CHAPTER V

QUALITY MEASUREMENT FOR COLOR IMAGES
AND APPLICATION IN THIS RESEARCH

in this research for measuring
the quality of the output ima s the @ software. The color values to
be measured, the measures of distof i o1 these va g and their usage will be described in

this chapter. ; . | \

Color Values to be Measured _
Each pixel in color i 8 red (R), green (G). and blue (B)
while that of gray scale images ¢ |. Thus, the same method for
measuring color distortion uly the differences of R, G, and B values
themselves are not eno 7_ sing to Tepres Surthér mo itoring of some more
parameters is required. 'r‘ the HSV (HSB) and the

HLS color model, and
intuitive notions 1 m uld not be considered
separately but all geum m overall data error.
T TR
mean square@rror (6e), e/ ME Eiror d normalized

mean square error (NMSE), as measures for the distortion of the seven values above.

1 il 3
e --'-l o brighm:ss (Y) values in the color model, which are the

The definition of an RGB vector is presented here. If the color of a pixel on the
refm‘mcehmg&is{R!,G,,Bl}mdthem!urofﬂ:empixel on the distorted image is

ical Applications of Paralle

Processing_Techniques (New York, U.S.A.: Ellis Horwood, 1991), pp. 74-76.
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(R,.G,.B,), as illustrated in Fig. 5.1, the magnitude of the RGB difference vector can be

calculated as follows:

IRGB| = (R, -R,)* +(G, - G,) +(B, - B,)’

Measures of Color Disto e
R )

!?
el arefmceunage,anermr

To measure th ;i

image must be virtually nonstpmted first by subtmutmg the alie of each corresponding pixel

v o B PR TR s b

Thmﬁcfoﬂuwmgﬂaﬂsﬁmlmluzsofﬂa;emmg&andﬂnmfemwmﬁmhe

mmwawﬂimumfmmaa

Mean Error (ME)
ME is the arithmetic mean of error which can be calculated by:

For n = number of pixels;

G se E(e:mr}

2. Root Mean Square Error (¢,)
€ms is the root mean square error which can be calculated as follows:
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_ ’Z{emr}z
Ems ~ —n_

3. em/ME Percentage
e/ ME percentage can be calculated by:

follows:

variance of the reference 1

For X; = th valuenftheplxelnmnben

ﬂuﬁlﬂﬂﬂmvﬂﬂﬁi‘i
Qﬁﬂﬁﬁm%ﬁﬁiﬁﬂﬂﬂﬁﬂ

f: X; -X)?
Var(reference) = J‘"‘—tn——

Var(error) x 100
Var(reference )

NMSE = (o)
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The Test of Five Measures of Color Distortion
Images of monochrome squares of different colors were created to serve as a set of

testing data for the application of the five measures above. The results of the experiments are
shown in Table 5.1 to 53.5. The distortion of H, S, and Y values represents the human feelings

of difference while the distortion of R, G, and B values represents the data errors. Thus, the R,

G, and B values presented here range &h&ﬂﬂmdml.m not 0 to 1 as those
of RGB cubic space unit.

Table 5.1 Rf:fel.’ﬁ]:lﬂﬂl w.,{..

ﬂﬂﬂ: I\R S v | [RGB
ME 0 [/ "B m\“\\\ 0.70 | 360.62
- s I, %5 I’ AL T | 070 | 36062
em/ME (%) ﬂf”".: I‘é\\\ D0 100 100

NME (%) 0 I 70,10 81.65
NMSE (%) NA NA NA NA

Table 5.2 Reference i

Y IRGB|
ME il 1w | ‘ 255
Sitia | . 255
NME (%) 'k 100 " A 1 : 57.74
NM : . NA
o] Al | ¢ | ¥
q
Table 5.3 Reference image: Red, Distorted image: Green
R G B H S Y IRGB|
ME 255 255 0 120 0 0.29 | 360.62
B 255 | 255 0 120 0 0.29 | 360.62
endME (%) | 100 100 | NA | 100 | NA 100 100
NME (%) 100 100 0 | 66.67 0 | 28.80 | 8165
NMSE(%) | NA | NA | NA | NA | NA | NA NA
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Table 5.4 Reference image: Red. Distorted image: Cvan

R G B H S Y | |[RGB|

ME 255 255 255 180 0 0.40 | 44168

i 255 255 255 180 0 0.40 | 441.68
| e /ME (%) | 100 100 100 100 | NA 100 100
NME (%) 100 100 100 100 0 40.20 | 100
NMSE (%) | NA NA _JuANA NA | NA NA

S

Table 5.5 Reference imagt €\ all1distofed

/% E\\\ Y | [RGB
ME f;ﬂ'ﬁﬂl\%u\\ 0 029 | 360.62
o £ AL s A\ 0 029 | 360.62
| eanoME %) | 1004 0gf ff S5 Mooy "4 | 100 | 100
NME) | 100 ol i G A eoen N0 | 2830 | s165
NMSE (%) | NA®| N4 Aﬁiﬁ b 274 ) NA | NA
ﬁ W\

nia

As an example, the distogt: pe in Table 3.5 can be calculated as
follows:
For cyan;

Formagenta;  (Ry, Gy. )

ermnz}nmﬂ-} J{m &J’ +(G, - | -G)* +(B,~B,)’
VBN ey
= ¢\/2557 + 2555,

Qﬁﬂﬂﬂﬂ‘ifﬂ%ﬂﬂﬂﬂqﬂﬂ

Forn= number of pixels:

ME _ ZXl(error) _ n x 360.62
n n
= 360.62
- ztem}r]l " n x 3602
Crms L % = =

[
il
[=a)
=
=2
2]
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ems/ME percentage Eﬁ % 100%

_ 360.62 < 100%

360.62
= 100%
Maximum possible error = upper bounded [RGB - lower bounded [RGB|

= /255% 42557 + 2557

It is known that the value of mean error (ME) should always be considered with
the maximum possible error. However, it is inconvenient to interpret both values as a
combined measure of distortion. Thus, more normalized measures, like percentage values of
NME or NMSE, may be more appropriate and easier to understand. However, the NMSE
percentage is sometimes unavailable when Var(reference) is 0, while the NME percentage is
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always available as the maximum possible error is alwayvs a non-zero value. To measure the
variation of error, ¢y, or e, /ME percentage may be used. However, ¢, /ME percentage is
more appropriate since it can be used to compare the variation of error between two different
color values while g, cannot.

Please note that the H value is not available for black. white, and gray colors. so

the distortion of H cannot be “@%}'ﬁblc 5.1 and Table 5.2.

onclusions on Qualitv Measuregie Cor 1130

The two main -L. A€ bien | dis \h\ chapter: which color values

should be identified, and wj

In the first placg les are (R, G, B) coordinates,
the distortion measures on eagh v mrors of data. The overall data
errors can be measured on RGE A, present himan feelings of difference. the

distortions on H, S, and Y are color values should be measured and

understanding in all color values is
distortion of a red squas

cting the measures.  For example,
‘:;a: i quare imase vieh -1‘ erences on R, S, Y, and
[RGB, and no difference oy ¢ arg reductions on the amount of

J

the red component, and on saturatu:n nflhr. red hue. In addition. as more white color is

added, thchnghmﬂ wﬂﬂ% A ij ¢

In the sétbn d place, astth'h}Enmsum is avmlablemallcaﬁ and is easier to

i QAR RGN o o
thdt NME value should be used as measure of distortion for color images. The

percentage value of NMSE should not be used as it is sometimes unavailable. However, the
€ms/ME percentage should still be noted with NME also, if it is available, as the equal NME's
do not mean the equal errors. The more e, /ME percentage indicates the more variation of
error. In the case that the e, /ME percentage is not available, the e, value can be used to

compare the variation of error for the same color value only.
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itv ut Images from The BW R Softw
To compare the quality of the color images composed by the BW2COLOR
software to the reference images obtained from a color image input device, the quality
measurement scheme presented above was exploited. As the dimension and position of two
images to be compared must be exactly the same so that each pixel on the distorted image
represents the same pixel on the referep ‘_ 1M # canJet llc color scanner was used both
as an emulated b/w image input de i -_ ] &input device.

Weresselecied to be sample pictures. The

Five color pictu
smiling girl, the dog, and th S nicres \ s of the pictures in a small
number of hues but variedd af \\§ umping girl pictures are the

the jumping girl pictures cai alSofbe ,’_. | pictu red, green, and blue color.

representations of the pictu wichAvdry i ’ Q e, the dog, the flower. and
respectively.  As they covel fgt “Variai ,r?:‘_ of huds, fhese five pictures can be the
representations of pictures in modt valiatitns

The calibration card v has one white band and 3 grav bands.
Bv adjugﬁng thﬂ 1 + ”5 e ol enm - hande—t-ragn e usﬁi as lf'hm-e were .l_l.

.Y ‘

calibration cards: one cahbﬂm 1 v three calibration cards with
!

one white band and up to t]'.umi.grav bands.

to BRI A A Y R e i o

pictures and the n:amrat:un card was dgpe for 105 tm Each of' ve sample color
e Q9 IR TREHINY IR BAR 0
scalemnde?onbmmthﬁmmﬂydataandﬂmwufmchpmrymlm. Each
picture was also scanned with no filter applied one time in the gray scale mode to obtain

the exposure of the picture and one time in the color mode to obtain the reference color
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image. The automatic exposure feature of the scanner was exploited every time a picture was
scanned. Then, the calibration card was scanned using the same exposures as those set by the
automatic exposure feature on scanning the pictures when the consistent filter applied.  As it
was a time-consuming task, these five images were considered enough for this quality

measurement.

(a) in comparison to those composed

by the BW2COLOR software cr with white band and three other gray
e —

|
AUEANENINE 109
AN TINENAY

" The smiling girl images were from a calendar card produced by Mangpong Co..
Ltd., Thailand in 1994,



Fig. 5.4"" The flower images

* The dog images were from a calendar produced by Hallmark Cards, Inc., US.A.
in 1984,
** The flower images were from a calendar.



Fig. 5.6°" The jumping girl images

* The book images were from a magazine advertisement.

** The jumping girl images were from a magazine.
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For the reasons already mentioned in the previous section. NME was used as the
measure of color distortion on seven values: R. G, B, H, S, Y, and [RGB|. The ¢, /ME
percentage was also used to represent the variation of error. The NME and the e, /ME

percentage of each of the seven color values of all the five images are shown in Table 5.6 to

5.12. Please note that the error caused by wrinkles on the cellophane filters were included.

A

Table 5.6 NME (R)

LUT | Number Average Average
of grays | Image | ["THSEC :azal NME (R) eqn/ME (R)
7// \\ (Yo) (%e)
fived | 1 6.89 Jﬂ’/(ﬁ \\\7& 10.38 140.56
unfixed| 1 8.51 'ﬁ'l ﬂ \\\\‘\ 10.25 122.72
2 5.75 M'mr '\‘\‘L‘ 10.27 135.45
3 5.32 J!‘ m& w..\‘} \ 6.88 140.86
s | sas | aod Jﬂﬁﬁ ‘iﬂ'ﬂ\ 9.24 139.22
Vg
Table 5.7 NME (G)
LUT | Number - G) (% ) 'v:mge Average
of grays ~-"€§’;ﬁ Image 3 | Im n_-‘-ii-‘r E(G) | emdME (G)
n - L6 (%)
fixed 1 9.61 ﬁﬁ 1215 | 908 | 868 11.12 144.73
unfixed| 1 SN2 134.64
2 i ) 7.89 o5 [ 119, 127.48
3 0.10 | 2464 £ | 816 |ana 1430 %] 12358
‘ 'iﬂ;jm; | glsd/ | 7 )isbst 124.69




Table 5.8 NME (B)

39

LUT | Number NME (B) (%) Average Average
of grays | Image 1 | Image 2 | Image 3 | Image 4 |Image 5| NME (B) €ms/ME (B)
(%6) (%)
fixed 1 4147 | 3920 | 3517 | 2635 | 16.84 31.81 121.22
unfixed| 1 3994 | 3933 | 34.76 | 2544 | 16.69 31.23 120.59
2 52.85 | 4940 | 43 693 | 21.35 40.90 116.62
3 42.89 | 39.32 NA 38.23 177.93
4 3151 | 4 8 3 30.38 113.41
Table 5.9 NME (H)
LUT | Number | Average Average
of grays | Image 1 . { NME (H) | emmyME (H)
' (%a) (%)
fixed | 52.28 L. 42.33 124.16
unfixed| 1 5224 | 2gs gl L) 48.82 116,94
2 | 5407 | 35 74 0| 3843 121.62
3 | 4098 | 1804 (oA 1 NA 36.85 121.27
4 3204 | 2 1=31is¢ 4 30.76 132.56
Table 5.10 NME (S) pi | b
r
LUT | Number NME (S) (%0) Average Average
of gravs qAI (5)  |emdME (3) (%0)
ik
fixed | 55 | 4232 | 4795 | 2262 [ 2665 382404 121.31
unfmadgl_w 9 ’ 2. 8 117.14
¢ 57.84 | 37.65 | 46.45 | 21.08 | 28.42 38.29 119.24
3 5494 | 4000 | NA | 2258 | NA 39.17 117.40
4 4886 | 4143 | 4071 | 3399 | 3747 40.49 113.09
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Table 5.11 NME (Y)
LUT | Number NME (Y) (%) Average Average
of grays | Image 1| Image 2 | Image 3 | Image 4 |Image 5| NME (Y) €rme/ME (Y)
(%6) (%a)
fixed I 1050 | 1136 | 974 | 831 | 7.79 9.54 128.27
unfixed| 1 891 | 1217 | 915 | 681 | 7.57 8.92 127.57
2 1293 | 2339 | 14, 04 | 13.41 14.91 117.35
3 11.17 | 2103 NA 13.49 121.41
4 11.51 | 22.6! s 12,94 117.72
——
Table 5.12 NME ([RGBI) — | ‘--f‘
LUT | Number ) Average Average
y; NME Crms/ME
of grays | Image 1 3 ¢ SIWIRGB) (%) | ([RGB]) (%)
fixed | 1 | 2646 476 )\ 2242 112.54
unfixed| 1 2481 |#27, 2380 1. 21.54 112,63
2 | 32712 2800 27.23 111.00
3 2620 | 2799 |[iEAC | 25.20 113.53
4 2045 | 3294 L1935 i 8.11 20.86 107.83
The average are summarized again in

Table 5.13 for a better mmmﬁsun.

i

N3

LUT Number
"
_v% ﬁ:ﬂl of samples
Y |

fixed L34 9 3
unfixed 1 10,25 11.12 31.23 | 48.82 38.91 3,92 21.54 5
2 10.27 13.71 4090 | 3843 38.29 14.91 27.23 5
3 6.88 14.30 38.23 36.85 39.17 1349 | 25.20 3
4 09.24 14.02 30.38 | 30.76 40.49 1294 | 20.86 5

Though the composed images with fixed LUT's have onlyv slightly greater NME's.

the transitions or contours between colors are much more conspicuous to viewers.
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To compare the effects of the number of gray bands on the color distortion, the
graphs of the average of the seven valucs are shown in Fig, 5.7 to 5.13. The only conclusion
that can be made on these graphs is that. adding more gray bands to the calibration card tends

to result in less distortion on hue (H).

11.00
£ 10,00
ﬁ?_, 900 - ey
% 8 00 /
% 7.00
= 6.00
5.00 : : —
1 2 3 4
Number of grays
Fig. 5.7 Average fiy === Fig. 5.8 Average NME (G)

45.00 7
£ i100 . fa b 50,004
svot MUHIANYNTAESINT
E ;;:un i Y ¢ A0.00 L
HAM NI TN
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25.00 . 25.00 | : :

I 2 3 1 1 2 3 4
Number of gravs Number of grays

Fig. 5.9 Average NME (B) Fig. 5.10 Average NME (H)
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Fig. 5.11 Avm N \\\\
/

.13 A.vcmgc NME dRGB

ﬂuEI’JVIEWliWEI’]ﬂﬁ

réally mentioned in Chaptcr i, me NME of ;RGnl values is the best
L L e
errors of thélfive color images composed by the BW2COLOR software in comparison to the
color images obtained from the color scanner are 20.86% for the unfixed LUT and 22.42% for
the fixed LUT. when a calibration card with four gray bands and a set of RGB cellophane
filters are applied. The variations of error (ens/ME percentage) are 107.83% for the unfixed
LUT and 112.54% for the fixed LUT. It can be concluded that the unfixed LUT yields the
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output color images of better color quality. It is noted again that the errors caused by wrinkles
on the cellophane filters and by the limitation of the image input software were also included.
In an experiment. light red cellophane was used instead of red cellophane. The

results are shown in Table 5.14 to 5.20, and the average values are summarized in Table 5.21.

Table 5.14 NME (R) when light red celloplis plied
LUT | Number ) (% Average Average
of grays | Image 1 |1 ) 1| Ima MNME (R) (%) e,.mgu"ME {R) (%a)
fixed 1 3.82 | 16 2 [§7.2 0,92 10.96 149.34
mfixed | 1 | 761 4G/ Losa Patal. 1165 120.43
2 | 6os | Jofy 15 | i 9.24 135.42
3| 679" 1l A I e | NA 9,88 134.14
4 8,00 2086 4 467 e 12.19 135.31
Table 5.15 NME (G) when li i cd
LUT | Number Average Average
of grays | image 1| Image 2 | Timase 315 Tmage 5 | NME (G) (%) | ey /ME (G) (%)
fixed 1 9.6‘3 16.06 ] 11.12 144.73
wiixed | 1| s 10 134.70
2 | 105142906 | = 13.54 127.53
3 10104 2451 | NA | 818 | NA | 1426 123.67
4 ' 124.75

q

Table 5.16 NME (B) when li lr{:dcellnl:ﬁanc is applied®s v
o ], i LT R\ [E) averse

cﬁ grays | Image 1 | Image 2 | Image 3 | Image 4 | Image 5| NME (B) (%) | e;p /ME (B) (%)

fixed 1 41.47 | 39.20 | 3517 | 26.35 | 16.84 3181 121.22
unfixed 1 39.94 | 3933 | 34.76 |-25.44 | 16.69 31.23 120.58
2 5285 | 4940 | 4398 | 3693 | 21.33 40.90 116.02

3 4289 | 3933 | NA | 3247 | NA 3323 117.93

4 31.51 | 49.87 | 27.09 | 27.51 | 1642 30.48 113.56




Table 5.17 NME (H) when light red cellophane is applied
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LUT | Number NME (H) (") Average Average
of grays | Image 1 | Image 2 | Tmage 3 Imngc 4 lmnEu 5| NME (H) (%) en.nsfME {H) (%a)
fixed | 5451 | 37.20 | 4551 | 3831 | 48.03 44,71 123.24
unfixed I 53.11 | 4588 | 4446 | 2544 | 5746 4527 115.33
2 5258 | 26.17 | 45.25 | 3762 | 38.57 40.04 119.93
3 47.40 | 16.54 NA 35.03 122.06
4 2944 | 21.05 26.56 13510
Table 5. 18 NME (S) when light .
LUT |Number : I Average Average
of gravs | Image | V )i{‘f,ﬂ l| IgE IME (5) (%a) &IHJ"B-'!E (S) (%a)
fixed | 60,77 m”/‘l!: b, 39.82 125.12
unfixed 1 5793 !, ﬂi“ 39.21 118.75
2 56.0 J'lﬁ,—im 119.62
i 51.96 !"mz 36.98 117.28
1 4475 | 13 J-ﬁ 23 ﬁ IR.63 113.86
Table 5.19 NME (Y) when light g€d gtk | i
LUT | Number Average Average
of grays ME (Y) (%) | e o/ME (Y) (%)
fixed 1 VIO~ TORT | 872 | 862 | 1.6 iy 905 125.89
unfixed | 1 ﬂ 8.49 126.50
2 13.98 118.31
k! - 120.55
4 7d 119.21
¢ o o/
Table 5.2 i 4l o ~) €]
LUT er Average Average
NME eqms/ME
of grays | Image | | Image 2| Image 3| Image 4 | Image 5| (IRGBY) (%) | (IRGBJ) (%)
fixed 1 26.13 | 27.72 | 2520 | 18.82 | 55.32 30.64 111.81
unfixed I 2470 | 2796 | 2441 | 1742 | 52.69 29.44 111.93
2 31.88 | 33.24 | 28.02 | 2384 | 52.75 33.95 111.53
3 2644 | 2884 | NA | 21.79 | NA 25.69 113.14
4 2103 | 3546 | 19.71 | 1885 | 41.19 27.25 107.64
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Table 5.21 Average NME when light red cellophane is applied

LUT |Number Avcmgc NME (%) Number
ofgravs| R G B H S e IRGB| |of samples
fixed 1 1096 | 1112 | 3181 | 4471 | 3982 | 905 | 3064 5
unfixed| 1 1165 | 1110 | 3123 | 4527 | 3921 | 849 | 2944 5
2 924 | 1354 | 4090 | 4004 | 3699 | 1380 | 3395 5
3 988 | 1426 | 3823 40,3503 | 3698 | 1451 | 2569 3
4 1219 | 1400 {30 3863 | 1377 | 27.25 5
=

cellophane is applied, light red

5 it allows more green and blue

In comparis
cellophane vields higher ds

light to pass through (s
bv NME(|RGB) is 27.2

verall color distortion represented
is applied, higher than the
s of error (€,s/ME percentage)
red cellophane. The result of the

average 20.86% when red
are 107.64% for the light red
experiment suggests that a light'r plicd as a red filter, however it will
result in the higher distortion on th

In summa @ he-color-distortion-was-measared=by<idrmalized mean error (NME)

mﬂaemagrlitudcnfltﬂ%i - %rmmlsummtputmgcsor
better color quality than r.hq‘kod LUT, with @ average color distortion of 20.86% and

22.42%. mmiﬂ. wwzﬂhm ﬁewaﬂcm of the red cellophanc

filter, however. ueﬂing higher color distortion on the qutput color imaggs, with the average

worasapepyr 160 11 I EY HATIN T A
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