CHAPTER 111

COLOR IMAGE GENERATION
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intensities of the three pﬁgr}‘ colors csultin uutp&nlor image. However, this
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- choosipg 2 pri rfalt m i t i eristics,

- calibrati; mmci f ﬁmm“ same bases.

- approximating the intensities of each color in the source color picture,
- building up a color look-up table (LUT), and
- choosing the closest colors for the output color image.

The procedure required to generate an output color image is illustrated in Fig. 3.1

and summarized as follows.



I. Capture four images of the source color picture: one without any filter, and three
applied with each of RGB filters.” The automatic exposure feature of the image input
software, if available, must be exploited each time the picture is captured. Jot down the
brightness and contrast values applied to each image.

2. Capture four images of calibration card: one without any filter. and three applied with

each of the RGB filters and ex;:gl 0i @ hpichtness and contrast values from (1)

3. Put the four images of calibsat into the Filter Characterisiic
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Detecting Process and obtaig thedlier Charalterisi

\"r is

4. Put the three images 7 \ A tie File from (3) into the Color
Mixing Process and ok \
It should be ngfd ahagt] t . re Sha 1d, be adjusted to a proper seting.

From the experiments of 20 exposure feature is not available,

the exposure should be set ty 1g2h centrast. Such exposure setting
usually results in a highly effii el range while maintaining the

highlights and shadows of the picty
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* To get the best result, special care must be taken to ensure the image is captured

exactly in the same position and resolution each time the filter is changed.
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Fig. 3.1 Procedures to get a color image by color mixing
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The details of the method designed for obtaining a color image by color mixing are
described as follows.
I. The Use of RGB Filters

As mentioned earlier. colors that humans see are actually the mixtures of three

primary colors: red, green. and blue. Applying RGB filters during image acquisition allows

ge on the quality of the input
data to the image input devié€, afid €ansequcntls f lhe generated output color image. The
!iglntopasstiuwgh. As a

TACCS ﬂf ‘.he pl'i.l‘nal'}' cﬂtﬁl‘ tht-

ideal RGB filters are expectg
result, the ideal captured i
In this case, the function to rv-- ¢ intensities of a primary color on
thesuumapmturecnnhcdﬂn er, real filters have at least two
imperfections: impurity ang — rstly. they aligw lights other than the color
of the fillter to pass throug f. ces of color distortion on
the final color image. Inthemcthatthucrmrmusadb}rﬂnsunh is ignored, the degree of
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through the filters. 98econdly. as all ﬁ!tcm are tmnsluwnt, the amount ot" light that passes
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lower intensity reduction. Cellophane and acrylic glass were chosen to be the appropriate
candidates for filters. Filters for cameras were not considered as they are too small to be used
with a flatbed scanner.
The selection process was done on a color scanner by scanning an image
of white paper first, then with each of RGB filters. The results, as shown in Table 3.1.



indicated that the acrvlic glass filters are better for red and green as thev allow more intensity
values of their colors, but fewer of other colors, to pass through. Even though the blue acrvlic
glass filter gave more blue light to pass through than the blue cellophane filter did, the green
acrvlic glass allowed very little green light to pass through. Furthermore, according to the Y
function of the YIQ color model (Equation 2.1), the green light has most influence on the

perceived brightness. Therefore, there il | rror rate when the green filter has high

imperfection. As a result. the celle rs uitable than the acrvlic glass filters.
Hence, the cellophane filters w for :
Table 3. : ‘ ; cess
il K i value
Typg _ ) ) B
ific Whi 255% 235
Cel R : 0
Ga .75 2.28
- » 106.36
Acrylic 1 85 ‘ 0
= - .16 0.26
gy 0 166.24
b '{;} )
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2.1 Why Usi . m

In this résgarch. a calibratiomcard is used to form the relation between
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obtained when a ﬁ]ter of consistent color s applied. This.relation is therf$ed to compensate
e om e AN DAL BN R L o e
detailed dxscussmn of this topic will be presented in Section 2.3, Using a Calibration Card for

Filter Characteristic Detection.

2.2 Making a Calibration Card
Users of the BW2COLOR software can make caliBration cards easily by

themselves. The calibration card of this research comprises at least one white band and one or
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more gray bands of different gray levels. If it comprises multiple gray bands, they should be
laid in the sequence of decreasing brightness as illustrated in Fig. 3.2. These gray bands should
be made of paper pigmented with dense gray color. In other words, paper with gray color
made by halftoning (or dithering)" should not be used. In this research, a color chart of book

printing and four color charts of car enamel were tested. More than 100 color bands were

he f—-u.,-.h-._._ﬂn of paper. The size of each
st be placed next to each other.

‘_ n adjacent bands, Each band

The n ¥ gris b a Gallbrafion card is limited by the ability

of the BW2COLOR software 1@'dis a;‘-:‘: i ds. The ideal maximum number

of gray bands can be obtained § diyiding the mambe 'm:.r levels available (256) by the

sensitivity value of the BW2COLOR S warss & e the sensiiviy value s 10, th idea

maximum number of yf,._..,,.,, s is 25. However, 1 stical, maximum number of grav

bands is much less than I??-\ ‘f ' different when the amount

of light is reduced by a filtéf. If the BW2COLOR software d

e ] 1 9 e s s

4it should be noted that the sensmm}' value of 10 g;rav levels was obtained
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pictures of Varying exposures were scanned to measure the automatic exposures. Each of these

otOEts that two adjacent bands are

exposures was then applied to scanning the calibration card applied with each of the filters. As
the minimum difference of the gray bands on the calibration card was about 20 gray levels, the

sensitivity value was firstlv set to 20 gray levels. However, the detected number of gray bands

* Halftoning is a technique to approximate gray levels by printing dot patterns of
different density, also calleddirhering.



at this sensitivity was less than the actual number. The sensitivity value was then decreased
gradually. It was found that the detected number of gray bands was correct when the
sensitivity value was around 10 gray levels. When the sensitivity value was set to lower than
10, the software detected more gray bands than it actually existed. Thus, the sensitivity value
of the BW2COLOR software in distinguishing different grav bands was set to 10. The

Thus, the results suggested thAF At The-sensitivity @m}- levels, the adjacent bands
should be different for more il 20 Fray 5 to provide double number of gray levels

ated in Fig. 3.2. When in use,
the calibration card must be pldCedfin " dirsciign as sh '!\\_ ig. 3.2, with the white band at

the top and the darkest gra}'—b i
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2.3 Using a Calibration Card for Filter Characteristic Detection
As alreadv mentioned, real filters have at least two imperfections:

impurity and intensity reduction. If the degree of impurity is low, it can be ignored without
causing much color distortion. Thus, there may be two approaches for filter characteristic

detection, either by ignoring or recognizing the impurity. On the other hand, if the degree of
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impurity is high, a specific color calibration card might be needed. As the cellophane filters
used in this research have low impurity, the effects of their impurity are ignored. This results
in reduction of the detection time. Moreover, being able to use calibration cards that can be
made easily by the users results in a higher portability.

A filter characteristic detection scheme was designed to detect the specific

\\i/

grav band on a calibration card. vehict 4= , cl of the pixels on each individual

characteristics of filters used for gray & ibration. Firstlv, the grav level of each

gray band, was identified bw. the BYWECO OR isarc.” To find this average value. the

software must be able to recogmizc th  : D ="'\\\\"‘ L It was assumed
that a calibration card migh ! \ 1 0 degrees of inclination from

- \\\\ g. 3.3(a) and 3.3(b)). As the

the vertical axis (any positig \
\ allk 100 dots per inch (dpi).

resolution of an image capty
averaging the gray levels from j \ : Id be adequate to distinguish the
l.inad ranges, giving a total of 18
lines, were excluded from ave =.;_;, 2 This) g jon would cover the junction of 10°
incliation i/ the assinly tipt that the calibration card Wasapproximately 100 pixels (1 inch)

V
wide as illustrated in Fig. 3.3 g were illustrated in Fig. 3.4.

100 pixels ' 100 pixels
18 scan lines

(a) (b)
Fig. 3.3 The images of a calibration card with 10° inclination
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The areas in which gray levels
of pixels are to be averaged

Fig. 3.4 The arcas on a band

)ch gray level are to be calculated
d

——

i ,////‘ “\‘\ “_-\ r of lines to be excluded from

,: ing will be too small. As an

At higlf

averaging will be too much ag 1L remain, for

example, the gray bands of 14 J 5/@’\§\' S were obtained from a
color chart of enamel. They afe dbs ‘? ’\\ s, the number of lines that
remained would be only 52 lincs of pixe s Wwhen .-_-. ec of inclination was 10°.

Nelely / |
Furthermore, the inclination of 1081s COVIOUS €1 h to D r\rﬁ:l,mdugmgshgu]dadjuﬁ
FiGs ‘
the direction of the calibration card tG%

B}' -‘,“#, =1t ‘5“ of a calibration card

gray levels obtained from lemmgc to the inicnsitics of each prmar_\* color on the source color
picture can be deriveg s'ﬂ i lation. = E’Iﬁf jb'almd can be used to
perform hfmagram@ﬂ ] ﬁﬁﬂaﬂmﬂ: source color picturd.

‘ : e ( i‘ i W : 0 gray level
N1 and NﬂoﬁgiammgIm : a range of

applicd with each of RGB]

! Pradit Pinyopasakul and Nongluk Covavisaruch, "Getting color images using a
black-and-white image input device," Paper presented at the Ist National Computer
Svmposium, Bangkok, 1 April 1994,

* One of the two gray bands must be white, as alreadv mentioned, because the
lightest band is assumed to be the white band for the BW2COLOR software.



all gray levels available is presumed to be 0 to 2335, the transformation functions can be derived
in three different intervals, i.e.. from 0 to NI, from N1 to N2, and from N2 to 255, as

illustrated in Fig. 3.5. These three functions are shown by the equations (3.1).

The intensities of a primary color on a source color picture
0 X N, N, X, 255

A
black white
255
Fig. 3.5 Lincar ingerp@laliotfo transform gfav levels backward to the
; | ce color piciure

(3.1)
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intefpolation to this, transformatiomgis proper since the
esponse mmmmmmmmﬂmm :
wase:q:ectedtobe For this reason, the more intervals lead to the less error in approximating
a curve to a straight line, as illustrated in Fig. 3.6. However, not all errors can be eradicated
due to intensity reduction characteristics of filters and the proportional effect of each color to

2 Tim Wegner, Image Lab (Califomia: Waite Group Press, 1992), pp. 79 - 81.



its perceived brightness as indicated by the Y function of YIQ color model, which cause

multiple intensities to be mapped into the same gray levels.

Intensity Intensity

Gray level
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Fig. 3.6 Red App
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reduce errors but may even calls \ thamabmtyto recognize all the
calsec b}'fhﬂﬁﬂ!imnﬂl' 1inthecmtmst

input software which comes with the

different bands. In an experi
calculation of the DeskScan II

-: was needed on the very
dark image of a calibratior ¢ard s " Figl 3.7 illustrated the error in an

¢

HP Scanlet llc color scanpes—
V.

un.ageufacahhmuunmrdsliowmgmauhnsmoﬂhandappmmddmkerthmﬂmthrdhand
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3 "DeskScan 1l version 1.51", Computer software produced by Hewlett-Packard.

California. 1992.



iers which was applied to this
research, another method g gnizing the impurity of filters

was also proposed. Though
reference. The underlving idg

ect, it is noted here as for

. od ¥ J‘ \\\ effects of the other primary

colors which could pass throug ‘ of galibration card. The hypothesis

was that a filter was assumed 16 a, a, and a,, which were the
reduction coefficients of red, grecsic-and blgs colors, respectively. These three
-' jations were required. The
proposed strategy to obtai : calibration card with three
bands of different mixed min? A color i tmagr. it device was used to acquire the reference

RGB values ofea.ﬂ% J = W%’Tﬁ%ﬂs were (R, G,, B..).

(R, G., B,), and {R?,'IG B.). rcspectwely‘ and the g;m}' values of the LhreaBands when a filter

e 4 9, Y Y TRV I B

follows:



Y
Y2
Y3

R] G| B: dp
R_-}_ Gz Bz ag
R; G; B3 l|ay,

(3.2)

Gaussian Elimination was then applied to solve the Equation (3.2).

glass was used as filters.

coordinates of each color

first calibration card com

204, 0), and (153, 255

. 253

camaet, was used to acquire the color

k-and-white scanner. The
were (255, 0, 0), (102.

of the 3 color bands on the

second calibration card wergf(238, 53, (0, 255, 153), respectively.
Each calibration card was  FINe r each filter. The experiments
yielded the results as shown in THble] d 77
Table 3.2 card
Color
of G.B) = YG.B) = (R.G.B) =
filter [Zm “%ﬂm. 0) (153, 255, 255)
A TSN TR S
Green Q| 69 136 | g8
. Al o D enoiaR ol
LEG ARIL4

Tgble 3.3 The result from the test of the second color calibration card

Color Gray level of color bands (Y)

of (R,G,B) = (R,G,B) = (R, G, B) =
filter (255, 204, 0) (0, 153, 153) (0, 255, 153)
Red 199 71 48
Green 177 BS 117
Blue 193 137 219
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The Equation (3.2) was applied to the value in Table 3.2 and Table 3.3

and obtained the (3. a, a,) characteristic values as shown in Table 3.4.

Table 3.4 The resulting characteristic values of a set of acrylic glass filters
Color of (a.. a,, a,) when applied with ...
filter First calibratian gakd Second calibration card

Red (0.7098, a \”! (0.4392, -0.5882, 1.0719)
Green (0.270605521 M (06745, -0.5882, 0.4392)

Blue (0.2078 -p-a-'ﬂE-u 6196, 0.2843, 0.9641)

The res .-1’ rafthy expd
the three coefficients. i.c.. the // ;

changed. These inconsisteny l “of ﬁ ‘
ada-l

characteristic model was not corggct fHenge: ﬂ* proposc flter characteristic detection scheme

itly gave two dissimilar sets of
whentimcalibmuoncardnas
adicated that the proposed filter

cannot be used. The reason why y {5 SEEBiciefts were inconsistent might be that
each of the characteristics was not a cg »
As a s 1 for further célibration card with a pile of

e X

color bands of known RG each band on an image

of the calibration card must# dcvcluped for such a calibration e ﬂ

of intensity of cm: W ﬂﬁtx}lur mapping can be
obtained. This mfmwtlm may then be Wﬂ the impurity effects. However.
such a cnlmmvm wT\.agErts portability,
Moreover, thg verification m’ requires a large number of calculations

resulting in a longer execution time. Thus, if a set of filters with high purity, as cellophane, is

. By verifying the change

in use, the effect of other primary colors that can pass through a primary color filter can be

ignored, and the color calibration card approach will not be necessary.



3. Image Acquisition
To acquire the RGB information of a source color picture, three grav scale
images of that picture with each of the RGB filters applied must be captured. Due to light
intensity reduction characteristics of all real filters, the information obtained from those three

gray scale images must be transformed to get closer to the actual intensities on the source

picture. Such a transformation ary color light can be achieved by

mapping the gray level of cach gra®™ ad before a filter is applied (N, and
N, in Fig. 3.5) to that after a : 3.5), as already described in the
previous section.

As illust e feature of the image input
device in use. if available, s ay scale image of the source
picture. The same exposure g€tti ‘used in capturing a calibration
card image. All the three » _ of the same size and position so
that each pixel on each image repfeselifs e sam f the onginal picture.

For the strategy at Ve ) images must be captured to obtain a
color image. Another capms “—_—___""\" > be done to measure the
automatic exposure. Cnmpﬂng 1age mput !u ice, it is considered to be a
very complicated and clumsy ‘{aak Hence, to i.‘.e complexity of the image acquisition

ARPYPS - (YPYS PIFTY Sn

then use it as a wmrﬁn set of exposure values to any mi source p:cmrw.JAnv source color
s B OIS RN DI B e
the source plgmrn first to get the automatic exposure of the picture when a filter is applied
always vields the best setting of brightness and contrast to make the use of the gray level range

most efficient while maintaining the highlights and shadows of the picture.



4. Color Look-Up Table Generation for Qutput Images
A color look-up table (LUT) is a collection of colors to be used on an image.

It comprises a number of RGB coordinates indexed by numbers starting from 0. The RGB
coordinates comprise three 8-bit values, each of which represents the intensity level of red.

green. and blue primary color. respectively. When in use, these RGB data are stored into the

color palette of the video adapter. Fe . & A adapter, the color palette is implemented
as an arrayv of 256=3 Digital-tasdiialos Cony P gegisters. cach of the six-bit size.
Thus. the intensity data fro L t bg scaled fr Msaa levels (8 bits) to 64 levels (6
bits), by right shifting for 2 €. s stored i #Fhen an index number can be
stored into a proper locati theftlig g a‘edlor pixel on the screen. The
digital intensity data will : :S . before thev are sent to
VGA/SVGA monitor, as ill Fige/284 Fo : ils on 256-color display on
VGA/SVGA monitors, please gfe enit |
LuT - =h VGA color palette
R G sadiaid 4 G B
0 ,
(8 bits) | (ki 1 4 bits) | (6 bits)
128 Py [ pa EXNXX | XNXNXX

Auaneninee
qwaws Q19 "\ AL/

A000:0000 |
- 013F

AQDFRCO
- F9FF

gl meminy VGA monitor

Fig. 3.8 The use of an LUT in 256-color mode of a VGA monitor



LUT is another important factor that affects the quality of the output images.
A good LUT should be able to cover the color space actually used in an image, in other words.
it should be able to represent most colors of the image. In this section, discussion of how 1o

use the LUT effectively will be presented.

No matter how accurate the procedure to calculate the intensitics on the source

picture is, if the color table applied is igep ch of color approximation in which

the nearest colors are used insteadsdHsIE distortion on the output images.
In this research, generating mbigperformed in two ways, either
by using a fixed LUT or ding. to the characteristic of the

colors of the source pictu

4.1
A fixed e applied to any output image.
The idea used to design a fixed LUT {fitiis reseal o quantize possible intensities of each

primary color light into a number of fiifer ¢ of each color is then mixed to

\ ',‘
o mﬁ'a!ucsofeanh color is & and

all other step values of -é"‘*‘:m“*‘*‘“'fmf** ation. As the size of the

color table of the output 1s 28

the actual number of colors i in yseis 216 (63), lm 40 colors unused, as shown in Table 3.5,

SR TP HITE TP —

suggested by Z]ngang Xiang and GregorygJov.* For instance, as the gregn, primary has the

mos cnsbolile g T IR T

that the m.lml:-cr of colors in use will be 252, leaving only 4 colors unused. These remaining
colors mayv be used on user interfaces so that the colors of menu will not be changed when the

colors on the image being displayved are changed.

4 Zhigang Xiang and Gregory Joy, "Color image quantization by agglomerative
clustering," IEEE Computer Graphics and Applications 14 (May 1994): 45.



The 216 colors used in the fixed LUT of the BW2COLOR software

look like those illustrated in table 3.5. As the number of steps for each primary is 6, the step

256 :
size of each interval is 51 [ahtaim:d from ET[) The function to fill up the fixed LUT is

shown in Algorithm 3.1.

Table 3.5 The fixed

—

o

Jﬂ—'

///é\\\\\\

J&E WIS
l’lﬂi‘i‘ PN \\I‘L,

2NN
w). oL o
o I

)
e -

P E

he, BW2COLOR. Software

B
0
. 51

\‘\T\\ 102

4
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: red, green, and blue values

R.G,B

SR, SG, SB :

LUT

LUT[I][0]
LUTI]
LUTIII2]

the step numbers of red, green, and blue values

: 256-color look-up table

. red value of the color |

: green value of the color |

¢ blue value of the color 1
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BEGIN
[+ 0;
FORSR=0TO 5 DO
BEGIN
R « SR = 51:

FOR SG = 0 T
BEGIN <

ﬂ‘UEJ’JVIEWIiWEJ’]ﬂ'ﬁ

mwwwmmmamc&m& i

shuwnmﬁlg rithm 3.2,

Algorithm 371 Colorlndex(R, G, B, I) Calculating the closest fixed

color
Arguments R, G, B : desired red, green, and blue values

I : returning value of color index
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BEGIN
1+ 36 x ROUND(R/51.0)+

6 x ROUND(G/51.0)+

ROUND( B/51.0):

END:

gemrated according to the
characteristic of the colors e n unfixed LUT is generated
bv constructing a temporar * The LUT of the temporary
image was constructed as scarch, 4096 colors in the same
manner as that in Table 3. e most frequently used in the
temporary image were selected ffory ghicst bars on the histogram of the
temporary image. Finally, the 236 c¢ ored into the LUT of the output image.

A math-coproessar /st ceded when the unfixed LUT is
applied. otherwise, the pri "’==—_ .;".1 s is because the processes
of constructing a tempora —H age and sele e 256 caloa io be applied to the output
image require a lot of floating point calculations. Fyrthermore, the color assigned to each pixel

DM T 1T TTIE (T S

instead of direct cai::‘llmmn Hence, in the condition with no math-copracessor available. a

fcd maemmmmmmq ngag

The number of colors to be used with the temporary image can be up 10
16,777,216 (2563, or 16 M). However, to employ such a large temporary image for a full-
screen 1024x768 pixel resolution requires 100,663,296 bytes (or 96 MB) of memory, with 6
bytes for each color of 3-byte index and 3-bvte pixel counter. The sizes of the index and the
counter may even be 4 bytes when implemented with double-word storage. Such a large

number of colors is too extravagant and may vield a color image of lower quality.
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Furthermore, the time for generating such a large temporary image and manipulating such a
large number of colors is too long. Thus, the number of colors which is only a little larger than
256, such as 512, or 4096, should be used. The selection of the number of colors to be used in
the temporary image was done by gradually increasing the power (n) of 2", starting from 8 (28

= 256). It was found that, when increasing from 4096 colors to 8192 colors. five sample

images were only slightlv better but the ¢
the number of colors for use inghSttempeorary i is research was chosen to be 4096,
with 24,576 bytes (24 KB) ofaen FhE tempoany image is casilv implemented
by an array. For those pros \

may be needed.
an unfixed LUT is shown

array on DOS, a program ki

The £
in Algorithm 3.3. Please notgithayf! been sorted according to (R, G.
B) coordinates before applvingfthis nfixed LUT is shown in Table

3.5.

Algnn -— T deaiing Ly 3, ‘ Searching for the closest
color in an Tafixe ,'.I
Arguments R‘G B : desired 135, green, and blue values

A ‘IJ'EI 09 W Eim'}ﬂﬁ

: lower limit nf
' AR Mﬂ‘i%ﬂd%‘é’r%ﬂﬁﬂ 8%
: 256-color look-up table
LUT[I][0] : red value of the color [
LUT[IJ[1] : green value of the color I

LUT[I}{2] : blue value the color I

5 Graham Robertson. "Virtual and Huge Arrays version 2.03," Computer program

librarv produced by British Software Licensing, Glasglow, England, 1992,



49

BEGIN
l« 0
L« 0;
U+ 255;

search for r

) 1
ANPS’LBS{ G- LUT[I;}HI] ) == ABS(G-LUT[I][1]))

f;jl T b AR B4 BT ) P Re) 6 Lomnenan )

lel1+1: ¢

RFNTUNRINY AT
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5. Color Mixing Process

After the three images of the source picture applying RGB filters have been
acquired, the transformation function can be applied to each of these images to vield the
intensity information of each primary color on the source picture. The resulting intensity of
each primary color at cach pixel will then be assigned as the intensity of the (R, G, B)

coordinates respectively as illustratedyifl | il 96 to yield the desired color for the output

image. The color and color i i piGs ired according to the selected color
‘

LUTs, i.e. fixed or unfixed, 3 fbed caf er i SCEfiG 4.1 and Section 4.2,

r

gray scale image
of red componenis

sl

gray scale image
of green components

i

gray scalc image | Y
of blue components : -

index 1o the closest
color in LUT

o

output color image

olor coordinates

Frg, 3.9 Color rmxmg process

 AUEANENINNg
IR AT Y s

artistic fantasy. However, a number of guidelines can be formed for a domain of
application. The most fundamental guideline is to use colors selected according to some
methods. The method exploited in this research is to traverse a smooth path in a color
model.® A number of heuristics were applied to this research to construct guidelines for

6 James D. Foley and Andries van Dam,
Graphics (Massachusetts: Addison-Wesley), 1982.




coloring gray scale images by the so-called grav level to color transformation technique for
the purpose of maintaining continuity of colors or color harmony and perceived brightness of
colors on the output color images.

A gray-level-to-color transformation function can be applied to a gray scale image
casily by changing only its LUT. Thus, it is usua.il:.' sclected for implementation. However. 1o
retain continuity and perceived brighim “1 ”/ following two heuristic restrictions

were used.

I. To preserve continuity ,.. . 4,, adjacent gray levels must be
[ T S \
armonious, in other wordse / : \
2. To keep the perceiw ‘\“\\\\\ \

of the equal perceived brigh

gned to a grav level must be

The perceived bgifhtgfsg Y function of the YIQ color

model, already shown as Equaty
Y =M. ')r.il]ﬁ'i‘vl “4‘.

i

Undoubtedly, it can bg "i,_e:ggi,gg; ion that many different colors can be

,_ SN — S——

mapped to the same grav
ways. However, a madnmﬂ] e pear gi 'te garish. Thus, additional

programming heuristics, furcv.m le, the three tad transﬁ:umannn functions, are needed.

TIPS SRR Y S—

three computer proggmsmtmttmtuwﬂwdm of the three g@y level to color

wstrns PR GHRFYD U URINYIA Y

l. ation Function 1

Approach: Sorting the additive primary colors according to their perceived brightness
and interpolating the colors in between these primary colors.
Comparing the three additive colors according to the Y function, blue color



has least influence to perceived brightness, while red has more influence to perceived brightness
than blue, and green has the most influence to perceived brightness. It is reasonable to assign

the following colors to grav levels respectively:

black — blue — (magenta) —» red — (vellow)—» green — cvan — white

The colors in brackets are | the resulted from the interpolation
between the adjacent primary : are fully saturated colors. To
cover the whole range of cn :‘ s desi '- pal, when changing from green 1o
white, blue is added before red - d in oy DR in.green and white.

The perceived ngss'of {hicabo \‘\\ were calculated by Equation 2.1

£ P \\
Since gray levels are integg %’ gnumbers were rounded to be the same as
those shown in Table 3.6. The i ﬁ_;'_' -_»5. ] \ ¢ colors to be assigned to each

gray level can be calculated by me; flisear in atiofl between each pair of two adjacent
pole colors as shown in Table 3.7, ansformation function 1 is illustrated in

Fig. 3.10.

Table 3.6 The colors used in the (rans
Grav Level 0

Color

0 179 255

1

16 Bbe

cvan | white

Level (i)
i
0-29 0 0 0.114
255x(i-29) 255 (76-1)
30-76 d, 0 T“ dy o DOT(I6- )4 76245 (3 - 35)
255 (149-1) 255x(1-76)
77-149 da d, 0 4y = TOTASX (189 110 149685 ui - 751
255 % (1 — 149.685)
1530-179 0 255 2907

L]

255x(1-178755)
180-255 76245 255 255
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can be interpolated like thi :

According to Equation 2.1, £ 0,298 + 058! G + 0.114xB
G=0. :
For fully saturated blue,
(R, G. B)=(0, 0, 255);

(1

\Z
For fully saturated red, i

(R. G, B) =(255,0,0); ¢ 1 = GEQQXIS ==T6245

ﬂumwmwmm@

Between blue {i—Z and red (i=76). colqps will be grmmlly chmgcd i

mammmmmmmaﬂ

255 x (i - 29)

B =

B decreases from 255 (i=29) to 0 (i=76);

255 x (76 -i)
dl



Sd

255x(1=29) | 114y 235 %(76-i)

From (1); i =0.299x%

_ 76.245x(1-29) + 29.07x(76-i)
d‘:

Thus ¢, = 16:245x(~29) + 29.07x(76-i)

Pros: The colors assig e the samie-briohmess as the original gray levels.

resulting in harmonious chiig
Cons: The colo cpt. As the human eve is less

sensitive to saturation chamn ¥ reduction is not enough for

the range from cvan (179) f hue change is needed. An

example of this effect is show ¢ details inside the bottom sections of

the backbone are not cleared.

2. Transformia =
'-V; : |\ ‘
Approach: Inserting s | .4 inetion | in order to change hue
u

AJ

as often as posi;lble

‘ﬁ‘ﬁ“ﬁ'%ﬂﬂﬁfﬁ B SRl sarated addicie

colors and the fully Sthurated subtractive céuim‘s into the black to white c sorting by their

pecived @W@Nﬂ@ﬂ&“&l%’ﬁ% A a g

black —r blue — (magenta) — red — magenta — green — cvan — vellow — white

The above colors are assigned to the gray levels as shown in Table 3.8 and the

intensitv functions of red. green, and blue colors are calculated by means of linear

7 James D. Foley et al, Computer Graphics Principles and Practice. 2nd ed.
(Massachusetts: Addison-Wesley, 1990), pp. 575-578.
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interpolation between each pair of two adjacent pole colors as shown in Table 3.9. The graph
of the transformation function 2 is shown in Fig. 3.11.

Table 3.8 The colors applied to the transformation function 2

Gray Level 0 29 —> 76 105 150 179 226 255
Color black | blue | ( magenia | green | cvan | vellow | white
Table 3.9 R. G, and B fun f '
Gray —— Note
Level (i) R )
0-29 0 B
255::(1—2?) i o, » 201x(76- 1)+ 76245+ (- 29)
30-76 4, N e .
My 5)
77-105 255 b QR
149685 -997 =1 3 T=i
106-149 .77 s Y
7R (12149.685)
150-179 1] 2907
- s - -
255x(i-179) Al 226-1) 4, TE245(1-179)4 2907x(226 1)
180-226 d, . i - 240685
227-255 255

Fig. 3.11 Graph of transformation the function 2




th
L=

After the transformation function 2 was tested on five gray scale images. it
was found that:
Pros: The change of hue from cvan to vellow before fading to white can help solving
the problem of transformation function 1. An example of this benefit is shown in Fig. 3.13(c)

where the details inside the bottom sections of the backbone are more obvious than those in Fig.

3.13(b).
Cons: The depth dime ol = ne & s fmages were lost. The endeavor to
change hue as often as possible g2 the imagestosiook unnatural. especially in the range

from blue to dark magenta. 1
be observed that the probleg ed by the very close range
between dark magenta and f sleaved by red color only. An

example of this effect is shoy o@sof the backbone are blurred.

3. Transformation §

Approach:

e
Y

Solving the problep.aith; bv the benefit of the function 2. The

A
-

: I .
ta) —» red — (VCHOW) — green —{gyvan — vellow — white

b |
§
(711

black — blue — (

B ANENINED T e s
A N A S TN

transformation function 3 is illustrated in Fig. 3.12.

Table 3.10 The colors applied to the transformation function 3
Gray Level 0 29 =3 T6 —* 150 179 226 255

Color black | blue | (magenta) | red | (vellow) | green | cvan | yvellow | white
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Table 3.11 R, G, and B functions of the transformation function 3
Gray Iniensity Mote
Level (i) R G B
i
0-29 0 0 0114
. 255x(i— 29) g 255x(76-1) 8, 006 1)1 76243 -29)
d d, ]
255x(149-1) 255x% (i -76) . . .
s 11_'_:Ef_—| fl“_ﬁf’l i~ T
77-149 4 0 4y She
150-179 1]
255x(i~179) 4. - 7624541 179): 2907+ (226-1)
. 1~ 1495685

180-226 d — = o
| |
227-255 255 = 4 lf\\;\c‘ﬁ-\

Intensities

I J

. 3.12 Graph of the transformation fif

gugdngningong.,. ...
ANILNNIANEAY, ...

lem of function 1 can be sol

iction 3

of function 2. An example of the application of this function is shown in Fig. 3.13(d).



4. Example Applications of the Th sed Transformation Function

Two sets of gray scale images before and after applied with the three
transformation function are shown below to be examples of applying the three functions of
color to gray level transformation techniques described above. In general, all the functions are

good for applications on the images where colors have no relationship to any object in human

sense, such as the X-ray images in nai images in Fig. 3.14.

(c) Colored by function 2 (d) Colored by function 3

Fig. 3.13 Sample applications on an X-ray image
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(a) Original paini image '/y/ (b) Colored by the function |
. —

AE
b

IO TS

{c) Colored by thg li-»vr

FiE, -' i -;:-- J!:.h:: S O : - image

It can . :

i}:"- colored X-ray images are
more obvious, especia V I AW function 3, and that the

cartoon images applied wm pswdn coloring are much muremtmmve than the original gray

o mmmm Gﬂilmmmm o

range of gray levels and the software should automatically assign a proper saturation for each

gray level in that range.

" The original image was from the outer cover of Smart Drive, a handbook
produced by Highway Police Constabulary and Bangchak Petroleum Co., Ltd.
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