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Development of an optomechanical measurement
system for dynamic stability analysis
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STABILITY INSTABILITY
Disease®f the nervoussystemaffectthe structure involvedin equilibriumwith a consequentreductionof the
capacityof controllinggaitandbalance
Themost usedclinicaltest to characterizethe instabllity is the static posturographywhich tests the balanc
. from the measureof the positionof the centerof pressure(COPPf the subjectwhile he is standingon a force

platform. o
The sensibilityof static posturographycan be increasedby increasingthe oscillationof the COP the subjec S
can be placedin conditions of unstable equilibrium or stability limit, that is the main conceptof dynami

posturography

Most of the indices used to analyze postural balance are based on the hypothesis that the subject’s behavior during static equilibrium
could be approximated as an inverted pendulum, thus, the validation of the inverse pendulum hypothesis during dynamic posturography
must be analyzed to permit feasible diagnosis. The inverse pendulum model gives a relation between the center of pressure (COP) and
the center of mass (COM) of the subject.

THE MEASUREMENT SYSTEM THE FORCE PLATFORM

The COP position Is measured using a

THE VISION SYSTEM e ‘ pressuresensormatrix platform (Matscan
Thekinematicsof the subjectis : Tekscah

measuredwith a marker based

vision systemcomposedby two

triangulating devices (Coda

CXA, CodaMotion).

Each device acquires the MOVING

infrared light emitted from each PLATFORM

marker (placed over the k

subject) using three different

cameras\We usetwo devicesto 3 52 sensorsfor each column and 44 sensors

Increase the measurement for eachrow are usedto computedthe COF

accuracy and to reduce the SCREEN with a measurementaccuracyof 83nm. The

presenceof markerocclusions COP position iIs measured computing the
= U e welighted averageof the pressureaneasured

MARKERS _ by eachsensor

| / We placed 10 THE ACTL_JATION SY_STEM | E=F g —
4 / marker on the The actuation system is composed by a moving | .1/
| 4 /i posteriorsideof the platform, calledlsiMove with 4 degreesof freedom |
A @, subject to measure Rotationaround Xaxis(max*15°, £15°/s) s

his Instantaneous RotationaroundY axis(max+15°, £15°/s)
Kinematics RotationaroundZaxis(max £120°, £75°/s)
A Translation along the X axis (max +120mm,
+250mm/s)
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INVERSE PENDULUM VALIDATION Measurement protocol during a O

L L _ _ _ sampletest: - —COP
To maintain his equilibriumthe subjectbehavelike an inverse 1. STANCPHASHom Osto 135 the 0.31}
pendulum In this case, there is a relation between the subject stands on the force E °°
S uUb|] €0ORposwion and the s u b ] E€E®Mpostion and olatform with the robotic platform < 029
acceleration stopped Thisis the caseof static 3 °*
) posturography il
#1 0 # /] - <X/ - 2. PERTURBATIGWASHfom 13sto _
7 :E 26s: the subjectstandson the force 0:24‘ STANCEPHASE | PERTURBATION PHASE
COM platform and the robotic platform ° ° ® Time ] * *
Where: movesaroundthe Z axis Thisis the
A | is the moment of caseof dynamicposturography 0.03
inertia of the body In both conditions the COPand the 0.02-
(without the feet); " COM position where acquired oo
A Wisthe bodyweight simultaneously (right, upper graph) £ o
A histhe COMheight. and their difference were computed £ -0t
During the equilibrium (right, lower graph) S g0l
the htht“a” r?ll\J/IS)CIteS M4 caneun Thistest showsthat when perturbation " o0l
generatetorques (M) to occurs,the inversependulummodelis 0.04F
malr_lt_aln the body //;F/zé)/N/T/A/L/ /gZ/G/I;;gi/ not valid to accurately describe the _0.050‘ ST;NCEPHASE1IU > < - PERTURB;;’]ONPHASEZI;
stability. stability of the subject Time [s]
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