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Abstract: Digitalization and automation of the has been developed by Rother & Shook [6], and over the
production according to Industry 4.0 opens newears, a large variety of different VSM approaches were
opportunities for companies to develop more efficiergenerated, leading to misunderstandings and conflicts
value chains. In the context of mass customization, it\wgthin supply networks [7]. A holistic methodology for
promising to examine more closely the complete interndle assessment and subsequent optimization was needed
value chain of companies, from the first customer contati communicate in a standardized way throughout
to the delivery of the finished product, prior to providecomplex supply chains [8]. ISO 22468 provides the
digital configurations for customized products. A criticalnecessary guidelines for the application of VSM with
aspect for internal inefficiencies and complication of amegard to the collection, evaluation and continuous
aspired automation are the interfaces of departments diraprovement of value stream relevant data, applicable in
to inconsistent and non-uniform information transfer.  material-, energy- or data-related processes [4].
This article presents a versatile approach to visualize the Industry 4.0 (14.0) is considered to be th& 4
internal information flow at inter-departmental level asindustrial revolution, with as one common, technical
well as at intra-departmental level. The described multdefinition [9]: “Industry 4.0 is definedsdigitization of
level information value stream mapping method perfectthe manufacturing sector, with embedded sensors in
suits as prerequisite for a digitalization or automation ofirtually all product components and manufacturing
internal information flows. As framework for the timeequipment, ubiquitous cyber-physical systems (CPS), and
capturing and visualization, ISO 22468 is used, and aanalysis of all relevant data The increasing use of
industrial use case exemplifies the research findings. Information and Communication Technology (ICT) in
Key Words: Value Stream Mapping, Complete the manufacturing sector, mainly in reference with 14.0,
Internal Information Flow, Multi-Level, Digitalization, brings new opportunities like the digitalization and
Automation, Visualization, Mass Customization automation of processes or information flows. These new
14.0 requirements can be challenging for companies,
mainly if over time different IT storing systems have
1. INTRODUCTION been used. The result are wasteful actions which hinder a

. ' d digitized production [10].
The fundamental concepts in the field of learkOPEr and d . ; . . .
management are mainly connected to the introduction Orttic-:—:% n;‘:}';":]eevvil 'ggc;rimﬁ:i'gg t\c/) Sa'ﬂailmggd;rﬁgdalsnsézlss the
the Toyota Production System (TPS) [1], later known oy P P Y

Lean Production Systems (LPS), with a primary goal t|(51t.ernal information flow in an end-to-end perspective

reduce operating costs through eliminating all non-valUdior to a pursued digitalization or automation. For the

adding entities (waste/ muda) from the value chain of §S€ combany this was important for an anticipated

: reglacement of a manual configuration with an online
company. In LPS, the customer-centric aspects such as _ : . . o
configuration, mainly in regard of mass customization

best quality, short lead-time, and lower costs are k . ) PSS i
focus areas, which can be achieved through a set of to?) sC)' MC is defined as an organization’s ability to

and methods (e.g. JIT, jidoka, ...) that aim to minimiz rovide customized products and services which fulfil

the operating c.géts byj redu'ci.r.{g waste in productioenaCh customer’s idiosyncratic needs without significant
- mpromises in cost, delivery and quality [11]. The

processes [2]. Value stream mapping is one of the mot assic VSM is used as a framework and extended to

e c
common lean methods [3], which is used to develop th ) :
current state visualization of product and informatioﬁ(Isuallze the different departments throughout the

flows within organizations and represents one step of tﬁ'?etemal value .Cha'r.]’ the used softwarg, the respective
process- and idle time as well as the information flow

overall value stream management (VSM) procedure [4]. . :
VSM is an effective, easy to use tool to coIIectand information order throughout the complete

. . Brocessing sequences. The visualization can be
evaluate, and continuously improve product an

. : o S erformed at different levels, meaning at an inter-
information flows within companies in a common an

standardized manner [5]. The fundamental VSM conce tgetween more than_o_ne department) and at an intra-
epartmental level (within one department).
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The following sections of this article are strueiias
follow: First, a literature review concerning exteal
VSM methods to capture the internal informationaflo
more in detail is done. Secondly, the methodoldgthe
multi-level information flow VSM is elaborated beé
its application is shown by a use case study. {astl
conclusion to sum up the work is provided.

2. LITERATURE REVIEW
Countless articles exist on

added and non-value added activities in operatjdhs
[31, [5], [7], [8], [10], [12]-[15]. An extensiveaview of
different VSM applications can be found in [16].€T
aim of this section is to extend the literatureieew of

[16] by examining the efforts conducted to exten
conventional VSM to capture the internal informatio

flow and to briefly explain the procedure of ISO483.
Thomas Meudt et al. [10] proposed an upgrad

existing Lean Production (LP)-System that
orientation on how to react to the new challengase
through 14.0. This new approach allows companies

systematically understand opportunities offered b

digitalization and 14.0 to develop their lean protion
approach to the next level. In a conventional VS,
material flow is always connected to an informatiiov

(e.g. to schedule production, to evaluate perfomaan

information) and used to depict the informationwflo

between the production processes and the IT-syste

Here, the focus lies on improving the lead timeaof

product and not on depicting Information Logistica

Waste (ILW will be used in the following). Informai
Logistics (IL) are understood as
management, realization and control of the totatify
information flow as well as the storage and proogsef
this information. Especially,
decision making are considered for IL. ILW is die

into three groups: data generation and transfeta d
lis th ) . .
e practical and relevant complement for use in coctjon

processing and storage, and data utilization.
approach, the objective is to analyze and visuaéiz
current state of value streams in terms of matenal
especially for information flows by depicting ILW§he
method is divided into six sequential steps. Tha Btep
is the conduction of a classical value stream roaget a
general understanding of the value stream. Thenskc
step is to list all the storage media, used foodétwy of
data points and KPIs. The third step is to conmata
points, KPIs and all further locally collected daté
production and logistic processes with its storagmlia
through vertical lines and junctions. The fourtlepst
serves to determine the usage of data, so to ctieck
purpose of collecting data points/ KPIs. In theéhfistep,
the types of ILW for all processes and logisticsngnts
are collected. The last and sixth step is to raterials
and spheres of activity.

Timo Busert et al. [13] developed a six-stage("ilbl

procedure to ensure sufficient information qualit§)
for an efficient production planning and controP®),
mainly in regard of the increasing
availability provided by 14.0. Many companies irgse

the application o
conventional VSM (material and information flow),
which is widely used in the industry to assess wall®

e
value stream mapping method for companies with arP

neefl
d modelling of information flows, where the data

e)cquisition, transmission and the information pesasy

the planning,

information flows of

o

inf ti ) ) ..
" orrm‘(;'cmwsual|zed by using the Value Added Heat Map, whech

their internal flexibility and accelerated theiresptional
processes by applying LP principles, like reductain
waste, a continuous improvement of processes, and a
change in production control towards demand-orinte
production. One problem here is, that LP was inse i

the 1950s and did not need to consider possilsilitie
modern ICT. For this reason, man LP principles have
been exhausted in terms of their efficiency forabatrol

of operational processes. For the controlling of
pperational processes nowadays, LP and 14.0 can
reinforce each other. The six-staged procedure &ms
resent a conceptual framework based on the value
stream mapping method to systematically analyze
operational processes, to develop concepts, and to

h harmonize the necessary information flows to cdntro

operational processes. The first step consists of a

&Iassical value stream analysis, to get a general

understanding of the value stream to identify
improvement potentials, similar to the first stép[10].

'ahe second step is the concept development, where a
ncept must be developed how to attain the idedtif

roduction control Kaizen. The third step is the

modelled. The fourth step is the harmonizatibhQ

y determining information quality dimensions for
existing information flows and deriving requireme mf
the 1Q dimensions. The fifth step is detailed plagrand
implementation, by selecting information acquisitand
transmission tools, defining storage media andfates

rﬂg IT-systems and a concept roll out. The last aith

step is the evaluation of the effectiveness ofdbecept
Iby evaluating the achievements of the defined targed
identifying further improvement potentials.

Nauman Bin Ali et al. [14] propose to combine value
Stream analysis with FLOW, which is a methodology
that systematically captures and visualizes chanfuel
information flow and allows the identification otils-
optimal communication paths. The simple notation,

6[albility to identify and visualize both documentedda

undocumented channels of information, make FLOW a

with VSM. The idea of this combined FLOW-assisted
VSM is to first conduct a typical artifact flow dgais
and secondly an information flow analysis done kg t
FLOW approach to overcome the limitations of erigti
VSM methods and notations. Through a case study its
success was proven in systematically uncoveringess
characterizing their solutions and indicating their
practical usefulness for waste removal with a foons
information flow related issues. The FLOW-assisted
VSM aims to improve the large-scale software préduc
development process, mainly with the ability to tcap
complex information flows and identify improvements
opportunities during the development. The combamati
of FLOW and VSM is an interesting approach to
compensate the weaknesses of both methods antée¢hus
e to conduct a profound information flow anadysi
Dagmar Piotr Tomanek et al. [17] developed an
innovative evaluation scale to classify informatibow
following the added value. The collected data was

a visualization tool that indicates the level vatmeation
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concerning production relevant factors. The infdiora intended field of application is stated secondhg basic
flow is classified by the authors in six value adidievels procedure with its different steps is clarified.

from zero to five. The effort that is needed foeth  Conventional VSM is a useful technique applied to
information exchange serves as scale for thdentify opportunities for kaizen efforts (contirus
categorization. The higher the effort, the lowes Halue improvement) to eliminate waste in a system. Theefie
added level and vice versa. The first categorinafievel lies in being able to visually present the state of
0) is ‘No Added Value’ and means that the exchamige performance of a production line or any other sddi
information is insufficient, incorrect or unnecesswith  system. To preserve its value as a useful and teasge
maximal effort. The second categorization (level-1 tool, these features must be maintained during the
level 4) is ‘Limited Added Value’ and means a vaitt extension towards the multi-level information VSM.

(level 1), verbal or visual (level 2), not real-8m The objective of this method is to examine therenti
electronical (level 3) or real time electronicalcbange internal information flow from product enquiry thugh

of information (level 4). The third and last categation the customer to product dispatch to the customer as
(level 5) is ‘Maximum Added Value’ and means a tligi simple and clear as possible. A major differendsvben
exchange of real-time information with minimal effo the conventional and this multi-level informatiosM is
This method shows a possibility to visualize loseés that instead of the supplier symbol (left uppertpahe

time through deficient or defective information. customer symbol is illustrated twice (left and tigipper
Further VSM applications which focus on thepart). This is necessary, since this method ontydes
information flow can be found in [18]-[22]. on the information flow between the company and the

The different applications of VSM have beencustomer, and not on the information flow betwelea t
summarized and standardized in the ISO 22468 [4jpmpany and its suppliers of raw material.
which is the first international standard for vakteeam The visualization can be done at different leveld a
management and has been published in march 2020. 18an be used as prerequisite for a later digitatinaand
22468 provides guidelines for the application of WS automation of internal information flows. Its mam is
with regard to the collection, evaluation and comtius to detect and localize inefficiencies and ILW [10]
improvement of value stream relevant data. A stahdathroughout the complete internal value chain.
for VSM was necessary due to the large variety of
different VSM approaches since the 1990s. Mainly,
communication and collaboration issues appeareisiglur ~ The multi-level information VSM method is
the application of VSM in practice due to differeaiue universally applicable but provides the most sigaifit
stream visualizations and associated calculatisdded value for companies with a high density of
procedures. These challenges mainly occur at tl®mplex information exchange. This means that the
interfaces of departments, corporate groups otreentiinternal information flow goes through different
supply chains. The standardized VSM method ensareslepartments, who are using different software ard a
unified collection, visualization and calculatiohwalue always adding new additional information to thetsys
streams within companies, corporations and alopglgu This is often the case for companies, which worthvei
chains. The basic VSM procedure is divided inteeéhr lot of individual orders (order-related individual

3.1. Field of application

main phases: production) and do not process standardized praesdu
* Value Stream Analysis (series production). In the complex environment of
* Value Stream Design individual production, different individual taskeed to
« Value Stream Planning. be performed by different departments and thus ILW

often arises unconsciously since every department i
Every main phase is divided into three fundamentanainly focused on its own tasks. If, a company went
steps and collectively they cover the PDCA-cyclethrough a rapid growth and steady expansion of its
Beside a common procedure, the following commogompany size and product portfolio, its IT-system
characteristics are defined within 1ISO 22468: sylmboprobably went through the same expansion. This
and terminology, parameters, calculation procedares normally results in a high number of different catérg
data boxes. systems (difficult to pass on information intergalthich
To sum up, this literature review has shown thdeads to information entanglement) instead of one
many different approaches have been developed @mmon IT-system with interacting sub-systems. The
analyze the information flow more closely by meafis result is a complication of the internal commurimat
the VSM method. It has been identified that mosdue to different software within each department.
research studies neglect the visualization andysisabf For companies with a high density of complex
the complete internal information flow on differdavels information exchange which are using many different
and that no attempt was made in developing @perating systems, it is difficult to adapt to theeds of
prerequisite for an envisaged digitization or aution 14.0 and keep up with the required digitalizationda
The multi-level VSM approach described below willautomation. The multi-level information VSM shouie

focus on solving this problem statement. applied in the previous described field of applmatto
support these companies with a method to easily
3. METHODOLOGY visualize and understand their complex internal

|im‘ormation flow and be used as prerequisite fdatar
digitalization and automation of internal infornuati
flow processing. The different levels allow an iepth

In this section, the methodology of the multi-leve
information VSM is described more in detail. Firdte
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analysis of critical areas. Additionally, it can bsed to help. In the following, this person will be refedras
detect ILW throughout the internal information flow 'internal project leader'. Later, a chronological
presentation of all the departments that are path®
3.2. Procedure workflow for the selected product family needs te b
In the following, the basic procedure of the multidisted together with the internal project leaderichhis
level information flow is described. The proceduse the framework for the level 1 map.
divided into the following five steps (figure 1) cns The internal level breakdown as well as the
inspired by the PDCA-cycle [23]. difference between inter- and intra-departmentalyasis
is described hereinafter. The first level (levelid)the
« Gozl definition & basis for all the following levels and is an inter-
cen dlprde departmental (between more than one department)
e analysis of a company. At this level the different
« Understand workflow departments (e.g. sales, scheduling, production
engineering, manufacturing, etc.), which are pérthe
work process for a specific product family are nmegpp
e and analyzed in a chronological order. The secendl |
* fcqulre Information (level 2), is a breakdown of level 1 and thus mae in-

through interviews

General
Overview

Questionnaire

SR £intbrcw depth analysis of a specific department. This demsnt

* Analyze Information ogs . . .

57 Vieaimésser B e specific analysis is referred to as intra-departalen
i ibili nalysis . . . .

el eaes " (within one department) analysis of the differerrkv
MoreIn depth anahel of s Createinformation processes (e.g. entering sales quote, retrievistpmer

VSM with the
acquired information

information, etc.) within one specific departmeiihe
third level (level 3) is a breakdown of level 2 ahds is
a more in-depth analysis of a specific work process
+ Discuss information within one department. Meaning, how does a worker
VSM with internal o
project leader perform a specific work task and how does the worke
validation [RELACIH gather the necessary information. This breakdownlte
people in a pyramid-shaped figure (see figure 2), withtgm the
company under investigation at the second plane the
different departments (level 1), at the third plahe
individual processes of a specific department (l&)e
and at the bottom plane the individual sub-proceséa

To start with, it is important to get a genera|speciﬁc process (level 3). These levels are simdahe

understanding of the company’s structure with iti€Vel breakdown into macro-, meso-, micro- and nano
different departments and work tasks. After this, V€l [16]within the conventional VSM.
structured and standardized questionnaire should be

Visualization

Fig. 1.Basic procedure of multi-level information VSM

established (Plan), which serves as help to acdhize Supply
information during the interviews. The next steptds Supplier —~ Company ' Customer Chain
visualize the internal information flow throughotite . Network

different departments with the respective softwaith a
value stream map (Do). The fourth step is discgstie
value stream map with the internal project leadsd a . . . . Level 1
later verifying it for accuracy with all the quested
people (Check). The last step is a more in-depttyais

of the next level, so an intra-departmental anal¢Act).
In the following, the different steps of the proussl A A A A A A A A A A A Level 2
are described more in detail.

3.2.1 General Overview

. ) o 000 00 00 Level 3
Before starting with the actual work, it is impartdo
define the goal of the project and to choose aifipec
product family. The goal can either be to simplyede Department
ILWs or to visualize the complete information flow Process
before starting with a digitalization or automatiohthe Sub-Process

internal information flow. In the second case, thelti-

level VSM analysis is a prerequisite for a laterFig. 2.Level breakdown of multi-level information VSM
digitalization or automation. After this, it is irngant to

get a general overview of the company under |t is not necessary to further breakdown every
investigation and understand the structure angepartment into a level 2 or level 3 analysis. €keent
functioning of the company. The internal jargonwbo to which the filtered level should be broken down
also be understood to avoid misunderstandings.oth b depends on the respective company and its respectiv

points an internal contact person who has a prafouroals. This way, the methodology can be adaptetigo
knowledge of the company and its processes is at gre

150



needs and go into as much detail as desired. Niysnital

With the help of the internal project leader, one

is only necessary to further analyze critical dapents person per department should be selected who can

with a long process time, to detect weaknesses aptbvide the necessary knowledge

bottlenecks of internal information flows.

3.2.2 Questionnaire & Interview

to answer the
questionnaire. This person should work in this
department for a long time and be aware of the
respective work steps. In this case, the persoefésred

A level-specific questionnaire is compiled, whichto as Subject Matter Expert (SME). During the initew

makes it possible to document the information fland

the SMEs of the different departments should previd

the corresponding IT-systems. It's important thlé t necessary information to fill out the questionnairel if

guestionnaire is based on a few constructive quesin

needed they need to gather further information. The

order to not create an overabundance of unnecessgnestionnaire only serves as a guide for the ctarsuio

information that is difficult to sort. The input @mutput

help focusing on the most important aspects. Dutiirg

information flow as well as the processing time anihterviews with the different SMEs, it is importata

software information form a solid basis for thedkei
guestionnaire. An example of a level 1 questiornér
shown in table 1. The level 2 questionnaire woeldte
to the main steps of the departments and the irsthom
flows generated. However, it is advisable to apghoa should be matching with

level 2 only after completing the diagram for letel

Table 1.Questionnaire Example — Level 1

coordinate/ match the information from the diffaren
respondent. Therefore, in the example questionnaire
input and output is mentioned. This means that the
information from department A concerning their autp
the information from
department B concerning their input. After the intews

with all the SMEs are finished, the received infation
should be analyzed together with the internal ptoje

leader and if inconsistencies are detected, a sewamd

of interviews may be necessary.

Department
8 # Operators
(| # Software

3.2.3 Visualization

Responsible Person (SME)

Product Identification

Level 1

With the information gained from the interviewsst

Primary Input (From/ What)

possible to create the level 1 information valueah

Secondary Input (From/ What)

map, which is based on the 1SO 22468 guidelines [4]

Output (To/ What)

The level 1 information value stream map is dividted

Processing Time

four main parts:

custome

Lo, e/

¢ Departments

* Software
* |nformation flow & - order
¢ Timeline

custome

O~

Interface

Interface

External
supplies

©

& A 3
Department 1 Department 2 Department 3 lIlle _ |Department 4
& 0 — 0 ot 0 t 0
SME SME SME SME
Product Product Product Product
Identification Identification Identification Identification
other parameters other parameters other parameters other parameters
il /{/ 1 !
/

idle time

idle time idle time _ lead

idle time idle time - v = ad
rocess timej process time rocess time process time

Fig. 3. Typical multi-level infomration VSM — Level 1
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3.2.4 Validation

After finishing the value stream map, it is impaoita
0 discuss it with the internal project leader é sf all
e needed information were taken or if some ailk st
missing. To make sure that no misunderstandindalse

Figure 3 illustrates the four parts in a typicalltinu
level information VSM and serves as visualization
example. To start with, the different departments a
listed in a chronological order and gives a certai
structure. Additionally, on the upper left and uppght

side, the customer symbol is placed. In the coneeat assumptions have been done, it is important tdywdie
VSM, a supplier symbol is placed on the upper séde. value stream map for accuracy with all the SMEs. If

This is not necessary, since the multi-level infation .
. : necessary, adjustments must be conducted before the
flow analyses the information flow from a customer . It is impontato

: N visualization of level 1 is finished.
perspective (inquiry and acceptance). Beneath the .

; . L make sure that the requirements set for the level 1
respective departments, a data box with the infGoma . . . R

: S . information flow visualization have been met andttho

from the questionnaire is added to summarize tnﬁconsistencies are present

gathered information. The second step is to lig th P '

different software with its respective interfacesatked

in grey) above the departments. They replace the , .
production planning and control symbol from the The last step of the first cycle is to analyze vhkie

conventional VSM. The third step is to visualizee th stream map more in deta!l to detect waste (ILW), to
different information flows with its respective @ The identify improvements possibilities and to see fiigher

information flow is either going from a departmeata breakdown is necessary. This should first be done

software (output = department; input = software)te _separately from the internal project leader (to not

other way around, from a software to a specifié{'ﬂuence _each qther) and _Iater during a workshop
department (output = software; input = departmét)s ogether with _the mterngl project Ieade_r. If pmhb are
is depending on the fact that either a department (i‘Jetected or if t_he available information is not acle
uploading or downloading a certain information to Oenou_gh o . decide, a further breakdown should be
from a software. Each information flow (one specifi Fnogzgﬁred in order to analyze a certain departmemé
information) is depicted as an arrow indicating thé For a further breakdown, the same basic procedure,

direction of the information. Every information whi is hich is adanted to th ds of a level 2 ;
transferred between two departments without an Ich 1S qdapted 1o the needs of a level = or Jyaisa
ould be applied.

intermediate software, is depicted as direct arro
underneath the departments. The last step is totrad

3.25 Further analysis

timeline, with the respective process-, idle- aotaltlead

time. The process time is the amount of time whach

department needs to fulfill its work task. Additaly,
the processing time can be added in the data box golutions (hereinafter named case company), which i
indicate how long the individual work tasks took, the
actively processed time. The idle time is the tiwviech

passes between department A finishes its work d@ask
department B starts processing with the followingykv

task and the lead time is the sum of the all precaad
idle times. Table 2 summarizes the used symbols.

Table 2.Summary of used symb{ig

Symbols

Category

Symbol

Term

Additional information

process

process

indicates for level 1 the respective department and for level 2
and 3 a certain process

process

customer/
supplier process

differentiation: end customer (symbol customer process)
vs‘m customer/plant (symbol external sources)
if supplier also customer, use customer symbol

process

operator

number of operators responible for the tasks of a department
position in value stream diagram: within process symbol

process

resource

define resources for every process type
in this case software the number of different software used
position in value stream diagram: within process symbol

process

data box

(pre-)selection of process parameters, cf. data per process
type
position in value stream diagram: within process symbol

product
flow

PUSH product
flow

product flow controlled by upstream processes
in this case it is an indication that an actual product is
forwarded

colored arrow indicates an information exchange (up- or

4. APPLICATION CASE STUDY

To validate the proposed model, a pilot case study
was conducted with a local supplier of manufactyrin

globally active and has locations all over the Wowith
employees working in different countries and even o
different continents, a lean information flow andvall-
structured communication is important. Most of tase
company’s products are tailored to the needs of the
customer (build-to-order products), what makes mass
production impossible and requires a vast amount of
information handling. Nevertheless, the analyzestipct
family Tronto (fictive name) is suitable for a partial
standardization and automation because only a few
parameters (e.g. number of drilling operations)ngea
based on customer requirements.

The aim of the project was to replace the time-
consuming manual configuration via phone and mtil o
the analyzed product familyTronto by an online
configurator. In terms of MC, the task can be
summarized as aim to provide customized products
without taking significant compromises in cost,idely
and quality. Additionally, the internal informatidiow

info;lrg;tion " inforcr;;ibirﬁza%p-or download) betwgen a department and a software. Every fOI’ the same pI’OdUCt fam”y Sh0U|d be autom'zedi|n
—— I way that the actual production could start fasthis
oo | ()| iw " respectve order o he inormation fow means an automatic handling of tasks which takeepla
information manual |- list label, document before the actual production like the verificatiohthe
flow — information flow only applies for direct information exchange between . .
departments or between a company and its customer SOlVency of the customer or the technical draW|Oga
momaton|___ | elecwonic |08 e ormaton exchange betveen product. In a lot of cases, the information hargllia
- T ™ deparments o between a company and s cusiomer responsible for a major amount of time of the ollera
—
software software different software used by the departments |ead t|me and thus Should not be neglected‘ P@the
software @ globe symbol in_dicates that‘a certain software is used by departments from aUtoma.tlon' It was Imp.ort.ant to_ge!: a Clear Unmng
] diferent locations of the different tasks within the individual depaents.
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The multi-level information VSM perfectly suits ¢hi Shipment. The used software are CRM (customer-
problem statement, since it allows an exact amalg$i relationship-management), ERP 1 (enterprise-reseurc
the internal information flow at different leveladathus planning), Design Tube, ERP 2, Autorelease Tube,
enables the possibility to localize all tasks whaduld Teamcenter and Assembly Board. Figure 4 clearlysho
be automatized as well as ILWs. The rest of thidiee that a lot of different tasks are performed by the
is structured equally than the methodology. departments, for which they need many different

After having a clear goal definition in mind andsoftware. An exact explication of the different wgmd
selected a product family, the first step is to@eeneral downloads of information from the departments te th
overview of the case company under investigatiod arsoftware, the same as the different process- ale id
thus understand the case company’s structure atiches should not be elucidated here, since thitsthe
understand the workflow of the product family. Thescope of this article. It is only important to sé®t the
internal project leader was of great help to acdhp information exchange for only one product can gasil
this first step. As already mentioned before, thedpct increase to many exchanges, which normally do not
family Tronto was chosen and its overall workflowfollow a strict roadmap but are the result of avgrmy
through the different departments was mapped. company. Unfortunately, this is a normal situation

The second step is to create a questionnaire andmpanies who expanded a lot during the last yaiads
perform interviews to gather the needed informafmn needed to acquire many different software for défife
the later visualization. The questionnaire for lebavas tasks. If the inter-departmental communication is
the same as shown in table 1. After having estaddis lacking, a structured and unanimous use of software
the questionnaire, the next task was to perform thihroughout different departments is not the caskeas
interviews with the respective SMEs. The interviewsip in a lot of ILWs. The multi-level information K&
were performed together with the internal projeetder helps to depict and analyze this vast amount of
in the same chronological order as the differeribnformation flow.
departments were mapped at the previous step. A detail view of the first two departments with its
Following this sequence, it was easier to recognizespective information flow is shown in figure & |
inconsistencies between the different departmefts. should be clarified once again, that at level lydhe
this point, it is important, as already mentionad imain information flow is depicted. At the beginnjran
paragraph 3.2.2, that the output information from alectronic information exchange (phone or mail)etak
department is corresponding with the input from thelace between the customer and the sales department
subsequent department. Most of the interviews teek like the exchange of technical details, the purelasler,
than an hour. To get a better idea of the performedk, the sales quote and the quote information. Thessale
it was helpful to first let the SMEs explain thework department uploads the quote information into tRMC
briefly before starting with the actual interview. software and receives the sales quote. The next

The third step is to visualize the acquired infotiota department, the project engineering departments can
in an information VSM as shown in figure 4. In tpta download customer information from the CRM software
nine departments which are using seven differemaind receives additional order information diredtigm
software are involved in the handling of one praiuc the sales department via mail. Now, the project
order for the productronto. The respective departmentsengineering department can create the product
are Sales, Project Engineering, Finance, Schedulinguantification within one of the two used ERP spwse
Production Engineering, Production Control, Procedsor the further steps, other departments are ictiegaas
Planner, Production (Manufacturing and Assemblyj anwell and should thus not be elaborated more inildeta

Multi-level information VSM - Case Company

Customer Customer
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v
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Fig. 4. Multi-level information VSM of case company — Lével
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Within the sales department, one person isnough to first focus on the level 1 analysis lynty to
responsible for the tasks and is using two differenmprove the inter-departmental information flow.\Ws
software (depicted by the operator and resourcébeyym can be classified into three different groups [1dgta
see table 1 for further information). The seconfiveare  generation and transfer, data processing and tai@ge
is a specific software for the sales departmentthnd is and data utilization. Furthermore, the classicaéadean
not visualized at the level 1 but would be visuadizat types of waste [24] can be analyzed. However, & th
level 2. As already mentioned in 3.2.3, Pl stands flevel 1 information VSM shows that the process tiofie
project identification, PT for process time (tosahount one department is extraordinarily long, it coulduseful
of time which a department needs to fulfill its wdask) to further breakdown this department with a level 2
and PRT for the processing time (time of the irdiidl  analysis. On the other hand, if the goal was to thee
work tasks). After having visualized all the needednulti-level VSM as prerequisite for a later digitaition
captured information, the third step is finisheddat is or automation, like it was the case for the casapany,

now important to revise them. it is important to determine if a level 1 analyisi€nough
or if certain departments need to be considerece rivor
, Detailed view - Level 1 detail and thus a level 2 analysis is necessarpidiieg
— improvement potentials, the same as defining the
Customer @ automation tasks are out of the scope of this papdr
1 are thus not considered more closely.

This was the last step of the first cycle and fieis
the application case study. Before concluding, the
benefits of using the multi-level information VSM
: should be summarized at the example of the apitat
e\e L case study. For the case company, the multi-lex@\Vv
e\% || was very useful to depict its large amount of in&kr
% communication and information flow in an easy and
a3 structured way. By applying a level 1 analysiswis
O possible to get an overall image of the internagesof

software and its involving information flow. This i
‘ A helpful to show and highlight the importance of a
Svbitrieiie ' structured and well-organized communication between
[ C1 04 | ‘ the different departments within a globally activase

SME2  ——— company. Furthermore, it was possible to allocate
oo weaknesses (long process time) to specific depatime

“;Thz“ A future level 2 analysis of certain departmentsl wi

allow the company to highlight their informatioro
bottlenecks even more exact and thus be able tooirap
these bottlenecks or even completely avoid thenmdur
the aspired automation. Other companies can use thi

The fourth step is called correction and aims dtew method in a similar way.
verifying if the gathered information is correctdan
complete. To do so, first the established level 1 5. CONCLUSION
information VSM was discussed with the internaljpcd With the multi-level VSM an easily understandable
leader. The aim of this discussion was on the amellto method was introduced to visualize and analyze the
verify if the gathered information is correct and the internal information flow of a company throughout
other hand to see if some information were missing different levels of application. Regarding the new
thus another interview round had to be carried outhallenges of 14.0, it gets more and more imporfant
Additionally, the information VSM can be shown andcompanies to clearly understand what an excessiee u
discussed to the different SMEs, with two goalsiind. of different internal software means and how
First, it helps to verify the gathered informationce complicated it makes the internal data management.
again and secondly it helps bring attention to the Companies which aim to digitalize and automate
different SMEs to not only focus on their owntheir complete or partial internal information flpw
department but to see the overall picture. It carvéry aiming at MC, can use the multi-level VSM as a
useful for workers from different departments tee,se prerequisite. In this case is it important to gairclear
recognize and understand the work tasks from othewerview of the executed tasks of every departrpent
departments and thus improve the overalo change an internal IT-system. Since the typical
communication. timeline from the conventional VSM approach is kept

The fifth step is a further analysis with the aim t the multi-level VSM can be used as well to detect
analyze the information VSM for weaknesses anbottlenecks in the processing of the internal imfation
improvement possibilities the same as to decide ffow. The timeline will point out irregularitiesikie long
further, more in-depth analysis is necessary or Abt process- or idle time, and the multi-level approalttws
this point it is important to consider the initigbal to take a more detailed look into specific intra-
definition. If the aim was to depict ILWSs, it is yize  departmental information processing.
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The described case study proves the model’s
applicability as a prerequisite for a later staddzad
automation of the internal information processiige
aim of the case company was to replace the cuyrentl
used manual configurator with an online configurato [4]
order to fulfill the customers design requests withany
negative impact in costs, delivery or quality ofeth [5]
products. Prior to do so, it was important to getiear
overview of the different tasks and information vt
within the different departments. This task was
successfully performed for the produibtonto with the
multi-level information VSM. [6]

This easy to use extension of the conventional VSM
approach shows once again the broad applicabitity a
practical utility of VSM in the industry. Furtheesearch
needs to be done in including the information flow7]
between the company and the supplier of raw maiaria
parts as well. Currently, this method only focuses
analyzing the information flow between the company
and the customer, however, to further improve the
digitalization or automation, the information flow
between the company and its suppliers need to [#
analyzed as well. Another possible improvement woul
be to simplify and clarify the design of the cutren
method. For large information flows, it is diffittlkeep a [9]
clear overview over the individual information flew
The different colors as well as the numbering hdlps
could still be further improved. A last interestifiigure
research could be to combine the multi-level infation
VSM with the later digitalization or automation. i¥h
way, the multi-level VSM would not only be used as
prerequisite but could be used as guide for infdiona
flow digitalization and automation in the sensé40 [171]

The case-study proved that this new multi-level
information VSM is an easy to use method to visagali
the internal information flow, to detect waste and
bottlenecks within the information flow as well as
prerequisite for a later digitalization or autoroati

(10]

(12]
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