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Abstract: Transportation is important in industry. Transportation involves moving goods from one location to another by any mode. 

For this we required a system which transports all kinds of products without human intervention. Machine to machine 

communication can be wired as well as wireless depending upon communication channel. It refers to direct communication between 

devices. Machine to machine communication can include industrial instrumentation. In the recorded data can be transferred by 

enabling a sensor or meter. In this paper, we are going to develop the communication between the shuttle car and two palletizers. A 

palletizer or palletiser is a machine which carries the load. In industry it is used to automatically arrange the cases of goods or 

products onto a pallet. Manually placing boxes on pallets can put unusual stress on workers. It can be time consuming and expensive 

task. So the automation of palletizer improves the efficiency and reduces the manual work. The conveyor belt is used for transfer the 

pallet towards the shuttle car. The shuttle car is developed to meet the demand for rapid transportation of load from palletizer to 

destination. The shuttle car is controlled through arduino UNO processor and palletizer is controlled by a texas instrument MSP 430 

controller, programmable by using the embedded coder controller. Sensors are used in shuttle car to find out the position of 

palletizer and to enable load detection. 
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I. INTRODUCTION 

Swarm robotics is coordination of multiple robot systems. 

It consists of large numbers of mostly simple 

physical robots which can perform complex task easily. In 

this paper, the concept of swarm robotics is used for load 

transfer. Here, we consider three robots for pallet transfer. 

Shuttle car are heavy duty, rubber wheeled, low profile 

vehicles used to carry load from palletizer to destination. 

Shuttle car available with optional feature such as remote 

control.  In proposed system, a shuttle car can be operated 

with the help of android application. A palletizer or 

palleriser is a machine which provides automatic means of 

stacking the cases of goods or products onto a pallet. So 

communication between these three machines is done by 

the sensors.  

A pallet is sometimes called as a skid. It is a flat structure 

used for transport that carries product or load in a stable 

way while being lifted by a forklift, pallet jack, front 

loader, work saver or other jacking device or a crane. A 

pallet is the structural foundation of a unit load which 

allows handling and storage efficiencies [1]. Product and 

transport containers are often placed on the pallet secured 

with strapping, stretch wrap or shrink wrap and shipped.  

There are different types of palletizers including the row 

forming. In row-forming palletizing applications loads are 

arranged in the form of rows. And then transfer from this 

row forming area into a layer forming area takes place. This 

process continuously repeats until a full layer of load or 

product is formed on a pallet. Sometimes for particular 

application, higher speed is needed for palletizing. So for 

that application, in-line palletizer can be used. Continuous 

motion flow divider is used in this in-line palletizer. In this, 

it guides the load or product into the desired area on the 

layer forming platform [2]. Then Robotic palletizers were 

introduced which have an end of arm tool (end effectors). 

This arm tool is used to grab the product from a conveyor 

or layer table and position it onto a pallet. 

Shuttle cars are vehicles used to transfer the load. Shuttle 

cars provide an economical means of moving pallet loads 

long distances, and merging several pallet conveyor lines 

into one line. Pallet transfer cars are mostly used to transfer 

empty pallets in a large, multi-line palletizing system, as 

well as combine the full pallet discharges of the palletizing 

system into a common stretch wrapper. The shuttle car was 

powered by on-board batteries supplying current to a DC 

motor [3]. 

 

https://en.wikipedia.org/w/index.php?title=Multirobot_system&action=edit&redlink=1
https://en.wikipedia.org/wiki/Robot
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II. BLOCK DIAGRAM 

A. Block diagram of shuttle car 

 
 

Fig.1 Block diagram of shuttle car 

 

The shuttle car is controlled by Arduino UNO processor. 

The block diagram of shuttle car is as shown in fig1.The 

shuttle car consists of four infrared sensors. The first sensor 

is used to get the signal from the first palletizer, second 

sensor is used to get signal from second palletizer and third 

sensor is used for pallet detection and the last sensor is used 

for obstacles detection. The shuttle car works on 12v dc 

battery and L293d motor driver circuit is used. 

B. Block diagram of palletizers 

 
Fig.2 Block diagram of 1st palletizer 

 

The Arduino UNO processor is used in 1st palletizer. In 

palletizer, one infrared sensor is used. This sensor is used to 

detect the shuttle car. The conveyor belt is used to drive the 

load to desire position. 

 
Fig.3 Block diagram of 2nd palletizer 

 

  The difference between 1st and 2nd palletizer is only 

controller. The MSP430G2553 TI processor is used in 

second palletizer and all other blocks are same. 

III. WORKING OF SHUTTLE CAR AND 

PALLETIZER 

1) The load which we want to transfer is placed on the 

palletizer. 

2) Then shuttle car gets the signal from sensor which is 

connected with that palletizer. 

3) Then the actual process is start. Motor of the shuttle 

car starts and shuttle car moves in a forward direction. 

4) After getting the position of palletizer, shuttle car 

stops. 

5) Sensor of palletizer detects shuttle car and conveyor 

is start and load moves in a forward direction. By using 

the conveyor belt, load is automatically drops on shuttle 

car. Third sensor of shuttle car check whether the load 

is placed on proper position or not. 

6) If the load is placed on the proper position then 

shuttle car moves in reverse direction and comes to the 

source with load. 

7) The priority such as FIFO is used if loads are placed 

on two palletizers at same times. 

 

IV. HARDWARE REQUIREMENTS 

A. Arduino UNO processor 

  Arduino is a prototype platform (open-source) based 

on software and an easy-to-use hardware. It consists of 

hardware i.e. microcontroller which can be easily 

programmed and software i.e. Arduino IDE (integrated 

development environment). This Arduino IDE software is 

used to write and upload the code to the circuit board. It 

is a microcontroller board based on the ATmega328P. It 

has 14 digital input/output pins in which 6 pins can be 

used as PWM outputs, 6 pins represent analog input pins, 
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and it has 6 MHz quartz crystal, a USB connection, a 

power jack, an ICSP (In-Circuit Serial Programming) 

header and a reset button [4]. It posses all the necessary 

mechanism required to support the microcontroller.USB 

cable is used to easily connect Arduino UNO processor to 

the computer or it is powered with a AC-to-DC adapter or 

battery in order to get started. 

B. Texas instrument MSP controller 

  The Texas Instrument family processor, MSP430 is a 

mixed-signal micro controller family. The MSP430G2xx 

Value Series possess features of flash-based Ultra-Low 

Power MCUs with 1.8–3.6 Volt operation. The 

MSP430G2553 is a 16-bit MCU and has 16Kilobytes 

flash memory, 512 bytes of Random Access Memory 

(RAM). It has 16-MHz CPU speed, can perform 16 bit 

analog to digital conversion, possess capacitive-touch 

enabled inputs-outputs, and follows universal serial 

communication interface[5]. 

 

 Vital characteristics of a MSP430 Texas Instrument 

microcontroller are as follows : 

 

 USB debugging and programming interface which 

features a driver less installation and application 

UART serial communication with up to 9600 Baud. 

 It consumes low power. 

  Operation voltage is low that is from 1.8 Volt to 3.6 

Volt. 

  Clock start-up: Greater than 1 micro second. 

 Greater than 50 micro ampere port leakages. 

 Zero power Brown Out Reset (BOR). 

 It consists of on-chip analogue devices consisting of 

10bit or 12bit or 16bit Analog to Digital Converter 

(ADC), 12bit dual Digital to Analog  Converter 

(DAC), Comparator gated timers, Operational 

Amplifiers, Supply Voltage Supervisor (SVS). 

 It has the 16 bit RISC CPU which can process   the 

instructions either on bits, bytes or words. 

 It is a compact core design which leads to reduction in 

power consumption and cost, the core is compiler 

efficient and has 27 core instructions, 7 addressing 

modes and has extensive vectored-interrupt capability. 

 Flexibility: Up to 256 kilobytes In System Programmable 

(ISP) Flash, Up to 100 pin options, USART, I2C, 

Timers, LCD driver, and embedded emulation [6]. 

C. Motor driver circuit 

  L293D is a traditional motor driving circuit for DC 

motor. It drives the DC motor on either direction. The 

L293D motor driver IC is of a 16 pin. In any direction a 

pair of two DC motors simultaneously control by this IC. 

So two DC motors can control by using single L293D IC. 

This motor driver circuit acts like a current amplifiers 

which take a low current signal and gives the higher 

current signal. And then motor is drives by this high 

current signal. The two DC motor can rotates 

independently because of two h bridge circuit inside the 

single L293D chip. So this motor driver circuit is mostly 

used in robotics application for controlling DC motors. 

    There are two voltages present i.e. VCC and VSS. 

VCC is 5V and that is needed for the internal operations. 

For driving the motor, this motor driver circuit will not 

use this voltage VCC. The motor supply VSS is used for 

driving the motors. It means if we want to operate a motor 

at 8V then we should provide a same supply voltage 

across the motor i.e. 8V across VSS Motor supply. 

 

 

      Fig.4 Pin diagram of L293D [7] 

  The maximum voltage range for VSS motor is 36V. Per 

channel, a maximum current range is up to 600mA. You 

can drive pretty big motors with this l293d because it can 

drive motors up to 36V. The voltage VCC is used for its 

own internal Operation. The maximum voltage range for 

VCC is 5V to 36V. 

D. Conveyor belt 

  In a belt conveyor system, a conveyor belt is works as a 

carrying medium. There are different types of conveyor 

system. A belt conveyor system is also one of the types of 

conveyor system. This system consists of two or more 

pulleys which sometimes called as drums. These pulleys are 

present with an endless loop of conveyor belt i.e. carrying 

medium that rotates around them. One or more pulleys can 

power and then it moves the belt on forward direction i.e. 

clockwise and then material or product on the belt also 

moves in forward direction. The powered pulley and 

unpowered pulley are also called as drive pulley and idler 

pulley respectively. 

E. Infrared sensor 

 The sensors are required in this system for 

communication between the machines. Here we are using 

six Infrared sensors. An infrared sensor is an electronic 

instrument which is used to sense certain characteristics of 
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surroundings. It has done this by detecting or emitting 

infrared radiation.   

F. Bluetooth Module HC05 

The HC05 Bluetooth module is used in the shuttle car. It is 

a MASTER/SLAVE module. AT COMMANDS are used 

to configure the Role of the module (Master or Slave). The 

slave modules can be used to accept the connections but it 

cannot initiate a connection with another Bluetooth device.  

The master module can initiate a connection with another 

Bluetooth device. To check whether the Bluetooth is 

connected or not, there is a red LED. That red LED 

indicates the connection status. The HC05 module works 

on 3.3 V. The module has on board 5 to 3.3 V regulators, 

so we can connect 5V supply voltage as well. 

V. RESULTS 

In this system, we have implemented the sensors based 

robotic system. In other system, the mechanism for 

communication between the devices is needed. But in this 

system, we are using only sensors to follow the process. 

This system is easy and cost effective so we can easily get 

our results.    

 

Fig.5 (a) Load is placed on palletizer 

 

Fig 5 (b) Load automatically drops on shuttle car 

 
 

Fig 5 (c) Shuttle car with load moves in reverse direction 

 

In the fig 5(a) , the load is placed on the palletizer. After 

that shuttle car gets the signal from the sensor connected 

with that palletizer. And then shuttle car start and moves 

towards the palletizer. After detecting the shuttle car, 

conveyor belt start rotating and load is automatically drops 

on shuttle car as shown in fig 5(b) . When the load is placed 

on proper position , shuttle car moves in reverse direction 

as shown in fig 5(c). 

VI.  CONCLUSION 

 The proposed system can provide the fast way of 

transferring the load from one position to another. This 

system will have more efficiency. As there is wireless 

communication between the machines, hence it reduces the 

circuit complexity. By using the shuttle car, this system will 

provide an economical means of moving loads over long 

distances. 

 In the proposed system, shuttle car can also be controlled 

by android application. Because of android application, 

there is ease of handling the shuttle car to the user and even 

if the number of palletizers increases at any instant of time, 

there is no need to change the programming of shuttle car. 

This system is cost effective and save time. 
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