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Connections




Toward Fluid Connectivity

Promise of Deeper Human-Machine Connection & Collaboration

4
-
\ o . -~
-~ 8 x
\\\ - > ' r /’ ’
! 3




An early connection

Engaging at NASA’s Mission Control Center on human-in-the loop
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Pillars



Pillar: Inferring Beliefs, Goals, Knowledge
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Predictions about world
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Pillar: Inferring Beliefs, Goals, Knowledge
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Predictions about world Inferences on beliefs, goals, knowledge
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Pillar: Inferring Beliefs, Goals, Knowledge
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Predictions about world Inferences on beliefs, goals, knowledge
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Pillar: Complementarity
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Pillar: Mix of Initiatives
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Pillar: Coordination

Conversatlon

P
.
‘ Slgnal
Channel

Continuous process of contributing, signaling, monitoring

Clark, Duncan, Goffman, Goodwin, Kendon, et al.



Pillar: Coordination

Conversatlon

N
.
‘ Slgnal
Channel

Continuous process of contributing, signaling, monitoring

Clark, Duncan, Goffman, Goodwin, Kendon, et al.



Pillar: Coordination

Continuous process of contributing, signaling, monitoring

Clark, Duncan, Goffman, Goodwin, Kendon, et al.



Pillar: Coordination

Plannlng

I
' Understandlng
‘ Contrlbutlons

Engagement

Continuous process of contributing, signaling, monitoring

Clark, Duncan, Goffman, Goodwin, Kendon, et al.



Coordination in Open World

Understanding

Contributions
Engagement

Situated interaction
Bohus, H. et al.



Coordination in Open World

Beliefs,
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Contributions Activities & events
Engagement
Actors, objects

Situated interaction in space & time
Bohus, H. et al.




Coordination in Open World

Beliefs,

I
. ’. Understanding

Contributions Activities & events
Engagement
Actors, objects

Situated interaction in space & time
Bohus, H. et al.




Coordination in Open World

» Understanding

Contributions

Engagement

Situated interaction
Bohus, H. et al.
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Reflections on several research efforts



Efforts in Complementarity




Handsfree Trauma Care System (1991)

H., Shwe, , SCAMC, 1995.


http://research.microsoft.com/en-us/um/people/horvitz/speechcontext.htm

Handsfree Trauma Care System

H., Shwe,

Domain inference
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mtext, displayed EVI and inference

Speech-recognition feedback

, SCAMC, 1995.


http://research.microsoft.com/~horvitz/trauma.mpg
http://research.microsoft.com/~horvitz/trauma.mpg
http://research.microsoft.com/en-us/um/people/horvitz/speechcontext.htm

Handsfree Trauma Care System

Video

1

H., Shwe, Handsfree Decision Support: Toward a Non-invasive Human-Computer Interface, SCAMC, 1995.



http://research.microsoft.com/~horvitz/trauma.mpg
http://research.microsoft.com/~horvitz/trauma.mpg
http://research.microsoft.com/~horvitz/trauma.mpg
http://research.microsoft.com/en-us/um/people/horvitz/speechcontext.htm

Lumiere Project (1993)

Goals, Understanding, and Uncertainty

Infer likelihoods of user’s goals, attention,
understanding and take ideal actions

c‘

= Pr(Goals, Understandmg)
» User query

» User activity

* User location

» User profile

» Data structures

* Vision, speech, sound

Value-Focused Action

o

Slides from early days at Microsoft Research...



Lumiere Project (1993)

Big Picture

Slides from early days at Microsoft Research...



Lumiere Project (1993)

Lumiere Project

User’s Profile

User's Go
Ev
/ /(2 \ User’'s Needs
: | ’ K
O O . User Activity
—

Actions + Words = Goals

Slides from early days at Microsoft Research...



Learning about Assisting Computer Users




Wizard of Oz Studies

Expert peeks through a keyhole, plays assistant role

User with challenge task Expert as Wizard of Oz

”Agent”

Video



Evidential distinctions identified

B Search: e.g., exploring of multiple menus

B Introspection: e.g., sudden pause, slowing of command
stream

B Focus of attention: e.g, selected objects

B Undesired effects: e.g., command/undo, dialogue opened
and cancelled

B Inefficient command sequences

B Syntactic / semantic content of file

B Goal-specific sequences of actions




Building Bayesian user model

Pause after
Activity

User Needs
Assistance

H., Breese, Heckerman, et al. UAI 1998.


http://research.microsoft.com/en-us/um/people/horvitz/lumiere.HTM

Building Bayesian user model

Recent
Menu Surfing

Pause after
Activity

User Needs
Assistance

H., Breese, Heckerman, et al. UAI 1998.


http://research.microsoft.com/en-us/um/people/horvitz/lumiere.HTM

Building Bayesian user model

Recent
Menu Surfing

Difficulty of
Current Task

User Expertise

Pause after
Activity

User Needs
Assistance

User Distracted



Lumiere Bayesian Net
@background

Primary goal
Hierarchical

Consolidation :
presentation

AN i

3D cell reference Database de@

Repeated chart
create/delete
Repeated chart
change

Leading spaces

Repeated
print / hide Rows

External reference

@icell selecD

Adjacent conceptual
granularity




Event Streams and Architectures

Eve
Event-Specification

Language
Atomic Events

Modeled Events
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H., Breese, Heckerman, et al.

UAI' 1998.


http://research.microsoft.com/en-us/um/people/horvitz/lumiere.HTM

User Meeds Profile

Se n S ed aCt i O n S Probabilitiez of relevant help topicz given a request for help

SEL CHRET e

DEL CHART
CHHG CHART DATA
DO CHART TREMDL O

OTHER CHARTEC i




User Meeds Profile

Se n S ed aCt i O n S Probabilitiez of relevant help topicz given a request for help

Help Wizard's Best Gueszes for Help:
Working with rows and columns
Changing alignment
Format a chart

Inzert new rows and columns
Working with borders

Freely descnbe your problem:




User Meeds Profile

Probabilitiez of relevant help topicz given a request for help

Sensed actions

Help Wizard's Best Gueszes for Help:

Autoformatting my document
Format a chart

Changing alignment
Working with borders
Working with fonts

Freely descnbe your problem:

how do 1 make thiz look prettier?

User’s query




User Needs Profile

Probabilitiez of relevant help topics given a request for help

 —
A S

\4

= Assistance Monitoring Agent
Likelihood that help iz needed

CeL o
CHHG CHART DATA
DD CHART TRENDL

Prob. user desires assistance

UTHEE: CHAR TR




= May | Offer You Help... User Needs Profile

Probabilitiez of relevant help topics given a request for help

BATFE s Bother e
e
S,
= Assistance Monitoring Agent

Likelihood that help iz needed

Prob. user desires assistance
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http://research.microsoft.com/en-us/um/people/horvitz/lumiere.mpg
http://research.microsoft.com/en-us/um/people/horvitz/lumiere.mpg
http://research.microsoft.com/en-us/um/people/horvitz/lumiere.mpg
http://research.microsoft.com/en-us/um/people/horvitz/lumiere.mpg

Efforts with Mix of Initiatives

H. Reflections on Challenges and Promises of Mixed-Initiative Interaction, AAAl Magazine 28, 2007.



http://research.microsoft.com/en-us/um/people/horvitz/mixed_initiative_reflections.pdfhttp:/research.microsoft.com/en-us/um/people/horvitz/mixed_initiative_reflections.pdf

Lookout (1998)

In-stream supervision

|

T

11>

-2 Infer p(goal = schedule | E) —%
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H. CHI 1999.


http://research.microsoft.com/en-us/um/people/horvitz/chi99horvitz.pdf
http://research.microsoft.com/en-us/um/people/horvitz/UIACT.HTM

Lookout (1998)

In-stream supervision = Do nothing?
= ‘m_—g = Engage user? (and when?)
ER = Justdo it?

=z

H. CHI 1999.


http://research.microsoft.com/en-us/um/people/horvitz/UIACT.HTM

Lookout (1998)

In-stream supervision = Do nothing?
= T_:g = Engage user? (and when?)
ég% gl = Justdoit?

Predictive Model

u(A,D)

\. u(A,D)

0.0 I 1.0

H. CHI 1999.


http://research.microsoft.com/en-us/um/people/horvitz/UIACT.HTM

Lookout (1998)

In-stream su perV|S|on
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= Do nothing?

= Engage user? (and when?)

= Just do it?

Predictive Model

1.0
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Lookout (1998)

In-stream supervision
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= Do nothing?
= Engage user? (and when?)
= Just do it?

Youwill be busy then with the  [LR = 10 |
Lumiere praject meeting...
Howr about thying Friday at 3

chions  Help

Hober
To: Eric Horwitz
_C:

Subject:  Planning For session

I'd like to catch up on plans for the conf, |
session on decision making. How about
speaking by phone sometime around 2pm an
Fri'¥ Looking forward to chatting.

—Foher

[ 4]




Would wou like to schedule M=l E3
an appointment?

e

From: iﬂ_ﬁ Hamilkon [hamilkoni@aaai.org] Sent: Wed 3/18/95 3:10 AM
To: officers@uranus, aaai.org
Cc:

Subject:  Executive Council meeking

Dear Executiwve Council Members: ﬂ

The meeting on Sunday will ke held in the Sequois Room on the upper lewvel
of Tresszsider Union at Stanford University. The meeting will run from
1:00-5:00 pim and a light lunch will he svailable at 12:30 pmw. Ah agenda
will ke sent to yvou in a subsedquent message. Currently, the following
people plan to attend the meeting:

CHI 1999.



http://research.microsoft.com/en-us/um/people/horvitz/chi99horvitz.pdf
http://research.microsoft.com/en-us/um/people/horvitz/UIACT.HTM

i Exegiass Council meeting - Message [Plain Text] M=l E3
| Ele E

iews Insert Format Tools Actions Help

“E eplytu:u.ﬁ.l_||ipEFDrﬂard|§|?’|%’}(|4*V"£@

m March 18, 199;

From: -' Hamilkon [hamilkoni@aaai.org] Sent: Wed 3/18/95 3:10 AM
h

To: offirersin ranus, aaai.org

-- enie is listening --

For commands. ; :
OO, CrELOOvE ouncil meeking

|Dear Executive Council Mewmwbers: ﬂ

The meeting on Sunday will ke held in the Sequois Room on the upper lewvel
of Tresszsider Union at Stanford University. The meeting will run from
1:00-5:00 pim and a light lunch will he svailable at 12:30 pmw. Ah agenda
will ke sent to yvou in a subsedquent message. Currently, the following
people plan to attend the meeting:

CHI 1999.



http://research.microsoft.com/en-us/um/people/horvitz/UIACT.HTM

=] E3

Fru:um:,;;-'_b, arol Hamilton [hamilton@aaai.org]

Tope nffirersi@ ranus, aaai.org
i - Genie heard --

e . .
SUnEmT—rermee Council meeking

Dear Executiwve Council Members:

The meeting on Sunday will be held in the

of Tressider Union at Stanford University.
1:00-5:00 pm and a light lunch will he ava
will ke sent to yvou in a subsedquent messag
people plan to attend the meeting:

0 BE 1 AppoD oy =

” File Edit Wew Insert Format Tools Ackions Help
“ niave and Close | % [m |GRecgrrence... | b | &*»f v Y - @ -
Appainkrent ] Attendee Availabiliby I Cnline I

Subject: IExecque Council meetking

Location: I j [ This is an anline meeting
Stark time:  |Sun 3(22/98 | [1:00Pm x| T ailday event

End time: ENEEE | [z:00Pm i

\‘@: ¥ Reminder: |15 minukes j <E|5| Shows time as: IBus':.-' j
Dear Executive Council Members: =
The meeting on sunday will be held in the Sequoia Room an the upper level
of Tressider Union at Stanford University. The meeting will run fram

1:00-5:00 pm and a light lunch will be available at 12:30 pm. An agenda

will be sent to you in a subsequent message. Currently, the following

people plan to attend the meeting: [

Cakegories. .. | I Private [

CHI 1999.



http://research.microsoft.com/en-us/um/people/horvitz/chi99horvitz.pdf
http://research.microsoft.com/en-us/um/people/horvitz/UIACT.HTM

Video: Lookout system



http://research.microsoft.com/en-us/um/people/horvitz/lookout_video_horvitz.wmv
http://research.microsoft.com/en-us/um/people/horvitz/lookout_video_horvitz.wmv
http://research.microsoft.com/en-us/um/people/horvitz/lookout_video_horvitz.wmv



http://research.microsoft.com/en-us/um/people/horvitz/eric_horvitz_lookout_commercial.wmv
http://research.microsoft.com/en-us/um/people/horvitz/eric_horvitz_lookout_commercial.wmv
http://research.microsoft.com/en-us/um/people/horvitz/eric_horvitz_lookout_commercial.wmv
http://research.microsoft.com/en-us/um/people/horvitz/eric_horvitz_lookout_commercial.wmv
http://research.microsoft.com/en-us/um/people/horvitz/eric_horvitz_lookout_commercial.wmv

Architecture for conversation (1999)

Extending mixed-initiative interaction
to hierarchies of contribution

H.. Paek. User Modeling 1999

Paek, H. UAI 2000


http://research.microsoft.com/en-us/um/people/horvitz/converse.htm
http://research.microsoft.com/en-us/um/people/horvitz/conuncertain.htm

Bayesian Receptionist (2000)

“I need a ride.”

Level O

.......................................................................................................................................................................

VOI
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Decision Theory and Adaptive Systems

Bayesian Receptionist
DR10-4
Tirn Pagk

Eric Horvitz PIath M
Version 1.0.0
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Bayesian Receptionist (2000)

I need a ride please

. DECL1 NP1
“I need a ride.” YERB1™

NP2




S0 :':-*":".l'lj like a shuttle?

Bayesian Receptionist (2000)

I need & ride please.

“I need a ride.” o vERB1*

Level 3



S0 :':-*":".l'lj like a shuttle?

Bayesian Receptionist (2000)

I need & ride please.

“I need a ride.” o vERB1*

Level 3



| didn't catch your destination.

Bayesian Receptionist (2000)




Advances in Core Capabilities



Core Fabric: Multisensory Fusion
Fuse vision, acoustics, activity with computer (Seer, ICMI| 2002)

- Representation, learning, inference

Higher-level situation ’ S~ . P ./\ ’
Vision ?A.A.A’dr.d?d’
Activity __.. _ é

Acoustics

Time

Oliver, H., Garg. , ICMI 2002.


http://research.microsoft.com/en-us/um/people/horvitz/seer.HTM

Core Fabric: Selective Perception

Guide computation to where it counts (S-SEER, ICMI 2003)
Compute expected value of information

ON
c.. 0 W N
Classification OFF
Time
ON
e, AANEENENNNE
Classification  ogf

(O)\\

Sound
Localization

\4

OFF

ON
ouse
OFF

Oliver, H. Selective Perception Policies for Limiting Computation in Multimodal Systems: A Comparative Analysis, ICMI 2003



http://research.microsoft.com/en-us/um/people/horvitz/selectpercept.htm

Core Fabric: Selective Perception
Guide computation to where it counts (S-SEER, ICMI 2003)

Compute expected value of information

Oliver, H.

DC: Distant Conversation
NP: Nobody Present

O: Other

P: Presentation

FFC: F-F Conversation
WC: Working on computer
PC: Phone Conversation

, ICMI 2003


http://research.microsoft.com/en-us/um/people/horvitz/selectpercept.htm

Core Fabric: Tools for Multisensory Prototypes

Event Sources | Tracking...

v Ambient acoustics

v Visual analysis

[v Desktop activity

v Application events

[ E:':r' stem events




Core Fabric: Tools for Multisensory Prototypes

Video: Sensing Smartphone (2000)

Hinckley, Pierce, Sinclair, Horvitz. Sensing Technigues for Mobile Interaction, UIST 2000



http://research.microsoft.com/~horvitz/cphone_2000.mp4
http://research.microsoft.com/~horvitz/cphone_2000.mp4
http://research.microsoft.com/~horvitz/cphone_2000.mp4
ftp://ftp.research.microsoft.com/pub/ejh/PPC-Sensing_color.pdf

Core Fabric: Tools for Multisensory Prototypes
Video: Surface computing (2004)

Wilson. PlayAnywhere: A Compact Tabletop Computer Vision System, UIST 2005
Wilson, Sarin. BlueTable: Connecting Wireless Mobile Devices on Interactive Surfaces Using Vision-Based Handshaking, Gl 2007

Olwal, Wilson. SurfaceFusion: Unobtrusive Tracking of Everyday Objects in Tangible User Interfaces, GI 2008



file://research/root/web/external/en-us/UM/People/horvitz/surface_computing.wmv
http://research.microsoft.com/en-us/um/people/horvitz/surface_computing.wmv
http://research.microsoft.com/en-us/um/people/horvitz/surface_computing.wmv
http://research.microsoft.com/en-us/um/people/horvitz/surface_computing.wmv
http://research.microsoft.com/en-us/um/people/awilson/publications/WilsonGI2007/WilsonGI2007.html
http://research.microsoft.com/en-us/um/people/awilson/publications/OlwalGI2008/OlwalGI2008.html
http://research.microsoft.com/en-us/um/people/awilson/publications/WilsonUIST2005/WilsonUIST2005.html

Core Fabric: Probabilistic Fusion of Signals

I:: Target Ground Truth ::I

¢ Modality ™
“._Reliability _~

— . —

I v _2‘:!_ I

~— Muodality --"'-..___ _I_.-""--- Modality T .
\_ Reliability Indicator 1 _/ \_ Reliability Indicator n_/

Toyama, H. ACCV 2000.


http://research.microsoft.com/en-us/um/people/horvitz/Bayesian_modality_fusion.pdf
http://research.microsoft.com/en-us/um/people/horvitz/modfusion.htm

Core Fabric: Probabilistic Fusion of Signals

Toyama, H. ACCV 2000.


http://research.microsoft.com/en-us/um/people/horvitz/Bayesian_modality_fusion.pdf
http://research.microsoft.com/en-us/um/people/horvitz/modfusion.htm

Core Advances in Perception




Core Advances in Perception
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Core Advances in Perception

)l L}

ni'm'

.ﬂR-t. 2
(O ANRRRIR]

Shotton, Fitzgibbon, Cook, et al., , CVPR 2011.
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Core Advances in Perception
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Core Advances in Perception
Power of data + CNNs

Conversational Speech: Switchboard challenge
100%

90% —

80%

70%

60%
50% 2009
40% /

0,
30% o

20% -

10% \ Human-level

>

0%

R P P PR R R DN D D DN DN D DN DN DD DN DNDN
© O O O O O O O O O O O O oo oo oo o o o o
o O O O O O O O O O O o O o o o O ~r B~ Bk
w A~ 01 O N 00 © O P N W b~ 01O N 00 ©o O DN

WER %



Understanding Human Cognition



Studies of Attention & Memory
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Memor
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Attentlon Judgment
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Human Cognition




Models of Attention

.,
Attention

Human Cognition

Kadie, Paek,Hovel. Models of Attention in Computing and Communications: From Principles to Applications, CACM 46(3) 2003.



http://research.microsoft.com/~horvitz/Models_of_attention_in_computing.pdf

Predict Cost of Interruption

ICMI 2003

Set Time | 4:28:44 PM

Cost of Interruption
_ Current Costs
RTcal  $2.00
Medium v Alert $0_75
Low avaler $1.50

Assess Costs |

[ Assess scalar values with slider

Observed Events

SingleAppFocus

" |Mo sound detected Mo

Stﬂlp | Go | (Gaze at display QUTLOOK.EXE

H., Apacible. ICMI 2003
H., Apacible, Koch. , CSCW 2004.
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Predict Cost of Interruption

ICMI 2003
SetTime 4:28:25 PM

Cost of Interruption
Current Costs
rrcal $0.50
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BN ... 5025

Assess Costs |

| Assess scalar values with slider
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Observed Events
12-6:30pm
MultipleApps
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H., Apacible. ICMI 2003
H., Apacible, Koch. , CSCW 2004.
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Leveraging Models of People



Priorities (1999)

Learn to sort & route email by urgency
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Priorities (1999)
Learn to sort & route email by urgency

‘." Priorities

Display Scope

Cource

95 Lee Kollmorgen RE: Meetings Meetings

94 Jack Breese HE: lunch with Dan Dennelt
94 Carl Kadie webby progress

93 David Hovel RE: .dst
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84 Leslie Rugaber your availability tomorrow [Fr.
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H., Jacobs, Hovel. . UAI 19909.
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Notification Platform (2000)
Generalize to multiple sources & endpoints

Context
Whiteboard

)

XML _
Notification Schema Device Schema

H, Kadie, Paek,Hovel. , CACM 46(3). 2003.
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Notification Platform (2000)
Generalize to multiple sources & endpoints
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H, Kadie, Paek,Hovel. , CACM 46(3). 2003.
van Dantzich, Robbins, H., Czerwinski, . AVI 2002.
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User's Loration
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Models of Surprise

Base-level predictions about traffic
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Surprise forecasting models
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H., Apacible, Sarin, Liao.
, UAI 2005.
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Models of Memory
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Human Cognition




Models of Memory Landmarks
Lifebrowser (2004), Memory Milestones (2003)

__p» Landmark meeting
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H., Dumais, Koch. , Cognitive Science 2004.

Ringel, Cutrell, Dumais, H.

Interact 2003.
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Models of Memory Landmarks
Lifebrowser (2004)

Selective memory

Oct 2

Date Events Desktop Acivity Al

Machine learning to predict
memory landmarks

H., Dumais, Koch. , Cognitive Science 2004.


http://research.microsoft.com/~horvitz/learnmem.htm

Models of Memory Landmarks
Lifebrowser (2004)

Rich timeline of predicted
memory landmarks:

- Meetings

- Photos/videos
- Activities

- Locations

Multimodal training data
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Models of Memory Landmarks
Lifebrowser (2004)

File View Tools Advanced Help
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Forgetting & Reminding: Jogger
AAMAS 2011
 Foget 8

Predict user forgetsx

p(Relevantx [ £) - —

Predict x Is relevant
Reminders

B NI

Predict cost of notification at t

Kamar, H. , AAMAS 2011.
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Toward Deeper Collaborations



In our Lifetimes?




Situated Interaction
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Situated Interaction Project
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Study: Tasks undertaken by receptionists



Situated Interaction Project

Entities, relations, intentions over time
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wide-angle camera
Kinect microphone array

touch screen

speakers

Speech Avatar Speech

Synthesis Synthesis Recognition Tracker

Conversational
Scene
Analysis

Output
Management

Behavioral control

Dialog management &
Interaction Planning

multi-core PC
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The Receptionist

E E ! ! m ! ! I SYSTEM STATUS [FPS: 2. 39]

lsLtstemng g
AllowsBargein
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Bohus and E. Horvitz. , ICMI 20009.
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Studies of Engagement

Video: Multiparty engagement

SYSTEM STATUS [FPS: 0.00]
| HasFloor N

MsListening \
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)

Bohus, H. Models for Multiparty Engagement in Open-World Dialog, SIGDIAL 2009.



http://research.microsoft.com/en-us/um/people/horvitz/multiparty_learning_game.wmv
http://research.microsoft.com/en-us/um/people/horvitz/multiparty_learning_game.wmv
http://research.microsoft.com/en-us/um/people/horvitz/multiparty_learning_game.wmv
http://research.microsoft.com/en-us/um/people/horvitz/Bohus_Horvitz_Multiparty_Engagement.pdf

Studies of Engagement ...in the Open World

Visualization

FrontCamera

SYSTEM STATUS [FPS: 0.00]

asFloor
IsListening
InConversation

Bohus, H. Models for Multiparty Engagement in Open-World Dialog, SIGDIAL 2009.
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Studies of Engagement ...in the Open World
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Bohus, H. Models for Multiparty Engagement in Open-World Dialog, SIGDIAL 2009.
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Decisions about Turns in Multiparty Collaboration

Bohus, Horvitz. Decisions about Turns in Multiparty Conversation: From Perception to Action, ICMI 2011.



http://research.microsoft.com/en-us/um/people/horvitz/ICMI_2011_decision_theoretic_turn_taking.pdf

Decisions about Turns in Multiparty Collaboration
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TAKE action)

p: P is speaking
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' — atus: Engaged

indicates system’s
gaze direction

Bohus, Horvitz. Decisions about Turns in Multiparty Conversation: From Perception to Action, ICMI 2011.
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Looking to the Future: Directions
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New Applications & Services



The Assistant

Face ID Vmail | | Calendar

Room acoust. Email Location

A ERRitcuuum
Multiparty Engagement & Dialog

Prediction about presence

Prediction of cost of interruption

Prediction about forgetting

Prediction of message urgency




The Assistant
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The Assistant ...in the Open World
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Ecosystem of Collaborating Intelligences

Video

Bohus, Saw, H. Directions Robot: In-the-\Wild Experiences and Lessons Learned, AAMAS 2014.
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New Types of Coordination



ldeal Fusion of Human & Machine Intellect

Example: Labeling Sloan Digital Sky Survey

Machine . Human
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Kamar, Hacker, H. , AAMAS 2012.


http://research.microsoft.com/en-us/um/people/horvitz/CrowdSynth.pdf

ldeal Fusion of Human & Machine Intellect

Example: Labeling Sloan Digital Sky Survey
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Machine learning, prediction, action

Kamar, Hacker, H. , AAMAS 2012.
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Mix of Initiatives on Physical Tasks




Mix of Initiatives in Surgery

MANUAL
[Switch Pb: 0:09]

HMC demio - h\lncoh\ ¥
BRI DA

HMC demo - Nicolas Padoy, G l.'jiol.r\

Padoy and Hager. "Human-machine collaborative surgery using learned models." ICRA 2011



Mix of initiatives on road

Example: Tesla Autosteer

w



Mix of initiatives on road

Example: Tesla Autosteer

Autosteer is no longer steering Model S confidently.
Take over steering immediately.




Advances in Perceptual Capabilities,
Competencies, and Pipelines



Advances in Perceptual Capabilities & Pipelines

woman, crowd, cat,
camera, holding, purple

A purple camera with a2 woman
A woman holding a camera in 2 crowd

A woman holding a cat

a man doing a trick on a skateboard
a skateboarder is is mid air performing a stunt

#1 A woman holding a
camera in a crowd.

Figure 1. An illustrative example of our approach’s pipeline.

Fang, Gupta, landola, et al., , CVPR 2015.


http://research.microsoft.com/apps/pubs/default.aspx?id=241127

Advances in Perceptual Capabilities & Pipelines
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Figure 1. An illustrative example of our approach’s pipeline.

Fang, Gupta, landola, et al., , CVPR 2015.
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Advances in Perceptual Capabilities & Pipelines
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New Interactive Sensing & Capabilities
Example: Real-time hand tracking

T. Sharp, C. Keskin, D. Robertson, et al. , CHI 2015


http://www.msr-waypoint.com/pubs/238453/pn362-sharp.pdf
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Toward Fluid Natural Dialog & Coordination



Challenge: Timing of Dialog Actions

Dialog decisions under uncertainty
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Challenge: Natural Backchannel
Video ICMI 2014
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\ Y
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Pejsa, Bohus, Cohen, Saw, Mahoney, H. Natural Communication about Uncertainties in Situated Interaction, ICMI 2014
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A Grand Al Challenge:
General Situated Collaboration



General Situated Collaboration

Beliefs,

Planning intentions, plans

Understanding

Contributions Activities & events

Engagement

Actors, objects
In space & fime

Bohus, Kamar, H. ., NAACL 2012,.
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General Situated Collaboration

Natural language processing




General Situated Collaboration

Natural language processing




General Situated Collaboration

Reflection & Learning

Coordination

Domain commonsense ‘

Social skills‘ Models of human cognition ‘

Natural language processing ‘ Dialog ‘

Machine Learning ‘ Inference ‘ Planning

Machine vision Speech recognition §| Acoustical Analysis



Critical Enablers:
Tools, Platforms, Infrastructure
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Enabling Fast-Paced Prototyping

Tools enable fast-paced exploration and prototyping
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Getting off the ground
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