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Examples of Spatial Applications

Spatial Web



Motivating Example: Navigation
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Example Application: Shopping Navigator
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We need a system to associate this name with a real-world location
...or a Spatial Naming System a.k.a Map
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Example Application: Shopping Navigator
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Indoor 3D Inventory AR shopping Facilities Fine-grained Placing AR content Autonomous Robots
navigation management management location search

We need a ubiquitous Spatial Naming System
to enable emerging Spatial Applications




Why do maps today not have ubiquitous coverage?

Indoor data collection is hard

Crowdsourcing on a central system
Is not the right way to scale




Why do maps today not have ubiquitous coverage?

Huge manual cartography effort.

[Indoor data collection is hard

Many indoor spaces are private.

Indoor maps are dynamic.

Outdoor cartography Indoor cartography



Why do maps today not have ubiquitous coverage?

Businesses do not want to expose their indoor map
data due to privacy and competition concerns.

Crowdsourcing on a central system| .. =
Is not the right way to scale

A Single Family
Home




Federation of Maps

Independent organizations maintain their own maps
of their own spaces.
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Federation of Maps

[ﬁ s maps.cmu.edu ]
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Federation of Maps
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Federation of Maps
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Example Application: Shopping Navigator
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Design—a Centralized Spatial Naming System
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Geocoding: Convert addresses to
corresponding geographic coordinates.



Design—a Centralized Mappin
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Design—OpenFLAME Map Server

Where am | w.r.t
the map?

How to go from
Ato B?

How to visualize
the map?
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A Map Server stores map data of a region and provides
services on the map.

It is maintained by independent organizations.

.




Design of OpenFLAME

[Spatial database J
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Design—Map Discovery

[Spatial database J

The Map Discovery system
identifies the set of maps hosted for
a give region.

Discovery




Design—Map-based Services
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client and map servers.
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Example
Application
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Example: Application Design
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! OpenFLAME does not maintain content or pointers to content.




Federation offers benefits

Privacy

Fine-grained access control

Independence of services



Federation offers benefits
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Federation offers benefits

[Pﬁvacy ]
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Federation offers benefits
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Private map data is stored on private servers.}




Federation offers benefits

[Fine-grained access control]
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Federation offers benefits

[Independence of services ]

Beacon-based
localization

GPS/
Image-based
localization
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Federation offers benefits

[Independence of services ]

Beacon-based

localization

GPS/
Image-based
localization
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Challenges of Federation



Challenges of Federation

[Design of map discovery ]

Craig street, Pittsburgh

........

How do we discover all maps on this street?




Challenges—Map Discovery




Challenges—Map Discovery

[ University police ]
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Challenges—Map Discovery

[ University police ]
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Itis a large-scale problem
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Reusing existing trusted infrastructure—DNS

DNS has a widely deployed and trusted infrastructure with a multi-
layered caching mechanism.

We can use DNS as:
Map boundaries are fuzzy.

Discovery queries do not need
transaction support and ACID.

Update frequency is low.
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DNS has a widely deployed and trusted infrastructure with a multi-
layered caching mechanism.

We can use DNS as:

[Map boundaries are fuzzy. ]




Reusing existing trusted infrastructure—DNS

DNS has a widely deployed and trusted infrastructure with a multi-
layered caching mechanism.

We can use DNS as:

Discovery queries are simple
spatial lookups and do not need a
full-fledged database.

Discovery queries do not need
transaction support and ACID.




Reusing existing trusted infrastructure—DNS

DNS has a widely deployed and trusted infrastructure with a multi-
layered caching mechanism.

We can use DNS as:

The rate at which new maps are
registered in the system is
‘ relatively low compared to the

rate at which existing records are
' read.

[Update frequency is low. ]




Using DNS for spatial queries

Spatial indexing systems (e.g., S2, H3) divide the world into hierarchically
organized primitive shapes.
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* Each primitive shape can be represented by a domain name.
 Can leverage existing DNS infrastructure with modifications to the resolution
process.



Registering regions on the DNS

7777777777 F Football . ‘Mﬂiclf{f_7,":@','””””“;',76"'””"”""“””"_””"" Tood Road =
Field i
filmore Street Enter address x
Yepper— - ——. — v —_— - ~ S
| School o tad & A
I} . of Business = 1060 § &
— — TCS Hall # 4 Ko 00rSex
> o ento, d
Q i‘ RIS s & N Road
ol | 4615 & S b q
/ g * \ e ¢ —g 87 - F_orbe_s venue _g ! FOrbe
- bes Avenue X — R s Aven, x
bad T L - . & onue o
: =g - CMU ArtPark ) 2= <
5 f Lab Cyert S 5087 %ee\e
1 /‘ bes d Hamburg Hall I T o
|posite | P Hall '_ ] | o
Bse) v 4720 smith Walking o = B3
4$> Hall to the ° R ,\5 ] 0
. % Kraus Winter Sky . P Forbes Forbes
ok | o Goren * Cohon :£astCampus  Ave opp Ave at
| 17 i 4902 Garage - Beeler Beeler
Al Facilitiés @ University ) St St ; Ter;,
[ Management 4804 . Purnell Center 5,
| Services . ESL N Center;| The Cut y Gesling \ 0"'}
| 0 i Bulilding I I"le:e B " Stadium X N,;'
il Scott A
Hall Hamerschlag Drin®
/ Y West =] o
o e
P 4 +3 Wing - g
= aq - @ Doherty -qJ?_' _a
e / o Sorrells Hall Forbes
B 1field ) g i= Library g P ) . Ave oppo
efield J Z <001 vonis Margan
| Boiler / : & 7+ p=4 L2 7 Ditch ¥ ‘tﬂu:’m
| /Plant g L The Mall I Z 5
| £ ANSYS Showmen Donner (’qe 0 Tech
| Hall House 2
| 1 K¢ Margaret, \ House
: Porter i CFA Lown 5 (2\"‘0 ’_"fgfs'” Morrison
| Hall Dr. Mao 4921 =g V"B(g 05< Apartments gg Giadstorie
¢ Yisheng Baker . House
= T statue Hall Kraus Campo e
& .000‘ 5122
A\
- £ o8 e
~F M “ Hend %,
ew Sp,, Hunt Library Hall S’ Highmark AR £
et of the & Center House o%
Arts ’f’o
- 90
Park
Mansions
Fr Pittsburgh
ew
Y e i Stregy Golf ﬁlﬁ
/ Statue \ @y or 5o, Club
p | of Christopher . = ‘\e‘\ e Pittsburgh
Y Columbus % Flagalt‘aff & o
A )
W | e puk e & G VAR [ A sl % 2002822 .. o meaflet| © OpenStreetMap

S2 Cells
Maximum number of cells: 37

—

Generate Cells Clear Polygon

DNS

Altitude :
Unknown Altitude i
|

Enter altitude (in feet)

Add unknown altitude records

SOA Record
MNAME

cmu-nameserver.cmu.edu.

RNAME

dns-admin.cmu-nameserver.cmu.edu.



Other Challenges

Ranking discovered Map Servers
Rearchitecting map-based services
Spatial Application design

Security and privacy implications



Other Challenges

Which is better?

CMU

CMU Maps

[ Ranking discovered Map Servers ]
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Other Challenges

How to implement services
across client and map servers?

) ) ) Localization
[ Rearchitecting map-based serwces]

Routing

Search

Visualization




Other Challenges

Common design principles
across applications?
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[ Spatial Application design ]




Other Challenges

What are the attack surfaces and
how can we deal with them?

[ Security and privacy implications ]




To conclude...

Federated mapping is a new domain with multiple
research challenges and huge potential to unlock
a new class of applications.
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