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NEPIAHWH

O okonog Tng napouoac dINAWPATIKAG £pyaciac €ival n HEAETN TV TEXVOAOYI®V evTonigpoU B€ong
TOU KIVNTOU TEPMATIKOU, KABWG Kal N npayyatonoinon evog ahyopiBuou evroniopoU B£0nG ME XpRon
NANpPo@opILV ano To SikTuo.

Apxikd napouaidlovtal OAEG oI YVWOTEG HEBODOI PE TA MAEOVEKTAMATA KAl MEIOVEKTAMATA TOug,
Kabwc kal Ta diagopa ndn d1aBEaIya UNopIka NAkETa TnG ayopdc.

KaTtoniv avaAUetal o aAyopiBuog evToniopou B€ong nou uAonoifdnke, We Ta diagopa otadid Tou. O
aAyopiBuoc auTdg KAvel Xpnon TwV nNANpo@opinv nou sival diadéoiyes anod To dikTuo, dnAadr) Tng
TAUuTOTNTAG KUWEANG (cell id), Tng nponopeiag ouyxpoviopou (timing advance) kai Tng 1oxUog Anywng
onuartog (rx level).

TéNog divovTal Ta CUYKEVTPWTIKA anoTeAEOUATA ano TIC METPROEIC NOU NMpayuaTonoinénkav pe Baon
TOV OUYKEKPINEVO aAyOpIBUO Kal a&lohoyeiTal n akpiBeia kal n anodoor ToU GUYKPITIKA PE TNV anAn
MEBODO TNG TauToTNTAC KUWEANG (cell id).



ABSTRACT

The scope of this thesis is the study of mobile location technologies and the development of a
location algorithm by using network based information.

Firstly, all known location methods are presented with their advantages and disadvantages, as well
as various commercial packages currently available in the market.

Afterwards, the implemented location algorithm is being analyzed, with its various stages. This
algorithm makes use of information which is available through the network, such as the cell id,
timing advance and the received power level.

Finally, the results of the measurements which were taken using this algorithm are given, in order
to evaluate the algorithm’s accuracy comparing with the simple Cell ID method.
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KEQANAIOM

EIZAMQrH
2TIZ YNMHPEZIEZ OEZHZ
(Location Based Services)







1. EIZAINQrH zTiz YNHPEZIEZ OEzZHZz

1.1. KINHTEZ THAENIKOINQNIEZ

H €€apon nou napartnpeiTal Ta TeAeuTaia xpovia oTov Topéa Twv KivnTwv TnAenikolvwviov gival €va
yeyovoc avapioBnTnTo. H aueooTnTa, N do@daAsia Kai n nAnN6wpa Twv UNNPECIOV Nou NpocPEPOUV
ONMEPA TA KIVNTA TNAEQWVA, TA €XOUV KATAOTHOEl AvanoonacTo KOUPAT oTn {wn Twv avepwnwv.

H peydAn {ATnon nou undapxel OTov TOMEQ AUTO aANO TNV ayopd, €xel wG anoTéAeoua (anod Tnv
NAEUPA TWV NAPOXEWV UNNPECI®V), TV AU&non Tou cuvaywviopou kal Tnv diapkn avalntnon yia
VEEG Kal KAAUTEPEC unnpeoieg. Méoa Aoindv ¢’ auTd Ta nAdioia, pia véa HoOPQr UNNPECIOV EXEI
EUPAVIOTEI

N onoia €Xel va KAVEl JE UNNPECIEC BACIOPEVEG OTNV B€0N ToU KIVNTOU TNAEQWVOU.

1.2. YNMNHPEZIEZ OEZHZ (Location Based Services, LBS)

Ti onuaivel Aoindv Location Based Services;

AG npoonaBrooupe va To KATAVOnooupe BAENOVTAG TIGC NAPAKATW £PWTHOEIC NMOU MEPIYPAPOUV TO
npoBANua:

“leia, T KAvelg .... MNou Bpiokeoal;”

“Ano noU 6a ndw yia va TAcw €Kei Nou BEAW;”

“MNou €ival To KOVTIVOTEPO NPAKTOPEI0 EPNUEPIdWV;”

“And noU 6a Ndpw To Aew@opeio yia va NAw eKei Nou BEAw;”
“Mou eival To KOVTIVOTEPO CIVEUA nou nailel auTr Tnv Taivia;”

“Eida Tnv Taivia, nou Ba naw yia ¢aynTo;”

“XaAaoe To auTtokivnTd Hou, aAAa dev EEpw nou Bpiokopat...”

“Eipal o dlakon&g, nou va ndw Kai T va dw;”

'OANEC AUTEG 01 EpWTAOEIC Kal Ta “nou” 8a pnopoUv va anavrtnBolv oe Aiyo Kaipoé ano TIG UNNPECIEC
B8£onc (LBS).

K&be avBpwnog BéAel va yvwpilel 600 To duvaTOV NEPICCOTEPA YiAd TOV XWPO OTOV onoio BpiokeTal
Kal kiveiTal. Eniong evdia@éperal va Epel yia To Nou BpiokovTal Ta ayannuéva Tou artopa. 'OAeg ol
napandavw “avaykeg” €pxovTtal va kaAugBouv ano Ti¢ “LBS”, pia €vvola n onoia gival NnoAU @péokia
OTOV XWPO TWV KIVNTOV TNAEMIKOIVAOVIOV KI aUTO YIaTi HOAIC MOAU npoopaTta apxloe n diebvrc ayopd
va aoxoAegital pe To B&ua.

To PeyaAUTEPO KivNTPO YIa TAV €l0aywyn TETOIOU €i00UG UNNPECIMV AMOTEAETE N VOMIKN €NIBOAN OTIG
HIMA £T01 WoTe PEXPI TO TEAOG Tou 2005 kal oTadiakd, OAEG ol KAIVOUPYIEG OUOKEUEC va hnopoUv va
napéxouv nAnpogopia B€ong éTav npayuaTonolsiTal hia ensiyouca KAAon.
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Eniong kar otnv Eupwnn €xel npotaBsi and Tnv Eupwnaikn 'Evwon va yivel unoXpewTikOG o
EVTOMIOHOC Yia AOyoucg eneiyouoac avaykng and Tov Iavoudpio Tou 2002 kal péxpl To 2008 va cival
OUMBATEC OAEG OI CUOKEUEG.

EninAéov, ol noAU peydAec enevdUoeIC oTa cuoTANATa TPITNG vevidg (3G) nou £xouv ndn yivel anod
OAOUG TOUG opyaviopouc, eNIBAAOUV TNV €10aYWYN VEWV UNNPECIOV OTA dn undpxovTa cucoTAuaTa,
WOTE va unap&el AUECO OIKOVOMIKO OPEAOG Kal VEOI MOPOI KEPDWV.

1.3. KATHIOPIEZ YNHPEZIQN

Ano Ta napandvw kataAaBaivoupe OTI ol unnpecieg B€ong (LBS) npokeiTal va £épBouv 0To NPOOKAVIO
noAU ouvTopa. MNoleg gival OJWG Ol UNNPECIEG AUTEC;

EkTOC anod Tnv nepinTwon €KTAKTNG avdaykng, N yvwon TNG YEWYPAQIKNAG B€ong Tou KivnToU Hnopei
va BonBnoel kai oTnv dnuioupyia NOAA®V AAAWV VEWV UNNPECIWV.

O1 unnpeoieg auTéc pnopoUv va KarataxBoUv Ot OKT®W EMNIPEPOUG KATNYOPIEC ONWG (Paiveral oTov
Mivaka I.

Karnyopia Neprypapn

TiI unapyel kovTa (TouploTika PeEpn, EoTiaTopia, KivauaTtoypdagol),

T eG MA i . ) . .
ONIKEG TIANPOPOPIES TOMIKA vea, TOMKOG Xpuoog Odnyog

MpooavaToAIouoOG — Evnuépwon napouoag kivnong, EniAoyr ouvTouoTEpoU dpOHOoU,
ApopoAdynon KaBodrynon dpopoAoyiou, ANUOCIEC METAPOPEG
Eunopio MnvupaTa (SMS) Baon adeiag, kounovia and KovTiva KataoThuara,

€10IKEG NPOCTPOPEG

H 6£on pou, n 6£on TNG OIKOYEVEIAC OoU, NMou BPIioKETAl TO

Ao@aAeia Co
auToKiVNTO HOU

Alaxeipion nopwv Alaxeipion NpoownikoU, oXNUATWY, KATAvoun nopwyv

Moipalopal Tn B€0n YoU PE TOUG ouvadEAPoUG/ piloug pou,
Koivwvika, Maiyvidia yvwpIpia pe aTopa nou BpiokovTal KovTd pou, naixvidia
aAAnAenidpaong

EvToniopog o€ engiyouca KARon onwg opiletal ano Tig KoIVOTIKEG

'EkTakTn Avaykn AlaTaEeIC

Xpewon TnG KANRoNG avaloya pe Tnv TonoBeoia (ZniTi, AouAsid, oTo

Xpéwaon kKARong Apoyi0)

NMINAKAZ 1
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'Onwg YiveTal pavepo n yvwaon Kdl JOVO TNG YEWYPAPIKNG BEaNG evog KIviToU TNAEQ®VOU PNopei va
dnuioupynaoel €va NANBoC VEWV MPpWTOMNOPIGK®Y UMNPECIOV, TWV OMNOIiwV N eniTuxia €ival aiyoupn,
apou n TonoBegia €ival éva Bacikd OTOIXEi0 Mou ennpealel Toug avBpwNoug WG Npog To MNWG
opyavwvovTdl Kal oXeTilovTal Je Tov undAoino KOouo.

AAWOTE, NOAAEG €ival KAl Ol €PEUVEC MouU eniBeBalwvouv Tnv JedOPEVN €MITUXia TETOIOU €id0UG
UNNPECIOV, ONWG Yia NAapadsiyya pia PEAETN oTn MeydAn Bpertavia nou deixvel OTI To 65% Twv
epWTNOEVTWYV XpnoTwv Ba daAAale OiKTUO €dv e€MPOKEITO va anokTnoel npoofacn oe “LBS”. To
avTioToixo NoocooTo yia Tn Mepuavia kai Tn FaAAia ival 54% kai 44%.

1.4. MONTEAONOIHZH YNHPEZIQN

O1 unnpeoiec xwpifovTal eniong og dUo diapopeTikoUg TUnoug (Pull/ Push) avaAoya e To noia
diadikacia akoAoubeiTal yia va evepyonoinBouv.

1.4.1. YNHPEZIEZ TYNOY PULL

Baoel autoU Tou HOVTEAOU, O XPNOTNG TOU KIVNTOU aITEITAl TNV €5UNNPETNON TOUu ano KATAaAAnAn
Unnpeoia oxXeTIKN PE TN 6€on Tou, KIvevTag Tnv diadikacia npoadiopioyoU Tou. To anoTéAsopa sival
N ekTignon TNG 6€ong Tou n onoia kai diaTiBeTal oToV NAPOX0 TNG UMNPECIAc.

Napadeiypara MovréAou Pull.

= 0dnyieg Ta&idiou: Bpiokopal EAQ, nwg 6a ndw EKEI;

*  KAnon Ta&i: O katoxog Tou KivnToU €1donolsi OTI xpeialeTal Ta&i. H kataAAnAn unnpecia
Ta& nou AsIToupyei oTnVv neploxn MMNopei auTtdépaTa va PeTagépel Tnv Tonobecia kal To
VOUMEPO TNAEPWVOU TOU KATOXOU OHECWC OTO MIO KOVTIVO €AelBepo Ta&i. O kaATOXOG
eidonoleiTal e pia anavrnon nou Aéesl OTI undpxel kanoio Ta&l kovTd kai OT1 6a Tov
napaAdapel ouvToua.

*  Xpuoog 0dnyog: Mou eival To kovTivoTepo ‘X’; O xproTng unodelkvUEl TIG KATNYOPIEG
EMNIXEIPNOEWY YId TIG ONoieg evdlaQEepeTal kal ‘kaTefadlel’ oTo KIvATO Tou Wia AioTa pe osipd
andoTaong and Tnv TonoBsoia oTnv onoia BpiokeTal.

1.4.2. YNHPEZIEZ TYNOY PUSH

Baosl autol TOU MOVTEAOU, O XPNOTNG TOU KIVNTOU E€ival MPOEYYEYPAUUEVOG OE EMIAEYUEVEG
unnpeoieg/ e@appoyeg. O €EUNNPETNTAG TNG CUYKEKPIUEVNG EQAPUOYNG €KTEAEI avalnTnon oTo
ouoTnua npoodiopiohol B£0NG NoU €EUNNPETEI TO OUYKEKPIYEVO JIKTUO YId XPNOTEG Nou MAnpouv
YEWYPAPIKA Kal aAAa KpiThpia.
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Napadeiyyara MovTéAou Push.

= Alapnuioelg: Meleteg €dci§av OTI ol XpROTEG PNopei va €ival BeTikoi o€ diagnuicelg oTa
KIVNTA TOUC ME avTaAAaypa kanola nAekTpovikd kounovid, r dAAoug TUNouG NpooPopwV Kal
BpaBeiwv. TMoAAoi kaTavaAwTEC Pnopei va enw@eAnBolv PE TO vad ENITPENOUV OTOUG
NPounBeuUTEG va yvwpilouv NOTe BpiokovTal g€ PIKpr andotacn and auToug.

=  Evnuépwon Kivnong oro Jdpopo: [apoxeic TETOIWV UMNPECIOV, EVNHEPWVOUV TOV
EYYEYPAUHEVO CUVOPOUNTA Yia To av nNAnoialel o dpOUO HE HEYAAN Kivnon Kal npoTeivovTal
eVaAAakTIKEC dladpopec. Ma avBpwnoug nou dev BEAouv va kabuoTtepoUv OTO JpOWO,
TETOIOU €id0UG UNNpeoiec Ba BonBrnoouv oTo va pBAvouVv oToV NMPoopIoHOd TOUG £yKalpa.

1.5. AYNATOTHTA FrEQrPA®IKOY NPOzZAIOPIZMOY - AKPIBEIA

H yvwon Tng yewypa®ikng B€ong oTnv onoia BpiokeTal évag KATOXOC KIVATOU TNAEPWVOU, AMOTEAEI
onNUavTIKOTATN NANPogopia yia TV napoxn unnpeociwv “LBS”.

3Ta onuepiva dikTua auTn n yvwon undpxel o Yeiwpévo Babud, dnAadr) To dikTuo yvwpilel yovo oe
noia KUWEAN BpiokeTal évag ouvdpounTng, ME TNV akTiva TNG KUWEANG va Kupadiveral ano 50m -
35km.

'Onwg @aiveral dpwg kal and Tov Mivaka II, undpyxouv apkeToi TUMOI UNNPECI®V Ol Onoiol anairouv
heyaAUTepn akpiBela. 'ETol €xouv nNpoTabei apKeTEC veeg nEB0DOI Npoadiopiopol BEang ol onoisg Ba
napouaiacToUv oTo KepdAaio 2.

ANAITOYMENH AKPIBEIA TYNOI YNHPEZIQN

MNAcioPn®ia TwV CNUEPIVIOV UMNNPECIOV
AVEEAPTNTEC ano yewypagikn Bon KIVNTAG TNAEPWVIAC, TIUEC HETOXWYV, OKOP
aywvwy, K.0.K

AeATia kaipou,

AVaAKOIVWOEIC aKPAIWV KAIPIKWV QPAIVOUEVWY
TonikoU €vdla®épovTog, NMAnpogopieg
Kivnong og Odika AikTua

TonikoU evdlapepovTog (€wg 200km)

EoTiaopévou TonikoU ev3lapEpovTog (Ewg

20km) Tonikeg €10N0EIG, EKONAWOEIG
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'Ewg 1km

Alaxeipion oToAou,

SUMBOUAEC yia ano@uyn NpoBANUATIK®OV
onupeiwv Tou 0dikoU JIkTUOU, Mewypapikodg
Xpuadg Odnyog

500m €wg 1km

AYPOTIKEG Kal NUIACTIKEG UNNPETIEC APEONG
BonBeiag,

Aiaxeipion avBpwnivou duvapikoU (nx.
AIKTUO NWANTWV),

Ynnpeoieg nAnpogopinv B£onG.

100m (67%)
300m (95%)

Anarmosig FCC(99-245) yia KAAOEIC
ENEIYOVTWV NEPIOTATIKWV MOU
XpnoiponoloUv PeBOS0UG” BACIOUEVEG OTO
dikTUO.

50m (67%)
150m (95%)

Anarmosig FCC(99-245) yia KAAOEIC
EMNEIYOVTWV MEPICTATIKWV MOU
XpnoiponoloUv peBOS0UG” BACIOUEVEG OTO
TEPMATIKO.

10m - 50m

EvTOnIonOG EUNOPEUUATWY,

MAorynaon,

SUOTNHATA KATeUBuvong JE XapTn

MINAKAZ II (ETSI - TS 22.071)

*Q1 ygBodor avaAuovTal OTo EMNOUEVO KEPAAAIOo
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KEQAINAIOR

MEOOAOI
ENTOMNIZMOY OEZHZ







2. MEOOAOI ENTOINIZMOY OEzZHz

2.1. NMPOAOIOz

SUVOAIKG €xouv npoTaBei diapopeg pEBodOI evToniopoU B€0NG. MepIKEC and AUTEG EXOUV EQPAPHOCTEI
HMOVO Og JOKIMAOTIKA CUCTAMATA, EVW AAAEC EXOUV NPOXWPNOEl Kal dIaTiBevTal wg EUNOPIKA NpoiovTa
Kal ndn xpnoigonolouvTadl. MapoAa auta Kapid PEBOdOG PEXPI OTIVHNG dev £xel Eexwpioel 101aiTepa,
a@ouU n KaBeuId €Xel MAEOVEKTANATA KAl HEIOVEKTNHATA.

Epeic o’ autd To keaiaio Ba npoonadricoule va NAPOUCIACOUKE TIG dIAPopeG NeBOBoUC, Kal va TIG
a&lohoynooupe anod NAeupdac akpipeiacg, noldTNTAG aAAd Kal anaiTHoOEwy.

2.2. AZEIOAOIHzH MEOGOAQN

H a&loAdynon nou Ba eniXEIpriOOUPE €xEl va KAVEl JE TNV €nidoon TnNG kabe piag peBodou oToug
NapakaTw TOWEIG:

1. AkpiBeia Mebbddou
MeTaBoAn akpiBeiag avaloya pe To nepIBaAAov d1adoong
EniBapuvon AikTuou uno pop®n véou eEonAiopou (SW/HW) kal Tpononoinoswy

EniBapuvon KivnTou TeppaTikou (SW/HW)

i A W N

AnaiToUpevog Xpovog yia TNV €Eaywyr] anoTEAEOHATWV

2.3. AIAXQPIZMOz MEOOAQN

O1 péBodol nou Ba napouadiacTouv dlIAKpPivovTdl O TPEIG JIAPOPETIKEG KATNYOPIEG avaAoya HE TIG
OVTOTNTEG NOU €UNAEKOVTAl OTOV KaBopliopd Tng B€ong.

1. Mé£60do1 Baociopéveg oto AikTtuo (Network Based):

Ol anapaiTnTeg WETPROEIG yivovTal and Toug Base Stations kal kanolo unelBUVO KEVTPO
gvToniopou B€ong (Location Centre) unoAoyidel TNV yewypagikn B€an.

2. M£60do1 Baociopéveg oTo Kivnto TeppaTiko (Mobile-Based):

To KIVNTO TEPUATIKO €EKTEAEI TIC aNApaiTNTEC METPAOEIG KAl unoAoyilel PHOVO TOUu Tnv
YEWYpPA®PIKn B€an.
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3. M£00d0o1 BonBoUHeveG ano 1o Kivnto TeppaTtiko (Mobile-Assisted):

To KkIivnNTO TepUATIKO KAVEl TIG WETPNOEIC KAl TIG OTéAvel oTo Location Centre yia va
unoAoyiogl auto TNV yewypa@ikn Béon. MpdkeiTal ouciacTikd yid Wid unokaTnyopia Twv
Network Based kal Mobile Based kal yI’ autdv To Aoyo dev avaAuovTal EexwploTd (NOAAEC
and Tic Network/Mobile Based pebodouc pnopouv he KAaTAAANAEG HETATPONEG va BewpnBouv
Mobile-Assisted). AnAd unodnAwvouv Tnv ouvepyaoia kal Twv duo ovtoTATWY (K/T, AikTUO)
yla TNV €€aywyn anoTeEAEOUATWV.

2.4. MEOOAOI BAZIZMENEZ 2TO AIKTYO (NETWORK BASED)

2.4.1. ANAINQPIZH TAYTOTHTAZ KYWEAHZ (CELL ID)

MpokeiTal yia Tnv anAouoTtepn PEBODO yia Tov €VTONIOHO €vOG KIVNTOU TNAEpwvou. BaoileTal oTnv
nAnpogopia avayvwpiong TNG KUWEANG oTnv onoia BpiokeTal To KivnTd, n onoia ival ndn d1aB&aiun
oto diktuo (Home Location Register[HLR], Visitor Location Register [VLR]). Mg Aiya Aoyia, n
MEBOOOC auTh kabBopilel noia eivar n KUWEAN nou €EunnpeTei To KIVvNTO TNAEPWVO Kal
XpnaoigonoloUvTal ol CUVTETAYUEVEG Tou Base Station (i} Tou KEVTpou TNG NEPIOXNG KAAUWNG) WG Wia
€KTINNON TNG ©éong Tou KivnToU. H péEBodOC auTthy avagépetal kal wg “CGI” (Cell Global
Identification) kal pia oxnuaTikr napacTacn @aiveral napakatw (Sxnua 1.1).

MeTaBANTO péyeBog Kuwéng
(50 m=> 30 km)

2XHMA 1.1

MAgovekTnuara Me@odou:

> Aev xpeialovTal unoAoyIopoi yia TV anokTnaon Tng nAnpogopiag Newypa®ikng ©éong, agou
auTn unapxel [on.

> EAayioTteg aAAayeg anaitoUvTtal ota fdn undpxovra GUGTAKATA YId TNV €QApUOYH AUTAG TNG
HEBODOU.

> O XpOVOC NoU anaiTeiTal yia TNV €€aywyr anoTeAEOPATWV ival eAaxXIOToG.

22



MeiovekTuara Me66dou:

> H akpiBeia Tng peBoOdou €EapTdTtal dueca and TNV akTiva TNG KUWEANG Kal Kupaiveral ano
50m nepinou yia e0WTEPIKOUC XWPOUG £w¢ 30km yia aypoTIKEG NEPIOXEC.

>  NAOYw Qaivopévwv d1adoong, N KUWEAN nou €EunnpeTel To KIvnTo dev €ival navra kai n nio
kovTIvr. 'ETol, n akpiBela dev €ival TOgo kaAn 6co Ba pnopouoce va e€axBei anAa ano Tnv
NUKVOTNTA TWV OTABU®WV BACNG KAl TNV YEWHETPIA TWV KUYPEADV.

>Tov Mivaka III divovTal ol d1agopol TUNOI KUWEAWV Kal ol d1a0TATEIG TOUG

KI?IJ:‘;\EC TonoOeoia Kepaiag Méyse?zr:‘(;;q:é)\nq
Large MacroCell Mavw and To uPnAdTEPO £ninedo KTNpiwv 3-30
Small MacroCell Mavw and To uPnAdTEPO £ninedo KTNpiwv 1-3
Microcell KovTda oTo uwnAoTEPO €NiNedo KTNpiwv 0.1-1
PicoCell Katw anod To uwnAoTepo €Ninedo KTNpinyv 0.01 -1
NanoCell Ka&Tw ano To uwnAoTePo €ninedo KTNpinv 0.001 - 0.01

NMINAKAZ III

2.4.2. MPOMNOPEIA ZYI'XPONIZMOY (Timing Advance, Enhanced Cell-ID)

M'vwpiloupe 0TI kKGBe kavaAl ato GSM xwpileTal og Xpovika nAaicia (time frames). MNa va douAgyel
owoTa To oxnua TDMA nou xpnaoidonoleital oto GSM, Ta time frames and To kabe KIvNTO TNAEPWVO
npEnel va e€ival ouyxpoviouéva oOtav AauBavovrar and Tov oTaBud Baong (BTS). Autdég o
OUYXPOVIOWOG EMNITUYXAVETAl XPNOIMOMNOI®VTAG ThV €vvola Tou Timing Advance.

O BaBuoc Tou ouyXpPOVIGHOU WETPIETAI and Tov STabud Baong karta Tnv uplink peradoon, Pe To va
eAéyxeTal n B€on TnG ekNaIdeUTIKNG akoAouBiag (training sequence). AuTr n eknaideuTIKr akoAouBia
€ival unoxpewTIKr o€ OAa Ta nAaicia nou oTéAvovTal and To KivnTo.

Baoel autwv Twv PETpnoswy o ZTabpodg Baong pnopei va unoloyiosl To Timing Advance kal va To
oTeilel niow oTo KIVATO KATA TN Oldpkeld TNG nNpwTng downlink petrddoong. And Tnv Tikn TA nou
AauBdvel To KivnTO, yvwpilel NA€ov nNoTe Ba oTeilel To NAadiclo, £€TOI WOTE va QTACEl OTOV =TABUO
Baong NnARpw¢ ouyxXpOoVIOHEVO.

To Timing Advance pag divel Tov Xpovo nou anaiTeital and To RF onua yia va yeradobei pe tnv
TaxUuTNTa Tou wTOC anod 1o Kivnto TepuaTikd oTo =Tabuo Baong (n avrioTpopa).
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AVauEVOHET  Afyn aTo
Njyn amd KT
KT

Exroptr amd

%
| | | | | TS
Afyn ams BTS xmoym =)
| | | | | | .
Sk
KaBuotépnon
Aiadoong
ZXHMA 1.2

H Tipf Tou TA nou oTéAveTal £xel YéyeBog 6 bit, dnAadn pag napéxel éva eUpoc 2° Tipnv (0 éwg 63).
M'vwpilouphe OTI KATaG Tov UnoAoylopo Tou TA mpayupdTonolsital oTpoyyuAonoinon oTo NANCIECTEPO

bit. H nepiodog Tou &vog bit €ival %psec = 3,69 psec. Enopévwg, n avaAuTikr 1kavoTnTa yia To

round-trip-time eivar 1 bit kal avTioToixa yia Tov Xpovo HeTAdoong xwpig emoTpopn 2 bit.
Enopévwg, av AdBoupe unown OTI n TaxuTtnTa di1ddoong eival ion pe TNV TAXUTNTA TOU QPWTOC
(c=3x10% m/sec), TOTe naipvoupe dTI o€ kAOe bit avTioToIXOUV

-6
c-%:}los %:554m ~ 550m

To idlo oupnepaivoupe av kKAVOUHE TNV Napakdtw Bewpnon: AapBdavovrag unoywn OTI n HEYIOTN
akTiva KUuWéEANGg eival 35km kail xwpifovrac autrv Tnv andotacn os 64 Bripata (Ke TNV TIFNA 63 va
avTioToixei ota 35km), €xoupe OTI ava 1 BAua TA kaAunTeTal anooTaon = 550m.

TeAlkd, and Ta napandvw OUMPNEPAIVOUPE OTI n npaydaTikn andotaon (d) peta&l Kivnrou
TepuaTikoU Kal =Taduou Baong Ba diveral anod Tov TUNO:

[550-(TA))m <d<[550-(TA+1)|m yiaTA =0

Ma TNV KaAUTeEpn KaTtavonon Tou napanavw TUNoU ag MEAETACOUKE TNV angikovion Nou (paiverdal oTo
Zxnua 1.3.

'Onw¢ BAENoUpE, yia kaBe Tiun TA nou naipvoups YnopoUWE va opicoupe Pia nepioxn, oTnv onoia Ba
BpiokeTal To KivnTo TeppaTikd (K/T). Ma TA=0, auTn n nepioxn €ival €vag KUKAOG HE KEVTPO TOV
>Tabpd Baong kal akTiva 550m. TMa Tig undAoineg TIHEG Tou TA, ol neploxEG ival dakTUAIOlI nou
OnwG qpaivovTal oTo OXNHa £Xouv OAoI d1aPopd eEWTEPIKNC-EOWTEPIKNG akTivag ion ye 550m.
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Tqouuag Apng KEDANAIO 2 - MEOOAOI ENTOlINIZMOY OEZHZ

2XHMA 1.3

H Tiuf Tou TA avavewveTal Katd TNV €yKATAoTaon oUvOEonG GwVNnG/ SEDONEVWV I WE TNV EKKIVNON
diadikaciag avalnTnong Bong (silent call) and To BSC/ MSC av To kivnTo €ival oc idle mode.

H pEBodoC auTrh €nedn xpnoigonolei kalr Tnv nAnpogopia Tou Cell-ID yia Tnv e€aywyn
anoTeAeopdTwv avageperal otnv BiBAloypagia kal w¢ “Enhanced Cell-ID”, dnAadr BeATiwpévn Cell-
ID. MpdyuaTi, Ta anoTeAéopaTa auTng TnG HeBoOdou eival kaAuTepa and auta Tng anAng Cell-ID.

MAgovekTnuara MeBodou:

» 01 unoAoyliopoi nou xpeialovTal yia Tnv ulonoinon Tng HeBodou gival noAU Aiyol.

> EAaxioTec aAhayég anaitoUvTal oTa ndn undapxovrta CUCTANATA yia TNV EpApuoyr TnG.
> O XpOvoC Nnou anaiTeiTal yia TNV €€aywyn anoTeAeoUATwWV €ival EAAxIOToG.
>

H akpiBeia sival BeATiopévn os oxéon pe To Cell-ID kal dev ennpedleTal Tooo NoAU and To
MEYEBOC TNG KUWEANC.

MeiovekTnuara Me6odou:

> ANeToupyei owoTa povo oe ouvBnkeg LOS (Line-Of-Sight) kai Ta 6mola o@aApara ornv
akpiBeia opeilovTtal og oguvBnkeg NLOS onou To onpa diavuel peyaAUTEPEG ANooTACEIC anod
TNV Npayuhartikn anooracn YeTa&u K/T kar BTS. 'ETol, gnopei n npayuartikn anoortacn va
gival TEAIKG PIKPOTEPN ano Tnv eAdxIoTn akTiva nou unoAoyilel n p€Bodoc.
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2.4.3. Iz2XYZ AHWHZ ZHMATOZ (Signal Strength)

To K/T petpdel Tn OTAOUN ONMUATOG and OAOUG TOUC YEITOVIKOUG 2TaBuoug Bdong kai OTEAvel
avagopa ortov >TaBuoé Bdong nou Tov €Eunnpetei. 'ETol, n nAnpogopia yia Tnv oTaeun Tou
padloonuaTtog undapxel ndn orto Aiktuo. MapakaTw napouaialovral Ta mBavda HPovTéAd yia Tov
UMOAOYIOWO TNG YEWYPAPIKNG BE0NG.

2.4.3.a. MONTEAA PAAIOKAAYWHz

i. MovTéAo EAguBepou Xwpou

To nmio anAd povTéAo padiokdAuwnc €ival auto Tou EAsuBépou Xwpou (Free Space). Bdoel autoU Tou
HovTEAOU, 0 AOYOG 1I0XUOC EKMOUNAG-ANWNG OTOV KEVO XWPO €ival:

onou

Pr : H IoxUc ARwng

P : H IoxUG eknopnng

Gt : To kK€PJOG TNG KEPAIAG EKNOKUNNG
Gr : To KEPDOC TNG KeEpaiag ANwng

A : To yNKog KUJPATog

d : H anootaon peta&u nopnol kai dEKTN

BéBaia To npayuatikd nepiBdAAov Twv KiviTov ENIKOIVOVI®OV JeV £XEl KAWia OXEON HE TOV EAEUBEPO
XWpo. M’ autdév 1o Adyo €xouv npoTabei diGpopa €UneIpIKA MOVTEAA padiokaAuwng, Ta onoia
xpnaoigonoioUvTal avaloya Pe To nepiBaAAlov diadoong.

ii. MovrtéAo Line Of Sight

O okonoc¢ auTtoU Tou MOVTEAOU e€ival va unoAoyilel TIC AanwAeieg O1Ad0O0NG Of OUVYKEKPIMEVN
HopgoAloyia edagoug, otav undpxel onTikA enaen (LOS) pera&y Tou K/T kal Tou =TaBuou Bdaong.
'OTav auTeg oI CUVONKEG IKavonolouvTdal, To HOVTEAO UMOPEi va Xpnoidonoindei yia Tov unoAoyioguo
Tng andoTaong Pe dedopevn TNV 1o0XU Anwnc.

L(dB)=1o.a-|og[9-1o.3-|og(4n.d)
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onou L : H €Eaobevion os dB
f : H ouxvoTnTa Agimoupyiag
c : H TaxuTtnTa Tou ewTdS (3-108m/s)

d :H anooTtaon o peTpa (m)

To MOVTEAO Xpnoldonolel €vav GOUVTEAECTH ouxvoTnTag (a) kal €va ouvteAeoTr €dagoug (B).
MpokeITal yia aképaloug apiBpoucg kal kadopilovTal EPNEIPIKA.

Av n andéoraon nou unoAoyiletal (d) napouoidlel anokAion x dB and Tnv npayparikn, TOTE I0XUEl N
oxéon

d+x(dB) _

L
1010F
d

Anod autn Tnv €€iowon pnopei va EaxBei yia katavoun mbavoTnTag yia Tn JeETpoUUEVn anooTaon.

iii. MovTéAo HATA

Baoiopévog oTig avagopeg Tou OKUMURA o HATA avenTuge évav guneipiko TUMO yid TOV UNOAOYIOHO
TNG anwAEIag onpaTog, o onoiog ival o akoAouBoc:

v' Ia urban nepioxn:

L(urban)dB)=69.55+26.16-log (f.)-13.82-log (h, )-a (h..)+(44.9-6.55-log (h. ) - log (d)

Onou o0 oUVTEAEDTAG d10pBwaong eival

a(h.)=(1.1-log(f.)-0.7)-h. —(1.56-log (f.)-0.8) dB (Small or medium City)

a(he)=8.29-(log (1.54-h,)f -1.1 dB, yia (f. < 300 MHz)
(Large City)

a(he)=3.2-(og(11.75-h, ) -4.97 dB, via (f. = 300 MHz)
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v' INa Suburban nepioxn:

f 2
L(dB)=L (urban)(dB)—Z-{log [iﬂ -5.4

v Tia open area:

L (dB)=L (urban)dB)-4.78-(log (f.)f +18.33-log (f.)-40.94

>To povTEAo Tou HATA, L eival n €€aaBeévion oe dB, f. n ouxvoTnTa AsiToupyiag, he, h.e Ta UWn Tou
nounou kal Tou O€KTN avTioToixa Kal d n andoraon PeTa&U nopnoU Kal OEKTN.

To YOVTEANO AUTO YIa va AEITOUPYROEl 0WOTA £XEl KANOIEC ANdITAOEIG:

= T[lepioxn ZuxvoTnTwy : 150 - 1500 MHz

=  YWog TNG Kepaiag Tou Z1aduou Baong: 30 — 200m

= Yyog TngG Kepaiag Tou KivnToU TeppaTikoU: 1 — 10m

2.4.3.b. YAONOIHZH ENTONIZMOY

XpnaoigonoiwvTag AoInov €va and Td undapyxovrta PovTéAa padiokdAuwng pnopoUue va BpoUHE TIG
eKTINOUUEVEG anooTdoel¢ Tou K/T anod Toug yeiTovikoUs STabuouc Bdong. Autd nou pével sival o
EVTOMIONOC Tou K/T Baoel Twv unapXOVTwV eKTINNCEWV.

Mia péBodocg gaiveral oto =xnua 1.4. Nvwpifovrtag TiIG anooTtdaosig di, d2 kar d3, pnopoupe va
BpoUWE TO ONUEIO TOUNG TWV TPI®V KUKAWV To onoio Ba €ival kai n akpiBng 6€on Tou K/T.

B£Bala o npoadiopioudG Tou onueiou TounG dev gival Tooo anAdg 600 ¢paiveral, apoU To nio NiBavo
gival OTI ol TpeIg KUkAoI dev Ba TepvovTal oTo idlo onpeio.

To yeyovog OTI dev yvwpiloupde TIG akpiBeic anooTdoelc aAAd £xoupe POVO KAMola €KTiNNON, HAG
KAVEl va CUMNEPAVOUME OTI TEAIKA auTo nou Ba Bpolue Ba eival pia neploxn Tng onoiag To
XAPAKTNPIOTIKO €ival 0TI Ba avrnKel KAl 0TOUG TPEIG KUKAOUG.
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2XHMA 1.4

To péyeBog TNG neploXNG Kal kaTd cuvéneia n akpiBela Tng peBodou eEaptaTtal and Toug €EAG
napdayovTeg:

e  To xpnoiyonoloUpevo MovTéAo Padiokaluwng kal To MNepiBaiiov
e ®aivopeva Zkiaong (shadowing) kai noAudiadpopika (multipath)

o ApIBUOC HETPAOEWYV YIA TOV UNOAOYIOUO TWV ANOCTACEWV.

EKTOC ano auTr, undapyouv kKal AAAeg pEBodoI OXETIKEG Me TNV IoxU ARwNng ol onoieg BacilovTal o€
NiVaKeg 0rnou kataxwpoUuvTal JETPROEIC TNS AaPBavopevng 10XU0C Os dIa@POPETIKEG KATEUBUVOEIG Kal
anooTdoeic. AlaTnP®VTAC TETOIOUG MiVAKEG €ival duvaTog o evtoniondg Tou K/T gEow TNG oUYKPIoNG
TWV HETPOUHPEVWV TIHWV HE TIG RON anoBnKeUPEVEG KAl TOU UNoAoyIoHoU TG nio mavng Tonobeaiag
he Tn Bonbeia kanoiou aAyopiBuou. BERaia TETolou €idoug pEBOdOI auEdvouv KATa MNoAU Tnv
noAunAokdTnTa TNG 6ANnG d1adikaaciag, av Kal KaTaAyouv O APKETA akpifr anoTeAEéopara.

MAgovekTnuara M6odou:
> H nAnpo@opia undapxel ndn oTa TwpIva cucTNHUATA.
> EAaxioTec aAAayéc anaiToUvTtal oTto SiKTUO yia ThV €papupoyn TnG.
> O XpOvog Nnou anaiTeiTal yia TNV €€aywyr anoTeAEoUATwY €ival JIKpPOG.
>

H akpiBela sival oXeTika KaAn.

MeiovekTiuara MeBodou:
» Eival duokoAo va eniTeuxBei noAU uwnAn akpipeia.

> Ta gaivopeva okiaong kal noAudiadpoung (Shadowing, Multipath) peiwvouv aigbnta Tnv
akpiBela, €101kd o€ KAEIOTOUG XWPOUG, HECA OTO AUTOKIVNTO KAM.
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2.4.4. XPONOZ A®I=HZ (Time Of Arrival, TOA)

H péBodog auTtnh BacileTal oTn PETPNON TOU XPOVou KabuoTépnong d1adoong evog yvwoToU GrAuaTog
ano6 1o K/T oTtov Z1abud Baong (i kal avTtioTpo®a). 'ExovTac HETPrOEl AUTOV ToV XpOVO, N anooTacn
Ba diveral ano Tov TUNO

d i:C.ti+C‘tOff,i

onou

di : H unoAoyilopevn andéoTaon ano Tov i-=Taduo Baong

¢ : H TaxutnTa d31ado0nG Tou pwTOG

t; : O xpovog kabuoTépnaong ano Tov i-Tabud Baong

tofr,i © AlAPOPA XpOVIOHOU PETAEU Tou poAoyiol Tou K/T kai Tou poAoyloU Tou i-oTou

ZTabpou Baong.

H péTpnon Tng kabuaTépnong d1adoong ano TPeIG STabuoug Baong, opilel TpeIlG anooTAOEIC, Ol OMNOIEG
ME Tn og1pd Toug opilouv PovoonuavTa €va onueio oTov Xwpo (avaAloyn NePINTwon Pe To xnua 4
nou agopd Tov evToniono PEow Tou Signal Strength).

Eneidn To to,; €ival ayvwoTn peTaBAnTr, To o@dApa nou siodyetal gival anapddekTo kal yI’ autd n
MEBODOC auTH anaiTel TOV OUYXPOVIOHO OAWV Twv ZTabuwv Bdaong Tou dikTUou. X' auThv TN
nepinTwaon, n dlagopd xpoviopoU dev Ba ndawel va undpxel, aAAd Ba eival nAéov oTabepn
aveEapTATWG ZTaBpol Baong (tor, = tofr), €EapTNHEVN OUWG akdpa and To poAdi Tou K/T.

AOYWw TNG UNap&nc opaipaTog e€aiTiag Tou tyr , N MEBODOC auTn €xel eykaTaAelPBei kal TV B€on Tng
£XEl NAPEI N €NOMEVN KATAa oelpd PEBOdOC Nou Ba €EsTacoupe, n onoia Kal anaAsigel onoladnnoTe
dlapopd xpoviopoU. Enopévwe dev NpoKeITal va avaAUCoUlE NepaiTEpw TNV napouoa PéBodo, ouTe
Ba NapoucIGoOUNE Ta NMAEOVEKTANATA KAl YEIOVEKTANATA TNG (EMNEPIEXOVTAl EV HEPEI OTNV €NOMEVN
MEBODO).

2.4.5. AIA®OPA XPONOY A®I=HZ (TDOA / E-OTD)

3’ auTh Tn WEBodo, napartnpouvTal ol JlaPopEC TWV Xpovwyv diadoong oe avTiBeon pe Tnv TOA
HMEBODO OMNOU €XOUME amnOAUTOUG XPOVougG. To MAgovéEKTNMA €ivar OTI PE auTdév Tov Tpono
KATaQEPVOUPE va analsiywoupe Tnv dayvworn diagopd XpoviopoU tor. [Ma napddesiypa ag
BewprioouE OTI:

di=c-ti+c-tyg Kal d, =c-t ,+C -ty

'EXOUNE :

di-dy=c(t -t ,)

nou eival ave€dpTnTo Tou tos,
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YrepBohi: |d3-d2|=oTabepd

N\
d3\\
\ P
4 g - d2
/ Y1epBoAy: |d1-d2|=0TaBepa
7
Ve
7
7 41

2XHMA 1.5

Ynapyouv dUo napaAiayeg Tng pebodou "Alapopag Xpovou AQIEnG":

= TDOA : O1 >1aBpoi Baong (o kaBévag EexwpioTa) METPOUV TOUC XPOVOUG APIENG evOCg
KaTtalylopou and To K/T.

= E-OTD : To K/T HeTpd TIG XPOVIKEG OIAPOPEG HMETAEU onuatwv and diapopoug
OUYXPOVIOWEVOUG ZTaBuoUg Baong. (Mobile-Assisted pgfodog)

AveEaptnTa ano av éxoupe TDOA n E-OTD, kdBe PETPNON XPOVIKNAG dlagopdg kabopilel pia
unepBoAn ONwG @aiveral kal oto =XAMa 5. Tpeig aveEapTnTeg uUNePPBOAEC €xouv navta POVo €va
KOIVO onueio, To onoio kal Ba sival n yewypagikn 6€on Tou K/T. INa va £€xoupe TPeEIG aveEdpTnTeG
unepPBoAEG, xpelalopaoTe HETPAOEIC Ano TEOOEPIC ZTABPOUG Baonc.

Av Oonw¢ oTo Ixnua 1.5 Xpnoigonoifooupde TPelG =TaBuoug Baong, TOTE o1 dUo aveEapTnTeg
UnePBOAEG UNopei va TEYvoVTal O NEPICOOTEPA ano €va onueio (ouvnBwg os dUo).

Ta Specifications Tou GSM unooTtnpifouv TIG anaiToUUEVEG WETPROEIG yia Tnv HEBodo TDOA.
MpokeiTal yia TIG napatnpoUueveg Xpovikeég Olapopeg (Observed Time Differences, OTDs). Ol
peTpnoeigc OTD £xouv To NAgoVEKTNKA OTI dev eniBaAAouv Tnv dianopnn (handover) npokeiyévou va
yivouv peTpnoeic and noAAanAoug =Tabuolg Baong (avTiBeta pe Tig “Timing Advance” (TA) nou
xpnoigonoloUvTal otnv TOA). MapdAa autd n akpifeid Toug gival povo 554m (diakpITIKOTNTA bit) kai
0 anapaiTNTog GUYXPOVIOUOG TwV STaBuwv Baong dev sival eyyunuévog.

>TnVv YEB0dO E-OTD AUveTtal To npoBANKaA, apou 0 GUYXPOVIOHOG NETUXAIVETAI £YKABIOTWVTAG EIDIKEC
OUOKEUEC OTIC BE0eIG Twv STaBuwv Baong, ol onoieg PeTpolv TIC d1IAPOPEC XPOVIGHOU HETAEU TwV

31



>/B. AUTEG Ol NPAyPdaTIKEC XpoVIkEC dlapopec (RTDs) oTéAvovTal paldi he Tig OTDs nou PETpVTAI
an6 To K/T oto Mobile Location Center (MLC) To omnoio MnpayuaTonolgei Tov UMOAOYIOMO TNG
Fewypagikng O£ong.

BA£noupe Aoinov OTI NPOKEITAl yid Hia JEBODO n onoia anaiTei TV €I0aywyn KaivoUupylwv Hovadwv
1600 oTO AikTUO (SW/HW) 000 kai oTo K/T (SW).

IMAsovekTnuara MeBodou:
> [MoAU kaAn akpiBeia og oxEon KE TIG NPONYOUHEVEG HEBODOUG

> O XpOVOG Nou anaiTeiTal yia Tnv €eEaywyr anoTeAEOUATWV €ival avekTog.

MeiovekTnuara Me6odou:

> Anaitei TNV Npoodnkn véwv povadwv oto AiKTUo Kal TNV npocapuoyr Tou Software Twv
K/T.

> Eiodyeral opdApa otav undapyel noAudiadpopikn diadoon (multipath propagation) kai 6Tav
dev unapyxel LOS ouvenkn yia pepikoUg STabuoulc Baong.

2.4.6. T'QNIA AHWHZ (Angle Of Arrival, AOA)

H p€Bodoc lwviag Afwng anaitei TNV eykataoracn eEeIBIKEUPEVWY JIATAEEWY KEPAIWV OTOUG
ZTabpoug Baong, ol onoieg Ba npenel va gival NoAU KaTeUBUVTIKEG Kal €NiONG WE IKAVOTNTA GTPOPNG
Tou AoBoU akTivoBoAiag avaAoya pe Tnv B€on Tou KivnTou. Me Aiya Adyia n PéBodog npolnobETel
TNV Unap&n “éEunvwv kepalwv” (Smart Antennas), piag TexvoAoyiag n onoia avanTtucoeTal oTa
nAaioia Twv Kivntwv Tpitng Mevidg (3G).

OewpwvTag dedopevn TNV UNApEn TEToIOU TUMOU KEPAIWV, O EVTOMIOUOG Tou K/T npayuaTtonolsital
€UKOAO PEOW TWV YWVIOV HIOAG 10XUOC Azgg (N Ywvia nou oxnuatifouv ol dIsuBUVOEIC EKATEPWOEV
TnG d1elBuvong PeyioTou yia TIG onoieg n €vraon akTivoBoAiag gival n pion Tng PEYIOTNG TIMAG).

BTS 1 BTS 2

gKT

2XHMA 1. 6
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'Onw¢ napatnpoUle Kal ano To xnua 1.6, yia Tov evronioyd anairoUvTal govo duo =Tabuoi Baonc.
H nepioxn evroniopol Tou K/T nepikAgieTal péoa oTov KAEIOTO XWPO nou opilouv ol d1euBUVOEIG

MIONG 10XU0G TwV KUPIWV AoBwv Tou kabe /B.

MAgovekTnuara Me6odou:

> AkpiBeia napanAnoia Twv peBodwv TDOA kal E-OTD

> O xpOvoc Nou anaiTeiTal yia TNV €Eaywyr) anoTeAeoPaTwV gival eAaxIoToG.
> Anaitei povo duo XTabpouc Baong yia Tov npoadiopioud B£onc.
>

Aev xpeialetal kanola peratponn ora K/T.

MeiovekTnuara Me6odou:
> Anaitei TNV €loaywyn o1o dikTuo NoAU akpifwv AlaTdEewv Kepaiwv ARwng.

> Aev gyyudrtal Tnv owoTn Asiroupyia og NLOS ouvenkeg

MnopoUpe AOINOV va CUUMEPAVOUNE OTI N CUYKEKPINEVN HEBODOG pnopei va xpnoigonoindei povo

OUHNANPWHATIKA KAl KUPIWG OE ayPOTIKEG KAl NUIACTIKEG NEPIOXEG.
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2.5. MEOGOAOI BAZIZMENEZ 2TO K/T (MOBILE BASED)

2.5.1. AOPY®OPIKOZ NPOZAIOPIZMOZ OEZHZ (GPS)

To Global Positioning System (GPS) €ivar éva cuagtnua Aopu@opiking PadionAofynong, To onoio
AgIToupyei unNo Tnv alyida Tou Ynoupyeiou Apuvac Twv HIMA. To GPS pnopei kal napexel akpipn,
a&lonioTo, oUVEXN KAl NayKOouio evToniouo B£ongc.

>ToIxeia nou anoteAoUv To GPS :

e 24 Nopudpol o€ €&l eAAEINTIKEG TPOXIEG UWoug 20,2 km navw anod Tnv enipaveia TngG yng He
kAion koivr, 55 poipeg, dwdekawpng nepiodou. To ocuoTna €ival €101 OXEDIA0UEVO, WOTE £E
TOUAAYXIOTOV dOpPUPOPOI VA €ival CUVEX®WG 0paAToi anod onolodnnoTe onueio TNG yNnG.

e 1 kUplog oTaBuog eAéyxou nou Bpiokeral oto Colorado Springs Twv HMA, kalr névTe
MIKpOTEpPOI oTabuoi o AAAa onueia, nou €ival unsuBuvol yia TNV OWOTH Kal anpookonTn
AE€ITOUpyia TOU CUOTAKATOC.

e EkaToppUpia O€KTEC mou XpnolgonolouvTal and Tov XTpaTtd, AAAeg Ynnpeoieg, ETaipeieg,
NauTiAlakoUc OpyaviopoUg, aAAd Kal ISIWTEG.

H Texvoloyia Tou GPS eival dedopévn Kal €MOPEVWC yia TNV Xpnoigonoinorn Tou w¢ péBodo
gvTonigpoU K/T, To HOVO Mou anaiTeital gival n evowuaTwon evog 8ektn GPS oTo KivnTd TepuaTiko.

MAgovekTnuara Me@odou:
> Mapa noAU peyain akpipeia (3-50m)

> Aev anaiTeital Kayia geTaTtponr) oto AiKTuo

MeiovekTnuara Me@odou:

> Avaykaia n unap&n déktn GPS ot kaBe K/T, yeyovog nou onuaivel geydlo kO6OTOG, au&nuevo
Bapocg kai uwnAr katavalwon 1oxUog.

> N\€IToupyei HOVO O£ GUVONKEG ONTIKNG €NAPNG, OX! OE KAEIOTOUG/ OTEYAOHEVOUG XWPOUG

> Mapouaoialel peydAn kabuaoTtepnaon 6Tav enixeipeitTal o evronionog 8€ong (1~2min).
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2.5.2. ATA®OPIKO GPS (DGPS)

H pEBodog auTn BeATiwvel TNV akpiBeia Tou anAou GPS. lMNa Tov OKono auTo XpNOoIMONOIEiTAl &vag
oTaBepoc OekTng avagopdag (Reference Receiver), o onoio¢ pnopei kal dlopBwvel opAAuaTa
nOAWONG Kal KolvoU puBuou og KIvNToUG DEKTEG o1 onoiol BpiokovTal y€oa os akTtiva 100 km.

Evw napéxeral onuavTikn BeATiwon oTnv akpiBeia, evrouTolig dev €mdpd OTIC AAANEC ONUAVTIKEG
napapéTpoug nou napouaialouv NpoBANUa, 6nNwe o Xpovog anokpiong, ol NLOS ocuvBnkec kai n
katavaiwon 1oxUog. Na Tov okono auTo XpnoldonolsiTal n napakaTtw PEBodod.

2.5.3. YIIOBOHOOYMENO GPS (A-GPS)

H peBodoc BaacileTal oTnv unoBornBnon Tou XpRoTn OToV UnoAoyiopo Tng B€ong and To d&kTn GPS
NMou EVOWMATWVETAlI OTO KIVNTO. O TEAIKOC unoAoyiopdc TnG B€ong yiveral eite oto K/T €ite oTO
Mobile Location Center (MLC) Tou dikTU0U.

H nmio ouvnBng nepinTwon nepIAaPBAvel TNV €yKATAoTaon NAEKTPOVIKWV diaTa&ewv GPS oTo O£KTh,
ME TAUTOXPOVN €YKATACTACN KATAAANANG unodoung oTo AiKTuo.

'Evag n neploocdTepol oTaTikoi dgkTeC GPS KATAvEUOVTAl OMOIOUOP(A OTN YEWYPAMIKN MNEPIOXN
KAAuWng Tou AIKTUOU. AuTOi oI OEKTEG OUAAEYyouv Jedopéva OXETIKA HE Tov apiBud Twv opaTwv
Aopu@oOpwy, TNV ®WPA TOU ZUCTAMATOC, TNV oAiobnon ouxvoTnTag kK.d. AuTa Ta Oedopeva
anooTteAAOpeva orta K/T, Ta PonbBolv va KAeIdWOOUV ypnyopoOTEpA OTOUG OJOPUPOPOUG MoU
anaitoUvTal yid TOV EVTONIOUO TOUG HE AMOTEAEOHA va PEI®VETAlI SpANATIKA 0 XpOVOG anokpiong (<
30s). Eniong peiwveTal n €AAxioTn oTadun 10XU0G¢ ANWNG, YEYOVOC NMoU ENITPENEl EVTOMIOUO Kal O€
NLOS ouvenkec.

2.6. ZYITKENTPQTIKH NAPOYZIAZH MEOOAQN

A@oU €xoupe avaAloel OAeG TIG BaoikeG HEBODOUG Mpoadiopiopol MewypaPikig OEoNnG, NPOXWPAHE
0€ MIO OUYKEVTPWTIKA napouciacn Me Tn PBonbesia Tou Mivaka IV. X' autdv Tov nivaka
napouaialovTtal OAec ol npoavapepBeiosc pEBodoI 0 oUVOUAOUO PE TA KPICINA XApAKTNPIOTIKA TOUG.
AUTA Ta XapakTnpIoTIKA €ivai:

Enidpaon oTo AikTuo

Enidpaon oto K/T

AkpiBela og m”

MapdayovTeg nou ennpealouv Tnv akpipeia
XpOvoc urnoAoyiopol Bgonc”
MoAunAokdTnTa MeBodoU

ZnuavTikoTePO MAEOVEKTNHA

SN N N N N N S

SNUavTIKOTEPO MelovEKTNHA
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YMAPXOYZA TEXNOAOITA







3. YNAPXOYZA TEXNOAOTIIA

3.1. NMPOAOIoz

'Onwg €xoupe NdN Nel, ol unnpeoisg B€ong (LBS) eival €évag kaivoupylog Topéag o onoiog e€eAiooeTal
ouvexwG. MOAAEG €Talpieg €Xouv PNEl OTO XWPO dUVAMIKA Kdl Ta NpoiovTa Toug avantluooovTal Kdl
BeATI®VOVTAI JE TOV KAIPO.

3TIC €NOMEVEG NApaypa®oug Aoinov, Ba eniXEIpiOOUME va MAPOUCIACOUME TIG NON UNAPXOUOEG
Texvoloyieg nou napéxouv Location Based Services. MpoOKeITal yia TIG MO YVWOTEG TEXVOAOYIEC Ol
onoieg ite epapuolovTal AdN oTnv ayopd, &iTe BpiokovTal g€ JOKIPAOTIKO O0TAdIO Kal NpOKEITal va
KUkAoQopricouv cUvTopud.

3.2. CELLPOINT

www.cellpt.com

H CellPoint napéxel €éva dueca gunopikd €@ApUOCIPNO NAKETO evToniopoU B£ong. H Texvoloyia Tng
CellPoint ouvepydletal pe Ta TUNIKGA GSM TepuaTIKA KABWG Kal HPE KIvATd TNAEQWva nou
unooTnpifouv WAP. Aev anaiTei kanola YETaTponr oTa wneiaka dikTua oUTe eNinpOcBeTa oTpWUATA,
evw pnopei va eheyxBei and pia KevTpikr anodakpuopévn TonoBeaia.

Eivar pia Software Based Solution, nou xpnoiponolei To Sim Toolkit Tou kivnToU Kal pia cUvdeon oTo
Internet. H péBodocg evtoniopoU Baciletar kupiwg oto cell global identity (Cell-ID), oTo timing
advance (TA) kai oto NMR, evw napexel HeAAOVTIKR unooTApiEn kai yia A-GPS, E-OTD kal TDOA. H
TexvoAoyia auTn €mITpENEl evToniohd Tou KIvAToU péEoa o KAsloToUG Xwpoug (Fkapal, =TéyaoTpa,
evTOo¢ Ktnpiwv), akdpa kai otav To KivnTd PpioKeTal YEoa oTnv TOEMN I OTOV XApTopUAAKQ,
nepINTWOEIG Onou To GPS dev AsiIToupysi.

MpokeITal yia €va nNANPwWG NPooapuociyo MAKETO Mou NapéXel apXika TIGC BaAcikeEG unnpeoiec (ME
XPOVIKO didoTnua epappoyng 3 YAVEG) kal sival duvaTtn n avaBaduion kair npooapuoyr (ouvduaouog
TEXVOAOYI®V gvToniodoU) avaloya PE TIG avAyKeG TOU NAPOXEA KIVATMV EMIKOIVOVIOV.

Eniong Sivel Tnv duvatoTnTa Kal o€ TpiTeg ETaipieg avanTugng AoyiopikoU, va @TIAEouv BIKEG TOUG
€PapuoyeG Jéow Tou MLP (Mobile Location Protocol support).

Xpnoipgonoiwvtag Tnv TexvoAoyia evromiopyoU Tng CellPoint, n Soundikn etaipia Tele2Mobil
NPOCMEPEl AUTA TN OTIYUR OTOUG KATOXOUG KIVNTWV TNG XWPAg TNG avAAOYeEG €(PAPUOYEG Kdl
unnpeoieg oto Internet. H unnpeoia ovopaletal “Tele2Mobil Position” kai divel Tnv duvaTdTnTa OF
opyaviopoUc HETAPOP®Y, aoPaAEiag, UNNPECINY Kal NWAACEWY va au&noouv Ta KEpSN TOUG Kal ToV
apiBuoé Twv NeAATWV TOUC ME TOo va kabBodnyouv Ta oxXAMATA Kal TO MPOCWMIKO TOug Mio
anoTEAECHATIKA.

AAAEC €TAIpieC MoU XpnoigonoloUV Tn CUYKEKPIPEVN TExVoAoyia €ival:

1) EuroTel Praha Ltd 3) MTN (South Africa)

2) France Telecom 4) E-Plus Mobilfunk (Germany)
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3.3. SNAPTRACK

www.snaptrack.com

MpokeiTal yia €éva cuoTnua Baciopévo oto GPS nou anaitei €évav €€unnpetnth and TV NAEUpa Tou
JIKTUOU KABWC Kal HETATPONN OTIG TEPHUATIKEG CUOKEUEG. H YEB0DOG auTh NpOCPATA ayopdacTnKE ano
TNV Qualcomm.

H TexvoAoyia Enhanced Global Positioning System (EGPS) pnopei va npoo@Epel NoAAd otnv
dnpooIa acpalela TwvV CUVOPOUNTWV HE TO va €vTONifovTal EKTEAMVTAG TNAEPWVA avaykng. Eniong
MMopei va evepyonolnoel €va PeEYAAO apiBud VEWV UMNPEcIOV, ONWC BeATIOPEVN odIkn Bonbsia,
kabodriynon oTov €emBUPNTO MPOOpPIoHO, €UKOAOTEPN MioBwon Ta&i, kabodriynon EeTAIpIK®V
oXNMATWV Kal KalvoUpYIEC UNNPETIEC KaTAAOyoU.

Ma Tnv doKIur auTAG TNG VEAG TeExXVoAoyiag £xel dnuioupynOei €éva test group nou anoTeAsitTal and TI¢
NapakaTw £Talpeieg:

1) Vodafone AirTouch Communications PLC (UK and US)
2) BellSouth Mobility DCS (US)

3) BT Cellnet (UK)

4) Esat Digifone (Ireland)

5) France Telecom (France)

6) Omnitel Pronto Italia (Italy)

7) T-Mobil (Germany)

8) Telecel (Portugal)

9) Telefonica (Spain)

H Motorola £xel avaAdBel va KATAOKEUAOEl TA NPWTOTUNA KIVATA 0TA NAdicia auTtng TnG dOKIKNAG, EVW
n SignalSoft 8a napéxel To kataAAnAo software yia Ti¢ Location Based Services. 'ETol 8a
dnpioupynBei €va NANpeg akpn-oe-akpn neipapaTikd nepiBaiiov.

To SnapTrack enigépel onuavTikh BeATimOn o€ oxeéon ME TNV anodoon Tou ouuBatikou GPS,
XPNOoIonoInvTag €181koUG aAyopIBuouG YEoa OTO KIVATO KABWC kal Ye Tn BorBesia evog aUyXpovou
server software nou TpExel oTo acUppato dikTuo. 'ETol evw o1 cupBaTikoi 8ekTeg GPS xpeialovral
HepIkd AenTd yia va ene€epyacTouv Ta dedopeEva Kal va dWOoUV KAnolo anoTéAeopa, To SnapTrack
Mnopei kal evTonilel Toug KaAoUVTEC HEaa og Aiya deuTepOAenTa.

H NTT DoCoMo otnv Ianwvia epapudlel ndn Tnv TexvoAoyia gunopika (anod 1o 2000).
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3.4. Ericsson Mobile Positioning System (MPS)

WwWw.ericsson.se

To cUoTnua auto Tng Ericsson dev anaitei petatponég ota GSM TnAEpwva, NpoKeITal yia pia server-
based AUon kai emiTpénel Tnv e@appoyn location services oe onoiodnnote GSM JikTuo nou
anoTeAeiTal ano Ericsson Switching Systems. H ERICSSON napéxel €idik6 HLR, MSC kar BSC
software kabwg kal To anaiToupevo nNpdéabeTo Hardware.

H kapdia Tou MPS eival To Mobile Location Centre (MLC) nou enmiTpénel OTIC EQAPHOYEG va £XOUV
npooBacn oTIC nAnpogopieg TonoBesoiac Twv GSM ouokeuwv. Eniong eivar diaBgoigo kar éva
Application Programming Interface (API) nou emTpénel TNV avanTtugn aveEaptTnTwyv epapuPoy®v. To
MLC eival eniong unglBuvo Kkal yia TNV nNpooTacia TwV EYYEYPAUMEVWY HeEAwV Kal divel Tnv
duvaToTNTA OTOUC XPNOTEC KIVNTWV TNAEPWVWY va emAEyouv av B€Aouv 1 oxI va gvronifovTail ol
OUOKEUEC Toug. O epappoyég nou Ba unooTnpifovTal and To cUoTNUA €ival NOAAEG KAl EKTOG aAno TIG
UNNPECIEG EKTAKTNG AVAYKNG, TNV OpOHOAOYNON OTOAOU OXNUATWV Kdl TOV €VTOMIOHO KAEUHEVOU
AQUTOKIVATOU, TO ouaTnUa Ba npoopépel kal AANEG EUNOPIKEG UNNPECIEG ONWG Yia Napadeiypa:

1) “Where am I?” kaBodrynon,

2) O3ikn BonBeia,

3) Tonika véa,

4) MNAnpopopieg kai NpoBAswn Kaipou

5) Xpuag6 0Odnyo avaAoya pe Tnv TonoBeaia.

O1 y€B0doI evToniopoUu nou XpnaoigonoloUvTal anod Tnv ERICSSON cival TEooepIg:

a) CGI

Network-Based
b) TA
c) A-GPS

Mobile-Assisted
d) E-OTD

O napoxeic nou xpnaoiponoloUV TNV TeEXVOAoyia auTh givai:

1) Eesti Mobiiltelefon (Estonia)
2) Telia (Sweden)
3) FarEasTone (Taiwan)

4) Telenor Mobil (Norway)
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3.5. CPS Cursor

wWww.cursor-system.com

H Cambridge Positioning Systems (CPS) éxel dnuioupynosl €éva cUoTnua nou ovopaleral Cursor To
onoio €ivar éva E-OTD ouUoTnua He eAaxiorn akpiBeia 100m. AuTO Xpnoigonolei Ta JIka Tou
EexwploTa onpeia avagopdc Ta onoia BpiokovTal oTnyv idla TonoBeoia Ye Ta Base Stations.

To Cursor NpooQEpel:

=  Méon akpiBeia 50m ota dikTua GSM, pe akdpa hgeyaAuTepn oTta dikTua 3G

=  AZIONIOTO KAl akpiBr evTonioyo B£onG PJECA O KTNPIA, O MUKVOKATOIKNMEVEG MEPIOXES KAl
€V KIVNOEl.

= EukoAig oTnv £papuoyr Tou CUCTANATOC 0To undpXwv dikTuo Péow software NMAKETwV nou
napexouv Hia nAnpwg standardized E-OTD Auon.

H CPS éxel ndn adelodoTnoel PEYAAOUC KATAOKEUAOTEG €EoMAIOMOU JIKTUWV Kal KATAOKEUAOTEG
KIVNTOV TAAEQOVWV VA EVOWUATWOOUV TNV Texvoloyia Cursor E-OTD, £Tol wOTe va PMopei oTo
MEAAOV va AEITOUpYEi EUPEWG O NAYKOCHIO £ninedo.

Mapoxeic nou xpnoiygonoloUV TNV TexvoAoyia:

1) SmartTone (Hong Kong)
2) Vodafone (UK), Trial

3.6. NOKIA mPosition

www.nokia.com

Auty n npotaon and Tn NOKIA eival pia end-to-end AUon. H nAnpogopia B£0ng napexeTalr wg
Fewypa@Iiko PAKOG Kal NAAToG (X,y OUVTETAYWEVEG) OTIG epapuoyEC nou Tn InTouv. YnoortnpilovTal
1600 £pappoyéC evtog acUpuatou dIKTUOU 000 Kdal €kTOC. H diadikaoia npoadiopiopol Pnopei va
Eekivdel ano 1o K/T, To dikTuo, 1 and pia eEWTEPIKN EpApHoyH.

Ynootnpifovtal d1aQopec HEBODOI EVTONIOUOU:

v' Cell-ID + Enhanced timing advance + additional BSS information
v Enhanced Observed Time Difference (E-OTD)
v Network assisted GPS (A-GPS) peAAovTIKA

H TexvoAoyia Tng NOKIA napéxel otoug Operators Tn duvaTtdtnTa va Eekivijloouv TNV £Qapuoyn
Ynnpeoiwv ©€ong Ue eAAxioTn enevouaon.
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O1 napoxeic nou xpnoigonoloUv To mPosition givai:

1) ONE (Austria)

2) Fujian Mobile Communications Company (FMCC) (China)

3.7. TRUEPOSITION Wireless Location System

www.trueposition.com

H TruePosition napéxel autn Tnv oAokAnpwpévn harware/software AUon, n onoia npayuaronolsi Tov
evToniopo Tou K/T, emiTpénovTag £T01 TNV epapuoyn d1apopwVv UNnpeciov B£ongc.

To Wireless Location System (WLS) anoteAeiTal and Ta napakdrtw PeEpN:

v Wireless Location Platform

To WLP unoAoyilel TNV yewypa@ikr B£0n UG CUCKEUNG KE TO va OUAAEYEl Kal va enegepyaleral
Ta Oedopéva Béong. 'OTav €va onua pertadidetar (nx. eykabioraTtar pia KARon), Ta Position
Determining Equipment (PDE) (1 aMMiwg Location Measuring Units, LMU’s) nou eivai
€YKATECOTNUEVA Ot dlagopoug STabpoUc Baong, oUAAEyouv TIC nAnpogopieG kAnong. 'Evacg
EnegepyaoTtnc Tonobeoiag | Serving Mobile Location Center (SMLC) Tpiywvonoisi Tnv 6€on Tou
KaAoUvTa XpnoIponolnvTag Toug aAyopifuoug TDOA kai AOA.

v Wireless Location Gateway

MpokeTal yia To Interface nou eivar unelBuvo yia Tnv E€nikolvwvia kal Tnv MHeTAdoon
NANPOMOPI®OY HETAEU Tou OIKTUOU KAl TWV £PApUOYy®V B€ong ekTOC OIKTUOU (third party
applications).

To WLS €xel To NAEovEKTNMA OTI MNOPEi va gvTonioel onolodnnote unapxwv K/T, ye kaAn akpifeia
aKOHUa Kal 0f KAEIOTOUC XWPOUG KAl TMUKVOKATOIKNUEVEG MEPIOXEC. Eniong mpoo@epel PeydAn
XwpNTIKOTNTA Kal UNopei va npooappooTsi PMEAAOVTIKA WOTE va unooTnpilel Kal VEEG PEBODOUG
gvToniopou.

3.8. SIGNALSOFT Corporation

www.SignalSoftCorp.com

OuolaoTikG NpOKeITal yid Pia €Taipeia avanTuéng AoyIouIkoU, n onoia 0 CUVEPYAOid YE OTIC €TAIPIEC
(Applications Platform & Integrators, Location Technology, Wireless Network Platform, Content &
Applications) pnopei kal napexel oAokAnpwpéveg Auoeig LBS, dnAadn péBodo evromiopou,
anaiTtoUpevo Software kal Hardware, epapuoyEG Kal Unnpeoisd.
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To peyaAuTepo nAeovékTnua eival o1l o Location Manager (Middleware) oTig eTaipiag unooTnpilel TIg
YVWOTEC HEBODOUC Kal TIC EMINAEOV.

AUTEG oI YEBodoI sival:

1) TOA/TA

2) TDOA

3) AOA

4) A-GPS

5) E-OTD

6) Cell-ID/TA

7) Cell-ID/NMTC
8) MAP ATI

Location Manager

O Location Manager €ival o software nuprvag oTig TexvoAoyiag oTig SignalSoft. MpokeiTal yia Tnv
01€E000 unoAoylopoU OTIC B€ong Tou cuvdpounTn. O1 diaBéaipec nAnpogopiec ouvdualovTal £T0l
WOTE va unoAoyIoTei TEAIKA e TN JeyaAUTepn duvaTn akpiBeia To MNewypa®ikd PAkog kal NAATog nou
avTioTolxei oTnv 8€on Tou K/T.

Location Studio

MpokeITal yia &va AOYIOHIKO MOoU TpEXEl PEoa oTo AIKTUO Kal €ival unelBuvo yia TNV ao@ain
dlacuvdeon HETAEU oTIG location based spappoyng kalr Tou ouvdpounTn. 'ETol diao@aAileTal n
1IB1wTikOTNTAG (privacy), To owoTd authentication Tou neAdtn kal napéxerar n duvatoTnTa Yvia
Npocappoopevn TIHOAOYNON.

O1 epappoyég nou napexel n SignalSoft eival ol akOAouBeg:

= IN location:

SuvdEel OTIG OUVOPOMNTEG aneuBesiac HE TOV MNANCIECTEPO €EUMOPIKO avTinpoocwno. [Mx. n
NANKTPOAOYNON Tou PNvUpaTog *CAR cuvdéel Tov KAAOUVTA HE TO MANCIECTEPO OTNV MNEPIOXN
SEPPRIC AUTOKIVATWV.

=  FRIEND finder

EnmiTpénel oTIC ouvOpouNTEC va evTonifouv avda ndaoa oTiyun oTIC PiAouc/ ouvadEéAQoUG OTIC.
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*  SAFETY first

Mapéxel TNV nAnpogopia TonoBeoiag 6Tav yiveTal KARON yia €KTakTn avaykn.

O1 MNapoxeic unnpeci®V KIVTOV TNAENIKOIVWVIOV NMOU XpNnoidonoloUv auTn Tn TExvoAoyia sivai:

1) Hutchison Telecommunications (Hong Kong)

2) Libertel (Netherlands)

3) VodaCom (South Africa)

4) Orange (Switzerland)

5) DiAx (Switzerland)

6) PTC-Era (Poland)

7) TMoAAEg eTaipeieg oTig HMA (Sprint, SBC, US West, Bell Atlantic Mobile kAn)

3.9. BT CELLNET

www.btcellnet.co.uk

H BT Cellnet éxel @TIGEsl éva E-OTC ouoTnua oTo onoio ol Base Stations guyyxpovifovTal woTe va
yivouv Ta onueia ava@opdc. To ouoTnua £xel dokiyaoTei yia dUo Xpovia oTnv BopeloavaToAikn
AyyAia. Asv unapyouv NePAITEP® NANPOPOPIEC VI TO eV AOYw cUoTnua.

Eniong, a&iCel va avagepBei 611 n BT Cellnet ATav n npwTn €Taipeia KivnTng TNAsQwviag atnv AyyAia
nou siofyaye Location Based Services, xpnoigonoliwvrac €va noAU anAd cvortnua Cell-ID. Ano Tov
SenTéuBplo Tou 2000 nNpPOOQEPEl OTOUGC OUVOPOUNTEG TNG QWVNTIKEC UNNpPeoieg B£ong,
xpnoigonoimvrag uia database pe navw ano 130.000 kataxwpnoeig (Tpdneleg, eoTiatodpia,
diaokédaon kAn.). H unnpeoia ovopaletar FINDme kai evrtonilel Toug XproTeg o€ aktiva 100m vyia
aoTIKEG NEPIOXEG Kal 15km yia aypoTIKEG.

3.10.MINAKEZ YNMHPEZIQN-ZYNOWH KE®AAAIOY

MapakdTtw napouciafoupe evdeikTika (Mivakag V) HepIKEG NON UNAPXOUCEG UMNNPECIEG Mou
npoo®epovTal and diagopouc Operators. 'ONwc YiveTalr Gpavepo, Ol UNNPECIEG AUTEG NMPOCPEPOVTAI
MEow dlapopwv Tponwv (WAP, SMS, Voice) evw ortn de€id oTAAN Tou nivaka PBAEMOUME Kal TN
xpéwaon og USD.
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Country

Network

Operator

Application

Service

Service Cost

Information

Austria Tele.ring ) Local Info Normal WAP tariff
Services
. Emergency Emergency
Canad AT&T Wirel 0.60 th
anada Ireless Services (E-911) Calls per mon
2 M
Information Where’s my 0.28 per SMS
France Bouygues . message
Services nearest .
(transaction)
Germany Viag Interkom Safety Phone Finder 0.18 per min WAP
Treasure Hunt
Norway Telenor Game 3.00 per game
Game
Norway NetCom Buddy Finder Buddy- Service 0.85 per request
Portugal Telecel Team Manager Phone tracker 0.09 per location
Portugal Telecel Fleet Services Phone tracker 0.09 per location
UK Vodafone Traffic Info Roadwatch 0.72 pfar min
(min)
Localized 0.15 per coupon
UK ZagMe M-Coupons
9 up coupons SMS (transaction)
. Emergency Emergency
A AT&T Wirel 1.2 th
us & Ireless Services (E-911) calls > per mon

KAeivovtag, napouaialoupe otov Mivaka VI Ta CUYKEVTPWTIKA OTOIXEia Mou npokUMTouv anod To
Kepahaio 3. Avapépoupe dnAadn nola Texvoloyia xpnoigonolei o kaBe Operator kal eniong PepIKA

MINAKAZ V

eninAéov oToixeia (6nou ival duvaTtov).
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Network Operator AemrTopépeieg

| Location YmooTnpi{éueveg Location

Supplier Techniques*
Austria ONE Nokia Cell-ID,Enhanced TA,BSS info,E-OTD,A-GPS 7/3/2002
China FMCC Nokia Cell-ID,Enhanced TA,BSS info,E-OTD,A-GPS mCatch/mPosition
Coeds EuroTel CellPoint Cell-ID, TA, NMR, A-GPS, E-OTD, TDOA | Resource Manager (Fleet
Republic Management Service)
Estonia Eesti MobiilTelefon Ericsson CGl, TA, A-GPS, E-OTD MPS first Customer
- France Telecom Mobile CellPoint Cell-ID, TA, NMR, A-GPS, E-OTD, TDOA | esource Manager (Fleet
Management Service)
France France Telecom Mobile SnapTrack EGPS STGTG Member and GSM
Trials Host
Germany T-Mobil SnapTrack EGPS STGTG Member and GSM
Trials Host
Germany E-Plus CellPoint Cell-ID, TA, NMR, A-GPS, E-OTD, TDOA Mobile Location Sy stem
- v Hutchison SignalSoft TOA/TA, TDOA,AOA,AGPS,E-OTD,Cell-
ong Reng Telecommunications 9 ID/TA, MAP AT
Hong Kong SmarTone CPS E-OTD Trial of Cursor .al"ld Coverage
Services
Ireland Esat Digifone SnapTrack EGPS
Italy Omnitel Pronto Italia SnapTrack EGPS STGTG Member and GSM
Trials Host
Japan SECOM SnapTrack EGPS GpsOne launch by 1H 2001
Japan KDDI SnapTrack EGPS GpsOne launch by 2H 2001
Japan NTT DoKoMo SnapTrack EGPS January 2000 launch
TOA/TA,TDOA,AOA,AGPS, E-OTD,Cell-
LiberTel SignalSoft ’ ! g ! ’
Netherlands I 9 ID/TA, MAP ATI
Norway Telenor Mobil Ericsson CGil, TA, A-GPS, E-OTD
Poland PTC-Era SignalSoft TOA/TA,TDOA,AOA,AGPS,E-OTD,Cell-ID/TA, Flrst Eastern European.
MAP ATI mobile operator to invest in
Portugal Telecel SnapTrack EGPS STGTG Member and GSM
Trials Host
South Africa MTN CellPoint Cell-ID, TA, NMR, A-GPS, E-OTD, TDOA
D i Vodacom SignalSoft TOA/TA,TDOA,AQOA, AGPS,E-OTD,Cell-
outh Africa 9 ID/TA, MAP ATI
Spain Telefonica Moviles SnapTrack EGPS STGTG Member and GSM
Trials Host
S Tele2Mobil CellPoint Cell-ID, TA, NMR, A-GPS, E-OTD, TDOA Resource Manager (Fleet
Management Service)
Sweden Telia Ericsson CGl, TA, A-GPS, E-OTD
e Orange SignalSoft TOA/TA,TDOA,AOA,AGPS,E-OTD, Cell-ID/TA,
witzerlan g g MAP ATI
T DiAx SignalSoft TOA/TA,TDOA,AOA,AGPS,E-OTD, Cell-ID/TA,
witzerlan [¢] MAP ATl
Taiwan FarEasTone Ericsson CGl, TA, A-GPS, E-OTD
UK Vodafone CPS E-OTD Trial of CURSOR
UK Vodafone AirTouch SnapTrack EGPS
UK BT Cellnet SnapTrack EGPS
! . TOA/TA, TDOA, AOA, AGPS, E-OTD,
USA Sprint SignalSoft
Cell-ID/TA, MAP ATI
e SBC SignalSoft TOA/TA, TDOA, AOA, AGPS, E-OTD,
Cell-ID/TA, MAP ATI
e Altel SignalSoft TOA/TA, TDOA, AOA, AGPS, E-OTD,
Cell-ID/TA, MAP ATI
o US West SignalSoft TOA/TA, TDOA, AOA, AGPS, E-OTD,
Cell-ID/TA, MAP ATI
USA Bell Atlantic Mobile SignalSoft TOA/TA, TDOA, AOA, AGPS, B-OTD,
Cell-ID/TA, MAP ATI
e PrimeCo SignalSoft TOA/TA, TDOA, AOA, AGPS, E-OTD,

Cell-ID/TA, MAP ATI

* AvagépeTtal aTig HeBOSoUG Nou unooTnpIlel N CUYKEKPIYEVN TEXVOAOYia Kal OXI anapaitnta oTig peBddoug nou Xpnoiuonolsi o kabe Operator

NMINAKAZz VI
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KEQANAIOH

YAONOIHZH
AATOPIOMOY ENTOMIZMOY
(CID-TA-RXLEV)







4. YAONOIHZH AATOPIOMOY ENTONIZMOY

4.1. EIZAIrQrH

e auTtd To Ke@aAaio Ba nepIypAWoUUE Tov aAyopiBuo evToniopoUu B£ong nou e@apuocape. O
aAyopiBuoc autdg eival Bacliouevoc o oToIXEid nou pnopoUv va avakTnBouv and To JikTuo
(Network Based Solution). AuTta Ta oTolixeia €ivar:

2 TaurtornTa KuwéAng (Cell ID):

O apIBuOC TNG TPEXOUOAG KUWEANG. KaBe BTS oe pia dedopévn neploxn €xel éva Povadiko apifuo
TaUTOTNTAG. Mvwpilovtag Tn B€on Tou BTS, pnopoUpe va €XOUME HIa MPOOEyyion Tng 8£€ong Tou
KivnToU TeppaTikou (K/T).

2 nMNpoodog Zuyxpovicuou (TA):

O ZT1abuog Baong (BTS) evnuepwvel To KivnTd TeppaTtikd noTe npénel va apxiosl Tn Peradoaon £T0l
woTte @Bdcel oto BTS eykaipwG. AUT n nNApdueTpog eVNUEPWVETAI KATA Tn OIAPKEId TNG
enikolvwviag pe 1o dikTuo (oTEAvovTag / AapBavovtag SMS, TonoBsTwvTag pia KARon, {NTVTAg
Kanola unnpeaia, KAM....) kal kupaiverar ano 0 €wg 63.

2 AappBavopevn Ioxug onpartog (RXLEV):

H dUvaun Tou onuaTog nou AapBdveral ato kavail BCCH. Autr n nAnpogopia sival 81afgoiun yia
Tnv Tpéxouoa KuwéAn EEunnpetnong (Serving Cell), kaBwg eniong kai yia Ti¢ MeITovikeg KuyweéAeg
(Neighbour Cell). O p€yioTog apiBuoc Twv dIABECINWY YEITOVIKOV KUWPEAW®V gival 6.

4.2. ANAITOYMENOZz EZONAIZMOz

MpokeigEvou va npaypartonoin®ei o aAyopiBuog kai va dokihaoTel oTnv Npdén, kpibnke avaykaia n
Xpnaoiygonoinon Tou akoAouBou eEonAiopoU:

&

®opnToc YnoloyiotAg Compaq® Armada, Intel® Pentium 4, Asitoupyikd ZUoTnua: Microsoft®
Windows 2000 Professional, EykaTeoTnuéva npoypdaupara: Microsoft® Office 2000, Microsoft®
Visual Studio 6 Enterprise Edition. To Visual Studio 6 pag napeixe To avaykaio nepiBaiiov
npoypappatiopol, péow TnG Visual Basic 6, evd To Microsoft® Office 2000 eykaTaoThONKe
Aoyw TNG avaykng Unap&ng piag Bacng dedopévmv yia Toug XTabuolg Baong (Microsoft®
Access 2000) kal €vOC pEOOU aMOBRAKEUONC TwvV anoTeAeoudTwv  (Microsoft® Excel).
Xpnoipgonoinénke opnTog kai 01 Desktop unoAoyioTnG, agou nTav avaykaia n JeTapopa Kal
METakivnor Tou péoa oTo nedio PETPROEWV, yia va npayudartonoinBouv Ta anapaitnta field
tests npokeigévou va BeATioTonoin®ei o aAyopiBuoc. O unoAoyloTnc O1€6eTe Kal dUo BUpPEG
USB yia oUvdeon NePIPEPEIAKWY CUGKEUMV.
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'Eva kivnTo TnAépwvo NOKIA® 6150 nou cuvodsudTav and oeipiakd kaAmdio FBUS yia Tnv
31aguvdEon ToU HE TOV UNOAOYIOTH. ZTO KIvNTO TonoBeTHONnKe pia test sim Tng Vodafone yia
TNV npayuaronoinon Twv HeTpriocwv. Ta oToixeia Tou dikTUou (Cell ID, Timing Advance kal
RxLEV) eEayovrtav and To kivnTd péow Tou Netmonitor Tng Nokia kal €iodyovrav oTov
unoAoyIoTn HEow Tou kaAwdiou FBUS. OI nepalTEpw UMOAOYIOHOI yivovTav oTov UMNOAOYIOTH
and 1o npdypappa evronicuou.

Mia ouokeun GPS, Magellan® GPS 320, nou kal auTh ocuvodsuobTav anod TO avTioTOIXO OEIPIaKod
KaAwdio yia Tn dilacuvdeon e Tov unoAoyioTr. To GPS xpnoigonoinénke yia va yvwpifoupe
kaBe @opa TNV npayuarikn 8€on (We NOAU pikpr andkAion ~10m) Tou K/T, @OTE va UNopoupe
va TNV OUYKPIVOUHE PE auTr nou unoAdyile o aAyopiBuog evroniopoU. To npoypaupa €xel Tn
duvatoTnTa va avakta Tnv nAnpogopia 6£ong and To ouykekpipgévo GPS, aAAd kar and
onolodnnote GPS apkei va sival cupBaTto pe To NMEA v.1.5/v.2.1 kal va undpxel To KaAwdio
yla Tnv oUvdean WE TOV UNOAOYIOTH.

AUo petatponeic Serial >USB. A@oU o @opnTdG UnoAoyioTng dev nTav £QodIdOPEVOG HE
OEIpIaKEG BUPEC, aAAd povo pe USB, npounBeuTtrikape OUO TETOIOUG UETATPONMEIC WOTE va YiVel
€QIKTR n oUvdeon Tou K/T kal Tou GPS pe Tov unoAoyioTh.

4.3. IZTOPIA AATOPIOMOY

Kata tn d1apKela TNG €QApUOYNG ToUu aAyopiBuou, MOAAEG Jia@oOpeTIKEG WEBODOI MpoTadnkav Kal
e€eTaoTnkav. Edw 6a dWOOoUNE HIa OUVONTIKNA NeEPIYpan OAWV TV NMPonyoUHevwv HEBOdwWV Mnou
Hag odriynoav oTov TEAIKO aAyopiBuo. AuTn n napdypa@og €ival JOvo yia NANPoeopIakoUc okonoug
Kdl unopei va napakaueoei.

4.3.1. TNPQTA ZTAAIA - AATOPIOMOZ ' A TO RXLEV

AapBavovTtag undwn To yeyovog OTI ol aAAeg dUo péBodor (TA, Cell ID) eival nepiogoTEPO
TUMNOMOINUEVEG, adpxioaue PeE TNV €peuva TnG HeEBOdou IoxUoc AdaupBavopevou Znpatoc (RXLEV).
N'vwpifovrag Tnv Aaupavopevn Ioxu Twv onuatwyv ( EEaoBevion onuatog = Eknepndpevn Ioxug(Tx)
- AapBavopevn IoxUg(Rx) ), gnopoUpe va unoAoyicoups TNV anootacn nou diavueTal and To onua
ME Tn BorBsia Tou povTéAlou €EaaBeviong Tou HATA, To onoio €xel AON NeEPIypaAPEi.

(Longitude, Latitude)

2XHMA 4.1
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KaTd ouveéneia, ynopoUpe va BEWPAOOUKE OTI EXOUHE £va KUKAO HE KEVTPO TN YEWYPAQIKN B£on Tou
STaBpol Baong (yewypa@ikd PHAKOC / YEwYpa®IkO NAATOC) Kal akTiva Tnv unoAoyioyevn andoracn
Méow Tou HATA (oxnua 4.1).

Edv ekTeAéooupe Tov idI0 unoAoyiouo yia kaBe diaBeaipyo =Tabud Baong (yia To Serving Cell kabwg
Kal yia 6Aoug Toug diaBeaipoug Meitoveg) Ba ndpoupe didpopouc KUKAOUG (HEYIOTOG apIBuog = 7)
anod Toug onoioug aAlol Ba TEéuvovTal kal aAAol oxi. Mia Tuxaia avanapdotacn napoucialeTal oTo
oxnua 4.2. 'Onwcg cival npogaveg, dev pnopoUPE va unoAoyiooupe Tnv Béon Tou K/T pe TN
XpNoigonoinon TwV ONUeEiwV TOMNAC TwV KUKAWV €neidr] o€ PEPIKEG MNEPINTWOEIC Ol KUKAOI Ogv
TEPVOVTAl.

Neighbour3

S
R
w2

Neighbour2

Neigbour1

2XHMA 4.2

MeTd and noAudpiBuec duvaTeg AUOEIC, KATAANEANE OTO cUPNEPAocua OTI 0 KAAUTEPOG TPONoC sival
va unoAoyiooupe To onueio ONou To oUVOAO TwV anooTdoswv ano kdbe aktiva "HATA Radius” sival
eAaxioTo.

Mo ouykekpipéva, ag unoBeooupe OTI BEAOUNE va UNOAOYICOUHE TO OUVOAD TWV ANOCTACEWV YId €vda
onpeio (Xip, Yip)-
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Ta onueia 8€ong Twv STaBuwv Baong sivar:

Serving Cell (Xo, Yo, Ro) ™

Neighbourl (Xl, Yy, Rl)
N<6

> Xn, Yy @ ZuvTeTaypéveg N-ooTtoU BTS
Ry : "HATA Radius" yia To N-ooTd BTS

Neighbour2 (X3, Y2, R3)

NeighbourN (Xy, Y, Ry) J

H andoTaon Tou onueiou (Xip, Yip) anod Tnv aktiva "HATA Radius" Tou N-ooTou BTS eivai:

~Xy )2 +(Yp - Yy)? —Ry

Distance(N) = ‘\/(x N

To aBpoiopa OAWV TwV AnNooTACEWY gival:

TotalDistance = Z:(k,\l -Distance(N))
N

‘Onou ky €vag ouVvTEAEOTAC NMou XpnaolyonoleiTal yia va dei&el Tn onpacia kabs anoortaong. AuTog o
ouvTeAeoTnC Oev Ba neplypagei Twpa, aAAd apyoTepa OTav MEPIYPAWOUNE Tov TEAIKO AAyOpIBuo
EvToniopoU ©¢ong.

Mia evaAAakTikn AUon, €ival va unohoyifoupe To dBpoioua [Distance(N)]?, aAAG auTth n nepinTwon
anoppipBnke eneidfy HETA and OOKIPEG avakaAlwape OTI Ta anoTeAéoparta nTav  XeIpoTepa
akoAouBwvTac auTrp Tn Auon. Auto oupBaivel eneidf pia AavBaopevn Ty Tou RXLev (Adyw
@aivopévwyv noAAanAng diadpoung(multipath), avakAacewv, kAn.... ) 8a unopoucoe va odnynoel os
Wia geydAn TR Tou Distance(N), ondTe Ba sixape akdpa peyaAlTtepn TiA Tou [Distance(N)]%. AuTo
B8a odnyouos Tov aAyopiBuo oTo va unoloyiosl yia B€on nio Kovtd oTnv Aaveaopevn akTiva "HATA
Radius".

>Ta npwTa oTdadia, o aAyopiBuog unoAodyile TV eAaxioTn TiPn Tou TotalDistance endavw oTnv akTiva
"HATA Radius" Tng KuwéAng EEunnpétnong (Serving Cell). MeTd, €xovrag unoAoyiosl pia 0€on
avagopdg, To Npoypapua avixveue pia éktacn 1 km? yUpw and auThv Tnv B€on PAnwc Tuxov Bpel
Mia GAAN kKaAuTepn B€on (oxnua 4.3).
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/YG
% oy,

2 Serving Cell

‘/

“Néa” Béon

YToAoyigopevn Béon mavw
aTnv akTiva “Hata Radius”.
(6éon avagopdg)

2XHMA 4. 3

ApyoTepa ouveldnTonoinoaye ot auTtd dev ATav anapaitnTo, yia dUo Adyoug:

= O npwTog AOYOG €ival oTI n nio agioniotn PeTpnon (oOXeTIka Ye To RXLev) €ival autn and To
Serving Cell. ZTnv npayupatikdTnTa, N aAndivi yewypa@ikn 6£on (nou AauBaverar and To
GPS) nTav oTIg NePIOOOTEPEG NEPINTWOEIG NOAU KovTd otnv akTtiva HATA Tou Serving Cell
(u€on andoTaon and 30 £wg 70 pETpa).

2> O JeUTepog Adyog eival OTI o aAyoplBuog €npene va unoAoyiosl 10.000 TiIPEG yia To
TotalDistance yeyovog nou, anod andWewc UnoAoyIoTIKAG a&iag, ATav noAU xpovoBopo (1-2
sec).

4.3.2. TEAIKOZ AATOPIOGMOZ - (Cell ID, TA, RXLev)

'YoTepa ano MNoAAEG JOKIMEC, AAON kal JIa@OPETIKEG EPAPHOYEC TOU aAyopiBuou, KaTapEpape va
dnuioupynooupe évav alyopiBpo peyaAng noAunAokoTnTag nou cuvduddel kal TIG TpeIG HeBOdOUG
(Cell ID, TA kar RXLev). O okonog auTtng Tng napaypdgou csival va napouciacTouv Ta kUpia
XApAKTNPIOTIKA YVwpiopuaTa autou Tou aAyopiBpuou.

To npoypapua a&onolei NARPWG Kal TIG Tpel¢ Adn avagepBeioeg pedOdoug, kabepia yia Evav
O1apOpPETIKO AOYO:

CID:

v' XpnoigonolgiTal yia Tov kabopiopd Tng 6€ong Tou K/T oTav dev duvaTtal aAAiwg. MNapadeiypaTtog
Xapiv, €av dev unapxel kapia nAnpogopia yia Tig FeITovikeg KUWEAEG 1 unapxel, aAAG ol YEITOVEG
BpiokovTal aTnv idia TonoBecia pe To Serving Cell.
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v KaBopilel Tnv B£€on Tou K/T 0g AAAEC €1DIKEG NEPINTWOEIC. TETOlA MNEPINTwoN €ival 6Tav To
Serving Cell Tuyxavel va ivar microCell kai enopévwg kapia nepaitépw enegepyacia dev eival
anapaitTnTn, agou n nepioxn kaAuywng Tou microCell givar noAU pikpn. 'ETOI N Yewypa®ikr B€on
Tou microCell BswpeiTal kalr wg 6€on Tou K/T.

TA:

v' KaBopilel pia neploxr eugmoTtooUvng (Mia neploxr Méoa otnv onoia, To K/T 6a BpiokeTal kaTd
naca mBavoTtnTa). MNpokelyévou va KataoTadbei auTh n nepIoxn MIKPOTEPN, eKPETAAAEUONAOTE
TNV KATeUBUVTIKOTNTA TNG Kepaiag Tou Serving Cell (Serving Cell’s coverage area).

v' Xpnoigonolgital andé koivou Me Tn MEBodo RXLev, dedopévou OTI eival €évag  OiopbwTikoG
napdyovrag yia Tnv aktiva HATA Tou Serving Cell. Enegniyeral kaAUTepa OTNV AVAAUTIKN
neplypagr Tou ailyopidbuou.

RXLev:

v' Mapayel hia B€on oTav sival duvatdv(edv undpxouv IkavonoinTika oToixeia). O aAyopibuoc sival

no noAUnNAoko¢ and auTov nou neplypageral otnv Mapaypago 4.2.1. EEeTadlovTal dIapopETIKA
nepiBdAhovrta peradoong (HATA) vyia kdBe BTS (Cell), npokeiyévou va ikavonoinfoluv ol
anapaitnTeg npolnobéoeig (n.x. n aktiva HATA Tou Serving Cell npénel va €ival yéoa ortnv
neploxn nou opifel To TA). EniNA€ov, KaTa TNV unoAoyiohd Twv anooTdcewyv, AayBaveral unoywn
n neploxn kaAuwng, TO0O TNG Kepaiag Tou Serving Cell 600 kKal TWV YEITOVIKOV KUWEAQV
(Neighbours).

310 enOpevo Ke@aAalo diveral n NARpNG neplypagn Tng Aiadikaciag EvToniopou ©€ong Tou K/T.
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4.4. AATOPIOMOZ ENTOMNMIZMOY OEzZHZz

O aAyopiBuog evToniopyoU B€ong anoTeAsiTal ano Tpei¢ enigépouc diadikaoieg ( PROCESS 1, 2 & 3 ),
ONwg paiveral kai ato oxnua 4.4.

INPUT: OUTPUT:
1. Mobile Terminal 1. Calculated Lon/Lat
2.GPS 2. Trust Area
(Serv. Cell Lon/Lat,
Max/Min Radius,
PROCESS 1 PROCESS 2 51':?\‘:'5'33,3 Angle Start/Stop)
E€aywyn kai »  Avalnmon ot Bdon > Tonoy, gyog >
emegepyaaia dedopEvwY Aedopévwv EKT'HOU“‘WQ/?I_ £ong Tou
2XHMA 4.4

e autd TOo KePAAaio Ba vyivel n NAAPNG neplypagr Tou aAyopibuou, Xwpic OPwWG va Oo0BkEi
onolodnnote napddeiypa oe yAwooa Visual Basic. O nAnpng kwdikag Tou MpoypaupaToq
ouvodeuduevoc ano oxoAia, napouaialetal oto NMAPAPTHMA A.

To npdypaupa hag «Tpexel» o€ Tpia diapopeTikd modes:

= NORMAL Mode

= USER Mode

= FULL Mode

270 "NORMAL Mode”, To npoypaupua TpEXel Tov aAyopibuo evroniopol B€ong povo pia gopd. Ta
anoTteAéopata napouacialovral O €va ypa@iko napdbupo. To Kivnto Tepuatikd (K/T) eival
anapaiTnTo yia TNV €€aywyr] anoTEAEONATWV.

>1to "USER Mode”, o xpnoTng €loayel Ta anapaitnta oroixeia "We To x€p1", €101 n Unap&n Kivnrou
TepuaTikou (K/T) dev eivar anapaitntn. Ma Tov AOyo auto, HepikEG SUB-Routines dev
xpnoigonoiouvTal oto "USER Mode".

10 "FULL Mode”, To npoypaupa TpEXEl Tov aAyopiBuo evToniopoU B€ong ouvexwd. YnoAoyileTal n
«akpiBela» TnG peBOOoU kal Ta anoTeAéopata owlovTal o £va GUANO epyaciag Tou Excel. Kal og
auTAV TNV nepinTwon, 6nwc kai oto “Normal Mode”, To KivnTo Tepuatikd (M/T) eival anapaitnTo.
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4.4.1. E=ATQIH KAI ENEZEPrAzIA AEAOMENQN (PROCESS 1)

e auTn Tn d1adikaagia, o aAyopIBUoG evToniopoU BEONG eKTEAEI TNV €Eaywyn OAWV TwV anapaiTnTwv
dedopévwyv and 1o K/T. MNa Tnv akpiBela, Ta oToixgia nou anobnkeuovTal yia NnepaiTépw ene€epyaacia
gival To “Timing Advance” (TA), To Serving Cell ID (CID) kal To RXLev.

CELL ID
(CID)

SERVING CELL Serving Cell
INFORMATION (RXLO)

TIMING
ADVANCE (TA)

Neighbour 1
(CHN1, RXL1)
MOBILE TERMINAL

Neighbour 2
(CHN2, RXL2)

Neighbour 3
(CHNS3, RXL3)

NEIGHBOURING CELLS]
INFORMATION

Neighbour 4
(CHN4, RXL4)

Neighbour 5
(CHNS5, RXL5)

Neighbour 6
(CHNS, RXL6)

2XHMA 4.5

MNa va emTUXOUME TNV enikolvwvia PeTAEU Tou K/T Kkal TOUu UnoAoyioTr, XPNOIYOMOIoUME éva
gunopikd “ActiveX Control”, anoé Tnv ertaipeia SoftwareCave (www.softwarecave.com), nou
ovoudaletar "Mobile FBUS 1,7 ActiveX Control ". To Mobile FBUS pag emiTp€nel va €A&yXOUHE £va
KIVNTO TNAEQPWVO and TOV UMOAOYIOTR HWAG HE MEYAAN €UKOAid, XPNOIMOMNOIOVTAG WG HEOW
dlaouvdeong €va kalwdio FBUS.

Sub-Routines nou xpnoiyonoiouvrai ornv npwTn diadikacia (PROCESS 1)

XpnaigonoiouvTal ol akdéAouBeg Sub-Routines (Yno-PouTivec):

1. frmModeNormal.Timerl_Timer() & frmModeFull.Timerl_Timer()

2. ModSub.SortMatrix

3. ModSub.ProcessData

4. ModSub.StoreValues
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4.4.1.a. Yno-Pourtiva Timerl_Timer()
H Yno-Poutiva Timerl_Timer xpnoigonolcital yovo ato "NORMAL” Mode kai oTo “FULL” Mode.

A@ouU npaypaTonoinBei n ouvdeon pe To K/T, oI WeTPAOEIG anoBnkelovTdl O TPEIC SIAPOPETIKEC
MATPEG:

MHTPA “Metriseis” 7 ZAeg

Mérpnon CHNO,  CHN1, ~CHN2 ~ CHN3, CHN4,  CHN5  CHNG,
! RXLO,  RXL1, RXL2,  RXL3, RXl4, RXL5, RXL6,

CHNO, CHN1, CHN2, CHN3, CHN4,  CHN5  CHNs,
RXL0, RXL1, RXL2, RXL3, RXW4, RXL5 RXL6,

2n
ZeIpég

Mérpnon { CHNO,  CHN1, CHN2,  CHN3, CHN4 ~ CHN5  CHNS,
" RXLO,  RXL1, RXL2,  RX3, RXW4,  RX5 RX6, |

MHTPA “cid” MHTPA “TA”
[ R [ R
Métpnon 1 CID, Méonon 1 | TA,
CID, TA,
: >N - ZEIpEg : > N - Zeipég
Métpnon n C|Dn Métpnon n TAn
L J L ]

MHTPA "Metriseis”:

Edw anoBnkelovTal Ta kavaiia Twv ZTaBuwv Baong kai ol ioxveic Anwng (RXLev). KaBe pErpnon
avTioToIXEl 0g 2 osIpeg TNG INTPag(n.x. MéTpnon 1 > Seipéc 1&2, MeTpnon 2 > Scipec 3&4, KAM.).
Kd&6e otnAn avTioToixei kal o€ éva XTabud Baong (ZTAn 1 2> KuwéAn EEunnpetnong, =TnAeg 2-7 >
lerrovikn KuwéAn 1-6)

Mpénel va onuei®ooupe OTI n ékppaon (CHN1; = CHN1, = CHN13 =..... = CHN1,) €ival oTig
NeEPICOOTEPEC MEPINTWOEIG KN aAnBnc. Auto oupBaivel eneidn ol Meitovikég Kuweleg anobnkevovTal
otnv unTpa “Metriseis” avaAoya pe Tnv TIPN Tou RXLEV nou avTioToixei oTov KaBe leitova. AnAadn
IoxUel OTI:

RXL1, > RXL2, > RXL3, > RXL4, > RXL5, > RXL6,
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Mapadesiyua 1:

Se auto To napadeiyya napouaialetal n diadikacia anoBnkeuonc Twv Oedopévwyv oTn MnTpa
"Metriseis". 'Onwg ava@épbnke ndn, Ta oToixeia anobnkeuovTal Katd Ce€Ipd PEYIOTNG TIMAG RXLEV
kal 'OXI pe Baon Tov apiBud Tou kavahiou (CHN) Tou >TaBuou Baongc.

Kata tn didpkeia Tnc METpnong 1:

CHNO; = 10 > RXLO; = -50 dBm CHN4; = 50 > RXL4; = -90 dBm
CHN1; = 20 > RXL1; = -60 dBm CHN5; = 60 > RXL5; = -100 dBm
CHN2; = 30 > RXL2; = -70 dBm CHN6; = 70 > RXL6; = -110 dBm
CHN3; = 40 > RXL3; = -80 dBm

Kara tn diapkeia tng MeTpnong 2:

CHNO, = 10 > RXLO, = -52 dBm CHN4, = 50 > RXL4, = -91 dBm
CHN1, = 30 > RXL1, = -64 dBm CHN5, = 70 > RXL5, = -104 dBm
CHN2, = 20 > RXL2, = -65 dBm CHN6, = 80 > RXL6, = -109 dB
CHN3, = 40 > RXL3, = -78 dBm

Kata tn didpkeia Tnc METpnong 3:

CHNOs = 10 > RXLO3 = -52 dBm CHN45 = 50 > RXL453 = -90 dBm
CHN13; = 30 > RXL13 = -65 dBm CHN55 = 60 > RXL53 = -105 dBm
CHN2;5 = 20 > RXL23 = -68 dBm CHN65; = 70 > RXL65 = -106 dBm
CHN353 =40 > RXL33 =-79 dBm

H MnTpa “Metriseis” nou NpokUNTElI TEAIKA, HE BACN AQUTEC TIC HETPNOEIC, PAIVETAl NAPAKATW:
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MHTPA “Metriseis”

MéTpnon 10 30 40 50 60 70

! -50 70 -80 -90 -100 -110
Métpnon 10 20 40 50 70 _‘

2 52 65 78 -91 -104 -109
Méronon 10 20 40 50 60 70

3 52 68 79 -90 -105 -106

Néo Kavahi (dev uttapxel ot Métpnon 1) &—

AlagopeTikd KavaAia oty idia othAn

S€ auTo TO NApAdelyPa NNOopoUUE va €0TIACOUNE O dUO evDIAPEPOUTEG NEPINTWOEIG:

1.

>Tn oTnAN (4) 1o KavaAl ival To 40. =Tn oTAAN (2) €xoupe dUo kavaAia, To 20 kai To 30.
KaTd ouvéneia, ynopoupe va noUpe OTI o€ Wia Tuxaia oThAn (X), n Tiun yia To CHN(X-1), dev
Ba eival navroTe idiq.

To kavdaAl 80 (Métpnon 2) dev gival napwv oTig MeTproeig 1&3. To kavail 60 (MeTproeig
1&3) dev €ival napwv otn METpnon 2. 2Tn MNTpa "Metriseis" €xoupue ouvoAika Ta akoAouBa
KavaAla nou avTioToixoUv ot OlapopeTikeG KuweAieg: 10, 20, 30, 40, 50, 60, 70, 80.
SUVOAIKOG apiBuog kavahiov = 8. Apa, MNopoUNE va KATaAnEOUPE OTO CUMNEPATHA OTI O
OUVOAIKOG aplBuog Twv diabéaipywy MeIrovwy pnopei va sival peyaAuTepog Twv 6 (agou oTn
otAAN (1) anoBnkevovTal ol NnAnpo®opieg yia TNV KuwéAn EEunnpéTnong kal oxl yid Kanoio
leiTova).

MHTPA “cid”:

Edw anoBnkeveral n Tiun TnG TautoTntag KuwéAng (Cell ID) Tng KuwéAng EEunnpétnong, yia kale
METPNON. H Tiun auth pnopei va aAAa&sl kaTta Tn dIdpKela TwV UETPROEWV AOyw kdanolou Handover
(CID; » Handover - CID, # CID;).

MHTPA “"TA”:

Edw anoBnkeUoupe TNV TiWN Tou Timing Advance (TA) yia kaBe pérpnon. Kal auth n Tign pnopei va
aAAa&el katd Tn didpkeia Twv petpioswy (TA € [0, 1, 2, ..... , 63 1.

MeTd and Tnv anobnkeucon Twv dedopévwy, KaAeiTal n Yno-Poutiva ModSub. SortMatrix.
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4.4.1.b. Yno-PourTtiva SortMatrix
H Yno-PouTiva SortMatrix xpnoiponoisital pévo oto "NORMAL” Mode kai oto “FULL"” Mode.

H ouykekpiyévn Yno-PouTiva Ta&ivousi Tnv MnTtpa “Metriseis” cUu@wva Pe Ta OTOIXEId TG NPWTNG
o€Ipac.

MPO>0OXH:

ZTnv NpwTn oThAN dev npayuaronoigital Ta§ivounon, eneidn katd Tn dIApKeIa TNG ENIKOIVWViAG Tou
K/T pe To dikTuo, TO KavaAl nou avTioToixei oTo Serving Cell pnopei va ndpel kai TINEG ekTog BCCH.

Edv napoupe Tn MATpa “Metriseis” Tou MapadeiypaTtog 1:

_L—é Zeipd ava@opdg yia Tnv Tagivounon —

10 L 20____3%____4_ ___50_____ 60____10!
-50 -60 -70 -80 -90 -100 -110
10 30 20 40 50 70 80
-52 -64 -65 -78 -O1 -104 -109
10 30 20 40 50 60 70
-52 -65 -68 -79 -90 -105 -106

MeTa Tnv Ta&ivopnaon, n kaivoupylia MATpa Ba £xel TNV akoAoubn Hoppn:

MHTPA “Metriseis”

10 20 30 40 50 60 70

-50 -60 -70 -80 90 -100 -110

10 20 30 40 50 80 70

-52 -65 -64 -78 -0 -109 -104

10 20 30 40 50 60 70

-52 -68 -65 -79 -90 -105 -106
CHN 60

CHN 10 CHN20 CHN 30 CHN 40 CHN 30 CHN 8o CHNT0

'Onw¢ PnopoUPE va d1anioTWOOUUE, oTh oThAn (6) €xoupe dUo dilagopeTika kavaiia (CHN60O &
CHNB80). AuTO cupBaivel eneidn otn osipd (4) (Nou ava@éperal otn Métpnon 2), To kavaill CHN60
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dev gival napwv Kal enopévwe To Kavall CHN8O (nou dev eival napdv otn Zeipd "avaeopac'(1))
TonoBeTeiTal oTtn B€on Tou.

4.4.1.c. Yno-Pourtiva ProcessData
H Yno-PouTiva ProcessData xpnoiyonoisital povo oto “NORMAL” Mode kail oto “FULL"” Mode.

Edw To npoypapua ehéyxel €av n Kuwéin EEunnpétnong (Serving Cell) éxel aAAael kata Tn
dldpKela Twv HeTprocwv. Edv KATI TEToOlO €Xel OUPPBEi, TO NMpOypdupa KpaTtd HOVO €KEIVEC TIG
METPAOEIG Nou €xouv Tnv idia Tiun "CID" pe Tnv npwtn PETpnon (O aplBuoc Twv PETPROEWY HE TO
idlo "CID" = "SafeMeasure").

Katoniv, unoAoyilel TIG HECEG TIMEG YIa TIG I0XUEIC AnWnG RXL, Tic anoBnkelel otn MniTpa "Final",

MHTPA “Final”
CHNO RXLO
CHN1 RXL1
CHN2 RXL2
CHN3 RXL3
CHN4 RXL4
CHN5 RXL5
CHNG6 RXL6

Ta kavaAia (CHN) Tng L ] ) )
TIPWTNS OEIPAG TOU Q I% Meoeg TIpeG Twv

Mivaka “Metriseis” RXL

kal Ta&ivouei Ta oToixeia (Bubble Sort) katd oeipd peyioTng TIMAG Tou RXL (ekTog and To Serving
Cell).

TéNog, To Npoypappa unoAoyilel TIG TEAIKEG TIMEG yia To cid kal To TA (o1 onoieg anodnkelovTail OTIC
peTaBANnTEG “FinalCID” kai “FinalTA"):

FinalCID = cid(1)

TA(1)+TA(2) +....... + TA(SafeMeasure)
SafeMeasure

FinalTA =
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MNapadeiyua 2:

YnoBéToupe OTI oI MATpeg "Metriseis", “cid” kai “TA” pgeta ano Tnv Yno-PouTiva "SortMatrix" ivai:

MHTPA “Metriseis”

10 20 30 40 50 60 70
-50 -60 -70 -80 90 -102 -105
10 20 30 40 50 80 70
52 65 64 -78 -1 -109 -102
10 20 30 40 50 60 70
-52 -68 -65 -79 -90 -108 -106
10 30 40 50 60 70
-55 -60 -64 -78 -91 -103 -104
10 30 40 50 60 70
57 -58 -68 -79 -90 -105 -106
MHTPA “cid” MHTPA “TA”

1024 —— Mérpnon 1 0 ——> Mémpnon1

1024 —> Mérpnon 2 0 r——> Mémpnon2

1024 ——> Métpnon 3 1 ——> Mépnon3

1120 ——>  Mérpnon 4 1 ——> Mépnon4

1120 —>  Métpnon 5 2 ——> Mémpnon5s

‘OTav TpEXoupe TNV  Yno-Poutiva ProcessData T1o npoypapua BAEnel OTI KATAa Tn JIAPKEId TNG
METpNONGg 4, To Serving Cell €xel aAAa&el. Enopévwg kpatd WOVO TIG NpWTEG 3 METPNOEIG (N
MeTaBANnTn "SafeMeasure = 3").

AKOAOUBEI 0 UNOAOYIOHOC TWV PECWV TIHWV Yia Ta RXLEV kal n Ta&ivounon Tng WnTeac:
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-50-52-52

CHN10 > RXLpea =5~ =-51.33=-51dBm
CHN20 > RXL,.., = m - -64.33~-64 dBm
CHN30 > RXL, e = w - -66.33~-66 dBm
CHN40 > RXL, o, = _80_;& - 79 dBm
CHN50 > RXL,0y = w — _90.33~-90 dBm
CHN60 > RXLean = w =-105dBm *(uovo 2 d1aBE0iIuEG UETPOEIG)
CHN70 > RXL, e = ‘105‘1302‘106 --104.33~-104 dBm
MHTPA “Final” mpiv to BubbleSort MHTPA “Final” peta 1o BubbleSort
10 51 | Kawaaan g 51 |
20 64 Kapia aAayA 20 64
30 66 Kapla ooy 30 66
40 79 o ahayi 40 79
Kapia aAAayr]
50 -90 e e 50 -90
60 -105 >< 70 -104
70 -104 6> Ras™ | 60 -105




TéNog, To npoypappa unoAoyilel Ta "FinalCID" kai "FinalTA":

FinalCID = cid(1) = 1024

TA(1)+TA(2)+...+ TA(SafeMeasure)|
SafeMeasure

FinalTA =

| SafeMeasure =3

_TA(1)+TA(2)+TA(3) _ 0+0+1

=0.33~0
3 3

4.4.1.d. Yno-Pourtiva StoreValues
H Yno-PouTiva StoreValues xpnoiponoisital povo oto "NORMAL” Mode kai oTto “FULL” Mode.

Eival To TeAeuTaio BApa npiv and Tnv PROCESS 2. AuTh n noAU anAn Yno-PouTiva unoAoyilel Tnv
TIA TNG MeTaBANTNC “DataMax™ (O apiBuodg diabeoiywv KuweAwy, cupnepIAapgBavopevnsg Kal Tng
KuweéAng EEunnpérnong) kar anoBnkelsl Tn MATpa Final() otn MATpa FinalOk(). MNa va yivel
katavonTn autn n Yno-PouTiva, ag doUpe To akOAouBo napdadeiyua.

MNapadeiyua 3:

YnoB£Toupe 0TI N MATpa "Final" pera anod Tnv Yno-PouTiva ProcessData civai:

MHTPA “Final”
10 -51
20 -64
30 -66
40 -79
50 -90

€ auTn TNV NePIiNTwaon, o apiBudc Twv diabéoiywy FeiIrovwy gival 4 (H Tiun yia Toug Meitoveg 5&6
gival 0, dpa Bewpoupe OTI dev UNAPXOUV).

H Yno-PouTiva StoreValues unoAoyilel Tnv peTaBAnTtn "DataMax”:
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DataMax = 5 (Serving Cell (1) + Neighbours (4) = 5)

Katoniv, To npoypapua kabopilel Tic d1a0TACEIC TG MATpag «FinalOk” kal anoBnkevel o’ auTnv Td
nepiexopeva Tng MnTpag «Final”:

SeIpEg STNAEG

v v

FinalOk() - AiaoTtaocsig: "DataMax” x 16 (5x16)

MHTPA “FinalOk” 16 TTAAEC

) . . . 3\
Serving Cell 10 -51 void void void
Neighbour 1 | 20 -64 void void void
Neighbour 2 | 30 -66 void void . s void “DataMax”

2eIpég
Neighbour 3 | 40 -79 void void - void
Neighbour 4 | 50 -90 void void - void )
CHN RXL

O1 NnpwTeg dUO OTNAEG €ival ol idlec pe auTeGg TNG MnTpag "Final". O1 unodAoineg B€osig TNG MNTPAC
apnvovTal Kevég kal n xprnon Toug dev Ba eEnynBei €dw. H nAnpng nepiypaen yia Tn MnTpa
"FinalOk" diveral oTnv MNapaypa@o 4.4.2.b.

4.4.1.e. PROCESS 1 - Aiaypappa Pong

Edw oAokAnpwdnke n npwTtn Aladikacia (PROCESS 1). Ta onuavTika dedopéva nou “nepvave" otnv
enopevn Aladikacia (AvalnTnon otn Baon Asdopévwv) sivai:

1. FinalOk() (H unTpa nou nepiéxel TIG IOXUEIC AWNG KAl Ta avTioToixa kavaAia)

2. DataMax (O apifuog Twv dIaBECIHWY KUPEAWV)

3. FinalCID (H TtautoTnTa KUWEANG Tou Serving Cell)

4. FinalTA (H unoloyioBeioa npoodog cuyXpoVvIoHoU)
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Znueioon:

>to "USER" Mode kapia ano TI¢ nponyoUdeveg Yno-Poutiveg dev Xpnoigonolsital. 'OAa Ta
anapaitnTa oTtoixeia eiodyovtal and Tov Xpnotn “xeipokivnTa” kal anobnkevovTal autopaTta (oTIG
idlec peTaBAnTéc: DataMax, FinalCID, FinalTA kai FinalOk()), MOAIG ekkivnBei o AAyopiBuoc
EvToniopoU G£ong ano Tov XpAoTn.

To didypappa pong Tng npwTtng Aladikaoiac,“"PROCESS 1” napouaialeTal napakaTtw (Exnua 4.6).

“PROCESS 1 -E=AIQrd KAIENEZEPIrAzIA AEAOMENQN’

KIT
Netmonitor

Program Modes:

1) NORMAL s
2) USER g
3) FULL 3
@
E&a\&wv’n ZTlgll_)r(slwv s YmoAoyiopég Méowv Tipwv
START Mode: 1 & 3 o 10 — ZTOIXEIWV > KATT.
(CID, TA, RXLev) SUB: SortMatri " |SUB: ProcessData OUTPUT:
SUB: Timer1_Timer - Sortiatrix SUB: StoreValues . ;
1. FinalOk()
2. DataMax
Eicaywyn ZToIXEiwv atré Tov 3. FinalCID
Mode: 2 > XpAoTN Kal atroBRKeuan oTIC > 4. FinalTA
QVTiOTOIXEG METABANTEG

2XHMA 4.6

68



4.4.2. ANAZHTHZH THZ BAZHZ AEAOMENSQN (PROCESS 2)

4.4.2.a. Tunog kail Aopn TG Baong Aedopévwv

H ouykekpiyévn Baon Asdopévwv €xel dnuioupynBei pe Tn Bonbeia Tou AoylodikoU “Microsoft
Access 2000”. To apxeio nou nepiéxel Tn Bacn dedopévwy ovopdaletal: "LocDatabase.mdb”.

To LocDatabase.mdb anoTteAsiTal ano dUo nivakeg:

1. Nivakag “Cell_Info”

2. Nivakag “Neighbours”

AuToi ol dUo nivakeg gival CUOXETIOPEVOI HETAEU TOUG, ONWG paiveTal Kai oTto oxnua 4.7.

1 2 3 4 5 6 7 8 9
CELLID| Latitude | Longitude| East | North| Height | Azimuth | Start_Sector | Stop_Sector
L

Mivakag “Cell_Info” -
10 1 12 13 14
1 2 Frequency| Output_Power| Existing BCCH| Hata | Micro

CELLID| NCELL

Mivakag “Neighbours”

2XHMA 4.7

Nivakag Cell Info:

K&6e osipd avTioToiXei o €va OlaPopeTIkO BTS, To onoio Nepiypd@etal ano 1o "npwTelov KAsIOI"
Tou oTo nedio 1 (primary key: “CELLID” field).

1) CELLID: H TauTtdTNTa KUWEANG TOU STaBPou Baong (BTS).

Mpiv ano Tov apiBuo undpxel o xapakthpacg "G" r "D" nou @avepwvel T
ouxvoTnTa Asiroupyiag ("G" > GSM900, "D" - DCS1800).

n.X. €av 1o CID €ival 1000 kal n ouxvotnTa 900 MHz, n Tiun oTo Medio 1 Tou
nivaka 6a €ivar: "G1000"

2) Latitude: Mewypa®ikd NAATOC TNG 6€0nG Tou STabpoU Baong (BTS) oe dekadikn Hopen
(DD.ddddd), n.x. 38.55555
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3) Longitude:

4) East:

5) North:

6) Height:

7) Azimuth:

Mewypa®Iikd UNKog TnG B€ong oTtabuou Baong (BTS) oe dekadikn Hop®n
(DDD.ddddd), nx. 023.55555°,

H 8£on Tou BTS (a&ovag x) og poppn UTM zone34, nx. 742000

H 6¢on Tou BTS (a&ovag y) oc poppr) UTM zone34, nyx. 4210000

To Uwog TnG Kepaiag Tou BTS oe péTpa (nx. 25m)

To alupoUBio TNG KaTeuBuvaong Tou KeVTpIkoU AoBoU TNG KEpaiag o Poipeg

(nx. 120°)

8) Start_Sector:

To aQigouBio Tou StartSector (ywvia 3dB, €vap&ng Tng Nepioxng KaAAuwng) Tou

BTS og poipeg (nx. 40°), BAEne 2. 4.8

9) Stop_Sector:

To alipouBio Tou StopSector (ywvia 3dB, ARENG Tng neploxng KGAuwng) Tou
BTS oe poipeg (nx. 100°), BAEne Zx. 4.8

Start Sector

QpoAoyiakr
popa

Mepioxn

Stop Sector

2XHMA 4.8

10)Frequency: >uxvoTnta AgiToupyiag Tou BTS o€ MHz (900 , 1800 )

11)Output_Power:

H oTaBun ekngpndpevng ioxvog Tou BTS og dBm (nx. 38 )
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12) Existing_BCCH:

13)Hata:

14)Micro:

O apiBudg Tou kavaAiou BCCH (BCCH: Broadcast Control Channel, To kavaAi
nou nepiExel akpIBeic NAnpo@opiec yia To dikTuo). AUTO €ival TO KAvdaAl nou
gival eypavég oto Kivntd TeppaTtikd, OTav To TeAeuTaio PpiokeTal o€
katacTtaon avapovng ‘idle mode” (dev npaypaTonoleiTal KAnon, Ogv
anooTeAAeTal SMS, kAn.)

O npoeniAeyp€vog TUNOC Yia To JOVTEAO padiokaAuwng Tou Hata.

Hata

1: Open Area
Hata = 2: Suburban Area
Hata = 3: Medium-Small City

Hata = 4: Large City

AvayvwpIoTIKn TIMA yia To BTS
Micro > 0: pIkpo-KUWEAN Pe akTiva KaAuyng = Micro

Micro = 0: anAn KuyéeAn

Nivakag Neighbours:

KalBe osipa avTioToixei os éva BTS, To onoio nepiypageral and 1o nedio 1 (CELLID).

1) CELLID:

2) NCELL:

H TautoTnTa KUWEANG Tou BTS.

ESw To CELLID 0Jegv é€xel kaboploTel WG NPWTEUOV KAEIDi, EMOHEVWG
€NITpENOVTAl Td NoAAanAd avTiypa®a (n idia Ty Tou CellID pnopei va eivai
napoloa O€ NEPICOOTEPEG aANO 2 OEIPEG).

H TautdTnTa KUWEANG TOU yeiTovikou BTS (Neighbour).
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MNapadeiyua 4:

Edw napoucialoupe pia xapaktnploTikr doun Tou Mivaka "Neighbours":

CELLID NCELL
G100 G165 N\
G100 G200
G100 G220
G100 D1050
>> leiTtoveg Tou G100
G100 D1030
G100 G350
G100 G190
G100 G500 //
G200 G320
\
G200 G210
G200 G100
G200 D1050 ,
>> leiToveg Tou G200
G200 G350
G200 G180
G200 G220

Mpayuaronoinon ouvdeong e 1n Baon Asdouévwv

MNa va emTUxoupe Tn oUVOeOn, XpnoldonoloUpe €va apxeio “Microsoft Data Link”, nou To
ovopaloupe “LocDatabase.udl”. To apxeio auTd nepiEXel TIG KATWOI NANPOPOPIEG:

v Provider = Microsoft Jet 4.0 OLE DB Provider

v" Connection = Database file location (eg. “C:\Locdatabase.mdb")
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H avalntnon péoa otn Baon péow Tou npoypdpuartoG EvroniopyoU ©€£ong, €mITUYXAVETAl PE TN
BonBeia piag olvdeong ADODB connection. Fa nepioodTEPEG MANPOPOPIEG OXETIKA HE TO NWG
akpIBWG XpnoIdonoleiTal auTr n ouUvdeon, O avayvwoTng Wnopei va avaTtpegel oto MAPAPTHMA A
onou divetal o NANPNG KWJIKAG TOU NpoypaupaToc.

4.4.2.b. H MnATpa “FinalOk” — Eqpappoyn TnG AvalnTnong

H Mntpa FinalOk():

MHTPA “FinalOk”
1 2 3 4 5 6 7 8 9

CHN | RXL |cellD Latitudel Longitudel Height ggwe“rt Hata Radiusl Micro Cell
10 11 12 13 14 15 16
—— North| East |Azimuth|Hata Typel Frequency | Start Sector] Stop Sector

2XHMA 4.9

H ouykekpipévn MnTpa nailel €vav noAU onuavTiko poAo katd Tn didpkela Tng deUTepng digpyaaciag,
dedopévou OTI N NAsIOWN@ia TWV AVAKTNHEVWY OTOIXEIWV anodnkeUeTal dw.

'Onwg £xel dN avagepbei, ol diaoTdoelg TG MATpag sival (DataMax x 16)

SEIpEG STHAEG

v v

FinalOk() - AiaoTdosic: “"DataMax”  x 16

H dopn Twv oTnAwv napoucialeral aTo Zxnpa 4.9. 'OAeg ol oTAAEG (ekTOG and TIG oTRAEG 1, 2 kai 8)
naipvouv TIG TIMEG TouG and Ta avtioToixa nedia Tou nivaka "Cell_Info" otn Baon dedopévwv
"LocDatabase.mdb". O1 otiAeg 1 kal 2 €xouv ndn €&nynBsi ortn AIAAIKAZIA 1 (Mapaypa@og
4.4.1.d).

H otiAn (8) 6a €&nynbei apydTepa, otnv Yno-PouTiva ProcessDist (Mapaypa@og 4.4.2.d) «kai
dev Ba pag anaoyoAnosl Npog To Napov.

KaBe ocipa avTioToIXel 0€ €va OUYKeEKpPIPEVO BTS:
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Zeipd 1 > Serving BTS

Seipd 2 > Neighbour 1

Seipa 3 > Neighbour 2

Zeipd “DataMax” > Neighbour (“DataMax” - 1)

E@apuoyn tnc Avalnrnong:

Kar Tta Tpia modes Tou npoypdupaTto¢ (NORMAL, USER kai FULL) xpnoigonoioUv yia Tn
ouykekpiyevn diadikaoia (PROCESS 2) Tig idieg Sub-Routines, xwpic va yiveral kapia €€aipeon.

O1 Yno-PouTiveg (Sub-Routines) nou xpnoigonoioUvTal atnv deuUTepn diadikacia (PROCESS 2) eival
ol akOAoubeg:

1. ModSub.Databasefind

2. ModSub.ProcessDist

3. ModSub.GetFinalMatrix

4.4.2.c. Yno-Pourtiva Databasefind

H Yno-Poutiva Eekivael pe Tnv elUpeon Twv YeITOVWY TNG KUwéAnG oTnv onoia avTioToIXEl To
"FinalCID". AuTo yiveTal hge To akdAouBo epwTnua SQL:

"SELECT * FROM Neighbours WHERE
CELLID = 'G" & FinalCID & "' OR CELLID = 'D" & FinalCID & """

To epwtnua enioTpépel £€va Recordset (adoRecordset) nou nepiExel OAOUGC TOUG EYYPAMMEVOUG
YEITOVEG TNG KUWEANG "FinalCID" ("FinalCID" eival n TauTdTNTa KUWEANG mnou BpeBnKe Kata Tn
diapkela Twv peTpnoswv (BA. PROCESS 1) ). Av dev Bpebei kdnoiog ZTabudc Bdong nou va
avTioTolxel oTo ouykekpidévo “FinalCID”, T1oTe n petaBAnTh “DatabaseError” Aaupdavel Tn Tign TRUE
Kal o aAyopiBuocg diakonTeTal. AvTiBeTa, av 0Aa ndave kaAd > “DatabaseError = FALSE”.
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Mapadsiyua 5:

AauBavovTag unown Tov nivaka "Neighbours" Tou MNapadeiypaTtog 4 kai €av FinalCID = 100 énerai:

EpwTnua SQL:
"SELECT * FROM Neighbours WHERE CELLID = 'G100' OR CELLID = 'D100'"

To Recordset nou enioTpEPel gival To akoAoubo:

“adoRecordset”

CELLID NCELL
G100 G165
G100 G200
G100 G220
G100 D1050
G100 D1030
G100 G350
G100 G190
G100 G500

Znueiwon:

To "FinalCID" dev nepiéxel TNV nAnpo@opia yia Tn cuxvotnTta Asitoupyiag("G" f "D"). AAAG, oTo
avwTépw Recordset, napartnpoUue OTI undapxel auth n nAnpogopia oto nedio CELLID. MnopoUue
AoINOV va BewprOoUNE YVWAOTH TN ouxvoTnTa AEITOUpYiag piag Kal dev undpxel NEPINTWON va EXOUKE
dUo diapopeTika BTS (BTS1 & BTS2) pye CELLID1 = G100 kar CELLID2 = D100.

O endpevog oToxXog TNG Yno-PouTivag €ival va BpeBolv OAeg o1 diaBEaipeg NANpo@opieg yia Tnv
Kuwein EEunnpérnong (Serving Cell) kar va anoBnkeuTouv oTn osipd (1) Tng MnATpag FinalOk. Auto
€NITUYXAVETAl o€ 3 BruaTa:

1. Ano6nkeuon Tou kaivoupyiou FinalCID (nAnpogopia ouxvorntac + Cell Identifier, ry.
G100):

FinalCID = adoRecordset.Fields("CELLID").Value
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2. Epwtnua SQL:

"SELECT * FROM Cell_Info WHERE CELLID = '"" & FinalCID & """

To epwTnua auTd enioTpEPel €va recordset (srvRecordset) nou nepiéxel OAEG TIG MANPOPOPIEG
yla Tov 2Taduo6 Baong "FinalCID".

3. AnobBnkeuon Twv gUPeBEVTWV nAnpopopiwv otn Mntpa FinalOk():

FinalOk(1, 3) = srvRecordset.Fields("CELLID").Value
FinalOk(1, 4) = srvRecordset.Fields("Latitude").Value
FinalOk(1, 5) = srvRecordset.Fields("Longitude").Value
FinalOk(1, 6) = srvRecordset.Fields("Height").Value
FinalOk(1, 7) = srvRecordset.Fields("Output_Power").Value
FinalOk(1, 9) = srvRecordset.Fields("Micro").Value
FinalOk(1, 10) = srvRecordset.Fields("North").Value
FinalOk(1, 11) = srvRecordset.Fields("East").Value
FinalOk(1, 12) = srvRecordset.Fields("Azimuth").Value
FinalOk(1, 13) = srvRecordset.Fields("Hata").Value
FinalOk(1, 14) = srvRecordset.Fields("Frequency").Value
FinalOk(1, 15) = srvRecordset.Fields("Start_Sector").Value
FinalOk(1, 16) = srvRecordset.Fields("Stop_Sector").Value
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IMpoodiopiouocg reirovikwv KuweAwv

Twpa o aAyopiBpog npoonabei va Bpel TV TautoTnTa KUWEANG yia Tov kabe d1abéoipo MeEIroviko
>TaBuo6 Baong (Neighbour). IoxUel 0TI ApIBuoOC MeiTovwy = "DataMax” -1.

MeTaBANTEG Nou XpnoigonoloUvTal KaTd Tov NpoodIopIoHO:

\\H/4

i Ap1BOG Tou ZTaBPol Baong aTov onoio avagepduacTe Kabe @opd

2 > Neighbourl,
i = 3 > Neighbour2,

i = DataMax > Neighbour(DataMax-1)

"CHNSearch": To BCCH kavdAl Tou yeiTtova nou npoonaboUpe va npoadiopicoupE.

CHNSearch = FinalOk( i, 1)

ZeKIVOVTAG TOV NPoadiopIouo, To Npoypapua Bpiokel 0Aec TiIc Kuweleg aTov nivaka “Cell_Info” ol
0noigg Ikavomnolouv TNV Napakdtw 106TnTa:

Existing BCCH Channel = CHNSearch
To avTioTolxo epwTnua SQL sivai:
"SELECT * FROM Cell_Info

WHERE Existing_BCCH = " & CHNSearch & " ORDER BY CELLID"

AUTO TO €pWTNUA enioTpePel €va Recordset (chnRecordset) nou nepiéxel Ta anoteAéoparta. O
apIiBuoC TwV anoTeAeoPATWVY €ival ioog ge Tn getaBAnTn "ChnrecMax ".

= Edv dev £xoupe kaveva anoTéeopa (ChnrecMax=0) TOTE:

FinalOk(i, 1) = "ERROR"

Kal npoxwpdaue oTov enopgevo Neighbour. (i =i + 1)
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= Av Opwg ChnrecMax # 0, o aAyopiBuoc¢ kpaTd PHOVOo eKEiva Ta ANOTEAECHATA TWV OMNOIWV N
TautoTnTa KUWEANG (Cell Identifier) BpiokeTal oTnv AioTa Meirovwv Tou Serving Cell
(adoRecordset, oTo nedio NCELL).

H evtoAn og ADO, nou eKkTeAEi Ta napandavw, €ival n €Eng:

adoRecordset.Find "NCELL = 'chnRecordset.Fields("CELLID").Value'”

Ynapxouv Twpa TPEIG NEPINTWOEIG:

1) Na BpeBouv nepioooTepec KuwéAeg ano pia:

EA€yxoupe nola anod auTég angxel Alydotepo anod To Serving Cell kalr agol tTnv
BpoUpeg, anoBnkKeUoUNE TIG NANPo®oOpieg TNG oTn MATpa "FinalOk".

2) Na BpeBO¢ei povo pia KuwéAn:
AnoBnkeUoUlE TIG NANpoPopiec TNG oTn MnTpa "FinalOk".

3) Na unv BpeOsi kauia KUweéAin:
FinalOk(i, 1) = "ERROR"

Mapadsiyua 6:
Ac unoB£ogoupe OTI £xoupe TN MATpa FinalOk Tou Mapadeiypartog 3:

MHTPA “FinalOk” 16 STriAeg
) . . . 3\

Serving Cell 10 -51 void void void

Neighbour 1 | 20 -64 void void void

Neighbour 2 | 30 66 void void s e void “DataMax”

TeIpég

Neighbour 3 | 40 -79 void void e e void

Neighbour 4 | 50 -90 void void . - void )

CHN RXL

onou,
DataMax = 5

FinalCID = 100
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Eniong, and To Mapadeiyua 5 £XoulE:

“adoRecordset”

CELLID

G100

G100

G100

G100

G100

G100

G100

G100

NCELL

G165

G200

G220

D1050

D1030

G350

G190

G500

‘Eva pépoc Tou Mivaka “Cell_Info” gival To napakdtw:

CELLID

G100

G200

G220

G350

G190

G500

G165

G320

D1050

Latitude

38.11111

38.11100

38.22222

38.11111

38.11100

38.33333

38.51045

38.50010

38.51045

Longitude
23.71111
23.71100
23.72222
23.71111
23.71100
23.73333
23.72041
23.77001

23.72041

East

740000

740105

740100

740000

740105

741000

741254

740120

741254

North

4200000

4200254

4200100

4200000

4200254

4200000

4205413

4201536

4205413

Existing_BCCH
10
50
30
20
60
30
70
40
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H MnRTpa FinalOk, pera Tov “Mpoadiopioud Tou Serving Cell”, diverar:

MHTPA “FinalOk”

16 ZmAeg
A
Serving Cell 10 -51 G100 38.11111 23.71111
Neighbour 1 | 20 -64 void void
Neighbour 2 | 30 -66 void void
Neighbour 3 | 40 -79 void void
Neighbour 4 | 50 -90 void void
CHN RXL Cell ID Latitude Longitude

ExkTeAsiTal Topa o “Mpoodiopiopog Feitovik®v KuweAov’:

i=2

CHNSearch = FinalOk(2,1) = 20

EpwTnua SQL:
"SELECT * FROM Cell_Info WHERE Existing_ BCCH = 20 ORDER BY CELLID"

To Recordset (chnRecordset) nou snioTpegeTal sival To akdéAoubo:

CELLID Latitude Longitude East North | ..... | ..... Existing_BCCH

G350 38.11111 | 23.71111 740000 | 4200000 | ... 20

ChnrecMax =1+ 0
EvToAn ADO:

adoRecordset.Find "NCELL = 'G350'”

H kuwéAn “"G350” undpyel otn AioTa Twv yeiItovwy Tou Serving Cell (adoRecordset), onoTe ol
nAnpo@opieg Tou “G350” anoBnkevovTal otn MnTpa FinalOk:
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MHTPA “FinalOk”

16 ZTAeg
N
Serving Cell 10 -51 G100 38.11111 23.71111
Neighbour 1 20 -64 G350 38.11111 23.71111
Neighbour 2 | 30 -66 void void
Neighbour 3 | 40 -79 void void
Neighbour 4 | 50 -90 void void
CHN RXL Cell ID Latitude Longitude

i=3

CHNSearch = FinalOk(3,1) = 30

EpwTnpa SQL:

"SELECT * FROM Cell_Info WHERE Existing_BCCH = 30 ORDER BY CELLID"

To Recordset (chnRecordset) nou enioTpEPeTal gival To akoAoubo:

CELLID Latitude | Longitude East North | .....
G220 38.22222 | 23.72222 740100 4200100
G500 38.33333 | 23.73333 7410000 & 4200000

ChnrecMax =2 # 0

EvToAr ADO:
adoRecordset.Find "NCELL = 'G220'”
adoRecordset.Find "NCELL = 'G500'”

Existing_BCCH

Tdoo n kKUWEAN “G220” doo kal n “"G500” nepiExovTal oTn AloTa TwV YEITOVwV Tou Serving Cell

(adoRecordset):

“G220" Distance = J(740000—740100)2 +(4200000-4200100)* =141m

“G500” Distance = (740000 -741000)” +(4200000-4200000) =1000m




"G220"” Distance < “G500” Distance

Enopévwg, anoBnkeUoupe TIG NAnpogopisg TNS KuweAng “"G220” otn MATpa FinalOk:

MHTPA “FinalOk”

16 ZmAeg

A~
Serving Cell 10 -51 G100 3811111 23.71111
Neighbour 1 20 64 G350 38.11111 23.71111
Neighbour 2 | 30 -66 G220 38.22222 23.72222
Neighbour 3 | 40 -79 void void
Neighbour 4 | 50 -90 void void

CHN RXL Cell ID Latitude Longitude

i=4

CHNSearch = FinalOk(4,1) = 40

EpwTnua SQL:
"SELECT * FROM Cell_Info WHERE Existing_BCCH = 40 ORDER BY CELLID"

To Recordset (chnRecordset) nou enioTpggeTal ival To akdéAoubo:

CELLID Latitude Longitude East North | ..... | ..... Existing_BCCH

G320 38.50010 | 23.77001 740120 | 4201536 40

ChnrecMax =1 # 0

EvToAn ADO:
adoRecordset.Find "NCELL = 'G320'”

H kuwéAn “G320" dev undpxel oTn AioTa Twv yeITovwyv Tou Serving Cell (adoRecordset), enopévwg:

FinalOk(4,1) = “ERROR”
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MHTPA “FinalOk”

16 ZTAeg

A~
Serving Cell 10 -51 G100 3811111 23.71111
Neighbour 1 | 20 -64 G350 3811111 23.71111
Neighbour 2 | 30 -66 G220 38.22222 23.72222
Neighbour 3 | ERROR
Neighbour 4 | 50 -90 void void

CHN RXL Cell ID Latitude Longitude

i=5

CHNSearch = FinalOk(4,1) = 50

EpwTtnua SQL:
"SELECT * FROM Cell_Info WHERE Existing BCCH = 50 ORDER BY CELLID"

To Recordset (chnRecordset) nou snioTpégeTal ival To akdéAoubo:

CELLID Latitude | Longitude East North | ..... | ..... Existing_BCCH

G200 38.11100 | 23.71100 740105 | 4200254 | ... | ... 50

ChnrecMax =1+ 0
EvToAn ADO:

adoRecordset.Find "NCELL = 'G200'”

H kuweAn “"G200” undpyel otn AioTa Twv yeitovwy Tou Serving Cell (adoRecordset), onoTe ol
nAnpo@opiec Tou “G200” anoBnkelovTal oTn MnTpa FinalOk:

MHTPA “FinalOk”

16 Z1Aeg

A~
Serving Cell | 10 -51 G100 38.11111 23.71111
Neighbour 1 | 20 -64 G350 38.11111  23.71111
Neighbour 2 30 -66 G220 38.22222 23.72222
Neighbour 3 | ERROR
Neighbour 4 | 50 -90 G200 38.11100 23.71100

CHN RXL Cell ID Latitude Longitude
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4.4.2.d. Yno-Pourtiva ProcessDist

Autl n Yno-Poutiva unoloyilel Ti¢ akTiveg “HATA Radius” nou npokUNTOUV Yiad KABe KUWEAN
(Serving Cell kai eiTovikég KuwéAeg) kal anoBnkelel Ta anoTeAégpaTa atnv atnAn (8) Tng MnRTpag
“FinalOk".

IoxUel OTI:

HATA Radius = 10A[((TX —RX)—(69.55+26.16~Loglo(fMHz)—13.82~Loglo(ht)—FactorA—FactorK))j

44.9-6.55-Log;,(h,)

‘Onou:

ht: To Uwog Tou oTaduou Baong o héTpa -> FinalOk, otiAn (6)

h,: Uwog Tou dékTn (K/T) og péTpa -> oTabepn Tiun = 2

funz: H ouxvoTnTa Asitoupyiag o€ Megahertz > FinalOk, othAn (14)
Ty: H1oxUG eknopnng o dBm > FinalOk, otAAN (7)

R,: H1oxUc Anwng o dBm > FinalOk, otAAn (2)

FactorA kai FactorK: SuvTeAeoTéC Nou eEapTwvTal ano To nepiBaiiov diddoonc.

1) Open Area:
FactorA = (1.1-Log;q(fyy,)—0.7)-h, —(1.56-Log; (fus, ) - 0.8)

FactorK = 4.78-(Log;g (fuy, ))* —18.33-Logq (fiy, )+40.94

2) Suburban Area:
FactorA = (1.1-Log;q(fyy,)—0.7)-h, —(1.56-Log; (fus, ) - 0.8)

2
FactorK = 2-[Loglo[fggz D +5.4

3) Medium-Small City
FactorA = (1.1-Log;(fyy,)—0.7)-h, = (1.56 -Log; (fus, )— 0-8)

FactorKk = 0

4) Large City
FactorA = 3.2.(Log;,(11.75-h,))* -4.97

FactorKk = 0
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4.4.2.e. Yno-Poutiva GetFinalMatrix

e autn TNV Yno-PouTiva, To npoypappa anoppinTel OAEC TIG NEPINTWOEIC OMOU N Sub-Routine
DatabaseFind £xel evronioel “ERROR” (co-sited KUWEAEG, 1 KUWEAEG nou dev Bpednkav oe €vav
and Toug dUo nmivakeg TNG Bdaong dedopévwv). H MATpa “FinalOk” avarta&ivopeital kar TEAOG,
unoAoyileTal n kaivoupyla Tign yia Tnv hgetaBAntnh “DataMax”.

Mapadeiyua 7:

MNaipvoupe TN MnATpa “FinalOk” Tou MapadsiypaTog 6, Nou unoAoyioTnKe aTo TEAOG TNC Yno-PouTivag
DatabaseFind:

MHTPA “FinalOk”

16 ZAeg
A~

Serving Cell 10 -51 G100 3811111 23.71111
Neighbour 1 20 -64 G350 3811111 23.71111
Neighbour 2 | 30 -66 G220 38.22222 23.72222
Neighbour 3 | ERROR

Neighbour 4 | 50 -90 G200 38.11100 23.71100

CHN RXL Cell ID Latitude Longitude

H Yno-PouTiva GetFinalMatrix evTonilel To “ERROR” aTn TETAPTN O€ipa Kai avata&ivopei Tn MnTpa
ONwg paiveral NnapakaTtw (n kaivoupyia TIPA TG HeETaBANTAG “DataMax” €ivail 4):

MHTPA “FinalOk”

16 Zm)Aeg
A~
— —

[ N
Serving Cell 10 -51 G100 38.11111 23.71111
Neighbour 1 | 20 -64 G350 38.11111 23.71111 - >“DataMax” =4

SeIpég

Neighbour 2 | 30 -66 G220 38.22222 23.72222
Neighbour 3 | 50 -90 G200 38.11100 23.71100 R J

7CHN RXL Cell ID Latitude Longitude o
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4.4.2.f. PROCESS 2 - Aidypappa PoRG

3’ auTo To onueio €xel oAokAnpwodei kail n deUTepn Aladikacia (PROCESS 2) kal To npdypapua ivai
£TOIJO VA NPOXWPNOCEl OTOV UNOAOYIONO TNG ekTidoUWevng B€ang Tou K/T (PROCESS 3). MapakaTtw
napouaialoupe To didypappa pong TnG AvalnTnong Tng Baong Asdopévwy (Exnua 4.10).

“PROCESS 2 - ANAZHTHZH THZ BAZHZ AEAOMENQN

Eupeon 1ng Aiotag
e IeITévwy Tou DaEtabase True STOP
. rror
INPUT: Serving Cell
1. FinalOk()
2. DataMax False
3. FinalCID A 4
4. FinalTA AmoBnkeuon Twv
TTANPOPOPIWV TOU
Serving Cellotn
MnTtpa “Final Ok”
i=2
-
EUpeon Tou CID TOU SUB: Databasefind
Neighbour(i-1)
A Neighbour's Channel = FinalOk(i, 1)
15 FinalOk(i,1) =
=ji+1
' 'T No=>  “rrrOR”
False Yes Y
ATmoBrkeuon Twv
| = DataMax TTANPOPOPIWV TOU
Neighbourotn
A MnATpa FinalOk
True
l OUTPUT:
YtoAoyiop6g Tng aktivag “HATA YtroAoyiopég Twv . . .
Radius” yia kd8¢ Z108u6 Bdong “‘ERROR” kal ; g)::slr\]niimpq FinalOk()
Kai atmoBrikeuon otn MATpa P avadiaragn g MnRTpag —ps 3 FinalCID
FinalOk FinalOk 4' FinalTA
SUB: ProcessDist SUB: GetFinalMatrix '

ZXHMA 4. 10
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4.4.3. YNOAOIIZMOZz EKTIMOYMENHZ OEZHZ TOY K/T (PROCESS 3)

>’ autn Tn Aiadikaocia, o aAyopiBuog npayuaronolei Tov evroniond Tou KivnToU Tepuatikou (K/T). Ol
napdaueTpol nou unoAoyilovTal givai:

1) Kat’' ekTignon ouvteTaypéveg Tou K/ T

MpokeiTal yia Tnv 6gon Tou K/T (Fewypagikd Mnkog/MAaTog oe dekadikn Hop®n) n onoia
unoAoyiletal and To Npodypapud, AaupBdavovrac unown OAa Ta diaBeoipya oToixeia. H akpiBeia
autoU Tou unoAoyiopoU e€aptaTtal and MoAudplBpouc NapayovTeg, ONwG €ival To nepiBaiAov
d1adoong (nOAn, enapyia, MUKVOKATOIKNMEVN MEPIOXN, PUMOTOMIA  KAM.), n noioTnTa TWV
O1aB£0IHwV OEDOUEVWYV, N OWOTA EVNUEPWHEVN Kal puBUIoPéVN Baon Agdopévwv Twv STABU®V
Baong, kAn.

2) Nepioxn EynioTtoouvng (Trust Area)

AvagépeTal otnv nepioxn onou, To K/T Ba npénel va BpiokeTal, Pe XaunAn mbavoTtnTa
oQAApaTog (HIKpOTEPN ano 5%). AuTh n neploxr kabopileTal and Tnv neploxr KAAuwng Tou
Serving Cell, gg ouvapTtnon Pe TNV TIMNA TNG dOOMEVNG KABe popd npoodou cuyxpoviapoUu (TA).
KaBe Tiun Tou TA avTioToIXel kal 0 Pia oplopEvn nepioxn). O napaueTpol nou unoAoyilovTal yia
va neplypdwouv Tnv "Mepioxn EpnioToolvng" (Trust Area) €ival ol akdAouBeg:

= TRUST_CIRCLE_SMALL
= TRUST_CIRCLE_BIG

= TRUST_ANGLE_START
= TRUST_ANGLE_STOP

= TRUST_LON

=  TRUST_LAT

H €€fynon Twv avwTEpw NapdPeéTpwy diveral oTo Ixnua 4.11,

T N (Boppcg)

TRUST_CIRCLE_SMALL =d (km)
©¢on Tou Serving Cell TRUST_CIRCLE_BIG =L (km)
(Longitude, Latitude)

TRUST_ANGLE_START =¢ (° poipeg)
TRUST AREA
TRUST_ANGLE_STOP =8 (° poipeg)

TRUST_LON = Serving Cell Longitude (° poipeg)
TRUST_LAT = Serving Cell Latitude (° poipeg)

2XHMA 4.11
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Sub-Routines nou xpnoigonoiouvrai ornv 1pitn diadikacia (PROCESS 3)

XpnoigonoloUvTadl ol akoAouBeg Sub-Routines (Yno-PouTiveg):

1. ModSub.MicroCheck (Function)

2. ModSub.NotLocate

3. ModSub.DrawMicro

4. ModSub. TAHATAMatch

5. ModSub.CheckNeighbourHata

6. ModSub.CalcDistances

7. ModSub.DrawGraph

4.4.3.a. Zuvaptnon MicroCheck

H ouykekpipgévn ouvaptnon (Function) enioTpégel pia Boolean TIWR(TRUE/FALSE).Av n heTaBANTh
DataMax = 1 ) av onolodnnote BTS eival xapaktnpiopévo wg microCell (FinalOk(i, 9) > 0) ToTE:

"MicroCheck = TRUE”

Se kGBe AAAN nepinTwon:

"MicroCheck = FALSE”

Me Baon Tnv TIMA TG ouvapTtnong MicroCheck, To npdypappa ekteAei kal pia diaQopeTikr opada
and Yno-PouTivec:

MicroCheck = TRUE =~ ModSub.NotLocate

ModSub.DrawMicro
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MicroCheck = FALSE - ModSub. TAHATAMatch

ModSub.CalcDistances

ModSub.CheckNeighbourHata

ModSub.DrawGraph

Auty n diagoponoinon vyiveral eneidn oTav MicroCheck = TRUE, dev kpiveTtalr avaykaio va
€pappooTei 0 MNANPNG aAyopiBuog evroniopoU Béong. H  vewypagikr 0éon Tng Kuwéing
EEunnpeTnong, Serving Cell (otnv nepintwon onou DataMax =1) n Tng i-ooTng KuweAng (otnv
nepinTwon onou FinalOk(i, 9) = 0), eival ano poévn TNG ApKeTA yia va Yivel n ekTignon Tng 8€ong Tou
K/T.

4.4.3.b. Yno-PouTiva NotLocate

AuTn n Yno-PouTiva ekTeAcital povo otav MicroCheck = TRUE. Edw, To npdypappa napakaunTel
ToVv aAyopiBpo evroniopol B€ong Kal Bewpei TNV yewypaikr B€on (YEWYPA@IKO NAATOG/ PRKOG) Tou
Serving Cell () Tou Microcell) wg TNV ekTigoUpevn B€on Tou K/T. Ag doUpE nola ival Ta BRuaTa nou
akohouBoUvTal og auTiv TNV Yno-PouTiva:

1. Edv FinalTA > 1 - FinalTA = 1.

2. KaTtoniv unoAoyiletal n 8€on Tou KivnToU TepuaTikou:
H petaBAnTr "MicroBTS" ava@epeTal oTov STaBud Bdong ava@opdd.
n.x.

eav "DataMax = 1" - "MicroBTS = 1" (Serving Cell)

ANIGC, €av "FinalOk(i, 9) = 0" > "MicroBTS = "

(Serving Cell €av i = 1, Neighbour (i-1) €av i > 1)

O aAyopiBuoc kavel Tnv akdoAoubn undBeon:

@éon K/T = @€on MicroBTS
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TéAog, n Yno-PouTiva unoAoyilel Tnv Mepioxn EpnioToolvng (Trust Area):

TRUST_LON = YEWYPAPIKO UNKoG Tou "MicroBTS" (= FinalOk(MicroBTS, 5))

TRUST_LAT = YEWYPAPIKO NAATOG Tou "MicroBTS" (= FinalOk(MicroBTS, 4))

TRUST_CIRCLE_BIG =
(0.55 * (FinalTA + 1) + 0.1)

Eav MicroBTS = 1: minimum

HATA Radius Tou “MicroBTS"”
(Hata Type = 0)

FinalOk(MicroBTS, 9)

Eav MicroBTS > 1: minimum

HATA Radius Tou “MicroBTS”
(Hata Type = 0)

TRUST_CIRCLE_SMALL =0

TRUST_ANGLE_START =
Frwvia évap&ng Tn nepioxng KaAuwng Tou "MicroBTS"
(FinalOk(MicroBTS, 15))

TRUST_ANGLE_STOP =
Fwvia TeppaTiopol TNG NEPIOXNG KAAUWNG Tou "MicroBTS"

(FinalOk(MicroBTS, 16))
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4.4.3.c. Yno-Poutiva DrawMicro

AuTni n Yno-PouTiva kaAeitar getd ano tnv Yno-PouTtiva NotLocate kai npayuartonolei Tov Fpa®ikd
>xed1aoud Twv unoAoyiZOPeEVWY anoTeAsopaTwy otn ®opua "frmFinal". Asdopévou oTi auTth n Yno-
PouTiva Jev oxeTiCeTal pe Tov AAyopiBpo EvTtoniopoU ©gong Tou K/T (xpnoigonoleital HOvo
NPOKEIMEVOU va UNAPEEI HIa OMTIKN AMEIKOVION TWV ANMOTEAEOUATWV), Oev NPOKEITAl va NMepPIypaPei
edw. O NARpNg KwdIKAg TNG CUYKEKPIPEVNG Yno-PouTivag divetar oto MAPAPTHMA A.

4.4.3.d. Yno-Poutiva TAHATAMatch

AuTn n Yno-PouTiva ekTeAgiTar povo otav MicroCheck = FALSE. KaTapyrv, Kavovikonolgital n
peTaBANTA "FinalTA" (edv FinalTA>1 - FinalTA=1). KaTtoniv, npayyatonolgiTal n enegepyacia tng
akTivag “HATA Radius” Tng KuwéAng EEunnpETnong and koivou e Tnv nepioxn TA. Mg Aiya Aoyia, n
Yno-PouTiva npoonaBsi va npocapuoosl Tnv akTiva “Hata Radius” Tou Serving Cell pyéoa otnv
nepioxn Tou TA.

H nepioxr Tou TA kaBopileTal and évav KUKAIKO dioko, e Ta akOAouBa XapakTnpIoTIKA:

= KEVTPO TOU KUKAOU = YewYpPaAPIKO WNKOC / NAATOG TNG KuwéAng EEunnpETnong.

= EwTepiki akTiva = [0.55-(TA+1)]+0.1 km

* EowTepikn aktiva = [0.55-(TA)]-0.275-(TA) km

MNapakdTw, KaTadeikvUoOUNE Ta BrigaTa nou akoAouBouvTal and Tnv Yno-Poutiva TAHATAMatch:

BHMA 1:
Eav FinalTA >1 > FinalTA = 1.

AuUTO yiveTal, eneidn péoa os €va aoTikO NepIBAAAov (MIkpn / HeydAn noAn) onou undapxel HEYAAn
OUYKEVTPWON STaBuwVv Baong, TINEC HeyaAUTepec and Tn povada yia Tnv MNpoodo Suyxpoviohou dev
£€XOUV KAMnolo onuavTiko vonua (agou, cUPewva JUe PETPROEIG, N ouxXvoTnTa guPaviong Tou TA > 1
gival 7-10%).

BHMA 2:

Mpoondbeia npooappoync TnG akTivag “HATA Radius” pyéoa otnv nepioxn Tou TA.
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Yndapxouv TPEIC NEPINTWOEIG G’ AUTO TO Briua:

2 nNepintwon 1: H aktiva “HATA Radius” ikavonolsi Tnv akoAouBn avicotnta (Zxnua 4.12):

[0.55-(TA)]-0.275-(TA) < HATA Radius < [0.55-(TA+1)]+0.1

Meproxn TA

Hata Type =n, (n: {1,2,3,4})

TA Value =k, (k: {0,1})

TA min = 0.55*k - 0.275k (km)
TA max = 0.55+(k+1) + 0.1 (km)
TA min < Hata Radius < TA max

2XHMA 4.12

Se auThVv TNV NeEPINTWoN Kavéva eninAéov PETPo dev AapPaveral, dedopévou OTI n akTiva “HATA
Radius” €ival ndn péoa ornv nepioxr Tou TA.

© Nepintwon 2: Aktiva “HATA Radius” > [0.55-(TA+1)]+0.1 (SxAua 4.13):

Mepioxn TA

Serving Cell

Hata Type =n, (n: {1,2,3,4})
TA Value =k, (k: {0,1})

TA min = 0.55k - 0.275% (km)
TA max = 0.55¢(k+1) + 0.1 (km)
Hata Radius > TA max

ZXHMA 4.13

Edw, unohoyifoupe pia vea akTiva “HATA Radius” nou avTioToixei o€ Hata Type = n + 1 (n =
nponyoUpevo Hata Type), und Tov neplopiopd OTi n < 3.

92



To Briua enavaAauBaveral péxpl:

e AxTiva HATA < [0.55-(TA+1)]+0.1 (ZxAua 4.14), i

Meproxn TA

Serving Cell

Hata Type’ = n+1, (n: {1,2,3})
TA Value =k, (k: {0,1})

TA min = 0.55+ - 0.275+ (km)
TA max = 0.55+(k+1) + 0.1 (km)
TA min < Hata Radius < TA max

2XHMA 4.14

e n =4 «xaln aktiva "HATA Radius" ival akdun > [0.55-(TA+1)]+0.1. =’ auTAv TNV nepinTwon
BETOUE:

HATA Radius = TAmax (Zxnua 4.15)

Meploxn TA

Serving Cell

TA Value =k, (k: {0,1})

TA min = 0.55*k - 0.275*k (km)
TA max = 0.55+(k+1) + 0.1 (km)
Hata Radius = TAmax

2XHMA 4.15

93



S Nepintwon 3: H aktiva "HATA Radius" < [0.55-(TA)]-0.275-(TA) (=xnAua 4.16)

Meproxn TA

Serving Cell

Hata Type =n, (n: {1,2,3,4})
TA Value =k, (k: {1})

TA min =275m

TA max = 1200m

Hata Radius < TA min

2XHMA 4.16

'OTav oupBaivel kATl TETOI0, TOTE BETOUNE TNV METABANTN FinalTA = 0, €101 woTe n akTiva "HATA
Radius" va nepiéxeral yéoa otn kaivoupyia nepioxn TA Area (Exnua 4.17).

Meploxn TA

Q@bA
&7

Serving Cell

Hata Type =n, (n: {1,2,3,4})
TA Value =0

TA min = 0m

TA max = 650m

Hata Radius < TA max

2XHMA 4.17

4.4.3.e. Yno-Poutiva CheckNeighbourHata

H ouykekpipévn Yno-PouTiva enegepydletal Tnv aktiva “HATA Radius” Twv yeirovwv (Neighbours)
Kal unoAoyidel Tn PNTPa "heavy", nou xpnaoiyonolgital anoé Tnv Yno-PouTiva "CalcDistances".
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Kpioipya Aedopéva:

Xo, Yo: O1 guvTeTaypeveg TnNG Kuweing EEunnpeTnong

Xy, Yq: O1 ouvTeTaypeveg TG Meirovikng KuwéAng

Ro: H akTiva "HATA Radius" Tng KUWEANG €EunNnpETNONG
Ry: H akTiva "HATA Radius" Tng YyEITOVIKNAG KUWEANG

Start_Sector: H ywvia "Start Sector" Tng KUYEANG eEUNNPETNONG
Stop_Sector: H ywvia "Stop Sector" TnG KUWEANG €EUNNPETNONG

MnTpa heavy():

MnATpa “heavy”
r R
void void void
void void  void

>“DataMax”
SeIpég

l)id void voidi Y,

AlaoTaoesig MnTpag = “DataMax” Zeipéc X 3 STNAECG:

K&6e osipad Tng MATpag avTiaToixel os évav XTabuod Baong:

Ze1pd 1 > KuweAn EEunnpeTnong

>eipd 2 - leirovikn KuwéAn "Neighbour" 1

>eipd (DataMax) = leirovikn KuweAn "Neighbour" (DataMax -1)

Distance: H andoTtaon peta&l Tng KuwéAng EEunnpéTnong kai TngG Meimrovikng Kuweing.

Distance = \/(X0 X P+ (Yo=Y

H akdAouBn epyacia skTeAeiTal yia kdbe MeiTova:
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EMNEZSEPIrA>IA FrEITONIKQN KYWEAQN:

Eival TEooepig ol duvaTEG NEPINTWAEIC YIA TIG OMOoieg evOIaPEPOUATTE:

= MEPIMNTRXH 1: Distance > Ry + R;

A

Boppag (0°)

Kpioipo onpeio
P

Cc
(X5 Yp)

Neighbour Cell
(X4, Ys)

Distance = [ (X,- X,E+(Y, - Y,F1"2
B ACupouBio Start_Sector
[ ]Agupou8io Stop_Sector
ACupOL'Jelo “kpigipgou onueiou”

2XHMA 4.18

‘Onwg ¢aiveral oto Zxnua 4.18, To kpioigo anueio CP(Xp, Y,) €ival To onpeio ekeivo dnou n ypappn
nou ouvdéel TNV KuweAn EEunnpéTnong pe Tnv Meirovikn KUuweAn, Téuvel Tov KUKAO nou opileTal anod
TNV akTiva "HATA Radius" Tng KuwéAng EEunnpeTnong.

To npoypappa eAéyxel av To alupoUBio Tou Kpioigou onueiou (CP) BpiokeTal avapeoa oTnv NeEPIOXN
KaAuywng Tng KuwéAng EEunnpéTnong (Start_Sector < AZipouBio CP < Stop_Sector).

% Av auTo eival aAnBec (Exnua 4.18), ToTe n pATPa “heavy” cupnAnpwveral ye Ta akoAouba
oTolxeia:

heavy(i, 1) = x-ouvTeTaypévn Tou kpicipou onueiou CP (Xp)

heavy(i, 2) = y- ouvTeTaypévn Tou kpicipou anpeiou CP (Y,)
. 1073 .
heavy(i ,3) = r d; = Distance - Ry -R;
1
Kdl To Npoypappa npoxwpdsl otnv enduevn reirovikn Kuwéein "Neighbour" (i =i + 1)
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Neighbour Cell
(X4, Y1)

ZXHMA 4.19

% Av TO Kkpioigo onueio CP Bpioketal €EwTEPIKA TNG NEPIOXNG KAAUWNG TnG KuweAng

E€unnpéTnong (Exnua 4.19), ToTE:
e Av Neighbour HATA type > 1 TOTE:
(HATA type)’ = (HATA type) - 1

To npoypappa unoAoyilelr Tnv kaivoupyla aktiva “HATA Radius" Tng YeITOVIKAG
KUWEANG (nou avrioToixei oe (HATA type)’) kai &avatpexel Tnv “EMEZSEPrAZIA

FEITONIKQN KYWEAQN” pe Tnv kaivoupyld Twpd akTiva (MEYIOTOG apiBuog
enavaAnyewyv = 3).

e Av Neighbour HATA type = 1 TOTE:
heavy(i, 1) =0
heavy(i, 2) =0
heavy(i ,3) =0

Kal To Npoypaupa npoxwpdel aTnv endpevn yeiTrovikn kKuwéAn "Neighbour"(i = i+1).
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= TEPIMNTRZH 2: Distance > R; & Distance < Ry + R;

Kpioipo onueio CP1

Neighbour Cell
(X4, Y3)

Kpioipo onpegio CP 2 |
/ (Xp2’ Yp2) I

Distance = [ (X, - X,)2+(Y, -Y,)2]"2
EAZuuouelo Start_Sector
DAZuuouelo Stop_Sector

[E] Agupoudio CP 1
B ACupoubio CP 2

2XHMA 4.20

Edw onwg PAénoupe €xoupe duo kpiolpa onpeia CP1 (Xpy,Yp1) kai CP2 (Xp2, Yp2), Ta onoia
avTioToixoUV OoTa onueia Toung Twv dUo KUKAwV. O aAyopiBuog eAéyxel av kanolo and auTtda Ta duo
onueia n av kal Ta dUo avnKouv aTnv neploxr KAaAuwng Tng KUweEANng EEunnpetTnonc.

Meavég KataoTaosic:

Y Kai Ta duo kpioiua onueia BpiokovTal eoa arnv nepioxn kaAuwng (Exnua 4.20):

ToTe To NPOYpaAPKa ENIAEYEI TO ONUEIO €KEivo Nou £xel TN MIKpOTEPN aligouBiakn diagopd and Tnv
d1ellBuvon HeyioTou TnG kepaiag Tng KuweéAng EEunnpétnong (Exnua 4.21). Me Baon autd To onyeio
(NnpwTelwV Kpioigo onueio), o aAyopiBuog cupnAnpwvel  Tn MATpa “heavy” pe Ta akdAouba
oToIXEia:

heavy(i, 1) = x-ouvTeTaypévn Tou NpwTEVOVTOG KpiolHou onpeiou (Xp1 N Xp2)

heavy(i, 2) = y- ouvTeTaypévn Tou NPWTEUOVTOG Kpioipou onpeiou (Ypi i Yp2)
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1073

1

, di = Abs(Distance - Ry - Ry)

heavy(i ,3) =

'Eneira, To Npoypappa npoXwpasl aTnv NOUEVN YEITOVIKN KUWEAN "Neighbour" (i =i + 1).

Kpioipo onpeio
CP1
(X0 Y,)

KatetBuvon peyioTou Tng
KEpaiag

Serving Cell

Kpioipyo onueio
CP2
(X2 Y5)

2XHMA 4.21

% Movo To €va ano Ta dUo Kpioiua oneia BpiokeTal peoa oTnv nepioxn kaAuwng (Exnua 4.22):

Kpioipo anueio
CP1
(Xp1’ Yp1)

Cell (X,,Y,)

Kpioluo onueio
CP2
(sz, sz)

2XHMA 4. 22

To npwTelwV Kpioigo onueio Ba sival autd To onoio NepiEXeTal géoa oTnv nepioxn kaluwng. O
aAyopiBuoc Baoilopevog o' auTd To onueio cupnAnpwvel Tn UATPA “heavy” pe Ta akdAouBa oTolxeia:

99



heavy(i, 1) = x- ouvTETaYPEVN TOU NPWTEUOVTOG Kpioipou onpeiou (Xp1 f Xp2)

heavy(i, 2) = y- ouvTeTaypévn Tou NpwWTEUOVTOG Kpioipou anpeiou (Ypi N Yp2)

. 8.107* .
heavy(i ,3) = . , d; = Abs(Distance - Ry — Ry)
1
'EneiTa, To npoypaupa npoxwpdel oTnv €NOHeEVN YeIToVIKR KUWEAN "Neighbour" (i =i + 1).

%  Kavéva ano Ta duo kpioiua onueia dev PBpIiOKeTal ueoa aTnv nepioxn KaAuywng:

Twpa o aAyopiBuog Ba npénel va ano@aaciosl yia Tov av 8a ndpel uwnAoTepn 1 XauNAOTEPN TIUN Yid
To HATA type Tng reirovikng KuwéAng.

Kpioluo onueio
CP1

(Xp1' Yp1)

~
Neighbour Cell
(X, Y,)

Stop_Sector
T e -

Cell (X,,Y,)

Kpioluo onueio
CP2
(X5 V)

2XHMA 4.23

& Av n nepioxn KAAUWNG TNG KUWEANG €EunnpeTnong Bpioketal evdidueca ota dUo Kpioipa

onueia (kpioigo onueio CP 1 > Qpoloyiakn @opd = Kpioigo onueio CP 2) onwg oTo ZXAMa
4.23, TOTE TO Npoypaupa avadérel ornv PeTaBAnT HATA type Tnv apéowc uwnAdTepn TIWA.
'ETOl TWpa, n Kaivoupyia Kdal PIKpOTEPN and Tnv nponyoupevn aktiva “HATA Radius” (o
KUKAOG ME TNV OIOKEKOUMEVN Ypauun) Ba £xel NOAAEC MIBaAvOTNTEC va €XEl TOUAAXIOTOV &va
KpioIho onueio JEoa oTnVv nepioxn KAAuwng:
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Av Neighbour HATA type < 4 TOTE:

(HATA type)’ = (HATA type) + 1

To npdypappa unoloyilel TNV kaivoupyia aktiva HATA Radius TnG YEITOVIKNG KUWEANG
(nou avTiaToixei oTto (HATA type)’) kai EavaTpéxel Tnv "EMEZEPFAZIA FEITONIKQN
KYWEAQN" s Tnv Kaivoupyla Twpa akTiva (MEYIoTog apiBpog enavalnyewy = 3).

Eav Neighbour HATA type = 4 ToTE:

heavy(i, 1) =0

heavy(i, 2) =0

heavy(i ,3) =0
Kal To Npdypappa NpoxXwpAasl oTnv endpeEvn YeITovikn KUWEAN "Neighbour" (i = i + 1).
— i -
/// \\
s N
7 N
7 \
4 \
/ \
/ \
/ \
/ \
Kpioluo onpeio \

CP1 \

(Xp11 Yp1) \

\

|

—~ I

1 R '

Serving - Nelg(hboYu;' Cell [

Cell ()'(O,Yo) ;. X Y, /

2XHMA 4.24
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& And Tnv AAAn MepiId, av n neploxn KAAUWNG TNG KUWEANG €EunnpéTnong Oev BpiokeTal

evdlGueoa ota dUo Kkpiolya onueia (kpioigo onueio CP 1 > QpoAoyiakn @opd - Kpioiyo
onueio CP 2) 6nwg oto SXNHa 4.24, TOTE To NpOypdupa AauBAavel TNV auéowc HIKPOTEPN TIWN
yla Tnv hetaBAnTn HATA type. 'ETol Twpa, n Kaivoupyla kai JeyaAUuTepn ano Tnv nponyouuevn
akTiva “HATA Radius” (0 KUKAOG HE TNV JIGKEKOUMEVN Ypauun) Ba £xel MoAAEC MBavoTnTEG va
€X€l TOUAAXIOTOV €va Kpioigo onueio yéoa oTnv neploxn KAAuwng:

e Av Neighbour HATA type > 1 ToTE:
(HATA type)’ = (HATA type) - 1

To npdypappa unoAoyilel Tnv kaivoUpyia aktiva “HATA Radius" Tng YEITOVIKAG KUWEANG
(nou avTioToixei oTo (HATA type)’) kai &avaTpéxel Tnv “EMESEPrAZIA FEITONIKQN
KYWEAQN" pe Tnv kaivoUpyla Twpa akTiva (HEYIoToC apliBudc enavaAnyewy = 3).

e Av Neighbour HATA type = 1 ToTE!:

heavy(i, 1) =0

heavy(i, 2) =0

heavy(i ,3) =0

Kal To NpOypaupa npoxwpdel oTnV enduevn yeITovikn KuweAn "Neighbour" (i =i + 1).

= MEPIMNTQRX2H 3: Distance < R; & Distance + Rp > R;

‘ETol 6nwg kai otnv MNepinTwon 2, €xoupe dUo kpioiga anpeia CP1 (Xp1,Yp1) kal CP2 (Xpa2, Yp2), T
onoia avTioToIXoUv oTd onueia Topng Twv dUo KUKAWV. O aAyopiBHoG EAEyXEl av KAMnolo ano autd Ta
duUo onueia f av kal Ta dUo avikouv oTnV nepioxn kKaAuwng Tng KuwéAng EEunnpéTnong.

Meavég KataoTaosic:

% Kar Ta dUo kpioiua onueia BpiokovTal HEoa aTnv nepioxn kaAvwng (Exnua 4.25):

TOTe To NPOypaAppa €MIAEYEl TO ONMEIO EKEIVO NMOU €xel Tn MIKpOTEPN alupouBiakn diagopd HE Tnv
d1ellBuvaon HeyioTou TnG kepaiag Tng KuweAng EEunnpétnong (Exnua 4.21). Me Baon autd To onyeio
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(NpwTelwV Kpiolyo onueio), o aAyopiBuUog cupnAnpwvel Tn PNTpa “heavy” pe Ta akdAouba
oTolIxeia:

heavy(i, 1) = x- ouvTETaypévn TOU NPWTEUOVTOG KPioIPou anpeiou (Xp1 1 Xp2)

heavy(i, 2) = y- ouvTeTaypévn Tou NPWTEUOVTOG KPioIpou anueiou (Yp1 i Yp2)

1073

1

heavy(i ,3) = , di = Distance + Ry - R;

'EneiTa To npoypappa npoXwpdsl aTnv enNOUevn YEITOVIKN KUWEAN "Neighbour" (i =i + 1).

A Boppdg (0°)

Kpioiyo
onpeio CP 1

/ X Yor)

Neighbour Cell
(X5, Y,) Kpioipo
onpeio CP 2

— (X Y,)

Distance = [ (X, - X, +(Y, - Y,)?]"? B ACupouio Start_Sector

[[] AZupouio Stop_Sector
AlupouBio CP 1
B ACupoueio CP 2

ZXHMA 4.25

% Movo To €va ano Ta duUo Kpioiua oneia BpiokeTal HEoa oTnv nepioxn KAAuwng (Exnua 4.26):

To npwTelwV Kpioigo onueio Ba eival autd To onoio NepiEXeTal géoa oTnv nepioxn kaluwng. O
aAyopi18uog BaoifOUeVOG 0’ auTd To Onueio oUPNANPWVEl TN UNTPa “heavy” pye Ta akdAouba oToixeia:
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Kpioipo onpeio
CP2
(sz, sz)

Neighbour Cell

\ .
Serving Cell
e ng — ® (X,Y)

(Xp:Yo)
o2 —

ZXHMA 4.26

heavy(i, 1) = x- oUVTETAyHEVN TOU NPWTEUOVTOG KPioiou onpeiou (Xp1 i Xp2)

heavy(i, 2) = y- ouvTeTaypévn Tou NPWTEUOVTOG Kpioipou anueiou (Ypi N Yp2)

heavy(i ,3) =

-4
8 (110 , d; = Distance + Ry - R;

1

'ENeITa To NpoOypapua npoxwpdasl oTnv €NOHPEVN YEITOVIKN KUWEAN "Neighbour" (i =i + 1).

%  Kavéva ano Tta duo kpioiua onueia dev PBpioKeTal ueoa oTnv nepioxn KaAuywng:

Twpa o aAyopiBuog Ba npénel va anogaacioesl yia Tov av 6a napel upnAdTepn 1 XaunAdTEPN TIWA yid
To HATA type Tng leitovikng KuwéAng.

av n nepioxn KAAuwngG TnNS KUWEANG eEunnpéTnong dev PBpiokeTal evdlapeoa ota dUo Kpioiua
onpeia (kpioigo onpeio CP 1 > QpoAoyiakn @opd -> Kpioigo onueio CP 2) onwg oto xnua
4.27, TOTE TO MPOYpPAUHa AAPBAveEl TNV APEOWG PEYAAUTEPN TIUN vyia Tnv PeTaBAnTh HATA
type. 'ETol Twpa, n kaivoupyia Kai JIKpOTEPN ano Tnv nponyouuevn aktiva “HATA Radius” (o
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KUKAOG HE TNV OIAKEKOMMPEVN YPAHMN) 6a £xel NoAAEC niBavoTNTEG va €XEl TOUAAXIOTOV €vad
KpioIMo onueio p€oa otnv neploxn KaAuwng:

Kpioluo onueio
CP2

(X2 Yoo) \/

Neighbour Cell
(X, Y)

Serving Cell
(X, Yo)

Kpioigo onueio /

CP1
()$1 ’ Yp1)

2XHMA 4.27

e Av Neighbour HATA type < 4 TOTE:

(HATA type)’ = (HATA type) + 1

To npoypaupa unoloyilel Tnv kaivoupyia akTiva “HATA Radius" Tng YEITOVIKNG KUWEANG
(nou avTioToixei oto (HATA type)’) kai Eavatpéxel Tnv “EMNEZEPIAZIA FEITONIKQN
KYWEAQN" e Tnv Kaivoupyla Twpa akTiva (MEYIoTog apiBpog enavalnyewy = 3).

e Av Neighbour HATA type = 4 TOTE:

heavy(i, 1) =0

heavy(i, 2) =0

heavy(i ,3) =0

Kal To NpOypaAPa NpoxXwpasl aTnv endpevn YEITovIKn KUWEAN "Neighbour" (i =i + 1).
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g - RN
/ \
\
\
Kpioipo onpeio \\
CP2
(X, Y \

! \

| \
I |
| \ Serving Cell P |
| - '
\ Neighbour Cell |
\ (X1, Y2) |

/

/

/
/
/
/

Kpioipo onpeio
CP1 7/
(Xp1 1 Yp1) N '

-~
\ﬁ—_—’

2XHMA 4.28

& Edv Opwg n nepioxn KAAUWNG TNG KUWEANG €&unnpeTnong Bpiokerar evdidueca ota dUo

Kpioipa onpeia (kpioipgo onueio CP 1 = QpoAoyiakn gopda - kpioigo onueio CP 2) 6nwg oto
Sxnua 4.28, 10TE TO nNpoypaupa AAPBAvel TNV APECWS MIKPOTEPN TIUA yia TNV HETABANTH
HATA type. 'ETOlI Twpd, n Kaivoupyla kal PeyaAutepn and Tnv nponyoUpevn akTtiva “HATA
Radius” (0 KUKAOC ME TNV OIOKEKOUHEVN YpAuun) Ba €xel NOAAEG mIBavoTNTEC va Exel
TOUAQXIOTOV €va KpiolJo onueio géoa oTnv neploxr KAAuywng:

e Av Neighbour HATA type > 1 TOTE:

(HATA type)’ = (HATA type) - 1

To npdypappa unoAoyilel Tnv kaivoupyia akTiva HATA Radius Tng YEITOVIKAG KUWEANG
(nou avTioToixei oTo (HATA type)’) kai &avaTpéxel Tnv “EMESEPrAZIA FEITONIKQN
KYWEAQN" ue Tnv kaivoUpyla Topa akTiva (HEYIoTOC apliBudc enavainyewy = 3).
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e Av Neighbour HATA type = 1 TOTE:

heavy(i, 1) =0
heavy(i, 2) =0
heavy(i ,3) =0
Kdl To Npoypapua npoxwpdsl oTnv endpevn yeiIrovikn KUWeAn "Neighbour" (i =i + 1).

= [1IEPINTSRZH 4: Distance + Ry < R;

[ AqupouBio Start_Sector
|:|A(up009|o Stop_Sector

[E]A¢upouio CP

Boppag (0°)
Kpioipo onpeio
CcP

Neighbour Cell
(X, Y,)

Distance = [ (X, - X;)2+(Y, =Y, 1"

2ZXHMA 4.29

'Onwg @aiverar oto ZxAua 4.29, 1o kpioipo onueio CP (Xp, Yp) €ival To onueio ekeivo dnou n
NPOEKTACN TNG YPAUKNG nou ouvdéel TNV KuwéAn EEunnpeTnong pe Tnv Feimovikn KUWweAn, TEUVEI
Tov KUKAO nou opileTal ano Tnv akTiva "HATA Radius" Tng KuweAng EEunnpéTnong.

To npoypaupa eAéyxel av 1o alupouBlo Tou kpioihgou onueiou (CP) BpiokeTal géoa oTnv neploxn
kaAuyng Tng KuweAng ESunnpétnong (Start_Sector < AQipouBio CP < Stop_Sector).
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% Av auTo eival aAnBgg (Exnua 4.29), ToTe n uATPA “heavy” cUUNANPW®VETAl YHE Ta akOAouBa
oTolxeia:

heavy(i, 1) = x-ouvTeTaypévn Tou kpioigou onpeiou CP (Xp)

heavy(i, 2) = y- ouvTeTaypévn Tou kpicipou anpeiou CP (Y,)

. 1073 .
heavy(i ,3) = , d; = Ry — Distance - Rq
1
Kal TO NPOYPAHa NPOXWPAEl aTNV ENOMEVN YEITOVIKA KUWEAN "Neighbour" (i =i + 1).
Kpioigo onpeio
CcP
(X, Y,
Neighbour Ce/,

(X5 Y)

2XHMA 4.30

% Av TO Kpiolgo onueio CP BpiokeTal €EwTepIKA TNG NEPIOXNG KAAUWNG TNG KUWEANG
EEunnpéTnoncg (Exnua 4.30), TOTE:

e Av Neighbour HATA type < 4 ToTE!:

(HATA type)’ = (HATA type) + 1

To npoypappa unoAoyilel Tnv kaivoUpyla akTtiva “HATA Radius® Tng YEITOVIKAG
KUWEANG (mou avtioToixeli oe (HATA type)’) kai &avatpexel Tnv “EMEZEPrAZIA

FEITONIKQN KYWEAQN” pe Tnv Kaivoupyld Twpd akTiva (MEYIOTOG apiBuog
enavaAnyewv = 3).
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e Av Neighbour HATA type = 4 TOTE:

heavy(i, 1) =0

heavy(i, 2) =0

heavy(i ,3) = 0

Kdl To Npoypappa npoxwpdel aTnv €NOUEVN YEITOVIKN KUWEAN "Neighbour" (i = i+1).

4.4.3.f. Yno-Pourtiva CalcDistances

AuTn n Yno-Poutiva unoAoyilel Tn 6€on Tou K/T. O aAyopiBuog unoBETtel o1 n B€on Tou KivnToU
TepHaTikoU BpiokeTal kanou enavw otnv akTiva “HATA Radius” Tng KuwéAng EEunnpéTnong kai Yeaa
oTnv nepioxn kKaAuwng. Enopévwg, naipvel w¢ onueia dokiung (test points) Ta onueia nou
napouacidfovTal oTo Zxnua 4.31.

Serving Cell

(% Yo)

0.1 poipeg(°)

test points

ZXHMA 4.31
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H ywvia nou oxnuatiouv dUo diadoxIka test points kal n 8€on TNG KUWEANG eEunnpéTnong sival:

N\
(ABC) = 0.1 poipeg (°)

KaTa ocuvéneia, n anootaon YeTa&u dUo diadoxikwy test points givai:

d=Ry-1.75:103m

nx. av Rg = 500m > d = 0.875 m

Mpokelyévou va ano@aciosl o aAyopiBuog nolo and Ta test points npokeiral va AngBei wg n
nBavoTepn B€on Tou K/T, XpnoigonoloUUe TNV akOAouBbn ouvapTtnon:

©¢on Tou K/T = [B€0n Tou Test Point(k), k: D(k)=min{D(1), D(2), ....., D(j ), D(N) }]

N: o apiBuog Twv Test Points

D(j)= Dafarfeavy( i, 3)-S(, )

i=2

S(,)=d. (i, )+ dy i, 3)

d. (i, j):\/(ti(j) ~heavy(i, 1)P +(Ytp(j) ~heavy(i, 2)f (Zxnua 4.32)

da(i, 3)= ‘\/(ti(j) _Xi)z +(Ytp(j) _Yi)2 _Ri‘ (Zxnua 4.32)

H kat' ekTipnon 6£on Tou K/T unoAoyileTal apxika os ouvTeTayueveg UTM Easting/Northing, {wvng
34 (CalcX, CalcY). Enopévwg, o aAyopiBuog npéEnel va HETATPEWEl AUTEG TIG OUVTETAYHUEVEG OfE
YEWYPAPIKO MAKOG Kdl TO YEWYpa®IkO MAAATOC Tou ouoaThuatoc WGS84. MNa To okond auto
xpnoidonoleital To module UTMWGS84 (nAnpng nepiypa®r Tou module yivetal oto NMAPAPTHMA A).
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d_=[ (X, - heavy(i,1)2 +(Y, -heavy(i,2)F]"?]

/Yate
'?"a';,,s Serving Cell
R

d,= ABS{[ (X, - X2 (Y,, -Y)*T" -R }

Test Point ()
Koty Yeor))

Mpwrelwv KpioIpo onueio
CP(i)
(heavy(i,1), heavy(i,2))
Neighbour Cell (i-1)
(Xi, Yl)

ZXHMA 4.32

A@oU €xel Ndn unoAoyioel TNV Kat’ ekTignon 6£€on Tou K/T, To Npoypaupa npoXwpdsl aTov
kaBopiopo Tng Meploxng Epniotoouvng (Trust Area):

TRUST_LON = swypa®iko unkoc tng KuweAnc EEunnpetnong ( =FinalOk(1, 5) )

TRUST_LAT = lcwypaiko nAdTog 1nG KuweAng EEunnpetnong ( =FinalOk(1, 4) )

“HATA Radius” TnG KUWEANG €Eunnp&Tnong
(Hata Type = 0)

TRUST_CIRCLE_BIG = minimum

(0.55 * (FinalTA + 1) + 0.1)
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0 ,av FinalTA=0
TRUST_CIRCLE_SMALL =
0.55 * (FinalTA) - 0.275 , av FinalTA#0

TRUST_ANGLE_START = To Start Sector Tng kKUWEANG eEunnpéTnong
(FinalOk(1, 15))

TRUST_ANGLE_STOP = To Stop Sector of Tng KUWEANG €EunnpETnong
(FinalOk(1, 16))

4.4.3.g. Yno-Pourtiva DrawGraph

AuTn n Yno-PouTiva kaAsital petda and tnv Yno-PouTiva CalcDistances kal npaypatonolei Tov
yPaQIkd oXedIaopo TWV UNOAOYIOHEVWY anoTeAeopdTtwy otn ®opua "frmFinal". Asdopévou 0TI auTh
n Yno-PouTtiva dev oxeTileTal ye Tov AAyopiBuo EvToniopoU ©£ong Tou K/T (Xpnoidonolsital Jovo
NPOKEINEVOU va undp&el Jia OonTIKN aneikovion TWV anoTEAEOUATWV), Oev NPOKEITAl va MEPIYPAPEI
€dw. O NARpNG KWdIKAG auTng TnG Yno-PouTivag divetal oto MAPAPTHMA A.

4.4.3.h. PROCESS 3 - Aiaypappa Pong

Edw oAokAnpwbnke kal n TeAeutaia Aladikacia (PROCESS 3). MapakdTtw napoucialoupe To
didypappa pong Tou YnoAoyiopoU EkTigyoUpevng ©€ong Tou K/T (Exnua 4.33, 4.34). 1o KepdAaio
nou akoAouBei Ba enixelpnBei va yivel pia napouciaocn Twv AMNOTEAEOPATWV MOU MNNPAE
€papuolovtac Tn YEBOdO OoTNnNV Npagn, Kabwc kai n yevikdTepn a&liohoynon Tng MebBodou Evtoniopol
©¢ongc.
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“PROCESS 3 - YNOAOI'IZMOZ EKTIMOYMENHZ @EXHX TOY K/T”

2xedI0oPOG
OTTOTEAETUATWY OTN
@opua frmFinal
INPUT: . SUB: DrawGraph
1. MARPNGFinalOk() FinalTA =1 4-Trye i
2. DataMax
3. FinalCID
ExmpoUpevn ©éon KIT

MicroCheck
Datamax =1

4. FinalTA

False ——

True:

False

n=n+1
YTrohoyiopdg Tng NEAX akTivag
HATA Radius Tou Serving Cell

lg4—False

FinalOk(1,8)

= ©¢on Tou “MicroCell”,
Opiopég TRUST Area
SUB: NotLocate

>
[0.55 (TA+1)] +0.1 Tru »< Hata type(n) =4
False Ti"e
FinalOk(1,8) =

0.4125(TA) + 0.325

FinalOk(1,8)
[0.55 (TA)] - 0.275(TA)

Truej

FinalTA=0

False

A

SUB: CheckNeighbourHata

A

YToAoyiopdg TnG eKTINOUNEVNG BEONG
Tou K/T,

V»

Opiouog 1ng TRUST Area

SUB: CalcDistances OUTPUT:

Y

>xedlaopodg
aTmoTEAEOUATWY OTN
@opua frmFinal
SUB: DrawGraph

2XHMA 4. 33

1. ExktipoUpevn Oéon (Lon/Lat)
2. TRUST Area
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False

b 4

Dist.

False

False

i=i+1

False

i = DataMax

Ymro-Poutiva CheckNeighbourHata

n=n-1 heavy(i,1) = 0
T - E—— l¢—— False True—p heavy(i,2) = 0
y=1ry heavy(i,3) = 0
False e
CP heavy(i,1) = CP(x)
True within True 9 heavy(i,2) = CP(y)

ector heavy(i,3) = 10 */d,

D= e 4 heavy(i,1) = 0
4 False True heavy(i,2) = 0
Try=Try +1 ue —P heavigié) =0

heavy(i,1) = CP(x)
heavy(i,2) = CP(y)
heavy(i,3) = 10-%/d,

-

heavy(i,1) = CP1(x)
heavy(i,2) = CP1(y)
heavy(i,3) = 0.8*10 -*/d,

heavy(i,1) = CP2(x)
heavy(i,2) = CP2(y)
heavy(i,3) = 10-%/d,

A A
False True
CP2
within Sector, True‘
False False
A 4
heavy(i,1) = CP2(x) heavy(i,1) = CP1(x)
True —»  heavy(i,2) = CP2(y) heavy(i,2) = CP1(y)
heavy(i,3) = 0.8*10 3/d, heavy(i,3) = 10-%/d,
False
n=n+1
CP1<Sector<CP2 True False —» Ty =Ty & 1
False True
heavy(i,1) = 0
True— heavy(i,2) =0 e
heavy(i,3) = 0
False . .
v heavy(i,1) = CP1(x) heavy(i,1) = CP2(x)
heavy(i,2) = CP1(y) heavy(i,2) = CP2(y)
n=n-1 heavy(i,3) = 0.810 -/d, heavy(i,3) = 10-3/d,
Try=Try +1
y=Try 2 'y

False True

CcP2

within Sector True

False False

v

heavy(i,1) = CP2(x) heavy(i,1) = CP1(x)
Truep»  heavy(i,2) = CP2(y) heavy(i,2) = CP1(y)
heavy(i,3) = 0.8*10 -*/d heavy(i,3) = 10 -%/d,

n=n+1
Try=Try +1

True True
v
I~ heavy(i,1) =0
e |- False True—p»{ heavy(i,2) = 0
Try=Try +1 heavy(i.3) = 0

2XHMA 4. 34

False CP1<Sector<CP2 False Falser
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KEQANAIOR

METPHZEIZ - ANOTEAEZMATA
KAI 2YMITEPAZMATA







5. METPHZEIZ - ANNOTEAEZMATA KAI 2YMIMNEPAZMATA

5.1. ZXETIKA ME TIZ METPHZEI2

MNa Tov €Aeyxo TN a&ionioTiag ToUu OUYKEKPIMEVOU aAyopiBuou evtoniopoU, KpiBnke avaykaia n
dleEaywyn PETPHOEWY O NpayuaTiko nepiBaAAov. Ma To okonod autd Xpnoigonoinénke To diKTUO TNG
Vodafone otnv nepioxr TnG AukoBpuong ATTIKNC, ONMOU UNNAPXav Kal Ta anapaitnta dedopéva Twv
>Tabuwv Bdaong yia Tnv Baon Asdopévwyv. H nepioxn auTr €ival Pia nUIAcTIKA/AoTIKA NEPIOXA ME
JPKETEG Blopnxavieg/epyooTdola kKAl KTApId Mou Ot Kapdia nepintwon Osv 6a pnopouos va
XAPAaKTNPIOTEl 0av To KEVTPO WIAG HEYAANG aoTIKAG NOANG, onwc n Aenva.

O1 YeTPAOEIC NpayuaTonoinénkav os dIAPOPETIKEC XPOVIKEC MEPIODOUG TNC NUEPAC KAl OE OUVOAIKA
50 diagopeTikd onueia TNG neploxng doKIY®Y. 'ETOI UNOpECANE va NAPOUNE £va IKAVOMOINTIKO deiyua
(415 peTpnoseig) yia Tnv owoTr agloAdynon TnG HeBodou evToniguou.

Mpiv NPOXwPROOUKE OTNV Napouciacn Kal avaAuan Twv HETPROEWY, KPIVETAl OKOMIKO vVa TOVIoCOUME
OTI unnAp&av dIAgopol ApvNnTIKOI NAPAYOVTEG Ol onoiol GUVERAAAAV OTOV MeEPIOPIOPO TNG akpipeiag
TOU aAyopiBuou evToniopoU, ol onoiol ogsilovTal Kupiwg OTn Hdn  €napkn Mgplypagn Tou
nepIBaAlovTog dokidwv. AuToi ol NapdyovTeg €ival ol akoAoubol:

& Aegv unnpxe N NAAPNG Baon Asdopévwyv yia Tnv nepioxn Tng AukoBpuong, napd HOVo €vag
NEPIOPICUEVOG apIBuoc STabuwyv Baong pe Tnv Aiota Feirovwy. 'ETol dev pnopouos napd va
yivel n OoKIUn Tou aAyopiBUouU O Jid NEPIOPICUEVN NEPIOXH JOKIN®V.

&  MepIkeg ano TIG MeiTovikeg KuweAeg dev ATav kataxwpnueéveg orn Baon (nivakag Cell_Info)
ME anoTEAEOUa KaTa Tn OIAPKEId TwV HETPACEWV 0 aAyopiBpoc va £xel AlyoTtepa diabgaipa
OTOIXEId NPOC evTomiopo, an’ OTl Ba €npene va €xel oTnVv npaypaTtikotnta (NAfpng Bdon
JEBOHEVWV).

& NOYw EAAEIYNG TNG mnAnpogopiac yia To eUpoG MIONG 1oXUOC TWV KeEpAlwV Twv /B,
BewpnBdnke OTI OAec aveEalpeTwe ol Kepaieg gixav 1o id10 gUpog, ico pe 120 poipeg. Kam
TETOIO €ival npo@avwg AABog, aAAd Adyw aduvapiag €Upeong TwV NPAYHATIKOV YWOVIOV
KaTapuyape TeAIKG o’ autn Tn Alon.

& Ta 6Aoug Toug =TaBuoug Baong TéBnke wg nepiBaAlov padlokaAuywng avagpopdag To sub-
urban (Hata = 2) a@ouU dsv unnpxe kapia aAAn oxXeTIKn nAnpogopia.

AOYW TWV napandvw napayovrtwv HMNopoUPE va IoXUPIOTOUME OTI n &v duvauel akpiBeia Tou
aAyopiBuou evtoniopoU Ba npenel va sival eAa@ppw¢ KaAUTEPN anod auTn nou 6ad NapoucidoouldE TN
OTIG eNOPEVEG OeAideC Tou KeaAaiou.
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5.2. MNEPINTQZEIZ METPHZEQN

3’ auTn Tn napaypa®o 6a napoucIACoUNE JIAPOPEC NEPINTWOEIG and TIC JETPNOEIG Nou eANPOBNnoav
Kal napoucialouv OXeTIKO evlapEpPoV, N KABE pia yia di1apopeTIKO AOYwW. S KABe pia and auTeg TIg
NePINTWOEIC OiVETAl N OXETIKN YPAQIKA avanapdoracn Tng METPNONG Kabwg kal o avdaAoyog
OXOAIAOUOC.

5.2.1. METPHzH ME TH MEFAAYTEPH AKPIBEIA

Serv. Cell Hata = 745m

Neighb.1 Hata = 867m
Neighb.2 Hata = 790m

Neighb.3 Hata = 511m

Neig{ours ‘
@

Neighbour2

S@aApa AAyopiBuou = 13.4 m

SpaApa CID = 754.5 m

' auth €dw TNV nepinTwon BAENOUWPE OTI TO

o@aAua e€ivar ehaxioto, povo 13.4m (H

unoAoyilopevn Béon Tou K/T  oxedov

OUMNEPTEI PE Tn B€on ano To GPS), os
/l avTibeon pe TO OQAAPA TNG HeBOdou CID

nou eivar noAU peyaho, 754.5m. Eniong
napatnpoupe oOT1 n TRUST AREA nou
UMOAOYIOE O dAYOPIBUOG EMNEPIEXEI TNV
npayuarikn 8€on Tou K/T.

Neighbour1

H noAU kaAn anddoon OTn OCUYKEKPIMEVN
nepinTwaon ogeiAeTal oTnV PEYAAn akpipeia
TnG akTivag HATA Radius 1600 TnG KUWEANG
EEunnpétnong (Serving Cell), 600 kair Tng
3" eirovikng Kuwéeing (Neighbour 3).
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5.2.2. METPHzH ME TH MIKPOTEPH AKPIBEIA

Serv. Cell Hata = 1065m

Neighb.1 Hata = 896m

Neighb.2 Hata = 2200m

>@paApa AAyopiBuou = 1385.3 m

S@aipa CID = 814.2 m

:

Neighbour2

Neighbour1

S

Calculated

GPS

And Tn ypagikn avanapdoracn napatnpoUde OTI To MOAU peydAo O@AAUA OTOV UMOAOYIOHO
oeileTal kupiwg oTnv AavBaopévn akTtiva HATA Radius Tou Neighbour2, n onoia 6a €npene va civai
MeyaAUTepn. TMpénel va TOVIOOUME OTI TO OUYKEKPIYEVO VYEITOVIKO BTS, eu@avile Ouvexwg
npoBAnuaTta katda tn dIdpKela TwV PETPNOEWV. 'ONWG HAg EYIVE YVWOTO apyoTEPA, AUTOG 0 STABUOG
Bdaong eival éva umbrella-BTS TonoBsTnuévog oTto Bouvo TnG MNapvnBag Pe HIA OPOIOKATEUBUVTIKN
Kepaia, Ye okond va KaAUNTel TIG NPoBANMATIKEG MEPIOXEC Ol OMoieG dev KAAUMTOVTAl Ano TO
unoAoino JikTuo.

Av ayvon®ei n napouacia Tou Neighbour2 kal npayuaronoindei evTonioPog XpnoldonolnvTag HOVo To
Serving Cell kar Tov Neighbourl T16Te n akpiBeia Tou aAyopiBuou au&averal dpapaTikd, PHE oPAAUa
ota 336.4m (nNpoOKeITal yia To onueio TouAg Twv dU0 KUKAWV nou BpiokeTal YEoa oTnv MEPIOXN
ggnioToouvng TRUST AREA).

'‘Eva dAAo onueio oTo onoio npénel va otaBoupe €ival OTI nNapd To MOAU PeydAo O@QAApa Tov
unoAoyiopod TnG B€ong Tou K/T, KAl ¢’ autrVv TNV NEPINTWON N NEPIOXN EUNIOTOCUVNG EUNEPIEXEl TV
npayuarikn 8€on Tou K/T.
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5.2.3. Z®AAMA ZTHN NEPIOXH EMNIZTOZYNHzZ

SQAAPa otnv neploxr eunioTtoolvng PNopei va undap&el yia duo Adyouc. MpwTov, AOYyw OPAAPATOG
oTIC YwVieg évapEng (START_SECTOR) kal AREng (STOP_SECTOR) Tng neploXng, kal deUTepov AOYyw
o@AaAuaTtog oTic akTiveg TRUST_MIN kal TRUST_MAX.

>  Z@AaApa Aoym TV Yoviov ARENG kal évaping.

Neighbour1
Neighbour2

.

Calculated

GPS
Serv. Cell Hata = 757m

Neighb.1 Hata = 1197m

Neighb.2 Hata = 1957m

S@paipa AAyopiBuou = 370.5 m, >@dApa CID = 643.6 m

Edw, napoTl neTuxdivoupde KaAUTepn akpiBeia pe Tn PEBOdO pag oe oxeon Me Tn MEBodo CID,
napartnpoUpe OTI N MEPIOXN eMnioTooUVNG dev nepléXel TNV npayuaTikn 8€on Tou K/T (GPS). 'Eva
TETOI0 NMPOPANUa avTigeTwnideTal JOVo av aAAAG&oupe Ta oToixeia yia TNV NEPIoXn KAAUWNG TG
KuwéAng EEunnpétnong (Serving Cell). Auto ouvenayeral o1 6a undpxouv Kal NEPIOXEG
aAAnAokdAuwng peTafl cosited kuweAwv, yeyovog nou Oev npoPAnuarilel agou KATI TETOIO
oupdBaivel kal oTnv npayuaTikoéTnTa. Mpénel va unevBupiooupe OTI yia 0Aoug Toug =Tabuoug Baong
ave&aIpETwG £xel ANPBei wg ywvia piong 1oxUog (3dB) 120 poipeg, AOyw EAAEIYNG NANPOPOPIWV.

120



> Z@AaApa Aoym Twv akTivov TRUST_MIN & TRUST_MAX

Serv. Cell Hata = 306m
Neighb.1 Hata = 790m

Neighb.2 Hata = 1385m (dev Ikavonoisi Ta

KPITRpIa Tou aAyopiBuou) Neighbour1

K‘

Neighb.3 Hata = 1655m
Neighbour2

Z@aApa AAyopiBuou = 231.3 m &

S@aApa CID = 75 m

Calculate

o

Neighbour3

3’ auTtn Tnv nNepinTwon €£XOUME va KAVOUUE HE €va onuavTtikd npdfAnua Tou alyopibuou. H
OUYKEKPIYEVN METPNON Hag divel TA = 1 evw kavovika 8a €npene va sixaye TA = 0. Mnopei €niong
va oupBei kal To avTioTpo®o (va £xoupe TA = 0 evw Ba €npene va sixape TA = 1).

TETOIEC NEPINTWOEIG €ival adUvaTov va TIG ano@UyYoUNE PE onolodnnoTe Tpono, aAAd, onwg Ba @avei
Kal and Ta CUYKEVTPWTIKA ANOTEAECHATA, EUTUXMG anoTeAoUV €va NoAU HIKPO KOWHATI TOU ouvOAou
(n neploxn egnioTooUvng €xel N00ooTod emTUXiag yUpw oTo 90%).
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5.2.4.TO SERVING CELL AEN EINAI O KONTINOTEPOZ z/B

Serv. Cell Hata = 1150m

Neighb.1 Hata = 615m

Neighb.2 Hata = 662m

Neighb.3 Hata = 2585m
S@AaApa AAyopiBuou = 117.3 m

Zpaipa CID = 1043.4 m

Calculated

o

Neighbour3

'Onwg eival eggaveg, T6oo o Neighbourl 6co kai o Neighbour2 angxouv noAU HikpOTEPN anooTacn
and Tnv npaypaTikr 6€on Tou K/T o€ oxéon We 1o Serving Cell. Eniong n 10xU¢ ANWng kai otoug duo
auToug Teitoveg (-80dBm) eival onuavTika peyaAUtepn an’ oTi otnv KuwéAn EEunnp€tnong
(-84dBm). Mapoia autd, o aAyopiBuog napouacialel ekNANKTIKN akpifeia (117m), yeyovog nou pag
kabnouxalel yia TEToIOU €idouG NApOMOoIEC NEPINTWOEIG. EMmonuaivoupe 0TI n akpiBeia Kai Twv TPpIWV
akTivwv HATA Radius (Serving Cell, Neighbourl, Neighbour2) ivai ndpa noAU KaAn.
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5.2.5. NMOAY MEIrAAH AKPIBEIA THZ HATA RADIUS TOY SERV. CELL

Serv. Cell Hata = 655m

Neighb.1 Hata = 1480m
Neighb.2 Hata = 1129m
Neighb.3 Hata = 1875m

>@paApa AAyopiBuou = 614.8 m

S@pdApa CID = 663.4 m

J

Neighbour3

Neighbour1

Evw n akpiBeia Tng aktivag HATA Radius Tng KuwéAng EEunnpétnaong ival napa noAu peyain (9m),
0 aAyopiBpog dev BeATIOVEl onpavTika Tnv akpipeia Tng pebodou CID. 'Onwg @aiveral, wg BEon Tou
K/T AauBaveral To onueio Toung Tou Neighbourl pe 1O Serving Cell. AvTiBeTa, av naipvape To
onueio Toung Neighbour3 pe To Serving Cell, n akpiBeia 8a ATav evrunwaiakn (69m).

MevikdTepa napatnpndnke noAU kaAn akpifeia Tng aktivag HATA Radius Tou Serving Cell ekTdg
HEPIKWV €€alpegswv. AUTO eniBeBalwvel TNV opBATNTA TNG €NIAOYNG HAC OXETIKA UE TOV POAO TOU
Serving Cell oTov unoAoyiopo TNG ekTIHOUNEVNG B€ong Tou K/T.
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5.2.6. TO NMPOBAHMA =TIz KONTINEZ AMNMOZTAZEIZ

Serv. Cell Hata = 272m

Neighb.1 Hata = 790m

Neighb.2 Hata
aAyopiBuou)

1302m (dev Ikavonolgi Ta KPITrpla Tou
Neighbour1

Neighb.3 Hata = 1882m

Neighbour2
S@aAua AAyopiBuou = 215.5 m

S@aApa CID = 75 m @
"_/
Calculated

J

Neighbour2

'ONw¢ PnopoUPe va dldnIoTWOOUPE and Tn OUYKEKPIYEVN NeEPINTwon, dAAd kdl onw¢ 6a doupe
apyoTepa oTo KEQAAdAIO, OTIC NMOAU KOVTIVEC ANOOTACEIC 0 aAyOpIBUOC evTonioPoU B€ong eugavilel
onuavTiko npoBAnua. Eivar a§loonueiwTo To yeyovog OTI 0 aAyopiBuog os kapia nepinTwon (oXeTIKA
ME TIG KOVTIVEC anooTdoelc) dev KATAPePE va dwaoel KAAUTEPN akpiBelia and auTr Nou Naipvoupe anod
TN HYEBOdO Tou CID. Autd ogeileTal oxeddv anokAesioTika otnv akTtiva HATA Radius Tng KuwéAng
E€unnpérnong. Eivar @avepd dnAadn, OTI To MOVvTEAO padiokaluwng Tou Okumura-Hata dev
AEITOUPYEI EMNITUXWG OE PIKPEC ANOOTATEIC.
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5.2.7. AIA®OPEZ NEPINTQZEIZ

3’ auTn Tnv napdypa®o 6a napoucidcoupe dUO TEAEUTAIEC NEPINTWOEIC Ol onoieg dev Pag Bonbolv
OTO va €EAYOUNE CUUNEPACHATA YIa TNV CUMNEPIPOopa/anddoan Tou aAyopiBuou, aAAd napoucialouv
KAnolo evolapepov.

e [MEPINTQR5H 1

Serv. Cell Hata = 697m
Neighb.1 Hata = 697m
Neighb.2 Hata = 791m

1875m Neighbour1

Neighb.3 Hata
S@alpa AAyopiBuou = 342.4 m

Z@dApa CID = 1037.9 m
Neighbour2

Calculated

J

Neighbour3

MNépa and TNV NoAr KaAn akpiBela, cuykpITIKA PE TN YEBodo CID, pnopoUPE va napaTnpriooulE OTI
ol Tpelg akTiveg HATA Radius Twv Feirovikwv Kuwe\wv opifouv pia noAU HIKpR neploxn HEoa oTnv
onoia BpiokeTal n aAnBng Bon Tou K/T (H HATA Radius Tou Serving Cell gival ekTdG auTng Tng
neploxncg). Kam TETolo cupPaivel noAU ondavia kai 6tav oupPBaivel, n neploxn Pnopesi va pnv
oupnepihapBavel Tnv akpify 6€on Tou K/T, ondTe dev PHNOPOUKPE va TO €KPETAAAEUTOUHE WOTE vda
€\aXIOTOMOINCOUKE TNV NEPIOXN EUMIcTOOUVNG.
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e [MNEPINTR3H 2

Serv. Cell Hata = 366m

Neighb.1 Hata = 841m
Neighb.2 Hata = 789m
Neighb.3 Hata = 2007m Neighbour1
S@aipa AAyopiBuou = 294.6 m Neighbour2

S@paipa CID = 108.1 m

Calculated ——p»

J

Neighbour3

'Onw¢ pnopoUpe eUKoAa va doUME, OAeG ol akTiveg HATA Radius ouvavTioUvTal o€ €va Koivo onueio
To onoio ival ac@aAwg n unoAoyildouevn B€on Tou K/T. Evw Ba nepipeve kavevag OTI n akpiBeia o’
auTn Tn nepinTwon 6a ATav ndpa noAU kKaAn £€w¢ apioTn, avTiBera £xoupe PeydAo o@alpa
OUYKPITIKG Ye TN YHEBodo CID!

AuTO TO napadeiypa Aoindv, eivar evdelkTikO Tng duokoAiag, Tng noAumAokOTNTAG Kal TNG
aBeBaidTnTag nou eunepiExel To NPOBANUa Tou evroniodoU Tng B€ong Tou K/T, pEow TNG 10XUG
ARWNG onuarog.
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5.3. ZYITKENTPQTIKA ANOTEAEZMATA - ANAAYZH

2TIG NApaKATw OeAIdEC 0 aAyopIBuoC evToniopoU 6£ong nou uAonoinoape 6a avagépeTal xapiv
ouvTopoypa®iag ws M.P.A (Mobile Positioning Algorithm).

5.3.1. NMAPOYZIAZH AMNOTEAEZMATQN

SUVOAIKG npaypaTonoinénkav 415 PUETPNOEIG KAl T ANOTEAECUATA ANO TNV ENEEEpyacia Twv
METPAOEWY €ival Ta akoAouba:

AKPIBEIA TOY "M.P.A” 3E 3YIKPISH ME TH MEGOAO "CID":

e 370 OUVOAO TWV HETPHOEWV:
AkpiBeia M.P.A: 319m
AkpiBeia CID: 527m

SUYKpPITIKI BeATioon: 208m n 39.4%

MooooTo €ni TV PETPAOEWV OMou o0 M.P.A BeATiwoe Tnv akpiBeia EvavTi Tng Mebddou CID: 79%

e 3T0 95% TWV YETPAOEWV:
BEATIOTN akpiBeia M.P.A: 290m
BéATIOTN akpiBeia CID: 496m

SUYKPITIKN BeATioon: 206m 1 41.5%

e 3T0 67% TWV PETPNHOEWV:
BEATIOTN akpiBeia M.P.A: 142m
BéATIOTN akpiBeia CID: 234m

SUYKpPITIK BeATioon: 92m n 39.3%

EkTdc ano Tn ouvoAikn akpiBeia Tou M.P.A napaB&toupe kal TNV BEATIOTN akpiBeia oTto 95% Kal
67% TWV PETPNOEWV YIA VA CUYKPIVOUUE TA ANOTEAEONATA HE TIG anaiTnoslg Tng FCC(99-245), nou
unevBupifoupe OTI gival 300m yia To 95% kal 100m yia 1o 67%.

SuykpivovTtag, BAEnoupe OTI kKaAUNTETal JOVO N NPWTN anaiTnon yia 1o 95%, evw oto 67% o M.P.A
UMOAEINETAI TWV ANAITACEWV KATa 42m.

'Eva aAAo onueio To onoio napouaialel evdiaQEpov €ival OTI N NOCOOTIAId TIPA TNG CUYKPITIKNG
BeATiwong napapével NpakTika otabepn kail ion pe 40%.
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Tlouuag Apng KEDQANAIO 5 - METPHZEI>, ATIOTENEZMATA KAI >YMIIEPA>MATA

2OAANMA METPHZESQN
g 600
=]
Z 500 -
-8
S
W
400 A
300 -
200 -
100 +
0
>UvoAo MeTpnoewv |95% Twv MeTpAoswV|67% Twv MeTproswv
O MegBodog CID 527 496 234
B M.P.A 319 290 142
ZXHMA 5.1
MOZOZTIAIA BEATIQZH
§1oo -
= 90 -
‘g 80 -
70 ~
o\o 60 -
50 394 41,5 39,3
40 A
30
20
10
0 -
SUvoAo MeTpnoswv 95% TwV MeTpnoswv 67% TwVv MeTprnoswyVv

2XHMA 5.2
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AIASTIOPA AKPIBEIAS (S®AAMATOZS) TH> MEOOAOY "M.P.A”:

OuoIaoTIKAa WeE Tov Opo akpiBeia kal o@aApa evvooUpe Tnv idla apiBunTikn nocodTnta (n andéoracn
Tou unoAoyi{opevou anuegiou and Tnv npayuaTikn 8€on Tou K/T), Me Tnv diagopd o1 al&non Tou
apiBpoU au&avel To opAApa Kal PEIWVEN TNV akpifeid, eve Peiwon Tou aplBuou PEIOVEN To oPAAud
Kal au&avel Tnv akpipeia.

310 ZxnAMa 5.3 diveral n diacnopd Tou ZPAANATog TNG MeBodou M.P.A oTo oUVOAO TWV UETPHOEWV.

AIAZNMOPA Z®AAMATOZ THZ MEOGOAOY "M.P.A"

120 -
103
100
>
3
e 80 -
=
Q
g 60 -
(9,
8 40
=
<
E 20
0 _

o
o
Al
1
o

101-200
201-300
301-400
401-500
501-600
601-700
701-800
801-900
901-1000
>1000

AnooTtaon (m)

ZXHMA 5.3

MeAETOVTAG TNV YpAuun Tdong, napartnpoUue OTI akoAouBei kaTtavoun Poisson. Mpayuat av
Bewprjooupe kaTavoun Poisson pe A = 4.1:

Kal av oxedldooupe TIG OUO KATAVOUEG OE avTinapadean, Naipvoupe TNV ypd@Ikn napdoracn Tou
>xAuaTog 5.4:
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Tlouuag Apng KEDQANAIO 5 - METPHZEI>, ATIOTENEZMATA KAI >YMIIEPA>MATA

Katavopun Poisson/ Karavoun M.P.A

X

o 0,304

0,25

0,25 -

0,20 -

0,15 ~

0,10 -

0,05 -

0,00 -
0 1 2 3 4 5 6 7 8 9

O KaTavoun Poisson B KaTtavoun Mebodou M.P.A

2XHMA 5.4

H opolotnTa kai n oUyKAION TV TIMOV OTIC U0 KATAVOMEG €ival evTUNWOIakn, unapxouv HoOvo
HIKPEC OlapopEC.

AIASTIOPA AKPIBEIAS (S®AAMATOZ) TH> MEOOAOY "CID":

AIAZNOPA Z®AAMATOZ THZ MEOGOAOY "CID"

59
54
) 45
| 39

Anooraon (m)

70 7 64

0-100
101-200
201-300
301-400
401-500
501-600
601-700
701-800
801-900

>1000

o
o
o
—
1
—
o
(o)}

2XHMA 5.5
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MpoOKeITAl OUCIACTIKA YId TIGC anooTdoelig and Tnv KuwéAn EEunnpETNoNG OTIC onoieg eAn®Bnaoav ol
METPAOEIG. H 1davikh nepinTwon 6a nTav va €ixage 100noon KaTavoun Twv HETPHOEWY O OAEG TIG
anooTAcEIG, €TOI WOTE va PNOPOUHE va KAVOUME BEATIOTN a&loAdynon Tou aAyopiBuou evTtoniopou
B0£onc. Kat Tétolo BEPRala dev cupPaivel (ExNUa 5.5) a@ol €XoUPEe EAAEIPN PETPNOEWV KUPIWG OTIC
NoAU KOVTIVEG Kal MOAU PAKpPIVEC anooTdoelg, aAAd To ouvoAikd NARBOC TwV PETPHOEWV gival ApKETO
yia va eEdyoupe aopair oupnepacuara.

TO [TIPOBAHMA TH MEOOAOY M.P.A 3TI> MIKPE> AIIOZTAZEI>

Tpia ival Ta gey€On Nou Pag evOlaPEPOUV OTN OUYKEKPIYEVN NApAypa®o:

1) H akpiBeia Tng pebddou CID (Acp)
2) H akpiBeia TG pebddou M.P.A (Ampa)
3) H ouykpiTikA BeATiwon TnG peBddou M.P.A (B = Acip - Ampa)

'OTav To B €ival apvnTiko TOTE dev £Xoupe BeATiwon aAAa xeipdTepn anddoon Tng HeBddou M.P.A
OUYKPITIKG Je Tn pEBodo CID.

210 ZxnMa 5.6 napouacialovTal ypagikd Ta akdAouba peyeodn:

a) Acip ME aUEouoa osipd euPaviong

b) H avTioToixn TIUA TNG akpiBelac Aypa OMOU €XEl OXEDIACTEI Kal N YPAMKN TAONG.

1500 -

-~

E 1400

T 1300 |

_t‘é,. 1200

g- 1100 | —» Acio

< 000
900 -
800 -
700
600 1 _> AMPA
500 | L L
o | | l\ \ rpappn
300 | .
200 | \ \‘l \ w _\ Taong
100 - \J V

1 26 51 76 101 126 151 176 201 226 251 276 301 326 351 376 401
Ap1OpoG METpnong

EEiowon Mpappfc Taonc: Y =-2E-11x5 + 2E-08x5 - 1E-05x* +0,0024x%- 0,2476x2 + 9,6149x + 186,76

2XHMA 5.6

131



Tlouuag Apng KED®ANAIO 5 — METPHZEI>, ATTOTENESMATA KAI ZYMITEPAZMATA

>T0 IXNMa 5.7 napouaialovTdl ypa@ika Ta akdAouba peyeldn:

a) Acip ME aU&ouoa ogipd egeaviong

b) H avTigToIxn TIUA TNG CUYKPITIKNAC BeATIwWoNG B TnG onoiag £xel oxed1aoTel Kal N ypauun
Tdong.

1400
1300 1
1200 | Acip
1100 1
1000 1 .
900 - Fpapun
800 1 Taong
700 -
600
500 -
400 -
300 1
200
100
O l T T
-100 7 415
-200 -
-300 | Ap18u6¢g Métpnong
-400 -
-500 -
-600 -
-700 A
-800 -
-900

AkpiBeia/BeAtioon (m)

) r

Egiowon Mpapung Taone: y = 2E-11x° - 2E-08x> + 1E-05x* - 0,002x> + 0,161x* - 1,8321x - 188,54

ZXHMA 5.7
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W 1100 ,
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8  s00]
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'5 300 1
[ .

200 |

100 LW 'U

0 T
-100 415

ey Ap18p6G MéTpnong

-400
-500 1
-600
-700

-800 1 Egiowon Mpappiig Taong: y = 8E-08x* - 5E-05x> + 0,0137x2 - 0,0998x + 258,6

-900 -

2ZXHMA 5.8
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Tqouuag Apng KE®ANAIO 5 - METPHZEI>, A[TOTENESMATA KAI ZYMITEPAZMATA

TéNog, oTo IxnMa 5.8 napouaialovTtal ypagika Ta akdAouba peyeldn:

a) H Tipf TG ouykpITIKNG BeATiwong B pe al€ouoa osipd eupaviong

b) H avTioToixn Tiuf TNG akpiBelag Acip ONOU £xel OXeJIA0TEI KAl N ypauun Taong.

E€eTdlovTag Ta Tpia nponyoUueva IxnuUaTa, napatnpoUpe Ta €ENG:

e 3TO ZXNMa 5.6 n ypaupun Taong TEPvel TNV ypauun Tou CID ot éva podvo onueio (259m).

e 3TO ZXNMa 5.7 n ypaupr Taong TEPVEl Tov agova x o€ £va onueio (X41). H akpiBeia CID nou
avTIoTOIXEl OTo X4 €ival 259m.

e 3TO ZxNMa 5.8 n ypauun B TEuvel Tov dova x g€ €va onpeio (xz). H TIPA yia TNV ypauun Taong
Tou CID oTo onueio X, givar 300m (PéXp! TO onUEio X2, N OUYKPITIKN BeATiwaon B, €naipve
apvNTIKEC TIMEG).

To ouunépacpa nou PNopoUME va €EAyoupe sival 0TI péxpl Ta 250-300 péTpa, o aAyopiBuog nou
uhonoinoape (M.P.A) Asitoupyei npoBAnuaTika. Metd Ta 300 péTpa OPwC, ehgavilel noAU KaAn
OUYKPITIKI BeATiwon, n onoia pnopoUpe va noUWe OTI OTIC HEYAAEG ANOOTACEIC AUEAVETAl EKBETIKA
(BA. Zxnpa 5.8).

H AKPIBEIA THZ NNEPIOXHZ EMIIISTOSYNHZ (TRUST AREA):

>to oUVOAO TWwV METPAOEWV MNOU npayuaronoindnkav, To nocooTd emiTuxiac Tng [MMeploxng
EunioToouvng (TRUST AREA) rTav 89.1%

10,9%

@ Enituyia Tng Meploxng Epnmiotoolvng

O AnoTuXia Tng Mepioxng Epniotooluvng

89,1%

2XHMA 5.9
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AUTO TO NocoOTO €ival NoAU KoOvTa oTo £MdIWKOPEVO NocooTo (90%) nou eixape B€osl wg Oplo,

onoTe MNOPoUME va BewprOoOUNE OTI N MNEPIOXN E€UMIcTOOUVNG anodidel €mITUXWG Kal oTa
avapevopeva enineda.

MapoA’ auTtd, undapxel n avaykn yia BeAtioon Tng Mepioxng Epniotoolvng, KUpiwg oTov Topéa TG
eAaxioTonoinong Tou XWPOU nou KaAunTel. AuTo BEBala pnopei va emiteuxBei paAlov dUOKOAA Kal
yla To okond autd xpeldlovral nepalTépw OOKIPEG Kal €peuvd, KATI nou Oev pnopei va
npaypartonoin@ei ota nAdiola TG cuykekpipgévng AINAwuaTikng Epyaaiac.

METABOAH TH> AKPIBEIAS TH: MEOOAOY M.P.A 3TO IAIO 3HMEIO

Eival npo@avéc and 1o Zxnua 5.10 o1 n akpiBeia o pia 0edopevn kal oTabeprny B€on Tou K/T
METABAAAETAl Pe Tov XpOvo. O1 PeTaBoAn pnopei va €ival T600 PeydAn, WOTE eV KAMOIA XPOVIKA
oTIyun t; 0 aAyopiBuog dpa BeATIWTIKG TNG NEBOSou CID, pia GAAn XPovikr oTiydn t, o aAyopiBuog
divel xeIpoTePO anoTéAeopa and Tn pEBodo CID.

METABOAH AKPIBEIAZ 2TO IAIO ZHMEIO
*€450 1
g
2400 -
Re}
S
350
300 - /\ ,\ 1
V
200 -
t
150 - \
100 -
50
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
g M¢B0d0g M.P.A | 176,9 | 251,3 | 400,8 | 251,3 | 333,3 89 89 89 77,6 | 125,4| 115,7 | 337,3 | 183,8 | 183,8 136 | 309,3 | 131,6 213
— M £ 0050¢, CID 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6 | 291,6

ZXHMA 5.10

AuTO o@eileTal kupiwg oTnv HeETABoOAr Tng 1oxUo¢ ARWNG Tou onuaTtog and Tnv KuwéAn
EEunnp&Tnong kai ano Toug MeiTovikoUg =Tadpuouc Baong, Aoyw aivouevwy eEaocBevnong, okiaong,
noAudiadpopikng 31adoang Kal NapePBoAwY.

e avtibeon pe TN PEBOdO M.P.A, n peBodog CID Oev epgavilel TeTola npoPfAnUaATa de kapia
nepinTwaon, agou BacileTal anokAEIOTIKA oTnV Yewypad@ikn 8£on TnGg KuwéAng EEunnpeTnong kai
TinoT’ dAAo.
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5.3.2. TEAIKA ZYMINEPAZMATA KAI NAPATHPHZEIZ

KAgivovTag auto To Ke®AaAalio, PUnopoUHE va avaQEPoupe Ta 4 KupldTEpa onueia Tou AAyopiBuou
EvtoniopoU ©¢ong nou napouaialouv To HEYAAUTEPO evOIAPEPOV:

1) H péBodocg M.P.A BeATiwvel kaTtd 40% Tnv akpiBeia Tng nebddou CID.

2)  Ze anooTdoelg HIkpoTEPEG and Ta 300m n peBodog dev anodidel oTa eniBuUUNTA NAdioia
(epavilel xelpoTepn akpiBeia ano Tn pEBodo CID).

3)  Yndpxel xpovikn diakupaven Tng akpiBeiag Tng HeBodou oc pia deDOHEVN YEWYPAPIK)
B8€on Tou K/T.

4)  H negpioxn epniogToouvng (TRUST AREA) eugavilel noooaTto enituxiag 89.1%, aAAa To
€UBadoOV nou KAAUNTEl €ival apKeTa Peyaio (MeyaAUTepo and 1o emBupunTod).

ApvnTikoi lNapayovTeg nou ennpéaocav tn HE6odo M.P.A:

4 >To PovTEAo Padiokaluwng Twv Okumura/Hata eiocdyoupe otaBepd UWoC Kepaiag
AEkTN (2m), yeyovog nou dev gival navtoTe aknBeg. Eniong, pag diveralr To UWog Twv
KEPAIOV TwV 2TaBpwv Bdaong and Tnv em@pdveid Tou €3APOUC, EMOHUEVWG Otgv
ouvunoAoyifovTal ol UWOMETPIKEG dIAPOPEC AOYW TNG YEWAOYIKNG diapudppwaong Tou
€dapoug. MNa napadeiyya av 1o K/T AaupBavel onua and évav XTtabuo Bdaong nou
BpiokeTal oe kanolo Pouvo, TOTe n akTtiva HATA Radius nou unoAoyifoupe Ba €xel
onUavTiko a@aipa (ouveRn kaTtda Tn SIAPKEIQ TWV HETPHOEWV).

v EkToc Tou povrélou Okumura/Hata, undapyxouv kai aAAa povTeEAa padiokdAuwng, nio
€E€IDIKEUNEVA OTO EAANVIKO NepIBAAAOV (HE NEPICTOTEPOUC TUMOUG NEPIOXWV, KAM.), T
onoia opwg dev nTav duvaTdv va Bpebouv yia va Ta XpNnoILonoIfCoUHE. EVOEXOUEVWC
XPNOILMONOIWVTAG TETOIA HOVTEAd, N akpifeia TNS HEBOdOU va BeATIWVOTAV onUavTikd.

4 H Baon Asdopévwy nou xpnaoiponoinénke ATav eAANINNG, Je anoTéEAETUa va duoxepaivel
Tn Siadikagia Tou evToniopou.

MapoA’ auta, n anodoon Tou AAyoOpiBuou EvToniopol @£0nG KpiveTal IKAvonoINTIKR KAl OE YEVIKEG
YPAUUEC €VTOC TWV AVAPEVOUEVWV MPOCdOKI®WV. AAAWOTE TO avTikeiyevo Tou [ewypagikoU
Mpoadiopioyol ©gong Tou K/T péow Tou AIKTUOU €ival KATI kKdivoUpylo OTOV XWPO TwV
TnAenikoIvwVvIiov Kal Xpifel peydAng HEAETNG, avaAuong Kal NoAA®WV NeIpapdTwy Kai SoKIPJwy yia va
Bpebei pia BEATIOTN PEBODSOG nMou va Ikavonolei OAEG TIG analTAOEIG, TOOO Twv Mapoxéwv Ynnpeoiwv
000 Kal TwV ZUVOPOUNT®V.
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A.1.GLOBAL VARIABLES

A.1.1. "modVariables” Module

Option

Global

Global
Global
Global

Global

Global
Global
Global
Global
Global
Global

Global

Global

Global

Global

Global
Global

Global

Global
Global
Global
Global
Global
Global

Global

Explicit

ComPrt As String

RepTimes As Integer
Metriseis () As Long
cid() As Long

TA() As Long

cntr As Integer
Final (1 To 7, 1 To 2) As Long
FinalOk () As Variant
FinalFull() As Variant
FinalTA As Long

FinalCID As Long

GraphMatr () As Variant

metraw As Integer

stoptry As Integer

DataMax As Integer

FullDataMax As Integer
arouklas As Variant

DataBaseError As Boolean

CalcX As Double
CalcY As Double
CalcLon As Double
CalcLat As Double
Starttime As Variant
Stoptime As Variant

Port As Integer

'The variable that controls the com port
'which is used by the M/T

'A counter used for recording Data from M/T
'The Matrix used for storing data
'The Matrix Used for the Cell ID Measurement

'The Matrix Used for the
'Timing Advance Measurement

'A Counter that is used when recording Data
'The Matrix where Mean values are Stored

'"The
'the

Final Matrix which has as many rows as
available data

'The Final value for the Timing Advance

'The Final value for the Cell ID

'Matrix used in M/T Location and in drawing
'the results.

'A counter

'A Counter which helps the program to know
'when to stop the measurements

'It counts the number of Cells Available
' (including the Serving Cell)

'Indicates Whether there is a problem with the
'DatabaseFind Procedure.

'The Calculated Final Position in UTM
'The Calculated Final Position in UTM
'The Calculated Final Position (Longitude)
'The Calculated Final Position (Latitude)
'Start time: Calculation Begins
'Stop time: Calculation Ends

'"COM port of GPS
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Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

NMEA As Integer
Error As Double
MicroBTS As Integer
ShowText As Variant

DatalLinkFile As String

OpenWhat As String

LocError As Double
GPSDistance As Double
Sector As Boolean
StartSector As Double
StopSector As Double

OutRad As Double

TRUST_TYPE As String
TRUST_LON As Double

TRUST LAT As Double
TRUST_CIRCLE_BIG As Double
TRUST_CIRCLE_SMALL As Double
TRUST_ANGLE_ START As Double
TRUST_ANGLE_ STOP As Double

heavy () As Double

NeighbourCross () As Double

'Type of NMEA format
'Calculation Error

'Number of MicroBTS (used in NotLocate SUB)

'The Address where the Data Link File is
'located

'Variable used when switching between
'different program modes

'Used in Full Mode
'Used in Full Mode

'If True, Trust Area is a Sector

'Variable used in CheckNeighbourHata SUB
'Variable used in CheckNeighbourHata SUB

'Variable used to define the outer
'Radius of the TRUST AREA

'TRUST AREA Parameter

'TRUST AREA Parameter

'TRUST AREA Parameter

'TRUST AREA Parameter

'TRUST AREA Parameter

'TRUST AREA Parameter

'TRUST AREA Parameter
'The Matrix used in the Location Algorithm

'Filled in CheckNeighbourHata SUB

'In this Matrix the program saves the
'Cross Section points of the two circles
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A.2. FORMS

A.2.1. frmStart

Location Server
Please Select the Desired Program Mode

Command1

Command2

Command3

Private Sub Commandl Click()

Load frmModeNormal
frmModeNormal .Visible = True
frmModeNormal .Enabled True
Unload Me

End Sub

Private Sub Command2 Click()

Load frmModeUser
frmModeUser.Visible = True
frmModeUser.Enabled = True
Unload Me

End Sub

Private Sub Command3 Click()

Load frmModeFull
frmModeFull.Visible = True
frmModeFull.Enabled = True
Unload Me

End Sub
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A.2.2. frmModeNormal

"Timer1"

\ "F‘BUS"

"label3"

N

"IbIClock™
N\,

"Timer2"

/ "IblServCell™

"Slider1"

"Slider2"

/

"Command1"”

Jﬂmﬂ?ﬂtr

SPHWWf/ dip
TA Value |

Calculation Error (m) |

"Text1"

Ready...

, IbITA"

"IbIFinal™

~

"IblError"
=

]
"IblStatus "

llText2ll

"StatusBar1"
Option Explicit
Private Sub Form Load()
NMEA = 2
Port =1
frmModeNormal .Height = 10335
StatusBarl.SimpleText = "Ready..."
ComPrt = "COM1lF" 'The default Com Port
1blClock.Caption = "0.5 sec" 'The Default Interval

Label3.Caption =
RepTimes =
End Sub

CStr(Slider2.Value)
CInt (Slider2.Value)
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Private Sub mnuDataLink Click()

OpenWhat = "Normal"

frmBrowse.Visible = True

frmModeNormal .Enabled = False
End Sub

Private Sub mnuFBUScoml_Click()

If mnuFBUScoml.Checked = False Then
mnuFBUScoml .Checked = True
mnuFBUScom?2 .Checked = False
ComPrt = "COM1lF" 'COM1l Is Selected by the User
End If
End Sub

Private Sub mnuFBUScom2 Click()

If mnuFBUScom2.Checked = False Then
mnuFBUScom2 .Checked = True
mnuFBUScoml .Checked = False
ComPrt = "COM2F" 'COM2 Is Selected by the User
End If
End Sub

Private Sub mnuGPSNMEA21 Click()

If mnuGPSNMEA21.Checked = False Then
mnuGPSNMEA21 .Checked = True

NMEA = 2
mnuGPSNMEA15.Checked = False
End If

End Sub

Private Sub mnuGPSNMEAl5 Click()

If mnuGPSNMEA1lS5.Checked = False Then
mMNuGPSNMEA15.Checked = True

NMEA = 1
mNuGPSNMEA21 .Checked = False
End If

End Sub

Private Sub mnuGPSportl Click()

If mnuGPSportl.Checked = False Then
mnuGPSportl.Checked = True

Port = 1
mnuGPSport2.Checked = False
End If

End Sub

145



Private Sub mnuGPSport2 Click()

If mnuGPSport2.Checked = False Then
mnuGPSport2.Checked = True

Port = 2
mnuGPSportl.Checked = False
End If

End Sub

Private Function CheckPorts() As Boolean
Dim Response As Integer

If (mnuFBUScoml.Checked = True And mnuGPSportl.Checked = True) Or _
(mnuFBUScom2 . Checked = True And mnuGPSport2.Checked = True) Then

Response = _
MsgBox ("You have selected the same Port (COM" & Port _
& ") for both the Mobile Device and the GPS." &

"Press OK to continue, or Cancel to change your gettings and Retry.",
vbOKCancel + vbExclamation + vbDefaultButton2, "ATTENTION")

If Response = vbOK Then
CheckPorts = True
Else
CheckPorts = False
End If

Else: CheckPorts = True

End If
End Function

Private Sub mnuGPSEnabled Click()

If mnuGPSEnabled.Caption = "Enable" Then
If CheckPorts = True Then
mnuGPSEnabled.Caption = "Disable"

Call frmGPS.Initialize
frmGPS.Enabled = True
frmGPS.Visible = True
mnuGPSport .Enabled = False
mNUuGPSNMEA . Enabled = False
End If
Else
mnuGPSport .Enabled = True
mNuGPSNMEA . Enabled = True
mnuGPSEnabled.Caption = "Enable"
Unload frmGPS
End If
End Sub

Private Sub mnuHelpAbout Click (Index As Integer)

frmAbout.Visible = True
Load frmAbout
End Sub
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Private Sub mnuPrgExit Click()

'Make sure user really wants to exit
Dim Response As Integer

Response = _
MsgBox ("Are you sure you want to exit the Program?", vbYesNo + _
vbCritical + vbDefaultButton2, "Exit Program")

If Response = vbNo Then
Exit Sub

Else
End

End If

End Sub

Private Sub mnuPrgMode Click()

Load frmStart
frmStart.Visible = True
frmStart.Enabled = True
Unload Me

End Sub

Private Sub mnuViewDebug Click()

If mnuViewDebug.Checked = False Then
mnuViewDebug.Checked = True
Picturel.Visible = False
frmModeNormal .Height = 10335

Else
mnuViewDebug.Checked = False
Picturel.Visible = True
frmModeNormal .Height = 4950

End If

End Sub

Private Sub Sliderl Click()
'The values that are stored for the Measurement Interval

If Sliderl.Value = 0 Then

Timerl.Interval = 1
1blClock.Caption = "0.5 sec"
ElseIf Sliderl.Value = 1 Then
Timerl.Interval = 500
1lblClock.Caption = "1 sec"

ElseIf Sliderl.Value = 2 Then
Timerl.Interval = 1500
1blClock.Caption = "2 sec"

ElselIf Sliderl.Value = 3 Then
Timerl.Interval = 2500
1blClock.Caption = "3 sec"

ElseIf Sliderl.Value = 4 Then
Timerl.Interval = 3500
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1blClock.Caption = "4 sec"
End If

End Sub

Private Sub Slider2 Click()
'Slider2 sets the Number of Samples, (variable= RepTimes)
RepTimes = Slider2.Value
Label3.Caption = CStr(Slider2.Value)

End Sub

Private Sub Commandl Click()

Dim Response As Integer
Dim Answer As Variant

Unload frmFinal
'Avoid showing results buttons in case the location process has been invoked before

'Initialize DataBaseError Variable
DataBaseError = False
1b1TA.Caption = ""
lblServCell.Caption = ""
1blFinal.Caption = ""
1blError.Caption = ""

If mnuGPSEnabled.Caption = "Disable" Then
GPSlat = CDbl (frmGPS.1lblLat)
GPSlon = CDbl (frmGPS.l1lblLon)
If GPSlat = 0 Then

Response = MsgBox ("The GPS doesn't generate a Position, " & _
"do you want to enter position manualy?", vbYesNo + vbQuestion,
"Caution")

If Response = vbYes Then
Answer = InputBox("Type the Latitude(format: xx.xxxxx)" & _
vbCrLf & "eg. 38.55555", "Manual Latitude")

If (Answer <> "") Then
GPSlat = CDbl (Answer)
Answer = InputBox ("Type the Longitude (format: xxx.xxXxxX,
eg." & " 023.55555", "Manual Longitude")

If (Answer <> "") Then
GPSlon = CDbl (Answer)
GPS = True

Else
GPS = False
End If
Else
GPS = False
End If
Else
GPS = False
End If
Else
GPS = True
End If
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End Sub

If (mnuFBUScoml.Checked = True And mnuGPSportl.Checked = True) Or _
(mnuFBUScom?2 . Checked = True And mnuGPSport2.Checked = True) Then
Unload frmGPS

MsgBox "Please Disconnect now the GPS and Connect the Mobile" & _

Device. Press OK when Done.", vbOKOnly, "Device Change"
End If
Else
GPS = False
End If
cntr = 1 'Set the counter for the Matrix Metriseis()

'(used in Timerl.Enabled)

'Connect with Mobile Terminal

lblStatus.Caption = " Connecting..."
lblStatus.Refresh

StatusBarl.SimpleText = "Establishing Connection..."
FBUS.SetLicense "Mobile FBUS 1.7", "XXXXXXXXXXXXXXXX"

FBUS.RaiseError = False
FBUS.Connect ComPrt 'ComPrt is the variable for the FBUS COM Port Number

If FBUS.IsAlive = True Then 'Check i1f Connection has been established
StatusBarl.SimpleText = "Connected"
lblStatus.Caption = " Getting Data From Mobile Equipment..."
FBUS.RaiseError = True
Commandl.Enabled = False

'Declaring the size of Matrixes

ReDim Metriseis (1l To (RepTimes * 2), 1 To 7) As Long
ReDim cid (1l To RepTimes) As Long

ReDim TA(1 To RepTimes) As Long

'Start Counters
metraw = 0
stoptry = 0

'Start Recording Measurements (Timerl Control)
Timerl.Enabled = True

StatusBarl.SimpleText = "Getting Data from Mobile Phone..."
Else
Beep
MsgBox "Check your Cable Connection & COM Port Settings!", vbOKOnly,

"Failed to Connect"

StatusBarl.SimpleText = "Failed to Connect..."
1blStatus.Caption = "Failed to Connect..."
End If

Private Sub Timerl Timer ()

Dim
Dim
Dim
Dim
Dim
Dim

j As Integer

aris As Variant

BTS(1 To 3) As Variant
i As Integer
TimingQual As Variant
CelllID As Variant
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metraw = metraw + 1 'Shows how many times the Procedure has been Executed
'Get Data from Netmonitor
For i = 1 To 3

BTS (i) = FBUS.NetmonitorScreen("0" & CStr(i + 2))
Next i

TimingQual = FBUS.NetmonitorScreen ("01")
CellID = FBUS.NetmonitorScreen("11")

'Store Data in Metriseis() Matrix
For 1 = 1 To 7
Metriseis (cntr, 1) = CLng(Val (Mid(BTS(1 + Int((i - 1) / 3)),
(1 + 13 * (1 - (1 + Int((i - 1) / 3) * 3))), 3)))

Metriseis(cntr + 1, i) = CLng(Val (Mid(BTS(1 + Int((i - 1) / 3)),
(7 + 13 * (1 - (1 + Int((i - 1) / 3) * 3))), 3)))

If Metriseis(cntr + 1, i) > 0 Then

Metriseis(cntr + 1, i) = Metriseis(cntr + 1, i) * (-1)
End If
Next i
cid(1 + (cntr - 1) / 2) = CLng(Val(Mid(CellID, 40, 6)))
TA(1 + (cntr - 1) / 2) = CLng(Val (Mid(TimingQual, 17, 2)))

'The case where there is no value for 2nd Neighbour is not to count
If Metriseis(cntr, 3) > 0 Then
cntr = cntr + 2

Else
stoptry = stoptry + 1
End If
StatusBarl.SimpleText = "Getting Data from Mobile Phone..." & CStr(metraw)

'Case where there isn't any useful value after five tries
If stoptry = 5 Then
MsgBox "Can't get the signal data, too weak", vbOKOnly,
"Failed to Collect Data"
Timerl.Enabled = False
End If

'Check if Timerl will stop or not. When the timer Stops, the Unsorted Matrix is
'being Print on Screen and the SortMatrix Procedure is being called

If RepTimes = ((cntr + 1) / 2 - 1) And (stoptry < 5) Then
FBUS.Disconnect
lblStatus.Caption = " Sorting/Calculating Mean Values...... "
lblStatus.Refresh
StatusBarl.SimpleText = "Sorting Matrix..."

'Print Data to Screen

For i = 1 To RepTimes * 2
For j = 1 To 7
aris = aris & Format (CStr (Metriseis (i, j)), "eeee@")
Next j
aris = aris & vbCrLf
If 1 Mod 2 = 0 Then
aris = aris & vbCrLf
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End If

Next i

Textl.Text = aris

Starttime = Now

Call ModSub.SortMatrix 'Sorting of the unsorted Data
Text2.Text = ShowText

Call ModSub.ProcessData 'Calculate Mean Values

1blFinal.Caption = ShowText

1b1TA.Caption = CStr (FinalTAa)
lblServCell.Caption = CStr(FinalCID)

Call ModSub.StoreValues 'Store results as variables for the Database Search

lblStatus.Caption = "Searching Database for Neighbours...."
lblStatus.Refresh

Call ModSub.Databasefind 'Search for given Cells in Database to get

'the required Information
Call ModSub.ProcessDist

If DataBaseError = False Then
If ModSub.MicroCheck Then
Zoom = 4
Call ModSub.NotLocate
1blError.Caption = Format (Error, "###0.0")
Call ModSub.DrawMicro
Else

lblStatus.Caption = " Locating Mobile Terminal....
Zoom = 4 'Variable Declared in Module UTMWGS84
Call ModSub.TAHATAMatch

Call ModSub.CalcDistances
1blError.Caption = Format (Error, "###0.0")
Call ModSub.DrawGraph

lblStatus.Caption = " Finished...."
lblstatus.Refresh
End If
Else
lblStatus.Caption = " Finished...."
End If

Commandl.Enabled = True
Timerl.Enabled = False

End If

End Sub

Private Sub Form Unload(Cancel As Integer)

StatusBarl.SimpleText = "Exiting..."
Call frmSplash2.Clos

Call frmFinal.Clos

Unload frmGPS

End Sub
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A.2.3. frmModeUser

"Text2(6) " I I"Text2(0) "

Location Server (User Mode) I I

=)0

| Program Database Help

i

" L 1]
"Text1(0) " i . Text5(0)
% Level [dBrm) I - Area Type - —
Meighbour! CHANMEL % Level [dBm) I - Area Type -
Meighbour? CHAMNEL % [dBm) I - Area Type -
Meighbourd CHAMNEL w Level [dBrm) I - Area Type -
Meighbourd CHAMMNEL w Level [dBrm) I - Area Type -
Meighbours CHANMEL w Level (dBm) Area Type
Text(6)" ighbaur [dBrm) | - aTup - "Text5(6) "
Meiohbours CHAMMEL % Lewvel (dBm) _ Area Tupe - fr—
n [ L]
GPS Longitude GPS Latitude — —TeXt3
"StatusBar1"
X St
Ready... / \
" w " “/ ‘ "w w
Textd(1) Command1 Text4(0)

Option Explicit

Private Sub Form Load()
StatusBarl.SimpleText = "Ready..."

End Sub

Private Sub mnuDataLink Click()
OpenWhat = "User"
frmBrowse.Visible = True

frmModeUser.Enabled = False

End Sub

Private Sub mnuHelpAbout Click (Index As Integer)

frmAbout.Visible = True
Load frmAbout

End Sub
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Private Sub mnuPrgExit Click()

'Make sure user really wants to exit
Dim Response As Integer

Response = MsgBox ("Are you sure you want to exit the Program?",
vbCritical + vbDefaultButton2, "Exit Program")

If Response = vbNo Then
Exit Sub

Else
End

End If

End Sub

Private Sub Commandl Click()

Dim Response As Integer
Dim Answer As Variant
Dim i As Integer

Unload frmFinal
Unload frmSplash2

'Avoid showing results buttons in case the location proccess has been invoked

before

'Initialize DataBaseError Variable
DataBaseError = False

Starttime = Now
GPS = True

'Store the TA Value the User Has Entered
FinalTA = CInt (Text3.Text)

'Store the GPS Fix point Entered by the User
GPSlat = CDbl (Text4 (0) .Text)
GPSlon = CDbl (Text4 (1) .Text)

'Calculate DataMax for User Defined Input
DataMax = 7
For i = 1 To 6

If CLng(Textl (i) .Text) = 0 Then
DataMax = 1
i=6
End If
Next i

ReDim FinalOk (1l To DataMax, 1 To 16) As Variant

FinalCID = CLng(Textl (0) .Text)

For i = 0 To (DataMax - 1)
FinalOk(i + 1, 1) CLng (Textl (i) .Text)
FinalOk(i + 1, 2) = CLng(Text2 (i) .Text)

Next i

Call ModSub.Databasefind
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'Call Databasefind 'Search for given Cells in Database to get
'the required Information

Call ModSub.ProcessDist

If DataBaseError = False Then

If ModSub.MicroCheck Then
Zoom = 4
Call ModSub.NotLocate
Call ModSub.DrawMicro
Else

Zoom = 4 'Variable Declared in Module UTMWGS84
Call ModSub.TAHATAMatch
Call ModSub.CalcDistances
Call ModSub.DrawGraph
End If

End If

End Sub

Private Sub Form Unload(Cancel As Integer)
StatusBarl.SimpleText = "Exiting..."
Call frmSplash2.Clos
Call frmFinal.Clos

End Sub

Private Sub mnuPrgMode Click()

Load frmStart
frmStart.Visible = True
frmStart.Enabled = True
Unload Me

End Sub
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A.2.4. frmModeFull

"Label3" "IblClock"”  "Timer2" "Timer1" "FBUS"
|
ation Node) / M =] ﬁ]

Controt Pane! Resul's Table "IblServCell"
Measurmen.» [nterval: [ 3 } curre /t serving cell :

" = "
Slidert — rotaraccurzcy: IS e
Mumber of Samples ;1 Timing Aavance : ‘: "IbITA"
/IStance (GPs-serv.cell) . ‘: "IbIDist"
Number of Measurements : ‘ "IbINR"

"Slider2'

"Command1"
Accuracy Bar chart

"Command2" "PictureGraph "

"Label4"

0-100m  100-200m 200-300m 300-400m 400-500m  500-600m  GO0-700m

1 [ [ 1 3 a1

"StatusBar1 "

|"1bIvalue(0)” | "1bivalue(3)” |"1bIvalue(?)"

Option Explicit

Dim xl1App As Excel.Application
Dim x1lBook As Excel.Workbook
Dim xlSheet As Excel.Worksheet
Dim ExcelCntr As Long

Dim StopNow As Boolean

Dim ErrorMax As Long

Dim Error0_100 As Long

Dim Errorl00 200 As Long

Dim Error200_300 As Long

Dim Error300 400 As Long

Dim Error400_500 As Long

Dim Error500 600 As Long

Dim Error600_700 As Long

Dim Error700 As Long
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Private Sub Command2 Click()
StopNow = True

End Sub

Private Sub Form Load()

NMEA = 2

Port =1

StatusBarl.SimpleText = "Ready..."

ComPrt = "COM1lF" 'The default Com Port
1blClock.Caption = "0.5 sec" 'The Default Interval

Label3.Caption = CStr(Slider2.Value)
RepTimes = CInt (Slider2.Value)

End Sub

Private Sub mnuDataLink Click()

OpenWhat = "Full"

frmBrowse.Visible = True

frmModeFull.Enabled = False
End Sub

Private Sub mnuFBUScoml Click ()

If mnuFBUScoml.Checked = False Then
mnuFBUScoml . Checked True
mnuFBUScom?2 .Checked = False
ComPrt = "COM1lF" 'COM1l Is Selected by the User
End If
End Sub

Private Sub mnuFBUScom2 Click()

If mnuFBUScom2.Checked = False Then
mnuFBUScom2 .Checked = True
mnuFBUScoml .Checked = False
ComPrt = "COM2F" 'COM2 Is Selected by the User
End If
End Sub

Private Sub mnuGPSNMEA21 Click()

If mnuGPSNMEA21.Checked = False Then
mNuGPSNMEA21 .Checked = True

NMEA = 2
mnuGPSNMEA15.Checked = False
End If

End Sub
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Private Sub mnuGPSNMEA1l5 Click()

If mnuGPSNMEALlS5.Checked = False Then

mNuGPSNMEA15.Checked = True

NMEA = 1

mNuGPSNMEA21.Checked = False
End If

End Sub

Private Sub mnuGPSportl Click()

If mnuGPSportl.Checked = False Then
mnuGPSportl.Checked = True

Port =1
mnuGPSport2.Checked = False
End If

End Sub

Private Sub mnuGPSport2 Click()

If mnuGPSport2.Checked = False Then
mnuGPSport2.Checked = True

Port = 2
mnuGPSportl.Checked = False
End If

End Sub

Private Function CheckPorts () As Boolean
Dim Response As Integer

If (mnuFBUScoml.Checked = True And mnuGPSportl.Checked = True) Or _
(mnuFBUScom?2 . Checked = True And mnuGPSport2.Checked = True) Then

Response = MsgBox("You have selected the same Port (COM" & Port & _
") for both the Mobile Device and the GPS. Press OK to continue, " & _
"or Cancel to change your settings and Retry.",
vbOKCancel + vbExclamation + vbDefaultButton2, "ATTENTION")

If Response = vbOK Then
CheckPorts = True

Else
CheckPorts = False
End If
Else: CheckPorts = True
End If

End Function

Private Sub mnuGPSEnabled Click()

If mnuGPSEnabled.Caption = "Enable" Then
If CheckPorts = True Then
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mnuGPSEnabled.Caption = "Disable"
Call frmGPS.Initialize
frmGPS.Enabled = True
frmGPS.Visible = True
mnuGPSport .Enabled = False
mnuGPSNMEA . Enabled = False
End If
Else
mnuGPSport .Enabled = True
mnuGPSNMEA . Enabled = True
mnuGPSEnabled.Caption = "Enable"
Unload frmGPS
End If

End Sub

Private Sub mnuHelpAbout Click (Index As Integer)

frmAbout.Visible = True
Load frmAbout

End Sub

Private Sub mnuPrgExit Click()

'Make sure user really wants to exit
Dim Response As Integer

Response = MsgBox ("Are you sure you want to exit the Program?", vbYesNo + _

vbCritical + vbDefaultButton2, "Exit Program")

If Response = vbNo Then
Exit Sub

Else
End

End If

End Sub

Private Sub mnuPrgMode Click()

Load frmStart
frmStart.Visible = True
frmStart.Enabled = True
Unload Me

End Sub

Private Sub Sliderl Click()
'The values which are stored for the Measurement Interval
If Sliderl.Value = 0 Then

Timerl.Interval = 1
1blClock.Caption = "0.5 sec"
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ElseIf Sliderl.Value = 1 Then
Timerl.Interval = 500
1blClock.Caption = "1 sec"

ElseIf Sliderl.Value = 2 Then
Timerl.Interval = 1500
1blClock.Caption = "2 sec"

ElseIf Sliderl.Value = 3 Then
Timerl.Interval = 2500
1blClock.Caption = "3 sec"

ElseIf Sliderl.Value = 4 Then
Timerl.Interval = 3500
1blClock.Caption = "4 sec"

End If

End Sub

Private Sub Slider2 Click()

'Slider2 sets the Number of Measurements, variable:

RepTimes = Slider2.Value
Label3.Caption = CStr(Slider2.Value)

End Sub

RepTimes

Private Sub Commandl Click()
Dim i As Integer

Dim Response As Integer

Dim Answer As Variant

PictureGraph.Cls
Label4 (0) .Caption = ""
lblAcc.Caption = "
1bINR.Caption = ""
lblServCell.Caption = ""
1blTA.Caption = ""
1blDist.Caption = ""
For i = 0 To 7
1blvalue (i) .Caption = ""

Next i
'Initialize DataBaseError Variable
DataBaseError = False

If mnuGPSEnabled.Caption = "Disable" Then
GPSlat = CDbl (frmGPS.1lblLat)
GPSlon = CDbl (frmGPS.1lblLon)
If GPSlat = 0 Then

Response = MsgBox ("The GPS doesn't generate a Position, " &

"do you want to enter position manualy?",

vbYesNo + vbQuestion, "Caution")

If Response = vbYes Then

Answer = _
InputBox ("Type the Latitude (format: xx.xxxxx)"
"eg. 38.55555", "Manual Latitude")
If (Answer <> "") Then

GPSlat = CDbl (Answer)

& VvbCrLf &
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Answer =

Inputhx("Type the Longitude (Format: xxx.xxxxx, " &
"eg. 023.55555", "Manual Longitude")
If (Answer <> "") Then

GPSlon = CDbl (Answer)
GPS = True

Else
GPS = False
End If
Else
GPS = False
End If
Else
GPS = False
End If
Else
GPS = True
End If

If (mnuFBUScoml.Checked = True And mnuGPSportl.Checked = True) Or _

(mnuFBUScom2 . Checked = True And mnuGPSport2.Checked = True) Then

Unload frmGPS

MsgBox
"Please Disconnect now the GPS and Connect the Mobile Device."
" Press OK when Done.", vbOKOnly, "Device Change"
End If
Else
GPS = False
End If
cntr = 1 'Set the counter for the Matrix Metriseis()

' (used in Timerl.Enabled)

'Connect to Mobile Terminal

StatusBarl.SimpleText = "Establishing Connection..."
FBUS.SetLicense "Mobile FBUS 1.7", "XXXXXXXXXXXXXXX"
FBUS.RaiseError = False

FBUS.Connect ComPrt

If FBUS.IsAlive = True Then 'Check if Connection is true

StatusBarl.SimpleText = "Connected"
FBUS.RaiseError = True

Commandl .Enabled = False
Command2.Enabled = True

'Declaring the size of Matrixes

ReDim Metriseis(l To (RepTimes * 2), 1 To 7) As Long
ReDim cid (1l To RepTimes) As Long

ReDim TA (1 To RepTimes) As Long

'Start Counters
ErrorMax = 1

Error0_100 = 0
Errorl00_200 =
Error200_300 =
Error300_400 =
Error400_500 =
Error500_600 =
Errore00_700 =
Error700 = 0

O O O O o o

&_
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End Sub

Else

End

StopNow = False
LocError = 0

metraw = 0

stoptry = 0

ExcelCntr = 1

Set x1App = New Excel.Application
Set x1Book = xlApp.Workbooks.Add
Set xlSheet = x1App.ActiveSheet

x1Sheet.Cells (1, 1).Value = "Serving Cell"
x1Sheet.Cells (1, 2).Value = "RxLev"
x1Sheet.Cells (1, 3).Value = "Neighbour 1"
x1Sheet.Cells (1, 4) .Value = "RxLev"
x1Sheet.Cells (1, 5).Value = "Neighbour 2"
x1Sheet.Cells (1, 6).Value = "RxLev"
x1Sheet.Cells (1, 7).Value = "Neighbour 3"
x1Sheet.Cells (1, 8).Value = "RxLev"
x1Sheet.Cells (1, 9).Value = "Neighbour 4"
x1Sheet.Cells (1, 10).Value = "RxLev"
x1Sheet.Cells (1, 11).Value = "Neighbour 5"
x1Sheet.Cells (1, 12) .Value = "RxLev"
x1Sheet.Cells (1, 13).Value = "Neighbour 6"
x1Sheet.Cells (1, 14) .Value = "RxLev"
x1lSheet.Cells (1, 15).Value = "Cell ID"
x1Sheet.Cells (1, 16) .Value = "TA"
x1Sheet.Cells (1, 17).Value = "Calc Lon"
x1lSheet.Cells (1, 18) .Value = "Calc Lat"
x1Sheet.Cells (1, 19) .Value = "GPS_ Lon"
x1Sheet.Cells (1, 20).Value = "GPS_Lat"
x1Sheet.Cells (1, 21) .Value = "ERROR"
x1Sheet.Cells (1, 22).Value = "GPS_Distance_ From_ ServCell"
x1Sheet.Cells (1, 23).Value = "TRUST TYPE"
x1Sheet.Cells (1, 24) .Value = "TRUST_LON"
x1Sheet.Cells (1, 25).Value = "TRUST LAT"
x1Sheet.Cells (1, 26) .Value = "TRUST_CIRCLE_BIG"
x1Sheet.Cells (1, 27) .Value = "TRUST_ CIRCLE SMALL"
x1Sheet.Cells (1, 28) .Value = "TRUST_ANGLE_START"
x1Sheet.Cells (1, 29) .Value = "TRUST_ ANGLE_ STOP"

'Start Recording Measurements (by Procedure Timerl)

Timerl.Enabled = True

StatusBarl.SimpleText = "Getting Data from Mobile Phone...

Beep

MsgBox "Check your Cable Connection and COM Port Settings!",

vbOKOnly, "Failed to Connect"

StatusBarl.SimpleText = "Failed to Connect..."
If

Private Sub Timerl Timer ()

Dim j As Integer

Dim aris As Variant

Dim BTS(1 To 3) As Variant
Dim i As Integer

Dim TimingQual As Variant
Dim CellID As Variant
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metraw = metraw + 1 'Shows how many times the Procedure has been Executed
'Get Data From Netmonitor
For i = 1 To 3

BTS (i) = FBUS.NetmonitorScreen("O0O" & CStr(i + 2))

Next i

TimingQual = FBUS.NetmonitorScreen ("01")
CellID = FBUS.NetmonitorScreen("11")

'Store Data in Metriseis() Matrix
For 1 = 1 To 7
Metriseis (cntr, 1) = CLng(Val (Mid(BTS(1 + Int((i - 1) / 3)),
(1 + 13 * (1 - (1 + Int((i - 1) / 3) * 3))), 3)))

Metriseis(cntr + 1, i) = CLng(Val (Mid(BTS(1 + Int((i - 1) / 3)),
(7 + 13 * (1 - (1 + Int((i - 1) / 3) * 3))), 3)))

If Metriseis(cntr + 1, i) > 0 Then

Metriseis(cntr + 1, i) = Metriseis(cntr + 1, i) * (-1)
End If
Next i
cid(1 + (cntr - 1) / 2) = CLng(Val(Mid(CellID, 40, 6)))
TA(1 + (cntr - 1) / 2) = CLng(Val (Mid(TimingQual, 17, 2)))

'The case where there is no value for 2nd Neighbour is not to count
If Metriseis(cntr, 3) > 0 Then
cntr = cntr + 2
Else
stoptry = stoptry + 1
End If

StatusBarl.SimpleText

"Getting Data from Mobile Phone..." & CStr (metraw)

'Case where there isn't any useful value for five consecutive tries
If stoptry = 5 Then
MsgBox "Can't get the signal data, too weak", vbOKOnly,
"Failed to Collect Data"

metraw = 0
stoptry = 0
cntr = 1

End If

'Check if Timerl will stop or not. When the timer Stops, the Unsorted Matrix is
'being Print on Screen and the SortMatrix Procedure is being called
If RepTimes = ((cntr + 1) / 2 - 1) And (stoptry < 5) Then

Timerl.Enabled = False

Call Dothings

End If

End Sub
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Private Sub Form Unload(Cancel As Integer)

StatusBarl.SimpleText = "Exiting..."
Call frmSplash2.Clos

Call frmFinal.Clos

Unload frmGPS

End Sub

Private Sub DrawBar ()
PictureGraph.Cls

If Error < 100 Then

Error0_100 = ErrorO_100 + 1

If Error0O 100 > ErrorMax Then ErrorMax = Error0 100
ElseIf Error < 200 Then

Errorl100_200 = Errorl00_200 + 1

If Errorl00 200 > ErrorMax Then ErrorMax = Errorl00_ 200
ElseIf Error < 300 Then

Error200_300 = Error200_300 + 1

If Error200 300 > ErrorMax Then ErrorMax = Error200 300
ElseIf Error < 400 Then

Error300_400 = Error300_400 + 1

If Error300 400 > ErrorMax Then ErrorMax = Error300 400
ElseIf Error < 500 Then

Error400_500 = Error400_500 + 1

If Error400 500 > ErrorMax Then ErrorMax = Error400 500
ElseIf Error < 600 Then

Error500_600 = Error500_600 + 1

If Error500_600 > ErrorMax Then ErrorMax = Error500_600
ElseIf Error < 700 Then

Error600_700 = Error600_700 + 1

If Error600 700 > ErrorMax Then ErrorMax = Error600_ 700
Else

Error700 = Error700 + 1

If Error700 > ErrorMax Then ErrorMax = Error700
End If

PictureGraph.ScaleHeight = ErrorMax
Label4 (0) .Caption = ErrorMax

PictureGraph.PSet (1, ErrorMax)

PictureGraph.Line - (3, ErrorMax - Error0 100), vbYellow, BF
PictureGraph.PSet (5, ErrorMax)

PictureGraph.Line - (7, ErrorMax - Errorl00 200), vbYellow, BF
PictureGraph.PSet (9, ErrorMax)

PictureGraph.Line - (11, ErrorMax - Error200 300), vbYellow, BF
PictureGraph.PSet (13, ErrorMax)

PictureGraph.Line - (15, ErrorMax - Error300 400), vbYellow, BF
PictureGraph.PSet (17, ErrorMax)

PictureGraph.Line - (19, ErrorMax - Error400 500), vbYellow, BF
PictureGraph.PSet (21, ErrorMax)

PictureGraph.Line - (23, ErrorMax - Error500 600), vbYellow, BF
PictureGraph.PSet (25, ErrorMax)

PictureGraph.Line - (27, ErrorMax - Error600_700), vbYellow, BF
PictureGraph.PSet (29, ErrorMax)

PictureGraph.Line - (31, ErrorMax - Error700), vbYellow, BF

If Error0_100 <> 0 Then
lblvalue (0) .Caption = Error0O_100
Else: 1lblvalue(0) = ""
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End If

If Errorl00_200 <> 0 Then
1blvalue (1) .Caption = Errorl00_ 200

Else: lblvalue(1l) = ""

End If

If Error200_300 <> 0 Then
lblvalue (2) .Caption = Error200_ 300

Else: lblvalue(2) = ""

End If

If Error300_400 <> 0 Then
1blvalue (3) .Caption = Error300_ 400

Else: lblvalue(3) = ""

End If

If Error400_500 <> 0 Then
lblvalue (4) .Caption = Error400_ 500

Else: 1lblvalue(4) = ""

End If

If Error500_600 <> 0 Then
lblvalue (5) .Caption = Error500_ 600

Else: 1lblvalue(5) = ""

End If

If Error600_700 <> 0 Then
1blValue (6) .Caption

Else: 1lblvalue(6) = ""

End If

If Error700 <> 0 Then
1blValue (7) .Caption = Error700

Else: 1lblvalue(7) = ""

End If

Errore00_700

End Sub

Private Sub StoreResults()
Dim i As Integer
Dim j As Long

For i = 1 To FullDataMax

x1Sheet.Cells (ExcelCntr + 1, 2 * i - 1) .Value = FinalFull (i,
x1Sheet.Cells (ExcelCntr + 1, 2 * 1).Value = FinalFull (i, 2)

Next i

x1Sheet.Cells (ExcelCntr + 1, 15).Value = FinalCID
x1Sheet.Cells (ExcelCntr + 1, 16).Value = FinalTA
x1Sheet.Cells (ExcelCntr + 1, 17).Value = CalcLon
x1Sheet.Cells (ExcelCntr + 1, 18) .Value = CalcLat
x1Sheet.Cells (ExcelCntr + 1, 19) .Value = GPSlon
x1Sheet.Cells (ExcelCntr + 1, 20) .Value = GPSlat
x1Sheet.Cells (ExcelCntr + 1, 21).Value = Error
x1Sheet.Cells (ExcelCntr + 1, 22) .Value = GPSDistance
x1lSheet.Cells (ExcelCntr + 1, 23).Value = TRUST TYPE
x1Sheet.Cells (ExcelCntr + 1, 24).Value = TRUST LON
x1Sheet.Cells (ExcelCntr + 1, 25).Value = TRUST LAT
x1Sheet.Cells (ExcelCntr + 1, 26).Value = TRUST CIRCLE BIG
x1Sheet.Cells (ExcelCntr + 1, 27).Value = TRUST CIRCLE SMALL
x1Sheet.Cells (ExcelCntr + 1, 28).Value = TRUST_ANGLE_START
x1Sheet.Cells (ExcelCntr + 1, 29).Value = TRUST ANGLE STOP

1bINR.Caption = CStr (ExcelCntr)
LocError = LocError + Error
1blAcc.Caption = Format ( (LocError / ExcelCntr), "###0.0")

1)
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1blTA = FinalTA
1lblDist = GPSDistance
ExcelCntr = ExcelCntr + 1

End Sub

Private Sub Dothings()

Dim excelsave As String
Dim SaveTime As Variant

StatusBarl.SimpleText = "Sorting Matrix..."

Starttime = Now
Call ModSub.SortMatrix 'Sorting of the unsorted Data

Call ModSub.ProcessData 'Calculate Mean Values
1blServCell.Caption = CStr(FinalCID)

Call ModSub.StoreValues 'Store The results as variables for the Database Search

Call ModSub.Databasefind 'Search for given Cells in Database to get
'the required Information

Call ModSub.ProcessDist

If DataBaseError = False Then
If ModSub.MicroCheck Then
Zoom = 4
Call ModSub.NotLocate
Else
Zoom = 4 'Variable Declared in Module UTMWGS84
Call ModSub.TAHATAMatch

Call ModSub.CalcDistances
End If
Call DrawBar
Call StoreResults
End If

'Declaring the size of Matrixes

ReDim Metriseis(l To (RepTimes * 2), 1 To 7) As Long
ReDim cid (1l To RepTimes) As Long

ReDim TA(1 To RepTimes) As Long

'Start Counters

DataBaseError = False

metraw = 0

stoptry = 0

cntr = 1

If StopNow = False Then
Timerl.Enabled = True
Else
Commandl.Enabled = True
Command?2 .Enabled = False
FBUS.Disconnect
SaveTime = Format (Now, "dd mm yyyy hh mm ss")
excelsave = App.Path & "\" & SaveTime & ".xls"
x1Sheet.SaveAs (excelsave)
x1App.Quit
Set xlApp = Nothing
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Set x1Book = Nothing

Set xlSheet = Nothing

MsgBox "Results have been saved in " & excelsave & " (Excel Worksheet)",
vbOKOnly, "Finished"

End If

End Sub
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A.2.5. frmFinal

Position Graph

"Picture2"

"IbIERR"

"IbIGPSLon"

"Hscroll1" "IbIDist" IbIHATA

-

"IbIGPSLat"
/

|
GPS Distance From Serving Cell [m): 0
Calculati [m): D

G ce From R [0 GPS Fi

Zoom OUT Show Results Longitude
¥ x2 Table -

Calculated i}

|

"Command1"” "Command2" "Command3"
"IblCalcLon"

Option Explicit

atitude
P Tatal Time Required [
o Trust Are
Latitude

"IblCalcLat"

"VScroll1"

"Picture1”

"IbITime"

"IbITrust™

Sub Clos()
Unload Me

End Sub

Private Sub Commandl_Click()

Zoom = Zoom / 2
If ModSub.MicroCheck Then
Call ModSub.DrawMicro
Else
Call ModSub.DrawGraph
End If
Call FixPositions
HScrolll.Value = 0
VScrolll.Value = 0

If Zoom = 2 Then Commandl.Enabled = False
If Command2.Enabled = False And Zoom = 8 Then Command2.Enabled =

End Sub
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Private Sub Command2 Click()

Zoom = Zoom * 2
If ModSub.MicroCheck Then
Call ModSub.DrawMicro
Else
Call ModSub.DrawGraph
End If
Call FixPositions
HScrolll.Value = 0
VScrolll.Value = 0

If Commandl.Enabled = False And Zoom = 4 Then Commandl.Enabled

If Zoom = 16 Then Command?2.Enabled = False

End Sub

True

Private Sub Command3 Click()
Unload frmSplash2
frmSplash2.Visible = True
Call ModSub.FillMatrData

End Sub

Private Sub Form Unload(Cancel As Integer)
Unload frmSplash2

End Sub

Private Sub HScrolll Change ()

' Picture2.Left is set to the negative of the value because
' as you scroll the scroll bar to the right, the display

' should move to the Left, showing more of the right

' of the display, and vice-versa when scrolling to the

' left.

Dim temp As Double

temp = (Picture2.Width - Picturel.Width) / HScrolll.Max
Picture2.Left = -Round(temp * HScrolll.Value)
End Sub

Private Sub Picturel DblClick()

frmSavePicture.Enabled True
frmSavePicture.Visible = True

End Sub

Private Sub Picture2 Click()

frmSavePicture.Enabled = True
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frmSavePicture.Visible = True

End Sub

Private Sub VScrolll Change ()

' Picture2.Top is set to the negative of the value because
' as you scroll the scroll bar down, the display

' should move up, showing more of the bottom

' of the display, and vice-versa when scrolling up.

Dim temp As Double

temp = (Picture2.Height - Picturel.Height) / VScrolll.Max
Picture2.Top = -Round(temp * VScrolll.Value)
End Sub

Private Sub Form Resize()

If frmFinal.WindowState <> 1 Then
' The Picturel picture box dimensions are changed when the form
' size is changed.
With Picturel
.Height = frmFinal.Height
.Width = frmFinal.Width
End With

' Re-Initializes picture positions & scroll bars.
Picturel.Move 0, 0, ScaleWidth - VScrolll.Width, _
ScaleHeight - HScrolll.Height - 2000

HScrolll.Value = 0
VScrolll.Value = 0
Call FixPositions
Unload frmSplash2

Else
Unload frmSplash2

End If

End Sub

Sub Initialize ()

Call FixPositions

Picturel.Move 0, 0, ScaleWidth - VScrolll.wWidth,
ScaleHeight - HScrolll.Height - 2000

HScrolll.Max = 20

VScrolll.Max = 20

HScrolll.LargeChange = 5

VScrolll.LargeChange =

|
ul

End Sub

Private Sub FixPositions ()

Commandl.Top = frmFinal.Height - 1200
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Command2.Top = frmFinal.Height - 1200
Command3.Top = frmFinal.Height - 1200
1blCalc.Top = frmFinal.Height - 1200
1blCalcLon.Top = frmFinal.Height - 1200
lblCalcLat.Top = frmFinal.Height - 1200
1bll.Top = frmFinal.Height - 1500
1bl2.Top = frmFinal.Height - 1500
1blGPS.Top = frmFinal.Height - 2000
1bl1GPSLon.Top = frmFinal.Height - 2000
1blGPSLat.Top = frmFinal.Height - 2000
1b13.Top = frmFinal.Height - 2300
1bl4.Top = frmFinal.Height - 2300
1bl15.Top = frmFinal.Height - 2300
1blERR.Top = frmFinal.Height - 2300
1bl6e.Top = frmFinal.Height - 2000
1blDist.Top = frmFinal.Height - 2000
1bl7.Top = frmFinal.Height - 1700
1b1HATA.Top = frmFinal.Height - 1700
1bl8.Top = frmFinal.Height - 2300
1blTime.Top = frmFinal.Height - 2300
1bl19.Top = frmFinal.Height - 1950
Shapel.Top = frmFinal.Height - 2000
1blTrust.Top = frmFinal.Height - 1700

With Picture2

' Initialize position of both pictures.
.Move 0, O

End With

With HScrolll
.Top = Picturel.Height
.Left = 0
.Width = Picturel.Width
End With

With VScrolll
.Top = 0
.Left = Picturel.Width
.Height = Picturel.Height
End With

' Determine if child picture will £ill up screen.
' If so, then there is no need to use scroll bars.

VScrolll.Visible = (Picturel.Height < Picture2.Height)
If VScrolll.Visible = False Then Picture2.Move Picture2.Left,
Round ( (Picturel.Height - HScrolll.Height - Picture2.Height) / 2)

HScrolll.Visible = (Picturel.Width < Picture2.Width)

If HScrolll.Visible = False Then Picture2.Move Round((Picturel.wWidth - _

VScrolll.Width - Picture2.Width) / 2), Picture2.Top

End Sub
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A.2.6. frmBrowse

"IbIFile"
/)

Database "Data LinK" File "Command1"”

Pleaze enter the full Pathf the “"Microzoft Data Link™ file
that connects to the D

e Command2"
"dirList"
LocDatabase.udl ’"f"LiSt"

N .
"drvList"
Option Explicit
Private Sub Commandl_ Click()
If 1blFile.Caption = "" Then
MsgBox "You have to Select a valid 'Data Link' File", vbOKOnly, "Error"
Else
DataLinkFile = 1lblFile.Caption
If OpenWhat = "User" Then frmModeUser.Enabled = True
If OpenWhat = "Full" Then frmModeFull.Enabled = True
If OpenWhat = "Normal" Then frmModeNormal.Enabled = True
Unload Me
End If
End Sub
Private Sub Command2 Click()
If OpenWhat = "User" Then frmModeUser.Enabled = True
If OpenWhat = "Full" Then frmModeFull.Enabled = True
If OpenWhat = "Normal" Then frmModeNormal.Enabled = True
Unload Me
End Sub

Private Sub drvList_ Change ()

On Error GoTo DriveHandler
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' If new drive was selected, the Dirl box
' updates its display.
dirList.Path = drvList.Drive

Exit Sub
' If there is an error, reset drvList.Drive with the

' drive from dirList.Path.
DriveHandler:
drvList.Drive = dirList.Path
Exit Sub

End Sub

Private Sub dirList_ Change ()
' Update file list box to synchronize with the
' directory list box.

filList.Path = dirList.Path

End Sub

Private Sub filList DblClick()
lblFile.Caption = filList.Path & "\" & filList.FileName

End Sub

Private Sub Form Load()

drvList.Drive = App.Path
dirList.Path = App.Path

End Sub
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A.2.7. frmSavePicture

"txtFile"

Save Picture As "Command1”™

Please enter the name yo' . want to zave the Bitmap as
[do not include the .bmo 2xtension] :

"Command2"
"dirList"

"filList"

"drvList"

Option Explicit

Private Sub Commandl_ Click()

If txtFile.Text = fillist.Path & "\" Then

MsgBox "You have to Select a valid File Name", vbOKOnly, "Error"
Else

SavePicture frmFinal.Picture2.Image, txtFile.Text & ".bmp"
Unload Me

End If

End Sub

Private Sub Command2 Click()
Unload Me

End Sub

Private Sub drvList_ Change ()

On Error GoTo DriveHandler

' If new drive was selected, the Dirl box
updates its display.

dirList.Path = drvList.Drive

Exit Sub

If there is an error, reset drvList.Drive with the

' drive from dirList.Path.
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DriveHandler:
drvList.Drive = dirList.Path

Exit

End Sub

Sub

Private Sub dirList Change ()

' Update file list box to synchronize with the
' directory list box.
fillList.Path
txtFile.Text

End Sub

d
il

irList.Path
ilList.Path & "\"

Private Sub

txtFile

End Sub

filList DblClick()

.Text

fillList.Path & "\"

& filList.FileName

Private Sub

drvList

dirList.
filList.
.Text

txtFile

End Sub

Form Load ()

Path
Path

.Drive

App.Path
App.Path
App.Path
filList.Path & "\"
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A.2.8. frmGPS

"MSComm" §
GPS Lat/Lonm\
Latitude 0 "lblLat"
Longitude 0 "IblLon"

"Timer1" 4"

Option Explicit

Dim Sentence As Variant

Dim lat As Double

Dim lon As Double

Dim LatDeg, LonDeg As String
Dim LatMin, LonMin As String
Dim LatDec, LonDec As Double
Dim i As Long

Dim j As Integer

Private Sub Form Unload(Cancel As Integer)
MSComm.PortOpen = False

End Sub

Private Sub MSComm_ OnComm ()

i=1+1
If MSComm.InputLen = 1 Then
If MSComm.Input = "$" Then
MSComm.RThreshold = 5
MSComm. InputLen = 5
End If
ElseIf MSComm.InputLen = 5 Then
If MSComm.Input = "GPGLL" Then

If NMEA = 1 Then
MSComm.RThreshold = 21
MSComm. InputLen = 21
Else
MSComm.RThreshold = 25
MSComm. InputLen = 25
End If
Else
MSComm.RThreshold =
MSComm. InputLen = 1
End If
ElseIf (MSComm.InputLen = 21) Or (MSComm.InputLen = 25) Then
Sentence = MSComm. Input
Call ProcessSentence
MSComm.RThreshold = 1

1
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MSComm. InputLen = 1

End If

End Sub

Private Sub ProcessSentence ()

If NMEA = 1 Then
LatDeg = Mid(CStr (Sentence), 2, 2)
)

LatMin = Mid(CStr (Sentence
LatDec = Round(CDbl (LatMin) / 60, 5)
LatDec = LatDec + CDbl (LatDeg) 'Latitude

. 4, 5)

LonDeg = Mid(CStr (Sentence), 12, 3)
LonMin = Mid(CStr (Sentence), 15, 5)

LonDec = Round (CDbl (LonMin) / 60, 5)
LonDec = LonDec + CDbl (LonDeg) 'Latitude

1blLat = LatDec
1lblLon = LonDec

Else

LatDeg = Mid(CStr (Sentence), 2, 2)
)

LatMin = Mid(CStr (Sentence
LatDec = Round (CDbl (LatMin) / 60, 5)
LatDec = LatDec + CDbl (LatDeg) 'Latitude

;4 7)

LonDeg = Mid(CStr (Sentence), 14, 3)
LonMin = Mid(CStr (Sentence), 17, 7)

LonDec = Round (CDbl (LonMin) / 60, 5)
LonDec = LonDec + CDbl (LonDeg) 'Latitude

1lblLat = LatDec
1blLon = LonDec

End If

End Sub

in

in

in

in

Decimal

Decimal

Decimal

Decimal

Format

Format

Format

Format

Sub Initialize()

i=0
j =0

MSComm.
MSComm.

MSComm

End Sub

CommPort = Port
InputLen 1

.InputMode = comInputModeText
MSComm.
MSComm.
MSComm.
Timerl.

RThreshold = 1

Settings = "4800,n,8,1"
PortOpen = True
Enabled = True

Private Sub Timerl Timer ()

Dim temp As Long

If § =
J =7
If § =

0 Then temp = i
1
4 Then
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If i = temp Then

lblLat.Caption = "QO"
1blLon.Caption = "0O"
End If
j =0
End If

End Sub
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A.2.9. frmSplash2

"Label2(1) " "Label4(1) "
"Label3(1) " "Label5(1)" .

Label6(1) "
e e, i | ,'Label8(1)"

"Label1(1) 'y

"LabelO(1) "

—_— 2
—p 3

Meighbaur 3 s

Meighbour 4 > 5

—p 6

"Label0(7) . "
Label8(7)

"Label1(7)" ,, w Label3(7)" \ "Label5(7)"
"Label4(7) "

"Command1"

Label2(7) "Label6(7) "

Option Explicit

Private Sub Commandl_Click()
Unload Me

End Sub

Sub Clos()
Unload Me

End Sub
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A.3. MODULES

A.3.1. ModPropagation

Option Explicit

Function HataDist (ByVal Ht As Double,
ByVal Hr As Double, _
ByVal fMHZ As Double,
ByVal Tx As Double,
ByVal Rx As Double,
ByVal PropType As Integer) As Double

'Ht: The Base Station Height
'Hr: The Mobile antenna Height
'fMHz: The Center Frequency in Megahertz
'Tx: The Output Power in dBm
'Rx: The Received Power in dBm
'HataDist: The estimated distance in Kilometers
'PropType: Type of Area------- > 1 for Open Area
'2 for Suburban Area
'3 for Medium-Small City
'4 for Large City

Dim temp As Double
Dim factorA As Double
Dim factorK As Double

Select Case PropType

Case 1 'Open Area
factorA = (1.1 * LoglO(fMHZ) - O.
factorK = 4.78 * (LoglO (fMHZ)) *
Case 2 'Suburban Area
factorA (1.1 * LoglO0(fMHZ) - 0.7) * Hr - (1.56 * LoglO(fMHZ) - 0.8)
factorK = 2 * ((LoglO(fMHZ / 28)) ~ 2) + 5.4
Case 3 'Medium-Small City
factorA = (1.1 * Logl0(fMHZ) - 0.7) * Hr - (1.56 * LoglO(fMHZ) - 0.8)
factorK = 0
Case 4 'Large City

) * Hr - (1.56 * LoglO(fMHZ) - 0.8)
- 18.33 * LoglO (fMHZ) + 40.94

N 3

A

factorA = 3.2 * ((LoglO(1l1.75 * Hr)) 2) - 4.97
factorK = 0
End Select
temp = 10 * (((Tx - Rx) - (69.55 + 26.16 * LoglO(fMHZ) - _
13.82 * LoglO (Ht) - factorA - factorK)) / (44.9 - 6.55 * LoglO(Ht)))

HataDist = temp
End Function

Function LoglO0 (X)
Logl0 = Log(X) / Log(10)

End Function
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A.3.2. UTMWGS84

Option Explicit

Global GPSx As Double
Global GPSy As Double
Global GPSlon As Double
Global GPSlat As Double
Global GPS As Boolean
Global Zoom As Integer

Const pi = 3.14159265358979

Const sm a = 6378137

Const sm b = 6356752.314

Const sm_ EccSquared = 0.00669437999013
Const UTMScaleFactor = 0.9996

Dim zone As Double

Dim xy (0 To 1) As Double

Dim latlon(0 To 1) As Double

Dim philambda (0 To 1) As Double

'This Function Converts UTM Easting/Northing (x,y) to WGS84 Datum Longitude and
Latitude

'Once you call this function, you will get the longitude

'and Latitude conversion vaules in Global variables GPSlon and GPSlat

Function GetLatLon (X As Double, Y As Double, zone As Double)
Dim southhemi As Boolean

southhemi = False
Call UTMXYToLatLon (X, Y, zone, southhemi)
GPSlat = latlon(0)
GPSlon latlon (1)

End Function

'This Function Converts WGS84 Datum Longitude and Latitude to UTM Easting/Northing
(x,vy)

'Once you call this function, you will get the easting

'and northing conversion vaules in Global variables GPSx and GPSy

Function GetUTM(lat As Double, lon As Double) As Double

zone = (((lon + 180) / 6) + 1)

If zone < Round((lon + 180) / 6) + 1 Then
zone = Round(zone) - 1

Else: zone = Round(zone)

End If

zone = LatLonToUTMXY (DegToRad (lat), DegToRad(lon), zone)
GPSx Round (xy (0) )
GPSy Round (xy (1))

End Function
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Private Function DegToRad(deg As Double) As Double

DegToRad = deg / 180 * pi

End Function

Private Function RadToDeg(rad As Double) As Double

RadToDeg = rad / pi * 180

End Function

' ArcLengthOfMeridian

' Computes the ellipsoidal distance from the equator to a point at a
' given latitude.

' Reference: Hoffmann-Wellenhof, B., Lichtenegger, H., and Collins, J.,

' GPS: Theory and Practice, 3rd ed. New York: Springer-Verlag Wien, 1994.

' Inputs:
! phi - Latitude of the point, in radians.

' Globals:
! sm _a - Ellipsoid model major axis.
! sm b - Ellipsoid model minor axis.

' Returns:
! The ellipsoidal distance of the point from the equator, in meters.
1

Private Function ArcLengthOfMeridian (phi As Double) As Double

Dim alpha, beta, gamma, delta, epsilon, n As Double

'Precalculate n
n= (sma - smb) / (sma + smDb)

'Precalculate alpha
alpha = ((sma + smb) /2) * (L+n”™2/4+n" 4/ 64)

'Precalculate beta
beta = (-3 *n / 2) + (9 *n * 3/ 16) + (-3 *n ~ 5 / 32)

'Precalculate gamma
gamma = (15 * (n ~ 2) / 16) + (-15 * (n ~ 4) / 32)

'Precalculate delta

delta = (-35 * (n ~ 3) / 48) + (105 * (n ~ 5) / 256)
'Precalculate epsilon
epsilon = (315 * (n * 4) / 512)

'Now calculate the sum of the series and return
ArcLengthOfMeridian = alpha * (phi + (beta * Sin(2 * phi)) +

(gamma * Sin(4 * phi)) + (delta * Sin(6 * phi)) + (epsiloﬁ * Sin(8 * phi)))

End Function
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' UTMCentralMeridian
' Determines the central meridian for the given UTM zone.

' Inputs:
! zone - An integer value designating the UTM zone, range [1,60].

' Returns:

! The central meridian for the given UTM zone, in radians, or zero

! if the UTM zone parameter is outside the range [1,60].

! Range of the central meridian is the radian equivalent of [-177,+177].
Private Function UTMCentralMeridian (zone As Double) As Double

UTMCentralMeridian = DegToRad(-183 + (zone * 6))

End Function

' FootpointLatitude

' Computes the footpoint latitude for use in converting transverse
' Mercator coordinates to ellipsoidal coordinates.

' Reference: Hoffmann-Wellenhof, B., Lichtenegger, H., and Collins, J.,
! GPS: Theory and Practice, 3rd ed. New York: Springer-Verlag Wien, 1994.

' Inputs:
! y - The UTM northing coordinate, in meters.

' Returns:

! The footpoint latitude, in radians.

Private Function FootpointLatitude (Y As Double) As Double
Dim y , alpha , beta , gamma , delta , epsilon , n As Double

'Precalculate n (Eg. 10.18)
n = (sma - smb) / (sma + smDb)

'Precalculate alpha (Eg. 10.22)

alpha = ((sma + smb) /2) * (L + (n”™2) / 4+ (n”4) / 64)
'Precalculate y_ (Eg. 10.23)

y_ =Y / alpha

'Precalculate beta (Eqg. 10.22)

beta = (3 *n / 2) + (-27 * (n "~ 3) / 32) + (269 * (n ~ 5) / 512)
'Precalculate gamma (Eq. 10.22)

gamma_ = (21 * (n ~ 2) / 16) + (-55 * (n ~ 4) / 32)

'Precalculate delta (Eg. 10.22)

delta_ = (151 * (n * 3) / 96) + (-417 * (n * 5) / 128)
'Precalculate epsilon (Eg. 10.22)

epsilon = (1097 * (n *~ 4) / 512)

'Now calculate the sum of the series (Eg. 10.21)

FootpointLatitude = y + (beta_ * Sin(2 * y ) gamma_ * Sin(4 * y )) +

+ ( _
*y ))

_ )
(delta_ * Sin(6 * y )) + (epsilon_ * Sin(8
End Function

182



Tqouuag Apng TMTAPAPTHMA A - TTAPOYZTA>H TOY KQAIKA TOY [TPOMPAMMATOZ

' MapLatLonToXY

' Converts a latitude/longitude pair to x and y coordinates in the
' Transverse Mercator projection. Note that Transverse Mercator is not
' the same as UTM; a scale factor is required to convert between them.

' Reference: Hoffmann-Wellenhof, B., Lichtenegger, H., and Collins, J.,
' GPS: Theory and Practice, 3rd ed. New York: Springer-Verlag Wien, 1994.

' Inputs:

! phi - Latitude of the point, in radians.

! lambda - Longitude of the point, in radians.

! lambda0 - Longitude of the central meridian to be used, in radians.
1

' Outputs:

! xy - A 2-element array containing the x and y coordinates
! of the computed point.

' Returns:
! The function does not return a value.

Private Function MapLatLonToXY (phi As Double, lambda As Double, lambda0 As Double)
Dim n, nu2, ep2, t, t2, 1 As Double

Dim 13coef, l4coef, 15coef, lécoef, 1l7coef, 1l8coef As Double

Dim tmp As Double

'Precalculate ep2
ep2 = (sma ® 2 - smb *2) /smb "2

'Precalculate nu2
nu2 = ep2 * (Cos(phi) * 2)

'Precalculate N
n=(sma®™2) / (smb* (1L + nu2) *~ (1 / 2))

'Precalculate t

t = Tan(phi)

t2 =t * t

tmp = (t2 * t2 * t2) - t * 6

'Precalculate 1
1l = lambda - lambdaO

'Precalculate coefficients for 1l**n in the equations below so
'a normal human being can read the expressions for easting and northing
' 1**1 and 1**2 have coefficients of 1.0

13coef = 1 - t2 + nu2

l4coef = 5 - t2 + 9 * nu2 + 4 * (nu2 * nu2)

15coef = 5 - 18 * t2 + (t2 * t2) + 14 * nu2 - 58 * t2 * nu2
l6coef = 61 - 58 * t2 + (t2 * t2) + 270 * nu2 - 330 * t2 * nu2
17coef = 61 - 479 * t2 + 179 * (t2 * t2) - (t2 * t2 * t2)
18coef = 1385 - 3111 * t2 + 543 * (t2 * t2) - (t2 * t2 * t2)

'Calculate easting(x)
xy(0) = n * Cos(phi) * 1 + (n / 6 * (Cos(phi) * 3) * 13coef * (1 *~ 3)) +

(n / 120 * (Cos(phi) * 5) * 1l5coef * (1 * 5)) +
(n / 5040 * (Cos(phi) *~ 7) * l7coef * (1 *~ 7))

'Calculate northing(y)

xy (1) = ArcLengthOfMeridian(phi) + (£t / 2 * n * (Cos(phi) * 2) * (1 * 2)) +
(t / 24 * n * Cos(phi) *~ 4 * l4coef * (1 * 4)) + _
(t / 720 * n * (Cos(phi) * 6) * _
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End

l6coef * (1 *~ 6)) + (t / 40320 * n * (Cos(phi) ™ 8) * 1l8coef * (1 * 8))

Function

' MapXYToLatLon
1

' Converts x and y coordinates in the Transverse Mercator projection to
' a latitude/longitude pair. Note that Transverse Mercator is not
' the same as UTM; a scale factor is required to convert between them.

' Reference: Hoffmann-Wellenhof, B., Lichtenegger, H., and Collins, J.,
! GPS: Theory and Practice, 3rd ed. New York: Springer-Verlag Wien, 1994.

' Inputs:

! x - The easting of the point, in meters.

! y - The northing of the point, in meters.

! lambda0 - Longitude of the central meridian to be used, in radians.

' Outputs:
! philambda - A 2-element containing the latitude and longitude
! in radians.

' Returns:
! The function does not return a value.

' Remarks:

! The local variables Nf, nuf2, tf, and tf2 serve the same purpose as

! N, nu2, t, and t2 in MapLatLonToXY, but they are computed with respect
! to the footpoint latitude phif.

! xlfrac, x2frac, x2poly, x3poly, etc. are to enhance readability and
! to optimize computations.

Private Function MapXYToLatLon (X As Double, Y As Double, lambdaO As Double)

Dim

Dim

phif, Nf, Nfpow, nuf2, ep2, tf, tf2, tf4, cf, xlfrac, x2frac, x3frac, x4frac,
x5frac, x6frac, x7frac, x8frac As Double
x2poly, x3poly, x4poly, x5poly, x6époly, x7poly, x8poly As Double

'Get the value of phif, the footpoint latitude
phif = FootpointLatitude (Y)

'Precalculate ep2

ep2 = ((sma * 2) - (smb * 2)) / (smb " 2)

'Precalculate cos (phif)
cf = Cos(phif)

'Precalculate nuf2
nuf2 = ep2 * (cf * 2)

'Precalculate Nf and initialize Nfpow
Nf = (sma * 2) / (smb * (1 + nuf2) * (1 / 2))
Nfpow = Nf

'Precalculate tf
tf = Tan(phif)
tf2 tf * tf
tf4 = tf2 * tf2

'Precalculate fractional coefficients for x**n in the equations below to
'simplify the expressions for latitude and longitude

x1frac = 1 / (Nfpow * cf)
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Nfpow = Nfpow * Nf

x2frac = tf / (2 * Nfpow)

Nfpow = Nfpow * Nf

x3frac = 1 / (6 * Nfpow * cf)
Nfpow = Nfpow * Nf

x4frac = tf / (24 * Nfpow)
Nfpow = Nfpow * Nf

x5frac = 1 / (120 * Nfpow * cf)
Nfpow = Nfpow * Nf

x6frac = tf / (720 * Nfpow)
Nfpow = Nfpow * Nf

x7frac = 1 / (5040 * Nfpow * cf)
Nfpow = Nfpow * Nf

x8frac = tf / (40320 * Nfpow)

'Precalculate polynomial coefficient

x2poly = -1 - nuf2

x3poly -1 - 2 * tf2 - nuf2

x4poly = 5 + 3 * tf2 + 6 * nuf2 - 6 * tf2 * nuf2 - 3 * (nuf2 * nuf2) -
9 * tf2 * (nuf2 * nuf2)

xbpoly = 5 + 28 * tf2 + 24 * tf4 + 6 * nuf2 + 8 * tf2 * nuf2

x6poly = -61 - 90 * tf2 - 45 * tf4 - 107 * nuf2 + 162 * tf2 * nuf2
x7poly = -61 - 662 * tf2 - 1320 * tf4 - 720 * (tf4 * tf2)
x8poly = 1385 + 3633 * tf2 + 4095 * tf4 + 1575 * (tf4 * tf2)

'Calculate Latitude
philambda (0) = phif + x2frac * x2poly * (X * X) + x4frac * x4poly * (X * 4) + .
x6frac * x6poly * (X * 6) + x8frac * x8poly * (X * 8)

'Calculate Longitude
philambda (1) = lambda0 + xlfrac * X + x3frac * x3poly * (X
x5frac * x5poly * (X * 5) + x7frac * x7poly * (X * 7)

A

3) +

End Function

' LatLonToUTMXY
1
' Converts a latitude/longitude pair to x and y coordinates in the
'  Universal Transverse Mercator projection.

' Inputs:

! lat - Latitude of the point, in radians.

! lon - Longitude of the point, in radians.

! zone - UTM zone to be used for calculating values for x and y.

! If zone is less than 1 or greater than 60, the routine

! will determine the appropriate zone from the value of lon.

' Outputs:
! xy - A 2-element array where the UTM x and y values will be stored.

' Returns:
! The UTM zone used for calculating the values of x and y.

Private Function LatLonToUTMXY (lat As Double, lon As Double, zone As Double)
As Double

Call MapLatLonToXY (lat, lon, UTMCentralMeridian (zone))
'Adjust easting and northing for UTM system

xy(0) = xy(0) * UTMScaleFactor + 500000
xy (1) = xy(1l) * UTMScaleFactor
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If (xy(1) < 0) Then

xy (1) = xy(1l) + 10000000
End If
LatLonToUTMXY = zone

End Function

UTMXYToLatLon

'  Converts x and y coordinates in the Universal Transverse Mercator
' projection to a latitude/longitude pair.

' Inputs:

! x - The easting of the point, in meters.

! y - The northing of the point, in meters.

! zone - The UTM zone in which the point lies.

! southhemi - True if the point is in the southern hemisphere;
! false otherwise.

' Outputs:
! latlon - A 2-element array containing the latitude and
! longitude of the point, in radians.

' Returns:
! The function does not return a value.

Private Function UTMXYToLatLon (X As Double, Y As Double, zone As Double,

southhemi As Boolean)

Dim cmeridian As Double

X X - 500000
X = X / UTMScaleFactor
'If in southern hemisphere, adjust y accordingly
If (southhemi) Then
Y =Y - 10000000

End If

Y = Y / UTMScaleFactor

cmeridian = UTMCentralMeridian (zone)
Call MapXYToLatLon (X, Y, cmeridian)
latlon(0) = RadToDeg (philambda(0))
latlon(l) = RadToDeg(philambda (1))

End Function
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A.3.3. ModSub

Option Explicit
Const pi = 3.14159265358979

Sub SortMatrix()
'This SUB-Procedure performs the sorting of Metriseis() Matrix

Dim X As Integer
Dim k As Integer
Dim i As Integer
Dim aris As Variant
Dim j As Integer

Thxkkhkhkdhkhkhkdhkdhkkhkhdhhkdhkdhxk,x*x THE SORTING ALGORITHM khkkhkkhkkhkhkkhkhkhkkhkhkdhkhkkhkhkkdhkhkhhkkkx*k

k =3

Do While RepTimes > ((k + 1) / 2 - 1)
If (CLng(Metriseis(k, X)) <> CLng(Metriseis (1, X))) Then

Call Swap(k, X, FindWhere (Metriseis(l, X), k, X))

End If
k =k + 2

Loop

Next X

"HEFHAEFHHAF A A A R R R R R A

'The Sorted Matrix is being Print (ONLY in Normal Mode with Debug Matrix Visible)
For i = 1 To RepTimes * 2
For j = 1 To 7
aris = aris & Format (CStr (Metriseis (i, j)), "eeeee")
Next j
aris = aris & vbCrLf
If i Mod 2 = 0 Then
aris = aris & vbCrLf
End If
Next i
ShowText = aris

End Sub

Private Function FindWhere(a As Long, b As Integer, ¢ As Integer) As Integer

'This Function uses Metriseis () Matrix.

"It finds where in (b) row the channel number (a) is located

'If not found it retuns (c) which is the current position of the cursor
Dim i As Integer

Dim j As Integer

j =c
i=1
Do While (i <= 7)
If Metriseis (b, 1) = a Then
j =1
i =238
Else
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i=1+1
End If
Loop
FindWhere = j

End Function

Private Sub Swap(a As Integer, b As Integer, c¢ As Integer)
'This SUB-Procedure Swaps two numbers in positions (b) and (c)
'of the (a)th and (a+1)th row of the Matrix Metriseis()

Dim temp As Long
Dim i As Integer

For 1 = 1 To 2

temp = Metriseis((a + 1 - 1), b)
Metriseis((a + i - 1), b) = Metriseis((a + i - 1), <)
Metriseis((a + 1 - 1), c) = temp

Next i

End Sub

Sub ProcessData ()

'This SUB-Procedure checks if the Serving Cell has changed during measurements.
'Afterwards, the algorithm calculates mean values for RXLev of Serving Cell
'and Neighbours and at Last it sorts the Final() Matrix by Order of RXLEV
Dim i As Integer

Dim j As Integer

Dim SafeMeasure As Integer

Dim divider As Long

Dim Sum As Long

Dim k As Integer

Dim aris As Variant

Dim TAsum As Long

Dim passNum As Integer

Dim temp As Long

i=1
SafeMeasure = RepTimes

Do While i < RepTimes

If cid(i) = cid(i + 1) Then
i=1+1
Else

SafeMeasure = i

i = RepTimes

MsgBox "During Measurements the Serving cell has Changed", vbOKOnly,

"Caution!!"

End If

Loop

VR R R R
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k=0

For i = 1 To 7

If Metriseis (1, i) = 0 Then
k=k +1

Else
j =3

Sum = Metriseis (2, 1)
divider = 1

Do While SafeMeasure > ((j + 1) / 2 - 1)
If Metriseis(j, 1) = Metriseis((j - 2), 1) Then
Sum = Sum + Metriseis((j + 1), i)
divider = divider + 1
jo=3 + 2
Else
j =2 * (RepTimes + 1) - 1
End If
Loop

Final(i - k, 1) = Metriseis(1l, 1)
Final (i - k, 2) = Sum / divider
End If
Next i

FinalTA = 0
FinalCID = cid (1)

For 1 = 1 To SafeMeasure
FinalTA = FinalTA + TA(i)

Next i

FinalTA = FinalTA / SafeMeasure

VHE

'*%kxk*k**x* BUBBLESORT OF THE FINAL RESULTS BY ORDER OF RXLEV **#**%%kk&k*xk*
! (Serving Cell's RXLEV is not taken into consideration)

For passNum = 1 To 5
For i = 1 To (6 - passNum)
If Final((i + 1), 2) < Final((i + 2), 2) Then
For j = 1 To 2

temp = Final((i + 1), 3J)
Final((i + 1), j) = Final((i + 2), 3)
Final((i + 2), j) = temp
Next j
End If
Next i

Next passNum
"HEHAHAH A H A A A A A A R A R R R A

'The results are being Print (ONLY in Normal Mode)

For 1 = 1 To 7
For j = 1 To 2
aris = aris & Format (CStr (Final(i, j)), "eeee") & " "
Next j
aris = aris & vbCrLf
Next i
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ShowText = aris

End Sub

Sub StoreValues ()

'This very simple SUB-Procedure calculates DataMax value (Number of
'available Cells including serving cell) and stores Final () Matrix
'into FinalOk () and FinalFull () Matrixes

Dim i As Integer

Dim j As Integer

DataMax = 7
i=14

Do While i < 8
If Final(i, 2) < 0 Then

i=1+1
Else

i =28

DataMax = 1 - 1
End If

Loop
ReDim FinalOk (1l To DataMax, 1 To 16) As Variant
ReDim FinalFull (1 To DataMax, 1 To 2) As Variant

For 1 = 1 To DataMax
For j = 1 To 2

FinalOk (i, j) = Final (i, 3j)
FinalFull (i, j) = Final(i, j)
Next j

Next i
FullDataMax = DataMax

End Sub

Sub Databasefind()

' This SubProcedure performs the Database Search and correlation for the Serving
'Cell and Neighbours. If a fatal Error occurs DatabaseError variable is set to
' "TRUE"

Dim ChnrecMax As Integer

Dim RecordMax As Integer

Dim CHNSearch As Long

Dim SQLString As String

Dim SQLFind As String

Dim i As Integer

Dim j As Integer

Dim k As Integer

Dim connectString As String

Dim adoConnection As ADODB.Connection
Dim adoRecordset As ADODB.Recordset
Dim chnRecordset As ADODB.Recordset
Dim srvRecordset As ADODB.Recordset
Dim temp(l To 7, 1 To 2) As Long

Dim findwhat As String

Dim SameNeighbour As Integer

Dim CheckSame () As Variant

arouklas = CStr (FinalCID)
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'Get from Database the Neighbour List for the Serving Cell

SQLString =
"SELECT * FROM Neighbours WHERE CELLID = 'G" & arouklas & _
"' OR CELLID = 'D" & arouklas & "'"

'The Character (G) indicates (GSM900)
'The Character (D) indicates (DCS1800)

'Initialize ADODB Connection

Set adoConnection = New ADODB.Connection

connectString = "FILE NAME=C:\AROUKLAS\Location Program\LocDatabase.udl"
adoConnection.Open connectString

Set adoRecordset = adoConnection.Execute (SQLString)

'Change Cursor Type So that Cell count is possible
adoRecordset.Close

adoRecordset .CursorType = adOpenStatic
adoRecordset .LockType = adLockOptimistic
adoRecordset .Open

If (adoRecordset.EOF) Then 'The Serving Cell has no Neighbour information
'in the Database
MsgBox "There is an Error in Database Search (ServingCell Not in DB)",
vbOKOnly, "Failed to Collect Data"
DataBaseError = True
Else

'Store required information for Serving Cell in FinalOK Matrix
adoRecordset .MoveFirst
arouklas = adoRecordset.Fields ("CELLID") .Value

SQLString = "SELECT * FROM Cell Info WHERE CELLID = '" & arouklas & "'"
Set srvRecordset = adoConnection.Execute (SQLString)
If Not srvRecordset.EOF Then

FinalOk (1, 3) = srvRecordset.Fields ("CELLID") .Value
FinalOk (1, 4) = srvRecordset.Fields("Latitude") .Value
FinalOk (1, 5) = srvRecordset.Fields("Longitude") .Value
FinalOk (1, 6) = srvRecordset.Fields ("Height") .Value
FinalOk (1, 7) = srvRecordset.Fields ("Output Power") .Value
FinalOk (1, 9) = srvRecordset.Fields ("Micro") .Value
FinalOk (1, 10) = srvRecordset.Fields ("North") .Value
FinalOk (1, 11) = srvRecordset.Fields("East") .Value
FinalOk (1, 12) = srvRecordset.Fields ("Azimuth") .Value
FinalOk (1, 13) = srvRecordset.Fields ("Hata") .Value
FinalOk (1, 14) = srvRecordset.Fields ("Frequency") .Value
FinalOk (1, 15) = srvRecordset.Fields("Start Sector") .Value
FinalOk (1, 16) = srvRecordset.Fields("Stop Sector") .Value
End If

srvRecordset.Close
Set srvRecordset = Nothing

'Try to find the correspondent CELLID for each Neighbour Channel
For i = 2 To DataMax

ReDim CheckSame (1 To 5, 1 To 17)

SameNeighbour = 0

CHNSearch = FinalOk(i, 1) ' i = 2 ----> Neighbourl Channel
' i = 3 ----> Neighbour2 Channel
' etc...

'Find all Cells that have Existing BCCH Channel = CHNSearch
SQLString = _
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"SELECT * FROM Cell Info WHERE Existing BCCH = " & CHNSearch & _

ORDER BY CELLID"
Set chnRecordset = adoConnection.Execute (SQLString)

'Change Cursor Type So that Cell count is possible
chnRecordset.Close
chnRecordset .CursorType = adOpenStatic
chnRecordset .Open
If Not chnRecordset.EOF Then
chnRecordset .MoveFirst
chnRecordset .MoveLast
ChnrecMax = chnRecordset.RecordCount 'Count how many results we

'have

chnRecordset .MoveFirst

1

Do While (j <= ChnrecMax)

adoRecordset .MoveFirst

'Find out which of these results exist in the Neighbour List
' (it is rare but possible to have more than two Cells that

'match with our criteria. In this Case we select the Cell which

'is closer to the Serving Cell

findwhat = CStr (chnRecordset.Fields ("CELLID") .Value)
SQLFind = "NCELL = '" & findwhat & "'"

adoRecordset .Find SQLFind

If Not adoRecordset.EOF Then

SameNeighbour = SameNeighbour + 1 'helpful variable in case
'we have multiple results

'Temporarily store required information for Neighbour (i-1)

CheckSame (SameNeighbour, 3) = _
chnRecordset .Fields ("CELLID") .Value

CheckSame (SameNeighbour, 4) = _
chnRecordset.Fields ("Latitude") .Value

CheckSame (SameNeighbour, 5) = _
chnRecordset.Fields ("Longitude") .Value

CheckSame (SameNeighbour, 6) = _
chnRecordset.Fields ("Height") .Value

CheckSame (SameNeighbour, 7) =
chnRecordset.Fields ("Output Power") .Value

CheckSame (SameNeighbour, 9) = _
chnRecordset.Fields ("Micro") .Value

CheckSame (SameNeighbour, 10) = _
chnRecordset.Fields ("North") .Value

CheckSame (SameNeighbour, 11) = _
chnRecordset.Fields ("East") .Value

CheckSame (SameNeighbour, 12) = _
chnRecordset.Fields ("Azimuth") .Value

CheckSame (SameNeighbour, 14) = _
chnRecordset.Fields ("Hata") .Value

'In Column 13 we store the distance between The neighbour
' and The Serving Cell. This will be used as a criteria in

' case of multiple results
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CheckSame (SameNeighbour, 13) = _
( (CheckSame (SameNeighbour, 10) - FinalOk(1, 10)) * 2 + _
(CheckSame (SameNeighbour, 11) - FinalOk(1, 11)) * 2) _
S/ 2)

CheckSame (SameNeighbour, 15) =

chnRecordset.Fields("Frequengy").Value

CheckSame (SameNeighbour,

16) =

chnRecordset.Fields("Start_Sgctor").Value

CheckSame (SameNeighbour,

17) =

chnRecordset.Fields("Stop_Sechr").Value

If SameNeighbour > 1 Then

'More than 1 result

'Determine which Cell we are going to correspond.
'Criteria is the smallest distance from Serving Cell

If CheckSame (SameNeighbour,

13) <

CheckSame (SameNeighbour - l,_13) Then

'Replace information for Neighbour (i-1)

FinalOk (1,
FinalOk

FinalOk
FinalOk
FinalOk
FinalOk
FinalOk
FinalOk
FinalOk
FinalOk

1,

End If

Else

'This is the first result

3) = CheckSame (SameNeighbour, 3)
4) = CheckSame (SameNeighbour, 4)
5) = CheckSame (SameNeighbour, 5)
6) = CheckSame (SameNeighbour, 6)
7) = CheckSame (SameNeighbour, 7)
9) = CheckSame (SameNeighbour, 9)
10) = CheckSame (SameNeighbour, 10)
11) = CheckSame (SameNeighbour, 11)
12) = CheckSame (SameNeighbour, 12)
13) = CheckSame (SameNeighbour, 14)
14) = CheckSame (SameNeighbour, 15)
15) = CheckSame (SameNeighbour, 16)
16) = CheckSame (SameNeighbour, 17)

( SameNeighbour =1 )

'and by default the required information for

'Neighbour (i-1)
'FinalOk ()

FinalOk (i, 3)

FinalOk (1,

4)

FinalOk (i, 5)
FinalOk (i, 6)
FinalOk (i, 7) .
chnRecordset.Fields ("Output Power") .Value

FinalOk (
FinalOk (
FinalOk (
FinalOk (i, 12)
FinalOk (
FinalOk (
FinalOk (1,

FinalOk (i,

End If
j =

i, 9)
i, 10)
i, 11)
i

i, 13)
i, 14)
15)

are being stored in

Matrix

= chnRecordset.Fields ("CELLID") .Value

= chnRecordset.Fields ("Latitude") .Value
= chnRecordset.Fields ("Longitude") .Value
= chnRecordset.Fields ("Height") .Value

= chnRecordset.Fields ("Micro") .Value
= chnRecordset .Fields ("North") .Value
= chnRecordset.Fields ("East") .Value
= chnRecordset .Fields ("Azimuth") .Value
= chnRecordset.Fields ("Hata") .Value
= chnRecordset.Fields ("Frequency") .Value

chnRecordset.fields("Start_Sector").Value

16)

chnRecordset‘Eields("Stop_Sector")‘Value

j o+ 1

chnRecordset .MoveNext
If j > ChnrecMax Then
chnRecordset.Close
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Set chnRecordset = Nothing

End If
Else
j=3+1
chnRecordset . MoveNext
If j > ChnrecMax Then 'The search could not match any Cell
'With the Neighbour List
chnRecordset.Close
Set chnRecordset = Nothing
If SameNeighbour = 0 Then
FinalOk (i, 1) = "ERROR"
Finalok(i, 3) = Nkxkkkkkxll
FinalOk (i, 4) = "Not a wvalid"
FinalOk (i, 5) = "Neighbour"
FinalOk (i, 2) = "but"
FinalOk (i, 6) = "Existing"
FinalOk (i, 7) = M"k*kkkkxkn
End If
End If
End If
Loop
Else
'The search could not find any Cell in the Database
'with Existing BCCH Channel = (CHNSearch)
FinalOk (i, 1) = "ERROR"
FinalOk (i, 3) = M"kxkkkkxkn
FinalOk (i, 4) = "Not Existing"
FinalOk (i, 5) = "in the"
FinalOk (i, 2) = "Current"
FinalOk (i, 6) = "Database"
FinalOk (i, 7) = M"kxkkkkxkn
End If
Next i

End If
adoRecordset .Close
Set adoRecordset = Nothing

End Sub

Sub ProcessDist ()

' This SubProcedure Calculates the "Hata Distances" for all Cells (Serving and
' Neighbour). It is called after the "DatabaseFind" SubProcedure.

Dim i As Integer

If DataBaseError = False Then
'Store Hata Radius for Serving Cell
FinalOk (1, 8) = ModPropagation.HataDist (FinalOk(1l, 6), 2, _
CLng (FinalOk (1, 14)), FinalOk(1l, 7), FinalOk(1, 2),
CInt (FinalOk (1, 13)))

For 1 = 2 To DataMax
If FinalOk (i, 1) <> "ERROR" Then
'Store Hata Radius for Neighbour Cells ( Neighbour number = i-1)
FinalOk (i, 8) = ModPropagation.HataDist (FinalOk(i, 6), 2,
CLng (FinalOk (i, 14)), FinalOk(i, 7), FinalOk(i, 2),
CInt (FinalOk (i, 13)))
End If

Next i
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End If

Call GetFinalMatrix

End Sub

Sub GetFinalMatrix()

' This SubProcedure is called after the "ProcessDist" SubProcedure and calculates
' the new "DataMax" value

Dim i As Integer

Dim j As Integer

Dim k As Integer

Dim nr As Integer

i =2

Do 'The SubProcedure discards all cases where the DatabaseFind Procedure has
'found an Error (Cosite Cells, Cell not found in Database)
If FinalOk (i, 1) = "ERROR" Or CheckCoSite (i) = True Then

If i = DataMax Then
DataMax = DataMax - 1
Else
For j = i To DataMax - 1
For k = 1 To 16

FinalOk(i + j - i, k) = FinalOk(j + 1, k)
Next k
Next j
DataMax = DataMax - 1
i=1-1
End If
End If
i=1i+1

Loop Until i > DataMax

End Sub

Function CheckCoSite (i As Integer) As Boolean

'This Function Checks for Co-Site Cells. Input i is the number of the cell that we
'Want to Check (eg. i = 3 ----> is the 2nd Neighbour)

Dim j As Integer

Dim check As Boolean

j =1
check = False
Do
If FinalOk(i, 10) = FinalOk(j, 10) And FinalOk(i, 11) = FinalOk(j, 11) _
Then check = True
j=3+1

Loop Until j = 1
CheckCoSite = check

End Function

Function MicroCheck () As Boolean
' This Function performs the following checks:
' 1: If there is no info for Neighbour Cellgs (DataMax = 1)
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' 2: If the Serving Cell is a Microcell

' 3: (OPTIONAL) If TA = 0

' 4: (OPTIONAL) If RXLev of Serving Cell is < -55dBm
Dim i As Integer

Dim istrue As Boolean

istrue = False

If DataMax = 1 Then 'Or (FinalOk(1l, 2) > (-55)) Or FinalTA = 0
MicroBTS = 1
istrue = True
End If
For 1 = 1 To DataMax
If FinalOk (i, 9) > 0 Then
MicroBTS = 1
istrue = True
End If
Next i
MicroCheck = istrue

End Function

Sub NotLocate ()

'This SubProcedure is being called only if MicroCheck = True

'In this subProcedure the program bypasses the location algorithm

'and sets the Serving Cells' Longitude/Latitude as the Calculated Position

Dim TestLimit As Double

'The Maximum Value of FinalTA can be 1
If FinalTA > 1 Then FinalTA = 1

'Store Calculated Location

CalcX = FinalOk (MicroBTS, 11) / 1000 'X Coordinate
CalcY = FinalOk (MicroBTS, 10) / 1000 'Y Coordinate
CalcLon = FinalOk (MicroBTS, 5) 'Longitude

CalcLat = FinalOk (MicroBTS, 4) 'Latitude

'Check if HATA (1) Radius of ServCell is smaller than TA Outer Radius.
'If this is true, set outer Radius of Trust Area = HATA1l Radius
TestLimit = ModPropagation.HataDist (FinalOk (MicroBTS, 6), 2, _
CLng (FinalOk (MicroBTS, 14)), FinalOk (MicroBTS, 7), FinalOk (MicroBTS, 2), 1)

If FinalOk (MicroBTS, 9) > 0 Then
If TestLimit < CDbl (FinalOk (MicroBTS, 9)) Then
OutRad = TestLimit
Else
OutRad = CDbl (FinalOk (MicroBTS, 9))
End If
Else
If TestLimit < (0.55 * (FinalTA + 1) + 0.1) Then
OutRad = TestLimit
Else
OutRad
End If
End If

(0.55 * (FinalTA + 1) + 0.1)
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'"TRUST TYPE ............ Type of Trust Area

'TRUST_ANGLE_START ..... The Angle where the Sector Starts (North Ref)
'TRUST ANGLE STOP ...... The Angle where the Sector Stops (North Ref)
"TRUST_LON ............. Longitude of the center of the Circular Sector
'"TRUST LAT ............. Latitude of the center of the Circular Sector
'TRUST_CIRCLE_BIG ...... The Outer Radius of the Sector

'TRUST_CIRCLE SMALL .... The inner Radius of the Sector

TRUST TYPE = "SECTOR"

TRUST _LON = Format (FinalOk (MicroBTS, 5), "###.000000")

TRUST LAT = Format (FinalOk (MicroBTS, 4), "###.000000")

TRUST_CIRCLE_BIG = OutRad

TRUST CIRCLE SMALL = 0

TRUST_ANGLE_START = FinalOk (MicroBTS, 15)
TRUST ANGLE_STOP = FinalOk (MicroBTS, 16)

VR

Vhxkkkkxkkkk FILL "frmFinal" LABELS WITH CALCULATED DATA k%% ks kkkkkk k%

frmFinal.lblTrust.Caption = TRUST TYPE & vbCrLf & TRUST ION & "° " &
TRUST LAT & "°" & vbCrLf & Format (TRUST CIRCLE BIG, "##0.000") & _
n (km)_n &

TRUST_CIRCEE_SMALL & "(km)" & vbCrLf & TRUST ANGLE_ START & "° _ " &
TRUST_ANGLE_STOP & "°" 'The Trust Area

If (GPS = True) Then
Call UTMWGS84.GetUTM (GPSlat, GPSlon)
GPSx = GPSx / 1000
GPSy = GPSy / 1000
'Error: the distance between the Calculated and the GPS position
Error = Format (1000 * ((CalcX - GPSx) " 2 + (CalcY - GPSy) * 2)
(L / 2), "##0.0")

A

frmFinal.lblERR = Error

'The Distance Between the GPS and the Serving Cell Location
frmFinal.lblDist = Error

GPSDistance = Error

frmFinal.lblGPSLon = GPSlon 'The GPS Longitude
frmFinal.lblGPSLat = GPSlat 'The GPS Latitude

frmFinal.lblHATA = "Unknown"
Else

frmFinal.lblERR = "Unknown"

frmFinal.lblDist = "Unknown"

frmFinal.lblGPSLon = "Unknown"

frmFinal.lblGPSLat = "Unknown"

frmFinal.lblHATA = "Unknown"
End If

Stoptime = Now

frmFinal.lblTime.Caption = Format (CDbl (Stoptime - Starttime) * 100000, "##.00")

frmFinal.lblCalcLon = Format (CalcLon, "##.000000") 'Calculated Position
'Longitude

frmFinal.lblCalcLat = Format (CalcLat, "##.000000") 'Calculated Position
'Latitude
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"

End Sub

Sub DrawMicro ()

' This SubProcedure is called after the NotLocate () subprocedure.

' It draws the results in the "frmFinal" form, in order to have a visual
' representation of the environment and the accuracy of the Algorithm.
Dim MaxY As Variant

Dim MaxX As Variant

Dim MinY As Variant

Dim MinX As Variant

Dim MeasureX As Double

Dim MeasureY As Double

'Convert Start and Stop Sector angles into Radians and format them properly
'so that they can be drawn in "frmFinal" PictureBox

StopSector = (5 * pi / 2 - ((FinalOk(1, 15)) * pi / 180)) * (-1)
If StopSector < -2 * pi Then StopSector = StopSector + 2 * pi
StartSector = (5 * pi / 2 - ((FinalOk (1, 16)) * pi / 180)) * (-1)

If StartSector < -2 * pi Then StartSector = StartSector + 2 * pi

frmFinal.Picture2.Cls 'Clear the PictureBox from previous drawings

' Calculate MaxX, MaxY, MinX and MinY in order to determine the picture's
' width/height and scale

MaxY = FinalOk (1, 10) / 1000 + TRUST CIRCLE BIG
MaxX = FinalOk(1, 11) / 1000 + TRUST CIRCLE BIG
MinY = FinalOk (1, 10) / 1000 - TRUST CIRCLE BIG
MinX = FinalOk(1, 11) / 1000 - TRUST CIRCLE BIG
If GPS = True Then
If GPSy + 0.5 > MaxY Then MaxY = GPSy + 0.5
If GPSx + 0.5 > MaxX Then MaxX = GPSx + 0.5
If GPSy - 0.5 < MinY Then MinY = GPSy - 0.5
If GPSx - 0.5 < MinX Then MinX = GPSx - 0.5
End If
If MicroBTS > 1 Then
If CalcY + 0.5 > MaxY Then MaxY = CalcY + 0.5
If CalcX + 0.5 > MaxX Then MaxX = CalcX + 0.5
If CalcY - 0.5 < MinY Then MinY = CalcY - 0.5
If CalcX - 0.5 < MinX Then MinX = CalcX - 0.5
End If

MeasureX = MaxX - MinX

MeasureY = MaxY - MinY

frmFinal.Picture2.Width = 10000 * MeasureX / Zoom 'Set Picturebox Width
frmFinal.Picture2.Height = 10000 * MeasureY / Zoom 'Set Picturebox Height
'"4KM FOR EVERY 10000PIXELS if Zoom = 4

'Set the Scale of the PictureBox accoring to MinX, MinY, MaxX, MaxY
frmFinal.Picture2.Scale (MinX - 0.03, MaxY - 0.03)-(MaxX + 0.03, MinY + 0.03)

VHEHHHEH R
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frmFinal.Picture2.FillStyle

frmFinal.Picture2.FillColor = &H606060

frmFinal.Picture2.Circle (FinalOk(1, 11) / 1000, FinalOk (1, 10) / 1000),
TRUST CIRCLE BIG, vbBlack, StartSector, StopSector

I
o

frmFinal.Picture2.FillStyle = 0

frmFinal.Picture2.FillColor = vbBlack

frmFinal.Picture2.Circle (FinalOk(1, 11) / 1000, FinalOk (1, 10) / 1000),
TRUST CIRCLE SMALL, vbBlack

frmFinal.Picture2.FillStyle 1
frmFinal.Picture2.ForeColor = vbYellow

VHEHHH

frmFinal.Picture2.FillStyle = 0

frmFinal.Picture2.FillColor = vbRed

frmFinal.Picture2.Circle (FinalOk(1, 11) / 1000, FinalOk (1, 10) / 1000),
0.03, vbRed

frmFinal .Picture2.FillStyle = 1

If MicroBTS > 1 Then
frmFinal.Picture2.FillStyle = 0
frmFinal.Picture2.FillColor = vbRed
frmFinal .Picture2.Circle (CalcX, CalcY), 0.03, vbRed
frmFinal.Picture2.FillStyle = 1
frmFinal.Picture2.PSet (CalcX, CalcY)
frmFinal.Picture2.Print "MicroCell (N" & MicroBTS & ")"
frmFinal.Picture2.PSet (FinalOk (1, 11) / 1000, FinalOk (1, 10) / 1000)
frmFinal.Picture2.Print "Serving Cell™"

Else
frmFinal.Picture2.PSet (FinalOk (1, 11) / 1000, FinalOk(1, 10) / 1000)
frmFinal.Picture2.Print "Serving Cell™"

End If

If GPS = True Then
frmFinal.Picture2.FillStyle = 0
frmFinal.Picture2.FillColor = vbGreen
frmFinal.Picture2.Circle (GPSx, GPSy), 0.015, vbGreen
frmFinal .Picture2.FillStyle = 1
frmFinal.Picture2.Print "GPS"
frmFinal.Picture2.FillColor = vbRed

End If
VHHRHE S S R R

'Initialize "frmFinal" form and make it Visible
Call frmFinal.Initialize
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frmFinal.Enabled = True
frmFinal.Visible True

End Sub

Sub TAHATAMatch ()

'This SubProcedure processes the HATA Radius of the serving Cell in conjunction

'With the TA Area. In few words, this subprocedure tries to fit Hata Radius into
'the TA Area (if it is outside by default)
Dim HataType As Integer

'The Maximum Value of FinalTA can be 1
If FinalTA > 1 Then FinalTA = 1

Do While (FinalOk (1, 8) > 0.55 * (FinalTA + 1) + 0.1) 'while HATA Radius 1is

'outside
'TA Area Outer Radius
"limit.
HataType = FinalOk (1, 13)

Select Case UCase (HataType)

'Here we take the the next type of Hata Propagation Environment, so that
'the HATA Radius becomes smaller and in this way it is possible to meet
'with our criteria.

Case 1
FinalOk (1, 13) = 2
FinalOk (1, 8) = ModPropagation.HataDist (FinalOk(1l, 6), 2, _
CLng (FinalOk (1, 14)), FinalOk (1, 7), FinalOk (1, 2), CInt(FinalOk(1l, 13)))
Case 2
FinalOk (1, 13) = 3
FinalOk (1, 8) = ModPropagation.HataDist (FinalOk(1l, 6), 2, _
CLng (FinalOk (1, 14)), FinalOk(1, 7), FinalOk(1l, 2), CInt(FinalOk(1l, 13)))
Case 3
FinalOk (1, 13) = 4
FinalOk (1, 8) = ModPropagation.HataDist (FinalOk(1l, 6), 2, _
CLng (FinalOk (1, 14)), FinalOk(1, 7), FinalOk (1, 2), CInt(FinalOk(1l, 13)))
Case 4
Exit Do

End Select
Loop

'If no HATA Type could be found to bring the desirable result
'then, the HATA Radius is taken in the middle of the TA-Area
If (FinalOk(1l, 8) > 0.55 * (FinalTA + 1) + 0.1) Then

FinalOk (1, 8) = 0.55 * (FinalTA + 1) - 0.3625

End If

'If HATA Radius is Smaller than the inner radius of the TA Area (TA
'then we set TA = 0

If (FinalOk(1l, 8) < 0.55 * (FinalTA) - 0.275) Then FinalTA = 0

End Sub
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Sub CalcDistances()

' This SubProcedure performs "partly" the Location Algorithm
' It also uses the CheckNeighbourHata subProcedure
Dim tempx As Double

Dim tempy As Double

Dim x0 As Double

Dim y0 As Double

Dim RO As Double

Dim FinalX0 As Double

Dim FinalYO0 As Double

Dim thita As Long

Dim TotalDistance () As Double
Dim Distance () As Double

Dim Leastthita As Long

Dim i As Long

Dim j As Long

Dim ScanX As Double

Dim ScanY As Double

Dim k As Integer

Dim LeastDistance As Double
Dim Countl As Long

Dim TestAzimuth As Long

Dim TestLimit As Double

If GPS = True Then 'Get the Coordinates of the GPS in Easting and Northing
'(X,Y) If there is a GPS Position.

Call UTMWGS84.GetUTM (GPSlat, GPSlon)

GPSx = GPSx / 1000 'Convert from Meters to Kilometers

GPSy = GPSy / 1000 'Convert from Meters to Kilometers
End If

ReDim GraphMatr (1 To DataMax, 1 To 10) 'Set the dimensions of GraphMatr ()
'Matrix
ReDim heavy (1 To DataMax, 1 To 3) 'Set the dimensions of heavy () Matrix

For i = 1 To DataMax
'Store Data in GraphMatr () Matrix for more ease

GraphMatr (i, 2) = FinalOk(i, 10) / 1000 'NorthyY
GraphMatr (i, 3) = FinalOk(i, 11) / 1000 'EastX
GraphMatr (i, 4) = FinalOk(i, 8) 'Radius
GraphMatr (i, 5) = FinalOk(i, 12) 'Azimuth Direction
GraphMatr (i, 6) = FinalOk(i, 15) 'Sector Start
GraphMatr (i, 7) = FinalOk(i, 16) 'Sector Stop

'If StartSector Value is bigger than StopSector, then

'StartSector = StartSector - 360 ( < 0 )

If GraphMatr (i, 6) > GraphMatr(i, 7) Then GraphMatr(i, 6) = _
GraphMatr (i, 6) - 360

Next i

ReDim TotalDistance (0 To 7200, 2 To DataMax + 1) As Double
'Last Column (Datamax+1) is used to store the Sum of all distances

x0 = GraphMatr(1l, 3)
yO0 GraphMatr (1, 2)
RO = GraphMatr (1, 4)

201



Tlouuag Apng TTAPAPTHMA A - TTAPOYZTAZH TOY KQAIKA TOY [TPOMPAMMATOZ

Call CheckNeighbourHata
'Process the Neighbours Hata Radius and find the proper "heavy" values

For thita = GraphMatr (1, 6) * 10 To GraphMatr (1, 7) * 10

'If you want to scan the whole 360degrees area and not only the sector:
'"0 To 3600"

'In this case Trust Area may be not a Sector but a Circular Disc

'thita : The angle between North and the Azimuth of the test point

' (the position where we want to calculate the distances). "thita" wvalue
'depends on the serving cell's Start and Stop Sector.

'Since StartSector Can take negative values, so does

1 "thita"

'Set the Test Point (TP) Coordinates (X,Y)
tempx = x0 + RO * Sin(AsRadians (CDbl (thita / 10)))
tempy = y0 + RO * Cos(AsRadians (CDbl (thita / 10)))

For i = 2 To DataMax 'Calculate the distance of the TP from every Neighbour
''i =2 ---> Neighbourl
''1 = 3 ---> Neighbour2
' etc.

If heavy(i, 3) <> 0 Then 'distance is calculated only if there is a
'valid heavy value ( <> 0 )

'Calculate distance from Neighbour (i-1)
TotalDistance (thita + 3600, i) = Abs((((tempx - GraphMatr (i, 3)) 2
+ (tempy - GraphMatr (i, 2)) *~ 2) * (1 / 2) - GraphMatr(i, 4))) +
Abs ((((tempx - heavy(i, 1)) *~ 2 + _
(tempy - heavy(i, 2)) *~ 2) * (1 / 2)))
'Add all Distances (multiplied with "heavy" coefficient) and store the
'sum in the (DataMax + 1) Column
TotalDistance (thita + 3600, DataMax + 1) = _
TotalDistance (thita + 3600, _
DataMax + 1) + heavy (i, 3) * TotalDistance(thita + 3600, i)

A

End If
Next i1 'Repeat for every "thita"

'Find Which sum is the smallest and store "thita" in "Leastthita"
If thita = GraphMatr (1, 6) * 10 Then
Leastthita = thita 'initialize Leastthita
Else
If TotalDistance(thita + 3600, DataMax + 1) < _
TotalDistance (Leastthita + 3600, DataMax + 1) Then

Leastthita = thita
End If

End If
Next thita

'Get the Coordinates (X,Y) for LeastThita which is the estimated
'location of the M/T

FinalX0 = x0 + RO * Sin(AsRadians (Leastthita / 10)) 'X Coordinate
FinalY0 = y0 + RO * Cos(AsRadians (Leastthita / 10)) 'Y Coordinate
CalcX = FinalXO0

CalcY = FinalYO

For 1 = 2 To DataMax
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If heavy(i, 3) = 0 Then
GraphMatr (i, 4) = 0
Else
FinalOk (i, 8) = GraphMatr (i, 4)
End If
Next i

Thxkkkkdkkhkhkdhkkkkkx*x PRE_CALCULATIONS FOR "TRUST AREA" ***kxkkkkkkhkhkkhkkdk

TestAzimuth = FindAzimuth(CalcX, CalcY, CDbl (GraphMatr (1, 3)),
CDbl (GraphMatr (1, 2)))

'"This is the Azimuth direction of the (CalcX, CalcY) point

"Check if it is inside the Serving Cells' Sector.

'For the case where the location

'Algorithm performs the search only inside the sector:

'ALWAYS ----> Sector = True!

If TestAzimuth > GraphMatr(l, 6) And TestAzimuth < GraphMatr (1, 7) Then
Sector = True
'Convert Start and Stop Sector angles into Radians and format them properly
'so that they can be drawn in "frmFinal" PictureBox
StopSector = (5 * pi / 2 - ((GraphMatr(l, 6)) * pi / 180)) * (-1)
If StopSector < -2 * pi Then StopSector = StopSector + 2 * pi
StartSector = (5 * pi / 2 - ((GraphMatr(1, 7)) * pi / 180)) * (-1)
If StartSector < -2 * pi Then StartSector = StartSector + 2 * pi

Else
Sector = False

End If

'Check if HATA1l Radius of ServCell is smaller than TA Outer Radius.

'If this is true, set outer Radius of Trust Area = HATA1l Radius

TestLimit = ModPropagation.HataDist (FinalOk(l, 6), 2, CLng(FinalOk (1, 14)),
FinalOk (1, 7), FinalOk(1, 2), 1)

If TestLimit < (0.55 * (FinalTA + 1)) + 0.1 Then
OutRad = TestLimit

Else
OutRad

End If

VHHHHH RS

(0.55 * (FinalTA + 1)) + 0.1

'"TRUST TYPE ............ Type of Trust Area

'TRUST ANGLE START ..... The Angle where the Sector Starts (North Ref)
'TRUST ANGLE STOP ...... The Angle where the Sector Stops (North Ref)
"TRUST_LON ............. Longitude of the center of the Circular Sector
'"TRUST LAT ............. Latitude of the center of the Circular Sector
'"TRUST_CIRCLE_BIG ...... The Outer Radius of the Sector

'TRUST CIRCLE SMALL .... The inner Radius of the Sector

If Sector Then
TRUST TYPE = "SECTOR"
TRUST ANGLE_START = FinalOk (1, 15)
TRUST ANGLE STOP = FinalOk(1l, 16)
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Else
TRUST TYPE = "CIRCLE"
TRUST ANGLE START = 0
TRUST_ANGLE_STOP = 360

End If
TRUST LON = Format (FinalOk (1, 5), "###.000000")
TRUST LAT = Format (FinalOk(1l, 4), "###.000000")

TRUST CIRCLE_BIG = OutRad
If FinalTA = 1 Then

TRUST CIRCLE SMALL 0.55 * (FinalTA) - 0.275

Else
TRUST_ CIRCLE_SMALL = 0

End If
VHERHE RS SR R R

Tkkkkkkkkk FILL "frmFinal" LABELS WITH CALCULATED DATA k% ks kkokkkkk*

frmFinal.lblTrust.Caption = TRUST TYPE & vbCrLf & TRUST ILON & "° " &
TRUST LAT _
& "°" & vbCrLf & Format (TRUST CIRCLE BIG, "##0.000") & "(km) " & _
Format (TRUST CIRCLE SMALL, "##0.000") & " (km)" & vbCrLf & _
TRUST ANGLE START & _
"o " & TRUST ANGLE STOP & "°" 'The Trust Area

If (GPS = True) Then

'Error: the distance between the Calculated and the GPS Location

Error = _
Format (1000 * ((CalcX - GPSx) * 2 + (CalcY - GPSy) *~ 2) * (1 / 2), _
ll##0.0ll)

frmFinal.lblERR = Error

'The Distance Between the GPS and the Serving Cell Location

frmFinal.lblDist = Format (1000 * ((GraphMatr (1, 3) - GPSx) ~ 2 + _
(GraphMatr (1, 2) - GPSy) *~ 2) * (1 / 2), "##0.0")

GPSDistance = CDbl (frmFinal.lblDist)

frmFinal.lblGPSLon = GPSlon 'The GPS Longitude
frmFinal.lblGPSLat = GPSlat 'The GPS Latitude

'The distance between the Serving Cells' HATA Radius and the GPS Point
frmFinal.lblHATA = Format (1000 * Abs(frmFinal.lblDist / 1000 - _
GraphMatr (1, 4)), "##0.0")

Call UTMWGS84.GetLatLon(CalcX * 1000, CalcY * 1000, 34)

CalcLon = GPSlon

CalcLat = GPSlat

frmFinal.lblCalcLon = Format (GPSlon, "##.000000")

CalcLon = GPSlon 'Calculated Position Longitude

frmFinal.lblCalcLat = Format (GPSlat, "##.000000")

CalcLat = GPSlat 'Calculated Position Latitude

GPSlon frmFinal.lblGPSLon'Re-assign true GPS longitude to GPSlon variable
GPSlat = frmFinal.lblGPSLat'Re-assign true GPS latitude to GPSlat variable
Stoptime = Now
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'Show time required for Position Calculation
frmFinal.lblTime.Caption = _
Format (CDbl (Stoptime - Starttime) * 100000, "##.00")

Else
frmFinal.lblERR = "Unknown"
frmFinal.lblDist = "Unknown"
frmFinal.lblGPSLon = "Unknown"
frmFinal.lblGPSLat = "Unknown"
frmFinal.lblHATA = "Unknown"

Call UTMWGS84.GetLatLon(CalcX * 1000, CalcY * 1000, 34)
frmFinal.lblCalcLon = Format (GPSlon, "##.000000")
frmFinal.lblCalcLat = Format (GPSlat, "##.000000")
GPSlon = 0
GPSlat = 0
Stoptime = Now
frmFinal.lblTime.Caption = _
Format (CDbl (Stoptime - Starttime) * 100000, "##.00")

End If
VHHHHH RS R

End Sub

Private Sub CheckNeighbourHata ()

'This SubProcedure processes Neighbours' HATA Radius and calculates "heavy" matrix.
Dim i As Integer

Dim CheckNeighbour As Boolean

Dim TestAzimuth As Long

Dim TestAzimuthl As Long

Dim CheckMe As Long

Dim Try As Integer

ReDim NeighbourCross (2 To DataMax, 1 To 4)

For i = 2 To DataMax 'Calculate distance between Neighbour(i-1) and Serv. Cell
GraphMatr (i, 8) = ((GraphMatr (1, 3) - GraphMatr(i, 3)) ~ 2 + _
(GraphMatr (1, 2) - GraphMatr(i, 2)) *~ 2) * (1 / 2)
GraphMatr (i, 9) = FinalOk(i, 13) 'HATA type
Next i
For 1 = 2 To DataMax

CheckNeighbour = False
Try = 0

'distance = distance between Neighbour and Serving Cell
'Serving Cell: (x0,y0)

'Neighbour: (x1,y1)

'distance = [(x0-x1)"2 + (y0-y1)72 1°(1/2)

'RO = HATA Radius of Serving Cell

'R1 HATA Radius of Neighbour

Do
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"HERHE RS R R R R
'Case A (distance > RO + R1) --> No Cross-Section Points

"

If (GraphMatr (i, 8) > (GraphMatr(l, 4) + GraphMatr(i, 4))) Then
'Azimuth Direction (Serving Cell --> Neighbour)
TestAzimuth = CLng(FindAzimuth (GraphMatr (i, 3), GraphMatr (i, 2),
GraphMatr (1, 3), GraphMatr(l, 2)))

If GraphMatr(l, 6) < 0 Then
If TestAzimuth > GraphMatr(l, 6) + 360 Then TestAzimuth = _
TestAzimuth - 360

End If

'Check if the TestAzimuth is inside Serving Cell's Sector
If TestAzimuth > GraphMatr(l, 6) And TestAzimuth < GraphMatr (1, 7) Then
CheckNeighbour = True
'Store "heavy" data:
'Column 1 = X-Position of the point onto HATA Radius of Serving Cell
! which is in the direction of "TestAzimuth"
'Column 2 = Y-Position ......
"Column 3 = [10™(-3)] / [ distance - RO -R1]
heavy (i, 1) = _
GraphMatr (1, 4) * Sin(AsRadians (TestAzimuth)) + GraphMatr(l, 3)

heavy (i, 2) = _
GraphMatr (1, 4) * Cos(AsRadians (TestAzimuth)) + GraphMatr (1, 2)
heavy (i, 3) = _
0.001 / (GraphMatr(i, 8) - GraphMatr (i, 4) - GraphMatr(l, 4))
Else
'If possible: HATA type = HATA type - 1
If GraphMatr (i, 9) = 1 Or Try = 3 Then
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Else
Try = Try + 1 'Maximum number of tries = 3
GraphMatr (i, 9) = GraphMatr (i, 9) - 1

GraphMatr (i, 4) = ModPropagation.HataDist (FinalOk (i, 6), 2,
CLng (FinalOk (i, 14)), FinalOk(i, 7), FinalOk(i, 2), _
CInt (GraphMatr (i, 9)))

End If

End If

"HEFHHAF A A A R R R A R A R R A R A

' Case B (distance > R1 And distance < RO + R1) --> 2 Cross-Section Points
'Cross-Section Point 1 : (Xpl,Y¥Ypl)
'Cross-Section Point 2 : (Xp2,Yp2)

VHERHE S R R R
ElseIf (GraphMatr (i, 8) < (GraphMatr(1l, 4) + GraphMatr(i, 4))) And _

(GraphMatr (i, 8) > GraphMatr(i, 4)) Then

Call FindCrossSection(GraphMatr (i, 3), GraphMatr(i, 2), GraphMatr(l, 3), _
GraphMatr (1, 2), GraphMatr(i, 4), GraphMatr (1, 4), 1)
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'Check First For X1,Y1l Cross Section Point

TestAzimuth = CLng(FindAzimuth (NeighbourCross (i, 1),

NeighbourCross (i, 2), _
GraphMatr (1, 3), GraphMatr(1l, 2)))

If GraphMatr (1, 6) < 0 Then
If TestAzimuth > GraphMatr(l, 6) + 360 Then TestAzimuth = _

End If

TestAzimuth - 360

'Check if the TestAzimuth is inside Serving Cell's Sector
If TestAzimuth > GraphMatr(l, 6) And TestAzimuth < GraphMatr (1,
'Check now for X2,Y2 Cross Section Point

TestAzimuthl = CLng(FindAzimuth (NeighbourCross (i, 3),

NeighbourCross (i, 4), GraphMatr (1, 3), GraphMatr(l, 2)))

If GraphMatr (1, 6) < 0 Then

If TestAzimuthl > GraphMatr(1l, 6) + 360 Then TestAzimuthl = _

TestAzimuthl - 360

End If
'Check if the TestAzimuthl is inside Serving Cell's Sector

If TestAzimuthl > GraphMatr(l, 6) And _

TestAzimuthl < GraphMatr(l, 7) Then

'decide which Cross-Section Point to use

If Abs(TestAzimuthl - GraphMatr(l, 5)) < Abs(TestAzimuth - _

GraphMatr (1, 5)) Then

'Two points within Sector, with the second closer
'to the Azimuth

'Store "heavy" data:

'Column 1 = Second cross section point X-Position
'Column 2 = Second cross section point Y-Position
"Column 3 = [10"(-3)] / (|distance - RO - R1]|)
heavy (i, 1) = NeighbourCross (i, 3)

heavy (i, 2) = NeighbourCross (i, 4)

heavy (i, 3) = 0.001 / Abs(GraphMatr (i, 8) - GraphMatr (1,

GraphMatr (i, 4))
CheckNeighbour = True

Else

7) Then

(Xp2)
(Yp2)

4)

'Two points within Sector, with the first closer to the Azimuth

'Store "heavy" data:

'Column 1 = First cross section point X-Position (Xpl)
'Column 2 = First cross section point Y-Position (Ypl)
'Column 3 [10"(-3)] / (|distance - RO - R1|)

heavy (i, 1) = NeighbourCross(i, 1)
heavy (i, 2) = NeighbourCross (i, 2)

heavy (i, 3) = 0.001 / Abs(GraphMatr (i, 8) - GraphMatr (1,

GraphMatr (i, 4))
CheckNeighbour = True

End If

Else

'Only the first point is within the Sector

'Store "heavy" data:

'Column 1 = First cross section point X-Position (Xpl)
'Column 2 = First cross section point Y-Position (Ypl)
'"Column 3 = [8%10"(-4)] / (|distance - RO - R1])

heavy (i, 1) = NeighbourCross(i, 1)
heavy (i, 2) = NeighbourCross (i, 2)

4)
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heavy (i, 3) = 0.0008 / Abs(GraphMatr (i, 8) - GraphMatr (1, 4) -
GraphMatr (i, 4))

CheckNeighbour = True
End If

Else
'Check now for X2,Y2 Cross Section Point
TestAzimuthl = CLng(FindAzimuth (NeighbourCross (i, 3), _
NeighbourCross (i, 4), GraphMatr (1, 3), GraphMatr(l, 2)))

If GraphMatr(l, 6) < 0 Then
If TestAzimuthl > GraphMatr(l, 6) + 360 Then TestAzimuthl = _
TestAzimuthl - 360

End If
If TestAzimuthl > GraphMatr(l, 6) And TestAzimuthl < _
GraphMatr (1, 7) Then

'Only the Second point within the Sector
'Store "heavy" data:
'Column 1 = Second cross section point X-Position (Xpl)

'Column 2 = Second cross section point Y-Position (Ypl)
"Column 3 = [8*10"(-4)] / (|distance - RO - R1])
heavy (i, 1) = NeighbourCross (i, 3)
heavy (i, 2) = NeighbourCross (i, 4)
heavy (i, 3) = 0.0008 / Abs(GraphMatr (i, 8) - GraphMatr (1, 4) -

GraphMatr (i, 4))

CheckNeighbour = True
Else
'Both Cross-Section Points are outside the sector
'The Program has to decide whether to take a bigger HATA
'or a smaller one.
If TestAzimuth < 0 Then TestAzimuth = TestAzimuth + 360
If TestAzimuthl < 0 Then TestAzimuthl = TestAzimuthl + 360

If TestAzimuthl > TestAzimuth Then
CheckMe = TestAzimuthl - TestAzimuth
If CheckMe < 180 Then
If GraphMatr(l, 6) > TestAzimuth And GraphMatr(l, 6) < _
TestAzimuthl And GraphMatr(l, 7) > TestAzimuth And _
GraphMatr (1, 7) < TestAzimuthl Then

If GraphMatr (i, 9) < 4 And Try < 3 Then
'"HATA Type = HATA Type + 1
GraphMatr (i, 9) = GraphMatr (i, 9) + 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6), _
2, CLng(FinalOk(i, 14)), FinalOk(i, 7),
FinalOk (i, 2), CInt(GraphMatr (i, 9)))

Try = Try + 1 'Maximum number of tries = 3
Else

CheckNeighbour = True

heavy (i, 1) = 0

heavy (i, 2) = 0

heavy (i, 3) = 0

Try = 0
End If

Else
If GraphMatr(i, 9) > 1 And Try < 3 Then
'HATA Type = HATA Type - 1
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GraphMatr (i, 9) = GraphMatr(i, 9) - 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6),

2, CLng(FinalOk(i, 14)), FinalOk(i, 7),

FinalOk (i, 2), CInt(GraphMatr (i, 9)))

Try = Try + 1 'Maximum number of tries = 3
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
End If

Else
TestAzimuthl = TestAzimuthl - 360
If GraphMatr(l, 6) > TestAzimuthl And GraphMatr (1,
TestAzimuth Then

If GraphMatr(i, 9) < 4 And Try < 3 Then
'"HATA Type = HATA Type + 1
GraphMatr (i, 9) = GraphMatr(i, 9) + 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6)

2, CLng(FinalOk (i, 14)), FinalOk(i, 7),
)

FinalOk (i, 2), CInt(GraphMatr (i, 9))

Try = Try + 1 'Maximum number of tries = 3
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
Else
If GraphMatr(i, 9) < 4 And Try < 3 Then
'HATA Type = HATA Type - 1
GraphMatr (i, 9) = GraphMatr(i, 9) - 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6),
2, CLng(FinalOk(i, 14)), FinalOk(i, 7),
FinalOk (i, 2), CInt(GraphMatr (i, 9)))
Try = Try + 1 'Maximum number of tries = 3
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
End If
End If

Else
CheckMe = TestAzimuth - TestAzimuthl
If CheckMe < 180 Then
If GraphMatr(l, 6) > TestAzimuthl And GraphMatr (1,

6)

<




TestAzimuth And GraphMatr (1, 7) > TestAzimuthl And _
GraphMatr (1, 7) < TestAzimuth Then

If GraphMatr (i, 9) < 4 And Try < 3 Then
'"HATA Type = HATA Type + 1
GraphMatr (i, 9) = GraphMatr(i, 9) + 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6), _
2, CLng(FinalOk (i, 14)), FinalOk(i, 7), _
FinalOk (i, 2), CInt(GraphMatr (i, 9)))

Try = Try + 1 'Maximum number of tries = 3
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
Else
If GraphMatr (i, 9) > 1 And Try < 3 Then
'"HATA Type = HATA Type - 1
GraphMatr (i, 9) = GraphMatr(i, 9) - 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6), _
2, CLng(FinalOk(i, 14)), FinalOk(i, 7), _
FinalOk (i, 2), CInt(GraphMatr (i, 9)))
Try = Try + 1 'Maximum number of tries = 3
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
End If
Else

TestAzimuth = TestAzimuth - 360
If GraphMatr(l, 6) > TestAzimuth And GraphMatr(l, 6) <
TestAzimuthl Then

If GraphMatr (i, 9) < 4 And Try < 3 Then
'"HATA Type = HATA Type + 1
GraphMatr (i, 9) = GraphMatr(i, 9) + 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6), _
2, CLng(FinalOk (i, 14)), FinalOk (i, 7),
FinalOk (i, 2), CInt(GraphMatr (i, 9)))

Try = Try + 1 'Maximum number of tries = 3
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
Else

If GraphMatr (i, 9) < 4 And Try < 3 Then
'HATA Type = HATA Type - 1
GraphMatr (i, 9) = GraphMatr(i, 9) - 1
GraphMatr (i, 4) = _
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ModPropagation.HataDist (FinalOk (i, 6),
2, CLng(FinalOk(i, 14)), FinalOk(i, 7),
FinalOk (i, 2), CInt(GraphMatr (i, 9)))

Try = Try + 1 'Maximum number of tries = 3

Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0

End If

End If
End If
End If
End If

End If

"HEFHAEFHH AR A A R R A R R R R R R R A

' Case C(distance < R1 And distance + RO > R1l) --> 2 Cross-Section Points
'Cross-Section Point 1 : (Xpl,Ypl)
'Cross-Section Point 2 : (Xp2,Yp2)

'HAFHAEFHH A A A R R A R R R R R R R AR

ElseIf (GraphMatr(i, 8) < GraphMatr (i, 4)) And _
((GraphMatr (i, 8) + GraphMatr(l, 4)) > GraphMatr (i, 4)) Then

Call FindCrossSection (GraphMatr (i, 3), GraphMatr(i, 2), GraphMatr (1, 3),
GraphMatr(l, 2), GraphMatr (i, 4), GraphMatr(l, 4), i)

'Check first for X1,Y1l Cross Section Point
TestAzimuth = CLng(FindAzimuth (NeighbourCross (i, 1),
NeighbourCross (i, 2), _
GraphMatr (1, 3), GraphMatr(1l, 2)))

If GraphMatr (1, 6) < 0 Then
If TestAzimuth > GraphMatr(l, 6) + 360 Then TestAzimuth = _
TestAzimuth - 360

End If
"Check if the TestAzimuth is inside Serving Cell's Sector
If TestAzimuth > GraphMatr(l, 6) And TestAzimuth < GraphMatr (1, 7) Then
'Check now for X2,Y2 Cross Section Point
TestAzimuthl = CLng (FindAzimuth (NeighbourCross (i, 3),
NeighbourCross (i, 4), _
GraphMatr (1, 3), GraphMatr(l, 2)))

If GraphMatr(l, 6) < 0 Then
If TestAzimuthl > GraphMatr(l, 6) + 360 Then TestAzimuthl = _
TestAzimuthl - 360

End If

'Check if the TestAzimuthl is inside Serving Cell's Sector

If TestAzimuthl > GraphMatr(l, 6) And TestAzimuthl < _
GraphMatr (1, 7) Then

If Abs(TestAzimuthl - GraphMatr(l, 5)) < Abs(TestAzimuth - _
GraphMatr (1, 5)) Then
'Two points within Sector, with the second
'closer to the Azimuth
'Store "heavy" data:
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'Column 1 = Second cross section point X-Position (Xp2)
'Column 2 = Second cross section point Y-Position (Yp2)
"Column 3 = [10"(-3)] / (distance + RO - R1)
heavy (i, 1) = NeighbourCross (i, 3)
heavy (i, 2) = NeighbourCross (i, 4)
heavy (i, 3) = 0.001 / (GraphMatr(i, 8) + GraphMatr(l, 4) - _
GraphMatr (i, 4))
CheckNeighbour = True
Else
'Two points within Sector, with the first closer to the Azimuth
'Store "heavy" data:
'Column 1 = First cross section point X-Position (Xpl)
'Column 2 = First cross section point Y-Position (Ypl)
"Column 3 = [10"(-3)] / (distance + RO - R1)
heavy (i, 1) = NeighbourCross(i, 1)
heavy (i, 2) = NeighbourCross (i, 2)
heavy (i, 3) = 0.001 / (GraphMatr(i, 8) + GraphMatr(l, 4) - _
GraphMatr (i, 4))
CheckNeighbour = True
End If
Else
'Only the first point is within the Sector
'Store "heavy" data:
'Column 1 = First cross section point X-Position (Xpl)
'Column 2 = First cross section point Y-Position (¥Ypl)
"Column 3 = [8*10"(-4)] / (distance + RO - R1)
heavy (i, 1) = NeighbourCross(i, 1)
heavy (i, 2) = NeighbourCross (i, 2)
heavy (i, 3) = 0.0008 / (GraphMatr(i, 8) + GraphMatr(l, 4) - _
GraphMatr (i, 4))
CheckNeighbour = True
End If
Else

'Check now for X2,Y2 Cross Section Point
TestAzimuthl = CLng(FindAzimuth (NeighbourCross (i, 3), _

NeighbourCross (i, 4), _
GraphMatr (1, 3), GraphMatr(l, 2)))

If GraphMatr(l, 6) < 0 Then
If TestAzimuthl > GraphMatr(l, 6) + 360 Then TestAzimuthl = _

TestAzimuthl - 360

End If
If TestAzimuthl > GraphMatr(l, 6) And TestAzimuthl < _

GraphMatr (1, 7) Then

'Only the Second point within the Sector

'Store "heavy" data:
'Column 1 = Second cross section point X-Position (Xpl)

'Column 2 = Second cross section point Y-Position (Ypl)
"Column 3 = [8*10"(-4)] / (distance + RO - R1)

heavy (i, 1) = NeighbourCross (i, 3)

heavy (i, 2) = NeighbourCross (i, 4)

heavy (i, 3) = 0.0008 / (GraphMatr(i, 8) + GraphMatr(l, 4) - _
GraphMatr (i, 4))

CheckNeighbour = True
Else
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'Both Cross-Section Points are outside the sector
'The Program has to decide whether to take a bigger HATA
'or a smaller one.

If TestAzimuth < 0 Then TestAzimuth = TestAzimuth + 360

If TestAzimuthl < 0 Then TestAzimuthl = TestAzimuthl + 360

CheckMe = CLng(FindAzimuth (GraphMatr (1, 3), GraphMatr (1, 2),
GraphMatr (i, 3), GraphMatr (i, 2)))

If TestAzimuthl > TestAzimuth Then
If CheckMe - 10 < (TestAzimuth + TestAzimuthl) / 2 < _
CheckMe + 10 Then

If GraphMatr(l, 6) > TestAzimuth And GraphMatr(l, 6) < _
TestAzimuthl And GraphMatr(l, 7) > TestAzimuth _
And GraphMatr (1, 7) < TestAzimuthl Then

If GraphMatr (i, 9) < 4 And Try < 3 Then
'"HATA Type = HATA Type + 1
GraphMatr (i, 9) = GraphMatr(i, 9) + 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6), _
2, CLng(FinalOk(i, 14)), FinalOk(i, 7), _
FinalOk (i, 2), CInt(GraphMatr (i, 9)))

Try = Try + 1 'Maximum number of tries = 3
Else
CheckNeighbour = True

heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0

End If

Else
If GraphMatr (i, 9) > 1 And Try < 3 Then
'HATA Type = HATA Type - 1
GraphMatr (i, 9) = GraphMatr(i, 9) - 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6),
2, CLng(FinalOk(i, 14)), FinalOk(i, 7),
FinalOk (i, 2), CInt(GraphMatr (i, 9)))

Try = Try + 1 'Maximum number of tries = 3
Else

CheckNeighbour = True

heavy (i, 1) = 0

heavy (i, 2) = 0

heavy (i, 3) = 0

Try = 0
End If

End If
Else
TestAzimuthl = TestAzimuthl - 360
If GraphMatr(l, 6) > TestAzimuthl And _
GraphMatr (1, 6) < TestAzimuth Then

If GraphMatr (i, 9) < 4 And Try < 3 Then
'HATA Type = HATA Type + 1
GraphMatr (i, 9) = GraphMatr(i, 9) + 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6),
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2, CLng(FinalOk(i, 14)), FinalOk(i, 7),
FinalOk (i, 2), CInt(GraphMatr (i, 9)))

Try = Try + 1 'Maximum number of tries = 3
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
Else
If GraphMatr (i, 9) < 4 And Try < 3 Then
'HATA Type = HATA Type - 1
GraphMatr (i, 9) = GraphMatr(i, 9) - 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6), _
2, CLng(FinalOk(i, 14)), FinalOk(i, 7), _
FinalOk (i, 2), CInt(GraphMatr (i, 9)))
Try = Try + 1 'Maximum number of tries = 3
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
End If
End If

Else
If CheckMe - 10 < (TestAzimuth + TestAzimuthl) / 2 < _
CheckMe + 10 Then

If GraphMatr(l, 6) > TestAzimuthl And GraphMatr(l, 6) < _
TestAzimuth And GraphMatr (1, 7) > TestAzimuthl And _
GraphMatr (1, 7) < TestAzimuth Then

If GraphMatr (i, 9) < 4 And Try < 3 Then
'"HATA Type = HATA Type + 1
GraphMatr (i, 9) = GraphMatr (i, 9) + 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6),
2, CLng(FinalOk(i, 14)), FinalOk(i, 7),
FinalOk (i, 2), CInt(GraphMatr (i, 9)))

Try = Try + 1 'Maximum number of tries = 3
Else

CheckNeighbour = True

heavy (i, 1) = 0

heavy (i, 2) = 0

heavy (i, 3) = 0

Try = 0
End If

Else
If GraphMatr(i, 9) > 1 And Try < 3 Then
'HATA Type = HATA Type - 1
GraphMatr (i, 9) = GraphMatr(i, 9) - 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6),
2, CLng(FinalOk(i, 14)), FinalOk(i, 7),
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FinalOk (i, 2), CInt(GraphMatr (i, 9)))
Try = Try + 1 'Maximum number of tries =
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
End If
Else
TestAzimuth = TestAzimuth - 360
If GraphMatr(l, 6) > TestAzimuth And GraphMatr(l, 6) < _
TestAzimuthl Then
If GraphMatr (i, 9) < 4 And Try < 3 Then
'"HATA Type = HATA Type + 1
GraphMatr (i, 9) = GraphMatr(i, 9) + 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6), _
2, CLng(FinalOk(i, 14)), FinalOk(i, 7),
FinalOk (i, 2), CInt(GraphMatr (i, 9)))
Try = Try + 1 'Maximum number of tries =
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
Else
If GraphMatr (i, 9) < 4 And Try < 3 Then
"HATA Type = HATA Type - 1
GraphMatr (i, 9) = GraphMatr(i, 9) - 1
GraphMatr (i, 4) = _
ModPropagation.HataDist (FinalOk (i, 6), _
2, CLng(FinalOk (i, 14)), Finalok(i, 7),
FinalOk (i, 2), CInt(GraphMatr (i, 9)))
Try = Try + 1 'Maximum number of tries =
Else
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Try = 0
End If
End If
End If
End If
End If
End If

VHHH RS S S R R
' Case D (distance + RO < R1l) --> no Cross-Section Points

VHEHHHHHHH R

Elself

(GraphMatr (i, 4) > (GraphMatr(l, 4) + GraphMatr (i, 8))) Then
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End

End
Loop
Next

Sub

'Azimuth Direction (Neighbour --> Serving Cell )

TestAzimuth

= CLng(FindAzimuth (GraphMatr (1, 3), GraphMatr(l, 2),

GraphMatr (i, 3), GraphMatr(i, 2)))

If GraphMatr(l, 6) < 0 Then
If TestAzimuth > GraphMatr(l, 6) + 360 Then TestAzimuth = _
TestAzimuth - 360

End If

'Check if the TestAzimuth is inside Serving Cell's Sector

If TestAzimuth > GraphMatr(l, 6) And TestAzimuth < GraphMatr (1, 7) Then
CheckNeighbour = True
'Store "heavy" data:

'Column
'Column
'Column
heavy (i,
GraphMatr (1,

heavy (i,
GraphMatr (1,

1 = X-Position of the point onto HATA Radius of Serving Cell
which is in the direction of "TestAzimuth"

2 = Y-Position ......

3 [10"(-3)] / [ R1 - distance - RO]

* gin(AsRadians(TestAzimuth)) + GraphMatr (1, 3)

4) * Eos(AsRadians(TestAzimuth)) + GraphMatr (1, 2)

heavy (i, 3) = _
0.001 / (GraphMatr(i, 4) - GraphMatr(l, 4) - GraphMatr(i, 8))
Else
'If possible: HATA type = HATA type + 1
If GraphMatr (i, 9) = 4 Or Try = 3 Then
CheckNeighbour = True
heavy (i, 1) = 0
heavy (i, 2) = 0
heavy (i, 3) = 0
Else
Try = Try + 1 'Maximum number of tries = 3
GraphMatr (i, 9) = GraphMatr (i, 9) + 1

GraphMatr (i, 4)

End If

End If
If

= ModPropagation.HataDist (FinalOk (i, 6), 2,
CLng (FinalOk (i, 14)), FinalOk(i, 7), FinalOk(i, 2),
CInt (GraphMatr (i, 9)))

Until (CheckNeighbour = True)

i

Sub DrawGraph ()
' This SubProcedure draws the results in the "frmFinal" form, in order to have
' a visual representation of the environment and the accuracy of the Algorithm.

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

i As
MaxY
MaxX
MinY
MinX

Integer

As Variant
As Variant
As Variant
As Variant

MeasureX As Double
MeasureY As Double

Test

As Double

216



frmFinal.Picture2.Cls 'Clear the PictureBox from previous drawings

' Calculate MaxX, MaxY, MinX and MinY in order to determine the picture's
' width/height and scale

MaxY = GraphMatr (1, 2) + TRUST_CIRCLE BIG

MaxX = GraphMatr(l, 3) + TRUST CIRCLE BIG
MinY = GraphMatr (1, 2) - TRUST_CIRCLE BIG
MinX = GraphMatr(l, 3) - TRUST CIRCLE_BIG

For 1 = 1 To DataMax
If GraphMatr (i, 2) + GraphMatr (i, 4) > Max¥Y Then
MaxY = GraphMatr (i, 2) + GraphMatr (i, 4)
End If
Next i

If GPS = True Then
If GPSy > MaxY Then
MaxY = GPSy
End If
End If

For 1 = 1 To DataMax
If GraphMatr (i, 3) + GraphMatr (i, 4) > MaxX Then
MaxX = GraphMatr (i, 3) + GraphMatr (i, 4)
End If
Next i

If GPS = True Then
If GPSx > MaxX Then
MaxX = GPSx
End If
End If

For i = 1 To DataMax

If GraphMatr (i, 2) - GraphMatr(i, 4) < MinY Then
MinY = GraphMatr (i, 2) - GraphMatr (i, 4)
End If
Next i

If GPS = True Then
If GPSy < MinY Then
MinY = GPSy

End If
End If
For 1 = 1 To DataMax
If GraphMatr (i, 3) - GraphMatr (i, 4) < MinX Then
MinX = GraphMatr (i, 3) - GraphMatr(i, 4)
End If
Next i

If GPS = True Then
If GPSX < MinX Then
MinX = GPSx
End If
End If

MeasureX = MaxX - MinX
MeasureY = MaxY - MinY
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frmFinal.Picture2.Width = 10000 * MeasureX / Zoom 'Set Picturebox Width
frmFinal.Picture2.Height = 10000 * MeasureY / Zoom 'Set PictureBox Height

"4KM FOR EVERY 10000PIXELS if Zoom = 4

'Set the Scale of the PictureBox accoring to MinX, MinY, MaxX, MaxY
frmFinal.Picture2.Scale (MinX - 0.03, MaxY + 0.03)-(MaxX + 0.03, MinY - 0.03)

VHEH R R

If Sector = False Then
frmFinal.Picture2.FillStyle = 0
frmFinal.Picture2.FillColor = &H606060
frmFinal.Picture2.Circle (GraphMatr(l, 3), GraphMatr (1, 2)),
TRUST CIRCLE BIG, vbBlack

frmFinal.Picture2.FillStyle 0

frmFinal.Picture2.FillColor = vbBlack

frmFinal.Picture2.Circle (GraphMatr(l, 3), GraphMatr (1, 2)),
TRUST CIRCLE SMALL, vbBlack

Else
frmFinal.Picture2.FillStyle = 0
frmFinal.Picture2.FillColor = &H606060
frmFinal.Picture2.Circle (GraphMatr(l, 3), GraphMatr(1l, 2)),
TRUST_CIRCLE_BIG, vbBlack, StartSector, StopSector

frmFinal.Picture2.FillStyle = 0
frmFinal.Picture2.FillColor = vbBlack
frmFinal.Picture2.Circle (GraphMatr(l, 3), GraphMatr (1, 2)),
TRUST CIRCLE SMALL, vbBlack
End If

frmFinal.Picture2.FillStyle =1
frmFinal.Picture2.ForeColor = vbYellow
VHERHE S S R R Y

frmFinal.Picture2.DrawWidth = 2

'Serving Cell HATA Radius
frmFinal.Picture2.Circle (GraphMatr(l, 3), GraphMatr (1, 2)),
GraphMatr (1, 4), vbBlue

frmFinal.Picture2.FillStyle = 0
frmFinal.Picture2.FillColor = vbRed

'Serving Cell Position

frmFinal.Picture2.Circle (GraphMatr(1l, 3), GraphMatr(1l, 2)), 0.03, vbRed
frmFinal.Picture2.FillStyle =1

frmFinal.Picture2.PSet (GraphMatr(l, 3), GraphMatr(l, 2))
frmFinal.Picture2.Print "Serving Cell"

frmFinal.Picture2.DrawWidth = 3

'Serving Cell Azimuth Direction
Call DrawArrow (frmFinal.Picture2, GraphMatr(l, 3), GraphMatr(l, 2),
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GraphMatr (1, 3) _
+ 0.15 * Sin(AsRadians (GraphMatr(l, 5))), GraphMatr(l, 2) + _
0.15 * Cos (AsRadians (GraphMatr(1, 5))), 0.04, True, 0, 60)

frmFinal.Picture2.DrawWidth = 1

'Draw GPS Position

If GPS = True Then
frmFinal.Picture2.FillStyle = 0
frmFinal .Picture2.FillColor = vbGreen
frmFinal.Picture2.Circle (GPSx, GPSy), 0.015, vbGreen
frmFinal.Picture2.FillStyle =1
frmFinal.Picture2.Print "GPS"
frmFinal .Picture2.FillColor = vbRed

End If

'Draw Neighbours
For 1 = 2 To DataMax

'Neighbour (i-1) HATA Radius

frmFinal.Picture2.Circle (GraphMatr (i, 3), GraphMatr(i, 2)), _
GraphMatr (i, 4), vbRed

frmFinal.Picture2.FillStyle = 0

'Neighbour (i-1) Position

frmFinal.Picture2.Circle (GraphMatr(i, 3), GraphMatr(i, 2)), 0.03, vbRed

frmFinal.Picture2.FillStyle = 1

frmFinal.Picture2.PSet (GraphMatr (i, 3), GraphMatr(i, 2))

frmFinal.Picture2.Print "Neighbour " & (i - 1)

frmFinal.Picture2.DrawWidth = 3

'Neighbour (i-1) Azimuth Direction

Call DrawArrow (frmFinal.Picture2, GraphMatr (i, 3), GraphMatr(i, 2),
GraphMatr (i, 3) + 0.15 * Sin(AsRadians (GraphMatr (i, 5))),
GraphMatr (i, 2) + _
0.15 * Cos (AsRadians (GraphMatr (i, 5))), 0.04, True, 0, 60)

frmFinal.Picture2.DrawWidth = 1

Next i

VHE S

'Draw M/T Calculated Position
frmFinal.Picture2.FillStyle = 0
frmFinal.Picture2.Circle (CalcX, CalcY), 0.03, vbRed
frmFinal.Picture2.PSet (CalcX, CalcY)
frmFinal.Picture2.Print "LOC"

'Draw "heavy ()" coefficients for debugging purposes ONLY!

For 1 = 2 To DataMax
frmFinal.Picture2.FillStyle = 0
frmFinal.Picture2.Circle (heavy(i, 1), heavy(i, 2)), 0.01, vbYellow
frmFinal.Picture2.PSet (heavy (i, 1), heavy(i, 2))

Next i

'Initialize frmFinal form and make it Visible
Call frmFinal.Initialize

frmFinal.Enabled = True
frmFinal.Visible = True

End Sub
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Function FindAzimuth(x1 As Variant, yl As Variant, x0 As Variant, y0 As Variant) As
Double

'This Function Calculates the Azimuth Direction of a vector

'x0,y0 = the start of the vector

'x1,y1l the end of the vector

'The result is the Azimuth in degrees

Dim helpthita As Double

Const pi = 3.14159265358979

If yl <> y0 Then
helpthita = Atn(Abs((x1 - x0) / (yl - y0))) * 180 / pi

If x1 > x0 And yl < y0 Then helpthita = 180 helpthita
If x1 < x0 And yl1 < y0 Then helpthita = 180 + helpthita

If x1 < x0 And yl > y0 Then helpthita = 360 - helpthita
Else
If x1 > x0 Then
helpthita = 90
Else
helpthita = 270
End If
End If

FindAzimuth = helpthita

End Function

Sub FindCrossSection(xl As Variant, yl As Variant, x0 As Variant, y0 As Variant,
R1 As Variant, RO As Variant, j As Integer)

'This SubProcedure calculates the Cross-Section points of two Circles

'x1,yl = the center of the first circle

'x0,y0 = the center of the second circle

'R1 = the radius of the first circle

'RO = the radius of the second circle

'j = the number of the NeighbourCross() Matrix Row, where the results are stored
'The Results (FinalX1l,FinalY1l) and (FinalX2,FinalY2) are stored in NeighbourCross ()
'Matrix.

Dim X As Double

Dim Y As Double

Dim alpha As Double

Dim Bita As Double

Dim delta As Double

Dim FinalX1l As Double

Dim FinalX2 As Double

Dim FinalYl As Double

Dim FinalY2 As Double

X = x1 - x0
Y =yl - y0

A

alpha = (RO 2 - R1 2 + X 2 + Y 2) / (2 * Y)
Bita = X / Y
delta = (4 * (alpha *~ 2) * (Bita * 2)) - 4 * ((1 + Bita © 2) *

(alpha * 2 - RO * 2))

FinalXl = (2 * alpha * Bita + delta *~ (1 / 2)) / (2 * (1 + Bita * 2))
FinalYl = alpha - FinalXl * Bita
FinalX2 = (2 * alpha * Bita - delta *~ (1 / 2)) / (2 * (1 + Bita * 2))
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FinalY2 = alpha - FinalX2 * Bita

NeighbourCross(j, 1) = FinalXl + x0

NeighbourCross(j, 2) = FinalYl + yoO

NeighbourCross(j, 3) = FinalX2 + x0

NeighbourCross(j, 4) = FinalY2 + yoO
End Sub

Sub DrawArrow (ByVal pic As Object, ByVal x1 As _
Single, ByVal yl As Single, ByVal x2 As Single, ByVal _
y2 As Single, ByVal length As Single, Optional ByVal _
draw_head As Boolean = True, Optional ByVal _
num_fletchings As Integer = 0, Optional ByVal _
fletching gap As Single = 60)

' This SubProcedure draws an Arrow in the "frmFinal" PictureBox.
' It is used by the "DrawGraph" SubProcedure and it is used to draw
' the Azimuth direction of the BTS Antenna

Dim vx As Single

Dim vy As Single

Dim dist As Single

Dim ax As Single

Dim ay As Single

Dim barb scale As Single
Dim i As Integer

Dim gap dx As Single

Dim gap dy As Single

' Draw the shaft.
pic.Line (x1, y1)-(x2, y2)

' Find the arrow shaft unit vector.

vx = X2 - x1
vy = y2 - vyl
dist = Sgr(vx * vx + vy * vy)

vx = vx / dist
vy = vy / dist

' See if we need to draw multiple fletchings.
If num fletchings > 1 Then
' Get the fletching spacing vector.
gap_dx = vx * fletching gap
gap dy = vy * fletching gap
End If

' Draw the right barb.
ax = -vy - VX
ay = vx - vy

' Set the proper length.
ax = ax * length
ay = ay * length
If draw_head Then pic.Line (x2, y2)-Step(ax, ay)
For 1 = 0 To num_fletchings - 1
pic.Line (x1 + 1 * gap dx, yl1 + i * _
gap_dy) -Step(ax, ay)
Next i

' Find the left barb.
ax = (vy - vx) * length
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ay = (-vx - vy) * length
If draw_head Then pic.Line (x2, y2)-Step(ax, ay)
For 1 = 0 To num fletchings - 1
pic.Line (x1 + i * gap dx, yl1 + i * _
gap_dy) -Step(ax, ay)
Next i

End Sub

Sub FillMatrData ()

' This Sub Procedure is Called when the user presses the "Show Results Table"
' button in the "frmFinal" form. "frmSplash2" form is activated.

Dim i As Integer

Dim j As Integer

frmSplash2.Enabled = True
frmSplash2.Visible = True

For 1 = 1 To DataMax

frmSplash2.LabelO (i) .Caption = CStr(FinalOk(i, 1)) 'Cell ID/Channel Nr
frmSplash2.Label4 (i) .Caption = CStr(FinalOk (i, 2)) 'RXLev
frmSplash2.Labell (i) .Caption = CStr(FinalOk(i, 3)) 'Cell ID
frmSplash2.Label2 (i) .Caption = CStr(FinalOk(i, 4)) 'Latitude
frmSplash2.Labell3 (i) .Caption = CStr(FinalOk(i, 5)) 'Longitude
frmSplash2.Label5 (i) .Caption = CStr(FinalOk(i, 6)) 'Antenna Height
frmSplash2.Label6 (i) .Caption = CStr(FinalOk(i, 7)) 'BTS Tx Power
frmSplash2.Label8 (i) .Caption = CStr(FinalOk (i, 8)) 'Hata Radius
Next i
End Sub

Function AsRadians (ByVal pDb Degrees As Double) As Double

'To convert decimal degrees to radians, multiply

'the number of degrees by pi/180 = 0.017453293 radians/degree
Const vbPi = 3.14159265358979

AsRadians = pDb Degrees * (vbPi / 180)

End Function
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CheckCoSite(function), ModSub, 195
CheckNeighbourHata, ModSub, 205-216

CheckPorts(function),
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GetFinalMatrix, ModSub, 195
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GetUTM(function), UTMWGS84, 180
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HataDist(function), ModPropagation, 179
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Initialize,
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frmGPS, 176

L

LatLonToUTMXY (function), UTMWGS84, 185-186
Log10(function), ModPropagation, 179
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MicroCheck(function), ModSub, 195-196
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frmModeNormal, 145

mnuFBUScom2_Click,
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frmModeFull, 158
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mnuPrgExit_Click,
frmModeFull, 158
frmModeNormal, 147
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mnuPrgMode_ Click,
frmModeFull, 158
frmModeNormal, 147
frmModeUser, 154

mnuViewDebug_Click, frmModeNormal, 147
MSComm_OnComm, frmGPS, 175-176

NotLocate, ModSub, 196-198

P

Picturel_DbIClick, frmFinal, 168
Picture2_Click, frmFinal, 168-169
ProcessData, ModSub, 188-190
ProcessDist, ModSub, 194-195
ProcessSentence, frmGPS, 176

R

RadToDeg(function), UTMWGS84, 181

S

Slider1_Click,
frmModeFull, 158-159
frmModeNormal, 147

Slider2_Click,
frmModeFull, 159
frmModeNormal, 148

SortMatrix, ModSub, 187
StoreResults, frmModeFull, 164-165
StoreValues, ModSub, 190

Swap, ModSub, 188

T

TAHATAMatch, ModSub, 200
Timerl_Timer,
frmGPS, 176-177
frmModeFull, 161 - 162
frmModeNormal, 149 - 151

U

UTMCentralMeridian(function), UTMWGS84, 182

UTMXYToLatLon(function), UTMWGS84, 186
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VScrolll_Change, frmFinal, 169
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INTRODUCTION

This is an implementation of a Mobile Location Technique. It takes advantage of three
different Location Technologies (CID, TA, RXLEV) and generates an estimated position of
the Mobile Terminal in Longitude/Latitude format. In addition, it calculates a TRUST Area
as supplementary aid for locating the Mobile Terminal.

The purpose of this program is to investigate the accuracy of "Network Based" Location
Technologies and the possibility of applying Location Based Services (LBS) in Commercial
Mobile Networks, using such methods. Numerous field tests have been conducted using
the specific software with mostly successful results.

The program was created using Microsoft® Visual Studio 6. The code is written in Visual
Basic 6 and writing took almost one year.

Commercial distribution and exploitation of this software is strictly prohibited. You may
not reverse, engineer, decompile, or disassemble this software.

The present user’s guide describes the main functions of the program, as well as S/W
and H/W requirements. Since the program is only for test purposes, no Help files,
Troubleshooting guides, FAQ is available. For any possible questions and suggestions
please contact me (atzoumas@intraconnect.biz).
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B.1. INSTALLATION

SYSTEM REQUIREMENTS

In order to install and run the "Location Server" successfully, the computer system
must meet with the following requirements:

Hardware Requirements:

Intel® Pentium 4/111/1I Celeron, AMD® K7/K6

VGA/Super VGA monitor, supporting minimum 1024x768 resolution
32 MB of RAM or higher is suggested

CD-ROM Drive

Nokia 61xx Mobile Phone (Recommended: Nokia 6150)

Nokia FBUS Serial Cable

GPS unit, NMEA v1.5(APA/XTE)/v2.1(GSA) compatible

Serial cable (for GPS connection)

L IR R JEE JER 2R R 2R 4

Software Requirements:

. Microsoft® Windows 9x/ME/2000/XP
. Microsoft® Office 2000/XP
. Visual Basic Runtime Library 6

PROGRAM SETUP

1. Insert the "Location Server" CD into your CD-ROM drive.

[ Setup.exe
2. Find the "Setup.exe" file and double-click. %
=F Mic

3. The Screen of Fig.1.1 will appear on your screen. Click on "OK" to continue.

# Location Server Setup

@ Welcome to the Location Server installation program.
—_

Setup cannot install system files or update shared files if they are in use.
Before proceeding, we recommend that you dose any applications you may
be running.

Exit Setup ‘

—Figure 1.1 (setup first screen)--
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4. The Main Setup Window will appear (Fig.1.2).

# Location Server Setup &3

Begin the installation by dicking the button below.

Click this button to install Location Server software to the specified
destination directory.

Directory:
D:'Program Files\Location Software', Change Directory

Exit Setup ‘

—Figure 1.2 (setup main screen)--
By default, the installation directory is:

"WINDRIVE\Program Files\Location Software"
(WINDRIVE is the drive where Windows Operating System is installed)

If you want to change the Installation directory click on "Change Directory" and select
the desired directory name.

Il
When done, click on % to continue.

5. In the next Screen(Fig.1.3) you can select the "Program Group" name:

|£ Location Server - Choose Progra... E

| Setup will add items to the group shown in the Program Group box.
You can enter a new group name or select one from the Existing
Groups list.

Program Group:
LBS

Existing Groups:

LES hd

e .

Continue ‘

—Figure 1.3 (Program Group screen)--

By default the program group name is "LBS". You can change it, or select an Existing
Group from the list below. When finished, click on "Continue" to start copying the
Program Files to your Computer.
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Location Server Setup X

Location Server Setup was completed successfully.

—Figure 1.4 (Setup final screen)—

6. When the setup program finishes copying all files, the Screen of Fig.1.4 will appear.
Click on “"OK"” to complete the installation successfully!

B.2. USING "LOCATION SERVER"

Go to the Program Group, where you installed the program (Default: LBS) and click on
the "Location Server" (Start - Programs - Program Group - Click -- Location Server).

Create Desktop Shortcut:

You may create a shortcut on your Desktop for quicker access of the program. Open
Windows Explorer, go to the directory where you installed the program (eg. "C:\Program
Files\Location Software\") and right-click on "Location Server.exe".

Click: Send To > Desktop(create shortcut)

Now you will have the following icon on your Desktop:

Location Server

To run the program, just double-click on this Icon.

B.2.1. WELCOME SCREEN

Location Server

Please Select the Desired Program Mode

—Figure 2.1 (Welcome Screen Window)—
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This is the first screen you see when you execute the program. As shown above, the
program can run in three different modes:

1. Normal Mode

The program runs the Location Algorithm only once and the result is displayed in a
graphic window. In Normal Mode, the Mobile Terminal (M/T) is required in order
generate a position successfully. GPS is optional.

2. User Mode

No Mobile Terminal (M/T) or GPS is required here. The user enters all necessary DATA
manually and the program generates a location according to these DATA.

3. Full Mode

The program runs the Location Algorithm continuously, until the "Stop" button is
pressed. The results are saved in an Excel Worksheet. In this mode, the Mobile
Terminal (M/T) is required in order generate a position successfully. GPS is optional.

By clicking on one of these three buttons, the program enters in the respective mode.

B.2.2. "NORMAL" MODE

@ Location Server (Normal Mode) Q

Program View GPS FBUS Database Help

les: TA v“ml:l

[ R p——

e Serving cefl 1D Finial Matrix

Fieady

—Figure 2.2 (Normal Mode Window)—

234



B.2.2.1. MENU BAR

Program View GPS FBUS Database Help

The menu bar is located at the top of the program window and it consists of the following
options:

Program View GPS FBUS Database Help
Mode
e Program Exit
2 Mode: change between program modes
If you click on Program - Mode, the Welcome Screen will appear, allowing you
to enter in another program mode.

2 Exit: exits the "Location Server" program.

Program Wiew GPS FBUS Database Help

. v Debug Matrix
e View

2 Debug Matrix: show/hide the Debug window

If the option is checked, the debug window is visible (default). If you want to
hide the debug window, just click on the "Debug Matrix" option and the debug
window will disappear.

Program VWiew GPS FBUS Database Help
NMEA  »
Fort P

e GPS Enable

2 NMEA: select the available NMEA compatibility.
Depending on the available GPS, two versions of NMEA are supported:

a) Ver. 1.5 (APA/XTE)
b) Ver. 2.1 (GSA) (default)

Click on the respective option to select the desired Version of NMEA.
2 Port: select the COM port, where the GPS is connected.
Here you can select between two COM Ports:

a) COM1
b) COM 2

Click on the respective field to select the desired Port.
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The program needs one more COM port for connecting to the Mobile Terminal.
If there is only one COM port available (eg. COM1) then select this port for
both devices. When you start the Location Algorithm, the program will ask you
to switch between devices when needed.

2 Enable: enable GPS support.

When you click on this option, GPS support is enabled (GPS Window becomes
visible, Fig.2.3) and the program can read from the GPS the generated
position (Lon/Lat in the GPS window).

2 Disable: disable GPS support.
If GPS Window is visible and you want to disable GPS support, click on this

option.

GPS Lat/Lon

Latitude

Longitude

—Figure 2.3 (GPS Window)—

Program View GPS FBUS Database Help
v COM 1
COM 2

FBUS : select the port where the Mobile Terminal is connected to.

2 COM 1: click to this option if the Mobile Terminal is connected (via FBUS
cable) to COM1 port (default).

2 COM 2: click to this option if the Mobile Terminal is connected (via FBUS
cable) to COM2 port.

The program needs one more COM port for connecting to the GPS. If there is
only one COM port available (eg. COM1) then select this port for both devices.
When you start the Location Algorithm, the program will ask you to switch
between devices when needed.

Program View GPS FBUS Database Help
Data Link File

Database

2 Data Link File: click to select the "Data Link File" Location.
Once you click this option, the window of Fig.2.4 appears.
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Database "Data Link" File

Pleaze enter the Full Path of the "Microzoft Data Link” file

that connects to the Database [ udl] 0K

00000 | =

LocDatabase.udl

—Figure 2.4 (Browse Window)—
Browse your hard disk to find the "Data Link File" and press "OK".

If no "Data Link File" is available, you can create your own, only under the
condition that the Database containing the CELL INFORMATION exists.

Creating a "Data Link File":
1. While you are on the Desktop, right-click > New - Text Document.

2. Name the text file "LocDatabase" and then change its extension to ".udl".

3. The following icon shall appear on your Desktop:
LocDatabase.udl

4. Right-Click on this icon and click on Properties. You will then see the
following window:

LocDatabase.udl Properties

General | Provider | Connection || Advanced | Al

Select the data you want to connect to:

OLE DE Provider(s)

MediaCatalogDB OLE DB Provider
MediaCatalogMergedDB OLE DB Provider
MediaCatalogWebDB OLE DB Provider
Microsoft ISAM 1.1 OLE DB Provider

Microsoft Jet 3.51 OLE DB Provider

Microsoft Jet 4.0 OLE DB Provider

Microsoft OLE DB Provider For Data Mining Services
Microsoft OLE DB Provider for Indexing Service
Microsoft OLE DB Provider for Intemet Publishing
Microsoft OLE DB Provider for ODBC Drivers
Microsoft OLE DB Provider for OLAP Services 8.0
Microsoft OLE DB Provider for Oracle

Microsoft OLE DB Provider for Outlock Search
Microsoft OLE DB Provider for SQL Server
Microsoft OLE DB Simple Provider
MSDataShape

CLE DB Provider for Microsoft Directory Services

Nex >
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Select the "Provider" control and click on:
Microsoft Jet 4.0 OLE DB Provider
Select the "Connection" control and enter:

e The "MS Access Database" address.
(eg. C:\Program Files\Location Software\LocDatabase.mdb)

e User name: Admin
e Password: blank
In "Advanced", check only the following boxes:
"ReadWrite" and "Share Deny None".
5. Move the "LocDatabase.udl" file, from your Desktop to the program
directory.
6. Go to the "Location Server" program, click on the "Data Link File" option

and enter the location of your newly created ".udl" file.

B.2.2.2. EXECUTING THE LOCATION ALGORITHM

e First of all, you have to adjust the following parameters:

MNumber of Samples:

= Number of Samples:

Select how many samples you want the program to take. If you select 1 sample
(default value), the program, via the M/T, will take only one sample of the "Location
Critical DATA" (TA, C-ID, RXLev) and then try to generate a position according to this
single sample. If you select more, the program will take more samples, add them and
generate a more trustworthy position.

Therefore, it is recommended to select more than one samples (3 ~ 10). The
maximum number of samples you can select is 20.

Sampling Interval:

|
= Sampling Interval:

Select the interval between samples. The available values for this parameter are:

0.5sec (default) -- 1sec -- 2sec -- 3sec -- 4sec

It is strongly recommended to select a value between 0.5sec and 2sec. Greater
values can result in a big "Location Algorithm" time-lag.
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After adjusting the above Parameters, you are ready to execute the "Location
Algorithm™".

e Make sure that the Mobile Terminal and the GPS (Optional) are properly connected to
the Computer and that you have assigned them to the correct COM ports.

Start

o If everything seems ok, click on the button.

e If you have selected the same COM port for the GPS and the M/T, then the program
will guide you which device to connect first. Follow the instructions on screen.

e The program will calculate the Mobile Terminal’s estimated position and the "Position
Graph" window will appear on screen.
For more information on the "Position Graph" window see PARAGRAPH 2.5.

e In the "Normal Mode" window the following information will appear:

=>» Serving Cell ID: The Cell Identifier of the Serving Cell

=» TA Value: Measured value of Timing Advance

=>» Final Matrix: The matrix containing Serving Cell and Neighbours information. In
the first column you can see the Channel Numbers and in the second column, the
Received Power Levels (in dBm). Each Row corresponds to a single BTS.
(Rowl->Serving Cell, Row2->Neighbourl, etc.)

=>» Calculation Error (m): The distance of the estimated position from the GPS
generated position.

B.2.3. "USER" MODE

Location Server (User Mode) g = E
Program Database Help _|

R Level [dBm]

Fix Level [dBm)

GPS Longitude GPS Latitude

Start

Ready... |

—Figure 2.5 (User Mode Window)—
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Menu Bar Options have already been described in "Normal Mode":

Program Database Help
Mode

2 Menu bar - Program (Mode/Exit) : see Page 10 Exit

Program ' Database Help

2 Menu bar > Database (Data Link File): see Page 12 e
Data Link File

Before the Location Algorithm begins, you have to fill the text boxes with all the
required DATA:

Serving Cell ID:
Enter the Cell identifier of the Serving Cell (only the numeral part, eqg. if full Cell-ID is
G100 > enter in text box: 100)

Neighbour(x) CHANNEL (x: 1,2, 3, 4, 5, 6):

Enter the Neighbour’s Channel number. If there is information for less than 6
neighbours, then in the first unavailable Neighbour’s text box enter 0.

eg. If available Neighbours = 3, enter:

Neighbour4d CHANNEL = 0

Neighbour5 CHANNEL & Neighbour6 CHANNEL won't be included by the program even
if they contain valid channel numbers.

Rx Level (dBm):
Enter the Received Power Level for each BTS (Serving Cell & Neighbours), in the
respective text box.

Area Type:

Enter the default Hata type for each BTS.
Hata type = 1: Open Area

Hata type = 2: Suburban Area

Hata type = 3: Medium-Small City

Hata type = 4: Large City

TA Value:
Enter the Timing Advance value.

GPS Longitude:
Enter the real GPS position Longitude, in decimal format.

GPS Latitude:
Enter the real GPS position Latitude, in decimal format.

If everything seems ok, click on the Start button.
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e The program will calculate the Mobile Terminal’s estimated position and the "Position
Graph" window will now appear on screen.
For more information on the "Position Graph" window see PARAGRAPH 2.5.

B.2.4. "FULL" MODE

| Blocation Server (Full Made) L &

Program GPS FBUS Database Help

Control Panel Results rable

Sampling Interval: Current Serving cell : 4'
Mumber of Samples: Timing Advance
Distance (GPS-Serv.cell) |

Numper of Measurements :

Accuracy Bar Chart

0100m  100-200m  200-300m  300-400m  400-500m  500-600m  GO0-700m »700m

Ready...

—Figure 2.5 (Full Mode Window)—

e Menu Bar Options have already been described in "Normal Mode":

| Program  GPS FBUS Database Help
2 Menu bar 2 Program (Mode/Exit) : see Page 10 Mode

Program GPS FBUS Database Help

2 Menu bar &> GPS (NMEA/Port/Enable): see Page 11 NMEA ¥
Fort 4

Enable
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Program GPS FBUS Database Help
2 Menu bar > NMEA (COM 1/ COM 2) : see Page 12 v COM 1

Com 2

Program GPS FBUS | Database Help
2 Menu bar > Database (Data Link File): see Page 12 Data Link File

B.2.4.1. EXECUTING THE LOCATION ALGORITHM

First of all, you have to adjust the following parameters:

Mumber of Samples:

= Number of Samples:

Select how many samples you want the program to take. If you select 1 sample
(default value), the program, via the M/T, will take only one sample of the "Location
Critical DATA" (TA, C-ID, RXLev) and then try to generate a position according to this
single sample. If you select more, the program will take more samples, add them and
generate a more trustworthy position.

Therefore, it is recommended to select more than one samples (3 ~ 10). The
maximum number of samples you can select is 20.

Sampling [ntereal:

l
= Sampling Interval:

Select the interval between samples. The available values for this parameter are:

0.5sec (default) -- 1sec -- 2sec -- 3sec -- 4sec

It is strongly recommended to select a value between 0.5sec and 2sec. Greater
values can result in a big "Location Algorithm" time-lag.

After adjusting the above Parameters, you are ready to execute the "Location
Algorithm".

Make sure that the Mobile Terminal and the GPS (Optional) are properly connected to
the Computer and that you have assigned them to the correct COM ports.

If everything seems ok, click on the Start button.

The program will start calculating the Mobile Terminal’s estimated position,
continuously, until you click on the Stop button.

While the program is running you can see the following information on the "Full
Mode" window (Fig.2.5):
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= Current Serving Cell:
The Cell Identifier of the previous measurement (only the numeral part).

= Total Accuracy:
It is referring to the accuracy of the M/T positioning method, adding all
Measurements (mean value).

= Timing Advance:
The Timing Advance value of the previous measurement

= Distance (GPS-Serv. Cell):
This is the distance between the Serving Cell’s location and the GPS’s generated
position.

= Number of Measurements:
Shows how many measurements of the M/T’s location have been performed.

e To stop the program click on the Stop button.

B.2.4.2. RESULTS REVIEW

When you stop the program, the measurement results are saved as an Excel Worksheet
for later reviewing and algorithm debugging.

The Microsoft Excel file is saved into the application path and its filename contains the
time and date of the previous measurement.

eg. C:\AppPath\15_04_2003__ 13_45_30.xls
Each measurement occupies one row of the Worksheet:
Measurement 1 > Row 2
Measurement 2 > Row 3
etc.
The contents of each Column are explained in the first row:

Columns A 2 P: Measured DATA
Columns A,B : Serving Cell Channel, RXLev
Columns C,D: Neighbour 1 Channel, RXLev
Columns M,N: Neighbour 6 Channel, RXLev
Column O: Serving Cell ID

Column P: Timing Advance
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Columns Q > AC: Calculated DATA
Columns Q,R : Estimated Position Longitude, Latitude
Columns S, T: GPS generated position Longitude, Latitude
Column U: Calculation ERROR
Column V: Distance between GPS and Serving Cell
Columns W, X ,Y ,Z ,AA ,AB ,AC: Trust Area info

B.2.5. "POSITION GRAPH" WINDOW

Position Graph g@

ﬂ'le\g}'nb::n_u g

Calculation ERROR [m): 3715 r Latitude Total Time R %
Cell [(m): 535.8 2 5 Trust Area:

wCel(m): 13.7 SECTOR
Longitude Latitude - 20 aa

_ Colculsted |~ - 0.650(km]_0.000(km)
H Table 100" _ 220°

—Figure 2.6 (Position Graph Window)—

This window appears in "Normal" and "User" modes, after the location procedure has
finished.

Information shown in this window:

<« GPS Longitude / Latitude
= Calculated Position Longitude / Latitude

<« Trust Area information
TRUST_TYPE

Trust Area:

TRUST_LON SECTOR TRUST_LAT
=4 9" 38
TRUST_CIRCLE_BIG &.650[km]_0.000[kr= TRUST CIRCLE SMALL
100°_ 22Q° - -

TRUST_ANGLE_START TRUST_ANGLE_STOP
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< Calculation Error (m)
< GPS Distance from Serving Cell (m)
< GPS Distance from HATA Radius of Serving Cell (m)

Picture’s Shapes and Colours:

<« Red points: BTS positions (or the final estimated position of M/T).
Next to each point, the type of the BTS is written (Serving Cell / Neighbour (x))
The LOC point corresponds to the M/T calculated position.

< @Green point: GPS position

< Yellow arrows: Antenna azimuth direction
< Blue circle: Serving Cell’'s HATA Radius

& Red circles: Neighbour’s (x) HATA Radius

Show Resultz

Click on Table button if you want to view the Results Table window (Fig.2.7)
Results Table

Cell Type - -

and CHN | CELL ID | Latitude |Longitude | RxLey | Ant_H | TxLey HATA[KMI]
SLCILC] [P [ — 85 | 368 | 052208569
“B'gh-bm‘” G0N | MOTISR | ATRRME | 7 18 | 365 | 139023672
“B'QTDL‘[Q OIS | AR | BWMe | S0 | 24 | 3814 | 210813293
Nelgzl:c-urS s | mosss | mewm | o 15 | 3814 | 1.83358573
Nagf;l:c-ur4 e | Bamy mewe | 94 136 | 3665 | 1.03619144
Nagh-bour ] —— g5 18 37.92 | 251141629
Meighbour &

—Figure 2.7 (Results Table Window)—

To close this window, click on "Hide" button.

Viewing / Saving the Picture

z IN
9 Press the DD:_'-;_. button to get a closer look of the Picture.

S Press the E"“'“DUT button to shrink the Picture.
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2 Double-Click anywhere on the Picture to save it as a bitmap image. Once you
double-click, the following window will appear:

Save Picture As

Please enter the name you want to save the Bitmap as

[do not include the _bmp extension] : m
—

23

Select the picture’s desired name and path and click on the "Save" button.
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B.3. INDEX
C

create,
Data Link File, 237
desktop shortcut, 233
change Mode, 233
colours,
Position Graph, 245
close Results table, 245

D
data Link File, 237
disable GPS, 236

E

enable GPS, 236

F

FBUS port, 236

Full mode, 241

G

GPS support,
enable, 236
disable, 236

1

information,
Full mode, 242

Normal mode, 238
Position Graph, 244
install software, 231

M

menu,
bar,
full mode, 241
normal mode, 235
user mode, 240
database, 236
FBUS, 236

GPS, 235

program, 235

view, 235
mode,

Full, 241

Normal, 234

User, 239

Normal mode, 234

P
picture,
view, 245
zoom,
in, 245
out, 245
save, 246

Position Graph window, 244

R

requirements,
hardware, 231
software, 231

Results Table,
show, 245
close, 245

S

save Picture, 246
show Results Table, 245

T

Trust Area, 244

U

User mode, 239

Z

zoom picture, 245
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