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Abstract 
“Books open your mind, broaden your mind, and strengthen you as 

nothing else can.” Smart library assistant is a robot which will help the 

library management and record keeping easy. This method will say adieu 

to manual book keeping of records. Also saves time and money which are 

considered to be prestigious. Smart Library assistant would help to allow 

long term benefits to library in traceability and security fast transaction 

flow for the library. 
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1. Introduction  

A library is an assemblage of sources, books, knowledge, services and the 

structure in which it is housed. It has materials arranged in a particular order 

according to library classification system, so that materials may be placed 

quickly and browsing can be made efficiently. Primary tasks in library 

management include the arrangement of materials, arranging the materials 

according to the library rules, monitoring of books, patron embracing of 

materials, and monitoring and developing library computer systems. The main 

problem that these existing libraries face are mis-placing the books which leads 

to some confusions in library. RFID reduces the costs spent towards library and 

increases the time that the person working in the library to spend with punter by 

enabling automatic material  handling at checking, theft deterrence, book 

sorting, collections inventories etc. 

2. Proposed Method 

All the books in the library are provided with a unique identification number. 

The RFID receiver, RFID tags, RFID transmitter, Microcontroller, ultrasonic 

sensor, IR sensor. Accelerometer is placed in the Robot. First the reader is 

stored with the database (i.e., identification number of all books in library). 

Once the Tag is shown to the reader, it reads the tag and finds the identification 

number and start searching the book in the shelves. As soon as it finds the book, 

the robot starts moving from one node to another node and achieve the shortest 

path to reach the particular shelf in which the book is either placed or picked. In 

order to check the linearity of the robot we use accelerometer which makes the 

robot to travel in straight motion. Thus the robot picks the desiredbook and then 

by following the node to node path, reaches the librarian and delivers the book 

to him. 

3. Proposed System 
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Slider Crank Mechanism 

A slider-crank linkage consists of four-bar linkage with three revolute joints and 

one prismatic   joint. The follower arm, that is the linkage that connects the 

crank arm to the slider, connected to a pin in the center of sliding object. This 

pin is considered to be on the axis of linear movement. Thus an in-line crank 

slider, the pivot point of the crank arm must be in-line with this pin point. 

The stroke of this in-line crank slider is defined as the maximum linear distance 

which is travelled by the slider between the two extreme points of its motion. 

With an in-line crank slider, the motion of the crank and follower linkage 

is symmetric about the axis which is sliding.  
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Roller Screw Mechanism 

A roller screw is an  actuator  which is same as that of a ball screw that uses rollers as 

the load transfer elements between  screw and nut instead of balls. The rollers 

are threaded but may also be grooved by depending upon the roller screw type.  

The main advantage is, it provides more bearing points than ball screws within a 

given volume, roller screws can be made more small and compact for a given 

load capacity while providing similar efficiency  i.e.75% to 90% at low to 

moderate speeds and maintain relatively high efficiency at high speeds. Roller 

screws can passed through the ball screws in regard to positioning precision, 

acceleration, load rating, speed, rigidity and lifetime. 

X Axis Setup 

X axis motion is actuated by means of roller screw mechanism. The entire Y 

and Z axis setup rests among this setup and this motion requires more precision 

and accurate position control. That is why roller screw mechanism is used. It 

consists of two glide rails fixed to the base acrylic sheet thus reducing the 

loading on a single glide rail and effort required by the motor. 

Above the glides, Y axis and Z axis setup is fixed to which the nut is attached. 

The long aluminium screw is fixed to the shaft of the motor through the nut 

fixed to the Y axis setup. Now when the motor rotates, y axis setup slides over 

the glide rails as the nut tends to move on rotation of a fixed screw. 
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Y Axis Setup 

Y axis setup consists of a glide rails which is fixed vertically on the X axis 

slides. This is actuated by slider crank mechanism. Slider crank mechanism 

requires three revolute joints and one sliding joints. One sliding joint is 

provided by means of the glide rails. Servo motor is used as an actuator. A 14 

cm long aluminium strip is fixed to the servo gear forming the first revolute 

joint. Now other strip of length 18 cm is pivoted to the other end of the previous 

strip. The latter strip is pivoted to the one end of the sliding joint. Now if the 

motor rotates, the Y axis motion can be achieved in which the height varies 

according to the servo angle. 

Z Axis Setup 

Z axis setup also consists of a glide fixed orthogonal to both Y axis and X axis 

setup on the Y axis setup.  As the Y axis setup, it is also actuated by means of 

the slider crank mechanism driven by the servo motor. It consists of 7 cm 

aluminium strip pivoted to 11 cm aluminium strip at one end and to the servo 

gear at other end. The latter is pivoted to the glide rail thus fulfilling the setup 

required. 

Gripper 

Gripper is used to hold the book with its fingers. Gripper consists of two 

fingers. Among those two fingers, One is fixed and other is movable finger. The 

movable finger is connected to the glide rails and moved by roller screw 

mechanism driven by DC motor. Screw is connected to the DC motor shaft 

through the nut which is fixed to the movable finger. When the motor rotates, 

the movable finger moves thus tightening the hold on the book. Gripper is fixed 

on the Z axis slider. 

4. Robot Mobility Mechanism 

Motor driver L293D is used to drive DC motors. 4 DC motors are used for 

moving the robot. One L293D driver is capable of driving 2 DC motors. Input 

supply for the driver is given by the rechargeable battery. Digital PWM pins in 

the arduino board is connected to the driver  enable signal which is used to 

control the speed of the motor. Thus, speed of motor can be varied by giving 

PWM input from arduino and hence the speed of the robot. Input pins of the 

L293D IC is connected to the digital pins of the arduino. By giving appropriate 

input to the motor driver, motor can be made to rotate in both the directions. By 

giving inputs to the motor drivers as shown in the lookup table below motor 

direction can be changed. Output pins of the driver is connected to the DC 

motor.  By giving signals to the input pins, output signals of the driver thus 

direction of rotation of motor and speed of the motor can be varied. Enable pin 

of the corresponding output side should be high during the operation  

IR Sensor 

IR sensor is used to detect the node. It is supplied by means of +5V of the 
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Arduino and GND of the sensor is connected to the gnd of the Arduino. Output 

pin of the IR sensor is connected to the digital input pin of the controller. Three 

IR sensors are used in order to identify the node and giving the corresponding 

signals according to the node to the controller depending on which the 

controller drives the motor. When all of the three sensors are not detected, robot 

will move in the stop and do the corresponding action depending on the 

situation entitled by the program.  

The following lookup table specifies the possible sensor input configuration to 

the arduino and its response for controlling the direction of motion.  

IR Sensor Output and Robot’s Mobility (forward) 

Robot motion is achieved by controlling the motor driver which in turn drives 

the motor as said earlier. 

ARM Actuation  

Arm of the robot consists of three axis motion which helps the robot to pick and 

place the book in the appropriate shelf. These motions are achieved by means of 

slider crank mechanism and the roller screw mechanism. 

IR Sensor Output and Robot’s Mobility (Reverse) 

Left 

 IR 

Center 

 IR 

Right 

 IR 

Movement 

0 0 0 Count=1 Turn left or right based on read value 

Count=0 Stop and begin 

Count= -1 Stop and wait while charging 

0 0 1 Turn left if count =0 

0 1 0 No action 

0 1 1 Turn left 

1 0 0 Turn right if count=0 

1 0 1 Reverse 

1 1 0 Turn right 

1 1 1 No action 

Left 

 IR 

Center 

 IR 

Right 

 IR 

Movement 

0 0 0 Count=1 Stop and pick book 

Count=2 Turn left or right according to read value 

Count= 

read value 

Stop and place book  

0 0 1 Turn left if count =read value 

0 1 0 No action 

0 1 1 Turn left 

1 0 0 Turn right if count=read value 

1 0 1 Forward 

1 1 0 Turn right 

1 1 1 No action 
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Arm Actuation  

Arm of the robot consists of three axis motion which helps thee robot to pick 

and place the book in the appropriate shelf. These motions are achieved by 

means of slider crank mechanism and the roller screw mechanism. 

X Axis Motion  

X axis motion is for placing the book in the unoccupied or pre-denoted place 

after identifying the correct rack. This motion uses roller screw mechanism 

which is actuated by means of a DC motor. The motor shaft is connected to the 

screw which on rotating helps the other part of the arm connected to the screw 

to move along the glide rails. Thus by controlling the speed and operation of the 

motor, the linear motion of the arm can be controlled. This will allow the robot 

to place the book in the correct place in the identified shelf. Additional hall 

sensor for position measurement can also be used instead of random algorithm 

for accurate positioning. 

Y Axis Motion 

Y axis motion helps the robot to vary its height so that the book can be placed in 

the racks at different heights in the identified shelf. This motion is achieved by 

means of the slider crank method that consists of three revolute joints and one 

sliding joint. Sliding joint is provided by the glide rails and the revolute joints 

are achieved by means of pivoting two Aluminium plates.  

One of the revolute joints is connected to the servo motor gear. When the servo 

motor rotates the revolute joints tends to rotate and make the sliding joint to 

slide. Since the glide rails are vertical, the height of the robot arm varies by 

converting the rotational energy to potential energy through linear motion 

transformation. Servo motor is powered by means of rechargeable battery and 

controlled by means of PWM signals from the arduino. 

Z Axis Motion 

Z axis motion is achieved in similar means of Y axis motion with the help of the 

slider crank mechanism and the servo motor. It varies in the fact that its motion 

is restricted to two position. When the servo motor is at Zero degree, the Z axis 

arm having the gripper will be small in order to prevent its arm from the library 

shelves. When the position of the book to be placed or to be picked is identified, 

servo motor angle should be changed to 180 degree in order to place the book 

well inside the shelf and to pick the book from the shelf. This servo is also 

powered by rechargeable battery and controlled by PWM signals from the 

controller. 

Gripper Mechanism 

Gripper is the most important functional element of the robot which picks and 

places the book in the mentioned shelf and forms the housing for the book 

identification circuit. Gripper consists of two plane plates which acts as fingers. 

One plate is fixed and the other one is variable finger which is moved by means 
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of the roller screw mechanism. The variable finger is attached to the linear glide 

rails and to the nut through which the screw rotates. The grip tension can also be 

increased by means of using the springs. 

Book Identification 

Each book can be identified by means of its unique RFID tag placed inside it. 

The RFID reader is placed in the gripper which is a coil that can read the signals 

and transmit to the reader IC which will decode the data and send it to the 

arduino which will compare it with the list of books in the database and 

acknowledges its position. Then the controller drives the robot in such a way to 

attain the shelf in which the book belongs to. After reaching the shelf, controller 

controls the arm to position the book in the exact rack and position it belongs to. 

5. Future Scope 

Camera can also be installed in the robot in order to monitor the whole library 

which will be very useful thus by avoiding theft.  

Single-Chip Voice Recording and Playback Device can be implemented. The 

APR9600 device offers true single-chip voice recording, non-volatile storage 

and playback capability for 40 to 50 seconds. The device supports both 

sequential and random access of multiple messages. Thus by enabling this, it 

can instruct the library users, welcome the library user by providing a welcome 

note which gives a sense of gratitude to them. 

With the help of sensors more advanced than the ultrasonic sensor   Automatic 

mode of operation can be improvise. 

6. Conclusion 

In this paper, the proposed system gives the result of finding the books in the 

library automatically. Misplacing of the books can be avoided easily in this 

method. It reduces the librarians work. With the proposed architecture, if such a 

system is developed, it will act as a basic platform for the generation of more 

such robots for the book picking in an efficient way in most of the libraries. We 

can also make the robot to go near the place and make the robot to pick the 

book for physically challenged users. 
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