Computer Graphics and Programming

Moving Coordinate(Animation)
Lecture 6
Jeong-Yean Yang
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Moving Coordinate Transform
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Robotics

Smooth Coordinate Transform

e Continuous Transformation from H to H’

— Translation Rotation
X = X, O — 0,
e=X,—X e=0,-0

X'=X+Ke (0<K<1]) O©'=0+Ke (O<K<;)£_:
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Robotics

Ex) uwnd-43-MC-Translation

Trans (0,0,0)>(3,0,0)

X = X4
e=X,—-X
X'=X+Ke (0<K<])

box.MakeBox (1,2, 3)
¥d = uVectoxr (0,0,

L) ™8
et
=g

vold uWnd: :Run ()

{
hMat h;

// Bun Box Movement
uvVector X = box.H.C();
uVector = = ¥Md-¥;
uVector dx = e*0.1;

if (e.Norm()=>0.0001)
{
box.H = box.H.Trans (¥+dx) ;
bREedraw = TRUE;

}

volid uWnd: :OnEeyDown (UINT nChar, UINT nRepCnt,

{
switch (nChar) {

case '1': ¥d = uVector(3,0,0); break;
case 'Z': ¥d = uVectoxr(0,0,0); break;
H
Zas {TT
<D
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Ex) uwnd-44-MC-Rotation

Rot (0,0,0) - (30,50,0) box.MakeBox (1,2, 3);
gd = uVector(0,0,0);

vold uWnd: :Run ()

{
hMat h;

// Run Box Movement
uVector g = box.qg;
uVector e = gd—-qg;

uVector dg = e*0.1;

1f {e.WNorm()>0.0001)

{
d = gt+dg;
box.H = box.H.Rot¥(g.x) * box.H.Rot¥(g.y);
box.g = qr

bRedraw = TRUE;

}
() } () vold uWnd::0OnEeyDown (UINT nChar, UINT nRepCnt, |
d

{
switch (nChar) {
e:®d_® case "1": qd

case "'2": gd

®'=0+Ke (0<K<]) i

uVector (30,50,70); break;
uVector (0,0,0); break;
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Ex) Translation + Rotation

X = X4
e=X,—-X
X'=X+Ke - H

A‘ Trans
' O -0,
e=0,-0

®'=0+Ke— H,,

H'=H,,H

Trans Rot

 Translation and Rotation for Continuous Transform in
every step.

6 &=
>
Dept. of Intelligent Robot Eng. MU



Tl (A8, Seryinal

Quaternion as
Homogeneous Transform
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Quaternion for Homogeneous Transform
New classs, hQuat

« Matrix Multiplication is easier that Vector calculus

V'=c0s OV + (1—cos )(Vli)d +sin 8 (G xV)

* hQuat has the feature of Quaternion
=0, +q1i+q2j "‘qsk

Qo +0; —O; —0Gs  2(0,0,—0e0;)  2(q,05+0,0,) O
2(00, +Go0s)  Go—C +0G;—0;  2(0,0,—Gpq) O
0
1_

2

2(0,0; —Upd,)  2(0,05+Goly)  Ge — G —05 +0;
0 0 0

8 &=
>
Dept. of Intelligent Robot Eng. MU



Ex) uwnd-46-MC-Quaternion
hMat.h

class uVector; p.14, Quaternion

class hMat; 9 9

la=z=s h t - A - A N

j‘lf' 2s= hua If q:(s,u)z(cos—+sm—£j, l0l=1
public: 2 2

houat () ;
hQuat (float,uVector) ;

e houat (float, £float, EEEW‘ hQuat: :hQuyat {flgat q,uVector v}
public: I
float Jr X, ¥rZ; = RAD(qg);
hQuat Unit(); EJﬁi=l—3:=- = cos= | fé}
hMat operator* (hMat) ; FksTg _ 4 :
) uVector u = v. Un1t{}*51n{q52},
bi X = U.X;
] ¥ - u.¥;
hQuat(angle,axis) z = u.z;
}
hQuat(angle,q;, d,, d;)
hMat operator*(hMat) >
hMat h;
hQuat q; 9 &=
h = g*h; ‘b
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Robotics

hQuat(Quaternion) - hMat(H matrix)

~la== hMat

2 2 2 2
I o +& —0d; — Qs 2(q1q2 _qoqs) 2(q1q3 +qoq2) 0
2 2 2 2
public: H = 2(0,0, +d0;) Gy — 0 +0; —0s 2(0,0; —9,0,) O
- 2 2 2 2
ﬁat :::;1" \ 2(q1q3 _qoqz) 2(q2q3 +qoq1) qo _q1 _qz +q3 0
at (huat) ;
public: - 0 0 0 1]
float w[lg];
public: . void hMat::operator = (hQuat q)
vold I(): {
hMat Scale (fleocat); float gs= = g.g%g.q;
hMat Trans (float x,float A float x= = g.x%g.x;
hMat Trans (uVector) ; float ys = g9.¥¥g.¥;
hMat Trans (hVector) ; float zs = 9.z¥g.z;
hMat RotX (flocat g); e [0] - qstxs-ys-zs;
hMat RotY (float q); e[1] _ 2*{q.x*q.y+é.q*q.z};
}].E-'Iat RDtE{flGat q}; 1;r[z] — Ek{q-qu-z_q-qkq_}?};
hMat operator* (hMat) ;
hVector operator¥ (hVector); v [4] = 2*(g.x%*g.y-g9.9%g.z2);
uVector operator* (uVector); v[5] = gs-—xX3+ys—zZs;
void operator= (uVector) ; v[E] = 2¥(g.y*g.z+g.9%qg.x);
vold operator= (hQuat) ; o . .
w[E] = 2% (g.x¥g.z+q.9%g.y);
i v[Z] = 2%(g.y*g.z-g9.g9%qg.x);
} uVector C(); v [10] = gs—xs-ys+zs;
. H
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ExX)uWnd-46-MC-Quaternion

vold uWnd: :Run ()

{ y
hQuat g(box.g.x, uVector(1l,1,1)); 1

box.g.x+=1;

box.H

= q; /,
bEedraw = TRUE; 1 \\\\\\\//

1f (bRedraw) -7 1

{ z >
axis.Update();
ground .Update () ; 1
box.Update () ;

Eedraw () ;
bREedraw = FALLSE:

* Rotation along (1,1,1) vector is very Easy.

« See Result of HW 10.
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Inverse Homogeneous Transform
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Back to Definition of H
R T X
H = X =
R T R T]|lx RX+T
X'=HX = X = —
P 1 P 1|1 Px+1
R: Rotation
T: Translation
1. homogeneous factor (Distance)

P: projection - Used in 3D vision and Graphics.
. - Not for Robotics. 13 &=
S
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Inverse of Homogeneous Transform

R T L. |R Tjlla b ., O
H = HH ™ = = =1,,
0 1 0O 1}flc d 0 1

. {Ra+Tc Rb+Td}
H = = |

C d
c=0,d =1
HH -1 — R3><3a3><3 R3><3b3><1 +T3><1 _ |3><3 O
0 1 0 1

1 R3><3a'3><3 = |3><3
2 R3x3b3><l +T3><1 = 03><1
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Inverse of Rotation Matrix

R,.3,.,=1,, Remind rotation matrix

R_l — a'3><3

R (8)" = {

cosd —sind" cosd sind
. =R (-0)=| .
singd cosd —sIin@ cosdé

}: R, (8)'

~R*=R'

« When inverse matrix is equal to Transpose,
— It is called “Orthogonal transform”

-
-
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Inverse of Homogeneous Transform

R3><3b3><1 + T3><1 — 03><1

R3><3b3><1 — _T3><1

2By =Ry Ty =Ry 5 Ty /\

R T R —R'T
H = - H*'=
0 1 0 1

-
-
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Inverse Homogeneous Transform
hMat::Inv()

hMat hMat::Inv()

hMat ret; H —
ret.v[@] = v[@]; () ].
ret.v[1] = v[4]; — —
ret.v[2] = v[8]; B
FQT ret.v[4] = v[1]; v[0] v[4] V[8] V[1Z]
ret.v[5] = v[5]; I
ret.v[6] _ v[o]s H - v[1] v[5] V[9] V[13] .
ret.v[8] = v[2]; v[2] v[6] v[10] v[14] ‘
ret.v[9] = v[6]; /
ret.v[10] = v[10]; A B B
—T uVector pos = 0()*-1;

_RTT Pos = ret*pos; | (V[0] V[4] V[8] V[0] V[1] V[2] ]
et.v[12] = pos.x; |, R=|Vll V5] Vv[9] JR" =|V[4] v[5] V[6]
ret.v[13] = pos.y; [ v[2] v[6] V[10] v[8] V[9] V[10]
ret.v[14] = pos.z; B B B

return ret,; _
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Inverse Trans(x,y,z) = Trans(-X,-Y,-2)
ex) uwWnd-48-MC-Inv

Remind pivot,

H

= HypeHeo H

Ch5. pp. 29 Trans' "Rot' '—Trans
=H,  He HL =H
Trans”® "Rot " "Trans
if (1)
{ [
Jfcase 1: Pivot Trans(x,8,8)*RotZ()*Trans(-x,8,8);
box.H = h.Trans(8.5,8,8)*h.RotZ(box.q.z)*h.Trans(-8.5,08,8);
box.qg.z+=1;
bRedraw = TRUE;
¥
else
{
//case 2: Pivot inv(T)*RotZ()*T;
hMat t = h.Trans(-8.5,8,8);
box.H = t.Inv()*h.RotZ(box.q.z)*t;
box.qg.z+=1;
bRedraw = TRUE;
¥

Casel) H pivot - Htrans (X’ y’
case2)H . =H

pivot

Z)RotZ(Q)H,.. (=%, —Y,—2)

trans (_X' -Y, _Z) ROtZ(C]) Htrans (_X' -Y _Z)

-1
—Trans

H.. H

Rot" "—Trans

Inverse transform
IS useful for
complex
multiplication
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Inverse Perspective Matrix

One of the Most Advanced Methods in 3D Graphics
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Can We Get 3D position by clicking 2D?

e From 2D into 3D?

Click X3
here X2 , 5
b ceR" > |y, |eR

7\ y2 77 ,

3

 Ans: Extra Information is

Mquired.
Here, z = O plane.

onLButtonDown Inverse IS_it
[> Perspective [> Possible?
2D point Matrix

3D point

-
-
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Inverse Perspective Matrix

Normalized
2D vector
o /2) 0 0 coifarz) ) [ e
W /H X W /H —
0 cot{e/2) 0 0 1y cot(a/2)y cot(a /2) -
* 0 0 : +— n+f 2nf 1
\ n—f n-f 1 n—f n— f — +
t n-f n-f -z
* 0 0 -1 0 7
\ . 1
\
\ .
\\ )
W /H
\ W/RH 0 0
' cot(a / 2) col(a/2)
o . W /H
) PIIESY /2)
-1 y 0 cot(a/2)y
= — — 2
v=P7v, , cot(a / 2) ot o
0 0 0 -1 Z+
1 n—f n-—f
0 0 n—-f n+f .
2nf 2nf
Inverse Perspective Matrix 21 g—:
<D

Dept. of Intelligent Robot Eng. MU



Remind Projection Process

H: T, R for camera walk

1
V = HV // projection from vertex(3d) to temp(2d)
for (i=@;i<nVer;i++)

— ' C {
Vp Pv |:> [ Projection } |:> pTemp[i] = Hg*H*pVer[i];

. pTemp[i] = pCam-»Projection(pTemp[i]);
V, =9V, )
_ -1
vV, =S 1Vg Process 0) v, =SV,
_ p-l —) | [Inverse | =) Processl)Vv'=Pv
vi=P v, [ Projection J ) P
v=H W' =H'P Process2) v=H"V'
p

* Process 0: Scaling [-1, 1] space into [640,480]

22 o=t
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Process 1

Process 1) v'=P™v,

- —
—-— —~
=
-
—
L

|
W/H 0 0 0 | 4 WIiH
cot(a / 2) cot(a/2) P
X 1 Xp 1
0 0 0
V=P = Y cot(a / 2) );" =| cot(a /2) I
i 0 0 o 1, —h
0 0 n—f n+f n+ f
2nf 2nf 2nf

* Click information only has 2Dim. Position, (Xp, yp)
— Assume that ‘h’ is needed by next calculation
— Assume that Zp is zero( It will be compensated later)
23 {::
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Z=0
X X} h, hy,
ANBY S
4 0 h,, h,
1) (1) (0o o
H—l

n
h31tx + h32ty + h33tz + h34

n+ f
2nf

Process 2
W /H “
/2) P

COt((f ) h,

cot(a / 2) Yo |_ 221

—h 31

n+ f 0

2nf

h,t, + h32ty + hy,t,

+fh
2nf

n+ f
2nf

1

h

+h

34

h,
h22

h32

Robotics

Process 1) v'=P7v,
Process2) v=H V'

tX

he R

h23 h24 ty

h33 h34 ’

0 1 n+ f h

1 2nf

H /

Unknown
value

N+ f h— hyt, + h32ty +hyt,
" 2nf

Z'h34

04 (@
$
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V =

22

_ n+ f h— hyt, + hszty +hyt,

2nf

N < X

V. Z

R O < X

Z'h34

v¥(1./z2);

= hi*v;

L)

return v,

(T*R).Inv();
= (hi.v[2]*v.x + hi.v[6]*v.y+ hi.v[18]*v.z)/(z-hi.v[14]);

t /22
t, /22
(W

Robotics

{i?
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Ex) uwnd-49-MC-Invp

This example is one of the most complex examples
In the field of Graphics

« Right click for Movement

Click
Here for move

-
-
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Robotics

Ex) uwnd-49-MC-Invp

uCam::Inv()

{

uVector v;

t.x—=320;

t.

t.
t.
t.

// Projection matr)
float
float
float
float
float

y =240-t.y;

4

¥

=

wr

hMat pi;
pi.
pi.
pi.
pi.
pi-

pi.
pi.
pi.

ki

v [0]
v[5]
v[10]
v[11]
v[15]

v[1l2]
v[1l2]
v[14]

t.x/8.w[0];
t.y/8.v[5];

n=-1;
angle
aspect

ct = 1l./tan(RAD(angle),

-
F

aspect/ct;
1./ct;

-

(n—£) / (2*n*£) ;
(n+f) / (2%n*f) ;

uVector uCam: :Inv (uVector t,float =)
- X
p

-V = plane,z=0

Click coordinate of
onLButtonDown()

_~,

(640,480)

Inverse scaling of
[-1,1] = [-320,320]

~— [ Process) v'=Pv, o &
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Robotics

hMat hi = (T*R).Inv();

float z2 = (hi.v[2]*v.x + hi.v[6]*v.y+ hi.v[18]*v.z)/(z-hi.v[14]);
v = vw¥(1./22);

% = hi*wv;

V.Z = 7;

return w;

/

n+ f e h,t, + h32ty +hy,t,

Z, =
2nf z-h,,
X :X t /22
Y t, /22
V= y = t = y g
Z f ’ t, /22
n+
1 h :ZZ 1 — 1
onf " 22) Process2) v=H"v

Right mouse click changes Xd

vold uWnd: :OnRButtonDown (UINT nFlags, CPoint point)

{ v
¥d = cam.Inv(uVector (point.x,point.y,0),0);
CWnd: : OnRButtonDown (nFlags, point);
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