Topic 10

Coordinate
Spaces and

Transforms

It depends on
your perspective




Topic 10

Coordinate
Spaces and

Transforms

It depends on
your perspective

Lz : RS TREY AR

consuder leF’r eye coordinates”
LG A R FXALW . -




Path Planning

Find intermediate poses forming
a path to the goal

" .. 1) How can we find such paths?
S . 2) Define pose and controls?
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Path on a graph:
vertices - robot poses

edges — traversable connection between poses

(note edges are directed)




1) path planning: sequence of intermediate poses
2) Define pose and controls?




1) path planning: sequence of intermediate poses
2) Define pose (3DOF position/orientation on field)
and controls?




1) path planning: sequence of intermediate poses
2) Define pose (3DOF position/orientation on field)
and controls?




1) path planning: sequence of intermediate poses
2) Define pose (3DOF position/orientation on field)
and controls (transform global control into robot coordinates)?

robot’s local

coordinate system
(moves with robot) y

Path gives controls in
world coords (w.r.t. field)

field/global

SN
coordinate system

(constant) p

world_x
world_a
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position2D control: 2D vector

direction and magnitude for
movement
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position2D control: 2D vector

direction and magnitude for movement
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world_x
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position2D control: 2D vector
direction and magnitude for movement

r_

Express vector direction on
field in robot coordinates?
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position2d in playerv

Flayer\iewet lacalhost BB5S |

Fite View Devices




position2d in playerv

Player\dewer lacalhost BEES
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position2d in playerv

Player\dewer lacalhost BEES

Fite View Devices




position2d in playerv

Can we be more precise?
Player\dewer localhost 8665 [T

Fite View Devices

“turn right and
slightly backward”




position2d in playerv

Can we be more precise?

Player\dewer localhost 8665 [T

Fite View Devices

“do not move”

i —>

VX




position2d in playerv

Note: u, is dot product of u and va

Player\dewer localhost 8665 [T

Fite View Devices




Dot Product

a - b — Z (l,‘bg — a[b[ + (lgbg g R o a-n.bn

|

@ If one is a unit vector (length

1), the dot product is the
projection onto this vector

@ Related to angle between

vectors 0 A ( a-b ) .
\al|b|




directly using world space

command produces wrong
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position2d in playerv

How can we transform control vector into robot coords?

Player\dewer localhost 8665 [T

File View Devices




position2d in playerv

icalhost BBES

angular orientation
Filte Viesw [

Difference in world-local
orientation is angular
displacement in world




position2d in playerv

View

Difference in world-local “Undo” world space

orientation is angular orientation: rotate
displacement in world control by -posew_a




Rotating a 2D vector

(counterclockwise)

x|  |cosl —smf||x
y | |sinfl  cosf ||y

@ Matrix multiply vector
by 2D rotation matrix

@ Maftrix parameterized
by rotation angle

@ Check matrix
correctness yourself




Matrix multiplication

4x5H matrix
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ax4 matrix 3 XD matrix

Ly = ( 1..2. 3.-1) _ (H.. b, c, (])
=1xa4+2xb4+3xc+4d xd




More generally, we should transform world space vector
into robot local coordinates to yield command vector

How to transform?

M¥: transform field

to robot coords
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More generally, we should transform world space vector
into robot local coordinates to yield command vector

Undo translations
and rotations for
world space pose




translate by negating

horizontal position




translate by negating
horizontal position
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translate by negating
vertical position




Pose space vector results from undoing world space
translations and rotations on 2 points

translate by negating
horizontal position

rotate by negating
pose orientation




Pose space vector results from undoing world space
translations and rotations on 2 points

M:¥ = R(-posew_a) * T(-posew_y) * T(-posew_x)

T(-posew_x)

Can we express these
transforms as a matrix?

Why would a matrix
expression be useful?




Transform accomplished by multiplying points of vector
by “pose-to-world” matrix

M:¥ = R(-posew_a) * T(-posew_y) * T(-posew_x)

T(-posew_x)

1. an we express these
l transforms as a matrix?

Why would a matrix
expression be useful?




Are we all set to transform our vectors?

M:¥ = R(-posew_a) * T(-posew_y) * T(-posew_x)

T(-posew_x) Uiw Uzw (becomes pose space origin) )

r an we express these
- | l transforms as a matrix?

Why would a matrix
expression be useful?




2D Translation

@ Requires “homogeneous
coordinates”

@ 3D vector with position
concatenated with a 1

@ Matrix parameterized
by horizontal and
vertical displacement




Homogeneous 2D
rotation matrix

—sinf? cosf? 0

cosf? s 0
0 1




Rotate to align Translate to origin

Urx" fU2x" cos@ —sin@ 0| |1 0 ¢,
Yl CP | — | sinf? cost/ O |0 1 {1,
0 0 1] (0 0 1

O : pose rotation
tx,ty: pose position




matlab example

@ /course/cs148/pub/odometry_coordinate_transform.m

with
odometry




Why bother with transforms?
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Human figure kinematics

® GlObaI Tglobal,root
coodinates
- absolute root
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Human figure kinematics

e Global Tglobal,root ‘[
coodinates

- absolute root
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Human figure kinematics

® GlObaI Tglobal,root
coodinates
- absolute root

e Body root /
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2 Brown Computer Science

Human figure kinematics

® GlObaI Tglobal,root
coodinates
- absolute root

e Body root /
e 1st level

C h | IC Fren Troot,chlld

+ Nth level m

Chi|CI‘en Tparentch|l/
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Human figure kinematics

® GIObaI Tglobal,root
coodinates
- absolute root

e Body root //
o I1st level tmso

ChiIC Fren Troot,chlld
‘
e Nth evel Ieo 2)
ChiIC parent child m
e Leaf bodles ﬁ m

Tparent leaf ! ! m
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Hierarchical kinematic representations

e Hierarchical kinematic representations define the
configuration space of the robot

- a robot configuration is specified by a vector containing all of
the robot’s degrees-of-freedom (DOFs)

- think of a D-dimensional space where each DOF is an axis

e Recursive notations for hierarchical kinematics
- Matrix stack
- Denavit-Hartenberg notation
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Kinematic matrix stack

e Maintain global transformation into current local coordinates
at the top of a stack

e Push transformation onto stack when entering a local frame
e Pop transformation from stack when leaving a local frame

& Tglobal,hip
-/M Thip,torso* Tglobal,hip
torso

Tglobal,hip
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Tglobal,hip




