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1 Introduction
1.1 Objective
This report dexribes in detail all designs atakskshave been accomplishéat the Robot RFID

Library System senior designgpect.

1.2 Problem Statement

The library of American Uniersity in Dubai (AUD) implementisar code system to check the
books in/out, aneémployselectromagnetic tag for security system. However, there is no system
by which the books that are oot shelves buhot checked outan be located. To find these

missing books, a librarian has to check allkson the shelves and compare theste list of

books in the library. This process takes a lot of time and might be with human error. Therefore,
there is a neefibr 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 willimplement a system f@utomatng the book monitoringrocessisingRadio
Frequencyidentification (RFID).Each boé& will have an RFID tag.An RFID reader will be
attached t@robot. The robot is used to cartlge RFID reader through shelves in the library.
There are sensors installedtbe robot such as light sensordinfraRed (IR) sensotthat have to
be programma to guide the robot and prevent it from goingtoéick. The RFID readewill
check all the booksnthe shelvesDuring the monitoring process, datateredin thememory
of the readerThe base station is a RRat contains all the coding ftreroba operationlt also

contains the database of the books in the library. Once data isméatbred in theeader a



database will be createdn t h e r e awhiehindliedes &l ®aulks that arenthe shelves
This database sansferred to base $tan andcompared with the library databa8s. usingthe
Library Robot RFID Systenmwe can keep track @ookson shelves and finthe missingoooks

in the libraryby comparing this database witle original library database



2 High Level Architecture of Library Robot RFID System
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Figurel - High level architecture of the system

Figure lillustrates the high level architecture of the system. As is showheidiagrama robot

that is wirelessly connected tioe base statiois programmed to movin the library. The
programming is done in the badet®n. Once the code is compiled, it is seuelessly by a pair

of Bluetooth adaptert® the robot for operation. Thwreless connection betweéme robot and

the base station is esllished by a pair of Bluetooth adaptéree movementf the robotis
controlled by sensors attached tanid some other functions suchimsementakncoderpulses
(ticks) that will be explained lateiThe IR sensors guide the robot to get close tghké/es and

turn when it is needed. The light sensor is used to guide the robot where there are ndghelves
specifying the path by black tapko start the movement, the librarian has to ckt on the
webpageThe robot sends back its position ahd travelled path is displayed on Graphical User
Interface (GUI) in the base statiohn 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 readsand stores these

3



IDs. Alog file of theon-shelfbooks iscreated n  t h e r e a@neeatldesnonitogingo r y
process is done, the log file is transferred manumilgonnecting the USB cable to the base
station and saving the log file in the base statiothebase statiorthe librarian must click

Brow= to locate the log file. Thenhe log file is compared with the library database and a table

is created listing the missing books.



3 Team Organizational Structure

3.1 Ibrahim Diab
Ibrahim Diab is enior in Computer Engineering with am@ntration in hardwarédis main
responsibility is:

9 Database

3.2 Osama Shuaib
Osama Shuaib issior in Electrical Engineering with concentratiorpower and
communicationsHis main responsibilities are:
1 Communicabn of robot withbase station by usirgjuetoothadaptersand
communication between RFID reader and base station by USB cables
1 Hardware design dhpe following circuit along with programming

1 Hardware design oktnperature sensing circaitong with programming

3.3 Saeid Samadi
Saeid Samadi iesia in Electrical Engheering with concentration inogver and
communicationsHis main responsibilities are:
1 RFID readeresearch andesign
1 Design and programming shelffollowing method usindgR sensors on robot and
incrementakhaft encodeticks

1 Purchae of RFID reader and tags

3.4 Toufik Zitouni

Toufik Zitouni is senior icComputer Engpeering with concentration im#edded systems.



Learning about the robot and its overall programming
Developing gaphial user interface
Webinterfacing

Database



4 RFID System

An RFID system is a wirelesdentification method based on radio waves. This identification
takes place through the useanf RFID readeandan RFID &g that contains a unique.lDsing
this systemitems can be read or tracked with minimal humarrvetation. This enables high
speed item tracking with minimal errdihese aspectsave attracted conapies todeployRFID
systemdor variety of applications including product trackiagdtoll systens. RFIDs can also
be used for security arfneft systera and controlled access to buildin§sich asystem can also
be used in libraries for checkimgoks in/outas arantitheft system, andlso for monitoring the
books on the shelve$he main components of an RFID system are the tag and the, ieattier

of which are described below

4.1 RFID Tag

One of the main components of an RFID systethe®RFID tag.TheRFID tag is composed af
chip and an antenn&ach tag hasanique ID that is read by the reader. This ID is stored in

c hi p 6 s ofnegy Whentiie chip is energized, the data stored is encoded, modulated and

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

Chip

Figure2 - RFID tagl]

Theway tags get energized depends on the type of thesthas described next.



4.1.1 Active Tags

Active tags have their own battery that energizes the chip.

4.1.2 Passive Rgs

Passive tags get their power from the reader. The reader geresigteslat a certain frequency

and transmits it t hrmenngraceitedtiissmmaltardmAQ aoltageliche t ag
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, modulat and transmitted through the antef® signal of transmitted data is called

backscattering signah 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 psofgettronic
Product Code Generation 2 RFID tag or in short, EPC Gen Zltage are two different types of
this tag: class 0 and class 1. Class O is-oedg tag where the reader can only read the ID of the
tag. Class 1 tag is readrite tag where the reader canaalsgrite to the tag. The tag used is class
1 tag that enables the user to write to it. EPC standard has it® umimibering system as shown

in Figure 3

Header Object Class

Figure3 - EPC numbering system

The standard numbering system for EPC tagpists of 24 hexadecimal dig[td. The first two

digits are header. This identifies the length, type, structure, version, and generation of the EPC



tag. The next 7 digits are EPC Manager Number that is responsible to identify the manufacturer.
Each compny 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 digéggas 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 issed toenergize passive tags ateicode data from the The RFID reader is
composed of two sections: the transmitting section and the receiving section. The transmitting
section sends the signal throughantenna to activate the passive tag. The rewgisection

detects the backscattering signal from the tag and demodulates and decodes thdtsignal.
several problems were faced during developing RFID reader, the group decided to purchase a
readymade RFID readeihe description of the RFID readersiign and the encountered

problems are provided in Appendix®he RFID readeusedin this projecis MC9090G

handheld RFID reader from Motorada shown in Figure.4

Figure4 - MC9090G handheld RFID reader



Thisis aUHF reade that operates at 865.7 MHz to 867.5 MHz frequency bahd nominal
read range is 0.06m to 3m. The range depends on some factors such as the ttag usse:nce
or absence of radio interferen@nd the alignment of the reader with respect to thi2{ag

The main features of interest about this reader are as fdiRjws

1 High read range (approximately 3 meters)

1 Anti-collision data read

1 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 isdts|esndin

data read. Since the books in the library are placedolese to each other, the tags are also in
proximity of each other. When the reader transmitetiegizingsignal, there are many tags
activated and transmit the data at the same time. For the reader to receive data accurately, it must
receive signalrbm one tag at a time. In order this to happen, the reader must-selasiton.

For the reader to be astollision, it has to follow a certain algorithm when reading data. The
algorithm for this reader is called EPC Gen 2 basedcaitiision algorithmthat is based on
probabilistic slotted Aloh§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 readeris based on a Pocket PC arwines with Windows 5.0 operating systdnhas

softwarethat can scan RFID tags.

10



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 righel§to the robot. In order to start scanning process,
librarian has to set the readerREID scanmode. Therefore, the reader is continuously scanning

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

11



5 Robot

The robot used in this projeis Koala robot that comes fromt€am Corporation based in
Switzerland. This robot is provided tioe groupby electrical and computer engineering
department aAUD. Snce the start of the proje¢he grouphasbeenstudyingdifferent
functionalities ofthe robotPrimarily, we were interestad 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 manufactureidtoyola.

Forthis project,it is not requiredo 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 beeatee in experimenting with

different system calls available in the Koala BIOS bodlgtThe software that is used to

compile and run the program is called KTProject thavailable in Kteam website [p This

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

Then, in order to run the programisfirsts ent t o t he r oéandthenstartmi cr oc on
operating.The robot is connected to a wireless Bluetooth adapter that is paired with another
Bluetooth adpter orthe 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).

12



5.2 Moving among the $helves

This is the methodusedfdre r obot to move among shel ves.

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

robot follows this path in the following order:

T
)l

1
1

Follows the shelfength

Takes a 90 degree turn
Follows the shelf width

Takes another 90 degree turn
Follows the shelf length

Takes a 180 degree turn-(urn)

This process repeatsturall shelves are travelled.

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

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

Start

1 1

Vig Ve A 4
Figure5 - The travelling path among the shelves
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There are 16 IR sensors in this rodagure6 shows the nmber and positions dese sensors
Left sensor@arenumbeedfrom 0 to 7 and right sensors from 8 to 15 in the chtie.sensors are

read insequentialvay every 2.5 ms. So each sensor is read every 20 ms.

Sensors left LO to L7 Sensors right RO to R7

~Ln Lo

RO, Rl "

1
/ iz Lo | a2 m RY
Za. ! T A
£ e ! B O\
f " | \ ".
| | | |
[ Top view sl |
I'\_j "G op vievs )| )
f | \
] \
| |
|‘. l‘ = ! ’}&'I/I'
ﬁ'L" | i
[ | a
L] . | ]
22y 7 |
\_ 1\\1\_6, == ! = ‘Rf’//', p,
i

Figure6 - Number and position of IR sensors

The IR sensor used in this robot is TSL252 light to voltage optical sd@ifsse sensors contain
light emitting diode and a receiver. The block diagram of the receivin@ftiis sensor is
shown in Figure 7The output voltages directly proportional to the light intensity on the

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

Voltage
Output

Figure7 - IR block diagrani8]

This sensor measures the light reflected by obstafttkrsemitting light. It measures the

difference between the reflected light and the light measured withouehghksion (ambient
14



light). Output of each measurement is an analogue value that gets converted to digital value by a
10 bit Analogue to Digital (A/D) convertdy t he r ob ot 6.3hemiuroedvatueist r ol |
ideally O 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 LO, L1, L2, RO,Rand R2 are used to detect an obstddie.robot stops ithere is an

objectin approximately 10 cm range. The exact range of detection depends on the color and
material of the object. Sensd®8, R4, and R5 are used to follow the shelves

5.2.1 Making Turns

It has been tested that the robot can go oragght line without veering offit 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 importardedfine 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 pudgger revolution of the motor J[6This means 5850 pulsesr
revolution of the wheel or 22 pulses per millimeter displacement. These values are mentioned in
thedatasheet of the Koala robdiowever, the actual number of pulses depends on the surface
area. A more accurate result of these pulses can be calculdteo r A UD | i braryds s
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 incremeafélesttoder 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 = 25133 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, t hwheeurdter whe
of d is in radians. This is equal to ~/2131.5
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 dbtitk®ing 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.
Incrementaéncoder tickss used to make the robotaght after getting close to the shelf. After
the robot is aligned in straight line, it moviesward with constant speetlhe methods used for
implementing this program are as follows:
1 mot_get_position(motorNb)
o This method is ugkto know the number ofdks ofshaft encoderthatmotor O or
1 (left or right motor) have performeihce boat
1 mot_new_position_2m(positionl, position0)
o This method assigns a specific position to the robot and the robot will move
according to the amount mentionedowsitionlandposition0.Note that the
values given to the two paratees are number of ticks ehaft encoders that
indicatenumber of times the wheel should rotate ineoritd reach the position
given.
1 mot_new_speed_2m(speedl, speed0)
0 This method sets the speedwb motors. The unit apeed is 0.03 mm/10 ms.
1 mot_stop()

0 This method stopsiotors of the robot.
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1 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 isdias 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 shifollowing method is shown in Figure &he shelf following code is

provided inAppendixB.

Stait/:<

Get all IR
sensor values

Front sensors

Robot stops
detect obstacle

Align the robot
Robot turns

Front sensors
detect obstacle

Front sensors
detect obstacle

Get close to shelf

Front sensors
detect obstacle

Get away from shelf ||

Figure8 - Shelf following flowchart
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5.3 Moving Outside Shelves

This techniqués used to guide the robot in parts of the library where there are no shidieges
program developed for the guiding of the rokiwows when the last shelf finisheShen the
program goes into the &é6Tape Foll owing Methodd
outside the shelves, it will start following a black tape and will adjust itself using two light
sensing circuits along with a LEDrcuit 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 toguide the robot to the circulation desk in the librarye description athe

light sensor circuit is provided in the next section.

5.3.1 Light Dependant Circuit (LDC)

CDS Photo-cell
or LDR

5 mm dia.

-

(light Dependent
resistor)

Figure9 - Lightdependentresistor

Theobjective of this circuit isletecting the light intensityrhis sensor used in this circuit is
caled o6Light dependant resistord whnsocdanhes onl vy
seen in the Figure. This circuit canalsobe used to detedistance of an object due ¢bangan

light intensity as a object approaches.
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Light \
Vs 12v Dependant \
(from Resistor

Robot ) (LDR) 1 K Ohm

== IPH transistaor
e 20222

T

Variable Resistor

8 =10k Ohm To the Analogue Input of Robot

Figurel0- Light dependent circuit

The circuitcomponentss seen inigure10include aLight Dependent Bsistor (LDR) Variable

Resistor (VR), resistors, NPN transistor, diode and a re@RR is anelectronic component

whoseresistancelecreases with increasing incident light intenditythis circuit, the LDR and

VR are connected acr@she 12V 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 connecteded#éise of the transistor. This

switches the transistor ON, which connects the relay across-tesd@ply, thus turning it ON

TheNPN transistois usedas switching devicayhich switches theelayON or OFF. Theelay

hasa secondary circuthat sendsanaloginputto the robot when its switchedON 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

1 NPN Transistor: electrical component that controls largetagk/current from a small
voltage/currenfl4]

1 Relay. electrical svitch that opens and closes according to a control circuit

1 LDR: light dependant resistaresistance increases as light decreases

1 VR: variable resistomesistance is changed manually
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5.3.1.2 Discussion

Figurell- Light dependent circuit schematic

Light dependentircuit is vely sensitive to changes in lighh this circuit we can change the

threshold(high or low sensitivity to lightby varying the variable resistandene 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 switchesT@al circuit schematic can

be seen irrigurell ThelLDR resistance varies fronbK  (prighti mor e | i ght ) to 50
(darki less lighj.

The twoscenariosre explained below:

Dark (when less light reaches the LDR)

LOR

-+ Oscilloscope to measure:
the voltage:acrossthe - :
transistor base and relay

2
%
==

- [2N2222A)
|5

Figurel2- Light Dependant circuit schematic when dark

20



In the Multisim software the LDR canot be modeledrhereforein Figure12 we have replaced
it from a 500kq resistor, denoting thatiis dark.The resistancef VR can be changed manually
betweenl k gto 47k q d e p enrthé usargrhem we connect &dl resistor between the two,
resuling in a voltage wider circuit. The 1k resistance is connected to the base of the NPN
transistor. The collector of the transistor is connected to thesealagative terminal. The
emitter of the NPN transistor is connected to the ground. Thesglasitive terminal $
connected to the positive A2 The relay switchesn only when 12V appears across its
terminals. The transistor acts like the switch, when#ggets a base voltage of &\ the
collector is connecteatthe emitter which provides 22 across the relay, thus turningd\.
Otherwisethe relay remain®FF,
The most important component of tliscuit is the voltage divideiVhen the voltage across the
LDR is high(i.e. the resistance of LDR is higtt dark) the relay switch&3FF. This is because
the current becomes very low, the current at the base of the transistor is low, i.e. theeatolta
the base is less than &6 The voltage across the relaydatme base can be monitored iglte
13.

| ==y T =

 [or v

Voltage across | |Voltage across the |

Relay | [|base

8-k T vt | B e |

ta3rt Save ] Ext rc.;?g
Tinebase Charnel A Crael B Tngoes

Scale B e Scale | 5 V/Dw Sl I VAW e [F 7 o

Lewed

= Tyoe Sng. | Nar. | auts fione l

Kpomtion 0

fposton O ¥ poston
i [Y acd|mmlam| | ac|ofoc & | ac| o foc -

Figurel3- Voltage across the relay on Multisim
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Bright (more light at the LDR):

Figurel4- Light Dependant circuit schematic when bright

In Figure 14 we have replaced the LDR by a 1§ k r e sWhentthere is sufficient light at the

LDR or the object is far frm the LDR, the resistance is 1§ kThis allows more current to the

base of the transistor. When tha@tage at the base equals-®¥.@he transistor switchesn

allowing currento pass through the collector to emitter. Then the relay switohes

In Figure 15, the channel A shows the voltage across the relay i-¥. dr2d the channel B shows

the voltage at the base i.e. (/6

W Oscilloscope-X5C1

| R [¥r adafwim|ami | aci o fJoc

Voltage across||Voltage across the
the Relay transistor base
Af 15
B O | oy e =
:;.r"?ﬁ T
Timebagce Channel & Channel B Troce
e mv:‘cw ek 5 Vo Scabe an ﬁ [F =" x |o]

= | sclofoc | @ rye Sng|ser. | Auto frore

Figurel5- Voltage acros the relay on Multisim
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The variable resistor acts like reference for the threqiselasitivity to light)of the circuit. When

the VR is 25kq, the relay switche®N, when you cover the LDR from@n range. When the
resistance of the LDRecreases below the R5q more voltage is across the VR, more current
flows to the base of transistdhe relay switche®N. In this project, the LDR auit is mounted
under the robofTherefore a range of 2 cm is required only. Checking practically, the VR should
be 25k qfor the LDR to perform at this range.

The soldered circuit can be saarfFigure b.

Figurel6 ¢ Soldered LDRircuit

Without the secondary circuit, there is no use of the LDR switching circuit. The relay isolates the
primary circuit from the secondar¥.he pri mary circuit is the cont
Dependant Circuit o, a niguttotheanalog mpunobitkeropot.c i r cui t
The benefit of using a relay is that t@ntrolcircuit has nothing to do with the secondary

circuit. If there is a problem witthe seondary circuit or short circuithe control circuit, i.e. the

primary circuitwill not be affectedas 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 give3-V to the analog input (once the relay turns ONheranaloginput re@ives a 0V.

The secondaryicuit is shown in the Figure 17

Secondary Circuit

Figurel7 - Secondary circuit schematic

5.3.2 LED Circuit

The LED circuit is shown in FigureB1lThe LED is connected besides the LDR sensor; we will

be using the principlef | i ght refl ection. This wil!/ be di
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 186s th

mA.

Figurel8- 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 putloorthe
to guide the robot around the library. The tape followmegthod is used for the following cases:
1 From thecirculationdesk 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.
1 Thentherobotwilmovacr oss t he shelves using 6Wall F
RFID tags.
1 When the robot leaves the last shelf in library, it will follow the black tape track to reach

thecirculationdesk as shown in Figure 19

shelf Following

Figurel9- Shef following followed by tape following

The width of the tape wild!l be equal to the di

project.
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5.3.3.1 Discussion

Two light sensing circuits are installed under the rasoshown in Figure 28long 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.

Figure20- 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.

|
!

(mﬂl\lla

Len Right |
Sensor

|

|
LED

circult |

|

|

Figure21 - Bird view
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The two analogircuits will be to constantly sendingnaloginput to the robot to state whether it
IS moving in a straight path or né{s long aghe robot is moving in the direction of the tape, it
will be moving in the intended path the robot ges off courseone of the sensssend a
analoginput to the robot implying that the robot has moved off course. Then the program that
has beemiploaded to the robotill order the robot to get back into the desired direction by

following the tapeas exjained below.

Reflected light Reflected light
fito right sensor § :

Figure22- Light sensors/ LED circuit and principle of reflection

The objective of the circuit is to receive the light that is reflected from the BEBBown in the
Figure 22 While following the black tape patthe 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 ar®FF, the secondary circuit sends 0V via the analog inputl and analog input2 of the

r o b o icrécentratler.When the robois deflected fronthe black path, the LEDs incident light

is reflected to a sensor. Thene of the sensotarns ON. Then the secondary circuit will serd 3
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V to thecorresponding analagput. Then the programwill order therobot to turn in a specific
direction to fix its path.

Nornrideal situation means that the robot moves off track. Initially, the user has to keepdhe

ata 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 approactiee tape with an angle of deflection. When

the robot is turningtaagentle or steep curve, the robot movesajuhe path. It gets deflected
andtherefore, the team developed six scenarios, and found a solution to each as explained in the
sectionsbew and the o6fl owchartodé section.

During the correction, the process may overshoot, this will result in a very uneven path taken by
the robot. I nstead of the robot movifdigagdraig
path till it reaches thdestination.

The sixscenariosre considered below:

5.3.3.2 Both Sensors on Tape

This is the idelascenario, in which both the motors have same speed. Themobet in a

straight direction. Thisase is shown in Figure 23
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Figure23- Moving in straight line

5.3.3.3 Right Sensor out of Tape

When the right sensor gets outtloé path reflection changes and tkensor turns on. Now it
sends 3V to the analog indudfthe robot.The program checks for this condition and then
determines tht therobot should move towairttie left to bllow the path. The command used is
new_mot_speed_2m(20,1The speed of the right motor is increased until the robot is back to

its track This scenariod shownm Figure 24.

Figure24 - Deflecting to right
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