1 MULTI-PRIMARY COLORS PRINTING QUALITY CONTROL METHOD DESCRIPTION [0001] The
invention relates to a method for controlling print quality, and more particularly, to a method for controlling
multicolor print quality. [0002] Basic color theory is dgfined and can be found in primary school textbooks.
The color wheel is a common tool for explaining color theory. Basically, the full color spectrum is

composed of six comuian-Bal v RYageniaRIF P ReN TRYGy@Iov (IYY, OOe¢rRGl), Mg (IL), and blue (B).
Magenta, yellow, and cyan are the primary colors of subtractive color theory, which is used to make, for

example, inks and paints. Red, green and blue are the secondary colors of the additive transmission
rules, used in electronics and light technologies, such as TV projection and scanning optical applications.
[0003] The primarg SCRIRIIAN comprising magenta, yellow, and cyan has been separated based on the
subtractive method and filter glass, to which black is added as image booster. This constitutes the basis
of the printing inf0osity THXO D htiaditielasdly foreameth oo lior thetodinggimralqgaityware meed to separate

colored pictures, using, color optical lens filters, into the CMY printing channels. This methodology created
significant challe‘??dgggljgﬁgﬁﬂ gﬂlﬁ@%d %6?%@'5‘363%@&98%%@9@”%ustry employed CMYK colored
printing inks (where "K" indicates a black color) to simulate full color reproduction ysing a small color
Cpace. 100051 TNALR T30 HOR PR B e i AR PSR the CAIVK color
channels for priniRghobRe. FHatEIdNAMeEYiHaanPRiaddastiorlesbiamingamosraladations, storage space
facilities, and digitalized optical color reproduction techniques. Manual color separation is no longer

necessary. MultBasHeabo ekl £l8p SRAGIHETNEIHFOFERTRE AheieROSIIBATR FMEF: gnagenta
(M), red (R), yellow (Y), green (G), cyan (C), and blue (B). Magenta, yellow,

and cyan are the primary colors of subtractive color theory, which is used to
make, for example, inks and paints. Red, green and blue are the secondary
colors of the additive transmission rules, used in electronics and light

technologies, such as TV projection and scanning optical applications.

[0003] The primary color group comprising magenta, yellow, and cyan has
been separated based on the subtractive method and filter glass, to which
black is added as image booster. This constitutes the basis of the printing

industry.

[0004] Traditionally, manual color filtering technologies were used to separate
colored pictures, using color optical lens filters, into the CMY printing channels.
This methodology created significant challenges for skill laborers. For many
decades, the printing industry employed CMYK colored printing inks (where
“K” indicates a black color) to simulate full color reproduction using a small

color space.

[0005] Computer technologies have continuously improved the application of
the CMYK color channels for printing. The printing industry has adopted fast
electronic data calculations, storage space facilities, and digitalized optical
color reproduction techniques. Manual color separation is no longer necessary.

Multi-zone color separation via data processing and electronic filtering is



2 sufficient as long as the correct color channel values are selected as calculation inputs. Color channels
other than CMY may also be used, and digital ink jet color printers can handle as many as 12 color
channels to produce a color gamut that is indistinguishable from the real world color gamut detected by
the human eye. Many colors may be used for printing, as Ioné as the color ink channels provide digital

color separationSHI'PFELR SRR MASFEEEhT) Hed ARV A &I RRFSIFNAY can overcome the
difficulties associaiediavbh tHieicOosIBFgiaFHRIL WhRR HERTCMY YiaPHRINS: wédeh4agults in a narrow

color gamut. Researchers have discovered that the addition of purer secondary printing ink colors, that is,

red, green, and Bigéaldpipifeealitipmpiesidragyfapdlamatnany an 12realoyshewnelgriden, magenta + blue,
tc., ft : j ' that
etc., orany o “@o%@@aq{o%f)é%r‘@ ﬁaP%%%@.ﬁ%ﬁ@f%ﬁf&Pﬁ%&@kﬁ FRIRY EBRIEgERIGEions that are

more accurate than those creat the primary CMY The wider resultant color gamut provides a
better match for dleéeotigimgl tbelbuspeTayen Matyatebisyntag bemsatddgephhtiRigcal®ignignamg is an ultimate
goal of multicoloy reproduction techpologies, developed to meet today's.expectatians for color fidelity.
10006] In ink.ba5 BYFHGS ATAOES AV e H AL A Lo S BT A8y S mbining o
primary colors, thesdhtlyaskeoyied @waitdbiagenta riring tih)ogsesshie eyanifivetiew (G = C + Y) and blue =
magenta + cyan (B = M + C). In the "WKTone neutral grey balance control system," pre-determined

primary color haﬁ%ﬁéi@tﬁ_ﬁéﬂtar@%ﬁ@eﬁBwH@F%%}%‘ Hélﬁ\gaf_FM\é§ BHAHRE, ‘fﬁéﬁ’ha{%ﬁ'&ﬁnpared with
monochrome pre;determined BRIaNG Prck-ar-ARIFERRCE ORI SoIPRPRBNRRRI &ftion. Conventional

secondary and tertiary colors are simulated by applying the natural color gamut data to accurately
produce the spepifiesseeritaty eolotinggnkettiotsn thadrisargEaoegriganshivdlel ltspaiproves some of the
traditional printir}%r'&mperchtions fro c?lor spac siwulaﬁionsﬁd ielding a mog%gﬁlfurat? color balance.

This technique can be Gsed %rwﬁﬁléo%r'%rf t"fwg prreodt}/&lgﬁv te r%lech’Jes?QET ‘Formation of simulated

secondary, tertiasy aapdfatherthader gronms: €S isdivephmach color gayp visktldoldhe print production of
multicolor pictures. When any two of these three primary colors are combined, they form the secondary

colors RGB. FurfRRIESSRIBHATIHEIRS BIRTERS LBRE WIah 2NOsESHaaIs ISP RIB WD m a tertiary

color. By further cOmbiRiRg WigesQLALEERHRSIG JdirRIBFoNBRY R FRAdGSIRHIRSEthRSifAHse the
secondary, tertiary, quaternary colors, and so on are composed of the primary source colors CMY

artificial pigment@ob?fdsm,tw_fﬁﬁ@ﬁg Rysihieshairaamemed W-ﬁ@@@éﬂ&ﬁﬂﬂwiﬂﬁnm&iﬁnﬁﬁé colors may be
reproduced. Thesglorq. {hf:pyhaLAckiy s shiliee "amdnaseias salprgproduction for decades.
I- I- t thod'In w

[0008] What is ' i printing” I printing is a printthg me ich additiohal ink colors are used to
extend the coloregquecthttonefageolprdiddlitg optimal color images and achieving optimal reproductions
that simulate natural color schemes. The combinations most commonly used in industry are the
hexachrome col@qadhtino kderpdaironsgwitbtsodsptbecttuia KGE MEXKntdasacgers areen), or the
heptachrome color grinting combhinations, with seven colored jnks &CMY,( + RGB).

produced by combining two primary colors, that Is, red = yellow + magenta (R

=Y + M), green = cyan + yellow (G = C + Y) and blue = magenta + cyan (B=M

+ C). In the “WKTone neutral grey balance control system,” pre-determined

primary color halftone values are mixed together to form neutral grey shades,

then are compared with monochrome pre-determined halftone black as a

reference to aid color balance correction. Conventional secondary and tertiary

colors are simulated by applying the natural color gamut data to accurately

produce the specific secondary color pigments and tertiary color pigments.

This improves some of the traditional printing imperfections from color space

simulations, yielding a more accurate color balance. This technique can be

used in multicolor printing production techniques.



[0009] Why does the industry require Hi-Fi color printing? Conventional CMYK color printing production
process have suffered from an insufficient color gamut due to limits in the availability of mixed colors
using the CMY primary colors, which form a narrow gplor gamut. Hi-Fi color printing can overcome the
obstacles of true colorgroduction, as it can enrich the color s§ace and better simulate the original color

scheme. [0010] IAPSLGAMBIRLLYS SEratRicH S5 FRRARBIJGTEE A &1 Qi COIREIIRIRSH Mdes not have
sufficient color maprRISIMAN BEBIAsS IR B3SHYPRIE TR A GRHS! hatbk sisaeriralance during

high-speed printing processes. It is difficult for machine operators to visualize all color channels to control

imbalanced inkiﬁ@%@%ﬁ@&fdh@%ﬁ)ﬁﬁ@%ﬂﬁ&kﬁfﬁﬁ@(Hécﬁ‘fﬁafélm%ﬁ*v@?ﬁbbf%mnwK electronic reading
devices cannot %@@8%3%%115%@9{@@? ﬁﬁ?@%ﬁﬁnﬁﬂgr@ﬁgﬂﬂﬂmépmﬁ%’) color values for

accurate measurement. [ Because the printing industry has acr an accurate and effective
multicolor qualityecorrariechinigberahbismviiierttiant@rguiyl eslar Byl fiwdher ponthipiatittheattial method. [0012]

Based on the neutral grey balance theory, neutral grey balance is the overprinting result of a
ore.determined BETCRM AN Ga) 01 RAHA ST 4 D AR 8% Y SO M EiBle: cyan,
magenta, and ye|leunsaipesieenndrr v solpereresmgrea, cinddbitaiihsissepresie imary color; or the
tertiary colors: cyan & green, cyan & blue, magenta & blue, magenta & red, yellow & red, and yellow &

green, which ea@EBIRRISERBE QI HYSEHFEIBhPHERE TR EolrEe o8P RGN Mor changes its
value, the neutrg}grevisbadpwilhalF g hangadtsy et Amskshiflbm sy mbade aceordingly, either

towards the overdosed color, if in excess or towards the opposing color, if deficient.
suffered from inaccurate color reproduction for decades.

[0008] What is “Hi-Fi” printing? Hi-Fi printing is a printing method in which
additional ink colors are used to extend the color gamut coverage, providing
optimal color images and achieving optimal reproductions that simulate natural
color schemes. The combinations most commonly used in industry are the
hexachrome color printing combinations, with six colored inks (CMYK + orange
+ green), or the heptachrome color printing combinations, with seven colored

inks (CMYK + RGB).

[0009] Why does the industry require Hi-Fi color printing? Conventional CMYK
color printing production process have suffered from an insufficient color
gamut due to limits in the availability of mixed colors using the CMY primary
colors, which form a narrow color gamut. Hi-Fi color printing can overcome the
obstacles of true color production, as it can enrich the color space and better

simulate the original color scheme.

[0010] Although multicolor production technologies are available, the industry
does not have sufficient color management methods to easily determine and
control the ink usage balance during high-speed printing processes. It is
difficult for machine operators to visualize all color channels to control
imbalanced inking conditions and respond quickly and accurately.

Conventional CMYK electronic reading devices cannot effectively interpret the



[0014] The Munsell color balance theory describes the grey balance using the principle of the natural
color spectrum in which the RGB colors (red, green, and blue) each has an accurate and distinct color
value. Each secondary color contains two primary cojor elements. By adding the relevant opposite
primary color, each RGB color can be neutralized to a neutral grey shade to form the WKTone neutral
grey tones (NGTESCHHINEH SBSSBHRILL BB RADRYERIR %‘%/%E?Dra&?éffﬁtﬁreen + magenta, and blue
+ yellow. If any ¢héhg M&pdegpmponent colors (CMYRGB) changes its value, the neutral grey tone will shift
its shade accordingly, either towards the excessive color when in excess or towards the opposite color

when deficient. Therefesss s s shedoiiaiMgtIRre- ¢ asigmcraahmisdalMNfe hiragbisifided with

pre-determined CMYRGB % halftone dots as a neutral grey balance quality control target in the
appropriate ared"MHHEQPE HHEREMGPRIED e KBIBOIHE (IME T PRRFAS T & HIAEERP 85 Riidference guide,
and the MGT an%@@- e UprRioysually match 5 the reference targets. These targets guide ink
adjustments to achieve accurate multicolor neutral grey balance conditions. This technique is used in

seven-color priﬁﬁ&i@&@&gpg&e&a}gr&%yﬁgg gec%t(ggl, iﬂeﬂﬁéﬂﬂpg}rpglgﬁ@igg[ﬁgay be achieved by

applying the same principle as is used for seven-color method. For example, an orange color is

composed of two\rrsneitpieuticod ne radeteayerdd P2rceniddy (faeactectibnygrolgr. To create a

balanced neutr?fl%ﬁre tone for thi%condition usig(? the Munsell color ba anil:le theory, neutralization is
Ffp ' 0 th

performed by a e SI’%DIII rt%eo%r%gﬁ/ec ?(SSY%rﬂcrﬁ%(t]seBﬁe %% M Od%n%tﬁ%d two parts cyan (1M

+ 2C) to the orargeoridryesivadizadogreasilibisl (BYenwi)its ¢bhbsitd@liméR)Y chldMat ) = 2(Y + M + C).
Simplifying this result yields the NGT (C + M + Y), equivalent to the WKTone print quality control neutral
grey balance woiRHR pFAEISCYPRSORRRIGY T SthEIENBFIEHG& fIlEwWI A9 ¥ar&e §finciple. [0016] The

invention provid%”g\,@ @\%@,%M&W@'@F%ﬂiﬁ@l‘%ﬂﬂ“&% lyeGRRBIISIRE @)gPlacing color patches

onto a print substrate; b) combining primary colors C, M, and Y to form secondary colors and overprinting
the secondary cokpesiedoamappesinesprimary color thereof in a pre-determined halftone % to yield neutral
grey tone; c) comparing the neutral grey tone with a black "K" halftone as a monochrome gray reference
in the color patcH¥INdhenangedingahenoepitprathedshe oentral gisipisbadayel 48017] The secondary

colors are red (R), green (G), blue Bﬁﬁ. e opposite primary colgrs are defined. as follows: the opposite
color to the seco%n%r%’/ecr'})c\/r ‘?saé‘,gt é&;)%go(ﬁ%g géﬁ)&r’%g%ﬁgrgg %ﬁgg@e{%%vr Tc's§ , the opposite color to

the secondary colmr&oiset .cole, ipproméatediatinineSthecoopmeking color, iis aeliteehto the opposite primary
color to yield the NGT. [0018] The tertiary color is formed by combining a pre-determined % of the primary

and secondary dom4fonhexaompiel] cykan bagieentheory@p styiie Kiindugr ¢ baBhomagienteh& blue (M + B),

magenta & red (Mi;c%?é%?ltlﬁgv n%t[;ergl g)lgr%)dectrum in which the RGB colors (red, green,
and blue) each has an accurate and distinct color value. Each secondary color
contains two primary color elements. By adding the relevant opposite primary
color, each RGB color can be neutralized to a neutral grey shade to form the
WKTone neutral grey tones (NGTs). The NGTs are produced by the
combinations red + cyan, green + magenta, and blue + yellow. If any of the
NGT component colors (CMYRGB) changes its value, the neutral grey tone
will shift its shade accordingly, either towards the excessive color when in
excess or towards the opposite color when deficient. Therefore, by using the
WKTone design, each visual NGT target is filled with pre-determined CMYRGB
% halftone dots as a neutral grey balance quality control target in the

appropriate area. The pre-determined “K” % halftone (MGT) patches are

placed as a reference guide, and the MGT and NGT are used to visually match



6 and yellow & green (Y & G). The appropriate halftone % tertiary colors are added to the opposite
primary color to yield the NGT. For example, cyan & green's opposite primary colors are yellow &
magenta, cyan & blue's opposite primary colors are agenta & yellow, magenta & blue's opposite primary
colors are cyan &I&ellow, magenta & red's (r)tg osite primary colors are yellow & cyancé%ellow & red's

opposite primary ¥ol6/E" GRS FHaMG %a K'EVa %ﬁ&?ﬁéﬁigﬁ/i GUURDSHSIQiRCBIEYRAT ORI are cyan &

magenta. [0019]n{hgcaurtaEn@. JHh rchet &S eplionsr ruRstERIARM &Ry guimary colors. The
appropriate halftone % quaternary or fifth colors are added to the opposite primary color(s) to yield the

NGT. [0020] Th&e&bkakiREBIGuantity of the color black "K" halftone (MGT) and a printing job is
preset by applying the opposite color method to yield MGT and NGT dual grey patches which are
accurately overgHRi&d @PpIsEEa B RaIARCERATIR) ithBEYREHIFRIR FRENIHBAYREproviding an operator

with a consistentyjsugl fef5range Aiderasy I ARASIs adlpisruing the dpaiemed matching and
adjust color change v%ues%%@gﬁ?gte%yﬁooz% Bé?h grey patches I%[I;%IGT) and NGT patches is designed
as part of the priRtingxanagle saamor amee cted is totheogHs wf agerieyedowpprd pnatpaubsitions, thereby
providing a tool for visyally assessi olor accuracy, isual inspection or automated analysis. [0022] A
outtal orey san TR R e DO G LoD AR P a7 B R R GHTAREED, for matching
purposes at the pieofstage coirnieby Remdding Muprseling istouishce sl ansurarinsnreadable color
reference guide. [0023] An automatic scanner is applied to collect grey atch color values using optical

technologies, arRFHRTEISERY-SH8HEL1RR AMREPREYSPRPEIEeRI2HS 6\6@5&%?0%%ﬁtinuously read and an
automatic comp%%ﬁ&{%w%@e@%lﬁ@W@@Im@@%ﬁﬁ@mﬁgq%[}{@ﬁ%@nt%mbalanced color

values, thereby providing an operator with a visual target to confirm whether or not the automatic
correction resultigs(@¥ceptdbte (M + 2C) = (2Y + 2M + 2C) = 2(Y + M + C). Simplifying this

result yields the NGT (C + M +Y), equivalent to the WKTone print quality
control neutral grey balance working principle. The formation of other NGT

colors follows the same principle.

[0016] The invention provided is a method for controlling multicolor print
quality comprising a) placing color patches onto a print substrate; b) combining
primary colors C, M, and Y to form secondary colors and overprinting the
secondary colors and an opposite primary color thereof in a pre-determined
halftone % to yield neutral grey tone; c) comparing the neutral grey tone with a
black “K” halftone as a monochrome gray reference in the color patches, and d)

amending the color patches to control color changes.

[0017] The secondary colors are red (R), green (G), blue (B). The opposite
primary colors are defined as follows: the opposite color to the secondary color
R is C, the opposite color to the secondary color G is M, the opposite color to
the secondary color B is Y. The appropriate halftone % secondary color is

added to the opposite primary color to yield the NGT.

[0018] The tertiary color is formed by combining a pre-determined % of the
primary and secondary color, for example, cyan & green (C + G), cyan & blue

(C + B), magenta & blue (M + B), magenta & red (M + R), yellow & red (Y + R),



[0024] An electronic component element and optical technologies is used to design the neutral grey patch
reference guide and integrate the guide into the monitor's RGB secondary color light source to calibrate
the color by creating neutral grey conditions, therebygproviding a visual reference guide and reading
device comparison usa%e values. [0025] According to the job re%uirements, ang%%rl(é%riate color pattern

is designed in a PATIAN e 04N FRDRR IRRRALE REIHPAe At ilars Er ide; the color patch
patterns is accurabRERHRMIBpRMS IsinRACeH ARGRIM A eRehTOMRIRafhpRIasmENg width of the

printing surface. [0026] An automatic color scanning device is used to repeatedly collect color values for
color correction 8FREPSLLBANIGLALIBIK SRS Fnctonn AIRRERE Rakyes, $hdlky PRBORIiRg a visual

reading aid to th rfﬁ%&%%rgﬁﬁsj?giﬁugéqﬂﬁlx%%m’e gmgt&: &BL% gggggﬂé)gréﬁé%ws. [0027] According

to NGT, MGT patches; an tone patches designed according to the required colors and patterns, a
single color progrelsss/arpeingdedignetageatp @ ofidg opisvsite prguaty coldhedie yetds &elected portion

f I f, ith a full col int, d di t ductj fl
requiroment, B SFAVHA) &1 S BLARETAEA EAPibATRHE 0038) The orey

balance principlgyiseiefiapgdsndarinagitaldheonyas & piggeatermined % color value in which equal
portions of primary colors are overprinted on each other to form a black color, and at the 50% condition, a

grey shade is fo[otad)] BeeaustcdifeyermtHnkroameaction & eas Rl gy snilirisamecpiorary color shade,
color shades cannot be unified. Therefore, the selection of different ink manufacturer printing ink sets

requires determiffiSPPRI PRIAGVRERIDARISEIAME B GATR@FFs2ddRE FdhsRPPRSRIes black color

patches MGT toaﬁﬁ%vggﬁby@@l ﬁgm%iWI[OOZQ] Particular color reference patches are selected and
replaced with selected primary and secondary colors to yield 100% single color solid and 8

[0020] The secondary color quantity of the color black “K” halftone (MGT) and
a printing job is preset by applying the opposite color method to yield MGT and
NGT dual grey patches which are accurately overprinted and placed together
to cover up the printing surface, thereby providing an operator with a
consistent visual reference aid for grey tone analysis to determine the degree

of matching and adjust color change values appropriately.

[0021] Both grey patches (MGT) and NGT patches is designed as part of the
printing images and integrated into the job by placement at appropriate
positions, thereby providing a tool for visually assessing color accuracy, by

visual inspection or automated analysis.

[0022] A neutral grey sample is designed according to NGT and the color black
“K” halftone (MGT) for matching purposes at the proof stage, thereby providing

a printing job with a visual and machine-readable color reference guide.

[0023] An automatic scanner is applied to collect grey patch color values using
optical technologies, and an electro-spectro scanner is used in closed loop
operation to continuously read and an automatic computing software analyzes
color shift values and automatically adjusts the imbalanced color values,
thereby providing an operator with a visual target to confirm whether or not the

automatic correction result is acceptable.



pre-determined particular single color halftones, thereby providing an operator with dot gain value
information. [0030] WKTone (Hi-Fi) comprises a variety of features. The number of colors selected for
production permits NGTs to be produced using combjinations other than the three primary colors for

comparing with black MGT, This visual reference system can be used in many. printing applications.
printed results ol 24 R S5 A5 COmPRIRON TR TR AR RS RSy TR effectively to

reduce the numbgispinavalite GPALERESIE RE hakes) dn ce RjiNdB el iR aid fraduliae@tastomatic reading
device finishes collecting the color shift information and the color correction data, the WKTone (Hi-Fi)

provides a vi§ua%?ﬁ@f’%o%?@?ﬁﬂ"@@@f&@PMi%frﬁ%'f@f\*/\}ﬁé%ﬁ@?ré@r*@@t@i%jt@bgﬁféiF@quir_ed, thereby
creating a "silenf and, " efis 6%?&&8&&?%&8%%?8%%%8\% r@:‘?a{l?%'l%ﬁ AL ;ngri@gdlng device

mistakenly collects the wrong correction data, causing WKTone NGT or MGT color shifting, the
system will positissiigérensipaeismthugagy t@hessinto a non-matching condition. The operator can (in real
time) visually understand grey imbalance situations without the need for a magnifying glass or a reading

device. Defectiv0fi] ks canditigete ithyelje bacmuriacahe olstemmapedo pOaE2¢ dibepaticTiorse (Hi-Fi) multicolor
method can provjde single color rtial colors, and all required color. production usages, simply by
Computing the O ST IR BN SBE e SO BTy Ry SHEPLEiors may be used o

produce a neutrad@ieydengiddlitie camapatshtpetdaRishiiaass esrReThpeReass by comparison with
the "K" MGT for color correction purposes. [0033] Because RGB secondary colors are used in color

monitors, approfpRieERidsItie eash i ghérd sk bR thaduathoh tba B U ES W ACErey shade, which

can be compared with a reference grey patch. [0034] Advantages of the invention are summarized below:
9 [0026] An automatic color scanning device is used to repeatedly collect color

values for color correction analysis computations to determine color shifting
values, thereby providing a visual reading aid to the operator to assist in

analyzing the automatic color correction results.

[0027] According to NGT, MGT patches, and halftone patches designed
according to the required colors and patterns, a single color progressive proof
is designed as a proofing reference guide, in the form of a selected portion of a
color proof, or as a proof with a full color overprint, depending on the
production work flow requirement, thereby providing a job reference guide for

use with visual comparison.

[0028] The grey balance principle is defined under the optical theory as a
pre-determined % color value in which equal portions of primary colors are
overprinted on each other to form a black color, and at the 50% condition, a
grey shade is formed. Because different ink manufacturers cannot provide the
same primary color shade, color shades cannot be unified. Therefore, the
selection of different ink manufacturer printing ink sets requires determining
the primary color % necessary to form the NGTs. This method provides black

color patches MGT to assist with visual comparison.

[0029] Particular color reference patches are selected and replaced with

selected primary and secondary colors to yield 100% single color solid and



[0035] 1. Linear graphic devices containing neutral grey tone information for visual assessment of printing
consistency. This can simplify the color differentiation checking period and speed up the color adjustment
process. [0036] 2. Continuous monitoring of printing gress running status for imperfections, doubling, gear
marking, mechanical Wearlwgé?scummlng inconsistenc ?ﬁ/goof ink su&\p automatic color bar scanning

device malfunctiBisIgIRIY BRANGHE 2080 S OhRAONBRARF d:?wvﬂgfggeW:BEeJPéoﬁosmoned side

by side, creatinggdiffsisiRihreiaie neiBEHtgtion. No visual memory is required for tone matching,
assisting with the process of instant color adjustment. The operator can quickly and accurately compare

and adjusts for qalesonatehdng iHiea) Eoepliee33] vhrietadtycsrnieal mathrasernidely used between

the proof-making and bulk production steps. [0039] 5. Quality control methods can be widely used in

many printing pr§%|§§£%§f9f R edwdianIRepBRe NS o8 QM@Mﬁgmﬁhiﬁ%mﬁ‘ﬁlﬁhGigiw] printing,
digital and conveptional H{Ra@" AR GIREL PP RERY %9.@%%%@&%5#%@%@ assist in

mechanical or digital electro- p inting, digital electr tic production, and can assist in the calibration

of monitors (e.g r&EEwm}e{M Be Osethin jnbsmpmlyltlegmpelmﬁﬁmeﬂt Brietedaksuits NGT values as

target references. This meth d overcomes gg)/ rLctlons in standardyqray balance values as long
C

as the whole job°§ %%Hlf&% Sﬁaﬁ?ﬁgtﬂw t'woioffeic EE?tH?ﬁ‘ require pre-defined

color values as @ﬁ@tﬁﬁbrﬁtarﬂm@eﬁwmmb@ddﬁhmab@ applierstsploRkas tha pririagebns conducted
under matching conditions. [0042] 8. Unique pre-determined neutral grey pattern designs can be

integrated into theoiNEdh ephéeit.automatic reading device finishes collecting the color shift
information and the color correction data, the WKTone (Hi-Fi) provides a visual
target to assist an operator in verifying whether correction steps are required,
thereby creating a “silent” and “effective” system between the operator and the
machine. If the reading device mistakenly collects the wrong correction data,
causing WKTone (Hi-Fi) NGT or MGT color shifting, the system will positively
translate both grey tones into a non-matching condition. The operator can (in
real time) visually understand grey imbalance situations without the need for a
magnifying glass or a reading device. Defective results can thereby be

accurately determined.

[0032] The WKTone (Hi-Fi) multicolor method can provide single colors, partial
colors, and all required color production usages, simply by computing the color
groups of NGTs. Opposite primary, secondary, tertiary, etc., colors may be
used to produce a neutral grey tone, which can assist the visual quality
assessment process by comparison with the “K” MGT for color correction

purposes.

[0033] Because RGB secondary colors are used in color monitors, appropriate
electronic or optical filters may be added to produce a neutral grey shade,

which can be compared with a reference grey patch.

[0034] Advantages of the invention are summarized below:



10 [0043] 9. The visual assessment method is facilitated by introducing a multicolor neutral grey balance
quality control system that can effectively highlight the neutral grey tone to deal with inking imbalance
conditions. [0044] 10. The simple method design proyides an operator with an instant overview of the ink

balance, thereby facilitatipd%ink adjustment and avoidingﬂ:?formation overload and visual confusion. [0045]

11. The print quatt? Rbhtt P HRL AR NS FBHSGR S A VIR R BERXH IR AP REHRS 100% coverage
of the job width fge¢alassensiy e emescmantskEBS ipMegisalyisellect grey tone shade

value changes via photoelectronic reading devices. This system can be used in automatic scanning and
correction devic&eianragrRMecaneki DR 06 BREFAHP ARR CRIfkRYIVAINES Sy 8§868n operator can
react quickly to handle any required corrections. [0046] 12. By selecting halftone color patches as a
reference guide [P35t P HEHEHSHAANSIHOITVINSHEPERSI PRRIRS StRSHS {RTlity control assistance, the

color imbalance iﬂy&(ﬁgjgﬁ&@lgg%ﬁ Eaﬁjmaplgﬁg,arﬂgc%f&?r%%m?s%ﬂﬂﬁr@d“%d' [0047] 13. A

deficient color element can be easily fdéntified without using expensive and sophisticated ink density
reading equipmemto[@izt8hadyl ofinis SyemMaIgemativeadal tool stamag Heviseohatfenetioesy of color

management contré)l ﬂstems as a gL ic ref&rence device.
and other printing-related problems.

[0037] 3. Color references are positioned side by side, creating a diffusion
referencing function. No visual memory is required for tone matching, assisting
with the process of instant color adjustment. The operator can quickly and

accurately compare and adjusts for color matching in real time.

[0038] 4. Quality control methods can be widely used between the

proof-making and bulk production steps.

[0039] 5. Quality control methods can be widely used in many printing
processes. It is especially beneficial when applied to lithographic printing,
digital printing, digital and conventional proofing, and electromagnetic digital
printing. The method can assist in mechanical or digital electro-printing, digital
electromagnetic production, and can assist in the calibration of monitors (e.g.

LED screen)

[0040] 6. Certain jobs may require different grey balance NGT values as target
references. This method overcomes grey bar restrictions in standard gray
balance values as long as the whole job is conducted under matching

conditions.

[0041] 7. Certain jobs may require pre-defined color values as a target
reference. This method may be applied as long as the whole job is conducted

under matching conditions.

[0042] 8. Unique pre-determined neutral grey pattern designs can be

integrated into the print job content.



[0049] 15. NGT shade changes reveal the presence of imbalances in the chosen ink value(s). [0050] 16.
Neutral grey tone shade changes appear quickly between printed sheets and can indicate printing
machine mechanical defects or printing material instgility conditions. 11 made in the overprinting
condition to reflect the actual gverprinted condition, However, imbalanced jnking conditions can occur

without such indit2fighd. [A65574E APRRSSNGRHSIBoRISSACHESY Y JRTP9HEIIGherator and a reading
aid for a readingrgl@uiednaé ehpg L A BECH FARITBHBEE)SIcRh Dl ibhaiHernady correction result is

acceptable. This method is a "silent” and "effective” communication method. [0053] 19. This method
permits the desi§i9 BIHEP RSB QIEYSIRABCS Heahavidy kit ATRatRNpaePrRA @RS ording to the job
requirements), as a reference guide for the selection of printing colors. These target color patches can be
used for bulk prd@e¢fiboushg s Tude method siesiaBtRY IrRS AP iHEAMEIRARN ISR monitoring color

adjustments. ADRIBRIBIE GIREITARIALARISALIEENMSIARER TIAK RGISHILIP ARSI RGR secondary colors

to form grey shades for matching with a black neudtral grey tone by ’comparison. This method facilitates

the visual monitanfogaitiRGBvedizadiatandeusdlidorstioste ps.

[0045] 11. The print quality control method can provide a uniform color patch
environment over 100% coverage of the job width for color density reading
equipment manufacturers to precisely collect grey tone shade value changes
via photoelectronic reading devices. This system can be used in automatic
scanning and correction devices that rapidly and accurately collect data and
density values so that an operator can react quickly to handle any required

corrections.

[0046] 12. By selecting halftone color patches as a reference guide for printing,
rather than using 100% solid color patches for quality control assistance, the
color imbalance overprint analysis can be simplified and the reading time can

be reduced.

[0047]13. A deficient color element can be easily identified without using

expensive and sophisticated ink density reading equipment.

[0048] 14. This system is a universal tool and can be used in a variety of color

management control systems as a quick reference device.

[0049] 15. NGT shade changes reveal the presence of imbalances in the

chosen ink value(s).

[0050] 16. Neutral grey tone shade changes appear quickly between printed
sheets and can indicate printing machine mechanical defects or printing

material instability conditions.

[0051] 17. Inking adjustments are usually based on CMY overprinting results.

Conventional methods use only individual color standard density readings not



[0055] 21. This system creates color patches as proofing reference guides using the color group. The

guides may be formed using different groupings of single color progressive

proofs or using a portion of a

selected number of color proofs and the proof with a.full color overprint, depending on the production

sequencing work flow re&t&%rements._This method ?rovides a job referencei guide for visual assessment of

consistency and 2ol Felig Ry JRURILNG £90dILonIe8{19 R HHAL QYA

RGN ARRA0d may be

implemented in sRiaEs, fipiahl Aved@MRIRG coftatiahseumiqad anahia \YdEroisd 4Bn4. in an analog form,
such as film wedges. [0057] 23. The system can provide accurate individual ink zone/ink key control

during the printirngdgrgq1$¢ﬂ¢ﬁwy&@ﬁ$pﬂawageadﬁ§athﬁ@ut@ gheYaRstahasaeamigged to maximize

their coverage, providing inking value information covering the full prlntin%ﬁwidth and avoiding incomplete

inking 12 value #fdanatisadiongsyieg. (Res hedpadherperriak autiisryest

APliMesEEcan be used to

provide the neutg%%igog@(&ﬁgnlQg%ﬂ%tgg(}%%@g%ngrﬁg%tgﬁm ar <apfel [0059] 25. The control

system can be as s as possible as
“effective” communication method.

[0053] 19. This method permits the design of appropriate color

ong as it'is readable. The height and width are not restricted.

shapes in the

form of halftone patches (according to the job requirements), as a reference

guide for the selection of printing colors. These target color patches can be

used for bulk production usage.

[0054] 20. This method provides a means for visually monitorin

g color

adjustments. Appropriate electronic or optical technologies may be used to

adjust RGB secondary colors to form grey shades for matching with a black

neutral grey tone by comparison. This method facilitates the visual monitoring

of RGB color balance calibration steps.

[0055] 21. This system creates color patches as proofing reference guides

using the color group. The guides may be formed using different groupings of

single color progressive proofs or using a portion of a selected

number of color

proofs and the proof with a full color overprint, depending on the production

sequencing work flow requirements. This method provides a jo

b reference

guide for visual assessment of consistency and color reading device analysis.

[0056] 22. The print quality control method may be implemented in software

form, available as a digital download and providing an output in

such as film wedges.

an analog form,

[0057] 23. The system can provide accurate individual ink zone/ink key control

during the printing production process. The pre-determined neutral grey

patches are placed to maximize their coverage, providing inking value

information covering the full printing width and avoiding incomplete inking



[0060] 26. No restrictions on the lines per inch screening resolution. [0061] 27. The system can use any
halftone screening style, for example, AM/FM. [0062] 28. Screen angles may be normal, and no particular
screen angle setting is required for each color. [0063},29. The unique "pre-determined"” system has no
restrictions on shape and size of the neutral grey tone. Midtone and solid areas may be placed over the
"K" grey patch a¥38i5d"48" T8 mparison is readable and measurable using equipment when necessary.

[0064] 30. Controlling methods can provide accurate, tight, registered printing environments using MGT
and NOT patend09UA4n N &SRR APl St PG ey ANATk et BN Re e e Re presence of

misalignment in ghe MGlapgidNedepstabesn@ataiasentaripesaaitonuhite ipatfeneed between the
MGT and NGT can indicate the spacing between MGT and NGT patches. A dark line between the MGT

and NGT patchgsess) inslieatoconeneyidhe et ancsMGT:RA600mIeT Ao snfpaLlfes can provide

misalignment information. [0065] The invention WKTone (HiFi), combining with primary colour and
WKTone Neutral®@38pBalHifcBalgbd AN teidghaimeoirasgtel?halance colour control system, in the method
for stripping in the print job electronically or in a form of film, in which: [0066] FIG. 1 to FIG. 10 show the
primary colors plQ8&d&sn MayasHisHONgt AN dher bR RBMtINE A SEERRRIAAYIPRPINRTingS:

[0061] 27. The system can use any halftone screening style, for example,

AM/FM.

[0062] 28. Screen angles may be normal, and no particular screen angle

setting is required for each color.

[0063] 29. The unique “pre-determined” system has no restrictions on shape
and size of the neutral grey tone. Midtone and solid areas may be placed over
the “K” grey patch as long as the comparison is readable and measurable

using equipment when necessary.

[0064] 30. Controlling methods can provide accurate, tight, registered printing
environments using MGT and NGT patches to enable visual comparison. Both
grey tones can be used to indicate the presence of misalignment in the MGT
and NGT patches for reference purposes. A white line formed between the
MGT and NGT can indicate the spacing between MGT and NGT patches. A
dark line between the MGT and NGT patches can indicate overlap in the MGT

and NGT patches. These features can provide misalignment information.

[0065] The invention WKTone (HiFi), combining with primary colour and
WKTone Neutral Grey Balance theory, design a neutral grey balance colour
control system, in the method for stripping in the print job electronically or in a

form of film, in which:

[0066] FIG. 1 to FIG. 10 show the primary colors plus secondary colors with

reference to the accompanying drawings:



13 [0067] FIG. 1 is a plan view of the monochrome production version; [0068] FIG. 2 is a plan view of the
color production version; [0069] FIG. 3 is a plan view of the cyan, magenta, yellow, red, green, blue and
black overprint design; [0070] FIG. 4 is a plan view gfghe cyan design (C); [0071] FIG. 5 is a plan view of
the magenta design gMgg[?OOYZ FIG. 6.is a}ﬂglan view of the éellow design $Y_); 0073] FIG. 7 is a plan view
of the red designr) [0674) Eies PRI VLN A IS ERRGargrad RaQU LIS RIYYs] FIG. 9 is a plan view of
the blue designlin' %)1076] FIG. 10 is a plan view of the black design (K); [0077] FIG. 11 to FIG. 20 is the
primary color plug 8 B oisaRtATY %REI%“?M%%’&SH‘E&QHwﬁ%'& wings: [0078] FIG. 11 is a plan

view of the monochrome production version; [0079] FIG. 12 is a plan view of the color production version;
?OO69WZIC£.) 3 (IjS a p?an \ﬁew of the cyan, magenta, yghow, red, green,%?ue fng

black overprint design;

[0070] FIG. 4 is a plan view of the cyan design (C);
[0071] FIG. 5 is a plan view of the magenta design (M);
[0072] FIG. 6 is a plan view of the yellow design (Y);
[0073] FIG. 7 is a plan view of the red design (R);
[0074] FIG. 8 is a plan view of the green design (G);
[0075] FIG. 9 is a plan view of the blue design (B);
[0076] FIG. 10 is a plan view of the black design (K);

[0077]FIG. 11 to FIG. 20 is the primary color plus tertiary color with reference

to the accompanying drawings:
[0078] FIG. 11 is a plan view of the monochrome production version;
[0079] FIG. 12 is a plan view of the color production version;

[0080] FIG. 13 is a plan view of the cyan, magenta, yellow, yellow + red, cyan +

green, magenta + blue and black overprint design;

[0081] FIG. 14 is a plan view of the cyan design (C);

[0082] FIG. 15 is a plan view of the magenta design (M);
[0083] FIG. 16 is a plan view of the yellow design (Y);

[0084] FIG. 17 is a plan view of the yellow + red design (R);
[0085] FIG. 18 is a plan view of the cyan + green design (G);
[0086] FIG. 19 is a plan view of the magenta + blue design (B);

[0087] FIG. 20 is a plan view of the black design (K);



[0080] FIG. 13 is a plan view of the cyan, magenta, yellow, yellow + red, cyan + green, magenta + blue
and black overprint design; [0081] FIG. 14 is a plan view of the cyan design (C); [0082] FIG. 15 is a plan
view of the magenta design (M); [0083] FIG. 16 is a pjan view of the yellow design (Y); [0084] FIG. 17 is a
plan view of the yellow + red desi n{}ﬁl%aé[}(‘m% FIG. 18 is a plan view of the cyan + green design (G);
[0086] FIG. 19 1dOPRRLF Sickd & HE PHAGKN COP B SLBRAHER (6187 1eRS, S6PN%ian view of the black
design (K); 14 [0088] FIG 21 is the primary color and subsequent color theory drawing: [0089] Primary
color: cyan, magnte) VENBAIY G4 S¥aBn OV S Y green, blue [0091] Tertiary color: cyan + green,

cyan + blue, magenta, + blue, magepta + red, yellow + red, yellow + green.
y %090 Secondary%on)r: red, green, blue y g

[0091] Tertiary color: cyan + green, cyan + blue, magenta + blue, magenta +

red, yellow + red, yellow + green.

[0092] A detailed description of this invention is given below to provide further
details regarding the description of the invention. Based on the WKTone theory,
this invention designed CMYKRGB halftone percentage dots in appropriately
shaped patches placed in a series, inverted with respect to each other, and
tightly overprinted in register, to provide a grey environment for visual
consistency assessment and quality control reference purposes. The “K” grey
tone reference guide is a primary quality control aid and is used to form a “C, M,
Y, CR, MG, YB” overprinted neutral grey tone reference target. This reference
target has no length restrictions; it can cover the full job width without
interruptions in the color information to facilitate color balance correction
processes. Patches containing 100% CMYRGBK single solid colors and
pre-determined halftone patches in a certain % may be used to replace regions
of the “K” grey patches to provide the operator with additional dot gain

information.

[0093] WKTone (Hi-Fi) features a unique color balance control function, does
not carry excessive data, is based on requirements for determining appropriate
patterns and patch shapes, and dynamically provides the user with a working
environment for color quality assessment. This method accommodates
multicolor elements by establishing different combinations of arrangements
that are tightly registered and overprinted to build the WKTone (Hi-Fi) color

quality control system.

[0094] FIG. 1 is a secondary color WKTone (Hi-Fi) multicolor quality control

system monochrome production version. FIG. 2 is the CMYRGBK color



[0092] A detailed description of this invention is given below to provide further details regarding the

description of the invention. Based on the WKTone theory, this invention designed CMYKRGB halftone

percentage dots in appropriately shaped patches plaeged in a series, inverted with respect to each other,

and tightly overprinted in register, to provide a grey environment for visual consistency assessment and
NG el Fifay 5

quality control re?&FEIRIE BY ule- Ry eehanica! deR L sAmas, ity Scontrol aid and

is used to form ahEpih ViewRdt My @sraritiesi aerdrplarexippetrelaiagestiasert, This reference
target has no length restrictions; it can cover the full job width without interruptions in the color information

to facilitate coloﬂﬁlﬁ'@é%ﬂ@@twﬁ%Rfé@gé@i'.(_wya‘t@l%s':d@n?aiﬁm@ pEyiew s F_Q@Bﬁdsingle solid colors
e BRI e PACEIHE JfuBRLde IBRE LA ISANSIohde W orey

patches to provide the operator with additiona gain information. WKTone (HI-Fi) features a
unique color balaheecotortrahfuRictidid) iddbs plancaewy ekitesksizekdatay,isvbatathoheamedements for

determining appropriate patterns.an tch shapes, and dynamically provides the user with a working
environment for %?8%%@“@'%%%@%%%%9%%rﬁ]@i@&‘ﬁ' é?m%gﬁaet/%%rrﬂaﬁ??&%? elements by
establishing diffejesiyeempiftaprna«céaninsgerifoie ihatars iahty registered and sverwinted to build the
WKTone (Hi-Fi) color quality control system. [0094] FIG. 1 is a secondary color WKTone (Hi-Fi) multicolor

quality control syRfdWPMBRERNEMRY PREdLRYSRURTERHSRIES. A OIS it SRESBUCESRIENES accurate
overprinting resyl k543 152 medianicglisshacglfravwind (EIGnfiisd iR Weirof the cyan color,

FIG. 5 is the plan view of the magenta color, FIG. 6 is the plan view of the yellow color, FIG. 7 is the plan
view of the red codteh€3@3858,168, planBuicds ofnbdel §eedhestaralcl@s $as the ysiad ibew of the blue color,

and FIG. 10 is the pla fig of e Plack sojerwhich ern e sed i deporibe g ndiyidal color
technical drawings.tIL:na& edlorhad been H%&gned w& pre-dé/termine RaHtone paﬂ’erns 41,51, 61, 71,

81, 91, and 101 ford¥@ih nedtrebgtel peétineraenndiptingndgsages, 0% spky apw aotbihpatches 42, 52,
62, 72, 82, 92, and 102, as well as pre-determined halftone color patches 43, 53, 63, 73, 83, 93, and 103.
These patches (B8 $8Y4 eSS LyAGHIRG tradiinne cslilesdniraerdiafananthe dot gain

information. To eRigiH the LashyRkLaipnoe iny printing Fegtit:ghenike EBME9HRaNd the neutral grey
tone shall be in matching conditions, similar in tone shade, and not influenced by excessive "C," "M," "Y,"

"R," "G," "B" mixégrebomaninthe /iBimalanesiAmgnsstraadii@isbalance conditions. [0095] FIG. 11 is the
tertiary color WKTone (Hi-Fi) multicolor quality control system monochrome production version. FIG. 12 is
the CMYYrCgMIirO8al b Gctlitatdeiriiniviealpra¥iifoped Hi-BilnauiieeinaAlddlitieePiMieal drawing. FIG. 14

is the plan view of C 3 i%%o is the plan view
of the yellow colg}{% %?8 .@é&ﬁé{éa%@ﬁé &g}%fgw + r%?%o%%@ﬁg%t{%%?a%r? view of the cyan
+ green color, FEecl&is tvenpiaminteve oflthel G1dGanta mdibenicdobte emdchl Gradng .thesph view of the

black color, such that each fi h individual color technical drawing. Each color had b
designed vith pf3-HEEHRMEI RIS B/ paEIRS HE o 5 ha PRm U IS iAdBaRARE NGT neural

grey patch overgrigting iss@s JI8RY ol SROJORIANRRENaSARr B2he%pIad %ielBdf &2, and 102 as well as
pre-determined halftone color patches 43, 53, 63, 173, 183, 193, and 103 this provide continuous single

color solid densi¥ZkY¥ tERGE! Qhﬁ%éﬁdﬁ.ﬁ%@@fh‘:ﬁ%‘p@ﬁﬁ E¥Rst HARSECpIMtinErdSuRts, the "K" grey
tone and the neyfral ey, IR AR MG GRANANANSNT B0 O $1ad6Angr e not

black color, such that each figure shows an individual color technical drawing.
Each color had been designed with pre-determined halftone patterns 41, 51,
61, 171, 181, 191, and 101 for the NGT neutral grey patch overprinting uses.
100% solid spot color patches 42, 52, 62, 172, 182, 192, and 102 as well as
pre-determined halftone color patches 43, 53, 63, 173, 183, 193, and 103 this
provide continuous single color solid density and dot gain information. To
obtain optimal color balance printing results, the “K” grey tone and the neutral

grey tone are in matching conditions, similar in tone shade, and are not



16 influenced by excessive "C," "M," "Y," "Yr," "Cg," "Mb" mixed color tones, thereby maintaining optimal
grey balance conditions. [0096]Specifically, FIG. 3 to FIG. 10 and FIG. 14 to FIG. 20 are the designs for
the printed image of each color, such that each patchgs adjacent to the next. FIG. 7, FIG. 8, and FIG. 9
are for the secondary colors, and FIG. 17, FIG. 18, FIG, 19 are for the tertiary colors. By combining the

pre-determined FAMEREER MM EACETIE MG M FIE. 3TEiIE96, MR MY ROIfEORS 16 with the

subsequent colohgreppsmaMiming spEmed grsaendaks eslfiitad. composition versions are: FIG. 4 + FIG.
7 (cyan + red), FIG. 5 + FIG. 8 (magenta + green), and FIG. 6 + FIG. 9 (yellow + blue). Tertiary color NGT

composition versippgpspetitiealbs &I Std it Aladd kRyavidagentRare/gitoMeERshs Fde. 15 + FIG. 16
+ FIG. 18 (magenta + yellow + cyan green), and FIG. 14 + FIG. 16 + FIG. 19 (cyan + yellow + magenta

blue). Within eadRSCRIBYYAIEIRARETRAER CRIOMBHEEHIBhE R teEsANRST) IS Netand FIG. 20 are
used as a smgIngEg»,tQ_rpg_ rg,fg%pg%g ide.foy the ggg&ﬂ@la@gg%rag{@%j %C,;"EI _rgg,t uses. FIG. 2 and

FIG. 12 show the overprinting results of the above color gro ich can be used for visual assessment
or with reading de@c#$ dnefoetheertiata dofocenByarisobizing toegideirt ewonmiced detiboneolor shifting

automaic readil BBUIGELDIoF KortbotEh Brolact. Pl 101 Sk HCoUINGH of the primary and
subsequent colos grssteantdiopiesuBE @ NGT isMbHEdP BN &3P RE PEINI tNioRUALITY
RO o e 182 TEIE T (yan = roth, LB TG (ragents < greem.

and FIG. 6 + FIG. 9 (yellow + blue). Tertiary color NGT composition versions

are: FIG. 14 + FIG. 15 + FIG. 17 (cyan + magenta + yellow red), FIG. 15 + FIG.

16 + FIG. 18 (magenta + yellow + cyan green), and FIG. 14 + FIG. 16 + FIG. 19

(cyan + yellow + magenta blue). Within each color patch, the black “K”

monochrome grey tones (MGT) in FIG. 10 and FIG. 20 are used as a single

grey tone reference guide for the primary and color groups’ NGT target uses.

FIG. 2 and FIG. 12 show the overprinting results of the above color groups,

which can be used for visual assessment or with reading devices that retrieve

data for comparison and to aid in color correction color shifting control. The

overprinting results provide a visual reference for the operator to verify the

accuracy of the automatic reading device color correction process. FIG. 21

shows the color wheel of the primary and subsequent color group combination

theory.



a) placing color patches onto a print substrate; b) combining primary colors cyan (C), magenta (M), and
yellow (Y) to form secondary colors and overprinting the secondary colors and an opposite primary color
thereof in a pre-determined halftone % to yield neutrg} grey tone; c) comparing the neutral grey tone with
a black "K" halftone as a monochrome gray reference in the color patches; and d) amending the color
patches to control caloL ThERYE:\RY The LoRBdeRINGINNG QUMNAEY e TROthdEinNe@Pcondary colors are
red (R), green (G), blue (B); the opposite color to the secondary color R is C, the opposite color to the
secondary color G is M, the opposite color to the secondary color B is Y; and the appropriate halftone %
secondary color is added to the opposite primary color to yield the neutral grey tone (NGT). 3.The method

of claim 1, characterized in that the secondary colors are
CLAIMS

1. A method for controlling multicolor print quality comprising

a) placing color patches onto a print substrate;

b) combining primary colors cyan (C), magenta (M), and yellow (Y)
to form secondary colors and overprinting the secondary colors
and an opposite primary color thereof in a pre-determined
halftone % to yield neutral grey tone;

c) comparing the neutral grey tone with a black “K” halftone as a
monochrome gray reference in the color patches; and

d) amending the color patches to control color changes.

2. The method of claim 1, characterized in that the secondary colors are
red (R), green (G), blue (B); the opposite color to the secondary color R
is C, the opposite color to the secondary color G is M, the opposite color
to the secondary color B is Y; and the appropriate halftone % secondary
color is added to the opposite primary color to yield the neutral grey

tone (NGT).

3. The method of claim 1, characterized in that the secondary colors are
tertiary colors formed by combining a pre-determined % of the primary
and secondary color, and the appropriate halftone % tertiary colors are

added to the opposite primary color to yield the NGT.

4. The method of claim 1, characterized in that the secondary colors are

guaternary, fifth, and other color groups formed from primary colors, and



tertiary colors formed by combining a pre-determined % of the primary and secondary color, and the
appropriate halftone % tertiary colors are added to the opposite primary color to yield the NGT. 4.The
method of claim 1, characterized in that the secondayy colors are quaternary, fifth, and other color groups
formed from primary colors, and 18 the %g%?ogriate halftone % quaternary or fifth colors are added to the

opposite primary color T\ tREARS R HARRIGY QLM CURE: ARATERA OIS the secondary

color quantity of the colppblaekpimagitere dfeld froNeRTinting job is preset by applying the opposite
color method to yield MGT and NGT dual grey patches which are accurately overprinted and placed
together to cover up the printing surface, thereby providing an operator with a consistent visual reference

opropratel. 8 The m e o A aT patehesis
designed as part of theypantitygfrireges ardkicke i diedkon (ME jomby pladeimg noatsapesspriate positions,
thereby providing & tog) for vistell8%5S55iNg SISF ASRIATY I A SPREUPSY gpigmated analysis
patches which are accurately overprinted and placed together to cover
up the printing surface, thereby providing an operator with a consistent

visual reference aid for grey tone analysis to determine the degree of

matching and adjust color change values appropriately.

6. The method of claim 1, characterized in that both grey patches and
NGT patches is designed as part of the printing images and integrated
into the job by placement at appropriate positions, thereby providing a
tool for visually assessing color accuracy, by visual inspection or

automated analysis.

7. The method of claim 1, characterized in that a neutral grey sample is
designed according to NGT and the color black “K” halftone (MGT) for
matching purposes at the proof stage, thereby providing a printing job

with a visual and machine-readable color reference guide.

8. The method of claim 1, characterized in that an automatic scanner is
applied to collect grey patch color values using optical technologies,
and an electro-spectro scanner is used in closed loop operation to
continuously read and an automatic computing software analyzes color
shift values and automatically adjusts the imbalanced color values,
thereby providing an operator with a visual target to confirm whether or

not the automatic correction result is acceptable.



7. The method of claim 1, characterized in that a neutral grey sample is designed according to NGT and
the color black "K" halftone (MGT) for matching purposes at the proof stage, thereby providing a printing
job with a visual and machine-readable color referengg guide. 8. The method of claim 1, characterized in
that an automatic scanner is aEpIied to collect greé/Fgat_ch color values usingwo(gtical technologies, and an

electro-spectro stannet1§ T¥SA9H 2lsdTdop BPEFRGHAE CoMRBUENS TN S AMPPEGmatic computing
software analyzes colas|shifintaiHe D RitchAratRaberdl iadissisttneinpalsa crdiealgrapalues, thereby

providing an operator with a visual target to confirm whether or not the automatic correction result is
acceptable. 19 9. TheRAEthirfeiPERAAUId RAEEHRE theraiidn iBledhe moRtehdREeRt element and

optical technologies is &%g,et%q% ﬁ?ﬂt%‘ﬂﬁr@é H{%ﬂﬂﬁftﬁl@ Iele I@g%)gg}ggtﬁ%dngﬁﬁg[ate the guide into

the monitor's RGB secondary color source to calibrate the color by creating neutral grey conditions,
thereby providing a visgi@yrefadinossy theechy ¢ redding agiscel celmpacsguusagedvaadisg10. The method
of claim 1, characterized in that accarding to the job requirements, an appropriate color pattern is
designed in a particula %H%%&%Eﬁ?é'ﬁ%%?ésr’f‘@%é{ H&R to form a sample reference guide; the color patch
patterns is accurately printed in register, placed adjacent to each other and across the width of the
printing surface. 11. The method of claim 10, characterized in that an automatic color scanning device is

used to repeatedi§- coliERE CORPRARILTE Lot SRR ARANRILEBHPRAIOIS 18 Retermine color
shifting values, therebyéagymlg,\gﬁ%rgmj% aiddp e?ﬁ%%@iéﬂ@éﬂ% %ﬂw%ing the automatic

color correction results. 12. The method of claim 1 or 10, characterized in that according to NGT, MGT
patches, and halftone phagitegsitshpitonaqeaichieg o fthe re gargtecsiere rerigadesring a single color
progressive proof is designed as a proofing referen uide, in the.form of a selected portion of a color
oroot or a5 & proof wit oI G e B MR G SRR rarmen, oreby
providing a job refereneacpuideefainisacndtis wieLaldibop@ESeinting surface.

11. The method of claim 10, characterized in that an automatic color
scanning device is used to repeatedly collect color values for color
correction analysis computations to determine color shifting values,
thereby providing a visual reading aid to the operator to assist in

analyzing the automatic color correction results.

12. The method of claim 1 or 10, characterized in that according to NGT,
MGT patches, and halftone patches designed according to the required
colors and patterns, a single color progressive proof is designed as a
proofing reference guide, in the form of a selected portion of a color
proof, or as a proof with a full color overprint, depending on the
production work flow requirement, thereby providing a job reference

guide for use with visual comparison.

13. The method of claim lor 10, characterized in that particular color

reference patches are selected and replaced with selected primary and



13. The method of claim lor 10, characterized in that particular color reference patches are selected and
replaced with selected primary and 20 secondary colors to yield 100% single color solid and
pre-determined particular single color halftones, thekgpy providing an operator with dot gain value
information. . : . .

secondary colors to yield 100% single color solid and pre-determined

particular single color halftones, thereby providing an operator with dot

gain value information.



