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Abstract: Industry 4.0 is characterized by fully digitization and a strong interconnection of information among 

equipment. Industry 4.0 also means a technologic integration of the new technologies into the lean production system. 

However, the existing literature lacks a comprehensive and detailed conjunction of how to adapt the lean tools to the 

emerging technologies.  

The present work aims to answer the question of how to adapt lean tools. In this case, how to adapt the visual 

management board (VMB), Single Minute Exchange of Die (SMED) and Multi Stream Mapping tools, with an upgrade 

to a e-Diagnostics and e-Solution tools. Therefore, a methodology for the buildup of e-VMB, e-SMED and e-MSM is 

presented.  
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1 Introduction  

Production companies face the challenge of greater 

production flexibility, while the number of product 

variants increases, implying greater production 

complexity. Lean Production already proved to 

enhance the performance, flexibility and productivity 

of a business by focusing on eliminating non-added 

value activities and is today widely implemented in 

various industries worldwide [1]. In a near future, the 

digitization to data collection and the creation of an 

information network will be a reality faced by 

companies, by the need for constant communication 

at anytime, anywhere, by any object or human, using 

the Internet of Things (IoT) [2,3]. Lean production 

systems require guidelines for how to react to the 

impact of 4th industry revolution [4]. However, the 

existing literature lacks a comprehensive and detailed 

conjunction of how to adapt the lean tools and the 

already proved concepts of lean manufacturing. This 

paper aims to understand if the methodologies used 

in Lean production are prepared and adapted to 

receive the technologies of Industry 4.0.  

To do so, the first step is a literary review to see how 

the Lean tools that are used now can be incorporated 

into the future technologies and in what stage are 

Lean Production towards Industry 4.0. The next step 

is presenting the methodologies developed, 

regarding the needs that they show and the way of 

building them. The last step concerns the feedback 

form the companies towards the presentation of the 

concept of the methodologies.  

2 Lean Production and Industry 4.0 

Most studies are performed based on the logic of 

Industry 4.0 can support and develop Lean practices. 

This logic requires that in the company under study, 

the Lean production system is incorporated. Industry 

4.0 needs to be integrated into the existing structure 

of the Lean production system, which will eventually 

increase production flexibility and performance 

[4,5,6,7]. 

Based on this logic, the authors of [7] present a tool 

which they call Value Stream Mapping 4.0. The VSM 

4.0 is presented by the authors of [8] as a new 

approach to the classic VSM, for companies that 

digitally update existing operations; that is, the map 

performed is extended to the digitalization processes 

and the information and logistics wastes are covered.  

The authors of [8], present a need method called 

Smart Value Stream Mapping (SVSM). According to 

the authors, the SVSM allows identification of wastes 

related to the digital process, in the automation of the 

information domain and in the field of vertical and 

horizontal process integration [8].  

Another tool presented by the authors of [14], is the 

digitalization of the Heijunka-Board. The Heijunka 
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method converts customer orders into smaller, 

periodical batches. Instead of using Kanban carton 

boards for production control, as it is done at the 

present, the new method presents graphical user 

interfaces - called GUI (graphical user interfaces). 

From the examples presented above, it is possible to 

integrate digitalization, information and 

communication technologies associated with the 

industry 4.0 paradigm 4.0 that is emerging today in 

the existing Lean production systems. 

3 e-VMB methodology  

To deal with the overload information from nowadays, 

it is important to understand how to generate, 

manipulate, represent and analyze information using 

visual representation [10]. Therefore, it is important 

the use of Visual Management to a clear and easy 

communication.  

Nowadays, there are a lot of companies that already 

use a Visual Management Boards and most of them 

use this tool in an informatic way with real time data 

acquisition. However, to choose and organize what 

type of information to show in a VMB, is a challenge 

for the companies. There is a lack of scientific 

research that presents a systematic methodology of 

information organization. It is necessary to perceive 

the method of displaying necessary information, 

fulfilling the requirements of visual management, in a 

simple and intuitive way, but at the same time are 

present several indicators and elements that cover all 

levels of the company, for a useful assessment of 

performance.  

The boards to be developed in this methodology must 

ensure the continued usefulness of the information, 

so information should not be represented in a static 

way, not always on the same screen, and it is 

requiring the use of alternative boards. Also, to 

effectively evaluate performance, the information to 

be presented should respond to the needs of the 

different hierarchical levels of a company [12]. So, it 

is requiring different, though complementary boards 

to the operational level, tactical level and strategic 

level [12]. 

According with Marr [15], there is not a right number 

of KPIs to use in a VMB. However, some authors 

suggest the use of 10 KPIs [9] others the use of 20 

[16] and others from 15 to 25 [15]. Glasworth [14], 

presents a set of performance areas, SQCD (safety, 

quality, cost and delivery), as a set of indicators by 

which the company can evaluate performance. Given 

the knowledge present in the literature, it is necessary 

to guarantee in the boards a combination of 

mandatory areas with several performance 

indicators.  

Regarding the period of presentation of each indicator 

depending on the indicator being displayed, the 

information must be presented in different periods of 

time (hour, day, week or month). However, the 

acquisition of data on the shop floor should be short 

time, close to real time (seconds) or when certain 

events occur, such as a setup process. The collection 

of data at a reduced time allows the data repository to 

be updated and therefore available and ready to be 

used [10]. 

Thus, a methodology for generation of a VMB was 

developed. The methodology e-VMB presents a set 

of specifications and standardized requirements, 

although the board content is customized to each 

company. The boards use the technologies of 

digitalization, communication and information of the 

Industry 4.0, for the acquisition of data. The e-VMB 

methodology also intends to use the technological 

advantages to present the information in a dynamic 

way, introducing the concept of interactive whiteboard 

or electronic board in the e-VMB for the different 

levels of the chain of responsibilities of the company. 

The methodology suggests 4 boards with different 

features:  

- Daily Operational Board (DOB):  

o User: operators, chief of cell; 

o Functional zone of the production system: 

processes, cells of processes; 

o Main goal: Detail information to daily 

meetings; 

o Period of presentation of data: daily, from at 

least the past 5 days; 

o Quantity of KPIs or information to present: 10  

o Mandatory areas: quality, planning, 

productivity, workers. 

- Tactical Board (TB):  

o User: chief of section, chief of departments; 

o Functional zone of the production system: 

sections;  

o Main goal: Analyze performance of section in 

weekly meetings; 

o Period of presentation of data: weekly, from 

at least the past 4 weeks; 

o Quantity of KPIs or information to present: 12  

o Mandatory areas: quality, planning, 

productivity, workers, cost, inventory. 

- Strategic Board (SB):  

o User: chief of shop floor, chief of the business 

unit, direction board; 

o Functional zone of the production system: 

business unit, productive system; 
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o Main goal: Monitoring performance from the 

production system in monthly to trimestral 

meetings; 

o Period of presentation of data: monthly, from 

at least the past 6 months; 

o Quantity of KPIs or information to present: 12  

o Mandatory areas: quality, planning, 

productivity, workers, cost, inventory, 

hygiene and safety, environment. 

- Best Practice Board (BPB):  

o User: team that is working on continuous 

improvement projects; 

o Functional zone of the production system: 

defined on the project; 

o Main goal: audit and inform; 

o Period of presentation of data: defined on the 

project; 

o Quantity of KPIs or information to present: 10  

o Mandatory areas: audit actions, hygiene and 

safety, environment, continuous 

improvement projects, projects pipeline. 

Even if the mandatory areas limit the number of KPIs 

to present, the dynamic of the board allows the 

company can choose the number of KPIs or 

information that it desires. With the advantages of the 

electronic board, each area can be pop up to evaluate 

the performance of that area (figure 1).  

Also, the way that the same information is presented 

in the DOB, TB and SB needs to be different. 

Regarding the TB, if the information that is shown in 

this board is the same as in the DOB, the aggregation 

of it is in terms of period, equipment and section of 

the shop floor.  The SB is used for operational 

strategy and goal setting decisions, so the content of 

the information must be presented in a macro format, 

both in the time domain and in the sections of the 

company. So, the information in this board needs to 

be combined in terms of time, equipment and 

business units of the company. 

 

3.1  Steps for building e-VMB and features  

The first step to develop the e-VMB is related to the 

generation of a data repository, so that the KPIs can 

be immediately calculated. Therefore, the company 

lists the full set of indicators or relevant information 

that it considers important to the presentation. The 

selection of indicators and information by the 

company is a customized process, although the 

boards have a limited number of contents, both 

depend on the type of production of the company and 

(specifically within the company) depends on the 

section of production under analysis. According to 

Marr [15], the choice of the KPI should verify and 

validate the strategy of the company and should 

answer a set of questions so that they can perceive 

their purpose. It is not easy and often companies fail 

to develop the correct set of KPIs. Marr presents in 

[15] a set of steps for the correct selection of the set 

of KPIs. In the reference [11], is presents a set of 

surveys for the selection of KPIs in a set of nine 

classes, which can be used to select the KPIs in this 

methodology. Regarding the acquisition of data, the 

company selects the machine or process were the 

KPI that needs to be calculated and the IoT 

technology of I4.0 should measure and process the 

data, so it could be storage.  After the database for 

the indicators is complete, the company select the 

KPIs or information that it considers appropriate for 

the presentation in the 4 Boards.   

The result DOB is presented in the figure 2, where the 

board was developed hypothetically in a cell of the 

shop floor with 2 types of equipment associated.  

Figure 1 Pop up of the area of Productivity in a DOB. 
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4 e-SMED methodology  

Nowadays, companies must be able to respond to 

market agility as a result of quick changes in customer 

needs. Thus, the production of small lots is used, with 

the consequence of several consecutive setups.  

The procedure for time measurement and reduction 

of setup times widely used these days is SMED, 

presented by Shingo [18]. This Lean tool presents a 

powerful way to identify internal and external tasks on 

the setup process. However, this tool does not 

suggest a way to externalize the tasks so that total 

time of the setup can be reduced. 

Another methodology used is  

the SID methodology [17]. This is a methodology that 

allows the evaluation of the performance of the setup, 

using the use of systematization and performance 

indicators of the setup, which are relative to each 

operation performed during the setup process. This 

method is powerful in the description of a type of 

operations that are common to every setup and with 

that calculation of a set of indicators that evaluate the 

performance of each type of operation on the total 

time of the setup. However, this method, as the 

SMED tool, does not suggest a solution to reduce the 

total setup time.  

Another important evaluation, that booth SMED and 

SID do not evaluate, is a variability analysis to the 

total time of the setup or partial times of the 

operations of the setup. This analysis needs to be 

performed to a group of at least 10 setups, so that 

there is a significant sample. Also, the setups analyze 

need to be identical, that is similar machines, parts or 

tools with the same geometry and size, the same 

number of required grips, moving, among other 

identical setup features. For the analysis of the 

variability of identical setups, the companies assume 

a certain level of variability as normal due to the cause 

of human causes. The indicator that is used as a 

comparison for an acceptable level of variability is the 

variation coefficient (VC) of less than 10%.  

Therefore, the e-SMED methodology was developed 

that has the following goals:  

1) Procedure to identify easily internal and external 

tasks; 

2) Standardization in the way in which the analysis 

of the setup process is carried out; 

3) Identification of operations that are the largest 

consumers of time, using the operation time and 

total time ratios indicators; 

4) Create a setups history repository; 

5) Study the variability of the existing identical 

setups, both in total times and at each operation 

time; 

6) Audit the setup times in certain periods, in an 

automatic way using the setups history created; 

7) Present a facilitating tool in setups improvement 

projects, which presents several questions 

leading to type solutions for later application of 

continuous improvement practices. 

 

Figure 2 Example of a DOB performed in a cell of the shop floor, with 2 types of equipment associated to 2 different 
processes. 
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4.1  Steps for building e-SMED 

The first step of the methodology is filming or 

observing the setup being performed, with the timing 

and description of each task observed. For the set of 

setups tasks to be comparable between setups, the 

previously described tasks, are associated according 

to a set of type operations presented in table 1.    

In this point of the methodology, the ratio indicator of 

the time of each operation between the total time of 

the setup can be calculated, so the information of the 

setup becomes dimensionless quantification and the 

graphical analysis can be performed.  

The methodology uses the Yamazumi chart so that 

the analysis can be performed in a comparative and 

easily visible way. The Yamazumi chart is a Lean tool, 

which consists of a bar chart [19], in which, in this 

case, each bar has the dimension of the setup total 

time. The Yamazumi chart distinguishes the types of 

operations that are necessary and have added value, 

necessary without added value and those that have 

no added value to the setup process.  Each bar 

consisting on the set of types of operations of the 

setup and each operation is colored according to a 

code of three different colors (table 2).  

Combining with the presentation of Yamazumi charts, 

the methodology suggests the use of the ratios of the 

operations time with the total time. The result is a e-

SMED board showing the information of figure 3. 

The next step of the methodology is analyzing each 

Yamazumi zone, starting in the red zone and ending 

in the green, with the purpose of conducting the 

analysis of the setup until the meeting the root cause 

by which the type of operation is consuming the 

excessive time of the setup. To perform this analysis, 

the methodology conducts several questions, with 

yes or no answers, and suggests some solutions to 

reduce the time of each type of operation (table 3). 

Regarding the variability analysis of the total time of 

the setup, the methodology automatically uses the 

total times of the 10 setups performed in the last 2 

months, which are stored in the generated data 

repository. If there is a significant variability, ie VC> 

10%, the operator did not follow the procedure. One 

of the following cases may have occurred: 

1) The operator did not perform the procedure in a 

single setup; 

2) The operator did not follow the procedure in several 

setups; 

3) The operator failed to comply with the procedure at 

a certain moment, and began to comply with another; 

4) The operator is not aware of the procedure, so all 

the total setup times are different. 

 

 Operations 

type 

Description  

Positioning 
Tasks involving parts and tools placing 

and removing. 

Tool shifting 
Tasks involving replace or prepare the 

processing tool. 

Adjusting 
Tasks involving parts or special tools 

aligning and attaching. 

Transport 
Tasks involving tools and material 

transportation. 

Cleaning 
Tasks involving part/special tool and/or 

machine cleaning. 

Operator 

Movement  

Tasks involving operator movements (no 

transport of parts, tools or information). 

Programming 
Tasks involving loading and parameters 

setting. 

Table 2 Type of operations from a setup and each description, 

adapted from [17]. 

  

Red (no av) 
Activity that can be done before or after the 

setup with the equipment working. 

Operations  Operator Movement, Transport 

Yellow 

(necessary 

without av) 

They depend on the type of equipment, the 

product and the sequence of operations of 

the setup being considered. Verify the tasks 

that are internal operations and those that 

can be externalized. 

Operations Tool shifting, Cleaning, Programing 

Verde 

(necessary 

w/ av)  

The operations that should be more frequent 

in the setup. However, it is desired to 

minimize the time of these tasks through 

new methods and procedures. 

Operations Positioning, adjusting 

 

Table 1 Yamazumi zone associated with each type of operations 
and the description which was adapted from [17]. 

Figure 3 e-SMED board with all the information of a 
setup. Presents a Yamazumi with the time values, with 

the ratios of operation time and total time and a 
Yamazumi with the potential improvement using the 

value-added distinction. 
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In each case, the methodology must present an 

alarmistic message, which indicates the type of case 

and suggests the revision of the setup procedure. 

Regarding the variability analysis of the operations 

times of the setup, the methodology uses the 

Yamazumi chart of at least ten setups and evaluates 

the types of operations with percentage values so that 

they can be comparable. If de VC of any operation is 

VC>10%, then the methodology presents the 

questions and the suggested solutions regarding the 

type of operation. 

The e-SMED electronic board tool should, within a 

defined period of time or between a defined number 

of setups,both the variables to be defined by the 

company, display audit messages so that they are 

timed setups and entered into the system. 

 

 

5 e-MSM methodology  

The VSM tool, widely used to evaluate the value 

stream of a product, presents limitations concerning 

the technologies emerging in the I4.0. It is a tool that 

is used manually, which is performed in a paper with 

a pen or in a whiteboard with post-its. This fact implies 

that the information presented turns outdated in the 

moment of showing, since performing the whole map 

of the value stream takes an amount of time that turns 

the data acquired outdated [20]. 

Another method used in the industry to map the 

stream value is MSM. This method maps several 

indicators beyond the time [21]. The number of 

indicators depends on the process under study and 

can be generated an extensive MSM with a lot of  

information can be generated to analyze the 

performance of each process.  

Table 3 Questions and suggested warnings (W) presented by the methodology to reduce the total time of the 

setup. 
Yamazumi Yellow Zone 

C
le

a
n

in
g

 

Q1: Could the cleaning be done after setup is 

complete? 

Yes No 

W11:  In case the non-existence of procedures 

regarding the cleaning after setup, ensure the 

construction them. If these cleaning procedures 

exist, ensure that they are reviewed. 

Q2 

Q2: Does the operator have adequate training and 

practical experience in the cleaning section of the setup 

procedure? 

Yes No 

Q3 W12: Ensure that the operator has the proper 

training and practical mastery over the total 

setup procedure. 

Q3: Is the setup procedure often reviewed and 

audited? 

Yes No 

W13: Improve, whenever 

possible, the setup procedure 

and, if any procedural 

improvement practices are 

taken, provide training to the 

setup team so that the 

changes are fully understood. 

W14: The setup 

procedure should often 

be reviewed with audit 

processes in a defined 

period. After reviewing 

the setup procedure, 

provide training to the 

entire team. 

T
o

o
l 
s
h

if
ti

n
g

 

Q1: Could the tool shifting be performed while the 

equipment was working? 

Yes No 

W15: Ensure that the tools are ready to be used 

at the exact moment before the part production 

is finished. In case the lack of procedures to 

perform the setup, ensure the construction of it. 

If there are procedures of tasks the setup, 

guarantee the revision of the same. 

Q2 

Q2: Can the process tool in use be cleaned externally 

from the setup? 

Yes No 

W16: If there is more than one tool to be used, 

the cleaning of the tool can be performed before 

the setup. 

Q3 

Q3: Does the operator have adequate training and 

practical experience in the tool shifting section of the 

setup procedure? 

Yes No 

Q4 W12 

Q4: Is the setup procedure often reviewed and 

audited? 

Yes No 

W13 W14 

 

 

P
ro

g
ra

m
in

g
 

Q1: Could all programming actions be performed 

before the setup? 

Yes No 

W17: Ensure that all the processing 

parameters for the programs required for the 

setup of the part are finalized before starting the 

setup and loaded into the equipment. 

Q2 

Q2: Does the operator have adequate training and 

practical experience in the programming section of the 

setup procedure? 

Yes No 

Q3 W12 

Q3: Is the setup procedure often reviewed and 

audited? 

Yes No 

W13 W14 

Yamazumi Green Zone 

A
d

ju
s

ti
n

g
 

Q1: Are there innovated materials and systems 

available for fixing tasks? 

Yes No 

W18: The setup can be 

improved with a periodic 

audit and review of the 

procedure. 

W19: A study should be carried 

out with advantages and 

disadvantages of introducing 

innovated fixing system. 

P
o

s
it

io
n

in
g

 

Q1: Does the operator have adequate training and 

practical experience in the positioning section of the 

setup procedure? 

Yes No 

Q2 W12 

Q2: Is there systems suitable and innovated for the 

positioning of the part (example: extra plates to 

change the height of the tool)? 

Yes No 

W20: The setup can be improved 

with a periodic audit and review 

of the procedure to be performed 

and offer the necessary training, 

not only to the operators, but also 

to the entire setup team so that 

they are fully aware of it. 

W21: Carry out a 

study with 

advantages and 

disadvantages of 

acquiring new 

positioning 

systems. 

 

Yamazumi Red Zone 

O
p

e
ra

to
r 

M
o

v
e

m
e

n
t 

Q1: Did the operator have to move to get a tool, accessory 

or information that is needed to setup? 

Yes No 

W1: Ensure that the tools, accessories and 

information necessary for the setup procedure are 

close to the machine and ready to be used. 

Q2 

Q2: Did the operator have to find the tools, accessories or 

information needed to set up the workstation itself? 

Yes No 

W2: Ensure that all 5S action is performed in the 

work station of the machine and that as such is a 

sort, seat in order, shine, standardized and sustain 

place.  

Q3 

Q3: Was the operator's movement related to another activity 

outside the setup (example: pause, telephone call, etc.)? 

Yes No 

W3: Ensure that in the company exists a set of 

improvement practices and that the culture 

encourages to the correct practices of the setup. 

Q4  

Q4: Is the operator trained in the setup procedure? 

Yes No 

W4: Ensure that the operator has the 

proper and practical training over the 

setup procedure. 

W5: Structuring a 

procedure and 

ensure knowledge of 

the procedure by the 

whole team. 

T
ra

n
s

p
o

rt
 

Q1: Were all the process parts/components or process tools 

needed to start the set up near the work station? 

Yes No 

Q2  W6: Ensure that the process tools, parts/process 

components required for the setup procedure are 

close to the machine, organized and ready for use. 

Q2: Was the transport only of the part to be produced? 

Yes No 

Q3 W7: If possible, carry out the transport of tools and 

process parts in only one step. Ensure that both the 

process tools required, the parts/components to be 

processed are transported before or after setup. 

Q3: Was the auxiliary transporting system (trolley, bridge, 

conveyor, etc.) occupied? 

Yes No 

W8: Develop a schedule to make use of the 

mechanism or allocate one of the transport 

mechanisms only to the setups. 

Q4 

Q4: Does the transport time depend on the size of the part? 

Yes No 

W9: Improve the transport process of 

the part / process components, find 

new ways of transport mode 

according the geometry of the parts to 

be transported. 

W10: Understand 

which extra 

influencers lead to 

the transportation 

time increase.  
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In [7] a method is presented that allows description of 

the wastes associated with the information and 

presents digital improvements suggestions.  

Therefore, the methodology of e-MSM was 

developed to apply in a digital interface, an electronic 

board same as e-VMB, that collects the data 

automatically to avoid the outdated information. This 

methodology simplifies the MSM method since it only 

presents the performance of 3 areas – time, cost and 

resources consumption.  

5.1  Steps for building e-MSM  

The first part of the methodology concerns the 

performance of the map of the stream value of the 

product, and the methodology e-MSM uses the steps 

from MSM methodology to calculate the indicators of 

to time, cost and resources consumption. Regarding 

the value of the indicator AV/NVA for the resource’s 

consumption, it is calculated by the average of the 

value of AV/NVA of material, energy and 

consumables. The result is a simple map of the value 

stream, clear and easy to evaluate the performances 

(figure 4). 

 

With the color logic, the values of the efficiency of 

each variable can be compared with a target value, 

set by the company and can be easily see which are 

the processes that have low efficiency or not.  

5.2  Quad chart analysis  

The e-MSM methodology suggests an alternative 

analysis which is the quad chart analysis. In this 

analysis, each process is positioned in the quadrants 

according to the coordinates associated with the value 

of the time/resource consumption efficiencies and cost/ 

resource consumption. 

Each quadrant has an associated interpretation, to 

highlight: 

1) Quadrant 1: Processes with high resource 

consumption, time and cost efficiencies;  

2) Quadrant 2: Processes with high resource 

consumption efficiencies, however, presents a 

deficit in terms of cost and / or time efficiencies. 

3) Quadrant 3: Processes with low resource 

consumption efficiencies, as well as low cost and / 

or time efficiencies. 

4) Quadrant 4: Processes with low resource 

consumption efficiencies, however, have a high 

level of efficiency at cost and / or time level. 

The result is showed in the figure 5 and the 

methodology presents a set of warnings regarding the 

analyses that can be done by the quad chart.  

 

5.3  Information matrix analysis  

The last analysis that the methodology suggests is 

related to the waste of information flow. The analysis 

is performed using a matrix that integrates the 

different sources of how the information of each 

process being analyzed is acquired, stored and used. 

This matrix allows a fast interpretation of the level of 

digitalization of data acquisition and storage. 

Likewise, it allows verifying in what way is the 

information being shared from the shoop floor to the 

top management, so it allows analyzing the level of 

vertical integration of the company. The construction 

of the matrix depends on the process and the process 

variables being measured. For the e-MSM, the 

associated variables are the fields previously 

presented - time, cost and resources (material, 

energy, consumables). However, filling the gaps of 

the process variables in this matrix depends on what 

the company wants to evaluate, i.e. there is flexibility 

in the matrix in case the company wishes to evaluate 

the flow state of information, for example, order of the 

product.  

The procedure to complete the gaps regarding the 

data acquisition and storage depends on the 

techniques that the company uses to that. However, 

the fields should be complete in a hierarchical way 

regarding the digitalized, where the first field is the 

less digitalize and the last one the most. This helps to 

understand visually in what level of digitalization the 

process is, comparing with the techniques used by 

the company. To fill the gaps for the utilization of data, 

the logic is the same, so the first field is related to the 

 P1 P2 P3 P4 

TIME (%) 97% 95% 15% 76% 

COST (%) 15% 98% 45% 60% 

RESOURCES (%) 16% 81% 99% 48% 

Material (%) 3% 60% 100% 41% 

Energy (%) 15% 93% 98% 90% 

Consumables (%) 30% 90% 98% 13% 

 

Figure 5 Map of value stream of a process with e-MSM 

methodology. 

Figure 4 Quad Chart analysis with 4 processes. 
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shop floor, therefore operators, and the last field 

related to administration.  

The result of the matrix information is presented in 

figure 6.  

 

6 Feedback from the companies 

The methodologies developed were part of a project 

called Produtech SIF, where the goal is to develop 

solutions for structures of a production system based 

on advanced technologies, while equipping the 

industry in order to adapt to the 4th industrial 

revolution challenges. Therefore, 3 companies were 

selected for the validation of the concept of each 

method, Azevedos for e-VMB, CEI for e-SMED and 

Silampos for e-MSM.  

For the validation of the concept of e-VMB, 4 

meetings were held in Azevedos. The first 3 meetings 

were essential to develop the final methodology and 

the result of e-VMB which were showed in the 4th 

meeting.  In this last meeting, it was explained why 

there was gaps on the process of developing a VMB 

and how and which features this methodology can 

answer to that challenge. After showing the result of 

the DOB (figure 2), Azevedos mentioned that it was 

very important for their team to develop boards for 

different analysis, with different goals and users. Also, 

referred that it would be important to have the 

aggregation of the information regarding the different 

sections of the company. This feature was introduced 

in the methodology after this meeting. To develop this 

methodology, the company showed difficulties in the 

selection and acquisition of information. 

For the validation of the concept of e-SMED, 3 

meetings were held in CEI. The 2 first meetings, 

helped to ask for the information needed regarding 

the measure of the setups and description of the 

tasks. In the last meeting, it was presented the final 

Yamazumi charts of the 4 setups and the impact of 

the charts were immediately verified. In the meeting 

the members of the company started to evaluate the 

types of operations that were consuming most of the 

time of the setup, so this meeting became a meeting 

of setup improvement. The questions with the 

suggestions of solutions from table 3 were not asked 

directly and the fill of the table became responsibility 

of the company after the meeting.  

Finally, for validation of the concept of e-MSM, 3 

meetings were held in Silampos. As in CEI, the first 2 

reunions were performed to ask for the data needed 

to complete the MSM table. However, Silampos 

immediately showed concerns about data acquisition 

regarding the resources consumed and it was 

explained that the information needed would be 

difficult to purchase. In the final meeting, it was 

presented the quad chart analysis and the information 

matrix. Both of the analyses were relevant to 

Silampos, even if the data were not from a specific 

process. Related to the information matrix, the 

acquisition of data in Silampos is performed by the 

operator and introduced in the ERP system by the 

section chief. The information is then analyzed and 

then stored again in an IT-Excel system. At the 

meeting, a waste was immediately associated with 

the way that information was acquired and stored, 

could be directly introduced by the operator in the 

ERP system. Regarding the vertical integration of the 

levels of the company, it is verified that there is full 

integration since any employee of any level of the 

company can have access to the information that 

wants to analyze. 

6.1 Difficulties on the validation of the 

methodologies 

The initial goal was to validate the 3 methodologies 

with 3 different companies that supposedly had 

already installed IoT and CPS, so that the acquisition 

of data would be done automatically. However, 

companies had not implemented yet any system of 

I4.0, but the methodologies would simulate that the 

information was acquired in that way – the companies 

had to acquire the information by themselves using a 

IT system, e.g. Excel, and then the methodologies 

would use that information. However, from Azevedos 

and Silampos, difficulties were shown in acquiring the 

data needed. On the other hand, CEI completed this 

Figure 6 Information matrix analysis from e-MSM 
methodology. 
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task, but just measured a set of 4 setups processes 

instead of 10, required to the variability study. 

7 Conclusions 

  

In conclusion, if the principles of Industry 4.0 in the 

Lean production system are considered, the Lean 

tools selected for analysis in the dissertation are 

potentialized with access and transparency to the 

information, interconnection of the factory and 

provide decision support for any collaborator of the 

shop floor, so decision-making is decentralized from 

senior management and operators have at their 

disposal the necessary information for decision 

making, facilitating technical assistance. 
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