From Markers to Joint Kinematics

W

. Place markers on skeletal landmarks to define

skeletal coordinate frames

. If these markers are not convenient for motion

capture, place additional markers on segments to
define segment coordinate frames

. Measure markers in lab coordinate frame
. Determine transformation between lab & segment

coordinate frames

. Determine “static” transformation between segment

& skeletal coordinate frames

. Determine transformation between adjacent skeletal

coordinate frames

. Extract joint kinematics from transformations
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Place Markers on Skeletal Landmarks
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Define Skeletal Coordinate Frames
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From Markers to Joint Kinematics

2. If these markers are not convenient for motion
capture, place additional markers on segments to
define segment coordinate frames
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Place Additional Markers on Segments

BME 599: Modeling & Simulation of Movement adapted from Martini, 2001



Define Seament Coordinate Frames
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From Markers to Joint Kinematics

w

Place markers on skeletal landmarks to define
skeletal coordinate frames

If these markers are not convenient for motion
capture, place additional markers on segments to
define segment coordinate frames

Measure markers in lab coordinate frame

Determine transformation between lab & segment
coordinate frames

Determine “static” transformation between segment
& skeletal coordinate frames

Determine transformation between adjacent skeletal
coordinate frames

Extract joint kinematics from transformations
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Measure Markers in Lab Coordinate Frame
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From Markers to Joint Kinematics

4. Determine transformation between lab & segment
coordinate frames

5. Determine “static” transformation between segment
& skeletal coordinate frames

6. Determine transformation between adjacent skeletal
coordinate frames

7. Extract joint kinematics from transformations
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Transformations Between Coordinate Frames
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Translation Between Coordinate Frames

b
Coordinate (pw py’ pz)
frame B
AoBo _
b by P =By — A,
Position vector
from Ag to B, Unit vector notation
B
p™ =pa,+p,a,+p,a,
Coordinate 0 0)1
frame A ’ P, Column matrix notation
: B
M px [pAo o) ]A — py
........ : P, .

e o
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Angle
between
p™™ and a,

Angle
between

p™™ and a,

Angle
between
p*™® and a,

Direction Cosines

Relationship between a
vector and i1ts measures

px = PCOS & , p:HpAOBO
P, = pcosp
P, = PCOSy
Direction cosines
pAOBO

O "

cosf=a,-p
Cosy =a, p
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Rotation Between Coordinate Frames

_1
ARB _ (B RA)
rxx rxy
ApB
R"=|r, T,
_rzx rzy
Coordinate

frame B b
YA

a

Coordinate b
frame A

[V]A ="R® [V]B

()

I

Xz

Ny,

I

z7

Rotation
Matrix

b, = (@,
b, =(a,
b, =(a

*R®| b, b, b,
a, |a,-b, a.-b, a, b,
, |a,-b, a,-b, a,-b,
a, |a,-b, a,-b, a,-b,
bx)b +(ax°by)by+(ax bz)bz
b o, +(@, b, +(@,-b,)b,
°bx)bx+(az'by)by+(az'bz)bz
°bx)ax +(ay 'bx)ay +(az b )a
by)ax +(ay ) by)ay +(az l:)y)az
bz)ax + (ay | bz)ay +(a bz)az
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Rotation Matrix for a Simple Rotation

-b.=c0s(90°)=0,i=Y,z
a,-b, =c0s(90°)=0,i=Y,z
Coordinate 0 a
frame B

. b
Rotation y
about
ax'bx a'X ex

Coordinate D,
frame A

ARSB bx by bz
a, 1 0 0
a, 0 cos6d, —siné,
a, 0 sing, co0sé,
a,-b,=coso,
a,-b,=cos(90°+6,)=—sin 6,
a,-b, =cos(90°-6,)=siné,
a,-b,=c0s0,
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Rotation Matrix for a Simple Rotation (again)

"R® =[b,], [b,]x [b,1.] ‘R®| b, b, b,
a, 1 0 0
a, 0 cosd, —siné,
a, 0 sing, co0sé,

Coordinate 0 a

frame B X ‘

. b

Rotation y

bout

SO 2

Coordinate D,
frame A
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Rotation Matrices for Simple Rotations About

Each AXIs

Rotation
about x-axis

1 0 0
*R®=|0 cos®, —sind,
10 sing, cosd, |
0, a2
b b,
a 0

Rotation

about y-axis

_cosﬁy 0 siné?y'
0 1 O

_—sin Qy 0 cos Qy_

0, 28,

Rotation

about z-axis

ARB —

[ cos@, —sind, 0|
sind, cosd, O

0 0 1
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Rotation Sequences (order differences)
b

1st rotation 2nd rotation 31 rotation
a

b, a,

Z

b ay b y

z
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Rotation Sequences (order similarities)
b

1st rotation 2nd rotation 31 rotation
b, a, a

Z

Space
X-Y-Z

Body
Z-Y-X
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Rotation Matrix for Space X-Y-Z
Rotation Sequence

1st rotation 2nd rotation 31 rotation
b, a,

(cosd, —sing, 0] cosd, 0 sing, [1 0 0
ApB . .
R™=1|sing, cosd, O 0 1 0 |0 cos@, —sind,
0 0 1]|-sing, 0 cos®, ||0 sind  coso,
c,C, S§,8,C,-S,C, S8,+S,C,C,
ApB
R"=|s,c, c.C,+5,5, S,5,C,—S,C,

-, 5,C, C,C,
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Rotation Angles From a Rotation Matrix

5,8,C, —S,C, S,8,+S,C,C,
c.C, +55,5, $,5,C,—S,C,

s.C, c,C,
Direction cosines Rotation angles
are independent of are dependent on
rotation sequence rotation sequence
Four-quadrant atan(lj e T r r, =S,C,
inverse tangent ” 0, =atan2| —, = N =
y 7r+atan(%j y>0,x<0 Cy Cy zz T YxYy
A/ —7r+atan(%j y<0,x<0 I = _Sy
7/2  atan2(y,x)= _ 2 2 _
9 (v %) : Jo0x0 ey_atan2(—rzx,1/rxx+ryx),<rXX—cycz
r.=s.,
_Z\ - >X —% y<0,x=0 Y £y
/2 undefined y=0,x=0 92 — atan?2 (ryx, rxx)

BME 599: Modeling & Simulation of Movement



Transformation Between Coordinate Frames

Rotation matrix “R?®

orienting B in A b 2, b
’ y
Coordinate ax ay
frame B 2 Transformation matrix

Position vector

ARB . AoBo]
from A, to B a AT _ R [p .
Coordinate pz ...............................
frame A g y :O 0 O _1 |

et pX rIXX er r.XZ pX

............ are _| T Tw T Py

p, e M Ny Ty P,

00 0 1]
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Determining Kinematics from Transformations

Lab - Thigh

FemurTTibia

)|

Lab -I-Shank ShankTTibia V%

Determined Determined \Mk Determined
from dynamic from static from matrix
movement calibration multiplication
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Determining Kinematics from Transformations

r@\ >

Lab -I-Thig * Thigh -I-Femur —

N N <\ LN
Lab -I-Shank * ShankTTibia — Lab -I-Tibia
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Determining Kinematics from Transformations

Rotations Translation

st La e

Lab T Femur Femur T Lab

FemurgTibiag ]

Ip

Femupy

m ."‘I M g
Femur-I-Lab Lab -I-lela — FémurTTibia
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