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Abstract 
The objective of my project is to help build an open-source website to disseminate how to 
assemble the parts of an inexpensive and high-performance robotic ankle and knee system for 
researchers so that they can work on prostheses without developing their own hardware, which is 
both time-consuming and expensive. Through standardizing the hardware, the robotic ankle and 
knee system aims researchers to collaborate with one another and create reproducible results. 
The results of my paper and the assembly videos I created will help researchers to understand 
how to assemble this complex electromechanical system that consists of over 100 parts. 
Additionally, researchers can understand the design decisions and compromises that were made 
in order to make the system inexpensive, simple and high performance.  
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Background & Motivation 
Currently, the prosthetics research is very fragmented due to a lack of common hardware and 
software. Researchers around the world spend long hours and thousands of dollars to build their 
own prosthesis. When this is the case, researchers have hard time comparing their results and 
collaborating with one another, causing the prosthetics research to improve very slowly.  

The overarching goal of the open-source robotic ankle and knee system is to create a common 
robotic ankle and knee system for researchers so that they can collaborate with one another and 
advance the prosthetics research rapidly. 

Within this large project, my task was to create and disseminate informational assembly videos 
of the robotic ankle and knee system via the open-sourced website: 
https://opensourceleg.engin.umich.edu 
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Results 
In this section, I will elaborate on my contribution to the open-source robotic ankle and knee 
system and I will share my learning outcomes. 

First, I contributed by creating 15 instructional assembly videos (9 videos for the knee joint and 
6 videos for the ankle joint) by using iMovie. Each instructional video is accompanied by the list 
of materials and tools that are used in the video. My goal for these videos was to make them as 
simple and as short as possible so that researchers can get through the assembly stage very 
quickly. Therefore, in these videos, I added captions to highlight the important points as shown 
in Figure 1 below: 

 

Figure 1: Shows captions added to the videos as necessary to highlight important points 

Additionally, I added drawings to show the correct assembly direction of certain parts such as 
shaft caps as shown in Figure 2 below: 

 

Figure 2: Displays the drawing made on the video to show the correct assembly direction 
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I also speeded up some sections of the videos such as tightening of screws and bolts to save time 
for researchers. When I was done filming, creating and editing the videos, I uploaded them to the 
open-sourced website: https://opensourceleg.engin.umich.edu. Additionally, I  created a Youtube 
channel for the Neurobionics Lab and uploaded the videos there: 
https://www.youtube.com/channel/UC10PsFr_nei7KIRXPPUKHnQ 

I learned a lot throughout this project. First, I learned about the design decisions and the 
transmission choice that were made for the open-source robotic ankle and knee system. Then I 
learned an inexpensive and simple way to tension belts, and finally I learned about the 
directionality of bearings. 

All of the design decision for the open source leg were based on the following design objectives 
[1]:  

1. Simple: No high-precision machine components 
2. Portable: Lightweight, Onboard Battery 
3. Scalable: Open Source, Ankle and Knee are independent 
4. Customizable: Adjustable Stiffness of the Knee 
5. Economical: $10,000-$25,000 

 

With these design objectives, belts were chosen as the transmission mechanism due to their low 
price and lightweight compared to other common transmission mechanisms used in prostheses 
development such as chains, lead screw and harmonic drive.  

Additionally, I learned an easy way to tension belts using shaft caps. Shaft caps allow tightening 
of belts without disassembling the outer housing of the joints. Some of the shaft caps that are 
used in the project are shown in Figure 3 below: 

 

 

 

 

 

 

Figure 3: Shaft caps are used to tighten the belts both in the ankle (shown on the left) and 
the knee joints (shown on the right), allowing tensioning of the belts even after the joints 

are fully assembled. 
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Finally, I learned that a bearing can have a direction, meaning that it can only support loads in 
that direction. I learned that such one directional bearing is preferred for a bi-directional bearing 
due to its reduced cost. One directional bearings are used in the knee joint as shown in Figure 3: 

 
Figure 4: The one directional bearing in my left hand is used in the knee assembly can only 

take loads coming from right hand side as shown by my right thumb. 

Conclusion 
I would like to conclude by sharing a dream I have had ever since I was young.  I even wrote 
about it in my college essays.  It is to build prosthetics for incapacitated people and have them 
walk on their foot again. This dream became more important to me this summer. 
 
I was abroad in Israel, playing volleyball and suddenly my friend stepped on my foot and I got 
injured, I could not walk properly for months. I had to lay on bed while my friends were 
traveling to other cities. That is when I realized how important walking is: walking gives you 
freedom. When you can walk, you are free to go wherever you want whenever you want. 
You are not the one left behind when your friends are rushing to get to class. Imagine instead of 
just a sports injury that lasted only a month, if you had a walking disability which prevented you 
from walking your whole life. Would you be able to go to places that you have been? Would you 
have the same friends you have now? 

These are some of the important reasons why giving back physical freedom to people who 
cannot walk is very important to me, and I am honored to be a part of my project through RISE. 
In the future, regarding the project, I am planning to make design recommendations to reduce the 
number of parts and the assembly time of the leg by using decision matrices that I learned in my 
class called “ME452 - Design for Manufacturability”.  I hope that through the informational 
assembly videos I created for the open source robotic ankle and knee system, researchers can 
learn how to assemble them and start collaborating and advancing the field of prosthetics 
research rapidly.  
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