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ÁHigh Level Architecture
ÁRobot

ÁShelf Following

ÁTape Following

ÁSerial Communication
ÁRFID System
ÁDatabase
ÁWeb Interface





ÁFrom K-TEAM company.
Á30x30 cm size
Á16000 shaft encoders



ÁThe robot suits our project because of:

ÁSize: small enough to go through shelves

ÁProgramming: using methods that are an 
abstraction of the low level functions

ÁSensors: Used for Wall-following and obstacle 
detection

ÁNoise: moderate noise at low speeds

ÁShape: Easy to mount RFID reader on top



ÁFollows the shelf length 
ÁTakes a 90 degree turn 
ÁFollows the shelf width 
ÁTakes another 90 degree turn
ÁFollows the shelf length
ÁTakes a 180 degree turn (U-turn)



ÁSensor values
ÁIncremental pulses
ÁPosition mode
ÁSpeed mode 

Start

Get all IR 
sensor values

Front sensors 
detect obstacle 

Right side 
sensors detects 

no obstacle

Right side 
sensors are far 

from shelf

Right side 
sensors are very 

close to shelf

Robot stops

Align the robot
Robot turns

Get close to shelf

Get away from shelf



Áɡt+1= ɡt + (drɀdl)/w where t is the time.
Ád = (dr+ dl)/2
Áx t+1 = x t + d*cos(ɡt+1)
Áy t+1 = y t + d*sin(ɡt+1)



ÁLight Dependant Circuit
ÁTape Following Method

ÁStart

ÁStop

ÁNavigating around the library



Å Scenario 1
ïDark ( when less light 

reaches the LDR)
ïRelay OFF

ÅScenario 2

ÅBright (more light at the 
LDR)

ÅRelay ON



ÁSoldered Circuit

ÁSecondary circuit provides 3V or 0V to the 
robots analog input



ÁTo reflect light to the sensor circuit
Á%ØÐÌÁÉÎÅÄ ÕÎÄÅÒ Ȭ4ÁÐÅ &ÏÌÌÏ×ÉÎÇ -ÅÔÈÏÄȭ



ÅStart
ÅStop
ÅNavigating around the library

Eg: Stop Path Ą



ÅTwo Light Dependant sensors are installed 
under the robot
ÅLED circuit to reflect light to the LDR
ÅDifference between 

them is equal to width
of tape = 4cm



ÁHow it works

ÁOn Black Tape

ǐThe incident light not reflected to the LDRs

ÁOutside Black tape

ǐThe incident light is reflected to the LDRs



ÁSeven Scenarios

ÁBoth sensor On Tape

ÁBoth sensor Off Tape

ÁRight sensor off tape

ÁThen Left Sensor Off tape

ÁLeft sensor off tape

ÁThen Right sensor off tape



ÁOn tape

ÁMotor speed right equal to motor speed left 

ÁOff tape

ÁFollows the Wall Following Method

ÁDuring Loop 

ǐGenerates Error

ǐRobot Stops



ÁRight sensor off tape
ÁFor aligning on straight path

ÁIncrease right motor speed to get back to path
ÁThen left sensor off tape
ÁFor aligning on sharp bends

ÁLeft motor reverse, right motor speed increase to get 
back to path



ÁLeft sensor off tape
ÁFor aligning on straight path

ÁIncrease right motor speed to get back to path
ÁThen right sensor off tape
ÁFor aligning on sharp bends

ÁRight motor reverse, left motor speed increase to get 
back to path



ÁProgram in C

ÁUploaded to robot 

microcontroller

ÁFlowchart



ÅStart
ïThe librarian keeps it on a initial location
ï4ÈÅÎ ÃÌÉÃËÓ Ȭ3ÔÁÒÔȭ ÏÎ '5)
ïRobot is automatically moved to shelf 1

ÅStop
ïAfter last shelf, the robot is automatically guided to 

the librarian desk
ÅNavigate around library
ïTo find misplaced books
ïExact location
ïDiscusses in Future Improvements



ÁCommunication with HyperTerminal is done 
between two devices:

ÁBase station: the PC

ÁRobot



ÁFrom the base station:

Á3ÅÎÄȰÓÔÁÒÔȱ ÓÉÇÎÁÌ ÔÏ ÔÈÅ ÒÏÂÏÔ

Á2ÅÃÅÉÖÅ ÔÈÅ ÒÏÂÏÔȭÓ ÃÏÏÒÄÉÎÁÔÅÓ

ÁFrom the Robot:

ÁSend the coordinates to the base station

Á2ÅÃÅÉÖÅ ÔÈÅ ȰÓÔÁÒÔȱ ÃÏÍÍÁÎÄ ÆÒÏÍ ÂÁÓÅ ÓÔÁÔÉÏÎ



ÁThe base station uses the HyperTerminal 
ÔÈÒÏÕÇÈ *ÁÖÁȭÓ 2Ø4Ø ÏÐÅÎ ÓÏÕÒÃÅ ÐÁÃËÁÇÅȢ
ÁRxTx is a package that uses Java classes to 

access COM ports.

ÁFor the class responsible of receiving data, a 
Thread is running all the time reading out data 
from the COM port



ÁCommunication Protocol:

ÁTo distinguish between each field sent, a delimiter 
is used. 

Á4ÈÅ ÄÅÌÉÍÉÔÅÒ ÕÓÅÄ ÉÎ ÔÈÉÓ ÃÁÓÅ ÉÓ ȰΥȱȟ ÓÏ ÁÎÙ ÔÉÍÅ 
this character is received (from base station or 
robot), the data preceding this delimiter is stored 
in the correct variable.



ÁResearch on RFID systems
ÁRFID reader and tag
ÁFrequency and Standard
ÁActive and passive tags
ÁAntenna design
ÁAnti-collision RFID reader



ÁKVL and KCL does not apply

Áʇ Ђ ÖȾÆ Ђ ɉΩ×108)/(13.56×106) = 22 m

ÁUse IC (TRF7960)



Low pass 
filter

Band pass filter Microcontroller

13.56 MHz crystal 
oscillator

Signal amplifier

Antenna coil



ÁEPC Gen 2 standard
ÁUltra High Frequency (UHF)
ÁMC9090-G RFID reader

ÁHigh read range (3m)

ÁAnti-collision


