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ENGLISH ABSTRACT
Warehouse robots are mobile robots of various designs that are used to improve operation

performance inside warehouses. In this work we present a proof of concept for a new

warehouse robot design that leverages the power of image processing and robotics. It’s a low

cost small scale robot whose design can be adapted to different needs depending on the client.

Our prototype is designed to operate on colored cubes that are labeled with letters

representing information pertaining to these cubes and their target location. We present the

design and implementation of a simple computer vision algorithm that’s capable of detecting

the colors and letters and appropriately moving the box to where it needs to be. We present the

mechanical design of the robot that enables it with great mobility and ability to pick and place

the boxes. And finally we present an embedded system simulation that integrates between the

computer vision software and the motor commands.

Keywords: robotics, embedded systems, image processing, simulation
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RÉSUMÉ FRANÇAIS
Les robots d'entrepôt sont des robots mobiles de différentes conceptions qui sont utilisés pour

améliorer les performances de fonctionnement des entrepôts. Dans ce travail, nous présentons

une preuve de concept pour une nouvelle conception de robot d'entrepôt qui exploite la

puissance du traitement d'image et de la robotique. C'est un robot à petite échelle à faible coût

dont la conception peut être adaptée à différents besoins en fonction du client. Notre prototype

est conçu pour fonctionner sur des cubes colorés qui sont étiquetés avec des lettres

représentant des informations relatives à ces cubes et leur emplacement cible. Nous

présentons la conception et la mise en œuvre d'un algorithme de vision par ordinateur simple

capable de détecter les couleurs et les lettres et de déplacer le cube de manière appropriée là

où il doit être. Nous présentons la conception mécanique du robot qui lui permet une grande

mobilité et capacité à prendre et placer les boîtes. Et enfin nous présentons une simulation de

système embarqué qui s'intègre entre le logiciel de vision par ordinateur et les commandes

motrices.

Mots clés : robotique, systèmes embarqués, traitement d'images, simulation.
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I. INTRODUCTION
With the growth in the moroccan economy, the expansion of maritime ports, and the

popularity of online shopping, the need for an efficient way to manage warehouses has

emerged. Current warehouse management relies heavily on workers to move boxes around,

with heavy equipment, or by hand. However, many companies around the world have seen

that this way is outdated, and started designing new robots with vastly different takes on how

this problem should be solved.

Companies like Amazon, Milvus, Bionichive, and Boston Dynamics, each one with a

different concept.

a. BionicHive: SqUID is a relatively small mobile platform that provides a good solution

to this problem, however it requires that the warehouse already be equipped with

specific rails to enable the robot to move up and down the storage racks.
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b. Boston Dynamics: Stretch is the most advanced solution. It's fast, has good control

systems, however, it's very big and costly.

c. Milvus robotics: Seit is a small robotic platform that can only move and unload

objects, however it can't load the objects

3



d. Amazon: Ernie and Bert are 2 robots that come together to solve this problem. Bert is

a mobile robotic shelf, and Ernie is a robot that loads and unloads boxes from it.

While looking at these robots, we have noticed that a lot of the proposed solutions

require the installment of expensive infrastructure around warehouses to facilitate how the

robots perform their tasks. In this project, we propose a solution that doesn’t require any new

infrastructure, while at the same time maintaining the same functionalities. This will vastly

reduce the costs and encourage more companies to adopt this solution.

Our approach to designing this prototype follows the engineering design process. We

first started by analyzing the needs of a warehouse. We then looked for companies that

attempted to solve similar problems. After that we came up with an initial set of requirements

for our projects. We followed up by conceptualizing different potential solutions and design

choices for optimal performance. We settled on a few ideas, for the choice of actuation, which

sensors need to be included, which components, and what software tools we will use for this

project.

4



II. REQUIREMENTS
The target application for our robot will be boxes that are too heavy for humans to lift

repeatedly, while at the same time not too heavy to have to use forklifts. For the prototype, a

demonstration weight of 0.5 to 1 kilograms would be ideal, and in further development of the

project we aim at increasing this load.

Warehouses can be tight spaces, so the robot needs to be equipped with a mobility

device that can navigate in those spaces, thus we chose to have mecanum wheels. Mecanum

wheels offer a wide range of possible mouvement. They enable the robot to slide, rotate in its

place only using the direction in which the wheels are turning.

The robot needs to be compact and light. This means that the design for the end

effector and the lifting mechanism need to be optimized. There exists many ways of

approaching this aspect of the project. We expand on the design choice for this part in the

mechanical design section.

Analysis of this project consisted of first studying the environment in which it will

operate. While this project can be used in multiple environments depending on the needs of

the customer, a first prototype will only operate in a specific, well controlled environment to

serve as a showcase of its potential awaiting further improvements as the project grows.

The environment in which the robot will operate will consist of a set of colored cubes

labeled with letters. The robot’s task is to pick the crates one by one and load them into their

places. The robot should be able to navigate the environment autonomously and avoid

obstacles.

Designing a robot is a challenging task, however given the aforementioned

requirements and the expertise we have, we can assert with a reasonable degree of confidence

that it is feasible during the designated time frame, while meeting the milestones and the

requirements on time.

While the details considered in the design phase will be the ones encountered in the

real world environment, the dimensions and specifications of the initial prototype are scaled

down to reduce the costs. Scaling down the prototype should also give us the ability to build it

entirely with resources available to us at the university.
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The tools we will use to develop the robot are the following:

- Fusion 360: This software will be used to design the mechanical components of the

robot. The advantage of this software is that it’s free for students, very easy to use, can

be easily integrated with machining tools like 3D printers and laser cutters, can share

and collaborate on files on the cloud, and benefits from a large online support

community.

- Proteus: Will be used to model and test the electronic components of the robot

(actuators, sensors, and programming)

- Python, C, C++: these programming languages were chosen for their compatibility

with the previously mentioned tools, as well as their prominence in the field of

robotics. Python will be used to handle the high level operations such as computer

vision, while C and C++ will be used to handle the low level operations such as

controlling the actuators and acquiring data from the sensors.

III. TESTING ENVIRONMENT
The environment for which the robot is designed consists of the following:

A. Floor: The floor is a white surface with black lines to help the robot reach

different destinations.
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B. Shelves: Where the cubes will be placed.

C. Cubes: Will be colored VEX cubes. The edge side is 30.5 cm on which are

printed letters.
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IV. SYSTEM DESIGN

A. Mechanical Design

1. Locomotion: will be done using mecanum wheels for maximum

mobility in tight spaces. We chose to drive them using DC motors with

high torque to be able to move the whole frame as well as the boxes.

Mecanum wheels were first patented in the USA in 1972 (source).

Since then they have been used in many applications in robotics and

mobility. These wheels use rubberized rollers mounted on the whole

circumference at a typical angle of 45° in both the axis of rotation and

the wheel plane. Each wheel has to be independently driven, and the

robot needs no steering. Spinning the wheels produces a force

perpendicular to the rollers on the circumference. This force can then

be used to generate transverse and longitudinal mouvements. The

different movements of the wheels and how they impact the whole

movement of the robot is shown in figure 9.
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2. End effector: This is the tool that the robot uses to pick and place the

cubes in their place. The design

consists of a camera mount for image

processing, an ultrasonic sensor to

detect the distance between the box

and the end effector.

B. Embedded Circuit Design

To design the embedded system, we used Proteus software, as it includes all of the

components we need and offers the ability to run simulations with code. To program the

microcontroller, we use Arduino Code, a variant based on C and C++ that enables us to

program Atmega Microcontrollers. The embedded design is composed of the following

components:

1. Arduino Mega 2560: It’s an electronic board based on ATmega2560. Its main

advantage is the large number of digital ports, analog ports, and PWM ports.

This characteristic enabled us to connect it to multiple actuators and sensors,

and will further offer us the ability to improve the design with even more

sensors and actuators.
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2. Stepper Motors: The stepper motors were used for the lifting mechanism, and

for the end effector. We chose these actuators due to their high torque and

precision, something that’s required for our application.

The stepper motor we chose is a bipolar stepper motor, as opposed to a

unipolar stepper motor. Bipolar steppers motors are two-phased brushless

motors. They have 4 wires to control them, each 2 wires are connected to one

coil, making the total number of coils 2. On the other hand unipolar steppers

have 5 to 6 coils and have 4 phases.

This is because bipolar stepper motors have more torque and are more

efficient. However, they are more complicated to operate as they need to

reverse the current.

3. DC motors: We chose DC motors to drive the mobile platform as they are easy

to program, and offer high rpm and torque. The DC motor we used is enabled

with an encoder to help with controlling its speed better. It’s also equipped with

a gear so that it produces more torque.
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C. Embedded System Simulation (Proteus)

To simulate the working of our robot, we designed a circuit in proteus that includes the

previously mentioned components. The code we used is Arduino Code due to its simplicity

and high functionality.

All of the components we are using can work with a digital signal.

- To make the stepper motors rotate, we first need to define which pins we will

be using to drive the stepper motor
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- Then we set the pins to output mode so that they can send signals rather than

receive them.

- Then we send opposite digital signals to the terminals of the stepper motors

with the following code:

We keep iterating between “HIGH” and “LOW” signals (steps) to make the

stepper motor rotate the number of rotations we need.

D. Software design

Our software design is composed of the image recognition and embedded system. The

Image recognition runs on a Raspberry Pi and the embedded system runs on the Arduino

Mega. The two are connected via serial communication. The following flowchart explains the

steps of our software.
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1. Software Design Flowchart:

- The first step is is to import the necessary libraries in python to do the image

processing:

- Then we acquire the camera feed. In python, we use the following line to acquire

camera feed from a USB camera.
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- After acquiring the image, we need to preprocess it for both color detection and letter

detection as shown in the system flowchart. Both types of processing require the

image to be resized, this is done to reduce the amount of pixels that need to be

processed, thus increasing speed of the program.

- To detect the color, the next step needs to be conversion to HSV (Hue, Saturation,

Intensity) color space from BGR (Blue, Green, Red). This is done because in BGR

space, we can’t separate the color from its intensity, thus making the processing in

different ranges of luminosity and intensity difficult. This step makes it easier to set

boundaries for threshing.

- The next step is to set the boundaries for each color, figure 26 showcases setting

boundaries for the green color.

- This operation gives us the following results
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- Now onto processing the image to get which character is on the cube. To do that, we

initialize the tesseract program by setting it’s path

- After that we convert the image to grayscale. We convert to grayscale as we don’t need

to detect the colors anymore, only the letters.

- After the conversion to grayscale, we use Otsu binarization. Otsu’s method is a way to

seperate the pixels in an image into two categories, foreground and background. The

advantage that Otsu’s method offers as opposed to normal thresholding methods, is

that it takes out the need to choose arbitrary thresholding parameters by the user, and

instead it determines the thresholding value based on the image histogram. This leads

to better performance when the letters are faint in the picture (OpenCV

Documentation, Otsu's Binarization).

- After receiving the threshed image, we have to inverse the pixels bitwise. This is done

because tesseract performs on the inverted images better.
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- The next step is initializing the erosion and dilation kernel. We use erosion and

dilation in this order. Erosion eliminates noise from the image, but reduces the size of

the object we want to detect, so we add dilation with the same kernel in order to

reinstate the previous size.

- The final step is to input the image into tesseract’s image to letter function

The tesseract algorithm is one of the leading optical character recognition tools. Used

by industry professionals and researchers. It’s a step by step algorithm that assumes the

images are binary (black and white). It first starts by doing a connected component analysis to

store the outlines of components. These outlines are lumped together into “blobs”, which are

classified into text lines. Tesseract then performs some operations on the words and the

characters by determining the pitch, proportions, and cells. Then it proceeds to detect the

letters via a 2 pass process. The first pass attempts to detect characters, then, if the results are

satisfactory, they are passed into an adaptive classifier to train it to better detect letters further

down the page. Since this classifier didn’t have the chance to have the same accuracy for the

first characters, a second pass is done to detect letters that weren’t detected well enough. (An

Overview of the Tesseract OCR Engine, Ray Smith)

- The results are shown in figure 33:
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V. STEEPLE ANALYSIS

A. Socially: This project’s social impact is to improve the working conditions of

humans employed at warehouses. As health is a very important component of a

society’s well being.

B. Technologically: The technological implications from this project can be

adapted to many different industries, thus driving technological development

forward.

C. Environmentally: This project will be fully electric, thus it will minimally

impact the environment. This is because Morocco is working towards

generating most of its electricity from renewable energies.

D. Economically: The economic benefit that can be derived from this project is

very immense. It optimizes and improves warehouse logistics, thus it can make

companies save money.

E. Politically: There is no political aspect of this project.

F. Legally: This project doesn’t violate any Moroccan or international laws.

G. Ethically: The design of this project follows the engineering design process

and emphasizes heavily on ethics, since its original.

VI. CONCLUSION
We believe this application is a huge opportunity for robotics and mechatronics engineers to

work on. Our design showed that the concept is feasible, and that it should be pursued to

make it a marketable product. Our team recognizes that there is still a lot of work to be done

on this project. From improving the software design and implementation, introducing new

features, and delivering a prototype. This is why we chose to apply to the Explorer’s

Innovation Fund by partner university UM6P. We were fortunately accepted with a grant of

10000 dhs to build the prototype, continuing the technical developments, as well as working

on the business side of this project.
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