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Article Synopsis

The article discusses the Second International Symposium on 3-D Analysis of Human Movement, held in France
in 1993. The focus is on a Modified Segment Length Normalization (MSLN) algorithm developed for kinematic
data processing in biomechanics. The MSLN uses the invariance of segment length to reduce measurement error
and segment length variability. The algorithm was tested through computer simulation and was found to

statistically reduce measurement error. The MSLN method yielded a random error reduction that was 60% better
than the Segment Length Normalization (SLN) method. Both SLN and MSLN were found to help a standard
smoothing low pass filter to reduce length variability by 1305% relative to the variability obtained by filtering alone.

The article concludes that MSLN is a promising kinematic data processing method.
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Where I is a translation vector and (a; ') are angular changes.
Since the reconstructed linkage has segments whose
angular orientation equals that of the original linkage, assuming
that (a;p) are small angles is ressonable, Utilizing the small
angle mssumption yields cquation 4 which is linear in all
displacement variables i, o, and .
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The requirement that linkage 7' be minimally displaced from the
original measured linkage position is minimize:
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wds. The Einstein summation convention is o6 ». &, is &
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wumcrically using Crous method with implicit pivoting,
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. pling period. Equation 2 is used to reconstruc
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determine the displacement which places the
linksge & minimum i

Thahlilyd&mﬂhmlomﬁxm
Tor was i by generating it & four line
segment linkage. An i subscript is the position index (i=,..,360)
thwﬁaﬂml&mdhhﬂhq
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represented as perceatage of total linkage length,

Error of random magnitude and dircction was introduced
uummmmmwmmmmh

study is that implemenied in Borlands G4+, Let 57 be the fih

Joinis location in frame i, Thus, if 7/ is the noisy linkage daca,
7 el

where

& = random error magnitude
0ss<s,,

#inus. = specified maximum error magnitude

7| =unit vector in a random direction.

m

SIN and MSLN are not spectral methods; thus, if
snalysis requiring velocity or acceleration is required  thess
mnwmuambcfouwﬁlhmmm

MSLN, SIN, smoothing, MSLN followed  with
smoothing, and SLN followed with smoothing were applied to the
mmmmmma&muz..s,-«n

uﬁuhm!.hﬁﬁqn{mmu

wﬁxmﬁmhmhyhmm—um
mor over the sampling period.
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where g is the joints location obtained by corrocting the error
dain 7 with method e as listed below.
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MODIFIED SEGMENT LENGTH NORMALIZATION

Seivers K. A. \Wise J., Arfel
Biomechanical

International Center for
INTRODUCTION

‘Errors in scquired kinematic data can cause line segments
of constant ength 1 appeas to vary (Capgezzo & l. 1975), Actal
biological segment lengih variances are small (Obraztsov, 1988)

: izing all
scgments which reduces messurement error by aormalizing
‘segment lengths over a sampling period to their mean lengths. After
determination of the mean segment lengih for every segment, the
SLN is implemented in two steps for every frame.

- mhmmmumufﬂm
equals the scgment’s mean length over the data collection pe-
riod. Define the reconstruction such that the resulting linkage
is close to the original linkage.

 Perform 2 rigid body displacement which positions the recoa-
weucid likage a8 close as possisle o the orgiaa likags in
the least squares scnse. Since construction siep | places the
linkage close to the original, the equation for in-

strated 1o improve the pesformance of & low pass filter. SLN
followed with the low pass flter yielded a7 percent error reduction
over that obtained by using the filter alone. For gait data obtained
with an image processing based data acquisition system, the SLN
followed with filtering yielded a 91 percent reduction in segment
length variability over the filtcring length variability.

The linearizing small rigid body displacement assumption
in the second step of SLN is desirable for simplicity; however,
displacing the reconstructed linkage as a rigid body yields a final
linkage position which is not necessarily minimally displaced from
the original (raw) linkage position. Displacing as a rigid body does
nat allow the intersegmental angles to vary.

The purpose of this paper is lo present a Modified

Segment Length Normalization algorithm (MSLN) which allows
intersegmental angles to vary during the optimization step. The

MSLN will provide a better fit of the reconstructed linkage to the
original linkage position.

wmmh-ﬁuydh‘mw
seduce error and segment length variability will be investigatod and
compared to SLN.

METHOD
Raw
Smoothed
SLN
MSIN
ST Smeotl
MSLN Smoothing
The results are listed in Table 1.
Table 1.
[ g | R | & | & | B R
%) % [*] kd 1] []
A 1 A7 64 61 A3 Al
185 | 112 | 168 | 1.60 | 103 | 07
298 | 18 | 276 | 2 74 | 162
6 [ 257 | 376 | 3. 31 | 233
34 | 330 | 486 .99 | 288
1| 649 [ 393 | 606 | 5 1| 347
13. 3 | 479 | 721 | 684 | 444 | 433
15. .81 38 .34 .91 X .82

Thus, from Table 1, SLN and MSLN reduces error for all
cases. SLN reduced random error on the average by 7.78% with
standard deviation of 1.51%. MSLN's average error reduction was
12.5+1.26%.

The smoothing low pess filter yielded an error reduction
relative to the random crror of 37.9%1.6%. The best emor
reduction was achicved by ing the MSLN with smoothing
which had a reduction of 45.541.8%. The MSLN followed
smoothing yielded an error reduction which was 5.13: 1.2% better
than the SLN followed with smoothing approach.

- The
length. The RMS length variability for all
Toble 2. ¥* is the length variability of method .

1 segment
methods is listed in

G.B., Varobiev A. G. , Probe . D.
Research, P.0.Box 1169 La Jolla, CA. USA

METHODRS
The first step of MSLN is identical to the SLN's recon-
struction step. Let 7 be the location vector of the i-th joint of
open linkage system comprised of & scries of line segments. All
symbols with an overbar are vectora. An example linkage system to
which SLN and MSLN may be applied is illustrated in Figure 1.
-4
v

Figure 1. Seven segment linkage model of the lower extremitics

7' will henceforth be refirmed to a8 the pole position. As
iven in equation 1, the position of the linkage is completely speci-
’;‘b;'ndu location. of the pole (7'), the length of each segment
(1), and the direction specifying spherical angles (&'; ') at each
joint

,_;.,i':,,m,;.uur,.'ﬂ.'..-..u.ma) =2pm) ()
-
where m is the number of joints.

" Let [/ be the mean length of the fth scgment. By substi-
tuting I/ for I/ in equation 1, the reconstructed linkage 5 is ob-
tained as given in equation 2.

rls
Fa +fa’(-'u1 -cost/ sinar -sin v coner’) (1=2,m) (2)
-

L ion provides scgment lengths which qmmmun
:“m;mmwmmmm“
cach segment in the reconstructed linkage is the same as that of the
original linksge.

mmqimthwh:‘m
i such that the joints are minimally displaced from their origina
linkago i the Jeast squares scnse. A displaced linkage ' is given in
equation 3. To simplify notation o) and e ) represent sin( ) and
o }mﬂy'

zero. On the average,

36.£1.9% while SLN and MSL]
viekded length variability reductions of 82.4+5.4% and 83.01
5.7% respectively.

MSLN uses the invariance of segment length to reduc

Using computer simulation, the MSLN was found u
mandom emor reduction which was 60.% better than the SL}
method. The best error reduction considered was obtained b
following MSLN with smoothing.

Both SLN and MSLN reduced segment varisbility
w-uiuuymsledMsu(w:ﬁmdmhdpa
Mh;h-pauhmumwmwbylm
relative to the variability obtained by filtering alone.

Since MSLN was shown to help a traditional smoothing

reduce «emvor and lengtt
m&uw.mmhapmmwmm;
method.
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