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Question: how to move objects?
Answer: impossible without basic math and physics knowledge.
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¥w]constant velocity

* s=s5,+Vv*At

» S5 =0
» At =1, - t,
»s=Vv*(t,—-t)




v=50 px/sec
Pos(100,200)
+12.5 px +12.5 px +12.5 px
| | |
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U 0.25 sec 0.5 sec 0.75 sec
¥ijUpdate Phase

« calculate displacement since last update
— displacement = v * At

— e.g.: At = 0.25 - displacement = 50 * 0.25 = 12.5 pixels

* ,add" displacement to position of object:
-x'= 100 +12.5=1125
— new Position Pos(112.5,200)
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¥lconstant acceleration

e a=Av/At

» Av =V, -V,
» At =1, - t,
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v=50 px/sec; a=20px/sec?

Pos(100,200)
+13.75 px +15 px +16.25 px +17.50 px
| | | |
| | | >
U 0.25 sec 0.5 sec 0.75 sec 1 sec
v=55 px/sec v=60 px/sec v=65 px/sec v=70 px/sec

 acceleration since last update (new velocity)
—Vvi=v+(a*At)
—e.g..At=0.25->v' =50+ (20*0.25) =55
« calculate displacement since last update
— displacement = v' * At
— e.g.: At = 0.25 - displacement = 55 * 0.25 = 13.75 pixels
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+12.5p/

+12.5 px

disp.y

v=50 px/sec
Pos(100, ZOO)Qp x 0.25 sec 0.5 sec 0.75sec 1 sec

» Question: Calculation of x and y-displacement?
« Answer: trigonometric operations needed
* And: it is much easier to calculate with vectors!

» But first : brush up your math basics. 7
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o Points

W

W

A=(12)
B = (4,3)

e Line equation

W

y = slope*™x + b

o Substitute

[ Slope =

/

(4,3)
/'ﬁse or AY
3-2 =1 L

Run or AX

¥]2=1/3*1+D 4-1 =3
¥]b = 5/3 = 1,666*
Figures borrowed from: http://www.mathwarehouse.com 8
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¥]Line equations ~ 10
cy=2x+3 \
« y=-0.5x+7 s
/ .
WSubstitution method ¥ T 2X T3 / \

e 2X+3=-1/2x+7 -10 iz o 5 10
« 5/2x=4 / y +-0.5x|+ 7

e x=85x=1.6

.« y=2*16+3=6.2 /

* lines intersect at (1.6,6.2

Figures borrowed from: http://www.mathwarehouse.com 9
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e a2+ b2 =h2 B

h a
(hypotenuse)
(opposite)

b C
(adjacent)

uni@klu[ P Figures borrowed from: http://www.wikipedia.org 10
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x2ly2 o
Q== 1
| |
| |
| |
I-X1 LYI _____________ -=5 X2+12/y2+12
| | P2
| |
| l | |
' v [ |
| AN S -
l |
I | Vy
P1
x1+r1/y1+r1 VX

V = sqrt( (x2-x1)2 + (y2-y1)?)

uni@kiu[ % 11
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(dP+y? = 12

r2 = (x-d)?+(R2-x?)
X = (d2-r2+R2?)/2d

substitute x in 1st formula
y2 - R2_X2
y = £sqrt(R?-x?)

uni@kluf 3% Figure borrowed from http://mathworld.wolfram.com 1 2
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wlunit circle: circle with r=1

sec O

¥]sin® = opp/hyp
¥]cosO = adj/hyp
¥]tan® = sinB/cosB = opp/ad;j ” \

UIS/
@
e ue)l

e
cos 6

¥]if you know one side length and angle 0
=>» you can calulate other side lengths

Figures borrowed from: hitp://www.wikipedia.org 1 3




http://www.uni-klu.ac.at

¥]4 quadrants

¥]angles in standard position
« rad = deg * (Pl / 180)
« deg=rad * (180 / PlI)

¥iJava Math uses radians
« Math.sin(Math.Pl) ==
* Math.cos(Math.PI) ==
 Math.PI = 3.1415...

Figures borrowed from: hitp://www.wikipedia.org 1 4
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+12.5p/

+12.5 px

disp.y

v=50 px/sec
Pos(100, ZOO)Qp x 0.25 sec 0.5 sec 0.75sec 1 sec

 displacement = 50 * timeDiffSec;

« displacementX = cos(0) * displacement
 displacementY = sind(6) * displacement

* Pos' = (100+displacementX, 200+displacementY)

15
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angle 0 (between 0 and 21) is incremented over time

— speed of movement determined by angle increment
r is the distance from the center
X = r* cos(0) + center.x
y = r *sin(6) + center.y

Pos(100+x,200+y)

Center(100,20Q)
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VAl

* Moves xPos and yPos around the center of the screen with a given radius.

* @param diffTimeSec time since last update in seconds

*/

private void calculateCyclic(float diffTimeSec) {

double radius = 150.0;
double angleDisplacement = (Math.PI/2) * diffTimeSec; // rotate P1/Z2 per second
angle = angle + angleDisplacement;
if (angle > (Math.PI*2)) angle = 0;
xPos = baselLineX + (radius * Math.cos(angle));
yPos = baselLineY + (radius * Math.sin(Cangle));
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) | I I I |__
2m -3m/2 - -1/2 0 /2 T An/2 21

uni@kiu[ Figures borrowed from: http://www.wikipedia.org 1 8



http://www.uni-klu.ac.at

S

ooooooooo

* @param diffTimeSec time since last update in seconds

*/
private void calculateSinus(float diffTimeSec) {
double amplitude = 100; // amplitude in pixel (size of sinus-curve
double frequency = 6; // number of oscillations (per screen-width)
double xSpeed = 50; // horizontal speed in pixels per second

if (xPos > PWIDTH) xPos = 0;

xPos = xPos + (double)diffTimeSec * xSpeed;

double x = ((2*Math.PI/PWIDTH)) * xPos * frequency;
double y = Math.sin(x);

yPos = y*amplitude + baselineY;
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B

uni@kiu[ Figures borrowed from: http://www.wikipedia.org 20
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cotangent — -~

uni@kiu[ Figures borrowed from: http://www.wikipedia.org 21
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y]inverse functions (arcus)
 asind = arcsind = (sinB)"
« acosO = arccosb = (cosB)!
« atan® = arctan® = (tanB)"

g ue)

¥]Example: calulate angle !
« tanB = opp/adj = 6 = atan(opp/adj) “cos0
« Examples: opp = 5, adj=5

0 = atan(5/5) = atan(1) = /4 = 45 degrees

Figure borrowed from: http://www.wikipedia.org 22
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I —— * ™+
arccot(x =~ \
) S| y=acos(x) \ arccos(z)
iy . \
S . domain: -1 Sx<+1 N it
ss~____ \
— — e range:0<y<Tm e
-4 -3 1 2 3 4 irt
. . |
arctan(x) 2™
y=atan(x) y=asin(x) =09
* domain: -© £ X < + e domain: -1 < x < +1
* range: -Tr/2 <y < T1/2 * range: -T/2 <y < 11/2 arcsin(z)
ixd
uni@klu[ 3% Figures borrowed from: hitp://www.wikipedia.org 99
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o Vector

¥]defined by magnitude and direction

¥]representations

« Polar coordinates: A = |A|©
— magnitude |A]: length of A
— direction 8: the angle

« Cartesian coordinates: A=(x,y)

— x is the x-displacement A
— y is the y-displacement A
—>used for coding and screen-positioning

¥]unit vector: vector with magnitude 1

Figure borrowed from: http://www.physics.uoguelph.ca 24
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artesian
o 2D-vectors
(X,y)-representation
 a ,directed edge” between points (0,0) and (x,y)
Attention - 4

e
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(4,9)

C
\

» 2D-screen!
— (0,0) is upper left corner of the screen

— y increases downwards (0,0) o
In games: vectors are used to
* represent a point on the screen (start and end of
lines, object position, etc.)
* indicate direction, speed, acceleration, force, etc. 4

2D-screen

25
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¥]Use of triangle trigonometric =~

relationships RN YN

-

==

==

¥1Calculation of A's = Y

==

components AxandAy /L
with cos and sin

me

-

-

¥]Conversion between Polar
and Cartesian system

==

Figure borrowed from: http://hyperphysics.phy-astr.gsu.edu 26
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_x A A= Asing

Compaonant

A= Acost [calwlation ]
Ay= 12cos20°=11.3
Ay: 12sin20° = 4.1
B, = 25¢c0s60°=125
By = 25sin 60° =21.7

uni@klu[ Figure borrowed from: http://hyperphysics.phy-astr.gsu.edu 27
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Remark: tan-!' = atan = arctan

@klu[ Figure borrowed from: http://hyperphysics.phy-astr.gsu.edu/hbase/vect.html 28




arccot(x)
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y=arctan(x)
e domain: - < X < +
* range: -Tr/2 <y < T11/2

Figure borrowed from: http://www.wikipedia.org

29
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yw]arctan's range is between -11/2 and 11/2

¥]resulting angle must be ,translated” to angle in standard
position, corresponding to quadrant:

_——_— ===
- <
- ~N o

. | arctan(5/5) = /4 (-5,5) .
- ok
o || arctan(-5/5) = -1/4
- add T
« Il arctan(-5/-5) = /4
= add
« IV arctan(5/-5) = -11/4
- add 2m

(-5,5).
» Special cases: adj=0 (90deg or 270deq)

un@kurarctan(-1/0) = not defined! - set to 311/2 30



double angle = 0;
if (X == 0)
{
if (y > @)
angle = Math.PI/2;
else if (y < @)
angle = Math.PI*3.0/2.0;

}
else if (y == @)
{
if (x > @)
angle = 9;
else if (x < @)
angle = Math.PI;
}
else
{
angle = Math.atan(y/x);
if (x>08& y > @)
else if (x < 0 & y > @)
angle += Math.PI;
else if (x < @ && y < 0)
angle += Math.PI;
else
angle += 2.0*Math.PI;
}

/’f

/’f

/f

/f

/f

/f

/f

/f

9@deg

27@deg

ddeg

180deg

Quadrant 1
Quadrant 11
Quadrant II1I

Quadrant 1V
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¥]R = (A.x+B.x, A.y+B.y)

B T

4. Draw a line from the
© beginingof Atathe
° and of B. The angle can
° bemeasured, and the
© size of A detormined

-------
.................
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=» commutative

Number of vectors [:l2 l:l3 B’4

Figures borrowed from: hitp://hyperphysics.phy-astr.gsu.edu

32
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‘ Vector addltlon .
 A+B+C=R

o A simple collision response

o Movement components

¥]vector magnitudes: px/frame
 A: velocity+direction of ship
 B: thrust/acceleration

» C: velocity+direction of asteroid
=>vector R: displacement of ship‘s position .
=>angle of R: new direction of ship

Number of vectors []2 M3 [J4
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vector g ,gravitational
pull® (in each frame)

and therefore reversed at
peak

l - vector v decreased by
g

vector v: initial angle
and launch velocity

Pos(100,200) A

34
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¥]JA*c = (A.x*c, B.y*c)

ta | —
-

/

wlUsage examples
 scaling, acceleration, slowdown, force influence




¥]JA*B=AXx*B.x+AyB.y

 scalar projection of Aon B

¥]Properties

« A+ B =|A|B|cosb

« A*B=0:0=90deg
« A*B<0:0<90deg
« A*B>0:0>90deg

« B =arccos (A*B)/|A||B|

Vv axis
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vector A

(=) vector B
A cos©

—

¥]Calculate angle between vectors

X axis

Figure borrowed from: http://www.euclideanspace.com 36




¥]y=arccos(x)
* domain: -1 < x < +1
*range:0<y<m

(0..180deq)

¥]for angle in standard position
« check quadrants and adjust (cmp. arctan)
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“1 -0.5

arcsin(x)

37
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¥i{\Vector
¥lv =(5,4)

¥]Reflection (Cartesian)
¥lv' = (-5,4)
remark: on a horizontal wall: (5,-4)

¥]How to calculate new position?
¥)JnewPos = oldPos + v + V'
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yiVector
« a=(5,3)

¥]Each 2D vector has

two perpendicular vectors
. (-3,5) and (3,-5) v
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¥i{\Vector
¥]v = (6,2)

w]Howto calculate new position?

¥]find perpendicular vector of wall: n
¥]normalize perpendicular (magn. 1): n’
¥]magnitude of projection: (-v * n’)
¥jvectorp: p=(-ven’)*n’
W
W

now determine vectorx =v +p
newPoint = oldPoint + 2*x




