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Assistive Exoskeleton 
For Workers and Elders

This project focuses on developing an exoskeleton platform for workers, 

elders and other potential users that suffer from muscle damage related 

to work, age and diseases.

The current version of the exoskeleton detects the gait pattern of the user 

and provide assistive torque when needed. Further improvements on 

stability and accuracy in operations is planned.

Aiming for industry grade performance and stability, the product was 

also designed with cost effectiveness in mind for better accessibility for 

the general public. 

In recent years, due to the rapid growth of the Logistics Industry, the 

global need for human labor in deliveries and package management 

rose to an historical high. The labor-intensive nature of those working 

positions resulted in an increasing number of stress and fatigue induced 

muscle damage among workers. (Refer to lower left figure)

At the same time, together with population aging comes rising number of 

cases in which elders suffer from muscle weakness resulted from stroke 

and other age-related diseases. (Refer to lower right figure)

These situations calls for an affordable technological solution that 

provides assistance and reduce (physical) stress. Such a solution will be 

the intended outcome of this project. 

This project was inspired by my experiences as Hardware Development 

Intern at Xeno Dynamics and as student helper in the Sensory Motor 

Systems Lab at ETH Zurich. During those periods I witnessed how robotic 

technologies can have a positive impact on workers and patients with 

muscle issues. However I also came to realize the limitations of such 

technologies induced by financial barriers.

In my final year in HKUST, I decided to utilize my skills gained in two 

years of robotics competitions to develop a more affordable alternative 

exoskeleton platform for civilian use and research studies.
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Scan QR Code below to visit 
my personal portfolio with 
detailed videos on my projects!
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VISION

Assistive Exoskeleton For 
Workers and Elders

HIGHLIGHTS Possible Collaborations

This project plans to go beyond simple prototypes. The team holds the 

vision that this project continues to improve and ultimately reach 

industry grade to be manufactured and made commercially 

available for those in need.

The cost-efficient nature of the design means that the final product 

cost will have a significant drop on top of the already low prototype 

cost, resulting in much better accessibility for the general public.

The platform is also designed as an opensource project with 

mostly standard components, which will enable other research 

groups to build and use it as a benchmark platform on which to 

conduct research and development. 

Testing with passively actuated
(strong rubber band) 

First Generation

Testing with Fully actuated
(2*200W BLDC Motors) 

Second Generation

Functionality tests with the two generations of prototypes were 
carried out extensively, these tests were mostly intended to 
qualitatively examine the function of the exoskeleton such as whether 
it is comfortable to wear and whether it can provide assistance to
make daily tasks easier.

Two example tasks shown above are weight-lifting and stair-
climbing, both typical in daily lives of people in all occupations and 
age groups.

Further testing involving quantitative measure of muscle activity 
(EMG) and metabolic cost (CO2 consumption) have not yet been 
conducted due to equipment limitations, but those are planned to be 
carried out in the future. Either in HKUST or in SUST.

Construction Worker Delivery Men Elderly Injured/Disabled

1st Gen

2nd Gen

Developed From 2019.09 to 
2019.12

Determined core mechanical 
design

Assistance with Passive 
actuator

Structural design redundancy 
lead to overweight issues →
~20kg without any electronics

Main Hardware Components
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1. Master Power Switch.

2. Joint made with 3D Printed PLA, with built-in
angle-limiting geometries for safety.

3. Cross Roller Bearings for Radial and Axial
Support.

4. IMUs attached to frame on both legs and back
for posture measurements.

5. Solid 6063 Aluminum joint selected based on
load and deformation simulations.

6. Stainless steel cable spool for torque-tension
conversion

7. Heavy duty Kevlar cable rated at 360 kgf
pulling force.

8. Industrial Tension sensor rated at 200 kgf. Also
serving as mechanical end stop for safety.

9. Strong and light-weight frame made from
standard aluminum extrusions, fiberglass
boards, and 3D printed PLA. The frame is
adjustable to fit different users.
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1. Air-cushioned pressure reliver for better
comfort during operation.

2. Adjustable shoulder strap with fast release
clip for easy attachment and detachment of
the exoskeleton.

3. LED lights for real-time visual display of
current working status of each side of the
exoskeleton.

Blue → Idle → ”Follow”
Yellow → Ready → ”Notify”
Red → Busy → ”Assist”

4. Ergonomic Harness for Upper Back, Waist,
and Thighs attachment. Commonly used in the
healthcare industry for joint support during
recovery periods, those harnesses fit the
human body curvature for maximum comfort.

5. Detachable Strap for easy maintenance and
customization.
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Light-Weight → less than 14 kg with battery.

Cost Efficient → prototype cost below HKD 6,000.  

Powerful → Estimated assistive torque over 64Nm for each leg.

Safe → multiple levels of safety considerations.

User Friendly → Comfortable to wear and operate.
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