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Abstract— Physically disabled people who require the use 

of a wheelchair have a limited range of mobility that 

greatly reduces their ability to access conventional 

storage solutions. This often limits their independence 

which may lead to reliance on other people to help with 

basic everyday activities. The Smart Handicap Accessible 

Storage Unit is an affordable home automation system 

that seeks to improve the lives of physically disabled 

users. The standalone unit provides an automated shelf 

retrieval system that can be implemented without 

modifying existing spaces. Complete mobile control over 

the system will allow the user to operate it safely from 

whatever position best suits their needs.  

I. INTRODUCTION 

Physical disabilities can greatly limit a person’s ability to 
perform many tasks in daily life. The Americans with 
Disabilities Act (ADA) is a law which mandates that public 
places, businesses, schools, and many other places are 
accommodating individuals with disabilities [1]. ADA 
Section 308 outlines the ranges that one can be expected to 
reach, however, most traditional places of storage do not fall 
within these ranges, making them inaccessible for 
handicapped individuals. The Smart Handicap Accessible 
Storage Unit seeks to provide accessible storage for those with 
limited mobility at an affordable price. The ability to access 
storage in more areas will help the user to live more 
independently and increase their quality of life. The concept 
of automated storage and retrieval systems is not new 
technology. However, current products are generally not 
suited for home users due to their scale, complexity, and 
substantial cost. The Smart Handicap Accessible Storage Unit 
takes advantage of a modular cabinet system and new wireless 
control technology to create a unique storage unit that is 
highly customizable and affordable. 

 

II. PROJECT DESIGN 

The single shelf lift concept was chosen as the optimal 
design for the Handicap Accessible Storage Unit. Many 
factors were considered in this decision including cost, 
effectiveness, suitability for home use, safety, and difficulty 
of implementation. The single shelf lift design decreases cost 
and complexity which increases the overall efficiency of the 

storage solution. The design is fundamentally different than 
the other alternative designs and products that are currently 
available. Rather than moving the entire cabinet to an 
accessible place, this system only transfers the desired item, 
minimizing the amount of work required and allowing a 
standard power source to be used. 

 

III. COMPONENTS 

A. Vertical Drive System 

Safely and efficiently transferring a storage load vertically 
requires a robust mechanical design. A high-strength 
aluminum extrusion was chosen to provide the main 
framework inside the cabinet. Precision high-load linear rails 
were chosen to guide the system which is driven by a twenty-
degree rack and pinion system. Power to the rack and pinion 
is provided by two 425 oz-in position control stepper motors 
for optimal torque to carry the maximum load. 

B. Horizontal Exchange System 

The horizontal shelf exchange mechanism provides the 

ability to remove bins from their storage position so that they 

can be transferred to the accessible position. The exchange 

mechanism uses two precision linear rails with rack and 

pinion gearing to provide linear motion. Power to the rack 

and pinion is provided by a 270 oz-in position control stepper 

motor to reliably position the shelves. The unique 

cantilevered exchange mechanism is shown in Fig. 1. 

 
Fig. 1. Horizontal shelf exchange mechanism 

C. Safety Measures 

Ensuring the user’s safety is a critical component of the 

unit. Multiple safety measures were incorporated into the 

design to prevent causing a dangerous situation for the user. 

The most outright concern in the design of the Smart 

Handicap Accessible Storage Unit is suspending a loaded 



shelf over the user. Infrared sensors will be used to determine 

if anyone or anything is in the area under the moving unit. If 

the sensors line of sight is interrupted, the unit control will 

prevent operation of the system. These sensors are usually 

called through beam sensors and will send a signal back to 

the motor control of the unit if there is any break in the 

sensor’s line of sight. Additional mechanical measures are in 

place in the event of a control failure to prevent user injury or 

damage to the unit. 

D. Unit Controls 

An internet of things (IOT) application called Blynk was 

chosen for its reliability and customization capabilities [2]. 

The application sets buttons as virtual pins that will send 

logic signals to a Raspberry Pi via a Wi-Fi connection. Once 

a user selects a function the virtual pin will be set to high logic 

providing an input to the system. The reason for an 

application was to reduce the physical connections to the 

device and provide the user more accessible control options. 

Logic signals will be processed by a python code in the 

Raspberry pi and sent to an Arduino Nano via USB serial 

connection. The Arduino Nano will take the input and run the 

desired function the user selected. 

 

IV. PROTOTYPE 

 
Fig. 2 Completed prototype 

 

V. TESTING AND EVALUATION 

Once the unit was in the final stages of completion testing 
could begin. Testing of the unit provided comprehensive data 
showing the cycle time and the units load capabilities. Testing 
the unit involved applying a load to a desired shelf and 
running a full cycle. Each cycle was timed at each load to 

ensure consistent operation during different circumstances. To 
ensure accuracy the applied load was weighed before and after 
each test to account for any possible measurement errors. The 
results of cycle time and load tests showed the unit can reliably 
function at the anticipated load of 20lbs or 9Kg. Each cycle is 
completed at approximately 33 seconds 

To test the functionality of the integrated infrared safety 
sensors during each cycle an object was placed in front of the 
unit. This was to simulate a person or child that traveled below 
the shelf exchanger. The results of this test provided the 
needed verification the unit will stop and pause if the sensors 
were to be blocked. Once the object was removed the unit 
continued to function as normal.  

 

VI. CONCLUSION 

The Smart Handicap Accessible Storage Unit provides 

easily accessible storage for those with physical disabilities. 

Designing the unit around a modular cabinet system provides 

a competitive advantage compared to other available 

solutions. Furthermore, implementation of Internet of Things 

technology to control the system greatly increases its 

simplicity and versatility. Complete development and testing 

of the Smart Handicap Accessible Storage Unit was 

accomplished during the Senior Design process. A fully 

functional and safe prototype was produced which met the 

original design objectives of developing a highly versatile 

and accessible system. Extensive evaluation and analysis of 

the system validated its safety and proved the system to be a 

viable solution. Although the unit was not evaluated by an 

actual handicapped user, thorough testing showed that the 

system is capable of consistently placing the desired storage 

bins at an ADA compliant height, while never creating a 

hazard for the user. 
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