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Abstract

This study subscribes to the performance expresaiahthe control of the

achievement of an industrial objective. TemporaJettory is considered for
describing such an achievement, which links th&aininstant of the corre-

sponding action plan to the final one. At each stdee, instantaneous and
trend performances are expressed. The purposadgdtsimultaneously handle
the previous kinds of expression in order to defimaeaningful piece of infor-

mation that takes into account the obtained resiting the considered tem-
poral horizon. A rule-based aggregation is retainetthis sense. Moreover, ac-
cording to the visual management principles, syiobfizzification and def-

fuzzification are used, and colored emoticons aop@sed in this sense.

Keywords Industrial objectives, Instantaneous performangeessions, Trend
performance expressions, Visual management, Fozngg. |

1 INTRODUCTION

This study deals with the simultaneous handlindim$tantaneous” performance
expressions and “trend” ones, with regards to ttfeexement of tactical industrial
objectives. This achievement can be describedteynporal trajectory. Such a trajec-
tory is defined in coherence with the durationhs e€xecution of the associated action
plan. At the initial instant, the objective achiewent is planned as being null, while at
the final one, it is supposed to be totally achégvie accordance with the expected
value.

In order to control the objective temporal trajegiomilestones are introduced.
These milestones generally correspond to the emsgtsfof actions of the considered
action plan, being thus a kind of check point fog tecision-maker for reacting with
regards to the expressed performances. Rightlfoeance expressions are provided
by Performance Indicators — PI's — and Performavieasurement Systems — PMS'’s
— [6], [7]. These expressions are the result of gamson mechanisms of the expected
objectives with the acquired measures [2], [1], [H]ey are conventionally computed
under numeric formats, at each milestone. Thathatwe can call “instantaneous”
expressions. In this work, we look for the defimitiof a kind of enriched perfor-



mance expression that not only handles the instaotss result but also the trend one,
according to the obtained performances until thesiered milestone. According to

us, such an expression allows the decision-makbate a more meaningful piece of
information about the given objective achievement.

Subscribing to some principles of the visual manaeyg [4], [9], [11], we choose
to describe this enriched performance expressiaferua symbolic form, namely
coloured emoticons. Fuzzy inference mechanismased in this sense. Indeed, for
the sake of simplicity, graphical representatios haen progressively introduced in
manufacturing companies during the two last decaBesviding visual pieces of
information has been highlighted with the Toyotad®ction System, namely the
Kanban flow control or the 5S management [8], Ejr instance, the last version of
the ISO 9000 standard explains how to formalises Bitough ten parameters, and
gather them into visual scorecards. The visualesgmtation is based on values, col-
ours, curves, graphics or icons, by also considdriend data (see Fig. 1).

Fig. 1. Example of PI visual representation inspired teyFnench version of ISO 9000.
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Besides, the industrial practice shows that mamsyali formats are used for ex-
pressing performances, such as the emoticonsrdffe fights or the weather sym-
bols. Nevertheless, the association between pegfocen expressions and symbols
generally remains implicit, while a systematic fafnprocessing would ensure a
commensurate handling. Dealing with this drawbdllg article is organised as fol-
lows. In Section 2, we present the proposed fuaemélism. The developed ideas are
illustrated by examples extracted from the casdystwhich is submitted by a bear-
ings manufacturing company, around the “manufaatuCapacity” action plan. Fi-
nally, we conclude by some remarks and prospeutivestigations.

2 FUZZY PROCESSING

2.1 Casestudy and background

The bearings manufacturing company being considexatts for automotive and
aeronautics companies, spatial and several othlrtech activities. One of the most
important Original Equipment Manufacturers in Ewrpfis market shares have con-
tinuously grown over the last ten years. The défdbearing families are produced in



specific plants and the production of a given tgdearing is made in a dedicated
line which ensures the whole customer demand. Duthé success of innovative
products, the submitted problem has concernedntwease of the capacity of one
production line, leading thus the plant managem vghthe tactical decision-maker, to
the declaration of an objective ofcapacity of 30 000 pieces par week at the end of
2013's last trimesterknowing that the capacity at the beginning of tti@ester was
27 000 pieces. Fig. 2 gives the objective trajgcpianned in this sense.

Fig. 2. Objective trajectory for the production line caipac
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For the control of the objective trajectory, thaml manager has defined weekly mile-
stones. The purpose is based on the idea of prayidit each milestone, meaningful
pieces of information with regards to the obtaipedformance. Moreover, knowing
the numerous people involved in this action plavisaal performance representation
is retained. To be more precise, ketbe the milestone corresponding to titweek,
k=11t013. And let o(k), m(kK), p(k) and p'(k) respectively be the objective, the
measure, the instantaneous and the trend perfoemeqmessions, with regards to the
production capacity. The idea developed here islte advantage of the instantane-

ous performance behaviour to introduce some kindi@ifihting by the performance
trend. The following processing is proposed.

1 p(k) and p'(k) are fuzzified, into linguistic fuzzy subsets.
2 p(k) and p'(k) are aggregated i€(k) by means of a fuzzy rule base.
3 C(k) is defuzzified into a coloured emoticekK) .

2.2 Instantaneousand trend perfor mance expression fuzzification

We choose to express the instantaneous perfornemeessionp(k) by the ratio

k

(k) _ mk)

o(k)

proximation of the first derivate with a first ordeccuracy and a period of 4 weeks is
used: 0k > 0, pl(k) =P = Pk=min(k4)) )

min(k ,4)

The symbolic fuzzification goes the same way fa thvo expressions. The sym-

bolic fuzzification of p(k) denoteds , relies on the fuzzy meaning of the linguistic

. The performance expression trend is obtained fitmanbackward ap-




terms, i.e. the membership function associated with each tdr2h. Let p(k) be
characterised by the set of linguistic terins= = {Very Good, Good, Medium, Bad},
for short L,== {VG, G, M, B}. Let the membership functions ofetfe termsi.e.

their fuzzy meaning, be represented in Fig. 3. Ystadeh’s writing for discrete
fuzzy subsets [13], and consideritkg=2 as an example, the symbolic fuzzification

of p(2)=9785% is ¢(p(2)=A=085/VG+015/G+0/M +0/B. It means that
p(2) is described by the teriery Goodwith a degree of 0.85 and by the te@aod

with a degree of 0.15. The symbolic fuzzificatiohtlbe trend is a linguistic fuzzy
subset ofL, = {DecreasingStable Increasing, for short L, ={D, S, I}. The mem-

bership functions associated with these linguigtions are given in Fig. 3. For exam-
ple, the performance trend i9'(2) =141, and its symbolic fuzzification is

#(p'(2)=B=027/1+073/S+0/D, i.e.the trend is stable with a small increase.

Fig. 3. Fuzzy meanings of the linguistic terms descrililmgperformance expressions.
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2.3 Aggregation of theinstantaneous and trend perfor mance expressions

In order to aggregate the two linguistic fuzzy ibgepresenting respectively the
instantaneous and trend performances, we choossetaa rule based aggregation.
Such a mechanism captures, more easily, variogscé@be rule base used in the case
study presented here is given in Table 1. The &mases are expressed as couples of
linguistic values, for examplé/G, D), where the instantaneous performanc¥esy
Goodbut its trend iDecreasing Each typical case is associated with a fuzzyuasal
tion defined on a set of emoticortg = {©, ©, ®}. Using a fuzzy set of emoticons

instead of a unique crisp emoticon provides a npoeeise way to code the aggrega-
tion. For example, assume that fMQ, D), we consider that aggregated evaluation
can be characterised as a happy ape®, but may be also a neutral one, ®, and
certainly more happy than a neutral. This typembsth natural language description
can be captured by expressing that the fuzzy suhg& + 0.3 is associated with
(VG, D), according to Zadeh's conventional descriptior dor discrete fuzzy sub-
sets.



Table 1. Fuzzy rule base for the typical cases relatetiédapacity action plan

D S I
VG 0.7© + 0.3 10 10
G |04 +056+0.18 | 0.6 + 0.4 0.8 + 0.2
M 0.5 + 0.58 118 0.5 + 0.58
B 118 030 +0.78 | 0.1 + 0.3 + 0.6

This table is the graph of a fuzzy relatiéh defined on the Cartesian prod-
uctly xL, xLs. Let X be a fuzzy subset daf andl OL. X(I) denotes the grade of

membership ofl in X. Let A be a fuzzy subset dof; andB be a fuzzy subset df, .
Thanks to Zadeh’s compositional rule of inferent8]] the aggregation process is
represented by a functignsuch thatC = g(A B) with C being a fuzzy subset dfs
and: Dlg O Lg,C(I3) =0, 1yoLxL, T(A(1),B(2).R(1l2,13)) with Oa t-conorm and
T a t-norm. Most often max-min operators are used-@norm and t-norm. It was
shown in [3] that other couples of operators can Umed. In particular,
Ox, yO[02]x[04], O (% y) = min(x+y,1) and T(x y) = xy preserve Ruspini's fuzzy
partitions [10] and lead to:

Ol30LgClla) = Y Al)B(2)R(1I2]3). 2)

(11,00, %L,

Hence, aggregating information f&r=2, (p(2), p'(2)) = (9785141), leads to:

A=¢(p(2) = 085/VG+ 015/G+0/M +0/B

B=¢(p'(2)=027/1 +073/S+0/D 3

C=g(AB)=0.950 + 0.056 + 0/®

Even if at this step, the plant manager can chariaetevery week his performanc-
es by an expression on the basisg¢p) and ¢(p'), a final processing is necessary
to propose a visual handling of this expression.

24  Theemoticon-based scorecard

The idea is now to defuzzify the fuzzy subset deion the set of emoticons into a
unique colored emoticon whose smile, makes it gasiderstandable. Indeed, con-
ventionally, two parameters characterise such astiean: its smile, on the one hand,
and its colour one the other hand, knowing thatetlie a kind of equivalence between
them . LetC be a fuzzy subset df;, a; the grade of membership angllY a val-

ue, respectively associated with each emoticon. §ymbolic defuzzificationd is
D ay,
defined by:y = J(C) = . (4)

Sa




Two symbolic defuzzifications are used at the séime. The first one refers to the
intensity of the smile and the second one withcitieur of the emoticon. The smile is
drawn as part of an ellipsis which is associateth i parametes[-11]. When

s=1, the emoticon means full happiness. It meansttigatalue 1 is associated with
©. In the same way, -1 and 0 are respectively aswatiwith® and®. Moreover, a
“happy” emoticon means a satisfactory situation Hrgreen colour is the conven-
tional one for this type of case. If the colourdisfined in the RGB space and each
color component is defined in [0, 1], then the weat=[010], representing the green

colour, is associated witB. In the same way, red and yellow colours, vectors [1 0
0] and [1 1 0] are respectively associated withand ©. For example, given
C=0.950 + 0.058 + 0/, we haves= 095 and c = [00510] which lead to the

left hand side emoticon in Fig. 4. In the same Way 0/© + 0.8 + 0.2 produces
the right hand side one.

Fig. 4. Examples of generated emoticons.
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It is interesting to note that the fuzzy approacakes it quite simple to capture

human expertise for the aggregation of the perfaceand it trend. Nevertheless, the

generated information is not trivial and would hdaen quite complex had it been

represented by mathematical equations. Fig. 5 shioiwspoint. It represents the sur-

face of the emoticon parametgii.e. the smile intensity, in function with the perfor-
mance and its trend. The colours of the surfacéh@emoticon colours.

Fig. 5. : The smiley parameter surface
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2.5 [lllustrations

Figure 6 summarises the instantaneous and treffidrpemce expressions that cor-
respond to the six first weeks of the Capacityaactilan. Note that the same score-
card could be refreshed every week until th8 @waek of the year 2013. Then expres-



sions are thus fuzzified thanks to the previgusinctions. Results fop(p') are giv-
en in Table 2. For instangg(p'(6)) =0/1 + 041/ S+ 059/D.

Fig. 6. Instantaneous and trend performance expressiahéddirst six weeks

p(k) p'(k)
100,0% 97,8% i 3,0%
98,0% 96,7% 2,0% | 1,41%
96,0%
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92,0% 0,0% +
90,0%
88,0% -1,0%
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84,0%
82,0% -3,0% -
80,0% | -4,0% ! !
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Table 2: fuzzification of the trend performance mgsion
1 2 3 4 5 6
p'(k) 1,41% 0,14% -1,54% -0,75% -3,37%
I (Increasing) - 0,27 - - - -
S (Stable) 1,00 |- 0,73 1,00 0,87 1,00 0,41
D (Decreasing) - - - 0,13 - 0,59

The next step consists in aggregating the fuzziGioa of p(6), which is
#(p(6)) =0/VG+0/G+0/M +1/B, with the fuzzification of p'(6) . Using Table 1,
we obtain C(6) =0/© + 0.120 + 0.83®. C is now defuzzified to give a coloured
emoticon. For instance, the smile parameter foretheveek is s(6) = —088, which
characterises an unsmiling mouth, while the RGBareis ¢ (6)= [10120] , which is
an orange colour very close to the red one. It pced the following unhappy emoti-
con, . Thus the plant manager builds a scorecard (Bigntich respectively
gathers, for a considered week, the objective amdsure(o(k), m(k)). On the left

hand side of the scorecard, the performance andi@natrajectories are displayed
from the beginning of the action plan. As it canseen, a strong and quick corrective
action must be undertaken to improve the performanc

Fig. 7. Scorecard for the Capacity action plan at theveek
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3 Conclusion

Taking trend performance expression into accountbeaseen as an enrichment of
the traditional way of instantaneously expressimgfggmances. Moreover, visual
management is useful, in industrial improvementpsses, to facilitate the decision.
In this sense an information processing has beeposed which aggregates the in-
stantaneous and the trend expressions based afidatian mechanisms and infer-
ence rules. This aggregated piece of informatiatigplayed in the form of emoticons
which ensure an easy and common understanding ést people involved in the
improvement action plans. The case study is in q@sxmand should give feedback
about the interest and the practical difficultiesdeploy this visual management in
industrial company. Further development of this kvooncerns the generalisation of
this type of visual temporal approach particulaslyen many objectives have to be
simultaneously reached. An extension of this masl@llso envisaged for the perfor-
mance analysis of the temporal trajectories beargiclered as a whole.
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