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- This is not a complete case study (Demo only)

« The main purpose: How to use the tools
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Case brief

Case brief

To explore how much torque a

person applied on his/her shoulder
~_ ABDUCTION

-~

a0 joint in an abduction movement.

] ~
‘/ ‘.\S:\\.

ADDUCTION

Courtesy of http://medical-dictionary.thefreedictionary.com/adduction
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Analysis

o Forearm

O

Upper arm

© Hand + Weight

© Shoulder joint
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Modelling - Sketch

3
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Modelling - Model

2
—(M1L1%2 + M2L3? + M3L52) ( )

— (M1gL1 + M2gL3 + M3gL5)sinf(t)+T =0

..................................................................................................

L2,L4,L5
» Measurement (individual) or
: Digital human model

v
M1,M2,M3,L1,L3

Body mass segments
v

6(t)
Tracker

..................................................................................................
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The digital human Model
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Romp (trunk)

Hoofd (head)
2* Bovenarm (forearm)
2* Onderarm (lower arm)

2* Hand

2* Bovenbeen (upper leg)

2* Onderbeen (lower leQ)

The model - Components

2* Voet (foot)

flSoli i @ - 0O %
Z \ -@ - f\J - E} 7 ﬁ_\ Mirror Entities @.'2 +] I@_.
Sketch  Smart Trim  Convert gon o Display/Delete ’ Quick
Dimension O-2-80-A Entities  Entities Snﬁﬂ 252 Linear Sketch Pattern T | Relations EPAr | cnaps »
5 ... Sketch
@-0 - = . i1 Move Entites . 4
Sketch - A %
SED > Qe ME P-oo- @ B9
Wv

nﬁ Mannequin (Size <Display State-103)
-l

%ﬁ (f) Romp <1 (Size <Display State-8:)
5§ () Hoofd<1> (Size<Display State-8>)
2% (-) Bovenarm<1> (Size<Display State-9:)
2@ (-) Onderarm<1> (Size<Display State-9>)
5.5 () Hand<1> (Size<Display State-8>)
258 (1) Bovenarm=<2> (Size<Display State-9>)
2B (-) Onderarm<2> (Size<Display State-0>)
.88 (-) Hand<2> (Size<Display State-8>)
5.5 (-) Bovenbeen<1> (Size<Display State-95)
@ () Onderbeen<1> (Size<Display State-9>)
2% (-) Voet<1> (Size<Display State-9>)

2.9 (-) Bovenbeen<2> (Size<Display State-9%)
B (-) Onderbeen<2> (Size<Display State-9>)
1% (-) Voet<2> (Size<Display State-0>)

g

]
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The model

s A design table driven DHM: Assembly ~

QANME-F-w-@R-8&-

MV1200-MV2100:

.
s

. 4 A B Cc D
P I’e-d eﬂ n ed 1_Design TalileI fbf:'EiT-Men-[sModelr - -
=T Tables 2 ‘$configuratic Sconfigurationi Sconfigura
:--Y Desian Table 3 MV-1200  MV-1200 MV-1200
H’iﬁl 4 MV-1700  MV-1700 MV-1700
st Mv-1700 5 MV-1800  MV-1800 MV-1800
¢ Mv-1800 6 MV-1850  MV-1850 MV-1850 MV-1850 |
bt Mv-1850 7 MV-1900 MV-1900  MV-1900 MV-1900 |—
8¢ MV-1900 8 MV-2000  MV-2000 MV-2000
= MV-2100  MV-2100 MV-2100
B oo o ) Size Size Size

Size:
For your inputs

Display States (linked)

@ Display State-10 t —

- J

3
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For an individual part

~ A design table driven DHM: Part ~

MV1200-MV2100: = pmw QRAYHE-J-or- @R B- l
Pre-defined B 1 . A | B [c [0 [ E [ F 6 H !

Design Table for: Romp

(] Tables x@Hfdmt W@Hfdmt k@Hfdmt p@Hfdmt q@Hfdmt t@Hfdmt y@Hfdmt
LR 312 252 156 312 240 228 2904

i Mv-1200 2 4] | 442 357 221 442 340 323 4114
J‘: MV-1700 ] 468 378 234 468 360 M2 4356
¢ Mv-1800 481 3885 2405 481 370 3B15 4477 |
{3t Mv-1850 494 399 247 494 380 361 4598 |=
st Mv-1900 520 420 260 520 400 380 484

g Mv-2000 546 41 273 546 420 399 508.2

_lse MV-2100 481 3885 2405 481 370 3515 4477

~ir38 Size

Size;

44 » M Bladl /

Y

For your inputs

‘ il ’ imf

Display States (linked)

. /

%
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The source of data

- dined.io.tudelft.nl/dined/ ~N

D'NED anthropomefric introduction | deselectall | advanced options (slower performance): | help | Mederlands
databose

—
DDDU'BtIDnS Dutch adults, dined2004 - more standing, length/depth - table measures
select: female, male, mixed, none select: all, none,

Dutch adults, dined2004
19 [}

standing, length/depth
517 standing, width/drcumference

3
%

DIMED 2004 (20-30 years)
DIMED 2004 (31-60 years)
DIMED 2004 (80 plus)

Dutch adults, dined2003
Dutch adults, dined1982

20 [F sitting, length/width/depth

OEoE -~
OoOoOos
oOooEO

! geron1998 head

DIMED 2004 (20-60 years)
D hildren, kima1333 hand
Dutch elderly, gdvv 1984 foot

Dutch Growth, growthdiagrams joint excursion

QT

force excercise

ather

Dutch students, dutchstudents

International, international

combined populations combined measures

select: available female select: all, . none
available mals, available mixed
none
hide selection panel
mean and sd single measurement set percentiles set measurements

DINED 2004 (20-30 DINED 2004 (31-60
years), female years), mixed

populations

measures mean sd mean sd

4. shoulder height {mm) 1381 &1 1402 a2

- J

]
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A simplified version

- The excel file ~

A | B | € | U | E|F S | H[I|J]|K] L |M|N|QO|F| WG | K|S 1 |JU| V¥V | W[ X | Y| £ ]

Menselijke afmetingen

Input the

statue

Size

here

HumanMeasures The desired statue s ﬂ

Do NOT change the table Meck Hinge (W-K)*0.3 under chin
3 Average measure regarding the length in %
i Length [ A B & D E G H 1 J K L [m w]eP o [ R T TJuwv]w X Y [z
" 1473-1981 [ 52% [ 46% [16.0%[13% [4.3%[25% [ 27% [ 34% [ 31% [ 13% [ 14.0% | 11% [9.4% | 26% [20.0%] 17.0% | 20% [ 19% [5.0% [ 47% [ 21.0% [26.0% [ 24.2% [236%]  100%
H
i Default Data
0 1200 624 552 192 156 52 300 324 408 372 156 168 132 113 312 240 204 240 225 60 564 252 32 280 283 MV-1200
1] 1700 884 782 272 221 73 425 459 57§ 527 221 238 187 160 442 340 289 340 323 85 799 357 442 411 401 MV-1700
2| 1800 936 828 288 234 77 450 486 612 558 234 252 198 169 468 360 306 360 342 90 846 378 468 436 425 MV-1800
3] 1850 962 851 296 241 80 463 500 629 574 241 259 204 174 481 370 315 370 352 93 870 389 481 448 437 MV-1850
4 1900 988 874 304 247 82 475 513 646 589 247 266 209 179 494 350 323 380 361 95 893 399 494 460 448 MV-1900
5| 2000 1040 920 320 280 86 500 540 680 620 260 280 220 1858 520 400 340 400 380 100 940 420 520 484 472 MV-2000

\_
p

Check the validity of your

1. Itis simplification of DINED data; model
2. Itis a linear approximation, the most accurate region is 1473mm~1981mm

Attention:

. J

]
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.

How to setup customized data

The excel file (each part)

Parameters
MV-1200
MV-1700
MV-1800
MV-1850
MWV-1900
MWV-2000

MY-2100

X W K P Q T2V
32 252 156 312 240 228 290
442 357 221 442 340 323 411
466 378 234 468 360 342 436
481 389 241 481 370 352 448
494 399 247 494 380 361 460
520 420 260 520 400 380 484

YT Ad44 273 fdp 420 399 A08

389 241 481 370 352 448

——

(Usage A

1. Input the desired stature in the blue
Region of excel

2. Copy the data of “size” to the
design table of each part,

._respectively (use paste values option).)

The design table of a ~N
component in Solidworks

U Mm@ F - @A H- |

| A | B | ¢ | D E E G | H = 1
1 Design Table for: Romp —
2 x@Hfdmt W@Hfdmt k@Hidmt p@Hfdmt g@Hfdmt t@Hidmt y@Hidmt
3 MVEIZ000 T 312 252 156 312 240 228 2904
4 MV-1700 442 357 2 442 340 323 4114
Lbsg mv-1700 5 MV . 468 378 234 468 360 342 4356
L tse mv-1800 6 MV-1850 481 3885 2405 481 370 3515 477 |
Llst wv-13s0 7 MV-1900 494 399 247 494 380 361 4598 |=
st mv-100 8 MV-2000 520 420 260 520 400 380 484
s av-20m 9 MV-2100 = == == 2
1 o 10 CEGENN | 81 3885 2405 481 370 3515 4477
8¢ Mv-2100 11
ot size 12
4313 N
i
15
116 i
M 4 » M| Bladl /73 4] ] ]

Display States (linked) i

\_
%
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Sizing - Customize

- | w=m|pl= x
Home | Insert Page Layout Formulas Data Review View Add-Ins Team & e
FI_ % Arial -1 - = E%] = General M g=Insert ~ z - %r [ﬁ
= Ba- B I U-|(N v ESE=EH §-% Styles | B Delete - o~
Paste o BS | Sort & Find &
= - v A iS S | P 55 3% - | [BiFormat - | @~ Filter~ Select'|
Number—l;-l—‘ Cells Editing
0]0 0 10 0 0 C 0 PDOrle CIC {
- - AW A B | C | D
0 atio 1 Resign Table for: Bovenarm
=-% Bovenarm Configuration(s) 2 c@Hfdmt |@Hfdmt p@Hdmt
IEl Tables 3 192 168 2
a - 4 272 238 442
= = 10 5 288 252 468
U ) 6 MV- 296 259 481
[oA=IEL 7 MV-1900 304 266 494
MV-1800 g MV-20 320 280 520
MAY-1850 9 MV-210 336 294 546
PAY-1900 10 296 259 4
3¢ Lv-2000 c 1
V-2100 ; 12
Size 13
14
15
16
W 4 v ¥ | Bladl %2
i
1 n 3
. 3 3 -
-4 Display State-9
*Isometric
Model | Motion 1
i i i 7

]
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Direct Sizing — In Assembly

MV-1200 |

MV-1700

- MV-1200
pad MV-1700

MV-1200

MV-1700

,
-

Attention: The validity of your model

3
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Pose

H:Eﬂmmrmmﬁmmmmammmbﬁ}-ﬂx

= Fod N-@ - a3 | 3 £\ Mirror Entities l_’f% | + |TCk
5 Smart Trim  Convert @En Display/Delete | Qui
Dimension | D M f;} hd @ M A| Entities Entities ;ﬁz’; ::: Linear Sketch Pattern N Relations RED& Snaps »
- - @-0 - =* - - g Move Entities - . i l
Assembly | Layout | Sketch | Evaluate | Render Tools | Office Products | Flow Simulation | Simulation | - A %

QAT ME-P-ov-@A-E-

ﬁ Mannequin (MV-1200<
Sensors
Annetations
Front

Using mouse drag & move a
part

% (-] Bovenarm<1> (M
% (-} Onderarm<1> (M
W (-) Hand<l> (MV-12
% (-) Bovenarm«<2> (M
% (-) Onderarm=2> (M
Wy () Hand<2> (MV-12
T (-) Bovenbeen<1> (M
(-] Onderbeen<1= (P
T (-) Voet<1> (MV-12C
% (-] Bovenbeen<2= (P
% (-) Onderbeen<2> (I
(- () Voet<2> (MV-12C
@@ MateGroupl

Py

1 -870.80mm £

]
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Measurement

UEJSOIIWOIKs | Fe Edt Vew Insert Toos Smuaton FonSmiaton P %0 Wndow Hep @ - O X |
Rite ® @ |8 m G 9 ® S
stud Interference  Clearance Hole Measure Mass Section Sensor  Assembly Assemt_:ly!pert| Curvature Symmetry g
¥ | Detection Verification Alignment Properties Properties Visualization Chedk
Assembly | Layout | Sketch | Evaluate ! Render Tools | Office Products | Flow Simulation | Simulation | - A %
F =
' QA MBS Fio- @B
ﬂ Mannequin (MV-1200
| Sensors
e
MV-1:
(MV-1
PES (S
My-12.2
N ]
2>
X (-) Hand<Z= (MV- rN'Iizasun:e - Manneguin E
® |

% (-]} Bovenbeen<2= (I
®, (-) Onderbeen<2= (P
B () Voet<2> (MV-12C ¥
@@ MateGroupl

&b am b - @ - |E

Line 1@Hfdmt@Bovenbeen-1@Mannegui

@Hartlijnen @0nderbeen-1@Manneguin

Angle: 97.59deg
The selected items intersect.
Total Length: 573.6mm

Model | Mation 1
SolidWorks Student Edition - Academic Use O

L 283.20mm _Under Defined _ Editi 8 [ &

]
TUDelft

Challenge the future
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Measuring length

Upper arm length

0.272 meter

------------------------------------------------------------------

Measure - Mannequin.SLDASM [
esav..'.",..DJ»- vuﬂ A

Distance: 272.00mm
Delta X: 77.10mm
Delta Y: 260.44mm
Delta Z: 14.50mm

CNEN 260.44mm

%
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Measuring length

%
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Measuring length

QAT @E F-w-@-E-

Measure - Mannequin.SLDASM ||

..................................

From wrist to

center of

the hand

0.07 meter

]
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Body mass segments

<3
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Centre of gravity (c.g.) of body segments

60.‘!

396

Distal side ®

433

56.7

_ 433

567

%
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Mass of body segment

Following Biomechanics and Motor Control of Human Movement

1 Prosima

. 1 - Proximal ~ Distal Seqnet el
0.006 0.506 0.494 I
0.016 0.43 0.57 SO s 06 04
0.028 0.436 0.564 w0 0
0.022 0.682 0.318 gggg gggg ggf‘;
0.05 0.53 0.47 0 %o
0.0145 0.5 0.5 T s 05 05
0.0465 0.433 0.567 L
0.1 0.433 0.567 o B 0
0.061 0.606 0.394 | ot 1 TR 1
0.161 0.447 0.553 0.6t 0“4 0
] I
Head, neck, trunk 0.578 0.66 0.34 0.578 0.6 034
Head, neck, amn
L oers 0.626 0.374 f BE | )R
Head and neck 0.081 L

Ref. http://books.google.nl/books?id=_bFHLO8IWfwC&printsec=frontcover&source=gbs_ge summary_r&cad=0#v=snippet&q=mass%20segment&f=false

%
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Mass of body segment

by Zatsiorskji and Selujanov (1979), based on athlete's data

Mass (kQ)
Mass of the
segment (k :
9 (kg) — | Height (cm)
m; = BO +Bl +B2 H
L . LS |
Coefficient |
1.296 0.0171 0.0143
-0.1165 0.0036 0.00175
0.3185 0.01445 -0.00114
0.25 0.03012 -0.0027
Leg -0.829 0.0077 0.0073
-1.592 0.03616 0.0121
Thigh -2.649 0.1463 0.0137
Upper part of the trunk 8.2144 0.1862 -0.0584
Middle part of the trunk 7.181 0.2234 -0.0663
Lower part of the trunk -7.498 0.0976 0.04896

Courtesy of http://biomech.ftvs.cuni.cz/pbpk/kompendium/biomechanika/geometrie_hmotnost_en.php

]
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Take a simple approach

....................................................................

Upper arm

 M1=60*0.028=168 |

....................................................................

....................................................................

....................................................................................................

...................................................................

.....................................................................

3
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Gravity center

—
|
~ I
o |
[Ve) |
I
|
l
| |
|
!
w0 |
& 1
|
) Sm—- _ s ;> restart, l
- : > wpperdrmLength = 0.272;
9 upperdArmLength :=0.272 ()}
; > ForedrmLength = 0.238;
- ForedrmLength:=0.238 2
el (> WristHandCenter = 0.07;
| I WristHandCenter -= 0.07 3)
@ > L1 := upperdrmLengrh-0.436;
~ Li1:=0.118592 4
h‘ [> L4:= upperdrmLength + ForedrmLength-0.43;
3 L4:=0.37434 &)
\ (> L5:= wpperArmLength + ForedrmLength + WristHandCenter,
L5:=0.580 (©)
]
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The tracker

<3
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Tracker

-

The Tracker is a free video @TraCke I'

Video Analysis and Modeling Tool

analysis and modeling tool built

on the Open Source a A

Extract position (angle), velocity
Physics(OSP) Java framework. It

v

(angular) and acceleration
Is designed to be used in physics

(angular) of an object in the video
AN J

\educaﬂon

]
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Tracker

y

http://www.cabrillo.edu/~dbrown/tracker/

v s < NG )~ |
€& - C [ www.cabrillo.edu/~dbrown/tracker/ 7 @ & =
Tracker Home | Help | Share | OSP Home | Email Doug u o

®Tracker

Video Analysis and Modeling Tool

Download Tracker 4.80 installer for: Windows Mac 08 X Linux 32-bit Linux 64-bit
Use the installer for both upgrades and new installations. Installer Help Change Log

Note regarding Java security concerns: Tracker does NOT run in a browser and CANNOT execute malicious code.
We recommend you update to the latest version of Java but do NOT uninstall it or Tracker will no longer run at all.

Now with radial distortion (fisheye) filter, convenient Tracker ZIP Files and improved Digital Library Browser.
Please check your Xuggle version--if not 3.4.1012, reinstall Xuggle.

What is Tracker? Tracker Features

Tracker is a free video analysis and modeling tool built on the Open Source Physics Tracking:
(OSP) Java framework. It is designed to be used in physics education.

+ Manual and automated object tracking with position, velocity and acceleration

Tracker video modeling is a powerful new way to combine videos with computer overlays and data.

modeling. For more information see Particle Model Help or AAPT Summer Meeting e Center of mass tracks.
posters Video Modeling (2008} and Video Modeling with Tracker (2009). + Interactive graphical vectors and vector sums.

a BRER lina nrafilac at anu annla timma danandant BER raninne

]
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Basic interface

Calibration Tools Coordinate Axes

Clip Settings Create Point Mass Track Control
Save

Axis Variable
ChooseView  Refresh
Set Plot Count  Notes

Open e g w0 B v L | *cese = Qusos | = oy | N\ 9, A A | A A LA
Y ¢ massA m[1000 | memory in use: S1UB of 247u8

4 [ T
Track Control ke Pt | O messA g =

Select Existing Track
Set Properties of Track

TR 0 mass A (t, x)

m I'auaLO mssh‘\v‘ -
T T t X ¥ |
Choose Table Columns
Choose View
[mass A selected (set mass on toolbar, sh!\-ch:klon’iq]
Current Frame 000 [100%FH u » O x4 »
—E
| Tutonal dtrk |
Zoom Level | Start Frame End Frame Loop
Resatto Start Frafma Play Step Backward Step Forward

®Tracker

Video Analysis and Modeling Tool

%
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Prepare a video for Tracker

Origin marker
Increase the

Background
Uniform & different
from the subject

Camera range:
Enough room to cover the movements

Camera direction:
Perpendicular

Frame rate: At least 24p
Resolution: as high as possible

3
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Procedure

( Import video ) e ~
I

Open
( Set “desired” video span )

| Or
( Setup origin )

[ Drag video in Tracker

( Setup point mass >

\ J
( Export data

]
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Procedure

Import video

I

( Set “desired” video span )
I

( Setup origin )
|

( Setup point mass )
I

( Export data )

Ei| Video Tracks Coordinate System Views Help

Undo Ctrl-Z

o- | | ¥ Create

Redo Crl-¥

Copy Data

B CQasw |

D12|\-\ox‘;

memory in use: 35MB of 24TMB

Copy Image
Copy Object

Paste

Delete

Mat Size

Language

Preferences...

.EE - -

view of track data will appear

+view of track data will appear

[set o review video clip settings]

000 100%5 H & Q:A a1 w =

e e e e e e e e e e e e e R R e i

]
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Procedure

(1. Mouse click)

rﬁonﬁguration |/ Display |/ Runtime |/video |/General
Look And Feel

. default -
C Import video )
I Language
C Set “desired” video span ) — M
I Hints
C Setup origin ) Show hints by default
I Angle Units
( Setup point mass ) @ Radians ) Degrees
I
C Export data ) . Cancel
2. Mouse click
]
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Procedure

= H &£ w B w- L | & crean | Qe | ooy | ™ 0 A A A

¥ =\ anss angle trom honpontal 000

( Import video )

( Set “desired” video span )
I

( Setup origin )

( Setup point mass )

I
C Export data

==(ED y=FT] foces sbected (oot angde o change 1)

00E 100m— W B 1 4 1 X

]
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Procedure

( Mouse click )

= Iracker SR

File Edit Video Tu —oordinate System Views Help

EH &% |8 w- | Xceate = B | Qas | oy | ™ o A A|A Z, = c
v memory in use: 20MB of 247MB

- a

Plotview of track data will appear here.

Y

Frames

Statfamefo |
Stepsizelt | i
End frame: ,T
Frame Times
Starttime:[0.000s |
WMy | Frame rate 'm
Frame dt:|[0.033 s

( Import video )

( Set “desired” video span )
I

( Setup origin )

( Setup point mass )
) |

I

I

Table view of track data will appear here.

I
( Export data

|Ea]jhm1.e the video using a calibration tool| -

;;mmmn%En » O SR I T

3
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Procedure

( Import video )
4 )

( Set “desired” video span ) Fixed

( Setup origin ) Or

( Setup point mass

C Export data ) N /

Dynamic (Demo is dynamic)

3
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Procedure

( Mouse click )

S H| 5 %8 v || kome = B | Qem | b\ % X A4 4

¥ ¢ massA m[1000 | Point Mass
Center Of Mass Ty
Vector *
Vector Sum H
Line Profile
Import video I RGE Region
Sl al | Kinematic Particle Model

I \ Dynamic Particle Model »

Measuring Tools

( Set udesiredn Video Span ) l::' } Calibration Tools
I 9

( Setup origin )

( Setup point mass )

I
C Export data

|mass A selected (zet mass on toolbar, shift-click to mark)

ELL 100%; Wow 201 e T

3
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Procedure

EH| =% | B wr || Kcreate =1 B | Qe | 0 o | ™ o A A | A A
_?Omasshm

|
( Import video ) ]

( Set “desired” video span )
I

( Setup origin )

( Setup point mass ) CTRL+SHIFT+Mouse click
I ]
( EXpO rt data ) x=1487E] v=-138E2 |mass A selected (sef tnass on toolbar, shift-click to marl)
000 [1o0%fH W » a1 E
]
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C Mouse click )

Procedure

& Search Search This Search Next

Frame 0: Template .a Match .a
Template: Evolution Rate | 20%5 Automark | A=

Search: [ ] X-axis Only Look Ahead
( |mp0rt video ) Target: Track | < mass A Point |position

| Frame 0 (key frame): This key frame defines the template

and target shown. Click a Search button to look for matches
Set “desired” video span to the template.

| You may drag the target, template or search area to move or

resize it. Mouse overthe controls above to learn more about
Setup origin settings and adjustments.

( Setup point mass )

l
( Export data

Show Key Frame

]
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Procedure

I File Edit Video Tracks Coordinate System Views Help

Import video

Set “desired” video span

Setup origin

Setup point mass

Export data

aYaYaYaYa

NN N A A

EH|EH|. +‘1"'-L—lBKCre"neIEI@'
v O massA m[1000 ]

Qs | = oy [ ™\ o A A | 4

7

‘er

memory in use: 65MB of 247MB

]
bl ke Plol‘ & massA|v‘

-

Ix10

il

7

35

3,0

mass A (t, x)

] Tahle‘ & ma55A|v‘

-
1 B By Ba
0| -1,538] -
0,033 -1,595| 2,824|
0,067 -1,545] 0,072 0,094
01 1,492 0,072 0,336
0,133 -1,419] 0,213 0,552 =
0,167 -1,294) 0,219 0,877]
0,2] -1,148] 0,459 1,615
0,234 -0,994] 0,596 2511
0,267] ~0,84] 0,93 2737
i 03 -0,723] 1,096 2 B35
mass A selected (set mass on toolbar, shift-click to re-mark highlighted position)|« | - ggg; _giﬁg sg;g gggg
] Il ‘ Liv} 0.4] 0,311 1,156 1285
5 o 100%5 M F ) 1 m = 0,434 0,191 0,997 -2,007]
o : 0,467 -0,004] 1,042 -2,335| 4|

Javier Demo Finished.trk l Javier M Demo.mp4 |

]
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Procedure

(4 Tracker .
f File Edit Video Tracks Coordinate System Views Help
1o 0 o % 8w 4| koot = B | Quon |~ o | ™\ o 4 4| 4 4 20
| ¥ © massa m{1000 | memory in use: BSMB of 24718
. ‘: L Plol| o massA|v| o
Import video e |
i

e - ", Mouse click for acccelerations
Set “desired” video span

: 0,2 0,4 0.6 08 1,0
« . t
Setup origin e A
1B Ta]:ie| < massA|v| a
I t 8 By 8a
0 1,538 -
0,023 -1,595] 2,824
0,067 1,545 0.072 0,094]
H 0.1 1,492 0.072 0,336
etup point mass OKEE M- 5 M
0,167 -1,294] 0.319 0.877]
02| 1,148 0,459 1,615
0.234] -0,994] 0596 251
0,267 -0,84] 0,933 2.737]
03 -0.723| 1,096 2335
= —— 0,334] 0,583 0968 -0,469
mass & selected (set mass on toolbar, shifi-click to re-mark highlighted position)|~| - 0,367 “0,443] 1,050 3.062]
Export data n ! IS O G R
oA ‘mn%k:l‘ H = F ;' T, K | ST RE 0,434 -0.191 0.997 -2,007]
& = : 0,467 -0,094] 1,042 2,335 4|
| Javier Demao Finished.trk | Javier M Demo.mpd |

]
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The calculation

<3
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The result

Change model to a function

Input anthropometric & biomechanics data

Input data from tracker
(angle, angular velocity & acceleration)

Plot

“]
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The result

Change model to a function

> restart; with( plots) :

> model :=~(ml-LI* + m2-L3* + m3-L5%)-diff (theta(1), 182) — (ml-g-L1 + m2-g-L3 + m3-g-L5)sin(theta(f)) + T=0
=

> T:= (ml-LI* + m2-L3* + m3-L5%)-diff (theta(t), 582) + (mI-g-LI + m2-g-L3 + m3-g-L5)sin(theta(?)) :
>

> T:= subs(djff (theta(7), 132) =angled. T) :

>

> T := subs(theta(r) =angle. T) :

>

> T := unapply(T, (angle, angleAd));

i T = |angle, angled ) — (mILIZ +m2LF + mj'le] angled + (ml gLl 4+ m2gL3i+ m3glL3) sin(angle)

]
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The result

Input parameter (from model & biomechanics)

| >
[> woperdrmLength = 0272;

> ForedrmLength := 0.238;
(> WristHandCenter = 0.07:

Change model to a function i
> Y

upperdrmLength-0.436;

. ) . > L3 := upperdrmLength + ForedrmLength-0.43;
Input anthropometric & biomechanics data

> L5 wpperdrmLength + ForedrmLength + WristHandCenter,

Input data from tracker > ml=1.68
(angle, angular velocity & acceleration) i
> m2 =096
Plot > m3:=036+3:g= 981

we add 3 kilo to m3 to add the weight

3
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The result

4 )

Change model to a function
Column by column copy your

Input anthropometric & biomechanics data excel data to arrays in Maple

Input data from tracker
(angle, angular velocity & acceleration)

Plot

]
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The result

Angular acceleration

Angular velpcity ~
150 ] A
100 - o
Change model to a function /\,/1 .
50 - A
Input anthropometric & biomechanics data 0 S | T — 1 s \
Jox o2 o.sv 1+ 05 \ o6 0] 08 09
Input data from tracker -50 ]
(angle, angular velocity & acceleration) ) \
-100
Pl | Torque \
-150

Angle

3
TUDelft Challenge the future 48




H-A-1 assignments

<3
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H-A-1-F

In the new set of dumbbells, CAP Barbell®

want to specify the optimal Weight and training

positions in the manual.

For this, they have asked you to help them to
explore the relations between the mass of the
dumbbells, the maximum angular velocity, the
torques applied on the elbow joints and the

start position (angle) as in the figure.

]
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Think

%
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Report — Logical: Grading Criteria

= Abstract Model with Maple® file (appendix?) = Conclusions &
= Experiment and its contribution in Modelling recommendations

“Introduction Evaluation

“Problem Definition Optimization (possible new advices?)
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Success!

The Modelling Team
Faculty of Industrial Design Engineering
Delft University of Technology
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