s eoud1In : msandnicTuad sz auigadisuszuuszy
awmiial§aen1elue1n1s (OPTIMAL REFERENCE NODE PLACEMENT FOR
WIRELESS INDOOR POSITIONING SYSTEMS) 01915601/5n11 : fa10mans19156

AT.YALT WIHUNN, 173 1.

°1uﬂi1fgﬁuﬁzumzuﬁnmﬂamﬂummi (indoor positioning systems) 1@5un
3 . I a ] X 4 4 4
aulanau Fadlumsusmsssranianlglse Tesinnma Tulasmsaearsuuy 1 ¥aelu
Y a 9 o 1 =) o 9 o a @ 1 EY
M3 IimMsuInisvesdoyadiunis Tasimsunlsnunats venandu sy lalunis
a o o ] Y A o FY v
aanuyAna MIATIIUMIHINvediensegnsainialulsaneria 15lumsasiady
a Y a3 v A 9 o o a o Y I Y
duarmnuluadedud uazmsasrammiinauaumwas lumgmss il lvad Hudu 0nns
IFauszuuszysmianielue1ns A1ugnaea (accuracy) HazANMIUET (precision) 11
MSTZYAUNUI TIWITOVONDIANTIOULVDITZVUTZYA KU TR TagainTnseas1aves
o 1 o o ] k) A A ) Y A T 9
srUUTEYananelueIns msmuuadinmiaee luad it lumsdedoya
° v & Y A ° Y, A A dAdq v a 9 ° ' ° oA
Yo uIzdealimmrua I luusnununnldusmsdoyadrualudumian

v
(3 v o

< J v Aa 1 o 1
WMy ay °1NLﬂuﬂmﬂwuNaﬂiz‘lmm’e)ﬁmmuzﬂlmizuuﬁlumiizumsmmma muuﬁlu

q

Y
R

av @ a ) [ o o '
el Idiauemswannaumsnsiamaai dsumsuddymmsminuadimia
Tuadedsimingauigadimiuszvuszyduiiinieluomsiamsasonuanssous

k2 a [ Ao [ ° 1 dy ~ Y A =
¥oe32U1 14 Taennsangunimvesdyanansuldlusaazdumisesiuin1dusms aalu
vy 9 o o o 1 Yy a awv dy Yo Y
msundymdmsumstiiuad i Tuagioedduauidse lasmuatynilaeld

o L 1 o

° a Y o 3 A A a =2 9 o
puusIaeeveIns lsunsuFadudinuwanluuis admsinsandsdeiinaaiedimiy
M300NUUUTZUUIRITaN Tumsiimuadiunianise Tuas waamuzaungavos

Y
szuuszydumnianelueins wazldas lumsmdmeuainTisunsy IBM ILOG CPLEX

Optimization Studio 1235 Simulated Annealing

9139513720330 INsAuUIAY AMeiloFDINANY

= = A A I
ﬂﬂ1§ﬁﬂ1&l’] 2555 a1ﬂN@%ﬂﬂT%1ﬁﬂﬂﬂ?ﬂH1

A A I '
aWﬂﬂJ@%ﬂﬂ’m’lﬁﬂVIlﬁﬂ‘H’]i’JM



SUPATTRA AOMUMPAI : OPTIMAL REFERENCE NODE
PLACEMENT FOR WIRELESS INDOOR POSITIONING SYSTEMS.

THESIS ADVISOR : ASST. PROF. CHUTIMA PROMMAK, Ph.D., 173 PP.

INDOOR POSITIONING SYSTEMS /REFERENCE NODE PLACEMENT/

SYSTEM DESIGN

Indoor positioning systems have become very popular in recent years. This is a
service that takes advantage of wireless communication technology to provide
location information services. There are many real world applications that depend on
the indoor positioning system. To name a few, tracking, location detection of medical
personnel or equipment in a hospital, one can consider the location detection of
products stored in a warehouse, location detection of firemen in a building on fire, etc.
For the indoor positioning system, accuracy and precision of the location
determination are keys of the performance evaluation of the system. These
performances metric is influenced by how the optimal reference nodes (RNSs) are
installed. This thesis proposes an optimization technique that can be used to optimize
the placement of the reference nodes and improve the location determination
performance. The proposed reference node placement problems are formulated as
Binary Integer Linear Programming (BILP) models. The proposed problem
formulations were solved by IBM ILOG CPLEX Optimization Studio and

Simmulated Annealing.
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