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ANUGMANITY

INTRODUCTION SOLUTION

Thanks to the 14.0 breakthrough, these days, companies handle substantial
amounts of data related to their businesses. This data, if thoughtfully explored,
may provide relevant information to decision-makers for process optimisation/
improvement to increase competitiveness and overall savings. However, the
rapid rise in the companies’ ability to collect data, hasn’t been matched by the
ability to support, filter and manage it effectively to extract such information.
Thus, continuous improvement people (which may start in the shop-floor
engineer up to the entire lean/quality department) would greatly benefit from
a data-driven platform (DDP) that is able to receive, transform and process
real-time data from machines to workers and apply innovative and automatic
algorithms to obtain robust first (or even second) level root cause analysis
(RCA). The big purpose of such platform is to explore and make the most out of
the industrial datasets gathered everyday in each company, and to provide to
decision-makers helpful information about their industrial processes, where
other methodologies failed to find further conclusions.

QUESTIONS AND ISSUES TO SOLVE

Q1: What are the benefits of the DDP for Continuous Improvement or
Quality Assurance teams?

Q2: What is the skeletal structure of the DDP to maximize the
integration with 14.0 technologies?

Q3: What set of (detailed) steps should it follow?

Q4: How large can be the domain of application to different industrial
processes?

Q5: What are the minimum requirements companies must fulfil to
obtain relevant results?

METHODOLOGY

1. Assessment of practical challenges on
the project partner companies.
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K2: "data-driven" AND "industry" AND
("analytics" OR "platform" OR "method*" OR

2. Literature and commercial solutions
review (theoretical work and code).

¢ "framework” OR "decision" OR "automat™").
e ™ .
3. Primary identification of research /Exc.'usfon Criteria
gaps/challenges and available open-
access code. C1: Non english papers;
~ 4 C2: Papers that do not provide a
¢ practical/theoretical approach;
( h C3: 2015 or older research papers;
4. Interviews to continuous improvement . C4: Unrelated title and/or abstract.
experts
. L < J
Selectlpn criteria: from
companies who have

received the KAIZEN award.

Services - Logistics,
Energy and Finance

(3).

Industry -
Manufacturing (3).

Consultants (3).

and/or concerns about the design and
construction of the platform.

v

6. Development of the main structure of
the DMAIC+PDCA platform.
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1. A data-driven model for bottleneck detection in manufacturing lines was built
based on minimal information retrieved from a manufacturing execution system
(MES), for companies initiating their digitalization process (requiring the smallest
hardware investment). A general abstract model of a production line is proposed,
a Queue Directed Graph (QDG). The QDG model is able to represent any kind of
job-shop with a discrete production environment and to calculate production
metrics. Industrial case application in a manufacturing line at Bosch
Thermotechnology.

General abstract model of the manufacturing line to calculate production metrics:

Graphical result:

Bottleneck time periocds using MPM (dataset d0O1; min_time=>5s) (b)
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3 . Presentation of a data-driven
version of the well-known
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INDUSTRIAL CASE APPLICATIONS

2. Multi-directional efficiency analysis (MEA) is used for root cause analysis of product
reworks and bottleneck occurrence in a manufacturing line. The analysis is based on four
worker-related parameters: experience time, wage, delay time and response time. The
approach allows to identify individual inefficiencies per tuple worker/working shift and to
cluster them according to similar inefficiency parameters. Industrial case application in a
manufacturing line at Bosch Thermotechnology.

Per (worker, work shift): Optimization problem:
Problem P (z,7) : Problem P?(z, i) Problem P"(w,f3,z, 1) :
. . min a,,(71) such that max f3;(n) such that max y(7) such that
Experience tIme Wage _ 3, X () < ap(i), 2opAnxi(n) < x;(0), i€ 1], 2o AnXi(n) € x;(0) — y(A)(x(R) — @ (R)), 1 € [M],
DI i IR Y Axn) < xi(), i€ [[],i# m, Sndnyn) <Bi(0), s €[], 3 A,x(n) < x(A),i € [1]\ {m),
Z,; fln}'![”) = }’I‘(F_ﬂ, S [.)r], Zu 41;;_}'{(.'?) = }'lr[}_‘{),, le [J], [+ j! Zn .’1"}’{(?’]‘) Z }'![ﬁ) + T(ﬁ}(ﬁ?[ﬁ) _}’E(ﬁ)), le [L]s
xi(n) = y(m)(x;(n) — a;(n)) ,
Manufacturing Line For the input 7 € [/] the contribution in the unit z(72) is given by mEff;(n) = Xo1(0).

) x;i(
Workstation i)
vi(n)

yi(n) + Y (Bi(n) = y;m)’

For the outputs j € [J] the contribution is given by mEff;(n) =

cReworks
CAP For a given dataset z = {z(n)},cn the inefficiency index for each given input index i € [[] and tuple n € N is given by
| Yol () (xi(n) — arf(m))
mlneft;(n) = N .
L= %) Some of the graphical results:
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4. Presentation of a robust Root-Cause Analysis (RCA)
approach to deal with classical methods’ sensibility to
data perturbations. It is based on: (1) Multi-directional :
efficiency analysis (MEA) from Operational Research; \, cenerates |,

(2) eXtreme Gradient Boosting (XGBoost) from Machine “Pl e
Learning; (3) Shapley values (SHAP) from Game Theory. I
Outcomes: Benchmarking based on performance ID: KPIy(E,T) ... KPIn(E,T) ; KPly (E.T+1) ... KPIn(E,T+1)
variation, determination of most relevant process | . |
variables that explain the efficient and non-efficient | v
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ABOUT THE AUGMANITY HUMANITY PROJECT

The Augmented Humanity (AH2020) Project is essentially
based on 3 main challenges:

1. Emission reductions - improving the efficiency of industrial
processes, as well as corresponding emission reductions;

2. Adequacy of production - the development and adequacy
of production processes according to the characteristics of
the active population;

3. Industry 4.0 - the preparation of human resources for a
new industrial reality.

AH2020 - PPS2 (Product, Process and Service)

This work is framed within the PPS2 scope of Big data and
predictive analytics for i4.0. The aim is to create interrelated
and integrated solutions for problems, currently faced by
the industry, related to predictive maintenance, data-driven
asset/plant performance optimization, and data-driven
quality control by taking advantage of mathematical
modelling and recent machine learning techniques that
have been proven to be effective in various sectors.
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