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Abstract—This paper describes the improvements that can be made to present day warehouses by making it completely 
automated. Every single activity related to the warehouse would be performed without any human intervention. The 
warehouse management system consists of a 3 wheeled robot which navigates through the entire warehouse and transports 
the cartons from one point to another. The system also provides an efficient, fast and precise inventory management 
procedure. The dealers access the warehouse by means of an application created specifically for the warehouse. 
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I. INTRODUCTION 

 
In its simplest form, “warehousing” is the storage of 
goods until they are needed. The goal of warehouse is 
to provide essential space to dealers or users who 
wish to store their materials according to their 
requirements. The warehouses found currently around 
us are human dependent for almost every operation, 
from transporting the cartons to maintaining an 
inventory. We humans however tend to get tired or 
take breaks and leaves, thereby affecting its 
functioning. Also human errors become a plausible 
parameter for its malfunction. A small discrepancy in 
the warehouse inventory would result in huge 
problems, as finding the particular carton in such a 
huge area is close to impossible. A solution to these 
problems would be an automated system, where 
instead of humans, robots navigate the area, thereby 
improving upon the speed and efficiency of the 
warehouse and reducing or rather eliminating 
possibilities of errors. It also facilitates precise 
inventory management. Also there are many tasks 
like loading heavy or harmful substances, for which 
robots must be used to ensure human safety. Hence 
robots form an attractive and efficient alternative to 
warehouse operation. 
 
II. LITERATURE SURVEY 

 
In the present day warehouses, all the operations are 
handled either completely or partially by humans. 
With technological advancements some warehouses 
developed and included machinery in their operations 
to allow easier loading and unloading mechanisms. 
Not only that, these machineries, improved upon the 
speed, and ensured human safety in case of harmful 
materials. However these are not  automated systems, 
their movements are controlled by humans. Also the 
inventory is updated and managed by humans. Hence 
there is lot of scope for improvement concerning 
every operation. 

Amazon, seeing the need for high speed delivery of 
the right materials, brought the Betty Bots from Kiva 
solutions. With the help of these bots, the desired 
shelf containing the material was brought to the 
workers, so that they could choose the materials to be 
delivered from the shelf. The Swisslog robots form 
another popular warehouse robot known for its 
technique and great efficiency..These robots are used 
for automation in the field of pharmacy. These robots 
are called the ‘Pill pick’ as it helps the hospitals to 
eliminate the medication errors during packaging and 
dispensing thus ultimately increasing the patient 
safety. 
Thus the human workers no longer have to walk 
around the large area of the warehouse. These 
modifications are precise in their operations and have 
helped to speed up the whole process of warehouse 
by 2-3 times its previous rate. However, here the 
process is not completely automated. Humans are 
required to select desired items from the shelf brought 
in and also to update the inventory according to the 
movement of items. This paper describes ways to 
improve on the systems currently in place by creating 
a completely automated warehouse.[ref 2] 
The warehouse operation comprises mainly of the 
following operations- 

 
1. Warehouse design 
Like in the systems in place, a predefined portion of 
the warehouse is used for storing the materials. It 
should be such that the robot’s movements to any 
location of storage or retrieval shouldn’t be hindered 
and the warehouse should be utilized for maximum 
storage. Thus the warehouse design should be 
optimum and locations to the cartons entering the 
warehouse should be allotted smartly. 
 
2. Robot navigation 
Robot navigation plays an integral part in this project. 
It is essential that the robot movements are restricted 
to certain paths according to the location of the 
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destination. If the robot deviates from its path the 
whole system falls apart. In case of betty bots barcode 
scanners were used to track the robots movement. A 
very efficient algorithm was used to determine the 
nearest robot and guide it to the location of interest. 
The whole warehouse was fitted with barcode 
scanners to track robots movements. However 
barcode scanning is tedious and takes a lot of 
time.[ref 3] Hence in our project we decided to use 
the line follower technique. However if the line is 
disrupted by any means, then the robot gets stuck, it 
has no idea where to propagate, as the line guiding its 
movement is no longer available. So to deal with this, 
redundant paths should be available to make sure that 
the warehouse is always operational. Also since faster 
movements are desirable, the robot tends to wobble a 
lot as it moves along the line. However smoother 
robot movements can be generated by including 
partial integral derivative. 
 
3. Carton identification and inventory management 
In Betty bots, the shelves are identified again by 
means of barcode scanning. We preferred RFID tags 
over barcode scanners for our project as it pertains to 
the requirements for an automated system and it has 
its own advantages over barcodes. However RFID 
technology is costlier than barcodes. 
The data read by RFID reader should be made 
available to the central unit for simultaneous 
inventory management.[ref 5] 
 
4. Loading Unloading mechanism 
Load is generally of a fairly large weight and volume, 
the method of handling them is an  important issue. 
Unlike betty bots, here the carton of interest has to be 
loaded or unloaded.  
Combination of servo motors or a forklift could be 
used for loading and unloading.[ref1] 
 
For efficient working of the warehouse it is essential 
that these operations are performed with precision 
and when integrated together they will give us the 
desired result in the form of an automated warehouse. 
 
III. BLOCK  DIAGRAM 

 

 

3.1. Individual item and RFID tag 
Each item is identified by means of passive tags 
attached to them. Passive tags carry unique 12 digit 
codes, which enables us to distinguish between the 
cartons.They are compact, cheap and donot contain 
any memory. When the tag comes in the detection 
range of the reader it gets powered and reader is able 
to read the tag information.[ref 5] 
 
3.2. Wireless module 
XBee is used for wireless communication because of 
its advantages over the other wireless modules such 
as bluetooth, CC2500, etc. It supports networking, 
thus allowing many XBeemodules to be used in a 
system.[ref 4] It offers an appreciable range of 10 to 
20 metres. It is a low power device which is easy to 
configure using the XTCU software and has a longer 
life. 
 
3.3 Entry/Exit module 
This module consists of a RFID reader, an Arduino 
and a wireless module.  
RFID reader(EM18) is used to read the 12 digit tag 
value associated with each carton.EM18 is operated 
at a frequency of 125 kHz. It has an on-chip antenna 
and requires 5V power supply, hence Arduino can be 
used to power the device. It has a short reading 
distance of 100 mm.[ref 5] 
Arduino forms an integral part of this system.In this 
module, it forwards the tag information to XBee 
module for transmission. Arduino is used as the 
microcontroller as it is inexpensive, open source 
software, provides simple programming environment 
and due to its compatibility with Windows, 
Macintosh OSX, and Linux. 
 
3.4 Robotic related operations 
It consists of the robotic car controls, microcontroller 
and the loading unloading mechanism.It is important 
to guide the robot along the desired path i.e. 
following the black line. It consists of sensors giving 
inputs to the microcontroller which processes this 
information and accordingly instructs the robot to 
move in the desired direction with optimum speed 
using the robotic controls. Also it controls the loading 
unloading mechanism. Arduino is the microcontroller 
chosen because of the advantages stated earlier. 
IR sensors are used to guide the robot along the line 
as it can differentiate between the black line and the 
white regions. The white line reflects the light 
incident whereas the black line absorbs the light. 
Thus depending upon the light reflected back to the 
photodiode the microcontroller gets information 
regarding the alignment of robot on each line. Each 
sensor has the potentiometer which helps in 
calibrating the sensors with respect to the line it has 
to follow. It can be easily used with microcontrollers 
as it gives TTL compatible outputs. However it is 
essential to shield the sensors from sunlight or any 
other IR source light of same wavelength as it 
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interferes with the sensor readings giving incorrect 
information to the microcontroller. 
Now once the alignment related information is 
available to the microcontroller, it is essential to 
move the robot in such a way that the centre sensor of 
the array of sensors is now just above the black line. 
This way we make sure the robot is back on track. 
For this the Arduino passes the commands regarding 
speed and direction of motion to the motor driver. 
The motor driver then accordingly sends commands 
to left and right motors separately to execute the 
instructions of microcontroller. 
RKI-1341 motor driver has many features like simple 
connectivity of the pins to any microcontroller, 
compatibility with motors rated up to 18V.It has 5 
dedicated pins for each motor-DIR, PWM, BRK, 
GND and VCC. Thus providing speed control as well 
as the breaking feature without affecting the 
performance of the microcontroller. It is capable of 
supplying a maximum continuous current of 20A. 
Johnson motors are used due to its high torque 
(6kgcm) and high RPM (300 RPM).These 
specifications aid to the total performance of the 
robot. 
 
3.5 Central Unit 
Central unit controls overall functioning of the 
warehouse.It is responsible for inventory 
management as and when the data is available from 
the reader. Some of this information like space 
availability can be viewed by the dealer through an 
application, so as to determine if the warehouse is 
available for storage. It also maintains the billing 
information. It is responsible for wirelessly 
transmitting the location information to the robot for 
storage or retrieval. 
 
IV. RESULTS AND IMPLEMENTATION 
 
4.1 Robot Navigation 
Basic line follower code was tested on the robot.To 
further improve upon the robot’s navigation, partial 
integral derivative algorithm was included. This 
reduced wobbling of the robot and resulted in 
smoother movements. 
 

 
Fig.1. Line follower robot 

4.2 Item identification 
The entry/exit module consisting of RFID reader, 
microcontroller and wireless module could 
successfully read the unique 12 digit tag values 
corresponding to every item entering or leaving the 
warehouse and send it to the central unit via the 
wireless module. This way the central unit has 
information regarding any item entering or leaving 
the warehouse. 

 

Fig.2. entry/exit module 
 

 
Fig.3. Reading RFID tags in Arduino 

 
4.3. Wireless communication 
Xbee modules are used for wireless communication 
because of its greater range and networking 
capabilities. The 12 digit tag contents are sent 
successfully to the central unit. Xbee modules is also 
used to transmit the location for loading or unloading 
an item, from the central unit to the robot.  

 

 
Fig.4. Xbee at the central unit 
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Fig.5. Python interpreter gets the tag values transmitted 

wirelessly 
 
4.4 Inventory Management 
A database was created initially consisting of tag 
values and the dealer information. The main database 
of the warehouse is updated with the help of original 
database and the 12 digit codes transmitted by the 
entry/exit module. Every time an item entered the 
warehouse, the central unit had the tag information. 
This tag value was compared with the entries of 
original database to obtain other essential details, 
which were then appended to the tag value in the 
main database. Whenever an item left the warehouse, 
the entry corresponding to that particular tag was 
deleted from the inventory.  

 

 
Fig.6. Original database 

 

 
Fig.7. Main database 

 
Few independent operations of the warehouse were 
successfully implemented. However there is a need to 
make these operations more detailed and extensive. 
Also these independent functioning have to be 

interfaced such that all these operations follow the 
flow as mentioned in the working. Many more 
additions to this project is remaining which is 
discussed in the future scope. 
 
CONCLUSION 

 
A completely automated system designed to its 
utmost efficiency is the basic idea. The navigation is 
optimized for a specific warehouse. The RFID reader 
range is practically only up to 6 cm. Hence it has to 
be fixed at the entry/exit unit in such a way that the 
tag on the carton would be read properly. Also, the 
communication between wireless modules is 
achieved giving fast responses. 

 
VI. FUTURE WORK 

 
6.1. Robot navigation 
The robot has to move precisely choosing a shortest 
path from whichever point it is to the given 
destination. An algorithm has to be implemented such 
that the shortest path is recognized and accordingly 
the robot navigates. 

 
6.2. Application development 
An application has to be developed to access the 
warehouse. This application can be utilized by the 
dealers to determine if storage space is available, and 
also to place orders for the cartons already stored in 
the warehouses. 
 
6.3. Loading and Unloading mechanism 
The efficiency of the system is affected considerably, 
if the robot fails to load or unload the desired 
carton.It is important to design a perfect mechanism, 
such that every carton is loaded and unloaded with 
precision and no carton gets destroyed in the process. 
All these operations have to be interfaced together 
forming the projected idea of an efficient automated 
warehouse system. 
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