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Abstract 
The Automatic Walking Aid is an exoskeleton-like structure for the leg from the foot to the thigh, 

accompanied by electronics to aid a person to move his or her knee. The aim of this project was 

to create a beneficial walking aid at an affordable price. 

 

I did this project mainly to help my grandfather. He, sadly, met with a car accident several years 

ago, which weakened his right leg. He is not able to walk for long durations nowadays and 

cannot afford a walking aid which will significantly help him. 

 

As I did more research, I figured out that approximately 100 million people in the USA alone 

have knee problems and weak legs, hampering their walking abilities, not to mention the rest of 

the world! This was the turning point and I decided that I had to create a better solution to this 

problem which people could afford. 

 

I accomplished this by creating a device which goes around the thigh, consisting of a flex 

sensor, an Arduino, a motor driver, and a motor. The flex sensor will detect if the person intends 

to move his or her leg, inputting the data to the Arduino Uno which commands the motor driver 

to turn the motor clockwise, counter-clockwise, or not at all. 

 

I first calculated all the specifications required for the components I used, that is the motor, 

battery, motor driver, and flex sensor. Once done, I bought these components and built my 

device. There were many problems and setbacks I face. The main ones regarded the parts, 

especially the motor, not living up to their expectations. Also, to make the walking aid affordable, 

yet effective, I needed to be careful regarding what I used and find alternative ways to carry out 

specific parts.  

 



After many versions and many more attempts, I finally got the device to work. My two key 

objectives - effectiveness and affordability - were met. My Automatic Walking Aid is as 

affordable as walking sticks with basic exoskeleton features to make it effective in reducing the 

effort required to walk. In conclusion, I believe that people with such ambulatory problems will 

be able to live their lives better with my device. 
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Problem Statement 
Several years ago, my grandfather met with an unfortunate car accident, which weakened his 
right leg. Nowadays, he can only walk for short durations but still with a lot of difficulties. 
 
According to India Today (Ref 1) , the age of 60 - 65, approximately 90% of Indians alone, have 1

damaged knees, restricting their ability to walk, including my beloved grandfather, who met with 
an unfortunate accident and currently has trouble walking. As I did more research, I realized that 
around 100 million people in the USA have experienced knee problems and weak legs in some 
point of their lives, hampering their walking abilities, not to mention the rest of the world(Ref 2) .  2

 
There are some devices to solve these problems, but they are usually too expensive (costing 
more than $2,000/ σ140,000) and/or not effective. To solve this problem for my grandfather and 
others suffering from this, my question was, “can I create an affordable and effective walking aid 
for everyone to address knee problems and leg problems?” 

Hypothesis 
I believe that I can create a simple and affordable, yet effective walking aid to decrease the 
effort required to walk to address knee problems. 
 
I think I can achieve this by creating a device which goes around the thigh, consisting of a flex 
sensor, an Arduino, a motor driver, and a motor. The flex sensor will detect if the person intends 
to walk, inputting the data to the Arduino Uno which commands the motor driver to turn the 
motor clockwise, counter-clockwise, to lift the leg up or release it down. 

Research 
Following are the requirements, specimen details I took and the calculations I did to decide the 
specifications of the components of the prototype. 

Requirements  
The following requirements were used to design the device: 

1. The effort required to lift a leg 
2. The pace at which the leg is lifted should be in synchronization with the pace at which 

the person walks. 

1   Ref 1 - India Today - 90% of People in India get damaged knee joints by the age 60 - 65 years 
2   Ref 2 - http://www.classicrehabilitation.com/blog/knee-pain-statistics-and-causes/ 
 

https://www.indiatoday.in/lifestyle/wellness/story/ninety-percent-of-people-suffer-from-damaged-knee-joint-problem-by-the-age-of-60-to-65-years-279575-2015-12-30


Specimen Details 
The following specimen details regarding my grandfather: 

W   -  Weight of the person = 71.2kg 
WL   -  Weight of the leg = 12.5kg 
          According to (Ref 3)  the weight of the leg is ~18% of the total body weight 3

WKF -  Weight of leg from the knee to the foot = 4.17kg 
          According to the (Ref 3)3 the weight of the leg is ~6% of the total body weight  
FKF -   Force of gravity acting on the leg = 9.81 * WKF 

LKF -   Length of leg from the knee to the foot = 0.47m 
          My measurement of my grandfather's leg 
LKCG - Length of leg from the knee to the Center of Gravity (CG) of the leg of the knee to 
the foot = 0.157m 
         My measurement of my grandfather's leg 
AMin - Minimum angle of the bent knee for normal walking = 120 degrees 
         My measurements  
Wp -  Walking pace = 1 second per stride 
         I walked normally for 30 seconds and I found out that I took 30 strides in total. I 
repeated this process thrice and got approximately the same result. 

Calculations 
The following calculations were used to determine the specifications of the motor (the torque 
and the speed required): 
 

F1 - Peak Force required to lift the leg in Newtons 

F2 - Peak force the motor is required to turn in Newtons 

L1 - Maximum length of the string in meters 
L2 - Minimum Length of string in meters 
T - Torque of the motor in kilogram centimeters 
S - Speed of the motor in rotations per minute 
r  - radius of the motor shaft (assumed as 0.05 meters) 
C - Circumference of the motor shaft in meters 

 
 
  

3  Ref 3 - https://www.exrx.net/Kinesiology/Segments 

https://www.exrx.net/Kinesiology/Segments


Diagram 1: 
 
The following diagram shows the calculations for the force (F1) required to lift the leg 
 
 

 
 
 
 
 
 
 
 
  



Diagram 2: 
 
The following diagram shows the calculations for the maximum (L1) and minimum (L2) lengths 
the cable can have. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Calculating the required Force, Torque and Speed 
 
Calculating the Force required to lift the leg: 
Referring to the specimen and the calculation details above -  
 
In reference to diagram 1 

/ 
          / 

F1 * LKF  >  F2 * LKCG ←-------------------------------------------------------------------------/ 
F1 * LKF  =  F2 * LKCG + 1→ (to make the force required great enough so it will move the leg) 
F1 * 0.47  =  (40.91*0.157) + 1 
F1  =  (6.423+1) / 0.47 
F1  =  15.8 N * 2→ (factor of safety) 
F1  =  31.6 N 
F2 * 0.47  =  F1 

F2  =  31.6 / 0.47 

F2  =  67.23 N 

 
 
 
 
 
 
 
 
 
 
 



Calculating the Torque required to lift the leg: 
 
T = F*r 
T = F2*r 
T = 67.23 * 0.05 ← with a 0.05m shaft radius 

T = 3.36 Nm 

 
 
Calculating the Speed required to lift the leg: 

 
To calculate the speed(S), I need to calculate the length of the cable at a bent position(L2) - 
POS2(refer to diagram 2) and the circumference of the motor shaft(c). 

 

 
 
 

Apply cos-rule to find L2: 
cos AMIN = (LTK

2 + LKF
2 - L2

2) / (2 * LTK* LKF) 
cos 120 = (0.252 + 0.472 - L2

2) / (2 * 0.25 * 0.47) 
-1/x * x * 0.25 * 0.47 = 0.252 + 0.472 - L2

2 
-1( √-47/400 - 0.252 - 0.472) = -L2 

L2 = 0.63 m 

 
c = motor shaft circumference 
c = 2 r 
c = 2  * 0.05 
c = 0.1  
 



To calculate the speed at which the motor turns, I need to calculate the number of rotations 
required to lift the leg up and bring it down in a time interval. 
 

- The motor needs to wind L1 - L2 meters of cable which is 0.72 - 0.633 = 0.087 m 
- In one stride, the motor needs to rotate 0.087 m twice as it has to bring the leg up and 

down. (2(L1 - L2)) 
- The number of rotations required for one stride can be calculated by dividing the total 

distance by the circumference of the motor shaft → 2(L1 - L2) / c 
- The walking pace for the average human is WP = 1 second per stride as calculated in my 

specimen details. Hence the motor needs to turn 2(L1 - L2) / c  * 60 per minute to keep 
up to a person’s walking pace. 

- Hence, to calculate the required rpm of the motor, I need to use the following formula: 
2(L1 - L2) / c  * 60 = S (rpm) 
 

S =  ( 2 (L1 - L2) / c ) * 60 
S =  ( 2 (0.72 - 0.633) / 0.1  ) * 60 
S =  ( 2 * 0.087 / 0.1  ) * 60 

S = 33.23 rpm 

 
I created a constant for the torque and speed as the are correlated based on the radius of the 
motor shaft which can vary. 
 
Torque-Speed constant (TS) = (T * S) + V V - fluctuation range = ±100 
TS = 3.36 * 33.23 Nm rpm  ± 100 

TS = 111.65 ± 100 Nm 
rpm 

 

  



Procedure 
The basic idea of the project is to detect the intention of the user to walk and help lift the foot 
and lower leg. Before making this working prototype, I created a cardboard model to make 
sense of the kinematics and then went through several versions to make it work. 

 
Please refer to the ‘Versions and Log’ document for more details. 
 
  



Structure 
The picture below shows the final version of the device; it consists of the following components: 

1. Frame 
2. Flex Sensor 
3. Arduino Uno 
4. Motor driver 
5. Motor 
6. Lipo battery 
7. Leg lifting mechanism 

 

 



1. Frame 
The frame consists of two primary components, the thigh strap, and the flex sensor structure as 
shown in the diagram below. 
 
All the electronics along with the motor and battery are mounted on the thigh strap along with 
the cushion for the person. There are also screws which allow the person to adjust the length of 
the flex sensor structure. 
 

 



2. Flex Sensor 
The flex sensor is the component which starts the whole cycle. It changes its resistance when 
the person begins to bend or straighten his or her knee or not, meaning the Arduino is able to 
figure out whether the person wants to move his knee front or back through the readings. 
 
Unlike the other electronics, the flex sensor, is mounted on the flex sensor structure, near the 
knee, to detects its change in position as shown below: 
 

 



3. Arduino Uno 
 
The Arduino Uno is the brain of the device. It takes the readings from the flex sensor and 
converts it into a signal the motor driver can read. This signal commands the motor driver to do 
one of these three things: turn the motor clockwise, counter-clockwise, or not do anything at all. 
 
The Arduino is mounted onto the thigh strap and is connected to all of the other electronics as 
shown below: 
 

 
 
 



4. Motor Driver 
The L298N motor driver connects the motor and Arduino. It detects the signal from the Arduino 
and powers the motor in a specific direction or not at all. The motor driver achieves this with a 
chip called the H-bridge with a switching mechanism that changes the direction the motor 
rotates based on its signal from the Arduino. 
 
Like the Arduino, the motor driver is mounted onto the thigh strap and connected to its 
respective components there. The motor driver is shown in the following picture: 
 

 



 

5. Motor 
The motor, a 3Nm, 200rpm, Black and Decker drill motor, is the component which actually lifts 
and releases the leg to aid the person. It receives the power from the motor driver and lifts the 
leg up or releases it down, based on the way the power is supplied by the motor driver. 
 
The motor is also mounted onto the thigh strap and connected to the motor driver as shown 
below: 
 

 




