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Technical

The Language of Color

T
he growing appeal and

a ffo rdability of digita l

c a m e ras has placed

ove rwhelming demands on

i n k j et suppliers to deve l o p

p h oto-capable pri n te rs, inks

and media for use in both

homes and offices. More and

m o re companies are jump i n g

on the photo bandwa g o n ,

and supply options are

expanding daily. The pro l i fe r-

ation of photo-capable and

p h oto - c o mpatible supplies

has re s u l ted in an end user

who is much more demand-

ing and discerning than ever befo re. It is becoming incre a s-

i n gly critical to develop a cart ri d ge system that will meet th e s e

st ri n gent re qu i rements for accura te color re p roduction. 

What is Color?  

Color is simp ly the way we perc e i ve light rays. There are numer-

ous articles and scientific studies re ga rding the va rious ro l e s

that physics, chemist ry, psychology and physiology play in color

p e rc e ption. For the purposes of this article, it is only necessary

to understand that the brain and eyes wo rk to gether to tra n s-

fo rm light into color. White light contains all colors of the vis-

ible spectrum, and the re flection or absorption of this light on

an object is what imp a rts color to that object. The human eye

can perc e i ve more va riations in wa rm colors (reds and ora n ge s )

than cooler ones (blues and greens), so particular atte n t i o n

m u st be paid to color matches in the wa rmer tones. 

Fa c to rs Affecting Color Pe rc e pt i o n

T h e re are seve ral psychological fa c to rs that affect our perc e p-

tion of color. Color memory and color ex p e c tation can infl u-

ence our imp ression of a par-

ticular color. A child who

grew up in the city may have

a ve ry diffe rent opinion or

ex p e c tation of what color

“sky blue” is than a child

who grew up in the country.

Pe rsonal color pre fe re n c e s

and cultural and re l i g i o u s

b a c kgrounds can also gre a t ly

a ffect our inte rp retation of

c o l o r, as well as our fo n d n e s s

for or dislike of certain color

shades. 

P hysical fa c to rs such as

color context and contra st

e ffects can also cause noticeable diffe rences in our perc e pt i o n

of color. For instance, red on a white background looks

b ri g h ter than the same red when viewed on a black back-

ground. Colors on tex t u red subst ra tes usually appear duller

than the same color on a smooth subst ra te, and glossy pri n t s

look bri g h ter and more vivid than matte prints. Fi n a l ly, dif-

fe rent light sources can affect an object’s appeara n c e .

M eta m e rism, simp ly put, re fe rs to visible va riations in colors

when viewed under diffe rent light sources. Anyone who has

ever bought articles of clothing that matched under the sto re ’s

fl u o rescent lighting, but then discove red that th ey did not

match in sunlight or incandescent lighting has witnessed

m eta m e ri s m .

H i sto ry of Color Measure m e n t

Since color is lite ra l ly in the eye of the beholder, it is neces-

s a ry to identify analytical and objective means of measuri n g

color in order to provide a consistent basis for communicat-

ing color info rmation. The histo ry of color measure m e n t

begins with the color circle fi rst developed by Sir Isaac New-
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ex p e c tation of what color “sky blue” is than a child who grew up in the country.



ton in 1666. New to n’s color circle has

been modified many times, and to d ay ’s

th ree most common color measure m e n t

s ystems (Pa n tone, Munsell and CIELA B )

a re based on New to n’s original pri n c i p l e .

The Pa n tone system is a two - d i m e n s i o n a l

s ystem that is re a d i ly available and has a

we l l - k n own set of sta n d a rds for more th a n

1,100 colors. It is highly subjective, as it

t ra d i t i o n a l ly re qu i res a human viewer to

v i s u a l ly match colors to a sta n d a rd set of

color chips. The Munsell system was deve l-

oped in 1905 as a means of identifying and

i n te rrelating colors of surfaces. It is a

th ree-dimensional system, but still re qu i re s

some subjective human judgement in matching colors to a set

of sta n d a rds. In 19 31, CIELAB (Commission Inte rn a t i o n a l e

de l’Éclaira ge, or Inte rnational Commission on Illumination)

was developed. CIELAB provides inst ru m e n t - d e ri ved data

that re m oves subjective judgements of the human eye. This

results in a number-based, objective sys-

tem that permits more accura te and con-

s i stent communication of info rm a t i o n

about color.  

To d ay, th e re are th ree recognized com-

ponents of color: hue, saturation and

lightness. The hue re fe rs to an object’s

basic color, such as blue or ora n ge. The

s a t u ration (or chroma) deals with th e

p u rity or vividness of the color. Lightness

is a measure of how bright or dark a

color is. For anyone familiar with

absorbance spectro s c o py, the hue re fe rs

to the wave l e n g th of maximum

absorbance, the saturation re l a tes to how

wide the absorbance peak is, and the lightness corre l a tes to

the height of the peak. Color measurement devices re c o rd 

and inte rp ret these color components diffe re n t ly, and th e

choice of inst rument is influenced by the application 

re qu i re m e n t s .
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Sample shades of red in the Pantone

color matching system.



Color Measurement To o l s

S eve ral types of inst ruments using Pa n tone, Munsell or

C I E LAB color matching systems are now available to assist in

color measurement. Densito m ete rs, spectro p h oto m ete rs and

c o l o ri m ete rs are the most commonly used color matching

i n st ruments. All color-matching inst ruments do something th e

human eye cannot — assign a specific numerical value to a

color that can be consiste n t ly analyzed in te rms of numeri c

to l e rances and control limits. 

D e n s i to m ete rs measure and comp u te how much of a

k n own amount of light is re fl e c ted from (or tra n s m i t te d

th rough) an object. These inst ruments are re l a t i ve ly inex p e n-

s i ve, portable, easy to use and have found widespread appli-

cation and acceptance in pigmented-based systems. Densito-

m ete rs, howeve r, are typically limited in their fl exibility in

m e a s u ring re fl e c ted spectra. 

A spectro p h oto m eter measures the amount of light energ y

re fl e c ted from an object at seve ral inte rvals along the visible

s p e c t rum. The patte rn of wave l e n g ths (or spectral data) th a t

l e aves an object is unique to that object and is often re fe rre d

to as a fi n ge rp rint. A spectro p h oto m eter measures and plot s

the object’s spectral data and these measurements result in a

c o mp l ex set of values that are inte rp reted as a spectral curve .

S p e c t ro p h oto m ete rs are accura te and f l exible color measure-

ment tools, and spectral data can be used to calculate colori-

m et ric and densito m et ric values. Spectro p h oto m ete rs are con-

s i d e red by many to be the best way to describe, specify or

identify color, and are especially useful for non-tra d i t i o n a l ,

specialty or spot colors .

A colori m eter bre a ks light down into its red, green and

blue components in a manner similar to that of the human

eye. Each color component is given a value: lightness is

re fe rred to as L* and can have a value bet ween 0 and 100; sat-

u ration (or chroma) is measured by a*, which plots from gre e n

to red, and b*, which plots from ye l l ow to blue. The hue is

based on the relationship bet ween a* and b*. (It is inte re st i n g

to note that hue, which is most easily discernible by eye, is not

d i re c t ly measured, but it is the relationship bet ween the inde-

p e n d e n t ly measured a* and b*.) These th ree measure m e n t s ,

L*a*b*, define the color value of the object being measure d

and provide data for th ree-dimensional mapping of the color. 

To comp a re a sample to a sta n d a rd for color matching, or

to dete rmine lightfa stness of ink, one fre qu e n t ly emp l oys

D e l ta E*. Delta E* is the sta t i stical ave ra ge of the changes in

a*, b* and L*. It does not diffe re n t i a te whether the change s

a re in lightness or in hue, so dete rminations cannot be made

as to whether the color sample mere ly faded or shifted to a

d i ffe rent hue. It is ge n e ra l ly accepted that the human eye can-

n ot re a d i ly distinguish a Delta E* of less than fo u r. The

human eye is signifi c a n t ly more sensitive to small changes in
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hue than to equ i valent changes in saturation or lightness, so

depending on the nature of the color change, Delta E* of up

to ten may acceptable to the viewe r.

Color Gamut 

The spectral chara c te ri stics (L*a*b*) of the measured inks will

d ete rmine a color space or gamut that can be consiste n t ly

re p roduced using these inks. The traditional fo u r- c o l o r

(CMYK) ink set produces a gamut that is acceptable for most

i n k j et printing applications. In order to expand the gamut to

a c h i eve accura te tonal and color re p roduction for photo appli-

cations, a six-color (CcMmYK) set is typically used. The addi-

tion of light black, gray or spot colors further enlarges th e

total gamut. Seemingly inconsequential changes in any of th e

c o l o rs in the ink set can have a measurable impact on th e

resulting gamut. Each set of inks has a fi n i te gamut, and col-

o rs outside of this gamut cannot be re p roduced. To achieve

c e rtain desired chara c te ri stics such as lightfa stness, sacri fi c e s

in total gamut volume may be necessary. The chara c te ri stics of

the subst ra te, and the manner in which the colorants are tra n s-

p o rted to and secured on the surface of the subst ra te also have

a pro found effect on the resulting gamut. 

Color Ve ri fi c a t i o n

E ve ry color printing process has its own way of delive ri n g

color and its own specific re qu i rements for color matching.

Un d e rstanding the va riations in color that can occur is a nec-

e s s a ry fi rst step in defining color re qu i rements. One must th e n

choose an objective color measurement and ve ri fication sys-

tem that is appro p ri a te for the printing process and that meet s

end-user demands.

It is imp o rtant to keep in mind, howeve r, that ultimate

a c c e ptance and rejection of color is typically based on appli-

cation perfo rmance. Use of color measurement inst ru m e n t s

should complement, ra ther than replace, human exa m i n a t i o n

of pri n ted images. Valuable info rmation and insight can be

o b tained with the proper use of color measurement inst ru-

ments, but no inst rument has ever been developed that can

i n te rp ret or predict human beings’ psychological reactions to

c o l o r. 

T h roughout histo ry, human beings have been fa s c i n a ted by

c o l o r. The growing appeal and increasing use of color will 

continue to shape the way we live and wo rk, as well as what

we buy. Those who understand the imp o rtance of objective

color analysis and measurement will position th e m s e lves to

ta ke full adva n ta ge of the growing opportunities in color 

imaging. 

C o n tact Annet te Groscup at (760) 741 - 2 345, fax (760) 74 0 - 0 5 9 3
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