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Abstract: Color Consistency is one of the key techniquesctdor marketing in color reproduction in elec-
tronic business system. A new color management hisgeesented based on analyzing the color rengeri
principles of digital camera color sensors. Fitts¢ standard color target for scanner is takemfperimental
sample, and color blocks in color shade distriettaken to substitute complete color space whichscdve
the difficulties of experimental sample selectisgecond, the paper introduces data collecting meémat
creates preprocesse data bases to deduce the ifioide).BP Neural Network algorithm is improveddhgh
optimizing network structure, adjusting steps teexp up model’'s convergence and to build the selecti
strategy more conducive to the overall search,thed a new model for color correction of color thycam-
era is deduced and analyzed. Finally the experiahgasults show that the model can improve colon-ma
agement accuracy of color digital camera and canslkd in color management in electronic businestesy

practically.
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1. Introduction

With the rapid development of electronic businesdor
consistency has become increasingly important éc-el
tronic marketing. As a indispensable image inpwiaie
for electronic business system, color consisteriayigi-
tal camera has developed into a research focusated
fields. As a matter of fact, digital camera invava
comparatively great color difference in taking phot
graphs and the same object produces images withr-dif
ent color for different photograph conditions. Neke-
less, the color requirements for such industrieseas
commerce, packaging and printing are quite high. Fo
example, the same product represents its true boltbr
under different photograph conditions and by défer
cameras. Because of different color characterisies
scribed or represented by different equipments,difie
ferent coloration space and the impossibility ofedi
conversion, the shooting results always come ouifas
ferent RGB values for the same original sampleifferd
ent colors displayed from the same RGB value. Thus,
great troubles are generated in color identificatie well
as in consumers’ understanding with the resultrofed
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cessary damage. Therefore, color control of digitah-

era has become one of the most difficult pivotahtel-
ogies.

The major task of color management is to solvediffe
culities of converting images between differentocol
spaces with the view to minimize the distortionidgr
the whole duplication process. The basic approathes
volve three steps: first, a referential color spackepen-
dent of equipments is selected; second, the equizme
are characterized; finally, a relationship betwdencol-

or space of each equipment and the referentialr colo
space independent of any equipment is established t
provide a definite approach for data files whemgfar-
ring between different equipments. The main foceieh

is to study the realization of precise color cosi@mr
between the RGB space that is dependent on equipmen
and the XYZ space that is independent through the
means of digital camera color management. The XYZ
color space mentioned is a universal standard cplace
E[Zr;at is independent color space recommended by*'CIE
As for the image acquisition system, much emphigsis
laid on the study of scanner color management. Mean
while, only a few different concepts are proposadtiie
study of the impending digital camera color managam
and the ISO standard file related to digital canudnarac-
terization processing is currently in emendatiome Eur-
rent ways of color management for the image reprodu
tion include parameter analysis method and black bo
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method. The former is to construct a mathematioal ¢
version model of RGB and XYZ with the parameters
provided by the equipment and materials involvetha
conversion. A case in point is to construct a coégro-
duction curve® through the analysis of the photographic
features of photographic materials. Because theee a
various non-linear elements in the optical indizas
such as lighting spectrum curve, RGB color filteha-
racteristic curve of photographic transmission bbto-
graphic component and so on involved in the digital
equipment, the parameter method has great difiésult
when applied to the digital camera. The latter getof
the elements related to equipment in the color emion
and regards the overall system as a black box. ely
input and output color values of a certain numbkr o
standard color blocks undergo analysis and fittiogtrol.
Then, with the help of space relationship, theyiater-
polated to get the conversion relationship of otilecks.
Matrix conversion method, polynomial-fitting algtmin

and a conversion method based on BP neural network

(BPNN) and machine learning all fall into this apdey.
Black box method controls only input and outputuesl
and excludes the intermediate process of color emnv
sion, so the conversion accuracy is not guaranteed.
thermore, the accuracy of black box method depends
the selection of color blocks and improper selectizay
result in great error. Whether the color blocksmaper-
ly selected also depends on the quantity. Smallb@um
blocks result in large error while large numberckk
result in low efficiency of algorithff’®°,

standard calibration target are classified, theegrpental
color blocks of color scale area are selected tivel¢he
model according to the coloration principle of thdji
camera, and other color blocks verify the modeueacy,
so the problem of BPNN convergence speed is solved.

2. Coloration Principle of Color Sensor of
Digital Camera

The coloration principle of digital camera is quitem-
plicated with small difference of different typesaam-
eras. But generally speaking, the color values aghe
color are sensitized with different CCDs and a R@B
ue is worked out in signal processing. For instante
four million pixel CCD, there are one million setiia-
tion units to sensitize red and blue respectivelg two
million to sensitize green. More pixels are devoted
green because human eyes are more sensitiveTtbeit.
study of human eyes indicates that upon effecticely-
trolling the quantity of stimulus of the three dildi pri-
mary colors of R, G and B coming into human eykes, t
surface color of every object of the natural wasldon-
trolled. In color mixing, the three primary colaéR, G
and B can be mixed to developed more colors and hav
the largest color domain. The coloration principlaligi-
tal camera is show in Figurel.

BPNN is used to derive the management model here so

as to avoid the difficulties to analyze the compdetor
reproduction curve of digital camera. Meanwhilegaad-
ing to the mixture coloration principle of digiteamera,
the order of single color, double colors and threkrs
derive the model in turn so as to overcome theatiefe
of low accuracy caused by ignoring the intermediate
process of color conversion.

At the same time, the experimental color block ctela
plays a very important or even decisive role inghbse-
qguent color error correction. As for color sampédes-
tion, the prevalent practice is to compile a progria
which different kinds of color blocks are generated
cording to the progression of brightness and aberra
and the blocks are mixed to form different coldrhis
method is that the color blocks are redisplayedrdfie
digital camera is used to generate the color bloskéch

is totally in disagreement with the actual image
processing procedures. Thus, errors are produd#éd ar
cially and the ultimate model produces great eriothe
actual application. According to the colorationngiple
of digital camera, IT8/2 standard calibration targe the
scanner is selected creatively as the experimsataple
to avoid the error produced under the correctiomlief
play so as to solve the difficulities of selectihg expe-
rimental color blocks. Meanwhile, the color blodtsthe
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M=R+B: the mixture of red(R) and blue(B) producesgenta(M)
Y=G+R: the mixture of green(G) and red(R) produgaow(Y)

C=G+B: the mixture of green(G) and blue(B)producgn(C)
W=R+G+B : the mixture of red(R), green(G),and blue(B) produce

white(W)
Figure 1. Coloration Principle Diagram of Digital Camera

3. Data Collection
3.1.Measuring Equipment and Calibration Target

The Colortron Equipment is used here as color meggsu
equipment and Canon PowerShot G2 with 5 milliorr pix
els is used as the digital camera.

The standard test calibration target for scanr&g/f2
calibration target used in this experiment was miage
AgFa Corp. in 2005 with the serial number of
5x7¢60103xx. Its coloration material is qualifiedr f
1ISO12641 standard reflective color calibration ¢étr@s

is shown in Fig. 2. Among its color scale areardtere
three lines (column 13~ column 15) of color bloaks
the three subtractive primary colors of yellow (Y)a-
genta (M) and cyan (C) extending from light to dark
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three lines (column 17~19) of color blocks of rég),(
green (G) and blue (B) extending from light to darid
still one line (column 16) of neutral color withcireasing
ash. Column 17~19 are the mixtures of two of Y, i\ a
C three subtractive primary colors while column &é
mixtures of Y, M and C three subtractive primarjocs.

Figure 2. Diagram IT/2 for Experimental Measurement
Sample

3.2. Data Measurement

To make measurement more close to the objectiVityrea
the measured results of both calibration target oldr
values on the photograph images are recorded teceed
various errors resulted from impersonal measurogl
tions.

After 15 minutes of scanner preheating and whitego
lain board demarcatignthe picture of the whole calibra-
tion target is taken to measure its RGB and XY4igal
RGB value adoption range is 0~255 while the value
adoption range of all the input values in BPNN 5.0
As a result, all element values in RGB value datalzae
normalized, i.e. database values are R/255, G/2i65 a
B/255.

Use the default setting to measure the RGB valdies o
color blocks in the color scale area of the catibratar-
get with Colortron. And after the normalizationcen-
version RGB value database is built up for interiated
conversion to derive the color management modednTh
use Colortron to measure the RGB values of altctier
blocks on the calibration target, and after themadiza-
tion, the verification database is established rfardel
accuracy verification.

Use Colortron to measure the XYZ values of color
blocks in the color scale area of the calibratiamgét to
build up a conversion XYZ value database for in&erm
diate conversion. Then, use Colortron to measuee th
XYZ values of all the color blocks on the calibeatitar-
get to build up the verification XYZ value databdee
model accuracy verification.

4. Realization of Algorithm
4.1. BP Neural Network (BPNN)
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BPNN has clear advantages in descripting the naati
relationship and strong function simulating caggbilt
not only has input and output-layer node, but dlsb
den-layer node. Its hidden-layer neurons adopt (& ty
variation function and output-layer neurons useepiir
near conversion function so that BPNN can be ctose
the corresponding relationship between any funstemd
data if there are enough hidden layers and neutmts
retically. Therefore, in the study of color managein
the mapping relations among the color spaces ferdifit
equipments can be derived through the trainingtari-s
dard output data and measurement data to compleite t
conversion. BPNN is generally consisted of thregera
of neurons as shown in Figure 3.

Input layer

Hidden layer

Output layer

Figure 3. BPNN Principle Diagram

4.2. Monochromatic Model Derivation

Input is R, G and B values of monochromatic color
blocks of Red, Green and Blue in the RGB valuea-dat
base of color scale area and reasonable outpuf ¥ X
and Z values in XYZ standard database to trairrere
tions of monochromatic RGB and XYZ values. The algo
rithm is subject to BPNN generally, whose detaigd
plication flow is shown in Fig. 4.

The people who applied the BPNN know that this rhode
needs long time for large data training. So the ehbdre
was processed as follows in the actual applicammas

to speed up the model’s convergence.

(1) Confirmation of BPNN weight value and threshold
Because of the non-linear characteristic of BPNM t
initial weight value and threshold have importafieets

on convergence speed of BP model. A key need ts tha
the initial weight value makes each neuron closeeto

in the accumulative input. In the actual algoritbfirthis
experiment, the weight value and threshold are aand
number among-0.5~0.5 to make adequate adjustment
with regard to the real convergence.

(2) Network Structure Optimization. The algorithraihs
the mapping relations between RGB and XYZ by RGB
input and XYZ output. If the network structure istn
optimized and there is only one hidden layer, RGE v
ues are trained in 288 color blocks of calibratiarget
which needs more than three hours.
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First, according to the coloration principle of somg
object, there are only 36 input color blocks in the-
nochromatic algorithm so as to greatly reduce tbdeh
calculation amount and improve the algorithm ey .
Second, three layers of BPNN can realize the otose

from the gradient methody means the constant, adop-
tion value here is 0:30.5,andN means the iteration
times. The third item in the formula memories tlog-c
rected direction of the last layer of weight val\éhen
this layer of iteration errdkE is less than zero, the func-

responding relations between any functions and datatjgp js convergent toward minimum value, so ithiewn

theoretically. If RGB values are the input and X
three input and output model structure of the autpu
normal basis, the amount of computation will beeatld
greatly. For example, when three-layer, three-irgmd
three-output network structures are used, the hidilger
node is 70. After 84 color blocks of color scaleaahere
are trained for one and half hours, average ersor i
E =10 | Therefore, network structure here is optimized
as: three-layer network structure with three inpanmsl
one output, i.e. RGB values are inputted each tme
the corresponding relations between RGB and XYZ
functions are trained separately, so the algoritffix

that the adjustment direction is right to enlarge step
length and speed up the convergence; wh&nis more
than zero, the function is not convergent, so ghewn
that the adjustment direction is wrong to redueedtep
length. The experiment shows that it is the moeper
for 17 adoption value of 6-0.02 whemE is less than

zero in the algorithm here.

With the help of the BP Neural Network algorithnepr
viously devised, the single color correction resalin be
realized. Table 1 shows the correction resultsirngle
color Red.

ciency and accuracy are obviously improved and the Xoo Yo Ly, an Yq Zq and AE in table 1 stand for

network structure used here is the one with onddmnd
layer, three inputs and single output.

Initialization
>y

| Given input vectorand target output |

| Deriving each unit of output of hidden and input layers |

v

| Deriving the deviation E |

!

Satisfv Trainingend

N & Y

| Calculating error of hidden unit |

!

| Deriving error gradient | h 4

¢ ’?ining end

| Weightvalue study |

!

Figure 4. The algorithm is subject to BPNN generally

(3) Speeding up network convergence. The seledon
step length is very important in BP study. If theps
length is large, the convergence will be fast. Bugrsize
step length can result in the oscillation; smapdength
can avoid the oscillation and result in the slowa-
gence speed. Here uses the method of adding momentu
term /) shown in Formula 1.

w(n+1) =w(n)+aAw(n) +7Aw(n — 1) (@)}
In Formula 1,W(i) means the weight value and thre-
shold of input layer and hidden layekw(i) means the

the measured values of X, Y, Z (standard), theesf
X, Y, Z computed by the modification model and the
aberration between

them( AE = (X, = X,)* + (%, = Y,)?+(Z, - Z,)* )

respectively.

4.3. Dichromatic Model Derivation

According to the coloration principle of digital roara,
the mixture of red and blue produces magenta, tixe m
ture of red and green produces yellow, and theuréxof
green and blue produces cyan. Their formulas are
M=R+B,Y=G+R and C=G+B. Taking magenta as an
example derives the relations of dichromatic RGRies
and XYZ values, input data is the dichromatic color
block in the scale area of calibration target, thetinitial
model of input is shown in Formula 2.

X(m) =2(X(r) + X(B)) (2
Because the additive coloration is not simple limea-
tion, the error in Formula 1 is corrected througbuitting
RGB values and XYZ values of magenta block, and cor
rected again through BP model. But if the initiabdel
confirms general direction, the convergence spééiPo
model can be quickened greatly.

With the help of the BP Neural Network algorithnepr
viously devised, the single color correction resatin be
realized. Table 2 shows the correction results afbie
color magnate.

5. Experiment Confirmation

The model is solved with C language, whose coneersi
accuracy is shown in Tab. 1 and Tab. 3. Tab. 4 shbes
verification results of 12 blocks in the black scalea of
three-color mixture in the fifteenth column of thB2
calibration target. Since these are the color tdook

weight value and threshold adjustment value derived three-color mixture, the errors are total addititece-
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color errors, so are the area with largest errocalor

space conversion. Tab.2 provides a conversion acgur

statistics for all the 288 color blocks in the bedition
target through the algorithm of this paper, theypomial
fitting algorithm which is widely used and has itda-
tively high conversion accuracy and the BPNN algo-

equivalency can be acceptable whdR < SNBS ypits.

Table 1. Single Color Results of Red

rithm[6,8] in this experiment!\IBS aberration unit is the
one adopted by American National Standards Institut
According to the research results of colorimetrigual

No. X, Y, Z, X, Y, Z, AE
1 92.20 96.91 103.28 93.46 96.94 103.85 1.38
2 85.51 88.07 87.53 85.98 89.02 88.43 1.39
3 77.09 75.56 71.04 79.78 77.52 72.11 3.50
4 68.62 64.26 55.99 70.81 67.76 57.08 4.27
5 60.28 54.16 42.05 62.86 55.56 45.03 4.18
6 54.28 46.95 33.21 57.83 49.63 35.71 5.10
7 45.72 36.70 22.61 47.01 38.86 25.72 4.00
8 38.01 28.37 15.09 40.32 30.42 16.56 3.42
9 31.74 21.77 9.42 33.00 23.41 10.58 2.37
10 27.08 17.38 6.28 29.45 18.59 7.25 2.83
11 22.37 13.19 3.92 22.77 13.56 4.17 0.60
12 19.20 10.94 2.91 19.20 10.94 2.91 0
Table 2. Double color results of magnate
No, X, Y, Z, X, Y, Z, AE
1 94.67 99.34 108.12 94.27 98.24 108.63 1.28
2 91.44 93.42 105.26 91.46 94.76 105.68 1.40
3 83.77 80.74 98.54 84.82 83.69 99.76 3.36
4 77.42 70.62 92.05 79.65 73.59 93.23 3.90
5 70.67 61.16 84.84 71.98 65.16 86.87 4.67
6 65.60 54.26 79.94 68.57 58.34 82.68 5.74
7 57.68 44.19 71.14 60.71 42.32 74.35 4.79
8 48.31 33.28 60.04 49.76 37.38 62.33 4.91
9 41.31 26.01 51.47 42.58 28.39 53.79 3.56
10 34.26 19.96 42.27 36.51 22.31 44.32 3.85
11 28.58 14.89 35.15 28.88 15.58 35.69 0.93
12 25.88 12.98 31.63 25.88 12.98 31.63 0
Table 3. Verification Data of Model Grey Scale of tis Paper
No. Xy Y, Z, X4 Y, Z, AE
1 94.93 99.13 103.23 94.02 99.94 103.13 1.22
2 81.43 84.99 90.90 83.92 90.85 98.21 9.69
3 64.12 67.43 70.44 69.91 73.18 80.66 12.11
4 49.47 52.06 54.52 56.25 58.66 64.03 13.41
5 38.40 40.55 42.23 45.22 46.83 48.01 10.93
6 30.46 32.51 33.62 37.01 38.36 42.01 12.15
7 21.32 22.22 23.89 26.07 27.12 29.83 8.87
8 13.36 14.02 15.31 15.00 15.49 17.99 3.47
9 8.93 9.02 10.52 7.49 7.95 9.11 1.81
10 5.21 5.38 6.41 2.67 2.92 3.42 3.38
11 3.33 4.18 4.69 1.04 1.21 1.14 4.56
12 1.99 1.89 3.21 0.52 0.46 0.33 3.48
Table 4. Conversion Accuracy Statistics of different
Algorithm Accuracy (Unit: NBS)
Average error 4.79
This paper Maximum error 13.56
Number of color blocks with an error larger thaNBS 16
Polynomial fitting algorithm based Average error 11.65
onlicC Maximum error 24.34
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Number of color blocks with an error larger tharNBS 35
Average error 12.24
General BPNN algorithm Maximum error 27.83
Number of color blocks with an error larger tharNBS 38

Conclusion

With regards to the coloration principle of digitaimera,
special standard color blocks are selected to dtarithe
whole color space as the sample data, and BPNNgfitt
curve is applied to derive the color managementehofl
digital camera through the gradual levels of sirggtor,
double colors and three colors and advance newaueth
and approaches for the color management of dicgtia-
era. This experiment shows that the model canze= e
efficient management for the color conversion gjitdi
camera. Although the derivation process is relitive
complicated, only one correction is necessary tothye
model for different digital cameras. In conclusighe
algorithm is reasonable and practical for the raditbn.
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