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A Positioning System Using Statistical Approximation
and Adapted Spring Model for Mobile Ad-Hoc Networks

MASAYUKI SATO" and HIROSHI MATSUO*

The location information is important for terminals in ad-hoc networks. Usually the loca-
tion information makes service quality better and the communication of terminals effective.
Location information is received by GPS. But in the case in which terminals can not receive
the GPS location, it is necessary to estimate the terminal location alone. Conventional posi-
tioning systems are low accuracy and has some problems of increasing traffic and not fitting
distributed processing. The proposed system has improved the location estimation accu-
racy and solves the communication problems by using statistical approximation and adapting
spring embedder model, called KK-model. Finally we have confirmed that the proposal system
reduces the location estimation error by about 40% with simulations.
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Fig.1 Communication model similar with ZRP.
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Fig.2 The distance between lhop neighbors and the

cycle region proportion.
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Fig.3 Spring energy calculation of selected estimated points.

3.25 000000000
00000000000000000000000
000000000000000000000000
00000000000000010000000 2
0000D00000000000000D000000
00000000000 000D000D000D0O00n
00000000000000n000000000
0000000 20000000000000000
000 2" 0000000000
3.22032300000000000000000
00010000000 2000000000000
00000000000 0000000000000
00000000000000000000000
OD0DO0OKKDOOOY Oooooooooooooo
000000000000000000000000
00000 SO00000200i0j000003.2.20
3.23000000000000000000000
000000000000000000000000
000000000000000000000000
0000 length(d,j) D00DDDOODO0O0O0ODOO0O
00000 SO0000O000O0Os24000000
0000000000D0000000 200000
0000000000000000000000 20
0i0j0000000 dist,;,) 0000000000
000000000 () 0000000000000
0000000D000D000D0000000000D
000000000000000000000000
0000000k,,; 00000000000000O
000000000000000000000000
0000000100000 20000000000
00000000 k,,;, 0000000000001
000000000000000 ku,; 0100000
2000000000000 0.2000000300
0000000000 00000030000000
0000000000000 (6)0000000000

goboooooooobooooooooooOoooo
goboooooz200000000000O0O0C000
goooooooooocooooon

L i 2
E = Z Z §k(i7j)(dzst(i’j) — length(iyj))
(i€9) (j€S)
(6)

0300400000000000000 EN;10
EN;100000000000000S ={X,Y,%,
EN,1,EN;1} 00000 30000 dist(u,v) OO
00 vwe SO00 v e SOD00DD0ONO
00000000 3 0000000000000
length(u € S,v € §) 0000000000000
00003.22032300000000000000
00000000 (6)000EN,I0EN,;1 00000
0000000000000000000000000
0000D00000D000000D000000000
000000000000 20000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 20000000000000
000000D00000D0000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000

3.2.6 0000000

00000000000000000000000
0000000000000000000000000



Vol. 46 No. 12

02 0DO0O0oOoooo
Table 2 Reactive process.
1. RPREQ OO
2. RPREP OO
3.00fooooooooooooooooooDo

00000000 oooooooooooooooon
3.3 J0000O0O0O0OoOoO
00 20000000000000000D000O
ooo0oOoOoOoooooopoooooooooood
ooooo0Oooooooooooooooooooo
o0o0o0O0oUooooooOoOoooooooooood
O0o0o0O0o0o0ooooooooooooooooog
O0000000ooooOoOO0ooooooooood
O000OO000o0o0oODOOOoooogoooooood
O000000o0ooOooooooooooooood
Reactive Process Request 000 000 RPREQODO
00000000000000O0O0O00O0 IDOOO
OO0000DOo0o0OO0U0OoooooOod RPREQDE
00O Reactive Process Reply 000000000
000000000 0O0O0OO0ORPREQUOODOOOO
o0o0o0OO0o0ooooooDOoooooooooooog
0ooo0oooooUoooooooooooooog
000oooooooooo 20000
0oooOooooooooooooooogoon
O000O00o0ooooooooooooooood
0000000000o00ooooooooooog
000000000000 000ooooooooog
oo0o0O0oOoooOooooOooooooooood
ooooOoOoooooDOoOoOoOooooooooood
O0o0o0O0o0ooooDoOooooooooooooog
o0o0o0O0oooooooooooooooooood
o000O0o0o0o0oooooooooooooood
O00000000oooooooooooooog
O0KKODOOOODOOooooooooooood
0000000000000 000oooooooog
000000000000000000ooO0ooog
000D00000000o00ooogoooooooog
ooooooooopoOoOooooooooooood
oo0o0OO0o0OoOooooOooooooooooooC
0oooooooooooooooooooogooog
oooo0oooUooooooouooooooooo
o0o0o0O0oO0ooooooDOoUoooooooooood
0000000000000 00000000000
000000000 00oo0ooooooooooog
00o0oooooooooooo

gooooooboooOooooooooboooooo 2897

03 0000000oo0oooos%0io0o
Table 3 Knowing distance with 5% error.

ooooo O

oo 1x1
oooo 0.10000000 5%0000
oooo 150
lhop O OO 0000000000 oooo00 5%0
2hop OO0 Joo0Dooooooo
ooooooo | 40%
ooooo oooooo
ooooo 300000000000)
goooo 0 O O snapshotO
oooo k 10 1hop 00 [0 0.20 2hop OO 0O
oooo J0000D0000D0000O0Doo

gooooOoOooOooooOooOoO0O0Ooooo

4. DO0O0OO0OOODOOO0OO0OOOOon

4.1 0OO000O0O0OO0DOOOD

gooobooooooooooooboooooo
gbooooooooooooboolobodooood
gbobboobooooooboooooooooooon
gooobooooooooooboooooooood
gboboooooooooooocooooobooooo
gobobooOoooooooooboooooooooo
000000000000 VisualBasic NETOOODO
gboooooooooboocoo3ooocooooon:
goooboooooooboooooooooboooo
goooboobooobooooobobooobobooo
gobooooooooooooooobobDbooo
gooooobobbooooooolooooooood
goboooooooooboooooooobooood
goboocoobooo200000000000D0C00
gobooooOoooooooobooooooboooo
gbl1oooooooocoooooooooobooo
00000000 40%0000000000000O
goboooooooooooboooocoooooboooo
gobooooboooooob10o0oooooooDooboo
00000 5% 00000000000000000
goooooooooooboboooooobooboo
gooboooooooobooooooooooooa
goooooo20000000000000000d
goboooooooobocoooooooobobooo
goboooodoooooooobooboouooooboooo
gboboooooooooobooocboooooobooooo
goboooooooooboooooooooooooo
goboooooooooboooooooooooooo
gooooooooobooooooooobooobo
gooooooooooo



2898 goooooooo

20

108

random selection
1 0.6

1 04

Frequency [%]
>
Accumulated probability [%]

102

WA Thinetan 04,
0 20 40 60 80 100 120 140 160 180 200
Location error [:1(%)]
04 DO0O000O00OO0O0O0OOOOODOO
Fig.4 Location error and frequency (selected randomly).

20

1 08

center of two estimated points
1 0.6

1 04

Frequency [%]
S
Accumulated probability [%]

102

. . . . . A, o o 0
0 20 40 60 80 100 120 140 160 180 200
Location error [:r(%)]
05 OO00OO0O0OOOOOO0OOO
Fig.5 Location error and frequency (center of two

estimated points).

gooboooooooooboboobooooboobo
goooobooooooooooooooooooo
goooooooooooooobooooooooo
goboog

gobooboooooooooooboooooooon
gbobobo4000000C0O00O0DOOOOOCOO
goooooboo sbO00o0oboboooboon
gooooooooobbobenonooOoOoODDO
gooooooo10oo00oobo 2000000
00000500000000000000050%0
gooobooooooooboobooooobooooon
goooobooooooooooooooooooo
goboooboooooooooooboooboobo 4000
40%00000000000000000OUOOO
goooooooooooboooooboooooo
gooooooooooooooocoooooooo
goooDoO0o000o0oooobbDebbOOOOOOO

Dec. 2005

20 T T T T TS 1

108

KK (Proposed method) 06

7‘ |

0 e
0 20 40 60 80 100 120 140 160 180 200
Location error [:1(%)]
06 0D00000D0DODODKKOODOOODOOOOOOO
Fig.6 Location error and frequency (using KK-model)
proposed method.

Frequency [%]
>
— X
Accumulated probability [%]

04 100000000000000DO00OOO
Table 4 Experiment for statistical approximation of lhop

distance.
ooooo 0

oo 1x1
oooo r 0.250
oooo 100

lhop OOODOO CYCLEODOOOOOOOO0OOOoOO

0.5r 00000000

ooooo oooooo
ooooooo 300
goooo 0 O O snapshotO

4.2 100000000000000
0000000 1000000000000000
000000000000000000000000
00000 0250000000000000000
000000000000000000000000
00000000 CYCLEOOOODOOOOOOO
000000000000000000010000
00000000000000000 05r 0000
000000000000000000000000
000000000000000000000000
0004000000000
0000000000000 7000000020
0100000000000000 8000000
000000000000000000000000
00000007 000000000000000
000000000000007000000000
00 p=-427%(:r)00000 SD =13.74%(: r)
000000000000000000000000
000000000000000000000000
000000000000000000 800000
0000 SD =23.74%(: r) 0000000000



Vol. 46 No. 12

gooooooboooOooooooooboooooo

2899

06 ODOOOOOO

=3

frequency [%]

—rf1

8
6
4 .................... -4
2
0

—64 56 -48 -40 32 24-16 -8 0
error of distance [:R(%)]

8 16 24 32 40 48 56

07 1000000000000000OOOOO
Fig.7 One hop distance error and frequency (proposed

method).

Table 6 Basic parameters.
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Table 5 Connectivity and standard deviation of error.
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