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1 Introduction  

1.1 Objective 

This report describes in detail all designs and tasks have been accomplished for the Robot RFID 

Library System senior design project.  

1.2 Problem Statement 

The library of American University in Dubai (AUD) implements bar code system to check the 

books in/out, and employs electromagnetic tag for security system. However, there is no system 

by which the books that are out of shelves but not checked out can be located. To find these 

missing books, a librarian has to check all books on the shelves and compare these to the list of 

books in the library. This process takes a lot of time and might be with human error. Therefore, 

there is a need for a system to be implemented that can monitor all the books on the shelves and 

find the missing books. 

1.3 Problem Solution 

This project will implement a system for automating the book monitoring process using Radio 

Frequency Identification (RFID). Each book will have an RFID tag. An RFID reader will be 

attached to a robot. The robot is used to carry the RFID reader through shelves in the library. 

There are sensors installed on the robot such as light sensor and InfraRed (IR) sensor that have to 

be programmed to guide the robot and prevent it from going off-track. The RFID reader will  

check all the books on the shelves. During the monitoring process, data is stored in the memory 

of the reader. The base station is a PC that contains all the coding for the robot operation. It also 

contains the database of the books in the library. Once data is read and stored in the reader, a 
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database will be created in the readerôs memory which includes all books that are on the shelves. 

This database is transferred to base station and compared with the library database. By using the 

Library Robot RFID System, we can keep track of books on shelves and find the missing books 

in the library by comparing this database with the original library database. 
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2 High Level Architecture of Library Robot RFID System 

 

Figure 1 - High level architecture of the system 

Figure 1 illustrates the high level architecture of the system. As is shown in the diagram, a robot 

that is wirelessly connected to the base station is programmed to move in the library. The 

programming is done in the base station. Once the code is compiled, it is sent wirelessly by a pair 

of Bluetooth adapters to the robot for operation. The wireless connection between the robot and 

the base station is established by a pair of Bluetooth adapters. The movement of the robot is 

controlled by sensors attached to it and some other functions such as incremental encoder pulses 

(ticks) that will be explained later. The IR sensors guide the robot to get close to the shelves and 

turn when it is needed. The light sensor is used to guide the robot where there are no shelves by 

specifying the path by black tape. To start the movement, the librarian has to click Start on the 

webpage. The robot sends back its position and the travelled path is displayed on Graphical User 

Interface (GUI) in the base station. An RFID reader mounted on the robot reads the tags. The tag 

has a unique ID. There is one tag on each book in the library. The reader reads and stores these 
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IDs. A log file of the on-shelf books is created in the readerôs memory. Once the monitoring 

process is done, the log file is transferred manually by connecting the USB cable to the base 

station and saving the log file in the base station. In the base station, the librarian must click 

Browse to locate the log file. Then, the log file is compared with the library database and a table 

is created listing the missing books. 
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3 Team Organizational Structure 

3.1 Ibrahim Diab   

Ibrahim Diab is senior in Computer Engineering with concentration in hardware. His main 

responsibility is: 

¶ Database 

3.2 Osama Shuaib 

Osama Shuaib is senior in Electrical Engineering with concentration in power and 

communications. His main responsibilities are: 

¶ Communication of robot with base station by using Bluetooth adapters, and 

communication between RFID reader and base station by USB cables   

¶ Hardware design of tape following circuit along with programming 

¶ Hardware design of temperature sensing circuit along with programming 

3.3 Saeid Samadi 

Saeid Samadi is senior in Electrical Engineering with concentration in power and 

communications. His main responsibilities are: 

¶ RFID reader research and design 

¶ Design and programming of shelf following method using IR sensors on robot and 

incremental shaft encoder ticks 

¶ Purchase of RFID reader and tags 

3.4 Toufik Zitouni  

Toufik Zitouni is senior in Computer Engineering with concentration in embedded systems. 
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¶ Learning about the robot and its overall programming 

¶ Developing graphical user interface 

¶ Web interfacing  

¶ Database 
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4 RFID System 

An RFID system is a wireless identification method based on radio waves. This identification 

takes place through the use of an RFID reader and an RFID tag that contains a unique ID. Using 

this system, items can be read or tracked with minimal human intervention. This enables high 

speed item tracking with minimal error. These aspects have attracted companies to deploy RFID 

systems for variety of applications including product tracking and toll systems. RFIDs can also 

be used for security anti-theft systems and controlled access to buildings. Such a system can also 

be used in libraries for checking books in/out, as an anti-theft system, and also for monitoring the 

books on the shelves. The main components of an RFID system are the tag and the reader, both 

of which are described below.     

4.1 RFID Tag 

One of the main components of an RFID system is the RFID tag. The RFID tag is composed of a 

chip and an antenna. Each tag has a unique ID that is read by the reader. This ID is stored in 

chipôs memory of tag. When the chip is energized, the data stored is encoded, modulated and 

transmitted through the antenna to the reader. An RFID tag is shown in Figure 2. 

 
Figure 2 - RFID tag [1] 

The way tags get energized depends on the type of the tag used as described next. 
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4.1.1 Active Tags 

Active tags have their own battery that energizes the chip. 

4.1.2 Passive Tags 

Passive tags get their power from the reader. The reader generates a signal at a certain frequency 

and transmits it through the antenna. The tagôs antenna receives this signal and AC voltage is 

induced in the antenna coil. This voltage is rectified to provide a DC source for the chip. When 

this DC source reaches a certain level, the chip gets powered. When the chip is powered, data is 

encoded, modulated and transmitted through the antenna. The signal of transmitted data is called 

backscattering signal. In our project, passive tags will be used.  

4.1.3 Standards 

There are different protocols in which RFID tags work. The tag used in this project is Electronic 

Product Code Generation 2 RFID tag or in short, EPC Gen 2 tag. There are two different types of 

this tag: class 0 and class 1. Class 0 is read-only tag where the reader can only read the ID of the 

tag. Class 1 tag is read-write tag where the reader can also write to the tag. The tag used is class 

1 tag that enables the user to write to it. EPC standard has its unique numbering system as shown 

in Figure 3.  

 

Figure 3 - EPC numbering system 

The standard numbering system for EPC tag consists of 24 hexadecimal digits [1]. The first two 

digits are header. This identifies the length, type, structure, version, and generation of the EPC 
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tag. The next 7 digits are EPC Manager Number that is responsible to identify the manufacturer. 

Each company producing this type of tag must have a unique 7 digit manufacturing number. This 

allows maximum of around 268 million manufacturers of EPC tags. The next 6 digits are Object 

Class and are used to identify the type of tag. Finally, the last 9 digits is serial number used for 

identification of items. This 9 digit allows around 68 billion different serial numbers to be 

produced. This tag operates at Ultra High Frequency (UHF). UHF has frequency range from 860 

MHz to 960 MHz. 

4.2 RFID Reader 

The RFID reader is used to energize passive tags and decode data from them. The RFID reader is 

composed of two sections: the transmitting section and the receiving section. The transmitting 

section sends the signal through its antenna to activate the passive tag. The receiving section 

detects the backscattering signal from the tag and demodulates and decodes the signal. After 

several problems were faced during developing RFID reader, the group decided to purchase a 

ready-made RFID reader. The description of the RFID reader design and the encountered 

problems are provided in Appendix 4. The RFID reader used in this project is MC9090-G 

handheld RFID reader from Motorola as shown in Figure 4.  

 

Figure 4 - MC9090-G handheld RFID reader 
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This is a UHF reader that operates at 865.7 MHz to 867.5 MHz frequency band. The nominal 

read range is 0.06m to 3m. The range depends on some factors such as the tag used, the presence 

or absence of radio interference, and the alignment of the reader with respect to the tag [2].  

The main features of interest about this reader are as follows [2]: 

¶ High read range (approximately 3 meters) 

¶ Anti-collision data read 

¶ High reading rate 

The read range of this reader with the tag used is 3 meter for perfect alignment. However, when 

the tags are installed on the first page of the book, the range reduces to 1 meter which is still a 

good range for this project. One of the main features of interest of this reader is its anti-collision 

data read. Since the books in the library are placed very close to each other, the tags are also in 

proximity of each other. When the reader transmits the energizing signal, there are many tags 

activated and transmit the data at the same time. For the reader to receive data accurately, it must 

receive signal from one tag at a time. In order this to happen, the reader must be anti-collision. 

For the reader to be anti-collision, it has to follow a certain algorithm when reading data. The 

algorithm for this reader is called EPC Gen 2 based anti-collision algorithm that is based on 

probabilistic slotted Aloha [3]. This is a complex algorithm and the explanation of that is beyond 

the scope of this report. Another important feature of this reader is high reading rate. The data 

read of this reader is 54 Mbps.  

This RFID reader is based on a Pocket PC and comes with Windows 5.0 operating system. It has 

software that can scan RFID tags. 
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In this project, the RFID reader is placed on the robot. As the robot moves in the library, the 

reader scans all the books in the right shelf to the robot. In order to start scanning process, 

librarian has to set the reader to RFID scan mode. Therefore, the reader is continuously scanning 

the books from start of the robot movement until the robot stops.  
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5 Robot 

The robot used in this project is Koala robot that comes from K-team Corporation based in 

Switzerland. This robot is provided to the group by electrical and computer engineering 

department at AUD. Since the start of the project, the group has been studying different 

functionalities of the robot. Primarily, we were interested in the technical aspects and the 

supported software functions that deal with the hardware embedded in the robot.  

5.1 Robot Description 

The robot has an internal microcontroller from the MC68331 family manufactured by Motorola. 

For this project, it is not required to know the full technical information about the 

microcontroller since the lower level functionalities have been abstracted in simple usage of 

method calls (or system calls). All our work so far has been devoted in experimenting with 

different system calls available in the Koala BIOS booklet [4]. The software that is used to 

compile and run the program is called KTProject that is available in K-team website [5]. This 

software is downloaded in the base station. The program is first compiled in the base station. 

Then, in order to run the program, it is first sent to the robotôs microcontroller and then starts 

operating. The robot is connected to a wireless Bluetooth adapter that is paired with another 

Bluetooth adapter on the base station. The baud rate at which the robot is communicating with 

the base station is set to 38400. (There are more information about this serial communication in 

subsequent sections).  
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5.2 Moving among the Shelves 

This is the method used for the robot to move among shelves. This method uses the robotôs 

sensor values as well as tick counts of the motor to guide the robot travel among the shelves. The 

robot follows this path in the following order: 

¶ Follows the shelf length  

¶ Takes a 90 degree turn  

¶ Follows the shelf width  

¶ Takes another 90 degree turn 

¶ Follows the shelf length 

¶ Takes a 180 degree turn (U-turn) 

This process repeats until all shelves are travelled.  

Since the RFID reader is unidirectional (it can read tags in one direction only), it is needed to  

 

travel the path twice. The travelling path is shown in Figure 5. 
            Start 

 

 

 

 

 

 

 

 

 

 

 
Figure 5 - The travelling path among the shelves 
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There are 16 IR sensors in this robot. Figure 6 shows the number and positions of these sensors. 

Left sensors are numbered from 0 to 7 and right sensors from 8 to 15 in the code. The sensors are 

read in sequential way every 2.5 ms. So each sensor is read every 20 ms.  

 

Figure 6 - Number and position of IR sensors 

The IR sensor used in this robot is TSL252 light to voltage optical sensor. These sensors contain 

light emitting diode and a receiver. The block diagram of the receiving part of this sensor is 

shown in Figure 7. The output voltage is directly proportional to the light intensity on the 

photodiode. This sensor can detect obstacle in 5 cm to 20 cm range.  

 

Figure 7 - IR block diagram [8] 

This sensor measures the light reflected by obstacles after emitting light. It measures the 

difference between the reflected light and the light measured without light emission (ambient 
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light). Output of each measurement is an analogue value that gets converted to digital value by a 

10 bit Analogue to Digital (A/D) converter by the robotôs microcontroller. The returned value is 

ideally 0 when there are no obstacles in 20 cm range and 1023 when there is an obstacle in 5 cm 

range. So the digital value is inversely proportional to the obstacle distance.   

Sensors L0, L1, L2, R0, R1, and R2 are used to detect an obstacle. The robot stops if there is an 

object in approximately 10 cm range. The exact range of detection depends on the color and 

material of the object. Sensors R3, R4, and R5 are used to follow the shelves. 

5.2.1 Making Turns  

It has been tested that the robot can go on a straight line without veering off. It is required to 

implement a code using the available methods in which the robot turns at a desired angle. Before 

explaining the procedure for making turns, it is important to define incremental shaft encoder 

ticks that is used for making turns.  

In Koala robot, every wheel is connected to a DC motor. An incremental encoder is placed on 

the motor axis and gives 100 pulses per revolution of the motor [6]. This means 5850 pulses per 

revolution of the wheel or 22 pulses per millimeter displacement. These values are mentioned in 

the datasheet of the Koala robot; however, the actual number of pulses depends on the surface 

area. A more accurate result of these pulses can be calculated for AUD libraryôs surface. From 

now on, we refer to pulses as ticks. The steps for calculating the exact number of ticks and 

making a 90 degree turn to the right are described here:      

The angle of rotation is measured by determining the incremental shaft encoder ticks for one 

complete wheel revolution, which is found to be 5783 ticks for ground surface of the AUD 

library. By measuring the radius of the wheel to be 4 cm, the displacement of the robot for one 

rotation is 2*p*4 = 25.133 cm. This means that for every 25.133 cm, the shaft encoder ticks will 
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be equivalent to 5783. Knowing that the width of the robot is 31.5 cm, while keeping one of the 

wheels of the robot at 0 speed, the other wheel has to travel a distance of ɗĬ31.5 cm, where unit 

of ɗ is in radians. This is equal to ˊ/2Ĭ31.5 = 49.48 cm for 90 degree turn. The corresponding 

shaft encoder ticks is (49.48*5783)/25.133 = 11385 ticks for a full 90 degree turn.  

The same procedure can be used to determine the number of ticks for turning with any angle. In 

this project, there are only two turns: 90 degree turn and 180 degree turn. Using the same 

procedure, the number of ticks for 180 degree turn is found to be 22770 ticks. 

Incremental encoder ticks is used to make the robot straight after getting close to the shelf. After 

the robot is aligned in straight line, it moves forward with constant speed. The methods used for 

implementing this program are as follows: 

¶ mot_get_position(motorNb) 

o This method is used to know the number of ticks of shaft encoders that motor 0 or 

1 (left or right motor) have performed since boot.  

¶ mot_new_position_2m(position1, position0) 

o This method assigns a specific position to the robot and the robot will move 

according to the amount mentioned in position1 and position0. Note that the 

values given to the two parameters are number of ticks of shaft encoders that 

indicate number of times the wheel should rotate in order to reach the position 

given. 

¶ mot_new_speed_2m(speed1, speed0) 

o This method sets the speed of two motors. The unit of speed is 0.03 mm/10 ms. 

¶ mot_stop() 

o This method stops motors of the robot. 
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¶ tim_get_ticcount() 

o This method returns the time in milliseconds at which the robot has been on since 

it was first started. In this project, this method is used as a reference of time when 

we want to run a specific task in the robot for a certain amount of time. 

The flow chart of the shelf following method is shown in Figure 8. The shelf following code is 

provided in Appendix B.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 - Shelf following flowchart 
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5.3 Moving Outside Shelves 

This technique is used to guide the robot in parts of the library where there are no shelves. The 

program developed for the guiding of the robot knows when the last shelf finishes. Then the 

program goes into the óTape Following Methodô (described below). When the robot moves 

outside the shelves, it will start following a black tape and will adjust itself using two light 

sensing circuits along with a LED circuit which are installed under the robot. This tape following 

method can be used to guide the robot to any place in the library. In this project we will use the 

tape following to guide the robot to the circulation desk in the library. The description of the 

light sensor circuit is provided in the next section.  

5.3.1 Light Dependant Circuit (LDC) 

 

Figure 9 - Light dependent resistor 

The objective of this circuit is detecting the light intensity. This sensor used in this circuit is 

called óLight dependant resistorô which is only sensitive to light frequency. The sensor can be 

seen in the Figure 9. This circuit can also be used to detect distance of an object due to change in 

light intensity as an object approaches.  
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Figure 10 - Light dependent circuit 

The circuit components as seen in Figure 10 include a Light Dependent Resistor (LDR), Variable 

Resistor (VR), resistors, NPN transistor, diode and a relay. LDR is an electronic component 

whose resistance decreases with increasing incident light intensity. In this circuit, the LDR and 

VR are connected across the 12-V source. The principle of voltage division is used; the node 

between them is connected to a resistor. When the light intensity is high the resistance of the 

LDR is low. More current flows to the resistor that is connected to the base of the transistor. This 

switches the transistor ON, which connects the relay across the 12-V supply, thus turning it ON. 

The NPN transistor is used as switching device, which switches the relay ON or OFF. The relay 

has a secondary circuit that sends analog input to the robot when it is switched ON or OFF. 

The secondary circuit provides with 3 V when the relay is ON, and 0V when the relay is OFF to 

the analog input of the robot.  

5.3.1.1 Definitions  

¶ NPN Transistor: electrical component that controls large voltage/current from a small 

voltage/current [14] 

¶ Relay: electrical switch that opens and closes according to a control circuit  

¶ LDR : light dependant resistor; resistance increases as light decreases 

¶ VR: variable resistor; resistance is changed manually 

http://en.wikipedia.org/wiki/Electronic_component
http://en.wikipedia.org/wiki/Electrical_resistance
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5.3.1.2 Discussion 

 

Figure 11 - Light dependent circuit schematic 

Light dependent circuit is very sensitive to changes in light. In this circuit, we can change the 

threshold (high or low sensitivity to light) by varying the variable resistance. The variable 

resistance acts as a reference point. A certain voltage is across the VR, and only when the 

voltage across the LDR falls below that of VR the relay switches ON. The circuit schematic can 

be seen in Figure 11. The LDR resistance varies from 15K ɋ (bright ï more light) to 500K ɋ 

(dark ï less light).  

The two scenarios are explained below: 

Dark (when less light reaches the LDR): 

 

Figure 12 - Light Dependant circuit schematic when dark 
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In the Multisim software, the LDR cannot be modeled. Therefore, in Figure 12 we have replaced 

it from a 500 kɋ resistor, denoting that it is dark. The resistance of VR can be changed manually 

between 1 kɋ to 47 kɋ depending on the user. Then we connect a 1 kɋ resistor between the two, 

resulting in a voltage divider circuit. The 1kɋ resistance is connected to the base of the NPN 

transistor. The collector of the transistor is connected to the relayôs negative terminal. The 

emitter of the NPN transistor is connected to the ground. The relayôs positive terminal is 

connected to the positive 12-V. The relay switches on only when 12-V appears across its 

terminals. The transistor acts like the switch, whenever it gets a base voltage of 0.6-V, the 

collector is connected to the emitter which provides 12-V across the relay, thus turning it ON.  

Otherwise the relay remains OFF. 

The most important component of this circuit is the voltage divider. When the voltage across the 

LDR is high (i.e. the resistance of LDR is high at dark) the relay switches OFF. This is because 

the current becomes very low, the current at the base of the transistor is low, i.e. the voltage at 

the base is less than 0.6-V. The voltage across the relay and the base can be monitored in Figure 

13. 

 

Figure 13 - Voltage across the relay on Multisim 
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Bright (more light at the LDR) : 

 

Figure 14 - Light Dependant circuit schematic when bright 

In Figure 14, we have replaced the LDR by a 15 kɋ resistor. When there is sufficient light at the 

LDR or the object is far from the LDR, the resistance is 15 kɋ. This allows more current to the 

base of the transistor. When the voltage at the base equals 0.6-V the transistor switches on 

allowing current to pass through the collector to emitter. Then the relay switches on.  

In Figure 15, the channel A shows the voltage across the relay i.e. 12-V and the channel B shows 

the voltage at the base i.e. 0.6-V. 

 

Figure 15 - Voltage across the relay on Multisim 
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The variable resistor acts like reference for the threshold (sensitivity to light) of the circuit. When 

the VR is 25 kɋ, the relay switches ON, when you cover the LDR from 2 cm range. When the 

resistance of the LDR decreases below the 25 kɋ, more voltage is across the VR, more current 

flows to the base of transistor, the relay switches ON. In this project, the LDR circuit is mounted 

under the robot. Therefore a range of 2 cm is required only. Checking practically, the VR should 

be 25 kɋ for the LDR to perform at this range. 

The soldered circuit can be seen in Figure 16. 

 

Figure 16 ς Soldered LDR circuit 

Without the secondary circuit, there is no use of the LDR switching circuit. The relay isolates the 

primary circuit from the secondary. The primary circuit is the control circuit i.e. the óLight 

Dependant Circuitô, and the secondary circuit will be input to the analog input of the robot. 

The benefit of using a relay is that the control circuit has nothing to do with the secondary 

circuit. If there is a problem with the secondary circuit or short circuit, the control circuit, i.e. the 

primary circuit will not be affected as it is isolated from the secondary circuit. 
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But in this project the secondary circuit is not required for a heavy power circuit; rather it is used 

only to give 3-V to the analog input (once the relay turns ON or the analog input receives a 0V). 

The secondary circuit is shown in the Figure 17. 

 

Figure 17 - Secondary circuit schematic 

5.3.2 LED Circuit   

The LED circuit is shown in Figure 18. The LED is connected besides the LDR sensor; we will 

be using the principle of light reflection. This will be discussed in the óTape Followingô section.  

The LED used in this case are the 1N4001, and the maximum current they can take is until 

30mA. Therefore a 400 ohm resistor is places to make sure that each LED receives less than 30 

mA. 

 

Figure 18 - The LED circuit schematics 
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5.3.3 Tape Following Method 

This method will be used to control the robot outside the shelves. A black tape is put on the floor 

to guide the robot around the library. The tape following method is used for the following cases: 

¶ From the circulation desk to the first shelf in library. Initially the robot will be placed by 

the user on the black tape track, which will guide the robot to the first shelf in the library. 

¶ Then the robot will move across the shelves using óWall Following Methodô and read the 

RFID tags.  

¶ When the robot leaves the last shelf in library, it will follow the black tape track to reach 

the circulation desk as shown in Figure 19. 

 

Figure 19 - Shelf following followed by tape following 

The width of the tape will be equal to the distance between the two LDRôs i.e. 4cm in this 

project.  
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5.3.3.1 Discussion  

Two light sensing circuits are installed under the robot as shown in Figure 20 along with the light 

emitting diode (LED) circuit. One of the sensors will be installed on the right, the other will be 

installed on the left, and the LEDs are installed in the middle under the robot which will reflect 

light to the 2 light sensing circuits. 

 

Figure 20 - Two light dependant circuit installed under the robot 

In the Figure 21, you can see the down view of the robot and the actual locations of the two light 

dependant circuits and the LED circuit. 

 

Figure 21 - Bird view 
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The two analog circuits will be to constantly sending analog input to the robot to state whether it 

is moving in a straight path or not. As long as the robot is moving in the direction of the tape, it 

will be moving in the intended path. If the robot goes off course, one of the sensors sends a 

analog input to the robot implying that the robot has moved off course. Then the program that 

has been uploaded to the robot, will order the robot to get back into the desired direction by 

following the tape as explained below. 

 

Figure 22 - Light sensors/ LED circuit and principle of reflection 

The objective of the circuit is to receive the light that is reflected from the LEDs as shown in the 

Figure 22. While following the black tape path, the LED light is not reflected back to the sensors. 

This is because black tape absorbs the incident light, and there is no reflection. Therefore, both 

sensors are OFF, the secondary circuit sends 0V via the analog input1 and analog input2 of the 

robotôs microcontroller. When the robot is deflected from the black path, the LEDs incident light 

is reflected to a sensor. Then one of the sensors turns ON. Then the secondary circuit will send 3-
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V to the corresponding analog input. Then the program will order the robot to turn in a specific 

direction to fix its path.  

Non-ideal situation means that the robot moves off track. Initially, the user has to keep the robot 

at a primary point on black tape path from where the robot starts to move towards the first shelf. 

The user might not have kept the robot exactly straight which can result at an angle of deflection.  

When the shelves in the library are read, then the robot gets back on the black tape path, may be 

the initial position is not straight, rather it approaches the tape with an angle of deflection. When 

the robot is turning at a gentle or steep curve, the robot moves out of the path. It gets deflected 

and therefore, the team developed six scenarios, and found a solution to each as explained in the 

sections below and the óflowchartô section.  

During the correction, the process may overshoot, this will result in a very uneven path taken by 

the robot. Instead of the robot moving straight on a straight path, the robot will take a ózig ï zagô 

path till it reaches the destination. 

The six scenarios are considered below: 

5.3.3.2 Both Sensors on Tape 

This is the ideal scenario, in which both the motors have same speed. The robot moves in a 

straight direction. This case is shown in Figure 23. 
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Figure 23 - Moving in straight line 

5.3.3.3 Right Sensor out of Tape 

When the right sensor gets out of the path, reflection changes and the sensor turns on. Now it 

sends 3V to the analog input1 of the robot. The program checks for this condition and then 

determines that the robot should move toward the left to follow the path. The command used is 

new_mot_speed_2m(20,10). The speed of the right motor is increased until the robot is back to 

its track. This scenario is shown in Figure 24. 

 

Figure 24 - Deflecting to right 


