 
shin link, 4 – heel’s support, 5 –

exoskeleton’s foot, 6 – framework for 
the motors, 7 – pressure sensors, 8 –

distance sensors

An active toe joint can be used to achieve a number of goals:
1. To improve vertical balance of the system.
2. To train the feet muscles.
3. To allow the user to reach higher places than he would normally be able to.
4. To achieve more natural and energy-efficient gait.



Analytical diagram of the exoskeleton during sit-to-
stand motion

Scheme of the exoskeleton 
in the sit-to-stand  with reference on separation 

of heel of foot
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Assumptions:
• Motion occurs only in a sagittal 

plane.
• The legs move symmetrically and 

synchronously
• The mass of each link is equally 

distributed along it’s length
• Foot is fixed on ground and doesn’t 

slip or slide

Points O2, O3 and O4 - hinges, point O1

is the exoskeleton’s “toe”. Points Сi -
centres of mass of the mechanism’s links.
Angles φi define the orientation of the
links with respect to the horizontal plane.
The electric drives apply torques Mi,j-1 on
the links
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Control System design

Block diagram of the control system
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Mathematical model
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Description of the control system diagram
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Numerical simulation
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Study of toe angle range
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Laboratory set up
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www.lab.swsu.ru www.exomed.org7

ExoLite – lower limb powered 
exoskeleton, designed to increase 
functionality by providing mobility for 
people with damage
musculoskeletal system.

The capabilities of the exoskeleton:
Stable Walking on a horizontal surface;
Individual anthropomorphic design;
Verticalization without crutches;
Climbing on stairs;

Time Autonomous work up to 4 hours;
Designed for a user weighing up to 70 kg 
and weight from 1.6 to 1.9 meters.

Experimental prototype of the lower-limb 
exoskeleton
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Conclusions

1.In this paper a lower limb exoskeleton with a toe joint was considered. A
mathematical model of the exoskeleton was presented, and the equations of
motion were given.
2. Control system based on a feedback controller was proposed. The inputs
for the control system were generated by defining a desired trajectory of the
center of mass of the mechanism and solving the inverse kinematics
problem.
3. Numerical optimization-based iterative algorithm for solving inverse
kinematics was proposed.
4. The algorithm allows to engage and disengage the toe joint, based on
how close the mechanism is to a singular position. That gives us an
automatic human-like toe joint engagement, that can be controlled though
certain parameters that were discussed in the fourth chapter of the paper.
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Future work on the project includes:

• Extensive modeling of exoskeleton motion in realistic 
environment in 3d space.

• Designing control system for exoskeleton capable of operating 
in in-door and out-door environment without endangering or 
overstraining the patient.

• Conducting experimental study of exoskeleton’s controlled 
motion when performing different tasks and exercises.
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