Today’s Topics

3. Transformations in 2D

4. Coordinate-free geometry

Topic 3:

2D Transformations

e Homogeneous coordinates
e Homogeneous 2D transformations
e Affine transformations & restrictions




Representing Points by Euclidean 2D Coords
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2D Homogeneous Coordinates: Definition
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2D Homogeneous Coordinates: Equality

be%w’n’ow (er 09jntous Equal iJfo)
Al Frase veokors Tuu o vecors of howogeneous coorols

e8] ant e [F] o

colled equal if they
Mpreso,mjv Yhe same 2D

] PO

) V\@B—g’/ iﬁ“\iﬁ howag.
@‘Xﬁj O‘“‘“’q'@) e s o AEO sudbn ok
2 [5,]7 domy Ia]__g[n,]
2 5] I —




Homogeneous Coords = Euclidean Coords
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Homogeneous Coords = Euclidean Coords
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Points at = in Homogeneous Coordinates
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Points at = in Homogeneous Coordinates
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Line Equations in Homogeneous Coordinates
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The Line Passing Through 2 Points
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Computing the Intersection of Parallel Lines
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Lines from Points & Points from Lines
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Topic 3:

2D Transformations

e Homogeneous 2D transformations




2D Transformations
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General Linear 2D Transformations
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Homographies: Basic properties
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Homographies: Geometric Intuition
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Homographies from Point Correspondences
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Topic 3:

2D Transformations

o Affine transformations & restrictions

General Linear 2D Transformations
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Affine Transformations
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Affine Transformations: General Matrix Form
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Affine Transformations: Basic Properties
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Affine Transformations: Basic Properties
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Affine-Transforming 2D Points
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Geometric Interpretation of Affine Matrix
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Geometric Interpretation of Affine Matrix
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From Affine to Rigid Transformations
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Rigid Transformations: Translations
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Composition of 2D Translations & Rotations
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Conformal Transformations: Reflection
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Topic 4:

Coordinate-Free Geometry
(CFG)
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CFG: “Legal” vs. “Undefined” Geometric Ops
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CALTION: Addition r?oss\b\{ (#3) Pmlr \/ac{ar addition

ouly when 3 homogenous 'P 'P N
Coordimate not &W (%) \/e,@k'or Veﬂ:(‘or o\olo\’k‘\oh
V3 L\ \/| .l+ Vo

C PL4D o \
eg- PP, =UNDEEINEDL (o \/e,c{‘or “‘“‘“27 AT

More CFG Ops: Linear Vector Combination

CcALTION: Addition 'POSbe\Q (#3) \OW\\- \/a&or addition

oul ly when 3 \/m@@/\m 'P ‘P N
Coordimade ot affeeted <) \/e,@{-or-\le,cc(vr add Aion

(#6) Liveac vechor comlomation ! A\,\ W
‘.T/ = Z '\xV\, (#5) \/e,c{'or Sca\l?k\j Vs—D\VLe
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More CFG Ops: Affine Point Combination

K@ Oljects:
_ X
. Pornls P [3 } WD
— a
clwes L [:]
= [%
Neckos v [5]
G@) rPOW\‘\j - \/CCC{DF Okdder
(#D Pomt sublracion ,;\—5 _:‘_>_‘ N
= _ ,I'——\‘\I .’:—-_\} ay\\_\j v\)\AQV\ '?l)PrL * -L."z‘l'\ s
Ve \\E};—’\:?L'I \I\a\,q_ same Svdt'oo‘\d‘\. \K . . t.e. CH‘(‘,\CA e)(fosg“’"'
) A‘;?‘W—L?O”d' combimation ZOEL PGy

_ _ Dhl wl'\&V\ all P‘, AND
P = Z D‘L?\', M\g same 3%c0d = v T e ciecled expresse.
. = ____.----"E&*;‘.‘ I N=z0 iS{_‘c: Po*“tg;ﬂ ,

_ = g byl N \ o wh sSame, coov

= P+{on-OF ¢ T2 B B s o (#7)

More CFG Ops: Operations w/ Scalar Result

(#9) |Vl W\o.jn‘r\‘b\Ac o_? veckor V'
(#10) V, W, det Produ(‘i“GQ duo wechors
(also writken os (_V\)T (VD) i

WOy T V\o’\“a‘\‘tow)

(1) L P dob produck of o \me and
a  point
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