1 I NKJET PRINTER HAVI NG COVPENSATI ON  FOR OVERLAPPI NG PRI NTHEAD ELEMENTS
FI ELD OF THE | NVENTI ON The present invention relates to the field of ink
jet printing and in particular discloses a nmethod and apparatus for the
conpensation for the tine varying nozzle nisalignment of a print head
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met hods, systems and apparatus relating to the present invention are
disclosed in the follow ng co-pending applications filed by the applicant
or assignee of the present invention simnmultaneously with the present

appl i cation: PCT/ AUOQN@Q@ﬁPRIRWM%MP@EE@ 00526,
E 'E

PCT/ AUCDY 00547, PCT] Ay Q0N PG R EIEGHX 0000565,

00565,

PCT/ AUOCQ 00569, PCT/ AUOCO 00573, PCT/ AU00/ 00577, PCT/ AUCO' 00580,
PCT/ AUOOr 00589, PCT/ AU00/ 00591, PCT/ AUCO 00586, MI149-SG
FIELD OF THE INVENTION

The present invention relates to the field of ink jet printing and in particular
discloses a method and apparatus for the compensation for the time varying nozzle

misalignment of a print head assembly having overlapping segments.

CO-PENDING APPLICATIONS
Various methods, systems and apparatus relating to the present invention
are disclosed in the following co-pending applications filed by the applicant or assignee
of the present invention simultaneously with the present application:
PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520, PCT/AU00/00521,
PCT/AU00/00522, PCT/AU00/00523, PCT/AU00/00524, PCT/AU00/00525,
PCT/AU00/00526, PCT/AU00/00527, PCT/AU00/00528, PCT/AU00/00529,
PCT/AU00/00530, PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533,
PCT/AU00/00534, PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537,
PCT/AU00/00538, PCT/AU00/00539, PCT/AU00/00540, PCT/AU00/00541,
PCT/AU00/00542, PCT/AU00/00543, PCT/AU00/00544, PCT/AU00/00545,
PCT/AU00/00547, PCT/AU00/00546, PCT/AU00/00554, PCT/AU00/00556,
PCT/AUD0/00557, PCT/AU00/00558, PCT/AU00/00559, PCT/AU00/00560,
PCT/AU00/00561, PCT/AU00/00562, PCT/AU00/00563, PCT/AUG0/00564,
PCT/AU00/00565, PCT/AU00/00566, PCT/AU00/00567, PCT/AU00/00568,
PCT/AU00/00569, PCT/AU00/00570, PCT/AU0G0/00571, PCT/AU00/00572,
PCT/AU00/00573, PCT/AU00/00574, PCT/AU00/00575, PCT/AU00/00576,
PCT/AU00/00577, PCT/AUC0/00578, PCT/AU00/00579, PCT/AU00/00581,
PCT/AU00/00580, PCT/AU00/00582, PCT/AU00/00587, PCT/AUQ0/00588,
PCT/AU00/00589, PCT/AU00/00583, PCT/AU00/00593, PCT/AU00/00590,
PCT/AU00/00591, PCT/AU00/00592, PCT/AU00/00584, PCT/AU00/00585,
PCT/AU00/00586, PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596,
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PCT/ AUOCQ 00519, PCT/ AU00/ 00523, PCT/ AUOQ 00527, PCT/ AU0O/ 00531,
PCT/ AUCO' 00535, PCT/ AU00/ 00539, PCT/ AUOCO 00543, PCT/ AUCO 00546,
PCT/ AU00O/ 00558, PCT/ AUCQO 00562, PCT/ AUOQ 00566, PCT/ AUCQO 00570,
PCT/ AUOCQ 00574, PCT/ AU0O0/ 00578, PCT/ AUOQ 00582, PCT/ AUOO/ 00583,
PCT/ AUOCQ 00592, PCT/ AUCO 00594, PCT/ AUOO 00520, PCT/ AUOO/ 00521,
PCT/ AUCO' 00524, PCT/ AUOO 00525, PCT/ A4J00/ 00528, PCT/ AUCO' 00529,
PCT/ AUCQ 00532, PCT/ AUCQ' 00533, PCT/ A 00536, PCT/ AUOO 00537,
PCT/ AUOCO' 00540, PCT/ AUO0O/ 00541, PCT/ AUOQ 00544, PCT/ AUOQ 00545,

L) O O T AR 38 s
PCT/ AUCO 0057 1PCBEIMM0071d0sBCT/ATU00/00501, PCT/AU00/00502, PCT/AU00/00503,
PCT/AU00/00504, PCT/AU00/00505, PCT/AUQ0/00506, PCT/AU00/00507,
PCT/AU00/00508, PCT/AU00/00509, PCT/AU00/00510, PCT/AU00/00512,
PCT/AU00/00513, PCT/AU00/00514, and PCT/AU00/00515 -
The disclosures of these co-pending applications are incorporated herein by

cross-reference.

BACKGROUND OF THE INVENTION

In the applicant’s co-pending application PCT/AU98/00550, a series of ink Jet
printing arrangements were proposed for printing at high speeds across a page width
employing novel ink ejection mechanisms. The disclosed arrangements utilized a
thermal bend actuator built as part of a monolithic structure.

In such arrangements, it is desirable to form larger arrays of ink ejection nozzles
so as to provide for a page width drop on demand print head. Desirably, a very high
resolution of droplet size is required. For example, common competitive printing
systems such as offset printing allow for resolutions of one thousand six hundred dots
per inch (1600dpi). Hence, by way of example, for an A4 page print head which is
cight inches wide, to print at that resolution would require the equivalent of around
12800 ink ejection nozzles for each colour. Assuming a standard four colour process,
this equates to approximately fifty one thousand ink ejection nozzles. For a six colour
process including the standard four colours plus a fixative and an IR ink this results in
76800 ink ejection nozzles. Unfortunately, it is impractical to make large monolithic
print heads from a contiguous segment of substrate such as a silicon wafer substrate.

This is primarily a result of the substantial reduction in yield with increasing
size of construction. The problem of yield is a well studied problem in the semi-
conductor industry and the manufacture of ink jet devices often utilizes semi-conductor
or analogous semi-conductor processing techniques. In particular, the field is generally
known as Micro Electro Mechanical Systems (MEMS). A survey on the MEMS field
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PCT/ AUCO' 00575, PCT/ AUOCO 00576, PCT/ AUOO 00579, PCT/ AUOO/ 00581,

PCT/ AUOCO' 00587, PCT/ AUOCO 00588, PCT/ AUOQO 00593, PCT/ AUOCO 00590,

PCT/ AUOCO' 00584, PCT/ AUOCO 00585, PCT/ AUOQO 00595, PCT/ AUOO 00596, 2

PCT/ AUCO' 00597, PCT/ AUO0O/ 00598, PCT/ AU00O/ 00516, PCT/ AUOO/ 00517,

PCT/ AUOO/ 00511, PCT/ AUOO/ 00501, PCT/ AUCO 00502, PCT/ AUOCO 00503,

PCT/ AUOO/ 00504, PCT/ AUOCO 00505, PCT/ Al 00506, PCT/ AUOO/ 00507,

PCT/ AUOCO' 00508, PCT/ AUOO/ 00509, PCT/ AUOO/ 00510, PCT/ AUOO/ 00512,

PCT/ AUO0O/ 00513, PCT/ AU00/ 00514, and PCT/ AUQCD/ 00515 The di scl osures of these
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contraction of the overlap between adjacent print head segments which may in turn lead
to the production of artifacts in the resultant output image. For example, the
temperature of the print head may rise 25°C above ambient when in operation. The
assembly of the print head may also be made of materials having different thermal
characteristics to the print head segments resulting in a differential thermal expansion
between these components. The silicon substrate may be packaged in elastomer for
which the respective thermal expansion coefficients are 2.6 x 10 and 20 x 10° per
degree Celsius.
Artifacts are produced due to the limited resolution of the print head to
represent a continuous tone image in a binary form and the ability of the human eye to

detect 0.5% differences in colour of adjacent dots in an image.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide for a mechanism for
compensating for relative displacement of overlapping print head segments during
operation in an effective and convenient manner.

In accordance with a first aspect of the invention there is provided in an ink

gjection print head comprising a plurality of overlapping print head segments, wherein
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This is primarily a result of the substantial reduction in yield with
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problemin the sem - conductor industry and the manufacture of ink jet
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between the segments.

In accordance with a further aspect of the present invention, there is provided an
ink ejection print head system comprising: a plurality of spaced apart spatially
overlapping print head segments; at least one means for measurement of the degree of
overlap between adjacent print head segments; means for providing a half toning of a
continuous tone image and means for adjusting said half toning means in a region of
overlap between adjacent print head segments to reduce artifacts between said adjacent
segments.

The means for adjusting the half toning means can include a continuous tone
input, a spatial overlap input and a binary input, the half toning means utilizing the
spatial overlap input to vary the continuous tone input to produce a varied continuous
tone input for utilization in a look-up table of a dither matrix or dither volume so as to
produce output binary values to adjust for the regions of overlap of print head
segments. The means for adjusting the half tone or dither matrix may be implemented

in hardware or by means of software employing an algorithm.
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SUMVARY OF THE INVENTION It is an object of the present invention to
provide for a nmechanismfor conpensating for relative displacenent of

overl apping print head segnents during operation in an effective and
conveni ent manner. In accordance with a first aspect of the invention there
is provided in an ink ejection print head conprising a plurality of

overl apping print head segnents, whereiLn M149-SG 4 the spati al
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tone image and neans for adjusting said half toning neans in a region of

over| ap behesimentgf thedpventionnt head segnents to reduce artifacts between
sai d adj acent Fiﬁ.%ﬁﬁx%ﬁes a process of dither matrix variational control according to

another embodiment of the invention; and
Fig. 6 illustrates graphically an algorithm implementing a further process of

dither matrix variational control according to a further embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

In a first embodiment, a method of compensation for the temperature varying
relative displacement of adjacent print head segments is provided by the utilization of a
digital processing mechanism which adjusts for the overlap between adjacent segments.

In a print head covering an A4 page width there may be 10 segments having 9
overlapping portions arranged in a repeating sequence of staggered pairs. Initial
alignment of segments can be made within 10 microns using techniques well known in
the art of monolithic fabrication techniques. The width of a segment for a 6 colour ink
arrangement would be approximately 225 microns assuming the nozzles of a segment
are arranged on 16 micron centres in a zig-zag pattern longitudinally.

In this embodiment, a temperature sensor is placed on each print head segment

so as to provide for a measure of the current temperature characteristics of each print
MJ148-5G



The neans for adjusting the half toning nmeans can include a continuous tone
input, a spatial overlap input and a binary input, the half toning means
utilizing the spatial overlap input to vary the continuous tone input to
produce a varied continuous tone input for utilization in a |ook-up table
of a dither matrix or dither volume so as to produce output binary val ues
to adjust for the regions of overlap OB print head segments. The means for
adjusting the half tone or dither matri'x may be inplenented in hardware or
by neans of software enploying an algorithm M149-SG 5 BRI EF DESCRI PTI ON
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published by MIT Press.

As shown in Fig. 1 adjacent print head segments 2, 3 overlap in the respective
regions 12, 13. The overlap region may extend approximately 40 thou (~Imm.)
providing an overlap of 64 nozzles spaced at 16 microns for 1600dpi resolution. In the
region 10 of the segment 2 the nozzles of this segment are used exclusively for the
ejection of ink. Similarly in the region 11 of the segment 3 the nozzles of this segment
are used exclusively for the ejection of ink. In the overlapping regions 12, 13 a “blend”
is provided between the two print head segments 2, 3 such that along the edge 14 of the
print head segment 2 nozzles are used exclusively in the region 12 to print and similarly
along the edge 15, the nozzles of the segment 3 are used almost exclusively for
printing. In between, an interpolation, which can be linear or otherwise, is provided
between these two extreme positions. Hence, as shown in Fig. 2, when printing a full
colour output on a page the area on the side 17 is printed exclusively by the print head
segment 10 while the areca 18 is printed exclusively by the print head segment 11 (as
illustrated by the black dots) with the area 19 comprising a blend between the nozzles
of the two segments. The printing process utilizes any well known half toning matrix
such as disclosed in the aforementioned references. While a known half toning matrix
is utilized, the actual print head segment utilized will depend upon the blending ratio
provided by the measure of overlap between the overlapping segments.
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In a print head covering an A4 page wdth there may be 10 segnents having 9
overl apping portions arranged in a repeating sequence of staggered pairs.
Initial alignment of segnments can be made within 10 m crons using

techni ques well known in the art of nonolithic fabrication techniques. The
wi dth of a segnent for a 6 colour ink arrangenent would be approxi mately
225 mcrons assum ng the nozzles of a segnent are arranged on 16 m cron
centres in a zig-zag pattern longitudinally. In this enbodinment, a
tenperature sensor is placed on each print head segnment so as to provide
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with a dither matrix 25 outputting a current dither value 26 to a summation means 27
with summation means 27 having another input 28, an overlap signal, which varies in
either a positive or a negative sense depending on the degree of overlap between the
adjacent segments. The output value 29 of summation means or adder 27 is compared
to the input continuous tone data 32 via a comparator 30 so as to output half tone data
31. An alternative arrangement allows that the data value 28 can be subtracted from the
continuous tone data 29 before dithering is applied producing similar results. This
arrangement is shown in Fig. 5.

As shown in Fig. 5, a halftone data output 52 can be generated by combining
the output 42 of dither matrix 40 in an adder 46 with the overlap signal 44, and then
taking the difference of the output 54 of adder 46 and the continuous tone data 48 in
subtracter 50. This is an equivalent arrangement to that of Fig. 4.

Through the utilization of an arrangement such as described above with respect
to Figs. 3 and 4, a degree of control of the overlap blending can be provided so as to

reduce the production of streak artifacts between adjacent print head segments.
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al ong the edge 15, the nozzles of the segnent 3 are used al nost exclusively
for printing. In between, an interpolation, which can be linear or
otherwi se, is provided between these two extrene positions. Hence, as
shown in Fig. 2, when printing a full colour output on a page the area on
the side 17 is printed exclusively by the print head segnent 10 while the
area 18 is printed exclusively by the print head segnent 11 (as
illustrated by the black dots) with thée area 19 conprising a bl end between
the nozzles of the two segnments. The printing process utilizes any well
known hal f tonp ' . j | r '
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over | appest: rRghBnslidned See - maddufidage VA Bfc GRSHES PPERIPAledd chhehaVes | apped
section 12 at the edge 14 there is 100%utilization of the nozzles of

print heaRfitiedaeit knowpemperaturgsrio Wateraipgithe degree pboyeniap bethgrsnhozaes t he

int h ' . he_di st f t.h |
Pegton frongedEogthenly® Gngcbs GG BHbRYlp 1% beb SRl BhATES: Spartiffial ne. 18
of the segmpatahile rirgepr spies bf corredponding ivahies 0 bé wWiriten N6 27r8sraffmdbhe

section radual | y decreased (Jinearly), being zero at edge 9 while
the utili QM &?Ef%e %Fﬁ‘)éen??zﬂ é8 B‘P"{dﬁeﬁ-@e@%‘i)sﬂnw}lgeﬁi onpespik avhied) yre
lncreaseqnaﬂidiﬁllwacﬁ%e&ﬂfﬂﬁ Hﬁtﬁéaassgg t%@erw[p; reached. In a first

enbodi ment, where there is an I ncrea over["ap between nozzles, the half

t oni ng t hr eshof dartheridnibodiment efithe mvastexh involvhe thevese lofip. sofigpiacnsoliftivs

reduces the urber, of dots prjnt i he bl end regi on. Conyersely, if
there is tgr rr%cﬁﬁ%{hc?vg Sﬁlor\/\Pt ﬁrtﬁﬁ S 3&5 enh%‘é?glawnﬁePﬁ&‘%Bﬁﬁted apart
slightly lisade Affam soRwielinplenthefioh 3Pk litht Bt inf L&A SRCHn A3 HeRBidmCr eased
by reducing the half toning threshold. An overall genéral half toning

arr angeneqtgan@égprﬁbrnpfpbwagwga@n@h@meﬂap betyeen pring head seginerte s atachdd 25

out putti : I @ntr di \; a summmuatipon nea 7 Wt
sumat i on%nagg%sa%g' k;re{l\(%iptrrl&g;gerglr%? @?telgﬁ%tht% pé:ég’raxg m%fépg%aéegﬁ gﬁ?ﬂﬁ a}lgw{F@h varies
in eit heanaybposiiten ves@he atheegale iMetatenmemdBpoidh Mg kb vib&esTa S@sdaf

overl ap between the dj.acent. segnents. The output value 29 of summation
means 8r sggggrm the art %ysgé the aggonthm is explained z?s follows.

A dispersed dot stochastic dithering is used to reproduce the continuous tone

pixel values using bi-level dots. Dispersed dot dithering reproduces high spatial
frequency, that is, image detail, almost to the limits of the dot resolution, while
simultaneously reproducing lower spatial frequencies to their full intensity depth when
spatially integrated by the eye. A stochastic dither matrix is designed to be free of
objectionable low frequency patterns when tiled across the page.

Dot overlap can be modelled using dot gain techniques. Dot gain refers to any
increase from the ideal intensity of a pattern of dots to the actual intensity produced
when the pattern is printed. In ink jet printing, dot gain is caused mainly by ink bleed.
Bleed is itself a function of the characteristics of the ink and the printing medium.
Pigmented inks can bleed on the surface but do not diffuse far inside the medium. Dye
based inks can diffuse along cellulose fibres inside the medium. Surface coatings can

be used to reduce bleed.
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to the input continuous tone data 32 via a conparator 30 so as to output
half tone data 31. An alternative arrangenent allows that the data val ue

28 can be subtracted fromthe

appl i ed

the output 42 of dither
44, and then

continuous tone data 29 before dithering is

producing simlar results. This arrangenent is shown in Fig. 5. As
shown in Fig. 5, a halftone data output 52 can be generated by conbining

continuous tone data 48 in subtracter 50. This is an equival ent

arrangenent t opthate Of efbd-offot JMB? géqgtegglﬁvé'w ﬂh% %Igtrtlljci}ﬂﬁioﬁfof g{e%gd;i')"tg i?lr{g@

such as

print head segnments can also be dramatically reduced. Hence, adjacent

descri bed above with respec Fi gs. , a ee o

matrix 40 in ap adder 46 with the overlap signal
taking the difference of "the output 54 of adder 46 and the

ment
control
of the ovimepwabthehdotrggicianit beugsfidve dedekthe adeat dot asqetfeetlyt tikngothoghagd i on of

streak arji t t n. adj acent. prinf head se ts. 49- SG 8, As
over | ap s‘%&%a %’gﬁg%mlenﬁ ?&Bﬁﬂi lggj‘gﬁoé 1%3‘?3%’9&?‘?% e ARt d
cal i brat i ssigltoufig thefided] Aot cdn'tR Hle@RE b9fa RBEHT AWK i8al BhAERIR Mot Hapid) acent

each
to a

print hea@ushepnmtdet ggin papanatesiighl v al i gned during manufacture with one

anot her .

Tehe B BARNS of Aol WA0cnEhat BE1NE 58 e Blich B EREAIONLS 2

determ ne the

ee o ween nozz

S.

Once

a degree algepbetweap phiardhlenatbidadennacbrimmed arepar Do ghialis ptaidpedmal w e range

a series
st orage

n be witten to a

f | ble ROM
485 1 bEVAeh ihs b bl of i b and Hssh G Padhhmaam dhv o

i ndi vi duakbphidiRetRF Qﬂaﬁrfg WG 86t Bin ré?@glis%@ﬂ&? gffot %Ytﬁ&]riﬁgné\ cﬁ&éFetru%}f {glﬂt t or

enbodi nent of "the invention involves the use

a Sso re so

reduci ng dithsripg.odiudispemedotadithiefing the: dustisvdistritovet trdfipady segramrdrsa, dbr t he

print heads.

the i npl

print headithefig@emt sdéts ialn

rix

cl udi ng

cfin it i fpe _
CRPIA Yo s STt A BT bGP o) 18 A BSbt ween

fatkd aathaRPSMgieX céitral NCoRFRET" 2 HrdaS MM 1 4L €N i N

t
the programm ng Ignguage.ééﬁThQ algorithm may be witten in sonme other
code nut atunsolgvredn bpuleiwvithithe tate of tlsvireal g€ “wiowre@etosmncolowdetl? equalling he art .

The basi
st ochast

L I, e SO B BB 11
sensitive to dot gain than clustered dot dithering.

Two adjacent print head segments have a number of overlapping nozzles. In
general, there will not be perfect registration between corresponding nozzles in adjacent
segments. At a local level there can be a misregistration of plus or minus half the
nozzle spacing, that is plus or minus about 8 microns at 1600 dpi. At a higher level, the
number of overlapping nozzles can actually vary.

The first approach to smoothly blending the output across the overlap bridge
and from one segment to the next consists of blending the continuous tone input to the
two segments from one to the other across the overlap region. As output proceeds
across the overlap region, the second segment receives an increasing proportion of the
input continuous tone value and the first segment receives a correspondingly decreasing
proportion as described above with respect to Fig. 3. A linear or higher order
interpolation can be used. The dither matrices used to dither the output through the two
segments are then registered at the nozzle level. |

The first approach has two drawbacks. Firstly, if the dither threshold at a

particular dot location is lower than both segments’ interpolated continuous tone values
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pi xel val ues using bi-level dots. Dispersed dot dithering reproduces high
spatial frequency, that is, inmage detail, alnost to the limts of the dot
resolution, while simultaneously reproducing | ower spatial frequencies to
their full intensity depth when spatially integrated by the eye. A
stochastic dither matrix is designed to be free of objectionable |ow
frequency patterns when tiled across the page. Dot overlap can be nodell ed
usi ng dot gain techniques. Dot gain refers to any increase fromthe ideal
intensity of a pattern of dots to the actual intensity produced when the

pattern i rq [ ' ri Lo e Lol y-by ink
Drced " rsad L Sfmafly St el Bl B 1HEH0GRLR. | SofUR B TR ViR ang
t he pri ntéoveglapetheuintensitieg meomesdd ibykthectawo ditherdmotricehavil usef anly pattialtho not

di ffuse far insi t.he di um e .hased inks. can _di ffuse. al ong cell ul ose
fibres i nrfpﬁ’él“?‘?fg?‘?f’éiﬂ}%ﬁ‘uea gﬁ? pf ocrall epyy” Ciﬁl‘s Ba hsg&aieﬁfsd TR eed.
MI149- SG @aBesitdissndife n8iA&Chevef bIM! prdle! #Boi. S TARNGhIAIMELE AchibRd by

distribution of the dots in the sane way that dot gain is, It Is uUseful to
nodel t heusingpghe deersgs opdhe alithey matiix fgr talternptie seginents,nor clitbelimg the Whi | e

an actual ] jet. dot i s,approxi.matel.y round a overlaps j,ts . nei.ghbours,
t he ideal co&gi u%:‘%nto‘g%%%%te &Eé%n %f/mglesdd%’g? @?&ﬁ]%“rhidt&gﬁﬁsség{@ngd@?fﬂp“g&gps_hapgas
t hus becon®neok tigaitheriRrAoBiodhsticAY, afdirdink So 2 proddBigitehives by tHe@frchs it IS
an effect, which manifests itself along edges between printed dots and

adj acent HHpRel#{WfagiPbas. Dot gain is proportional to the ratio between
the edge |ink . : . tter

techni ques for aeariat A ol b MARG A3 Bha Gy BhesRB bl Tendtl

cl ust er edoadoss afioivhmatliimgnsityn di sper sed dot dithering the dot is distributed
uniformy over,an area,_for _ ex le foy a dot of 50% intensity a chequer
board pattern ‘fx%&??é’@'ﬂl.n Kig. éﬁ}}gﬁ/gﬁgéor ﬁoﬂ?@?ﬁ’@?&ﬁﬁg‘?‘ﬂ’élwﬁ?‘% %Fli‘fsent ed
W th a siglzenGPRkdsad0, 620ls00] 8Ad VA B3HeRNMKIAbetwddAGRE QMIuedor BOr dRr 1 9i th the
ratio of the area of "col oured” to "Uncol oured” equalling the intensity of

the dot tBheealgpiated edtpubbé peplétdd ddth wispdsete thy vesticdhexisf @r & aduretiosensi ti ve
Lgvgog gﬁllﬁ%é&&o h%(;el? g%ggrgﬁilrﬂlglq}n%géf grAl {:‘cﬁitou-wﬁan%d&as%%ws g riegl:[lltarﬁ? %ﬁugsegnent S
for I4+5=0.5.
Fig. 6 shows the qualitative shape of the three dimensional function linking the
two segments’ input continuous tone values V4 and Vj to the observed output intensity
Ia+. For the first approach, an input continuous tone value V and an interpolation
factor f together yield V = (1-f) V and Vg = { V. The closer the interpolation factor is
to 0.5 the greater the difference between the input continuous tonc value and the
observed output intensity. For V=1.0, this is illustrated in Fig. 6 by the curve 200 on
the vertical V4+Vg= 1.0 plane. By definition this curve lies on the function surface.
Fig. 6 indicates that when any kind of mixing occurs, that is 0.0 < f <1.0, the output
intensity is attenuvated, and to achieve the desired output intensity the sum of the two
segments’ input values must exceed the desired output value, that is Vo+Vg >V. This
forms the basis for the algorithm in appendix A.
The function shows a linear response when only one segment contributes to the
output, that is £=0.0 or f=1.0. This assumes of course that the dither matrix includes the
effects of dot gain.
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general, there will not be perfect registration between correspondi ng
nozzles in adjacent segnents. At a |local |evel there can be a

m sregi stration of plus or mnus half the nozzle spacing, that is plus or
m nus about 8 microns at 1600 dpi. At a higher level, the nunber of
over |l appi ng nozzles can actually vary. The first approach to snoothly

bl endi ng the out put across the overlagdbridge and from one segnent to the
next consists of blending the continuous tone input to the two segnents
fromone to the other across the overlap region. As output proceeds across
the overl ap regj : r i A p tion of
the i mput. contrarae g NE ol W en d i 7 it BB O LB

cor r esponaivenion delt rvedsbangppapempbowien that dasationdedd ahalificatiohh nigspect to

Fig. 3. Alinear, or higher qgrder interpolation can_be used. The dither
mat ri ces Ta&HQ Bhedi”t"ﬁ‘ét?‘mt I’f@abﬂlepﬁﬁanl%‘?&?grﬁoﬂ?eort 9@ of dagy advandagss of ihen

regi st er eglyaitionNeFdrQ&amBlel BRI belfiprddidtsd tlﬁ?ﬂfeQﬂ%héﬁﬂﬁ?%)’@e ghavhes
ot locatio

Firstly, if the dither threshold at a particular nis I ower
t han bot hettheyhawdware pinsafiyrot an edutany ipregrarmmed rdbgited Idasproddi$iag sG&m0 t hen

both seg SeW L roduyce a dot. for. that location..Since the two dots wll
over | ap, nl%ﬁfé of%éck's ?feggﬁ}b%crﬁ‘@ilﬁﬂeﬁgbx ﬁ@sei gﬁora}ngﬁ@kﬂ.ﬁm ﬁ"ieé.%s?e%f‘iel afﬁe only

parti al | yTherefpfeddtieeehe biadi stotht: QapPehdRaSclfinsOMLERet allNfRASIakMtionsiid can be
remedi ed by ensuring that correspondi ng nozzles never both produce a dot.

Thi s can BPdificaions @p repe withyn thg d5up gpitihand srppe sbthefinyentionti t her matri x for
alternating segnents, or dithering the continuous tone value through a
single dither matrix and then assigning the output dot to one or the other
nozzl e staatirasti cally, according to a probability given by the current
interpolati.on factor. Secondly, adjacent dots printed by different segnents
w | | over‘foé‘g again leading to a loss of overall intensity. As shown in

Fig. 6, tOsaMdlvRefBhiGAThsPMEidiaeped segment is plotted al ong the
hori zont al axes 66, 62 as VA and VB respectively between the values of 0.0

and 1.0. ( The calculated output 66 is plotted with respect to the verti cal
axis 64 as a fH{‘%&'sI%ng | A+B, for values ranging fromO0.0 to 1.0. A contour
pl ane 68 showdt FESHESFY ant  val ues

int subdotsPerDot,

BI Image const& dotlmage,
char const* pDotImageName,
char const* pRefDotlmageName,
int const overlapSize,

int const overlaplndex, /10 .. overlapSize-1
int const misregFactor,
BI_Image const& ditherMatrix,
BI LUT& lutv,

Bl LUT& lut0,

BI LUT& lutl

class RLE DotLine

{
public:
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for 1A+B=0.5. Fig. 6 shows the qualitative shape of the three di nensional
function linking the two segnents' input continuous tone values VA and VB
to the observed output intensity |1A+B. For the first approach, an input
continuous tone value V and an interpolation factor f together yield VA=
(14) Vand Vj3 =f V. The closer the interpolation factor is to 0.5 the
greater the difference between the in conti nuous tone val ue and the
observed output intensity. For V=1.0, isis illustrated in Fig. 6 by the
curve 200 on the vertical VA+VB= 1.0 plane. By definition this curve lics
on the ftnttion surface. Figgy, bggjiﬁ:ﬁi es that when any kind of m xing
occurs, that is 0.0 < f <1.0, the outp intensity is attenuated, and to
achi eve the desired output intensitm twhecRun@pn blekRuwa0) §egnent s’ i nput
val ues nust exceed the desir t value,. that is VA+VB >V. This forns
the basis for the algorithm ?ﬁngégti&?e@nAW?ﬂFﬁ%uﬁ’d‘h@%l?%“%om a linear
response when only one segnment coniributes to the u bsyf--O O
or f=1.0. This assunmes of course that the dither na@r‘?@ﬂ%%%rf(ﬂﬁjetgkt e
ef fects of_bleckRyi(blackimi g} SG 11 The foregoi ng description has been linited
to specific e di ments of this. hnventi L1t will be apparent, however,
e DB Phs® e e i

that variations and nodification ention, with the
attai nment of igome or all of BlhekReNPHROEEt®h b BackRiMeNt i on. For exanpl e,
it wll be appreciated that the invention nmay be enbodied in either
hardware or software in a suitably programmed digital data processing
system }g}%&:of which are readily acconplished by those of ordinary skill
in the respective arts. Therefore, it is the object of the appended cl ains
to cover all sith vari ati ons ranghitefdi;fi cati ons as conme within the true
spirit and SC?‘B of the inventign. static void

bt ai NM sr egi ati onTransf erBJMRtsR: t i nt dot sPer Pi xel ,

¥
typedef vector<RLE_DotLine, allocator<RLE_DotLine> > RLE_Dot;

static

void

Usage()

{
fprintf(stderr, "usage: SegmentDither\n™);
fprintf(stderr, " inputlmage\n™);
fprintf{stderr, " dotsPerPixel\n");
fprintf{stderr, " subdotsPerDot\n");
fprintf(stderr, " dotImage\n");
fprintf(stderr, " refDotlmage\n");
fprintf(stderr, " overlapCenter\n");
fprintf{stderr, " overlapSize\n");
fprintf(stderr, " misregFactor\n");
fprintf(stderr, " ditherMatrix\n");
fprintf(stderr, " outputlmage\n");
fprintf(stderr, " outputResolution\n");
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i nt subdot sPerDot, Bl |Image const& dotl mage, char const* pDot hnageNane,
char const* pRefDotl| nageNane, int const overlapSize, int const

overlapl ndex, Il 0.. overlapSize-1 int const msregFactor, BI-Image const&
ditherMatrix, Bl _LUT& lutv, Bl _LUT& lutOQ Bl LUT& lutl ); class RLE
DotLine { public: M 149-SG 12 RLE DotLineO : mwhiteRun(O, m

bl ackRun(O { } RLE Dot Line(int whiteRun, int blackRun) m

whi t eRun(whi t eRun), m bl ackRun( bl ack ) {} int WiiteRun() const { return m
whiteRun; } int BlackRun() const { return m bl ackRun; } m whiteRun;

m_bl ackRun; };exigypedef vect or <RLE Dot Li ne, allocator<RLE DotLine> >

RLE_Dot ; }stati c vord

static

void

BadArgument(char const* pErrorMsg)

{
fprintf(stderr, "SegmentDither: argument error: %s\n", pErrorMsg);
exit(1);

#define CHECK,_ARGUMENT(cond) if (cond) BadArgument(#cond)

static
double
MisregDots(int const misregFactor)

{

return (double)misregFactor / 1000;

static
int
MisregSubdots(int const misregFactor, int const subdotsPerDot)

{
return (int)BU_Round(MisregDots(misregFactor) * subdotsPerDot);

static
void
PutDot
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Usage() { fprintf(stderr, "usage: SegnentDither\n"); fprintf(stderr,

fprintf(stderr, " fprintf(stderr, " fprintf(stderr, " fprintf(stderr, "
fprintf(stderr, " fprintf(stderr, " fprintf(stderr, " fprintf(stderr, "
fprintf(stderr, " fprintf(stderr, " inputlnmage\n"); dotsPerPixelln");

subdot sPer Dot\n"); dotlmage\n"); refDotlmage\n"); overlapCenterln");
overl apSi ze\n"); msregFactorln"); qi therMatrixin"); outputl mageln");
out put Resol ution\n"); M149-SG 13 exi t(41) ; } static

(
int const subdotsPerDot,
RLE Dot consté& rleDot,
int const dotRow,
int const dotCol,
int const misregFactor,
BI_Image& outputlmage
)
{

int const misregSubdots = MisregSubdots(misregFactor, subdotsPerDot);
int const subdotRow = dotRow * subdotsPerDot;

int const subdotCol = dotCol * subdotsPerDot;

int const dotOverlap = rleDot.size() - subdotsPerDot;

int const dotMargin = dotOverlap / 2;

RLE Dot::const_iterator ii = rleDot.begin();

for (inti = 0; 1 < rleDot.size(}; i++, ii-++)

{
int const row = subdotRow - dotMargin + i;
if (row <0 | row >= outputlmage.Height())

continue;

int const whiteRun = (*ii). WhiteRun();
int blackRun = (*i1).BlackRun();

int col = subdotCol - dotMargin + whiteRun + misregSubdots;
if (col < 0)
{

blackRun += col;
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void BadArgurnent(char const* pErrorMsg) fprintf(stderr, "SegnentDither:
argunent error: %\n", pErrorMsg); exit(l); } #define CHECK ARGUVENT(cond)
if (cond) BadArgunent (#cond) static double M sregDots(int const
m sregFactor) { return (double)m sregFactor / 1000; } static int
M sregSubdot s(i nt const m sregFactor, int const subdotsPerDot) { return
(int)BU Round(M sregDot s(m sregFactor), _.* subdotsPerDot); } static void
Put Dot M) 149-SG 14 int const subdot slléerDot, RLE Dot consté& rleDot, int
const dotRow, int const dotCol, int const msregFactor, Bl |Imge&
out put | mage i nt const m;orlgg)':“,ubdots = M sregSubdot s(m sregFact or,
subdot sPer Dot ) ; ’

}

if (col + blackRun >= outputlmage. Width())
blackRun = outputlmage. Width() - col;
if (blackRun <= 0)

continue;

BU_ExpandBitRun

(
outputlmage.Image(row),
col,
outputlmage. Width(),
blackRun,
1
);
)
}
static
void
MergeScale
(
double const scale,
int& v,
double& 10,
double& f1
)
{

double const vScaled = (double)}v * scale;
if (vScaled <= 255.0)
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i nt coast subdot Row = dot Row * subdotsPerDot; int const subdot Col = dot Col

* subdotsPerDot; int const dotOverlap = rleDot.size() - subdotsPerDot; int
const dotMargin = dotOverlap / 2; RLE Dot::const iterator ii =
rieDot.beginG for (int i =0; i <rleDot.sizeQ i++, ii++) { int const
row = subdot Row - dotMargin + i; if (row< 0 11 row >=

out put | mage. Hei ght O continue; int c t whiteRun = (*ii).WiteRunGQ int
bl ackRun = (*ii).BlackRunGQ int col = 'subdotCol - dotMargin + whiteRun +

m sregSubdots; if (col < 0) { blackRun += col; M) 149-SG 15 col =0; } if
(col + bl ackRuE >= out put| mage. Wdt hO bl ackRun = out put!| mage. Wdt h()- col;
if (blackRun <= 0) continue; BU ExpandBitRun ( outputl nage.| nmage(row),
col, outputl mage. W et(hOBU RandRS$caled);

}
else
{
v =255;
double const fScale = vScaled / 255.0;
f0 *= {Scale;
f1 *={Scale;
}
b
static
void
Dither
(

BI_Image const& inputlmage,
BI_LUT const& lutDotGain,
int const dotsPerPixel,
int const subdotsPerDot,
BI_Image const& dotimage,
char const* pDotlmageName,
char const* pRefDotlmageName,
int const overlapCenter,
int const overlapSize,
int const misregFactor,
BI Image const& ditherMatrix,
BI_Image& outputlmage,
int const outputResolution,
bool const bRetain,
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1); } } static void MergeScale double const scale, int& v, double& fQ
doubl e& fl { double const vScaled = (double)v * scale; if (vScaled <=
255.0) M) 149-SG 16 { v = (int)BU Round(vScal ed); else v = 255; double
const fScale = vScaled / 255.0; fOfScale; fl fScale; } } static void
Dither ( Bl Image const& inputlmage,

17

bool const bSkipLHS,

bool const bSkipRIS,

bool const bFixedInterp = false,
double const fixedF0 = 0,
double const fixedF1 =0

/l compute overlap interval
int const overlapStart = overlapCenter - (overlapSize / 2);

int const overlapEnd = overlapStart + overlapSize - 1;

// copy and invert dither matrix
BI Image ditherMatrix2;
ditherMatrix2 = ditherMatrix;
BI_Invert(ditherMatrix2);-

// initialise and clear output image
int const subdotsPerPixel = dotsPerPixel * subdotsPerDot;
int const bilevelHeight = inputImage.Height() * subdotsPerPixel:
int const bilevel Width = inputimage. Width() * subdotsPerPixel;
if (!bRetain)
{
// initialise
outputImage.Initialise
(
BI_ColorModel(BI ColorGrayscale, 1),
bilevelHeight,
bilevel Width,
outputResolution,
outputResolution
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Bl _LUT const& lutDotGain, int const dotsPerPixel, int const subdotsPerDot,
Bl I mage const& dotl mage, char const* pDotl| mageNane, char const*

pRef Dot | mageNane, int const overlapCenter, int const overlapSize, int
const msregFactor, Bl _Inage const& ditherMatrix, Bl _Inage& outputl nage,
i nt const outputResol ution, bool const bRetain, M149-SG 17 bool const
bSki pLHS, bool const bSki pRHS, boot gnst bFi xedl nterp = fal se, double
const fixedFO = 0, double const fixe 1 =0{ 1/ conpute overlap interva
int const overlapStart = overlapCenter - (overlapSize / 2); int const
overl apEnd = overlapStart + overlapSize - 1; // copy and invert dither
matrix Bl Inmage ditherMatrix2; ditherMatrix2 = ditherMatrix; B
Invert(ditherMatrix2); 1/ initialise and clear output imge int const
subdot sPer Pi xel = qﬁtsPerPixel * subdot sPer Dot ;

clear
BI_CC* pOutputRow = outputlmage.Image();

for (int j = 0; j < outputimage.Height(); j++)

{
BU_ClearLine(pOutputRow, outputlmage. Width());
pOutputRow += outputlmage. RowSize();
3
b
// convert dot image to RLE

RLE Dot rleDot;
for (int i = 0; i < dotlmage.Height(); i++)

{
int const whiteRun = BU_GetBitRun
(
dotlmage.Image(i),
0,
dotIlmage. Width(),
0 // white
);
int blackRun;
if (whiteRun == dotImage. Width())
{
blackRun = 0;
}
else
{

blackRun = BU_GetBitRun
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int const bilevel Hei ght = i nputl mage. Hei ght() * subdotsPerPi xel; int const
bil evel Wdth = i nputl mage. Wdth()* subdotsPerPixel; if (!bRetain) { I/
initialise outputlmge.lnitialise ( BlI_Col orMdel (Bl Col orGayscale, 1),
bi | evel Hei ght, bilevel Wdth, outputResolution, outputResolution MJ149-SG
18 ); 11 clear BI_CC* pCQutput Row = out putl nage. | mageQ for (int j =0; jJ <
out put | mage. Height(}; j++) { BU d ear Lli ne( pQut put Row, out putl mage. WdthO;
pQut put Row += out put | mage. RowSi zeQ, } 11 convert dot imge to RLE

RLE Dot rleDot; for (int i = 0; i < dotlmage.Heighto ; i++) { int const
whiteRun = BU CGetBit Run (( dot | mage. | mage(i),

dotlmage.Image(i),
whiteRun,
dotImage. Width(),
1 // black

b
rleDot.push_back(RLE DotLine(whiteRun, blackRun));

// dither contone input image to bi-level output image

BI_CC const* pImage = inputlmage.Image();

BI_CC const* pRow = pImage;

BI_CC const* pDither = ditherMatrix.Image();

BI_CC const* pDitherRow = pDither;

BI_CC const* pDither2 = ditherMatrix2.Image();

BI_CC const* pDitherRow?2 = pDither2;

int ditherRow = (;

for (int row = 0; row < inputImage.Height(); row++)

{

for (int dotRow = 0; dotRow < dotsPerPixel; dotRow++)
{
int const globalDotRow = (row * dotsPerPixel) + dotRow;
BI CC const* pPixel = pRow;
BI_CC const* pDitherPixel = pDitherRow;
BI_CC const* pDitherPixel2 = pDitherRow2;
int ditherCol = 0;
for (int col = 0; col < inputImage. Width(); col++)
{
int const vRaw = *pPixel++;
MJ148-5G



0, dotlmage. WdthO 01l white ); int blackRun; if (whiteRun ==

dot |l mage. Wdt hO) { bl ackRun = 0; blackRun = BU GetBitRun MJ 149-SG 19 (
dot| mage. I mage(i), whiteRun, dotlmge. Wdth(), | ii black ); }

rl eDot. push back(RLE Dot Li ne(whiteRun, blackRun)); } Il dither contone

i nput inmage to bi-level output imge BI_CC const* plnage =

i nput | mage. | mageo; Bl CC const* pRow = pl mage; BI-CC const* pDither =
ditherMatri x. | nageQ  BI-CC const* p[)i2toher Row = pDither; BlI CC const*
pDither2 = ditherMatrix2. 1 mageo; BlI-CC const* pDitherRow2 = pDither2; int

ditherRow = 0; for (int row ﬁn@éoﬂs?%&daﬂpgﬁ&tﬁ%%aiﬁﬁh%@t];q rowt++) {
for (int dotCol = 0; dotCol < dotsPerPixel; dotCol++)
{

int vRawDot = vRaw;
int const t0 = *pDitherPixel;
int const t1 =1t0; //*pDitherPixel2;

int const globalDotCol = (col * dotsPerPixel) +

dotCol,;

// interpolate intensities in overlap region and
dither

/ one or the other or both

if (!bFixedinterp &&  globalDotCol <
overlapStart)

int const t = t0;
if ((vDotGain == 255) || (vDotGain >= t
& & vDotGain != 0))

if (bSkipLHS)
{
PutDot
(
subdotsPerDot,
rleDot,
globalDotRow,
globalDotCol,
0,
outputlmage
MJ149-SG



for (int dotRow = 0; dot Row < dotsPerPi xel ; dot Row++) { int const

gl obal Dot Row = (row * dotsPerPi xel) + dotRow, BI-CC const* pPixel = pRow,
Bl - CC const* pDitherPi xel = pDitherRow, BI_CC const* pDitherPixel2 =
pDitherRow2; int ditherCol = 0; for (int col = 0; col < inputlmge. WdthG
col-1-+) { int const vRaw = *pPi xel ++; MI149-SG 20 int const vDotGain =

| ut Dot Gai n[vRawj ; for (int dotCol = O;,,dotCol < dotsPerPixel; dotCol++) {
int vRawDot = vRaw, int const to = *p[%lt her Pi xel ; int const tl = tO0;

/1 *pDitherPixel2; int const global DotCol = (col * dotsPerPixel) + dotCol;
11 interpolate intensities in overlap region and dither 11 one or the other
or both if (!bFixedl nterp && gl obal Dot Col < overldpStart) { int const t =
t0; if ((vDotGain == 255) 11 (vDotGain >=t K& vDotGain !'= 0)) {

}
}
else
if (\bFixedInterp && overlapEnd < globalDotCol)
{
int const t = (overlapSize == 0) 7 10 : t1;
if ((vDotGain == 255) || (vDotGain >= t
&& vDotGain != 0))
{
if (1bSkipRHS)
{
PutDot
(
subdotsPerDot,
rleDot,
globalDotRow,
globalDotCol,
misregFactor,
outputimage
)
}
3
1
else
{

#if 1
/! account for stretch or shrink
if (bFixedInterp)
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i f (!'bSki pLHS) { PutDot ( subdotsPerDot, rleDot, gl obal Dot Row,

gl obal Dot Col, O, outputlnmage MJ 149-SG 21 ); } } } else if

(!bFi xedl nterp &% overlapEnd < global DotCol) { int const t = (overl apSi ze
==0) ?2tO: tl; if ((vDotGain = 255) 11 (vDotGain >=t && vDotGain != 0))
{ if (1'bSki pRHS) { PutDot ( subdotsPerDot, rleDot, gl obal Dot Row,

22

double const misregDots =

MisregDots(misregFactor);

double const newOverlapSize

overlapSize + misregDots;

double const overlapScale

newOverlapSize / overlapSize;

vRawDot =
(int)BU_Round(vRawDot * overlapScale);
if (vVRawDot > 255)
vRawDot = 255;
//MergeScale(overlapScale,

vRawDot, 10, {1);
}
#endif
#if 1
// compute interpolation factors
double 10, f1;
if (bFixedInterp)
{
0 = fixedF0;
fl = fixedF1;
}
else
{

// compute overlap index

int const overlapIndex =
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gl obal Dot Col ,
stretch or
overl apSi ze + m sregDot s;
Round( vRawDot * overl apScal e);
newOver | apSi ze = doubl e const overl apScal e
/I MergeScal e(overl apScal.e, }

v RawDot
factors

shrink if

= 255;
double fO fl;

conmput e overl ap index

overlapStart;

m sregFact or,

i f (bFixedl nt

out put | mage );
(! bFi xedl nterp) MJ149-SG M sregDot s(m sregFactor);
newOver | apSi ze / overl apSi ze;
22 { doubl e const m sregDots doubl e const

if (vRawDot > 255)

p) fi

ObtainMisregistrationTransferFunction

MJ148-5G

= vRawDot =

} }if 111 account for

(i nt)BU

I/ conpute interpolation
b = fixedFQ fl = fixedFl;

globalDotCol -

// obtain misregistration LUTs
BI _LUT lutv;
BI LUT tut0;
BI_LUT lutt;

dotsPerPixel,
subdotsPerDot,
dotlmage,
pDotlmageName,
pRefDotIlmageName,
overlapSize,
overlapIndex,
misregFactor,
ditherMatrix,
utv,

lut0,

lutl

// retrieve interpolation factors

{0 = (double)lutO[vRawDot] / 255;

f1 = (double)lut] [vRawDot] / 255;

if (globalDotCol > overlapCenter)
BU_Swap(f0, f1);

11



int const overl apl ndex = MJI149- SG 23 gl obal Dot Col overlapStart; 1/ obtain
m sregi stration LUTs Bl _LUT lutv; BI _LUT lutO; Bl LUT lut 1;

bt ai NnM sregi strationTransferFunction ( dotsPerPi xel, subdotsPerDot,

dot | mage, pDotl nmageNanme, pRefDotl mageNane, overlapSi ze, overl apl ndex,
m sregFactor, ditherMatrix, lutv, lutO, 1utl ); 11 retrieve

interpol ation factors fO = (doubl e)l u'\t/zngaV\Dot] [ 255; fl = (double)lutl
[ vRawDot] 1255; if (gl obal Dot Col > overlapCenter) BU Swap(fO fl); M
149- SG

// adjust intensity for attenuation

vRawDot = lutv[vRawDot];
#endif

/! diagnostics

Hprintf("f0=%5.11f f1=%5.11f (%3.11f)
vRaw=%d v=%%d\n",

/f 10, f1, f0 + f1, vRaw, vRawDot);

/! interpolate dither with jitter

it vd=0;

int v0d = 0;

intvld=0;

if ((vRawDot == 255) || (vRawDot >= t0
&& vRawDot != 0))

vd=1;

double const rr = (double)rand() /

RAND MAX;
if (vd && rr < f0)
{
v0d=1;
- if (!bSkipLHS)
{
PutDot
(

subdotsPerDot,
MJ149-SG



24 /1 adj ust

vRaw=% v=%d\n",
fl=9%.11f (%. |

intensity for attenuation

vRawDot = | utv[vRawDot];

#endi f

dither with jitter

255) 11 (vRawbot >= tO vd

| if(vd&&rr<ff)) { vod

1; if (1bSkigLHS) Put Dot

&% vRawbDot !'= 0)) } // diagnostics //printf("f0=9%.1 If
If) 11 fO fl, fO+ fl, vRaw, vRawDot); // interpol ate
int vd =0; int vOd = 0; intvld=0; if ((vRawDot ==

= 1; RAND-MAX; } double const rr = (double)randO

( subdot sPerDot, M

149- SG 25 rl eDot ,

#if 0

gl obal Dot Row,

%3d %3d) ",
MJ149-SG

rleDot,
globalDotRow,
globalDotCol,
0,

outputlmage

if (vd && (1.0 - 1) <=11)

{
vid=1;
if ('bSkipRHS)
{
PutDot
(
subdotsPerDot,
rleDot,
globalDotRow,
globalDotCol,
misregFactor,
outputlmage
%
}
3

if (globalDotRow == 864)
{

printf("%1d %1d %1d (%3d %3d



gl obal Dot Col, O, outputlmage ); } } if (vd&&(1.0-rr)<=fl) { vld =1; if
(!'bSki pRHS) { PutDot ( subdotsPerDot, rleDot, gl obal Dot Row,

gl obal Dot Col, mi sregFactor, outputlmage ); } } #f 0 if (gl obal Dot Row =
864) { printf("%d %d %d (¥%B8d %3d ¥38d ¥%3d) ", MI149-SG 26 vd, v, vld,

vRawDot , vO

26
vd, v0d, vld, vRawDot, v0,
vl, v0 +v1);
if (vld + v1d < vd)
printf("?");
if (v0d + vid > vd)
print("#");
printf("n");
}
#endif
}
pDitherPixel+;
pDitherPixel2++;
ditherCol++;
if (ditherCol.>= ditherMatrix. Width())
{
pDitherPixel = pDitherRow;
pDitherPixel2 = pDitherRow2;
ditherCol = 0;
}

¥
pDitherRow += ditherMatrix.RowSize();

pDitherRow?2 += ditherMatrix2.RowSize();

ditherRow++;

if (ditherRow >= ditherMatrix.Height())

{
pDitherRow = pDither;
pDitherRow?2 = pDither2;
ditherRow = 0;
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vl, vO+ vl); if (vld + vid <vd) printf("?"); if (v&d + vl d > vd)
printf("#"); printf("In" ); } #endif } pDitherPixel ++; pDtherPixel 2++;
ditherCol ++; if (ditherCol >= ditherMatrix. WdthO { pDtherPixel =

pDit herRow;, pDitherPixel2 = pDitherRow2; ditherCol =0; } } } pD therRow
+= ditherMatri x. RowSi zeQ, pDitherRow2 += ditherMtrix2. RowSi zeG,

di t her Row++; if (ditherRow >= ditherl\/ei?rix.l—bi ghtO { pD therRow =
pDither; pDtherRow2 = pDither2; ditHerRow = 0; M 149-SG 27

}
}
pRow += inputlmage.RowSize();
¥
}
static
void
ChangeFileSuffix
(
char const* pPath,
char const* pSuffix,
char const* pExt,
char pathf MAX PATH)]
)
{
char drive] MAX DRIVE];
char dirf] MAX DIR];
char fname[ MAX FNAME];
char extf MAX EXT];
_splitpath(pPath, drive, dir, fname, ext);
strcat(fhame, pSuffix);
_makepath(path, drive, dir, fname, pExt);
b
static
void

LogTransferFunction(char const* pType, double const intensity[], int const V)
{

printf("%s: %03d : %5.11f (%65.11H)\n",
MJ149-SG



} } pRow += inputl nmage. RowSi ze(); } } static void ChangeFileSuffix (
char const* pPath, char const* pSuffix, char const* pExt, char

pat hLMAX PATH] { char driveLMAX DRIVE]; char dirLMAX DIR]; char

f nameLMAX_FNAME]; char extLMAX EXT]; _splitpath(pPath, drive, dir, frame,
ext); strcat(franme, pSuffix); makepath(path, drive, dir, franme, pExt); }
static void LogTransferFunction(char 8const* pType, doubl e const
intensity[], int coast v) { printf("%.% w3d : 9%.1 If (%.1f)\n",

MJ149- SG 28 pType, v, intensity[v], v - intensity[V]);

pType, v, intensity[v], v - intensity[v]);

static
void
ComputeMisregistrationTransferFunction
(
int dotsPerPixel,
int subdotsPerDot,
Bi_Image const& dotlmage,
char const* pDotlmageName,
double const 0,
double const f1,
int const misregFactor,
BI Image const& ditherMatrix,
Bl LUT lutv,
BI LUT& lut0,
BI_LUT& lutl

// create test image

BI Image testlmage;

testimage.Initialise

(
BI ColorModel(BI ColorGrayscale),
ditherMatrix.Height(),
ditherMatrix. Width()

// build identity transfer function
MJ149-SG



] static void C onputeM sregistrationTransferFunction int dotsPerPixel,
i nt subdotsPerDot, Bl _|nmage const & dotl nage, char const* pDotl| nageNane,
doubl e const fO double const fl, int const msregFactor, Bl |nage const&
ditherMatrix, Bl _LUT& lutv, Bl _LUT& lutOQO Bl LUT& lutl { Il create test
image Bl Inmage testlmge; testlmage.Initialise ( Bl

Col or Model (Bl _Col or Grayscal e), dither)Matrix.Heighto, ditherMatrix.
Wdth() ); 11 build identity transfer ““unction MJ149-SG 29 Bl LUT
identityLut; for (int v = 0; v < 256; v++) identityLut[v] = v;

Bl LUT identityLut;
for (int v =0; v < 256; v++)

identityLut[v] = v;

// create output image

BI Image outputlmage;

// compute intensity for cach gray level
double intensity[512];

int vLast;

for (v=0; v <512; v++)

{

// compute extended interpolation factors
double {0x, flx;
int vx;
if (v <=255)
{
VX =V;
f0x = f0;
flx = f1;

else

vx =255;

double const fScale = (double)v / 255.0;
fOx = 10 * {Scale;

flx = f1 * {Scale;

// set test image to next intensity
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1/ create output imge Bl-Inmage outputlmge; // conpute intensity for each
gray level double intensity[512]; int vLast; for (v = 0; v < 512; v++) {

/'l conpute extended interpolation factors double fOx, fix; int vx; if (v
<= 255) { vx 255; doubl e const (Scale = (double)v / 255.0;  fOx =fU*
(Scale; fl x fl * fScale; } Il set test inmage to next intensity M} 149-SG
30 testl mage Bl _Color((Bl _CCOvx); 11 dither test imge to bi-I|evel output
Dither testlmge, identitylLut, dots é)r Pi xel , subdot sPerDot, dotl mage,
pDot | mageNane, pDot| mageNane,

testlmage = BI_Color({BL_CC)vx);

// dither test image to bi-level output

Dither

(
testimage,
identityLut,
dotsPerPixel,
subdotsPerDot,
dotlmage,
pDotlmageName,
pDotlmageName,
0,0, // no explicit overlap
misregFactor,
ditherMatrix,
outputimage,
72, // output resolution
false, // don't retain output image
false, // don't skip LHS
false, // don't skip RHS
true, /1 fixed interpolation
fOx,
fix

/1 determine intensity of dithered bi-level output

long nDots = 0;

BI_CC const* pRow = outputlmage.Image();

for (int row = 0; row < outputlmage.Height(); row++)

{
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0, 0, msregFactor, ditherMatrix, outputlnmage, // no explicit overlap 72,
11 output resolution false, Il don't retain output image false, Il don't
skip LHS false, Il don't skip RHS true, Il fixed interpolation fOx, fix
); 11 determne intensity of dithered bi-Ilevel output |ong nDots = O;

Bl _CC const* pRow = outputl mage. |l mage(); for (int row = 0; row <

out putl mage. Heighto; row+) { Ml 9 ﬁé SG 31 nDots += BU CountBi ts(pRow, 0,
out put | mage. Wdt hO); pRow += out put| ée. RowSi ze(); } intensity[v] = 255 *
(doubl e) nDots / out putl mage. Pi xel Counto; //LogTransferFunction("m sreg",

intensity, v); vLast = v;ph& +Cigit A = 7 .
LogTransfer Function("m s?%%tg, |]§nttlmn:t%l[t§(é§gw @%ﬁ)p utﬁHa‘E@.'Wld}h()) ’
pRow += outputlmage.RowSize();

}
intensity[v] = 255 * (double)nDots / outputImage. PixelCount();

/{LogTransferFunction("misreg", intensity, v);

vLast=v;
if (intensity[v] >= 255}
break;
h
LogTransferFunction("misreg", intensity, 1);

LogTransferFunction("misreg”, intensity, vLast);

// create LUTs
for (int x = 0; x < 256; x++)
{
double d =-1;
for (v =10; v <= vLast; v++)
{
double const d2 = BU_Abs(intensity[v] - x);
if(d<0]/d2<d)
{
d=d2;
if (v <= 255)
{
lutv[x] = v;
int const kO = (int)BU_Round(f0 * 255);
lutO[x] = (BI_CC)BU_Min(k0, 255);
int const k1 = (int)BU_Round(fl * 255);
lutl[x] = (BI_CC)BU_Min(kl1, 255);
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LogTransferFunction("m sreg", intensity, vlLast); |/ create LUTs
for(intx=0; x<256; x++) { double d = -1; for (v = 0; v <= vlLast; v++) {
doubl e const d2 = BU Abs(intensity[v] - x); if (d <0 11 d2 < d) { lutv[x]
= v; int const kO = (int)BU Round(tO * 255); lutdx] = (BI_CC)BU M n(kQ
255); int const kl = (int)BU Round(fl * 255); lutl[x] = (Bl _CC)BU M n(kl,
255); M) 149-SG 32 } else { lutv[x] %,255; int const kO =
(int)BU Round(flJ * v); lutdx] BI"“CCO)BU M n(kO, 255); int const kl =
(int)BU Round(fl * v); lutl [X] Bl _COBUMn(kl, 255); if (kO > 255 11
kIl > 255) { fprintf(stderr, "j(OzO/@I 1=0d (x=% v--% fO=9%. 11f f|
=0%. 11f\ n", kO, kl,x,v,fQ fl);

else

{

]

(
(
k

lutv[x] = 255;

int const k0 = (int)BU_Round(f0 * v);
lut0[x] = (BI_CC)BU_Min(k0, 255);
int const ki = (int)BU_Round(fl * v);
lut1fx] = (BI_CC)BU Min(k1, 255);
if (k0 > 255 || k1 > 255)

{
fprintf(stderr, "k0=%d kl=%d (x=%d
v=%d f0=%5.11f f1=%5.11fn",
k0, k1, x, v, 10, f1);
}
b
h
}
3

}
static
void
SimplifyFraction(int& n, int& d)
{

for(inti=n;i>1&&n>1;-i)
{
if(d%i)==0)
{
if(n%i)==0)
{
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}} Y} } ostatic
n, i >1&&n>1; --i) { if ((d %i) = 0)
33} } } } static.

dot sPer Pi xel ,

pDot | mageNane,

void SinplifyFraction(int& n,

{

if ((n% )==0)

i nt subdotsPerDot, Bl |mage consté& dotl mage,

33
n/=i;
d /=1;
}
}
b
}
static
void
ObtainMisregistrationTransferFunction
(
int dotsPerPixel,
int subdotsPerDot,
BI Image const& dotImage,
char const* pDotImageName,
char const* pRefDotImageName,
int const overlapSize,
int const rawOverlapindex, /10 .. overlapSize-1
int const misregFactor,
BI Image const& ditherMatrix,
BI LUT& lutv,
BI LUT& lut0,
BI LUT& lutl
)
{

// normalize overlap index

int overlapIndex = rawOverlapIndex;

if (overlapIndex >= ((overlapSize + 1) / 2))

overlapIlndex = (overlapSize - 1) - overlapindex;

MJ149-5G

int& d) { for (int i =

{ M 149-SG

void ObtainM sregistrationTransferFunction ( int

char const*



char const* pRe#Dot| mageNane, int const overl apSize, int coast
rawOver | apl ndex, 1l O overlapSize- | int const m sregFactor, BI
const& ditherMatrix, Bl _LUT& lutv, Bl _LUT& lutQ Bl LUT& lutl {
normal i ze overlap index int overlapl ndex = rawOverl apl ndex; if
(overl apl ndex >_ ((overlapSize + 1)12)) overlaplndex = (overl apSize - 1)
overl apl ndex; Ml 1 49-SG 34 char | utvNameLMAX PATH]; char | ut ONameLMAX
PATH]; char | ut INameLMAX PATH]; char’"suffi xLMAX FNAME]; int interpNum =
overlaplndex + 1; int interpDenom = overlapSize + 1,

SinplifyFracti nom; sprintf(suffix, "-9%3d -%2d
%92d", BU Abs(%{%;lgg WS‘%@Z@@E i nt er pDenon) ;

ChangeFl | eSuf f¢haf hﬁﬁﬂﬁﬁéLNB@EI\BMH suf fix, ".anp", lutvNanme);

sprlntf(sufflx - % %2 , BU Abs(m sregFactor), interpNum
i nt er pDenom ; @ﬁ W [&;&gﬂ( ﬁ&f Dot | mageNane, suffix, ".anmp",

| ut ONaane) ; spgﬂapgﬁfﬁ§%m FNA%@@E %02d %2d 1 ", BU Abs(m sregFactor),
i nterpNum interpDenom; ~—

_I mage
I

int interpNum = overlapIndex + 1;
int interpDenom = overlapSize + 1;

SimplifyFraction(interpNum, interpDenom);

sprintf(suffix, "_%03d_%02d_%02d",
BU_Abs(misregFactor), interpNum, interpDenom);
ChangeFileSuffix(pRefDotlmageName, suffix, ".amp", lutvName);

sprintf(suffix, "_%03d_%02d %02d 0",
BU_Abs(misregFactor), interpNum, interpDenom);
ChangeFileSuffix(pRefDotlmageName, suffix, ".amp", lutOName);

sprintf(suffix, " %03d_%02d_%02d 1",
BU_ Abs(misregFactor), interpNum, interpDenom);
ChangeFileSuffix(pRefDotlmageName, suffix, ".amp", lut1Name);

try

{
BU_File lutvFile(lutvName, O BINARY | _O RDONLY);
lutv.Load(lutvFile);
BU_File lutOFile(lutOName, O BINARY |} O RDONLY);
lut0.Load(lutOFile);
BU_File lut1File(lut1Name, O BINARY | _O RDONLY);
lutl.Load(lutlFile);

3
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ChangeFi | eSuf fi x( pRef Dot | mageNane, suffix, ".anp", lutiNanme); try ( BUFile
| utvFil e(lutvNane,. O BINARY | _O RDONLY); luty. Load(lutvFile); BU File
lut OFil e(l utOName, _O-BINARY O RDONLY); lutO Load(lutOFile); BU-File
lutiFile(lutlName, _OBINARY | _O RDONLY); lutl.Load(lutl File); }
MI149-SG 35 catch (...) { // if using a reference dot image, LUTs nust
already exist if (strcnp(pDotl rrageNag’S, pRef Dot | mageNane) != 0) {
fprintf(stderr, "can't load % or % %\n", |utvNane, | utONane,

| utvName); exit(1); } Il determne interpolation factors double fl =
(doubl e)inter DMMHYt..{) i nterpDenom double 10 = 1.0 - fl;

Comput eM sregi strati’onTransfer Function ( dotsPerPixel, subdotsPerDot,
dot | mage, pDof | nageNane,

// if using a reference dot image, LUTs must already exist
if (stremp(pDotlmageName, pRefDotImageName) = 0)
{
fprintf(stderr, "can't load %s or %s or %s\n",
lutvName, [utOName, lutlName);
exit(1);

// determine interpolation factors
double {1 = (double)interpNum / interpDenom;
double f0=1.0- f1;

ComputeMisregistrationTransferFunction
(
dotsPerPixel,
subdotsPerDot,
dotlmage,
pDotlmageName,
10,
fl,
BU _Abs(misregFactor),
ditherMatrix,
Tutv,
lut0,
luti
);
BU_File lutvFile(utvName, O BINARY | O WRONLY |
_O _CREAT);
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fO fl, BU Abs(m sregFactor), ditherMatrix, lutv, lutO, Ilutl);

BU-File lutvFile(lutvName, _O BINARY | _O WRONLY O CREAT); M1 49-SG 36
lutv. Save(lutvFile); BU-File lutOFile(lutOName, O CREAT); lutO S
ave(lutOFile); BUFile lut 1 File(lut 1 Name, O CREAT); tut | . S ave(lut |
File); } } static void ConputeDotGainTransferFunction int dotsPerPixel,

i nt subdotsPerDot, Bl _|nage const& d%tﬁl mage, char const* pDotl| nageNane,

Bl |mage const& ditherMatrix, Bl LUT&"I ut Dot Gain

lutv.Save(lutvFile);

BU_File lutOFile(lutOName, O BINARY | O WRONLY |
_O CREAT);

lut0.Save(lutQFile); _

BU_File lutlFile(lutlName, _O BINARY | O WRONLY |
_O_CREAT);

lutl.Save(lut1File);

}

}
static
void

ComputeDotGainTransferFunction

(
int dotsPerPixel,
int subdotsPerDot,
BI_Image const& dotlmage,
char const* pDotlmageName,
Bl Image const& ditherMatrix,
BI LUT& lutDotGain

)

o

// create test image

BI Image testImage;

testimage.Initialise

(
BI ColorModel(BI_ColorGrayscale),
ditherMatrix.Height(),
ditherMatrix. Width()

)%
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11 create test imge Bl-lInmage testlmge; testlmage.lnitialise ( 0 BlINARY
0 BI NARY BI Col or Model (Bl - Col or Grayscal e), ditherMatri x. Hei ght Q,
ditherMatrix. Wdthd ); I 0 WRONLY O WRONLY MJ149-SG 37 ||l build identity
transfer function BI_LUT identityTransferFunction; for (int v =0; v <
256; v++) identityTransferFunction[v] = v; |l create output image BIl-Inmge
out putl mage; 1l conpute intensity for iach gray |level double
intensity[256]; for (v = 0; v < 256; \)3+) { Il set test imge to next
intensity testlnmage = Bl Color((BI COv); Il dither test inmage to bi-Ilevel
output Dither (

// build identity transfer function
BI LUT identityTransferFunction;
for (int v=10; v < 256; v++)

identityTransferFunction[v] = v;

// create output image

BI_Image outputImage;

/f compute intensity for each gray level
double intensity[256];
for (v=0; v <256; v++)
{
// set test image to next intensity

testlmage = BI_Color((BL CC)v);

// dither test image to bi-level output

Dither

(
testlmage,
identity TransferFunction,
dotsPerPixel,
subdotsPerDot,
dotlmage,
pDotlmageName,
pDotImageName,
0,0, . // no overlap
0, // no misregistration
ditherMatrix,
outputlmage,
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testl mage, identityTransferFunction, dotsPerPixel, subdotsPerDot,

dot | mage, pDot| mageNane, pDotlnmageNane, O, O, Il no overlap O, /1 no

m sregistration ditherMtrix, outputlmge, M 149-SG 38 72, 11 out put
resolution false, 11 don't retain output imge false, /1 don't skip LHS
false 11 don't skip RHS ); 11 determne intensity of dithered bi-Ievel
output long nDots = 0; BI_CC const* R%-(')_W = out put | mage. | mrageQ for (int
row = 0; row < outputl nage. Hei ght G row+) { nDots += BU CountBits(pRow, O,
out put | mage. Wdt h(); pRow += out putl nage. RowSi zeOQ, } intensity[v] = 255 *
(doubl e) nDots / out putl ngge. Pi xel Count G, //LogTranszygm?

it }'e%‘j'l_(ﬁ'i&?t gain”,

intensity, v); } LogTransferFunction("dot gain", intensrty,
false, // don't retain output image
false, // don't skip LHS
false // don't skip RHS

// determine intensity of dithered bi-level output
long nDots = 0;
BI_CC const* pRow = outputimage.Image();
for (int row = 0; row < outputImage.Height(); row-++)
{
nDots += BU_CountBits(pRow, 0, outputlmage. Width());
pRow = outputlmage.RowSize();
¥
intensity[v] = 255 * (double)nDots / outputlmage.PixelCount();
//LogTransferFunction("dot gain", intensity, v);
¥
LogTransferFunction("dot gain”", intensity, 1);

LogTransferFunction("dot gain", intensity, 255);

// create LUT
for (int x = 0; x < 256; x++)
{
double d = -1;
for (v =0; v <256; v++)
{
double const d2 = BU_Abs(intensity[v] - x);
if(d<0]|d2<d)
{
d=dz;
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LogTransferFunction("dot gain", intensity, 255); 11 create LUT for (int x =
0; x < 256; x++) { double d = -1; for (v =0; v < 256; v++) { double
const d2 = BU Abs(intensity[v] - x); if (d<Oiid2<d) { d = d2; M 149-SG 39
lutDotGain[x] =v; } } } } static void ObtainDotGainTransferFunction int
dotsPerPi xel, int subdotsPerDot, Bl |nmage const& dotlnage, char const*
pDot | mageNane, char const* pRef Dot | eNane, Bl |nmage consté&
ditherMatrix, Bl LUT& lutDotGain { chdr | utNameLMAX PATH ;

lutDotGain[x] = v;

static

void

ObtainDotGainTransferFunction

(
int dotsPerPixel,
int subdotsPerDot,
BI Image const& dotlmage,
char const* pDotImageName,
char const* pRefDotlmageName,
BI Image const& ditherMatrix,
BI LUT& lutDotGain

char lutName[ MAX_ PATH];
ChangeFileSuffix(pRefDotlmageName, "", ".amp", lutName);

try

{
BU_File lutFile(lutName, O BINARY | O RDONLY);
lutDotGain.Load(lutFile);

}

catch (...)

{

/1 if using a reference dot image, LUT must already exist
if (stremp(pDotlmageName, pRefDotlmageName) != 0)
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ChangeFi | eSuf fi x( pRef Dot hnageNane, "", ".amp", lutNanme); try { BUFile
lutFile(lutName, O BINARY I _O RDONLY); |utDotGain.Load(lutFile); }

catch (.,.) Il if using a reference dot inmge, LUT nust already exist if
(strcnp(pDot | mageNane, pRef Dot nageNane) !'= 0) MI149-SG 40 fprintf(stderr,
"can't load %\n", lutNane); exit(1l); } ConputeDot Gai nTransfer Function

dot sPer Pi xel , subdotsPerDot, dotlnagge, pDothnageNane, ditherMatrix,
lutDotGain ); BUFile lutFile(lutName) _O BINARY | _O WRONLY O _CREAT);
lutDotGain. S ave(lutFile); } } static void SegnmentDither(int argc, char*

argv[]) ‘
fprintf(stderr, "can't load %s\n", lutName);

exit(1});
)
ComputeDotGainTransferFunction
(
dotsPerPixel,
subdotsPerDot,
dotImage,
pDotlmageName,
ditherMatrix,
lutDotGain
)i
BU File lutFile(lutName, _O BINARY | _O WRONLY |
_O_CREAT);
lutDotGain.Save(lutFile);
}
}
static
void

SegmentDither(int arge, char* argv(])
{
// parse arguments
if (arge 1=12)
Usage();
char const* plnputimageName = argv[1];
int const dotsPerPixel = atoi(argv[2]);
int const subdotsPerDot = atoi(argv[3]);
char const* pDotlmageName = argv[4];
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{ Il parse argunents if (argc != 12) Usage(); char const* plnput hnageNane

= argv[1l]; int const dotsPerPixel = atoi(argv[2]); int const subdotsPer Dot
= atoi (argv[3]); char const* pDotl nageNane = argv[4]; M 149-SG 41 char
const* pRef Dot| mageNane = argv[5]; int const overlapCenter =

atoi (argv[6]); int const overlapSize = atoi(argv[7]); int const

m sregFactor = atoi(argv[8]); int consf, m sregSubdots = . .
M sregSubdot s(m sregFact or, subdotsPerpot); char const* pDitherMatrixNanme
= argv[9]; char const* pQutputl mageName = argv[10]; int const

out put Resol ut i gfir coRtOhRETRVILbENamd L £8§8.i nput i mage Bl | mage
i nput | mage; Bl _Lg%dl ge(i npu#l n%lae, pgﬁp{itl mageNane); CHECK

ARGUMENT( i nput intregyst Qoirlzpbmet o aBi(a@y[@);Model (Bl Col or G ayscal Ie) ); I
Bl _Invert(inputlma ; 1l max is bl Bl TIFFSet M nl sBl ack(false); Il nmax
i s bl ack I ch‘é’&&‘”&%’(ﬁ‘%@ﬁ?‘&ec—ﬁé‘é@f MENT( dot sPer Pi xel < 1); CHECK

ARGUVENT ( dot s Pt Bbnshistegifabior =Gl RFUMENT( subdot sPer pot < 1); CHECK
ARGUMENT( subdot sPer pot > 32); ) )
int const misregSubdots = MisregSubdots(misregFactor, subdotsPerDot);

char const* pDitherMatrixName = argv[9];
char const* pOutputlmageName = argv[10];

int const outputResolution = atoi{argv[11]);

// open input image

BI Image inputlmage;

BI_LoadImage(inputlmage, pInputimageName);

CHECK_ARGUMENT (inputlmage.ColorModel() I=
BI_ColorModel(BI_ColorGrayscale));

BI_Invert(inputlmage); // max is black

BI TIFFSetMinlsBlack(false); // max is black

// check arguments

CHECK_ARGUMENT (dotsPerPixel < 1);
CHECK_ARGUMENT(dotsPerPixel > 16);
CHECK_ARGUMENT(subdotsPerDot < 1);
CHECK_ARGUMENT(subdotsPerDot > 32);
CHECK_ARGUMENT(overlapCenter < 1);
CHECK_ARGUMENT (overlapCenter >= inputImage. Width() * dotsPerPixel);
CHECK_ARGUMENT (overlapSize < 0);
CHECK_ARGUMENT(misregSubdots < -subdotsPerDot / 2);
CHECK_ARGUMENT(misregSubdots > subdotsPerDot / 2);
CHECK_ARGUMENT (outputResolution <= 0);

// diagnostics
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CHECK ARGUMENT(overl apCenter < 1); CHECK ARGUMENT(overl apCenter >=

i nput | mage. Wdt hO * dot sPer Pi xel ); CHECK ARGUMENT(overl apSi ze < 0); CHECK
ARGUVMENT( mi sregSubdots < -subdotsPerDot / 2); CHECK ARGUVENT( m sregSubdots
> subdot sPerDot / 2); CHECK ARGUMENT( out put Resol ution <= 0); 11

di agnostics Ml 149-SG 42 printf("m sregSubdots=%ll n", m sregSubdots); 11
open dot inmage BI-I1nmage dotlnage; Bl J,oadl mage(dot| mage, pDot| mageNane);
CHECK ARGUMENT( dot | mage. Col or Model O BI™ Col or Mbdel (Bl Col or Grayscale, 1));
CHECK ARGUMENT( dot | mage. Hei ght ( < subdot sPerDot); CHECK

ARGUMENT( dot | npga v i it CHECK
ARGUMENT( dot | nage.f(vl—%%ér@?&?t%g% ’s’[nggg%%%%%j int const dotOverlap =
dot| mage. Wdt h() - subdotsPerDot; CHECK ARGUVENT((dot Overlap % 2) != 0);
11 open dit her,mat r"hx(.BI | mage ditherMatrix; Bl _Loadl mage(ditherMatrix,

pDi t her Mat ri xNATRY? 40 ARGUNVENT( di t her Mat ri x. Col or Model Q

Bl _Col or Model (B Isatotdamygsal e, 8)); CHECK ARGUMENT(dither Matrix. Hei ght ( <
16); CHECK ARGUVMENT(ditherMatrix. Wdth() < 16); 1l create output inmage

Bl - | mage out puBl degdimape(domice, ridntingageName}insf er function for particul ar

dot shape CHECK. ARGUMENT(dotImage.ColorModel() | =
BI ColorModel(BI_ColorGrayscale, 1));
CHECK_ARGUMENT(dotImage.Height() < subdotsPerDot);
CHECK_ARGUMENT(dotImage. Width() < subdotsPerDot);
CHECK_ARGUMENT(dotImage.Height() != dotImage. Width(}));
int const dotOverlap = dotImage. Width() - subdotsPerDot;
CHECK_ARGUMENT((dotOverlap % 2) 1= 0);

// open dither matrix

BI Image ditherMatrix;

BI_LoadImage(ditherMatrix, pDitherMatrixName);

CHECK_ARGUMENT(ditherMatrix.ColorModel() 1=
BI_ColorModel(BI ColorGrayscale, 8));

CHECK_ARGUMENT(ditherMatrix.Height() < 16);

CHECK_ARGUMENT(ditherMatrix. Width() < 16);

// create output image

BI Image outputimage;

// obtain dot gain transfer function for particular dot shape
BI LUT tutDotGain;
ObtainDotGainTransferFunction
(
dotsPerPixel,
subdotsPerDot,
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Bl _LUT | ut Dot Gai n; bt ai nDot Gai nTr ansf er Functi on ( dot sPer Pi xel ,
subdot sPer Dot, Ml 149-SG 43 dotl nage, pDotl nmageNane, pRefDotl| mageNane,
ditherMatrix, lutDotGain ); 11 dither input to bi-level output Dither
i nputl mage, |utDotGain, dotsPerPixel, subdotsPerDot, dotl nage,
pDot | mageNane, pRefDotl mageNane, overlapCenter, overl apSi ze,
‘m sregFactor, ditherMatrix, outputl e, outputResolution, false, //
don't retain output inmage false, /1 n"t skip LHS

dotlmage,

pDotlmageName,

pRefDotImageName,

ditherMatrix,

IutDotGain

/{ dither input to bi-level output
Dither
(
inputlmage,
lutDotGain,
dotsPerPixel,
subdotsPerDot,
dotImage,
pDotlmageName,
pRefDotImageName,
overlapCenter,
overlapSize,
misregFactor,
ditherMatrix,
outputlmage,
outputResolution,
false, // don't retain output image
false, // don't skip LHS
false // don't skip RHS
);
BI_Savelmage(outputimage, pOutputimageName);

// dither input to bi-level output (LHS only)
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false 11 don't skip RHS ); Bl _Savel mage(out putl nage, pCQutputl mageNane); 11
dither input to bi-level output (LHS only) M 149-SG 44 Bl | mage

out put | mageLHS; Dither ( inputlnmge, |utDotGain, dotsPerPixel,

subdot sPer Dot, dotlmage, pDotlnmageNane, pRefDotl| nmageNane,

overl apCenter, overlapSize, msregFactor, ditherMatrix, outputlnmagelLHS,
out put Resolution, false, Il don't retgin output imge false, Il don't
skip LHS true Il skip RHS ); Bl _Savel hage(out putl mageLHS, "QutLHS. tif'");

! dither input to bi-level output (RHS only) BI-Inmage outputl nageRHS;

Di t her BI_Image outputimageL.HS;
Dither
(
inputlmage,
lutDotGain,
dotsPerPixel,
subdotsPerDot,
dotImage,
pDotlmageName,
pRefDotlmageName,
overlapCenter,
overlapSize,
misregFactor,
ditherMatrix,
outputlmageLHS,
outputResolution,
false, // don't retain output image
false, // don't skip LHS
true /f skip RHS
);
BI_Savelmage(outputlmagelL HS, "OutLHS.tif");

// dither input to bi-level output (RIS only)
BI Image outputlmageRHS;

Dither

(
inputlmage,
lutDotGain,
dotsPerPixel,
subdotsPerDot,
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( inputinmage, |utDotGain, dotsPerPixel, subdotsPerDot, M149-SG 45
dot | mage, pDotl mageNane, pRefDotl nageNane, overl apCenter, overlapSi ze,
m sregFactor, ditherMatrix, outputlnmgeRHS, outputResolution, false, II
don't retain output inmage true, 11 skip LHS false Il don't skip RHS ); BI
Savel mage(out put| mageRHS, "QutRHS.tif'); 11 dither input to bi-Ilevel output
(no interp) Bl-Imge outputl mageNol ntgrp; Dither ( inputl nmage,
| ut Dot Gai n, dotsPerPi xel, subdotsPerDot, dotl nage,

dotImage,

pDotlmageName,

pRefDotimageName,

overlapCenter,

overlapSize,

misregFactor,

ditherMatrix,

outputlmageRHS,

outputResolution,

false, // don't retain output image

true, // skip LHS

false /f don't skip RHS

);
BI_Savelmage(outputlmageRHS, "OutRHS. tif");

// dither input to bi-level output (no interp)

BI_Image outputlmageNolnterp;

Dither

(
inputlmage,
lutDotGain,
dotsPerPixel,
subdotsPerDot,
dotImage,
pDotlmageName,
pRefDotlmageName,
overlapCenter,
overlapSize,
misregFactor,
ditherMatrix,
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pDot | mageNane, pRefDotl mageNane, overlapCenter, overl apSi ze,
m sregFactor, ditherMatrix, M 149-SG 46 out putl| mageNol nt er p,

out put Resol ution, false, false, false, true, 0, O Il don't retain
output image Il skip LHS 1/ don't skip RHS // fixed interp I1If0 [1I1fl );
Bl Savel mage(out putl nmageNol nterp, "QutNolnterp.tif'); } void main(int
argc, char* argv[]) { try { 46
outputlmageNolnterp,
outputResolution,
false, // don't retain output image
false, // skip LHS
false, /f don't skip RHS
true, /! fixed interp
> /10
I fl
)5
BI_SaveImage(outputmageNolnterp, "OutNolnterp.tif");
}
void

main(int arge, char* argvf])
{
try
{
SegmentDither(arge, argv);
h

catch (BU_Error error)

{

error.Print();

b
exit(0);
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SegnentDither(argc, argv); } catch (BU Error error) { error.Print{); } M
149-SG 47 CLAIMS 1. A printer conprising an inkjet printhead conprising a
plurality of spaced apart spatially overlapping print head segnents; the
printer further conprising at | east one neans for neasurenent of the
degree of overlap between adjacent print head segnents; neans for
providing a half toning of a continuous tone i mage and neans for adjusting
said half toning nmeans in a region of Overlap between adjacent print head
segnents to reduce artifacts between said adjacent segnents. 2. A printer
as cl ai negrisipgd @ m1 wherein said at | east one means for neasurenent of
t he degr erl ap between adjacent print head segnents includes a
means for, measyring the tenperature of. said adjacent, print _head, segnents.
3. A prinber a8 R FOEPH g A et ppeit Couriye PR OF Bhaved AR
Measur emedpatialbf ovdiRipPRg @it Head ¥&irhéhis; ARS YEAR: Felkins @BMpBsindtat NeRdogegENt S
includes a neans for neasuring the relative displacenment of said adjacent
print hea@essdpemeasuremenpopthcricgree #8 og¢riaprhetivean adjasenh 2inihesdedegmsnisd neans
for providi . ' . Of At jn Lone | I pelud a dither
i x_arite a9 ol BRRlahing be 8 GATONLRIR hRRE TR Y SR &
sunmat i onsaitbBalS tdnény Mgartsvia al lepishf ovBtap Btuterbadji@nt Phnt leial Redmeadts &ai d
dither matri x and said other i npput bei nq an overlap signal derived from
said at 1&8d4¢e cigpstcen srid pdSet SRERENIHT t he degree of overlap between
adj acent print head segnents. 5. A printer as clainmed in claim4 further
i ncluding a conparator neans for conparing the output of said summation
means and2.a cofit pnofousast olangthtia ¢lajput 1 , whérein caitipatt loft smedmeamp ot or

n in he hal f or rr ndi ng. n f .
means bei mgashre?nen?o} thte %Q:greg %&' %ver ap b%?wee%se{%l?acgrlit ;ﬁmt ?ézﬂ gesgm%nts includes a

means for measuring the temperature of said adjacent print head segments,

3. A printer as claimed in claim T wherein said at least one means of measurement
of the degree of overlap between adjacent print head segments includes a means for

measuring the relative displacement of said adjacent print head segments.

4, A printer as claimed in claim 2 wherein said means for providing the half toning
of a continuous tone image includes a dither matrix and said means for adjusting said
half toning means includes a summation means having two inputs, one input being the
output of said dither matrix and said other input being an overlap signal derived from
said at least one means for measurement of the degree of overlap between adjacent

print head segments.

5. A printer as claimed in claim 4 further including a comparator means for
comparing the output of said summation means and a continuous tone data input , the
output of said comparator means being the half tone data for corresponding nozzles of

adjacent print head segments.
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adj acent print head segnents. MI149-SG 48 6. Printer as clainmed in claim2
wherein said neans for adjusting said half toning neans in a region of
overl ap between adjacent print head segnents includes neans for inverting
the dither matrix for alternate segnents. 7. A printer as clained in claim
4 further including a neans for subtracting the output of said summation
means from a continuous tone data inp%@ signal to produce a half tone data
value for driving the nozzles of adjacént print head segnments. M 149-SG

6. Printer as claimed in claim 2 wherein said means for adjusting said half toning
means in a region of overlap between adjacent print head segments includes means for

inverting the dither matrix for alternate segments.
7. A printer as claimed in claim 4 further including a means for subtracting the

output of said summation means from a continuous tone data input signal to produce a

half tone data value for driving the nozzles of adjacent print head segments.
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