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Location vs. Proximity
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Who Cares?

Elements of Context

E Where you are

B Who you are with
O What is nearby

Schilit, Adams, & Want, “Context-Aware Computing Applications”, 1994.

* Which of my friends, colleagues, relatives, or enemies are nearby?
* Who are these strangers with me?

» What are the names of nearby printers?

» What conference rooms are nearby?

» How far away is the nearest receptionist desk?

Other elements of context: velocity, mode of transportation, task, goal, mood ...
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Other Proximity Methods

* Location from
* Active badges
« Cameras
* Wi-Fi
* GPS
* Cell Phones
» Conference Devices
* SpotMe
* NTAG™
* IntelliBadge™ - NCSA
» Conference Assistant — Georgia Tech
* Proxy Lady — Viktoria Institute

* Digital Assistant — ATR » Services
« Synchronous Context * Trepia
« Synchronous Gestures — Microsoft * iChat — Apple
« “Are You With Me?” — U. Washington - Short Range Networking
* SyncTap — Sony * Infrared
« Stitching — Microsoft * Bluetooth

« Smart-Its Friends — Disappearing Computer Initiative
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NearMe Client

Fie Zoom Tools Help

r

£ NearMe D@‘

Test Connections Register | Wi-Fi Reportl NearMel

Choose Type Enter New or Choose Previous

demo person

conference room .
printer Previous

cafeteria Name:

reception desk

John Pocket PC
stitchable

Expire Hours 10 H

Register Meaw

Email

Windows XP PocketPC 2003

Requirements:

* Windows XP

* WWW access

* Microsoft .NET Framework
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NearMe Client — Test Connections

r

% NearMe QE{

Test Connections |Regi5ter| Wi-Fi Reportl NearMel

Sep 22004 6:01PM in Redmond, Washington, USA

Live status message from NearMe Service: This is a test
version of the NearMe web service. If you can see this
message, you have successfully connected to the service.

ORINOCO USB Card
00:40:96:31:c7:0d -70
00:40:96:31:87:78 -90
00:40:96:31:6c:34 -92
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NearMe Client — Register

; % NearMe E]E]‘

Test Connections Register | Wi-Fi Reportl NearMel

Choose Type Enter New or Choose Previous

New John Desktop
demo person

Name:

c:c_::nfer_enc:e room Previous |Person Nearby
printer o Person Farther Away

cafeteria Person Even Farther Away

reception desk
stitchable

Eﬂ'lall Ii

I 1: hour(s)

Register with:

* Name

« Email (optional)

* URL (optional)
 Expiration interval
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NearMe Client — Report Wi-Fi

% NearMe - Registered as "John Desktop” (ID 364) Q@

Test Connec:tionsl Register Wi-Fi Report |NearMe|

ORINOCO USB Card
00:40:96:31:c7:0d -77
00:40:96:31:87:78 -92

Interval

5 minutes
10 minutes
20 minutes v

» List of detectable Wi-Fi access points

» Access points used only as beacons
* Periodic reports for mobility
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NearMe Client -- Query

r

% NearMe - Registered as "John Desktop” (ID 364) E]@

Test Connections | Register | Wi-Fi Report NearMe

Choose Type Overlapping Access Point

Person Nearby
demo person Person Farther Away
conference room
printer
cafeteria
reception desk

stitchable Access Point Hops

Person Even Farther Away (2)

Look back: I 20: minute(s)

Adjustable “Look back” time to filter outdated reports
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% NearMe ﬁﬁ[vf

2 NearMe - Registered as "MS 113/337 7 =-22m L :
Test I23|:|r'|r'|EectiDr'|S| Register Wi-Fi H ~* NearMe - Registered as "John Desktop” (ID 364) D@
Test Connec:tionsl Registerl Wi-Fi Report NearMe |

NearMe Client — Nearby Things

Test Connections Register |

Choose Type

Choose Type Overlapping Access Point
MS 113/3209
MS 113/3379

conference room MS 113/3377

conference room

printer

cafeteria

reception desk

stitchable ORINOCO PC
00:40:

cafeteria
reception desk Access Point Hops
stitchable

MS 113/3181 (2)
MS 113/3005 (2)
MS 113/3001 (2)

Look back: I% minute(s)

Register as thing Report signal strengths Query for things

person elevator kitchen bathroom
conference room | stairs mail room stitchable device
printer cafeteria reception desk demo person
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NearMe Server

Clients NET Web Service SQL Server

N

)

; NearMeService Web Service - Mi... Q@@

FEle Edt View Favorites Took Help
.
Q- KRG
http: //jckrumm/NearMeService/Nea ¥ Go
Links ] NYT &] My MSN ] Hawk ] MSNBC g
Google™ v | @ SearchWeb - >

NearMeService

ScanSources

The following operations are supported. For a
fnrma\_ de_finitmn, please review the Service
Description

* NearMeHops_Not_the_oOld_oOne

# ClientInfo

e TestGetScanSourceTypes

e WiFiScanInsert

e Helloworld

s GetScanSourceTypes

* Grouplnfo

* GetPreviousScanSourceID

* GetScanSourcesNames

s GetGroups

* RegisterNew

* GetStatusMessage

e NearMeoOverlap_Not_the_oOld_One
< il I
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NearMe Server Data

| Date | Time | MAC  |Rssl| MAC  |Rssl| |
| 1-Sep-2004 |16:13:04| 00:40:96:31:c7:0d | -78 | 00:45:cfle7aid0 | -67 | |
| e | 1-Sep-2004 |16:15:04] 00:40:96:31:¢7:0d | -75 [ 00:45cfilevaud0 | -70 | 0 |

1-Sep-2004 [16:18:25] 00dScfiterzado | 70 [ [ |
il 1-Sep-2004 | 16:21:25] 0040:96:3Lcr0d | -6 | [ [ |

B113-3-N 5-Mar-2004 | 12:04:32| 00:0f:34:ab:0c:a0 00:02:dd:34:44.e5[ 63| | |
B42/231 12-May-2004 [ 20:12:31| 00:0f:34:ab0ca0 ( 60 { | | [ |

Expiration deletes source of Wi-Fi
data, but not Wi-Fi data itself

QUARTERS
ONLY
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» Access point topology in database
- Recomputed every hour F
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Hops = Distance Estimate

r

£ NearMe - Registered as "John Desktop” (ID 364) E]@

Test Connections | Register | Wi-Fi Report NearMe

% NearMe - Registered as "John Desktop” (ID 364)

Choose Type Overlapping Access Point Test Connec:tionsl Registerl Wi-Fi Report NearMe

Person Nearby
demo person Person Farther Away Choose Type Overlapping Access Point
conference room MS 11373208
printer MS 11373378
cafeteria conference room MS 113/3377
reception desk printer
stitchable cafeteria
reception desk
stitchable

Access Point Hops

Person Even Farther Awa .
Access Point Hops

MS 113/318
MS 113/300%
MS 113/300

Look back: I 2[]: minute(s)

Extends proximity range beyond radio range

Download from http://research.microsoft.com/~jckrumm/NearMe.htm



Access Point Travel Times

00:02:dd:34:44.¢5 | | 0 | 45 | 11 | |
00:40:96:31:c7.0d | | | 0 [NA| |
00:45:cfle7ad0 | | | [ 0 | |
.. | | | [ | |

Minimum observed client travel time between access points

* Recomputed every hour
» Could be computed from other “wardriving” data, e.g.
* Intel Research Place Lab
* NetStumbler
* To Do
 Path plan, e.g. A~C =A—B + B—C
* Cluster times, e.g. times for walk, bike, drive
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Travel Times = Distance Estimate

L__g Logged in as George Washington E]@w

Register | Report NearMe |

Type Common Access Point

persan (none sharing access point)
conference room

printer

elevator

stairs

cafeteria Observed lower
kitchen Separated by Access Point Hops bound on travel tlme

mail room
reception desk
bathroom
stitchable
demo person

Look Back

113 Reception (1321 min) ...
112 Reception (Z) (<7 min) ...
114 Reception (2 (<36 min) ..,

115 Reception (2)\=33 min) /
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Distance Estimation

r

% NearMe - Registered as "John Desktop” (ID 364) E]@

Test Connections Registerl Wi-Fi Report NearMe |

Choose Type Ove ing.Acce

Person Nearby
demo person Person Farther Aw
conference room
printer
cafeteria
reception desk Access Point Hops
stitchable

Person Even Farther Away (2)

Look back: I 20: minute(s)

How to estimate distance between things?
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Distance Functions

Wi-Fi Signature = s = { (mac,, rssi,), (mac,, rssi,), ..., {(mac,, rssi,) }

- d = f(s,.5,)

Candidate Distance Features:

N, = number of access points in common

ssd, = sum of squared differences of rssi in common

n, = number of access points not in common

p, = Spearman rank coefficient of access points in common

e N =
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Compare Ranked Signal Strengths

Kenmore

i
Demiy Blaine

ohal
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Distance Functions

d= f(§a’§b)
d =f(nn, ssdn, Ny, P.)
Example: d = a-n2 + b-ssd + ¢c-n 3+ d-p,

4 features + polynomials to 39 degree = 45 different test functions
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Test Data

' Log Rss| L OX Wi-Fi Cards

~ Floor Plan

Unselect |

Current  Selected
Kim) I 467 I 467
Y (m) I 919 I 91.91

Dell built-in laptop
Microsoft Wireless USB
ORINOCO PC Card
Actiontec USB

Cisco Aironet PC Card
Linksys USB

Wi-Fi Scans

Scan Interval (sec) [~ Log

I 3: [~ BeeponlLog
Log File |
Detected NICs

ORINOCO USE Card
ORINOCO USB Card - Packet Schedu

vaxrsst [EN 0
o gl Office Building: 1,441,739 pairs

B Ml Cafeteria:; 572,027 pairs

v i) G (O8N =

Notes

1} Must select log file with "Log File"
button before logging is enabled.

2) Indicate unspecified location by
unselecting location.

3) Can unselect location by double-
clicking in map.
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Simple Distance Function

d=-2.53n,-2.90p,- 2231 |

rms error = 14.04 meters

p. = 0.39
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NearMe Wi-Fi Web
Service

2 Homer Simpson - Mi... Q@
]
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Applications

Stitching

path taken
by the pen

People
J v

iohn Desktop

Conference Rooms

113/3/3209 v

Printers

113-3-3312 v

Demo People

Homer Simpson ... &4
&) %4 Local intranet

B B8

| &

Homer Simpson

I

transferred
pictures

Look up URLSs of nearby people

rL__E Logged in as Pete E]@‘

Register Nearby Recipients Email

Name Subject: [Help Me IfYou Can
Pete

Paul Hi Guys,

Anyone interested in lunch in a couple
Email Address minutes? Also, are you looking for an
extra drummer by any chance?

pete best@mail.com

Hours Until Expire I 1 3

Send email to people nearby
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What Makes NearMe Different?

* Works on existing Wi-Fi devices

* Minimal setup
— “Out of the box” for nearby people
— Capability grows with use

« Short range proximity
— Accounts for different Wi-Fi hardware
— Sorted by distance

* Long range proximity
— Hop distances via adjacency analysis
— Travel times via timestamp analysis
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Demo

Download from http://research.microsoft.com/~jckrumm/NearMe.htm



