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ABSTRACT - There are many methods to determine and characterize the relative differences of two-time histories, testto test,
model to test, or comparing two different systems like different vehicle responses or different dummy responses. This short
communication presents a method for comparison of two-time histories (model and the average of two or more tests) using a
method that estimates the minimum differences of two-time histories. The method uses: magnitude, shape, phase, and Global
coefficient of variance (GCV). The comparison of the two signals is done using GCV and/ or a derivative of GCV (G-R”"2) and
the three values, magnitude shape and phase is used to understand the characteristics of the difference.

INTRODUCTION

Two techniques commonly used for comparing time-
histories and evaluating their difference with a single
parameter are CORrelation and Analysis (CORA)
and the [SO/TS 18571 standard. These techniques are
used to evaluate repeatability and reproducibility in
testing, evaluating anthropometric tests devices and
comparing models to test data. The processes
includes both corridor and cross correlation
method’s, which are calculated independently and
then combinedto give anestimation ofthe magnitude
ofthe difference. The two methods use different
corridorand cross-correlations methods which give
different values for the different components
However, their algorithms canleadto discrepancies,
inconsistencies and possibly contradictions when
interpreting the difference between two time-
histories. In addition, the two can give very different
results operatingon the same data. (Matthew, et all,
Saunders). In addition, the ratings for both CORA
and [SOarenot unique, in that there areparameters
that canbe adjustedand so two comparisons of the
same two time-histories forISOand CORA can be
different depending on the weighting factors and
methods of calculatingtheindividual components
(Sanders, Davis). In additionto these two there are
other methods (Nusholtz, Xu) which introduced the
concept of the global coefficient of variation (GC V),
showed how it can beusedto evaluate repeatability
and reproducibility using experimental data and
showed its relationship to cross-correlationmethods
using magnitude and shape. This communication
expands on the methods in (Nusholtz, XU), and
shows how it can be used to compare two time-
histories such as theaverage of biomechanical impact
test signals to a modelof the biomechanical impact
tests.

METHODS

Assume a collection of transducer time histories from
biomechanical impact tests to a given anatomical
structure. These tests are than averaged to form a
meantime-history forthe biomechanical impact tests
(x). Assume also that there is a model of the
anatomical structure that was impacted, and the

model(y) was runto imitate the biomechanical tests.

The global coefficient of variation (GCV) is the
square root of the sum of the of the squared
differences ofthe two time-histories (x andy) when
the squared differences areminimized by a time shift
p anddividedby thesumofthe square root of the
sum of squares of the x time history. Therefore, GCV
represents a normalized least square like value
estimation of the minimum difference between two
signals. In this analysis the test (experiments) time-
history is considered “ground truth” and the model is
being evaluated as to how it compares to ground
truth.

Analysis procedures:

SSSX= Square rootofthe Sumof Squares of the x
time history

SSSY= square root of the sum of squares of the y
time history

last

SSSX =V(3 _ (xx)"2)

last

S55Y = \f( Z n= 1(}’?1)n2)

SSMDXY= sum of squares of the minimum
difference between the x andy time histories.
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P=the shift in time to minimize SSMDXY. It is the
same time shift that defines the maximum in the

cross-correlation of two-time histories.

last

SSMDXY = Z(xw — Y )2

n=1

MXY= magnitude of the comparison of the time
histories of x and y. This magnitude is somewhat
differentfrom the magnitude calculated for finding
the relative magnitude between two sets of time-
histories when neitheris ground truth. In that casethe
magnitude runs from 0 to 1.In thiscase themodel is
comparedto ground truth and so themagnitude can
run from 0 to infinity.

MXY=(SSSY/SSSX)

XY= Sum of'the product ofthex andy time histories
aftera shift that produces the minimum difference
between the two.

XY = Z:I:j(xn+p * .Vn)

SXY= The shapecomparison ofthe time histories o f
XandY

SXY=XY/(SSSX*SSSY)

s \/(Zlast (xn+p 3 yn)Z

n=1

GSS is the square root of the sum of the squared
point wise difference ofthe two time-histories.

GCV=(GSS)/(SSSX)

last
J(Z 1(xn+p - yn)z)

n=

GCV=

VXS (x)n2)

Since the denominator of GCV represents the square
root of total sum of squares fora signal from -infinity
to + infinity with only a finite section different from

zero (mean=0) and the numerator represents the
square root of the sum ofsquares for the difference of
the two signals, the GCV pseudo R squared
approximation (G-R*2) orR"2 like is:

G-R"2=1-GCV™2
Results:

The following results are obtained from computer
idealization of both biomechanical impacttests anda
modelof thoseimpact test.

Assume thata(x)is a response (Force, Acceleration,
etc.)of the average of severalbiomechanical tests
and assume that b(x) is a model of thosetests (Figure
1). In both cases x represents time.
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Figure 1

The first step is to shift the model signalsuch thatthe
differences are minimized (figure 2). This is done
through themaximum value ofthecrosscorrelation
and it assumes that thetime shift is smallenough so it
dosesnot have an effecton thesum of squares, there
is significant zero valueatthe beginningand end of
the signals.
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Figure 2

The magnitude=1.008 shape=.892 phase =7.3 ms
GCV =467 and G-R"2=.782

This G-R”2 is not the same as a R"2 in a logistic
regression becausethe modelisnot constrained by
thedataasin a logistic modeland so this G-R"2 does
nothave avalue from 1 to 0 butavalue from 1 to -
infinity. An example to help explain this is given in
figure 3 in which the modelb(x)is largerthan thetest
meanby a factorof 3.
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Figure 3

Mag=3.023 Shape= .892 Phase= 7.3 GCV=2.170
R"2=-3.748

Below (Figure 4) are two time histories (al(x) and
a2(x)) thatarerelativity closeandfor all practical
purposes al can be considered as a filtered or
smoothed version ofa2. Mag=1.004, Shape=.999,
GCV=.049 and G-R"2=.998
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DISCUSSION

The results represented by figure 2 indicate that the
GCV is 467 and the G-R”"2 is .782. The analysis
presented in (Xu), for a version of GCV in which
there is no ground truth, indicates that values above
4 for GCV and below .86 for G-R™2 indicates that
these time-history shouldnot be considered similar;
below .2 GCV or above .96 G-R"2 should be
considered similar and between the two they are
marginally similar. Although the difference in
magnitude is less than 1% the shape and phase
indicate a significantdifference with part ofthe shape
difference associated with the modelbeing 14.6 ms.
longerin duration. Infigure 3,the modelwas larger
by a factorof 3 indicated by themagnitude being 3
times higher. The GCV is 2.170 and the G-R"2 is -
3.784 indicatingthatthe testandthe model are not
related orrepresent the same phenomena. The shape
and the phase are the same. Infigure 4, the signals
can be considered to be functionally thesame with a

G-R"2 0f .998.

In short, the average of a collection oftime-historie s

from similar tests to a model, idealization, or
simulation, is done through the use of GCV or G-
R”2. The magnitude, shape and phase are used to
explain thedifference between thetest data and the
model.

In this communication only the comparison between
a single time-history(average) fora test series and a
model were considered. However, the methods, with
some modifications to the procedures and with some
additional statistical procedures, canbe used for other
types of comparisons, such as: Determining the
similarity and differences in comparing sets of
signalsi.e., repeatability and reproducibility between
two different Anthropometric test devices. In
addition, to comparison ofthemodelto the meanof a



Nusholtz / Stapp Car Crash Conference Short Communication

set of test time-histories themodelcanbe compared
to each time-histories to indicatethe confidence level
ofthe modelbeingconsidered one ofthe tests. This
includes an evaluation of the test quality and
scatter/variance ofthetestdata: An alternate to a

corridorevaluation.

CONCLUSION

The comparison, evaluating the magnitude of the
differences oftwo time-histories, suchasan average
oftestdataandmodel, canbe doneusing GCV and/
or G-R*2. To help understand the meaning of the
differences the three values, magnitude, shape, and
phase canbeusedto understand the characteristics of

the difference.
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