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Abstract

Systams integration (SI) has revolutionized andnproved
the way we u® computes ard condud¢ business.
Companies are increasingl employing systams
integration methodologies and approachds design
products,servicesand technolog This paper notes the
trend avay from conventional gstans developnent and
details gstens integration approackefor designing
digital textile printing processe$he experiencanethods
and practice of aoputer ystems integratiom suggest
models for guiding digital tex# printing technology
developnert toward market acceptanc&he develoment

experience of existing digital textile printing devices

provides additional usefuhodels.This pape reviews the
developnentmodels & four digitalequipmentcompanies,
Canon, Seiren, Stork, aff@dxot and evaluates their ability
to meet market requirenents and changing d&nd.
Drawing on the successful aspectstbée models the
author suggests issues to consider in designimgce! for
integrating digital textile printing ystems. It considers
technological develapents andmarke forces which are
driving the adoption of digital technology for textiles.

Methodology

The author has collected the infation fa this report

computer use expanded frospecialized professiorsaio
include the general populous, eputer ystans designs
change to meet the needs of thewendmore nunerous
users. People deanded computers thg could learnto use
quickly and intuitivey, with consisteh commands from
one application to othersThey wanted their applications
to easiy be able to cmmunicate and shardata without
corruptingit. Thesewishes resulted in milost universal
adoption of Graphic User Interfaces (GUIsyith
translation capabilities As thesemicrocamputer users
demanded the abiljtto canmunicate and share datith
othess within and outside their organizations, the role and
importance of gstems integration increasedAs one
indication of its impact, GUIs consue approxmately
80% of all central processing triCPU) cycles on the
average desktop computer.

The initial develoment of digitd printing followed
more conventional ystems developnent focusirg on
proprietay systams and applications The Milliken
Millitron andLaserMasteink jet devices printed riited
substrata using proprietary software and consumables.

More recenty, digital printing equipnent developers
havegeneraly adopted GUIs for their ease of usaylti-
tasking and graphic functionalit Mary, however, still
attempt to contrd suppy of conswmables used in their
devices § limiting therr equipment warranties and
support to those using their authorized jntaersand
media Most digital printing technologies operatethin
very narrov and denanding tolerancesThey usually

from interviews with first hand observers and developers.requie the close coordination of chmistry, printing

He has also suryed available literater and published
economic data.

Introduction

Systams Integration is a rapigl growing discipline
governing the design anthplementation ofbusines and
computer gstems. It brings togethe divere parts to
create an operationgllhamonious whole @ successful
solution. Over the past 1years since the adverdf
microcamputers, coputer ystems desigh has shifted
from database and applicatiorcenterd systans
developrert to interface centered/stans integrationAs
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equipment sdtware and media to achieve optium
results Few companies are capable of or interested in
developing all of these technologies dheir own.
Partnering relationships and alliances have evoamaing
companies developingthe various elenents of the digital
printing. Usually, one conpary acts asstems integrator.
A level of canmunication, infomation exchange and
cooperation are necesgaretveen all of the participants
for the greatest level of system integration and success.
The satisfaction of end user intentodetemines
operational success. Farost market segents, oe can
anticipat end user intentions based on curremarket
demands and projecting trends. rB® g/stan integrators
set meeting corporate strategic goals the measue of
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success. Since corporations, wawer, usuall place
custoner satisfaction at the core of theirmission
statements, this report asses a congruermcof corporate
mission and strategic goalsith custaner satisfaction.
Market acceptance, after all, is the gengraticeptd and
measurable standard of success.

Systans integration is one of themos rapidly
growing business service categories beeatss systams
professionals help @©aanies keep pace with
technological and business changgst8ns integrators
include large and profitable opanies such ag\merican
Managenent Systans, Andersen Consulting, BDM
Technologies, EDS, Ernst and Youmrad Pera Systems.
These specialize in integrating pegpleomputers,

databasessditware applications, nebrks to peform
business tasks quicker anire effectivey than with less
integrated gsteams. The continued gneth of systems
integration attess to its success in satighg its custoners
and attracting new ones.

Fig. 1: The Elements of Systems Integration
The Elements of Systems Integration

Systan integrators enaopass people, processand
technoloy as an integrated ystean's essential efeents.
This authoradds financial resources to this trivirate of
elements. §stam integration blends hoans their abilities
and preferencewsith busines processeard technolog to
accomplish goals and facilitate customer intentions.
People are the human factor, themakers, suppliers,
users and custaeers. They are the mogt important
element, the starting and ending points fgistem inte-

gration. People give ystans meaning and purpose.

Custamers and users have want a gstam or the benefits
it produces for it to have gnvalue. The creation of a
digital textile printing system will involve a dynamic
social community of people performing financing,
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marketing, accounting, purchasing, negotiating,
contracting,  engineering, progranming, designing,
assenbling, andmanaging functions. An integrategstem
meets the needs and expectations of the diffeyges bf
people that have a stake in it.

S| focuses on the interfaces pkopk with both
business procedures dintechnoloy. The "people
element" involves pgchology, socioloy, ergonanics,
busines politics, education and graphic designysg&ms
integratos mug account for the hman work habits,
preferences, differences in ethlearning styles and
limitations Systems integration like ergomnics fits tools
to the users rather than trying to adapt users to tools.

Specific people focused activities of ngpute sys-
tems integration include the design of botle tardvare
and sdétware humancomputer intefaces, integration of
application and multimedia canponens into it, and
custamer training support during andollowing s/stem
implementation.

S| addresses the Peoplerségt whenit ansvers how
each participant benefits to their satisfaction.y§ems
operatemost effectivey when the needs oflgbarticipants
are addressed. Nature affordsmerous exaples of the
efficacy of this principle. For instancélungeris a body's
way of telling other parts ¢ the g/stam to supply food.
Systams require conmunication beween its parts and
throuch a central control integrator. Organizations of
people have the s® needs ithey are to accanplish their
missions or conmon goals. An organizatiowhich canes
together to develop a product, such as a digital textile
printing system, must necessasilinvolve and address the
need of all participants frmm end users to va material
suppliers in order for theystem to succeedA more
accurate definition of aysten's succeswould involve the
satisfaction of all parts of theysten as well as the
customer.

S| also considers organizational politics atite
people factors ofmore traditional prfect managenent.
Organizations  operate with  differert  corporate
philosophies and culture®articulary when integrating
different organizations, SI must account for these factors.

Sl pays particular attention to the need fiaining
and education of the peopleithin the gstem. This is
particularly the case for the successful operation of digital
systems, which require precise directions to fmm.
Unless suppliers, manufacturers, marketers, print
produces ard end users kng how to play their roles
competenty, it is not unlikey that the will not. The
developnent d an dfective training progma resultsof a
trial and error, ofgoing feed back ard continual
improveamert process.As an organization prepares for
production printing, its usensill have had toachiew the
necessary operational precision.

The motivation, inspiration and skillvhich produces
the artist output of textile design drives the integrated
digital printing ystem. The engendering of these requires
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dependeng on graduates of long tarcourse of study
and endeavor.

Processes refer to business andmanufacturing
procedures necesgarto accaonplishment work, tasks,

servicesand productmanufacture. Organizations have

routines, standard operatioprocedures production
schedulesaccounting protocolsmarketing mechanisns.
Successful integration of digital textile prirgirsystamns
require procedurs to suppy, operate, maintain, and
monitor them.

Marketing processg such asmarket survgs and
analsis should help developecreae systans which are
responsive tanarket denands ancconditions A printing
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operate as stand alongstans, while at others the
printing g/stan would serve as part oén integrated
business system.

Modems, the Worldvide Wé ard interng are
rapidy changing databasemanagenent. Printers,
designers and clients arow communicating complex
grapht desig datg information and instructions yodirect
telepho® and internd channelsLibraries of designs and
archives of images are also available likise. The
compactnes and flexibility of magnetic and optical
computer storagenedia are relieving printers ofiuch of
their archiving burden. Conventidna database
managenent gstans (DBMS) provide contrad which

compary, such as Seiren has a distinctive advantage imaintan daf integrity and availabiliy. Today, Sl is

this regard dér devebping new printing equipment

blending the strong points of the Web and DBMS.

systems due to its understanding and closeness to  Networks suppl the canmunications channelshich

customers for printed textiles.

Technologyis knavledge applied, thtools which do
the work. For digital textile printing, it encopasses
software, hardware, chemistry, and media.

The list of technolog integration issug includes
systeams architecture, interor multiplatform capability,
graphic user interface operatisgstens, and application
developnent languages. For infao@ation systams,
technoloy is centered around sitarchitecture or the
structure of its pstems softvare and hardvare. Systans
architecture has bes® much more openard flexible.
Usually based orwidely adopted standardshich many

carty data and infanation. The internet and data
telephone lines are quigkbecaning theway businesses
communicatewith their clients and vendor$he softvare
and standards/hich are evolving to aomunicate on the
internet also can anavill form the basis fo internal
business applications.

The technoloy of SI also includes the hasare
which runs the softvare. For the purposes of integrating
systams, onemust match the handarés requirenents and
processig capacitis with available resources and
production denands. Integratig digital printing systems
involves other technological disciplines asgll, suchas

developers havengbraced, these standards enable variouthk and toneg chamistry, digital printing plysics and

applications fran a variey of vendors @ communicate
and work together seslessly. In the past Macintosh
systems have predaninated in the desigmmarket. On the
other hand, higher-endystems were often Uni based.
This was particulary the casewith textile design.
Windows and NT grphics design users areow growing

in number and as a share of the graphic ararket NT

ard Unix are particulast relevant as the leading platform

serve operatingsystems at the center ofmay integrated
information gstams. In such amultiplatform design
world, inter-platfom capabilities have beom necessary

for true ystems integration. Since the graphic arts and

textile design industries involvesary organizations of
custaners designers, suppliers,manufacturers and
printers operating a varietof disparate platfons and

applications, thenmportance of transparedat exchange
while maintaining security become critical.

Other technical areas ofoncern for systams
integrators include databases, internal aegternal
netvorks the internet, enterprise doment managenent
(EDM), electronic data interchang€EDI), securiy,
authentication and privgic Systan integrators tailor
systams, such as digital textile printingystams, with
relevat  components. Total integration of all
organizational stems can proe burdensme,
unworkable and ounteproductive. In mary organi-
zations, coputer controlled printing ystems would
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engineering.

Financial Resourcesrefers tomoney which employs
the people, sustains the busm@socessge and designs,
manufactures,purchases andnaintains the technolgg
Many well designed gstems founder for lack of funding.
Substantial financial backing enable the develept of
successfu digital printing ystans. Sane integrators
subsune this essential eleent under budgets in the
Processes general categorThis author believes its
essentialmportance calls for its recognition as a separate
element.

In summary, Sl has grown to an area of stydwith the
use demand that canputers, sfiware and peripherals
work together. It derivegrom businessard industrial
systams developnent, but differs in addressing not only
engineerd designfactors but also the relationships of the
parts. While conventionalystans develomen focuses
on the technical c¢oponents, wsten integration
emphasize where and hav they meet, or interface.
Conventional gstans develoment beginswith the parts
then devises ways to connect thes, while g/stem
integration beginsith the relationship of # elements,
including the people, and then desighs parfs to create
the successful relationship. yssan integration pays
particula attention to the people: vendors, developers,
workers custaners and end userés an exmple of the
succes of system integration, graphic user interfaces
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(GUI) have becme the rule because custers generally
prefer then over thei use unfriendly alternative.
Currently, software advances folle and are largely

dependenon interface advances. Interfaces provide thdnterfaces with data fomat translation,

operationa forms which cary the application functions.
They impose functional consisteypbeiveen applications
which results in a shortening of theni necessarto train

users. Interface sofare also penits camponent

application prognms to semlessy communicate,

exchange data and work together.

Systems Integration Limitations

System integration offers a theoretical baséich can tie
operatiors together to achieve organizationalj@edtives.
Often canpanies contractystems integrators frm outside
of their organization to integrate theiystams. These
integrators will have difficulty discoverig the real
corporaé culture and political gnamic underying a
compary's image. §stems integrators carmften provide
clear visions of the road ahead ary$tans designsfor
reaching destinations, but thengoary servel mug drive
down that road and implement the integration.

The uses of integrated gstans expect easto use
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of applications, Fromtare which adapts mainframe
prograns, and Application Progran Interfaces (API)
which connect specific applicationso Grapht User
infanation
mapping and distribution capabilitie¥hese GUIs can
translaé the univere of data fomats. These have
particular relevance to digital printing and the translation
of the various graphics and text formats.

The more fully integrated cmpute information
system pemits themaintenane of audi trails, application
rules and functionalt databas integrity, indexing and
validation, real-tine transaction processingultiple data
source integration, multiple data ype and format
integration. It also provides ease of learning,cugtom
coding or maintenance.

The goal of coputer gstems integration $ to
increag flexibility, communication and data exchange
acros platforms ard applications so as tamprove an
organization's abiljtto achieve itsnission and ofectives.
Information exchange involves dtollowing three steps.
The first, Information Analsis, identifies the business
goals which integrating ystams can accoplish.
Compute systans use applications to acoplish tasks.
The integrators reduce goals to strategies and strategies to

tools which produce quick and effective results. Often thetasks In this step, one has to deténe the infomation

marketirg for aproduct or servicavill create expectations
beyond its capacyt to satisf. Learnirg how to use any
system requires training. Gopanies need to invest in
teaching their staff users Wwoto use their ystems © be
most effectivey. Training is essential fo successful
operation of digital printing gstems. It decreases the
period of time necessgrto learn to operate aystem
succeshilly and prditably. SI does not happery litsef.
People integratorsand usersmake it happen and they
need training omore cosy trial and error tdeam how to
make it happen..

One can have asten which ha all of its elements
successfull integratedsave one. Qoputer basedystens
are particulagt vulnerable since tlyecan not perform
without precise instructions accordingth ther particular
logic. Onemissing elenent will causea progran and its
system to dysfunctionand not succeed in achieving its
intended goal. Wtems containing tens or hundreasd
thousands linesfgrogranming code,with print engines
printing at tens of thousands ofotes per secongbrinting
mega to gigabits ofmulticolor graphic infomation, have
to be sowell conceived andprecisey constructedto
obviate the statistical probability of failure.

The Computer Systems Integration Model

The computersystamns integrationmodel not ony suggests
approaches for integrating diditextile printing systems,
it controls the brain of their operations. Quute systems
integration has evolved fno Database Gateys which
provide conmunications channels heten tle databases
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the application requires to perfon its tasks, its data
requirenents and he onewill access it One mug also
establish the maber and location ofnformation supply
sources and if the inforation need to be bi-directional
andretum to its sourceThis step focuses organizational
goak and discovers if the necessadata exists and is
available. The second step, Connectioagdresse the
physicd connections beteen applicationsThese involve
input and outpu devices, printer ports, data files,
teminals middleware queue messages, EDI feeds and
APIs. Connections are via metrks, modems, cables or
transmissions. In the third ste@ranslation, a integrator
application capturesmanages and translates in@og
information fram source fomat into tke targe format
protocok and canmunicates it to the target application.
This process receives and tranits dat in the format of
the application addressedlhis providing disparate
applicatiors with integration into an infanation gstem
without compromising ary of the applications' functions.
The integrating translator acawmplishes this with
econanical and reusable executable subroutivesich
combine to perform any translation.

This three step proces is at the technical core of
computer ystam integration. Afully implementedsystem
would involve a coplex of disciplins including:
Business ProcessAnalysis & Reengineering, Data
Managenent, Nework Managenent, Hardware
Managenent Software Engineering, andiraining. These
are also necessar for integrating digital textile printing
systems.
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The Computer Integration Model and Digital highe resolution of a digital printer the greater its needs
Textile Printing for storage and processing capacithe decreas in the

cost d processing and storageemory hasparallela the
increag in the ability and econmic feasibility to digitally
print high resolutionmages. In shoytgraphic operations
require very fast camputers with large storage and
processing capacities.

Digital textile printing Sl applies anéxtend the
computer Sl model. The integration of digila textile
printing employs such a oawmplexity of disciplines
addressing such wide breath of issues that knitting its
parts together is particulgrthallenging. In th following
pagesyou will discover hav a number of textile printing
developers have met this challenge.

As peripheral devices, digital textile printingsseans are
part of the conputer gstams integrationmodel. Printing
devices also have theimm camplex of pars requiring
integration into astem. In addition, textile printig and
processing have requirents which also require
systamatic integration. In effect, textile digital printing
extends and expands thengmter model D include the
elements of textile printing and processing. Added to
Business ProcessAnalysis & Reengineering, Data
Managenent, Nework Managenent, Hardware
Managenent, Softvare Engineering, a&h Training are
Chanistry, Ptysics, Themodynamics, Materid Handling L. .
Engineering, Color Science, #rand Design. This Current Digital Textile Models
complex of disciplines and theystamns within a g/stem
they produce, require a significatevd of integratioyto  This report exaines hav four digital textie developers
function with any proficiency. Canon, Seiren, Stork, andloxot have integrated the
The digital textile design angrinting system blend  various elements necessarfor digital textile printing.
computer aded design (CAD) funciins of the designer Canon has developed printdms both directard indirect
with computer aidedmanufactue (CAM) of the printer  printing. Their office color laser copiers and ink jet
and textile processom.extile designesyandprinteisusea  printers produce transfers for the nowelgament and
variely of formats, sone raster and others vector based.accessor textile markets.This paper, havever, exaiines
The various design platfars, such as Macintosh, PAhd  the develoment model for the Canon Bubble-J&extile
Unix basedamong others also require integration into the Printing System. It will also outline SeirenStok and
design and printingystem. The professional texélprint ~ Toxot textile printing development models.
provider has to be able to digitalkommunicatewith all The size limitations of this article prevents inclusion
these platfans, and receive, a@nuse graphic and of all relevant textile printing ystems. The Scitex Iris
information fram all of them in the universe of fonats.  proofing gstan is smilar to Stork's. Airbrus systems,
Intuitive GUIs are providing designers not gnlith the  such as those fran Belcam, Vutek and Signtech rhiit
ea® of use they demand, but also theneans to translate textile printing to canvas and are not included in this
the universe of formats. discussion. It also does not address indirect transfer textile
Graphics files are often large cartomplex. They  printing, such as electrostatic, electrophotographitima
require fast memory rich platfoms for practical useThe jet transfer, and thermal transfer printing.

Table 1: A Comparison of Textile Printing Systems

Canon Seiren Stork Toxot
Print Engine Thermal Ink Jet Piezo Ink Jet Hertz Continuous Ink Jet Multi-level
Continuous Ink
Jet
Ink System Dye-based Ink (pigment| Dye-based Ink Zeneca Procion Reactiv¢ Pigment or Dye-
capable) (pigment capable) Dye-based Ink based Ink
Color System 8 color process + Spot color 4 & 8 color process 4 color process,
+
Throughput 1.65 sq. m/min <.5 sg. m/min <.1 sg. m/min .510 40 sq.
m/min
Max Size 1.65 m. web 1020 X 1850 mm 2 mweb
Resolution 360 dp 180 dpi + 900 dpi apparent 10 pixels/mm 120 or 180 dpi
Price $900,000 NA $100,000 $125,000 to $3.5
million
GUl/Integrating | Window Unix Windows Windows
Software
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Canon severalthousandbubbk implosions per second, the heat
resistor sffers from nomal deterioration which

In 1990, Canon partneredith Kanebo, one foJapafs ~ Miniaturized hed resistors experience, in addition to
oldest textile manufacturers, to develop bubbe jet  kogation By greaty extending the practical life of its
digital textile printer. In June 1996, Canon debuted itdelativel inexpensie print heads, Canon d®nstrated
Bubble Je& Textile Printing System at Vienna, Austria. It both its detemination to make its technolog viable and
represers the first bolt fabric digital short run production its technical capabilities.
machine printing 1.65neter widths at a rateof 1 linear The Bubble JeTextile Printels onemeter peminute
mete pe minute With this printer, Canon integrates Production speed should theoreticalimatch the needle
mary of the technical efeents so & to provide a time of same gament seving operations, so that one
convincing operatingmodel which points to future ~ shoutl be able to keep pacsith same gament in-line
development. manufacturingwith a cutting head and feed tonadular
Canon Supp"ed the Visiomxperti@ ard finance SeNing unit. Aglle manUfaCtUring Operatomi” want to
(reportedy ove $50 m||||0n) to create an mpressive|y eXpandthe fUnCtiona"y of Canon-like textile printers by
integratel system. It developed and integrated continuousadding both idine post processing dnfabric cutting.
web materid transpot which controls fabricmovement ~ They will also want the abiliy to print blended fabrics,
during the printing procesasithin exactirg paranetersIts  like cotton-poyester, and use pigent-based in addition to
imace transfe software selects fim a theoretical range of dye-based inks.
16.7 million colors for colormatching.The softvare runs Canm integrated a canplex of subgstems into
under the Windwos operatingwste'n ard processing dlgltal textile printing S/StG‘n It marshaled the people,
images inAdobe PhotoshoffIFF format In addition to processegechnolog and finance to create and launch its
color matching,it offers edmng and color rep|amnt textile printer.ThiS pr(ject achievedts technicé success
functions One can also adjust colors tonqmensate for due to Canors commitment, investnent and considerable
the influence of different fabrics, such as cotton, silkeXpertise Canonrelied on its extensive experience and
nylon and poyester. The sdtware directs the 360 dpi  knowledge of bubble jet technoloy, digital image
bubble jet printing ystem consisting 6 an array of 16  Processing, ink chmeistry, softvare developnert and
print headswith 1,360 nozzlesCanon mountel these fabric pretreament. Cawon's partnering with Kanebo
traversing heads imb sets of 8 penitting bi-directional ~ suppliel the fiber andfabric mantufacturer perspective.
extended gaut eight color printing Each print svath ~ Canon's financing anatarket position coul¢ommandthe
measure 9.6 cm wide. The s/stefn can produce 256 best engineering skills to deSign and build Bubble Jet
gradationsfor eachcolor. With the Bubble JeTextile  Textile Printer's high precisiomaterial transpdrsystem.
Printer, Canon established the feasipilitof short ~Canon has se the standard for technicalystems
production digital textile printing This printer  integration againsthich the market will measue other
demonstrates fabricmanipulation andtransportatio in  digital textile printing systems.
addition to dye-based digital textile printing. The final measure of success isyoad technical
The gystem prints 8 color gle-basel ink sets A achievenent It's market adoption. Printers and
differentdye set is used for each fibeype. Reactiveyes ~ Manufactures wart to know the length of the necessary
are used for cellulosic cotton, linen andyom, aswell as  t0 paback their inveshent in this deviceHow can a
for proteinfiber, silk. Acid dye-based inkgor nylon, silk ~ $900,00@ printer operathg at a maximum prodiction
and wool, and disperse yds for powesters and other SPEEdOf one running meter per hour be profitable? Can
synthetics. Fabrics require a pretmant coating to €xpande gamut color satisy a marketwhich has gran
prevent bleeding and post tremnt d color fixing, used to spot color? Process color ofteikes more than
washing and giing. At present, the device does motnt  two primaries which reduces brilliance and tendsward
with pigmentbased inks. It reportegweighs7 tonsand ~ Producing brans, grgs and muddy colors Textile
costs abot $900,000. It is 3.8neterswide, 6.4 meters  Printers on the other hand, can precigefarget desired
deep, and 1.7 meters high. hueswith spot color. Whevill the Cana systam be able
Canon continued to refine this device after its initialto print cotton-patester blends? Whewill Canon offer
release Its developnert team significanty increased the Pigment-based inks? Canon could certginbbtain
reliability of its print heads. It extended print head life pigmert textile inks for its printer which could print
from 14 hours to aguara’]teed 130hours o Operati(m' It blends. This would also enablevorkable in-line curing
modified its inks to reduce kogation,ettburrt residue and cutting solutionsThe market success of the Canon
which builds up on the surfaces of bubbiaking themal ~ Printer awaits an answer. Its first installation in Koto is
resistors causing print head failure. It addechead reported to be successfufprinting fabric, but it is teearly
cleaningsystem to eliminate nozzle clogging due to lint to predict its market acceptanceNo one can doubt,
ard dust blockageThe resistor, n@ains aweak point in however, Canors technicalachievenent and its value as

the process.Besidesbeing hanmered with the force of  an integration model.
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Seiren

In the early 1980s, Japam largest textile printer, Seiren,

headquartereth Fukui, began the develogent of digital
textile printing ystems for its avn operations. In 1989,

Seiren conpleted the construction of its digital textile

printing facility. By 1991, Seirerwas printing production
fabric with its piezoelectric printing ystem. The early
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instanceits Viscotec center atAoyama near Roppongi in
Toyko serves as a CAD design interfacevith its market.
Seiren also camnaintain ceonpute connectios with its
clients' design deparents. Its custmers can order
designs on bolfabric or manudactured ganents from
remote locatiors via internet/telephone line transfer of
instructions and designs.

Designers at U.S. appambanufacture Jantzercited

printers employed Sharp piezoelectric print heads, print at S€irers abiliy to match ary color exacy for both proof
180 dpi along thewidth and asnuch as 360 dpi along the and production print as unique and higtiesirableThese

length. By 1996, Seira reportedy was using abait 250
piezo devices to produce $1@fllion in digital printing
sales or abou one sixth of its total sales vohe. Seiren
reportsits ink jet operatios can produce abat 500,000
meters/month.

designes send their art and instructions created on their
compute in Portland, Oregon to Seiren in Japan
electronicaly. Seiren canmatch colo with computer
controlledanaysis its extensive database ofedmixtures,
and color kitchen. Asvith conventional fabd printing,

Seiren calls its integrated digital design, printing and Seiren matches ge type to fabric fiber content: fiber

production operation the Viscotec system. |t
distinguishes itself fnm others in thattihas beenprinting
short production print jobsfor over sk years. Ituses spot
color which can match aiy specified color Its
piezoelectric print heads do theequire sat additive as
does continuous injet inks or dog it usecolor altering
hed as does themal ink jet and electrostatic printing. It
integrates handare, softvare print chemistry and

materialthroudh its canputer aided design (CAD) and its

computer aided manufactue (CAM) systems. Seiren
devotel much of its dforts to developing theseg/stems
which integrated the best dCAD/CAM systems with
datebase managenent for designs andnk mixture. As a
printing canpary, Seiren developed aystem with its
custamers requirements inmind. Reported}, the Japanese
Automotive Industy's demand forjust in time delively for
personalized autootive fabrics andhe gener&industrial

and retal movement tovard reduced fabric inventories

were influenced Seirés decision to develop digital
printing. Also, as comodity fiber and fabric
manufacturing and printing gravitatetb developing
countries such as China, Korea, Mgkia, Indonesia and
othes on the Asian Pacific Rim, Japanese textile
industriesbegan focusing their effrts on devebping high
value added specigltfibers fabrics and short run
custamized printing. This provedparticulary farsighted
ard enablel those companies such as Seiren taeather
the econmic stoms which hawe battered the textile

reactive dyes for cotton,silk, linen and rgon; acid ges
for silkk, wool and nylon polyamide; dispersedye for
polyester, and otheryathetics. These inks requérfabric
preparation and post processing and fixing agith
conventionally dye-based printed fabrics.

Seiren sells its fabric for abowid to three times the
cost of smilar conventionalf printed fabrics Seiren
suggest that these fabrics are &pplicatiors with high
profit per unit of fabric area, such as ties, scarves,
swimsuits ard specialy sportsvear like ski jackets. A
sufficiet number of custaners value the unique
characteristics of these fabrics or thgiinting proces to
pay more for then. These characterisgdnclude brilliant
color, no trapping, color proofsvhich matdch prints
exactly, econanical shot runs, fast turn around, fast and
secure computer design transfer and communication.

Seiren has created successful production digital
textile printing systems for most fabrics. It has
acconplished thiswith integrated gstems and available,
but not advanced, head technojodSeiren concentrated
on CAD/CAM systans which could help custoers
realize their wishes and instruct productiohhe enphasis
on CAD/CAM, databases and mwnunication séiware
was essential for comunicating accuratglamong all of
the production elments including designers and
custamers. It also facilitated Seirsnability to archive and
retrieve production recordsnaking the precise reprinting
of previous jobs possible. Despite the -pesd post-

industris of developed countries. Fiber and textile Processing cost and the wicspeed of the prindevices,
production in Pacific Rim developing countries have Seirén experience cost savingwith its digital textile

grown at about 3 thes the rate fogrowth in developed
countries. "During 19821994, Japads imports d fibers,
textiles andfabricatedproducts gres from $3.1 billion to
$222 billion to mea more than half of the doestic
demand The trend is expected to accelerabgth import
penetration reaching 70 perceny lhe turn of the
century."

Seiren operates a miber of retail outlets fo its
fabrics and fabric productsThese "Viscotec" stores
provide Seirenwith direct contactwith end users. For
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printing proces due to low enery usage, minimal
pollution and personnelThis canpary's digital mission
did not rey on the successf mne ype d ink jet head.
This g/stam was not print head dependent. Seisatisfied
custaner qualiy and quantit demandswith mary slow
piezoelectric technolgg rather than a fe fast stag of the
artmachines. Seiren concludiéhat the printing peripheral
was just one part of aysten and not the focal romost
important part.

Seiren designed ity/stem to suppy the cola quality
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the market had grein to expect. It uses spot rather thanthe colormoves tavard gra or brawvn. Also fiber reactive

proces colors This sets it apart frm other printing

systems and is a kg to its success. It enabled Seiren to

provide the high color quajitand full cola gamut which
conventional textile rotgrscreen printernomally supply
and themarket expectswithout rotay screenprintings
costy and tme consming screen making and
burdensme screen storage, and its trappiRgoces color
solutions provide fnited ganut and often cmpromised
color quality.

The lessonof Seirenis that one can assble a
profitable digital printing g/stam with current technology
if one is canmitted to making it happ& and emphasizes
system integration, responding to custer demand and
communication. Seiren did not allo the slow printing
speeds ©1990 piezo priters preent it from prodiction
capabilitieswith digital printing. Itjust builtmore printers
to produce the desired production vokl Seiren
designed and built a successiiirket responsiveigital

dyes tend to lack hue intensity and saturation.

Due to the small size of Hertz continuous ink jet
orifices, about 14microns in dianeter, and their high
frequency of droplet generatilns, over 100,000 per
second, Stork and Iris do not reawmend ¢ suppy any
pigmented ink for their systems.

Also a ITMA 95, Stork dmonstrated its'Fashion
Jet', which was a joint develapent projet with Zeneca,
Felix Schoeller and KBCThe Europea Community
funded its developnent with a EURAM grant. The
"FashionJet is a protgpe denonstrating the possibility
of textile web printing. It enploys a 4 color Hertz
continuousink jets mounted to a traversing carriage to
print full color imageswith dye-based inks oa 1.4 meter
wide web of fabric at a rate of 5 running meters per hour.

In Januay of 1997, the Europea@ommunity granted
Storkin partnershipnith Zeneca a grant to develop a new
and faster continuous injet g/stem for textile printing.

textile printing g/stem. Its use of spot color and state of Stork is also reported to be emaing piezoelectric

the art @ D/CAM with design and inkormula databases
seb this system apart fran other models. Its coputer
communication system translates infanation so as to
make it compatible with all systen elements and
custaners computers. Seiren pioneering  efforts
distinguid it from other equiment developers due to its
market and printing technology knowledge.

Stork

In 1991, Stork Screens B.V.f oBoxmeer, Holland
introduced its 4 color process 0Color printer TCP-2500
continuots ink jet proofing gstem. This device is snilar
to Scitex lris's 4 color saple proofing gstam in
employing fine droplet Hertz technolggo generate high
apparentesolutionprints. In the Fall 51995 at TMA in
Milan, Stok introduced its TCP4000 series o8 color
Heriz continuos ink jet textile proofing devicesThe
TCP-4001 prits discrete 69& 1020 mm fabric samples.
The laiger TCR4002 prints 1020x 1850mm images All

printing s/stens aswell. The European Unids grants
promote cooperation beten conpanieswithin member
countries Such inter-copary venturesmix significant
cultural and language differencebich caninterferewith
cooperatiorand integration.The canpary to serve as the
prime integrator usuall accrues tb greatet benefit,
sometimes to the chagrin of its partners.

Stork is the largesmanufacturer in theworld of
rotary screen printingystems for textile decoration It is
estmateal tha rotaly screen printing accounts for about 63
to 64% of the world's textile printing. Stork has
announcd in 199% that it vieved digital printing as an
appropriate temology for sanpling and proding, but not
for production printing in the neduture On one hand,
Stok did notwish to encourage technolpgvhich might
displace its core business. Oretbthe hand Stork is
committed to maintain itsmarket positio and suppy its
custaners needs As the market shifts to minimum
inventoly business strategiewith consequent rsaller
orders and faster turn around for textile printinbe

of the TruColor printers use traversing print heads, andextile printing indusy has begun to seek shorthrdigital

subtrata mounted on rotating drums.

Stok claims that its ge will print cotton, silk,
viscose rgon, poyamide (rylon), linen, poyester wool,
and blendsThe reactive ges will fi x to cellulosic and
protein fibers forwash andwear fastnessThe 8 color
TCP-4000 series prints 4 color procesges , cyan,
magentayellow and black, in addition tgolden yellow,
orange, red and blue. Stork has mkadl thatthis system
can match almos arny mix of colors which its 12 spot
color rotay presses can print. 4 color prosegstans can
address about 60% ¢he visible color gaut. Expanded
gamut systems canmatch approxinately 75 %. Spocolor
systams, on the other hand, camtch virtualy any color,
including those containing specialfluorescen colors.
When one mixes more than wo process color pmaries,

Recent Progressin Ink Jet Technologies 1|

printing solutions. Also, designersedooking for printing
technoloy without the repeat design sizeniiations of
rotatly screens. Digitalveb textile printing coulgrovide
large panomaic designswithout repeatsfor bed linens,
drapery and other home furnishings and textile murals.

Stork produces high qualisample proofing systems
which complement its high production rotgr textile
printing with match to print capabilt Stork has adapted
its proding modelfor prodiction printing. Its reliance on
proces colorsand slow Hertz inkjet engines, heever,
does not agreewith the markd requiranents for
production digital printing.
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Toxot

In 1994, HEnbleme assmbled a continuousink-jet

gament printer using Toxot multi-level continuous ink
jets printing Toxot 4 colo proces water-basedUV

curabk inks. Embleme operated this device fowb years
printing mostly T-shirts for its local retai market.
Embleme was unable to sell productianodels of these
printers. It pointed to the high print ltkaog as causing
marke resistance. Its under financedarketing efforts,
the loss of grath in the gamert printing marke and
capaciy saturationmight also have figured ithe lack of
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unit, for improved resaltion. A systam with 120 dpi
headscan produ@ 240 dpi resolution along thiabrics
running length b adusting droplet depositim and
reducing thoughput gpeed ©10 mnning meters per
minute. In similar manner, 180 dpheadscanprint at 360
dpi along a textile's length.

The importan@ of the Toxot model lies in the high
production speed of its g/stan and its washfast inks.
Toxots parent, haje, has ahost a decade ara half of
ink jet technolog and market experienceThese textile
systems lack the necessartextile industy financial
backing to bring tha to fruition. The initial cog of these
heads is gswmewhat offset ly their high reliabiliy.

marketinterest.Toxot, havever, has produced studies and Industries, hwever, are requiringfaster return on

analses to buttress its ctas of econmic ard functional
viability for its continuous ink textile printing system.

The Toxot researchers had integratewst of the
elements for a functioningystem. Toxot has responded
color intensiy concernswith a themally cured pigment
loaded water-basedink system with improved wash
characteristics. It adjustedsitsoftware algorithms to
substantialf reduce banding. Itfters a 180 dpsystam in
addition to its 120 dpi ysten to addressresolution
concerns.

Toxot has lacked the necegssamarketing and
financid commitmert to bring its printer tomarket. Its
other canmitments have deanded i resourcesThose
projects also have custer financid backirg which its
textile developnents have lacked. Unlike Canohpxot
does not have such large R&D anwrketirg budgets.
Like mary R&D operations, Toxot has relied on
application developers and users to funsl rigsearch
activities. A large European whfloor coverirg company
has undesritten its work on adaptingnulti-level ink-jet
for printing rolls of floor coveringToxoat is assenbling a
2 mete wide printer consisting 6 6 color dedicatefixed
arrays on a material transportweb. This device prints
continuousy as the vigl moves beneath thsix fixed
arrays. The multi-level ink-jet pemits the knitting of print
bands to avoid visible banding onetlprinted surface.
Other inkjet g/stans must traverse printheadwith
respetto the print surface or havaultiple arrays of the
sane color to accamplish this. Traversing arrgs of
printhead have a practical production speeutiti of 2 to
3 running meters peminute for 1.6 meter width bolts.
Toxot designed its vyl floor covering inkjet fixed array
to print 2meterwide vinyl at the rate 020 running meters
(or 40 squareneters) peminute. Toxot hasdevotal much
of its technical and hvwan resource to the
implementation of this prect, which is nav prgectedto
begin production in the beginning of 1998.

Toxot could adapt its large fixed ayrink jet printing
systam for productionweb textile printing.Toxat could
addres objections andmarket resistance due to its low
resolution by trading sane of its speed advantagehich
exced the needs foone production linenodular s&ving
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investment canputer controlled printing equipment,
however, in anticipation of rapid obsolescence.

Digital Textile Printing Systems Development
Failure Modes

Disintegrating Systen. When the parts do natesh,
when the systan does not easjl accept differing file or
platform formats when one can not exchange datith
designers and custers, when inks clog prih heads,
when inks are not fast against cleanimggaring, and
exposure to sunlightvhen print heaslcan not maintain
registrationwhen print drivers oraste image processors
can not control print heads to produce the desimadé
quality, when users do not have adequate training
short,when the gstam is not integrated stoperatia fails.
System developnent can fail due taechnica limitations
or inconsistencies, ineffectua communication or
incompatibilities among project partners.

Inadequate Time. The clock does not stopime isa
critical factar which developers can eagiloverlook or
underestinate. Technical engineering tends accountfor
the fourth dinension, tine, inadequatgl Oncea system
achieve aproductionobjective, engineers often consider
their job canpleted. Corporate desire to rush product to
market too often fits the tme allowved for alpla andbeta
produd¢ testing Initial product releases often are beta
versiors with their expected glitches. Exgles of such
failures abound, particulariwhere gstems integration is
concerned For instance, manufacturers of print heads
have had inkystens developed fotheir head which will
perfom satisfactory in the short run, oglto produce
failure modes after months of use. A number of
explanationsfor these failures can adequatedxplain
them. These include the aging of inks and toners, the long
tetm build up of ink residues around functioning
components ard seasonal enviranental changesTheir
failure underscores the riedor a close relationship
betwveen ink and heathanufactures in the integrationof
printing systems and adequate time for testing.

Inaccurate Timing. For develoment projects ina
competitive enviroment, tming is critical n bringing
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product to market. Products caffiail to win adoption
because the appear bef@ conditions favoring market
adoption exist, or after the epetition has saturatedthe
marke with similar offerings. Developingystems so as to
come to market at the right me requires a particularly
powerful crystal ball and an abiljtto estimate the pace of
system developnent accuratgl Project managenent
offers reasonable structure dartools for executing
projects and estiating the tine needed to coplete them.

Estimating is an area where experience can help to -100 -&0 -B

improveaccurayg. In the consmer market, one
product can depend on anothéor the formation d a
market criticalmass.The broadmarket adoption fovideo
players awaited the release ofmovies in video fomat.
Initially, themovie industy big studios resistetkleasing
movies as videos until cogight issuesvere resolved and
a critical mass of video plgers were in themarket to
justify their developing it.

Timing figures critica}y in the adoption ofnew
industrial processes and themarketing of products.

Pionees often encounter the bleeding edge of expensive

trial and error learning, but also cavin a large and
primary market position. Eayladopters fienbendit from
the pioneer experiencelhis level benefits fnm pioneer
agory while still erjoying earyy markd position Same
would call this the cutting edge.

Inadequate Finance Developing gstens often
requiresmore funding than originallplannedor invested.
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Textile Printing Segmentation

Projects which incubator industries create are usually

unde funded and often fail unless tlyecan attract funding
ard invesiment Larger enterprising copanies frequently
purchag incubate companies and their project§his can

invigorae the large compary with new ideas and
opportunitieswhile providing necessgrfinancingfor the

project.

Inadequate Color. Process color can nohatch the
full gamut of available textile colors. Fiber reactivged
usedin mary digital textile gstems lack the vibrang of
acid dyesfor printing on silk and wool. Ink jets deposit

The textile market's has segented its textile printing
need into Proofing, Sanple, Coupon, Catalog and
Production sements.Proofing is the printing of design

in quantities of one or a vey few to assess a design and its
color. Sanpling perfoms much tke same function as
proofing for a particular application, such assample
gament. Coupon production is enough to providateh
sanples of a design for saldevelopnent Catalog
printing is printing of sufficient quantiitto satisfy catalog
productionand marketing needs. Production vaias are

thin layers of inkwhich are vulnerable to abrasion and thoe necessar to satisf market denand. Typically

fading.

Insufficient Speed and Profitability. The paback
andprofitability of a printing g/stem depends on its ability
to produce enough value toypfar itself, its operation and
maintenance and produce profit.

Inadequate Technology If a g/stem's inks clog its
nozzles, if its print heads fail frequenih the middle of
prints, f one can not reproduce coldrem one day to the
next if the system does not perfan as advertised, one is

likely looking at a hardware, software or chemistry failure.Production  Substitution
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proofing and sanpling involve under 5Smeters, coupon
under 30meters, catalog about 1@@ters and production
begins about 300neters. Marketdemand ard industry
requirements aranodifying these sagents.A nev model
segnentation is evolving to satishew industy need and
channels A recent report suggests redefining these
segnents for digital textile printing, canbining Sanple &
Coupon, while adding Personalization Custanization,
Agile Manufacturing, Sbrt Run & Raid Regponse and
Personalization is the
individualizatian of a print, usuayl finding application in
the printed sportgear, souvemi and premium markets.
Custanization pemits custaeners to chose desigmspects
of textiles and textile products before printing. Agile
Manufacturing involves the integration of tegtprinting
and apparel and s@ item manufacture. Short Run and
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Rapid Respose is he printing of fabric n direct respose
to orders much like agile manufacturing without the
integrated cutting and gaent assebly steps Production
Substitution would occur with print production rates
above 10 meters per minute.
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decorate theirworld. Retailers and interhemarketers
could offer custmers affordable options sucls design
choice and custan tailoring with integrated digital
printing and marketirg systems smilar to thosewhich the
Seiren model suggests.

Stork, Iris, Encad and HP printers are currently

providing design proofing and mpling to tre textile
industy. These devices have a mber of limitations
including process color andvash fastness riitations.
Stork does suppla steaiing device for fixing its ges
ard achievingwashfastnesBoth Encad and HP printing
systems can also print pigented inks Pigmert textile
printing accounts for about half of all textile printing.

Many transfer printing ystems, both digital and
analog, provide are supfhg personalizationprinting
needsThe Enbleme/Toxot and DIS'Revolution“themal
ink jet gament printing gstans also provided
personalizationA number of digital piezoelectric ink jet
gament printing systams using capable of providing
personalizatio are scheduled to arrive in thenarket
before the end of 1998.

Seirers Viscote¢s Squae is the first to offer
consuner controlledcustamization of textile applications.
In effect, the order giver, custer and designerchose
designs patterns, sizes, fabric pe and colors. Such
custaner interfaces can prowd varying degres of
guidane as needed. Seiren has n@mstrated the
practicaliy armd populariy of such choice at their
Viscotec¢s design centers in Japarhe Viscotecs model
suggesopportunitiesfor retailers and producer$ txtile
items alike.

Agile Manufacturing $ approachig implementation
as a dmonstration featuring the Canon Bubli& Textile
Printer and the design anebdular s&ing pIantatTC2 in
Caty, North Carolina. Agile Manufacturinand Shot Run
and Rapid Response ropanieswill seek faster more
versatile, less expensive digital printing deviceaddress
all fabrics with a wide selection of ink colors and types.

The Toxot fixed arrg continuous inkjet g/stams is
the only proposed djital configuration which could
suppl production speeds in excedsld linearmeters per

Market Requirement for Digital Textile
Printing

Custamers want what the are receiving no or better.
Digitally printed textilesmust be at least as color fast,
hawe the image qually, color range and brilliance now
available fran analog printing methods like screen
printing. 4 color process dnexpandd gamut printing
systans can suppy some niche markets such as
personalizatin and proofing, but they will have difficulty
winning acceptane for short run-quick response and
production printing. Spot color or panded gamut with
spotcolor systems are necessato fulfill customer color
expectations fomost textile printing. End-usemsill also
wart UV resistant pigented inks formary applications
where textile experience sun exposure.

Textile printers are looking to satystustaner needs
profitably. Printing systems need to be able to produce at
a sufficient rate taneet denand ard recove invesinent
within a reasonable period. Whether itwgh afew fast
amd more expensive printers omary less expensive
slower ones, digital print ystems will not win market
adoption unles their potential purchasersnaging they
can profit with them.

In short custanerswantwhat the have plusmore. In
so far as digital printingystens can suppl it in away
that their owners will profit, they will win adoption.

Digital Textile Printing Models For A New
Market

Digital textile printing offersopportunitiesfor replacing
conventional fabric printing, in addition topenirg new
opportunities of printing. Increasingl companies are

minute pemachine. Seiren achieves high production rategliscovering that digital processesdatechnologis can

with multiple printing devices operating simultaneously.

Market Demand and Digital Textile Printing

Theway industy, designers, retailerand endusersorder
textile printing is changing. Ewone is tying to reduce
therr risk and, in doing so, their inventorThe textile
printing industy, used to bulk printing and large print
runs finds its conventional analog printingssems unable
to supply the quick responsgust in time delivey being
demandedof it. Digital textile printing offers the proise
of providing that quick response.

Peopt are increasingliscovering ne way to express
themselves in the fabrics thg wear andwith which they
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supply their markets needsfor quick respamse and just in
time delivery. Textile printers are mploying the unique
characteristis of digital printing ystems to personalize,
sanple desigrs or even print short runs cost effectiyel
Digital web textile printing also caprodu@ continuous
imageswithout the Imitation of repeatsThis creats new
design andhigh value addednarket possibilities including
panoranic bed sheets, window and wall coverings.
Designerswant the option of printing bbtwith and
without repeat. Digitalweb printers penit images the
lengh of the roll. Digital file and print driver processors
pemit tiling widths of printed lnages Designers
appreciate that digital printing c@ elminate undesirable
trapping, i.e. the bandshere colors overlaplhe textile
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industy wantsthes opportunities and the otherghich
digital printing offers.
One model will not fit evely printing need A

productian textile printing modelwill have to include spot

color printing and a color kitcherysten while novelty
gament printing continue to satisf custaners with
process colorAll models, havever, will require certain
common elements and characteristics. They include:

e User friendy interfaces and ergonic designed

work stations, kgboards, stlus pads and other

design tools.
» Translation for customer graphics formats.

- Effective and eag to use inter and intranet

communications
» Easy to use graphics generating programs
e Training

* Production speedsvhich are sufficient to operate
profitably and pg for the machine and its

maintenance within an acceptable period of time

» Controllable and consistent color

» Color fast inks which will withstand crocking,
washing, and UV exposure. i@e will also hawe to
withstand dry cleaning as well.

«  Print without repeat to the size limitations of the print

device
» Affordability and profitability

Agile manufacturing, short and long run production
printers will also have to include addition capabilities:
e Reproduce the broad spectrum of color

»  Print spot color or expanded gamut plus spot color

e Capable of printing dye and pigment-based inks
» Rapid color change with minimal ink wastage per
system flush
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e Capable of printing the commercial range of fiber
types and fabric thicknesses

»  Printroll to roll or roll to cut pieces

« Dimensionally stable material transport system

e Minimum print output of 1 to 3 meters per minute
from one or more printers

e In-line curing and fixing

* In-line fabric cutting for agile manufacturing printing
mode

« On-going monitoring, measuring, testing, correcting,
adjusting and recalibrating

In addition, full production machines will:

*  Print at 10 running meters per minute

« Match any screen print color

» Likely will print from a fixed array or one with
minimal movement for maximum throughput

A production digital printing device may have more
than one type of print head. For instance, piezoelectric or
continuous ink jets may be combined with airbrush for
coarser ink particle depositions such as metallic inks.

Conclusions

The market denand for textile printing is changing.
Integrateddigital printing systems canmeetmary of those
demands.The task of constructinintegratedsystems is
complex involving mary discipline, expensive requiring
considerable funding, and challengingnéadirg that
developers listen to their custers and magineways to
create what they want.

588 Chapter 8, Textile Printing



