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Motion Analysis Indications in Ergonomics

* Basic concepts of Kinematics
* Variables

* Bioinstrumentation

* Data gathering

* Data analysis

* Provide study samples
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Basic Kinematic Concepts

Variables for Describing Motion

Reference Systems for Describing Motion of the Human Body
and Its Segments

Spatial and temporal characteristics
Spatial (where, how far, what direction)
Temporal (how long, how fast,)

Qualitative or quantitative
Linear & angular motion



Kinematic Variables

Time
Position

Displacement & distance
Velocity & speed
Acceleration



Time - Temporal Analysis

»  WHEN? > Most basic analysis
=N > HOW OFTEN? > Examples:
[
\="/ . INWHAT ORDER? > Cadence

> Stride time

> HOW LONG? > Temporal patterning

r' i .



Time - Temporal Analysis
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Lumbar spine curvatures during squat and stoop lifting.

Position Analysis Lumbar curvature was changed from the kyphosis to the
lordosis about 50% in the squat lifting, and 60% in the
stoop lifting regardless of weights.

»  Where? -
» position - location in space relative pos
to some reference point g
o 300
. Linear position (s) T =
. 100
> X,Yy,Z coordinates 2 coe s KRN
-450 -350 -250 -150 -50 0 50 0 20 40 60 80 100 (%)
> Angular position (K) - =
» Angle relative to the zero 500 xS
400 S N N "“ Y :,",l'
degree o I NN
) S SN\ ‘
> Units (meter or degree) 100} — =N r\
ol
Ao //‘é\\\\\
-600 -400 -200 0 100 0 20 40 60 80 100 (%)




Displacement & Distance

Displacement (As, A0 ) D?splacement (motion): 5 km to the northeast
Distance: 7 km

v

» Final change in position

» Vector quantity B, b =4km C
» Angular or transitional A

» Distance (Ap, ¢)
» Sum of all changes in position 4 =3 K

» Scalar quantity

v

units (m, °)




Velocity & Acceleration

v

HOW FAST? HOW QUICKLY IS
VELOCITY CHANGING?
. > Acceleration (g,
> Velocity (v, o) (@ o)

» Vector quantity
> Avelocity + time
> Units (m's2, °s2)
> Insightinto
forces/torques

» Vector quantity
> Aposition = time
> Units (m'st, ®s1)



Reference systems

Relative

Angular and
Aboulute




A8 Reference Systems: Linear

3D Cartesian coordinate system +y ve rtlcal X: ant-post
Y: vertical
Z: med-lat
horizontal
X +Xx
Must define origin of reference
horizontal .~ system to quantify kinematics.
+z




Angular: Absolute Reference Systems

origin is fixed in space

180°

n/2 rad
1/a rev

20°

n rad
1/2 rev

21 rad
1 rev

270°

3n/2 rad
3/a rev

According to segment



I Angular: Relative Reference Systems

* Relative segment to
adjacent segment

* Angle between two segment

* Inab.ref zero point is fixed
butin rel.ref may be not




What we see in the LAB

&
4 Z megment
Coordinate
mystetn
YI
Laboratory 57
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Bio-instruments for
Motion analysis




Instruments History

> Motion tracking or motion capture started as a
photogrammetric analysis in the 1970s

> Since the 20th century the performer has to wear
markers near each joint to identify the motion by the
positions or angles between the markers.

> Acoustic, inertial, LED, magnetic or reflective markers, or
combinations

> Optical systems



Instruments History

> Photography

> Motion trackers

> Motion analysis systems or Tracking or motion capture
> Optical systems

> Goniometers

> Electrogoniometers

> Accelerometres



! Optical Motion Analysis systems

@

Data captured from sensors to triangulate the 3D position
of a subject between two or more cameras

These systems produce data with three degrees of
freedom for each marker,
Typically a system will consist of around 2 to 48 cameras.

Markers
> Active: one LED at a time very quickly or multiple LEDs

> Passive: markers coated with a retroreflective material






Data gathering procedures
with Motion Analysis
systems




Motion Analysis LAB




Xl Data Gathering Procedures

o > Calibrations
> Landmark Placement

> Data gathering

> Data reduction and Clear
> Modeling

> Calculating the angles



Calibration

> Statics calibration

> Dynamic Calibration

>

https://www.youtube.com/watch?v=nZsxehVIz9E



https://www.youtube.com/watch?v=nZsxehVlz9E

2ol Calibration Devices: Wand




Lower Limb (Right)

RTHI - Right Thigh
RKNE — Right Knee
RTIB — Right Tibia

RTOE — Right Toe
RANK — Right Ankle
RHEE — Right Heel

Pelvis

» LASI — Left Anterior
Superior lliac

» RASI — Right Anterior
Superior lliac
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Check the Data

> Repetition Trials

> Missing values
> Interpolation for miss data if possible
> Data reduction and clear data
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Interpolation (Linear)
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Interpolation Sample - Excel
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252 241 -343.196| -25.7399| 676.3258 -784.525 -22.8141 662.7367 -557.136  -122.2 1028.748 -646.968 -128.561 1025.041 -478.299 69.45092 1019.898 -473.897 -14.0363 503.4956 -425.063 127.89 1174.941 -832.276 116.3991 1185.274 -454.438 -67.4508 329.5989 -773.24 -74.0162 321.45
253 242 -443.248| -24.8295| 676.1555 -784.437 -21.0006 6624829 -557.25 -120.663 1028.181  -647.1 -126.953 1024.454 -478.053 70.80706 1019.998 -473.94 -12.7001 503.2655 -424.637 126.3669 117456 -832.87 115.0264 1184.897 -454.335 -66.6370 320.6636 -773.074 -73.0018 321.29
254 243 -443.291| -23.9808| 675.9916 -784.345 -19.2575 6622349 -557.357 -119.195 1027.635 -647.223 -125.414 1023.888 -477.803 72.00245 1020.089 -473.98 -114223 503.0432 -424.222 124.9264 1174.171 -833.435 113.7651 1184.516 -454.234 -65.8636 320.6318 -772.912 -72.0256 321.14
255 244 -443.327| -23.1946| 675.8348 -784.249 -17.5877 6619939 -557.458 -117.798 1027112 -647.338 -123.946 1023.345 -477.549 73.30645 1020.171 -474.015 -10.2047 502.8204 -423.816 123.5709 1173.782 -833.971 112.6168 1184.138 -454.136 -651287 320.6032 -772.753 -71.0894 320.9
256 245 -443.356] -22.4715| 675.6856 -784.149 -15.9941 6617609 -557.552 -116.472 1026613 -647.445 -122.55 1022.825 -477.294 74.44853 1020.245 -474.045 -0,04948 502.6249 -423.419 122.3024 11734 -3834.475 1115824 1183768 -454.042 -64.4337 329.5777  -772.6 -70,1949 32085
257 246 -443.377) -21.8122) 675.5446 -784.045 -14.4794 6615371 -557.64 -115.22 1026139 -647.543 -121.228 1022.331 -477.039 755182 1020312 -474.071 -7.9583 502.4305 -423.027 1211227 1173.029 -834.946 110.6624 1183.412 -453.952 -63.7795 329.5554 -772.451 -69.3439 32071
258 247 -443.392  -3312 - 122 -783.939 -13.0462 6613235 -557.72 -114.044 1025692 -647.633 -119.982 1021.863 -476.784 76.5151 1020.375 -474.093 -6.93296 502.2468 -422.642 120.033 1172.675 -835.381 109.8565 1183.075 -453.867 -63.1666 329.5361 -772.307 -68.538 32058
259 248 -443.4 -2.18594 ¢ 1889 -783.83 -11.6973 661.121 -557.793 -112.944 1025272 -647.715 -118.813 1021424 -476.532 77.43891 1020.433 -474.11 -5.97516 502.0745 -422.261 119.034 1172.33 -835.778 109.164 1182.76 -453.787 -625957 329.52 -772.17 -67.7789 32046
260 249 -443.403 -1.14042 675.1751 -783.72 -10.4351 660.9308 -557.859 -111.922 1024.881 -647.788 -117.724 1021.014 -476.283 78.2894 1020.487 -474.124 -5.08649 501.9143 -421.887 118.126 1172.036 -836.134 108.5835 1182472 -453.712 -62.0676 329.5071 -772.038 -67.068 32035 ¥
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Calculation of angles from data

<  Absolute angle

| * For each segment two marker is necessary
* Horizontal equal to 0 degree

* All measureisin ccw

* Inblackline




Absolute Angles:

To determine absolute joint angles, you need to define a reference system first. Here, we will choose the distal joint
as our origin (0,0), and calculate the absolute segment (foot, shank, thigh, and trunk) angles from the right
hiorizontal. Mathematically, the absolute angle can be calculated using the following trigonometric relationship:

tan (9): (y proximal — Y distal) / (X proximal — X distal)

taking the inverse tangent of both sides gives you:

0= tan ! ((y proximal — Y distal) / (X proximal — X distal))

Y proximal — Ydistal

)
——————————————————— > Right horizontal through
< > the distal end of segment

X proximal — X distal

(0,0)




Calculation of angles from data

* Absolute angle

* Foreach segment two marker is necessary
* Horizontal equal to 0 degree

e All measureisin ccw

* Inblackline

* Joint angle

* theincluded angle between the longitudinal
axes of two adjacent segments

* Knee extis when 0 deg flex

* Inblueline

0 hip = 6 trunk + (180 - 6 thigh)
O knee = O shank + (180 - O thigh)
0 ankle = O shank + (180 -0 foot)




Q, thigh
180- ¢ thigh

© shank

O 1ip = 0 trunk + (180 - O thign)
0 knee = O shank + (180 - O thign)
0 ankle — 0 shank + (180 -0 foot)




Arc tang Sample - Excel X
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K12 N Ix =ATAN2(F12-C12,E12-B12) ~

A B C D E F G H J K L R U W A
1 SLL
2 Date: 40203
3 Time: 0.586609
4 Type: dynamic
5 Description:
6 Notes:
7
8 TRAJECTORIES
9 100 Hz
10 RTHI RKNE ARCtang degree
11 Field # X Y Z X Y
12| 1 -447608 -268141 679.7376 -478385 -27.6172 505.6722 -91.4949
13 2 -447.679 -26.1868 679.606 -478.416 -27.1458 505.6074 -1.60198 -91.787
14 3 -447.747 -25.5856 679.4804 -478.449 -26.6945 505.5466 -1.6069 -92.0684
15 4 -447.812 -25.0106 679.3606 -478.481 -26.2633 505.4897 -1.61162 -92.3391
16 5 -447.876 -24.4617 679.2469 -478.513 -25.8524 505.4367 -1.61615 -92.5988
17 6 -447.937 -23.939 679.139 -478.545 -25.4615 505.3877 -1.6205 -92.8476
18 7 -447995 -23.4425 679.0371 -478.578 -25.091 505.3427 -1.62464 -93.0853
19 8 -448.051 -22.9723 6789412 -478611 -24.7407 505.3016 -1.6286 -93.3118
20 9 -448.105 -22.5286 678.8512 -478.643 -24.4108 505.2645 -1.63235 -93.5269
21 10 -448.156 -22.1114 678.7671 -478.676 -24.1015 505.2314 -1.63591 -93.7307
22 11 -448.204 -21.7212 678.6891 -478.709 -23.813 505.2023 -1.63926 -93.9229
23 12 -448.25 -21.3581 678.617 -478.742 -23.5456 505.1771 -1.64242 -94.1035
24 13 -448.294 -21.0226 678.551 -478.774 -23.2996 505.1561 -1.64536 -94.2723
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Calculation of velocity

v v v V¥V

Coordinate and smooth data

AX

Vzﬁ AX=x,-+1—xl-

This velocity does not represented
v at either of sample time.

 Xivg —Xjq
2At
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Relationships Between Trunk Movement W) o
Patterns During Lifting Tasks Compared

With Unloaded Extension From a Flexed

Posture

Yuta Ogata, MS,* Masaya Anan, PhD,” Makoto Takahashi, PhD,® Takuya Takeda, MS,?
Kenji Tanimoto, MS,* Tomonori Sawada, MS,® and Koichi Shinkoda, PhD*

ABSTRACT

> Assessment of movement patterns during lifting (0,30,60,90 deg) and

unloaded trunk flexion and extension
3-dimensional motion analysis system (Vicon Motion Systems)

lift a box containing a 7.5-kg weight from half the height of their shank
to half the height of their thigh at a comfortable speed



f box

s

center
foot length

Posture in use

l
4



The definition of KFA and the processing flow of real-time feedback. GT, greater trochanter; KFA, knee
flexion angle; LCM: lateral condyle of the tibia; LEF: lateral epicondyle of the femur; LM: lateral
malleolus.

Marker coordinates streamed to MatLab to Marker coordinates calculated using Vicon

B calculate the knee flexion angle Nexus

Reflective marker positions captured by
Screen display of KFA

multiple cameras

Screen

marker of GT
marker of LEF
marker of LCT
marker of LM

Knee flexionangle




Reference

> The displayed knee
flexion angle
(clockwise rotation

> indicates increased
knee flexion angle)




ZSHM  Flex-Ext posture
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> The beginning and end of
S lifting were detected using
(”1 the velocity of the markers
S pasted on the object that
was lifted b
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Coordinate of the marker pasted on the object [m]



> We detected the start and end of trunk extension from

> full unloaded flexion using the vertical coordinate of the

> COM

Coordinates of COM,,, [m]

1.0

0.9

0.8

0.7

0.6

0.5

Coordinates of COM,,, during trunk movement

_ I
[ midpoint i
\
fisthalfe=—", 4 w —=
second half
0 8 10 12 14 16 18

time [s]



Maximum flexion angle

Flexion—
(%] B
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Time series data of lumbar flexion angle during lifting

Change in the lumbar flexion angle
during first half of lifting

Lumbar flexion angle
=

0
| 51 101 /
-10 Mid pint of the trial

«— Extension

Time (s)

151

201




Maximum flexion angle

Time series data of hip flexion angle during trunk movement

60
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2 = 40 Change in the hip flexion angle
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Changes in kinematics and work physiology during progressive lifting in b
T healthy adults
[\ / Hendrik.J. Bieleman™ , Noortje.H.M. Rijken ", Michiel.F. Reneman ", Frits.G.J. Oosterveld *,
s~ Remko Soer ™

* Saxion University of Applied Sciences, Faculty of Health and Movement, Enschede, the Netherlands
b University of Groningen, University Medical Center Groningen, Department of Rehabilitation Medicine, Groningen, the Netherlands
© University of Groningen, University Medical Center Groningen, Pain Center, Groningen, the Netherlands

> The objective: to test progression of changes in kinematics and
work physiology during progressive lifting in healthy adults.

> EMG, Movement pattern analysis, Hear Rate



Eight infrared cameras (Vicon Vantage
V5, 100 frames per second, Vicon
Motion Systems, Ltd.,Oxford, UK) and
two video cameras (Vicon Bonita 720c,
120 Hz, Vicon)

Four markers were placed on the bony
landmarks of C7, T10 and both PIIS.

The angle between the line C7-T10
and the line PIIS-Th10 was presented.

maximal extension angles during the
sets were recorded to express posture
of the spine.
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A kinematic comparison of gait with a backpack versus a trolley for load )
carriage in children S

E. Orantes-Gonzalez”", J. Heredia-Jimenez™”, M.A. Robinson®

“ Department of Physical Education and Sport, Faculty of Education, Economy & Technology, University of Granada, Ceuta, Spain
® HubemaLab: Human Behaviour & Motion Analysis Lab. University of Granada, Ceuta, Spain
© Research Institute for Sport and Exercise Sciences, Liverpool John Moores University, United Kingdom

ARTICLE INFO ABSTRACT

Aims: evaluate gait kinematics of the lower limbs and thorax in
children by first comparing various weights on a backpack or a
trolley to unloaded walking and then comparing the backpack
to the trolley condition directly with matched loads.



A)

> A 3D-motion capture system (Qualisys AB, Goteborg, Sweden)

> different loads conditions: unloaded walking (as control),

pulling a school trolley or carrying a backpack, both with 10%,
15%, and 20% BW loads.



w= NO bag === Trolley 10% Backpack 10%

Trolley 15% we== Backpack 15%
THORAX we= Trolley 20% s=== Backpack 20%

Sagittal plane Frontal plane Transverse plane
= W ol 8 | nternal ot )
3 4
B 1NN '
I~ 10 : " ~ 0
Q - i
— \ «
TN ONS *
16 Extension (-) -5 Abduction (-) -8 External rot. (-)
0 50 100 0 50 100 0 50 100
% Gait Cycle % Gait Cycle % Gait Cycle
HIP
Sagittal plane Frontal plane Transverse plane
40 Flexion (+) Adduction (+) - 6 Internal rot. (+)
g 30 4
2
20
= 0
A 10 5
0 Abduction (-) :4 External rot. (-)
0 50 100 0 50 100 0 50 100

% Gait Cycle % Gait Cycle % Gait Cycle



Motion analysis samples

(7 )| BMC Musculoskeletal Disorders ..

Research article

Lower extremity joint kinetics and lumbar curvature during squat
and stoop lifting
Seonhong Hwang!, Youngeun Kim? and Youngho Kim*3

Address: 'Department of Biomedical Engineering, Yonsei University Graduate School, Wonjusi, Gangwon-do, South Korea, 2Department of
Mechanical Engineering, Dankook University, Seoul, South Korea and 3Department of Biomedical Engineering and Institute of Medical
Engineering, Yonsei University, Seoul, South Korea

Email: Seonhong Hwang - shhwang@yonsei.ac.kr; Youngeun Kim - yekim@dankook.ac.kr; Youngho Kim* - younghokim@yonsei.ac.kr

* Corresponding author
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