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See the Unseen?



Human eye

Current Biology, 2006

10 Megabit / sec

High resolution

High dynamic range

Deep depth of field

Two eyes



Can the real world be 
perfectly recognized?

No



The Unseen

wikipedia
wavelength

wikipedia
size

http://wonderfulengineering.com/

speedspeedocclusion
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The Unseen: Speed

• Critical flicker fusion rate
– An intermittent light stimulus appears to be completely steady.

Critical flicker fusion stimulus, YouTube
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sensing

Beyond human eye

display



See the Unseen: Computational Visual Sensing at High Speed



See the Unseen: Computational Visual Display at High Speed
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How? For what?



Computational Sensing and Display

• Computations to extract only the required information from the high-

speed scene with low latency. 

• Overall design of applications, principles, and devices from fundamental 

technologies to application systems

Taking full advantage of compute vision, measurement engineering, 
parallel processing and VLSI technologies

New applications in a variety of fields, 
including robotics, interfaces, and digital archiving. 



Today’s topics

1. Massively-parallel image processing architecture 
and high-speed visual sensing

2. High-speed 3D visual sensing and information 
reconstruction

3. High-speed digital archiving

4. System design of human interface using high-speed 
visual sensing

5. High-speed computational displays

fundamental sensing

fundamental sensing

application displaysensing

application sensing

application displayfundamental



Massively Parallel Image Processing Architecture
and High-Speed Visual Sensing



Multi-target tracking

• Parallel algorithm to track multiple targets at 1000 fps

– High-frame-rate imaging enables the simplification of image processing

– Massively parallel processing architecture improves the speed performance

a single 10 targets

[JRM, 2005]
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inspection



Target Counting with Multi-Target Tracking

[JRM, 2005]
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ball



Rotation Measurement up to 1,200rpm

[JRM, 2005]



Recognition of 1,000 Target at 1,000 fps

• Parallel algorithm for moment-based object analysis of 
numerous objects

1個 1,000個

[ICIP, 2007]
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Applications using Numerous-Objects Measurement
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video rate limit robotic feasibility

bacteria group control

control of biological reaction

single tracking

multi-tracking

manipulation of particles
　　　 for microorganism

automated medical
       support system

active vibration suppression
                            by 3D vision control of blood flow

manipulation of
      a moving body

control of fuid
optical wireless
 communication



High-speed Vision with Massively Parallel Coprocessors

• Parallel specialized co-processors with a 64 x 64 mesh array

• Object-level parallel algorithm

[ICIP, 2007]



Recognition of 1,000 Target at 1,000 fps

[ICIP, 2007]
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fluid



Real-Time Fluid Measurement

[ICIP, 2007]
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deformation



1,000fps Deformation Tracking using a Deformable Dot Cluster Marker

[IEEE Trans. Vis. Comput. Graphics, 2016]

print
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opticstracking



High-speed roll camera: High-speed optical image rotator

[IROS, 2015]



High-speed 3D Visual Sensing and Information Reconstruction
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Toward Dynamic 3D Sensing

sensor
sensor



Real-time Shape Measurement of a Moving/Deforming Object

[ICRA, 2007] 
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more robust3D shape



3D Sensing with Three-view Geometry Using a Segmented Pattern

[IROS, 2015] 
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occlusion3D shape



Occlusion-Robust 3D Sensing Using Aerial Imaging

[ICCP, 2016] 



www.k2.t.u-tokyo.ac.jpVISION
ARCHITECTURE

integration3D images



High-Resolution Surface Reconstruction from Multiple Range Images

[Trans. CVA, 2013]

• Observing a rigid body

• Optimization problem for the 
surface and motion estimation
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3D motion3D shape



3D Motion Sensing of any Object by Using Multiplexed Lasers

[Trans. Graphics, 2015]
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3D shape3D motion



High-resolution Shape and Color Integration using 3D Motion Sensing System

[Trans. Graphics, 2015]



High-resolution Shape and Color Integration using 3D Motion Sensing System

http://www.k2.t.u-tokyo.ac.jp/vision/3D_Integration/
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reflectance3D shape
3D motion



Rapid SVBRDF Measurement by Algebraic Solution Based on Adaptive Illumination

[3DV, 2014]



High-Speed Digital Archiving
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High-speed Visual Sensing and Digital Archiving

Only valuable object should be 
selected

Scanning in a static condition

High-Speed
Visual Sensing Digital Archivingmeets

Scan all of the objects

Scan at a dynamic condition 

Conventional strategy New strategy
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Book Digitization

Digital Archiving

Book
High-speed 3D
Visual Sensing
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Demands in Book Digitization

books
official documents

notes

library corporation
general user

User

Target
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Conventional Book Digitization Technologies

• Flatbed scanner
– Press a book not to be curved while digitization

• Destruction-type scanner
– Cut a book for digitization

• What is the bottleneck for speeding up?
– They observe a book in two dimensional.

– They do not utilize high-speed motion of a book.
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Toward High-Speed Book Digitization

Speed

Spatial resolution

Conventional 
Technologies
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New Style for Book Digitization

Scan a book continuously
without stopping the movement 
during the pater turning operation

High-speed & easy-to-use technology



Proof-of-concept prototype for Book Flipping Scanning

[UIST, 2009]
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Technological Challenges for Book Flipping Scanning

Scanning based on high-speed visual sensing

High-quality document rectification

High-speed and automatic page turning
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pager turningbook flipping 
scanning



Automatic page turner machine for Book Flipping Scanning

[IROS, 2013]
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high speed
high definition

book flipping 
scanning



High-Speed and High-Definition Capture for Digitization

• Adaptive capturing based on      

real-time 3D page tracking and 

book status recognition

[WACV, 2014]
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document 
rectification

book flipping 
scanning



Document Image Rectification using Developable Surface Model

Developable Surface
A special non-rigid object that can 
be developed to a plane without 
expansion, contraction, or tearing. 

[ICIP, 2010]



4point MS Gothic (height: 1.41mm)

Document Image Rectification using Developable Surface Model

[WACV, 2014]



High-accuracy rectification using Tiled Rectangle Fragments

• A developable surface is represented by tiling the same size of 
rectangles. 

• More complicated distortions can be rectified. 
[ICIP, 2014]
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automatic
high speed

high definition

book flipping 
scanning



BFS-Auto: High Speed & High Definition Book Scanner

[WACV, 2014]
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more resolutionbook flipping 
scanning



Document Digitization using a Multi-camera Array 

[ACCV, 2012]
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mobilebook flipping 
scanning



BFS-Solo: High Speed Book Digitization using Monocular Video

[ACCV, 2012]
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Stand Alone High-speed Vision System with Dynamic Capture Control

• Configuration of the capturing is controlled every frames 
adaptively based on the results of high-speed image 
processing. 

• High-speed tracking in a limited resolution + High-resolution 
capture at the best timing



System Design of Human Interface using 
High-Speed Visual Sensing
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body motionhigh-speed 
visual sensing



Synchronized Video

[UIST, 2009]
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controller3D motion 
sensing



Video Game User Interface based on 3D Motion Sensing

[Trans. Graphics, 2015]
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compacthigh-speed 
visual sensing



VolVision: High-speed Capture in Unconstrained Camera Motion

[SIGGRAPH ASIA, 2011]
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wearablehigh-speed 
visual sensing



Human Gait Estimation Using a Wearable Camera

[WACV, 2011]
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wearable
input

high-speed 
visual sensing



Anywhere Surface Touch

[AH, 2014]
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shape-changing
interface

high-speed 
visual sensing



SENSECASE: Physically Augmented Smartphone

[CHI, 2014]



High-speed Computational Displays
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shape-changing
interface

high-speed 3D
visual sensing



The Deformable Workspace: a Membrane between Real and Virtual Space

[ITS, 2008]
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speed up!projector



DynaFlash: High-speed 8-bit image projector at 1,000fps with 3ms delay

[IDW, 2015]



www.k2.t.u-tokyo.ac.jpVISION
ARCHITECTURE

deformation 
tracking

high-speed
projector



Dynamic Projection Mapping onto Deforming Non-rigid Surface

[IEEE Trans. Vis. Comput. Graphics, 2016]
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realistic displayhigh-speed
projector



www.k2.t.u-tokyo.ac.jp

Towards Realistic Display

http://www.telyuka.com/

Computer Graphics
http://thecreatorsproject.vice.com/

Stop Motion
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Towards Realistic Display

Physical Object

Computational 
Illumination

If you want to see 
metal, then use it!
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Toward Realistic Display

• Critical flicker fusion rate
– An intermittent light stimulus appears to be completely steady.

Spatial fusion Temporal fusion



Phyxel: Display using Physical Objects with High-Speed Spatially Pixelated Lighting

[SIGGRAPH, 2016], [UIST 2016] (to appear)



ZoeMatrope: A System for Physical Material Design

[Trans. Graphics, 2016]



Today’s topics

1. Massively-parallel image processing architecture 
and high-speed visual sensing

2. High-speed 3D visual sensing and information 
reconstruction

3. High-speed digital archiving

4. System design of human interface using high-speed 
visual sensing

5. High-speed computational displays

fundamental sensing

fundamental sensing

application displaysensing

application sensing

application displayfundamental



Research Group

• Researches are done by 
– Doctor Course: L. Miyashita, M. Hirano, S. Tabata

– Master Course: Y. Ataka, K. Ito, K. Saito, S. Tatsuno, H. Nakai, T. Yoshida, 
C. Yeo

– OB (Doctor Course):  T. Niikura

– OB (Master Course): R. Yonezawa, M. Yasui, T. Hatanaka, G. Narita, C. 
Watanabe, K. Matsumoto, S. Noguchi, K. Tada, H. Gohara, M. Kondo, Y. 
Miura, A. Matsutani, H. Takeoka, H. Shibayama, S. Kubo, H. Ohno, K. 
Itoyama, T. Nakashima, T. Hatanaka
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WEB
http://www.k2.t.u-tokyo.ac.jp/

YouTube
https://www.youtube.com/user/IshikawaLab

Additional Information
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