
ExoLeg: A lower-body exoskeleton for paretic population in low-

income countries 

 

1. Problem Statement and Background:  
Exoskeletons have been around since long for power enhancements, gait training and assisting 

paraplegic patients. Most of the commercially available exoskeleton systems address the patients 

with motor-complete paraplegia, cover both legs and are expensive. Examples include BLEEX, 

LOPES and HAL.  

We argue that a large population in need of this new technology dwell in the low-income countries 

in Asia and Africa. Moreover, a large of them are affected by acute Poliomyelitis (or infantile 

paralysis) resulting in paralysis of only one leg. Even in the developed world, where the polio 

epidemic has now been eradicated, the ageing polio survivors suffer from the post-polio syndrome 

(PPS) resulting in locomotor deficiencies [1]. There are at least over a million polio survivors 

throughout the world according to WHO estimates [2].  

Medical practitioners use orthosis to cater such patients since long. An orthosis is a rigid system 

of metal braces and splints locking certain joints to improve stability. However, in absence of 

external power, walking and performing activities of daily life is very difficult for such patients.  

Powered exoskeletons provide this missing component but due to the absence of widespread 

government welfare and health coverage, traditional high-tech exoskeletons are beyond the reach 

of most patients. Our goal is to develop such devices according to the needs of the developing 

world, using the above-mentioned constraints as our design guideline. The device has to be 

lightweight and minimal intervening only at joints wherever necessary.  

2. Approach: 
Our system uses cheaper materials, commonly used in the orthotic industry, uses off-the-shelf 

sensors and actuators, and covers one leg. The design is inspired by the hip-knee-ankle foot-

orthosis (HKAFO).  

To start the design process, we studied the human anatomy first. This is because the system has 

to work in parallel with the human body and any mis-alignment may lead to discomfort. Human 

body is typically divided into 3 planes namely Sagittal, Coronal and Transverse. Straight-line 

walking mainly takes place in the sagittal plane with small motions in the other two planes.  

Human joints typically provide complex interaction between adjoining limbs. However, they can 

be biomechanically simplified in terms of the number of free rotations they allow (a.k.a Degrees 

of Freedom or DoF). In biomechanical literature, a human leg is considered as a 7-DoF structure, 

with three rotational DoF’s at the hip, one at the knee and three at the ankle. Joint motion in the 

sagittal plane is simply referred to as flexion (positive direction) and extension (negative 

direction) motion of the hip in coronal plane is referred to as abduction and adduction. The last 

DoF of the hip is the internal/external rotation, which is a rotation along the longitudinal axis of 

the limb. While human knee joint has 1 rotational DoF.  



In our design, the hip joint is modeled as a decoupled 2-DoF system, allowing flexion/extension 

and abduction/adduction. The knee joint has only one rotation, flexion/extension.  

3. Description of final approach and design:  
 

3.1 Dimensions and size adjustment: 
The thigh and lower leg links consist of a steel frames and a polypropylene shell which covers 

about half of the circumference of the leg. Both links are joined at the knee. The thigh and leg 

shells are provided with soft padding to ensure comfort. The outer steel frames follow the human 

leg contour for intimate fit. 

In order to test the device on a large population with varying anthropometry, the length of the thigh 

frame as well as the circumference of the shells are made variable. The dimensions are varied for 

the 5th to 50th percentile values from the NASA’s anthropometric data for 40-year American male 

[3]. Overall, the thigh length and circumference vary about 5-6cm while lower-leg circumference 

varies by 3cm. The length of the lower leg frame may be adjusted by attaching the custom made 

ankle-foot orthosis (AFO).  

3.2 Instrumentation and Actuation 
The purpose of our project was to develop a high-tech cost-effective solutions for orthosis users. 

Appropriate robotic devices can greatly improve the lives of paralytic polio patients, provided they 

can be integrated into existing low-tech devices indigenously. Our approach here is to use off-the-

shelf low cost sensors, actuators and controllers to improve the walking efficiency. 

3.2.1 Major Components 

The major components involved in our design are DC motors, microcontroller (Arduino MEGA 

2560), inertial measurement units (IMUs) and force sensors.  

IMU (model: MPU6050) is used to measure the orientation and acceleration of each leg segment 

in real-time. Two IMU’s, one each for thigh and shank segments, are used.  

Force sensors are used to sense the force under the foot. It is an FSR 0.5", force sensitive resistor 

with a round, 0.5" diameter (sensing area). Its measuring range is 100g to 10kg. Since a human’s 

mass is much greater than this range, it saturates when the foot hits the ground. Hence, it is only 

used to detect the foot impact on ground, rather than accurate measurement of the ground reaction.  

Arduino Mega 2560 is used to control the circuit. It has the following features: flash memory of 

256KB, 54 digital input/output pins (of which 15 can be used as PWM outputs) and 16 analog 

input pins. A Lithium-Cadmium battery of 7 Ah and 12V is used to power all electrical 

components.  

The microcontroller receives raw data from the sensors (inertial measurement unit, force sensor 

and encoder) and processes it to calculate relevant parameters. For the position control of the DC 

motors, we need the instantaneous position of the links. The IMUs provide instantaneous angles 

of the links (thigh and shank) and encoder will provide instantaneous position of the shaft of the 

DC motor as an extra check. Force sensors tell whether the leg is in stance or swing phase during 

gait cycle.  



To simulate normal human walking cycle, we need a peak velocity of 33 rpm at hip joint and 42 

rpm at knee joint. 2 separate motors are used for this purpose. However, for now, the motors used 

(Pololu 30:1 DC Metal Gear-motor) are not powerful enough to drive a human leg and assist in 

walking. However, we have implemented the motor interfacing and power transmission system 

for possible future implementation with more powerful motors. For now, these motors can run the 

exoskeleton device alone, in a suspended fashion, to test our algorithms.  

3.2.2  Power transmission system design: 

The motors are not directly attached to the hip and knee joint locations but instead behind the 

pelvis frame at the back. The rotational motion is then transferred to the joints through a pulley 

system (for hip joint) and a combination of pulleys and a Bowden cable (for knee joint).  

3 pulleys are attached with the motor shaft and joints in such a way that pulley with motor is 

directly fixed with motor shaft and is attached with side part by through a ball bearing. Second 

pulley is free pulley (step pulley) that helps in reducing the rpm and changing the direction of the 

transmission. It is also mounted with a ball bearing and can rotate freely. Third pulley is mounted 

at the joint. As the pulley with motor shaft rotates, it transmits power through timing belts and 

rotates the free pulley which is further connected with hip joint pulley by same kind of timing belt.  

The pulley mechanism is not feasible to transmit power to the knee joint, because during walking 

the distance between the motor axis and the knee joint varies constantly. This can be compensated 

by using the Bowden cable mechanism. A Bowden cable is a flexible cable which can be used to 

transmit linear force by the movement of inner cable relative to the stationary hollow outer cable 

housing. In our project, we used a modified version of bowden cable system. It uses the principle 

of fixed cable joint but combines with the concept of simultaneously rolling and unrolling of cables 

on pulleys. Two bowden cables are fixed on two pulleys, one at motor and other at knee joint in 

such a manner that when motor rotates, one cable gets rolled on and other one gets unrolled at the 

same time. This allows motor to directly control the position of the joint in both clockwise and 

anti-clockwise direction. This bowden cable driven joint system allow us to transmit power from 

motor to the knee joint and the problem of variable distance will also be resolved.   

The size of the pulleys is calculated such that the RPMs available at the motor shaft are reduced 

to match the typical human gait speeds required at the hip and knee joints.  

3.2.3 Interfacing of electrical components with microcontroller: 

Arduino Mega 2560 is used to control all the electrical components (actuators and sensors). 

Two inertial measurement units are interfaced parallel with Arduino board uses three digital pins 

of microcontroller of which two of them are interrupt pins 20 and 21 and other is pin 7. 

DC motors cannot interface directly with microcontrollers as they need high current for driving. 

Therefore, L298 H-bridges are used to drive the motor. 4 digital pins of microcontroller are used 

of which two are used for the H- bridge input and remaining  two of them are used for the encoder 

output. 

Force sensors (FSR-0.5”) are interfaced directly with microcontroller by using 3.3 kilo ohm 

resistor. 

12 V Lithium ion DC battery is used to give the power to the motors. 5 volts are required by each 

electrical components interfaced with the microcontroller (Arduino mega 2560). These 5V are also 



given to the circuit through the same battery with the help of regulator 7805 that drop 12 volts to 

5 volts.  

After interfacing all the electrical components with the microcontroller, a PCB is designed. Printed 

circuit board is an electronic circuit consisting of thin strips of a conducting material such as 

copper, which have been etched from a layer fixed to a flat insulating sheet and to which integrated 

circuits and other components are attached. Printed circuit board design is made in PCB express 

software.  

4. Outcome 
The final outcome of this project is a wearable single-leg exoskeleton system, equipped with the 

sensor and actuation system. The sensor system has been tested on a healthy human and seems to 

provide correct position and force results. A video of the testing is available at the following link: 

https://sites.google.com/view/ucp-bmct/research-activities/videos?authuser=0  

 

5. Cost estimation: 
The project has been conceived with the aim of keeping the overall cost down for the developing 

world. The materials and methods used for the fabrication are the same which are widely used in 

the orthotics industry in Pakistan. Overall the total cost of the product is under PKR. 25000 (USD 

250) with the following breakdown: 

Cost of materials:    $100 

Cost of electronic components:  $100 

Manufacturing and labor costs:  $50 

 

6. Significance 
Over 80% of all disabled live in the developing world. Most of them use the primitive assistive 

devices resulting in poor efficiency. We believe that the developments in the field of electronics 

can revolutionize the rehabilitation of paralytic population in low-income countries. This project 

a step forward in this direction. 
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 Figure 2: Side view of prototype 

Figure 1:3D CAD model and manufactured ExoLeg 



       

 

 

 

 

 

 

 

  

 

Figure 3: Figure: Hip joint actuation system view of 3D-Model 

 

 

Figure 4: Printed circuit board design 

 


