Proceedings of the IXth Biennial Conference of the Canadian Society for Biomechanics, Vancouver, 1996, pp. 214-215

ON OPTIMAL FILTERING FOR INVERSE ¥NAMICS ANALYSIS

A.J. van den Bogert and J.J. derdng*
Human Performance Laboratpkyniversity of Calgry, Alberta, Canada
*Faculty of Human Meement Sciences, Vrije Urarsiteit Amsterdam, The Netherlands

INTRODUCTION 2000
Inverse dynamics analysis, the determination of inter-
segmental loads from m@ment data and ground Z 1000 vertical
reaction forces (GRF), is becoming a standard tool in 8
gait analysis laboratories. It is well kmn that mee- i
mentdatamustbelow-pasdilteredin orderto prevent 0
excessve noisein the secondderivativeswhich occur 500
in inertial termsin the equationof motion. However, 02 Tiﬂf; [s] 04
low-pasdfiltering of kinematicdatamay remove high-
frequeny components of the actual rement, espe- Fig. 1: Rigid-body model (from Gerritsen et al., 1995)
cially in impact meements such as running. The shavn at heel strik and simulated ground reaction forces.
effects of such filtemduced errors are di€ult to off frequences, optimizations were carried out to min-
assess, since the true intgnsental forces and imize the root-mean-square (RMS)fdience
moments are nver knawn. It is the purpose of this between the iverse dynamics results and the \mno
paper to ealuate the ééct of lov-pass filtering on intersgmental loads. These optimizations were done

calculation of intersgmental loading during running,  separately for the intergmental forces and the inter-

and to deelop recommendations for optimal filter seggmental moments and repeated ten times with
parameters. Data from a simulated runningyeao newly generated white noise.

ment, with knavn intersgmental loading, will be
used for this purpose.
METHODS !nverse dynamics results were identical _to the&mo
o o intersgmental loads, when presented with unfiltered
A 2-D musculoskletalmodel,consistingof fourrigid  noise-free data at a high sampling rate. When using

RESULTS

segments (trunk, thigh, shank, and foot) andese the data with realistic sampling rate and noise, the
muscles wis used to simulate the support phase of  resultsweresensitie to thefiltering procedureFig. 2
running. Details of this model are described shaws the intersgmental loads obtained with a com-
elsavhere’. A parametepptimizationwascarriedout monly usedfiltering procedurea 15Hz low pasdfilter

to determine muscle stimulation patterns which for the kinematic data, and no filtering of force plate

resulted in a realisticertical ground reaction force data. Lage errors in the moments occur during the
with the frequenyg content of running (Fig. 1). A sec- impactphasegspeciallyatthe proximaljoints. Fig. 3
ondsimulationwasrun backwardsin time, startingat shaws the intersgmental loads obtained by filtering
heelstrike, to obtainmovementdatafor thepreceding  all data (force and kinematics) with a 15 Hw Ipass
swing phase. filter. This impraved the hip and knee moments con-
siderablybut removedtheimpactpeakfrom theinter-

Simulatedgroundreactionforce,pointof application, ! _
segmental forces, thereby increasing the error

andcoordinate®f thejoint centersverewrittento an
output file at 5 ms inteafs. White noise (0.5 mm Theseresultssuggesthatoptimalfiltering procedures
RMS) was added to the kinematic data to simulate  should be found, depending on treiables of inter-
digitization errors. The data were then optionally fil- est. Optimized combinations of cuttfifequencies
tered by a tw-pass second ordemiepass Butter- for intersgmental forces and moments, and the

worth filter. Four cut-of frequencies, for the three resulting errors in all six loadingaviables, are pre-
bodyseggmentsandforceplatedata,couldbeselected  sented in @ble 1.

independentlyFiltered data were used as input for a

standar®-D inversedynamicsanalysié, in whichthe DISCUSSION

same body ggnent parameters were used as in the  The lage errors in joint moments, shi in Fig. 2,
simulation that generated the data. occur only during the impact phase and are therefore

In order to find the best combination of four filter cut- &idently not related to noise in the kinematic data.
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Fig. 2: Inverse dynamics results after using a 15 hie-lo
pasdilter for kinematicsandnofilter for groundreaction
forces. Knovn intersgmental loads are sivo in grey.
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Fig. 3: Inverse dynamics results after using a 15 ki lo
pasdilter for bothkinematicsaandgroundreactionforces.
Known intersgmental loads are siva in grey.

Rather these errors are caused by a combination of
impact peaks in the horizontal GRF and our inability
to calculate the high-frequencomponents of g
ment accelerations, whichowld ‘absorb’ &ternal
impact,with sufiicientaccurag. Sincelow-pasdilter-
ing of kinematic data cannot becgded, the proper
method to woid these artdcts is to filter the GRF
with a similar cut-dffrequeng. This efectively
removes inconsistencies between kinematics and
forces.

Several studies on irerse dynamics of running V&
reported impact peaks in hip joint moments, which
may beartifacts(asin Fig. 2) of theinversedynamics
analysis. Unfortunatelyesults are usually presented
in a way that these peaks are not agiobs as in our
simulated results. Either groupesiages were
presente%i or moments were ¥@-pass filterell Both
operationsvould reducethe amplitudeof theartifact.
However, since the art#ct isnot random noise
highly correlatedo the movement,a systematierror
will remain. W& strongly recommend therefore to be
critical of publishedoint momentsgespeciallyfor the
hip joint, in impact actiities.

The results in @ble 1 she that diferent filters must
be applied to the vadata, depending on the purpose
of theanalysisIf intersggmentalforcesandmoments
are both required, as foxample in a procedure to
estimate joint contact forces, we recommend that the
inverse dynamics should be done twice: once to
obtainmomentsandonceto obtainforces.Onemight
even optimize the filtering procedure for each of the
six intersgmental loading ariables.

The cut-of frequencies listed inable 1 are optimal
for this specificdataset:atypical runningmovement,

Table 1: Optimized cut-bfrequencies and resulting RMS
errors (&eraget SD of 10 simulated sets of data).

filter parameters/ | optimizedfor | optimizedfor
results best forces | best momentg
thigh cut-of [Hz} 18.0£ 1.2 15.1+1.0
shank cut-df[Hz} 249+ 3.0 146+ 1.6
foot cut-of [Hz] 25.7£ 3.7 16.5£ 2.0
forceplatecut-off [Hz] 56.0+ 2.5 15.1+1.2
Fhip error [N] 272+ 2.1 62.6+ 4.5
Fknee error [N] 20.1£1.7 77.2£53
Fankle error [N] 18.8+1.3 94.3£ 6.3
Mhip error [Nm] 21525 4104
Mknee error [Nm] 5.9+0.8 3.0£05
Mankle error [Nm] 3.7£0.3 3.1+ 0.2

with kinematicssampledat200fpsand0.5mmnoise.
Using the same set of simulated data, optimal dut-of
frequencies for other frame rates and noiselteare
easilyobtained Theresultsof this studyshouldnotbe
directly applied to meements with a diérent fre-
queng content.
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