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Abstract 
Many industries have a need for storage of various products in organized shelves in a warehouse, 
truck, freezer, or cabinet. The storage of these items is trivial; however the organization and 
retrieval of these products can be labor intensive, dangerous, and time-consuming. For example, 
a warehouse worker may have to retrieve a pallet of items stored 20 feet above the floor, a 
pharmacist may need to search through hundreds of medications to locate a patient’s 
prescription, or a truck driver may need to search through many boxes to find the proper package 
for home delivery. Our approach to improving all of these processes is to design and produce a 
robotic item retrieval and storage system which can be scaled for many applications and 
industries. Our functional prototype system can store and retrieve an item efficiently and safely 
within our laser-cut acrylic and wood shelving structure using a custom designed precision 
gantry system, a gripper which mates to pre-fabricated product bins, and a unique user interface. 
The idea of an automated storage and retrieval system is not new, but our approach is unique in 
that our gantry can be mounted to any shelf or cart to retrieve items in an existing storage facility 
or unit, as opposed to a total tear up of existing capital investment. Using our system, you can 
reduce the cost of organizing and storing items while ensuring human safety in any application. 

Introduction 

With growing consumer demand for quick and efficient delivery of goods, the need for more 
automation in shipping, receiving, and storage applications is amplified. Major players in the 
item storage and retrieval industry include Amazon Robotics and ConveyCo, among others, 
which strive to drive down time spent searching for, picking, and moving products in warehouse 
settings. In Figure 1.1, one can see a robotic picking system for warehouse aisles produced by 
ConveyCo. This system is high cost and difficult to adapt to an existing space without major 
overhaul of the setup and distribution of items. In Figure 1.2, we see the ConveyCo mini-load 
system which is a standalone picking system on a smaller scale than the aisle unit crane, but is 
still a high cost and minimally adaptable system. 

 
Figure 1.1: Moveable-Aisle Unit Load AS/RS Crane, ConveyCo Mini-Load System [1] 

Outside of warehouse applications, item retrieval and storage solution companies have not 
expanded their product lines to include applications such as trucking or medical storage. Our 
system fills this gap in the lack of product offerings on smaller scales or for more complex 
scenarios apart from warehouse storage. Because of our product’s low-cost, adaptable nature, it 
is the perfect solution for smaller scale operations including trucking, medical storage, and 
refrigerated systems. In these smaller scale operations, the advantages of using our system are 
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amplified further as any company with the order of magnitude increase in retrieval time we 
provide, will rise above others without automation.  

Our project aims to fill the gap in item storage and retrieval by demonstrating increased 
efficiency and usability when compared to human item picking among hundreds of items. To 
better improve the item retrieval and storage system, we’ve included a customizable 
user-interface which allows a user to simply load and unload products at their will. Our robotic 
system is aimed to bring automation to industries which previously have not been served by 
robotic products. 

Final Design 

Below is the final design. Linked here is a video of the final product functioning. 

 
Design Description 
Our product’s enclosure is made of acrylic and plywood with the door, front, and left side being 
acrylic. The door is made of acrylic and has adjustable friction hinges and a large, easy-to grab 
handle. The acrylic and wood was ordered cut-to-size; then, the door and respective cutout was 
laser cut. The shelving structure is made of 80-20 aluminum stock with plywood shelves. 
Aluminum angle stock was used to provide guided slots for the product bins to rest in a known 
location. 

 
Figure 2.1: Enclosure, Door, Shelving Structure 

https://drive.google.com/file/d/14vbB3BsMkUv53ANHxXQtHk1TotH83SX7/view?usp=sharing
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The gantry rail system is comprised of off-the-shelf shafts and linear bearings on which a custom 
aluminum motor mounting plate slides. 

 
Figure 2.4: Gantry Rail System 

The gantry actuation system consists of the stepper motors, belts, pulleys, and the respective 
mounting components for each. Three stepper motors drive the system linearly in the horizontal 
and vertical directions, while one stepper motor drives a ball screw into and out of the plane of 
the system. More information about the motors we selected is located in the appendix. 

 
Figure 2.5: Gantry Actuation System: z-dir motor mount, idler mount, underside of mounting plate 

 
Figure 2.6: Complete Assembly, Gantry Actuation System 

The end effector is a custom ABS 3D printed part which fits into the product bins. As you can see in 
Figure 2.5, the end effector provides a mating piece and moment balance to hold onto the bin during the 
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transference process. You can see in the FEA on the right of Figure 2.5, the max stress experienced by the 
end effector is 6psi under a 10 pound load. 

 
Figure 2.5: End Effector 

The user interface consists of an OLED display and a 12 button pad which the user uses to select 
the mode (loading or unloading) as well as the bin number for the product they’re interested in. 
We connected the motor controllers and the UI to an arduino mega as the microcontroller. 

 
Figure 2.6: User Interface Electronics, Logic Flow 

Conclusion 
Although we are quite pleased with how our project turned out, if we did have longer to work on 
this product, we would take a few steps to bring it closer to production quality. First, we would 
add a touchscreen to make the product more adaptable to a change in the number of bins desired. 
Secondly, we would create a prototype for an industrial refrigeration unit which would have the 
same fundamental design components but would include the additional capability of being able 
to utilize a rail system to navigate several rows of shelves. The industrial refrigeration industry 
has many unique challenges that our product can help manage and solve such as managing food 
by expiration date, creating a database of ingredients which need to be re-purchased based on 
heavy use, and more. Expanding our design to become more of a mobile robot would add the 
flexibility needed to disrupt the industrial refrigeration space. Following our final demo day, we 
are proud of the product we created and see potential for this idea to be expanded upon for future 
industrial application. 
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Appendix 
Final Presentation: link 
Motor Selection 

- Z-direction motor and lead screw 

-  

-  

-  
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