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Abstract 

Storage systems have their disadvantages when scenarios of manual labour are considered. The requirement of expert knowledge 

and the inability to perform the same task in repetition are just a few.  Automation can play a major role in increasing 

productivity and reducing costs in many industries, especially when incorporated into storage systems. The proposed fully 

automated storage system aims to ease any difficulties faced in the materials handling processes. It uses robots for picking and 

dropping off inventory, and has its own design for containers used to store the goods. The whole system of the robots and the 

containers form a wireless sensor network of mobile sensor nodes and fixed nodes, which help the robot move to the required 

location. The containers and the products in the containers have been classified using ABC analysis. A database holds records of 

the goods in the warehouse.  

Keywords: Storage Systems, Automation, Wireless Sensor Network, ABC Analysis 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Inventory management is the process of efficiently overseeing the constant flow of units into and out of an existing stock of 

goods. Inventory is often the largest priced asset of a business after the fixed asset. Inventory can consist of finished goods, raw 

materials and work in process goods. Warehouses are present to accommodate the inventory. In a industry, a customer’s order is 

finally handled by the warehouse which takes care of the order fulfillment after passing through multiple back-end systems. In a 

traditional warehouse, the order is then allocated to a picker, who then moves around the warehouse picking the goods to make 

up the order. This requires a lot of manual labor, this can lead to errors while picking or unwanted movement if the picker does 

not have good knowledge on what is where. An insufficient skill set is also a major cause of errors in inventory management. All 

this can harshly affect the delivery lead time. Automating the picking process can help shorten delivery times by using robots 

that can pick the goods, while also reducing the chances of the occurrence of an error, as it is unaffected by the monotony of any 

job. 

II. AIM OF THE STUDY 

1) Designing a space and time efficient inventory storage system. 

2) To create  a logical model for the robots to conduct the picking and placing processes for  an order. 

3) To create a layout of the warehouse for improving the picking and placing processes. 

III. METHODOLOGY 

The design of the storage system is a step by step procedure: 

1) Designing the storage system 

2) Creating a database of inventory goods 

3) Creating custom containers to store goods 

4) Create a working algorithm for the robots 

5) Layout of the warehouse 
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IV. DESIGNING THE STORAGE SYSTEM 

 Conventional System: 

In a conventional storage system, the  goods are stored in pallets which are stacked one on top of the other using forklifts and 

other industrial tools. The stacks are then spread across the warehouse, with paths present between clusters of stacks making 

them accessible. 

 In this process the pick packers walk around the warehouse with a list that contains the items that comprise the order. Based 

on the type of industry the conventional system can be very inefficient for the following reasons- 

 Labour intensive 

 Long and tiresome 

 High maintenance cost 

 High error possibilities 

 Not very flexible 

 
Fig. 1: Top view of a conventional inventory storage 

 Proposed design: 

In a conventional storage there is a lot of unused space present which is usable. The main aim of the proposed design is to 

eliminate this extra space by converting the inventory storage area into a cuboidal structure. It makes the storage unit more 

compact and organized. This is done by first measuring the available space. The largest possible cuboid is then created within the 

constraints. Based on the number of different type of goods and quantity of each type of good, the cuboid is converted into a grid 

with a certain number of slots and with each slot consuming a fixed volume of space. Each slot will hold a container, within 

which a certain number of goods can be held. The structure is made as wide as possible to keep as many containers close to the 

surface as possible. Guide lines are present along the sides of the sides of the slots to provide easy movement of the storage 

containers. The goods are segregated based on ABC analysis within the storage. 

 
Fig. 2: Isometric view of the proposed storage layout 
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Fig. 3: Guides along the slots 

Table – 1 

The difference table below is created to show the advantages of the proposed design over the conventional system 

SL NO. CONVENTIONAL PROPOSED 

1) Labour intensive Low labour requirement 

2) Low initial investment High initial investment 

3) High maintenance cost Low maintenance cost 

4) Low space efficiency High space efficiency 

5) Better marking of safety stock level Marking of safety stock level is unclear 

6) No rotation of goods Continuous rotation of goods 

7) Can be used only for goods with a long shelf life Can be used for goods with short as well as long shelf life 

V. INVENTORY DATABASE 

Table – 2  

Contains Name of the products, Bar Codes, Cost and Quantity. 

 
Table – 3  

Products categorized after ABC analysis 
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 Products after being sorted into their respective sub-category containers. Sub categorization was done based on the popularity 

of goods within each category of ABC analysis. Goods are grouped together such that each sub-category container contains very 

popular, medium popular and low popularity goods with respect to each other. 

Table – 4 

 
 From the following sample database, there are 18 different products to be chosen in which 6 of each are categorized by the 

suitable ABC analysis according to their priority and cost. Products D,E,F,G,H,I falls under category ”A”, products J,K,L,M,N,O 

falls under category “B” and so on. For Example, If an order has been placed for a watch(product F) of cost Rs.540, which falls  

under category A and which is located in the first row and the third column(C13) which is present in the container(C1) which 

will be picked by the robots and moved to the conveyor belt. 

VI. GOODS DISTRIBUTION AND CONTAINER DESIGN 

The whole inventory storage is divided into regions. The regions are A category, B category and C category. The region marking 

are the work of sensors. Within each region there are a fixed number of containers. Each region has 2 batches(sub-

containers),which occupy alternate columns. 

 
Fig. 4: Distribution of goods within the inventory 

 The containers are cuboidal in shape and have wheels at the bottom so that it can roll over the guide lines present within the 

grid. Partitions are present within the container providing room for the three varieties of goods which were sub-categorized 

previously On the outside face of the container is a bar-code. Each container has a bar-code which when read provides the 

following details- 

1) The container number 

2) The container sub-category number 

3) The products within the containers 
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Fig. 5: Isometric view of the container 

VII. ALGORITHM FOR THE WORKING OF ROBOTS 

The robots conduct the process of picking the container that contains the required product. There are two types of robots for this 

and each of them have separate functions. 

1) Picking robots : The picking robots are what that conduct the picking of containers . The picking process takes place only on 

the surface of the storage grid. 

2) Pacing robots: The placing robots place the container back into its respective row, by pushing the container ahead of it . 

 The whole system, consisting of the robots and the inventory, will be a part of a wireless sensor network. 

In a sensor network there are two types of nodes: 

 nodes that know their location (fixed nodes or anchor nodes) 

 and other nodes having the ability to estimate their location using information about their position (i.e. coordinates of a 

node, properties of a signal such as signal strength , time difference of arrival, etc.) received from the fix nodes (mobile 

sensor nodes). 

 After performing such measurements for different nodes, the sensor node has to combine all this information for estimating its 

location. The robots and container each will equally operate as sensor nodes; the robots acting as the mobile sensor node and 

each container being a fixed node. 

 
Fig. 6: Side view of the inventory 

 Picking up The Containers: 

Any time an order comes in, and the location of the items in the inventory is fed into the mobile sensor nodes(the picking robot), 

the robot communicates with the network to correctly move to the desired location and perform the task of picking up the 

required container. In case the position of a container is empty (this can happen when the container at that position has been 

emptied, and is currently being replaced), the robot will have to move to the nearest neighbour on the right side to pick up a 

similar container, and will continue to do so until it finds a container. If the whole row is empty, the robot will continue its search 

in the next alternate row. When the container is found, the robot picks it up  and places it on the conveyor belt, for the picking of 

particular products in that container. These flow of events have been explained in the flow chart below- 
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Fig. 7: 

 Dropping off the Containers: 

For the filling in of inventory, a similar algorithm will be used. Whenever a container is completely emptied, it will be updated in 

the database. The location of the recently emptied container will be sent to the dropping off robot, allowing the robot to 

communicate with the network outside the main inventory. After this, it moves to the concerned location and picks up the 

container. It moves to the empty location with this container and drops the container off at the particular location. It then moves 

back to its original position for the next instruction. This has been depicted below: 
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Fig. 8: 

VIII. PROPOSED LAYOUT OF THE WAREHOUSE 

 
Fig. 9: Top view of the layout of the warehouse 

The layout of the warehouse is designed around the storage. The storage is kept central so as that the movement lengths can be 

shortened. On either side of the storage are the respective robots which carry out the picking and placing activity. To the right 

hand side of the placing robots is the unloading are where the goods picked are placed and sent to the pick packers. The goods 

move from the unloading area to the pick packers on a conveyor belt. Alongside the conveyor belt are the pick packers whose 
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work stations are in row as depicted in the above figure. To the left hand side of the placing robots is the loading area, where the 

placing robots pick up the container. The loading area and the unloading area are connected by the conveyor belt. 

 

IX. THE PICKING PROCESS 

After an order placed by a customer is received by the warehouse, the order fulfillment is managed by a picker. The picker then 

searches for the items listed in the order on the database. Instead of having to enter the name of the product, he/she will just have 

to enter the sub-category number which the product belongs to by looking at the database. The picking robot receives these 

commands and picks the container of that number. The robot then places the container and places it on the unloading area which 

leads to the conveyor belt which takes the container to the picker. The picker then waits for the container which has been 

assigned to him, once the container arrives he lifts it and places it on his workstation, he/she then scans the goods which he takes 

from that particular container and updates the database which is common to all, providing real time update of the goods left . 

Once the picking is done the picker places the container on the conveyor belt again and  the container moves to the loading area, 

a picking robot comes and places it in its corresponding row. 

X. ADVANTAGES AND DISADVANTAGES OF THE SYSTEM 

 Picking Process: 

  Advantages: 

 The concept of a wireless sensor network reduces the picking time to a great extent. 

 Low maintenance cost. 

 If any single robot stops working, it does not affect the working of the whole system. 

 The robots can be easily re-programmed. 

  Disadvantages: 

 High initial investment. 

 Some called-containers may go unattended leading to unwanted movement and wastage of time. 

 If a pick packer picks a container not assigned to him, it can affect the process cycle time. 

 Placing Process: 

  Advantages: 

 The containers can be refilled quickly with the help of the database, which is updated real time. 

 The amount of products will almost never go below the safety stock level. 

 Reduces the probability of back-orders. 

  Disadvantages: 

 Less versatility in dealing with sudden issues. 

 Repair of a robot may be difficult, expensive and time consuming. 

XI. CONCLUSION 

Storage systems are concentrated to ease the handling of materials which maybe raw or finished goods as per the requirement of 

the customer. The proposed automated storage system concentrates on mainly a medium to large scale industry where there is 

very high volume of goods being moved into and out of storage on continuous basis. Typical industries that it could be used in 

would E-commerce industries, central warehouses for supermarket chains, industries dealing with automotive parts, etc. The 

automated storage system minimizes the requirement of human interference in any of the processes in the system, except during 

the repair of the robots or in case of unexpected problems. The flexibility of the proposed system permits its use in many 

industries, while keeping the variety of goods in mind.     
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