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2D CoorRDINATE SYSTEM

1. InTropuctron
AMWunuﬁmWM
uses one or more numbers (coordinates) bo uniquely
identify the position of o point in o plane. In
computer graphics, 2D coordinake system is used
to represent and locake poinks, Lines, shoapes and
objecks on o 2D display device

2. DerinrTION

A 2D coordinoke syster iz o system in which ony
point o o plana ia specified by an ordarad pair
(x,4) of real mumbers, where rapreakats M
horizontal position (obscissa) and 'y' represents
the vertical position (ordinate) of the poink.
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. Basic Comncerrs

The plone is divided inko four regions colled quodrants.
The bwo perpendiculor oxes inbersect ab origin (0, 0)
The horizental oxis is colled X-oxis

The verticol axis is colled Y-oxis

The poink (x, y) is locaked x units along X-axia
and y units along Y-axis from the origin
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5. Coorpinates o Some Seecia Pornts

— —
* Origin (o0, 0)
# On +X oxis (x, 0)
| % On -X axis (-x, 0)
#*# On +Y axis (0, y)
#® On -Y osuis 0, -y
| L_‘ In general (x, y)

6. Drstance Between Two Pornts

Lek hunpnnh be Pl(xl,g‘) and ?x (:,.3,)

lm;mmnP‘ﬂP,hsmw

‘ [.1. J g 25 4 ca.wa,a'}

F. Mroroint ForMuLA

The midpoint M nfc.hmntawmhm
B Gy ) ol B Cxg, ) e

2D Coordinabe. Systam.

9. Representation oF PornTs

Points can be plotted on the 2D plane
|°f“‘uP°"‘*-“f'““4“‘*h"&f-¢b
| the origin.

¥
1
5 #
4 HERE. - .
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10. AppLicaTrONS

'Mh&qﬂnﬂzndﬁ-ﬁmw

4. 2D Cooroinate SysteM #oraan
o N M(%%)‘ # Used in drawing basic shopes like
lines , circles, rulzﬂnal-ln, F-als,sw
Sezend Quadrant First Quadeant ® Used in GUI design, onimokion, games,
(=x, +y) Cox, +y) 8 EX_A.MPLE
g4 ———— P (x.y) T . D ybee
i Mhm““ﬁ.ﬂkm - Mfﬂ'hﬂﬂ‘fﬂ‘m Lke translakion.
| P (2,3) and P, (8, 7) rotali ling, refleck
s
-X (00 = +X Solubion, 2 .
Drakecic, 11. ApbvanTaces
Wik Sl 4 R :L-V[(a-z)‘»f(?-a)’ V' Simple and sasy bo undarsband
{-x, -y} C+x, -y)
5 JGI +"l & J3‘+16 v R-qu-ru h-tﬂwrw-a
= v Efficient for 2D graphics operakions
¥ J = 452 = Zm uniks i § 9
= v’ Forma the bosis for 3D graphics
Key Poink : s \
Anﬂpdnhphzﬁplnn‘hwnhdbam f i ~
ordared. pair (x. y) M (2“ - 3"7) | 12. LimrtaTions
If P in: 2 2 — e
* First Quadrank — = > 0, y > [+] 10 10 ® Cannct r‘.Pm-lnl'. 3D a&uc&h
* Second Quodrant — = < 0, y >0 'M(T‘T) 0 stk G N amiding: i
*  Third Guadrank — x <D, 4y<O©O % I 3p
o Rl CRANGAE % & 50y, g &0 -M(S,S) suikable for complex scensa
= e — e
ImporTant Pormnts @2 Trercar Exam Questrons SumMMary
*Q-s‘ﬂin(ﬂ,ﬂ)i.quuirhu:ﬁn\ufxud'fm 1.&5“-.2135”\!&‘-!..3-&“& ZDMWMMW
*Apﬁﬂthzohmdmﬂn.ﬁ) 2. Droww 2D coordinobe system and lobel quadrants oxes X ond Y to locake any poink in o plane
i il e Pl 3. Red distance bebosen (2,3) end (6, 7) ety v mndanat paer: C5 ) B i e nsie
# Distance and midpoink formulas are important 4. Find midpoink between (4, 1) and (10, 5) forghlnckhoj'u?| 5_' M:\i
# Bosis for all 2D lrnmfurwwtmmd.smphm 5. Wrike the coordinabes of poinkts on axes applying lmnnj‘urmnh'm:
S

A

L

RGPV Notes Hub

Keep Learning, Keep Growing !

*

Pogs = 4



$000000000000000000000000000bb0b00bbb0b00b0000

RGPV

Tap-i.r,—z

Notes Hub

UnrT - IIT

IT601 - CoMPUTER GRAPHICS & MULTIMEDIA_

3D CoOORDINATE SYSTEM

1. InTrRODUCTION

Aanmwunﬁm%mh
Mm(x,s,l:‘afr'nlw
]}hul‘hmmhnﬂﬂsp&rpﬂnﬂinﬂ.ﬂrm

X, ¥ and Z.

2. Derrnimion
ABDMWhﬂ.Wh\M
Theae disk led x - coordinake,

Y = coordinate and 2-coordinake.

3, Axes anp PLanes

#  X-axis ¢ Horizonkal axis (L.ﬁ-mﬂht)
#*  Y-axia :Varh'anuin(UP-Dcu.m}
#* E-axia : Depth axia (Front - Back)
» xY-?IAM 5 Hnri.-ua-thPlnM(le)
# YE-plone : Vertical plane (x = 0)
» zx-rlm.:\.-‘..-umlrl...‘.(u.o)
» mhmwdhmfa,o,o).
4. 3D CoorpinaTE SysTem Dracram
AY
Plx,y,2)
““““ »
Fa
£5 |
# i
P
P i
FL 0l. i
= ; - X
0¢0,0,0) :
|
I
____________ v ]
x
z
Y-y
MNoke -

# % L the distance from YE-plane
#* y is the distance from ZX-plane
#* 2z s the distance frnrn XY - plans..

5. CoorpinateEs oF Some ImporTanT Points

Poink Coordinakes (x, y, =)
Origin (0, 0, O)
On +X oxis (x, 0, 0)
On -X axis (-x, 0, 0)
On +Y oxis 0, y, 0
On =¥ asia ©, -y, 0
On +Z axis (o, 6, =)
On -Z oxis (0, 0, -2)
In general (x, y, 2)
6. OctanTs

called ockanks.
The banks ore bared os shown balsws.
Zz
1I x
(=, +,+) C+,+,+)
II1 z v
(==, ) o C+,=,4)
. L . x
VI
(+,-,-)
VIII
(+,+,=)

Yy (4,22

7. Distance Between Two Points

Lebk B Coy, Yoo 2,) and By (5, 4o, 22) be

Thndhhmhhump‘m\dpzhsmhu'

[4. Jly= 2" & gy = + ca,-a.)‘J

8. Miorornt FormuLa

Hi.dpo‘u'\b M  bebween Py (‘!’...H‘,zlj and

3D Coordinake Syetem

9. ExampLE

Find the distonce ond midpoink between
B €2, 1, 3) and B (-1, &, 7).
Solubion :

Distance,

as Jt-1-2% 1 0-20 + 3-8

= Jer v @ s @t
= J8+9 «16 = Y38 unike
——
M 2+ (-1) 1+ 4 3+7
g o H T
1 5
'M(z'z's)

=M (05, 25,5)

10. AppLicaTIONS

grophise
# Used in CAD/CAM, animakion, gaming,
scienkific  wisualizobion
#  lUsed in real-btime simulabions, robobica,
#  Bosic for performing 3D trensformakions

ukshundaﬂm,rdnhm,auhna

~

11. ApvanTages

V' Helps in representing any poink o okjeck
i.r\.3D4PﬂuPr‘¢£‘dH

v Eosy to peform mathemabical operabions

V' Essenbiol for realistic 3D graphics and

rr\ed.‘ﬂna

12. LimrtarIons

KMWMZDW

an 2D acreen

ImporTanT PoinTs @
3D coordinabe systerm hos three mubually perpandicular
PRSI M A I
Any poink in spoce is represented by (x, gy, 2)

- & ® =

L

Py (xy, ya, 23) is:
M x, * Xy Y * Ya 2y *+ 2y
2 *i 2 2 2
Trercar Exam QuesTions
Wanmwﬂwﬁﬂam
Mw&nﬂhﬁojwwmﬁpm
Find distance between (1, 2, 3) and (4, 6, 8)

i de: N 4R

SumMmaryY
3Dmrdjruh‘3.-hmuu‘.d.hlﬁoaknand
represant poinks in thres-dimensional space.
It s the foundation for aoll 3D grophics

Space s divided into 8 octanks by coordinabe plones Find midpoint bebween (2, -1, 3) and (6, 3, 7). operakions including e f bions, projections,
RGPV Neotes Hub Keep Le.arni.ne, Keep Gr‘mutﬁ ! * Page - 2
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1. InTrODUCTION

Translakion. is o bosic tronsformobion in  which
in o apecified direction along the X-oaxis,
Y-oxie or both. ‘

2. DerinzTION
Hapﬁd?(x,s)hb’ﬁr\dﬂhﬂ.lﬁghm&.
olong X-oxie and by unike olong Y-oxis,
hmpﬂdﬂmp'(x'.u')hs'wmbg

[:'-:*h 5 a'-s-‘-ksj

3. TransLaTIon VECTOR

The tronslabion con alss be represented by o

bronslobion. weckor
T = C(bx , ty)
News position. = Old posibion + T

4 GeomeTRICAL REPRESENTATION

UnzT - I1T
2D TRANSLATION

6. Dertvatron ofF MaTRIx

Leb Plx,gd) — P (x+tx, y+ty)
In homogensous form,
i [x] x be
L
1

gty
1

a b e
L-.hT-[d.c. f]
o o0 1
Then,
Py T
%+ ke a b e =
COREFNH
1 0 o] 1 1
ax + by + ¢
'|:d.no..3¢f:|
i i
Eor equivalence,
ax + by + ¢ = x + bx
dx + ey + f =y + by
Comparing coefficiants,
a = 1, b = 0, e = b
d = 0, e = 1, f -ty
Se,
i 0 tx
T(t.,.,hd)-[o 1 b3:|
[} o] i
7. ExampLe

Tmndahthlpeinkl’(z.aahata'ﬂm
end bty = -2 uniks

Solukien.

Using  formula,

%' = x o+ ke = 2 + 4 - 6
3'*5'%‘30(-2)‘1

11601 - CoMPUTER GRAPHICS & MULTIMEDIA

8. Transiatron N Drrrerent Drrectrons

Direction tx ty Effect

Right sve | O Moves right
Lt | v | 0 | Mevas p

Up PR

Dasn Svm | Moves b

Right & Up = | = Moves right ond up

L& D | = | =ve | Moves: b iad dosare

Rk & Do | s | miw | Mlaieer gt s i
kl..-.jl-.l.sl..lp [ | v | Foms e e 62

A

9. ProrerTIES

Shape and asize of the object do not chonge
Only posibion. of the object changes.

Tronalobion. s o rigid body transformakion .
It s o bosic and most used bransformabion

in. compuber graphics

10. AppLIcATIONS

* B * % %

# Used in moving objecks or shapes on screen
# Used in GUI animobions and games

#  Used in scrolling of images ond windows.
# lUsed in CAD/CAM and grophicol editors.
(11 AovanTaces

V' Very asimple to implement
V' Useful for paaiki and  animabi

)

"
5. Homoceneous Coorbrnates & Matrix Form | | Se, P’ (6, 1) |
In homeg coordinak .up..:..am.a:u|l Using maokeix, ‘ 12. LimrtaTzons
writter. os [x. Y ’.]7 | P = ; s To= :, ‘: _:' X Does not chonge aize or oriankakion
n alE X  Alore trandabion cannct create complex
| [+] 4 2
Pl s Tlx, by) . P ‘ BE 5 '{o 1 -z}[s} [ Wk i e i o peslian g
Where., o o 1 1 7
1 0 i é ' [ 13. ImporTant Pomts
"E’(L,”Eﬁ). o 1 hs _{1} - P (6, 1) #  Forrmula x' = x e b, s'.uoba
) o 4 1 #®  Makrix © Tlkx, by) = ; ‘: :;‘
[+] o 1
#  Requires 3%x3 malrix in homogeneous form..
| | # Tronaelobion wveckor @ T = (b, lﬂ}
Typrcar Exam GQuestrons ( SuMMaRY
2. Derive btha mobrix for 2D brondakion K-oxie and by units along T-anie It is represanted by the
" . 3 translabion weckor (kx, ty) or by o 3%3 bronslabion mabrix in
3. Tranalaks H\-Fant (S,S)I-nafz.-'i)nu\ﬁnmh-\xmnﬂnnl. . % i -~ ” .
k. Wriks propertiss ond opplicabisns of translabisn -ty s
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1. InTroDUCTTON
Rotakion. ie o mjm in which every
peink of an objeck is rotaked obout o fixed
specified angle 8.

2. DerznztIion

If o poink P (x,y) is roboked obouk the
erigin hs o w\si.l. 0  (counker - clockuwise
positive), the new position P’ (:’,3') is
gon by

x‘-xme—ssinew

5"15&'\.91-30@69

3. Rovatron Vector

Rotobion can oleo be represented by o
rotakion veckor © (angle of rotakion).
Posibive 8 Cir i iR rulakion,
Negative 8 —+ Clockwise robakion

—

q. GEQMETRICAL RepresenTaTION

AY

PO, )

0(o,0)

5. Homoseneous CoorpinaTes &
Matrix Form

me,apﬁlﬁ?(ﬂ,a)h
written. aa i
- (1]
i

The matriz form of 2D rotakion is

cos 6 - sin O o]
R(€) = | sine cos @ 0
o (6] i

P’ = R(O) . P

UnzT - IIT
2D RoTATION

6. Derzvatrion oF RoTatron MatrIx

2D Rotakion

8. SpecraL Cases

h o o
P’ = R(90°).P = [1 e

(ii) Rotakion of P (2,1) by 180°
cos 180° = -1 , sin 180" = O

-1 [¢] ¢}
R(180°) = o -1 o

o o 14
2

LA
1

P’ = R(480°) . P = [g

-2

d

=3

Tyerear Exam Questrons
. Define 2D rotation .

2. Derive the rokakion makrix obeuk the origin
3. Find tha coordinates of o poink (4, 2) rotaked

by 90 counter - clockisiee

4. Write the properties and opplicalions of 2D rotakion

SumMMARY

2D rotokion is the Eroneformolion of on objeck by rotoking every poink
aboub the origin bhrough an angle 8 The new coordinates are

x = xcos@-ysin® , 4 - xsn@+y cos O
s ® -sn® O
In homogeneous form, R(@) = sin 6 cosa & O
[} 0 1

]

From. the geomekrical d.i.aﬁmm, il Aﬂﬁl-l (e) cos B sin. 6 Rotakion Makrix R(0)
x' = xcos® -y sin® L [14 o o
B s i@ o o} i (o] o 1 ©
5 sun H (=27 o o i
In makrix ‘faﬂn., 0 -1 0
=’ cowi® =i % 90 0 1 £ o o©
g |- sin @  cos O y 0 o 14
1 0 ) 1 J )
180 -1 o 0o -1 ©
o8 ® ~-ain® O - g ‘: ;
R(B) = :
Therefore, (8) .ug.e ca; e (: 270° o -1 = ]
q . O s} i »
7. ExampLes 9. ProperTIES
(i) Rotakion of P (3,4) by 90" counter - clocksise # Rotakion preserves the size ond shape of objeck.
cos 90° = 0 , 8in90° = 1 # Ib only chonges the posltion and orientakion.
o -1 o # The diskance bebsesn ony koo poinks remains
R(907) - [ 1 o 0 } unchonged .
c o t # Porallel lines remain porollel ofter rotakion .
3 * R(-0) = R(&)* = R(O)T
¥ # Determinant of R() = 1

10. AppLicaTIONS

rvhﬂzu\a objecks in  compuber anzrlm
animabion, games and simulobions .
CAD/CAM and robok mokion .

image procedsing (rokakion. of im.n.su).

Used
Used
Used

FyFF

* % ¥

. ADVANTAGES

. Lzmrrarzons
Rotakion is usually oboubk o fixed poink (erigin)
X For rotabion oboub ony other poink, branslakion
ko origin ond back is required
% Nob sullable for changing the size or shaps

13. ImporTant Pornts -

x' = x cos 8 - s ©
Lo 3 49
L - 5'-:.;..\9«3“.01
I ces @ -sin @ o

. 55 ' R(s)-[me cos @ o}
[o] o i

#* Rositive © = Counber - clockuwise robaki

* Nl.seﬁue = Clockwise rotabion

RGPV Notes Hup
*

Keep Learning , Keap Groving |
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2D ScaLinag

8. Tvees ofF ScaLing

1. Introbuctron 6. Dermvatzon of Scaiing Matrix
Sen.l.u\.a' Cor Znauruns' s a bransformakion |
: 5 Given, =" = 5, = and y' = Ss y Tspl Seale Foacksrs (5,, SS)| Ef_fuﬂk
or decrecsed wikh respeck ko o fixed L""W‘mfm’ ‘ Uniform  Seals s”_sa_k Same scole in all
ufm point (uauo.ut} qn.am} ba x’ S o ) % direckions .
o Y fn:l“:r-‘ u]ms X-oxia and Y-a=xia. 5' o (4] Sa o y Di._fftrlﬂl‘. scale dﬂl\a
1 0 o 14 1 | Nrwwujvrm Swl-nﬂ 5. ¢ sa
2. Dernrrion X and Y axes.
I‘fnpuinl.P(x.H) umd.ba.fm- 3 0__'3 Enlarair-w\h S »4, 53’1 Object size increases
Se along X-oxia ond Sy along Y-axis, 'ﬂu.n.‘fwt. S1(S., SU) - 0 55 0 : [ 28 T A T A o _
Uu.mpauhm P(u',H')'u s-mhﬁ o ) 1 | Reduckion. o « 53*1 jeck size decrecses .
x' = 5y = | R by i Se <0 or Objeck is flipped
y = Sy y 7. ExampLes { : Sy <0 (refleckion) along oxis
3. Scae Facrors A N, g g Ty S 9. ProperTies
3 Sene Pt e Bopema i i
Sy > 4 ~  Enlorgement olong X-oxia 5 B id Scaling is dome with respeck to a faed poink Cusally origin) .
0‘5_‘<1-'Rnduﬁmd.nnsx—axi‘ 5(213).[0 3 0] |‘nd1nnﬁcalhsmh¢nd;ﬂu.ﬂ\npanjamduad
5"1 — Naz}wnﬂl.nlu\ax-m le] 0 i | Pmnﬂdtmmnpnrdliaﬁarm;\ﬂ
Lt PC2, 1) | % Dikswasi o) stk 8L % §
5“>1 - Enhra.mn.lnln‘\s Y -oxis | & Gas aja:nl.nn.a Is 1 13-
0‘5“41—'&-&»&“\.@\5‘(-0&4 P-[:] of okt it by w ¥ Sy
53 = & —  No change along ¥ - axia ] | 10. AepLicaTIONS
s 2 0 0 2 e
4. GeomeTrrcaL RePRESENTATION Erehil2,3) «f® || @ 3 @ 1 | # Used for zooming in / oub of imoges.
¥ @ 9 % # Used in CAD/CAM, animokion ond games
! - ; - PSS ‘lu-ﬂfarm'ab\smmobjubhﬂﬁ
Px,y) 1 b # Used in doba vieuslizabion and simulations
R »
d |
| o ST e e e e e e e e 11. AovanTaces
Sey| ! ’/ LP (5%, Syy) | (4) Sealing by S.: 3 Sy = % (Reduction) G Mg, g, WAl L
:/ i Makrix, . || ¥ Effciant and foat o compube:
I I , o o . ; Z by de i
v : % (L l) J 09. 7 s v Eq.ta ke u-ngl.uvw&l using makrix r-w].hphcahnn
X 2 "R 2 v Useful in reol-time grophica opplicokions
0 ¢0,0) x i o o 1 )
Let  P(4, 6) 12, Lzmrrarrons
5. Homoseneous Coorpinates & pia 2 X  Scoling cbout o point other than origin requires
Marrzx Form 4 tranalation before and after scaling
In hume-su\m coordinokesa, o poink 5 " 1 ifl f 4 | X  Does not preserve diskonces
P("-S’ s ritlan s : P -S(E'E)'P- o /2 9 & I X Not useful for perspective view
i (o] 0 i i i, == R S J
Bia [s ] 2 |ri_3- Treorrant Porwts ]
1 " 3 = P (2, 3) # Formula : =" = 5. x , y' = Sy 0y
The maokrise ‘f\:rw\ uj 2D Amlu\ﬁ ia i 54 0 o
S« o o # Mobriz : s¢s.,8) - |0 5 0
S (5«, Sy) - o Sy © o o0 1
The ik . 2 o L * I! Sl - 53 =1 - Mo d\.ﬂn.s:.
PSS, Su) . P Lﬂ Origin remains fized after scaling )
Trercar Exam Questzons Summary
s L 2D scoling ia wsed bo increoss or decrcoas the size of on chject
. Dow 2t with  respeck ko o fused poink (ususlly origin} by acale j..d:..-. RGPV NOTES HUB
g Dk acstion risirsie 5. ond Sy along X end Y axes It i repressnted by the *
3. Scole the poink (3,4) by fackors (2, ¥/2) : . ol
W Weike His ‘and applisal of 2D ling 3 S (5., 5y : ‘:"u : hremiscianis Kg.e.P an-r\.i.n.s, Kuf\ G.rwlns !
dirat It preserves shape and orientabion bub nol  ize




};TGOl - CoMPUTER GRAPHICS & MULTIMEDIﬁ

Topic - 6

1. IntrobucTron
Refleckion. is o tronsformabion thot produces

o reference line (oxie)

2. DeFiniTion

If o poinkt Plx, y) i reflecked about a
line (oxis), bthe new pasition P'(x', y') is
cbtoined by changing the aign of the
coordinake(s) according ko the oxis.

3. GeomeTricaL RepresenTATION

(&) R&ﬂld‘am obout X=-oxis
¥

UnzT - IIT
2D REFLEcTION

4  RerLecTion FormuLas

(Amfum New Coordinates (2, y)
About X - oxis (x, -y)
Absuk Y- oxis (-=. y)
Absut  Origin (-=. -y)
About line y = % (y, =)
k.w.l,.,..,eu.«.. g C-y. ==)

5. Homoceneous CoorpinaTes

2D Ref[ed‘ian.

(i) Reflect P(-4,5) about Y-oxis

-5 571 -1 0 0
P'[s 1], Ru' 0 i 0
o o0 1
: 4 0 07 r-4 4
PP=Rg.P =105 41 o [s]- 5
o o 1 1 1
= P' (4, 5)

() R:{i&d P(2, -3) obout line y=x

P-[2 -3 1]7, RS“-[:
(4]

L= o
oo
——

L]
-

1, Define 2D refladkion with example

2 Red the mabix for reflacion obouk X-owis ond verify
3. Reflect the poink P(2, -5) abouk Y-ais

& Writs e properties and applications of 2D reflecki

2D refleckion creates o mirror imoge of on ohieck with respeck to
o line (asia) such os X-axis, Y-osis, odgin, § == o y=-=
T b repressnbed uaing 3 = 3 oflebion mabrices in homogeneous

Bt 3 In hnm.nam.nnu eoordinates ! : 0 1 0 2 -3
1; ¥ ‘ Plx, y) — P[:’. y 1] Pt = RH""P s i o o =3 | 2
0 | X o o0 1 1 1
1
i . ; ‘ 6. Reriectron Marrix = P'(-3,2)
P
=E ‘ The n!lnbnn. b‘nrujurm.nhan. can be represented 9. PRoPERTIES
(i) Reflection about Y-oxis by o 3 x3 mabrin # Reflection preserves the size ond shape of the object
=y B pY g ((Asia / Line of Reflection |  Reflection Mabrix R * I i o rigid bedy tronaformalion
"%y ey EZTI T ) ; I
T—-- -t - T Absk X ssia 7 = e * Dmm-nnﬂhmpnhmund\mw
! 0 ] % L O ] i | * R =R (Rﬁﬂuﬁﬁmn\n}:\:uhmm.}
‘ e S ¥ Dibsrinask & R <=4
) Rf‘l' bout  Oriai bouk Y= axis (4] i o
¥ | Lo o 1 10. ApPLICATIONS
”(. Plx,y) -1 v] 0] 7 : k :
ol " About  Origin o -1 0 %  Creobing mirror effecks in compuber graphics
- X L O 0 il #  Used in aymmebry drowing ond pabterns
i [0 4 0] # Tooage processing Chorizontol / werbicol Jlip)
'._‘ | Abouk line y = = i 0 (] > fe
P ==, =) I e o g # Ueed in animabion, CAD/CAM and games
(iv)  Refleckion. obout line y=x | ro -1 0 . -~
Y P(x,y) J!:I"‘ About line y = -x -1 0 o 11. ADVANTAGES
,I/. ,—”I(’ S Lo o i v V-rs simple  and oy ko implement
i ¥ 7. Genera Form v Requires less computation
”J’ : v s 5 v Useful rnn\.d’.r'u ard. Mm-u\e * eperakions
Py, %) I} R is the reflection mobrix, then i p,,.f..,,.fwg.f end shope of the object
(v)  Reflection about lne y=-x |P‘-R P[
R—
*-‘* Y o ‘ where P and P’ are position veckors in 12. LImMrTaTIiONS
S ’ - A l\nmnaanm coordinokes % 0n.|.u i o S i . i
~ » 8. ExampiEs X Does not produce realistic 3D effects
\“P'cq, ; (&) Reflect P(3, -2) obout X-axie ) el i e & s
= 1 0 0o =
IvporTanT Pornts @ P = [3 -2 1]7 Ry = [0 -;. E] (13. Tmportant PornTs
#  Refleckion is o mirvor image of bhe objeck T B o 30 X ¥ Reflection is apecified by a reference line (oxie)
’%WM‘MMW Pla Ry P om 0 -4 0 _2 = 2 # Sign of coordinake(s) s changed occording bo axis
# Size and .x\..p. o Lh._dg-d_ remoin  sama o o i 1 1 % Delerminont of refleckion mabrix = -1
*W“hm_m“_ - P'(3.2) *R;Mq&uhmmmhwu‘fm
| # Delerminank of refleckion mabrix = -1 ; L
Tvercar Exam Questions SumMMaRY
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3D TRANSLATION

3D Tronslakion

Wrike properties and applicokions of 3D branslakion

Keep Learning, Keep Growing !

1. InTrobucTIONn 8. Trawsiatzon 1~ Dirrerent Dimections
e ) 6. Dertvarzon oF Transiatzon MaTrIx
Tmul.p.h.l:-n. uIm h:‘;‘“"“‘m‘::;_: :\ mhu:-l;. ‘ 3 ; ‘ Direction | te tu t. Efjt-ﬂt-
ke = L s i | z' = oz o+ i H' -yt La , 2 e ozoh by M ¥X ke ‘o 0 o Moves dg::l. +a
froem. H‘Ielﬂﬂl Fﬁtnm ba o f' diskance | . X
along the X, Y and Z oxes ‘ In homogeneous form, ea ] = = , b .."'"-au%‘i_:‘
2. DerrnaTion x’ 1 0 O ¢t x | units along X
R i Moves j +b
T ek PG00 e Menalebal oW ‘ gl . |0 1 0 Y | |[Me ¥em | 05 ) o i R ) T MY
uniks along X-oxis, uniks along Y- z' 0 0 1 & 2 | wniks “‘l""'ﬁ i
s e | Mong -Y axia | O | -b | o | Mowes objeck -b
and b, wuniks o]anﬁ Z-oxis, the new posikion | i ] (o] (o] i 1 | | wriks glnnﬁ
PJ {=i' ,’ zi) v . T "..
} = i | Therefore, Along +Z axis | o o i Moves ohjeck +c
+ | wniks z
LR A 0 1 0 ais | 0 | © ‘ . | ™ L
‘ Ty, by, te) = units along
z miz ¥ b, . 0 0 1 2
0 0 0 1 9. ProeerTIE
3. Transiatzon VecTor 2
The translobion can be represented by a ‘nnd G B #  Tronslobion dots not change the shope or slze
tronslation. vector T . of the object
T oo (b, by, &) | 2. Exampe *  Only the position of the object changes
—_— N - - Toalis e poink P(3, 2, 1) hU £, | #  Porollel lines remaoin porollel after transloakion .
Pna-l‘an.-mpnuhm4 ‘L“__Sah._z * D o o ricid bodu | ! b
y G R - The dasterminant n‘ tronslokion mokrix = 1
. GeomeTrIcAL REPRESENTATION | Solubion :
. |
Y Pttty | p a3 2 1 1] | 10. Aerucarzons )
P("H"'} .‘_._" _ v Used in manving olu-d'.n in 3D scenes
T i | [+ o o 4 [| v Used in animabion and g
i ) Tl b)) ! | T 6o 1+ 0o -3 V' Wiad in CADZCAM and rokick mabion
| : o o 1 2 ‘/u...i;nu;mup.-,- Lot -l il abton
1 i | Lo o o 1]
L - i aX | . 11. AbvanTaces
000,0,0) = x4k, ‘ oo P ‘ . ; i
r i 0 0 4 1 3 v Vl.ra auhfl-. ond eosy ko u'\Pl‘.rrunL
24k, - o i 0 -3 2 ‘ v guqu.\ﬂ‘ leas compukakion
zZ 0 0 i 2 1 v Preserves -Juapa., size ond orienkakion .
—— — L o o] 0 i J i | k\/ Useful for real-tirne graphics applications )
fs. Horoceneous Coorprnates & Marrix Form ‘ St N
| +
In huwumu eoordinates, o poink P{x,u,:) i o 2-3 . =4 ‘ m
written. as . | 142 3 X  Tronslakbion olone connct rotate or scole object
P [x y = 1.] | 4 1 ‘ X Nobt useful for perspeckive changes
The matrix form of 3D transabion is | |: Does not affect the orientakion. of bthe object
| Sy PR, =4, (3
1 0 0 ks ' ( 3 | (13. ImporTanT Pornts ]
T, by, &) = z ; t: :': | | # Frmia o Xsxet g ryely, Fmarh
1 (+] 0 b
o 0o o 1 | ¥  Mokrix T, by, &) = 0 1 0
[P = Titka, Byu %) P ) ‘ | % Tensdabion weaer T s (e, by, B
L 4 * Tn homog disakas; P'= T P
\ J
Trercar Exam QuesTrons SumMmary
1, Define 3D translabion 3D branslabion meves every poink of an object by fixed
2 Derive the branabion mabriz for 3D translabion i k“nhﬁh"ﬂ' b “"“iau:_x' T oed £ aome RGPV Notes Hue
3, Trandabe the poink (2, -1, 3) by (S, 2, -4) = :_ &2 g *
4 .
5.

Varfy thet P = T . P
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Notes Hub

1. InTrobucrrow

Rotakion is o transformakion in which
nnoiuu.turel:n.hd.ahm.tmaa'thg
wdirmtcm(x,\'orzjbsn
Mﬁdmﬁhﬂ[mﬂ;ﬁr-dﬂcﬁwhﬂ.
positive) keeping the axis fixed.

2. Dermnatron

If o point Plx,y, z) isa rotoked about
ma;fthscmhw bﬁmu\elg.a.
the new posiion P’ (x', y', 2') i obtoined

3. Rotatron Vector
a rotakion weckor (ﬂi‘\ﬂll_ of rotakion.) .
Posibive 8 — Counker - clockusise rokakion

4 GeometricaL RepresenTaTION
(L) Abouk X-axis

Y Plx,y,2)
A
\\
///<9 .\.
op’ . | .x
v
Px,y', 2"
Z
(i) Abouk Y-oxis
z P(:r.,H,!}
A

Y P/ (x', y, 2)
(i) About Z-axis
i ’,A\Pix, g, 2)
T A
S
P P' (=, y', 2)

5. Homogeneous CoorornaTes &
Marrrx_Form
In WW coordinales , o Potnl.
P(z,a,z) s writben. as
P = ['.w. y = i]T
btl o 4x4 rakriz R,
PP=R-P

Tvercar Exam Guestions
T D
the rotakion mokriz cbouk X - osis
the rotakion mabrix about Y -axis
the robation mokrix obout Z- oxis.
the poink (2, 4,3) by 90° ohout

L

Y - amis

6. Wrike properties and opplicabions of 3D robelien

UnzT - I1T
3D RoTATION

6. Roratron Matrices

()
y'= ycoe® - 2 5in O

2= yan® + =z cos @

= x \

Ir\.rnnh-h'fwr\\J

1 0 o] 0

R, (0) = 0 cosB -sin® O .
0 4inB cosB 0
0 0 o] i

(i) Rotakion obout Y-oxia by ongle ©

x'= x cos B + 2z &n O

y=y
2 = -x 4in® + =2 cos O
cos8 0 sin® O
RH (0) = 4] 1 [+] (4]
] [#] coa 0
(o] 0 [+] i

(i) Rotolion obout Z-axis bsnnﬂh.e
x' = 'x.cose'-'ﬂdng

Y = %= 5in© + y cos 8

gl = = |
cos® -sin® 0 O
R, (8) = AinB cosB 0 0
0 o i 0
0 0 0 1
P’ = R,(8) . P

7. GeneraL Form |
If R is the rotakion mabrix (Ry, Ry or R.),
then the new poaibion is

Plex R+ P
where P and P' are posibion veckors
homosuwuua.cwd.i,rwha

.

8. ExampLe
Rotoke the point P (1,2, 3) by 90° about ‘

Z-axia (counter - clockuriae)
Here, @ = 90° = cos 90°= 0, sin 90"= {
o -1 o 0
R.(90°) - |1 © 0 0
o 0 1 0 |
4] [+] 0 i
pwfa 2 & a1
P - R.(307).p-[0 -t O O 1 -2
=907 1 0o o o - [ |
o 0 1 0 3 3
o 0o 0 1 i i

So, [P = (-2,1, 3)]

R&kaﬂmxai:mt)(—a;h.b:jonﬂh.e ‘|

3D Rotation

9. Seectar Cases (Common Angles)

Axis o cos O sin B

0° 1 0

ap* o] 1

X 180" v [¢]

230° o -1

0° i 4]

90" 0 i

Y 180° = 0

270° 4] -1

o* 1 0

90* 0 1

Z i80° b | [+]

270° O -1

10. ProperTIES

# Rotakion preserves the size ond shope

of the objeck.

* Tt only chonges the
position of the objeck.
Determinant of rotakion mabrix = 1.
R7'(0) = R(-6)" = R(-0)

# Rotolion makbrices are orthogonal

orienkabion and

. ApPLICATIONS

# Used in CAD/CAM ond 3D modeling.
#  Used in onimokion, games ond VR
# Used in robokice for orientakion conkrol
# Used in scientific visuslization .

. ApvanTaGES
Easy to implement using makrices
Efficient for complen 3D bronsformakions.
Precerves distances and proportions
Useful in real-time graphics

. LaimrtaTzons
X  Rotakion ohout on arbitrary oxis
requires odditional traneformakions.
%X Accumulobed errors in mulbiple robabions
nmacmd.hhrﬁwx
X Not suitable for scoling or tronslokion

14. TImporTant Porwts

# Rotakion is oboul one of the principal oxes

#  Aluoys use homogeneous coordinakes |

# Positive 8 — Counker - clockwise robation
(right -hand rule) .

# Rotalion mobrix ia 4=% and orthogonal

# P’ = R(8)-P or Ry(B) - P or R (0) P

SumMmary

3D robakion rotobes an objeck sbout X, Y or Z s by on angl 6
It is represented by 4 x4 rotokion molrices R (8), Ry(8) and
Rp(8) The bronsformakion is rigid ond preserves aize, shope
and distances. Tt is widely used in 3D grophica, animokion,

RGPV Notes Hue
*
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1. InTrobuctron

UnzT - 111
3D ScALING

6. Derrvation of Scaime Matrix

3D Scaling

8. Tvees o Scaimng

-
i f - - - ! om T H Scale Fackors (S, 5y, 5;) Effeck
‘r 3 i : L Di e Given x S‘ i Yy 555 F- 5,_ z HP"ofs“'l'“ﬂ 5.15¢ J‘J
ubjuh e increosed or decrecsed wikh | In hc-masmu jﬁ"ﬁ- W . S‘ N 51 & Same scale in oll
the w{aiﬂ.} by acale Jackars along X, Y x‘ * *
and Z axes. [ & = g 303 Si g Y i Nencuform | oo | Bt sele
Zz = k * gy ¥ £
2. Derinztron | i o o o 1 1 3 o ==
II a pent P(x,a,z) is scaled ba fudou | Oii]“t aiza.
S, along X-axia, Sy along Y-oxisa and | % & & @ Enlargement |5, >4, 5574, §p»1) |
St n’.nnﬂ E-oxis, the rew pnld:u:n. | Mjﬂ. 5(5‘,55,52)- [4] su 0 4] l
‘ T e , 0«5 <1, 0 1, Obsj aize
P“.H|=>“3bmba ‘ o 0 & 0 . <5 < < 5y« sject
i o 0 o 1 e i i
e QU
y = 8 -y ‘nn-d. Refleckion by | One scale fackar s | Objeck s flpped
=l g 51 = | P; b 5[5,,53.5,_) P \Sca.l.ins nnao.k.wt o.Lenﬂ that oxis
3. Scae Factors | 7. Exampies 9. Proerrres
® S, =1 —.E.-a,n.a.m.},dmsx_a,;. | €0 sk l’ﬁ 51‘2.53'3.52*“ * S:nhns:ﬁnea.nd:dxnnasﬂ\n_m,onlﬁm
# 0< 5 <1 —+ Reduckion olong X-oxis Makri | » %U\amfrmhufmﬁmk
* 5, =1 = HNe change along X-oxia 4 o o ° (oriﬁi.n) changes
| i 5 )
(Similary for Sy and S,) s o 3 o o #  Porallel lines remain parollel after scaling .
4, GeoMeTRICAL REPRESENTATION & B o8 A 8] = 5 85+ 5
LY Let P(1,2, 3) #  Trverse t:lj un.l.mﬁ maokrix
& T I Sl U T
Pix, y,2) P=[t 2 3 1] s s(s,'sa‘s,)
/’I 3 6 & @[t .
| i 0o 3 0 o0 2 10. AepiicatIoNs
i . P =5.P = e e
" i Pi(S, x,5yy,52) 0 O 4 0 3
o _______+_+. & % & A i #*  LUsed in zooming infouk nj iD objecks
0(0,0,0) 2 #  Used in animaobion ond simulabions
2 #  Used in compuber-aided design (CAD)
6 . 7 ! "
a %  llsed orming ond victuel reallby
z 12 = P'(2,6, 12) . i
1
5. Homoseneous CoorpInaTES 11. Aovantaces
& Moot Foow | T T T i_____i______i_ v Simple and casy bo implement
In }wnnsl,nw coordinoles , o Pnu-d‘. (M‘) ¢ a L‘; s” = Sﬂ z g S:- = & v Rﬂqw less computakion
P(*—.H.’-) i, " " | ) l v/ Preserves shope and orientation
P = [:l: y z 1] ‘ g & o] 1/2 0] 0
| [ 12. LamriaTrons
The mlnnﬂ bronaformabion i repressnked
by 5% h _: e ' o ° o 1 X Scoling obout o poink other than origin needs
| Let P&, -2, 6) additional tronslakion
S o 0 o | P - [ 4 e e i]T x Nqﬂoﬂ.ﬂt u:al-u'\a resulbs in refleckion , which
S(5., 5 ) 4 Sy 9 9 s e -
x 3'51 0 o S, ) | f‘ ? o g & X Excessive scoling may couse overflow or
0 0 0 g | PP = §.P = ;2 ;z :’ 5 _Gz L precision.  ervors
2
T = P 0 0 1 i 13. Tweortant Porwts
e ‘ 2 nﬁm:u'-s.t,a'-sua.z‘-s,:
Pl §omip ) s, 0 0 o
| «| 2 » IR L osessisy s e & 8 8
‘ 3 © 0 5 o©
| Q L] o i
[ ®  MNew posbion : P = 5. P
= PCa, -1 %) # If S - Sy * S: -1 = Nochange.
- * Onau-; remaoins rux.ui njb..r 4mlu\3
Tverca Exam Questrons Summary b o

Dofine 3D acaling

Derive the acaling mabrix for 3D acaling
Explain different bypes of 3D scaling
Scale the poink (2, -1, 3) by (2, 3, &)
Wrike. propertias ond. of 3D acaling

{ Fig) T

b

3D acoling changes the sise of an sbjeck wibh respack ts o fisd
nlmpeinhfuuﬂhoﬁain)udnﬁmjms.,sum\d
S slong X, ¥ and ¥ axmes

Mqulﬂghnmﬂm.
Tt presarves the shape and orentolion of the object and ia
m:ﬁmmam@m.m.ubwm

RGPV Notes Hus
*

Keep Learning , Keep Growing !
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1. InTrODUCTION

Reflackion is o tronsformalion that produces
e mirror image of on object with respect ko
a reference plane (XY, YZ o ZX) or a |
coordinate plane (X=0, Y=0 or £=0)

2. DerinrTIOn

I o point Plx, y, 2) is reflected with
respeck to o plane or coordinate plane, the
y', 2') is obtoined by
changing the sign of the coordinake(s)

new  posikion Pix",

perpendicular to that plane .

3. GeomeTricaL REPRESENTATION

(i) About XY-plane (Z=0)

£

#Plx y 2)

- X

i
i
|
P i(x, y, -2)

(i) Abouk YZ-plane (X = 0)

IT601 - CoMPUTER GRAPHICS & MULTIMEDIA [T 10

UnzT - TIT
3D REFLEcTION

5. RerLectron Marrices

FR;ﬁ;:hn\. abeut. | Effect on (=, Y z) _Rq‘lnchm th*ix_ﬁ

EEE R
XY -plane. 01 0 0
(x,y, 2)— (x, 4,
(Z = 0) 4= Ggn | ) 5
| & & B A
(<10 0 0
YZ-plane okl | & & 54
(X =0) 6 0 1 0
Lo 0 o 1]
| (4.0 0 0]
il [ (%, 4, 2) = (x,y, 2) i S
(r-0) | 6 6 1 0
| lo o o 4]
' 400 0 0]
i 0 -1 0 0
About X - (x,4,2) = {x,-y,=
il ek R
o & o 1]
| 10 0 0]
I L jfin 6 1 0 0
axis | (x,y,2) = (~x, y,-2) & & <k
0o 0 0o 1|
' -1 0 0 0]
Sl Tt Vi g 0 -1 0 0
m|151) -x 51] £ 8 R g
Lo 0 0 1]
L | . J

6. Generac Form

Plx, y, 2) | If R i the reflackion mabrix, then
zo :
L ! PP=s R.P
0 1= + - X | where P ond P are position. veckors in
Y ‘P(x Y. z) 9 . i
7. ExampLes
(iv) Abouk X -oxis ; _ 4
AY P(K.H.Z} (i) Rnﬂ.u.t P(3, 2, 4) obout XY Fl.e.n: (Z=0)
Y P [3 2 & 4]
ol—" | 4 1 0o o ©
i Ryw= | © 2 0 0
v 0o o -1 0
Z &P, 4, -z) o o B 14
(v] About Y -axis P"= Ry =P
1 L] o] L¢] 3 3
LY
,fph'ﬂ") - |le 1 o o 2|_| 2
| 6 o -1 o 4 —y
0 fe=” ; = o 0 9 1 1 1
1 = P'(3, 2, -%)
Y P (-x,y, -2) (5) Refleck PCY, =2, 3) oboikl VE-plane [X-=10)
P o= 1 -2 3 417
(i) Mbouk Z-axis Ej_ & 3 o ]
z Plx,y,2) R, = a 41 o
o | ¢ 0 41 o
il ! " o 0 o 1 )
P’ = Rvg i [_1 = ‘.I}
*P(-x, -y, 2)
: e i b = P (-1, -2, 3}
4  Homoseneous CoorbrnaTes & Gl Bafed PU=E Tu=1) skt Fmeiis
Marrzx Form Pa [-2 3 -1 17
I horweaam coordinates | =1 (4] Q i4]
Plx, y, 2) is writken os Rz = |: ¢ -1 0 4] l
T [+] o i 0
P o= i
[’f- ? = ] 4] o 0 i

ﬁ;hm;lgzl-jmmn}_ria;
¥R P

p'.R=,P-[2 =y =1 'a]

S Pe =3 =)

3D Refleckion

8. Summary Tasie (Pornt RerLectron)

Reflection abouk New Coordinabes (x', ', z')-\
XY-plane (Z = 0) (x, y, -2)
Vofors K0 | oy
ZX-plane (Y = 0) (=, -y, 2)

X - axis {x, -y, -2)

Y - owis (=x, y, -2)

Z-oxis (-x; -ys.2)
9. ProperTIEs

#  Reflection preserves the size and shope

# It changes only the orientakion (handedness)
of the objeck.

# It is ks own inverse transformabion
(R™ = R)

#  Determinont of reflection mabrix = - 1.

*R&I‘.ﬂhﬂr\-mmwuwsm

10. AppLicaTIons

v lUsed in CAD/CAM madel.-.na
f-:-l_i_._zmu'mess

v Useful for symmetry and mirroring .

12. Loervarrons 1
X Does not Prbd.w:a realistie 3D cﬂcd" bu

X On.LA‘.} chonges erenkakion, net position

. ImporTanT Pornts

* Rq‘uhon s a mirror bronsformabion abouk
o plane, axis or origin
* %m(whﬂe)wg&\w

Tyeacar Exam Guestiows

Define. 3D reflaction with example.
Derive reflackion mobriz ocbout XY -plans
Derive reflection. matrix about YZ-plane
Fird the image of PtZ,—LS}sz—ﬁm-.
MW“W&Q‘BDW

Summary
ID reflechion produces the mirer image of an chjeck with respeck
to o plans, anis or ongin. Ik is represcnbed weing 4 = 4 refleckion
mabricas in homogersous cosrdinates  Reflection preserves sime and
dhape, changes snly orlsnbabion, ard W cidaly weed in compuber
grophic CAD/CAM, arimabion and simulsbions

RGPV Notes Hue
* -
Kae.F Lnn.rru.nﬁ i Keﬂ: Gmuq.n.s |
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1. InTroODUCTION
which reverses the effect afu.sw-n.
object..

If T s o transformabion and T i ik
inwerse, bhan:
T (T(P) = P

Notes Hub

and T(T' (P)) - P

2. GeneraL Form

-

lP-T,P' - P aT'.P
where P : original poink
P' : tranaformed point

3. Inverse ofF Homoceneous
TransFormaTion MaTrRIx

Fﬂrw\gm-&wm.r.

5 1

T o —=5a

[ 1Tl
where  |T| = determinant of T

adj(T) « adjoink (branapose of cofactor)

4, 2D Basic TRANSFORMATIONS
AND THEIR INVERSES

(i) Translobion by (t,, ty)

1 0 &
Te|o & g
o o 1

10 -
TVa |l 0o &8 -y
o o 1

(i) Scaling by (S,, Sy)

s, 0o o
s-| o s4 o0

adj(T)

o 0 1
/5, 0 0

s - o /s, ©
0 0 1

(iii) Retakion by 8 (about origin)

cosf  -ain® O
R = ain B coa® 0]
0 0 1
sl #in0 O
R o« | ~ain® casd o] - R
0 0 1

(Inverse rotakion is rotation by -8)

TreicaL Exam Questions
1. FRnd the inverse of 2D kranalabion mokris.
2. Find the inverse of 3D scaling mabrix.
3. Show that inwerse of rotakion mabrix R(8) is
R(-8)
4. FRnd inverse of a composite bransformakion
5. Write propertiss ond opplications of inverse
tranaformakion .

UntT - ITT

INVERSE TRANSFORMATION

I!’T-\MJ"M

5. 2D ReFLECTION AND THEIR INVERSES

7. 3D REFLECTIONS AND THEIR INVERSES

Reflection. about Matrix R Tnwerse R |
[4 o o] |t ¢ o]
X-asis 0 -1 0 0 -1 0
L 0 o - Sl Lo o 1] ‘
-1 & W) |[[-1 & o7
Y - axis o 1 0 o t 0
L o & ] lla & %) |
-1 0 0 2110 aenp |
Origin 0o -1 ¢ o -1 0o
L 0 0 L ¥ L © [} 1]
[ 0 i 0] [ o ¥ 0
Line y=x 1 0 1] i [} 0
o & +Jlla & 34 |
o -1 27| Te =1 oF |
Li.nlu-—x -1 (1] 1] -1 [+] 1] |
Lo o 4)|Le o 1]
6. 3D Basic TRANSFORMATIONS
AND THEIR INVERSES |
(i) Tronslation by (t., k. t,)
1 0 0 t, 1. 6 o0 =7 |
% 2 £ B L]0 1 0 -y
0 0 1 ¢, 0 0 1 -t ‘
o 0 0o 1 o 0 0 1
(i) Scaling by (S,, Sy, 5;) |
[ S, 0 0 0
o 6 5, o0 0
0 0 g g
Lo & Bl 4
[1fs, 0 ] ]
st . 0 1/5 o 0
0 0 1/5, ©
0 0 0o 1
(iii) Rotakion about Principal Axes
About X-axis by 6
[ 1 (] 0 0
R, - 0 coa® -an® 0 R = R «R.(-0)
0  sin® <os® O
L © 0 0 1]
About Y-axis by @
[ c0s® 0 ain8® 0]
] i Q 0 -1 T
Rio | s 6 s ol R ® R oe R0
L o 0 0 1
About Z-axis by €
[ coab —ainf 0 0
sind e 0 0 4
R, = 5 “;‘ i e R, = R, = R.(-8)
L o 0 o 1)
SumMMARY

Inverse transformabion undoes the effect of a bronsfereabion and
factors; for acaling, we btake reciprocol of scale fockors, for robabion,
we changs the sign of the angle (or transposs the mabrix); and for
reflection, the inverss s the sama mabrix (sinca RY o 1) Thes are
widaly used in grophics, animabion, CAD/CAM, and simulolions

e
Refleckion abouk Matrix R | Luwerse R™
(4 0 0 0] | [1 0 0 0]
o 1 0 o ¢ 1 0 o
XY-plane (Z = 0)
0 0 -1 0 0 0 -1 0
Lo o o' 4] Lo o o 1]
1 1 . L.
[-4 0 0 o] [-4 0 0 0]
o 41 0 o 6 1 0 o0
YZ-plane (X = 0) ‘
0 0 1 0 0 0 1 0
Ll woe oy 4] 0 0 0o 1]
T SO - | [4 0 @& %]
0o -1 0 o 0 -1 0 o0
ZX-plane (Y = 0)
0 0 2 4| | Jo o 4 e
| 0 w0l oe E [0 0 o0 1]
TE R EIIRTER RS
o0 -1 0 0 0 -1 0 0
Al G
9 0 o =L ¢ | o o -1 ¢
TR Lo o o 1]
8. Compostte TransFormATION
I’aqmnfhmfmhwhﬂ
T T Wiy T T
-1 -1 =1 =1 =1
Ll it At i

(ie.,

9. Prorerties oF Inverse TRANSFORMATION

T T« T T+ 1 (Identity makrix)

Inverse of inverse s original: (T7')™* = T
Inverse of a product is reverse produck of inverses.
For rotation matrices, R™' = R’ (orthogonal).

. 1
T o
ITI

£ ® =B ¥

Determinant of inverss:

10

. AppLICATIONS
Restori sinal ebjiek i i Al ardinals
R&vﬂr\s' "utrumfov—"
Used in hierarchical modeling (Scene graph).
Essential in robotic armas and motion conbrel |
Used in compuber vision and graphics pipelines J

(m) . ‘

S RREN

>y

ImporTant Pornts
Tranalation inverse —» regake (tl'ha'ta)
Scaling inverse — reciprocal of scale factors
Rotabion inverse — angle changes to -8
Order is reversed in composite inverse

LR BE K B
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1. InTroODUCTION
which reverses the effect afu.sw-n.
object..

If T s o transformabion and T i ik
inwerse, bhan:
T (T(P) = P

Notes Hub

and T(T' (P)) - P

2. GeneraL Form

-

lP-T,P' - P aT'.P
where P : original poink
P' : tranaformed point

3. Inverse ofF Homoceneous
TransFormaTion MaTrRIx

Fﬂrw\gm-&wm.r.

5 1

T o —=5a

[ 1Tl
where  |T| = determinant of T

adj(T) « adjoink (branapose of cofactor)

4, 2D Basic TRANSFORMATIONS
AND THEIR INVERSES

(i) Translobion by (t,, ty)

1 0 &
Te|o & g
o o 1

10 -
TVa |l 0o &8 -y
o o 1

(i) Scaling by (S,, Sy)

s, 0o o
s-| o s4 o0

adj(T)

o 0 1
/5, 0 0

s - o /s, ©
0 0 1

(iii) Retakion by 8 (about origin)

cosf  -ain® O
R = ain B coa® 0]
0 0 1
sl #in0 O
R o« | ~ain® casd o] - R
0 0 1

(Inverse rotakion is rotation by -8)

TreicaL Exam Questions
1. FRnd the inverse of 2D kranalabion mokris.
2. Find the inverse of 3D scaling mabrix.
3. Show that inwerse of rotakion mabrix R(8) is
R(-8)
4. FRnd inverse of a composite bransformakion
5. Write propertiss ond opplications of inverse
tranaformakion .

UntT - ITT

INVERSE TRANSFORMATION

I!’T-\MJ"M

5. 2D ReFLECTION AND THEIR INVERSES

7. 3D REFLECTIONS AND THEIR INVERSES

Reflection. about Matrix R Tnwerse R |
[4 o o] |t ¢ o]
X-asis 0 -1 0 0 -1 0
L 0 o - Sl Lo o 1] ‘
-1 & W) |[[-1 & o7
Y - axis o 1 0 o t 0
L o & ] lla & %) |
-1 0 0 2110 aenp |
Origin 0o -1 ¢ o -1 0o
L 0 0 L ¥ L © [} 1]
[ 0 i 0] [ o ¥ 0
Line y=x 1 0 1] i [} 0
o & +Jlla & 34 |
o -1 27| Te =1 oF |
Li.nlu-—x -1 (1] 1] -1 [+] 1] |
Lo o 4)|Le o 1]
6. 3D Basic TRANSFORMATIONS
AND THEIR INVERSES |
(i) Tronslation by (t., k. t,)
1 0 0 t, 1. 6 o0 =7 |
% 2 £ B L]0 1 0 -y
0 0 1 ¢, 0 0 1 -t ‘
o 0 0o 1 o 0 0 1
(i) Scaling by (S,, Sy, 5;) |
[ S, 0 0 0
o 6 5, o0 0
0 0 g g
Lo & Bl 4
[1fs, 0 ] ]
st . 0 1/5 o 0
0 0 1/5, ©
0 0 0o 1
(iii) Rotakion about Principal Axes
About X-axis by 6
[ 1 (] 0 0
R, - 0 coa® -an® 0 R = R «R.(-0)
0  sin® <os® O
L © 0 0 1]
About Y-axis by @
[ c0s® 0 ain8® 0]
] i Q 0 -1 T
Rio | s 6 s ol R ® R oe R0
L o 0 0 1
About Z-axis by €
[ coab —ainf 0 0
sind e 0 0 4
R, = 5 “;‘ i e R, = R, = R.(-8)
L o 0 o 1)
SumMMARY

Inverse transformabion undoes the effect of a bronsfereabion and
factors; for acaling, we btake reciprocol of scale fockors, for robabion,
we changs the sign of the angle (or transposs the mabrix); and for
reflection, the inverss s the sama mabrix (sinca RY o 1) Thes are
widaly used in grophics, animabion, CAD/CAM, and simulolions

e
Refleckion abouk Matrix R | Luwerse R™
(4 0 0 0] | [1 0 0 0]
o 1 0 o ¢ 1 0 o
XY-plane (Z = 0)
0 0 -1 0 0 0 -1 0
Lo o o' 4] Lo o o 1]
1 1 . L.
[-4 0 0 o] [-4 0 0 0]
o 41 0 o 6 1 0 o0
YZ-plane (X = 0) ‘
0 0 1 0 0 0 1 0
Ll woe oy 4] 0 0 0o 1]
T SO - | [4 0 @& %]
0o -1 0 o 0 -1 0 o0
ZX-plane (Y = 0)
0 0 2 4| | Jo o 4 e
| 0 w0l oe E [0 0 o0 1]
TE R EIIRTER RS
o0 -1 0 0 0 -1 0 0
Al G
9 0 o =L ¢ | o o -1 ¢
TR Lo o o 1]
8. Compostte TransFormATION
I’aqmnfhmfmhwhﬂ
T T Wiy T T
-1 -1 =1 =1 =1
Ll it At i

(ie.,

9. Prorerties oF Inverse TRANSFORMATION

T T« T T+ 1 (Identity makrix)

Inverse of inverse s original: (T7')™* = T
Inverse of a product is reverse produck of inverses.
For rotation matrices, R™' = R’ (orthogonal).

. 1
T o
ITI

£ ® =B ¥

Determinant of inverss:

10

. AppLICATIONS
Restori sinal ebjiek i i Al ardinals
R&vﬂr\s' "utrumfov—"
Used in hierarchical modeling (Scene graph).
Essential in robotic armas and motion conbrel |
Used in compuber vision and graphics pipelines J

(m) . ‘

S RREN

>y

ImporTant Pornts
Tranalation inverse —» regake (tl'ha'ta)
Scaling inverse — reciprocal of scale factors
Rotabion inverse — angle changes to -8
Order is reversed in composite inverse
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COMPOSITE TRANSFORMATION

Compo.si.&.

1. InTroDUCTION
Corruponi.h!rnmfmrmﬁmhl’.hn.
uPPli‘d.hnnmqnmnm,nndH\mwlrulL
t{fukh:quivulm}.kﬂn.ibtah
b—umforw\nl:im.

2. GeneraL Form

Ifu..:uhhpi..tmu{umnl.hsT‘,
then the resulk s further broraformed

%T,,hwm}m
T is:

and.
Pt e Pid T KR P

3. Orper oF TRANSFORMATIONS

Mokrix rmulbiplication is not

commutabive .

T Ty = Tyl

Therefore, the order in which

GeomeTricaL Representarion (2D)

Exan\Pll. Translate ba ft,“ta)

then scole by (S,. 5,)

Y
A
Pix, y)
fP 4 Prfmes by iy
/ /?’T (oftar branslabion)
r’f S
o o |
/J e i
-fi’/ @ P (5 (x+t),
3 Sy (y+ b))

ImporTanT NoTe
The. kransformakion. that is wrikbten on
the right is applied first.
T = Tyt
First opply T,,

then apply T,

U ©

4, 2D ComposITE TRANSFORMATIONS

7. Exampie (3D)

(i) Tronslobion {ollowed by Scaling Rotate o poink 90° about Z-axis,
First translake by (b, £,), then scale by (S,, S,) then trorslakte by (3, 2, 5)
Find the composite mabrix and the
e pestion <f P2, 0, )
Where ,
& 8 i G 0 -1 0 0 100
- p = 10 00 01 0
A - R.(90%) = i
;o S - 0 s, 0 2(30%) 5 & 4 W 6B i
0 1 0 o 1 0 0 0 1 00 0
s")
5 0 S04 0 -1 0 3
- s, S
¥ 0 Sy Sy by T.T R | PO 02
0o 0 1 0 0 1 5
———————————————————————————— 0 0 0 1
(i) Scaling followed by Translabion
First scale I:ﬂ (5_.‘,55'], then tronslake hﬁ (tgrts) 1 3
0 3
[ ] P T
T = T 8 2 7
Sa, 1 i
s. Bk
T - 0 Sy by So, new position P'(3, 3, 7)
o 0 1 ;

Lol * L .

5. Examee (2D)

8. ProperTIES
* Cw transformakion s the produck

Rotake o point 90" abeuk origin, then tronslobe of individuol Eransformakbion mobrices
by (3, 2) Find the composite mabrix and the new #  Mokrix rudkiplicaks = iakive t
postion. cof PULy2). Ty Tad Ty = Ty CFe T
Rotation (90° about erigin): || # Not commutakive in general:
0 -1 0 L 0 3 T T # B T
BEa|]t © OI.T.-{G 1 21 | ® Order of transformolions is important
o 0 1 o 0 1 > —=
Composike transformakion : 3. heacaraoes
1 0 3 4] -1 4] v Used bo perform complex operakions
T-T,R-|i0 1 2]{1 0 0‘| with o single mabris
o 0 1 o 0 1 + Essenbiol in hierarchical modeling .
0 -1 3 v Used in onimabion and robotics
- {1 0 2] v Ued in camera/view tronsforermations
0 0 i in 3D grephics
1 1 ;
Nﬂw‘p.{g].p'.Trp.[iJ || 10. Aovantaces

Lsi_m Pnuikian.‘_—P'(i, 1)

6. 3D CoMPOSITE TRANSFORMATIONS

-

(i) Tronslotion followed by Scaling

(iL) Rokation aboub Z-oxis (8) followed by Translation (b, by, t.)

R.(8)- [

Trpicar Exam Guestions

1. Define composite branaformakion with example .
Show that T = T, T, and P = T, (T, P)
Find the composite mabris for:
(L) Tronslabion khen nealing (2D)
{ii} Rotatior. then tronslabion (3D}
. Find the final position of o point after given

composite kronaformakions

Prova thet (T3 T, T3 = T, T Ty

L

-~

v Easy bo implerent using matric operabions .
v Provides smooth and accurobe resulbs

11. Lymarions
XInmrru.d:ardnrai.vuwrmﬁrwJ.h.
xﬁmm;hbimaf{baﬂrﬁ-yeh\hmrs
*% Horder to inkerprek geomebrically

4 0 0 ¢ 5, 0 0 ©

0 1 0 e 6 s, 0 0

(- R ] ¢ 0 S5, ©

Lo o o 4 0 0 0 1

[ 5, © © 5;¢&
I o |
0 0 S5, 5.t

L o ¢ o0 1 |

T « T. R.(8) ‘

12. ImrorTant Points
I VAR A N P
#  Rightmaost transformabion s opplied first.
# Ll homegensous coordinabes

Tt (Ty Taeg - Tij_l i Tt_l T-x_‘
# For rotabion rratrices, lnverse = branspose

T—I

I

cosd  -aing 0 O 1 0 0 ¢t
A eaaf o ¢ e 0 1 [+] by
0 o 10 0 0 1
o o o 1 0 o0 e 1
s
SUMMARY

Composite transformabion is the combinobion of bwe or

lmqumwam.mm

transformekion mobrixz i obtained by maulbiplying  the
Mm.nu_m.gwnummﬂ
used in compuber graphica, animabien, CAD!CAH,nhnb;u|

and simulations bs perform complax eperabions efficiently

)|
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WORLD COORDINATE SYSTEM
1. InTrobucTION 6. Features oF WCS 10. ImeorTance oF WCS
Muu-klcmrcﬁnnttsﬁnhrn(wcs)hu ‘IELnu.rig\t-l led Cortesi " syakam . ‘* Prevides o commeon and consistent
riﬁhh-hnnd.nd.‘ 3D mord.lnnh sysbern, * Oriﬁi.n (0,0,0) is T P TR reference 'fcr all db.]u:k.s
used bo specify the position and & e i . _ |¥S'unpln'q'tuobjg:kmodali.n3.

orienkabion of ohjecks in the werld

G b : ; ;. # Tt is independent of the viewing or projection e B

| of ohjecks.
Lt is independent of particalar Pt
Vimis e gt i * All objecks are specified with respect ko WCS . | # Foundobion for further bransformabions
» Tt serves os the M"ﬂ PomL fw all | (trwu-l.n‘:i.oﬂ., rotokion , u:ahn.s,ltc)
2. DerFinrrion transformaktions . | # Eassentiol in animabion, simulation,
A 1d e “J‘E""" = ruud. | robotics , CAD/CAM , and 3D gomes .
7. ExampLE
reference coordinalte system.  in L e s o |
i'ln].l.obj-:ksi.no.amm Cmadu&mpmnhmmld:mrdmnhnﬂduxn
11. ProperTIES
defined. It provides o common P1(2.3.1) L = —
fmrk. rol- mnd.-.una, P‘.n.:u-\.& and Pz {—-1, 2'1}} * Riah-l’.—h.andl.d. lid-ll‘-l-l'ﬂ.
" ” #*  Origi 0,0,0) is fisced.
&.run.n.forrnmﬁ ohJa:k.s P3 (0‘ -2, 3) g ( ) s r
#  Axes ore orthegonal .
3. Axes OrrentaTIOn ¥ #  Unit length along each oxis.
e A p— AR ¥ Used to dafine oll ckjucts in the scane.
-
coordinabe syskem.. P, (=1,2,4) 7 : l
I i P I
¥ Right-Hand Rule ?-_1' 1
T W : : e 12. AovanTtaces
and midde figer of | ! = _ ;
S T bt new I 0(0,0,0) : F P, w il w ¢
X | ond the index finger e f, 7 -
0(0,0,0) pryea E P, (0,-2,3) . .
the middle finger AR v quuimmmﬂu:ﬁnmndd;nﬁ
poinks olong +Y, : ;
v Essentiol for all tronsformation
£ W 8. Worp Cooromnate SvsTem VS . ! J
¥ s 2. ) OtHer CoORDIMATE SYSTEMS " '
Coordinake
P / Use D on
urpose epends
St 13. LiMrTaTIONS
World Defines the posibion of | 1, jenundant . : _
53.ibuv\ (wWes) Liard. frnnd.ll.[na 3 o Olzgu:la. may appear Elhﬂ“r\t.l.u J.rﬂl'l'L
4. CooRDINATES IN Cosedi i b "'}f"a . s and iy
A"‘ﬂ poink P in werld space is M S&d!m (VCS) e (cnmun) s
by « briplet of coordinakes. Davice R A e . 14. AppLicaTIONs
[p:(,cw,amlw)] mcs) :‘““;"ml'*"”- ) ® 3D ohject medeling in CAD systems.
El screen ). Arirmoki i foiks
where , B —_—— — _—— _— : i undmd _ ; ;
MNormalized s irtual ml""‘d simulation .
- distance along X -axis Intermediake sybem.
G . : | Devica. il poajaat Prajeckion | | ® Robotics and automation..
Y B m. along E_: cwra;m;:ms) (_"1 o) transformation ® Scientific visuslization .
s nlane | S&“‘"‘ & 3D garmes ond interochive graphics
5. Homogeneous RepREsENTATION 3. Transrormation CHa 15. Summary
In hnmsm coordinates, o poink ObJ"d:‘ defined in WCS are bronsformed to The World Coordinoke %ah.rn. s o
in WCS is written as: Pl wppsen 7 M gtnian. righk-handed 3D coordinate system thak
Pum |y = and posibioning chjecks in o scene. Ik i
1 World Views Normalized Device 5 = :
F"f’m u&_na il ki Syabem sm Erun.lformah.eru in  eompuker
(Modeling) += — = = = = — = = — — — — — — — — + (Display) grophics .
Ker Points Typrcar Exam Questions RGPY Notes Huse
# WCS s the starting coordinabe aystem. 1, Define weorld coordinabe system * *
* Right-handed: +X = index, +Y =+ middle, 2. Explain the orientation of world coordicnte systam .
+E = thumb 3. Weits the b veous bokion of 6 poink in WCS Keep Learning , Keep Growing !
4 AL objects ore dafined in WCS ¥ Didkingiioh” bikicaar WS, VCS, and DCS = by
5. Drow the world coordinate systam and explain.

# Tranafsrmabion chain: WCS = VOS5 = NDCS == DCS




1. IntrobucrIoN

The screen coordinake system (SCS) is a
2D coordinate systam. used to specify the
position. of points on the disploy device
(monitor) . It is the final coordinake systam
in the grophics pipeline where objects are
ackually drawn (displayed).

2. DeriniTIoN

Screen coordinake system is a 2D
rectangular coordinake system whose
origin is ak the kop-left corner of the
screan. and where the X-oxis s bt the
right and Y-axis is dewnards.

3. Axes ORIENTATION

Unrr - IIT

ScREEN COORDINATE SYSTEM

171601 - COMPUTER GRAPHICS & MULTIMEDIA [ Topic - 14

Sm
Coordinake
SLJ,al:.em

6. Screen CoorDINATE SysTeM Diacram

o0,0de 1 2 o o
= X
4]
1
2 ] |
P(x, -!':I-s)
& e
Qa(s,3)
T Sl /2)
R(x e 5 Yrnax
Y (%max » Ymax)
7. ExampLE

10. ProperTIES

Fixed origin ot top-left corner.
X increases to the right.

Y increases dowrwsards,
Integer coordinates.
Left-honded 2D system.

Usedl: fer mapping and. didplay .
Resolution dependent (depends on
rumber of pixels).

Final stage in graphics pipeline .

* & * * * » %

*

11. ApvanTaGces

v’ Easy to implement.

v Directly relobes to display device
v Simple inbeger arithmebic.

v Efficiant for roster display.

v Compakible with pixel addressing.

12. Lowemarions

X Depends on screen resslubion,

X Not suitable for object modeling.
X Y-oxis direcktion is opposite of

X Different devices — different pixel

ranges .

o 00 | s nceeans b skie 800 600 sixabe:
Then :
St x’:aﬂ?_g‘i] ]
y, € [0, 599]
Top-left pixel = (0, 0) |
¥ ( ; Bottom-right pixel = (799, 599) J
Y e+ Ymman
Poink P(200, 150) is 200 pixels from Left and
Importank : 150 pixels from top.
: :r:::.io}bu: H::hft 8. WorLp COORDINATE SYSTEM vs
o T & Screen CoORDINATE SysTEM
® This iz o left-handed coordinate system. ( Feabure Wﬂdwmﬁumlmwmw
Type 3D Cartesian 2D Cartasian
4. CoorpinaTes 1N SCS T : T T S
Aroy poink P on the: scrsan s reprasentad | [— ——- —__Riahk—_—__ﬂia_hh_—
N I . . —
Z-axia Oub of screen Not present
T‘Mmfmhﬁdr Units Redlorbd wnils: Pk
y, = vertical distance from top edge [ Vsed for Modeling objects _!_D“Ph'di“s“".l“'“
x, € [0, x.] | Handedness Right-handec | Laft-handad
u, € [0, ymau]

(Xmax * 1) % (Ymax *1) are the botal

9. TransrormatioN To SCS

To display an object on screen, coordinokes are
mﬂ.ﬁnd.. frem. Mormalized Device Coordinakes (MDC)
range (-1 ko +1) to Screan Coordinabes.

-

5. PmeLs anp ADDRESSABILITY Xnde + 1 Note: y is inverted
X, = T % Rmax
# Scresn ia made of pixels. G5 Y
# Each pi has @ esordinates 1= Ynde Lnereases
] - A ——- =
pisal: 'has inkigar Ys 2 Ymax | ,
# Smaollest addresable unit s a Fu_qu S
#  Top-left pixel = (0, 0) where (xpge © Ynae) € [-1, 1]
# Bottom-right pixel = (% 0u , '.:Im) Example :
For an Ny x Ny screen: | If (xpde + Ymae) = (0, 0) and screen = 800 x 600
Tpox = Ny — 1 Then, x, = 400, y, = 300 (center of screen)
L Ymex =Ny -1
TrpicaL Exam QuesTions Kev FormuLas
1. Define scresn coordinate aysbam 1 Ronge: 0 s %, s =, ., O0s y, sy,
2. E!Flm'n axes orienkakion o SC5.
3. Write the range of coordinotes in SC5. 2 "m'""inﬁm'N\q‘1
4. Corwert MDC (0.5, -0,5) to screen coordinates = % .
for o screan of siza 1024 x 763. i e i
5. Compare world coordinakte system and screen . H.'(I"Emg) 2 e

| cosrdinats aysbem .

13, Avpurcarions

Du#.mjln.s 2D and 3D sna.‘ﬂ'uu
Dmmins lines , lhnplu, baxk
GUI (butkons, manus, windows).

Animalion and games.
CAD, CAM und.mdahmd.upl.n&l

14. Kev Pomrs

# Screen coordinake system is 2D,
# Origin (0,0) is ab top-left corner.
# X = right, ¥ — down.

# Coordinokes are in pixels.

# Final coordinate systerm used

(15 Suwaer
Screen Coordinake Swh.ru is a 2D l.q:rt-,-
harnded coordinaks ;sd:grn. used ks "'P“‘if*d
It has fixed origin ab top-left, X-axis to
the right and Y-axis downwards. It is the
pipeline where transformed objects are

RGPV Motes Hus
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15. PARALLEL PROJECTION

Pr‘ojecti.nn.

1. InvropucTioNn 6. Diacram oF ParaLier Prosection
Porallel projection is a method of projecting
3D objecks onto a projection plane using

Prajectors ‘
parallel lines of projection.. (posliat) (i) Orthographic projection (along Z-axis):
It is an approximation of perspechive projection P = (2, 3, 0}
E] |
|

11. ExampLes

Let a point P(2, 3, 5).

and is widely used in engineering drowings i
onad W V“Phu 1 (ii) Obh.clu.l. PruJech.oﬂ. :\lor\a d= (1, 1, 1)
t 2 g e B2 anaE
2. DerinrTions i ) n 1
® Projection Plane (P): The plane on which Z x" = 2-5(1) = -3
the object is projected. y = 3-5(1) = -2
® Projectors: The parallel lines from points ® All projectors are parollel to each other. : 8
on the object to the projection plane, ® Object is projected onto plane P. | 5 E
® Porallel Projection: Projection cbbained So, P! = (-3, -2, 0)
using: parallsl. projectors.: 7. MarHemMaTICAL FORMULATION
R
Let int P have coordinakes g z). Ik jected
3. Tvres oF ParaLLEL ProsecTion Rape hite : s gy =) ST 12. Aovantaces
Turo cormmon bypes: v Simple ond economical .
PUPSERSIE S T el [ Pr=(x%y,0) = (x4, 0) v Useful for engineering and technical dracsings.
® Oblique Projection - Prgjectors are
inclined ab an n.wsll. (=) to the Prchcllm | (u.) %hqu‘ n’\:‘u I ( Jireck ) “- g n)) v Pn.n:l[a.l.um
plane. : 4 e, ; b e
Lak the projectors be inclined ok an ongle o. ¥ _ e e b
4. OrtHoGRaPHIC ProJECTION Then, | il )
In orthographic projection, projectors are | x' = x + LU, y' =y +tm, 2 =0 |
. *ﬂ tht‘ - . ] -~
N where b o= - 13. Limmmatrons
n e
p : ‘ X Does nob provide realistic depth perception.
% i | b4 Orﬂ'\.ogmplur. proj-ud;i.nﬂ. sl'.vu no 3D l.ff:d,
Y o et x =x—-——1, y'=y-—m, z' =0 - ik
7 - = n n || ® Oblique projection couses distortion in size.
X Not suitable torealistic visualizakion
J—‘ X 8. Comparison BeTweeN OrTHoGRAPHIC AND OBLiQUE e
z 2 =—= === = = | x An.5|u and Lanﬁl'.h.n are not preserved in general
Octhigraphic. Oblique :
Orh_hnsruphi.c Views Prajection ‘ Projection (bliquia)
Front View (FV) Top View (TV) o Perpendicular to Tnclined at ongle o
Y Y f = L plone ta plana
| 1 | || Angle = 90° 0° < & < 90° 14. Ker Pomrs
| — s Woi' " W B & e ) .
" x _— Tmmm_e“mt|G PR— Parallel projection uses parallel projectors
e | b Two types: Orthographic (o = 90%) and Oblique
Right Side View (RSV) Depth Perception. | No depth effect | Some depth effect (0° < « < 90°).
¥ ‘o Rl VN R e SR [ S e ™ S :
f ‘ Aeplicabi Erginairing: dracingi, Plckortll stuiic; B Orthographic projectors are perpendicular
CAD illustrations | to the plane.
7 — [
| 9. PROPERTLES b Oblique projectors are inclined ab angle o
5. OsLiaue ProJecTION ' : :"-'F“*"" ar; porolial, ¢ Frellal prepciion gt POl
. e . | arallel’ projection. preserves | = | Used wi i i 4 i and CAD.
In oblique projection, projectors are parallel | % o ic prajacti N | e Yt ] h-ddﬂmmﬁmwu\sdrmuman
ko each other and inclined atk an ansln. o ko e ek
the F‘Jm X leu y | E ] Oblu]u!- Prodecl.nm shous foru.ihorl&m.n.a 15 SUHM#RY
/ # Simple and easy to implement. | - ) . pt .
|*ﬁoeamtd\nnlrunl.hﬁndapth{nbptmp¢.rjim}_ Parallel projection is a simple projection technique
9 |u.:ngpumu¢1prqu.ItP-od..mpammu—
a/ 10. AppLicatIONS wﬂwa,rnpl’u views of 3D nbjnd.n on a projeckion
- v Technical and enginesring drowings. plane  Orthographic projection gives btrue size in ab
[ Common: Valuss of & 1 ::c.m S I o least one view, while cblique projection shous some
a (Angle) Type 7 s & s mdia'_ foreshortening It is widely used in technical fields
o = 0 Orthagraphic Prajection 3 s. ¥ . &bt 2 )
[0 <a <30 Oblique Projection v Mep: piapclions aid i ::'h . s e BAl S
| @=9° | Orthoguphic Projct = v 2D representation of 3D obj in computer graphics
TrricaL Exam QuesTions ImporTANT FoRMULAS
e 1 S e RGPV Notes Hub
1. Define parallel projection Orthographic prajection (along Z-axis)
2. Differentinke between orthographic and oblique projection ' mx, oy w2t =0 ) ¢ *
3. Derive the mathamaticol formulobion for oblique projection ® Oblique projaction along d = (L, m, n): K | ; K o
4. Drow front, top ond right side wiews of a given object ,'-,-%l, ,'-5—%.-., 2 =0 i Bisiing
5

List applications of parcllel projection i,
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Notes Hub

1. INTRODUCTION
Paru’:ar.timprojadinn.i.namaﬂmndwr
prejecking a 3D ohjectk onto a 2D projeckion
plane using projectors that converge ot o
single point called the Center of Projection
(COP).Il.ai.mﬂ.mnluunmmﬂnrh
Objects farther from the viewer appear
smoller, and porallel lines oppear to meet
ak the COP (vanishing point).

2. Dernrrron

Perspective praojection is a projeckion

ok a single poink (COP) before intersecking

3. Ker TerMs

8 Center of Projection. (COP): The point
fram where projectars originate.

- Pl"bJ.d.u‘.\n. Plane (PP) The P}nnn, on
which the 3D object is projected.

® Stakion Poink (SP): The position of the
ewer's eys.

8 Picture Plane (PP): Same as projeckion
plane.

4. Diacram oF PerspecTive Prosection

pruju:ﬁnﬂ.
Plane (PP)

[NipmepuumshcoPmium

the projection plane. |

5. Tvpes ofF Perspective ProTection
(x) One-FPaint F'urspn:h.wz

Object faces the viewsr directly.

One set of porallel lines recede to

o v

() Too—Peirk Porapeskin
Object is rotated so thok bwo foces are
visible, Two ssts of porollel lines receds to

WPy — — VP
—— —

(i) Three-Point Perspective
visible. Three sots of porallel lines recede to

-
Key Points

Porapective prujeckion gives realistic view.
Diskant objects appear smallar

Parallel linas senm. bo mest ab wanishing peints
Number of vanishing ponts dopends on orisntabion

R

Define perspaction projeelion
e Whe disgrar of perspostive prajackion and enpluin
Explnin onepoinl, beo-poink and Lhras-poinl peripactive.

[ e

p—

Unzt - IIT

PERSPECTIVE PROJECTION

6. PerspecTive Prozection SeTUP

¥ P(x, y, z)
& |

COP (Eye) d
Y / "

Where.,

® COP is taken as origin (0, 0, 0).

® Projeckion plane is placed ok o distance d from COP
along the Z-axis.

® d = Distance frem COP ta PP,

F. MatHeMaTICAL ForMULATION

Let a 3D point P(x, y, z) be projected onto PP placed
ak Z = -d (d > 0).

I(x,a,z)-cmﬂinnh-nfhpﬁnlhﬂ)spﬂu
o (x', y', 2') = coordinates of the projected point on PP

o d = distance from COP ko projection plane

8. ProrerriEs

# Projeckors are concurrent abt COP.

# Porollel lines (not porallel to PP) meek ob wonishing points.
# Objects forther from the viewer appear smaller.

¥ Preserves the depth percephion.

# Simple bub compubabionally costlier than parallel projection.

9. Comparison: ParaLLEL vs PerspecTive ProTecTIon

Feature Parallel Projection Parspactive. Projaction
n'wjudarn Porallel to each o"w—_ cqvww? ok COP
Dapth parception. No Yes (realiatic)
Vanishing points None Prasant
Used in Engunenring drowings, Realistic views, games,

CAD animation, films

10. ExampLE
Prajection’ plane ot Z = =d. Paint P(4, 3, -8), d = 6.
Uiing formalis;

Vg &

x' = -6 =) 3

g = -6x — =225

z' = -6
Se, P' (3, 2.25, -6)

11. AppLicaTIONS

Ker FormuLas

1. Range: 0 5 %, 5 Xpmax + 05 4y 5 Ymax
3 e ® Ma T o Gean = By =
3. omgy oW OUxpae +1) 2 3 xmaw

b oy, = (1 - gnae) 2 % Yemax

|12, AovanTaces

v'  Provides realistic view similar to human vision.,

v"  Suitable for isualizakion and presentakion.

v Distant chjects appear smaller, adding
Sapth. pancaption..

v Used widely in graphics, animation and

13. LimrTaTIONS

X Compukationally expensive.

X Objects completely behind the projection
plane cannct be projected
Distortion. in size and shape (not uniform)

More complex than porollel projection.

14, Vanisving Points

Vanishing peints are the poinks on the projection
plans whers. parpllsl lines in space sppesr to
converge.

® One-Poink Perspective —+ 1 vanishing point,
on-Puinl;Pux.P.cHynﬂZvunL.J-\mspuh‘.Ls.

® Three-Point Perspective — 3 wanishing points.

Horizon VPs
Line VP, VP, m\
P . Py \
\ Ill' /Ilf VP, VP2
One=Point Two=Point. hree-Point

15. AvpLIcaTIONS

® Displaying 2D and 3D grophics

® Drawing lines, shapes, bext.

® GUL (buktbons, menus, windswa).

®  Animobion and games.

® CAD, CAM and simulation displays.
® Tmoage processing and visualizakion .
16. Kev Pomnts

Brojactors somverge. ok GOP,
Origin (0,0,0) s ab the COP.
Projection. plane is at Z = -d.
Finol coordinake system is used for display.

* ¥ F % %

17, Summary

from o single poink (COP) ko project 3D objects

onte o 20 plane. It produces realistic views

ak vanishing poinks. Tt is widely used in realiskie
bics ity emulal e L

i L

RGPV Notes Hue
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Notes Hub U.NIT = III
RePRESENTATION OF 3D OBJect oN 2D Screen
1. IntrooucTiON 6. ProJection TRANSFORMATION =
s, Compian daplags ore B ditcgs, Convarts 3D eoordinates to 2D (ackually 3D to 3D | 1. ImporTance
ST et it gl M TR || Lk it gt wlndianal #* Allows 3D objects to be displayed on
e e e e ™| ¥ B B s
series of steps including modeling, & ki, Projeition #* Foundobion for computer graphics,

coordinake transformation, prajection,

g - E animation, CAD, games, VR, simulators.

3 human undecsbandabla. form,
2. OBJect REPRESENTATION = f

| cop | -

A 3D object is represented using : | et
geometric. primitives such as: ~— | .F
& Points 12. ADpvanTAGES
e Line=
| v Realisbic visualizabion 30 sceres.
* Polygons (Traengles, Quodas, ete.) Frojectors are parallel . | Projeckors converge ak COP. f
#  Solids (Wireframe / Surface models) in size. smaller . v  Efficient use of 2D display devices.
3. GenNeraL Process c v Allows different projeckion techniques
The pipeline for representing a 3D object 2. Cuwenis as per requiremenk.
orn 2D screen is: Removes the parts of objects that lie ocubsids the
| 3D Object (Modaling) viewing velume. Commen clipping volumes:
——a ® View Window (2D) 13. Lmrrations
[ Word Tronaformation | ®  View Volume (3D) —_— ' o (2D di )
[ Viewing Tranaformabion B Pingabion: Sk ; .
{Camera Tranaformation )
" xS X Hdden sufoce problem may eccur.
Projeckion Transformation
(Parallel / Perapective) %  Qualiby depends on projection and
' clipping mabhods.
—
[ Viewport Tronsformation 14. ApPLICATIONS
I = *( . ) J 8. VIEwPORT TRANSFORMATION i & L B N R
B (Depley )| Maps the NDC (-1 ko +1) coordinakes to the ackual

e  Virtual realiby and simulabions .
scresan coordinobes (Pi.-.ul..).

4. 3D Osject ExampLe ® CAD/CAM systems.
It performs scaling and translation.
Cube in 3D World — [ ] Smnh.fm visualizabion .
: ~g %7*-” L T S S ® Medical imaging.
¢ 1) L] Trni.n.'una ard 1L5hh sirmulabers .
— w e 220 ¢ = } o+
s 2 Yoman umin Humin e GIS and mapping lﬁltﬂ.ﬂ\.‘
-
where (%, Yomin ) = lower—left corner of waessport
z (Xuman Sumas ) 7 upper-right comer of viewport 15. Ker Pomts
5. CoorpiNaTE Spaces INvoLVED 9. ExampLe: Cuse REPRESENTATION PIPELINE ¥ BDidjeks misk b prgjedad 20
Cosrdinale Space Dascipiion 30 Werld Aftar Prajeckion Aftar Clipping On 2D Scresn
DTS T R [y vy | (S % Projection can be parallel or perspective.
e ‘“‘*“““‘“ _ 4 F::’ ---- ; # Clipping removes invisible parts.
(T Mﬂm‘( .w.r.}.. - % i : i o D # Viewport btransformaobion maps to ackual
Projection (PC) Aftar projaction bronsformotion, L; —::JI P y
= SRR 8 Il = . .8 . R #® Finol outpuk is the 2D image displayed
Hormalizad Davice | Stondord cube with ronge i 3 "
Coordinates (MDC) | -1 ko +1. 10. Common DiseLar Mopes i
Serssn (5C) :e.ln..nr.’znu-...g_..;...-a.. o Wiraframa Modid ¢ Only sdges:ore displaiad 16. SUMMARY
® Surface Model : Only visible surfaces/polygons A 3D ochjeck is represented on a 20 screen
® Shoded Model : Surfaces are filed with colors ko screan coordinakes threugh a pipeline
(flak, Gouwrasd, Fhms -hnd.-ns) of transformakions: modeling — world —
& Tl Ml & CSiifakia ar ok wikh wiad =¢ ‘peaimction. =..clipping =" visopedk
7 e / best i mapping . This process ensuwres thak  the
sbjack appears in correck posiblen, size
Treicar Exam Questions i Kev FommuLas A T

i, Esplain tha procass of rapresenting o 3D ohjact ®  Vinoport Transformabion :
on 20 screan
(mpae + 1)

2. Drow tha pipelina for 3D ts 2D scrsan reprasenbation x. = e % (R = i F X RGPV Notes Hub
g (,,,.‘2+1)

* (Yo = Yot} ¥+ Yo . * -
whars MDC rangs = [-1, +1]
ALK G H J 7 1
No Bl = f - o Parspeckive Projection. (Genarel Form): Keep Learning , Keep Growing !
5. Exploin clipping ond it importance in 3D grophics. N s e ol e B T RN e

=




Top'lc—ig : POINT CLLPPING RGPV IT 6 Sem

1. DEFINITION :
Point c.lippi-na is the process of de:te.rminina whether o given point
lies inside or outside o specified cLiPFIna window (re.c.’co.nauto.r window) .
If the point is inside the clipping window, it is accepted (visible) ;

otherwise , it is rejected (invisible).

2. CLIPPING WINDOW :
3, Insipe TesT (USING INEQUALITIES) :

P o Outside
o) (Tep) OE s A point P(x,y) is inside the clipping window if
xwmm < X -(-. Xuwmax
. Inside
® Outside 5 Point @ Outside Jwmin € < Ywmax
(Left) ( Ria'nk)
Tf the obove conditions ave satisfied, the point
(Xwmin » Ywomin) (ovax; Jeomin) is visible (inside). Otherwise, it is invisible
Outside (outside) .
(0,0) (Bottom) )
7 X

4. RealoN Cope MerHop (4-BiT CobE) :
Each point can be oassigned o 4-bit region code to ct,uicki.ﬂ test its position
with respect to the c.lippinj window .

Rit Position Meaning 5. Region Cope FormMATION :

by (8%) Top 4 if Y > Yumax else O + TInitialize code = 0000

b, (4’s) Bottom 4 i Y < Ywmin else O + Set corresponding bit(s) to 1 based on the

b, (2’5) Riﬂh{: 1 W %X > Xwmax else O above conditions .

be (4’s) Left 1 if X € Xwmin else 0 e If code = 0000 —> point is inside (mpt)
o If code # 0000 —> point is outside (re.je.c.{:)

6. EXAMPLE :

Cl;PPinﬁ window limits @ Xwmin = 10, Xumax = 60 e ® (5,80) ® (30,80)
Jwmin = 20, Ywumax = 70 F0 ---.---- 3

Find whether the 'Follow'ms Poin{:s ore inside or outside usimj nﬁim code .

Point P(x,4) Lecation Reaion Code (byb; by bo) Inside /Outside @ (30,40) @ (F0,50)
® P, (30, 40) Tnside o o ©o o Inside (Accept) ‘?(5‘”) 2 o
® P, (5, 20) Left o o o Outside (Reject)
® P, (70, 50) Right G @ i @ Outside (Reject) 20f------
® P, (30, 80) Top 1 © o o Outside (Reject) : ® (25,10) |
® Ps (25, 10) Bottom L, =L B ) Outside (Reject) : * :
® P (5, 80) Top-Left 1 e el Outside. (Reject) O 12: slo A

Note : Point nlippins is o very simple and fast oPera:Hon since it mlﬂ
checks the Poslﬁion of o sina'u peint with respect to the diﬂﬁnﬁ window.
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Notes Hub Unzt - III Line
Clipping
INE CLIPPING ALGORITHMS Algorithms
1. InTroDUCTION ) y 4 .
T —- P Al T Considar e R, ) - RO, ) N 1. A
Fnrhmufﬂ.l.lnﬂ.t.ﬂ'uahhlm o s i 1 o s b =@ A 2 DVANTAGES
L].ln.ﬂﬂ W Ln_rl‘lm!ﬂltﬂ.(. oreL. 'L‘h'"h.' » L
tha d_..FP._ﬂe windaw. Only the siabls e 2 P ek i v Removes irwisible parts and
portion lnside the window iz reboined for x-x-*hfxz—af-‘}
. 1 ; . - reduces “ ki
didghay, b impriis Saglal, Sffisancy y =y +vely-y) O02ezd e Ma
il et ! - If g, <0 — Line s oubsids Rajock v Improves disploy efficiency
Intersection with boundariea : - I g =0 = Mo effect Go bo next |/ Essentiol for complax scanes.
2. Cupring Winoow 3 "
For Left boundary (== %) o | p<0 v Algerithms are simple and
A reckangular dipping windsw s defined Ol e e ; x
' =X eanily implementable
L e M. ' -tea/m
y =y * by -y - If &7 & — Rejeck Line
Xy = Left boundary ® For Right boundary (x = x..) = by = s =
s = right boundany b m G =) (=) . 4 p>o 12. LimTaTions
o= - y = 4t bly -y . <% '
Ymax = Eop boundary = I/ P Dependa on
* For Buttmlummdand (y = yuu)
- If B<ty = Rejeck line. Extro. compubakions for
X b (g =y /7 Cyy - y)d SO R R : Y ;
x = w4 EC:.,_-:.‘)
(% i s Yo L€ SRR | 3, I b £4 — Line is wiaible | X Nt suibable for curved objects
liw}  Example Clpped Line from kg to by Ginisid cthiar & i 3
Clinet Cilppuns Window | %, 0= 2, x__ =8,
W o™ 20 Hean =6 (i) Exmmpla
Line : PR (1,3} = B(9,7) Clipping Window © %, = 2., %o = 8,
1: Rigion Codes Yin = 2, W= b
[ D YO e s e g .
2 R oom tiag loa © BC1,3) = RO, T) 13. AppLications
F,(9,7) — 1010 (Tep-Right) P g b Computar graphics and visuslizabion
3. Tvees oF Line Ciirring Cenda, | cedey) WO and Cesda, B esda) =8 Left o= =B, q =~ o CAD/CAM sysbeme
There ore ko commonly used Line = Partially visible Right : p, =8, q =7 ¢ Gungrachic: informal i
clipping algarithms : Step 2 : P s eubside (Left) Inbarseck with Bottorn 1 py = <&, g, = 1
(i) Cohen-Sutherland Line Clipping Lefe boundary == 2 Tep Eopy g = 3 ) B
() L—Lﬂnﬁ—Bch-lud Line c""‘Pf“"‘S b= (2-1)/({9-1) = /8 L] I‘““ﬁ" processing and.
y=3+Lt-m -3+t -as e S e g sk
4, Conen—SutrerLanp Linge Cuppivg ALgorimhm . 1 1 —
New peink P° (2, 3.5) For Left t.*i -ttg=-a- IVMWMW\M
(' Region Code Sap 1: Now B ia inside (0000) Rl ¥ s L ek
Every point is cssignad o 4-bik region P, is subside (Top-Right) Inkerseck with B 5
cods depending on the pasibion of the s . g B E.Bm:h--:'__.m.ﬁux
point wrk. the clipping windouw. O DI EN ! e o kil aleed 14. Ker Pomnts
[ %
Bit 3 Bik 2 Bit 1 Bit 1 1-2.%(9-23-2*:_‘-?.25 Bt i E B # Line clipping ensures only visible
] =l g = 2 bne s vable ]
Top BOTTOM | RIGHT | LEFT Mo e B° 07,85, 49 8 W portion. of line is drawn
: cl Enal Poinks .
1 — Poink is cubside the boundary Chipped Line ¢ P’ (2; 3.5) = B (7,25, 6) Lipped. # Cohen—Subharland. uses region
0 = Poink is imside the boundary F..-t--;- - (2, 3.5) Jus (A-EL)
Y
Ragion Coda Chart 3 Fc-ﬁ‘%—'('i'.ﬁ) # Liong-Barshy uses paramebric
okl || ey & B i Clipped. Line : (2, 3.5) = (7, 6) i e
(9 (8 (10) /’G 25, 6) Py ' # Bobh clgorithma give some
x €%, | 0001 0000 0040 | x ... 3 .
i \ == T2, 8:8) e
M| o (0 (2) | CRigh) gt
P1,3)
0101 o100 0110 - 15 § -,
(s) () (6) 2 8 » _ SUMMARY
Y € Yos (Bobbom) 5. Lranc-Bamrsky Line Ciieping ALGORITHM debermine bthe visible park of o line
(i) Staps of Algorithm | o foren o Linae lying inside the clipping window. The
1. Compubta &-bik reagion code for bokth ’ %-Mﬂw“
and pointa P, and Py o= omy otk (e -xy) ] region codes and ia inbubive, while
2. If (coda, | coda.) = © !3'51*t(5a-s,) 0:sipigl | the Liang-Barsky algorithm is foster
— Both points inaide Accepk tha line, and more efficient as ik avolids
3. Elee if (code, & coday) # O GF Fop adib Bundalny, o ik’ innqudlibiy: i Uia - i compubing inkerssckion poinks
— Both poinks cutside in cemmen ragion e repackedly  These algorithma are
Roject the line la 4 P En | rmm“hsww
4 Elaa — Line ia partially wisible =S s =T for realiatic diaplay
Fad the inbarsackion peink with the Righh . £ ) P ey
Ww"“wh Bokborm, (4 2 )| = (s = u,) Hi T Hewin
mw?:ﬁ;—mm Top (!sgm) Cia = wa) Yommm = s
— —_— I - RGPV Notes Hub
Treicar Exam Guestions Kev Fommuras
1, Dafine Line clpgpeng Why b b necsssary s compubsr  graphics 7 * Poromabric Form o e ":'E"l_"‘; . * bt
z&mwwm%wmw H =gy Y Eldg-u
3. Enplain Liang -Barshy line cipping olgerihm wikh asample * Intarseckion (a.g., Lape) : Keaprmnﬁ,Kcamensl
#. Compnrs Cohen—Sutharland and Liang - Barshy algeribhme bom o —mg o (xy -my Yooy +ob gy - u)
5 o Inaguality Form (Liang—Barsky) = p, b 5 g

Drow ragion code disgram for Cohan—Sutharland. algaritho
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CoHEN- SUTHERLAND LINE CLIPPING ALGORITHM
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1. InTrooucTion
the clipping window. Cohan — Sutherland.

2. Cupping WINDOW

ﬂmzhnﬂ.‘lard..mmudgﬁnd
laau:a.ianundnﬁ-u:

in = loft boundary
Xoam - Fight boundary
Ymin — botkom boundary
Yraw = top ‘boandary

Y
(x,.._;,\,tdm_.l (Xm-‘.:lm)
Clipping
Window
(i + Yoin) (.

= X

3. Recion Copes (4-BIT Cope)

The area around the clipping window is
d.ivid-d.inbngr-ﬁinu.En-hr-sisnh

4  Assiening Recion Copes

For a poink Plx, y), the b-bik region code s calculaked

M3(TDF] -1qu)!.|m elae O

Bit 2 (Botbom) = 1 if y < yuin elae O
BiLi(R;ﬂhL) = 1 i o me,, elee O

Bii O (Left) - i ® < X elee O

Example. :

Clipping Window * %m0 *= 2., %00 * 8, Yoin * 2. Yoau ® 6
Poink (2, y) Pasition M(Twmwhﬁllﬁ-ww
P 61,3 Left o0 0 0 1 0001
B (9. 7) Top—Right. 1 @ 1 9 1010
By (5,4) Trside. 0o 0 0 o 0000
P, (4, 4) Botbom. ot 0 O 0100
5. ALGORITHM

Step 1 ¢ Compute 4-kik region codes for both end poinks

P, and P,
If (Code, | Code,) = O
— Both poinks inside Accept the Lline
Step 3 ¢ Else if (Code, & Code,) # O

~+ Beth poinks oubside in sams region
Step 4 : FElse

— Line s parbially wisible Find intersechion point,

replace the cubside end poink by interseckion poink

Logical Operokors Used :

Step 2 :

-

_ProperTIES

Bosed on region codes (hebik)
Efficient and fask .

Suitable for Llines

= & & & O

Werks in beth 2D and 3D

10. ApvanTaces

I
]
i

11. LmrraTions

X Neot suikable for curved ohjecks
(need polygon elipping)

X Exbro steps required ko find

X Works enly for reckangular
clipping  windows

12. AppucaTIONS

represented. by o 4-bik code as follows | - Bibwise OR
& - Bikwise AND ® CAD/CAM systems
Bk 3 Buk 2 Bik 1 Bie O |' . . o
or | sorrom | rient | T 6. Finomvg InTErsecTion Pomt ¢ Conpal Jaicis G 0uERREY
oo P m When o line is partiolly visible, we need to find inkerseckion ® Image processing and display devices
(9) (8) (10 ot oF W o s i
Lime ¢ Pylmy, 40 = Py, ys) ¢ Animabion and gaming
0001 0000 0010 We use paramsbric farm . Rt R
1) [{:}] (2} ( x = %, + i‘.f'xt-xlj
0101 0100 0110 I y =y, o+ by, =y) Detksd
(5) () (el Triiiaibies, with bl 13. Kev Points
.3;_ b i L] Ll.fk fomeae Y @ B ﬁ . H'Ul°+'t5='b'1} #*  Uses 4-bik region codes
i g - mam - My - = # (Code, | Code,) = O — Accepk
Inaide (0000) - Inside the windews * Righte (== =) k Py y =y ¢ bly. -y ; i ceepl
Oubside = Any non-zera code * Bobbom (y = Yuald : L= 'E;m__;m‘ . omo=oxyo+ b=y -x,) # (Code, & Cods,) # O — Reject
2 i1
Example : Top—Right region = 1010 i Tﬂp (H Z Hm) o gmu “_;ﬂi R t(“z':“nj % Elae — Pa.rl’.mllﬂ winible CLfl and
2 1 &Fﬂh
8. Frowchart 7. Exampie #  Inbersection s found using poramebric
Clipping Window @ %pn * 20 %pew * 8. Yoin ® 2 Yuau = 6 equations
Line : F (1,3) =P (9,7)
= J |
Durstion | P, (Coda) P (Code) Ackion Poucill 14, SumMARY
1 1,33 9,7} ; 2 Fimdd intarmackion.
oool 1010 i with, Laft bowndary Cohen —Sutherland  line clipping  algorithm
FurL;fL{n-Z]:L-%.% -5'3’—;"”‘3]‘3-5 uses region codea ko debermine the wisible
Mo P, = (2, 3.5) portion. of a line inaide & rectangulor
2 {2,3.5) £, 73 Rurtially visible Firel inbarsackion. clipping window Ik clossifies the line as
o000 1010 wih Right beundary brivially viable, trivially inviaible or partially
For Right (x-8) : b= S22 . & y=35+ £ (7-35)-¢ vinible and calculates interseckion poinks
) New P, = (8, 6) with  windew boundaries when Feguiced
o RS ) T3 | (235 | @ I & jenk ond widaly wsed in
| Faploce mubsids  point = o000 o000 (Code, | Coela,) = O Accapt the lina. “‘H{M whdaly s i
L i = | graphics pipeline
R P Clipped Line : (2,3.5) - (8, &)

Trricar Exam QuesTions

1 Define line clipping snd exploin Cohan-Subherlond line

elipping  algorithm

LE N

What are the advantages of Cohan~Suthertand algerithm 7 r:
Exploin, with esmmple how inborseckion poinks ore found
Compare Cohan = Suthariand and Liang = Bartky algerithm

[ Kev_FommuLas
S, Ty .

e oo+ bimg-m), ym=

y, + bly-y)
Ozt

o Litleeaund & ke ":n-:: vogm oy e blgey)

Right (xm mpu) ¢ ke ZERE L e yos k- )
¢ Butom (y = yoo) ¢ b Ho2H xmox v bl o)
Tl ogend 5 bs TR e bla)
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Notes Hub Untt - IIT Liang - Barsky
| TANG-BARSKY LINE CLIPPING ALGORITHM

1. Intropuction 5. ALGORITHM

Line Cl.-ﬁ:-nﬁ 3

Liang -Baraky Lna clipping algorithm i o Step 1 : Inibialize & =0, tg =1 8 S 5
e L e i aedl . STEPS SumMMaRY
presmatiie Ke:ipghg ' aisg S | B s T i e e I o i
Step 3 1 Compute dy
window It is fosker and more efficient thon
-5 P & o If p=0 and g <0 — lne is porallel and oukside Rejeck # Compube p and g, for four boundories
i fw 3 : .prl-oﬂalio—'UMLsranMM-MIM * Inkicl H'oats'i
e If p <;_'—- potankbiol enkering bowndary % Upd b, ad K
R, | s =
2. Cuiering WinpDow Rems O BT e b=k ® I b r ke = rejet bhe e
A reckangulor clipping windew s defined * I p >0 = potenkial leaving boundary T . -
by et Ihaiioita i t-%:— P B <k bhen konk A G R K
xM-L-.fI;hounAm-ﬂ .Ith>L€—oliMia.cwrl-.hlsnd:ﬁdg.Rns-¢L
%, - right boundary Stap 4 1 If 0%k £t £1 — Lne is viable
S ik s Clippal - wanrianil it Prgms: Ay aiby 9. ADVANTAGES
Yoy - top boundory Logical Munirgy, v Very efficient (fewer computations)
b, = the largest enbecing parameter (fisk entecs windew) .
Y tg = the smallesk leswing parameber (last leaves windsw) R i dgs. S
v Suibable for real-bime mystems
Coic s Winan) (it s U 6. FLowcHarT 7 i Al (G ek adl
cL ing Tnpubk ¢ Filx,,uy) . Pyl 4y - g
Wi Windows! %, i % s Wi § Hoae
|": B S e R 1 10. Limrtarions
(%rmin s Yomim ) Cxman 1 Yrin) % Slighbly complex to understand
X
inikially
3. ParaMeTrIC Form oF Line % Mot directly applicable for curved
Corusidar Line pifi*.}d]_] = ?2fx,_.5:|x) okt
P gt v X Needs floaking poink operakions

x = oz +b(xg-n)

- +blya-y} ; Osbs1
4 " P o - 11. AppLicaTIONS
t=0 — sbarking peint PI. £ = manChy k) by = minlty, b} . Mswmvmm

s CAD/CAM syabems .

E=1 — ending poinkt P, * |
4. Derrvarion Y_"m| . Imaac processing

window inequalibies = ‘wwrﬂhﬁm\gthwdhE ‘ o GIS and mapping systems

M B Eomo L

Do elippad Lime L2
Rpan B xlul_[xz-a'.’} Y e
Wore & A e 1. Exampie i 12. Ker Pomrs
Hon 2 4+ Blya-y) 2 yose gy Wisdslss e 3y Sl =08 Mo D & # Based on paramebric line representabion

Lina ¢ P (1,1) - P5(9.T)
¥ Usea p kb 5 g, form,

‘ihu:unhu—&.hnmhiufm Gomnin, =4, yom 4, mg= 93, yp=7

Pob s g . 1—1,2,3_4] du = xy -w; = 8, dy = yp -y, "6 ¥ L —+ entering parameter (mox)
o Bowndan A a | Y Adion e te ® kg — l'amna parameker Crmir ),
Loft (x22) | ~du =B | x - wop,=-1 |{—:a‘-0.115 P<0 & | 0125 1 # Line wviable if 05 b, & & = 1.
| Beardory, | T y T il Rgpt (x<8) | dx =8 | x-x -7 | 3-0875 | p>0 =t | 0425 | 0875 - ,
Laft ~(=g - =} E R Bottom (y22) | ~dy = =B | y, = won =1 |{:})-0.4667| p <0 — b, | 01667 | 0.875
Right Cag — 2,3 Heas — %1 Top ly28) | dy =6 | wo-uw-5 | -0803 p>o =, | 01667 | 0ima33 Cohen - Sutherland  algorithm
5 = =] = B il | s
Sty |-ty Y Nows 667 8 0 T
Top P i Lt - 0.1667, b= 08333 and 05k St 51 — s visible :
1 [ Prun 1
— — | Cupped Points : ¥ 13. Summary
Also, inikially Ab b, = 04867 Ab g = 0.8333 : f’Pt('i.T} Liang - Barsky algorithm is a poramekric Lne
1o 01667(8) = 2,333 = 1+ 0.8333(8) » 7667 i 4 " L
S x =t —_— clipping algorithm which wiea the idea of
H-‘[.D.i&i?[é)-!.m g= 1+ 0.8333(68) = &.000 AT ',.l;.,..'ns aned .Dn.,.'..a .F...m.._l..—. ko rJ..'f-
k=2 fliciing: pRrmmatic) P (2.333 , 2.000) P (7.667, 6.000) 2 Flncasn | o line agoinsk o rectangular window. Tk i
/ fiaky . i sar- oilonlibiors sl t8: il
x
Rl1,1) 2 B used i modern graphics pipelines
Tvercar Exam Questions Kex Formuias
1. Explain Lisng-Barsky Lne eclippung algerithm * Paramabic Line: = = x + blxg-m), y=u o+ bly-y) 0skst RGPV Nol || }
2. Deriva poramatric form of lne and inegualitiss for windouw ® Lnequalbies = p kS g,
3 Whob ore b and b7 How are bhay ssed? . Lept PSR S DI T [ * ®
& i lne Fi(1,4) - P(9,7) agelnat window Right Fopy = lxaow)s gy v omenow
. - a : i i !
Fain " 2y T = By geun " 2, Hean = & ualng Babbom i opy e ~Chemwde A M Y KE&P |..n|:.ﬂ'u.|'1|ﬁJ Knal:\ Gruumﬁ ¥
- Hlangp Sarily] -l i - Top :opy t (Mamg) 8 T Ml
5 7 i !-M.Fgu.‘;{: OS k. S B S 1
LS
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PoLYGoN CLIPPING ALGORITHMS

1. InTrODUCTION

Polygon. clipping is the process of
L is widely wied in grophics systems

2. Curring WinDow

A reckangular clipping windew is

defined by ibs boundaries.
Xpin — Left boundary
Eraw — right boundary
Yin — bobkom boundary
Yman — top boundary

(R Yo (| ey |

Clipping
Wirndeows

(X mam s Yo )
= X

(Fin 3 Yot}

3. Pouveon Cuipping ALGORITHMS
The tiwo most commonly used polygen
:!.I#iﬂ.s‘ i plyl‘uu\ﬂ.‘- are !

® Subherland - Hodgman. Palygen

®  ‘Weiler - Athertor.  Polygon

L. SuTHerLAND - HopGmMan

PoLvaon CLIPPING ALGORITHM
(-:L}Bmldm
The clipping window s considersd
os o sequence of {owr boundaries
(Left, Right, Bottem, Top). The inpuk
each  boundary .
1. Start with the input polygen as
bha subjeck polygen
2. Clip it egeinsk the Left boundary
3. The oubpuk becomes the inpuk for
the Right boundary
F‘u\@]—Lu,:li.Pa.sahut%TgP
boundary .
6. The oubpuk after the losk step i

b &

(i) Inaide Test for Boundaries
Left woOR s
Right SRk T
Boktkom. &
Top Y 5 Ymax

5. SutHerLanb-HopeMan Alcorrtim (Conto.)

(iw) Coses for sach edge P, (cumrent), P, (next)

Case Py Py Ackion

i Innide Inside Output Py

2 Inside Oukaide. Oubpuk  inkerseckion.

3 Oubaicke Inaide Oubput  inbersection
poink and then P,

4 Ouaknicle. Oubsicle Oubpul  nothing

7. ExampLe (SutHerianp-Hopcmaw)

Clipping Windew : =.., = 2, =, =8,
Yoin * 2, Youu = 6
T Pyt
€1,3), €9,3), (9,73, (1.7)
Final Clipped Polygen (ofter 4 boundories):
(2,3), (8,3), (8,8), (2,6)

(v) Tnturseckion with boundary f
ol e e e T
Fir: edge Py (%4440 — Py (2, 4;), inkerseckion £ T T
witkh, a Eaund.nr:j s f‘aund. m\ﬂ 1| :
( ) l I
Left x-xm;u*u.+(uz‘ﬂ\}ﬁ 3 J:r i
: . (rmae = 0 ¥ s seeasis
Right weEE Y u.*hruJW | 1 X
Bk | gt 5 n g g g S WY i .
(‘.’!a_ﬁg}
{ Yommse = 44 )
T I A O e
°p Yy = b M= B 2= =) [ 8. AppLICATIONS
(4) Example $  Compibar graphtie and: sioisliakion
CUﬁi.r\.s Window @ %, =2, x_ .. =8, * ChD/CAMs&n-tw
Yoire ® 2,  Yoass * 6 W

Input Polygen (in order):
BoCA ), Rala A, RCo. 7). BT

After Lefe Clin

.
» -
.l
s o PRSSESECASE

-+ |
|
-
ha b
@ |-

After Top Clip (Final Oukput)
12 89
6. WeiLer - ATHerToN PoLveon CLipping ALGORITHM

(1) Basic Idea
. ki ik
(i) Stepas

1

Find all inkerseckion poinks bebween the sukjeck

Z.

3 Stnrﬁnsfmmmma poink , follows khe

quﬁmm%mm—S

smwmm.mswt
s recched

6 Wf*mwmawmam

Trprear Exam QUEs-'r'mNs

1. Exploin polygon clipping amd its applicekioms.

2. Dencribe Sutharlond = Hodgman polygen
clipping algorithm with neot axample

3. Exploin  Wailer = Abherton polygon. clipping
Aggoribiony,

4. Compare Subhertand - Hodgman, mnd
‘ailer - Atharton  algoribhme

Ker FormuLas
® TInkerseckion with boundary (using porametric form)

Trage: [presasking o prktan.
Geagraphic informakion. systemas
#*  Simulabion and gaming .

* pr\.nh.r\.ﬂ and  plotking .
9. ADVANTAGES
v Remowes inwisible parts

(Sulhﬂ'lﬂnd ] Hnd-smn.r\. foa-
v \eller - Athertarn  works {or

oy amj_ !:u:lL:jaDn.

10. LmrraTions

x Swthsrl.nnd—l‘bd.sm woarks enl.ﬁ
for convex clipping windews.

X \Weiler - Atherton. s comples and
e JE kit Y

% More inkersection caleulakions
fo omplast. pelygena

x-:.&l-_:'x.—x..). H".’h*‘t{‘.j:“‘:l.)- O<sks i
® Left R
* Right x® = =
® Bokkom DY Yiia
s Tep Y = Yman

11. Summary

Polygon. clipping is used to display only
the wisible portion of polygona inside
the clipping window. The Subherland -
Hedgmanr algerithm s aimple and

efficient for conwex clipping windews,
while the Weiler - Atherton algorithm
handles concave polygens and
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Keep Learning , Keep Growing !




