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Customer data (e.g., customer number, name, and delivery address)
also should be imported from the ERP system. They enable the MES
to create labels for packing units should they become necessary.

The core task of MES is to put the orders transferred from the ERP
system into an optimal sequence. Here, there are many different appro-
aches, from simple manual planning to a “planning board” to fully
automatic planning based on defined criteria such as planning to
minimize setup times. If there are several orders for the same article,
it must be possible to create collective orders, and the time period-
related quantity needed should be calculated by means of equaliza-
tion processes (e.g., Heijunka).

Heijunka

This is a concept from Japanese production: harmonization of the pro-
duction flow through quantitative production balancing, which avoids
queues (i.e., idle periods and transport times). Factory production is
replaced by flow production (i.e., continuous-flow manufacturing)
with short transport routes and complete processing. This is of great
significance, especially in view of complex, multistage production. The
bottleneck sector limits the company’s success (law of balanced plan-
ning) and also creates wastage for all other sections (in the sense of
delays, stock, etc.). [Syska 2006]

Using simulation, an MES should run various scenarios with
regard to variants, quantities, and dates. Figure 5.2 shows an over-
view of the functional sequence of individual activities [customer
relationship management (CRM), product data management (PDM),
and advanced planning and scheduling (APS)].

5.3 Supply Management within the MES

5.3.1 Demand Planning

The central task of material requirements planning is to ensure mate-
rial availability through supply management. This means procuring
the necessary required quantities within the company and for sales at
the proper time.

This also includes monitoring stocks and in particular creating
procurement proposals for purchases. Here, demand planning strives
to find the optimal path between

o Best possible supply readiness and

e Minimization of costs and capital lockup
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Sales

Customer

Long-Term Sales Forecast |

Long-Term Resource Requirements|

Liquidity Planning |

ERP

MES Production

—| Availability Check of Resources |

—| Allocation to Time Container |

—| Work Scheduling / Material Dispo. |

I Scheduling Delivery Date |

—| Release to Execution |

Order Execution

Ficure 5.2 Functional sequence from customer order to production release.

5.3.2 Material Requirement Calculation

As a first step, the planned resource requirements are calculated with
the aid of an operative planning forecast and coordinated with the
stock and availability situation. On this basis, decisions are made for
a reservation, for ordering, etc.

If data distribution is conducted in accordance with ISA guide-
lines (see Sec. 3.2.1), work plans and therefore part lists are con-
tained in the MES. In order to be able to access the stock of all stock
types directly from supply management, stocks must be listed in
the MES.

5.3.3 Material Disposition in the MES or ERP System

In today’s systems, material disposition generally takes place at level 4.
In future production management systems, production will plan in
the short-term on the basis of a real situation. New-order situations
can be calculated very quickly using the operative planning tools.

If orders must be made at short notice, the call-off order ideally is
sent to the supplier by an e-mail or is made directly available to the sup-
plier via a business-to-business (B2B) platform on the Internet. The
supplier transmits order confirmations and delivery dates in the same
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manner. Since the product data system will be managed at level 3 in
future systems, the latest data for work plans, together with their
parts lists, are always available to the planning department.

For calculating material requirements, required preliminary prod-
ucts (articles) from in-house production also must be calculated and their
production planned. Based on the actual production order, “sub-
contracts” can be generated automatically by the MES for produc-
tion of the preliminary products and assimilated into the sequence
planning.

5.3.4 Incoming Goods

In the incoming goods function, an incoming goods number is pro-
vided automatically with reference to an open order. Then the indi-
vidual order positions are checked. Since deviations may arise during
quantitative checking of the delivery positions, the actual incoming
quantities, which are compared with the order quantity, should be
calculated. If an order has been made based on packing units, every
delivery unit should be recorded and managed according to stocks.

There may be some possible overlapping in quality management
in incoming goods inspections. In this case, a material booking should
be carried out via the MES. For every recorded delivery unit that is
brought into a warehouse, accompanying documents should be cre-
ated to facilitate identification of the goods.

If an incoming goods inspection in the sense of quality control is
needed for the material, this must be visualized through the MES.
Either a direct, on-the-spot inspection can be carried out or a labora-
tory order can be generated automatically for the material. The mate-
rial is released for production only after positive inspection. For the
testing process, we refer to the inspection procedure used in produc-
tion, which generally agrees with the process in the incoming goods
section.

After the quantitative inspection and quality tests, material book-
ing must be transferred to accounting. Under certain circumstances,
specification of a cost center and a cost unit may be necessary.

5.3.5 Interaction between the ERP System and the MES

As we have shown, there is some overlapping of tasks between the
ERP system and the MES in terms of material management. In this
regard, there are various approaches for allocating these tasks:

1. Thebest option is a service-oriented architecture (SOA). Here,
one tool, for example, the MES, uses the material booking of
another tool, in this case the ERP system, as a service. This
approach has defined interfaces and exchange formats. The
service is started through the handover of an ID with a cor-
responding return value.
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2. Another suitable solution is saving the data using a data
warehouse. This allows for a global view of heterogeneous
and distributed data in which the data relevant for the global
view from the data sources are merged into a common, con-
sistent data set. Thus the content of a data warehouse arises
by copying and formatting data from different sources, in this
case an ERP system and an MES.

3. The last option involves managing the tasks in two separate
tools. The result is that the data sometimes are saved in duplicate,
and therefore, more maintenance is required. Errors in data
management cannot be avoided.

5.3.6 Material Warehousing Costs

The quantity on stock (inventory) is to be assessed regarding accu-
mulated storage time using the warehousing cost rate. The resulting
warehousing costs are to be displayed. They must be available to the
MES for detailed planning and optimization. Inventory includes
stocks (raw material), stocks (semifinished goods), and stocks at pro-
duction, also known as work in process (WIP).

5.4 The Planning Process

5.4.1 Planning Objectives

One task of an MES is to bring the orders transferred from the ERP
system (generally a pool of orders for a defined time period with a
fixed supply) into an optimal sequence using suitable algorithms.
What the optimal sequence is depends on many frequently chang-
ing factors even within one production facility, owing to adjust-
ments in company policy, for example. However, two important
aspects are needed to varying extents in sequence planning of every
production:

¢ The customer viewpoint, in which adherence to delivery dates
and quality are at the forefront. The priority of the individual
customer orders generally is determined by the production
planner (order preparation). Rules for this can be entered in
the MES.

e The cost-oriented viewpoint (e.g., optimization of setup costs,
resources, and warehousing costs or a mixture of different
factors) to minimize production costs. The optimal sequence of
orders is determined by the MES according to internal rules.

An MES should use simulation to calculate and display different
situations with regard to variants, quantities, and dates. Fully auto-
matic sequence planning is possible for production processes with
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few boundary conditions and clear rules. For more complex planning
processes, a decision on which variant is actually produced is made
by the process-planning divisions based on suggestions.

5.4.2 The “Updated” Work Plan: Condition
for Optimized Planning

Years of experience in the analysis of work plans have shown that a
large number of targets (mainly planning times for production steps,
setup, cleaning, etc.) differ significantly from the reality. The reason
for this is that these targets are set at a particular point in time before
the start of production (e.g., based on estimates and time studies) but
are no longer checked for accuracy during the production itself. How-
ever, actual production times often change considerably through con-
tinual improvement processes.

An important requirement of the MES planning function can be
derived from this: the MES should have a tool that compares the time
targets from the work schedule with the actual times and then adjusts
the target times. The work plan thus can be adjusted to reality by an
automatic regulatory system, leading to more reliable and precise
sequence planning.

Recording the actual times can be performed simply and cost-
effectively by means of a production data acquisition (PDA) system,
which is often already present or should be a module of the MES. In
these systems, order-related and thus article-related actual times are
recorded. The statistically calculated average vales of these times then
can be compared with the target times, and deviations can be analyzed.

5.4.3 Work Scheduling

In existing planning systems, we often encounter the error that all
orders are processed in one order pool, resulting in unacceptable calcu-
lation periods when there is a large number of orders. In particular,
trying to squeeze in a “priority order” can cause considerable problems
because it is then no longer possible to reschedule within an acceptable
time in order to have an executable plan for the current shift.

A suitable approach before the actual planning is to divide the
quantity of orders into defined time periods (e.g., a day or calendar
week), known as time containers. This approach leads to a better over-
view and shortens the calculation times for planning. In the simplest
case, dividing the orders into the time containers can be done manu-
ally by order preparation.

The problem of sequence planning always arises when several
orders compete for scarce production resources. It is therefore relevant
to both order-oriented individual production and type and series
production. Only with mass production, with its strongly specialized
production facilities that are concentrated on a particular type of
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product, is operative sequence planning seldom necessary. The com-
plexity of assigning tasks can be seen by viewing various boundary
conditions. These are multilayered and are often contrary to the plan-
ning goal. Here is an overview of frequently occurring influencing
factors:

e With regard to the customer order:
e Delivery date

e Delivery quality
¢ With regard to the product:
e Alternative work plans

e Alternative part lists

e Setup costs depending on the sequence
e With regard to the production process:
¢ Minimum or maximum intervals between the process steps

e Transport times

e Waiting times (e.g., cooling or maturing process)
¢ With regard to production resources:
e Current resource allocation

¢ Availability of means of transport and other resources
¢ Cleaning and maintenance times

e Availability of quality assurance resources (e.g., test stations,
laboratory capacities, etc.)

Therefore, for the selection (and subsequently, the parameteriza-
tion) of an MES, it is important to clarify these influencing factors.
Only when these factors and their priority are clearly known can
effective sequence planning be carried out, leading to an improve-
ment of the entire production system.

For sequence planning for a larger order pool with the goal of
meeting all delivery dates of customer orders (the delivery date is greatly
significant compared with all other boundary conditions mentioned
earlier and therefore is relevant for most production environments),
the MES must ensure the following:

o Synchronization of the process chain by means of the para-
meters in the work plan to minimize processing time. This
means, among other things, avoiding idle times and waiting
times (e.g., minimizing storage costs for the production
warehouse) while simultaneously considering resource
requirements.

¢ Collision-free planning of an order pool in the respective time
container, taking into account the specified priorities and
rules for optimizing sequences.
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5.4.4 Strategies for Sequence Planning
and Planning Algorithms

In addition to the requirements shown thus far in this chapter, the algo-
rithms used for sequence planning are the deciding factor. For simplifica-
tion, we speak of an algorithm in this context, although the planning
system may include a complex set of rules, a simulation system, or even
an expert system with self-learning software components.

The use of simulation tools is essential for optimal planning. The
reasons for this are obvious—simulation tools are already used in the
factory-planning phase for coordinating machines, equipment, and
logistics processes. As a result, the most important boundary condi-
tions are mapped in these systems. The simulation tools for planning
an order pool are different from those used in factory planning and
product development. With the latter, the following parameters are
emphasized: quantity, date, calendar, shift model, alternative machines,
and variants.

The simplest variant of planning is the interactive control station.
Here, planning is carried out on a classic planning board. The plan-
ning data transferred from the ERP system are imported and visual-
ized graphically, and in the event of capacity overload of individual
machines or equipment, capacity equalization is carried out through
manually delaying orders. Thus no independent planning algorithm
exists in the MES, but instead, the humans assume planning with all
the advantages and disadvantages this entails. In particular, planning
for preliminary products from in-house production mentioned ear-
lier is difficult here because the entire process chain (and parts list) is
not resolved by the MES.

In order to avoid this “emergency solution through manual
delay,” a planning algorithm must be able to resolve and synchronize
complex process chains and to carry out collision-free planning of a
time container with a large number of orders, taking resource avail-
ability into account. Changes to quantities, dates, or shift models are
entered manually. The algorithm determines the rest. The planning
result then is displayed, for example, as a Gantt diagram. This plan-
ning then is contrasted in turn with actual production data.

Gantt Diagram

A Gantt diagram, or bar chart, is an instrument of project management
named after the analyst Henry L. Gantt (1861-1919) and represents the
chronological order of activities in a graph in the form of bars on a time
axis.

In contrast to a network plan, the duration of the activities in a Gantt
diagram is clearly visible. One disadvantage of the Gantt diagram is that
the dependencies between activities can be displayed only in a limited
manner. This, in turn, is the strength of the network plan. [Syska 2006]
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5.4.5 Forward Planning/Reverse Planning/Bottleneck
Planning

For the optimization-based planning of orders, there are different strat-
egies that are described briefly here. The appropriate strategy should be
selected depending on the initial situation and boundary conditions
(Fig. 5.3). The individual production orders consist of subassemblies
Al and A2 and B1 and B2, respectively. The hatched areas represent
setup processes of the respective production steps.

Normally, the strategy of reverse planning is used. If the process
chain for fulfilling an order extends into the past, a planning system
must switch automatically to forward planning.

In forward planning, the MES is provided with the earliest possible
production start based on the material resource planning (MRP) run
(verification of material availability). Planning is carried out based on
this date and beginning with the lowest production level (secondary
requirements). All necessary production steps are scheduled moving
forward in time. However, this is not always the suitable method. If
the final product is finished too soon, higher warehousing costs may
arise owing to the added value of the end product, and it is also pos-
sible that raw materials used could have been better directed to an
urgent order.

If the customer has been given a delivery date, or if it is possible to
deliver only on certain dates, for example, because of shipping sched-
ules, reverse planning of the production order is recommended. In this
case, planning is done based on the finish date of the production order
with the highest production level (primary requirements). Here, the
individual production steps are scheduled using reverse planning.

Often, production steps for different products arise that all must be
carried out on a particular machine. In this case, bottleneck planning is

Reverse Planning

B2
A1l B2
B1
Today Deadline A2
Forward Planning
B2
A1l B2
B1
Today Deadline A2

Ficure 5.3 Reverse and forward planning.
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carried out based on the bottleneck resource. The production steps are
scheduled using a combination of forward and/or reverse planning.

5.4.6 Collision-Free Planning of a Time Container

In the production industry, planning an individual order tends to be
the exception. Generally, there are a large number of orders that need
to be fulfilled “simultaneously” as per the requested dates using lim-
ited resources and capacities.

Here, the aim is to find or calculate an optimum for the sequence,
cycle times, and storage costs. The calculation algorithm must be
capable of planning the sequence according to priorities and rules
without collisions and with minimal gaps.

Collision-free calculation with a manually established sequence
of individual orders requires more effort from the planning algo-
rithm. Every order consists of various operations, and the MES there-
fore must schedule a large number of operations. Then a possible
delivery date can be stated for every customer order. The speed of the
calculation depends largely on the number of operations to be planned
in the time container. For this reason, it is advisable to consider the
shortest possible periods of time. If the planning period of a time con-
tainer has expired, open orders must be listed in order to move these
into the next time container.

In accordance with the parameter settings made and the sequence
method, an algorithm determines collision-free planning with minimal
gaps and exact delivery dates. In the example, 10 orders for the same
article with a quantity of 100 pieces and the availability date 20/12/2007
at 14:00 are placed in the time container. The planning algorithm calcu-
lates the individual delivery dates of the 10 orders based on the planning
strategy selected; these are provided as an overview (see Fig. 5.4).

<3 Vision Form Q@

Form Edit Database HRecord Field Help

IEE EE EEE 50 ENEEEN 6

Possibles Delivery Date B Sequence w.P. Wl Sequence w.R.

Order No. Article Article Description Customer Quantity Unit Delivery Date
k_000.01 Article 8 Description Article 8 Solvay
i_000.01 Article 8 Description Article 8 Monsanto
h_000.01 Article 8 Description Article 8 Sensient
g 000.01 Article 8 Description Article 8 Mazano
f_000.01 Article 8 Description Article 8 Buna
e_000.01 Article 8 Description Article 8 Asota
d_000.01 Article 8 Description Article 8 Steyr
c_000.01 Article 8 Description Article 8 Traiber
b_000.01 Article 8 Description Article 8 Polini
a_000.01 Article 8 Description Article 8 Scherdel

Ficure 5.4 Overview of an order pool.
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5.4.7 Setup Optimization and Warehousing Costs

The result of the planning also should include an exact determination of
planning costs that takes not only the calculation of direct costs but also
the allocation of overhead and warehousing costs related to the product
into consideration. This calculation should show how a sequence opti-
mization affects setup costs and, in parallel, storage costs. A complete
MES should include this function. For example, it could be that the sav-
ings achieved through setup optimization increase the warehousing
costs to such an extent that setup optimization is not practical. Such and
similar situations should be clarified by the MES in order to show the
responsible parties the most economical alternatives.

5.5 The Importance of the Control Station

5.5.1 Core Elements

The terms control station and control room was coined in the initial
phase of computer-supported automatic production and are still used
in various contexts. In process technology, they mean display of the
entire technical process in the form of flowcharts. In the scope of an
MES, a control station denotes the user interface for order planning.
This means that the result of automatic planning runs is visualized,
and/or an interactive planning or correction of the suggested plan-
ning can be carried out by humans.

One core element is the depiction of the planned orders as a Gantt
diagram, often also referred to as an electronic planning board. If the
MES has planning algorithms for optimization that enable it to make
collision-free calculations of even complex process chains with any
number of orders, the graphic display is essential. In this case, only a
little interaction is needed, which leads to a simplification of the user
interface and therefore helps to avoid errors. Typical algorithms help
to optimize

e Setup costs

e Production costs

e Personnel costs

e Capital lockup

¢ Adherence to deadlines

¢ Capacity utilization

In very few cases, production will use only one optimization

strategy (e.g., meeting deadlines at any cost). Usually, optimization
arises from a weighted combination of the algorithms described.

If planning data are simply imported from the ERP system, for
example, because of a missing planning algorithm, the control panel
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