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Abstract

The dissertation regards the study of the implementation of a Warehouse Management
System (WMS) software and methodologies for finished and semi-finished goods in the Osimo
production plant’s warehouse of Ariston Thermo Group (ATG), aiming for the improvement
of the processes’ efficiency in order to reduce stocking, handling and delivery times of the

merchandise.

Along the thesis, it is described the working environment in which the speaker is immersed
and the general processes and concepts concerning warehousing activities performed in a
plant. Some of these, are the main indicators used to measure the efficiency of processes,
philosophies and methodologies of work and the concepts behind a WMS software and its

main functionalities.

The final analysis as the main core of this work, focuses in the set-up of the SAP WMS software
implementation, which includes the remodeling of the warehouse facilities, the process flow
of the merchandise and solutions proposed by the speaker to problems that arose during the
implementation. It is also analyzed by the speaker the possibility of implementing inside the
warehouse, the RFID label tags for the outbound stage of the merchandise as a pilot stage for
a future development that has, as a long term objective, its implementation in all the

warehouses of the group.

The positive results that are obtained after the WMS implementation, the introduction of new
KPIs and the proposed RFID solution is furtherly developed. Future recommendations to
continue improving the working site with the objective of motivating future speakers are also

introduced.
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Introduction

In this section, it is explained the topic to be boarded. It is presented an overview regarding
the specific place and context where the thesis is developed, its object, the main

methodologies to be taken into consideration and the theoretical frame.

Purpose of the dissertation

This study regards the implementation of a WMS software module, the possible
implementation of Radiofrequency Identification (RFID) label tags and Key Performance
Indicators (KPIs), with the objective of raising the efficiency of the different activities
performed in the warehouse and their monitoring. These activities are picking, handling, put
away, merchandise reception and shipping. The project takes place in the finished products
warehouse of Osimo’s production Plant from ATG. The scope regards only the internal

activities performed in the plant.

Limitations

Solving any kind of problematics from the supply chain management outside the warehouse
and distribution Logistics is out of scope. Even more, the distribution processes of the
company that are not absolutely inherent to the internal warehousing activities are not to be
affected, but given for granted as a basis for the new implementations. Nonetheless,
nowadays the areas of the supply chain are very interconnected, so a clear division between
them is complex to achieve. This is why in the pages to come, some of these external activities

are referenced, but only as a consequence of this tight relationship.
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Work structure

Through this paper, the context in which the dissertation takes place is introduced, with a

company’s and its facilities’ description.

Then, the theoretical framework is presented, including relevant definitions regarding
Warehousing, Warehouse Management and the most important key performance indicators
that are usually used to measure the activities’ efficiency. Finally, the different methodologies

that are currently employed by the company for constant improvements are introduced.

After this, the Warehousing activities within the plant are explained in order to understand
how they are performed today and with the aid of which tools. Then, some different case
studies are inserted that state the improvements obtained with the application of WMS

within their facilities, along with other technologies.

Furthermore, the problematics motivating this implementation are highlighted and

developed, along with the objectives to be achieved.

The previous section is followed by a Benchmarking of the possible solutions that can be
applied, where they are analyzed and the best one, is chosen and explained in detail in the

next section.

Finally, the outcomes after the Go Live of the project are presented and compared with the
initial objectives. This is followed by a results discussion and conclusion, where the speaker
shows the benefits that have been obtained and remarks future prospects regarding further

improvements that can be boarded in future theses.

Context of the study’s object

This work focuses on the Finished Products Warehouse (OFP) of the ATG plant in Osimo. As
stated before, the project regards the implementation of a WMS. The company’s history, the
plant, along with some relevant characteristics and other information within the frame of this

development are presented in this section.
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Ariston Thermo Group history

The group is initially called Industrie Merloni, founded by Mr. Aristide Merloni (Fig 1) in the
year 1930 in Albacine, located in the Marche region of Italy. At the beginning, their business
model is focused in the weight scales sales, far away from the idea of thermic comfort. Success
comes very fast for the company and it remains for a period of over 20 years, with the

consequent result of having more than one third of the market share in the country.

Thirty years later (1960s), the group has grown up to six hundred employees and five
production sites. In this moment, the company decides to start diversifying its production and
enters in the electric water heaters market, producing as well gas cylinders which are the
main component for boilers. It is then when the Ariston brand is born within Industrie Merloni
not only with the aim of creating an identity for these new products, but also to position them
in the market as a top quality brand in the eyes of the customers. What is more, the company
is now producing and selling for third parties, so it is intended that the Ariston brand helps to
differentiate products of their own from the rest. The name comes up from the union of the

founder’s name (Aris) and the Greek word (Ton), which stands for “the best”.

A ARISTON

Figure 1 Ariston Brand logo (left) and Mr. Aristide Merloni (right). (Source aristonthermo.com).

During the 1970s, the company becomes the absolute leader in Italy regarding water heaters
and starts to penetrate in the main markets of Western Europe. At this point, the goal for the

years to come is the consolidation in the market at a continental level and to complete its
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incursion in the thermic comfort market with a wider variety of products. To achieve this, the
production of boilers begins. Also, the weight scales production starts to be left aside, until it

eventually disappears.

With the end of the communism in the 1990s decade, a lot of new markets with small or no
competitors at all are opened for the Western Europe companies. This gives place to a race
among them to enter these markets as fast as possible. ATG starts its expansion not only in
Eastern Europe but also in Asia. In this last one, a very important acquisition is done: The
Racold group from India, which until the moment, is the biggest enterprise in the water
heaters market of this country. Furthermore, the first establishment in China is opened. Like

this, the Ariston brand starts achieving a global extension.

The company continues its booming attitude in the 2000s. This is evident as the group starts
a very aggressive strategy by acquiring very well-known brands from the heating and burners
market such as Chaffoteaux (France), Elco (Switzerland), Cuenod, Rendamax (Fig 2) and
Ecoflam (Italy). All of them very important to consolidate the presence in each of their original
countries, especially France which today is among the most important markets of the

company. Later, in the 2005, a new establishment is opened in Saint Petersburg (Russia).

Rendamax

cloo® (@ Chaffoteaux

Figure 2 elco, Chaffoteux, Cuenod, Rendamax. (Source aristonthermo.com).

In the year 2008, Termogamma SA is acquired. Its main products are the heating pumps,
which the group isn’t consolidated in the market until the moment. The following year, the
company name is changed to Ariston Thermo Group. From this year onwards, ATG is among
the world leaders in the water and environment heating markets with perhaps the most

complete offer in thermal comfort regarding not only products but also services.

15




In the year 2011, the group acquires Cipag SA and Domotec. Both Swiss companies that help
reinforcing the presence to become complete leaders in the water heating market of the

country regarding production, distribution and maintenance of the systems.

In the year 2013, ATG acquires DhE (Italian). This company is an electric resistance’s producer
for commercial and industrial use. It constitutes a joint venture for the production and
commercialization in Uzbekistan for domestic heating systems with a very high electrical
efficiency. This strategic acquisition internalizes the production of one of the main

components for ATG, bringing a huge competitive advantages for the firm.

To have a visible presence in Netherlands, the group acquires ATAG Heating group, which is
a high quality brand in the heating sector. This is not the only big move performed by the ATG
in this period. A new plant is also inaugurated in Vietnam with the aim of producing the latest
technology in electrical water heaters. Plus, the Heat TechGeysers (South Africa) firm, second

greatest player of the country in the water heaters market is bought.

Furthermore, in 2015 the new subsidiary Ariston Thermo Indonesia is opened. Operations
also start in the Danish market with the acquisition of Gastech-Energy A/S (Denmark). During
the same time period, SPM (France), a company specialized in burners and components
related to this product is acquired. To finish an outstanding performance during this year, due
to the tenth year of presence in Russia, the group opens a new logistics center in Saint

Petersburg.

In 2016, ATG decides to expand to a new market to begin their activities in America. So, NTI
(Canada) is bought. This one is a leader in Canada and it is among the top brands in the USA
in the condensing heaters market. Some huge advances are also taking place in Italy this year:
Osimo and Arcevia production plants are awarded the bronze medals of the World Class

Manufacturing (WCM).

During the last year (2017), Ariston Thermo Innovative Technologies investigation center is
opened in Agrate (ltaly), with the objective of developing the latest technologies for the global
thermic comfort market. To continue the expansion in America and to reinforce high

efficiency heating solutions, HTP (USA) is acquired.

With this brief description of the company’s trajectory along the years, it is noticed that it is

a firm completely committed to be the best option in the market regarding the high quality

16



of its products and to remain as the market leader in the countries where it is already
established, while also becoming the one in those that it is starting its incursion. Eighty-five
years of continuous commitment in being the best as possible in every way have made ATG
become a world reference in the thermic comfort market. Today, ATG (Fig 3) has a total
revenue above one and a half billion euros with more than seven million products sold every
year, seven thousand employees and a presence in more than one hundred and sixty

countries (Ariston Thermo Group, n.d.).

(A ARISTON

THERMO GROUP

Figure 3 Ariston Thermo current logo. (Source aristonthermo.com).

The Osimo Plant

History and location

The Osimo production plant (Fig. 4) is the most advanced plant of ATG in terms of production

levels and one of the top regarding the introduction of technology within its processes.

The total surface of the plant is around 50000 SqgM. Which are divided in office rooms,
production and warehousing. Today, there are more than three hundred workers in the plant

among operators, managers and directors.
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Figure 4. Google Maps satellite view Osimo plant (left), front view (right). (Source: Google maps).

The products

In Osimo plant, wall boilers are produced. These are one of the most important products for
the company and are top of the market regarding quality and efficiency. A boiler (Fig 5), such
as the ones produced in Osimo’s plant, can be found in the market under the following

categories: conventional or by condensation.

Figure 5 Boiler. (Source : climando.it)
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The difference between them, is the efficiency of the heating process, which is higher for
those of condensation. On the other hand, so is the price. The reason is not because the client
is getting a higher quality product, but because it is necessary a much bigger coil for the
condensation boiler than for the traditional one, which is one of the most expensive

accessories.

A boiler of the previous kinds consists in the heating of water through a gas flame. If the water
is required for house heating, it might reach up to 80°C. In order to achieve this temperature,

the process is as follows:

First, cold water enters through Inlet Port E (Fig 6 and 7). The diverter valve (15) allows
the passage of water through the pump (18) where it arrives to a coil that is being heated by
convection with the hot air (due to the gas flame fumes). If the boiler is a traditional one, the
hot air exits the boiler with high temperature and usable energy within it that is wasted in the
process. On the other hand, condensation boilers are designed in such a way that the gases
are guided through a chamber in constant heat exchange with the coil transmitting first the
heat to the water that is finishing the journey and then to the end of the coil in which cold
water is travelling. All along its journey, the gas fumes have been transmitting their energy to
the coil (Fig 6) until it arrives to the last portion of it. At this point, fumes condensate with the
adequate pressure and temperature conditions and become liquid. During this process, a very
important energy exchange has been performed from the condensing gases to the coil.
Below, two graphs representing the temperature of the fluids for the condensing boilers case
(Fig 6). It is remarked that when the gas is starting to travel along the chamber, it is doing it
in the opposite way than the water. So the end of the coil for the water is the beginning for

the fumes.
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Figure 6. Above, coil temperature, below, the water’s

After it passed through all the coil, the water exits through outlet port A and goes to the

heaters.

If water for the sanitary is required, the water passage in outlet port A is blocked by the by
pass (9) and goes instead to the sanitary water chamber (7), heating the water entering

through inlet port D and exiting through port C.
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Figure 7 Internal Diagram of a Boiler

1 Airventilation valve 10 Emptying Faucet 19 Expansion Vessel

2 Primary Exchange 11 Siphon 20 Ventilator

3 Detection Electrode 12 Filling Faucet 21 lgnition Electrodes

4 Ingoing Heating Sensor 13 Heating Circuit Filter 22 Thermal Fuse

5 Delivery Heating Prove 14 Sanitary Flowmeter A Plant Delivery

6 Gas Valve 15 Motorized Diverter Valve B Hot Sanitary water Qutlet
7 Sanitary Water Use Chamber 16 Manometer C Gas Inlet

8 3 Bar Security Valve 17 Minimum Pressure Switch D Cold water Inlet

9 Automatic by pass 18 Modulating Circulator with Deareator E Plant Return

Figure 8 Boiler Internal Diagram References

The function of the ventilator (20) is to provide the combustion chamber with fresh, rich in
oxygen air. The detection electrode (3) controls the temperature in the end of the coil in order

to control the gas flame. The expansion vessel (19) works as a hydraulic capacitor that reacts
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with the pressure changes inside the boiler in order to maintain the pressure. As a safety
measure, the boiler also contains a sensor that ensures that gas is consumed only if the flame

is present, in order to avoid an explosion.

Warehouse Infrastructure

The total warehouse is composed by an internal building (whose area is divided as shown in
fig 9) and two external tendons. The first one is located very close to the production site and
has a total surface of around five thousand SqM. The remaining ones (fig 9 right) are around
one thousand SqM. each, where one of them is divided in a rack storage area and the other
one in ground storage. These tendons have been added in order to expand the total storage

area, as the demand grew along time.

In the internal warehouse, accessories and finished products (Osimo’s and external
production) are stored. While in both external ones, some products from external production

and accessories.

Figure 9 Internal Warehouse (left) and one of the external tendons (right)
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Theoretical Frame

In this section, main concepts are defined regarding Warehouse Management (WM) and

working methodologies within the company’s warehouse.

Standard Warehousing Processes

In this section, a short review of the general warehousing activities performed by a company
is briefly introduced. In the next ones, these processes are developed in a more detailed way,

oriented to Osimo’s warehouse.

Generally speaking, warehousing consists in three main processes which are inbound, internal
movements and outbound. The first one takes place when a supplier arrives to the warehouse
in order to leave its merchandise or either when a production batch is ready for stocking. The
second one, only consists in the movement of the merchandise from one storage type to
another one within the same warehouse structure, while the third of them, consists in the

company being the one who has to hand out the products to the shipping company.

Inbound:

I.  Trucks from suppliers reach the warehouse and are parked in the corresponding
dock area.

II.  An operator downloads the goods from the trucks and leaves them in the staging
area.

Ill.  Quality control is performed in order to ensure that the received goods are the
correct ones and in the proper conditions. This is very important because after this
point, any damage found in the merchandise is exclusively a responsibility of the
receiving company and no compensation can then be claimed.

IV.  Finally, the products are organized into pallets so as to be carried by the forklift or

the operator to their corresponding racks or storage bins.
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Outbound:

I.  The operators go to the particular racks and pick the items indicated in their
picking list and leave them in the packaging area.

II.  The goods are packed and organized according to the different orders that are to
be shipped in specific trucks.

lll. A loader picks the orders and leaves them available in the outbound area, where
a quality check is performed in order to confirm that all the products are handed
in the proper conditions. This is because, like before, any damaged product up to
this stage is warehouse responsibility.

IV.  Products are finally loaded in their respective trucks and sent to the final

customers.

According to its different technologies and procedures, each warehouse may have

more or different steps than the previously listed.

What is Warehouse Management?

WM implies the optimization and control of distribution and warehouse processes (Ten
Hompel, 2006). Nowadays, it is a difficult challenge for companies to manage all of their
warehouse activities in an efficient way. This is why a deep analysis regarding the current
situation and processes needs to be performed in order to produce a satisfactory WM

structure (Faber N., 2013).

Warehouse Management Evolution

It is interesting to make a brief recap of the evolution of warehousing processes until today’s

latest advances.
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The first case in history that deals with stocking goods is related to the Egyptian civilization,
where crops were stored and rations of it were arranged for its consumption, in order to be
prepared in case of famine or whatever natural disaster could arrive. Of course, only papyri
and writing could be used to control this “stock”. It is interesting to notice that this practice
remained practically untouched for thousands of years. It is only in the last century that
companies started to pay real attention to warehousing as an opportunity to take a cost
advantage with respect to their competitors or even to consider it a client satisfaction factor

and so, start investing to improve it.

As every revolution, there is a first technological event or discovery that triggers the events
to come. It is during the First World War when hand trucks (Fig 10) are introduced to the
warehouse in order to manage larger and heavier quantities of merchandise that are
impossible to deal with for humans with bare hands. This increases the performance of
employees given that the time implemented in tasks is highly reduced as a consequence of
the decrease of total trips required to store the same amount of merchandise as before. At
the same time, the amount of goods that are managed in a determined unit of time is much
higher. Still, there is too much ground for improvements as the operator’s physical strength

is required both for picking and put away the goods.

With the arrival of forklifts (Fig 10), a great impact takes place. Now, pallet® of products are
able to be stored not only at ground level and some low level shelves, but also in very high
racks. This allows the companies to exploit warehouses in height as now heavy elements can
be deposited and removed in higher locations in a safer way than before without the use of
ladders. This does not only reduce even more the amount of trips to be done by the operators
during handling activities but also provides the warehouse with a huge amount of new storage
volume that until the moment could not be exploited due to security reasons and physical

impossibility for a human operator.

On the other hand, the stock control strategies still remain unchanged. Books and notes are
the only way to keep track of goods locations and quantities. This does not prove to be a
limitation for small warehouses, but it is for those companies who start experimenting an

exponential growth. As a consequence, the amount of lost, broken and misplaced products

! organizational stock unit consisting of a group of products
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increases significantly. This is why the new complications, that were not such previously,
demand new solutions. Anyway, the balance between investment and the Return on

investment for the firms is sufficiently high.

When the computer’s revolution arrives, a place is found for them in every industry that we
could think of. Warehouses are not the exception, so software developers start to generate
automated programs in order to track the stock availability, inventory, etc. The intention to
perfect and improve the functionalities provided by these algorithms and the organization of
the warehouse along time gives birth to WMS, which is explained in detail in the sections to

come.

Figure 10 Antique hand trucks (up) and forklifts (down).(Sources: hsaforklifts.com.au, powerpalletinc.com,
imagenesmy.com, cjvintage.blogspot.com)

Warehouse Management System Software

As a consequence of WMS evolution, different companies have developed this one inside
their Enterprise Resource Planning (ERP) software to make its application easier to link with

other areas of the supply chain.
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Useful concepts

Before getting more into detail, some useful concepts regarding WMS are introduced below:

e Material: A material is every product that a company manages, from raw material
until finished goods. It is uniquely identified by a seven-digit code that allows its
unique identification in a warehouse.

e Transaction: It is a customized or predefined set of activities performed in the
software that allow to interact with the system, handle materials, buy them, etc.

e Warehouse Number: It represents entire or partially the physical plant’s warehouse
(WH) at a software level. All WMS transactions require a WH number in which the
operations are being performed.

e Storage Type: Inside the WH number, its area is divided in these storage types. This
division is customizable regarding the user’s needs and usually depends in the
different products and handling activities required to stock the materials. They are
defined with a three-digit code. A storage type can also be divided in storage areas.

e Storage Area: It is an organizational unit within a storage type that is formed by a
group of locations (unit cells) that share common characteristics and are used for
picking and put away the merchandise. These characteristics are: height, volume
capacity and distance to the docking areas.

e Location: Itis the smallest volume unit of a warehouse. For each location, it is possible
to define a Warehouse Area, Picking Area, Storage Type, Maximum Weight and
establish its blocking status to forbid put away or picking of the materials.

e Transfer Order (TO): All material movements from one storage type or location to
another one are done through TOs. They are manually done by operators or
automatically (if customized) generated by the system when a specific transaction
takes place

e Purchase Order: They are created by the system when a purchase is manually done
toaclient or aninternal company of the group. It contains the expected delivery time,

guantities, packaging, among others.
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e Picking Area: Specifies the areas in which the required products in an TO are to be
picked.

e Stock Placement Code: It is used for indicating an operator the storage type in which
a material has to be put away into.

e Special Movement Code: Allows the system to address a material to the correct
staging area as a first step to start its way to the correct final location. It is only used
during inbound and internal handling activities.

e Storage Bin: They divide the area of storage types into smaller spaces with specific
characteristics such as bulk storage, high rack, low rack, and dimensions. They can
also be called unit cells.

e Mixed Storage: A storage bin is called mixed if it contains more than one material type
of quant.

e Quant: A portion of stock that has homogeneous characteristics (same material,
plant, storage location) that the software uses as unit of stock.

e Handling Unit: It is constituted by one or more quants?. They are uniquely identified
in the system by a unigue handling unit number made by the system. If it is
constituted by different quants, it is a mixed handling unit. Otherwise, it is
homogeneous. The advantage of managing a warehouse with these ones is that it is
possible to know all the different materials inside it with just the identification of its
unique handling unit number. Otherwise, it is necessary to track each material inside
the handling unit in a single way, which consumes a lot more time

e Dynamic Storage Locations: These are storage locations generated by the system in
order to specify the virtual location of a product that is being received. The name of
the location is the number of the goods receipt order, so that it is easy to associate
where the material is coming from. As soon as the receipt transaction is verified as
completed by the system, the dynamic storage location is destroyed.

e Pallet Data: If a material is palletized in a certain way from production or vendors, the
system can be customized so as to receive these values in advance and automatically

divide the total receipt order in handling units (or pallets) of the specified quantity.

2 |n the case of this dissertations, handling unit are homogeneous and contain one quant.
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For example, if 20 pieces of a material that has a pallet number data of 5, the system
automatically knows that four pallets of five units are being received.

e Stock Removal Code: It is used to indicate the WH operators in the TO, in which
storage type it is required to pick up the product.

e Putaway Strategies: Customized indications for the software to perform an automatic
research in order to find the most appropriate location for a material inside a storage
type.

e Picking Strategies: Customized indications for the software to perform an automatic
research in order to find the most appropriate locations to pick up the required
materials to satisfy an order.

e Capacity control code: It is used to allow the system to know that a maximum amount

of units can be stored inside a certain location.

WMS software is a set of tools that is complemented and customized with techniques that
come in a software application with the objective of assisting a business in the management
of their raw materials, semi-finished and finished goods. Depending on the software supplier,
its characteristics may be wider, but all the functionalities are quiet the same, allowing to
establish automated picking, stocking and handling strategies which help improve the
efficiency in the processes by reducing operation times. It also offers the possibility of
expanding its functionalities to the transportation management system of the firm, becoming
the master of the supply chain. Along the years, WMS has become more and more robust in
order to cope with the most complex warehouse structures. Moreover, it has been able to
incorporate many technological improvements, such as RFID and Automated Guided Vehicles
(AGVs), in order to increase its functionalities. According to their area of interest, some of the

main benefits are listed below:

e Production Organization: A higher efficiency regarding raw material’s supply is
obtained given that when the total amount of daily production is established, the
Master Resource Planning® (MRP) verifies the stock availability and generates a

transfer order in the system. This one contains the list of materials that need to be

3 A module of the WMS
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picked up from the warehouse with its specific origin and destination locations, to be
picked/stored in the most efficient order.

If the amount of needed raw materials is higher than the one available in the
warehouse, the system advices the user and either re-schedules the job, or accepts it
but only for the total goods that can be produced. It also calculates the difference of
the required raw materials to satisfy the first production request and makes aware
the competent logistics manager of the situation. This is a huge advantage as it avoids
the stoppage of the production line for such reason, which is the worst situation that
can take place.

Also, when a product exits the line, it is organized in pallets that are then registered in
the system thanks to the data read by a program that works through the
Manufacturing Execution System (MES) that is called Order Management. This one
provides the information to the WMS in order to produce a transfer order indicating
how many, where and how to stock these finished goods in the warehouse. The
completion of this processes usually requires a confirmation that can be done
manually with a computer, or more usual, by radiofrequency transaction by the WH
operator. The confirmation is fundamental to certify that the proper action is

performed and by whom?*.

e Deliveries and receipts in the docks: Reception and shipping of the merchandise are
alsoin the scope of WMS with the objective of minimizing their duration and managing
in advance operator’s tasks and required resources. The general cases presented in a
warehouse are listed below:

o Arrival of the merchandise to the warehouse: The software usually allows
suppliers to reserve a timing schedule indicating the quantity and type of
products that are arriving. It specifies the docks in which the trucks must arrive
to the warehouse and discharge its materials. The corresponding storage space
for the merchandise to come can be previously checked (usually done) by the
system. Then, the software indicates the operators how to store the

merchandise according to preset strategies that depend on the product,

4 Every operator has a personal user with which it performs the transactions.
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supplier or any other relevant characteristic desired by the user. After the
confirmation of the transaction, the software automatically updates the
guantities of materials.

o Shipping from the warehouse: The order is performed by a client and it is
processed by the system, which checks the availability of the resources not
only in real time (currently present in the warehouse) but also taking into
consideration blocked stock to be used for future orders in the short term. If
all the requirements are met and the order is accepted by the competent
authority, a picking list is produced, following a specific order for picking the
materials with their specified locations. Once the transaction is completed by
the operator, the software automatically updates the quantities of stock.

o Handling of materials inside the warehouse: The system processes the TO and
checks the availability of the materials to be removed from the corresponding
warehouse type and checks that the destination one is able to stock this
product and quantity. It is indicated to the operator the most efficient order
to remove the stock and how to order it in the final destination. When the
transaction is completed, the system updates the stock values in both
warehousing types.

o Sales department: It is linked to the system, that allows them to have a real
time control on the sales and stock acquisitions that are taking place in the
daily activities of the production plant. It can also be customized to produce
the invoices to be sent straight away to the clients. For them, WMS offers a
key functionality allowing to check the available stock and the current and
future purchase orders. In case the quantities of the purchase orders exceed
the actual values of stock, they are responsible of guaranteeing that the most
critical ones are satisfied. The software also supports in this task as all the

information regarding a client is available here.

RFID Technology
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RFID is born as an alternative for barcoding identification. The main advantage of RFID against
this technology, is the fact that it is not required a direct vision between the emitter and the

receiver.
The architecture of an RFID system, consists in the (Yan Bo, 2008):

e Front end System:

o Tags: They contain internal circuitry that is excited by an electromagnetic field
produced by the reader or transceiver. These are to be applied for pallet
identification, warehouse position of merchandise, among others.

There are many different criteria for their classification and all of them must
be taken into account when doing the selection. One of them comes up taking
into consideration their power source, which can be passive or active. The first
one, uses the energy provided by the reader in order to emit or allow data
reception and writing. The active one, contains an internal source, which
allows communication without the energy of the reader as it is usually
necessary that this tag needs to communicate independently and far away
from this one. Also, its range of communication is larger than the passive one
(Turck Inc., 2015).

They can also be classified as Reading only®>, Reading and Write once-Read
many, depending on the memory modifications that can be performed inside
them.

According to their working frequency, the most popular ones are low
frequency®, high frequency’ (HF) or ultra-high frequency® (UHF). The working
principle of HF consists in an inductive coupling that creates a homogeneous
and well defined magnetic field that is quiet immune to interferences. The
strength of its signal depends on the distance with the antenna, making them
very limited for long distance communications, with a maximum of no more

than 70 cm.

5> The tag is only used for reading its unique internal ID code written during its manufacturing process.
6 Usual working frequency of 135 KHz

7 Usual working frequency of 13.56 MHz

8 Usual working frequency of 860-960 MHz
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located.

For UHF, a near and a far field are used. The first one, works with the same
principle as the HF one, but with a narrower field of view than the HF antenna’s
field. Its long range field is accommodated according to its electric field
features, making it able to communicate in larger distances, but at the same
time much more susceptible to the interferences in the environment and to
other close tags due to the fact that its field is not homogeneous. So, it can
produce blind gaps or very high power in some areas, exciting other close tags
and misreading the information.

Fixed antennas in order to receive and magnify low power signals emitted by
readers/tags that need to cover big areas in the warehouse. They are also
connected to the LAN network by an I/O device in order to communicate the
information they read.

RFID reader: Obtains and sends information from the tags either by sending
automatic or periodic signals when required. Gateways are also used, with
different antennas lo