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Abstract

Dr. Hamid Bateni has a particular research interest in studying the gait 

and posture of patients with limited mobility, but a lack of equipment 

hindered his ability to conduct the necessary gait training studies. A 

device that would allow patients to therapeutically learn how to walk 

with an efficient gait under partial weight bearing conditions was 

needed. Previous studies found that partial weight bearing during gait 

training provides patients with a better likelihood to learn an efficient 

gait. This project developed a gait training system prototype consisting 

of two subsystems: a horizontal position system and a vertical support 

system. These subsystems, in conjunction with their own sensors and 

control systems allow the prototype to follow the patient overhead while 

providing a constant amount of vertical support on the patient. A digital 

display also allows researchers to change important parameters during 

the study, as well as, immediately see the results of their studies. 

Additionally, several safety measures were implemented into the design 

of the prototype as patient safety is of the upmost importance in the 

clinical setting in which the prototype will operate.
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Introduction

Methods & Materials

There are several gait training systems already on the market with the 

capability of partial weight bearing, however, these systems often cost 

several thousands of dollars. The prototype created aimed to provide 

similar capabilities of existing systems while remaining sufficiently 

more cost efficient. To provide a patient with both a beneficial and 

safe gait training session, the device must follow the patient overhead 

as they walk while providing a constant vertical support. To 

accomplish this, the prototype has a subsystem dedicated to each of 

these tasks. Each subsystem has its own sensor and control system 

to sense the current state of the system, process the information 

provided by the sensors, and actuate the subsystem. The horizontal 

position subsystem uses a potentiometer connected via swivel rod to 

the plate overhead of the patient to detect the angle of tilt of this                                           

plate. This information is then used to                                        

actuate a motor which drives the trolley                                            

along the I-Beam to keep the system                                         

directly overhead of the patient. The 

vertical support system utilizes a load cell                                           

to measure the force experienced by the 

patient and its feedback controls the 

vertical movement of the pneumatic 

cylinder. It moves either up or down to                                        

counter the patient’s changing center of 

gravity during their gait, in order to                                            

maintain a constant tension in the cable 

attached to the patient.

The prototype has the ability to dynamically adjust itself to maintain 

a constant vertical support as the center of gravity changes during 

the gait of the patient. It achieves this while showing promise in its 

ability to minimize the haptic feedback experienced by patients. 

Limited testing prevented of conclusively determining the 

prototype’s performance as similar to other products on the market. 

However, the project was able to create a proof of concept design 

for the prototype at much lower cost to these similar products.

Figure 1: Prototype mounted to 

wooden I-Beam for Testing

• Horizontal Position Subsystem: tracks motion of patient by 

measuring the angle of tilt of the plate connected overhead of the 

patient. A potentiometer connected to the plate via swivel rod 

sends this measurement as feedback to the Arduino that actuates 

the motor driving the trolley along the I-Beam

Figure 2: Block Diagram for Control System of the Horizontal Positon System

• Vertical Support Subsystem: measures the force 

experienced by the patient through a load cell connected to 

the patient’s harness. The load cell’s signal is sent to an 

Arduino that uses the information to move the rod of the 

pneumatic cylinder up and down. The rod moves to keep the 

vertical support on the patient constant as their center of 

gravity changes throughout their gait.

Figure 3: Block Diagram for Control System of Vertical Support System

• Digital Display: a third Arduino 

Board was used to allow for the 

researcher to change the 

amount of vertical support on 

the patient in real-time, while 

also displaying a graph of the 

vertical support on the patient 

over time during the gait 

training session

The system was tested on 4’ x 5’ wooden I-Beam using various 

weighted objects as using Dr. Bateni’s lab was prohibited due to recent 

events. This prevented the full testing of the prototype in real-world 

settings, so testing focused on proof of concept more than initially 

planned.

The vertical support subsystem was tested by hanging objects of 

different weights from the system and analyzing the graph of the 

vertical support on the object over the time of the study

Figure 5: Graph of Vertical 

Support on Weighted Plate 

during the duration of the trial

Figure 4: Interactive Digital Display 

of Prototype

The center of gravity of these objects is constant, so theoretically a 

horizontal line across the plot would indicate a constant and consistent 

vertical support was provided by the prototype during the trial. Actual 

testing showed a plot with slight fluctuations from a straight horizontal 

line, but most fluctuations fell within the threshold of 1 lb. Only being 

able to test lighter objects on a much shorter I-Beam made proper 

calibration of the vertical support subsystem very difficult, however, it 

can be reasonably inferred that the prototype operated with an 

accuracy within the threshold specified by Dr. Hamid Bateni.


