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Abstract

The digital color printing process can be described by the
color reproduction characteristics (CRC) function that maps the
input color to the output color. The CRC map is high dimen-
sional in that there are potentially high number of output colors
that a digital color printing process can reproduced. To main-
tain color consistency, it is desirable to have the CRC to match
the desired CRC map at all times. In this paper, we first propose
an effective sparse sensing approach known as time-sequential
sampling to retrieve the time-varying CRC using small number
of color samples at each print cycle. The availability of this in-
formation enables formulation of a 2-STAGE process level control
system: STAGE-I is a curve fitting robust control that makes best
use of the xerographic actuators and STAGE-11 is a image feedfor-
ward compensation scheme. The key contribution of this paper is
in proposing direct CRC control(full closed loop) for maintaining
color consistency, as opposed to stabilizing the TRC of all the pri-
mary color separations (i.e. Cyan, Magenta, Yellow and Black) in
previous works. Effective CRC stabilization is demonstrated us-
ing the proposed approach while requiring small number of color
samples.

Introduction

An important performance criterion in digital xerographic
printing is that any desired colors in the desired customer im-
age(s) are faithfully reproduced at all times. Achieving good color
consistency is difficult because the marking process is subject to
many disturbances including temperature, humidity, material age
and variations, etc. These factors contribute to prints that look
different from one print to the next and from the desired customer
image. In this paper we propose a direct color control approach to
maintain color consistency of xerographic printing process. No-
tice that, unlike the control objective for most processes which is
to control or regulate the output of the process, the color control
problem consists of maintaining the process itself to be constant
and stable. The difference is because every customer image to be
printed can contain many and any possible colors which the xe-
rographic printer must reproduce correctly all at once. Moreover,
xerographic printers are often used in an on-demand manner in
which consecutive customer images are different.

By ignoring the spatial dimension (such as lines and textures)
of print quality for the moment and focusing on the issue of con-
sistent color reproduction only, a color xerographic printer can be
represented by the color reproduction characteristics(CRC) func-
tion

CRC(t) 1C — %7 Xdesired 7 Y printed (D

where ¢ is any consistent 3-dimensional colorspaces e.g. CIE
L*a*b*, CMY, etc. An ideal printer is the one in which the CRC
matched the desired CRC map. In order to motivate the need for
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direct CRC control for maintaining color consistency, a brief de-
scription of the digital xerographic printer is in order. A digital xe-
rographic color printer generates colors by printing and overlay-
ing the Cyan, Magenta, Yellow and blacK (CMYK) separations.
The printing of each color separation is characterized by the tone
reproduction curve (TRC), TRC : T — T, Tyesired ™ Tprinted>
where the tone, 7 of the separation is the solidness of the primary
toner color. Hence, the control problem can be formulated for the
printing of each color separation. In this case, the control objec-
tive is to maintain and stabilize the tone reproduction curve (TRC)
for each separation. However in this approach, the output colors
are consistent only if the manner in which the primaries are com-
bined is stable and constant i.e. there is no disturbances in the
color mixing process. The color mixing is a complex process that
is dictated by possibility of mis-registration of the different pri-
mary layers and disturbances in the color fusing process(typically
through heating). Therefore, variations of colors can occur de-
spite having all the primary TRCs stabilized. Hence, direct CRC
control that enable full feedback color control system will likely
be more effective.

However, the color control formulation poses significant
problems for sensing and control. The color print sensing involves
multi-dimensional time-varying spatial signal (1 temporal dimen-
sion and 3 spatial/color dimensions) using only small number of
color samples. In this paper, this sensing issue is addressed using
time-sequential sampling as reported previously in [1]. The color
print control involves control of potentially high number of repro-
ducible colors using limited actuation authorities. In this paper,
a 2-STAGE process level control is used to maintain color con-
sistency. STAGE-I control makes use of the limited xerographic
actuators to stabilize the print process in a least squares sense.
Residual variations can then be compensated using STAGE-II by
continuously updating a software profile in the image processing
process.

Time-Varying CRC

The time-varying CRC map given in (1) is potentially infi-
nite dimensional because ideally any specified colors can be re-
produced. This map is made up of three main processes : image
processing (software), xerographic marking (hardware) and hu-
man perception (psychophysics). Hence,

CRC(I) = fpercept ofcnmb ofmark o fhtane Ofsep (2)
—_— T/ Y——
human printer image processing

where f.p separates the image into primary color planes', fione
performs half-toning on each color separations, f,,,« prints these

I'The separation process is typically achieved by using the inverse map
of the actual printing process. To improve the print quality, in current
printing system this inverse map is periodically updated through the de-
vice characterization methods i.e. the ICC profile [2].
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half-tones separations, f.,,» forms a composite image from the
printer separations, and fpercepr models the human color percep-
tion.

In both sensing and control for maintaining color consis-
tency, it is convenient to take the input colorspace as the CMY
colorspace (i.e. taking fsep as an identity map) and the output
colorspace as the CIE L*a*b* colorspace. The CMY colorspace
is used as the input colorspace because it is the colorspace where
colors are specified in typical digital color printers(corresponding
to C,M,Y,K print engines). The CIE L*a*b* colorspace is used as
the output colorspace because it is a perceptually uniform device-
independent colorspace that enables meaningful formulation of
print quality requirements. Henceforth, CRC(¢) is defined with
input CMY colorspace(denoted by écmy) and output CIE L*a*b*
colorspace(denoted by %] «,+p+), unless stated otherwise.

Uniformly discretizing the CMY colorspace domain, typi-
cally given by Gemy = [0,1)3 € R3, by My, M, and M3 points
in each of the C, M, Y coordinates respectively, the CRC can
be adequately approximated by its response at a finite number of
M; = MM, M5 color combinations. Thus, the xerographic color
control process at time t = kT € RT where T is the inter-sampling
time can be represented by:

CRC(k) = [Li(K), .., Liy (k)@ (k). ... iy (k) b} (k). ... by ()]

3

Note that CRC(k) € ®3M:. The nominal CRC is denoted here by
CRC* € R®3M:,

Similar to the case of the TRC [3], in the presence of xe-
rographic control inputs and disturbances, the possibly nonlinear
CRC, can be represented by the static, linear time varying, uncer-
tain model as follows:

CRC(k) = ¢ (I+A(k)W,)ui(k) + CRC* +d(k) @)

where u(k) € %3 (corresponding to the C, M, Y print engines
with m actuators each) denotes the xerographic actuators of the
CMY print engines, CRC* € R®3M is the nominal CRC and
d(k) € R3M: denotes a slowly time varying disturbance. Also,
(k) := u(k) — u,, where u,, is the nominal control input. ¢ €
R3IMX3m s the nominal sensitivity function, A(k) € K33 is
the multiplicative uncertainty, W, € R3*3" is the matrix of
given uncertainty weights.

Sensing the Time-Varying CRC

The goal of the sensing system is given as follows
Sensing Goal: Sense using n € 2" color samples at each print
cycle, k such that we:

(i) achieve maximum sampling efficiency, that is to maximize
the inter-sampling time, T € R™.

(ii) enable high fidelity recovery of the time-varying CRC at
each print cycle, k.

The easiest way to achieve these objectives is to sample all
the M;(i.e. take n = M;) colors at each print cycle and ensure that
it fulfills both the temporal and spatial Nyquist conditions. We
called this as the full-sampling approach. However, this is not a
feasible as it requires extensive sensor’s hardware and other sens-
ing resources. To restrict having only # small number of color
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samples to achieve the aforesaid objectives brings forward ques-
tions on which color samples and when these samples should be
taken. These issues are resolved by a design approach for time-
sequential sampling called the 7'S(n) sampling[1, 4].

TS(n) sampling of the CRC amounts to printing different
n small number of color test patches(specified by different val-
ues setting for the C,M,Y input tones) and measuring these sam-
ples on paper at different print cycles. The sequence of which
and when the n different samples are taken is given by the de-
signed 7'S(n) sampling sequence, ot (k). As the 7'S(n) sampling
design procedure is fairly involved, it is not possible to describe it
here. For an example and further details refer to [1, 4]. The time-
varying CRC can then be recovered from the time-sequentially
sensed signal through a reconstruction process via a periodic
Kalman filter[S]. The output of the periodic Kalman filter gives an
estimate of the disturbances. At nominal and for known control
inputs it is possible to estimate the time-varying CRC by equation
4.

The benefits of the 7:S(n) sampling are as follows:

1. The sampling strategy even with » = 1 has been shown to
perform as well as if we have full measurement of the CRC.

2. The sampling strategy with n = 1 achieves 40% to 50% sav-
ings in the required number of samples without any penalty
in reconstruction performance compared to full sampling
approach.

3. The design can be extended to any » > 1 number of color
samples at each sampling instance. Increasing the number
of samples, n, increases the inter-sampling time. Hence, we
can always fulfill the print cycle duration by proper selection
of n.

Stabilization of the CRC

The goal of the xerographic color consistency control system
is to ensure that the CRC map is as close to the nominal map as
possible at all times i.e.
Control Goal: Match the desired nominal CRC, CRC* at each
input colors, X; € Copy,i=1,2,..., M, as k — oo

CRC(k)[x;] — CRC"[xi] ®)

Disturbance

Desired Colo!
Gamut

Printed Color
Gamut

C c

A 4

N\ \ 7/ /

Human Visual
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Figure 1. Proposed color consistency control strategy

This control goal is realized with a two-stage control strategy
as shown in Figure 1. An inner control loop (STAGE-I) utilizes the
xerographic actuators, fomp © fmark to regulate the nominal print
behavior. Since there are fewer xerographic actuators than the
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number of colors to be controlled, it is typically not possible for
(5) to hold for all the colors in the presence of disturbances. In
this paper a robust curve-fitting approach is proposed to minimize
the 2-norm error of the CRC over the entire color range.

While we expect that STAGE-I control improves the color
consistency subject to the presence of disturbances, the small
number of xerographic actuators does not completely eliminate
the CRC deviations from the desired CRC. By preserving the
CRC range with STAGE-I control (in addition to maintaining the
CRC to be relatively stable), we can introduce a pre-filter compen-
sation (STAGE-IT) that makes use of the image processing process
to compensate for the residual CRC variations. In both STAGE-I
and STAGE-IT control, full feedback information (i.e. the time-
varying CRC map) is available through the proposed sensing ap-
proach using time-sequential sampling strategy.

STAGE-I Control

Consider the linear uncertain model given in (4), with A(k)
and d(k) being effectively unknown. Let U(z) = K(z)E(z) be
some linear feedback to be specified, where €(k) = CRC(k) —
CRC* € R3M: | Defining the error weighings W, € R3>3M: o
specify the relative importance of the CRC error at different col-
ors. The closed-loop system can be expressed as a linear frac-
tional transformation (LFT) given as follows:

w 0 0o W,

v
Wee |=( Wb We Wep d ©)
e 0 I 0 it
P

with feedback connections v(k) = A(k)w(k) and U(z) =
K(z)E(z). Due to the static nature of the xerographic printing
process, and the disturbances are generally slowly varying, the
performance optimization is restricted to the steady-state case.
Hence, since W,&> is linear with respect to (_1‘;’, there exists some
matrix, F(P,A”,K*) such that W.&” = F(P,A”, K*)d>. The
goal here is therefore to find a controller K(z) such that for the
worst case performance and for as large class of uncertainty A(-)
as possible ||F(P,A”,K%)||> is minimized. The design of this
static robust control and its realization is described in [3]. The
controller is given by:

ti(k+1) = Apii(k) +Bae(k) )

where A, and B, are the controller gains that can be deter-
mined according to a desired bandwidth through the design pro-
cess. To implement (7), the periodic Kalman filter estimate
of the temporal-spatial signal error based on T'S(n) sampling,
e(k) = C/R\C(k) — CRC(k) € R*M: is used in lieu of the actual
error, (k). In [3], TRC stabilization is assumed. In this paper,
this work is extended for the stabilization of the CRC map. The
error weighting, W, = W/ W, € R3V>3M: which specifies the
relative importance of the CRC error at different colors is made
up of the color and image specific weightings as reported in [6].

STAGE-II Control

The objective for STAGE-II pre-filter compensation is to find
the inverse print map, CRC™1(¢) : 61+ — €cmy and impose it
in fsep in (2) such that CRC is an identity map. This will en-
able the printed colors to correspond to the desired(or requested)
colors.
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Figure 2. Sensing and control for CRC stabilization

There are two important considerations for this strategy to
work. Firstly, the effectiveness of this strategy is limited to
only colors that CRC(¢) (i.e. the printer) can reproduced. Let
the color gamut of these reproducible colors be denoted here by
GLray C R3. To realize effective color consistency control, the
gamut range of %AL*a*b* needs to be maximized. This can only
be achieved by using the STAGE-I control that directly affects the
physical print process. Hence STAGE-I requirement is modified
here, so that in addition to maintaining the CRC(¢) map to be
relatively stable, the goal of preserving and maximizing %?I}a*b*
range will also be emphasized. This emphasis can be achieved by
appropriate putting higher weights in weighting matrix, W,.

Secondly, to find the inverse print map, CRC’I(Z) at each
time, t = kT,k € 2 consider a set of Ny desired colors i.e.

7 = { (x,¥0) % € Gomty,¥i € Gogy fori=1,...,Nr } 8)

x; fori=1,...,Nr is assumed to uniformly covers the CMY col-
orspace. Here we seek to approximate CRC ™! (¢) such that

1 &
CRC™'(t) =arg min —Z

2
;—CRC™(1)]y;
CRC’](t) NT & Xj ( )[Yl}

&)

The most common and easiest way to address this problem is
to first evaluate the interpolation functions at a regular lattice of
points, in the input space (i.e. CMY colorspace) and then build
a multidimensional look-up table (LUT) [2]. A fast interpola-
tion technique such as trilinear or tetrahedral interpolation is then
used to transform the image data using this LUT. Here, the data
set 7 in (8) needed for this construction is obtained from the re-
constructed CRC using the time-sequential sampling approach.
The use of this reconstructed information avoids the need to print
large number of samples to define the inverse CRC. Additionally,
the use of the time-sequential sampling approach enables the right
instance to update the inverse print map to ensure that the color
reproduction consistency is maintained.

Experimental Study

The proposed CRC stabilization system using both STAGE-I
and STAGE-II control was experimentally tested on a Xerox
Phaser 7700 xerographic printer. A X-rite DTP70 scanning spec-
trophotometer is used to measured the printed color patches. Fig-
ure 2 shows the schematic of the experimental setup. Unfortu-
nately, we do not have direct access to the xerographic actuators.
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Therefore, to evaluate the proposed CRC stabilization control sys-
tem, virtual printer models are first used to generate the tonal re-
sponses of the CMY primaries. The disturbances were artificially
introduced by injecting a simulated disturbance source as shown
in Figure 2 given by P~![d(k)] where P : opmy — Gsprp- is the
nominal print model of the Xerox Phaser. Here, d(k) is given
by a two-band frequency model which is representative of an ac-
tual printer(see [4] for details), where the temporal-spatial fre-
quency content is assumed to be contained in an ellipsoidal spec-

N
tral support @(W,U) = {(f,u) w4+ Y U =1 } where
i=1

W = 0.01[Hz] and U = [2,2,2] [cycles/to;e]. These form our
physical color printing setup.

To identify the matrix of nominal sensitivity function 6 €
R3Mx3m a5 given by (4), factorial experiments were performed
on our experimental setup. Here, each primary’s actuator is set
at one of 2 settings within its range. With m = 3 actuators for
each primary color, a total of 23 = 8 different settings are tested.
With 3 primaries, we have a total of 8% = 512 different set of
actuator settings for the CMY primaries virtual models. From
these data, the nominal sensitivity function were obtained using
the least square method. Hence we can proceed with the design
of the color consistency controller as given in this paper.

The purpose of the STAGE-I control is to maintain the range
of the CRC, i.e. the printed output color gamut, %] -,+,*. Resid-
ual variations can then be compensated in the image processing
actuators with the availability of the reconstructed CRC. The ef-
fectiveness of STAGE-II control depends on the accuracy of the
reconstructed CRC at all M; tones. In STAGE-II control, the in-
verse print map is achieved with interpolation using the multi-
dimensional look-up table approach [2]. In this experiment, the
desired color gamut, %y +,+,- for STAGE-IT compensation is se-
lected such that €p s+ C ﬁ*a*b* at all times to avoid infeasible
interpolation at the boundary. This assumption greatly simplifies
the inversion process and suffices for the demonstration of the
proposed color consistency strategy.

Figure 3 shows the CRC stabilization performance in term of
the mean of AEg, at each print cycle, k using the proposed color
control system. The designed optimal 7'S(1) sampling is used
here. Compared to the case without any stabilization control, the
STAGE-I control effectively reduces the error between the printed
output colors and the desired colors. However more effective sta-
bilization can be achieved using STAGE-II control.

Conclusion

In this paper a 2-STAGE CRC stabilization controller for
maintaining color consistency is proposed. The STAGE-I control
makes use of the xerographic actuators to ensure that the range of
the CRC is preserved. Then, a STAGE-II compensation adjust the
image processing step such that the CRC is as close as possible to
the desired CRC. STAGE-I and STAGE-II control are made pos-
sible by the availability of the time-varying CRC estimates using
the designed optimal 7'S(1) sampling approach. Experimental re-
sults show the effectiveness of the proposed approach for CRC
stabilization. To maintain color consistency, direct CRC control
as opposed to controlling the C, M and Y primary TRCs, has the
potential benefit of compensating the disturbances in the mixing
process. We will better justify this gain in future publication.

NIP25 and Digital Fabrication 2009

Technical Program and Proceedings

NO-STABILIZATION CONTROL
45} |

35 STAGE-I |

AE,,K)
w

STAGE-I| & STAGE-II

0 100 200 300 400 500

time—-indices,k
Figure 3. Comparing CRC stabilization performance using robust static

control, for STAGE-I and STAGE-II compensation(the designed optimal TS(1)
sampling is used here) with the case of no stabilization control

Acknowledgment
This research is supported by the National Science Founda-
tion under grant: CMS-0201622 and Xerox UAC grant.

References

[1] T.P.Sim and P.Y.Li, Optimal time-sequential sampling of
color reproduction characteristic function, in Proceedings of
the 22th International Congress on Digital Printing Technolo-
gies (NIP22), Denver, pp. 585-591 (2006).

[2] Gaurav Sharma, Digital Color Imaging Handbook, CRC
Press, Inc., Boca Raton, FL, US (2002).

[3] P.Y.Li and S.A.Dianat, Robust stabilization of tone reproduc-
tion curves for xerographic printing process, IEEE Transac-
tions on Control Systems Technology, 9(2), 407 (2001).

[4] T.P.Sim, Sensing and Control for Color Consistency of the
Xerographic Printing Process, Ph.D. thesis, University of
Minnesota (2009).

[5] T.P.Sim, P.Y.Li and D.J.Lee, Using time-sequential sampling
to stabilize the color and tone reproduction functions of a xe-
rographic printing process, IEEE Trans. on Control Systems
Technology, 15(2), 349 (2007).

[6] T.P.Sim and P.Y.Li, Determination of significant color map,
in Proceedings of the 25th International Congress on Digital
Printing Technologies (NIP25), Louisville.

Author Biography

Teck Ping, Sim received the Ph.D. in Mechanical Engineer-
ing for the University of Minnesota, Twin Cities in 2009, working
on the color stabilization control for the xerographic printing
process. He is currently continuing this effort as a post-doctoral
at the Mechanical Engineering, University of Minnesota, in
collaboration with Ricoh Company.

Perry Y. Li received the Ph.D. in Mechanical Engineering
from the University of California, Berkeley in 1995. From 1995-
1997, he was a research staff at Xerox Corporation, Webster, NY.
He has been with the University of Minnesota since 1997 and
is currently Professor of Mechanical Engineering. His research
interests are in mechatronics and control systems as applied to
fluid power, robotics, and imaging systems.

681



	_FRONT_COVER
	__INTRODUCTORY_MATERIALS
	Copyright
	Table of Contents
	Welcome to NIP25
	Welcome to Digital Fabrication 2009
	NIP25 Conference Committee
	Digital Fabrication 2009 Conference Committee
	IS&T Board of Directors
	Conference Sponsors
	Week At-a-Glance
	Conference Venue Floor Plans
	Schedule and Table of Contents
	Plenary Talks
	Slot, The Future of Research and Development...pg.1
	Derby, Applications for Ink Jet Printing I...pg.2
	McCreary, Electronic Paper Comes of Age...pg.4
	Hirakura, Environmental Strategy of Japanese...pg.5
	Someya, Ambient Electronics and Digital...pg.6

	Toner-based Printing: Materials
	Law, Adhesion and Adhesion Distribution...pg.7
	Karunanay, Effect of Surface Treatment...pg.11
	Ahuja, Frictional Flow and Developer Charge...pg.15
	Nash, A Conceptual Model of Toner Charge...pg.17
	Liu, External Additives for Toners: Treatment...pg.23
	Fomitchev, Tribocharge Performance of Colloidal...pg.27
	Amano, Comparison between De-agglomerated...pg.32
	Iimura, Charge Controlling Capability...pg.35
	Carroll, Surface Modified Pigments for Improved...pg.39
	Ashizawa, Low Energy Fusing Toner by Controlling...pg.43
	Choi, Polyester Chemical Toner with Low Fusing...pg.47
	Choi, Effects of Particle Size on Imaging...pg.50
	Law, Do We Need Better Materials than Teflon...pg.53
	Tse, Role of Charge Injection...pg.57

	Ink Jet Printing: Processes
	Grace, Droplet Velocity Fluctuations...pg.61
	Ahuja, Flow Stability in Liquid Inkjets Printers...pg.66
	Kipman, Three Methods of Measuring Velocity...pg.71
	Hoath, A Model for Jet Shortening in...pg.75
	Yang, Liquid Jet Instability and Dynamic Surface...pg.79
	Panchawagh, Silicon Micromachined Continuous...pg.83
	Ishikura, Improvement of Piezoelectric Ink Jet...pg.88
	Aubrey, Development of an Aqueous Compatible...pg.91
	Drury, Three-Fold Increase in Inkjet Speed...pg.95
	Furlani, Predicting the Performance of an...pg.99
	Mercier, Influence of the Rotation of Inkjet...pg.103
	CastrejonP, A Large-Scale Print-Head...pg.107
	Chen , Study on the Equal Pressure Distributed...pg.111

	Image Permanence
	Comstock, Improved Dark Storage Test Method...pg.114
	Wu, Light Fastness of Heat Transfer...pg.118
	Peleman, Photo Books: A New Take on an Old...pg.122
	Hofmann, Humidity Diffusion of Dye-Based...pg.126
	Debeljak, The Durability of UV Ink-Jet Prints...pg.130
	Comstock, Further Studies on Reciprocity...pg.134
	Salesin, Brittleness of Digital Reflection...pg.138
	Rima, Tendency of Digitally Printed Materials...pg.142
	Burge, Investigations into Potential Reactivity...pg.146
	Mozina, Influence of Light on Typographic...pg.150
	Muck, 2D Codes - Light Fastness and Readability...pg.154

	Security and Forensic Printing
	Simske, New Findings in Security Printing...pg.158
	OrtizSegov, Information Embedding...pg.161
	Wood, Digital Print Technology --...pg.165
	Simske, Barcode Structural Pre-Compensation...pg.167

	Design for Environmental Sustainability
	Sobotka, Presentation of a New Environmental...pg.170
	Ng, Deinking of HP Digital Commercial Prints:...pg.173
	Fischer, Deinkability Certification for Public...pg.177
	Evan, Pre-Competitive Collaboration and Open...pg.180

	Advanced and Novel Imaging Systems
	Biegelsen, Hypermodular Parallel Printing...pg.184
	Li, Influence of Aperture Electrodes Thickness...pg.188
	Wei, A Novel Method to Control UV Curable...pg.191

	Digital Packaging
	Lynn, Single-Pass Inkjet for High Quality...pg.196
	Newcombe, Tonejet: Delivering a Complete...pg.198
	Simske, Extended Packaging through Addition...pg.201

	Photoelectronic Imaging Materials and Devices
	Nauka, Surface Modification of an Organic...pg.204
	Seino, Photo-Induced and Dark Discharge...pg.208
	Uehara, Real Time Observation of Surface...pg.212
	Schein, Progress Towards Understanding...pg.216
	Salalha, Elastohydrodynamic Study of Deformable...pg.220
	Zhang, Study on Photosensitive Imaging System...pg.225

	Toner-based Printing: Processes
	Leoni, Numerical Simulation of Townsend...pg.229
	Shaw, Momentum-Control Scavenge-Less Jumping...pg.233
	Kawamoto, Dynamics of Toner and Carrier...pg.237
	Nakayama, Simulation of Two-Component...pg.241
	Kita, The Toner Replenishment System...pg.245
	Yoda, Pad Transfer System for Small Color Laser...pg.248
	Dianat, Model Predictive Control Methods...pg.252
	Stelter, Properties of Continuous and Discrete...pg.256
	Lee, Impedance Technique for Assessing...pg.257
	Kemp, Efficient Estimation of Critical Transfer...pg.261

	Ink Jet Printing: Materials
	Sujeeth, Sensient's Suite of Self-Dispersed...pg.265
	Shakhnovic, Polymeric Dispersants with Specific...pg.270
	Ahuja, Deformation of Cartridge Assembly...pg.273
	Shakhnov, New Inkjet Yellow Pigments...pg.276
	Poirier, Study and Stabilization of a Liquid...pg.279
	Corden, Next Generation Self-Dispersed Pigments...pg.283
	Norris, Developments in Dispersants for Inkjet...pg.286
	Ding, Effect of Additives on Colloidal...pg.288
	Zhang, Preparation of Nanoscale...pg.291
	Fang, Preparation of Macro-RAFT Copolymer...pg.295
	Sano, Multi Color Pigmented Inks for Large...pg.299
	Nelli, Surface Oxidized Carbon Black Pigments...pg.303
	Steenweg, The Influence of Surfactants...pg.307
	Weaver, Advances in Dryfilm Photoresist...pg.312
	Lundberg, On the Effect of Variations in Paper...pg.316
	Chen, Novel Black Dye Composition for Inkjet...pg.320
	Wei, Evaluation of the Pigment Dispersion...pg.323

	Color Science/Image Processing
	Sim, Determination of Significant Color Map...pg.327
	Matsushiro, Theoretical Analysis of Metamer...pg.331
	Chen , Study on the Phenomena of Moiré Fringe...pg.334
	Hoarau, A Human Readable Hardcopy Backup System...pg.337
	ElAsaleh, Disassembling of Composite Images...pg.341
	Rawashdeh, Detection of Monochrome Pages...pg.345
	Mestha, Recent Developments Towards...pg.350
	Mu, Image Binarization Based on Patch...pg.354
	Kitakubo, Simple Identification Process...pg.358
	Cousoulis, Quantified Evaluation of Various...pg.362
	Rawashdeh, Enhancement of Monochrome...pg.366
	Mosenson, Quantization Frequencies in AM...pg.371
	Bastani, Spectral Gamut Characteristics based...pg.373
	Kanai, Subjective Evaluation of Required Area...pg.378

	Digital Fabrication Processes
	Kwon, Methods for Detecting Jettting Failures...pg.382
	Kipman, Machine-Vision-Based Analytical Tools...pg.386
	Tada, Drops-on-Drops Micro-Film Formation...pg.390
	Pique, Laser-Based Digital Microfabrication...pg.394
	Kanda, A New Ejector for Highly Viscous Liquid...pg.398
	Hanel, R2R Technology for Organic Electronics...pg.402
	Currle, Special Phenomena in Multilayer...pg.403

	Printing of Biomaterials
	Umezu, Fundamental Characteristics...pg.407
	Pataky, High-Fidelity Printing Strategies...pg.411
	Hayes, Ink-Jet Microdispensing: A Tool...pg.415

	Fundamental Physics and Chemistry for Printing Technologies
	Hoshino, Toner Printing Technology...pg.418
	Chwalek, From Fundamental Physics to Novel...pg.422
	Tuladhar, Understanding Inkjet Inks and Factors...pg.423
	Mills, Piezoelectric and Other Drop Ejection...pg.427
	Law, Nanotechnology and Opportunities...pg.428
	Schein, The Role of Technical Innovation...pg.430

	Printing Technologies from DRUPA 2008
	Hanson, Hewlett Packard's Advances in Digital...pg.435
	Lynn, A Xaar Perspective on 'The Inkjet DRUPA'...pg.437
	Christoph, Kodak Digital Printing Technology...pg.440
	Slot, Océ Printhead and CrystalPoint...pg.443
	Namikawa, RICOH's Business Strategy...pg.445

	Electronic Paper and Paper-like Displays
	Lee, Paper Display Module Having Backside...pg.446
	Lin, Novel Liquid Toner Electrophoretic Display...pg.449
	Yoshimatsu, Color Electrophoretic Image Display...pg.452
	Koch, Roll-to-Roll Manufacturing of Electronic...pg.456
	Sprague, SiPix Microcup Electrophoretic Epaper...pg.460
	Inoue, Analysis of Fatigue Difference...pg.463
	Yanaka, Integral Photography Using Electronic...pg.467
	Wang, Study on Charge Mechanism of EPID...pg.471
	Nobusawa, Movement of Electrophoretic Particles...pg.475

	Print and Image Quality
	Rong, Quality Comparison of HP Indigo to Offset...pg.478
	Suhara, Measurement of Electrostatic...pg.482
	Jo, Image Banding Based on Opto-Mechanics...pg.486
	Sender, A New Approach for Art Reproduction:...pg.491
	Nachlieli, Automatic Mechanical-Band Perceptual...pg.495
	Cheng, Dependence of Edge Enhancement Condition...pg.499
	Booth, Methods to Automate Print Quality...pg.503
	Eid, Modeling of Photoconductor Print...pg.507
	Chen, Research on Quality Evaluation Method...pg.511
	Farnand, Further Investigation into the Image...pg.515
	Gepp, Measuring Cockling On-Line in High Speed...pg.521
	Halonen, The Challenges in Modeling Image...pg.524
	Tse, Towards Instrumental Analysis...pg.528
	Kuo, Printing System Optimization via...pg.532

	Media for Digital Printing
	Kornherr, Nano-Hybrid Technology † A New...pg.536
	BatzSohn, Improving Inkjet Print Performance...pg.539
	Ruffieux, Nanoporous Inkjet Photo Paper...pg.543
	Hornig, High Speed Ink Absorption Using...pg.547
	Gong, Application of Polyolefin Dispersions...pg.551
	Rose, Seeking New Alternatives: The Evaluation...pg.556
	Bhattachar, Investigation of Ink-Substrate...pg.561
	Puukko, UV-Inkjet Ink Penetration...pg.566

	Commercial and Industrial Printing
	Gila, High-Performance Charging Unit for Liquid...pg.570
	Case, Trends of Technology at DRUPA 2008...pg.573
	Ulichney, High Speed Page Matching...pg.577
	Zeng, Numerical Simulation and Analysis...pg.581
	Lin, Proposal for Next-Generation Commercial...pg.585

	Printed Electronics and Devices
	Huttunen, Dynamic Correction...pg.589
	Smith, Inkjet Printed MRI Coils and Increased...pg.593
	Knobloch, Printed Polymer Electronics...pg.594
	Heilmann, Inkjet Printed Quantitative...pg.595
	Daniel, The Prospects of Inkjet Printing...pg.599
	Tseng, Optimization of Inkjet-Based Process...pg.603

	Materials and Substrates
	Fudo, Fine Patterning Technology with Screen...pg.607
	Magdassi, Conductive Ink-Jet Inks for Plastic...pg.611
	Ohlund, Sintering Methods for Metal...pg.614
	Xu, Low Curing Temperature Silver Patterns...pg.618
	Schmidt, Choosing the Optimal Substrate Surface...pg.621
	Lee, Temperature Dependent Resistance...pg.623

	Industrial and Commercial Applications
	Crankshaw, From DMP to 40" TV † The Challenges...pg.627
	Tano, Novel Fine Electrode Patterning Using...pg.631
	Chen, Inert Piezoelectric Inkjet Print Head...pg.635

	Fusing, Curing, and Drying
	Ahuja, Contact and Non-Contact Fusing...pg.639
	Mitsuya, Considerations on Energy Supply...pg.642
	Villeneuve, New Materials for Radiation...pg.646
	Molamphy, Practical Application of UV-LED...pg.651
	Selman, Reactive Inkjet Formulations - Curing...pg.652

	Textile and Fabric Printing
	Fu, Colloidal Properties...pg.656
	Zhang, Preparation of Polymer-Encapsulated...pg.660
	Fang, Pigment Inkjet Printing Performance...pg.664
	Wang, Effect of Pigment Particle Size on Color...pg.667
	Tian, Color Performance of Cotton Fabrics...pg.671
	Zhang, Preparation of Organic Pigment...pg.675

	Printing Systems Engineering/Optimization
	Sim, Direct Color Consistency Control...pg.678
	Sugiyama, New Technologies for Image...pg.682
	Yang, Improving Tone Prediction Accuracy...pg.686
	Lee, Analysis of Idle Time Effect on Color...pg.690
	Chaurasia, Key Polyurethane Attributest...pg.694
	Birecki, Evanescent Wave Based System...pg.699
	Kuo, Modeling of Tone Deviation...pg.703
	Hashimoto, A Study on Mechanism of Local Dot...pg.707
	Mizes, Active Alignment of Print Heads...pg.711
	Duby, Establishing Inkjet Printhead Jetting...pg.715

	Digital Printing/Quality Control Instrumentation
	Jung, A New Method to Assess the Jetting...pg.719
	Rippetoe, Automated Print Quality Assessment...pg.723
	Asman, Scanner Characterization for Color...pg.727
	Huang, The Printing Quality Control of HP...pg.732
	Vadillo, The Effect of Inkjet Ink Composition...pg.736
	Kuo, Improving Tone Prediction Accuracy...pg.740
	Tse, A Second-Generation Portable Instrument...pg.744

	Thermal Printing
	Oi, Segmented Multi-Digit Thermal Printhead...pg.748
	Hirano, On-Demand Transcript Foil...pg.752
	Toyosawa, Study of Nib Formation...pg.755
	Hasan, Alteration of Reflection Spectra...pg.759
	Williams, Thermal Printing for the 21st Century...pg.762
	Sasaki, Development of Power Saving Thermal...pg.766
	Moto, Development of Ultra High Density Thermal...pg.770

	Industrial and Commericial Applications (continued from Wednesday)
	Sakai, Precise Inkjet Fabrication for Large...pg.774

	2D & 3D Digital Fabrication
	Detig, Electrostatic Printing of Nano Particles...pg.777
	Hammerschm, Digital Fabrication of Support...pg.780
	Fathi, Jetting of Reactive Materials...pg.784
	Sowade, Inkjet Printing of Polymer Microspheres...pg.788
	Perelaer, Fabrication of Two and Three-...pg.791
	Walters, 3D Printing and Fabrication of "Smart"...pg.795
	Huson, Further Developments in the Digital...pg.799

	Digital Fabrication Interactive Papers
	Kim, Direct Fabrication of Polymer Microlens...pg.803
	Moiseeva, Shear-Based Droplet Production...pg.806
	Li, Preparation and Characterization...pg.810
	Stanic, Image Analysis of Surface Elements...pg.813
	Li, A Study on the Effect of a Surfactanct...pg.817

	Novel Digital Fabrication Applications
	Jalbert, Using Conductive Thermal Transfer...pg.820
	Boley, Inkjet Printing Involving Palladium...pg.824



	_AUTHOR_INDEX
	_BACK_COVER

