COMPUTER VISION FOR
BIOMEDICINE: KINESIOLOGICAL
BIOMECHANICS

University of Zagreb, Croatia
vladimir.medved @kit. hr




Biomechanics [Laboratory

Vladimir Medved
Mario Kasovi¢
Darko Katovi¢
Ivan Krakan

Faculty of Kinesiology - Since 1959

ey ."'}::',".'. o 1L =
RS AR




Tradition 1n developing biomechanical
experimental techniques (1987) ...
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...leading to a modernly equipped laboratory

Gait analysis 1n amputees
wearing prostheses




Automated motion capture and data
visualisation...




Kinesiological biomechanics: methodology

® Human locomotion is studied by combining
theoretical approaches of biomechanical body
modelling and neural control of movement, with
experimental data gathering.




Motion capture

® To capture human motion means to acquire data
describing the geometry of movement of the
human body in space and time (spatial or 3D
kinematics). In biomechanics, capturing motion
SEerves as a necessary prerequisite for subsequent
biomechanical analysis, including the realisation
of an inverse dynamic approach.




Basic measurement setup - locomotion laboratory
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Stereometric methods - the standard principles

® To calculate spatial (3D) body segment position,
at least three noncolinear markers per body
segment are needed.

® Markers may be active or passive.

® Based on measured marker positions, 3D positions
of body segments are calculated.




Stereometric methods - the definition of local
coordinate systems and body marker
positioning




Automatic marker detection and tracking

- detection of the brightness threshold and, when the threshold 1s
surpassed, storage of coordinate values in the computer memory,

or

marker shape recognition: marker shape 1s memorised (a
template of 6 x 6 pixels) and 2D cross-correlation functions
between digitised image parts and the memorised shape are
calculated, and position of marker centroid is further calculated,

followed by

- automatic marker position tracking in time and storing of
successive coordinate values into computer memory.




Movement structure and its kinematic signals

As a result off measurement process, a particular
moyvement structure studied 1s described by

a set ol kinematic signals (curves).

The example of normal gait will be shown, using

the Davis protocol employed for measurement.




Measurement of normal gait (Heimer Z.,
2005)




[Laboratory equipment

The ELITE system, by the firm BTS,
Milan
8 cameras, body mounted markers
force platform

8 channel surface electromyography
(SEMG)

computer




[Laboratory procedure

System calibration
Data acquisition
Trajectories reconstruction

Calculation

Data analysis 2D data

Trajectories » Calculation »

reconstruction

Data analysis




[Laboratory procedure: details
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[Laboratory procedure: details
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Average of 6 trials compared against Heimer results (N)

Knee YValgus-Varus

Hip Ab-Adduction

Valgus-Varus koljena

Pelvic Obliquity

Ab-Addukeija kuka

Addukciia

Hbdukciia

30 40 50 60
% ciklusa

0 10 20 30 40 50 60 7O

% cikluss

80 &0

Zdjelitni nagit

30 40 S0 B0 7O 80
% ciklusa

oo

<g=lR,L
Kk RL

0,79 0.85 %
0.7083 Kk R-NLN  -0.0008

Knee Rotation

15% <= R,L 1,18 0,85 16%

0.8575 kRL

0.9309 kR-MLN 00130

Hip Rotation

18%
0.9703

<o=FR,L D85 081 21%
K RL 0,9281 kR-NLN 077D

Pelvic Rotation

Rotacija koljena

Rotacija kuka

Interna

ExsET

Interna

Exsterna

10 20 30 40 50 &0 70

% ciklusa

50

80

10 20 30 40 50 &0 VO

% ciklusa

&0

=0

Zdjeliéna rotaciia

Interna

Eksterng

0 1D 20 30 40 50 80 7O

2% ciklusa

<@ R,L
kRL

2,14 2.1 19%
0.7138 k RNLN 03545

Knee Flex-Extension

kRL

<= R,L 186 188 2%

0.5910 k R-ML-N 4338

Hip Flex-Extension

a%
05803

<g=FR,L 153 1.48 25%
kRL 09255 kR-NLN  Doz3g

Pelvic Tilt

Fleksija-ekstenzija koljiena

Fleksija-ekstenzija kuka

Fieksija

Fleksija

Ekstenzija

1}

10 20 30 40 50 80 7O
% ciklusa

80

i0 20 30 40 50 &0 7O
% ciklusa

a0

80

Zdjefiéni nakion

Nagrjed

0 10 20 30 40 50 80 7O
% ciklusa

<a=R,L
kRL

242 229 4%
0.0084 kRMLN 08881

Foot Progression Angle

kRL

<=F R.L 182 e 5%

0.9072 kR-MLN 00810

Ankle Dorsi-Plantarflex

5%
0.0012

<g=FR,L 088 0.80 20%
kRL 0.8745 K R-MLN 08353

Shoulders Rotation

Rotacija stopala

Dorzi-Plantama fieksija gleZnja

Dorzalna

Planiama

10 20 30 40 50 80 70

% ciklusa

30 40 50 80 70
% ciklusa

L

50

Rotacia ramena

30 40 50 80 70
% ciklusa

1.02 1.84 %
0.4807 k R-ML-N 04445

ispitanik L, R Masa
Heimer N Visina

1a% <o R, L 1.79 5%

0.9355 kR-L

66,06 kg
188,00 cm

k R-MLL-N D833

0,00 kg
0,00 cm

13%
0.0474

<c=PR,L 803 741 5%
k RL -0.3755 k R-N.L-N  -0.0531

Normal gait
kKinematics

Legend:
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ubject sample:
14 healthy males

age (years) 29 - 44 (37.50 =
5.25)

mass (kg) 74 - 103 (86.40+
10.00)

height (cm) 170 - 188 (177.9
+5.1)




Gait cycle (Inman V.T., Ralston H.J., Todd F.,
1931)
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What to do with kinematic data?

® Motion capture results with kinematic data. In
biomechanics, they may be directly interpreted or,
via inverse dynamics, used for estimation

(computation) of kinetic data. To realise this task,
mechanical model of the body 1s assumed.




Kinematic data processing: Summary

® Reconstruction of 3D marker positions (noise
level below 0.1 mm 1n a viewing area of several
m)

® Signal smoothing/interpolation

® Application of body model, calculation of
anatomical values from the measured ones

® Derivative calculation (numerical differentiation)
of kinematic data: Inverse dynamic approach




Problems with noise 1n kinematic data

Numerical
differentiation increases
high frequency noise
components (f, f?)




3D kinetic data: joint resultant forces and moments
in lower extremities estimated by inverse dynamic
approach
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FIGURE 4.35 Numerically (mathematically) estimated moment curves in imaginary joint centers of the hip, knee, and ankle as a function of time IShaC
during walking in a healthy individual: the result of an inverse dynamic approach. The measurement encompassed nine subjects, each performed five
trials, while the kinetic values were calculated as “ensemble averages™ of the group. (From Winter, D.A., Eng, 1.1, and Ishac, M.G. 1996. Human M . G.
Motion Analysis, G.F. Harris and P.A. Smith, Eds., New York: IEEE Press, 71 -83. With permission.) ( 1 9 96)




Projects

Neuro-muscular biomechanical diagnostics of sportive and
pathological locomotions,1996-2001.

Creating centre of excellence for locomotion study, 2002-
2006.

Computer aided neuro-muscular biomechanical analysis
and diagnostics of complex movements, 2006-2007.

Automated motion capture and expert evaluation in the
study of locomotion, 2007-2012.




