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Abstract 
We released a specification of a new voxel-based data 

format “FAV” (fabricatable voxel) in July, 2016. 3D model data 
of FAV format is comprised of a voxel which is a three 
dimensional picture cell. This representation differs from a 
mesh-based data format like an AMF, 3MF which are recently 
proposed or STL which has been used as the ‘de facto’ standard 
so far. In addition, we are proposing to more effectively utilize 
abilities of current 3D printers using a fabricatable voxel which 
is retaining optimized information to be used for fabrication. 
Utilizing a FAV format, we can realize modeling a 3D model 
data not only surface but also internal structure and various 
attributes such as materials to use, full-color information, 
connection intensity for each voxel, and so on. Furthermore, it 
can utilize several processes such as design (CAD) and 
simulation (CAE) mutually and seamlessly without data 
conversion from FAV format. 

In this paper, we introduce a framework of FAV format and 
structures that FAV can represent. You can design as you like, 
in detail, regardless of the inside or outside, intensively and 
minutely using a FAV format. Moreover, FAV format can 
concurrently maintain three dimensional complicated 
information of shape and attributes. Accordingly, it is available 
to be applied to various image processing like a three 
dimensional half-toning, and to enhance expressiveness of 3D 
printers. 

Introduction  
Additive manufacturing, so-called 3D printing, has been 

attracting much attention in recent years. 3D printing has many 
advantages over traditional subtractive manufacturing methods. 
For example, manufacturing abilities with not only mixing 
various materials but also complex tangled structures and 
internal structures are listed as above mentioned advantages. By 
maximizing the potential of 3D printers, it is expected to explore 
a new method for creating something only by 3D printers with 
ease, high accuracy and high productivity. 

Discussion about 3D data format is one of the activities for 
managing a 3D printer effectively. Stereolithography (STL) has 
been used as the ‘de facto’ standard data format to output on a 
3D printer for a long time. However, an STL file can keep data 
of a surface figure only, but can’t hold any information of 
colors, materials or internal structures which can be reproduced 
by recent 3D printers. And it has been recognized as a major 
problem of STL files. New 3D data formats, AMF and 3MF, 
have been proposed in order to improve this problem [1][2].  

AMF and 3MF can dispense color or material in various 
specified methods using a predetermined ratio on each mesh or 
part, gradation pattern astride plural meshes, linear or cyclic 
pattern in conformity with formula. Besides, these formats can 

assign complex and bright color information on surface using 
texture mapping. However, these methods still has concerns 
because they are assigning only surface. It is limited to an 
internal structure and attributes are complemented or estimated 
from surface definition. It is difficult to utilize the formats, for 
example, for separation by color for internal multi-layered 
structure, or modeling to vary material distributions on each 
position. 

These formats also have specified methods for modeling 
internal structure into solid, for instance, using a formula or 
specifying shape of infill pattern. (Fig.1) However, any method 
cannot design internal structure freely because it infills all of 
inside the surface model with the same pattern. It is difficult to 
represent minutely or complicatedly a three-dimensional 
structure, such as variations of internal structure on each 
position, designs even with microstructure.  

As mentioned above, several definition methods to 
represent three dimensional structures to effectively utilize 3D 
printers, however it cannot completely utilize all abilities of 
current 3D printers. This results from an AMF, 3MF recently 
proposed are ever mesh-based data format just like with STL. 

In this paper, we propose a new voxel-based data format 
“FAV” (fabricatable voxels) which can design complex internal 
structures freely and control attributes of 3D model. The new 
format “FAV” represents 3D model by buildup of three-
dimensional volume cells (voxels) in a similar way to images 
consisting of arranging 2-dimensional picture cells (pixels). In 
this manner, representing 3D model by voxels makes modeling 
or simulating much easier. [3] 

Fig.1 Various internal structures with repeated same patterns. The 

conventional method infills all of inside the surface model with the same 

pattern. 

Voxel-Based Data Format FAV 
We released a specification of a new voxel-based data 

format “FAV” in July, 2016. It realizes that 3D model is 
sterically buildup of voxels which have optimized information to 
be used for fabrication (fabricatable voxels) and external / 
internal structures and attributes are represented freely and in 
detail.  

Optimized information to be used for fabrication refers to 
the following things. 
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・ All three-dimensional positions have a definition of 
necessary information for fabrication such as a shape, 
materials, colors, connection intensities, and so on 
regardless of the inside or outside of 3D model. 

・ Some processes like a design (CAD), simulation (CAE) are 
carried out seamlessly and interactively without wasting 
data by data conversion. 

FAV format is 3D model data which has these conditions. 
FAV format are described in XML. Tree structure of each 

element and attribute of XML are shown in figure 2. Each node 
in the tree or each code < > in the explanatory text indicates 
‘Element’, and each bracket in the ‘Element’ or bracket ( ) 
means a given ‘attribute’ to the ‘Element’. 

FAV format defines 3D model data by the following steps. 

1. Register basic information to <palette>. 

2. Define <voxel> using some basic information on <palette>. 

3. Carry out modeling of a three-dimensional structure and 
attributes by buildup of <voxel> on a three-dimensional 
grid. 

We will explain each element in the tree structure below. 

<metadata> 
It can store some metadata such as <author>, <license>, 

<title>, etc. These metadata required for data distribution or data 
utilization are useful to guarantee the reliability, appropriate 
license management, and so on. 

<palette> 
It registers basic information like geometries and materials 

for preprocessing to comprise 3D model data by FAV format. 

＜geometry (ID, Name)＞ 
On this element it defines a voxel <shape> used by FAV 

file, and <scale> for grid cell which arranges voxels. It can 
define an arbitrary shape by referring to an external file. A 
geometry (ID) is referred by <voxel>. 

＜material (ID, Name)＞ 
On this element it defines material information used by 

FAV file. In the case of commercialized products used, uniquely 
determined information like a product name, product code, or 
URL of material information can be drawn, as well as material 
kinds like an ABS, PLA, or ISO standard. A material (ID) is 
referred by <voxel>. 

<voxel (ID, Name)> 
On this element it defines a voxel unit used by FAV file. A 

voxel refers to an (ID) prescribed at <geometry> and 
<material>. In case of hybrid materials used, plural <material> 
defines with <ratio>. Moreover, a voxel can hold arbitrary 
properties. Both three-dimensional structure and attributes can 
be represented simultaneously by buildup of voxel unit which is 
defined here. 

<object (ID, Name)> 
On this element it defines an actual 3D model data in FAV 

format. The 1st step defines a grid which is the space to buildup 
of voxels and the 2nd step defines a structure in this grid. (Fig.4) 
Structures are divided to define <voxel_map> which expresses 
shapes and attributes, <color_map> which expresses full-color 
information, and <link_map> which expresses connection 
intensities. Additionally each map is defined separately by layer. 

Fig.2 Tree structure of XML elements managed by FAV data format. 

<object> refers to <voxel>, and <voxel> refers to <palette>. 

Fig.3 3D model data in FAV format is represented by buildup of voxels. It 

can design internal structures, materials, colors concurrently as well as the 

shape of a 3D model. Hybrid materials are available by defining plural 

materials with ratio. 
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Fig.4 An object which is defined as a structure in a grid. 3D model data is 

defined by being divided into <voxel_map>, which shows the shape, 

<color_map>, which shows color information, and <link_map>. 

Fig.5 The meaning of each element in <grid>. <origin> defines a distance 

from the origin of the global coordinate system of <grid>. <unit> is used for 

specifying the size of a cell for <grid>. <dimension> defines the entire size 

of a grid. The size is specified by determining the maximum number of 

voxels that can be arranged in a grid. This means that the size of an actual 

grid in the global coordinate system can be calculated by multiplying the 

cell size defined in <unit> by the number of cells defined in <dimension>. 

Fig.6 Samples of one layer’s structure data part of the object which is 

defined by three kinds of maps.  

 <voxel_map (bit_per_voxel=8)> 

0101000000000001010000…020200000002020202 
Whether a voxel exists at each position of x axis (<dimension.x>) in 

a grid is to be specified by specifying the values of (id) of <voxel>. These 

two hexadecimal characters express one voxel. 

<color_map (color_mode=”RGB”)> 

830025810027760032910017…1f00891c008c1300960c009c 
Color information for each voxel listed in <voxel_map> is to be 

specified in accordance with the format specified by (color_mode). These 

six hexadecimal characters express colors of one voxel in RGB format. 

<link_map (neighbors=6)> 

000000c864ff006400c800ff…0064c80064ff0064c80000ff 
Link information is defined by <link_map> in the format specified by 

(neighbors) for each voxel listed in <voxel_map>. These 12 hexadecimal 

characters express one voxel link information of 6 neighbors. 

＜grid＞ 
On this element it defines a grid which is the space to 

buildup of voxels. Meaning of each element that defined on 
<grid> are described on Fig.5. 

<structure (Compression)> 
On this element it defines structures of 3D model data to be 

mapped on each layer in a defined grid space. Fig.6 is sample 
data of one layer part of 3D model data represented by two 
kinds of voxels. 

- <voxel_map (bit_per_voxel)> 
On this element it defines structures of object themselves 

by mapping voxels which store some attributes. When 
indicating that data exists, the (id) of <voxel> is to be 
specified, in a similar way when indicating that data doesn’t 
exist, 0 is to be specified. A voxel map data of one layer is 
comprised of connected voxel lines for number of dimension.y 
which arranged for number of dimension.x. 

- <color_map (color_mode)> 
On this element it defines full-color information that 

object should be held not only for display but also for 
materialization by 3D printing. Specifying (color_mode) from 
object uses color mode about Grayscale, RGB, CYMK, for 
instance.  

When specifying the 0 that represents voxel doesn’t exist 
on voxel map, it is omitted to specify color information on 
color map. A color map data of one layer is comprised of 
connected color value lines for number of dimension.y which 
is arranged for number of dimension.x. 

- <link_map (neighbors)> 
On this element it defines link information of each voxel 

which comprises this object. Link information is a value of 
expression about strength of relationship like a connection 
intensity of each voxel. It is possible to make more highly 
accurate structural analysis, or generate an optimized tool path 
for 3D printing. Any neighbors of 6, 18 or 26 by a (neighbors) 
attribute are specified based on how many neighbors one 
voxel can hold link information.  

When the 0 that represents voxel doesn’t exist on voxel 
map is specified, it is omitted to specify link information on 
link map. A link map data of one layer is comprised of 
connected link value lines for number of dimension.y which is 
arranged for number of dimension.x. 

These mapped data may select a compression method by a 
(compression) attribute when saved in FAV files. For example, 
there are uncompressing: none, and compressing method: 
Base64, ZLIB. 

  Up to this point we explained briefly a data structure of 
FAV. The detailed FAV format specifications are released now. 

Effects of FAV 
We describe effects to be obtained from representing 3D 

model data using FAV format that we proposed. 
First, Fig.10 (a) is a 3D model represented by the 

conventional mesh-based method. This data stores only surface 
information, and definition of attributes is limited to surface 
only. 

Fig.10 (b) is a 3D model converted to FAV from (a). In this 
case the model is converted so that the inside becomes solid, 
also it can convert to become only surface, or enable infilling 
with repeated same patterns. 
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Fig.10 (c) is an arbitrary 3D model defined by FAV format. 
We get a free design of internal structure like Fig.10 (d) using 
Boolean operation among these plural model (b) and (c) for 
instance. 

Fig.10 (e) is a combination ratio design of hybrid material 
defined by FAV format. We can get a model like Fig.10 (f) by 
blending material distribution to three-dimensional 
configuration after designed separately. 

It enables modeling separately so as to be easy to 
understand and merge plural structures of attributes like Fig.10 
(b) to (f) such as external / internal shapes, colors, materials, and 
so on. Of course all of attributes can be modelled together. 

Fig.10 (g) is a result of physical simulation using (f). Model 
data which designed intensively an internal structure, material 
distribution, connection intensity of each voxel, can make a 
structural analysis that has high precision. 

Fig.10 (h) is a 3D model which is a modified design to 
reflect the result of simulation using (g). FAV makes users 
possible to carry out several modelings freely and intensively 
such as changing a material with high amounts of distortion to 
harder one, making structure changes for reinforcement, 
removing internal cavities to release a pressure, and so on. 
Furthermore, the users get a seamless and interactive process 
that provides both physical resimulation using a modified model 
and redesign to reflect the result of the simulation. 

Fig.10 (i) is samples of microstructures represented by 
composing plural kinds of voxels or composing the state of 

existence. These microstructures are defined for other model 
structures to enable to design complicated things that have never 
been fabricated until now, simulate performances, and fabricate 
actual things. 

FAV format which provides both three-dimensional shape 
and full-color information are available to apply various three-
dimensional equivalent image processing like a half-toning 
[5][6].  

As mentioned above, you can design as you like, in detail, 
regardless of the inside or outside, intensively and minutely 
using a FAV format that we proposed. Moreover, FAV format 
can concurrently maintain three dimensional complicated 
information of shape and attributes. Because of this, users can 
utilize several processes such as design (CAD) and simulation 
(CAE) mutually and seamlessly without data conversion from 
FAV format. 

Conclusion 
The detailed FAV format specifications are released in 

July, 2016. Besides, Fab3D[7](Fig.8) which is a cross search 
engine has approximately sixty thousand 3D data whose 
secondary use is allowed by license among 3D data of the world 
makes us enable to use by FAV format. 

We also intend to provide some software which can design 
3D model by accumulating voxels, transfer existing mesh-based 
data to FAV, design and edit FAV, make a physical simulation 
using a FAV or create slicing data for 3D Printers. 

(a) (b) 

(c) 

(d) (e) 

(f) (g) (h) 
(i) 

Convert Subtract 

－ ＝ 

Blend 

× 

Simulate 
Reflect & simulate 

interactively 

Fig.7 Intensive 3D structure modeling and seamless data flow to 3D printers using FAV format. (a) An existing mesh-based data. (b) A cross section of 

a solid 3D model data which is converted to FAV. (c) An arbitrary 3D model by FAV equivalent of (b). (d) The result of design by subtracting (c) from (b). 

(e) Definition of distribution for hybrid material. (f) The result of design by blending material distribution (e) to three-dimensional configuration (d) after 

designed separately. (g) An image of physical simulation using (f). (h) A seamless and interactive process that provides both physical resimulation using 

a modified model and redesign to reflect the result of the simulation. (i) Samples of microstructures represented by composing plural kinds of voxels or 

composing the state of existence. 
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In the future, we will examine a solution to a well-known 
issue about voxel data size that is becoming large. For example, 
a compression technology for image which is comprised of two-
dimensional pixel to apply to 3D model which is comprised of 
three-dimensional voxels. Besides, we will study new modeling 
methods to design or edit complicated 3D structure and many 
attributes effectively. And we will work on enhancing software 
to utilize FAV and expanding FAV specification. 

Acknowledgement 
This research is partially supported by national research 

grant named COI (Center Of Innovation), Center of Kansei-
oriented Digital Fabrication Project hosted by Keio University. 

References 
[1] ADDITIVE MANUFACTURING FILE FORMAT. AMF - home. 

http://amf.wikispaces.com/ 
[2] 3MF CONSORTIUM. 3mf specification. http://3mf.io/what-is-

3mf/3mf-specification/ 
[3] J. Hiller, H. Lipson, "Dynamic Simulation of Soft Heterogeneous 

Objects", arXiv (2012), id: 1212.2845v1. 
http://arxiv.org/pdf/1212.2845v1.pdf 

[4] T. Tomonari, A. Masumori, M. Fujii, H. Tanaka, “An Internal 
Structure and Attributes Provided by Voxel-based 3D Data Format 
FAV (Fab-able Voxel”, ICJ (2016), A-16 pp.33. 

[5] Alan Brunton, Can Ates Arikan and Philipp Urban, “Pushing the 
Limits of 3D Color Printing: Error Diffusion with Translucent 
Materials”, arXiv (2015), id: 1506.02400v2. 

[6] C. Lin, Y. Sie, T Lin, P. Sun, “Slicing and Halftoning Algorithm 
for High Quality Color 3D Printing”, IDW (2015), pp.445. 

[7] Keio University Shonan Fujisawa Campus Social Fabrication 
Laboratory, Fab3D (3D data cross search engine), http://fab3d.cc/ 

Author Biography 
Tomonari Takahashi obtained his masters in software 

and information science at Iwate prefectural University in 
2008. His research field is human computer interaction using 
images or movies. He joined Fuji Xerox in 2008 and started 
development of application software for electronic devices. He 
focuses on research of 3D data handling. 

Fig.8 Fab3D which is a cross search engine. It has approximately sixty 

thousand 3D data whose secondary use is allowed by license among 3D 

data of the world makes us enable to use by FAV format. 

128 © 2016 Society for Imaging Science and Technology


	INTRODUCTORY INFORMATION
	Copyright 2016
	ISBN: 978-0-89208-323-7 (usb stick)
	Table of Contents
	Conference Sponsors
	Exhibitors
	Conference Committees
	Week At-a-Glance
	Technical Papers Program
	IS&T CORPORATE MEMBERS
	CorporateMember Conference Sponsors

	AUTHOR INDEX
	KEYNOTE AND INVITED TALKS
	Novoselov, Materials in the Flatland…pg.1
	Weber, HP’s Jet Fusion 3D Printing Technology - Enabling the Next Industrial Revolution…pg.2
	Sirringhaus, Low-Temperature Organic and Oxide Transistors for Printable Electronics…pg.3
	Kyogoku, The Objectives of a National Project of ‘Manufacturing Innovation through Development of Next Generation 3D Printers’ in Japan…pg.4
	Groll, Materials and Fabrication Methods for Biofabrication…pg.5

	DIGITAL FABRICATION AND 3D PRINTING TRACK
	3D Printing and Additive Manufacturing I
	Baek, Material Jetting 3D Printing Process by Thermal Inkjet Head…pg.6
	Takagishi, Finishing Processes of Fused Deposition Modeling (FDM) 3D Printer…pg.10
	Norikane, Three Dimensional Inkjet Fabrication of Nano-Composite Hydrogel…pg.14
	Tokito, Newly Developed Printing Technologies for 3D Printed Electronics…pg.18
	Simske, Inkjet Printing and the Steady State Macroscopic Mechanical Energy Balance (SSMMEB) Equation…pg.21
	Song, Implementation of the Four-Flux Model for Spectral and Color Prediction of 2.5D Prints…pg.26
	Schuster, Development of Inks Suitable for the Manufacturing of Micro-Scale Polyurethane Foams…pg.31
	Taniguchi, On-Demand-Like FDM 3D Printhead Consideration…pg.37
	LedesmaFernandez, 3D High Viscosity Jetting of Functional Materials…pg.41
	Liniger, Advancements in Inkjet Technology for Materials Deposition and Manufacturing…pg.48
	Hoshino, Depth Feeling Dependence on Array Condition of Objects…pg.52

	3D Printing and Additive Manufacturing II
	Weber, Fine Particulate and Chemical Emissions from Desktop 3D Printers…pg.121
	Takahashi, Intensive 3D Structure Modeling and Seamless Data Flow to 3D Printers Using Voxel-based Data Format FAV (Fabricatable Voxel)…pg.124
	Johnson, Polymer Spray Deposition: A Novel Aerosol based Electrostatic Digital Deposition System for Additive Manufacturing…pg.129
	Slomowitz, The Impact of 3D Printing on US Copyright and Trademarks…pg.134
	Norazman, Estimation of High Speed Sintered Nylon-12 Tensile Strength Using Visible Reflectance Spectroscopy…pg.137
	Downey, Spinal Bracing for the Future…pg.138
	Sasaki, Coated Powder based Additive Manufacturing Using Inkjet Technique…pg.139

	Printed Electronics I
	Hodgson, Offset Printing of Conductive Features onto Paper Substrates…pg.143
	Hakola, Inkjet Printable Anode Ink for Fuel Cell Applications…pg.149
	Zhou, Analysis on Printed Electronics Circuit Design…pg.153
	Pleaa, Fabrication of Printed Switches…pg.156
	Molaire, A Novel Printable Process for Fabricating Large Size OLED Display…pg.160
	Danesh, Low-Voltage Printable OFETs for Sub-ppm Detection of Ammonia under Humid Conditions…pg.162

	Printed Electronics II
	Bollgruen, Optical Waveguides Fabricated by Combination of Inkjet and Flexographic Printing…pg.294
	Hartwig, Investigation on an Inkjet Printed Passive Sensor for Wireless Ice Detection on Wind Rotor Blades…pg.298
	Nishi, Flexible Pressure Sensor Driven by All-Printed Organic TFT Array Film…pg.305
	Mitra, Intense Pulsed Light Sintering of an Inkjet Printed Silver Nanoparticle Ink Depending on the Spectral Absorption and Reflection of the Background…pg.309
	Oda, The First International Standards for IEC/TC 119 Printed Electronics Materials Substrate and Conductive Ink…pg.314
	Kobayashi, Multicolor Electrochromic Device with LSPR of Silver Electrodeposition Toward Color Reflective Display…pg.319

	Printed Sensors
	Belsey, Switchable Passive Wireless Vapour Sensors from Inkjet Printed Electronic Components on Poly(dimethylsiloxane)…pg.323
	Jakovljevic, Packaging Added Value Solutions by Thermochromic Liquid Crystal-based Printed Labels…pg.325
	Araujo, A Part Complexity Measurement Method Supporting 3D Printing…pg.329
	Guo, Watermarking Embedding Algorithm for Color QR Code based on Image Normalization and Contourlet Transform…pg.335
	Wang, Inkjet Printed Micro Saddle Coil for MR Imaging…pg.339
	Koivunen, Inkjet Printed Polyelectrolytes for Microfluidic Paper-based Analytical Devices…pg.343


	DIGITAL PRINTING TECHNOLOGIES TRACK
	Inkjet-Based Processes I
	Kwon, Evaluation Method of Inkjet First Drop Dissimilarity…pg.56
	Reinhold, Measurement of Inkjet Printhead Reliability by Detecting Every Single Droplet in Flight…pg.60
	Turner, Titanium Oxo-alkoxide Clusters as a New Source Material for High Quality TiO2 Structures by Inkjet Printing…pg.64
	Li, Reproduction of HDR Image on Paper Medium Using Inkjet Printer…pg.68
	Chen, Interaction of Sequential Pulsed Electrohydrodynamic Jets for Drop-on-Demand Printing…pg.71
	Kido, Development of New Aqueous Resin Ink for Sign Graphics…pg.75
	Morita, Breakthroughs Required in Piezo-on-Demand Inkjets for Production Printing: Satellite Drops, Ink Penetration, and Evaporation…pg.79
	Liu, Influence of Z Number and Pulse Voltage on Drop-on-Demand Inkjet Printability…pg.83
	Ishihara, Laser Drying Technology Applied to Improvement of Density Variation on Offset-Coated Paper…pg.85
	Wickström, Application of Antibacterial Coatings on Resin Composite Implant Materials Using Inkjet Printing Technology…pg.89

	Inkjet-Based Processes II
	Best, Key Design Considerations for Measurement of Drops-in-Flight Using Machine Vision…pg.165
	Kazmierski, Inkjet Printing onto Patterned Substrates…pg.170
	Samusjew, Inkjet Printing of Elastomeric Optical Waveguides…pg.175
	Liu, Improved Color Performance of Reactive Dye Inkjet Printing on Cotton Fabrics by Controlling Ink Droplets Spreading…pg.177
	Dijksman, Refilling Characteristics of High Frequency Piezo Driven Inkjet Print Heads…pg.181
	Ding, Textile Inkjet Printing to Support US Manufacture Reshoring…pg.189
	Hoath, Multi Pulse Train Modelling of Piezo-Drop-on-Demand Inkjet Print-Head Response…pg.194
	Chu, The Effect of Paper's Properties on the Dot Reproduction of Image in Inkjet Printing…pg.203
	Crankshaw, Ink Recirculation – Xaar TF Technology™: A Study of the Benefits…pg.207
	Palo, Development of Wound Dressings for Biofilm Inhibition by Means of Inkjet Printing…pg.212

	Workflow
	Kuo, Optimized Image Rendition with White Colorant in a Digital Electrophotographic Printing Process…pg.217
	RojasArciniegas, Development of a Supervision System: Towards Closing the Control Loop in 3D Printing Systems…pg.221
	LeGaludec, Functional Coating Developments for the Digital Manufacturing Age…pg.227

	Printing and Fabrication Principles and Processes
	Ravasio, Meniscus Motion Inside a Drop-on-Demand Inkjet Print-Head Nozzle…pg.348
	Till, Digital UV Printing of 3 Dimensional Objects at High Speeds…pg.353
	Chang, Geometric Element Test Targets (Getts™) for Determination of 3D Printers’ Resolutions…pg.354
	Yang, Inks of Organic Cu-Precursors with Short Carbon Chain…pg.359
	Battat, Elastomer Fatigue in Belt Fusing…pg.360
	Komatsu, Toner Mask Method for Imaging on Niobium…pg.366
	Nakamura, Control of Titania Layer of Dye-Sensitized Solar Cell (DSC)…pg.370
	Huson, 3D Printed Ceramics: Current Challenges and Future Potential…pg.374
	Harlen, Simulations of Drop Formation in Complex Rheological Fluids - Can Rheology Improve Jetting Performance?…pg.378

	Ink Substrate Interactions
	Mielonen, The Effect of Nanoparticle Binders and Modified Precipitated Calcium Carbonate on Ink Absorption Behavior in a Multilayered Coating Layer…pg.457
	Kasperchik, Inkjet Alchemy - Inkjet Printing of Thin Metal Oxide Films with Dichroic and Metallic Appearance…pg.461
	He, Controlling “Coffee Staining” Effect of Inkjet-Printed Droplets from Graphene Oxide Inks…pg.466


	MATERIALS, METHODS AND PERFORMANCE TRACK
	Metrology Tools for Digital Printing Processes
	Martin, Measurement of Inkjet Drop Volume -- The Role of Image Processing…pg.94
	Ebihara, Development of a Small Built-in Spectrophotometric Sensor for Color Printers…pg.103
	Lin, A New Out-of-Gamut Determination Method of Image based on Irregular Segmentation…pg.107
	Fukue, Basic Study on Evaluation Method of Thermal Conduction through Printing Papers Using 1-Dimentional Thermal Conductivity Measurement…pg.112
	Minegishi, Study on Visibility of Density Unevenness in Printed Images Affected by Characteristics in Input Images…pg.116

	Performance of Print Products (Quality, Robustness, Permanence, and Functionality
	Suzuki, The Relationship between Dispersion Stability and Print Qualities on the Coated Paper…pg.229
	Momose, Visualization and Quantitation Technology of Carbon Black Dispersion State in Intermediate Transfer Belt Using Confocal Laser Scanning Microscope…pg.233
	Mizutani, Development of Image Quality and Reliability Enhancing Technology for 29 x 23 Size Digital Inkjet Press ?KM-1?…pg.237
	Otsuki, Motion Illusion Brought by Arrays of Arrowhead Patterns…pg.241
	MicoVicent, Evaluating Gonio-Appearance in Advanced Printing Materials with Quality Control Procedures and Instrumentation Used for Automotive Coatings…pg.245
	Nikitichev, 3D Printing in the Development of an Endoscopic Probe…pg.251
	Kaneko, Quantification of Faithful “Color Appearance” Reproduction, and Application to New Products…pg.255

	Physics and Chemistry of Materials I
	Yamada, Dispersion Control of Liquid Toner by Dispersant and Analysis of Adsorption Structure…pg.259
	Jackson, Understanding Dynamic Relaxation of Inks at a Timescale Relevant to High Frequency Drop-on-Demand Printing…pg.264
	Sharma, Inkjet Printed MoS2 Electronics…pg.269
	Wang, Preparation and Application of Polyurethane Polymer Modified by Nano Silica…pg.270
	Nie, Shape Control Synthesis of Silver Hierarchical Microcrystals…pg.274
	Johns, Inkjet Printing with Inks that Phase Separate during Drying…pg.275
	Davies, Semi-Conductive Printing Rolls for Improved Print Quality…pg.281
	Yoo, Predicting Paper Wrinkles in Fusing Process of Laser Printers Using Dynamic FEA…pg.282
	Ataeefard, Preparing Anti-Bacterial Printing Toner via Emulsion Aggregation Method…pg.286
	Li, Synthesis of Guar Gum Derivatives in [BMIM]Cl Ionic Liquids and Their Application on Pulping and Papermaking…pg.291


	Colleague Connections: Overview of the UK Innovation Landscape
	DIGITAL PRINTING APPLICATIONS TRACK
	Security Printing
	Hodgson, Security Print Features based on Additive Manufacturing - Threat or Opportunity?…pg.382
	Ulichney, Effect of Non-Integer Scaling on the Recovery of Data Bearing Marks…pg.386
	Mizen, Comparison of Technologies for Card Printing Applications…pg.392


	BIOPRINTING
	Bioprinting I
	Stier, Dispensing of Hydrogel Ink onto Electrospun Biodegradable Paper for Biomedical Applications…pg.397
	Zhang, Regenerated Silk Fibroin as Inkjet Printable Biomaterials…pg.406
	Robertson, 3D Printed Ultrasound Phantoms for Clinical Training…pg.410
	Zou, A Method for Detecting the Fluorescence-Emission Wavelength and Visualization of Biological Traces…pg.416
	Edney, The Use of Inkjet Printing and Thermal Phase Change Inks to Create Sacrificial Prevascular Networks…pg.419
	Lehmann, Novel Approach for Predicting Coffee-Ring-Effect in Drying Droplets based on Binary Solvent Mixture from Substance Data…pg.424
	Boland, In Vivo Characterization of Bioprinted Capillaries…pg.428

	Bioprinting II
	Dodoo, Effect of Thermal Inkjet Printing on Bacterial Cells…pg.402
	Subramaniyan, Fabrication of ZrO2-SiO2 Binary Oxides Scaffold by Inkjet Printing for Bone Tissue Engineering Applications…pg.429
	Nikitichev, Placenta Vasculature 3D Printed Imaging and Teaching Phantoms…pg.431
	Li, Printed Electronics and 3D Printing as New Manufacturing Technologies - New Opportunities for Bio-based Materials…pg.435
	Tse, Reactive Inkjet Printing Applications for Tissue Engineering…pg.442
	RodriguezDevora, Growth-Inhibitory Effect of Chemotherapeutic Drugs Dispensed by Inkjet Bioprinting on Cancer and Non-Cancer Cells…pg.446
	Gregory, Altering the Bubble Release of Reactive Inkjet Printed Silk Micro-Rockets…pg.452


	TECHNOLOGIES IN DIGITAL PHOTO FULFILLMENT 2016
	Welcome Remarks and Company Introductions
	Tools and Strategies of Print Preservation
	Photo Book Construction and Preservation
	Factors that Influence Permanence and Durability of Photo Books

	MATERIALS, METHODS, AND PERFORMANCE TRACK
	Physics and Chemistry of Materials II
	Walker, Hi Resolution Inkjet Printing of OLEDs at Merck…pg.469
	Shu, Fully Solution Processed Organic Light-Emitting Electrochemical Cells (OLEC) with ZnO Interlayer for Lab-on-Chip Applications…pg.472
	Edler, Application of Vinylcarbonates as Low-Toxic Monomers in Digital Inkjet Inks…pg.475
	Afroj, Inkjet Printing of Graphene Inks for Wearable Electronic Applications…pg.480
	Smith, Multi-Functional Carbon Fibre Composites Obtained Using Inkjet Printed Polyme…pg.482
	Forsberg, Liquid Exfoliation of Layered Materials in Water for Inkjet Prinitng…pg.486

	Laser Imaging and Patterning
	Kishi, Development for Secondary Color Graininess Separation Method for the Electrophotographic Imaging…pg.493
	Nemoto, Laser Color Marking Using Thermo-Sensitive Recording Paper - Study of Condition for Magenta and Cyan Development…pg.498





