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ABSTRACT: 

Shelf scanning is one of libraries' most critical resource management methods. It 

encourages librarians and customers of libraries to discover miss-shelved books and locate 

where they are, enhancing service efficiency. However, manually inspecting each bookshelf is 

highly labor-intensive and may cause scanning delays. Even though some RFID-enabled 

approaches have already been suggested, most of them suffer from either high-cost 

implementation or complex deployment of systems, which is a significant obstacle to be 

commercially adopted. We, in our project, suggest a robot mobile vehicle solution that will be 

performing shelf-scanning using the Radio Frequency Identification Technology. Our project 

was initiated by a literature review tackling the digital, mechanical, electrical, and computer 

science aspects of the research. The following part was designing the system, it concerns 

mechanical, electrical, and digital design of the robot. Then we moved to prototyping, this 

part was also divided to the three above mentioned aspects. Finally, we tested our system and 

presented the results. 
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I. INTRODUCTION: 

One of the most important processes in a library is tracking a book on bookshelves, 

this might appear easy and doable if we are talking about a bookshelf at home. But when it 

comes to mega libraries that hold hundreds of thousands of books, the process becomes much 

complicated, and succumbs to extremely intensive labor, and high time consumption. 

Almost all libraries follow a normalized pattern for inventory management of books, 

by assigning a reference/call number to every single book or item in the library. Library 

management units customarily organize the books in specific rooms, areas and floors in the 

library depending on book themes and subjects [1]. The first numbers of any book reference 

usually refer to the area of the book in the library, the following numbers refer to the shelf, 

and the rest is related to the book itself followed by its publication date. 

This reference number is designed to make book location tracking in the library much 

easier for both borrowing and returning. Unfortunately, some library users do not follow 

instructions when they want to return a book and just put it anywhere in the library. As a 

result, the next time a library user needs that book, they will not find it and that book will be 

considered lost. One of the strategies that libraries adopt to prevent this is by asking people to 

just leave the book on table after using, and the library management unit takes care of putting 

it back to its location, but even this does not prevent some library users from putting books in 

a different shelf. Another strategy is manually checking each bookshelf to pinpoint any 

missing or misplaced book. But both strategies, as mentioned earlier, will result in extremely 

intensive labor and high time consumption, which makes it completely infeasible and almost 

unattainable for a large-scale library management. 

The use of RFID technology in library management has increased in the last decade 

since it facilitates shelf scanning either using handheld RFID reader or by deploying smart 
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bookshelves. However, both methods are not perfect to adopt. The first one (Handheld RFID 

Reader) requires intensive labor and is time consuming because the scanning is usually done 

manually. The second one (Smart shelves) is very expensive, financially speaking, most 

investors would prefer to invest in projects that have higher potential return than a library [1]. 

We suggest a better solution for this issue that combines RFID technology with the 

Robot Autonomous Vehicle. Our research will tackle four different fields:  

▪ The first field is science and technology, it concerns Radio Frequency 

Identification Technology and how could it be implemented or adapted to 

library management process.  

▪ The second field is mechanical engineering, where we will mainly focus on 

presenting the best and most efficient mechanism that suits our system, for 

both the mobile vehicle of the robot as well as the RFID supporting arm. 

▪ The third field is electrical and electronics engineering, where we will perform 

a detailed research about how to control the brushless DC motors of a 

hoverboard and choose the best circuit that will suit our prototype based on the 

availability of resources in our lab. 

▪ The fourth and last field is computer science, where we will implement a 

MATLAB code for the scanning procedure as well as an Arduino (C++) code 

for the control of the brushless DC motors of the mobile vehicle and the 

stepper motor used in the RFID supporting arm. 
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II. LITERATURE REVIEW: 

The RFID robot scanner is composed of two main parts: the robot and the RFID 

scanner. The robot is used to replace librarians by transforming the intensive manual labor to 

an automated motion process, it is a mobile vehicle that follows certain paths to navigate 

between shelves and rooms, it is also a self-charging machine that does not need human 

interaction for charging its electric battery [2].  

 

Figure 1: Typical Robot Mobile Vehicle 

 

Figure 2: The Working Principle of RFID System 
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2.1. Implementation of Radio Frequency Identification Technology for 

Shelf-scanning: 

The RFID part is set up on the robot and consists of an RFID reader and its antennas, 

usually one reader can fit two, four, or more antenna connections that are scheduled in a 

rational order [2]. The antenna(s) is (are) fixed to the arm of the robot vehicle (see figure 2), 

the arm is supposed to perform a linear motion up and down depending on which tier of the 

shelf should be scanner (y-axis), whereas the robot vehicle performs the other linear motion 

on the x-axis as shown in figure 3. 

 

In order to detect all the books, every single book should have an UHF RFID tag in its 

spine, this tag caries a specific 10-, 12-, or 14-digit number depending on either the tags or the 

reader itself. HF --High Frequency-- is one of the earlier and most used RFID technologies 

worldwide, working at a frequency of 13.56 MHz, it is often used in contactless payments 

(supermarkets, subway stations… etc.), and in magnetic door key (hotels, dorms… etc.) and 

in many other applications. However, HF is known for some drawbacks such as short 

communication range and low data ratio that can end in miss-reading a book [2]. For RFID 

library scanner, UHF --Ultra-High Frequency-- is the most preferable technology since it 

operates in a frequency between 860 and 960 MHz, and it is known for a high read rate which 

facilitates the reading of parallel books in a mobile environment and grants a long-read 

Figure 3: Fixed RFID Antenna 
Figure 4: Shelf-Scanning Process 
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distance of up to 9 meters [2]. UHF tags can play the role of both bar codes and EM security 

strips (anti-theft) that are used in traditional libraries. 

 

Figure 5: UHF RFID Tags for Library Book Spine 

2.1.1. Scanning Procedure: 

 For most automated RFID scanning processes, the robot vehicle starts by 

moving to the starting point near the first bookshelf, then the RFID part is turned on and starts 

scanning books on the shelf, the antenna moves linearly to the appropriate vertical position (y-

axis) of the tier to be scanned, and the robot also moves linearly on the x-axis until it reached 

the end of shelf. The RFID part turn off as soon as the scanning of the shelf is done, the robot 

vehicle moves then to the starting point of the next bookshelf either by following a magnetic 

track or using Artificial Intelligence that enables the robot to locate the positions using image 

processing or other techniques. The robot keeps repeating the process until all the shelves are 

scanned, then returns the data collected under the form of a table with shelf number, tier 

number and order. The objective at the end is to pinpoint books’ positions, to locate miss-

shelved books. 

2.1.2. Miss-shelved Book Detection: 

 One of the library inventory management processes that matters the most for 

librarians is locating miss-shelved books, as discussed earlier, a miss-shelved book is 

considered a lost book because the chance of finding it in a large library is almost null. The 
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localization coordinates that the robot scanner returns after scanning is not expressed in 3D 

coordinates, but it is rather a triple of three variables: shelf number, tier number and order [2]. 

Order Call N° Book 

Title 

Original 

Shelf N° 

Original 

Tier N° 

Current 

Shelf N° 

Current 

Tier N° 

Table 1: Attributes of the Table that RF-Scanner Outputs 

a. RF Phase: 

RF phase refers to the “electromagnetic wave that reflects the offset degree between 

the received signal and the sent signal, ranging from 0 to 2π (360°) [2].” 

• d: distance between antenna and tag. 

• θTX: phase shift over the distance d. 

• θTAG: reflection coefficient of the tag. 

• θRX: extra distortion of the RFID reader’s receiver circuit. 

• λ: wavelength. 

• µ: a constant that depends on hardware characteristics 

The phase that the reader measures is written as follows [2]: 

 { 
θ =  (2π ∗

2d

λ
+  µ)  𝑚𝑜𝑑 2𝜋

µ =  θTX +  θTAG +  θRX
      (1) 

 In order to achieve a high localization accuracy, it is highly recommended to 

use COTS (Commercial off-the-shelf) RFID readers since the measures of phase value is fine-

grained [2], furthermore, UHF is also recommended. “Impinj R420” for instance, is a 

commonly used COTS reader in industry, security management… etc. 

 The idea is to scan continuously tags; the RFID reader obtains a sequence of 

values of RF phase alongside with their corresponding timestamps.  

Phase profile = {(θ1, t1), (θ2, t2), …, (θn, tn)}. 
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When the mobile robot moves the RFID reader along the x-axis, the distance from the 

tag (d) starts deceasing in the beginning, so the phase value decreases consequently according 

to equation (1). Since the equation of θ is periodical (2π*2d/λ), as the distance decreases the 

phase decreases until it reaches 0 then jumps again to 2π, so this keeps repeating until the 

RFID reader reaches the closest point to the tag (when it is perpendicular to the tag), the phase 

then starts increasing periodically from 0 to 2π [2]. 

 

Figure 6: Theoretical phase profile along X-axis 

 Figure 5 (a) shows a tag’s theoretical phase profile when the RFID reader 

moves along x-axis: V-zone, it corresponds to when the line connecting reader and the tag is 

exactly perpendicular to the x-axis. Other curves outside the ‘V-zone’ either increase or 

decrease repeatedly within a range of [0,2π). As figure 5 (b) shows, it is easy to determine the 

order of the tags just from the bottom of the V-zone, the graph shows the phase profile of two 

tags m1 and m2, the bottom V-zone of m1 is reached before m2, which is the same order in 

the shelf [2]. 

 V-zone method of determining tags’ order has three known drawbacks: 

➢ The phase values’ samples could be sparse because when scanning simultaneously 

dozens of books, some tags may get less chances to respond. This may lead to a V-
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zone with only a few numbers of phase values, the thing that may lower the accuracy 

of locating books. 

➢ Some tags may not be reached by the robot, if a book is at the end of a shelf that is 

next to a wall, the tags of the last two or three books may not be reached by the robot 

and their V-zones will not appear consequently, so the reader will base the order of the 

books only on the curves outside the V-zones. 

➢ There is a large amount of data outside the V-zone that might be helpful in locating 

books but are not used, this is considered data waste. 

Finding a way to use the date outside V-zone will be an important key to increase the 

accuracy of book localization, RF-scanner system designers in China have proposed a very 

smart method to use that data by removing periodicity, this method will be discussed in detail 

in the next section. 

b. Removing Periodicity: 

What prevents us from using the whole date from the phase profile is the sudden jump 

between the curves, either the phase keeps decreasing until 0 then jumps to 2π and start 

decreasing again, or it keeps increasing until it become 2π then jumps to 0. Therefore, the best 

thing to do to avoid the adjacent curves is removing the periodicity and merging all the curves 

with the V-zone curve to get a non-jump curve [2]. 

According to equation (1), the periodicity is due to modulo of 2π, so to get rid of it, 

RF-scanner designer suggested a method called period compensation when a jump occurs. All 

phases are first sorted according to their timestamps, then start comparing each pair of 

neighbor phases. 

 Let θi and θi+1 be any two neighbor phases, if there is a 0-to-2π jump (i.e., θi+1 - 

θi ≈ 2π), all phases that follow are subtracted 2π (θj, j > i, -2π). On the other hand, if there is a 
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2π-to-0 jump (i.e., θi - θi+1 ≈ 2π), all phases that follow are added 2π (θj, j > i, +2π). This 

process is repeated until all pairs of neighbors are reached, this is called period compensation, 

and it results in all the curves merging into one major curve called “Super V-zone” as shown 

in figure 6 [2]. 

 

Figure 7: Removing periodical patterns of the phase profile to form a super V-zone 
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2.2. Mechanism of the Robot: 

2.2.1. Mobile Vehicle: 

For the mobile vehicle, the movement is done using two independent wheels, where 

each wheel is coupled to an electric motor. One of the most common solutions for such an 

application are brushless DC motors; these motors have gained popularity for the advantages 

they have compared to brushed DC motors or other types of electric motors. The figure below 

shows the difference between the two types in terms of mechanism: 

 

Figure 8: Illustrative Comparison of Brushed vs. Brushless Motor Mechanisms [3] 

Brushed motors use permanent magnets to create a stationary field that interacts with a 

spinning field that holds the motor windings. Brushless modules are the exact opposite, with 

the stator field being the wound member and the spinning field being a permanent magnet [3].  

The following table summarizes the main differences between the brushed and 

brushless DC motors in terms of different characteristics, these findings are a result of 

statistical research done by the engineering team at PITTMAN, a leader in brush and 

brushless DC motor technologies: 
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Table 2: Characteristics Comparison of Brushed vs. Brushless DC motors [3] (Green for advantage/ Red for 

disadvantage) 

CHARACTERISTICS BRUSHLESS DC MOTOR BRUSHED DC MOTOR 

SPEED Can exceed 10 000 RPM, 

but also depending on the 

design. 

Most recommended: 

Between 1000 and 10 000 

RPM. 

TORQUE The torque is generally 

higher for equivalent sizes. 

Normal. 

COMLEXITY IN 

APPLICATION 

Applying brushless motors 

is a little bit more complex 

compared to brushed one 

since commutation is 

electronically controlled, it 

depends on rotor position 

feedback from the motor 

which requires drive 

electronics. 

Applying brushed motors is 

simpler and easier since 

commutation is 

automatically done by 

mechanical means, they can 

be directly driven by a DC 

power supply including a 

battery. 

LIFE EXPECTANCY Up to 10 000 hours - Usually 

limited by the life 

expectancy of the bearing. 

Between 2000 and 5000 

hours - Usually limited by 

the life expectancy of the 

brushes. 

NOISE Normal. The noise is relatively higher 

and audible due to brushes. 

COST Relatively higher. Usually cheaper, but it also 

depends on the DC supply. 

 The comparison made in this table explains why Brushless DC motors are often 

preferred compared to Brushed DC motors, especially in applications that require both high 

torque (allowing the hoverboard to support high weights), and high speed. 

2.2.2. RFID Supporting Arm (SCARA Robot Model): 

According to most previously designed systems, the supporting platform for the Radio 

Frequency scanning tool is a 1-DOF (degree of freedom) manipulator; the only type of motion 
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needed is linear, and the objective is to allow the scanner to reach higher and lower shelf tiers. 

Some have also suggested a 2-DOF manipulator, where the second DOF is a revolute joint 

allowing the whole arm to rotate. However, the application of a 2-DOF is rarely used since 

the rotation can simply be done by the mobile vehicle easily. Our research presents a 1-DOF 

manipulator inspired from the prismatic joint used in one of the models of SCARA robotic 

arm, see the figure below: 

 

Figure 9: The Prismatic Joint Used in a SCARA Robot Model [4] 

 

The mechanism used in this model of SCARA Robot is called “Lead Screw” and it is 

inspired from one of the six known basic machines, “Screw and Nut”. This mechanism is one 

of, if not, the best solution allowing the transformation of rotation into linear motion.  

 

Figure 10: Picture of “Lead Screw” Mechanism 

Lead Screw mechanism is not the only mechanism that allows the transformation of 

rotation to linear motion, other known solutions can also do the job like “Pinion and Rack” or 
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“Slider-Crank” mechanisms for instance. However, choosing “Lead Screw” mechanism is not 

done randomly, it is based on a comparison between their characteristics.  

“Lead Screw” mechanism is better than “Pinion and Rack” mechanism for this 

application since the latter requires a lot of lubrification, and the parts’ life expectancy is less 

compared to “Lead Screw” due to the erosion caused by friction. 

 

Figure 11: Illustration of the “Pinion and Rack” Mechanism [5] 

There is also the “Slider-Crank” (piston) mechanism, however, this mechanism is not 

appropriate for an arm that is designed to reach high tiers of a bookshelf (usually higher than 

1.5 meters). The range 

distance of linear motion 

offered by this mechanism is 

equal to double the crank 

length, which makes the 

radius of the circular path 

crossed by the crank reach 

high values (if the distance of 

linear motion required is 2 m, 

the radius must be 1 m). 

The implementation of 

such a mechanism is non-practical for three main reasons: First, because the width of the 

arm’s frame must be at least one meter so that it can cover the path crossed by the crank (a 

dangerous area). Second, because rotating such a long crank (1 meter) requires a motor with 

very high torque; the equation of the torque has the radius as a numerator, so the higher the 

radius the higher the torque required [6]. Third, because the accuracy level of linear motion is 

Figure 12: Illustration of the “Slider-Crank” Mechanism [6] 
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usually low; suppose the reach of the arm must be 2 meters (height of the shelf), and the shelf 

has 5 tiers, moving from one tier to another requires a linear motion of 40 cm (an angular 

displacement of 180º/5 = 36º). Only servo motors can rotate 36º with a high level of precision, 

nevertheless, these motors are rarely available in large scales. 

 Implementing the “Lead Screw” mechanism in the example of SCARA robot requires 

the following main components: 

- 1 threaded shaft (as the screw) 

- 4 metallic rods (Beams), preventing 

any possible rotation of the moving 

part. 

- 4 linear bearing allowing a smooth 

frictionless linear motion. 

- A stepper motor (to rotate the shaft). 

- A flexible coupling (to transmit the 

rotational motion of the motor’s shaft to the threaded shaft). 

It is important to note that the moving part should have a tapping in the whole for the 

threaded shaft (as the nut). 

Why choosing stepper motor for the rotation of the shaft? Stepper motors can rotate 

one step at a time by energizing each phase in sequence. You can achieve very accurate 

positioning and speed control with computer driven stepping. As a result, stepper motors are 

the preferred type of motors for a wide range of precision motion control applications. 

 

Figure 14: Bipolar Stepper Motor NEMA 17 with Phase Wiring Diagram 

 

  

Figure 13: Illustration of “Lead Screw” Mechanism 



28 

2.3. Electronics of the Robot: (Hoverboard Reverse Engineering): 

2.3.1. Background: 

The design of a mobile robot for shelf-scanning requires a robot vehicle that 

withstands big weights, the weight of the arm scanner could go up to 20 kgs depending on the 

material used in the design. The wheels are a very important factor that defines the ability of a 

robot vehicle to withstand big weights, that is why in many research papers, reverse 

engineering a hoverboard (also known as “Self-Balancing Scooter”) is the common choice 

since its wheels can withstand the weight of an adult (up to 100 kgs). 

 

 

Figure 15: Picture of a Self-Balancing Scooter (Hoverboard) 

Most hoverboards on the market have the same components, they are mainly 

composed of two wheels, a 36V-48V battery pack, a main logic board (motherboard), and two 

gyroscope/ speed control boards (daughterboards). 

 

Figure 16: Picture Showing a Hoverboard's Components [7] 
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The electric motors used in the hoverboard are brushless DC motors, they are housed 

in the hoverboard's wheels. The wheels have a tilt and speed sensor connected to them. The 

gyroscope and speed control board, which is situated within the main body of the wheel, 

detect the rpm (revolutions per minute) of each individual wheel [7]. 

 

Figure 17: Photo of the Inside of a Brushless DC Motor from a Hoverboard Wheel [7] 

The speed control boards contain a gyroscope, this latter detects the tilt of the 

hoverboard’s chassis, and sends the signal to the motherboard to rotate the wheel using a 

UART serial communication. It also sends other signals to the LED boards [8]. 

However, the hoverboard might be turned on, and its chassis might be tilted forward 

or backward even though nobody is standing on it, therefore a detection of the user is very 

necessary. How is this part done? This is probably the cleverest part of the hoverboard: there 

are two photoelectric sensors (receiving) in parallel with two infrared (IR) LED (emitting) on 

the backside of the speed control boards (daughterboards). On the other side, there are two 

plastic switches fixed on the underside of the chassis, so when a significant weight is on the 

hoverboard’s pedals, the switches are pushed and cuts the infrared LED making the sensor 

detect the presence of the user. Now the gyroscope plays its role and sends the UART signal 

to the motherboards specifying on the angle of tilt [8]. 

 

Figure 18: Picture of the Switches and Infrared Sensor Used for User Detection [8] 
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Figure 19: Snapshots of Plastic Switch Before and After Interrupting the IR Sensor [8] 

The most challenging part of reverse engineering a hoverboard is the 

electrical/electronic part, where the wheels of the hoverboard must be controlled using a 

GPIO (General Purpose Input-Output). For this matter, the research is focused on two 

methods that most researchers have used before. The first method is controlling BLDC motors 

using BLDC motor drive. The second method is a little bit more complicated; it focuses on 

reusing the mainboard of the hoverboard since its circuit has built in motor drive controllers. 

2.3.2. Controlling BLDC Motors: Using BLDC Motor Drive: 

 

Figure 20: E-Bike (36V-48V) Motor Drive (with Wiring Diagram) [9] 

A motor drive is the electronic interface that harnesses and regulates the electrical 

energy sent to the motor[13]. The drive feeds differing quantities and speeds of electricity into 

the motor, thus regulating the motor's speed and torque indirectly. However, motor drives 

vary depending on the types of motors. Some drivers can control different types of motors, for 

instance: L293D motor driver which can control DC motors, stepper motors, and servo 
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motors. Other drivers are designed to control only specific types of motors operating with 

specific ranges of voltages, e-bike motor drives for example are brushless DC motor drives 

with a range of voltage usually between 36V and 48V. 

 

Figure 21: 3-Phase 12V-36V BLDC motor Driver [14] 

Some of the features that characterize Brushless DC motor driver [15]: 

• Uses analogical chip with no software inside. 

• Works only with brushless motors that have a sensor (tilt and speed sensor) 

• Adjustable speed via a potentiometer  

• Adjustable acceleration and deceleration  

• Loop Control (Backward / Forward) 

• Dynamic breaking  

• Over-current sense from external shunt resistor 100mV threshold level. 

• Overheat protection.  

• Undervoltage protection.  

• Fully Accessible Error Amplifier for Closed Loop Servo Applications  

• Adjustable PWM frequency  

• 6.25 V Reference Capable of Supplying Hall Sensor Power 

 

The following figure is an illustration of the BLDC motor drive/control circuit diagram: 
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Figure 22: BLDC Motor Drive/Control Circuit Diagram [10] 

Implementing BLDC motor drive as a solution for controlling hoverboard wheels is 

very simple, according to the previous two figures, connecting a hoverboard wheel to a 

Brushless DC motor drive should be in the following manner: 

 

Figure 23:Hoverboard Wheel Control Circuit [16] 
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2.3.3. Controlling BLDC Motors: Reverse Engineering the Mainboard: 

This method is a little bit more challenging; it consists of understanding the type of 

communication that happens between the main logic board of the hoverboard and the gyro 

daughterboards (speed control boards), and then mimicking the same message using an 

Arduino or any other programmable controller board. 

First, as the wiring shows, the motherboard and 

the daughterboards are connected by 4 wires as shown in 

the figure. The red wire is a 14.4V power supply, the 

black wire is a ground (GND), and the green and blue 

wires are 3.3V Rx and Tx (Receiver and Transmitter). 

This type of serial communication is called Universal 

Asynchronous Receiver-Transmitter communication 

(UART) [11]. 

Thanks to Drew Dibble’s work, we know that 

the baud rate (bitrate) of the serial communication is 

approximately 26 315 BPS (this is uncommon since the 

common baud rates are: 9 600, 19 200, 115 200…) [11]. 

Drew figured the baud rate by reading the Rx Tx 

communication using and oscilloscope; he found out 

that the bit-time is 38 microseconds, which gives a 

bitrate of 26 315 BPS. Then using Sigrok, a signal 

analysis software, Drew was able to find that the signals 

transmitted and received from the motherboard and the daughterboard are 9-bit signals (8-bit 

+ 1 stop bit and no parity) as the figure below shows [11]. 

 

Figure 26: Signal Reading Using Sigrok Software [11] 

Figure 24: Speed Control Board 

Figure 25: Reading of Transmitted 

and Received Signals Using Oscilloscope 
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The next step is to read the data, there are several ways to read the date transmitted 

and received; but before reading any data, the main logic board needs to sense that somebody 

is on top of the hoverboard in order to get the right data. And as explained earlier, the only 

way to do so is by blocking at least one IR sensor, which can simply be done using a tape 

[11].  

Drew was able to read the data using a logic analyzer, and according to his 

experiment’s findings, the instructions transmitted from the gyro “follow a pattern of six 

commands: 0x100, 0x0aa, 0x0bb, 0x0aa, 0x0bb, 0x055”, with 0x100 representing the start 

command and 0x055 representing the end if both IR sensors are blocked, whereas the middle 

represents the speed of the wheel depending on the tilt read by the gyro [12]. 

This is for example the data that Drew received during his experiment:  

0,508,0,0,0,0,170,256,70,0,70,0,170,256,70,0,70,0,170,256,72,0,72,0,170

,256,72,0,72,0,170,256,71,0,71,0,170,256... 

Another way of reading data is using an Arduino, the fact that it also has Rx and Tx 

ports allows us to read data without the need for a logic analyzer.  

The next and final step is to resend that same pattern using programmable controller 

board, Arduino for instance. This is what Drew did and succeeded to make the motors rotate, 

he was also able to control the speed and directions of the motors [11]. 

 

Figure 27: Drew Dibble's Circuit Components [11] 
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2.4. Electronics of Arduino: 

2.4.1. Arduino Mega 2560: 

GPIO (General-Purpose Input-Outputs) boards can be manually built (integrated 

circuit GPIOs for instance), but they can also be found on embedded controller boards such as 

Arduino, and Raspberry Pi… etc [18]. One of the most powerful embedded controller boards 

is the Arduino Mega 2560, according to Arduino 

Store website, Arduino Mega 2560 is: “a 

microcontroller board based on the ATmega2560 

microcontroller. It has 54 digital input/output pins 

(of which 15 can be used as PWM outputs), 16 

analog inputs, 4 UARTs (hardware serial ports), a 

16 MHz crystal oscillator, a USB connection, a 

power jack, an ICSP header, and a reset button. It 

contains everything needed to support the 

microcontroller; simply connect it to a computer 

with a USB cable or power it with an AC-to-DC adapter or battery to get started.” It is 

designed for projects that require more Input/Output lines, more RAM and more sketch 

memory” [19]. 

 

Figure 29: Arduino Mega 2560 Pinout Diagram [19] 

Figure 28: Arduino Mega 2560 [17] 
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2.4.2. L293D Motor Shield: 

L293D Motor Shield is an Arduino based circuit board containing two L293D motor 

driver chips. Using an Arduino board and the Arduino Motor Shield, you can easily regulate 

motor direction and speed. Incorporating a motor into a project becomes much easier since it 

allows simple addressing of Arduino pins and enables you to run a motor from a different 

power source of up to 12 volts. “The L293D Motor Shield has 4 full-bridge motor driver 

channels and can drive up to 4 DC motors or 2 stepper motors. It fits Arduino Uno or other 

Arduino with compatible I/O pins.” 

 

Figure 30: L293D Motor Driver Shield Pinout Diagram [17] 

2.4.3. Line Tracking Sensor: 

The TCRT5000 IR Track Sensor is an InfraRed LED emitter and an InfraRed detector 

(receiver). It works by transmitting a beam of IR (InfraRed) light downward toward the 

surface, if the surface is white, the IR light gets reflected, so the IR detector detects it and 

sends 1. If the surface is black (usually an electric tape), the IR light is not reflected, so the IR 

detector does not detect it and consequently sends 0 [20]. 

 

Figure 31: Line Tracking Sensor [20] 
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The TCRT5000 IR Track Sensor is designed to be simply connected to Arduino 

boards, the following figures show the wiring diagram circuit of the sensor: 

 

Two sensors are usually needed for line tracking, one at the right side of the electric 

tape and another one at the left side. This way, we are sure that even if the mobile vehicle 

starts deviating from the track it will go back to it until both sensors are on the right track. The 

following flowchart explains the algorithm of line tracking:  

 

Figure 34: Line Tracking Algorithm 

Figure 33: Schematic of Line Tracking Sensor Connection to Arduino [20] Figure 32: Line Tracking Sensor Components[20] 
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III. METHODOLOGY AND SCOPE OF THE STUDY: 

 

Figure 35: Procedure of the Study Block Diagram 
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IV. SYSTEM ALGORITHM: 

4.1. Robot Movement Block Diagram: 

 

 

Figure 36: Robot Movement Block Diagram 
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4.2. RFID Scanning Block Diagram: 

 

Figure 37: RFID Scanning Block Diagram 
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V. SYSTEM DESIGN: 

Before building a real system prototype, we had first to have a clearer vision of all the 

parts needed from the stepper motor all the way to the fixing screws. In order to do so, a 3D 

model of the mechanical system and a virtual circuit were required. We have been granted a 

3D modeling software license by the school of science and engineering; the software is called 

SolidWorks, as well as a Proteus 8 Professional license. Proteus Design is software tool used 

for electronic design, it is mainly used to create schematics and electronic prints for 

manufacturing printed circuit boards. 

Thanks to both “Computer Aided Engineering” and “Microcontroller” courses, I was 

familiar with both software and we have been able to design most of the parts of our system 

and simulate the electronic circuit of the robot.  

5.1. Mechanical 3D Model Design of the Robot: 

5.1.1. Mobile Vehicle: 

We created a 3D model for the robot mobile 

vehicle, this step had to be done even though we had 

no intention to do a virtual simulation, the main 

reason was to give a clearer vision of what exactly 

needs to be done. 

We have not included the chassis holding the 

battery pack, the main logic board, the speed control 

boards and the electrical wiring in the 3D model 

since it is a little bit complicated to draw, and it is 

unnecessary since the whole pack is designed 

according to its dimensions; so, it will definitely fit in the system. 

 

Figure 39: Mobile Vehicle 3D Model View 2 

Figure 38: Mobile Vehicle 3D Model View 1 
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The robot mobile vehicle was designed considering the dimensions of the 

hoverboard’s metal chassis, it is mainly composed of: 

• The metal chassis of the hoverboard holding the battery, the main logic board and 

the two speed control boards. 

• Two electric brushless DC motors housed in the hoverboard wheels. 

 

Figure 40: Hoverboard Wheel Model 

• Two supporting wheels: these wheels are similar to the ones used to move fridges, 

showcases… etc. The role of these wheels is to provide a stability to the frame and 

eliminate any possible titling or inclination. 

 

Figure 41: Supporting Wheel Model 

• An aluminum supporting frame box 

designed according to the hoverboard 

chassis’ dimensions. 

 

 
Figure 42: Aluminum Frame Model 
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For the wheels of the hoverboard and the supporting wheels, we have imported them 

from an open-source CAD website (GrabCAD), however, the aluminum frame was designed 

using SolidWorks software. 

The table below indicates which parts were designed and ones were imported: 

Table 3: Parts' 3D Models Design and Prototype Status 

Part’s Name Designed Imported Prototype status 

Aluminum Frame   Customized 

(Manufactured) 

Hoverboard Wheel (Brushless DC motors)   
Purchased 

Hoverboard Wheel   
Purchased 

 

5.1.2. RFID Supporting Arm: 

The RFID scanner was designed to be part of a platform that will be moving up and 

down vertically using lead screw mechanism, which consists of a threaded shaft, a screw nut, 

a nut platform coupling, a shaft to motor coupling, a stepper motor, a ball bearing, a bearing 

base, 4 vertical beams, 4 LM8UU linear bearings, and a frame which consists of outer walls, 

bottom plate, and upper plate. 

The parts are then stated as follows: 

▪ 1 x threaded 8 mm Ø, 1m length shaft, which will be coupled to a stepper motor. 

 

Figure 43: Thread Shaft 3D Model 

▪ 1 x 8 mm Ø hexagon screw nut. 

Figure 44: Hexagon Nut 3D Model 
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▪ 1 x nut platform coupling (designed for 3D printing), which couples the platform with 

the small 8mm nut perfectly allowing the platform to move up and down. 

 

Figure 45: Nut Platform 3D Model 

▪ The RFID platform (Designed for laser cutting). 

 

Figure 46: RFID Reader Platform 3D Model 

▪ 4 x 1m length, 8mm Ø stainless steel vertical beams to give stability for the RFID 

platform, preventing it from rotation with the nut and allowing the system to move 

vertically in a linear motion. 

 

Figure 47: Vertical Beam 3D Model 

▪ 4 x LM8UU linear bearings, allowing a smooth linear motion between the RFID 

platform and the 4 vertical beams and canceling any possible friction. 
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Figure 48: LM8UU Linear Bearing 3D Model 

▪ 1 x 8 mm to 5mm flexible coupling, this part couples the 8mm Ø shaft with the 5mm 

Ø stepper motor shaft allowing the threaded shaft to rotate with the motor with the 

same angular velocity. 

Note that we have designed our own coupling using 3D software, we were planning to 

make it using 3D printing, but we later on realized that this part requires a high level 

of precision, which was not possible using our engineering lab 3D printer, so we 

ended up buying it from a local supplier. 

▪ 1 x ‘JK42hs40-1704’ stepper motor with a holding torque of 4.2 N.m. 

 

Figure 51: Stepper Motor 3D Model 

Figure 50: Designed Coupling 3D Model 
Figure 49: Imported Flexible Coupling 3D Model 
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▪ 1 x 8 mm Ø ball bearing to cancel any possible 

friction or rubbing between the threaded shaft and the 

bottom plate. (Note that in our real prototype, we 

were unable to find 8 mm Ø ball bearing, so we 

bought a 10 mm Ø ball bearing and coupled it to the 

shaft using an adjustable cylindrical coupling. 

 

▪ 1 x bearing base used to fix the bearing on the bottom 

plate. (Designed for 3D printing) 

 

Figure 53: Bearing Base 3D Model 

▪ The outer frame: 2 x side walls, 1 x back wall, 1 x upper plate, and 1 x bottom plate. 

The walls’ main purpose is to provide coverage and more stability to the system, the 

upper plate’s main function is to fix the motor that will be coupled to the shaft, and the 

bottom plate’s main purpose is to fix the wall, the beams, and the ball bearing for the 

shaft, (this plate is the one that will be screwed to the mobile robot vehicle). All the 

parts of our frame were designed for laser cutting using our 150 W CO2 laser cutter at 

the engineering lab. 

Figure 52: Circular Bearing 3D Model 

Figure 54: Side Wall 3D Model Figure 55: Upper Plate 3D Model 
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▪  3mm, 4 mm, and 5 mm screws and nut to fix parts as well as metal corner brackets. 

The 3D model assembling was also done using SolidWorks Assembling Feature: 

 

Figure 59: RFID Supporting Arm 3D Model Assembly 

Figure 58: Bottom Plate 3D Model Figure 57: Back Wall 3D Model 

Figure 56: Metal Bracket 3D Model 
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The table below indicates which parts were designed and ones were imported: 

Table 4: Parts' 3D Models Design and Prototype Status 

Part’s Name Designed Imported Prototype 

Status 

Threaded 8 mm Ø, 1m length shaft   Purchased 

8 mm Ø hexagon screw nut   Purchased 

Nut platform coupling   3D printed 

The RFID platform   Laser cut 

1m length, 8mm Ø stainless steel vertical beams   Purchased 

LM8UU linear bearing   
Purchased 

8 mm to 5mm flexible coupling (Imported)   
Purchased 

‘JK42hs40-1704’ stepper motor   
Purchased 

8 mm Ø ball bearing   
Purchased 

Bearing base   3D printed 

Side wall   Laser cut 

Back wall   Laser cut 

Upper plate   Laser cut 

Bottom plate   Laser cut 

Metal corner brackets   Purchased 
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5.1.3. General Assembly of the robot: 

The design of our system was divided into two major parts:  

- The design of the robot mobile vehicle 

- The design of the RFID scanning arm 

Both parts were designed using the solid modeling computer-aided design software 

SolidWorks. In this part, we have merged the two designs into one 3D model using the 

assembly feature of SolidWorks, and the prototype of our system is going to be something 

similar: 

 

Figure 60: AUIBOT 3D Model 
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5.2. Electrical/Electronic Design: 

The electronic design of our system was up to 3 different plans: 

5.2.1. Plan A: 

We were planning to use BLDC motor drive (e-bike controllers) to control the 

hoverboard wheels. However, these drivers can rarely be found for sale in Morocco, and due 

to the ongoing pandemic, we knew that it was impossible to receive them in time for our 

project; so, this plan was rejected. 

5.2.2. Plan B: 

We planned to apply the “reverse engineering of the hoverboard’s main logic board” 

method. This method took us a little bit of time, but unfortunately, it did not work for some 

unknown reasons. 

We followed almost the same steps of Drew Dibble’s experiments, we instead used 

Arduino Mega 2560 to read the data from the daughterboard using an Arduino code (see 

Appendix B). Nevertheless, we were unable to retrieve any repeated pattern, and the data was 

not ordered nor easy to be resent. 

We tried to figure out the problem, and we later found out that the Rx and Tx ports in 

Arduino Mega were 5V each, whereas the Rx and Tx of the daughterboard were only 3.3V 

each, so we tried using a transistor circuit that would allow us to reduce the voltage without 

any power loss. The first transistor circuit that we used allowed us to reduce the voltage from 

5V to 3.3V, but the signal was flipped. So, we used another transistor circuit that would reflip 

the signal again keeping the voltage at 3.3V. 

 

Figure 61: Transistor Circuit 1 
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Figure 62: Transistor Circuit 2 

Unfortunately, even using both transistor circuits, we were unable to get a repeated 

pattern in the data received by the Arduino. We then tried to send the same data sent by Drew 

Dibble using his Arduino code, but it still did not work, the wheels did not rotate. 

5.2.3. Plan C: 

This was our last resort; we implemented the first method but using 2 ESC (Electronic 

Speed Control) instead of e-Bike controller. ESCs usually run with a voltage range of 12V-

16V, so we had to change our power source. We replaced the hoverboard’s battery by a 12V 

LiPo battery, the following figures show the simplified circuit designed for our system: 

 

Figure 63: Circuit Used to Control 2 BLDC Motors Using Line Tracking Sensor 
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Figure 64: Virtual Circuit Design Using Proteus Software 
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5.3. RFID Scanner Design: 

For our real prototype, we will be skipping some steps stated in the literature review by 

using a ready-to-use COTS (Commercial off-the-shelf) RFID reader, with a built-in antenna 

and a USB cable that outputs the readings as a 10-digit number for each different RFID tag. 

We, will be using MATLAB programming language to develop a program that helps the 

user scan a shelf or a tier, store it in a file, then compare it to the library database. The 

program must notify the user if there are any missing or extra books on the shelf, or if any 

books are miss-shelved or placed in the wrong order. 

 

Figure 65: RFID Scanning Process 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Diagram of the Evaluation Process 

The program compares the 

scanner number to the existing 

number in the library database. 

Then it outputs the results of 

comparison and informs the user if the 

order is correct, if any books are extra or 

missing, or if any books are miss-shelved. 

Scanning RFID tags in the 

spine of each book using 

RFID reader. 

The reader outputs a 10-digit 

number corresponding to each tag 

to Octave software program. 
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VI. SYSTEM PROTOTYPE (AUIBOT): 

This part is my favorite part as a 

future engineer, I am very obsessed with 

handmade stuff, and this part was very 

entertaining for me because of many 

reasons. One reason is that it made me 

learn how to use different machines that 

I have never used before, 3D printer and 

laser cutter for instance. Another reason 

is that I had the chance to use many 

laboratory resources, especially the electric circuits lab at Al Akhawayn University as well as 

the new Robotics/ Industry 4.0 lab that my supervisors and Mr. Mohammed El Kihal 

introduced me to. I was one of the first students to benefit from the resources of that 

laboratory, and I hope the success of my project can benefit the lab or help them get funds to 

expand their resources and tools. 

6.1. Mechanical Prototyping: 

Almost all parts of the mobile vehicle system were purchased as indicated in the 

system design part. The school, with the help of Mr. Lghoul Rachid, provided us with funding 

to purchase a second-hand hoverboard with an affordable price, whereas the remaining parts 

were self-funded. 

We dis-assembled the hoverboard’s outer plastic frame containing the LED lights, we 

also removed some other unnecessary parts like pedals, and we only used the wheels attached 

to the metal chassis with the battery pack, mainboard, and speed control boards fixed to it. 

 

Figure 67: Disassembled Hoverboard 

Figure 66: AUIBOT Logo 
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Then we created an aluminum frame that will support our RFID arm using aluminum 

beams and an aluminum sheet purchased from a supplier and purchased two supporting 

wheels from a hardware store. 

 

Figure 68: Mobile Vehicle Prototype 

Moving to the RFID supporting arm, as shown in the table 4, some parts were 

purchased, other parts were 3D printed, and others were laser cut. 

 

  

Figure 70: Picture of Lazercutter Usage Figure 69: Picture of 3D Printer Usage 
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 Almost all parts were as perfect as in the 3D model, except for some little dimension 

errors, but we managed to solve them and assemble the RFID supporting arm and fix it on top 

of the mobile vehicle as shown in the following figure: 

 

  

Figure 71: AUIBOT Prototype Assembly 
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6.2. Electrical/Electronic Wiring: 

For the wiring, we first started by connecting the ESCs to both wheels and to the 

Arduino Mega 2560. We only used a 12V AC to DC power supply to make sure that the 

wheels are rotating. After we made sure everything works, we added both the line tracking 

sensors and the LiPo battery. 

 

Figure 72: ESC Wiring 

   



58 

6.3. MATLAB Scanning Program: 

6.3.1. Program Flowchart: 

 

6.3.2. Program Implementation: 

We first created two text files for the program, one is a database that stores the 10-

digit numbers of the books in the right order of the library, the other one was for storing the 

scanned 10-digit numbers while running the program (See the program code in Appendix D). 

 The program starts by clearing scanned books file, then enters a while that 

prompts the user to scan the books or to press 0 if they finished scanning, each book scanner 

Figure 73: MATLAB Program Flowchart 
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is monotonously appended to the scanned books file until the user chooses to stop scanning by 

pressing 0. 

 Then the work starts, the data from both files (database, scanned books) is 

imported and saved to 2 vectors called ‘object1’ and ‘object2’ that will be compared later. 

Before comparison, the program first needs to distinguish if there are any extra or missing 

books by computing the size difference of the two files, three cases are then defined: 

Case 1: The size difference is equal to 0. Then program then computes the difference 

of the two vectors, which is another vector of the same size. If the sum of that vector 

coordinates is equal to 0, the program tells the user that the order is correct, if not, the 

program uses a function called find ( ) that outputs a vector of the nonzero elements of the 

first vector, the program then notifies the user about which books are miss-shelved. 

Case 2: The size difference is negative. The program informs the user about the 

number of extra books, then enters a double-for-loop with indices i,j, i goes from 1 to the size 

of database vector, and j goes from 1 to the size of scanned books vector). In this loop, the 

program compares every single element of the scanned books vector to all the elements of the 

database. The output is an m x n matrix, where the number of rows m is the number of books 

in the database and the number of columns n is the number of scanned books (See figure 74). 

A match between the scanned books and the database means that the diagonal the difference 

matrix that must be a zero vector, we determine it by summing the absolute values of the 

elements of the diagonal vector, we sum absolute value to make sure that every single element 

is equal to zero (see figure 75). All the extra vectors in the matrix, either rows or columns 

(depending on m and n) are detected as extra books and outputted to the user. The program 

then uses the find ( ) function to determine nonzero elements of the diagonal vector if the sum 

is not 0, then the program uses the output to notify the user about miss-shelved books (see 

figure 76). 



60 

Case 3: The size difference is positive. The program does the exact same thing as in 

case 2, it informs the user about the number of missing books and if any books are miss-

shelved. 

 

Figure 74: The Difference Matrix 

 

 

 

      

  

Figure 76: Find Function Usage 

Figure 75: Example of Nonzero 

Diagonal with Sum = 0 
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VII. PROTOTYPE TESTING AND RESULTS: 

7.1. Robot Movement Testing: 

After a few experiments, we discovered that the ESCs are 

not perfectly controlling our wheels and that one ESC is rotating 

the wheel more than the other one. We tried adjusting the speed 

from the code (see code in Appendix A), but unfortunately it was 

still difficult to apply for line tracking.  

So, we removed the line tracking sensors just for the sake of 

prototype testing and recording, and we used just a simple code that 

would allow the robot to move and turn in a direction (See 

Appendix C). Finally, the robot worked perfectly, and all our work 

gave an amazing result. 

 

Figure 78: Picture from the Testing Video Recording 

 

Figure 77: Line 

Tracking Sensor Used in the 

Prototype 
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7.2. Book Scanning Testing: 

After running the program at Al Akhawayn University Mohammed VI Library, the 

program outputs different results based on each situation, the results are shown in the 

following table. 

Table 5: Program Output Results 

Possible cases Output of the program 

The books are in the right order. 

 

One or more books is/are not in 

the right place or order. 

 

One or more books is/are not on 

the shelve  

+ 

One or more books is/are not in the 

right place or order. 
 

One or more books do not 

belong to the shelve  

+ 

One or more books is/are not in the 

right place or order. 
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VIII. STEEPLE ANALYSIS: 

➢ Socially: Our project is targeting the community worldwide since its aim is to 

solve a problem that affects human beings i.e., Intensive labor in library 

management units. 

➢ Technologically: our project is a buildup on the existing basis of robotics 

technologies and mechatronics. Our project is paving the way for technology to 

become more and more used in all aspects of our life i.e., Management, Industry, 

etc.  

➢ Environmentally: Our project is not harming the environment by any means since 

its main source of energy is electrical energy, which can also be generated using 

renewable energy methods that are environmental-friendly unlike fuel energy or 

other polluting types of energy.  

➢ Economically: Our project’s main purpose is to create a system that generates 

economic profit by reducing the number of hours of labor work in a library, the 

system is not only suitable in library management, but it can also be used for 

industrial and logistics management purposes where the margin of economic profit 

generated by the system is much higher.  

➢ Politically: No political aspect is specifically involved with this project.  

➢ Legally: Our project does not violate any Moroccan nor international law.  

➢ Ethically: The design process of our system project was done following 

engineering ethics, which consist mainly of originality and integrity.  
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IX. CONCLUSIONS AND FUTURE WORK: 

To conclude, this research presented in detail a literature review about the use and 

implementation of RFID technology in other similar research projects, as well as a detailed 

review of the mechanical, electronic/electrical, and programming aspects related to the 

project. Our capstone project included a system design, where we created a 3D model design 

of both the robot mobile vehicle as well as the RFID supporting arm, we developed an 

electronic circuit that is compatible with the motors, sensors, and all the devices used in the 

robot, and finally implemented a MATLAB code for the RFID scanning procedure as well as 

other Arduino codes to control the Robot mobile vehicle and the RFID supporting arm. Our 

capstone project did not stop at the design of the system, we also built a real prototype using 

resources and tools from the engineering and robotics laboratories at Al Akhawayn 

University. Finally, we tested our system, and presented the recorded results in this report. 

We are looking forward to enhancing our prototype by adding a second DOF for the 

RFID Arm, as well as solving the issue regarding the line tracking sensors. We also plan, in 

the future, to scale up the size of the robot prototype so that it can fit the shelves at AL 

Akhawayn University Mohammed VI Library, and then make the MATLAB code fit the large 

database of books used by the library. 
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XI. APPENDICES: 

APPENDIX A: Arduino Code for Robot Movement Using Line Tracking 

#include <Servo.h> 

Servo esc_1; 

Servo esc_2; 

int left; 

int right; 

int r_speed; 

int l_speed; 

 

 

void setup() { 

  pinMode(44,OUTPUT);  

  pinMode(45,OUTPUT);  

  esc_1.attach(44, 1000, 2000);    

  esc_2.attach(45, 1000, 2000); 

  esc_1.write(180);   

  esc_2.write(180); 

  delay(1000); 

  esc_1.write(0);   

  esc_2.write(0);  

  delay(3000); 

 

} 

 

void loop() { 

   

  left = digitalRead(34); 

  right = digitalRead(35);  

  while (left == 1 || right == 1){ 

    if(left == 1 && right == 0){ //turn right 

      r_speed = 0; 

      l_speed = 10; 

    } 

    else if(left == 0 && right == 1){ //turn left 

      r_speed = 10; 

      l_speed = 0; 

    } 

    else if(left == 1 && right == 1){ //go straight 

      r_speed = 10; 

      l_speed = 10; 

    } 

    esc_1.write(r_speed); 

    esc_2.write(l_speed); 

    delay(400); 

    esc_1.write(5); 

    esc_2.write(5);     

    delay(300); 

    left = digitalRead(34); 

    right = digitalRead(35); 

    } 

    r_speed = 0; 

    l_speed = 0; 

     

    esc_1.write(r_speed);     

    esc_2.write(l_speed); 

} 
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APPENDIX B: Arduino Code for Reading Serial Data from Gyro Board 

 

int incomingByte = 0; // for incoming serial data 

  int count=0; 

 

void setup() { 

  // initialize both serial ports: 

  Serial.begin(9600); 

  Serial1.begin(26315); 

} 

 

void loop() { 

   

  // read from port 1, send to port 0: 

  if (Serial1.available()>1) { 

    int incByte=Serial1.read(); 

    if(incByte==incomingByte){ 

    } 

    else{ 

      incomingByte=incByte; 

      //Serial.println("Serial Available"); 

    //incomingByte = Serial1.read();//Serial1.read(); 

    //Serial.println("Timeout"); 

      if(count<7){ 

        Serial.print(incomingByte,DEC); 

        Serial.print("\t"); 

        count++; 

      } 

      else{ 

        Serial.println(incomingByte,DEC); 

        count=0; 

        } 

    } 

 

  } 

} 
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APPENDIX C: Arduino Code for Robot Movement Without Line Tracking 

#include <Servo.h> 

Servo esc_1; 

Servo esc_2; 

int r_speed; 

int l_speed; 

 

void setup() { 

  pinMode(44,OUTPUT);  

  pinMode(45,OUTPUT);  

  esc_1.attach(44, 1000, 2000);    

  esc_2.attach(45, 1000, 2000); 

  esc_1.write(180);   

  esc_2.write(180); 

  delay(1000); 

  esc_1.write(0);   

  esc_2.write(0);  

  delay(3000); 

 

      r_speed = 10; 

      l_speed = 12.5; 

} 

 

void loop() { 

  

    esc_1.write(r_speed); 

    esc_2.write(l_speed); 

    delay(6500); 

  

 while (r_speed != 0  && l_speed != 0) { 

    esc_1.write(10); 

    esc_2.write(3); 

    delay(2500);   

       

    esc_1.write(10); 

    esc_2.write(12.5); 

    delay(5500);   

 

     r_speed = 0; 

     l_speed = 0; 

 } 

} 
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APPENDIX D: MATLAB Code for Book Scanning 

close all 
clear all 
clc 
path1='D:\MATLAB Sim\BOOKS_DATABASE.txt'; 
path2='D:\MATLAB Sim\RF_READINGS.txt'; 
code = 1; 
fopen('RF_READINGS.txt','w'); 

  
while code != 0 
  prompt = 'Please scan a book or enter 0 if you finished scanning' ; 
  code = input(prompt); 
  if code != 0 
    ptr = fopen('RF_READINGS.txt', 'a'); 
    fprintf(ptr, '%d\n', code); 
    fclose(ptr); 
   end 
   end 
object1 = importdata(path1,'\t'); %This is a vector containing all 10-digit 

numbers of books from the database 
object2 = importdata(path2,'\t');  %This is a vector containing all 10-

digit numbers of scanned books 
Sizediff = size(object1,1) - size(object2,1); %This is to know if there are 

extra or missing books in the shelf 

  

  
%In case there is no extra or missing books 
if Sizediff == 0 
  Difference=object1-object2; %Comparing 10-digit numbers 
    if sum(abs(Difference)) == 0 %Case1: No difference between the database 

and scanned books 
      fprintf('The order is correct');  
    else                         %Case1: There is difference between the 

database and scanned books 
      index2 = find(Difference); 
      fprintf ('The  book %d is miss-shelved \n', index2); 
     end 
  %In case there are extra books 
elseif Sizediff < 0 
  fprintf('There is(are) %d extra book(s)\n', abs(Sizediff)); 
  for i=1:size(object1,1) 
  for j=1:size(object2,1) %We used double for loop to compare every single 

scanned book with the whole database 
 diff2(i,j)= object1(i) - object2(j); %We store the output in a matrix 

called diff2 
end 
end     
 A = diag(diff2); %We are concerned about the diagonal, if it is 0 then the 

books are the same 
 indices= find(diag(diff2)); %This function returns a vector of nonzeros in 

the diagonal 
if sum(abs(diag(diff2)))== 0 
  for k=1:Sizediff 
  fprintf('The book %d is extra\n' , object2(size(diag(diff2),1) + k)); 

%Locating the extra books 
end 
else 
 fprintf ('The  book %d is miss-shelved \n', indices); %Locating the miss-

shelved books 
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end 
  %In case there are missing books 
else 
  fprintf('There is(are) %d missing book(s)\n', Sizediff); %Locating the 

missing books 
  for i=1:size(object1,1) 
  for j=1:size(object2,1) %We used double for loop to compare every single 

scanned book with the whole database 
 diff2(i,j)= object1(i) - object2(j); %We store the output in a matrix 

called diff2 
end 
end 
 A = diag(diff2); %We are concerned about the diagonal, if it is 0 then the 

books are the same 
 indices= find(diag(diff2)); %We store the output in a matrix called diff2 

  

if sum(abs(diag(diff2)))== 0 
  for k=1:Sizediff 
  fprintf('The book %d is missing\n' , object1(size(diag(diff2),1) + k)); 

%Locating the missing books 
end 
else 
 fprintf ('The  book %d is miss-shelved \n', indices); %Locating the miss-

shelved books 

  
end 
end 

 


