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Abstract— This part | proposes two ways for the design of &
data characterization stage evaluation : 1) a way dsed on the
computation of distances between signals and diste@s between
indicators yielded by the characterization stage, )2a way based
on individual opinions about the signal resemblanceand

dissemblance. These two investigation ways are comsied

through a didactic example of 10 signals with simalted values.
Despite the first way seems “objective”, we show ¢ it is the

contrary as it is the case is in each paper aboutath analysis. In
fact, the subjectivity is always present but, morer less, the main
problem being to be aware of this !
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. INTRODUCTION

Thanks to the increasing performances of compudacs
measurement devices, more and more
(biomechanics, ergonomics, psychology, physiolaggdicine,
...) are able to collect more and more movement data
given study. The ‘“relative easiness” to use measend
devices giving 3D data (imaging systems, force eglat
goniometers,...) involves that these devices carudes in
experimental studies, but in clinical and fielddsas also.

On the opposite, a “relative difficulty” is the ¢g@ number of

multivariate analysis (e.g. when there are botimgjtative and
qualitative scales) [2} ;

3) a stage that shapes the data set so that liecanvestigated
using monovariate or multivariate techniques. Retance, the
data is arranged in a table where the rows correspo the
statistical units (individuals, pathologies, timragples, ...) and
the columns to the indicators [2];

4) a stage that yields relations (between measurevagiables
or between factors and measurement variables)sedaéof
pathologies, or behaviors, ...), references (aweréyels,
probabilities, time excursions, ...), etc. Thiggs®yields up to
3 kinds of models: graphical (dendrogram, factanpl| ...),
verbal (the conclusion to a statistical hypothetst) or
mathematical (multivariate regression, time seriggj1] [2];

5) a stage that shows the results in an other hay twith the

disciplineBrevious stage. For instance, in factor analybis,contents of

the tables that aid interpretation and the factangs are
verbally expressed and easier
(histogram, time excursion, spectrum, scatterplot]3].

In the following, a statistical analysis path paisspecific
quintuplet of methods for the 5 stages (if a s@ges not exist,
the method is named “0”) and yields the resultietThus,
given a initial data set and the combinatory of ossibilities

data pieces yielded by such measurement systemsh whifor the 5 stages, many result sets can be obtainghis part I,

involves more than one stage to get results. Up dtages can
be present:

1) a stage that characterizes the data througéretibre or less
synthetic indicators (overall indicators such as #nithmetic

mean or RMS value, energies from Fourier decomiposit
frequencies associated to magnitude intervalst.)lozal

indicators (maximum and/or the time correspondiagthis

value, ...) [1]. The indicators become the data asigly
variables;

2) a stage that transforms the data so that tHgsismaariables
become compatible with a specific method (e.g. antjtative
scale can be changed into an ordinal scale in daodese rank
based methods) and/or with each other in the petispeof a

we focus on the first stage and show the high ditseand thus
subjectivity in the way to built the data analys@iables. To
achieve this aim we will consider a simple simudadata set In
part 11, we focus on the two last stages.

Il.  PROBLEM STATEMENT: CHARACTERIZATION
EVALUATION

An empirical study (experimental, field or cliniglelds a
data sefE, cardEgy)= Ey values (notations : 1gard function
gives the number of elements in a set and 2) thee datter is
used to indicate the set and its size). Let us csgphat the
experimental or observation design yields N muttiginsional
signals obtained from a 3D measurement system thigh
sampling frequency fs, each multidimensional sigwdh P
components. In most cases the data base is |atgfsd, P>20,

graphic can be shown



fs>10 Hz (e.g. a gait study with N=50, 25 indivittuand 2
trials per individual,
characterization methods can be used [4], eachadath{c=1,
...C) yielding a data séf;. containing card{;)= E;. values.
Two main quantitative descriptors can be introduded
characterize the method c:

- the data reduction level which is the ratio between the
output and input numbers of values, i&.E 1/E,

- the duration g which mainly combines the time spent

choosing a method (human analysis time, namedatha the
processing time (treatment timg)dfig. 1, thus g-da+di=t;..

These two criteria (hamed GRnd CR) are concrete but
give a poor idea about the “characterizing perforced. To
achieve this aim, many methods can be proposettl]due
to its easiness, the following procedure is coneidte

1) compute the distances between the input subadish
yields the seDg={do(E’i, E'gj), i=1,..., N-1, j=i+1, ..., N)},
Do=card(Dg)=N*(N-1)/2,

2) for each characterizing method c (c=1, ..., Cjnpote the
distances between the output subsets, which yitldsset
chz{dlC(E, li!E’lj)v i:la"'v N_lu j:i+1: reey N)}y ch DOy

..., O}t into

3) for each characterizing method c (c=1,
relation the two sef® ; andD;..

Eo
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and sets
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Figure 1. a way to consider the data characterization problem

We are aware that for each of the 3 steps, mangehoan
be made. Moreover, instead of using this quantgadpproach,
it is possible to perform a procedure based onréxggenions
(which could give quantitative and/or qualitativata). Given
that for these two kinds of approaches, the chagceshighly
subjective, we propose to name them objective abgkestive
approaches and suggest an illustration with eaty d&dus we
propose to deal with simulated data instead ofsdiata.

I1l.  EXPERIMENT

The data set is designed so that most of charsiiteri
phenomena that could be present in actual time atataaken

reasons of place limit and given that 1) there lsrge number

P=50 and fs=50Hz). Then manyC (C>>10) of possible methods for characterizinghesignal,

2) we wish to consider individual opinions and 3) have to
compare objective and subjective results, only 4hods are
considered here (see [4][5] for other charactegizinethods
with either simulated or actual data),

A. “Objective” evaluation

Each of the 10 signals, Fig. 2, is characterizeéadgus

- the arithmetic mean, yielding a data reductiowele
percentage;#1%,

- the RMS value.,F r; and dj is quite identical to dt(with
Matlab). The human analysis time being much moraptex
to be appreciated, it will be discussed in part Il,

- the 3 membership values averages (mva) from faees
windowing shown Fig.35£3* r; and d is around 40*dt

the 3 membership values averages (mva), fromspaze
windowing shown Fig.3, but with 3 time windows with
identical width, $=9* r; and d} is around 120*dt

With our 3 stages evaluation procedure, we choistance
as “natural” as possible, i.e. based on the notibabsolute
value difference (see [6] for some comments abdbero
choices). For instance, the distance between @k is:

100

do(n,n’) = Z|Xnk = X

k=1

@)

where ¥ is the K value of the signal n. Thus with N=10
signals, Fig. 2, 45 distance values are so compartedplaced
within the setD, The distance between two indicator sets
yielded by the characterizing method c is compitdtie same
way. For instance, the distance with the methosl @mputed
as following:

9
a1 = < D MV, ~ MVl @

w=1

where w indicate a space-time window. With N=1(halg, 45
distance values are so computed and placed whkisdiD,.

For the final stage, we suggest, for each chaiaatem
method c, to simply build a scatterplot of 45 psinthere the
coordinates correspond I, for the horizontal axis and {0,
for the vertical axis. A graphic criteria for chaug a method
can be that “the points are more or less positi@edg an line
with a positive slope” (CR. More globally, we can
characterize the connection between the two sethébglassic
linear correlation index (CfR The results are shown in Fig. 5.
Obviously, given both criteria, the best charaetag method
is the fourth one. This result will be discussedéution IV.

B. Subjective evaluation
A questionnaire is used with 24 participants with a

into account. The main phenomena are the following:; ) C
stationary, energy, monotony, periodicity, variatiaround a Packground equal or higher than an engineer'spfillhem
central tendency, class presence. The set of pmitentWork in the laboratory (LAMIH) and have to deal Wwidata
phenomena is considered through 10 signals, FigFaz. ~coming from human and/or technologic componentesyst



(electrician, ergonomist, biomechanician...). Thesioanaire

starts with : “Here are 10 signals supposed toeberded onto
10 individuals in identical conditions (same taskda
environment)”. Then the main questions are:

Q1. Among the 10 signals, indicate the two sigmaland B
which resemble each other the more

A (from1t010):[ ]

A (from1t010):[ ]
Q2. Apart from these 2 signals, indicate the twgmais C and
D which resemble each other the more:

C(from1t010):[ ]

D (from1to10):[ ]
Q3. Among the 10 signals, indicate the two sigrialand F
whichresemble each other the less

E (from1to10):[ ]

F (from1to 10) : [ ]
Q1. Apart from these 2 signals, indicate the tvgmals G and
H which resemble each other the less:

G (from1to10):[ ]

H (from 1t0 10): [ ]
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Figure 2. 10 signals (one can imagine that each signal orded at fs=1Hz,
thus 100 values by signal)
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Figure 3. fuzzy space windowing for the characterization
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Figure 4. 45 distances between the indicators coming frontéia
characterization stage vs. 45 distances betweehQtisgnal for each of the 4
characterizing methods. R is the linear correfatioefficient.

With the subjective data, here again several $tatis
analysis paths can be designed. Focusing here ynaithe
frequencies of the cited pairs, only Fig. 5, leftumn, will be
considered. The set of 4 histograms shows thatited pairs
are less numerous with similarity than with dis&mity
opinions. The most often cited pair with the highamilarity
is (A,B)=(1,2), namely two signals with the samentimuous
component, the dispersion varying a little bit. Thest often
cited pair with the lowest similarity is (E,F)=(4,6

C. Connction beween objective and subjective data

Fig. 5, right column, puts into relation, for eachthe 4
guestions, the response frequencies and the déstaloren
though the 4 scatterplots show large differendesgéms to
have some coherence between objective and sulgedéta.
For instance, the top scatterplot highlight tha pair (1,2),
which is the most often cited pair for the quest@h, has a
lowest distanced

IV. DISCUSSION

The main aim of this empirical study based on aclid
example was to show that:

1) even though the data set is very simple, and imay
simplistic, the characterizing methods are
Furthermore one can imagine that two main cases bean
envisaged and always tested:

numerous
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Figure 5. on the left side: frequencies of the cited pais,efach of the 4 questions ; on the right sidejUemcies vs. distances betwwen the 10 signals

* choosing a characterization method without takimgo =~ components (only) are presented: if N>>10 and P8y
account opinions about the signal resemblance &and/@hoosing the stimuli ?

dissemblance. In such a case, there are two mseoufises: a)
“the time data are characterized using the methbd’,G.e.

without stating the data characterization probleghe (most
often encountered in the literature) and b) “théadean be Finally, giving that 1) 3D measurement systemsdyial
characterized using methods CI&H,,..., CHc; the criteria for  large data set (N>30 and P>10), 2) this set carsepte
the choice are CRCR,,..., CRy; given these ones, the selectedimperfections (with human and/or technical origji®)the part

2) a space-time windowing gives the best resultsichvis
intuitively obvious.

method is CH".

It is worth noting that with the first approacheth is not so
much questions (in most cases), but with secongtbree are
often many questions: “Why not methods &H CHc.,...,
criteria Chkiy, CHgig,...
even though many critics could be put forward. lnanay be
that the following discourse could be always préséaiving
all the existing methods, giving all the methodsalve heard
about, giving the methods | really know, the chos®thod is

". Such a discourse should show that a part ofestibity
remains in the choice.

* choosing a characterization method from considgeriesults
of an experimental design where expert's opinioosua the
signal resemblance and/or dissemblance are reco@esl of
the main difficulties is in the questionnaire desi@g.g. are
guestions about resemblance, dissemblance, redatms
connections, links ?). Besides the difficulty tqoeghend these
concepts (mathematically and physically), anothfficdlty is
in the choice of the “stimuli” (a subset from thetual data set)
to be presented to the experts. We let the readagine an
experiment where 10 multidimensional

signals with 3

of subjectivity can not be totally reduced to zardhe way to
characterize data, we suggest to always start tidistial
analysis using an exploratory approach based graeestime

(1]
[2
(3]
(4]

(5]

(6]

windowing. The problem of space-time windowing ahé

2 . We prefer the second approach,way to investigate membership values are studigainll.
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