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Lecture Topics NEW MEXICO TECH

@ Vector Notation for Translation

@ Translation Between More Than Two Coordinate Frames
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Vector Notation for Translation
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Translation Between Frames NEW MEXICO TECH

Define the vector 1,3 from the origin of {a} to the origin of {5}.

@ specifies translation between frames

2 xgﬁ -1.00
Fgﬂ = )’gg = 3
y3 zg‘ﬁ 1.50

0.785 —0.366 0.500
¢=10242 0924 029
~0.571 —0.111 0.813

Vector Notation for Translation
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Translation Between Frames NEW MEXICO TECH

Define the vector 1,3 from the origin of {a} to the origin of {5}.
@ specifies translation between frames

2 xgﬁ -1.00
Fgﬂ = )’gg = 3
y3 zgﬁ 1.50

0.785 —0.366 0.500
¢=10242 0924 029
~0.571 —0.111 0.813

Now have means (and notation) to describe rotation and translation between coordinate
frames.

Vector Notation for Translation
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Translation Between Frames NEW MEXICO TECH

@ Resolve, i.e, coordinatize, 1,3 wrt frame {B}.

~0.914
= Clre, = | 297
8
22 1,61

Same vector, so same “direction” and length.

or Notation for Translation
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Translation Between Frames NEW MEXICO TECH

Reverse vector 7, i.e., now from origin of {3} to origin of {a}.

@ notation:

Vector Notation for Translation
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Translation Between Frames NEW MEXICO TECH

Reverse vector 7, i.e., now from origin of {3} to origin of {a}.

@ notation: 3, =

Vector Notation for Translation
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Translation Between Frames NEW MEXICO TECH

Reverse vector 7, i.e., now from origin of {3} to origin of {a}.

@ notation: Mo = —yp

XS —(—1.00)
V| ==75=| -0
zg, —(1.50)

Vector Notation for Translation
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Translation Between More Than Two Coordinate Frames

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Consider three coordinate systems {a}, {b}, {c} that have translation and rotation
relative to each other.
e Knowing relationships between frames {a}, {b}, and {c}, i.e., Fap, Fbe, Tac, CZ, C2, and
CZ, location of point p can be described in any frame, i.e., p@ or pbor pe.

Zp p

Ye
Xb

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine the location of the point p relative to {a} given location of point p is known
relative to {b}.

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine the location of the point p relative to {a} given location of point p is known
relative to {b}.

Z, - - _
: ® pPap = rap + Php
Ye

Xc

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine the location of the point p relative to {a} given location of point p is known
relative to {b}.

Z, - - -
N ® pPap = rap + Php In

Ye what frame?

Xc

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine the location of the point p relative to {a} given location of point p is known

relative to {b}.

Zc

Ye

Xc

° ﬁap = Féb+ﬁbp In
what frame?

° p3, = rjb—i—pgp or
—»b — —.\b _
pap rab+pbp of
~C __ p7C ~C
pap - rab+pbp

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine the location of the point p relative to {a} given location of point p is known
relative to {b}.

Z - - _
N ® pPap = rap + Php In
Ye what frame?
~a __ 7a ~a -
) pap_rab—i—pbp (o]
—»b = —.\b _
Xe pap_rab—i_pbpoI

c _ pc =c
pap_rab+pbp
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Translation (more than two coordinate frames) NEW MEXICO TECH

Given p3, =713, + pbp and/or the diagram, how would one find pb ?

. p
b Pbp

Ye

Xc

Ya

Xa

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Given p3, = rj, + P, and/or the diagram, how would one find ﬁgp?
p

b Pbp

@ use given relationship or
Zc vector addition
Ye

Xc

Ya

Xa

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Given p3, = rj, + P, and/or the diagram, how would one find ﬁgp?
p

b Pbp

@ use given relationship or
Zc vector addition

Yc ~a _ =~a _ ra
:pbp_pap rab
Xc

Ya

Xa

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Given p3, = rj, + P, and/or the diagram, how would one find ﬁgp?
p

b Pbp

@ use given relationship or
Zc vector addition

Yc ~a _ =~a _ ra
:pbp_pap rab

e now need to reference to {b}
Xc

Ya

Xa

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Given p3, = rj, + P, and/or the diagram, how would one find ﬁgp?
p

b Pbp

@ use given relationship or
Zc vector addition

Ye :>ﬁabp:ﬁgp_'7§b
e now need to reference to {b}
bzpa _ rb(ra »a
Capbp - Ca (pap B rab)

>b _ =b -b
:>pbp_pap_rab

Xc

Ya

Xa

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

It is important to remember difference between recoordinatizing a vector and finding a
location wrt a different frame.

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

It is important to remember difference between recoordinatizing a vector and finding a
location wrt a different frame.

- 171 . AC _— cFa
@ Recoordinatizing: p5, = C;p3,
(only frame of reference changes)

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

It is important to remember difference between recoordinatizing a vector and finding a
location wrt a different frame.

@ Recoordinatizing: p5, = CSp3,
(only frame of reference changes)
@ Location wrt different frame: p¢, = rg, + Cerb + Csp3p

(vector addition in same frame)
cy
7 CaPap

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine location of point p from frame {c};
= looking for

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine location of point p from frame {c};
= looking for pcp

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine location of point p from frame {c};
= looking for pcp

b ﬁbp '

Many approaches given labeled
vectors/translations.

Pcp

Ye

Xa

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine location of point p from frame {c};
= looking for pcp

b ﬁbp '

Many approaches given labeled
vectors/translations.

Pcp

Ve = _FZ‘)C + ﬁbp

Xa

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine location of point p from frame {c};
= looking for pcp

b ﬁbp '

Many approaches given labeled
vectors/translations.

Pcp

= _FZ‘)C + ﬁbp
= —lac + Fap + Pbp

Ye

Xa

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine location of point p from frame {c};

= looking for pcp
Many approaches given labeled

p
b Pbp 3 vectors/translations.
‘ ﬁCP
Yb o Ye - _,z)c + ebp -
Xb = —rlac + rap + Pbp
= —Tac+ ﬁap

Xa

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine location of point p from frame {c};

= looking for pcp
Many approaches given labeled

p
b Pbp 3 vectors/translations.
‘ ﬁCP
Yb o Ye - _,z)c + ebp -
Xb = —rlac + rap + Pbp
= —Tac+ ﬁap

@ In what frame?

Xa

Translation Between More Than Two Coordinate Frames
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Translation (more than two coordinate frames) NEW MEXICO TECH

Determine location of point p from frame {c};
= looking for pcp

b ﬁbp '

Ye

Xa

Many approaches given labeled
vectors/translations.

ﬁcp
= _FZ‘)C + ﬁbp
= —Tac + Tap + Pbp
= _r_;c + ﬁap
@ In what frame? doesn’t
matter, so long as same

e Can always recoordinatize
given C2, Chb, C¢

Translation Between More Than Two Coordinate Frames
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Example - Given NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

Consider the three coordinate frames {a}, {b}, {c} shown with the rotations and
translations between some frames given.

2p
CZ = Ry 500
C2 = Ry, —30°
. T
o Fap=1[0 0 2]
" =30 0

—
Fac
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NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

Example - Given

Consider the three coordinate frames {a}, {b}, {c} shown with the rotations and

translations between some frames given.
Zb

CZ = Ry 500
C2 = Ry, —30°
Fa,=[0 0 2
Yb F’gcz [3 00
e find
¢
=a

rac

e
r ca

]T

Xb

]T

—
Fac
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Example - Find NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

Zb

Yb
b
C2 = C5C. = Rz 500 Ry, 300

Example
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Example - Find 3. NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

FZc:ng"i_FZc f’j
=71+ Gl 5
0] 3 ;
Xc |
= |0]| + Rz500 |0 ‘ Pem T 1N
2] 0 > Vb
0] cos50° —sin50° 0] [3 ) 17
= |0| + |sin50° cos50° Qf |0 fac
2) 0 o 1] |o
[1.93
= 12.30
2.00

Example
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Example - Find r¢,

=-C
ca

— 7C
- r ac

c=-a
_Carac

-1’ 7

— [Rz500 Ry,—30°] T

—3.59
0
—0.232

1 Wedeward, Aly El-Osery (NMT

1.93
2.30
2.00

NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

Zb
A~
Z(
|
1_30°
|
I
Xc ! — M
| be Xp \H&
Yb
Ye
Za
_ A
Fac

Example
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The End NEW MEXICO TECH

'SCIENCE + ENGINEERING + RESEARCH UNIVERSITY

Example
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