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Abstract 

To create 3D lenticular comics, a lenticular lens and printing 
output are combined, making various visual effects such as 
animation and auto-stereoscopic displays possible. 3D lenticular 
content is created easily by placing a lenticular lens on an image 
composed especially for viewing in 3D. With lenticular 
technology, 3D images are created through a lenticular lens that 
combines two images, one to be viewed by the left eye and the 
other by the right eye. The type of lenticular lens to be used is 
selected depending on the purpose, effect, and viewing distance. 
Although many 3D lenticular comics currently published consist of 
a single character or a scene, it is expected that normal comics, 
which include both pictures and text and which have many pages 
and relatively long stories, will start to be published as 3D 
lenticular comics. In this case, the readability of the text is 
essential. Getting a high readability on text containing Chinese 
characters is especially difficult because the characters are made 
of complex combinations of thin lines. However, there has been 
little research reported in this field. Therefore, we conducted 
experiments and investigated the relationship between readability 
and the resolution of the lenticular lenses used to create the 
stereoscopic effect. From the results of these experiments, we 
propose a guideline for determining the resolution of 3D lenticular 
comics. 

Introduction  
There has been a lot of 3D content in recent years. Examples 

of popular content are movies and games created for 3D TVs or 
displays. In this paper, 3D lenticular comics, which are made by 
combining a lenticular lens and printing output, are described. 3D 
lenticular comics are comics that convey the perception of 
stereoscopic depth to the viewer. Stereoscopic techniques, which 
create the illusion of depth by presenting two slightly different 
images to each eye, have a long history. The first 3D photographs 
appeared in the mid-19th century. The first 3D comics [1] were 
published in 1953. The 1950s were also the years when the 3D 
film craze occurred. The first 3D comics sold over a million 
copies, but the fad passed in several years. Anaglyph 3D was used 
to produce 3D comics during this period. Anaglyph 3D comics are 
printed in two colors and viewed through anaglyph glasses that 
filter the image for each eye. Then, each of two filtered images 
reaches one eye. Typically, anaglyph glasses have red and cyan 
filters. Anaglyph stereo was developed in the 19th century and is 
used even now. The reason is that it is built at low cost. A defect 
of anaglyph was that rendering the correct color was difficult, so 
past anaglyph images were almost all monochrome images. 
However, color anaglyph images have appeared in recent years [2]. 
Lenticular comics do not require the need to wear special glasses 
in order to view 3D images. These comics [3] appeared in the 

1990s. Many 3D lenticular comics are posters and covers with a 
lenticular lens on them. These generally consist of a single 
character or a scene. There are few lenticular comics that include 
both pictures and text and that have many pages and relatively 
long stories. For reading comics with long stories, the readability 
of the text is essential. Getting a high readability on text 
containing Chinese characters is especially difficult because the 
characters are made of complex combinations of thin lines. 
However, there has been little research reported on the readability 
of 3D content. Therefore, we conducted experiments and 
investigated the relationship between readability and the resolution 
of the lenticular lenses used to create the stereoscopic effect in 3D 
comics. This paper deals with 3D comics created by combining a 
lenticular lens and printing output. Although 3D comics are also 
observable by using an auto-stereoscopic display [4], in which a 
parallax barrier or a lenticular lens is put on a screen, this paper 
does not deal in them. 

Lenticular Comics 
A lenticular lens is an array of cylindrical lenses used to 

produce images with the illusion of depth. By putting a lenticular 
lens on a composition image made of two or more different 
images, different images are viewable from different angles. The 
viewer perceives depth because nearby objects have a larger 
parallax than more distant objects, as shown in Figure 1. The 
lenses refract light in a slightly different direction so that two 
different images are directed separately onto the left and right eyes 
of the viewer, as shown in Figure 2. Thus, the difference of two 
images is caused by the difference between the angle of incidence 
from the left eye to the lens and from the right eye to the lens. If 
the difference between the angles of incidence is subtle, the same 
image may project to both eyes, so the viewer cannot perceive 
depth. Therefore, a narrow viewing angle is favorable to project 
different images onto each eye, as shown in Figure 3. For a viewer 
to be able to observe 3D images when viewing lenticular content 
from any position, the multi-view auto-stereoscopic technique is 
often used. Multi-view auto-stereoscopy builds the composition 
images by using many images from different viewpoints. In recent 
years, displays with super multi-view auto-stereoscopy have been 
developed [5]. However, handwritten comics, not created by CG, 
do not have strict depth information in the whole image. 
Therefore, it is difficult to create multi-view images. Creating 3D 
comics from full CG images with depth information is easy, but 
we deal with comics created by using an existing method in this 
paper. Therefore, the composition images are created from two 
images in our experiments. 
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Figure 1. Difference between left and right eye images 

 

 
Figure 2. Different images delivered to each eye 

 
Figure 3. Difference of viewing angles and distance between left and right 
eyes on a printed surface 

Image Size and the Position of the Viewers 
The viewer's optimal position to observe a depth image is to 

be distant from the lenticular lens, as shown in Figure 4. If the 

image size is large, the viewer has to be more distant from the 
lenticular lens. To perceive sufficient depth, it is necessary to use a 
lenticular lens with a narrow viewing angle, as already discussed. 
Therefore, the size of the images is restricted to sizes that are not 
so large. To maintain sufficient readability, we used lenticular 
lenses with widths of 200 mm or less, which are also suitable for 
reading something held in the hands. 

 
Figure 4. Optimal viewing position  

Experimental Results 
The resolution of lenticular comics depends on the lens pitch 

of the lenticular lens. This lens pitch is expressed in lines per inch 
(LPI). The types of lenticular lenses we used are shown in Table 1. 
The maximum image size used in our experiments was 200 × 300 
mm, and the minimum image size was 150 × 200 mm. Our comics, 
which were created for our experiments, had many pages and a 
single story. The text was written in Japanese, and the pictures 
were drawn in black and white in the same way as popular 
Japanese comics. The samples used for the experiments are shown 
in Figure 5. We evaluated the readability of our lenticular comics. 
The essence of the readability of lenticular comics is the visibility 
of the text and the sensitivity of the depth effect. Therefore, we 
collected ratings of the text visibility and depth effect from several 
viewers who read our lenticular comics. We evaluated the 
readability score as a sum of text visibility and depth effect. Scores 
are shown in Figure 6. These results are the averages of the scores 
of all viewers. 

 
Table 1. Type of lenticular lens 

 LPI Thickness 
(mm) 

Viewing angle 
(degree) 

A 20 2.16 47 
B 30 1.32 49 
C 40 2.08 25 
D 60 1.2 24 
E 60 0.43 74 
F 60 0.71 42 
G 75 0.47 59 
H 100 0.33 62 
I 100 0.58 31 
J 130 0.25 47 
K 150 0.26 43 

Wide viewing angle 

Sight line of 
right eye 

If the viewing angle becomes narrow, the distance 
between the left and right eye images on a printed surface 
enlarges. 

Sight line of 
left eye 

Narrow viewing 
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Sight line 
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Figure 5. Sample pages used for our experiments 

 
Figure 6. Scores of lenticular lenses 

The results show that lenticular lens D was the best for the 3D 
comics. Reading the text in the comics that used lenticular lenses 
A or B was almost impossible because the resolution was so low. 
The pictures had just enough visibility even when the LPI was 30 
or less. However, the text did not have enough readability. 
Lenticular lens C was just passable to use for 3D comics. Reading 
the text was slightly difficult, but the pictures had enough visibility 
and allowed for a sufficient depth effect for the viewers. Lenticular 
lenses D, E, and F had the same LPI. However, lenticular lenses E 
and F were not suitable for 3D comics. This is because creating the 
illusion of depth by using a lenticular lens with a wide viewing 
angle is difficult. Therefore, it was confirmed that a lenticular lens 
with a narrow viewing angle is necessary to project a 3D depth 
effect. In comparison, the text visibility of the comics using 
lenticular lenses G, H, I, J, and K was low. One reason for this is 
that it is difficult to separate the images for the left and right eyes. 
Lenticular lenses for which the pitch is small inevitably have a 
slight focus error. Therefore, the image for the left eye is slightly 
mixed with the image for the right eye, as shown in Figure 7. This 
directly deteriorates the readability of the text. The 3D depth effect 
is also deteriorated. Moreover, the printer resolution also affected 

the readability in the 3D comics that used a high-LPI lenticular 
lens. In fact, deterioration that may have been caused by the 
deficiency of the printer resolution was seen in the comics that 
used lenticular lens K. 

 
Figure 7. Characters appear doubled 

Conclusion 
It was shown that 60 LPI is a sufficient resolution for viewing 

lenticular 3D comics. Moreover, it was shown that a high-LPI 
lenticular lens sometimes degrades readability. However, the main 
cause is the accuracy used in manufacturing a lenticular lens. So, 
high-resolution 3D lenticular comics can be created by using 
lenticular lenses manufactured with high accuracy. In this regard, 
however, it is necessary to be cautious when narrowing the 
viewing angle. Finally, by using our results, it is expected that 
popular comics, which have many pages and stories, will start to 
be published as 3D lenticular comics. 

References 
[1] Three Dimension Comics (St. John Publishing Company, 1953). 
[2] Ianir Ideses and Leonid Yaroslavsky, “New Methods to Produce High 

Quality Color Anaglyphs for 3-D Visualization”, ICIAR 2004, LNCS 
3212, pp.273-280, 2004. 

[3] Sensational Spider-Man (Marvel Comics, 1996). 
[4] Neil A. Dodgson, “Autostereoscopic 3D Displays”, IEEE Computer 

38(8),  pp.31-36, 2005 
[5] Yasuhiro Takaki and Nichiyo Nago, “Multi-projection of lenticular 

displays to construct a 256-view super multi-view display”, Optics 
Express, vol. 18, issue 9, pp. 8824-8835, 2010. 

Author Biography 
Hideo Kasuga is a associate professor of Kanagawa Institute of 

Technology, Japan. He gained BE, ME and Dr.Eng. degrees from Shinshu 
University in 1995, 1997, and 2000 respectively. He worked at the 
university as a research associate for months, and he moved to Kanagawa 
Institute of Technology in 2000. His main research field is image 
processing. 

 

NIP 28 and Digital Fabrication 2012 255


	Introductory Materials
	TECHNICAL PROGRAM AND PROCEEDINGS
	Copyright 2012
	ISBN: 978-0-89208-302-2
	Welcome to NIP28 and Digital Fabrication 2012
	Conference Committees
	IS&T Board of Directors
	Table of Contents
	2012Week At-a-Glance
	Quebec City Convention Center
	Conference Exhibitors
	Conference Sponsors
	Corporate Member Conference Sponsors
	IS&T Corporate Members

	Technical Papers Program: Schedule and Contents
	Keynote Talks
	Frey, 21st Century Libraries -- from Print to Bits
	Rolland, Paper Microfluidics as an Enabling…pg.1
	Shinada, Single-pass Inkjet Digital Printing…pg.2
	Tzori, The Nanographic Printing™ Process…pg.6
	Stasiak, Digital Fabrication: Enabling Ambient…pg.7

	NIP 28
	Actionable, Security & Forensic Printing
	Ulichney, Combined Covert Data Embedding…pg.364
	Vans, Progressive Barcodes…pg.368
	Gaubatz, Mobile Capture of High-resolution…pg.371
	Simske, Incremental Information Objects…pg.375

	Advanced & Novel Printing and Applications
	Chatow, Custom Cloud Printing Solutions…pg.266
	Ilmonen, Biofabrication of Cancer Microenvironment…pg.269
	Yanaka, Integral Photography Using 2D Printer…pg.273
	Henry, A Multi-pixel LED Print-head for Novel…pg.277
	Sekizawa, New High-resolution Technique of Image…pg.280
	Pu, An In-situ Formed Cross-linked Coating…pg.284

	Color Science/Image Processing
	Recker, Challenges for 3D High-Fidelity Soft…pg.124
	Zhao, A Printer Point Set Gamut Model based…pg.128
	Koh, Custom Fan Deck for Multi-primary Visual…pg.132
	Kitakubo, Experimental Results on Brain…pg.137
	Liu, Color Difference Evaluation…pg.140
	Yamanouchi, Automatic Color Reproduction Using…pg.144

	Commericial & Industrial Printing
	Ujiie, State of Art of Inkjet Textile Printing:…pg.17
	Ishikura, Design Studies on Ink Jet Printhead…pg.20
	Matsumae, Development of Digital Quasi-embossing…pg.24
	Xu, Preparation of a Novel Dispersant…pg.28

	Digital Print Fulfillment and Finishing
	Moore, Cloud Computing for Graphic Arts…pg.106
	Karni, Seamless Publication Using 3D Proofing…pg.109
	Mizen, Revolutionizing Photo Books through…pg.113
	Hoarau, Intuitive and Scalable Operational…pg.116
	Song, Understanding Post Finishing Performance…pg.120

	Electronic Paper and Paper-Like Displays
	Zhou, Development of Bistable Electronic Inks …pg.32
	Hsieh, Advertising Efficacy Research…pg.36
	Kobayashi, Organic Electrochromic Materials…pg.39
	Shibata, Comparing Paper Books and Electronic…pg.43
	Zhang, Study on the Photo-alignment Performance…pg.47
	Inada, Analysis of General Rashness of Reading …pg.51

	Environmental Sustainability
	Voss, Deinking of Recovered Paper Mixtures…pg.522
	Bhattacharyya, Effects of Paper on LEP Digital…pg.526
	Mittelstadt, Deinking of Thermal Inkjet Newsprint…pg.530
	Simske, Sustainability through Variable Data…pg.533
	Black, Imaging Devices, Sustainable Design…pg.537
	Fischer, New Deinkable Water based Inkjet Inks…pg.541
	Gong, Application of Wet Image Analysis…pg.543
	Sobotka, Explaining the Present Parameters…pg.547

	Fusing, Curing, and Drying
	Maza, HP Designjet L65500 Drying and Curing…pg.463
	Bae, A Numerical Study for Fusing Process…pg.467
	Eguchi, Analysis of Electrostatic Offset…pg.471
	Onishi, Toner Fix Analysis Using Numerical…pg.475

	Image Permanence
	Salesin, The Light Induced Deterioration…pg.378
	Bugner, Factors to Consider in the Design…pg.381
	Gordeladze, Colorant Fade and Page Yellowing…pg.387
	Hodgson, Test Methods for the Water Sensitivity…pg.392

	Ink Jet Printing: Materials
	Wakabayashi, The Study of the Relation Image…pg.54
	Yu, Synthesis of Aqueous Blocked Polyurethan…pg.61
	Zhang, Study on Droplets Formation Process…pg.65
	Bai, Modification of SMA Using Epoxypropyl…pg.66
	Suzuki, Application of Color-changeable Ag Films…pg.70
	Hall, UV Inkjet Inks with Improved Stray Light…pg.74
	Li, Preparation of a Cross-linkable Emulsion…pg.78

	Ink Jet Printing: Processes
	McConville, Waterless Inkjet Process for High…pg.95
	Nishi, Development of Novel Bend-mode Piezo Ink…pg.99
	Jia, Research on Droplet Spreading…pg.103

	Ink Jet Printing: Processes continues
	Tada, Stability Analysis of a Drop Generation…pg.396
	Grace, Jet Fluctuations and Drop Velocity…pg.400
	Mace, Digital Printing of Packaging…pg.404
	Hoath, Regimes of Polymer Behaviour…pg.408
	Hsiao, Aerodynamic Effects in Ink-jet Printing …pg.412
	Snyder, Dot and Line Formation Analysis…pg.416
	Talbot, Drying and Deposition of Picolitre…pg.420

	Mathematical Modeling
	Wang, Plasma Dynamics and Charging…pg.479
	Kitazawa, Heat Transfer Simulation for Thermal…pg.483
	Kemp, Semi-analytical Model of Charge Image…pg.487
	Wang, Charging of Surfaces with a Wire Corona …pg.490
	Takahashi, Simulation Technology to Predict Paper…pg.494

	Media for Digital Printing
	Wu, Color Reproduction Consistency…pg.8
	Le Galudec, Inkjet Wallpaper and Decor on Demand…pg.12
	Chen, Research on the Printability of Coated…pg.14

	Print & Image Quality
	Zhao, Analyzing Print Quality of Large Printed…pg.230
	Simske, Use of Face Detection to Qualify Image…pg.234
	Whitney, Laser Spot Size Measurements…pg.236
	Pykönen, Experimental Comparison of Wettability…pg.239
	Shi, Tone Reproduction Characteristic…pg.242
	Lei, Hybrid Target for Camera-based Document…pg.245
	Kumagai, Observation of Electrostatic Latent…pg.250
	Kasuga, Relationship Between the Readability…pg.253
	Boley, Performace of Print Masks Using Image…pg.256
	Park, Implementation of Halftone Blending…pg.262

	Printing Systems Engineering/Optimization
	Ecer, Simulation of Toner Mixing and Delivery …pg.219
	Beltman, Improved Ink Registration through…pg.222
	Kuo, An Adaptive Model-based Approach…pg.226

	Printing Systems Engineering/Optimization Applications
	Kahatabi, Dielectric Properties Study of Thin…pg.287
	Oohara, Analysis of the Paper Curl Amount…pg.289
	Suhara, Potential Profile Measurement…pg.294
	Nauka, Sensing Volatile Hydrocarbons…pg.298
	Inenaga, Technology of Media Capability for Color…pg.301

	Thermal Printing
	Yasuo, A New UV Curable Inkjet Ink…pg.58
	Fujiwara, Development of the High Durability…pg.81
	Taniguchi, Novel Approach to Plastic Card…pg.84
	Toyosawa, Study of Thick Film Thermal Head…pg.88
	Terao, On-demand Transcript Foil Print…pg.92

	Toner-Based Printing: Materials
	Kakiuchi, Crystalline Polyester for Chemically…pg.171
	Hoshino, Powder and Film Charging Characteristic …pg.175
	Naito, New Submicron Silica Produced…pg.179
	Nelli, The Effects of Fumed Silica Structure…pg.183
	Lai, Latex Optimization for Emulsion…pg.187
	Chun, Materials Compatibility Assessment…pg.190
	Tan, Palm Oil-based Bio-Resin for Toner…pg.194
	Mizuhata, Advanced Process for Polyester…pg.198
	Zhang, The Research on  Recovery…pg.202
	Shi, Effects of Toners on Photothermographic …pg.206
	Kambara, External Additives for Toners: Character…pg.209
	Birecki, Temperature Effects on Liquid…pg.213
	Nozaki, A Method for Measuring Electrical Proper…pg.215

	Toner-Based Printing: Materials continues
	Zhou, Semiconducting Polymer Matrix as Charge …pg.344
	Forgacs, Electro-Rheological Model of HP-Indigo…pg.348
	Kim, Aggregation Behaviors of Colloidal…pg.352
	Nash, The Effect of Carrier Surface Morphology…pg.356
	Veregin, Linking the Chemistry and Physics…pg.360

	Toner-Based Printing: Processes
	Kawamoto, Parametric Investigation on Dynamics…pg.498
	Anthony, ElectroInk Charge Retention in the HP…pg.502
	Leoni, Small Dot Printing with Ion Head…pg.503
	Whitney, Toner/Transfer Member Adhesion Response …pg.507

	Toner-Based Printing: Processes con’t.
	Kadonaga, Three Dimensional Simulation of…pg.510
	Yang, Cartridge Clustering for Improving Tone …pg.514
	Kobayashi, A Model for the Dynamics of Charging…pg.518


	Digital Fabrication 2012
	3D Printing
	Jones, The Influence of Residual Toner Charge…pg.327
	Huson, Solid Free-form Fabrication of Ceramics …pg.332
	Klein, 3D Printing of Transparent Glass…pg.336
	Umezu, Digital Fabrication of 3D Bio Devices…pg.338
	Hoskins, 3D Printing of Self-glazing Ceramics…pg.341

	Devices
	Chen, Direct Etch through SiNx, Selective Dope…pg.148
	Hermans, Inkjet Masking for Industrial Solar Cell…pg.151
	Hakola, Optimizing the Performance of Metal Grid…pg.155
	Shin, Front Side Metallization Issues of a Sol…pg.159
	Platt, Low Cost Metallization Inks…pg.162
	Shen, Intelligent Packaging with Inkjet-Printed…pg.164
	Espig, Central Challenges When Up Scaling…pg.168

	Devices continues
	Zipperer, Touch Sensors based on PolyTC…pg.549
	Ueberfuhr, Inkjet System for Printing Mechanical…pg.550
	Maejima, All-inkjet-printed “lab-on-paper”…pg.554
	Beckert, Inkjet Printing for Applications…pg.557
	Magdassi, Nanomaterials for Printed Electronics…pg.561
	Lorwongtragool, Inkjet Printing of Chemiresistive…pg.564
	Sanchez-Romaguera, Enabling Low Cost UHF RFID…pg.568

	Formulation of Functional Inks
	Deiner, Mechanochemical Approaches to Ceramic…pg.318
	Kanzaki, Method to Synthesize Silver Nano-particles…pg.323

	Metrology, Instrumentation, Design of Print Pattern
	Ellinger, Patterned by Printing—A New Approach…pg.304
	Ramon, Inkjet Geometric Design & Compensation…pg.308
	Reinhold, Measurement of Mass of Single Inkjet…pg.312
	Cahill, Evaluation of Inkjet Technologies…pg.315

	Pre & Post Processing
	Reinhold, Spectrally Enhanced Photonic Sintering…pg.424
	Lim, Inkjet Printing and Sintering of Nano…pg.431
	van Dongen, Digital Printing of µPlasmas…pg.436
	Farnsworth, The Photonic Curing Process…pg.440
	Hammerschmidt, The Influence of Post-Treatment…pg.444
	Wunscher, Inkjet Printing and Low Temperature…pg.448

	Printing of Electrical Connections
	Reichenberger, Low-cost Ink-jet Printing…pg.452
	Rathjen, Feasibility Study: Inkjet Filling…pg.456
	Grouchko, Copper Ink-Jet Inks for Flexible…pg.461


	Author Index



