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Abstract

Modern variable data presses use substantial processing
power. In many cases, a bank of processors is used to manage the
RIP (raster image processing), and print jobs are performed using
sophisticated parallel scheduling approaches. The high processing
power of digital presses enables the possibility of performing
valuable imaging tasks using the same processing units. Important
imaging tasks include reading printed marks (such as barcodes),
print validation and inspection.

In order to optimize the interleaving of real-time printing and
imaging tasks, different imaging approaches must be considered.
In this paper, we consider three different classes of imaging
optimization in order to compare their relative effect on
throughput and on amenability to processing on the press. These
are (1) performing down-sampling before image segmentation
versus performing native resolution image segmentation, (2)
selecting different programming languages/compilers (e.g. Java
versus C++ in our experiments) for the imaging, and (3)
marshaling images into a single buffer versus allowing the system
to manage the image,. Our results demonstrate that, in general,
changes in structural approach to imaging, such as (1) provides,
have the greatest positive impact on processing, while (2) has the
least impact. The impact of approach (3) is more highly dependent
on the architecture of the press, and so is perhaps the method that
can be most positively affected by intelligent modeling.

Keywords: Down-sampling, image segmentation, memory
locking, compiler

Introduction

Modern digital presses, capable of printing thousands of
pages per hour — with each one different from the rest — use
multiple processing units to prepare and process the page images
[1][2][3]. Multiple units are needed to continue to “feed” pages at
speed when there is significant page-to-page variability and
resolutions are often 800-1200 dots/inch or more.

“Actionable printing” is the variable data digital printing
domain wherein each printed item has its own customized content
which can be later interrogated or “read”, for example, as part of a
mobile camera service. As its adoption continues to increase, it
will be important to optimize the use of processing resources on
the digital presses.

We have previously described how different factors in the
“reading” environment can be combined into a mathematical
model for deploying cameras, inspection devices, and forensic
imagers in a geographically dispersed network of manufacturers,
distributors, retailers and consumers [4]. In this paper, we consider
three different aspects of real-time imaging and printing in an
effort to model a system for image-intensive printing:
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(1) Performing down-sampled segmentation vs. native
resolution segmentation. This is a functional test for the
improvement in performance possible with a memory-access
intensive task. While we consider image segmentation here for
ease of timing analysis, many other imaging — and some variable
data pre-press — tasks will also require similar trade-offs (working
on the original resolution image versus down-sampling and
working on a reduced resolution image).

(2) Performing processing and image-accessing intensive
analysis in an interpreted (e.g. Java) programming language vs.
performing the same analysis in a compiled (e.g. C++)
programming language. This test was performed simply to
determine the relative impact of programming language selection
on the system performance. This has larger system development
importance, since for example (a) it may be simpler to program in
the interpreted language since garbage clean up is not the
responsibility of the programmer and (b) there may be legacy,
related services, etc., codebase(s) written in one language that we
wish to augment directly (i.e. in the same language).

(3) Marshaling images into a single (continuous) buffer in
memory vs. allowing the system to manage the image — with re-
location, discontinuous buffering, etc. possible. This test is meant
to determine the efficiency of locking an image in memory for
image-access intensive tasks, and is highly relevant to both
variable data printing and image interpretation tasks.

Methods and Materials

Downsampled-Segmentation vs. Native Resolution
Segmentation
For this test, we considered two variations:

(1) Performing document image segmentation on a single
document, originally scanned at 300, 400 or 600 pixels per inch
(ppi), before and after down-sampling to 75 ppi, as described in
[5]. Document image segmentation requires repeated, “random”
access to parts of the image for a number of image processing
tasks. The first, image thresholding, uses an image histogram
followed by a binarization process. This requires accessing each
image pixel at least twice, the bare minimum of which is a global
thresholding approach such as the approach by Kittler et al. [6].
Methods which require local thresholds, multiple thresholds to
accommodate background color differences, etc., will generally
require accessing each pixel three or more times. Next, image
segmentation is performed. Image segmentation is usually
performed on the binarized image, and involves multiple
procedures such as run length smearing, dilation/erosion,
connected component formation, connected component histogram
formation and analysis, connected component projection profile
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computation and analysis, and clustering of related connected
components [7]. Figure 1 illustrates the effect of thresholding on
an image. The input image (top) is binarized to create the lower
image using two passes through the entire image.
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Figure 1. Example of thresholded image. The full-color image (top) [8] is
binarized in accordance with ref. [6] and then used for downstream tasks such
as image segmentation.

An example of document image segmentation is given in
Figure 2. For this document image, image pixels were accessed, in
the mean, more than 8 times throughout the processing (including
the thresholding). The output of this software [9] is a set of labeled
“regions” (clustered and “typed” connected components or
connected component composites).

(2) The second test is to down-sample the image and then
perform a two-stage segmentation. The first segmentation is
performed using projection profiles [7] to define cuts through the
document image and break up the image into as small of logical
units as possible. This is readily accomplished for Manhattan
layouts such as for the document page image in Figure 2. We
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performed our tests using a slide scanner, which can capture the
images from several rows of film slides simultaneously.

We down-sampled all images to 75 ppi for both sets of tests
in this section. The original images were scanned at 300 ppi or 600
ppi. Two different sets of 50 images were used for the timing data
for (1) and (2).

C++ vs. Java

We considered an automated document image segmentation
task as described in [10], for which we had originally performed
image thresholding and segmentation on 1.2 x 10° document
pages. To facilitate comparison we built a simplified
(approximately 2 x 10* instead of 2 x 10° lines of code)
segmentation engine simultaneously in both C++ and Java. The
only difference—from the UML [11] to the object arguments,
fields and methods—between the two engines was the employment
of memory clean up in the C++ version. This resulted in slightly
(~2%) more lines of code for the C++ version. Even the files
(equivalent in number) were named identically.
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Figure 2. Example of a document image segmentation. “Text” typed regions
are outlined in green, “drawing” typed regions in purple (see oar boat in lower
right for example if printed in grayscale) and the 2 photos/images in yellow.

Figure 2 also suffices to illustrate the “work” performed by
these two engines. Each of them produced fully typed {photo, text,
drawing, and table} regions segmented from the document images.
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We performed timing using system timers build into the invoking
code. Timing was performed on a set of 500 files for both the C++
and Java-based engines.

Accessing Marshaled Image Data vs. Native Image
Access

To marshal the image data into continuous memory, we used
the LockBits functionality in .NET. LockBits, which locks the
bitmap data in continuous memory, allows the marshaling out of
the data. So, we performed timing on accessing reads and writes of
image data with and without the use of LockBits:

(1) Load image in using the .NET Bitmap class.

(2) For no use of LockBits, reading is performed by
sequentially reading in each pixel. Writing is performed by
sequentially setting each pixel in the image to the Color.Red
system color value.

(3) For the use of LockBits, we lock the bitmap, allocate the
image buffer, and marshal out the bitmapData to a buffer. For
reading, for each pixel in the image, we set the variables r,g,b to
pixel values. For writing, for each pixel in image we set r, g, b
bytes to {255,0,0) respectively (red). We then marshal out the new
image to bitmap.

Results

The test results reported herein were performed on a variety
of laptops and workstations. All systems had at least 1 GB of RAM
and were run using Java or .NET on a Windows XP 32-bit or a
Windows7 64-bit OS. Performance scores cannot be compared
absolutely across the three types of experiments, nor is it necessary
to do so. All reported comparisons were performed on exactly the
same hardware with the same software, except where noted (that is,
the C++ vs. Java comparison).

Downsampled-Segmentation vs. Native Resolution
mentati
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Figure 3. Sample of down-sampled and pre-segmented slide scans.

For our 50-file document image set, performing segmentation
on the original 300 ppi images required a mean of 11.7 sec, while
down-sampling to 75 ppi and segmenting at 75 ppi required a
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mean of 1.55 seconds (0.65 sec for down-sampling and 0.90 sec
for segmentation).

For the slides (Figure 3), the original images at 300 ppi
required less time than the general document image set, since the
slides were organized in parallel rows. Segmentation required only
a mean of 546 sec. Down-sampling required 0.65 sec and
segmentation of the slide sets required only a mean of 16
msec/image.

C++ vs. Java

We performed benchmarking on 500 full page images already
down-sampled to 75 ppi image, as described above. The C++
engine was consistently faster. On the mean, the Java engine
required 34% more time to completion (1.73 sec compared to 1.29
sec).

Accessing Marshaled Image Data vs. Native Image
Access

Two large images were timed. The results for the means of ten
runs were computed. Image #1 is a 24-bit, 4264 x 5704 pixel
image. The results comparing marshaling (using LockBits) and
allowing native image access management (No LockBits) are
presented in Table 1. Both reading and writing were approximately
eight times faster when using LockBits (marshaling).

Table 1. Results for Image #1 (mean of 10 runs)

Reading Writing
No LockBits 38.00 sec 34.70 sec
LockBits 4.75 sec 3.97 sec
LockBits, pixel | 4.71 sec 3.84 sec
access only

Image #2 is a 24-bit, 2572 x 3696 pixel image. The results
comparing marshaling (using LockBits) and allowing native image
access management (No LockBits) are presented in Table 2.
Writing was again eight times faster when using LockBits
(marshaling), and reading was approximately 11 times faster.

Table 2. Results for Image #2 (mean of 10 runs)

Reading Writing
No LockBits 15.75 sec 15.91 sec
LockBits 1.43 sec 1.94 sec
LockBits, pixel | 1.41 sec 1.91 sec
access only

As both Table 1 and Table 2 indicate, the majority of the time
for the LockBits approach is in accessing the pixels (~98% of the
time used) and not in the actual marshaling of the data (~2% of the
time used).

Discussion and Conclusions

Downsampled-Segmentation vs. Native Resolution
Segmentation

For image processing tasks such as segmentation, it is not
surprising that performing segmentation at lower resolution results
in a significant speed-up in performance. It is worth noting,
however, that the down-sampled image contains only 1/16 as many
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pixels, but did not perform segmentation 16 times as quickly (0.90
sec mean compared to 11.7 sec mean).

When the down-sampled images were pre-segmented,
however, a significant speed-up (to just 0.016 sec mean processing
time) was observed. The relative timings of these different
processes are likely dependent on the hardware used: cache and
RAM configuration and extent are likely important variables to
consider, and are worth future work.

It is also worth noting that connected component boundaries
created for 75 ppi document images will in general be less accurate
than boundaries created for 300 ppi document images. However,
the minor cropping differences are probably not a reason to
preclude the clear performance provided by the down-sampling. In
fact, we have been able to extricate useful information for
scanning-related tasks with down-sampling to as little as 30 ppi,
for which more than 95% of the processing time is the down-
sampling itself.

C++ vs. Java

The second part of this paper compared and contrasted the
implementation of an imaging application written simultaneously,
line-for-line, in Java and C++. We considered UML, availability
and ease of integration of existing APIs, testing and prototyping,
UI, imaging and XML specification issues for comparing the two
development platforms. We found that while Java was consistently
an easier platform for which to find existing APIs, C++ offered an
advantage in overall integration. Java is in many ways a more
mature technology and for this certain advantages in image
processing and ease of XML development were noted. C++,
however, may provide a more consistent method of development
that some developers may find more comfortable. We also find no
advantage in the use of JNI vs. managed code wrappers
incorporating existing native code (e.g. in C++). Overall, we did
not find a broadly significant advantage to development on either
platform, and the 34% difference in performance was small
compared to that observed in the other experiments report herein.
The choice of the platform, therefore, should be based on, not
surprisingly, the developer’s skill set & deployment platform
issues.

That being said, there was a small but statistically significant
processing penalty in using Java for intense imaging tasks. C++-
based benchmarking completed in 25% less time. For an overall
mathematical model, therefore, it is deemed generally
advantageous to perform intensive imaging tasks on C++ or other
C-based compilers/interpreters.

Accessing Marshaled Image Data vs. Native Image
Access

The marshaling results were unequivocal. Using LockBits to
marshal the images into continuous memory resulted in nearly an
order of magnitude speed image reading and writing. This
approach is recommended for any printing and imaging tasks.
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Conclusion

Not surprisingly, some of the results presented indicate a
dependency on hardware architecture—the amount of cache and
RAM, for example. However, it is worth noting that none of the
images tested required a significant portion of available RAM. The
results presented herein suggest that down-sampling and
performance of image processing tasks at as low a resolution —
and, if possible, in pre-segmented regions — as possible is
warranted.

References

[1] Digital Printing Press for Commercial Printers: Xerox,
http://www.xerox.com/digital-printing/digital-printing-
press/enus.html, last accessed 27 June 2011.

[2] NexPress Digital Production Color Platform,
http://graphics.kodak.com/US/Product/Printers_Presses/Digital_Colo
r/default.htm, last accessed 27 June 2011.

[3] HP Indigo Digital Presses,
http://h10010.www1.hp.com/wwpc/us/en/sm/WF02a/18972-18972-
236257 .html, last accessed 27 June 2011.

[4] S. Simske, M. Sturgill, J. Aronoff and M. Vans, “Factors in a Security
Printing & Imaging Based Anti-Counterfeiting Ecosystem,” NIP26:
26th International Conference on Digital Printing Technologies and
Digital Fabrication, pp. 368-371 (2010).

[5] Sturgill, M. and Simske, S.J. “A Ground-Truthing Engine for
Proofsetting, Publishing, Re-Purposing and Quality Assurance,”
Hewlett-Packard Technical Report HPL-2003-234, available on-line
at http://www.hpl.hp.com/techreports/2003/HPL-2003-234.pdf
(2003).

[6] J. Kittler, J. Illingworth and J. Foglein, “Threshold selection based on a
simple image statistic,” Comp. Vision Graph. Image Proc., Vol 30,
pp. 125-147 (1985).

[7] EM. Wahl, K.Y. Wong, and R.G. Casey, “Block segmentation and text
extraction in mixed/image documents,” Computer Vision Graphics
and Image Processing, Vol. 2, pp.375-390 (1982).

[8] Cheyenne Mountain Zoo, http://www.cmzoo.org/

[9] S.J. Simske and S.C. Baggs, “Customized Capture: Techniques for
Automating Scanner Workflows,” ACM Symposium on Document
Engineering 2004:171-177 (2004).

[10] S.J. Simske and M. Sturgill, “A Ground-Truthing Engine for
Proofsetting, Publishing, Re-Purposing and Quality Assurance”,
ACM DocEng 2003, pp. 150-152 (2003).

[11] Free On-Line Dictionary of Computing (FOLDOC), Unified Modeling
Language, http://foldoc.org/UML, last accessed 29 June 2011.

Author Biography

Steve Simske is an HP Fellow and the Director and Chief
Technologist of the Document Lifecycle & Security Printing & Imaging
portfolio in Hewlett-Packard Labs. Steve is currently on the IS&T Board.
He is also an IS&T Fellow and a member of the World Economic Forum’s
Global Agenda Council on lllicit Trade. He holds more than 40 US
patents and has more than 250 peer-reviewed publications. He holds
advanced degrees in Biomedical, Electrical and Aerospace Engineering.

Technical Program and Proceedings 147



	Technical Programs and Proceedings
	Introductory Materials
	Copyright 2011; IS&T: The Society for Imaging Science and Technology
	Table of Contents
	Conference Committees
	IS&T Board of Directors
	Welcome to NIP27
	Conference Sponsors
	Welcome to Digital Fabrication 2011
	Week At-a-Glance
	Conference Exhibitors
	Special Events
	IS&T Corporate Members
	Corporate Member Conference Sponsors
	Technical Papers Program

	Keynote Talks for All Days
	Kenyon, Managed Print Services: Technology…pg.1
	Cahill, Evaluation of the Effectiveness…pg.2
	Allen, Digital Printing and Workflow Evolution…pg.6
	Shibata, Paper vs. Electronic Media: Work…pg.7
	Baumann, Printed Smart Objects and Their Digital…pg.11

	Electronic Paper and Paper-like Displays
	Wang, Photonic Crystal Display Materials…pg.12
	Pishnyak, New Developments in Full Color…pg.16
	Liu, Full Color Reflective Electronic Media…pg.20

	Color Science/Image Processing
	Shapira, ICC Profile Extension for Device…pg.24
	Lo, Robust Spectral Implementation…pg.29
	Gorji Kandi, The Effect of Paper Texture…pg.34
	Morovic, HANS – Unlocking New Print…pg.38
	Wu, Color Reproduction Capability…pg.41

	Advanced and Novel Imaging Systems
	Kanungo, Direct Electrostatic Toner Marking…pg.45
	Leoni, Small Dot Ion Print-Head…pg.50

	Ink Jet Printing: Processes Day 1
	Massucci, From Ink Bottle to Ink Drop: The Flow…pg.54
	Massucci, Nozzle Plate Observations…pg.59
	Hoath, Dependence of Drop Speed on Nozzle…pg.62
	Hsiao, Jetting, In-Nozzle Meniscus Motion…pg.66
	Tuladhar, Influence of Printhead Geometry…pg.70
	Khalate, Performance Improvement…pg.74
	Alecrim, Flexographic Ink Film's Resistance…pg.79
	Tembely, Towards an Optimization of DOD…pg.86
	Castrejón-Pita, Ultra-High Speed Particle Image…pg.93
	Voit, Evaluation of Crosstalk Effects…pg.97
	Kwon, Development of Inkjet Monitoring System…pg.101

	Toner-Based Printing: Processes
	Hamamoto, Effect of Transfer Roller Surface…pg.105
	Otsuka, A Study of "Deletion" Mechanism…pg.109
	Kawamoto, Pale Defect of Halftone Following…pg.113
	Sasaki, Non-Spherical Toner Behavior Simulation…pg.120
	DiRubio, Toner Adhesion State Control…pg.124

	Printing Services and Solutions
	Kawamoto, Numerical Simulation on Dynamics…pg.117
	Giannetti, OaaS: Optimization as a Service…pg.128
	Kothari, Toward a SLA-based Marketplace…pg.132

	(Mathematical) Modeling of Printing and Related Processes
	Whitney, Toner Charge and Environmental…pg.136
	Kemp, Analytical Modeling of Electrostatic…pg.140
	Simske, A Consideration of Real-Time Imaging…pg.144
	Sim, Wavelet Analysis and Modeling…pg.148
	Zhao, Computational and Experimental Study…pg.152
	Schupper, Modeling Hole Transport Mechanism…pg.156
	Tembely, Inkjet Printing of Fuel Cell…pg.160
	Wang, Numerical Simulations of Dielectric…pg.164
	Ito, Prediction Model of Paper Curl Formed…pg.168

	Methods, Tooling, and Processes
	Nielsen, Thermal Inkjet System to Enable…pg.172
	Tada, Application of Electrostatic Inkjet…pg.176
	Jones, Transfer Methods Toward Additive…pg.180
	Walters, Digital Fabrication of "Smart"…pg.185
	Blaudeck, Hybrid Manufacturing…pg.189
	Perelaer, Combined Sintering Approaches…pg.193

	Image Permanence
	Salesin, The Scratch Sensitivity…pg.197
	Eguchi, Abrasion Resistance of Aqueous…pg.201
	Burge, Effects of Nitrogen Dioxide on the…pg.205
	Gordeladze, The Effects of Various Adhesives…pg.209

	Track 1 Interactive Previews
	Hasegawa, Dependence of Rewritable…pg.213
	Inada, Performance Comparison of Readings…pg.217
	Kinjo, High Contrast Image Projection…pg.221
	Mori, Comparison of Eye Fatigue Among Readings…pg.225
	Lee, Edge Enhancement for Good Image Quality…pg.229
	El Asaleh, Customized ICC Output Profile…pg.233
	Shi, Strategy of Map Rapid Guarantee…pg.237
	Zhao, A Monitor Gamut Description Model based…pg.240
	Li, Study on Influence of Filter…pg.244
	Wang, Research on Color Matching of Real…pg.248
	Comstock, Reproducibility between Xenon Test…pg.251
	Comstock, Impact of Light Bleaching on Dark…pg.255
	Pu, A Modified Phenolic Resin…pg.259
	Chen, Digital Watermarking Security…pg.263

	Image Permanence continues
	Fricker, An Evaluation of the Humidity Test…pg.267
	Fowler, Weathering and Light Stability Testing…pg.271
	Mason, Communicating the Results of Image…pg.278

	Ink Jet Printing: Processes Day 2
	Watanabe, New Developments of Shear-Mode Piezo…pg.282
	Zhou, Nozzle Wetting Dynamics…pg.286
	Berson, Experimental Investigation…pg.290
	Lee, Development of Micromachined…pg.294

	Track 2 Interactive Preview
	Zhou, Green Plate Making Technology based…pg.298
	Jia, Research on Ink Droplet Placement…pg.300
	Schein, Two-Layer Multiple Trapping Model…pg.304
	Ahuja, Nano-indentation of Polycarbonate…pg.307
	Tai, Influence of Coating Paper Properties…pg.311
	Sun, Research on the Performance…pg.315
	Sun, Study on the Influence of Primary Ink…pg.319
	Jia, Investigation to the Influence…pg.322
	Gao, Study on Luminescent Properties…pg.324
	Yan, The Study of the Pigment Surface-modified…pg.327
	Zhang, The Effect of Resin on the Property…pg.330
	Pan, Research on Filtering Conditions…pg.332
	Taniguchi, Novel Approach to Thermal Transfer…pg.335
	Zhang, Study on the Soluble Properties…pg.339

	Ink Jet Printing: Processes Day 2 Continues
	Ellinger, Lateral Merging Continuous Inkjet…pg.343
	Seo, A Study on Drying Process of Ink…pg.347
	Etter, Membrane Keypad Printing…pg.351
	Baek, Study on Image Quality of Page Width…pg.356
	Morrison, Inkjet Printing of Non-Newtonian…pg.360

	Toner-Based Printing: Materials
	Kim, Effect of Additive Blending Temperature…pg.365
	Nash, A Model Analysis of the Triboelectric…pg.369
	Tan, Biobased-Chemical Toner Prepared from…pg.374
	Tsunemi, Effect of Negative Externally-Added…pg.378

	Track 3 Interactive Preview
	Killeen, Optimizing Developer Roll Design…pg.382
	Ahuja, Model of Toner Impaction and Developer…pg.386
	Karunanayake, Toner Charging Characteristics…pg.391
	Wang, The Research of Process…pg.395
	Jia, Study on the Influence of Printing…pg.399
	Ma, The Effect of Initiator on Deep Curing…pg.402
	Luo, The Study of the Influence…pg.405
	Sahagian, Rapid Determination of Cure Rate…pg.409
	Huang, Study on the Influence of Coated…pg.411
	Duan, Improvement of the Quality of Digital…pg.415
	Xu, Line Quality Analysis in Digital Printing…pg.418

	Toner-Based Printing: Materials continues
	Sankaran, Biotoners: Technology, Ecology…pg.422
	Ribes, Preparation of Chemically Prepared…pg.425
	Kamiyoshi, Novel Process for Aqueous-based…pg.429

	Printed Electronics
	Christenson, Direct Printing of Circuit Boards…pg.433
	Schuppert, Ink Jet Printing of Conductive…pg.437
	Wu, Inkjet Printed Silver Electrodes…pg.441
	Reinhold, Inkjet Printing of Electrical…pg.445
	Zipperer, Printed Electronics for Flexible…pg.452
	Feng, Characterization of Inkjet Printed…pg.454

	Printed Materials
	Eiroma, Development of Conductive Carbon…pg.458
	Büttner, Pre-Treatment of Silver Particles…pg.462
	Diel, Digital Printing of Phosphorescent…pg.466
	Carmody, Novel Low Temperature Copper Inkjet…pg.470
	Al Amar, Effects of Size on the Optical…pg.473

	Digtial Fabrication Interactive Papers
	Ha, Low Voltage, Printed, Flexible Circuits…pg.477
	Sato, New Digital Pad Printing Technology…pg.478
	Chen, Study on the Flow Testing Instrument…pg.482
	Natsuki, A Method to Prepare Silver…pg.485
	Sun, Surface Morphology and Conductivity Study…pg.489
	Tang, Preparation of Sliver Nanoparticles…pg.492
	Walters, Digital Fabrication of a Novel…pg.496
	Doubrovski, Exploring the Links between CAD…pg.500
	Schiffer, Industrial Ink Jet Printing…pg.507
	Xu, Manipulation of a Small Conductive Ball…pg.508
	Paulsen, High Resolution Conformal Printing…pg.512
	Wang, A Novel Chemically Amplified Positive…pg.516
	Zichner, 3D RFID Transponder Antennas for Smart…pg.519
	Kipman, Low Cost In-Situ Drop Analysis System…pg.522
	Liang, Preparation and Optical Spectroscopy…pg.528

	Commercial Printing and Digital Packaging
	Sanz, Technical Evolution of Ceramic…pg.532
	Takenaka, New Technologies for Printed…pg.537
	Clippingdale, Meeting the Challenges…pg.540
	Simske, Printed Antennas for Combined RFID…pg.544
	Heilmann, Comparison of Print Durability…pg.548
	Qiao, An Image Processing Method that Enables…pg.552
	Nossent, A Breakthrough High Speed Wide Format…pg.556

	Photoelectronic Imaging Materials and Devices
	Seino, Depletion Charging and Surface…pg.557
	Fukuda, Effect of  &omega;-hydroxyl Group…pg.561
	Uehara, A New Sensor Adjacent Methodology…pg.564

	Ink Jet Printing: Materials
	Vadillo, The Effect of Inkjet Ink Composition…pg.568
	Ilmonen, Eco-friendliness of Inkjet Inks…pg.573
	Shakhnovich, Reactive Heterocyclic Diazonium…pg.576
	Cross, Thermal Inkjet &ndash; Can the Ink…pg.579
	Nauka, "Tweaking" the Pigment Color…pg.583
	Annable, Polymer Stabilized Pigment…pg.586

	Printing Systems Engineering/Optimization
	Kuo, Adaptive Digital Press Optimization…pg.590
	Chaurasia, Roller Surface Morphology and…pg.594
	Lee, Assessment of Resistivity Uniformity…pg.598
	Okano, Liquid Cooling Technology…pg.602
	Kuo, Calibration Color Patch Reduction…pg.606
	Ecer, Simulation of Toner Manufacturing…pg.610
	Matsumoto, Modeling of the Paper-wrinkle…pg.612
	Boley, Direct Binary Search for Print Mask…pg.616
	Martin, Holographic Measurement…pg.620
	Casaldaliga, HP's Optical Media Advance…pg.624

	Novel Applications and Topics
	Natividad, Magnetic Cell Separation by Inkjet…pg.628
	Yanez, Printable Biodegradable Hydrogel…pg.632
	Bollström, Towards Paper Electronics…pg.636

	Energy and Photovoltaics
	Ren, Inkjet Technology for Large-Area OPV…pg.640
	Haenel, R2R-Technologies for the Production…pg.644
	Khatri-Chhetri, Printed Fuel Cell Electrodes…pg.645
	Reinhold, Inkjet Printing of Isolation Layers…pg.651
	Liu, Discovery of a New Catalyst…pg.655
	Umezu, Fundamental Characteristics…pg.659
	Rodriguez, Direct Etching - Targeting…pg.662

	Thermal Printing
	Terao, Study of Performance Improvement…pg.666
	Kato, Development of High Quality True…pg.670
	Yamamoto, Development of Durable and High…pg.674
	Terashima, New D2T2 Photo Printing Material…pg.678

	Security and Forensic Printing
	Simske, Staggered and Dual-Channel Barcodes…pg.682
	Simske, Variable Data Void Pantographs…pg.686
	Aronoff, Automated Optimization of Void…pg.690
	Wood, Why Isn't Digital Printing Secure?…pg.694
	Adams, 2D Barcode Sub-Coding Density Limits…pg.696
	Ulichney, Tracing the Source of Printed…pg.700
	Verkouteren, Ink Jet Metrology: New…pg.705

	Design for Environmental Sustainability
	Bousquin, Life Cycle Analysis in the Printing…pg.709
	Williamson, The Future of Toner: Life-Cycle…pg.716
	Fischer, Recent Developments in the Deinking…pg.719
	Bhattacharyya, Fatty Acid based Alkaline…pg.722
	Sobotka, The Impact of 20 Years Environmental…pg.726
	Etheridge, Carbon Footprint Analysis Comparing…pg.728
	Kariniemi, Communicating Environmental…pg.732
	Hausmann, Sustainability of the CEWE PHOTOBOOK…pg.736
	Gambeta, Exploring Existing Measures…pg.741
	Wingkono, Surface Treatment to Improve Print…pg.747

	Fusing, Curing, and Drying
	Eichhorn, Nanoscale Testing of  Specialized…pg.750
	Kim, 2D Thermal Analysis to Predict…pg.755
	Eichhorn, Fuser Roller Core and Drive Collar…pg.761
	Avrushchenko, Super Soft, Very Low Compression…pg.764
	Battat, Image Fix Model for Belt Fusing System…pg.767
	Kim, Induction Heating Technology for System…pg.772

	Print and Image Quality
	Sender, Automatic Troubleshooting…pg.776
	Whitney, Calibration Technique for Accurate…pg.780
	Nachlieli, Perception Guided Automatic…pg.784
	Chen, Research on Moiré Fringe in Frequency…pg.788
	Gamm, An Analysis of the Factors Influencing…pg.791
	Farnand, Perceived Image Quality of Printed…pg.797

	Special Topics: Digital Fabrication and Smart Packaging
	Simske, Smart Packaging for Security…pg.801
	Stanic, Integration of 2D Codes in Paper…pg.805
	Nelson, Metal Oxide Transistors with Good…pg.808

	3D Printing and Prototyping
	Hammerschmidt, Micro-Three-Dimensional…pg.811
	Huson, 3D Printing of Ceramics for Design…pg.815
	Southerland, Edible 3D Printing…pg.819
	Puukko, Digital Decoration of Consumer…pg.823


	Author Index



