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Abstract— Human management of stores entails many drawbacks ranging from human errors, voluminous manual work to 
absence of human due to mandatory breaks required. With the technological advancement, robot automation is being 
stressed on as the performance in monitoring and handling of a store increases by substituting a machinated entity in place of 
a human. This also reduces the dependence on man power, thus reducing the expenses. Keeping all this in mind, we have 
brought forward the idea of building a machine controlled store made for small scale stores in order to increase their 
efficiency and make them more user friendly in order to bring them at par with the e-commerce market. 
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I. INTRODUCTION 
 
Earlier, the work in the warehouses was majorly 
human dependent. During this, inflexibility in the 
existing material handling systems was noticed. It 
used to induce a high cost of order fulfilment. A need 
was felt to incorporate machinated entity in the 
warehouse operation system in order to increase the 
efficiency of warehouse as a whole. The most 
important trait of using automatic machinated entity 
was that it didn’t require health insurance, lunch 
breaks, or vacations. They can work 24x7 and don’t 
call in sick. They don’t require training. This is 
particularly useful during the season sale when 
ecommerce merchants typically hire additional 
warehouse workers. Robots can reduce logistics costs 
substantially with minimal human intervention.The 
growth of e-commerce is forcing the retailers to 
invest in solutions that can handle the burden of an 
on-demand economy. 
Before the introduction of warehouse robots, the 
physical stores or the ‘brick and mortar’ stores were 
doing well in their domain and the comparison of the 
two i.e. of physical and e-commerce stores was not 
done so intensely because both of them had their own 
advantages for different kind of usage. But after the 
automation of warehouses, even a single trivial item 
could be bought through online shopping. This had a 
major impact on the physical stores and they started 
losing their edge in the market. At the same time, it is 
not preferable to demolish physical stores as some 
people still prefer buying things from these stores. 
Thus, the only solution that could be thought of was 
to incorporate a similar idea as warehouse robots in 
the physical stores, increasing their efficiency and in 
this way making their survival chances better. 
Overview of the project 
Equipping small scale stores with machinated 
equipment will help improve the consumers’ 
experience. Their efficiency, speed and accuracy of 
delivering the desired product in precise time 
allocation are some of the traits responsible for 

reducing the logistics costs.The growth of e-
commerce and mobile e-commerce is pressuring 
retailers to invest in solutions that can handle the 
burden of an on-demand economy.Our aim in this 
project is to make a small scale store handling and 
operating machinated entity. The main concept and 
idea though remains the same, the size of the store 
and the type of products to be delivered will also be 
kept in mind to make this entity. Apart from this, a 
continuous monitoring system will be incorporated in 
order to keep a check on the number of goods. The 
two main elements of the machinated entity are – a 
robot and a rack. The robot will be programmed to 
reach the respective rack while the rack will be 
programmed to push out the goods into the robot’s 
basket using a conveyor belt system. In order to make 
this system more user friendly, a web page will be 
developed through which a user can enter the type 
and quantity of goods required. Also, the available 
quantity of goods and updates related to ‘out of stock’ 
information will be displayed on the web page. 
Whatever quantity will be entered by the user would 
be deducted from the quantity of that commodity in 
an excel sheet through a common gateway interface 
(CGI). If the quantity of that commodity falls below a 
predefined value, an automated email will be sent to 
the manufacturer. After refilling the stock, the 
quantity of goods will get updated.  
Aim of this paper is- 
To construct a machinated entity consisting of a robot 
and a rack, both of with can communicate wirelessly 
with one another, and programming them suitably to 
operate a store with partial human intervention. 
The objectives are as follows: 
 To reduce the dependency on manpower for 

operating a small scale store. 
 To monitor the contents of a store on real time 

basis. 
 To make this information available to the 

customers as well as the supplier. 
 To make the whole system user friendly and easy 

to use. 
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 Once the number of any inventory goes below 
the pre-decided value, an automated email is sent 
to the supplier, placing the required order to refill 
that particular inventory. 

 
The regions where the use of this system can be 
exploited are as follows: 
 Library management 
 Medical shop management 
 College store/ stationery shop management 
 Can be combined with a self-reliant monetary 

handling system to build a full-fledged 
unmanned store. 
 

II. EXISTING TECHNOLOGIES 
 
A. Case Study 1: KIVA SYSTEM 
In KIVA[1][2] system, a conveyor system is used to 
move around a distribution centre. In this approach, 
items are stored on pods which are portable storage 
units. After receiving an order the robot uses 
computerized barcode stickers on the floor to 
navigate around. Here a corkscrew action takes place 
through which the robot lifts the pod by sliding below 
it. The pod is then carried to the desired location for 
shipping. 
 
However, there are a few drawbacks associated with 
this system.  For a small scale store, moving the racks 
will eat up a lot of space. The desired item has to be 
picked up by the manager manually. 

 
Table 2.1: Summary for Case Study 1 

 
 
B. Case Study 2: AutoStore SYSTEM 
The construction of AutoStore [3][4]comprises of 
aluminium grids with locomotive bins. The goods are 
collected in the bins and transported by moving the 
bins along the aluminium grids from one port to the 
other. 
Although this system has high storage density and 
high flexibility, the drawback is that this method is 
effective only in multi-storied warehouses and not in 
small scale stores.  

 
Table 2.2: Summary for Case Study 2 

 

C. Case Study 3: Fetch and Freight 
In Fetch and Freight[5][6], there are two components- 
a mobile manipulator called Fetch and a mobile 
base called Freight. Fetch picks up items off 
warehouse shelves while Freight acts as an 
autonomous cargo delivery cart. 
 As only a single fetch is used and multiple freights 
are used, the freights have to wait for the fetch to 
complete its job. Thus, there is an unnecessary 
expenditure of time. 
 

Table 2.3: Summary for Case Study 3 

 
 
III. METHODOLOGY 

 
A. Hardware System Overview  
As mentioned above, the machinated entity consists 
of two major hardware components: Robot and 
Rack. The robot is a four wheel model that is highly 
efficient as compared to the 3-wheel model 
consisting of the castor wheel. The robot is the entity 
which is responsible for the collection of the items 
that the customer has ordered. It is a customized 
piece of equipment that it made of a light weight 
chassis. As seen in the Figure 1, this robot is a 4-
wheeler vehicle which is controlled using an Arduino 
board. The movement of the robot is controlled by 
positional encoders along with a motor driver. The 
motor driver is used because of the high current 
requirement of the motors. In this arrangement the 
motors on each side are inter-connected with the 
other motor on the same side. Thus the positional 
encoders which are placed on the back wheel 
assembly are sufficient and they are not required for 
the front wheel assembly. The positional encoder is 
attached to shaft of the motors with the help of an 
assembly built using L-clips. This gives us an 
accurate measurement of the distance and also 
overcomes the problem of false reading faced by 
other techniques such as line follower. The robot has 
a plastic basket fixed on its top side to help carry the 
items requested by the customer. 
 

 
Figure 1: Basic 3D model of the robot 
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The rack is the stationary equipment of the system. 
In one rack only one type of items are stored in a 
stack. The rack has been designed so as to put into 
use the existing racks which will be present in the 
stores with some changes and modifications (Figure 
2(a)). The rack has three major components which 
help in the functioning of the system. These are the 
retractable plates for the controlling of the items as 
seen in Figure 2(b), the conveyor belt assembly for 
sending the items into the basket of the robot and the 
Zigbee Wireless communication module for the 
communication with the robot. It also consists of a 
slit which has the dimensions of the item that is 
stored within the rack. The rack is controlled with 
the help of an Arduino microcontroller which is 
powered with the help of the computer. 
 

 
Figure 2(a): Basic 3D model of the isometric view and  

Figure 2(b): Top view of the rack. 
 
 

B. Control System Overview 
 

 
Figure 3: Basic Block Diagram of the System 

 
The Block Diagram in Figure 3 shows the overview 
of the entire control system. The system has a 
computer which is the core part as it gives a proper 
interface betweenthe hardware and software. The user 
gives the number of each stationery as the input in the 
webpage. These values are taken into the program by 
using Common Gateway Interface (CGI) in Python. 
These values are sent to the Rack with the help of 

RS232 serial communication. The communication 
between the Robot and the Rack is done with the help 
of Zigbee which is a wireless networking standard 
aimed at remote control and sensing application. 
Position encoder (MOC 7811) is used to accurately 
calculate the distance to the racks. The inventory 
database is continuously monitored to see that the 
stock of each stationery item is above the threshold 
limit. If any particular item goes below the threshold 
limit, an auto-generated email is sent to the 
manufacturer requesting for the reinforcement of 
supply. The information of the items under the 
threshold limit will also be made available on the 
webpage for the customers to take note, so that time 
and efforts are saved. 
 
C. Simulation of the Machine Controlled Store 
The simulation of the machine controlled store is 
done with the number of racks equal to the number 
of items present in the store.  
 
The algorithm used for this Machine Controlled 
Store is as follows: 
1. Enter the name and number of items in the 

textbox field provided on the webpage of the 
store. 

2. Take count and name using CGI onto the 
computer system  

3. Deduct count from inventory list and update the 
inventory list. 

4. Send email to the customer about the order after 
using name to get the email id from database. 
This is done using the smtplib library in Python. 

5. Check if the stock is below the threshold value 
in the inventory list  

6. If yes; then send an email to manufacturer, 
requesting the replenishment of stock. 

7. Send the count of each number of item to the 
rack using serial communication. 

8. The rack will summon the robot after the count 
using Zigbee Wireless communication by 
sending the distance that the robot has to travel. 

9. Using position encoder, Robot reaches the rack 
and informs the rack about its arrival. 

10. The rack now drops one item at a time onto the 
conveyor belt using the retractable plates. 

11. The conveyor belt system is used to put that 
item into the basket of the robot through the slit. 
The count is reduced by one. 

12. If the count is greater than zero, go to Step 
10.Else, send the next destination to the robot 
for the next item. 

13. The next process is continued from Step 9 till all 
the items are collected. 

14. Finally Robot delivers the items to the front 
desk. 
 

D. Webpage  
The webpage as shown in in Figure 4, consists of 
two textboxes (text fields) where the items and the 
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number of items required can be entered. The values 
fed to the webpage are then deducted from the 
corresponding values in the stock database. If the 
values are above a prescribed value then the 
availability of the item is conveyed to the customer 
and the entered values are taken into the program by 
using Common Gateway Interface (CGI) in Python.If 
the values in the stock database fall below the 
prescribed value then an auto-generated e-mail is 
sent to the manufacturer asking them to refill the 
stock. 
 

 
Figure 4 Screenshot of sample webpage 

CONCLUSION 
 
Using this system, the small scale stores can be 
operated more efficiently and smartly, that too in a 
lesser time. If combined with monetary 
transactionsystem, it can bring a revolutionary change 
in the commercial world. The ease of manufacturing 
andmodifications in the existing equipments without 
having the need to additionally add large scale 
equipments makes this system optimum for 
implementation. 
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