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° BdingTimes

T Computation & memory
1 Connectivity & data

1T Learning & reasoning prowess

Opportunities & directions
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New access to large amounts of data
Procedures for learning predictive models
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Best actions under uncertainty

Case library




Ambient, “In-stream” data resources
Example: Lac Kivu earthquake, Congo

Rwandan call densities: 6 days, 140 cell towers, 10.5m calls

with A. Kapoor, N. Eagle
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Causality 0 O O

Active learning
. . Bing Mobile Voice Search
Lifelong learning
Dahl et al, ICASSP-2011

Deep learning

70% -

CD-GMM-HMM (DT) CD-DBN-DNN
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Four efforts
- Transportation
- Healthcare
» Citizen science
- Integrative Al



s

wd i
g i

Heterogeneous data sources

User models
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Multiple views on traffic Incident reports Weather

Operator ID: Nick
Heading: INCIDENT
Message: INCIDENT
INFORMATION
Cleared 1637: I-405 SB
JS I-90 ACC BLK RL CCTV
1623 - WSP, FIR ON SCENE

/

Event store

Road properties
& topology
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with J. Apacible, P. Koch, J. Krumm, P. Newson, R. Sarin, S. Srinivasan, M. Subramani,
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System-wide status
& dynamics

Incident reports
Major events
Weather

Holiday status

ASI SmartPhlowe

\

—_—

I

Day & time /2
Road proper &
topology

KI'raffic prediction service\

N
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 Event store
 Learning
* Inference

System’s confidence

- Max likely time jam will last

Core predictions
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@ Beyond Domain Foaus: Modelsof User

Extend system with model of user’'s knowledge

@ @

World mode , User model

R >f.
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Learn what surprises people

Algeqo.ld

Machine

" learning

Database of surprising events / \

...now and In the future
R

Future traffic

@ Major events

@ Weather

@ Time and day

o Holiday status ~_uman
Forecaster

Events at t-T

System-wide status
& dynamics

Incident reports
Sporting events
Weather

Time and day
Topology

Road properties
Holiday status




System-wide status
& dynamics

Incident reports
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Day & time // * Event store

Road proper &
topology

Holiday status

 Learning
\ * Inference

KI'raffic prediction service\

Major events T

Weather ——

vV When my route will likely clear in |20 minutes v

IV A surprising situation is noted at one of my bottlenecks

P
\

[V A surprising situation may occur within a half hour

Settings for e-mail or SMS alerting...

Core predictions
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L Extend Predictions to Unsensed Roads
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GPS library &
~1,000,000 kr?f”
~100,000 tripsf“"
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@ 72 cities across North America
© Flows aSS|gned to ~60 million streets every few minutes

X VCOLUMBIA Edmomon § £
5 : Loke . QUEBEC

Winnipeg  : st
rpgs ONTARIO

@ .WInZnIpeg

: .St John's
: . COLORADO i KANSAS
AﬁNA
haonix  NEW §
"L { MEXICO:
MEXICO i
ﬁontg_rrey Gulf of Mexico
.Cullacén =
H'ailanﬂa THE
y Mérida Santa Clara BAH.AMAS
Mexico C -
Cl Al Klngsm(;?'UBA fpom.  _sanJuan
— ® 2 REP. 4 S
N !
GUATEMALA ™~ " Caribbean Sea e
HGNDU_RAS ‘ aulec SN rdg
NICARAGUA e St. GeCIGEs Himzat Cargaration 2 2005 (LAUT

~ Caracas
COSTA s - A ‘®m = ® @, Slow Fast zo0m in for tr



myy

-
AT

Web Images Videos Shopping News Maps More | MSN Hotmail - Signin v Rewards ©  Everett, Washington
- 0/

b" |g directions

Maps Web Videos Images Maps

Road ~ | Bird's eye | v | Traffic | 3 Print &

__________________

@ Directions % My places a8 Map apps
< Edit route o o

World » United States » WA » King Co. ll
Ricnmond Highlands

\

% p’@
Bothell

LA Dl

Route: 13.1 miles, 35 min
(rerouted based on traffic)
Go back to the previous route

11300 Roosevelt Way NE, Seattle, WA
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High-stakes challenges
Working across cultures

Coupling prediction & decision

with M. Bayati, M. Braverman, R. Caruana, J. Gatewood, P. Koch, M. Smith, J. Wiens
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- The NEW ENGLAND
JOURNALoMEDICINE

Sign in | Get NEIM's E-Mail Table of Contents — Free | Subsoibe

SPECIAL ARTICLE
< Previous Volume 360:1418-1428 April 2. 2009  Number 14 Next »

Rehospitalizations among Patients in the Medicare Fee-for-Service

Program
Stephen F. Jencks, M.D., M.P.H., Mark V. Williams, M.D., and Eric A. Coleman, M.D., M.P.H.

ABSTRACT

EBackground Reducing rates of rehospit
a way to improve quality of care and rec
the frequency and patterns of rehospital
necessary changes.

Methods We analyzed Medicare clai
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* Large hospital in Wash DC

« All visits during the years 2001 to 2009
(e.g., ~300,000 ED visits)

Admissions, discharge, transfer (ADT)
Chief complaint in free text

Age, gender, demographics
Diagnosis codes (ICD-9)

Lab results and studies

Medications

Vital signs

Procedures

Admitting and attending MD codes
Fees and billing

~25,000 variables considered in dataset



DxCode9-2

DxCode¥-2
DxCodeF-3

Dalboden DxCode6-0 DxCoded-3 DxCode9-3
DxCoded-0

DxCodeF-1
"RDayOfWeek > “AndMD> DxCodeb6-2 DxCode7 i DxCode8 2 DxCode5._2
DxCoded-1
AveYGapSofar DxCodeG-3
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True positive rate
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False positive rate




Frequency

Weight

Feature description

0.68398 Dx0->2 = Excessive vomiting in pregnancy 0.31%
0.61306 Dx3->2 = Personal history of malignant neoplasm 0.28%
0.58281 Dx0->2 = Heart failure 0.30%
0.56708 Dx0->1 = Nephritis, nephrotic syndrome, and nephrosis 0.09%
0.56649 Dx3->2 = Heart failure 0.28%
0.54663 Complaint sentence contains "suicidal" 0.17%
0.48415 Dx1->2 = Disorders of function of stomach 0.07%
0.47257 Dx5->0 = Diseases Of The Genitourinary System 0.15%
0.46136 Dx0->2 = Chronic airway obstruction, not elsewhere classified 0.10%
0.44555 Dx4->2 = Depressive disorder, not elsewhere classified 0.10%
0.44257 Stayed 14 hours in the ER 0.10%
0.43890 Dx0->1 = Other psychoses 0.32%
0.43513 Dx0->0 = Diseases Of The Blood And Blood-Forming Organs 0.46%
0.42582 Complaint sentence contains "dialysis" 0.19%
0.41888 Dx0->2 = Depressive disorder, not elsewhere classified 0.27%
0.41302 Dx1->1 = Nephritis, nephrotic syndrome, and nephrosis 0.29%
0.38506 Complaint sentence contains "fluid" 0.10%
0.37474 69 < Age 9.22%
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ED discharge = Inpatient within 72 hours
« [npatient discharge - Inpatient within 30 days
 CHF discharge = CHF inpatient within 30 days
* Death within 30 days

« [npatient = infection within 48hrs, 72hrs, stay
> C.Difficile, MRSA, VRE

Team
M. Bayati, M. Braverman, E. Horvitz, P. Koch, P. Oka, J. Wiens , N. Donegan, L. Pic-Aluas, G. Ruiz, M. Smith
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Predict readmission surprises:

“The patient you're discharging will likely return within 3
days with a 1° diagnosis that is not currently on the chart”

RMonth > \
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Readmissions Manager for
Microsoft Amalga

Reducing Hospital Readmissions is an Impending Priority

Overview

One in five Medicare inpatients is readmitted within 30 days. The Centers for
Medicare and Medicaid Services (CMS) considers 40%-75% of these
readmissions to be preventable.

In October 2012, CMS will begin to track readmission and impose financial
penalties on hospitals with higher-than—expected readmission rates for certain
conditions. Other payers will certainly follow.

It is clear that hospital admissions and readmissions are becoming a critical
parameter for tracking care delivery from both a financial and quality
perspective.

Readmissions Manager for Microsoft Amalga is an innovative solution to help
organizations address this very important business need.

Readmissions Manager Targets Avoidable
Hospital Readmissions




" Engincering for Tractabity and Avalabity
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icrosoft Amalga - recazang

US - Sample Hospital

M3L Inp/Inp Readmission Prediction Last...

ACCOUNT

ADMITDTTM DISCHARGEDTTM AGE SEX PROB_NUM % o FACTOR
12/03/2010 14:57 12/08/2010 18:03 62 F 37.9 Num pastbmwvisits = 6to 10/ ;
12/08/2010 18:45 12/08/2010 18:45 74 M 3272 stayed <1 day in the hospital / P:
11/16/2010 16:14 12/08/2010 18:50 48 M 30.83 Patient had dx = Chronic renal fa
12/02/2010 13:49 12/08/2010 18:14 68 M 2905 Patient had dx = Disorders of flui
12/01/2010 05:26 12/08/2010 18:55 44 M 28,54
12/01/2010 19:08 12/08/2010 18:13 61 M 2736 Patient had dx = Acute renal faily
11/30/2010 21:50 12/08/2010 18:52 70 M 18.05 Patient had dx = Other personal
12/08/2010 08:51 12/08/2010 18:45 68 M 16.57 stayed <1 day in the hospital
12/03/2010 20:32 12/08/2010 17:50 80 M 16.18 Patient had dx = Disorders of flus
12/01/2010 01:13 12/08/2010 18:06 79 M 15,52
12/08/2010 18:39 12/08/2010 18:39 22 F 1453 stayed <1 day in the hospital / Av
12/08/2010 19:01 12/08/2010 19:01 25 F 1442 stayed <1 day in the hospital / Pz
12/08/2010 18:05 12/08/2010 18:05 24 M 1439 stayed <1 day in the hospital
12/08/2010 18:26 12/08/2010 18:26 53 F 1359 stayed <1 day in the hospital / 44



Will this patient
bounce back?

® ~ p(B[E)

Decisions

Invest in aggressive
outpatient follow up?

F+



Data Learning / Prediction Recommended action
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Cost of intervention ($)
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70% - 80%

60% - 70%
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Human + machine intelligence

Multiple roles of machine intelligence
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© Gonsdence

Zooniverse: Classification & discovery in astronomy

Sloan Digital Sky Survey:
~10° galaxies, ~120k quasars, ~225k stars

Galaxy Zoo
View & classify galaxies online

886k galaxies, 34m votes, 100k participants

with E. Kamar, S. Hacker, P. Koch, C. Lintott, A. Smith



Classification & Discovery in Astronomy

GALAXY ZGC>O 2

Home How To Take Part My Galax% “Contact Us Profile Logout

Classify Galaxies
Answer the question below using the
buttons provided.

Is the galaxy simply smooth

and rounded, with no sign of
a disk?

o s o
Smooth Features or disk Star or artifact

Need help? ?

= INVERT GALAXY IMAGE + ADD TO MY FAVOURITES



Classification & Discovery in Astronomy

GALAXY ZGC>O 2

Home How To Take Part My Gﬂaxg Contact Us Profile Logout

Classify Galaxies

Answer the question below using the
buttons provided.

Is the galaxy simply smooth
and rounded, with no sign of
a disk?

o~ 7
- T e
Smooth Features ordisk Star or artifact

Need help? ?

~ INVERT GALAXY IMAGE + ADD TO MY FAVOURITES



LI (lassification & Discovery in Astronomy
GALAXY ZG&O

Home How To Take Part My Gﬂag Contact Us Profile Logout

Classify Galaxies

Answer the question below using the
buttons provided.

Is the galaxy simply smooth
and rounded, with no sign of
a disk?

- 7, o

Smooth Features ordisk Star or artifact

Need help? ?




LI (lassification & Discovery in Astronomy
GALAXY ZGO

.

Home How To Take Part My Galaxies  Contact Us Profile Logout

Classify Galaxies
Answer the question below using the
buttons provided.

Is the galaxy simply smooth
and rounded, with no sign of

a disk?
-~ -,
. 5 - s e
) Smooth Features ordisk Star or artifact

Need help? ?




@ Sloan DigtalSky Survey:Image Analysis

453 features

Attribute

Description

petroMag,.g

Petrosian magnitude colors. A color was calculated for four inde-
pendent pairs of bands in SDSS (u, g, r, i, z).

petroRad,, = =

Petrosian radius. transtformed with redshift to be distance-
independent.

mvC'ondndx,,

Inverse concentration index. The ratio of the 509% Petrosian mag-
nitude to the 909% Petrosian magnitude.

isoRoweGrad_u = =

Gradient of the isophotal row centroid. transformed with redshift
to be distance-independent.

tsoColcGrad,, * =

Gradient of the isophotal column centroid. transformed with red-
shift to be distance-independent.

isoA, * =

Isophotal major axis, transformed with redshift to be distance-
independent.

isol3,, * =

Isophotal minor axis. transformed with redshift to be distance-
independent.

itsoAGrad, = =

Gradient of the isophotal major axis, transtormed with redshift
to be distance-independent.

isoBGrad,, = =

Gradient of the isophotal minor axis. transtformed with redshift to
be distance-independent.

isoPhiGrad, * =

Gradient of the isophotal orientation. transformed with redshift
to be distance-independent.

texrture,, Measurement of surface texture.

Inl FEaxp, Log-likelihood of exponential profile fit.

InlL.DeV,, Log-likelihood of De Vaucouleurs profile fit.

fracDeuv, Fraction of the brightness profile explained by the De Vaucouleurs

profile.
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Fuse human & machine perceptual effort

Optimize task routing & stopping

B *\
Machine Human
perception perception

\
Machine learning, prediction, action




Machine Human

perception perception
\

Machine learning, prediction, action



——> ldeal fusion, routing, stopping

~450 features

Machine Human

perception perception
\

Machine learning, prediction, action

E. Kamar, S. Hacker, P. Koch, A. Smith, C. Lintott, H.






All votes

Crowdsynth

0.6

1 0.5

0.1 0.05 0.01
Cost per worker

Percentage of votes collected
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Experience
Activity

Computer Vision
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Intelligence via composition

Principles of situated sensing & action

with D. Bohus, P. Choudhury, R. Hughes, E. Kamar, P. Koch, S. Rosenthal, N. Saw, A. Thompson, W. Wang



7 Integrative AL Inteligence via Compositon
e

- Leveraging tapestry of components
- Understanding synergies & dependencies
- Whole more than sum?

Motion control
- s Plannin
yeneration 5

Whole >> Z,- part; ?
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File View Tracks Data Analysis Help
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d:x 9%

Absolute time:

Sources:

Elements log:

Annotations:
|(FlexPass):
|{LibraryBook):
I{Shuttle):
1{Social):
1(Shuttle):

|{CarRegistration):

I(Mail)

|(TempBadge):
|(TempBadge):
I{PrimeCard):
|(Shuttle):

I(Visitor)

LS BTN ZC B BT e mc MEO A ET v v v e e e s G U e BB ®a =0 3u0Mm












Track conversational dynamics

Time-critical turn-taking decisions

‘ system
O user

- active interaction

suspended interaction

other interaction

~~
~<.
~<
~<
~<

I T I A

| 1 1 1 | |

Acive Active /7//// ////////M/{/ //////////////// 1 : Acive

Engage({1},i;) t Engage({2}i;) N
L Maintain({1}.i, L Engage({1.2}i,) Active Disengage({1},i,) —

L

Disengage({1,2},i,) L Engage({1,2}.i,)
L Engage({3},i,) L Maintain({3},i,) L Disengage({3},i,)



wide-angle camera
4-element microphone arra
touch screen x

card reader
speakers n

A 4 4

Speech Avatar Speech
Synthesis Synthesis Recognition Tracker
) 3 v v 3y ¥
Conversational
Mar(1)al1J tzlrjr;[ent SEETE
9 Analysis
? v
Behavioral control
? ¥
Dialog and interaction planning

Models of user frustration, task time

Machine learning about interaction




LI Composing and Exercising a Platform

SYSTEM STATUS [FPS: 392)

-










YVvy
P:

arrow indicates
direction of

attention
P has floor

P is the target of
the floor release

P is releasing the
floor

P is trying to take
the floor (performs

TAKE action)
P is speaking

P is an addressee

indicates system’s
gaze direction

Activity: Playing
Attention: OnSystem

EiTaski4]: Trivia
WStatus: Engaged

)

@GR AT
System
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e Multiple components
Perception, learning, reasoning

_— —_— — e -

Multiparty Engagement & Dialog

Presence & Availability Predictor

Awareness & Coordination




User M Probability C L To%
Favorites Prediction Time until available (min)
r Conversation on desktop ’T [ ] Details
r Conversing on laptop - Available Details
r Email review (3 W Details
r Home presence ]ﬁ Details
r Networked computer - Available Details
r Present in Ernc's office - Available Details
r Present on laptop - Available Details
r presentorConversingin | N Available Details
r g cremversingen | I Avaisble Details

Last observed at Eric's office. 2:21pm 372071

Snapshotas of 2:22pm 372071




“* User's Attentional Status * Cost of Disruption
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Personal Assistant

Microsoft Research
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Learning & inference from real-time streams

Information value in streaming settings.

Time-critical tradeoffs

B Figure 2: Visualize
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Multiple Applications of the Platform...

. RiEca 4
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| N

Project 3E



® Priacy Dota and Machine Leaming

Urgency ...and optimism

Clarity, preferences, and handles
Decision-theoretic mediation
Differential privacy

Protected sensing & personalization
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lurmiere

| F >

= Emall
= Documents

Content & activities

f store
= Web activity ‘1’
= GPS, wifi
_ Personalized
ranker

Results from web search engine

With J. Teevan and S. Dumais

Web Desktop News

: Images Local (BETA) ENCAEa

Sel MR

Help

HF.H rMe

+Eear T BSOS --'”III

'l 2= =

age 1 of 597 832 results containing lumiere @23 sacondn

¥ My Search: Personalized oo ache |
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hitpfresearchmicrosoft comi~hordtzumiere. hirm

Lumiere Magazine
Lumiare MHQEJJHE

whirw lamasre. com
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Lumiére Restaurant Relais Gourmand :: Home Page, News, Events

2005. Chef Feenie has finalised his new menus. You may view them here. February 15,2005
»Exciting Changes ...

lemiere cafpagesindex. htm Cached page 100731

@4

Lumiere HD - Edit HOV on Final Cut Pro

. mew HOW farmat. Now you can edit your HOY foatage, in realtime, without expensive
hardware. Lumiere HD 2.0 will include ful support for WC's new ProHD line including the

wiw'w! lumagnihd. Com

411 ¥
g

LUMIERE: PATHWAY TO BEAUTY
|

... Lumiére's renovations are now complete and we will reopen to the public Tuesday, April 5,

T
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-
-
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L Cluery
A ,
ozt mermorable Ly | Eile Advanced Help
Date Subject Landmark |~
Date Ey N —
Feb 4 Mov 17. 2010 MSR Redmond Managers Meeting 7 Yes i No
I e . - _ Nov 17. 2010 |pnewson 1:1 " Yes Mo
mages s Mov 17. 2010 |Fun Snack Break  Yes " MNo
- PP ' L. Mov 17. 2010  |Edith Law ) Yes Mo
& Vldeos Mov 17. 2010  |MSR Talk Series: Inclusive Design: Wendy Chisholm - M{ © Yes ¢ No
MNov 17, 2010 |MSR Talk Series: Cross-Compiling Android Applications t ¢ Yes i No
Mov 17. 2010 |Canceled: RRLT Meeting  Yes O MNo
Desktop ©0000000000000000000000g00000/0000000000000000 Nov 17.2010 |jenn  Yes ~ Mo
Thu [ L= Mov 16. 2010 | Dinner with Mike Gillam. et al.  Yes O MNe
h > o | Mov 16. 2010  |MSR Visiting Speakers Series: The Amazing Story of Qu| © Yes  © No
& Sea rc aCt|V|ty ) . Mov 16, 2010  |Placeholder for rollerblading (only if time and the weather | © Yes ¢ HNo
b Mowv 16. 2010 |Stephanie Rosenthal PhD Oral Exam i Yes i No
' Mov 16. 2010  |Ece and Eric meeting C Yes © No
Appts & NEAC Ttaly Meeting Nov 16. 2010 |MSR Talk Series: Girls. Programming and Processing: E  Yes No
eccescceccssccssccssscssles ey Nov 16, 2010 | Sue/Eric catchup - = " ho

events

Whiteboard
capture ...

Locations -

Farewell Party

°.
of
PS=]




Ooswmmay
@ Applications of sensing, learning, and reasoning
still in infancy
@ Studies and themes

@ Unprecedented value to people and society
@ Principles = Applications = Principles ...
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3rd Generation Elevator

Captain Kirk never had to push a button to order an elevator on
Star Trek—nor did he have to wave his arm or leg to keep the
turbolifter door open if Spock was racing to get on. Elevators that
require people to push a button to summon them, or to jam their
hands and legs into closing doors to say, "“Don’t close them just
yetl” are remnants of the 200 Century. We're testing out Project
3E (3rd Generation Elevafor) in the lobby of Building 99. 3E is a
cross-group effort at Microsoft Research, exploring the use of
machine leaming and perception to make automated doors more
intelligent and elegant via intention recognition.

Video is recorded for research purposes by two cameras
near the elevators, but stored images are modified so
that people are not recognizable — see image to the right.
No audio is recorded.

If you want to be removed from a recording, please email sifb@microsoft.com. Data is collected for research
purposes as part of the Situated Interaction Project of the Adaptive Systems & Interaction group at Microsoft
Research. For details, please see the privacy statement below. You may submit anonymous feedback at
hitp:/fanon99/_ To submit non-anonymous feedback, email anon99@microsoft.com




