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## 4370653721 : MAJOR ELECTRICAL ENGINEERING
KEY WORD: LOCATION ESTIMATION / MOBILE STATION (MS) / SIGNAL STRENGTH
(SS) / TIME OF ARRIVAL (TOA) / NEURAL NETWORK /

PITI LEK-UTHAI : ESTIMATING LOCATION OF MOBILE STATION

USING NEURAL NETWORK. THESIS ADVISOR :

ASSOC. PROF. DR. WATIT BENJAPOLKUL, 92 pp. ISBN 974-17-1941-8

Because the Federal Communications Commission (FCC) developed requirements for
wireless position location service which states that by October 2001, for CDMA or GSM
operators must be able to determine accurate location of mobile stations (MSs) which request
emergency assistance with accuracy within the radius of 125 meters to achieve at least 67 % of
all trial locations. This thesis proposed the technique of using neural network to approximate the
location of MS with the measurement of the Signal Strength (SS) and the Time of Arrival (TOA)
from several base stations (BSs). The proposed technique focuses on solving the non-linear
problem which is not suitable for using mathematics model to approximate and acquire the
accuracy of location approximation better than the one FCC recommended.

The simulation results of using neural network to approximate the locations of MSs in the
case of proving the proposing ideas and in the case of small/medium-sized city, neural network
can give the accuracy within the radius of 125 meters to achieve more than 95% of all trial
locations. The results can prove that the method of using neural network in approximating the
location of MSs keeps satisfactory accuracies better than the earlier proposed method and FCC
recommendations. Moreover, using neural network in computing the location of MSs can
decrease the complexity-and response. times -in. computing-for-the-location for the real-time

service.
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« M3mmnnamurulaaliaianas (Global Positioning System: GPS) [1,5]
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2.1 dnwazvaau3nms 911 lugailagii [5]

2.1.1 M3U3M3 911 luszvvaneae (Wireline 911 Service Operation)
<3| a { A
B-911 (Basic 911) (T uw5n13 911 lugansnisuiinigldeulu Alabama 10l a.¢1. 1968
A A Y A Y Y ~ ~ ~ o o ¥ 2 o Iy
Fannnlumssaduniwesnston ot ldnamiidisinlsedimesan mimiulating
@ a a 4 1 < { @ 1
Psvdyeszuvldidseansomunndulusasd as. 1980s sunuilu E-911 Aldnueglu
lagiiu
U7 2.1 weraaTasead 9vees U E-911 ¥0amsUimsszuudiats fldegluilagiiv
wedldusmsiimsiFenyuneay 9-1-1 central office switch 921 1M3IAFUNIVBINITIT BN
dy o A A o 1 ~ dy @ Jd a @ o 9 A A
11184 router Nazi@onihimsaemamonit lldsgudnimsussmeansisuzdolszdiosdui
k4 v 9 l
winzay (local PSAP) TagodeiiugiuvesaunineNimaten mniudeyaveuaynuion
wimsiEenldusnsezgndde 11ds CPE (customer premises equipment) 1o 1msszydoya

910 ALI (automatic location information) database #99UBNYOYAVDIFD LAT NOGVDA

Jg 9 a A v 9 A o a 1 [ 9
I?Jslclﬁ_lﬁﬂ'lﬁ LAaguUnNIgNIUINUel PSAP ﬂ'”liJ']ﬁﬂ“Vl”lﬂ']ﬁ@lﬂ@]f]ﬂa‘UUlﬂ

2.1.2 M3U3M3 E-911 luszuuaeas1¥aie (Wireless E-911 Service Operation)
) o & ¥ Y )] o
disuszuumsdods 1see Idims sz 0y AUTOPLEX 1000 adiuayunis
UIMIUB4 B-911  TagnamtmdeuniamnsaiimsiGen 9-1-1 Tunsalpniduuazazgnuen
ponvINMIEenuuulnana 11l (1 ¥uReIuN15509u0 PIN : Personal Identification Number
4
1182 15911 user authentication) 1A81/51A910NTS delay %50 block NMI5NNU 9
ugazMIien 9-1-1 namimdouivzgniinmsaedinuya PSAP muizeaulag
o dy ~ = A A o =} A 1 Y o
91fENUgIVBINMIaInzilouvoIanlindouniuanIigIv tazMaFoNasiNITE U B-

911 oz 1¥anyazueg digit-by-digit feature Tumsdadunia (routing) %4923 automatic number
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identification (ANI) field 79119 centralized automatic message accounting (CAMA) 5 ”Uq%: uag

Fardumalids psAp avanzayld

Database Automatic

management location

system information

Computer

Emergency

services

adjunct

BRI

Analog (CAMA) or 5ESS switch Analog (CAMA) or
END digital (ISDN-UP) E9-1-1 digital (ISDN-UP)

PSAP

office selective

Computer

router

Display:
- Address
- Called-back number

Route on :

- ANI

- Mapping location
= Y o o 1 A =
gﬂ‘ﬂ 2.1 TAs9a3 199095211 E-911 dmsulassvedoaisiane

2.1.3 Tymveamsuims 9-1-1 luszuuaeans 13ae (Wireless 9-1-1 Service Issues)
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4 { 1 @ J
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@ P~ Y ll < - 19 A
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[ 4 [} =1 d' 9 [ d' L] d! =1
3. vy InsAwnvesszuuledigaziinnunerdosiuied uaz oun ¥eazl
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UsgTorulunisIianusiovwae 3o szyduvus Fwanarvavvnuielu

A A 4
TSUVADTITIANDUN



1"

luszezi 1 v09 FCC Admuadsladmsauemadeonlumsudilymidenarn Tasnsi in-
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band analog multifrequency (MF) signaling RN SNy
e Expanded CAMA signaling solution
4
B HauensiIN3ve18 CAMA 9-1-1 interswitch 1930995 UtaUMLNG 10-digit ANT LAz
4 1 A {
10-digit location number  1A89z@A0ln15un luginsal analog PSAP i 1dogiAwn waz fi router
l < an . . dy o Y a [
96191500 WAT MF  signaling  #iaziihldanuamnsnuesmsuinmisanas uagmslsuilga
3 o [ {a a va
ud lunsh 1denn 3 luidluntdenlslunal §iia
e Feature group D (FG-D) signaling solution
as 9y - _ b = a Y o a ~
B1auems ¥ Interswiteh  signaling ¥ lagdndve 1¥nuusnisnisiSenszezmalng
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(] o 1 Aawv 9 a (] < Qddyw [l 4 1 o
doyaiasvosdwmuannauedlFusms g lsnawasi liamsayouaony
mobile switching center (MSC) 11 selective router ldmilouny signaling system 7 (SS7) 39'ai
I {a awa @
Wudden s Tumel §uaemnu
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de:? dg’ A [ A 1 9 o A 1 I .
VB HIdUeUWNWo50sUNIAN MSC luiansaly S87 fimsiFeuaenuseuL public
switched telephone network (PSTN) N30 NIBIN selective router 1HAN1305095D SS7 M3 FG-
. . ) 1% a 9 9 o [ . . d' = 1
D signaling @13 UUINIT 9-1-1 8 Tﬂamﬂﬂsmuﬂmﬁmmwm signaling Nt38NI1 FG-D to
CAMA translator #01915¢ 1319 MSC 111 selective router Lﬁav’hmmﬂaqﬁ’muﬂunm signaling ¥
F4
@Tmﬂmﬁaumunmﬁ%aﬁauuamm 10-digit call-back number L% %’@y‘ammﬁumm (location
. . Y 1 A g a % o 1
information) '11/1% ALT database 11%29M515HAUNTI380 (call setup) dutlasdyamazas
7-digit key valuelu ANI field 11J# selective router
o, v 1 .. c!y =< 9 A a ~ d? 1 c!y
MU 7-digit key value HISUDNIIUBYAVDN cell/sector NNANITLTINUVU LAZAIUIL
1 lunmsiadumauazazgndsae 1ge PSAR 11314 call setup 1imioq
' = aasd o qy A A Y, A
9619 15N AT Hazi I ArTuanso waz anu¥ene lalassauanas 1He991NAN
v Y 1 9 A 1 A a Y o =2 o Ja
FuFpUUaITzUU U IATI118 LasdodnTNsIFoNaARINIALIUIAY ALI database 39911125
A [ {a A va 1w
i lidlunten 1 lumedfiamun
¢ SS7 solution
=< Y An A ] 9 Y I ax A A A qa: A~ a dgl
D71 3 BNnanIduIstuIsmsnuntenlugausniiu welimanaIuves
A 1
o 1 .. o 1 3 ax
520U SS7 tag lainii ss71SDN-UP inldlumsdadoya 10-digit Hunuiniuisnlviwa
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31 lidesmsmsdSuilgsgunsalludiuves MF signaling

e

a A 19 @ A 1 1 A 1 ' .
‘ﬁu”lmmmsqﬂﬂimwama‘lumummmiwammzmn 9-1-1 selective router

1
)

[

A1 ALI uazluaiuued PSAP N1 ALI

2.1.4 Mannmsvaausms 9-1-1 luszuv1$ae (Wireless E-911 Evolution Plan)

Lucent Technologies lAtguaunuaunglsulgausms 9-1-1 dwsuszuulimeld

v 9 o

aeandandnuTonIvualuszey 18 @ouved FCC Iwuanudigasnsillldaulalasli
9 =~ a 3 P a A o = a ~ 9 1=
Analimsandegnsalimudy wie shmslasumlasszunanluszezi 1 nag dodhilins
A a d? = A 1 o A JAa = [ 1 [ dy
nlasulagla o inevudnlums@ousieduszezn 2 Tag lanasandananad o fail

a 9 [ d‘ 1 [ 9 (=)
- NTUINITADITAITUNIATIYIU LA mmmwam@ﬂu"l@Tﬂa"lwfﬂtym

9 [y 1 a ) a dy 1
M3 lEnswensvedlnsaviemulunisiiaIuvedlIn1s i 199 Common  Channel
Signaling Network (CCSN)

1 Q' a 1 o ] o [ a =
- i@ ludruvesginsal Inssined msunimsi@en

= a o 4 9 o 1 9

- suma TuTagngiianans (Geolocation technoloty) [ Usz U TATI 8 15 a0
- ML UUMSHINAAR MY (Geolocation system) 119 uvSM50U 9 d 1My

9
seuuTasennelFane Tunnau

2.1.5 Yomyiuavad FCC sz 1 (szeznmInIoUAQN 18 1n91)
~ oA 9 v
E‘]J‘VI 2.2 LLﬁﬂQ’tffﬂTﬂGlﬂﬂii‘lJ"lJ’ENIﬂ‘NGlﬂEJ“VI’E)f]ﬂLl‘U‘UM11ﬂ§]idﬂ1hﬂ’31hﬁﬂﬁﬂﬁ"uﬂﬁ FCC
TaenuTMs E-911 voaszuu1¥anevsiianumiu 211U AUTOPLEX 1000 MS, 5ESS-2000
switch, Emergency Services Adjunct (ESA), ALI database, 3$119LA (management) NNeIVD9
1ag PSAP CPE
MSC 14 ISDN-UP. signaling Iunsddioya 10-digit call-back number 118z W15111005
\ Y Y a o A A v . k. o o
AN 9 ﬂlﬂﬂﬁj!ﬁ&lﬂﬂl%llimﬁulﬂﬂﬂ router ‘I/l!ﬁf’)ﬂll’l (selective router) 31NUU router ITNINITIA
k) =) &’f o ~ v 9 ~ Yo £ dy Y
mumwmmmﬂﬂuu"lﬂm PSAP VlmiJwﬁiJIﬂﬂ’mﬂEJﬂlﬂlquaﬂllﬂi‘]JﬂJ"l %3 ISDN PSAP Llllﬂ
o Yy 9 09/' =l [ 9 o ]
Qﬂﬂiﬁuﬂiﬁuﬂ’ﬂuﬁﬂﬂﬂﬁﬂﬂ nuaULIINNAU (call-back number) UL VOUAUDIAULNUN
. . . v g o o A = Y}
(location information) LAAIYHAU 78UU AUTOPLEX 1000 61HIUIL8EN 1 aaiinig 19

ISDN-UP signaling 39gniimnlfunu CAMA signaling lun3nms 9-1-1 unuiifoan1n CAMA

signaling ﬁmmmmmiumidq%uﬂmﬁm 8-digit number (7-digit calling-party number A 1
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111 4 digit area code) 11111 TuvRIET ISDN-UP ansoasdoyaludiuvesdmis (location
information) 1aae

Nt MSC 9214 ISDN-UP dadoya 10-digit call-back number 9INAIUYDI charge
number field, 10-digit routable directory number (DN) FauaaifigavousadHIoIsNIADT
(cell/sector) Ly éiﬁﬂ?mi (service provider) NNAIUVDY called-party number field 5lgl}i’)yjffl 10-
digit call-back number T19zdagnasnduggnii e ffesveusns o-1-1 (@anfindewd)
wazludmed DN Huszunazldifiudiuvesnssaduniafadefy PSAP fimingausy
14 PSTN '11/&9 E-911 selective router

E-911 selective router 9Z91N15100N1W1 PSAP ﬁmmzﬁﬂﬂﬂmﬁaﬁrugmmm 1¥ad/

% = o = Y o A 2 Y
LMD, overload condition, AaNHULUDINITLIYN (call type) AL YDNIHUADU ) HINUIN

:,' dy ll 4 i o'dy o 19 Y
mwmaummgiuqﬂmm SESS-2000 switch E-911 uazqﬂﬂimu%mmimmaya Ulﬂl!ﬂ

Database Automatic
management location
Comgifer system information
Emergency
services
adjunct

Analog (CAMA) or SESS switch Analog (CAMA) or
END digital (ISDN-UP) E9-1-1 digital (ISDN-UP) FSAP
office selective Computer
router Display:
Digital o - Cell sector information
(ISDN-UP) -~ ANI - Called-back number

AUTOPLEX

system

Base Base |gq——

station station

PCS or 800 MHz

- Called party number

- Mapping

5107 2.2 TA39918U0952VU E-911 v0452UUA0a5 158

U
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location information, service provider identification 4 RUHUEFINT VS NNAL (call-back
number) 11/&4 PSAP Tugianaivesmsmadnmsizen
1 [} [ a A U
Tunsain psaPs  liensnsessuusms ISDN  1dve1d9insaifiZenan Adjunct
Processor Interface (API) 1015 1¥ouAony PSAP CPE %}ﬂuvacdﬁdllﬁ}uﬁ location information,
service provider ID g 10-digit call-back number %zgﬂﬁdﬂ1ﬂ MSC WIUN4 enhanced SS7
@ . Y 4 £ o Y A A 1 1 o
ISDN-UP 1113 5SESS-2000 switch A2891Un3al API 3 minfiFouaoszna 1 ESA i ALI
1 H < o A A 4
Tudruvesgunssin PSAP Alalimslsuljaldiiidss@niamgeiudio Tageniinig
11152V Geographic Information Systems (GIS) a%2elumsdszanmdmnisvesdisonld
S ! ! Y = 4 3 0, . . . 4 3
USMI0619A317 9 Iaelenounames 1119190 309U ULHUN (visual identification) &)U
mst1aesgaifizon1dusms 9-1-1 iflenfuaauiididn 9 uazdunalddte (landmark) Tu
v | v
S A ]

A '
Wunusnanie 1dun AN UIVDIDUY, an, T, 99ABINALINGY ©T0 110 INAveIaH

g dwaeelugdnzy o 3
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2.1.6 VoMMUAVDI FCC 5382 2 (3z8z321n350UnaH 5 1)
9 ~ dy I ~ o 1 A = A a ]
Tassadaluszezn 2 Hazilununiiesainszezin 1 Tasumsuanluaiuves
geolocation capabilities 11170 TA59U18 1318 (wireless network) tag INEIUUDL GIS 1D

59951 E-911 network’s service administration ﬁ’mﬁﬂﬂugﬂﬁ 24

Database Geographic
management database
system management
Computer
system
Geographic
emergency Automatic
services location
adjunct information
BRI
Analog (CAMA) or SESS switch Analog (CAMA) or
PSAP
END digital (ISDN-UP) E9-1-1 digital (ISDN-UP)
office o ]
Digital (ISDN-UP) St g Computer
router Display:
" - Geolocation information
- ANI

- Called-back number

- Called party number - Mapping

AUTOPLEX - Geolocation

system

Base Base

station station

PCS or 800 MHz

517 2.4 Tnseadwveawsmsszuy E-911 dmSuszuudoans 13ene laaiudiuued GIS

5UN 2.4 HEAAITZUY wireless intelligent network NyoUANUTTUL geolocation Tae'ld

QU

1ms upgrade ludauvod database management systems(DBMS) 4 A9UV04 ESA e 1d

=

o = A A dg’ Yo Y A 1 9
MITBNUA WHITsZENTMNINAN Haz FCC Tadmua limsisonnsszun E-911 140
1 v ] { L qs;l Qy :
anmiiguuaazuvsazdes luilimsnldouuawdlvginseila q wedu Feldimseauelnly
an = o = o B J ax 9 A
ABMIVOAIAINITVIDIVOITYYIY 1Ay YUNIITUIDIVITYIUFIAazITIzUdoAuas
Yoidea1d 9 fu aaaz lanaae 'l
4
v a3 o [ @
malulad GPs dugenIdgmimnsiuiuszuy Tnsdni1¥ae (wireless telephone) 81
Y A Y @ 9y 1
a1v Tagszuuniinis lgegluilegiiulaun 52U General Motors OnStar 1@ 5211 Ford

£ A o q ¥ A ' ' ' g
Motor Company Rescue G]NﬂﬂmwEHEJHJ‘VI%‘ﬂﬂﬁﬂTiL“]SEJﬂJGIEJGluLmazﬁTﬂu ias GPS ‘LmJu
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U793 1ulaﬂﬁﬁuﬁl“ﬁ‘@ﬁﬂﬁl location information €1M15DAINY standard network signaling
protocols 19U SS7/ISDN-UP Wi ouny call delivery information l1/1deenatitszansam
dMSUUTNT 9-1-1 Foyav1ETVeIRWHUNNNA (geolocation information) B1lAuA
latitude, longitude, AN (altitude) 1Az AWULUS (accuracy) dzgnaasInin 1Ty call set-
up message U934 SS7/ISDN-UP ﬂ”l'iﬁlimuﬂuﬂﬂﬁﬁﬁﬁmiﬂ?ﬂlﬂéﬂu Transaction Capabilities
Application Part (TCAP) signaling protocols Lﬁﬂiﬁli%ﬁﬂigﬁﬂﬂqg 16 1ag ISDN-UP ﬁwﬁwﬁ“lu
mi’c’hﬁﬁ'auﬂamm location information coincident @31 TCAP ﬁuﬂzﬁwﬁwmumﬁﬁmm
fumisveadi3unedaasaia (location tracking) - uenmileniniide ldifuauasaves
geolocation routing Iﬂﬂ%zﬁimiaﬂéjﬂ ESA uasg DBMS m’hﬁdaumm 5SESS-2000 switch L‘ﬁ@
ISR computer-aided dispatch Y GIS map ‘ﬁ11ﬁﬂ15ﬁjuw1ﬁ1llﬂﬂﬂﬂlﬁ]ﬂ@?ﬁlﬂi%‘ﬂ?miﬁ

Y
ANUALAINVINVL

2.1.6.1 GIS-based service administration

GIS-based service administration vziiauansalumslddeya naz szyvovwaves
49} A Y a a 1 9 A 9y a J Y A
Hunlun1sniuagunsseweusmagnan IuuAazieddualgnsunInes MHINYeY

0 =] @ a 09/1 :

administration 9z31M3nIUAUIAZINUTeyaTuMT VA UMIveIMs FengniRuasivil 9 13
A Y A ~ A Aa 1 o ~ ! A o Y o v
evdamsnaniinasunaanenuaa g uINI1 1 anrdmlmdlumsilszudanswens

vo35zuv'l4

2.1.6.2 %’a§1ﬁﬂaaazﬁmﬂ1measznv Geolocation (Geolocation Challenges and Limitations)

3575 Network-based triangulation LWRHINNAAR LU (11319 TOA 1A DOA) 2

=

Apan1sdoyand9tios 2 A0 DOA 1Az 3 MEMTU TOA oz szydumnisvesanil
A ~ 9 [} 1 o v A 2 o Y9y Ao Yo
waoud ldodre lisinan uaiosninnansgnuvesanmmaadeuinlddoyanialasy

HANIZNUIN multipath propagation 1 1HHaveIN1TUsEMMAWHINTIANUNADIANAY
a v A g s s A4 a ]
lunsdlvesanmmadouiiduyunnsadunazivadnsoungunuiniuusnunig
1 Y =\ A [ A A J R [ Y 4
dawaldoniimsvianis wie 1easvesdyanuiuTnuYo LAY LFad 9dwaliiyaa
=\ ] [ [ =\ 4’ d’d’a 9 U ~ .
@oniig) ldawnsasudyarunnaoiimdounnionsanlauinnan 1 @01l (multiple cell
9 @ v a 3 S A a 9 o o
detect) Feilgymasnanamnsoud lu'ld lasnmsaaduzaamuaud U luszuudmsuii
[ I ¥ ~ 4%1 laddyd o Y = dgl 1w
mitadyanala ldvaeaoiigiuanniu uadsinwzildmsasmuiinniwsunu
o o a Yy A g A , = o 9
dmsunsaivesaninuradouiduilosnunniu Jymvesnmisuidsdidourog
dyQ 10t (multipath  propagation)  FunavINMsazROUNININIAgHAIEYTTA 1HU ANgY 9,

<IN v o Ao q U ¥ 1o ,
ey uau iuildenannmlimanugndesvesmsdssmnamdnryuiana uas
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9
MUBIM DI FouvIdyImiio1nnuaIAwa 100 ns 11auda 10 ps naze1nAns
v Y v
Foununuvesdyaaisidoutudyaiuyausnisu'la (Fyaauuinss : direct path) i
Y 1 Awv o ] ~ A A Aa 492} I ~
TimsdszmnamidadimisvesaniinasunianuaanaianInuy tag Wuigwinen

1 Y
fomaud |

2.1.6.3 YoM¥uATeze1 (Longer Term)
=2 Y1 Y o o Ao YA 1 Y '
tadndetmuaves Fec  Tuilagiiuiidmua 1inannugndesvesmslszuiua
) [~ o 3 1 1 Aaowva A
dundadluszez 125 was Tu 67 % vosdwanaswesmstszanma ualunelfiaess
MSFIONADIIN public safety community ABINITANNYNAD UG VDIAUHUI0IAS DD
Y
a Y (] [] o (] [ a a 4 1
UM ONAEIUTY NITTEYR LS, 7O9, T VOIANFL (MIAANITIVIADTYDIAINUGA)
I VA o { 3 o g o
Wudu wnnidi Fec smua 1 luszogi 2 Mamatieduiudealinmsud lvalsuigs
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gy uaz sndumamualsnelumsamuszuudndie
I 3 @ 1 @ 1 ) 9) = @ 131 YA ) <
pg191snamszuudenands ldfinshwnlgesaluilegiu uanldainmsduauedu
HUIAABONUININNIY INAIDHNITU signpost location beacons Q¥ specialized signaling
.. ; < 4 o '
schemes optimized for location purposes (AN taziiaiimswauunaluladae 1 luouinn

Aagsh I tianudu 18 lumair by vaz aamsasu 'l 1dedraun

2.1.7 YomMruAveI FCC dmSuuSms E-911 luszuudeans!iare (The FCC Ruling on
Wireless E-911)
Y
msoendefmuadmsuuTNg E-911 ¥89 FCC oguuussiagiusae lii
A 9 9 = ) ~ o [ [l Y 1
o 5TUVAOAT ¥ ansazdoalimsinuianunsaiinmsdszasnususzuuiieanslaedialy
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o d' [ 9 v 9 =\ 1Y 9 ] o
lym TuFesresmssadumelumsdadoyannanitigiulilds Psap Idodeasdn nas
Y ] A A A b a o v Y Y a Sy 2
Aesensnlumsdetoyanitieawed PSAP intsaaaenanlUdedisonldusmsiila ¥

o [ { A o 3 I I~
FCCl@tmuaszeznarnniunGylddesnuaii ldlumer 18 1fou waz Sonilu
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YorruATEeLN 1
9 1 Aav o 1 9 A 9y a 9 S 1
o AUYNABIVBINTYTZINUANNAR WK UNYEIRE BN 1FUTMsdeln1og Iuszes 125 mas
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11 67 % vvas1uasIveanmsdszanaa luszeznal 5 YJusnveamsisulsveiiviua uay
Y ]

AnnugndesiiazAeelisieazideaiiosnenazinln PSAPs  awmnsaszyinadumnuves

~ A ~ Y 1 I~ o 1 A ~ 9
aotimdoud lasgrunzasnnniimsszydudumtiwesaun vse dn1unnig g

a o @ A 9 9 = ~ A A 9 a
e USMSs E-911 dmsuszuudoms iaerzdosnsounguisaoilnaounildgnenianns
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e UIMIE911 dMTUIZVVAET 1S Me92dna50dSUTZVUMITINUNNAINTAY 195U
o I~ [ [ [
3EVULEAQAT, broadband PCS, GSM, CDMA Wudu ueaz 15989521 mobile satellite 15
Irridium
Y o 2/’ A a A 9 v A
o JoMHuAYed FCC Naluszoz 1 nag szoei 2 azisulsanuluiun 1 gaau a6, 1996
Y Y o v o d A A
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2.2.2 myiadyanansziinlaglnsavig (Network-Centric Approach)

o ]

9 ' o v W o a o ~ A Ay
ﬂ'licqujﬂi\‘leu'lﬂﬂ’]ﬂ'lj')ﬂﬁiyfy']m 4ag ATUIUVNNAANULHT UIVOITADTULIADDUNUUD

1 1 1 Y
181lsoune hidesnisnsdsudsuldsunlasiaoriiinaoun duiuszunisanse

Tusmsnuamtimaeuinnszuuidesmsldusms E-911 18 mstadyanainiziilag

E4
v A

Tasseuyladlu 4 35 dail

2.2.2.1 MIIAMANUNIIVOIT YA I (Measuring Signal Strength : SS)
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P X,y)p(X.y)
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ad ' o i 5] Q' d‘ 1 = v
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(TOA/TDOA method)
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(Nonlinear Least-Squares: NL-LS) [7]
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X =(x,y,7)
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38 NL-LS tuvaifiien1vifaft (Unconstrained NL-LS Approach) [7]
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]
=1

=1 I [ g‘ v X =X A A Y 9 Yo ~ ~ .
e o L‘IJLlﬂTﬂ’N‘L!"IWI.!ﬂ‘ﬂf\illﬁﬂQENﬂ313JL‘Hﬂﬂ@llﬂﬂlﬂﬂﬂlﬂﬂuﬁﬂllﬂiﬂiﬂEJﬁ'ﬂ"I‘L!iWUVI1

]
o

mslszmnamdumishgndesiildTasmsdlde F(x) luaumsi 2.13) fiad

o A Y

~ PR o Y1 Aa A o ~ dyd (]

nga G]NL‘]J‘Llﬂﬁ‘i/lﬂ‘ﬁﬂ?Nﬂ‘Wﬂ1ﬂ3JﬂWﬂVlQ’ﬂuulﬂﬂ aUNIIN (2.13) ummmqwmslummﬂ
A S 1S = 9 o R Y an an Y

au-matesnmiudgumsuun liilusadu degiuvslagnisiaueismsnaiedslunsud

d' L] ~ a a = d' 1 d‘ Y o 1 a c; [] 9
qUNIIN (2.13) E]fJN?J‘]Ji$’€T°V]‘ﬁﬂTWLmzllﬂ’ﬂiJﬂa'lﬂLﬂa’fJui%‘l’i’ﬂ\iﬂm/]vlﬂﬂﬂﬂﬁ]i\‘]@n ey

D.

[

~ A A . ° [ SAA o Y
TLIUYIVITIYUAY (numerical method) mmsdseunamveanadniniae 2 lumsudaumsn
1< Y v < an A o d? ama 1 d? A, Y v d
(2.13) L‘]J‘L!G]L! ’E]EJ'NVliﬂG]'13J'J‘ﬁﬂﬁTIH'IL?fH’E]‘UH‘JJ’I‘Viﬁ']fJ’J‘ﬁEJﬂ’NNQQEJ'Iﬂiﬂf‘IGUHLWE]VI’I‘l‘ViNﬂaW‘ﬁ

Ay v 1A Y £ 3= 9 o £ 9 Y
‘ﬂhlﬂmﬂﬂﬁﬂi%iﬂmﬂWMﬂDWNQﬂG]’ENQQ“UH Lmﬂﬂﬂ%naﬂumimmmnmmumﬂwuﬂu

38 NL-LS nuuiiiden lvifafy (Constrained NL-LS Approach) [7]
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(optimization) ¥ lumMIfBLiBLN NI (2.16) A28

N N -1
2
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2.3.3 Ismsdszinamidwrdsvesamitinasunlagldlanduanuvuiuass (Maximum

Likelihood Method) [8]
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MIMAINFUANNH UL IANN IR UVINT Iad o
Taotmualv
I Jd o 1 1 1< v o
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N
P2 Xys) = Hpi ([ioi | Xus) (2.18)
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o o2 dusmanuulsdsiuves T geaaniigiui i himsiala

o o Jo g a . . . =
NndumMImilangsuauUuueg (likelihood function) MNANNIIN (2.19)
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o Xus) =1 jpi (T, o,)dl (2.19)
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T, +A

0< jpi(r, o )dr <1 (2.20)
r=r;
wag 0 < /T, Xys) £1 (2.21)

0 = o '3 A ¢ ¢
M3ifuiulagasamuanmsn (2.19) Wuernwums idusaduveanaivranaid

o & A o { [ a a 1 . . . 4 ' 1
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I(C| Xys) = IN(A(T | Xys)) (2.22)
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(2.22) «dﬁquJumimmmmmzﬂmaqqqﬁqﬂ (maximum likelihood function) AUAUNTN

(2.23) [8]
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2.4 ussnagveamsesnuuIEmsannalumsiszinamdmvrisvesanmibnaeui

(Criteria to Evaluate MS Location Methods) [9]
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2.4.8 anniluaIudivea309uuIM3 (User privacy)
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Neural Net Classifications for Fixed Pattern
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Supervised Unsupervised Supervised Unsupervised
Carpenter/Grossberg Multi-Layer Kohenen Self-Organizing
Hopfield Net Hamming Net Perceptron
Classifier Perceptron Feature MAPS
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3.1.2 t’hu1Jﬁzna1Jmaeaauuﬁ1aaaﬁaseasuwn’3§n (Component of Neural Network Model)
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3. feansunie lousnuosa (Sigmoid Transfer Function)
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3.2.2 anilnanssulasanieriaianiawesinesiwinseu (Multi-Layer Perceptron: MLP)
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MoyiusveIlanFudIe lousuduazduaadunIsn (3.19)

f'(x)=1 (3.19)

3.3.2 Wanduaeloudnaeenasnisnu (Log Sigmoid Transfer Function)

o % [ a 4 a [V [ {
HanFuareTousnuosaaomMINUIanBAIZAIaNNTN (3.20)

f()=—t (3.20)
l+e

aoyusvesilanFumaloudnuesaasnisnuezilulmuaumsi 3.21)

£/ = f (1= F(X)] (3.21)

dl d o 1 = J a R
517 3.8 WanFuna TousnueeaaMINL

u

3.3.3 Wanvusalevlamesluanuniuaundnuess (Hyperbolic Tangent Sigmoid Transfer
Function)
HardudeTou'lemes Tuanununusignueesiluluawaunsi (3.22)
e

f(x)= % (3.22)
e +e
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L‘ll’f)ﬁTﬂ'l’f)léW‘L!‘ﬁ‘lJﬂ\iﬁiJﬂﬁﬂ (3.22) Eﬂzllﬂﬂ\‘lﬁuﬂﬁ% (3.23)
f'(x)=1- f?(X) (3.23)
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waaalugiln .10
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. . a2 . v 9
y, in 19 net input ¥091250UN i lududoyasen

A a

E4
m Ao wauiaioulurudeyain

F4

n Aeswnuihseulugsugowdy
F4

p fAedwruiseulusudeyasen

44



45

9

9
Levenberg Marquardt Algorithm lvupounne lJil
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3 9 = A 1 Y o 1 Aa
mﬂuuﬁaumagamﬂﬂauq @@”lﬂﬁ]umunﬂem UAINMUIVHNATIUUDIATNANATINYN
o w { 4 a 1A Aad o
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ithwnednnselu
p

Q
SSE :E(ZZ(ti,j —yi,j)z) (3.25)

j=1i=1

Taeh SSE  fio HasINVBIAIAANE1AgNA 1898049 (Sum Square Error)

A [ a d‘ . d' = d' .
19 ﬂ”ll;‘]gjﬁ/ill"lﬂ (Target) YDIUITOUVIDBDNN i Luﬂﬂﬂusljﬂpjﬂblgﬂﬂj
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Ay A S A = A
Y. y D UVBYAVINVINUITOUVIDINT 1 Lmﬂﬂﬂu%ﬂﬁﬂ%ﬂﬂj
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Y v ' v
araiminuaza lugeandealSumuauaunsn (3.32)
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oe de ., oe de ., oe oe ., oe e
B - A T E e L
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oe
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T I
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D o(c,) uaasldmuaunsn (3.34)

8(c)=[€, €, €, 0] (3.34)
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Error surface plot of system pl315im500 (test set)
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Error distribution of system pl3170im7500 (test set)
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Error distribution of system pl260Im1200 (training set)
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Emor distibution of system pia250im7 1200 (test set)

e
Max. efmor = 387 5365 m.
Memn error = B4 3333 m
Median error = 58 841 m
20| S0, evror = 44 3BB9 m
15+
“,
E
&
5
o
-
w |
10}
5F —

MH‘IOAIIIIIII.II LU T (I

200 250 300 350 400
Error {meters)

0 50 100

7101 439 MmsnsznevesmanRanaInINsiszinaumd s ugadeyanaaen

A o a :/I 1 9 I a
mammumaauiu%umauumﬂu 250 HIT9U

Ermor distribution of system pl330Im71200 (training set)

100 120 140

16 T T T T
Max. error = 119.9684 m.
14 Mean error = 36.4787 m.
Median error = 33.4746 m.
SD. error = 22.7165m.
12 T
10 -
iy
g
g4 7
o
[
3 .
4 A
2] =
|
i | Ll |
60 80

=]
8

40
Error (meters)

710 4.40 MmsnsznevRImIANUAANEININMIUTZINUAdIMTUYAToyaHN

Ao a qu 1 9 I a
mammumiauiu%u%uLiugﬂu 300 HITOU



83

Error distribution of system pl3300im71200 (test set)
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ALI Automatic Location Identification
ANI Automatic Number Identification
APCO Association of Public Safety Communication

Officials International

BRI Basic Rate Interface

CAMA Centralized Automated Message Accounting

CCSN Common Channel Signaling Network

CDMA Code Division Multiple Access

CPE Customer Premises Equipment

DBMS Database Management System

DCS Digital Cellular Switch

DN Directory Number

DOA Direction Of Arrival

E-911 Enhanced 9-1-1

ECP Executive Call Processor

ESA Emergency Services Adjunct

FCC Federal Communications Commission

FG-D Feature Group D

GIS Geographic-Information System

GPS Global Positioning System

ISDN-UP Integrated Services Digital Network —
User Part

LDT Location Determination Technology

LNP Local Number Portability

MF Multifrequency

MIN Mobile Identification Number

MSC Mobile Switching Center
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NENA
NPA
NPRM
OSS
PCS
PSAP
PSS
SMR
SS7

TCAP
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National Association of State Nine-One-One
Administrators

National Emergency Number Administration
Numbering Plan Area

Notice of Proposed Rulemaking

Operator Services Signaling

Personal Communications System

Public Safety Answering Point

Public Safety Systems

Specialized Mobile Radio

Signaling System 7

Transaction Capabilities Application Part
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