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Currently, gait monitoring is done in special laboratories 
equipped with marker-based motion capture systems. The patients 
have markers affixed to the key points on their bodies and are 
asked to walk, as they are monitored by a multitude of cameras. 
While the results of this motion capture system are highly 
accurate, the process is expensive and imposes spatial and 
temporal setting. The non-natural setting and the presence of lab 
personnel may cause patients to feel pressured 
and walk in altered way, exhibiting the “doctor’s walk”, and thus 
compromising the accuracy of these results.
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The gait measurement unit, is to be mounted on each leg and consists of 2 
sensors, a 3-axis accelerometer and a 3-axis rate gyro 3 accelerometers and 3 rate 
gyros. I will use inexpensive sensors along with an Arduino microcontroller to collect 
and analyze gait data. In the analysis of the data I will use methods developed by my 
mentor and others in their papers. [5] [6] Measurements of acceleration and angular 
velocities will serve as inputs to track the motion of the foot, thus allowing to determine 
the step size. One of the major drawbacks here includes the small errors in

Methods

The term “gait monitoring” is defined as the as the process of measuring or 
estimating parameters that describe the way in which a person walks. These 
parameters include step size, stride length, number of steps per unit time, and double 
support time which is the length of time a person’s weight is supported on both legs. 
There are many areas of application in which gait monitoring is of great importance. For 
example, in medicine, treating and monitoring the adverse effects on gait resulting from 
cerebral palsy and multiple sclerosis make use of extensive gait monitoring technique.
[1] [2] In a similar fashion, when walking or running is done as exercise, gait monitoring 
can be used to accurately measure distance traveled, average speed, and total calories 
burned in the process. [3] In addition, gait monitoring can be input in an algorithm, and 
used to locate and help navigate the visually impaired. [4]

Tracking the orientation, that is the direction in which the device is pointing, turned 
out to be very accurate, mainly thanks to the incorporated fusion sensor, which combined 
the data from all sensors: the gyroscope, the accelerometer and the gravity sensor to 
give only a Euler angle. A simple Java code 
using these angles and it was possible track
the orientation of device with only minimal
drift even after a prolonged use. 

Although these errors were not be visible in the first few steps, they appeared to be 
greatly impact the overall accuracy in the long run. Another significant source of error, 
was the noise that the accelerometer sensor experienced. The data extracted from the 
sensor would show some minor acceleration values even when the device was set at 
rest. These changes, though negligible, made the object appear to be moving when at 
rest and hence needed to be filtered out by a simple java code. The sensor provided 
many limitations especially when trying to determine the absolute orientation, as these 
small inexpensive sensors only provide accelerometer and gyroscope data to work with. 
Also, the accuracy of these data also depends on the frequency that the sensor sends 
data to the computer, and how many frames per second the code will display. These 
interdependent sections require a lot of processing power which can be limited by the 
processor of the computer currently in use. When deciding to use a high number of 
frames per second (60+ fps), it was not unusual for the program to crash and not display 
any data at all.

The results of the project, though a little inaccurate in terms of relative position 
change, they prove that the current high cost of the use of this technology is due to the 
need of more powerful and expensive equipment as well as the help of highly 
experienced people in contact with them. The inexpensive gait monitoring system can be 
used as a cheap alternative or as a complement to indoor tracking, but alone it would 
find less applications in the current medicinal, sportive, recreational usage.

Figure 1. Current gait 
trackers with optical 
markers and inertial 
measurement units.
https://www.xsens.com/cust
omer-cases/stair-climbing-
comparison-optical-tracking-
device/

Therefore, in order to combat the drawbacks in the current 
process, it is important to find a simpler, less expensive and 
versatile gait monitoring system. The aim of this project is to build 
an inexpensive gait monitoring system using a 3 axis 
accelerometer and 3 axis gyroscope that will track the motion of a 
person by installing the device in one of their feet. A 
microcontroller connected to the sensors will send the data to an 
algorithm that will display the real-time motion of the foot in 3D. 

accelerometer readings, which 
result in inflated position errors that 
are proportional to time squared. 
This method is very 
straightforward, and it’s based on 
using kinematics equations to 
numerically compute the gait. Thus, 
the tracked accelerations can be 
integrated twice to give positions as 
a function of time.
.  

Figure 2. Picture of the original device used. On the left a Adafruit Bluefruit LE microcontroller and on the right an Adafruit Absolute 
orientation fusion sensor.

Calculating the position on the other 
hand, turned out to be much more complicated 
with these simple sensors. The 3D rendering 
showed significant amounts of error and drift. 
As expected, one of the major drawbacks here 
were the small errors in accelerometer 
readings, which result in inflated position 
errors that are proportional to time squared. 

Figure 3. Simplified leg example used in the 3D rendering of the data acquired from the sensor.

https://www.xsens.com/customer-cases/stair-climbing-comparison-optical-tracking-device/
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