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E Linear Algebra CSIS
Why do we need Linear Algebra?

» We will associate coordinatesto
— 3D pointsin the scene
— 2D pointsin the CCD array
— 2D pointsin the image
» Coordinates will be used to
— Perform geometrical transformations
— Associate 3D with 2D points
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E M atrices CSIS

Sum:

A and B must have the same
dimensions

Example:

Fall/2002 © S.Cha




To enter the matrix
12
34

>>a=[12;34]
>>a

>>a+a

>>s=a+b

E Matricesin MatL ab CSIS

and store it in avariable a, do this:
To redisplay the matrix, just type its name:

To store the result of this addition so that we can use it later:
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O0odult:
Cn><p = AhxmBmXp
m
G = [] aikbkj
k=1
Examples:

R

E M atrices CSIS

A and B must have
Jompatillle dimensions

Amxn ann ¢ BHXHA‘IXI’I

M L
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E Matricesin MatL ab CSIS

Once you know how to enter and display matrices, itis
easy to compute with them. First we will square the
matrix a:

>>a* a

Now

>>ph=[12;01]

Then we compute the product ab:

>>a*b

we compute the product in the other order:

>> p*a

Notice that the two products are different: matrix
multiplication is noncommmutative.
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E M atrices CSIS

[ Danspose:
men - ATnxm (A+ B)T - AT + BT
G =4 (AB)' =B"A’
o0 A"=A A is slmmetDil
Examples:

6 21 [6 1 6 2
M M
3 8
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E Matricesin MatL ab CSIS

>>s=a+b
S=
2 4
3 5
To get the transpose of s:

>>g
ans =
2 3
4 5
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E M atrices CSIS

0 etelminant: A must Ue slualle

Q; Qp|_|an
det = =a,a,, -
L‘Ql agj a, a, 81,85, ~ 853,
a; a, aj
8y Ay a 8y & 8y
det & &, ag|Tay —a, ta,
a, a, a, 8 Ay 83 Qg a By
2 5
Exqmple: det 31 =2-15=-13
>> det(s)
ans -2
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E M atrices CSIS

Onvellse: A must Oe sllualle

Ahan_lnxn = A_lnan‘lxn = |
|:a11 aiz}_l - 1 { a, _a12:|
A ay 8,8, —Ayd, | T8, 8y
_ 6 2] 1[5 -2
Example: 15l T28l-1 6

R N T
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E Matricesin MatL ab CSIS

>>inv(s)

To check that thisis correct, we compute the product of sand itsinverse:
>>s* inv(s)

The result is the unit, or identity matrix. We can also write the computation as
>>g/s

>> s\s which isthe same as

>>inv(s) * s

Not all matrices can be inverted, or used as the denominator in matrix division:
>>c=[11;11]

>> inv(c);

A matrix can be inverted if and only if its determinant is nonzero:

>> det(a)

>> det(c)
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E 2D Vector CSIS

x[

V =(X%,X%,) v

[
0 alnitude: ||V [|= /%" +X,° g

a0 ||vi=10 V Osa0000 veltol

v

v _HX X [ .
=4 , Us a unit veltol
i Vv

LIx, [
0 Dientation: &= tan'lﬁéﬁ
X
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E Vector Addition CSIS

V+W = (X, %)+ (YL Y,) = (X + YL X +Y,)
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E Vector Substraction CSIS

V=W = (X, %) = (Y1 Y2) = (4= Y. X — Ya)

000
P
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E Scalar Product CSIS

av = a(x, %) = (ax, ax,)

av

/V/'
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E |nner (dot) Product CSIS

I VW= (X, %) -(Vis Vo) = XY + XY,

0 he innell plodullt is a SHADADD

VW= (%, %,)-(s, ¥,) =l VI Ll ]l cosa

vw=0 < vllw
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E Orthonormal Basis CSIS

I . )
Xl y =10 i1 i[j=0
0 f . 1=00 i1
: x(
v =(%, %)
VX4
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E Vector (cross) Product CSIS

u /g U=vxXw

[ he Oloss plodullt is a DEQOD O

0 alnitude: [|U]|=|[v.w]=][ V]| w][sina

udvi ulv=(vxw)lv=0
udwl uliv=(vxw)Ww=0

[ Oientation:
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E Vector Product Computation CSIS

i =(1,0,0) li =1
j =(0,1,0) Iljl=1 i[j=0,ilk =0,jlk =0
k =(0.0) Ik =1
Uu=vxw= (X1’ X5, Xs)x(yp Yo, y3)
i ] k
u=x, X X !0
Vi Yo Vs )
= (X Y; =X Yo)l + (XY, = X Y5)) + (XY, = X ¥)K
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E C3lS

2D Geometrical Transformations
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E CSIS
2D Trandation

A Dl:l
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E CSIS
2D Trandation Equation

il
f0 0 P=(xy)

i t=(t,.t,)

P'=(x+t,,y+t,)) =P+
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CSIS

2D Trandlation using Matrices

.o P=(xY)
mo t=(t,t,)

X | Tx e v,
x+t. ] 1 o/t
P' - =

y+t,
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E C3lS

Homogeneous Coordinates

» Multiply the coordinates by a non-zero scalar and
add an extra coordinate equal to that scalar. For
example,

(x,y) - (xlz,ylz,2) z#0
(X,¥,2) - (xO, yOv, zOW,w) w#0

0 000E: OO the slalal is O0thelle is ho need
ol the multiplillationl
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E CSIS

Back to Cartesian Coordinates:

0 Oivide 00 the last Doolldinate and eliminate itl0oll
examplell

(x,y,2) z#0 - (xX/z,y/2)
(X, ¥,Zz,wW) W#£0 - (X/w,y/w,z/w)
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Homogeneous Coordinates
A + |:||:| P = (X, y) — (X, y,l) t

LU t=(t,.t,) - (t.t,71
0 x+t, ] [1 0O
x i P'—»|y+t, |=]0 1
1 00
P=TIP T

Fall/2002 © S.Cha

Fall/2002 © S.Cha

14



E CSIS
Scaling Equation

sol ¢ 0

P=(xy) - (xy)

P'=(sxs,y) - (5%5,¥.)

y y
1 0 0 1|1
P'=SIP S
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PACE csIS

Sca“ng & Trandating N0 m

A ?'

(M0 MmO Msmmm Os
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E C3IS
Scaling & Trangdating

0000 M@0 WSO Gsam
1 0 t|[s, O Ofx
1 t, [0 s, Ofy|=
1)1

P'=TSP=|0
00 1][0 O

0 t [x
s, t,|y|=]sy+t,
O 1|1

<

I
o o ¥
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# Scaling & Trandating

(i shmsIh MMosH an

s, 0 01 O t |x
P'=SO0MP=|{0 s, 0|0 1 t |y|=
0O 0 1|0 0 1|1

s, 0 st | x| |sx+st,
=0 s, st |Y|=|SYTtSt,
0

(@)
=
=
=
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E CSIS
Rotation

ad
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E CSIS
Rotation Equations

OountelllloO00 ise otation 00 an anllle 8

I x| [cosf -sin@] x
00 g y' |sin@ cosé y
%@
[ P=RP

og X
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E C3IS
Degrees of Freedom

X'| _|cosf —sin@| x
{y} B {sin@ cosé }{y}
0 is Ox[ = [ elements
BO 000 helle is onll [ dellllee ofl O0eedom: 6
Ohe [ elements must satis the Oollol in0 Donstlaints:
RIR'=R"[R=I
det(R) =1
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E CSIS
Scaling, Trandlating & Rotating

\\ iI/ &

000 s
00 MMM sl
(M0 Moo 0 (sOnom M sOm

_

O =000 = 00sM O
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E CSIS
3D Rotation

Ootation allound the loolldinate axes:

1 0 0

R (a)=|0 cosa —sina]
0 sna cosa
cosf 0 snpg

R(B= 0 1 0
-sinff 0 cospg
cosy -sny O

R.(y)=|siny cosy O
0 0 1
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E CSIS
3D Rotation (axis & angle)

n=[n, n, n] , angled

2
n. nn, nn 0 -n n
R=lcos@+I(1-cosf)nn, n’ nn, |+snf n, 0 -n
2
nn, NN, Ny -n, N 0
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