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SUTHERLAND - HoDGMAN PoLYgonN CLIPPING ALGORITHM

1. Introouctron

Polygon clipping is the process of removing bhe
ports of o polygen thek ln. cudside . specifind
clipping window  The Sutherland - Hodgman
clgorithm. is o simple and efficient  polygon
lipping algorthm which works for any

2. CiLiering WinDOw

A reckangular clipping windse in dafined by
its boundarics

K, = Ll.fi hﬁuﬂdﬂrﬁ
T, = gl hbnliory
Yein = Bobtem boundary
Yrax = Top boundary
Y
(x"‘n_um) (:m,s,,__]
Clipping
Windews
(s '.'lm-in} L Brn&n}
= X
3. Basrc Ipea

The clipping window is considered as o sequence
Left —+ Right — Botkorm. —+ Top
against each boundary The oubpub of one
n.u.kbow\dw‘u

4. Insme Test For Bounparies

A point (x,y) ia inside a boundary if
Left % T Xpin
Right CE 1
Bobhom. Y 2 Yeia
Top 4 € Ymes

1. Expluin Sublwierd ~Hedgran peiggen. sipping cgeitin .

3. Clip tha giwn polygon ageinst o rectangular  window .
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5. ALGORTTHM
Input ¢ Subject polygon. P (with vertices in ordar),
Clipping window (conuex)

Oubpub : Clipped poliygan Puyy

Stap 1t Seb P, = P linpub polygen).
Step 2 ¢ For each boundary (Left, Right, Bobtom, Top)
do the folloing steps on P, i
(o) Toke the fiesk verkax os § (abarting verkex)
(6] For each wertex E (ending wertex) in P,
(in order) do :
# If Eis inside and 5 is inside = Ouiput E
o I Eininside ond 5 is subside =+ Oubpud e
intersection. poink of SE with the boundary,
thar output E
¢ K Eis oubside and 5 is inside — Oubpuk the
inbarseckion. poink of SE with the boundary
® K F s oubside and § i oubside =+ Ouuik nathing
Thar S = E (mowe bo next cdge)
Step 3 ¢ The oubpub after Top boundary is the
finel elappul phligaon

6. INTERSECTION WITH BounDARIES

For an edge from S(x;, y) to Elx,, y) = BB,
inkerseckion with sach hnw-ula.ra s

o Left (x = xpu0) ¢
L = %)
=y, + ly, - i e
y=u ¢ lp-y) =
o Right (x = %...):
max — %)
H'Hl*(ﬂi_ﬁlj'_'
xn-x
o Botborn [y = y,..) :
:-:,+(x=—:‘}vu
Y=Y
'T‘F (y=uy,..7:
*'2.+(1.'1.3*5L'5'!
- 1
7. Exampie
Clipping Window @ X = 2, %... = 8,
Yoin = 2, Hoaw = 6
Input Polygon (in order) :
Pl1,1), R3.1), B9, 7),
P11, 7}
We clip against Left == Right = Botberm — Top
7 B{1,7) B{9,7)
6 AR s
i 3
1 H
e ———— -4
2
1] R R4, 1)
1 2 8 9 %

Left (= = x..)
* Right (= = =)
Botbom (5 - ‘d-n—-}

o Top [y = Yan )

I = Inaide

Ker FormuLas
goey vl - u) Gou - %) g - %)
Y=y ¢ (s,“g,‘] {x__.lﬂ.)f(xl-tlj
x =% + (x -

x = x v (= =) (g =) /Ly, -y,

0 = Oubside

(i) Clip ageinst Left bouwndary (= = 2)

Oubput after Left clip
Y

7 A2, 8(9,7)
& i

|

|
7 b—4- €64, 1)
1 +ob(2,1) :

‘i. 2 SI q A
Al2,7), B(9,7), C(9,1), D(2,1)

(i) Clip against Right bowndary (x = B)

Output ofter Right clip
Y

7 Al2.T) E(8,7)

6 T4 T
i I
| I
H |

2 =S F(8,1)
] =

1 toi2,1) 1

=

12 819

A(2,7), E(8,7), F(8,1), D(2,1)

(i) Clip against Bobtom boundary (y = 2)

Oubput ofter Bottom. clip
¥
7 Al2,6) E(8,6)
6 F——r-9 -
} |
I |
! !
Fi8,1)
§ refs {
4 6(2,2) ‘
- X
i 2 B9

A(2,6), E(8,6), F(8,2), G(2,2)

(i} Clp ageinst Top boundary (y = &)
Output after Top clip (Final)

M2,8) E(8,6)
L G |
i I
i |
! 1
2 ' y
1 § 6(2,2) F(8,2)
1 o e X
1 2 B 9
Final Clipped Polygon.

[ (2,6) = (3,6) = (8,2) ~ (2,2)

%) (gein = g}/ {gy - )

—_——
ToPi.c. - 18

V' Efficient. for small number of
boundaries (like rectangle).
Warks: for.orgy oubee o] sdges
incrgi ple

1 9. Limrrations

X Works only for covax clipping
windows.

X Mok aikable for caminivn
wanalosss

X More computations for polijgons
with lorge mumber of vedtices

i 10. AppLrcaTIONs

®  Computer graphics and isuslizabion
.C.HD!C&H:HM.

Il Gmnndmwsﬂahnn

| & Tmepeprasaing

®  Simulabion and gaming
Robok. path. planning

11. Key Pomrs

# ‘Window is bresbed s sequence of
boundaries : Left — Righk —
Bottemn — Top

* A cack boundary, aubput of
pessicns: Skep: Bacowiad inpul

# Uses poramebric line interseckion

% Final culpud s the cippad pobgon

( 12. Summary

The Suthartand ~ Hodgroon. polsn dliing
slgorithm <lips o polygon, succassively
| ageinat sach. boundary of o corwex clipping
|um.d-n.sunn3md.=—n.;h.d-l-ﬂ.hnnd.
inberscction. calealabions. bl simple,

RGPV Notes Hub
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Keep Leaming, Kesp Growing !
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1. InTrRODUCTION

In.n.3Dm,mml‘Iﬂmmnnl:
E\Lc‘aﬂI’lnﬂHsEmlmhanﬂ'mm.:

2. Neep ror HSE

*

En&nﬁnrﬂk&ﬁ&ﬁaﬂo{am.
To reduce the amount of date ko be

displozged

*

l‘remmlmfmmhu

3. ExampLe

(a) Ackual 3D Scena
Y

%
Pl

(b) Withouk HSE (Al edges droun)

() With HSE (Hidden Fnrts remonad)

Key PoinTs

Hiddar, surfoce problem is fundamental i CG
HSEMW\HM&M“M.
mekhod  wsed

* Ot of olgorithm depends o e type

* # #

4 Basic Concepr

A -v-u-fau is wisible nf every poink on ik is sisible fm the
views reference  poink (VRP). If ary port of o swrface s
occluded k’:j arobher uufm, ik s (Furbn.ll:j) hideler

T
VRP _,,-f’ /
Q&E:: ‘‘‘‘‘ v

s
L‘H“Hid.dm

= port
V;...-u../';
part

[ Frenk surfoce (closer ks VRP)
[ Back surface (farther from VRP)

5. Catecories oF Hippen Surraces

* Complabaly hiddan - Enbire surfoce is nob visible
*Pwﬁaﬂﬂh&ddan-%araéhnef&;mrfmhﬁﬂg
*Mf—m—ﬂaufmmmafhmpn&l

Lg.a., COMLOWAE uhdu'.h)

6. GeneraL ApproacHes For HSE

ko, :

9. Factors Arrecting HSE

*

#*

Type of ohjects (convex/concame).
# Reol-bime or non-real-ktime qpfv].\mhox

10. AppLicaTIONS

# Reolistic 3D rendering and visualizabion
# CAD/CAM aysberms.

# Flight simulabors.

#  Virtwal rmln.“_u

* Sz.i.q.nl:ifu. visualizabion .

qudaaawsanAwm

—

11. AovanTaces

() Object-space mathods
Hidder surfoces are idenbified in 3D (world) coordinakes
bafors, prajackion.
Exomples: Depth buffer (Z-buffer), Ockree method,
BSP kree, Scan-line method
(i) Tmoge-spoce methods
Hidden. surfoces are identified ofter projeckion in 2D
(screan) coordinokes
Examples: Back-face eliminabion, Area subdivision,
Pairter 'a alﬂunk.lnm

7. Common HSE ALcoritHMs (Overview)

Algerithm Typ= Kay Ideo
1. Back-face eliminabion | Image-space | Remove polygons facing cpposibe
ko secing direckion
2. Depth buffer (Z-buffe)| Objeck-space | Storm depth of masrmat surface
ab earh 4
3. Scan-line (AEL) -apace Process scan lnes using ackive
edge Liak ond dapth
4. BEP Tree CH.J.A-.F,‘. Mwmﬂﬁﬁ.uuh
erdsr“.n.h..l..l:s""
5. Ockree resbhuod (x"j“d"fﬂ-“ wafuuin.bndnnh
ornd bask visthiliby.

8. Back-Face EviminaTiOn (Basic Ipea)

For & polugen, f tha ongle bibossn e nermal and i visving dissibion
s more than 907 & & facing cway from the ocbierver and hance i
net viabla N

Comdition. for viadhility -
W c H.T<0 - Vbl
vRp =V " N-¥ >0 = Mok visible
A Where ,
N = Mormal wector of polygon
A Vo=

Misusng weskor (fram pelygen
ks VRP)

Typicar Exam CluesTions

Ve e P

Bk ks albiation it

What is hidden surface eliminabtion? Why s ik mecessary?

wan'nr‘. ohjsck-space and image - space matheds  for HSE.

Ker Fomrmuas / Cowprmions

¢ Bock-face taat © NV <0 — Wbk
H:¥ 30 = Mak aible

v Produces reolistic images
Trnproves displyy efficiancy

Reduces amount of dabo to be processed
Essentiol for complex 3D scenes.
Enhonces performance in rendering .

L O S

-

12, Lrmrrations

X Soma =J.3uni}mu. e mﬂfulnh#\n”ﬁ
expansive

X Difficudsy with compl
nl:J..Ju

X Requires more mamory (e.gq., Z-buffer].

= Alaurdlmmnﬂb-.undhu-h:mwiml

gy

errora

13. Summary

wuqu.rnrtsarblu‘jm-num]lm
HSE,M«&H\.MMWM
depends on the application,

Acmna.

RGPV Notes Hub

Kougy Lamaningy; Koy Eirmcsioy; |
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Basic ILLumMINATION MoDEL

UnzT - III

- 18

1. InTRODUCTION

|5. Vecrors Usep

erul.:r:'ara.mrfmpaiﬁhumhﬁ
an ochserver under light

Vector Description

L Uit vector from. poink P to light source
N Unit normal vector ot poink P

v Urik veckor from. poink P ko viecer

R Reflection. of —L abouk N

2. ComponenTs oF ILLUMINATION

*LQRLSWMQL}EMMLSH:
I.iﬁh.t.

#* Viewer (V) : Observes the illuminoked

*W(H):Mww

to the lurrc.u. ot P
Makeriol Properties : Deseribe how the
GEOMETRY OF ILLUMINATION

Lt S
- L

Viawser

v 6. CompLeTe Basic Iiiumination MobeL

Tos Wl # kgL wwaxto:; ML) |

+ koI, mox(0, R-V)"

Where ,
3. Basic Iiiumination Equarion PRI ST o o
'I\-.h-hvud.bdlqhupﬁnl:i'hwwu' L. & bienk ight  ink n
Ia-L_+I,_+I.' I, = intensiby of the light source
) : N-'L'MﬁrwﬂhMNMrlL
T. W ke B kil -Laiel R’V'mu‘ranﬂhhh»med.V
Lusl'\.t} ns= ﬂ\wupoﬂ.:rd‘.
I = Dtﬁmww(.u%. refleckion} . ExAMBLE
I.-anmﬂarmnmpnnml:t.lhmﬂ rﬁfln:l‘inn.) ;
Giver,
4. Components v Detam ky=0.2, ky=0.6, k, = 0.5, n=20
(L) Ambient Comporent (I,) I,~02, 1 - 1.0
Represanks indireck light present in the N'L = s 8= 0.707
m—www\t]lumdwufdm RV = mup-o.ssﬁ
Tow ka Ty J Caleulake :
e I.=0.2%0.2 =004
Whare, = ambilant reflackion ciank
¥ iy I, 0.6 x 1.0 x 0.707 = 0.b242

I, = ombient lLght inbenaity

Due bo lght reflected equally in alll direckions
(Lambert's cosine lews)

I, - 0.5x%1.0x (0.866)* & 0.5=x 0.0117 = 0.00585

Tokal Inkensiby,

I= 004 + 0.4242 + 0.00585
= 0.47005

[_LT ka L max(0, N- L) |

Where, kg =  diffuse refleckion cosfficiank

8. ErFect oF PaRAMETERS

L - intansity of Lght sewree

— @
BOStL
1 T
Model
9. AssuMPTIONS
* L.ﬁh.i sSOurcs s & Pﬂu\k sEource .

* R‘f“‘*‘*‘“w*““"‘a‘*w‘“’"-

10. AovanTaces

|
'Jmmﬂ—ww
| ial

 S— -

11. LivzTations

Does not account for shadows
Assumes single light source
Nt accurate for complex global
TR

Isn.oru r:#h&hu:n. bebiseer obdnd:s.

12, APPLICATIONS

e 3D mnc.lgl.ma and nuulmnﬂ
e CAD/CAM systems

8 Video games and animakion.
®  Virtual n.nJ...I:tl

Seiankific visualizabion .

13. Summary

U\Lmofwnhmh,ch:ﬁlmwd

NiL= cos 8 (8- angle behuesn N and 1) _Fe Effect | e of light o
Du;hw-mur-fl.é;a\mu.ruuad-r — - — - — — y
ikt Do A sy kg Hnﬂhum—-briﬁhhrmn&:smfm properties.  This model forms the
III'I‘-IL m(O,R‘-V)“; ke, L ”‘3"‘"“‘*‘*“"‘""3"“"1"‘*‘1"‘"‘3"1'5‘* {oundakion 'ror ml adivanced.
Whare, by - specer mfiakion confficient | N | Migher velue = smaller, shorper Wghlight | | )
R = refleckion veckor I More light inbensiby — brighter surfoce ;
Vo= vieLdng (,c:j!_) wackar
n o= ﬂdnbuu(ag-mulnr I.:I..;nn‘nh’
[ TreicaL Exam QUEsTIONS 17 Kev Formicas 1 RGPY Nokes Hub
1. Explain bosic ilbaminakion model l'I'L‘I‘+L NS\"MECN.S . * .
2. Darive the ilwminakion squakion : o s s s L"Lsuwwdw| |
3. Whot are ambient, diffuse and specular componanta? || : 2 veckor Keep Learning , Keep Growing !
. Show the geomebry of ilamincbion with diagram I“k‘Ime'N:LJ V- Viewing vecksr !
5. Whot is the effect of shinineas exponsnt (n)? s L= kI mex(o, R-V)" R = Reflection wveckor
6. Whike short notea on reflackion weckor s R~ 2(M-L)N - L I - Inkenaby
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|5. Vecrors Usep

erul.:r:'ara.mrfmpaiﬁhumhﬁ
an ochserver under light

Vector Description

L Uit vector from. poink P to light source
N Unit normal vector ot poink P

v Urik veckor from. poink P ko viecer

R Reflection. of —L abouk N
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- L
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I= 004 + 0.4242 + 0.00585
= 0.47005

[_LT ka L max(0, N- L) |
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L - intansity of Lght sewree

— @
BOStL
1 T
Model
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| ial
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11. LivzTations

Does not account for shadows
Assumes single light source
Nt accurate for complex global
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Isn.oru r:#h&hu:n. bebiseer obdnd:s.
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e CAD/CAM systems
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®  Virtual n.nJ...I:tl
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13. Summary
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ikt Do A sy kg Hnﬂhum—-briﬁhhrmn&:smfm properties.  This model forms the
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[ TreicaL Exam QUEsTIONS 17 Kev Formicas 1 RGPY Nokes Hub
1. Explain bosic ilbaminakion model l'I'L‘I‘+L NS\"MECN.S . * .
2. Darive the ilwminakion squakion : o s s s L"Lsuwwdw| |
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1. InTrODUCTION

Diffuse reflection (Lambertion reflection)
surfoce nermal.

2. IpeaL Dirruse SurrAce

¥ The surface appears equally bright
frem all viewing direckions.

¥ Brightness depends only on the
angle O bebwsen lLght veckor L and
normal N

¥ Also colled Lombertion surfoce.

3. GeoMetry oF DiFruse ReFLECTION

®

L

For a Pn.rf:d', d-l.ff'm lu-f'fﬂ-:-r-
over the hemisghere .

4. LameerT's Cosine Law
hhcﬂiun{ﬂuunahshh.mnhh-.liﬂh}_
direction. (L) and the surface normal (N

I, = cas @

Ii = kil cos B

Whare ,
I‘-diffuurnf'ukndi.n.hnd}_u
I,_-'.n.hn.s.tﬂnfwuﬂu.
ko = diffuse reflection. eoefficient (O £k, £ 1)
G-n.nﬁl.nhh.ml.m\d.”
5. Vector Form
u-.nsdd;lraduet
[(1. - kI (N-L) |

6. Dirruse RerLectron MopeL

IT601 - CoMPUTER GRAPHICS & MULTIMEDIA
Untt - I1I

D1Fruse REFLECTION

‘ T, s kol wantD; NA) J

ki,

'If (N-LY<so0O -’L-.sl\l'.mmu'\.thuk-m

7. DiacraM — VARIATION WITH B

B (degrees) cos 6 Diffuse Intenaity I,
(o} 1.000 Masirmum (kL)
30° 0.866 0.866 k, I,

60" 0.500 0.500 k,I_
q0° 0.000 Zero
> 90° <0 Zero (no reflaction)

05k,I,

o 60"

8. ExamMpLE
Giver. :

I = 120 ed, kg = 0.7,

cdiffuse reflected intensity I,

Find.

wa £0° « 08
s S
= 0.7 =120 = 0.5

= 42 cd

8 = 60°

[ Diffuse reflecked inkenaiby = 42 cA}

9. PROPERTIES

# Independent of iewing direckion.

# Depends only on the angle bebseen
light and surface normal.

% Erergy s conserved (reflected over
hemisphere) .

# Prodices matte (non-shiny) appearonce.

10. ADVANTAGES

v
al . ; i

-

11. LimitatIOns

® Does not produce shing highlights

® Not suitable for specular or glossy
surfaces

®  Assumes  uniform reflection over
hemisphere.  (ideal case)

12. APPLICATIONS

® 3D compuber grophics and visuolizabion.
e CAD/CAM systerms,

® Matke surface rendering

® Scienkific and medical visualizakion.
® Simulabion end broining systems

.An;nmhmnnd_“d.guam

13. Summary
D-.ffum rl-rl.:.r_l‘_.nn. follnu.xx Lambert’s cosine
lows, where the Flfrhchd. w\t-n.l»hd in

It assumas that lLght is reflected equally

Whaere |, f
N-L = eos® = NoLy o Nyby+ MaLs rophiss.
Typrcar Exam GQuestrons Ker FormuLas SymeoLs Usep
Dafina diffuse raflackion » Coatiia /af ‘sriga L = Lighk vadar Cfrrm pe o i smread RGPV Notes Hub
Stats Lambart's cotine L. T N = Suface normel = °
Darive. the diffuse refleckion. equabion. v ad-L s - * ot

What ia Lambertion suwrfoce?
Compute diffuse intansiby for gimn voluss of
To. ky and 8.

cnE e

-

Explain the role of surface mormal in diffuse reflection

* Lombert's cosine Lo
To = koL con

|._I. P Rl lv\n.n.f.D._N-L-_}-J

8 = Angle bebwesn L and N
by = Diffuse reflackion cosfficiant
I._-Inc;.dmtu.snm

I"*D;ﬁ'nu:rlﬂ.n:ndhm'dﬁ

Keep Loarming , Kesp Gring !
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1. InTrRoDUCTION

Specular reflection (mirror Llike

where light is reflected in o particular
direckion Mhﬂkﬂr\d&uo‘l‘w
refleckion depends on the angle bebueen

2. IbeaL SpecuLAR SURFACE

#* Suﬂrmmpurfnﬂﬁmcﬂt

* Nlrtﬂt:hd.l-ahkb‘uﬂhmqamall
direckion. (mirror direckion)

3. GeomeTrRy oF SeecuLar RerLecTION

Loa-:efg-sfl‘-&hm 1

Angla of incidance (8;) = Angle of reflackion (8,)
Both angles are messured from. tha normal. (N). |

4. PerFect RerLection Direction
obbained by reflecking the light veckor L about
the normal M

R =2(N-LYN=L

* unit surfoce normol ak point P
unib veckor from poink P b light sowrce
dot produck of N and L

5. Seecurar RerLection MopeL

M.‘F.Luhr'tﬂlmmhﬂhl’-ﬂ I.lssiambs

(i-kﬁumnm)WVtJ
st

specular reflection coefficient (0 £ k, £ 1)
inbaray of Un: gk amures

perfeck reflection wvector (os abowe)
unit veckor from poink P ko the viewer
-M&-.P-anm}.(nkﬂa

(R-V) = deb produck of R and V

<mEF
S i

ITe601 -

Unit - TIT

SPECULAR REFLECTION

6. ExpLanation oF MobeL

* RV gives the cosine of the angle (o) between
the perfect reflection direction R and the
viewer direckion V.

# If (R-V)S DO = viewer is on the other side
= no apecular reflection.

* As (R'V) opprooches 1 (ie, & =+ 0%,
ki T,

#  Shininess exponent n controls the size of the
hightight. Higher n = amallar, sharper highlight

7. DiacraM — VARIATION wWITH O

o ( degrees) cosad (R-V) | Is = kyI (R-V¥)"(n=20)
o° 1.000 ks Ip (Mosimum)
30° 0.86¢6 0.015 k, I,

60" 0.500 9.54:107" k, I,
75° 0.259 ~1.28x107%% |, I,
90" 0.000 0 (No reflection)
I, vs o (for n = 20)
It

05k, I,

» o
o 30° 60° 90"
8. ExampLE
Given, -
ky= 0.8, I = 100 cd, n = 20

Anﬂl-.lut..aun. R and V, o« = 30°
Find speculor reflected intensity I,.
Solubion :
cos 30° = 0.866
I, = koI, (cosa)"
- 0.8 x 100 x (0.866)%°
= B0 = 0.015
= 1.2 od

[spmuﬂm;.-m&ﬂ-i.zd\

Typicar Exam QuesTions

‘r‘ Svmeous Usen

| L - Light veckor (peink to lUght amea)

| N - Sufoce normal (unik wecber)

R - Perfeck reflackion weskar

U—\.r.....'..smth.ﬁh..-)

Eﬂi-‘nshsfm

¥ iae B ERN ie.-h‘shvfr:fhdhw-(al-s.-)
|

Ker FormMuLas

# R = 2(N-L)N - L

o T T e R VD

o = Angle beboean R oand ¥
I, - Speculer reflacked inbansiby

e 0% k; 21,
| ks = Spesular reflackion confflient

nz0

l\n-sh-'nhuuw

e
Topic - 18
Spaclr
Reflection

9. ProperTIES

# Reflection is mirror like.

# Depends on viewer position .

¥ Very sensibive ko suface smoothness.
¥ Produces shing highlights

*Eﬂlrs&hmhhunﬂlm.

10. AbpvANTAGES

v/ Produces realistic shiny surfaces

V' Used to simulabe metals , polished
objecks , water, ekc.

v Essenbial {or photorealistic rendering.

v Conbrolled easily by parameters

(ks and. rl.).

11. LimrTatIons

xthamd.LumnPFmsm
X Does not occount for mulkiple
refleckions

X Not accurabe for very complex
optical  phenomena

12. AppLIcATIONS

CAD/CAM systema.

:
i
I
i

13. Summary

suwrfoces where Lght o reflecked in =
specific direckion  The inkensiby of the
angle bebwesn the perfeck refleckion
direcbion and bthe wviewer direckion

RGPV Notes Hub
[ * @
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I= keI, + kg, max(0, N-L)
+ keI max(0, R-V)"

2. Prone RerecTion MopeL The volue of I is clamped in the range

04 T &4

or

0 2 T £ I.. (usally 1 e 255),

ufJ.L.n.ﬂunn.hnn.

10. ProperTIES

* Pmd;mmwuﬂxdwd;na
% Models both matte ond shing swfaces
# More realistic than flab or Gouraud shading
Dependa on surface normal, light and
% Very sensibive bo shininess exponenk.

11. AbvanTaces

v Gives realistic lighting effects

V' Produces smooth highlight

v Handles a wide ronge of materials

v Eﬂ.m'.l.:jtanh-uu.nl:l.n_uainﬁrumm’lzrn
(ka, ka, ks, n)

1. Ambiant R&ﬂnd:-‘or\. (Ia) -
2. Diffuse Refleckion (I4) 6. Sters 1o Compute Puone InTENSITY
3. Spemulnrknflu’.hw‘\ ¢1a) 1. Fb\.d.lurfmﬂme.l.ﬂntpehhp
i k. 3Cm—nlauhvm.xnﬁudnrv'rmphnm
I = I + .
[ Lk I’\J [(R=2(N-L) N -L |
3. GeomeTrRY anp VECTORS 5. Compube 8 = cos™ (N-L)
6. Compute o = cos™' (R-V)
Fi Carﬂfuh. 3 Sl Er I
8. Compute total inkensiby I
7. Driacram - Puone RerLecTiON

*

12. Limivations
C«amPuh.hma.Llﬁ' eaq:anﬂ.'w_
Requires normal ok each poink

Sirlotions requiring realistic. lighting

H’\ﬂnﬂ d‘w&u\s s o local lluminakior. modal
peink s compubad waing surfocs nermal,

Lght direction and viewer direction Ik

v 4
L ¢ Light wecksr ({meuﬁum)
N Surfm nermal ot P (unik vector) x
Vot M vacter ({ram P ota wiewser/eye)
R : 'R&rl I { - H l. ) x h& T\Dt I'Wldj-l. JJ\:LC‘Q—-)I
8, : .ﬁnﬂl.l. betiseen L and N
8 i Angle beticen R and N 8. Errect oF Swininess Exponent (n)
@ i Angle beheen R and V
i B . [ N value Highlight Size | Surfoce Appearance | 13. AppuicaTIONS
" Il M, L]
OMPOMENTS OF LLLUMINATIO ("5'- 1-10) Bul .wrm
(i) Ambient Compenent ( -
i Le) ) Medium {e.g., 20-50) Medisim. Seeni shing
* R-Prmnhs indireck l.\d-\.k Fru-nl: in the
P Lm,:q_ "‘"’3' > 100) vﬂ_:l o]l V:ru ﬂ\.nﬂ mrfm [ ] CAD/CAM l:jlhm.s
I B = ke T | 9 E .
I Eolight | " Given © kg = 02 , kg = 0.6 ki #i0:5 ®  Scienbific visuali
() Diffuse C (1) I, =02 ) T, =40 n = 20 "
s Die bo GammBaskian: Ao N-L = 0.707 R-V = 0.866
| Ip = ky I, mex(0, N~L:I_J Find q ° “ty I
o, ke e reflactin, eeffuank el
: I‘ 3 _ﬁml o uﬂ}:‘ﬁ. I, & @l & 02 se3 & gos 14, Summary
 Eres \nhnd-*a Aorcs, ol P el
R I, = kg I, (NL) « 06 x4« 0707 « O.4242
e~ (1) I, = k I (R-V)™ = 05 «1x (08667
* Due to miror bke refleckion (0.566)% « 00417  Cappren.) combinas  ambiank ,
[T = k% onastby Rk | I. = 0.5 » 0.041F = 0.00585
here , kg = specular refleckion coefficient I I, « I, « I, = OO « O4ZIWZ « D.0O0585
RV = cos a
A E— - SO L = B47005 Lapprse.) G ALy Gk

o TTP;CAL Exatr Questions g Ker FormuLas \|‘- SymeoLs Usep
i ira Phong  shading . a TINGLYN - L L - Light weckor
2. Emmphmsmn&w i kIa]kI LT t-s.,,-{mmnnnl
- - + Mo < -
3. Explain the compenents of H\.nn.s refleckion - d Tu ’ . Wiges qun-
medal « kg I, mex(O, E-v)" T - A A .
Ny TEAGE e of dhibbnand mepnaik L - gt intens #
5.Drnmhalmub3¢fﬁwtﬁdwd.b\3 +» 0 £ I 51 k‘,kd,k,-m
6. Calculate p;,,s intaruity for given wolucs o . o 16 B i | e 4 ] il
To Compans PHoryy and! Goursial ahouling J

RGPV Notes Hub
*
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Gouraud.

1. InTroDUCTION

Gowraud shading is an intensity interpolation 6. Steps ™ DeTam
Wf#mﬂlw 1, T ek A, SRS el
Gy &gl e 2. Evaluote intensity I using dlumination model.
Sl adresis: HAA Siaefhem: Thpriadiee 3. Sert polygen vartices by y-eoordinal
mnﬂthnd-naﬂnd-tlmﬂpﬂ:nhﬂnﬂﬂﬂ 35’*?“'&%‘%"53%
efficient i, Pmuupulﬂﬂmm..mm..;umum.
2. Basic Ioea : F,F:r S i
5 ) : ] ; . 1
* Compute Ulumination (intensity) ok each . x E ,
4 bk s GFﬂr-ndLmhrﬂchm,wthlﬂhﬂlﬁtuhﬂ
ld-au vach:wdriaI\tirm“
* I . °3“'-"- s e e owmtﬂmthmbmrnm
(or span) ko obtain intensiby! inkerior G iahatds .t spar
pixels 6 Mowe ks rmexk scan line
Gy, o= 7. Examie

LA )
3. Avcorrtim (Overview)

EE T
I; = 0.2 (left werbex)
I, = 0.6 (right verbes)
Along edge Vi-V2, ok t = 0.5

I=09+(02-09) =05 = 055

2. Compube inkenaiby I, ot each wvertex
using Uluminotion. modal (e.3. Phong)

3. Ferlnd\.l.d.a.mku?d.nlcq.mlﬁ
between the buo end vertices

4. For each acan line, interpolabe intanasiby

5. Use interpolated intensiby to color the
piocela

4. JLLUSTRATION

On o scan line where ll.fl: u'\l:a.n.l.‘.lﬁ I, = 0.3
and right intenaiby Ia =~ 0.7,
for o pixel with x nl.udjﬂ in bhe middle

I« 03+ (0.7 - 03} =05 =05

8. DracraMm - INTEnsITY INTERPOLATION
() Edge intarpolation

Verkax A --—-———-- L=20 I=-1I,
(1)
________ L= 0,25 I - 1{0.25}
L? --------- L= 0.50 I - I(0.50)
________ t = 075 I - I(0.75)
Vartax B §----=mun L= 100 I=1,
(Ia)

L, I, I, = Intensities ob wvertices ci—————t——a—pp—a—an—if
L ~ Pixels on scan lines Loay Ts pla
XL x uy

5. InTensity INTERPOLATION

(L)Alov\ﬂmtdﬂl.{b\lnrb\hl?uinhm\)
For-dsafrmw-h:ﬂ(l,g}hﬂ(]a}:

Intensity ab any x bebueen x and xp
is interpolobed Linearly

9. ComparisoN wITH PHonG SHaDING

lI(I‘-)'Il‘(II—IA)I‘- OSLilJ

nhml.inmf'mon.t.ﬁhintﬂ. Fe G _5 ; _F‘_ Shads =
(i)ﬂwxﬁnﬂml—iﬂu M"""‘""“‘“‘zﬂ“ Ak verticas .hl.wu-:,p.nnL
If I, and Iz are intansities ob the left and comnputnd
ki b of the acan line: Intarpolation Yeu (Lrear) Mo
( i3 -Srmuuu\.ln__-_suud.ﬁ:r!;m-h  Battar -{-Ilp-c-nﬂg' =
Iays § «E-L) —t | surfaces small specadar highlights)
_ e | Cont: T3 Mora
Whare 3y, Ry el el AeRE x-courdiatis Bak mibad for | Larga poluges, Srmall polygons,
real - tima high quality
> e
Trerca Exam GuesTions Kev FormuLas STYMBOLS
1 Define Gournud shading + Edge interpelation L - Light vactor
2 Ewplain the ataps of Gowrnud shading algoeithm (k) » I, « (Ig-LJt , 0ses1 | N - Sufoce nermal
3 Derive the farmula for infenaity interpolakion. * Scon line intarpolobicn Vo= Maw vesber
® -, R - Reflackion wecter
i L I(x) » Lo+ (Ta- L) o0 T Thbia
4 ) e : fors- wadbior i B R{NL}:-I L | La = Ambiont  component
5. Compars Gounud ahading with Phang ahading Reflaction. 2 7 R —
6. List advantages snd Lmitakions of Gowraud shading 'H“;"ﬁ"‘"":"' 5 i, B by, by, Ky - Comfficianta
7. Drow diagrom bo axplain Gournud shoding ¥ okl mestfl L [ VA R—

= keI, max(O, R.v)"

10. ProrerTIES
‘In.tnnmkad\nnﬂcnlnw{umqpnltﬂan

11. AobvanTaGEs

V' Efficient and simele

v Good wisual quality with fever caleulabions
G e

V' Regquires intensity caleulabion only ok

wertices

12. Limitations

o Hmd shows Mach band I.ﬁ'u:l‘. [f-ﬂr Lnrﬂf.
Pnttﬂnru)

x thhﬂsfwm-ﬂhshalmlur[uu

e

13. AppLicatIONns
® Real-time 3D amﬁ'\u‘-ﬂ

e CAD/sCAM systema
®  MVides gomas

®  Sivulabion and b

L) g
‘m\wp‘{m.

14. Summary
Ak Bha. vartices o & pelijgen. uilng o lighting

RGPV Notes Hub
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1. InTroDUCTION

ufusl\krnalham.nm
Mﬂs,mﬂaﬁﬁaﬂ,udmfrn‘km
It is compubabionally inkensive buk
veran.:.:.urn.h..

2. Basic Ipea

* A ray s senk from the eye (through
each pixel) inks the scene.

*Mmﬂhbucdm&hm

*Mhm#hfk‘t

ﬁsw-ﬂm&‘mamﬂhd.fer
mﬂuﬁm,rtfmhmw\dm

3. Rar Eauarion

Arnahﬁrmhﬁmﬁﬂh Pbund.
a direchion d

o T |

u.r.nrmtn.raruttn
(reflection. / refrackion /
shadew:)

e
| ond compube final color |

5. Intersection TesTs

:':Rnﬂmu-hb-nh&hdfwkﬁaﬂnnﬁanuiﬂx
For o aphere:
&msﬁmmﬁm‘cmmr,
selve [|RCE) - C|* = ¢*
Mshﬂanqundnnﬁz.cﬁu.ﬂ.ﬂmhl.
G\mU\Lmﬂﬂ.ﬂb‘:Pﬂniﬂnl
For o plane:
Gmpﬁnkp'npl.mnnd.mn,

. i e (PE—P,)

n-d

(f m d =« 0 = no inkerseckion)

Unrt - IIT

RAY TRACING

6. SHaping MoDEL

At the intersection point P with rormal N,
uﬁtmlm‘mmwuw\ﬂmﬂmtm
rrmdl-l(;,a.,mm'\ﬁmod-;l-}

T ok Ao s & ke T

7. Seconpary Ravs

(i.) Ra.fln:.tian.Raﬂ
(R =d-2(d NN

W“J.—M\Lruﬁm

(i) Refrackion Ray
A refrackion (kronamibked ) ray s generoked
wﬂb\s ko Srell's Lo

i n, sin B, = n, sin B |

Dq'ruhim\TLlai.umb&:

IT-qd.*-(qmﬁ;-mBg)Nj
ny
B2

hﬂ-\mql

d

0,
T

A shadew rey is senk from bhe inkerseckion poink

P boward the light source I any objeck blocks

hmﬂ.ﬂl{pﬁ:ﬁhh\m
,(:Ehﬂl'\l:m

A

3 Object

8. Ray Tracine AvcoriTiM {ReEcursive)

1 Cast primary roy from eye bhrough pixel

2. Find rearmat inbersschion

3 Compute local iluminakbion

4, I the moberial W reflactive, cosk raflockion ray
5, If thu miabedal i Eunsparsek, ceak refradbion may
& Troce shadow ey koward L..al-\.L Acwurces

7. Combine all eontribubioens

8  Reburm color

Treicar Exam GluesTions

* Roy equakion

Kev FomrmuLas Symeors Usep

R(E) = P, + td fo = Ray origin (eye)

Explain the ray trocing algeebhm
Derive  roy -aphere. intarsackion

Wik the refleckion and rfrackion equabions
Explair. shadew my

ik aduenk o Limiboki

L I

~

d - Ray direction
N - Sudacs nermal

* Reflection | R = d - 2{d NI N
& Snells low @ n, sin @ = ng, sin @,
* Refraction | T = nd + {fcoaB; = cosB, )N

W :
o Marnikins T o kg T + W T L | | e

T-lemruﬂ

IT601 - CoMPUTER GRAPHICS & MULTIMEDIA [+ "

Roxy

Trndns

9. SmvpLe ExampLe

Consider a ray from eye hitting o shiny
sphere

o Primary roy hits the sphere

® Llocal illumination is compubed.

® Reflacktion roy is generobed and broced
(may hik ansther ohject or background)

* Shadow rey checks if the poink is
visible o the light source.

10. ApvanTaGes

J Hesidli gl dlirirabion ffects
( shadows 5 rt.fLu;b,om 4 ufrnchm)

v E““tl s G } hiiii

11. LimrtaTions

x Hi’ﬂ"" memary ruqlmn}.
X  Slow for complex scenes
x

(without optimizakion)

—

12. APPLICATIONS

®  Movie ond animabion rendering

®  Archibecturol visuolizakion

® Engineering design and simulakion
®  Scientific visuolizaktion .

|n,,n1 - Rafrackive indices

13. Summary

rays  from  the eyge inko the acena

rays , compubing  dluminabisn , and
shadowa

RGPV Nokes tHub
* =)
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1. InTroDUCTION
colouwr model in which colours are
and Blie (B) light. Ik is the moak

d.i‘Fl.nﬁa, W&,mﬁﬂiﬁi&rjﬂl‘l.

2. Basic Ipea

% Each primory eolowr (R, G, B) con
hove intensity volues from 0 bk 255

% When all three are 0, we geb Black

# When oll three are 255, we get Whike,

*Bﬂw&h{mﬂdﬁﬁmm,m

alknhidcm\alufcd.maﬂ

3. Apprtive CoLour MobEL

In addibive models, colowrs ore creaked

by odding light More Lght gives brighter

colours

Resulbant Colour = R + G + B

4. RGB Corour Cuse

(0,255,0) (0,255,255)
Graan Cyan
I
0,0,255
(255,255,255) ( & )
Whiks
(255,0,0)
Red - _—
L
//
e (255,0,255)
(0,0,0) (255,255,0)  |legents
Black i

Every point inside the cube represents
u:ﬂlﬂdruiﬂun.uniq;ucmﬁ:mﬁmof
R, G and B intersilties

5. Primary CoLours

rmodel .

® Red - (255, ¢, 0)
Green. - (0, 255, 0)
Ble - (0, ©, 255)

TyercaL Exam Questions

Dafine RGB colowr modal

Drow and explain RGB colour cibe

Write the RGB volues for (i) White

(i) Black (i) Cyan (iv) Yellow.

5. How many colowrs can be represented in
bk RGB modal?
Compare RGE and CHMY colouwr models

T What is the sigrificance of 0255 runge
in RGB model?

Fow R e

IT601 - CoMPUTER GRAPHICS & MULTIMEDIA |7 - 18
Unzt - 111 RGB

Colour

RGB CoLour MopEL e

6. Seconpary CoLours
inkenaiby, we gek secondary colours.
Yellows = Red + Grean = (255,255,0)

® Cyon = Green + Blue = (0,255,255)

® Magenta = Red + Blue = (255,0,255)

F. InTensity VaLues

8 biks (1 byte) = 2° = 256 Llevels (0-255)

Amhmu:

(R, G,B)

wheree 02 R,G,B < 255

8. Common RGB Varues

Colour R G B
Black 0 0 0

| Whike. || 255 | 258 | 258
Red 255 0 0

| B || & | 255 | @ |
Blue 0 0 255
o 255 255 0
Cyon 0 255 255
Magenta 255 0 255
Groy (x) | x x x

9. Corour Comsimation ExampLES

® - ® - O

(255,0,0) (0,255,0) (255,255,0)

® - ® - O

(0,255,0) (0,0,255) (0,255,255)

® - ® - 0O

(255,0,0) (0,0,255) (255,0,255)

® -® -0 - O

(255,0,0) (0,255,0) (0,0,255) (255,255,1255)

® -® -@® - O

(0,0,0) (0,0,0) (0,0,0) (0,0,0)
Key Ponts

e RGE s an odditive colowr model

o LUsed in monibors, TWs, mobile screers,
projectors , comeres

® Each colour is represented by three volues
(R, G, B)

e Each value ranges from O to 255 (8 bits)

e Total number of eolours = 256 x 256 x 256

= 16,777,216 (= 16,7 million colows)

10. Numeer oF CoLours
Ifmd\.ufR,G,Bl’m256f:u-ibl¢.
values , then betal rumber er eolours
that ecan be r\e.Frumi:.ui. s

256 x 256 x 256 = 16,777,216
(9:-' 16.7 millier caLaurs)

11. RGB vs CMY

Faabire RGE Model CHMY Model
Type Addibive Subbrackive
M
Mitas | M, BB | s Mlaginbi
Yellow
Monitors, TVs, Printers, Inks,
Used ir
(0,0,0) (Ideally)
Black (0,0,0) but uses K in
CMYK
' (255,255,255)
Whike. (255,255,255)
] (Tdeally)
Generakion B:" 3 hshk L.shk

12. ApvanTaces

V' Simple and easy to implement
J\‘\iltdal.l"ﬂﬂﬂl.uf:ﬂlﬂ.u"

¥ Makches humon visuol perception

V' Widely supported by hardusore

13. LrMrTaTIONS

X Device dependent (different monibors
mayy iaplony soleues: diffacently)

X Nt suibable for prinking (uses CMY/CMYK)

X  Higher bib depth increases memary
-—r_cr_nimnud:

L.
14, AppLIcaTIONS

® Display devices (monitors, TVs, mobiles).
® Digkal camerns and scanners

®  Mulbimedio. and animabion.

® Trmoge processing and editing softuare.
® Compuber graphica and visualizabion

RGPV Notes Hub
° b 4
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1. InTRODUCTION

The YIQ colour model ia a colour

;ﬂm.mﬂﬂmmccusﬁ)

compornents. .

2. Basic Ipea

componant.

¥ 1 and Q represent the chrominance

(colour) eomponants.

# This separabion allows backuard

TVa (uh-.:}\.u.-nmhd ¥).

*huﬁmhhﬁdﬁdkﬁ.uﬁuﬁd

for ' e . =

3. CoMPONENTS

IT601 - CoMPUTER GRAPHICS & MULTIMEDIA (1 .4
& ®

Unit - IT1

YIQ CoLour MopEL

YIQ
Colour
Model

6. Rance oF CoMPONENTS

0 to 1 {or 0 to 255)
-0.5957 ko +0.5957
-0.5226 to +0.5226

¢ Y (Lwninance)
® I (In-phose)
# Q (Quodrature)

Nuh.:Iun.d.ﬂnmht.nqnm

7. Properries

V' Y carries meat of the wisusl information.

fhm-ﬂgummlnhnﬁhhm
thar colowr.

v By transmitting Y with {ull banduidth and
I, @ with reduced bondudidbh, we sowve

8. Corour Representation (ExampLes)

y Luminance (brightness)

1 In-phase chrominance
(Oeina = Bl

Q Quadrature chrominance
Bl = G

4. Yia CoLour Seace

|

W= Y oaxis represenks brighbness

I and @ exes represent colour informabion

5. Yo rrom RGB

A
(Purpla - Grean)

The. trensformation fram RGB te YIQ is:

Y 0.299 0.587 0.114 R
I|=]0.59% -0.274 -0.322 G
Q 0.211 -0.523 0.312 B

Where R, G, B are in the range [0, 1]

o [0, 255]

Inverse tronsformakion (YIG e RGB) :

oo | & 8 [B] ¥ I Q
Whte | 1 [ 1 |1 | 1.000 | 0.000 | 0.000
Black | 0| 0 | 0 | 0.000 | 0.000 | 0.000

"Red |2 |0 |0]o0.299 | 0.59¢ | 0.211
Gen | 0| 1 |0 0.587 [-0.274 | -0.523
Blise ; 0 0 _1 .iiii -_0_32_2 0.312 j
Ylw |1 |1 |0 | 0.886 | 0.322 |-0.312
Con |0 |1 |1 0701 |-0.5% |-0.211
Magenta | 1 | 0 |1 | 0.6413 | 0.274 | 0.523

9. Chrominance Prane (1-Q Prane)

At a constant luminance (¥), colour is represented
by o point on the I-Q plane

Q
y (+Purple)
Magenta

Blue (0.274,0.523)

(-0.322,0.312) Red

(0.596, 0.211)

I 43
(=Blue) " / (Q-Oru.s-}
Cyan. _/ (0.322,-0.312)
(-0.596,-0,211)
G‘.lﬂ.
¢ (-0.274,-0.553)

M

Saburabion increnses as the peink moves awey f{rom the
conter (groy cxa) Cenber represents achromalic colows

R 1.000 0.956 0.621 Y
G| =|1.000 -0.272 -0.647 1
B 1.000 -1.406 1.703 Q

Kev Pomnts
* YIG = Luminarce (YY) + Chrominance (I, Q)
° Y is compobible with black and white TV
8 Used in NTSC analoque colour TV system
* Separcies brightness from colour.
o Conversion bebiesn RGB and YIO uses

Treicar Exam Questions
€, Diafisins: YO qmbimar - smtal

Key Formupas SymeoLs Usep

ra

m oW

Why s YIQ modal used in belavision systema?

Dariva tha transformabion. matlic frem RGB
ko YIQ.

What does Y component represent?

What are T and O componants?

Explain the sigrificance of YIQ madal
Compare. YIQ and RGE colouwr modals
Writa tha inversa transforeabios from Y10
ke RGB

* RGB o YIQ : YIG « M, = RGB
whare,
0.299 0.587 0.11%
Myq = | 0.596 -0.27% -D.322
0.241 -0.523 0.312

* YIG o RGB : RGB - M = YIQ

R, G, B : Red, Grean, Blue |
(primary colowrs)

Y ! Luminance  componant

I: In-phoss chrominance

Q1 Quadraturs chrominance

10. Wuy YIQ 15 usen?

fc.olaurmfnrmhm(lnnd.a)mh-.
v Black & white TVa can display the Y

11. Yia vs RGB

|’_ | "y
| Feokure | YIQ Mocsl RGB Modal
e e Lt
e | Modal Colour Modal
| | Y (brightnass), R (Red),
| Componants I (in-phase), G (Grean),
| @ (quedrature) B (Blue)
f 1'| Black & Whike TV with B/W TV
Used in |NTSCTV..,.»..“. -
LS |

12. AbvanTaces

V' Effiant banduidth wukilinokion.

v Backuward compabible with B/W systems
¥ Separates brightness {rom colour

v Good for onalogue bransmission.

13. Lomarations
RGB or YCbCr)

x Niﬁnhuu.vmferlu\.d.ﬁmnﬂt

X  Converaion alightly reduces precision

.Earlﬂulmarbnng‘mlﬂna

14, AppLicaTIONS

®  Analogue colour telewision (NTSC)
o ki dapral Ui

L] &tmd.:.n.lt lﬂstﬁrnl.

15. Summary

The YIQ colowr model separabes the
(I and @) ¥ coarries mosk e‘r tha Asual

_'_ﬁéﬁ\f_hf; Hub
Keep Loarming , Keep Growing !




RGPV IT601 - CoMPUTER GRAPHICS & MULTIMEDIA
Miskes - s . Unir - IIT =¥

CMY CoLour MoDEL

1. IntrRoDUCTION

8. Colour Representation (ExampLes)
The CMY colour model is a subbractive 14. CMY vs RGB
colour model used in Frinﬁnﬂ and C M Y Coksiar
reflective medio. It is the counterpart . oy hAw
of tha BGB modil ueed i digibal . 5 : i ; =
E ; Type Subtractive Additive
colours : Cuﬂn, Mcl.gu‘l.l:a and Yellow. = Ernibaie
produce a wide range of colours. 0 1 0 Magente.
= S S TR N R ki A — . Cuan Magenta., Red, Green,
Yellows s L
2. Basic Tpea P F ! - Wdlog Rl
#* Cyon absorbs Red light. : : v Bha et - No ink (C=0,M=0, Al On (R=1,
# Magenta obsorbs Green light. 0 1 1 Green (M+Y) ¥m0) G=1,8=1)
v, .
W illos whetbs Bla Bghe 1 0 1 Red (C +Y) " - C=1,M=1,Y=1 | R=0,6=0,8=0
* Combi.nir\s the three in diffar\-_r\i’. {Abssrbe all) (ALl OFf)
amourks absorbs more L'Lah.t. and
produces darker colours, 9. CMY ComeINATION Prinking, Paper Bivgans; Marikors:
# \White is obtained when no ink is ey nalinar mars B pomalionni fly -casibiiviing App Media Vs
present (ra 1.|.3"\.|‘. is absorbed) dFFum ameounks of C, M and Y.
3. ComponeNnTs Colour = (C x Cyan) + (M x Magenta) + (Y x Yellow) 15. Summary
A : ;
Co Wi (Absorbs cerresponding light) . CMY & in priking ve).
C (C-htﬂ-l\-] Absorbs Fed lisi\t o Uses CHM. Mr.\sunhn. and Yellow inks.
=i 10. CMY Corour Cuse P s
M (Magenta) | Absorbs Gresn light . ki e conp el RO
C (1,1,0) o M e N A, B = Rl R o A,
Y (Yellow) Absorbs Blue light
G (O,i,i) B (1.0. 1) - WLdsLa used. in Fr'\'.nhi.r\a and. Pub[iah.(n.s

4 CMY Corour Seace

C (0.1,0) W (0,0,0)

16. Limitarions

x Dtaadwo.nbngm for d‘.s.plass (ot additive)

\ M (1,0,0) R (01,0 X Colour gamut is limited compared to RGB
3 ¥ {G..'D,i} % Darker colowrs need more ink
= W (1,1,1) "‘-..“l__l OPPDSM cormers represent wan:nwutw‘H colours.,
M (1,0,0) Y (0,0,1) Ce My ~ Back 4K) 17. Kev Formutas
11. Apvantaces C=1-R
The CMY space is a subbrackive aystem S —— S
The more ink (C, M, Y), the darker the colowr ifshnplsmdlnhaiﬂmferprmﬂna. s M=1-G
C+M+ Y = Black (K) (in proctice) v \idely used in printers and copiers s Y=1-B
v Goed for understandi subbracti ixing e R =1-0C
5. CMY rrom RGB [ 3 i
s G =1-M
CMY values are the l;oln.Pln.rvwd;.s af RGB 12 LIMITM‘IDNS . B oadcy
values (normalized in ronge 0 o 1) T g
® Mok suiktable for d.n.splnﬁs (l'.l'\a.ﬂ use RGB)
M Lass ofPation o dapreamiiing Beoght oleae 18. Aepiications (Summary)
% MNeeds more ink for dark colowrs . Prinl'.i.n.s and publishing
¥, ey R,G.BG [0.1] s Colour rnprodu.c.l:.«.on in deocumenks
13. AppLicaTIONS s Packaging and product labels

6. CMY TO RGB (Reverse Conversion) = :
o Bibibiing . publishing Pk iy S Piapaiog
& Colowr printing in magazines, posters
&  Commercial Fﬂnhr\s and Fo.ckn.atr\s_
® Design and graphics in prink media

Key Pornt
CMY subkracts colours from white to produce
other colours. Ik s the foundabion of
subtrackive colour prinking,

7. Rance
« C, M, Yel0,1]
* 0= Noink I-Fulll'nktmnx,inunnubaurpﬁon.:]

Treica. Exam Questrons Kevy FormuLas SvymeoLs Usen RGPV N
1. Define CMY colour modal otes Hub
C=1-R, M=1-G, Y=1-B c- . M - Magenta
2. Derive CMY from RGB ¥ ; ' o . ¥ s
; ; S S | ek ol i K
3 F_':ph:.l.n CMY ko RGB conversion. . e« R=1-C, , Gi= Graan, 8- Bl KQG.P i ; GanB |
& Dems: IS o ruiba ek maplale: o C.M.Yel0.1] W - White, K - Black
5 List qpplicntinrm of CMY model.
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Notes Hub

1. InTrODUCTION
The HSV colowr model (Hue, Schurobion, Value)
rt.Pr-.u_nk.- colours in a cﬂl.ind.ri.:n.l_ coordinoke.

; i ; goi =i
wﬂhﬂ- i ¥ 5
2. Basic Ipea

# Hue (H) represents the bype of colour
(Red, Green, Blue, eke.)

#* Soburabion (5) represents the puriby
of the colour.

#* Volue (V) represenis the brightness
of the colour.

# HSV scparokes chromabic content (H,5)

from. intenaity (V)

3. CoMPoNENTS

Uner - 11T

HSV CoLour MoDEL

6. Hue Varues (Common)

Hue (*) Colour
0° Ree
60° Yellew
120° Greer.
180° Cyoun
240" Bluse
300° Magenta.
360° Red (Ageind

7. HSV 10 RGB Conversion

Given H (0°-260°), S (0-1), V (0- 1),
Et:f_i : Conwvert H ko seckar

EnVis§

X =Cx(1l-|(H/60) mad 2)-1])

m = ¥ =0C

§t:e_2"i Determine. (R, G, B') bosed on H sector

| C S I H . Rﬂ;\sﬁ- H RM‘? (9) R, @- E.
Hite: H | % colour | O* - 360° = e - e
! ype of 0 - 60 c X 0
0-1 60 - 120 X a o
| Saturakion 5 Purity of colowr
(0% - 100%) 120 - 180 0 c X
i " Bnal\l:n:u 0-1 180 - 240 0 X c
(inkenaiby) (0% - 100%) 240 - 300 % o c
300 - 360 C 0 X
4, HSV Corour Seace Step 3 : Add m to sach componant
Red Lo 3
0° / 360° B =R tim
G =G +m
B = B +m
l"le.ﬂmtn 60" —e———
300° (R, G, B in ronge 0-1)
8. RGB 1o HSV Conversion
Given R.G,Ehmns&[o.ﬂ
% Stap 1 : Find
fsj-ﬂw T P wasR. 6B
1 Cmin = min(R, G, B)
Blue | | Green A = Cmax = Cmin
240?W120’ Step 2 Caleulate. Val
V - Cm
= Sor 3 1 i Se
( : {0 if Coax® 0
# H: Angle arund the cylinder (07 - 360° 5 - _
# 5 : Radius from center (0 ab center — groy, ____%/C"'“ o~
1 ab edge —* full colour) Step 4 : Caolculoke Hue
# V. Height from bottom ko kop (0 = black, ""'0 E a0
1 = full brightress) b v
" 60 x {G-B) /Amod 6 if Cmax = R
5. Acuromatic CoLours SrpEilvacal W G s
S - €0 x (R-GY /A ¢«4) tf Couu» B

# When S = 0, colour is o shade of gray

# When V=0, colour ia block (regardless
of H and S)

#* When Vo= 1 and S = 1, we geb the
F-lr'.':bﬁﬂht)calnu:.

— — ——

(Ensure. H ia in 0% - 360°)

9. HSV TrrancLe (ok constant V)

At o fixed value (V), HSV forms o triangle.
Center (5 = 0) =+ Gray of that value
Edﬁa.l.f.s- 1) =+ Pure colours

Red
0° / 360°

h S -1
240° 120°

10. ExamprLes

H(*) S v Perceived Colous
0 1 1 Bright Red
60 i 1 Bright Yellew
120 1 1 Bright Green
180 1 1 Bright Cyan
240 1 1 Bright Blue
300 1 1 Bright Magente.
'__Anﬂ— o | G:.‘,_(a.m on V)
Any s 0 Black
11. AovanTaces

/Hmirthaiﬂur_nnddﬂlu‘h:hjmm?uufﬁm

(En.lﬁtn.lnh:.tu\.ﬂ.mnd.ifuml.nu-l.

(Muudu\mnsnpmws,:mputu-
aro#\iu.und.u]:duiﬁr\..

12. Limrvations

X Not Linear with respect s human percepbion.

X Hue becomes unstable when Soburokion s
ey s Criaan. i)

X Convarsion bebusen HSV and RGB irwelves
complex  coleulatinna

13, Aemscaromes
oLmﬁg.d;unﬁ(Hﬂhmm,mmmﬂmm.tml.)
e Colowr bosed segmentabion
Ou-runka-fmwi.aarpdun
.Liﬂl\hhﬁaﬂ.ﬂ.“dﬂ.ﬂ.ﬂn‘\b“‘

14, Summary

HEV model colour wsing Hue (H),
Saburation (5) and Value (V).
It is o model  where

* H controls the bype of eslowr,
c-Scmtrd.nLh.r_Punls',

* WV conbrols the brightness
HSVhdr@h,h—Mvmund.uﬂdd.uu‘din

Trerear Exam Questions Key Formuias ( Symsovs Usen
1. Define HSV colowr modsl « C=¥Wa=x5 H o i Hus (0% - 360%)
2. Draw and explain HSV colowr space. o X = Coxit-|(H/60) mod 2)-1]) || §  Sabustion (0-1) RGPV Notes Hub
3. Ewxplain the components of HSV model ) ¥ ¢ Value (0-1) 2. * .
4. Derive HSV to RGB corwersion - 6 -G+ 8.8 R, G,B: Red, Grear., Blue o
5. Derive RGB ta HSV i i . == : Masi R, G i ing !

convaraion r ol Coan @ Maximum of R, G, B kla-pl_mrnmﬂ.KazPGmuma
6. Compore HSY and RGB colour models Coriax Bt & Mt o R G B
7. ‘List applications of HSV model * 550 Cran = 0 e 4 fCon A b G =GR
L
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Unitt - IIT Compdri.ﬁm af
COMPARISON OF CoLOUR MODELS g
Feature RGB Model CMY Model YIQ Model HSV Model Remarks
o o Luminance (), 2 Different approaches to
Full Form Red, Grean, Blue Cyan, Magenta; Yellow = R @ Hue, Sakurckion. Value 5
n Addikiie madale are used, in
TBPe Additive Subbroctive Luminarce — Chrominance (derived. from RGB) _mmmttmﬂ-._ mbtrw-.h.“
P U Disploy devices (Monitors, Prinking, Imk, Painks, Analag TV Eransmission Image editing, Computer e B e M i
/g TV, Progeaters, Mokiled Resflaxiim rrcin (NTSC System) graphics, UT design I”’“ stlourfor wffictenk:
== T C (Cyan), M (Magenta), ¥ {Luminance) H (Hue), S (Saturakion), Each model uses 3
Kempeeiaie & Ahenr. 8. el B:1Blon Y (Yellow) T (Tn-phose), O (Crusdrabure) V (Value) asroranke:
¥ g [0, %] H e [0° 360°] "
C";‘F"""* R. G, B e [0 1] o [0, 255] c, M, ¥ e [0 1] I < [-0 5957, 0 5957] 5 e [o, 1] o1 ey ;‘:: (0_;‘5‘:)
ange Q e [-0 5226, 0 5226] v e [0, 1] g :
Add Red, Green. Blue light Subtract Cyan. Magenta, Y carries brightness; Hue gives the ecolour type. 3 g
Basic Idea in different wmeunts ks Yellowo e fromn wobukn I and @ carry colour Seburakion gives W«LHP‘ Ef:f'*lm"" o baiag
get o colour light to get o ecolour information Valus gives brightness
: s How wihibie e rmprezarnbad
White (1, 1. 1) or (255,255,255) (0, 0. 0) (No ink) (¥=1, I-0, Q=0) (Any H. 0, 1) g T
. Heww black s resented
Black (0, 0, O (1, 1, 1) (Full ink) (Y-0, I-0, G-0) (Any H, 0, D) Pl P
Y Y
Colowr Space a == Geomatric represenkation
i ! J L | i
Cube. Cube Parallelogram Double. Cona (Hexcone)
¥ Sl and ik am: il spiiting ¥ Separutes brightness from ¥ Claga ks human parespbioe
¥ Dirck representation ' : . ¥ Easy o seleck and medify Each maodal hasz iks own
it emitted light i e N ¥ [ Gee mandedih i Y [ . ) strengths.
= in i e s & o ) N Useful in e processing
| ¥ Widaly used in displays m rpakible with e
X Not suitable for prinking, % Nob sukable for displays ® Pob awibable for general X Conversion from/te RGE No model is perfact for
Limikaki Not inkuikive for ediking (emissive  devices) cse hics nvealves comples e
)i 5 M&f&uhhruﬁnf\. % Ink Lmperfections ® [ZI m M:P =il iepplications
T Monitors, TVs, Smartphones, Printers, Photocoplers, Analog TV (NTSC), Vides Image editing software Depends on the
AFP""‘“}'W Projectors, LEDs, Corneras. :::;:u::“"P“P"“ signal brorsmission. ;PMEI%)“ cc.'mpl‘fh._— requirement. .
Key Takeaways Summary
* RGE s oddibive and wsed in devicea thak emit lght. ol il s bR abiaal arptima - iaind 1 el ottt s difarant g e’ or RGPV N:hs Hub

.

CMY s subtrackive and used in printing and painkting
TIQ separctes brightness (Y] from colowr (I, Q) and is used in TV systems

the spplication. Choosing the right. colour mosdel is importank for efficient shorage, processing, disploy

HSV mabches humon perception and s best for colowr manipulation.

Kesp Learning , Keep Groning |




