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Abstract
In view of the current status of manual handling of off-line products and palletizing in the factory, the use of various AGV and
warehouse management system software enables automatic entry and exit of offline products. The warehouse management system
is compiled with C#, MySQL, network communication technology, scheduling algorithm, etc. to realize the allocation of the
warehouse goods and the intelligent distribution of the outbound goods. After the preparation, the warehouse management system
can finally realize real-time communication with WCS, total control PLC, palletizer, etc., to realize the intelligent entry and exit of
goods. Combined with a variety of AGVs, the warehouse management system can improve the management efficiency and
management quality of goods, realize digital management, enhance the competitiveness of enterprises, and bring great economic

benefits.
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1. INTRODUCTION

With the promotion of national strategic favorable policies
such as “Internet +” and ‘“Made in China 2025” and the
increasing demand for informationization, efficient
production and intensive warehousing and distribution, the
automated warehousing system has been used more and
more widely. Its fields of research are also expanding. [1] In
recent years, China's express delivery industry has
mushroomed like a mushroom, and more and more exports
to foreign countries have greatly boosted China's economic
growth. As a result, we are also facing new challenges. As
demand grows, companies need to increase their production
by increasing efficiency. As an important part of the express
delivery industry, warehousing management can improve
the management efficiency and management quality of
finished goods storage, which can greatly reduce the
problems caused by the traditional cargo backlog and other
factors, and manage goods in the fastest and most optimal
way. This will bring great economic benefits to the
company.

In recent years, the automated three-dimensional warehouse
has become a cargo storage solution applied by various
enterprises. The automated three-dimensional warehouse
can also be called an unmanned warehouse. The whole
process is carried out by the AGV or the stacker to carry out
the goods, which can reduce the number of traditionally The
cost of manpower to carry goods. Automated warehouses
have the characteristics of high degree of automation, energy
saving, safety, intensive storage, high efficiency, and
unattended [1]. As the core component of the automated
warehouse, the WMS warehouse management system can
optimize the distribution of goods entering and leaving the

warehouse and track in real time. The warehouse status of
the warehouse is also updated in real time as the goods enter
and exit, realizing the automatic entry and exit of the goods
and the record library. The function of the bit status. In
addition, the WMS warehouse management system can
provide warehouse managers with a visual location display,
which allows warehouse managers to easily understand the
location information and manage the warehouse
accordingly.

In view of the many disadvantages of the existing offline
product storage methods of the customer company, and the
continuous pursuit of high efficiency, high quality and
digital management, it is decided to adopt the automated
warehouse solution to meet the storage and management
requirements of the current goods.

2. DEMAND AND SITE LAYOUT
2.1 Demand Analysis

In order to reduce personnel, improve the efficiency of cargo
palletizing, and realize digital management, the company
proposes the plan of automated warehouse. It generally
includes the following steps: 1. The offline product is sent to
the storage roller line by AGV; 2. The product flows into the
corresponding crossing through the roller line; 3. The
warehouse AGV sends the goods to assigned location which
from WMS; 4. The AGV sends the product to the exit of the
warehouse; 5. The palletizing machine palletizes the product
that flows out of the unloading roller line, covers the cover,
and then covers the film and the cable tie.
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According to the actual situation, the daily net storage of the
three-dimensional warehouse is 2,500 boxes of goods. The
goods entering the warehouse need to pass the quality
inspection (OQC, Outgoing Quality Control), and the
qualified goods can be assigned to the warehouse for
palletizing. As the core part of the automated warehouse,
WMS plays the role of data collection, data statistics,
location allocation and information transmission.

2.2 Site Layout

The automated warehouse is mainly composed of six parts:
shelves, containerized unit, conveyor system, automatic
control system, and information management system
(WMS). [1]

2.2.1 Overall Layout of the Site

The overall layout of the site consists of; the storage roller
line, the three-dimensional warehouse, the outbound roller
line, the palletizing machine, the film wrapping machine,
and the board warehouse machine. The overall layout is
shown in Fig- 2.1.
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Fig 2.1: Overall layout

2.2.2 Warehouse Overall Layout and Location

Division

According to the actual demand and on-site venue restrictions,
the final number of warehouses determined by the
three-dimensional warehouse is 2,640, divided into 24 areas,

which are A~X. The specific layout is shown in Fig- 2.2.
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Fig 2.2: Top view of the warehouse layout

There are two types of shelf types: Class | includes A~L
library area, a total of twelve, each library area has 120
locations; Class Il includes M~X library areas, a total of
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twelve, each of which has 100 locations. The front view of the

two types of shelves is shown in Fig- 2.3 and Fig- 2.4.
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Fig 2.4: Front view of class Il shelves
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According to the width of the location and the maximum
height of the product, the location categories are divided into
four categories: A, B, Al, and B1.

Class A locations are distributed in the 1-4 layers of the class |
library area and the 1-4 layers of columns 1-8 of the class Il
library area, with a total of 1536 locations;

Class Al locations are distributed in the 5th layer of the class
| library area and the 5th layer of columns 1-8 of the class Il
library area, with a total of 384 locations;

Class B locations are distributed in the 1-4 layers of columns
9-20 of the class Il library area, with a total of 576 locations;

Class B1 locations are distributed in the 5 layer of columns
9-20 of the class Il library area, with a total of 144 locations.

The specific division of the warehouse location categories is
shown in Fig- 2.5 and Fig- 2.6.
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Fig 2.5: Class | Library Area Location Classification
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Fig 2.6: Class Il Library Area Location Classification
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Description: Among them, yellow is the class A location,
green is the Al location, red is the B location, and blue is the
B1 location.

3. SOFTWARE DEVELOPMENT
3.1
Communication Content

3.1.1 WMS System Network Architecture

Client-server model Also known as the client-server
architecture, C/S architecture, is a network architecture that
takes the client (usually a graphical user) The interface
program is distinguished from the server. Each instance of the
client software can make a request to a server or application

System Network Architecture and

server. [3] C/S is generally established on a dedicated network.
In a small-scale network environment, LANs provide
connection and data exchange services through dedicated
servers. C/S generally targets a relatively fixed user base and
has strong control over information security. Generally, the
highly confidential information system adopts the C/S
structure. [4] The field conditions and requirements are
basically consistent with the C/S characteristics, so the WMS
adopts the C/S network architecture.

According to the overall plan design of the three-dimensional
warehouse, the network framework is built to realize data
interaction, and then the normal operation of the
three-dimensional warehouse is realized. The network
architecture diagram is shown in Fig- 3.1.
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Fig 3.1: Network architecture diagram

3.1.2 Communication between WMS and each
Module

The implementation of the WMS function mainly depends
on: 1. Communicating with the database; 2. Communicating
with each host computer (mainly including: WCS warehouse
control system, total control PLC, fork-type AGV server,
palletizer upper computer). The following mainly introduces
the implementation of WMS and various communication
modules and the role of communication information.

WMS communicates with the database: it mainly records the
location of the product, the data pushed by the WCS, the
planned warehousing model and its related requirements,
and the task tracking generated by the AGVS
communication.

WMS and WCS communication: Get daily production plan,
offline product details, OQC sampling results, WMS collects
and records the inbound products through the acquired data,

and conducts quality status of the products in the warehouse
through OQC sampling results. Update, when the quality
check is OK, it can be automatically assigned for export.

WMS communicates with the total control PLC: The total
control PLC acts as a bridge between the WMS and the
roller line PLC. It mainly collects, discriminates, and
summarizes various information of the roller line, and
finally sends it to the WMS. The WMS sends the
information according to the obtained information. The
information such as sealing and product crossing distribution
is sent to the total control PLC, and then sent to the roller
line PLC by the total control PLC to realize the
corresponding action. When the outbound command of a
certain model is generated, it will be sent to the total control
PLC for a card type information. The total control PLC is
sent to the central control, and the central control causes the
card board machine to flow out the corresponding card
board.
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WMS communicates with the fork AGV server: When the m
product reaches the corresponding crossing of the roller ling,
it will trigger the WMS to send the corresponding storage
command to the fork AGV server. The fork AGV

implements the corresponding command and sends the good w m’
to the corresponding location, and feedback to the current
execution status of the WMS in real time (including starting

the execution of the command, taking the good, and User selection |adninistrator v
successfully placing the good).

uIarname | ]

WMS communicates with the palletizing machine: When the
outbound command of a certain model is generated, the
WMS will send it to the upper computer of the palletizing
machine to encode the command information corresponding

to the model to achieve correct palletizing.

3.2 WMS Main Function

WMS is written in C#. The C# programming language is a Fig 3.2: Login window
language developed specifically for .NET applications and is
a perfect combination with the .NET framework. Visual
C#.NET brings together almost all the latest developments
in software development and software engineering research.
Such as object-oriented, type safety, component technology,
automatic memory management, cross-platform exception
handling, version control, code security management. It
differs from some previous programming languages when
designing and developing program interfaces. It not only has
the characteristics of rapid development of Visual Basic, but
also has the powerful functions of C++ language. Its main
features are as follows: Visual C#NET adopts visual
programming  method;  Visual =~ C#.NET  adopts
object-oriented programming idea; Visual C#.NET adopts
event-driven programming mode; Visual C#.NET provides
powerful data Manage and access operational capabilities to
develop and manage large databases. [5]

password | J

WMS is divided into 11 modules, and the main modules are:
model management, warehouse management,
communication, and task status.

The model management module is mainly responsible for
the import of the storage model and its associated
information, and the addition, deletion and modification of
the storage model.

The warehouse management module mainly has six
functions: manual storage, manual delivery, automatic
storage, automatic delivery, table class to view the location
status, and image class to view the location status, to realize
the location allocation and location status monitoring of the
product. .

The communication module mainly has four functions of
connecting WCS, connecting AGVS, connecting the total
control PLC, and connecting the Palletizer to realize
real-time communication with each communication module.

Fig- 3.2-3.5 shows some of the interfaces of WMS:

Volume: 07 Issue: 08 | Aug-2018, Available @ www.ijret.org 80



IJRET: International Journal of Research in Engineering and Technology elSSN: 2319-1163 | pISSN: 2321-7308

https://doi.org/10.15623/ijret.2018.0708009 Received: 30-05-2018, Accepted: 11-07-2018, Published: 01-08-2018

[ Warrhrmre Marwgemert Spstems - o0 X
& Taskstals B8 Modef management 9% Warshouse Management @ Communicators Sating @ Hep @ Ext

Bl e | et the mber of ovtbemd busa M “‘8*"'[‘1 o}

i stegry 1 -] Bk 3l Pl (a1 5 W B
it pber Gebome 0| eda®
Cw | mm owor
Soboh oL/ vl || Do st e | e LN
. etha bt Bebl s o Contaloar cutopry  dblest nmber Bt the mmber of  Whother 1o wed Cod e ol boe wmber Flletsrong e width Batry Tine
[\
u] ACRROTA T T ] ' = ] w H] 111, 222, 300, 46, TD (L] NP0 B W N
0 wmemaw » = T m | e I )
T 0 | wemw | & | . o s Ca T mEmmMm | I psorRons
O | wesseam \ R o : ® 3 11235 4 50 ™ R0 3 2
l'_]i R T ) I . -] t (] 1 ‘ummu- [ m e W
T O | e A . on : @ : Tmmem @ mressan
' [m] sy . X 1® s o | un.aun.@un 1= e mae
O L] : . u : x ! 111,222,200, 4. 200 12 mmornt 1m0
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Fig 3.4: Manual Storage Interface
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4. EXPERIMENT ANALYSIS

After field testing, after entering the roller line from the
offline product, WMS can correctly send the “No Sealing”
or “Assigning the Inbound Dock Information” by scanning
the code. When the designated crossing is reached, the
corresponding task can also be sent to AGVS, and through
the AGV pull goods to the corresponding location. When the
goods is out of the warehouse, the WMS selects the
corresponding product and the exit port, and sends the task
to the AGVS. The AGV can correctly send the product to
the corresponding exit crossing, and then the palletizer
performs the corresponding palletizing action according to
the instruction accepted from the WMS. Through testing,
WMS can cooperate with other software and hardware to
complete the automatic entry and exit of the product,
without manual handling and palletizing, which greatly
improves the efficiency of product in and out of the
warehouse.

5. CONCLUSION

Through the development of WMS warehouse management
system, and with WCS, roller line, palletizing machine, film
machine, board warehouse machine, etc., real-time tracking
and automatic storage of products can be realized, which
greatly reduces the time of entering and leaving the
warehouse. It reduces the mistakes that have been made by

manual labor and has created economic value for the
company. This WMS is different from the previous
warehouse management system, and the application
scenarios are different. The previous ones are used in the
railcars, stacking and other warehouses, and this WMS
conforms to the trend of the times, directly sends
instructions to the AGV trolley to realize the automated
inbound and outbound of goods. The WMS system has a lot
of research space in the allocation of the location. When the
location is further optimized, the speed of the inbound and
outbound storage will be further improved, and the service
life of the warehouse shelf can be improved. This is the
direction that needs further research in the future.
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