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Article Synopsis

The article titled "Error Reduction in Kinematic Data through Segment Length Normalization" by G.B. Ariel, K.
Stivers, A Vorobiev, M.A Penny, J. Wise, A Guskov, N. Yakunin, discusses a new data processing technique

called Segment Length Normalization (SLN) developed to reduce measurement errors in kinematic data. The
technique uses the invariance of segment length to minimize errors. The study found that SLN statistically reduced
random measurement error and the best results were obtained when SLN was followed by a smoothing
procedure. This combination also significantly reduced segment length variability. The authors conclude that SLN
is a promising data processing technique for kinematic and kinetic analysis.
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Table 1
RMS Position Error
S rand max E raw E smooth EsiN E sLN+smooth
[%] [*4] [%] [%4] [%]
1.0 i 46 .66 42
3.0 1.89 117 1.71 1.07
5.0 2.99 1.85 2.74 1.69
7.0 4.19 2.6 3.85 239
9.0 5.35 331 4.96 3.06
11.0 643 397 5.96 3.66
13.0 7.65 4.69 732 4.52
15.0 9.03 548 - 8.50 520

Error is expressed as a percentage of total linkage length. By forcing relationships between
the points connectedintl‘mnpmlinkugesystm SLN reduced measurement error by tending to
correct each 1 length to it's length. As can be seen in Table 1, the
S[Npmeedumreducedmndommromhemmgeby?ﬂ%wrmmmdemum165“/-

After determination of the mean lengths, SLN treats each instant separately; thus, SLN is a
stochastic procedure which does not necessarily have desirable spectral effects. Therefore, SLN
should always be followed by a smoothing procedure. The FIR filter used in both the simulation
and gait application is a three point filter with coefficients .25, .5, .25. The filter reduces random
error by 38.00+0.92%. The best results were achieved by following SLN with the filter. This
combination decreased random error by 42.45+1.08% which is a 7.0+1.76% improvement over
only filtering. Further study of the spectral effects of SLN is warranted.

Segment length variability can negatively effect the results of a kinetic analysis. The
problems stem from the prevailing methods of determining inertial properties from segment
length. Since minimal segment length variability is desirable, an investigation of each considered
technique's effect on segment variability is informative. Root mean squared length variability for
the linkage was calculated for gait analysis data. Results are presented in Table 2.

Table 2.
Segment Length Variability
L raw L smooth LN L sLn+smooth
RMS variability 237 235 13 21
x10E-2 [m]
variability reduction - 96 94.64 91.22
relative to raw [%]

The SLN method followed with smoothing reduced length variability by 91.22% which is
91.13% less than the length variability corresponding to only smoothing,
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INTRODUCTION

Errors in acquired kinematic data have many causes (Walton, 1981). These ermrors can
cause segments of constant length to appear to vary (Cappozzo et al. 1975). The actual
blulomwl segment length variances are small (Obraztsov, 1988) when mpamdtcﬂmvambzhty

duced by the and deling errors of an image processing based data
acqusition system.

Jennings and Wood (1987) addressed thie segment length variability problem by
reformulating the spline smoothing technique with one segment length constraint, This method
required the data sampling process of N measurements solving the system of equations with N
squared unknowns. Sequentially, for a multi-link system, this procedure requires significant
computer processing.

The purpose of this study was to develop a simplified data processing technique which
uses the invariance of segment length to reduce measurement error. The length constraint
procedure is called Segment Length Normali (SLN) and applies to the open line-segment
linkage models.

METHOD

SLN is implemented by determining mean segment lengths over a sampling period. For
wchnmphﬂwﬁnkxgemn:smmmdmchﬂmﬁesdemedsegmmMudm
corresponding mean lengths according to the measured position. The reconstructed linkage is
lussquamﬁltotheongmallocanan This optimization utilizes the small rigid body

ption; thus, the p is linearized resulting in an approximate solution.

SLN's ability to reduce random measurement error was investigated through computer
manmmpoauonhmryofafuurhmszgmﬂnhnhgewmgmmed A pseudo random
number g was used to introduce random noise with specified maximum error magnitude,
FIR filter was implemented for data smoothing.

A practical application to gait analysis data acquired from video based measurement
system was performed. The lower extremities of the human body are represented as a sequence
of the seven line segments. Gait data was obtained from two 30 Hz cameras. After digitizing the
images, the desired joint locations were determined using the Direct Linear Transformation
yielding three dimensional point locations over selected gait cycles.

RESULTS AND DISCUSSION

Results of the computer simulation of a four line segment linkage are summarized in
Tablel.

CONCLUSION

A Segment Length Normalization (SLN) kinematic data processing technique was
developed for linkages that can be rep d as a seq of line SLN is a data
processing technique which uses the invariance of segment length to reduce measurement error.

It was demonstrated that SLN statistically reduced random measurement error. The best
random error reduction was obtained by following SLN with smoothing. Also, this combination
significantly reduced segment length variability.

Since SLN was shown to help a traditional smoothing technique to reduce both random
emor and segment length variability, SLN is a promising data processing technique for the
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