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Evaluation Impact of Position Estimation Errors
on Recognition of Relative Positions
in Wireless Ad hoc Networks

NoBoRU KryaMa, ! Junko Kusupa,f!
HirozuMi YamacucHITH2 and TERUO HigasHINOTLT2

In this study, we propose a new quantitative performance metric for estimated
positions of nodes generated by (wireless network-based) position estimation al-
gorithms. Unlike the traditional metric that evaluates the absolute errors from
the original node positions, this metric represents these nodes’ relative positions
which are important in referring a node’s location as distance and directions
from its surrounding nodes. Several experiments have been conducted to show
the effectiveness of the proposed metric.

1. 0D O0ad

gboooobooobobooooboboooboooobooboobooobooobooboo
000000000000000Y0000000000000000000000000
000000000000 0000O0O00o00 (Location-Based Service) 0000000
000000000000000002®0000000000000000000000
00o00000o00000000000o00o0o0oOoO0o0o0ooo0o0ooOooooon
O0o0o0o0OO0o0o0oO000O0o0o0OoO0ob0OoO0o0oOo0oo0oooO0o0oOo0ooOooooo
O0oo0o00o0oO0oO0ooo0oO0oOooO0ooOo0o0oooOo0oOoooooooooo
O000000000000000000000000000000000000000000
000000Y000000000000000000000200000 3000000
00020000000000000000000000000000000000000
0Y000000000000000000000000000000000000000
000000000000 0000000000000000O000000000000
O00o000o0o0o0o0o0oo0o0o0oooO0o0ooO0oO0oooO0oOo0oDoOoOooOoooOoOooonDo
0000000000000 000000000000000O00O00000000000
O0o00oo0oooooooooooon

0000000000000 0000000000000000O00000000 “00
O0000o0o0”0000000000000000000DO000O00DOOO00O0000O0
gboooboobooooboooboobooboobbobooboobobbobooo
gbooobooboboooboobooboobooboooobooobobboboooo
O0o00000O000000000000000000000O000O000000000
000000000000000000000000000000000000000000
0000000000000000000000000000O00O0000000O0000
000o00000000000000000000000000000000000000
0000000000000000000000000000O00O0000000000O0
oooo

t100000000000000

Graduate School of Information Science and Technology, Osaka University
t2000000000000000CREST

Japan Science Technology and Agnecy CREST

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

01 000000000 ‘00007”00000 () 00000000 (b)DDDODOD 1(c)00000O 2

2. 00OoobOoOoooooboo

2.1 00000000000
gobooboooooooooooooobobooooooooobooboooooooooDoboo
gbooobooooooooboooobooobooooooooooooooOoboobooDo
ooooo ‘0ooo”0oooooooooOo0oO0o0ooooooooOooOoDODOOOOOO
000000000000000000000000O000000UOOODO0OO0O0O0 1(b),
01(c)0000000000000D0D0O0OO00OD 200000000000000
gob1000000000 200000000000000D0000000 20000
ooooOo300poo00oo0o0de00OoOYOOOO0OOOOOODOOODOOO “OO
0000’ 00000000000 0obD000oUobO0 1000000 1(a)0o0o0o0
0000000 «goOorooooooooooooo
gobobooooboooooooobooooobobooboooooooobobooooooon
gooobooooooooboooooobooooooooooooobooobooooooo
goooboooodoooooboooooboooooooooooobooooooooooo
gboodoboooboooooboooobooobOooooooooooboobOooooDo
gobooobooooooooooo
goboooooooooooootcooooboOoOoO0ooooooDOoboOoooooDooo
gboooboooooooobooboOooobooooOooooOoOoboboobOoOooOoDbo
goooooooooooooobooooobooboooboOobooooobooboooooDooo
gooobooooooooooboobooooooboooOooboobooobooboOoooooboo
gooooboooooooooooooooboooooooooooobooooooooooDoboo

Vol.2009-MBL-49 No.6
2009/5/7

dooodoobooobbooddoodooodoobbooooogooooooooa
doodooooooboooooooooooooobooobooooooooooooa
0dooooooooooooooooooooo
oo0o0O0o00oU00oooooOopoo200000000000OOOODOOOOODOD
go0ooooooooooooooooo
2.2 00O00OO0O0OO0OOOOOOO
oooo0oO0oOoOooOOO0U000oOoOoOoDO00D0DUOOOoOoOoOOoOoOooOOoooOoD
ooooooogod
e JOODODOO
gooooo0oo0oobD “obD0000”o0o0000ooD0D0oUooOoooooooog
Jo0o0o00o0oU0ooOooO0O000oOooOoD ‘000 A00Ooooooog”oon
00 “0000000”000000o0oooooooooooooooooooooog
e JOODODO
00000 “O000000”000000 ‘o0’ o0ooODOOOOODODOOOOOOO0
00000o0ooooO00o000oooooooooooooo“onn A, B,CO000O
Joo0”’00“J00 AD00O0O0OO0OOODOO BOOOOOOO G OoOooooo
00000000000o0ooooooooooo
0000000000000000000000000G) 0000000000000
000000000ooooooooooo0o000000o0o0oooooooon Xxo
0000 YOOOOOOoooOOooOoooDooooOooboooooobooboobooo
000000000 @) 0000000000000 oo0oo0ooUooooUooo
000 plane graph0 0 00 000 OO O graph edit distance0 000000000000
o0o00000o00d0o0oooU000ooooooooooooooooooOooooooo
dooo0o0oo0o0o0oogooooooooooooooooooooooooo
2.2.1 00O0O0O0OOOOOOOCOOOOOOOOOOO
00oo0O0o0o0o0o00oooOoOooOO0o0UooOooooOoUoUOoOoOoooooooooD
0000000000o0o0oU00doooooO0o0o0ooooooooooooooooooo
000O000o0oO0ooo0O0o000oooooO00o0oo0ooooooooooooooooo
0000000000000 0O00O000000o0o0o0o00o0ooooooooooooog
0000000000000 000000O000000OOoO20000000000000
-1,]]000000010-10000000000O00000OULOOOLOUDOOOOLODOO

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

gobooobodboooboobuooboobooboobooboobooonbob o
goooboobobobooooogoobbobbooooogbbbbboooogpbobobo
gooboooobooobbuooobbooobbooobboobbboobobboo
gbobobo1gboooooooobobooboon
gboooobogoobobooobooboobobooboooobooooobooobooD
gobooboooboobooboooboobobooboboboobobobbooboobOoo
goXoOoooo yooooooooooooooobooooooooooooooobo
gboobooobooooboboooobooboobobooooooboobobbooboboo
gboooboooooooboboooobooboboooobooboobooboobobo
gobobobooooooooobobobobobogoobog
goboooboobooooboobooooboooobooboobooboooobooooo
ogoooboboobooboooboboobobooobobooobobooobOo 2000
gboooboooogooboobooooboooooboooboooobooboobooboobo
oboooooooo
2,22 OJO00OO0OOODOODODODODOODOOOOUOOO
gobooooboooobooobooboobDoobUoooDoboobDobogobDoooo
gooogooooooooboboboboooooooooboboboboboooboooo
gobobooooooooobobobobooDobooooobobobobobDoobooo
goooboobooooooooooboooooooobooooOUooboOoboobDoboo
gooboooobuooobbuooobbooobbooobboobbboobnbboo
00000 (plane graph) 000000
gooooobooboobobobobooobbobobobobobooboobobobo
gbooobooooboobobooboobobooooboboobobobooboobobbobo
gboooboboooobooboobooboobooboboooobobooobobobooboobo
gboooboooboobobooobooboobooboobooboobobbooboo
gobobooooooooobobobobobooooobooboboboboboobooo
gbobooooobooboooobobooboobobo2000obDobobboobobo
0000000000000 CO0O000000DODOO000dgraph edit distanced OO0
gbooboooboobooooobooboobobooobooLooboooboobLobo
gbooooooooobo2b00b0oboooooboobobooooDobooobDOoboboo
gboboobooooooooooo

Vol.2009-MBL-49 No.6
2009/5/7

02 000000000000O0000

@
@ @ @
@ 0] @
@

03 00000000000000000 300000000000

gobobgooooooooboobobooboboboboboobooobooboooo
3. DOooooooooo

3.1 00000000
3.1.1 00000000000

00000000 (Gabriel Graph)® 000000000000000000OO PO P
00000200000000000000 R,O000000OPR 0 000000000
00000000 2000000000P-P;00000000000000000000
P, 0000000000 /PPP0000000000000000O0OOO

P,P} > P,P; + PP} (1)
0000000000000 00000000000000000 3000000000
00000000000000000000000000000000000000000

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

(b)

04 000D0D0D0O0OO00O00OOO0OO0OODO
() 00000000 (b) 000000 1(c) 000000 2

0000000000000 oooooooo0o000o000oUoUooUoooooooon
0000000000000 000ouoo 2000000000 1000000000
00000000000 0O0O000000000oooooooOoo0ooooooooooo
ooodoooo20000000003000000000D000O00O0DO0O0ODOOOOO
go0o00o0o0oboOoooogo 3ogog

0000 4c)0000000O0D 60000 70000O0OD “DC0”000D00O0O0
00000 2000000000000000000 6800000 630000000
000000000000 42)0000000000000000O00 100000000
0000000 30000000000000000 2000000000000000
5000000000000 00DOD0DDOOO0DDOOO0DOOOOObOO 100D0O00D0DOOD
dodoooooooooboboboooooboooooooooooooooooooog
ooooooooogogo

3.1.2 J0O0OOOooood

D[IDI]EIDDDRelativeNeighborhoodGraph[fs)DDDDDDDDDDDDDDDD
000 RO pO0000O0200000000000 RO KO00000O0OOOO0OO
o0o0oo0oo0oooo0ooo0 P, OO00CODOO0O0OR 0 ROODOOOOOOO
oooooooo s000000000pR-P;00000000000O0DO0CC0O00O0O0O
p,O0000000DO0OO00O0ODOO KOOODOOD PRPRP,OOOOO RRO00O0O0O
0000000000o0oo0o0oDO00oOo0oOD0DO0o0ooUOooooooDoOooooooooo
goboooobo 30oboo0oU0booUoboooUobOoU0U0oDooOUOoOOoobOooUbDoOoo
0020000000000000000000000COO0000O0OODOOOOO00

Vol.2009-MBL-49 No.6

05 O0000O0O00O0O0OO0O0O0O0

2009/5/7

06 O000O0O00O00OCOOOOOO 300000000000

gobooobooooboboooboooooo 2000bo0bobo0obo01bobbooobOooLo
ooboooobooooooooooobbooooOooobboooDboooooenbDOO

gbobooobooooooooobodobooobobooobooooboooobooooon
ooboooooboboooboboooooooooobobooooooooooooao

3.1.3 OJO000OOb0OoO0oOoooooooooooooooag

o3bbdebdObOO 20000000000 1000DOO0O0DO0OOOOODOO
oooooooooooooboooooooobooOob0 4000000 300000000
obooobooboooboobooOoOOoOoOOobOOoOoryoobebbOOOOOOODO
gooobobooooooooboooooboOoooooboooobooooobOoOooooDoon
oobooooobobooobooooooooboooooboboOoooooobooOooboooooo

(© 2009 Information Processing Society of Japan



oooooooooo

IPSJ SIG Technical Report

@ | @

07 0OOO00O0O0OO0O0OOO0OO0O0O0O0O0OOO0OO0O0O0O0OCOO0OO000

oo
ooooo oooo
oo
1 N(23) - N41) | N(23) - N(41)
2 N(12) - N(9) | N(12) - N(9)
41 N(7) - N(43) | N(11) - N(50)
45 N(35) - N(4) | N(22) - N(39)
48 N(22) - N(39) | N(7) - N(43)
in(n—1) N(2) - N(28) | N(2) - N(28)

08 ODOOOOOOOO
nO00000O0ON@OD)OOOOOO

Vol.2009-MBL-49 No.6
2009/5/7

3.2 000000
3.21 DO00O0OODOOOOOO

0000000000007 000000000000

2

Ry ®
0000000 DOOOOO0200000000000000xD?0000000000
200000000000000NDO0000000000000 N=14n(n-1)0000
000000000000000000000000000000000 80000 70
000 43000000000000 40000000000000 4100000000
00 70000D?=7*=4900002000000000000000000 £D*=0
00000 p=100000000000000000000000000000000C0
00000000 ¥D*=(N*~N)/300000 p=-10000000000

3.2.2 0O000OO0OOODOOD

000000000000® 000000000000

=2 3)
NN 1)
000 NOODOODDODOODOOoODOOoOooOooDooobooooooao N:%n(n—l)
JodopPOOOOODODDODOOOO 200000000DOO20000000000O00
0d0o00od0O00. 00obo0obOodbo0obOo0oobOoooOo0obDooobooobooaa
000 8IDODbUO0O0ODO 7TOOOO L3000O0DOOOOO 22000039 000000
do0ooooobOOo0ooOo0oopPOOD0ODOOODDOOODODOOOODOOODOOODO?
goobboooobobboooobboa PZ%N(N—l)DDDDD T=1000020
gobobobOobOobOobO0obOoDbDO0bDO0OD P=00O0OODODO T=—-10000O0DODO

gooooobooobooooboogoooo
4. J0O0O00OO0OO0ODOOoDbOo0

00000000000000000 (1)0000 (2)MDS-MAP (3)TRADEO 300

000000000000

(1) DOOO
0000000GPSOOOOOOODNOOONOOONDNOOONOOONDNOODNOOnO
00000000000000000000000000000000000000

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

ooooOr-00,RIODO0OODDODUODOOAD [0,27)0000O0ODOO
000000o00o00oo0o00n (z,y) D000 (x+rceosf,y+rsingd) DO OO
gogobbooobbooobobooobo

MDS-MAP

MDS-MAP? 00 OMDSOOOODOOOOOOOOOOOOODOOOOO0O0O0
gboobooboooooboboooboooobobboooobobobooboobo
gbooboobooooboobooboobooboooboobooobooboobobooo
gboobooooobooooboobooooboooobobooboobobo
gbooboobobooooboobobooooboobooboobooobooboobooobo
goooooooo
MDS-MAPOOOOOOUOOO0OO0O0O0O0OOOOOOOOOOOOOOOOOOoQ
gboooooooobooooobooboooDoboooobooboooboobo
gboooooooooooobboobooboobDobooobobooboobobo
gooogoog

TRADEOODOOOOODOOOODOOOOODOOOOO

TRADE!” 0000000000000 D0O0O0O0O0O0O00O0O0000000000
O000ooMDS-MAPOOOOOOOOOOODOOOOOOOOOOOOOOO
ooo0oO0o0/o0000o0o0o0O0o0o0o0o0o/O0000ooooDoonDo
gooooobooboobooooooboobobooDobooboobobobooo
ggbooooboobobobobuobooboobooboboboboobono
gogboobooboboboboobobobobobbobbooooboobobo
OO0O0O0O0OTRADEOOOOOOOOOOOOOODOODOOOODOODOODO
TRADEOOOOOOOODOOOOUOOODODOOCOOOUOUOOODOOOOOOO
goooooboboboobooooobooboboobooboooboobobobooo
gboobooboboooboooobbobooooobooboobobooboooo
gboobooboboooboobobooooboooobooboooboboboobooo
gboobooooobooooboobobobooboobobobooboobobo
gboooobooboobooboooobooboooboobDoboobooboobooobo
o0oo0oooUo0o0oo0ooOoUO/oo0oUDUOOODOOoUDLOULOOOOOOU
gboooooboooobooboooboooooboobooboboobooboobo
gboooooooobooooooboooboobDoboobobobooboobobo

gbobgobooooooooobooo

5. DOOoOoOano

goooooo 50m x 50m
ooooooooRr 15m
goooooooo 4

good 20,30,40,50

goood oooooo
goooooocooon 600 O

09 0DO0O0O0OO0ODOOOO

0.3

Vol.2009-MBL-49 No.6

——GPS
~B—TRADE

MOSMAP

0-25 .\.\

L 3
L 2

o

N
/.
*

FHEFBEER)
o
=

e

0.05

n=20 n=30
J—F#&

n=40 n=50

010 O0000O0O0O0OOO0OO0O0OOOCOOOOO0O00B0O0O0O0

2009/5/7

gobooobc400000000O0OC00O0OOOOOODOOOOOODOOOODODOOO

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

120
100 //‘
. '/
3 /
L
| R "
N 60 ¥ ;
H
I
B
10 ——GG(GPS)
——RNG (GPS)
e ——— GG & RNG{GPS)
= =1 - | GG{TRADE}
20 = _ —#= RNG (TRADE)
==GG& RNG{TRADE}
—5—GG{MDSMAP)
=t RNG (MDSMAP)
o —+—GG&RNG{MDSMAF)
n=20 n=30 n=40 n=50
S—FE

011 00000OO0OO0O0OO0C0OO0OOO0OO0O0OO0O00O0O00O00DOO00O0D

goboooobooooooobo sooooooobooooooooooooDo
000000000000 900000000 dTRADEOMDS-MAPOOOODODODO
gooooooooooooobooooobob40b000b0DObODOOOODOODODDO
Oo00oOoopoooooooOoO MDS-MAPOOOOOOOOOOOOOODODOOOOO
10%000000000000000000000DO0O0O00O0O0D 10~0 130000
gobobooobooooooooooboooooooooooooooboOoooooobon
gooobooobooooooooboooooooooooooooooboboooooooo
gboooboooobodoooobooooboobooooooooboooboobOoOoooDbo
O0000000OTRADEOODOOOOOOOOOOODOOOOOODOOOOOOOOO
ogoo0ooooUoUoUoO0oOOoUOoUO0OO00OOOUDUOUOLOO/oDUDOOOO
0000000 TRADEOOOOOOOOOODOOOODOOODOOOOOOOoOOooooo
gooooooooooooboooooobooooooobooOoboOoobooobooooooDooboo
O MDS-MAPOOOOOOOODOOOOOOOOOOODOOOOOOOOOOOOOOO
goboooooobooooboooobooooooobooobobooOooOooOobOobo 20000000

FERIE

09

085

08

Vol.2009-MBL-49 No.6
2009/5/7

[ 4 & .
——— e —
—
e
\‘.—-
——[ERE(GPS)
=4k )L (GPS)
—— * BB (TRADE)
Ak )b (TRADE)
—#— R (MDSMAP)
—8— 5} )L (MDSMAP)

u]

n=20

n=30 n=40 n=50
S—F#

12 000000000000O000000O0O0O0000000O0O0O0O0

L

——ERE(GPS)

~B—~ Ok 1 (GPS)
BERE(TRADE)
~¢ 1)L (TRADE)
—#—PERE(MDSMAP)
—8—~ 51 )L (MDSMAP)

n=20

n=30 n=40 n=50

013 O0000000O0OO0000000O000000O0O0O0000000O0

(© 2009 Information Processing Society of Japan



Vol.2009-MBL-49 No.6
gooooooood 2009/5/7
IPSJ SIG Technical Report

goodbooooooooboooobooooooooooodoobooooooooao Association, pp.578-580 (1972).
nEnEnEnEnEnininininininininininininininininininininininininininininininininngnln 8) Abdi, H.: The Kendall rank correlation coefﬁcient, Encyclopedia Of Measurement
and Statistics.

dododooooobobooooooooooodooooooooooooooooog
9) Shang, Y., Rumel, W., Zhang, Y. and Fromherz, M. P.J.: Localization from mere

poobodoodibodoodoooioodoodibodnodood connectivity, Proceedings of the 4th ACM international conference on Wireless sen-
sor networks and applications, ACM, pp.201-212 (2003).
6. ooodmo 10) 0000000000000 0000000000000000000000000

gobooooooooooooooboooooOooboOoOoOoOoOoOooooooooooo

nobbobboooboononoooobboooniono onoooont 00000000DICOMO20080 0000000 pp.1066-1074 (2008).

gooooboobooodoooooboobooooooobooboOoooOoooobobOoooooDooo
obtooooooooooooooocOoooooboOoOoOoO0OooOoOOobobOOooOooOooDobo
goooboboooooooobooocoooobooboooooobobooooOooobooooooDoo
gooobobooooooobooocoooobooOobooooobooooooocOooooooboo
gobooooboooooooobooooboocoooOoooooooboboooboooon
goboboooooobooooooooooooooboooooooobooooooooboo
gooooooooooooobooboooboooboooOooboooboobooobooboooooboo
gobooooboooooooooooboooooooboooobooboooo

o o O 0O

1) Goldenberg, D.K., Bihler, P., Cao, M., Fang, J., Anderson, B. D.O., Morseand,
A.S. and Yang, Y.R.: Localization in sparse networks using sweeps, Proc. of Mobi-
Com 2006, pp.110-121 (2006).

2) C, H.Y., Perring, A. and Johnson, D.: Packet leashes: a defense against wormhole
attacks in wireless networks, Proc. of INFOCOM 2003, Vol.3, pp.1976-1986 (2003).

3) Burrell, J., Gay, G.K., Kubo, K. and Farina, N.: Context-aware computing: a test
case, Proc. of UbiComp 2002, Vol.2498, Springer Berlin / Heidelberg, pp.647-653
(2002).

4) 0000000000000 00000O000UO0O0O00O0ODOO0O0DDOOOO0OOO
OO0 GPSOOOO0UO0OOO0OOOUOODOOO 2006-MBL-380 pp.73—-78 (2006).

5) Matsakis, P., Wendling, L. and Desachy, J.: A new way to represent the relative
position between areal objects, IEEE Trans. Pattern Anal. Machine Intell., Vol.21,
pp-634-643 (1999).

6) de Berg, M., Cheong, O., van Kreveld, M. and Overmars, M.: Computational ge-
ometry: algorithms and applications, Springer, 3rd edition (2008).

7) Zar, J.H.: Significance testing of the Spearman rank correlation coefficient, Jour-
nal of the American Statistical Association, Vol.67, No.339, American Statistical

8 © 2009 Information Processing Society of Japan



