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Computer Vision has made
tremendous progress!



Channels MNewsletters fobs Got news? Tell us!

Microsoft researchers say their
newest deep learning system beats
humans — and Google
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Jian Sun’s team
at MSRA
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Obvious mistakes made by computer

GT: letter opener GT: letter opener

1: drumstick 1: Band Aid 1: fountain pen
2: candle 2: ruler 2: ballpoint

3: wooden spoon 3: rubber eraser 3: hammer

4: spatula 4: pencil box 4: can opener
5: ladle 5: wallet 5: ruler




Computer Vision
still falls far short of what
Human Vision can do




Image Ingredients

Very many
sources of Image
variability

[Slide credit : John Winn]



Sources of image variability

Scene type Street scene
Scene geometry

[Slide credit : John Winn]



Sources of image variability

Scene type Street scene
Scene geometry Sky Sidewalk Bicycle Bollard
. ildingx
Object classes SlalyE Treex3 Carx5
Road Personx4 Bench

[Slide credit : John Winn]



Sources of image variability

Scene type

Scene geometry

Object classes

Object position

Object orientation

Sky
Buildingx3
Road

Street scene

Sidewalk Bicycle Bollard
Treex3 Carx5
Personx4 Bench

[Slide credit : John Winn]



Sources of image variability

Street scene
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[Slide credit : John Winn]



Sources of image variability

building

sidewalk |

[Slide credit : John Winn]



Sources of image variability

sky
building «3
building
L - car
\
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Scene type

Scene geometry,

Object orientation

Object shape

Depth/occlusions

%‘P

Object appearance

sidewalk

[Slide credit : John Winn]



Scene type

Scene geometry
Object classes
Object position
Object orientation
Object shape

Depth/occlusions

Object appearance | §

llumination

Shadows

[Slide credit : John Winn]



Sources of | mage var|ab|||ty

Scene type
Scene geometry
Object classes

Object position

Object orientation
Object shape

Depth/occlusions

Object appearance | §

llumination

Shadows

[Slide credit : John Winn]



Sources of image variability
Scene type WA[NWRK\JHT ' /

Scene geometry

Object classes
Object position
Object orientation
Object shape

Depth/occlusions

Object appearance

llumination
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Shadows ‘ s
Motion blur v} o :

Camera effects

[Slide credit : John Winn]



Now.. The Good News

Interesting problems in vision can be solved
It they are sufficiently constrained.
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Big Boards &
Massive Office Screens
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ViiBoard:

Vision-enhanced Immersive Interaction with Touch Board

Expenmental Setup
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ViiBoard:

Vision-enhanced Immersive Interaction with Touch Board

\V/Touch

Natural and Rich Interaction Beyona
Touch with important cues from RGB-D
sensors

Position and proximity w.r.t. Touch Board
Person ID

Hand ID

Gesture ID

Intention

ImmerseBoard

Immersive Remote Collaboration as if

writing on a physical whiteboard side-
by-side

» Seeing the

« Sharing the

* Being aware of

» Predicting



Vision-enhanced Touch Experience
VTouch



Key Vision Technologies

 Sensor-Display Calibration
* Human Skeletal Tracking

e Hand Gesture Recognition
* Person Recognition
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VTouch: Sample applications

* Bring up menu without touch
 Display menu where you are

« Augment touch with
— HandID, PersonlID, GesturelD

* Hover

« Pointing

« Auto lock of the display

« Auto unlock only with meeting participants
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Boston

New York
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User Study

Preference for Vision-enabled Importance for Vision-
ul enabled Ul

Body
Following

Hand
Gesture

Distinguishing
Users

NOT Strongly Strongly
Prefer Disagree Agree

m Microsoft



User Study

Vision-enabled Ul
is easy to use and remember

Following

Hand
Gesture

Hover

Distinguishing

Hands
Distinguishing
Users
Nigelale]\% Strongly
Disagree Agree
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Co-located Collaboration

 Physical whiteboard

Person <_’ Person
p.

1
Face,

Eye gaze,

Gestures,

Proxemics,
etc

Content
Creation
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RGBD Sensor (Kinect) + Touch Board (Surface Hub)
= |mmersive Remote Collaboration

as if writing on a physical whiteboard side-by-side

* Seeing the
Sharing the

 Being aware of
* Predicting



Two Metaphors

Side-by-side writing

on a whiteboard on a mirror




ImmerseBoard: Implemented Conditions

A m = 3
(C) Mirror T D)F Tilt Board

I.



lmmerseBoard

Natural Remote Collaboration



ViiBoard:

Vision-enhanced Immersive Interaction with Touch Board

Viouch ImmerseBoard

Natural and Rich Interaction Beyond Touch Immersive Remote Collaboration
with important cues from RGB-D sensors as if writing on a physical whiteboard

— Position and proximity side-by-side

w.r.t. Touch Board — Seeing the

— Person ID — Sharing the

— Hand ID — Being aware of

— Gesture ID — Predicting

— Intention



Additional Projects from MSRC



Effective (Hand) Shape And Pose
Inference from Depth Images

Varun Ramakrishna : Richard Stebbing
Aaron Hertzmann ‘ Sameh Khamis
Toby Sharp David Kim
Cem Keskin Christoph Rhemann
Duncan Robertson Yichen Wei
Jonathan Taylor Daniel Freedman

Jamie Shotton
Ido Leichter
Alon Vinnikov

Eyal Krupka
Andrew Fitzgibbon
Shahram Izadi




Architecture

Reinitializer

Batch Rendering

Hand Detector Region of Interest

Stochastic Optimizer Batch Golden Energy Computation
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Understanding Reality
for Generating Credible Augmentations

Pushmeet Kohli

Microsoft Research



1. Labelling Point Clouds

[With Shapovalov et al. CVPR 12 ]

Inference Machine

Extension of
Random Forests

m—

Colours represent different
object categories



2. Scene Completion
[Silberman, Shapira, Gal, Kohli, ECCV 2014]
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3. Semantic Labelling through Voxel CRF

[Kim, Kohli, Saverese, ICCV 2013]

jackaround  Bed Blind ~ Window  Cabinet 8 Picture  Floor Sofa Table TV Wall Bookshelf
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4. Inferring Support Relationships

[Silberman, Hoiem, Kohli, Fergus, ECCV 2012]

Interacting with objects [ ,
requires understanding of AN _ i

i

support relationships!!

Can | move the book?
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5. Dynamic Capture and Labelling

[With Oxford Brookes, Shahram Izadi, TOG 2015]

= Microsoft



m Microsoft

© 2015 Microsoft Corporation. All rights reserved. Microsoft, Windows, Windows Vista and other product names are or may be registered trademarks and/or trademarks in the U.S. and/or other countries.
The information herein is for informational purposes only and represents the current view of Microsoft Corporation as of the date of this presentation. Because Microsoft must respond to changing market conditions, it should not be interpreted to be a commitment on the
part of Microsoft, and Microsoft cannot guarantee the accuracy of any information provided after the date of this presentation. MICROSOFT MAKES NO WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, AS TO THE INFORMATION IN THIS PRESENTATION.



