ANATOMY OF COLOUR
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CAN YOU DESCRIBE & COMMUNICATE
COLOUR?

How wll you describeths colour?

Some may, call it Violet; a, few Mauve, while
others Medium Rubine.
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WHAT IMPRESSION DOES MEDIUM
RUBINE CREATE?

o How dark or light isthis mediumrubne?
e How redisthisrub ne?
e How nuch bliuer 1sit?

Thus: colour-cannot be described nor
communicated in simple subjective terms
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COLOUR ATLASES

. TO overcone llacuna of descrilang cdour
preasdy, severd Ca our Alases were nade,
corta nng sampl es d cd oured ch ps/fabrics.

o. Custoners aderedthar consignment to be dyed
wthrdeence tothese Alases.
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LIMITATIONS OF COLOUR ATLASES

. Al Alases hadli mted shade range.

. 3 nce samplesinAlas were dffeent fromthe
consignment to be dyed, thsledtoseverd
d sput es- due tometanernsm
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VISUAL MATCHING OF SAMPLES

. Due tolimtaions o Cdour Alases, custoners
sent sany@ es fa vsud matching dten on
mat eri ds dfferent fromthe onetobe dyed

o Dyers coddgveadose netch.... BUT
DOUBTS REMAINED

How, close.is the match?
\What:are the tolerance. limits?

Does. it look the. same. in, all lights?
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OBJECTIVE DEFINITION OF COLOUR

. TO overcone llacunaein, descri b ng cd our

sulyectivd 'y, modern approach isto deine cd our
preasdyinobjediveterns.

. In Cy ective methodd ogy, colow is expressedin
numbers, this has many advantages.
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ADVANTAGES OF OBJECTIVE SYSTEM

Exact Gdour can be deined and communi ca ed
Inter ns of nunbers.

. Td erancell mts can he s& fa cd our dfference
In et ched  sanpl es.

. How cdour willookindfferent lights, can be
det er mnned i1 n, advance.
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HOW COLOUR IS EXPRESSED IN
OBJECTIVE SYSTEM

Caour as it appearsin specfic definedlight, to
average human eyeis expressedintens of;

L Defining how, dark or light; the colour:is.
+a, —a: How, Red|or Green, itjis.

-b: How, Yellow, or-Blue. it;is.
H What: is. the exact hue. (e.g. Red/

Yellow/ Green/ Blue//Violet) of the
sample.
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WHAT IS COLOUR

. Ca ourisa sensdaion creaedinthebran when
v s bleligt entersthe eye

. Cones and Rods intherdinard ease sone
p gments, the comb ned dfect: of which gvesthe
| npression of cdour.
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FACTORS INFLUENCING COLOUR

o Mablelight that entersthe eye, dso depends
upon two, aher factors vz

The Light;Source

How, the light is. modified by the object, on, which
it falls.

. Hence, for definng cd our, one nust standardse
gt & measure how cd ouredoly et nodfies
| ght..
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ELEMENTS INVOLVED IN
PERCEPTION OF COLOUR
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COLOUR DEPENDS ON LIGHT
FALLING ON THE OBJECT

Liights are both Natura &Artifiad

oo | Natural Lig

nts: Direct

Evening lig

i, etc..

Artificial Lights: Tungsten z\
LLights, Tube. Light; etc.. @ // | \\
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INTERNATIONALLY DEFINED
TLLUMINANTS (LIGHTS)

. Composition of each Light- Netwd o Atifigd-
vari es and has beeninternationdly defined as
lllum narts.

o Wddy acceptedlllumnants ae D65, A CWH

TL84 éc. Thar spectrd em ssion can be
checked us ng Spectroradionete.
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STANDARD ILLUMINANTS

o D65 Thsis eguvdent toaverage dayli gt hav ng
tenperatued 6500K

o A Thisis Tungsten Lanp a& Gdourtemperaue
2856K

o« CWE Thsis Cod WhteH uorescent Lamp wddy
usedingores in USA ~ 4230K

o. TL84: Thsis Huorescent Lamp wddyusedin
stares in Brope ~ 4000K
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INFLUENCE OF LIGHT ON OBJECTS

SODIUM LIGHT

NORMAL TUBE LIGHT

/1

T
ey

BLUE CAR APPEARS BLUE
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HOW LIGHT MODIFIED BY OBJECT
IS DETERMINED

o When Lght fdls on anopaque oly edt, itisreleted
before &after absorpion

. Reflectance o an olgect is neasured by
SPECTROPHOT OMT ER

o. Thisindrunen determ nesthe anount d light
refl ected wthreerence tothe sandardwhite olyect
Mg O & each wavd enghinthe vsildereg on
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ELEMENTS INVOLVED IN
PERCEPTION OF COLOUR

&6 .47

rc
REFLECT > PHOTODETECT

SCHEMATIC ILLUSTRATION OF MODERN SPECTROFHOTOMETER BASED OM REUVERSE OPTICS

LEGEHND :
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IS

LAaMF ¢ usuaLlLLY PULSED XENON LAMEP 2
FILTERS ¢ MOSTLY D65 DAYLIGHT SIMULATING & T .R. FILTERS 2
INTEGRATION SPHERE UWITH 4.-8° GEOMETRY

ENTRANCE SLIT X5 = EXIT SLIT

INTEREFERENCE GRATING REFLECTANCE TY¥FPE
DETECTOR ¢ UIUALLY PxAa TYPE. EARLIER QTH TY¥PE )

COMPUTER WHICH DISPLAYS REFLECTANCE DAaTA
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ELEMENTS INVOLVED IN
PERCEPTION OF COLOUR

YELLOW OBJECT ABSORBS VIOLET & BLUE LIGHT
=ADS > BUT REFLECTS GREEN. YELLOW rAND RED LIGHT
REFLECTED RADIATIONS

ENTERING THE EYE
INCIDENT

RBADIATIONS
THE COMBINED

BEFORE & AFTER o : - - -_ S EFFECT

DISPERSION INTO T > OF THESE
e - REFLECTED

s RADIATIONS ON

EYE IS

YELLOW

INDIUVIDUAL SFECTRUH

YELLOW COLOURED OBJECT

SPECTROFHOTOMETER HMEASURES THE EXTENT TO WHICH RaADIaAaTIONS

IHN WHITE LIGHT ARE ABSORBED. TRANSMITTED OR REFLECTED.
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ELEMENTS INVOLVED IN
PERCEPTION OF COLOUR

VISIBLE LIGHT SENSORS e.g. RODS & CONES IN RETINA
DS

HUMAN EYE

OUERSIMPLIFIED

STRUCTURE OF

= RET INA
EYE LENS =

CHRODS & CONES)

RETIHNHnRA

— =— r g b CONES
==  RODS
THERE ARE 123m RODS IN RETINA. RODS COLOUR IS SENSED IN BRIGHT LIGHT
SENSE WERY DIM LIGHT.THE IMAGES ARE ONLY BY ¥ m COMES WHICH ARE RED,
REGISTERED IN BRAIN AS BLACK & WHITE GREEN & BLUE SENSITIVE.CONES ARE
RODS ARE SPREAD ARODUND RETINA . CENTRALLY LOCATED.
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VARIABILITY IN HUMAN VISION

. Itisobvoustha the nunber d cones and density
of rods nmay vary fromperson to, person.

o Each Person wil theref ore sense cd ourin a
dightly dfferent nanner.

. Hence, it was necessaryto s andardise Average
Hu man Vigon as afird step.
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MATCHING SPECTRUM COLOURS

. SpectrumCa ours arethe purest; cd ours.

. They were natched wavd endgt h by wavdengh, inthe
v S [deregion, by agroup d observers us ng a spead
Instrunment ashowninthe next dide

o The average resuts d such, a nsetching were puldished
fa-asndl fiddin 1931 and for aw der fiddin1974.
These resuts are known as 2% Sandard hserver and
10% S andar d Observer, respectivdy.
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MATCHING SPECTRUM COLOURS IN
THE VISIBLE RANGE

TRISTIMULUS COLORIMETER

BASED ON ADDITIVE MIXIHNG LAaHMFP
COLLIMETER
& HGB FILTER
ASSEMEBL IES

BIPARTITE
FIELD

LAMP AND
COLLIMETER

FRONT VUIEW OF
BIFARTITE FIELD
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ONLY 10" OBSERVER IS USED

ILLUSTRATING CIE TWO & TENM DEGREE STANDARD OBSERUVER

CIE 2" OBSERUVER

———
------9]3?]3

S

CIE 10 OBSERUVER

1 17.5 mm dia. CIRCLE 3SUBTEHDS 2° ANGLE WHEHN UVIEWED FROM fia DISTANCE OF S50 cm

BY mm dia. CIRCLE SUBTEHDS 10 ANGLE WHEN UIEWED FROM A DISTANMCE OF S0 cm
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TRISTIMULUS VALUES

. Cal ourisconmputedfromiternationally
st andardised we ght fact ars fa S andard Chserver

and Spedadfied lllium nants.

o Whenthese wa ght factars aenultigied wth
refl ectance & each wavd eng hinthe vsildbereg on,
we oltan TRSTTMUUS VALUES dendted by X Y Z
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COMPUTING TRISTIMULUS VALUES

. Trigimul us Values arethefird septoward olyective
specification of cdour
Mathematically, they are.computed;as:

X=2XWfix.R Y=XWfy.R Z=XWfz.R

where X are.summation from,400,to, 700,nm; for,
the. products. of ' \Weightfactors. Wix, Wiy, & Wiz
and Reflectance
. Trigimul us Values do nat convey cdour and are
convertedtomorefamliar L a b CH values inthe

Caour, System
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WHAT L a b C H CONVEY

L conveys how Light or Dark Colour 1s

- a indicates degree of greenness
+b indicates degree of yellowness

-b indicates degree of blueness
C indicates degree of saturation of colour
H indicates hue angle of colour (0 — 360°)

GLaoBAL PaACIFIC



HUE CIRCLE
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HUE CIRCLE WITH ANGLES

(] ORANGE

¢{08] BL.LUISH VIOLET
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UTILITY OF Lab-CH SYSTEM-I

o. End df Suly ectivty inDefin ng Ca our.

. EXpressing CdourinNumbers wichis rease &
easy tocommuncae

. Prediding Rea pes by Computer Cdour Matchi ng

. Correcting Of Shades.
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UTILITY OF Lab-CH SYSTEM-II

. Prediding Metamerism(See Next 3ide) &
Sd ecting reapes wthm nmum Metamerismé&
Cost.

. Measuring Colou Dfference
. Setting td erance li mts toend d sput es.
. Prediding appearance indfferent ligts.
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NON-METAMERIC MATCH

DAYLIGHT TUNGSTEN LIGHT TUBELIGHT

Shade of natched Sanmpl e Looks the Same
in Al Lghts
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METAMERIC MATCH

DAYLIGHT TUNGSTEN LIGHT TUBELIGHT

Shade of natched Sampl e Varies
In Dfferent Lights
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IS OBJECTIVE SYSTEM THE END OF
ALL DISPUTES?

NG} NOT AT ALL!!

Background Cdouws dsoirfluence cdour.

Custoners MUST vew sanpliesin Sandard L ght (usng a
Cadour iew ng Cala net).

D fferent People nay find a match diose a df, evenif
LabCh, va ues natch

If the Sandard or Sanp e have adffeaent @ oss, even a
dead natch wll appear dfferent.
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DO THESE YELLOWS LOOK THE SAME?

THE SAME YELLOW COLOUR AT THE CENTRE LOOKS

v ._DULL DULL & WEAK

FADED BRIGHT
UERY BRIGHT

APPEARANCE OF YELLOW COLOUR CHANGES WITH BACKGROUND COLOURS
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BACKGROUND COLOUR

o |If Warpusedis dffeent insanmgd e Labd appears
dfferert even if Wet 1sthe same

o. ThisdfferenceinWarp nay be duetodfference
N Qatical Waiteness. Opticd Whiteness can
Induce Metamerism, Labd appears dosein one
light, bu differert inand her light.
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EFFECT OF LUSTROUS SURFACE OF
FIBRE ON REFLECTED LIGHT

Dye Inside
Fiber

Non-lustrous fiber Multilobal lustrous fiber




IMPORTANCE OF USING IDENTICAL
SUBSTRATE

». One can match cdour, but nat necessarlythe
llust er

. |fishade has tolookthe sane, the substrat e on
whi ch. netchingisto be done must bethe sane.
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