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1. Motivation .ra'

»  Mobile devices have more resources (CPU, main memory, battery, etc.)

»  New devices support seamless communication by supporting different
communication adapters

»  Applications are becoming location-aware or location-based
»  LBS for indoor and outdoor environment

1. Motivation » Issues:

2. Positioning and Locations

3. Address objects by geo. Location = More “intelligence” on the mobile side

4. Resolving geographical locations . . . . . . .

5. Natural Area Code = Lots of applications rely on communication and require high-bandwidth
6. Location Area Code

7. Comparison of NAC and LAC

8. Shifting Location Area vs. »

P i 4 L oc, Ares Problem of addressing relevant geographic objects of a certain area
S ConclisionandOutlook = How can we address geographic objects without communication effort
(e.g. spatial query of a GIS)?
= How can we locally on a mobile device search for geographic objects?
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2. Positioning and Locations (State of the Art)

» for outdoor environment
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= Location defined by infrastructure
Cell-based locations

1. Motivation

2 Pomominoand Locadons on ® LLOCAtiON defined by coordinates

3. Address objects by geo. Location

& resonvng seographcalocatens @, ), |atitude, longitude, altitude

5. Natural Area Code

6. Location Area Code

7. Comparison of NAC and LAC
8. Shifting Location Area vs.

oo muipieLoc s @ | ocation defined by logical
‘ or semantic description
e.g. Street, Postal code, city, country

—
. [ Location = (E8°10"22.5'; N49°35"35.9) |
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2. Assessment of Positioning and Location Descriptions

Cell-Based locations

Coordinate-Based
locations

Semantic and logical
locations

1. Motivation

2. Positioning and Locations

3. Address objects by geo. Location

4. Resolving geographical locations

5. Natural Area Code

6. Location Area Code

7. Comparison of NAC and LAC

8. Shifting Location Area vs.
Managing multiple Loc. Ares

+simple 1D (cell ID)

— locations of base stations
are often not known

—accuracy
(from 100m to 3 km)

— not available worldwide
—no computation

— self describing

+no “resolution required”

+simple (lat./long.)
+ locations are known
+accuracy (from 3cm to 5m)

+ everywhere available

+ can be computed

— self describing

+no “resolution required”

— complex structure
+ locations are known

+accuracy
(depending on model)

+ everywhere available
—no computation

+ self describing

— “resolution required”

9. Conclusion and Outlook
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3. Addressing objects by geographic locations

» Geographical information

= Positioning for outdoor should be accurate (GPS)

= geo. information search should be adaptive (depending on data)

1. Motivation

2. Positioning and Locations

3. Address objects by geo. Location

4. Resolving geographical locations

5. Natural Area Code

6. Location Area Code

7. Comparison of NAC and LAC

8. Shifting Location Area vs.
Managing multiple Loc. Ares

9. Conclusion and Outlook
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b.) target areas defined by areas
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4. Resolving geographic locations

» Classical Location resolution and geographic information search

Requests Using
Unique Locations

Mobile =
Device

[

Raw

Positioning | Position
Systems

Raw
Position

-

vy Location

Location Server
Infrastructure

1. Motivation

2. Positioning and Locations

3. Address objects by geo. Location

4. Resolving geographical locations

5. Natural Area Code

6. Location Area Code

7. Comparison of NAC and LAC

8. Shifting Location Area vs.
Managing multiple Loc. Ares

9. Conclusion and Outlook

Requests

Raw
Position
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E 2
b Giobally Unique
Physical and Semantic

Unique Locationf

Database

> User Registers

Web Service

Roth, Jorg; "A Decentralized Location Service Providing Semantic Locations”,
Habilitation, Informatik Bericht 323, Fernuniversitat Hagen, Jan. 2005.

» Local location resolution and geographic information search

Transfer
into LAC

Using
Database

-

=~ User Registers

=~ Web Service

[Kirchner, Holger et. al 2005]
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5. Natural Area Code (NAC)

» Transformation from (Longitude, Latitude, Altitude) into NAC

LONG = (Longitude + 180)/360
x1 = Integer part of(  LONG*30)
X2 = Integer part of(( LONG*30-x1)*30)
x3 = Integer part of((( LONG*30-x1)*30-x2)*30)
x4 = Integer part of((((LONG*30-x1)*30-x2)*30-x3)*30)

LAT = (Latitude + 90)/180
y1 = Integer part of( LAT*30)
Y Brere " y2 = Integer part of(( LAT*30-y1)*30)
L t: . i
- Resoving eographical locatons Y - IMGET Partof(((LAT30-y1)'30-y2)'30)
& N Ao y4 = Integer part of ((LAT*30-y1)*30-y2)*30-y3)*30)
6. Location Area Code
7. Comparison of NAC and LAC ~ ALT = Arctan(Altitude/R)/90
8. Shifting Location Area vs. z1 = Integer part Of( ALT*30)
Managing multiple Loc. Ares - 43071 )*
Y O utiook z2 = Integer part of(( ALT*30-z1)*30)
23 = Integer part of((( ALT*30-z1)*30-z2)*30)
z4 = Integer part of((((ALT*30-z1)*30-22)*30-23)*30)

1. Motivation
2. Positioning and Locations

© Fraunhofer IPSI

[NAC, http://www.nacgeo.conv/nacsite]

Characteristics:
» Divide world into 30 areas
» Each area is represented as a symbol

» Representation as a set of predefined

symbols
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6. Location Area Code (LAC) — Contribution

1. Motivation
2. Positioning and Locations

» Transformation from (Longitude, Latitude, Altitude) into LAC

LONG = (Longitude + 180)/360
x1 = Integer part of( LONG*16)
X2 = Integer part of(( LONG*16-x1)*16)
x3 = Integer part of((( LONG*16-x1)*16-x2)*16)
x4 = Integer part of (((LONG*16-x1)*16-x2)*16-x3)*16)

LAT = (Latitude + 90)/180
y1 = Integer part of( LAT*16)
y2 = Integer part of(( LAT*16-y1)*16)

3. Address objects by geo. Location 3 = Integer part of(( LAT*16-y1)*16-y2)*16!
4. Resolving geographical locations M gerp « v ¥2)116)

5. Natural Area Code
6. Location Area Code

y4 = Integer part of((((LAT*16-y1)*16-y2)*16-y3)*16)

7. Comparison of NAC and LAC ~ ALT = Arctan(Altitude/R)/90

8. Shifting Location Area vs.

Managing multiple Loc. Ares

9. Conclusion and Outlook
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z1 = Integer part of(  ALT*16)

22 = Integer part of(( ALT*16-z1)*16)

23 = Integer part of((( ALT*16-z1)*16-22)*16)

z4 = Integer part of((((ALT*16-z1)*16-22)*16-23)*16)

Characteristics:
» Divide world into 16 areas
» Each area is represented as one bit
» Representation is hexa-decimal
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7. Comparison of NAC and LAC
» Information distribution of geo. “__,_/'“‘-u.___-.._h_ !
objects by a predefined set of data 3 i =
» 1783 records for evaluation oy
» Information distribution of 2 letters
make no difference (only data for a
certain area)
» Y-axis: shows inf. distribution
1. Motivati HS H
 poutimmana Lotions® X-@X1S2 Showss unique areas (sorted)
3. Address objects by geo. Location
4. Resolving geographical locations
5. Natural Area Code NAC (2 leter) LAC (2 letter)
6. Location Area Code
7. Comparison of NAC and LAC 1200 Q)
8. Shifting Location Area vs. 1000 1019
Managing multiple Loc. Ares 1500
9. Conclusion and Outlook 800
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412
400 s
500
200 | 5222
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7. Comparison of NAC and LAC (3 + 4 letters)

NAC (3 letters) LAC (3 letters)
70 250
57 i 20: 29
60 i
E3 200
150 . 143
100 86
65 “ 66
3988 - | *y g |
50 5 3
7 HI I A T Fil
1. Motivation o il il I | ik il L 1li
2. Positioning and Locations
3. Address objects by geo. Location
4, Resolving geographical locations NAC (4 letters) LAC (4 letters)
5. Natural Area Code
6. Location Area Code 45 4 4 444 4 ® 40
7. Comparison of NAC and LAC 4 40
8. Shifting Location Area vs. 35 35
; . ks 33 33 3 3 3 33
Managing multiple Loc. Ares 3 30
9. Conclusion and Outlook 25 ” | | | | | "
oy Azn {222 22 2 ? 22
2
15
1
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7. Comparison of NAC and LAC (5 + 6 letters)
NAC (5 letters) LAC (5 letters)
35 6
3 5
25
4
2
M :
15
2
1
05 1
1. Motivation o o
2. Positioning and Locations
3. Address objects by geo. Location
4. Resolving geographical locations NAC (6 letters) LAC (6 letters)
5. Natural Area Code
6. Location Area Code 35 35
7. Comparison of NAC and LAC 3 3
8. Shifting Location Area vs. 25 25 |
Managing multiple Loc. Ares ) )
U : MO 0 O
15 15
1 1
05 05
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7. Comparison of NAC and LAC

1. Motivation

2. Positioning and Locations

3. Address objects by geo. Location

4. Resolving geographical locations

5. Natural Area Code

6. Location Area Code

7. Comparison of NAC and LAC

8. Shifting Location Area vs.
Managing multiple Loc. Ares

9. Conclusion and Outlook
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NAC Area Size

NAC: H R Germany 1000km x 670km
NAC: HC R8 Frankenstein and surrounding 33km x 22km
NAC: HC8 R8Z Mountain top 1.1km x 0.7km
NAC: HC8G R8Z1 Tower of Burg Frankenstein 36m x 25m
NAC: HC8GF R8Z13 Platform of the tower 1.2mx 0.8m
LAC (hexadecimal) Area Size

LAC: 8 C Germany (+more) 1875km x 1256.3km
LAC: 86 C6 Hessen 117.2km x 78.5km
LAC: 862 C6D Frankenstein and surrounding | 7.3km x 4.9km
LAC: 862A C6D1 Burg Frankenstein 458m x 306m

LAC: 862A1 C6D14 Tower of Burg Frankenstein 29m x 19m

LAC: 862A10 C6D14A Platform of the tower 1.8x1.2m
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8. Shifting Location Areas vs. Managing Multiple Location Areas

» User‘s position is in some cases closed to a border

» Information search of neighbor areas (target zone) is needed

1. Motivation

2. Positioning and Locations

3. Address objects by geo. Location

4. Resolving geographical locations

5. Natural Area Code

6. Location Area Code

7. Comparison of NAC and LAC

8. Shifting Location Area vs.
Managing multiple Loc. Ares

9. Conclusion and Outlook
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a.) shifting an area

b.) managing multiple areas
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9. Conclusion and Outlook

1. Motivation
2. Positioning and Locations

3. Address objects by geo. Location

5. Natural Area Code

6. Location Area Code

7. Comparison of NAC and LAC

8. Shifting Location Area vs.
Managing multiple Loc. Ares

9. Conclusion and Outlook
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» Need for addressing relevant geographical objects in many applications
= Users are searching for information in their vicinity

= Some applications do not allow com. to resolve raw position into
locations

» Natural Area Code solves the problem to address objects by a global unique
addressing scheme

» Location Area Code improves the coding schemg for more practical

4. Resolving geographical locations |nf0rmat|0n dlStrIbUtIOﬂ l:ﬁid'- F
» Shifting Location Areas solves the problem ofa !
user is moving closed to a border (this requires ;1"
additional computation) I - T
» Managing multiple location areas supports ﬂ Jod! E','
a more flexible model to cover several argas Al S
— |
» More work on managing ar f ¥l
ore work on managing areas e rl___:_.-_'__,
§ =
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