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ABSTRACT

This thesis proposes an algorithmic scheme based on K-mean clustering and fuzzy logic
to minimize path loss prediction error. The proposed K-mean fuzzy scheme concurrently
utilizes the area topographical variability and multiple path loss prediction models to
miticate the prediction error for example vegetation density, building, and transmission-
receiver distances are the fuzzy inputs. The conventional path loss models are the output:
the Free Space Loss, Walfisch-lkegami, Hata, ECC-33, Stanford University Interim (SUI) and
Ericsson models. The experimental results show that the path loss prediction error of the
K-mean fuzzy scheme is only 2.67% compared to the drive-test measurement, and this is
the lowest relative to that of the conventional models. The K-mean fuzzy scheme offers a
novel means to approximate path loss in localities with diverse topographical features and
also efficiently mitigates the prediction error inherent in the independent use of the

conventional prediction models.
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UNA 2 NANDY AN



unil 3 namis nuitugildlunsitelsenoude vqujvesiieTaein uazmsus
Usztanuaegunin (Image Classification)

undl 4 nanda Llfumi’ﬂammingL?iasuaqﬁzyzmmﬁi%iumﬁ%’a UszNaumie WUUINaeInIs
Q@L%&Tuﬁuﬁfm WUUD188Y Hata wuudnaey Walfish lkegami (WI) wuuanaes ECC-33
WUUIaD4e Stanford University Interim (SUI) Lagliuuanasd Ericsson

Nl 5 NAMET MINARBILATHANITNARDS

unil 6 NANN asURANTITLATUBLAUDUUY
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thatumsinsedomaiduniummddyuasfuduiulumssiiudinvesaugaiiun
niluedn Wosnnldidutesslunsinsiodoasmiegsia msvihauuazindedearsyilu ms
TwndunnuiingAndudladsnd  (Hertz) Idvihmsvaseaileuansaudiniusvesuast
Iiflul ae 1887 udsandunindian (Maxwell) duanmdnmsvesaunisauuinnlud

A.A. 1864

o
v A

WANN13V0INIARAIAANINE HUABNISUIAAWINgUN LT UsElavuluns Sudedya o Bendu

]

gihiAnauwmwimdniniuaziiarduuninszaganuasidadyaaldluaninwindon

I 0o a o Y 1

Tnesaunnasiuiadygn  fediuty  insdsdygrunnaaigiuvseaninsdwinioun

' '
A a

Ingldnduingdeaniferdosivauuwiminiaiiie  aduinedldluszuudoasiannwindey

o A A =

Juiadudrgidmansznuredyainid@nandgulnsdwindouiiluddnsdnvipdound

'
a1 1

dounausauasniidwesinuds wudyaradidsiulvluannwndeuiivseneudae 04 1y
1 nsawTieuiiutagivg) wu asviousians Asoass duusserma Wudu
2.1 szuvudeansaduine

seuvAeansusyneumearUsenavegatios 2 dw [7] Aewnsesdsdyanamanaiosu
foqn lunsdvssszuulnsdwiiadoudl e 2 sadUszneutiaggnameylugunsaifufieniy
Funiwedessuddugna (Transceiver) FehAdmnuanunsalumsihouiadueiesduas

wiessulugunsalifediu Megrsvetaunsalivy anidgulnsdwiiniouniuag nsAnsiiadeud

'
=

Aawandluguil 2.1 uansbiliudiegivesssuudoasaauivgdalszneumeaniidgiuiiuau 1

3

annflgny (Base Station) wazlnsdmsipdauidauiu 1 a9 (Mobile Handset) Faanniignu
Wsfwindouiashnulueiosds  9ntduaduingazunsnszaeananidgiuludainsdmwi
LAABUTIFIBANSINEN ANUUSWBIRAUF R NInsdnTadounsuldanaantgiuasduegiu

Y

srezisaInaaiguisivsdmiadeun aueaau wazanmwindeulunisdeas Wuduy



Base Station
Mobile Station

UM 2.1 aeRUsEnauvessyuLdRasAaWIngsenianiigulnsdniiafouiuas

WsENARDUN

£% '
a = L A

NISUNINTEINEARUINGTUAUANNEIAAWINGULAZATIND  WenAINTuTAneas e uyd

]
1% '

ASNVUY 91ATT STAUNURY @n1nend Weuluvaitaznsenunuidun1slunisunsnszane

dygramaznaldlunisunsnszaedyananeiosddliniodsu mMdinesuedssuy o
AINGIVDIANTRINIA haTAANIIYEIENENIATINANTENUAUTEEEMIIUNTUNINTEEAT LAY

(%
v A

nMsmsaRnTy Toevhlunisunsnszanepduitdvddiviunfansandsd N3
wisnszglunanoidunie  sene  (Fading)  uazuwasiuianduing S ie1sanms
wndnsznelunanadunnaideilunsdeaswuiy - Aevhlidyanaiidusvannsasudyyin
IgFausiandudyaauuissiuduaen (Line of Sight : LOS) Jadedinsznufunisuns
nszedyananduingivanssUiuy 1wy msaevieu (Reflect) m3vinm (Refract) nsnszdn

N3z (Scattering) WanFaguil 2.2



Reflection

Diffraction

Scattering Mobile Station
Base Station i%'%
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ekl [ e

JUN 2.2 nalnmsunsnszanendu

Tulaseininganmundesialudmanszvudenalnmsunsnszaieadu  deiiliAans
wndnszeduanaluaadunn  waslianaliuivewvesdygaiisuldfiesesudymin
WU YUIATBIFYE 0 LaLAzY Snsrmliinmssremenaneiduma (Multipath Fading) dau
msagTiewinannstuiuvesnauwlmvan i fuasiaune Jaeidfflngnndaioudiou

fluAMHEIAAUTRIARWING NTaauliaslmAnnsideu (Diffraction) Fauneilisendie

'
a v a a o

(Shadowing)  wenanilnmssuiuvesrduingiudsiavmeindygrandiluldls  uaziinnng

9

n3gdANT¥aNe (Scattering) 31NNTVUAUYRIAGUIMEAUFINAYIN tnedllffoulsiiniuvielay

[

nimduing Tunsunsnssnedyaueaiansaydelaanidadeangegiesil



2.2 Msgedevasdayyn
2.2.1 migqjll,ﬁﬂiuﬁ'uﬁ'iw (Free Space Loss)
msz;jzyLﬁﬂiuﬁuﬁdwﬁummidaﬁm@wmmmﬁﬂ?{uﬁmq (8] LLamié’é’qgﬂﬁ 2.3 1@unsvlunu
ﬂWiqﬁgL?ﬁmaqé’mufmmwﬁmm%umﬁ 20 dB per decade %"’ﬂummLﬂuﬁ]’%amﬂ’sm%’quaﬂdﬂ
i mﬂﬂswwLLamﬂﬁLﬁumﬂﬁiqzyl,?wiuﬁuﬁdwﬂuLwia333asmqﬁmmﬁiﬁ%mmqﬁuﬁa 900 MHz
1800 MHz wag 2400 MHz LﬁaizasmqiﬂaﬁfumingLﬁmaﬁzyzywmmﬁmmm?ﬁ?u wagnslgdau

NAMUdgAUN TR AL Ve d AT NN WG UAY

Propagation Loss
150

140+

130

120

1107

100
90—

Free Space Loss (dB)

80—

70 — 900 MHz

1800 MHz
- 2400 MHz

60—-""”

50 | | |

0.01 0.1 1.00 10.00 100.00
Distance (km)

UM 2.3 nsgayideluituidng

2.2.2 n3gyideannnisiagauuvesaau (Diffraction loss)

o}

9

Audygraniveiddusevdsinvineaziinmsinulenfunsenuiueins dneass lnell
dyarunayiFeUsnuiuUnAEnavanEItiy MIgadsNMsEgIULTeRaUTLRY Wsd-

wualwu  (Fresnel  Zone) T,ﬂaazLﬂugﬂN‘%izwjmﬂ’%aadqLLazLﬂ’%@ﬁUﬁm@uéﬂaNmi

o «

WNINIEUAYYINTUNUAIINEIATULALTLEENNTENIATENAMALIATOITU JUN 2.4 uans

e

'
% L Y a

Wsg-uua lou Peasdunus Ummqwaqmdaﬁ%ﬁmaz L USTAUANYRN %WﬂEULﬁu’j’W h



mmqwaqﬁqﬁmmﬁagjmﬁaLﬁuszﬁuawEJmlfﬂu@uéﬂmqmsLLWi’ﬂszmaﬂﬁuﬁwdwLfﬁaqa'q

waA3DIsy Aeiinvinefisnindussauaienaziauguiuay

Fresnel zone

Antenna

Obstruction

31]17; 2.4 wisg-kua oy (Fresnel Zone)

2.2.3 nsaziaunasni1sinm (Reflection and Refraction)

Ao

Wemdudyanaivgddlunsenuivdfinvinailindsnudumiansnsganenauiuddn
PINNAUY AIUNTIIDIAAUDTANITANIALEZAIUNTINTDIRAUILALYOU  TIUIUNAN TN
wazazioululdazaunsalluegiulssianvesiaguasuy  TesmvuayussaInfuiuiivesian
nsazvioukarnITnmRziingAnssuuenaiy  Weauuwimanlnwihvuiunionsainiums

] I3 3 3 [ dy a U ?.j
nrzawlumingeun awuwimaniiidlusuasazasainduiuay  Ivaalsiedulunwags
(Vertical  polarization)  WieanseiniaAlunuineuazgvuiuduiviu  Inanlswduluwuiueu

(Horizontal polarization) Aakanslugy 2.5
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Vertical I

Antenna

A
- Electric Field ) —
: Horizontal

WALL

Antenna —

Electric Field -

/BN SN\ Z il

U 2.5 anuduiusseninfianesaunwivdniiihiulnanlswduvesaeaine

2.3 dasdnqnaduinglulamuvasainud
2.3.1 NNFAINRIGRANBLFUNIY
Hadudnivilvidyanumuiuaunmenauiesnndygraunsnszaevansdunis 49
p19azoanuana (Out of phase) @uaSNVTORNAINAUY FYEy IUATUTUNIINKNATINTDY
Fanadunanedunedsdyanaiimstnomieasiounaionss Ul 26 wansdynuvans
WunaTnegaidieniu Fuanamasdunsiosmnannstnmlunanedune annsasiiou
Weemsasauy lumsoonuuvasfeosssiiuduanaluanadumainnintuls asdrlaini
ogslsrilinisanveulazmsagvioufieumneaudafudsdfglunsldnunduing
2.3.2 NM19319%1831181 (Shadow Fading)
Haduddivinlidyanusuiununmanauiesndynudanluaoidundenas
pnuana (Out of phase) AAINVTINNAAUDY deYQIaAIUSUIZLINNATINVD IS Yy 10u
Tunaneidumsdsdygaesssinumdeasiieu
nMsnenenaSenldindunsaemewuud Slow fading) esntsiamesnis
Mamneealdnamatedunfivionateundl fflerans Aweadiseninaaiesduaniadedsuds

19V lAAANIsImauLn g
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3UN 2.6 MsunsnIzedyImagduna

msaadeinanundduddgynvilrdyaugnaaveuas  SailldnvateUadendamanseny

Aonsaadsvesdyannathilinanlund Tuunseluasndifangufvesiledasin



12

mansiunsmuamdiundunuiminntuluiansideduaeufiumnes uagligninly
Uspgndldanusine 1anue wu fumsunms druntsims fugsie gramnssa Jusu 3t
poufmesinsindulanuurgemadoayudlfiniy ssuuiledidussuuduaoufinnesi
anlagldiledanindifnsulag LA, Zadeh Tud a..1965 dudunanusyiulsuyneon fed
aodndunssnefleguuiugiunrindusieii yasuulanwinudusislsdionsadis
AsuLuauinEy uifivateds ‘Vi’maL‘VIG}miiﬂ‘ﬁlLﬁ@%ﬂ@&hﬂlﬂﬁﬂﬂ&ﬁﬂﬁLL‘u"ua‘u (uncertain)
o1 fudsinguiaie (Fuzzy) bifhiau 1wy wavesengau erawtadu Jomsn Seuin Jogu 3o
nansp wazdeys sndiuladnlusdazdneauliannsaseylduidainfenisnduisdnuen

nfunidagatle e1afnudtedneglugas 1 8s 12 U vieeralu 2 fe10 T Juwdu @

' [ '
aad a <« CY

wisnfiluiegievesmnuliduiveu Faludnuaen1isssurdiiaiuily lwaveumanisald
luutueuruiiisenin WaGiae (Fuzzy set)

HledasinildefizeuvanalBinsing lasaiiaesiledaiuisardilalidesainaiuise

=

Anulvieglugd IFThen Feaenadesiunssnzvesiyyd uazuenniuiledasindadelunis
dndulafinguinionseulinisdndulaluwuvdiu ldluReniegnifivsaesaniue usazidufng
109AUgNABIWSORA Fuduimgnisalfiiintulusssuwd dmsudeiduvesssuuiledfe il

nszurumsseuilumsuTuusdlasiasnedenguasiiudseneg veszuuies 1a5asaTesseuy

v a ]

zgnivualagietvglulamunmaiansansiuduindeulusunsunouinnes wudmin
feensasneszuuiien siesiilsanass unnddidermaiulsausiadendulimunng

2

WazAIWU 391197 UBITEUU UBNINTUUNNG LTI ABIN TIVA0UUTHIUAIINYNABIVDITTUY

]

'3
[ a2

Feveeailunisaisszuuiiedealidiwerngluandaingn msasiessuuisealidugniua

@ i

msfiszuuile@ldfinszuiunsiSeudmenueisdedudones usegdlsinuludagiuinidels

lansrurunsseuilulussuuile@lasenfonguinissousvedlasainedssa ey
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a & a o o a

3.1 LLu%ﬂﬂwugmmanﬁ%%aa%n
N & A A A U o v o v v
nssnzuuuile® Lwesesdlendiglunisdndulanieliaulivivewesdeyalnusouli
ANuEanguls lindnueranadiensideuluuisAnndudouvesiyed Hedasinddnuausi
ALABNIMTINELUVIIUAD (Boolean  logic)  1lunuiAnfifinisneveisludiusesniuasa
(Partial true) laeA1AI1U9399208lUT1958MI19939 (Completely true) fuLiia (Completely

false) drunssnaansinuazdanduasetuiayintu Aagun 3.1

Completely True
Completely True

Partial True

Completely False ‘
v Completely False

a a = a
YauanIn Wefanin
JUN 3.1 A3InRUUIILTIA (Yauaedn) Auassnsuuuiled (Hudaedn)

muduile® (Fuzziness) idoiiendn sfafnaiud (Multivalance) diiaieniduaundn
1NN 2 AuazwananeduluaIud (Bivalence) fiflaundnifies 2 A1 s (Fuzzy set) \u
w3nslomsndinenansideds “arnuliintiueu (Uncertainty)” §wnnfviunin aufidsudoaud
fivwiinannna 75 Alandu rewfiamedazlaiinudiifniiuin 74.50 Alansu ladaduauiisan
azaduazAmunsUluy (Modeling) wasdnuaizarmliintusuiidumiuequinie anulil
MERl  SIuleRNvInteyauNdiy  Inenguuesiiedienvsldanvuranunuiefiuys
(Linguistic) 11nN71U31160 (Quantitative) YedIkUs 19U NISWIAMNMINETDY “AuTigan” 157
liaunsadowemnuduinsaiuesssyduniadon (dentical) avduauidu ue n. agl4

ANUVLIEVY “AUSIN” MuNEBaAUNTUNMTnuINAIT 70 Alansy wie 3. Tianunuiednduau

=

idmingnnda 75 Alansu FansdesausnlaniauningvesRTiaundulaguseuieuly
YUUDIVOIFIBIMLLNTNTRINY N3YUluLNNBIUU LAY (Binary sense) linailu Ty
3o dlY winziuiyaraiduaudiuiuidnifievas 75 Alansy uasfaudinyanataziiuinin

75 Alandu wivnniinsanannguaunivimdneds 90 Alansu yaralifezlidneglunquaud
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g uansbitiumusnuldldfidnvazenuldudususuugu annnisfinudgymiilduansds
suluuanwagNINTEANemveslym
= @ v v a I A a | o A& a o
n3UN 3.2 Wuldduuimatunsindulavesdymnmueiiiissdiudesndudiiviueu
(Certainty) fwidspedsnliuiusudsUsznaumeauliuiveuniidnuusiuugy wazadwlyl
wiueufidnwasduilsd wenguiase Fullunnnindesaz 40 wsrzdgnidiuanniieidesdiu

masindulaveunuddaedndulamuiuguanufnvesmuesdumedn

3‘1]17; 3.2 Awlaiwtiueu (Uncertainty)

He@azas1aisneadineaninwanitanunguinse AuliitueuvesssuuNAgIvaIiy
AUARANENVOINYEE WeaTla1sandinysenoune 9 Tuanulduduswierimundoululy

n1smaula (Decision making) Insonfewnvesnnuliiduanndn (Set membership)

3.2 LALUURLY

Tunuuuaty (Classical set) n3owanisly (Crisp set) Wuwniisidiauduaundu o
wse 1 {0, 1} Wiy L%@’LumwﬁLsummuaﬁ’uwﬁmaummmuufﬁq (Sharp boundary) Faudu
yauniidauanfuLuuiuiviule  wawuvatuinmsfvusdianuduaundnauiuife
wgiuaes Taediduusvisaslidnanuduandniesansdn fo 0 ldluaudn uay 1 1y
audn fed1ady wavesrui Aranansaventidegrsidnindundudussunield

WAUGIFUN 3.3
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LYAYD I

\YAYD I

WHIITULA? Falaiupanu

UM 3.3 fregruvanuualtiu

=
3.3 Wa@wn (Fuzzy set)
fadiwndugafifvouwafisiuisey ngeiilsdgnszaseungungedwatuvatu tnailad
Y 1 [ a 1 | [d a 1l
wagoulilaimnuluaundnvesenszning 0 waz 1 Tulanuisaiuiluaiwoslidianiz e
o & = g = )~ av 1A A=Y
wuvatuindy ssliganuuiiedeiy Hedianvziveuanuuiiedliudsuldasiuiviulaain
1 dudy freg1e wu wavesguiasuidaiugy avruladiaundnlugalazlifianize
wisuiiianuausEAuReIfuLA UNgaTiANEgYLIn unelaugudoswanaeiuly n1sld

LR LU UA AL LNz

pa(x)

A

v
=

HLLEITULED Falsine 99y

U 3.4 fleidunnuuanndniueadinliunnu
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JUT 3.4 Lanaiieg19vedngasaadLn ABLYAYTRIETILANIULALITR YR lILAY 22
WiuldTnaunilsauaziduaun@nanlafiedeaineniituy wasanuns oliue s H7WAIULAT
a 2, a ' | I | vy ' a ] a
sefimanuluanndnluesvesiliudanudu 0 dudiliwdsudaanuduaudnainves
L%méﬁlmmqmulﬂu 1 AU UaLNTNYeIIa Y nAEdnuInaINAUeE19viuAiule sULuY

AtlpANaERSYRRLUURTULSURAT

Y

A={1,X€A

0, x €A (3.1)

e A Wuwsauwuvatunewauwuunitey x Wuaun@inluee W WBumanuduauntinly
< & o @ a
w6 way W00 Wuilandumnuduaindnluwn A
fhagranelfuausiu Berusrinausivluesnideeiasivuaduauniiivdngas 70
84 120 Alansu leederuwuuitadiwnanamvumduauniiaiusiuuszaia 80 Alansy daudu

nshteunlduansdarauiuniuiueudssun 3.5

. : -
0 70 120 Weight 0 70 120 Weight

3UN 3.5 MsmmuamvessiuunItelasiynuuuiled

Ponuvoailadian fvuale X Wuwanlinng desdien A auisauanidneuzianizlaain
HarTuauuaLTn
HA (x) : X=>1[0,1] (3.2)
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o W, awnsadinnuduavesrnuluann@namvesdiuszneu x Tuile@ian A fio “x

Juaw@nves X7) He@an anunsadewdugnvosgainiu (Tuples) 1ol
A={(xpA®X))|x € X} (3.3)

e A vanedeladian A uag x MUNeDsENITnvaLen (Set membership) L, (V1884
ilartumnuduaun@n (Membership function) L, () UASIWNUSIE AKX tag X wueds
[ v L3 . =
OAANANNNT (Universe) 1139UseuNT
AnuduaBndmsuiledes  I91uiusysuanuuaundnidueiiug  Aeadaiiadlutig

Aale 0 B9 1 Baseumgumsimunandnwuuatu kazakuuatunselwnnite (Crisp set)

3.4 msandunimaia@ian

maauiumsvesilediananammRiviloutualagill fnsduiiums (Operation) A
giloy dumasieati (Union Intersection) wag AaunaWUA (Complement)

3.4.1 gillsy (Union)

gileuvosileBian axiduddniiunis OR luauns 3.4 uay 3U7 3.6

3UN 3.6 giilvuvesiledion A uaz B

Y
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MAUB (x) = pA(X)V pB (x) (3.4)

= max (PA (x), 1B (x) )

3.4.2 duMasnYu (Intersection)

Buwesientu (intersection) vasila@ian az10u AND operation luaunisf 3.5 uagud

3.7
PANB () = pA(x) " uB (x) (3.5)
= min (A (x), 1B (x) )2
u
* AUB
1 Y lN
A B
0

JUN 3.7 Bumesiuntuvesilafion A uag B

3.4.3 pauUWALUA (Complement)

ARLNELIWA (Complement) vasla@ian Tuaunisi 3.6 way U7 3.8
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» X
SUTl 3.8 meamdlusd (Complement) vasile@ion

PA(X) = 1 — pA(x) (3.6)

3.5 ASUEASANEN1ITENITN
MIansAanMEaIBnaINsanseIlavangisTRenantuies 4 35 fe
3.5.1 guanuwvagy
° s o a o = N Yo o v =
msivuaflanduaudnlagldsuaumae desldiunnlussuunivaunlidedion ey
weivuslagilinduilazdesdidmungaunaniivsniaeiniilidinigauninanassos s e
gohsnaniinnu dauanslufiegregunl 3.9 drdvuali a < b < c We a b c luarduau

[

34laq aumsilaiduaniizanBnuesgUaumasannsamnunlacsl

([’;i::] iha < Xj<buza #b
Rty [%] b < Xj<cuaeb #c (3.7)

\ 0 : dwmsunsdioug
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u lafduamzandngUanuivaes
A (Triangular membership function)
1
0.5
0 > X
a b C

5U# 3.9 nymiganuniey

3.5.2 gﬂﬁlm?{aumwg

sUdwdsumamy desldnuguiuuiasnuiesningUauvaey  flsiduanizaundniiaz
AuunsheauMssUamasuaamydesiitisesiinzaumnigangunilaivilieine
am%ﬂsuaﬂmamsumﬁ?uq firnvinfunils uaﬂmﬂﬁu’u%ﬁﬁmngam%ﬂﬂaamﬁaa6] dlegwineann
Hoyanguil 91n3Ufl 3.10 Erdwusld a < b < ¢ < d idlo a b ¢ way d Wuarsuauaidag

aunnsveilendunzaindnvesgUdvdeunamyansnsamvualasail

Xj— a >
[t;—a] :tha < Xy<buaza #b
1 tb < X; <
TRCOL PASY 29
A d-x v
1] :ﬂ’]CSXiSdLLaSC id
d-c
L 0 :ﬁm%unifﬁ?iuﬂ
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I o a § §
WansunzaunsngUmvasun1any

u (Trapezoidal membership function)
A

0.5

a b c d

5U# 3.10 nsmiguamdeuamy

3.5.3 iulAsgudn S
artuannzan@niinuuaniedulAsgudn S (S-curve Sigmoid wie Logistic) {Wun1s

fmuaeuduRusseninglay (Domain) WY (Rance) wuuliidudadu duusiiuungd
wldilaiduilife ogmsldnuresgunaiingg dudsdndugldlunenisussananan iy
fu Fasudsmninaedemuduiusuuulidududuiiusuim s vie 5T angudl 3.11
fmual a < b < ¢ e a b uag ¢ Wuardwiussdlag aunsvesilsdtunmzaundnveadu

Y ) ° Yo -1 P v v &
1A93Uda S anunsammualinsauns wag (S = 1 - ga (X)) 1, () mlsannaunisnadl

( 0 MmX;<a
[XCI::] ha < X;<b
pa(Xi) S (3.9)




Wansuanzandn S
(S-membership function)

0.5

a b C

gﬂ‘f/’i 3.11 Meidunsmgusn S

M WaduanTn 7T

TT-membership function)

»
»

0.5 < >

(c-b)/2 ¢ (ctb)2  (ctb)

Ul 3.12 fleddunsmiguin

-b ad
SX; ¢ —b,—C ,¢ lunsdln X < ¢
2

paXi) = ‘
A 1= s X SR e b i X > ¢

v

(3.10)

22
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gﬂﬁ 3.12 LLaméhasjwuaqﬁqﬁ%’umegU&h T WALFIDEIINISLANIANNIIEALITN FUUF LA

HeTas F 199 Y dawnuenionarsauanuisadeulanaaunis 3.11

F={xuF(x))/x€ x} (3.11)

do X WWudwnuenguesauludesng  azduazimuamenwavesiunalsauyiegisls

(%

Tngmlusnasimualviginiiens 45 UYegluTenarseuusgiiiens 48 U azdaliluionasau
wioll dulwezmiuldndrfvunlisnnzaundngsandu 1 ety 45 U wazandu 0 oany
Weundn 30 wazunnin 60 U avanunsawnulanmelsiduanumaeudsgui 3.13 wazaun1si

3.12

Grade

MR
1
Young Old
0.5
Middle age
0 T B ed » Age (years)
gﬂ‘ﬁ 3.13 ﬂ%%mmgﬂammgammmq
r 0 m0 <X <30
(x — 30)/15 1130 < X <45
NN (3.12)
(60 — x)/15 145 < X <60

L\ 0 160 < X <120
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3.6 FTUUBYAULUUHUY

lumsUszanaefladdulaslingfedldd 3 oda lun JUuuuusn Mamdani sUuuuiaes
Takagi-Sugeno-Kang : TSK Lag gﬂLLwﬁam Standard Additive Model : SAM ﬁaummwu
il (Fuzzy Inference Systems : FIS) Wunszuiumsiugieyaviiidudeyauioonvestoyadi
fatua Sntadunszuiunsivundeyaandeyaviduiielédeyanioon Taeldnssnzaquiede
annsolinsiaduladuiiugunisduduieldsuuuuuld fefduniaduanin (Member ship
function) FALIUNTTVDINTINEARULATE (Operators) wazng ¥ed If-then HUTEUUDYNIUKUY
fladfianunsathuldlunasnaiosdie (Tool box) vesila@asdn e Mamdani way Sugeno wafl
I¢RoszuunseyunuisassgUuunentulUnamadwsalasy

szuveyuuUlndfaandlugufl 3.14 gniwnuszendldluanasneg Wy msauau
SolusAlumsdouisussiandoya  svuudiBorvansiesesimsdndula  Tumseyunuuuy
fladszuvaziBenlosiuduiurestessuuiinnaiied msadrauuuiiassiled vdndusiug
fumhenud wagfhamuauasinaguiaie udly FIS Ssiamsfuiymsziugaessyuy

Fruuvestoyarineragnirinsemeeuiiiiogluaies  wnduaudunmiiua
vl vieswuaundnamilvualugfuly - enadudesenfiveiinsed FIS lagld
winaile GUI Tnesaudlailsridumaiduandnlfiflotmunsussvesaudnienun flaiduandn
MRgtestundaziuUs dausudlunglédmsuuilunedongirmuamsvinenvesssuy

3.6.1 N5OUNUKUUHLTFIU (Sugeno)

nszvaumseysnuiied [9] Msdnedeauiedegtuduniinfuludeismseyunuuuungy
w30 ludiudeznamis Sugeno Asmisdlduuniilud 1985 [Sugss) Fuduiinsindneiu
Mamdani ¥a18U5en15 IngaesdiulInueInszuIunseuluiled A Mruadeyaridnves
JeuUile® (Fuzzifying) wazinlUuszandldiudaniiums naawsves Sugeno AaNFuaITn
Wunvuidadurieuvunait ssnginluluguuuuiled Sugeno fsunuufe &1 Input 1 = x uaz
Input 2 = y WAY Output A8 z = ax + by + ¢ #MFUFUKUU Sugeno WUU Zero-order Jesiu

vinm z 1JuAAsi (@ = b = 0)
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FIS Editor

Membership
Function Editor

Rule Editor

] Read-only
LAl tools
7y |

Rule Viewer Surface Viewer

;s‘tJﬁ 3.14 SeUUaUINUYesHlYd (Fuzzy Inference Systems)

ADMINAVRITEAU Z luwsiazngazgnatsdminlaganuusvesng Meegiaey dmsung

AND 978 Input 1 = x 4ag Input 2 = y AINLIIAD
wi = AndMethod (F1 (x), F2 (y)) (3.13)

loe?l F1 waz F2 JJuiliidudmiuaundnues Inputs 1 uaz 2 nadwsdaving 9835zuufe
ARALIIIUIMTINVBINAGNE VRN A ToRvaYds Sugeno AB UsedMENMLTIRWIMYINaIY
VLYJQGJ a

aRfunAliAlady Wunsauad PID vnaulaftumsiiaussdnsamuasinaianisusudy &

NsUsEAUAUABIIRVBINURIDMINY kazmagdmSUMTIATIvinAdinenans

3.7 nMsuusnguzuamw (K-mean Classification)
wiAllAgaveINTinseidnngs (Cluster Analysis) [10] {Wun1sdaduusgesaeniungu

goumius 2 nauvulunsaifiednduiediuasiidnvusimiiouniendieiu ndifiegaanguasd
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Snwaszsnaty Ineuvady 2 walla Ae Hierarchical Cluster Analysis wag K-mean Cluster
Analysis Tngaznamisnatia K-mean Clustering il

3.7.1 walla K-mean Clustering

Jumeianmsduunnsdifnwesnidungudes sdltiflefinsd@nwduiunn lngazdes
Avundiuaungy vies1uau Cluster Afioans wufmual¥l K ndu Al K-mean 2wilms
yhamanesey  luusiarseuasinisnunsdlvlveglungulandunils  Tnedennduiinsdidui
syogiRInAInasveInguiosfignudiiuiaAnatwesnglvl yduilaunseiiiinansves
naulaiUAsuuvas iensudnnuseuiidvunld

3.7.2 yiavasiauUsiildlumadia K-mean Clustering

Faulsfildlumadn K-mean Clustering sdoufufuusidSa fo Wuanadunsnie
visoanasnaulnglianmnsaldfudeyaiogluguanuivie Binary wiloumadia Hierarchical

3.7.3 TUNDUNITIATIZWVBIAT K-mean

melesgisuunngudemedads  Kmean Clustering  anansoasutumoumosnis
Rnsgdld 4 dunoudd

fufl 1 Senqudeyadu K ndu Ssdintauuslivass Wy uteshedu wiouvs

AILEANY DN

Fufl 2 AMAMIANINANINGURIUAALNAN 1Y JANANNALTBINGLT C Ao X

Fuil 3 ASmsRsan 2 wou Tegldisdmnn wuudl 1 Mmuasnsgezvinennusiay

mheludsganansnguuamnnguuesinnsandrenbeludinguilissesvinedngn  wuunl - 2

9
(%

AwINTEEgNMasdesatiazminelUdanannauimietuey agld ESS (Error Sum

Square) whiussagvinamasaesuetudazisludiganalangy

Bss = Z (=22 (&R (3.19)

lgfl C () Meds NENYDIIIET |
ESS  fiAwiniunauinvesssesrinnusasmielunauludganaisvesngy  stumnnay
naulanden ESS M1 uansimieeglunquiuiinnuasienisiu

WA 4 mIRnsandrengy ssldinaueinsdrenuananalaluiui 3
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frdud a lifimsghendudn wansinguiiudlddumnzands widludud 4 Snsdne
nauud nauiiimhedhedmiedwoonagshmsmuamaananvesngalu dudenduluvh
il 2

3.7.4 daunneneszndnamaila Hierarchical Au3s K-mean

wadla K-mean MiflefiSwiunsdviosuaudeyaunn nemludesldisle n > 200 sz
do n fdunn nsldvada K-mean agdiendt wagldszosnatlunmssundesninnisld
wiafla Hierarchical videnanlsindlefisnnunsdllininensltinaia Hierarchical

wafla Kmean Hu {nsgdmstmunswiunguitiuoulisimen nsdfifieseilsl

1=

LUl97AsENNANFIRTLNTANIUMISITIIN DIALTIDLIDYHE WY YIANTIASIEAIEIT

1
(% 1%

K-mean viangAss uiazasaimuaduaunguuandeiull Wy 3 4 vie 5 ngu waiia1sanm
Suunguiionmnzay  widlefifeyaswiwnnistasiilidenawn  viednisaelitoya
UNdWNMTeTERels Hierarchical  iflemdmnunguiiaasanduanduiddinede
K-mean fudayaravandid

wAflA Hierarchical u ¢ils1gviay Standardized Foyanioliifld uiis K-mean azdioq
N5 Standardized Yayanoulaa

% K-mean sgmaszozsindlagds Euclidean distance Tnedlusi wnig?l Hierarchical ¢

'
a

IS ATEANTNILEINIBTNITANUIUSTELUNG LA
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unil 4

WUUIIRRINN SR VR R0

nsagdevesdygranintuldannalstade wu annsuinden sseen1 dinrnaiu
Tadeddyimvinlviinnisaaydevesdyan Ban1sAamaAInsgadevesdyy i &
LUUTIA0INTEaAEvRd A8 TULUY WUUTIRRINMIN AL UAN I WINGOULANANSTY

[
v a

° Aa v
LL‘U‘U‘U']a@ﬂV]u‘EJiJI%lI@ﬂu

4.1 wuudaeensgeudelunundng (Free Space Loss)
msgaydeluituiinng [11-13] dudiiusiuaanduvesnduingandumadsgaiimsin

00 UL NIEANEATUINGANULTNVIAAUINGILAAMINIUTELENN  LALALNITVBINIT

e Ne

o
o

Al uituiinanansdeaunsa 4.1
L = 32.45 + 20log;,(d) + 20log;0(H) (4.1)

W L Ao Ansasydeluiiuiiing f Aeanud (Frequency) fivitiae wnzdsnd (MHz) wae

d Aaszeznedvmhodunlawns

o

4.2 LUUdNaa9 Hata
LUUTNADY Hata ABWUUINAIINRILINIINLUUIIa89v89 Okumura ¥innsnaaeuluyl
AAD 100-1500 WINLETAY SeEeneTenIednIizIunasiATessu 1-20 Alawns ANEITes
a1goINIAMUANIEIFIU 30-200 AT WATAIINEUBIANERINIAAIUTY 1-10 Wwes  aunsaldly
I a [ 1 P 1 =3 Ao Yo d’lj P
nMnegeumImAuadsvesdyyalunsinsnszatgaau wusdy aunisaldrmuinluiug
Wod (Urban area) Wunwuiiias (Suburban area) waziuilas (Open area) @usuNufLileg

[14-15] miﬁflmmmmmsqagﬁamaaé’zgigwmmmﬁmms'ﬁ' 4.2
Ly = 69.55 + 26.16log(f) — 13.82log(hg) — Cy + [44.9 — 6.55 log(hg)]log (d) (4.2)

=~ J = [ (Y c{'
bBAT Cy YDUHUBIVUIANANILLRSVUIALAN LFAIPNFUNITN 4.3



29

CH = 0.8 + [1.11og (f) — 0.7]hM — 1.56 log () (4.3)

] [ IS

NSATINAINITAAVDS fyaadmsudesnalvajuansdaannisi 4.4 uay 4.5
Cyu=18.29 [log (1.54 hy)]* — 1.1, if 150 < f <200 (4.4)
Cu=3.2[log (11.75hy)]*-4.97 , if 200 < f < 1500 (4.5)

dlo L, fie ﬂﬂi@@L%BmaaﬁmmﬂmiuﬁuﬁLﬁaa fimbheundiua (dB)

he fie ANgIveaIBINIFuandgIu fmhedu wes

hy A8 ANGUBsENED N AT INSALAROUR Tviheilu s

f fio Audvesiuds Smhedu wnedsnd (MHz)

Cy AD ANUGIVBIAYBINE correction factor

d @9 5383‘vmiwdwamﬁ§muazLﬂ?@@%ﬂé’agmwmimiﬁwﬁ fwedu Alawnes
LWUU41809989 Hata ﬁLuU‘%nmﬁuﬁIéﬂ%’ammﬂumiﬁmmmmmiqmﬁmaqé@ﬁgmﬁq

A4UNSN 4.6

Lo = Ly — 4.781log (N? + 18.33 log () — 40.94 (4.6)

Wle Lo fie nsaadevesdayaalduiuilas Snhedu wiua (dB)
Ly Ao magadevesdyqialuiuiides inuiedu wdua (dB)
f Ao Audnedudsindisdumngdsed (MHz)

WUUINADIDY Hata dmSuiunu1uilaaldaunislun1sAuInAIaunisi 4.7
f
Doy = 2(log%)25.4 @.7)
=~ P a ) X A A ~ ' ] a
o Ly, e nsasydevesdygyadununviuies dvihedundiua (dB)

::4 ] ~ = o X A oa a <, a
L, fe Aaden1sgaydevesdyaaluiiuidies mhedu wiwa (dB)

f A9 AnudNeuddveduunzETes (MHZ)
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4.3 uwuuI1ass Walfisch lkegami (WI)
wuushaesfildanmsnnasslifumsiniunissauiussning J. Walfisch wae F. lkegami

LuUsassifmuINInuUUsaes Hata Fadendnuuusiass Walfisch-lkegami auddilalu

mnAnesaglutag 800 - 2000 wnxFind uuusassiusniduldiulddmiuszuu GSM 1900

Tuglsy [16-18] aun1snldlunisAiuinmAINsgaLaevosdayy 1eauns
LSO(dB) = Lf+ Lrts + Lmsd (48)

4‘ A a U cgll Qj' 1

Wle L fip nsasydevesdaysyiadununing

Liis A8 N15g0uLaeLlaeannnmsininyeenaulazn1sN Tz UeInaUuTEnINmMaIAfenuL
Linsg A® N15ERYLEEAIN Multi screen

Tnomsgaydelufiuiiineduiaanaunsi 4.9
L¢= 32.4+20logd+20logf, (4.9)

N3G AR IANINYBIATULALNITNTLINLVBIARUTENINVGIADDUUAILIN

AN 4.10 uag 4.11

Lus = -16.9 - 10log(X)+10 log(——)+20log( =% )+ L, (4.10)

m

( 10+ 0.34501%g for 0° < ¢ < 35°
Lopi = JZ.S + 0.075(0%%— 35) for35% < ¢ < 55° (a.11)
L4.0 + 0.114(d%g— 55) for 55° < ¢ < 90°

v v

~ a % = . . a PN Iz
WD W AD AINUAINYNOUU L,; AB Orientation loss (P A HUNFUNUTAUNUU

q

AINSgEYLAY (Multi Screen Loss) Lanessasnisi 4.12

Lusd = Losn+ ko + kg log (d) + kelog (£)) - 9log(b) @.12)
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dweinldlunimaaedidell  guenudlumsmeaeveglurng 800 As 2000
wneldsed Anugaesantignuegluyie 4 fs 50 wWes Anugeedlnsdwiinfeuiine 1 A 3
RS WA SEUEneIEmINantignulasin3essudygalnsdnd unumedauls (d) IAsendng

0.02 214 5 NlaLums

4.4 WwUUINae9 ECC-33
WUUINAD9UBd Okumura Hulevinnsnaaeuluusnauliaadlaiey NuNiloadaku
I = 1 = VYo 1 py o [ dy PN &
ponlu Weswwielvg wazvuinnans Jsazlasusn correction factors @msuiuguiin ey
fuilas Wedneadandmnugaianvaguand il wu lafeidanuuanieiuegiwnnide
a ~ o & A a ° o o oA Yy a o 1y}
Wiguiguiununiuiewesglsy wuudassdmiuiiisanuianalaveselsuasldonsddmsu

gLy [19-20] ufuUﬁi’waaqmiqﬁgLﬁmmé’mapmmmﬁaaumiﬁ 4.13
PL N Afs + Abm 3 Gb - Gr (413)

= &
e A Ao nsaanaulusinia
& i a = o
Ao B ANLRREYDINTAEYL T VRIT Y0
Gp M8 NFVYNLHYYIUNANNGIVDIANLFIUTLAUR 1)
G, AD M3V IUNANUAINUTUFYIUVRIGNANNTEAUANAY

AUNISVRIAIU ST IUNITATUIULARIAIFNNTSA 4.14 4.15 waz 4.16

Ag = 92.4 + 20 log(d) + 20 log(f) (4.14)
Apm=20.41 +9.83 log (d) + 7.894 log (f) 9.56 [log ()]’ (4.15)
Gy = log (210‘;)) [13.958 + 5.8 (log (d))] (4.16)

ANNSUANIZLINADUVDLLDIVUIANANANUIUINNAUNTN 4.17

G, = [42.57 +13.7 log ()] [log (h,) - 0.585] (4.17)
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il f fe eudiilflunismaaeuiiniie fAngidsnd (GHz)
d fle svarmeseninsanigunasinsdniedoud vihoidudlawns
hy Fi8 ANEUBIEBDINARUAN T e s
h, Ao AugeesageINIARUELEUINS miheduwns
Luudnaesvedliewanatimangdmiulloduglsy  anmwindeuwuudnassvaiies
valvgeslidmiudesiflomsgarindy wuudiees ECC33 ldmnedmiudumasiiiy

LAURS

4.5 wuul1aas Stanford University Interim (SUI)

nauvinauuesakuUAlIaaLeAE IEEE 802.16 laaiuiwuudiaes Stanford University
Interim (SUI) Fuan [21-22] Tnsuvagiivsemeeandu 3 JUuuy fe plivsewmvin A 2sden
m‘;giyﬁmaaé@mmgqﬁqm Divsswevila B ﬁaﬁuﬁﬁé’wmzLﬁugmﬂizﬂaﬂﬂé’wﬁsﬁﬁﬂ
vefuiinuiadifulivnequruiuiu givssmasinegseninnarwesgiivssmeisaniin oi
Ustinandla € Huiufisuifedinunequltvinuiuann - aunsiugnuildiuumeinis

goyLdeva sy 1UBILUUIIRBY Stanford University Interim (SUI) slasinnsi 4.18

H(&Q=A+m7hg(§)+XrFXM$ for d>d, (4.18)

d Aeszazneseninsanidguiasagoimanuiuiniedumns

do HA1 100 LuAS

X, fo Correction ¥ uANINAIY 2 AnziBsnd

X, fia Correction w8IAINgIEIERINARILSY Milieidu Luns

S fie Correction saaiimhedundiua firszwing 8.2 1 10.6 dB TaemsTwmesau

AMNUARIFNNISA 4.19 wag 4.20

(4T[do)

A = 20log -

(4.19)

yza-hm+§ (4.20)
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o hy, Ao aruganieiiuAundisduuns dasening 10 Wes wag 80 w3
Y AeAnsnlnuuivaInsaydeludunig
A1 Correction factors @MSUANNALENULALAIINGIVDIEIHRINIARIUGNATLANIAT

AUNNST 4.21 4.22 uay 4.23

X;= 6.0 log () (4.21)
dmiugiivszimasuuuy A uae B
X = (-10.8) log (=) (4.22)
dmiugiivszimaguuwuy C
Xy = (-20) log (23{)0) (4.23)

Tngiiun A Swheduediuafiernisgadevasdygiuiisyes d, A1 correction factors

VRIANUDNIFIULAEANINEIVBIAY DN AR UGN ALAAIFINITIN 4.1

A19199 4.1 W1 H0IVDIMUUTIABY Stanford University Interim (SUI) Tuanniziindeonil

ST\
Wsdnes Terrain A Terrain B Terrain C
a 4.6 4.0 3.6
b 0.0075 0.0065 0.005
C 12.6 17.1 20
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4.6 WUUINAD9 Ericsson

LUUINADIUDY Ericsson [23-25] WAIUNUIINLUUINa09u8d Hata tnglad@1mnsumnudn

UINNI 1900 LNdINg ANTTgayLduvasdayey amuIINaunIsy 4.24

PL = a, + a;log(d) + alog(hy) + aslog(hy)log(d) — 3.2log(11.75))* + g(f) (4.24)

g(f) = 44.49log(f) — 4.78 ((log(H)’ (4.25)

ANUD4 ag a; a, WAy a; ABAIAINRAdINNTOAsuLUalATuRE AN MLINGRN  A1YBIN
wUsumaz@a daeell a; = 36.2 a; = 30.2 a, = 12.0 8% as = 0.1 1a¢ f WIuANUD
ninanduuudiaoma 6 guwuutiu dinldiludeyavieanvesszuulunisiunee

nsaydevesdyaaluunseluaznaifian1naeuasian vnaes
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Ui 5

N1INANADILASHANTINAE DN

Tuunilnanifanisnaassuasnailaainnisneaes anuildlunisvaassgnideniuind

'
1% LY T~

dnzwInasutaINaty Usznaumesinis Uuseu auld anduiadygiaiiionianinis

o

= o A v ¢ A Ao Y a = v ¢ A A A o
QQJ]L?‘EJ“U@\T?‘QJJQJ}WQJV]IW?F‘WV]Lﬂa@umanQjQJﬂmlﬂﬂs\‘mqﬂaﬂ']u;ﬁ']UI‘WiﬂWVlLﬂaau‘ﬂ LNBUTINTINN

wuuTaesimunzadlivinugm AN SagLds Yoy

YRR

5.1 d@aunnaaeu

a

anuiveaeuiiletndyanauinalaeseutamuniy  dwfeuunyd  Taefiaonigu
Tnsfwiindeufimalulad WCDMA fasusiasinaiunia éhasJ'Nﬁuﬁmaaué’@mmmmé’qgﬂ
fi 5.1 UnumeasuUsznaufsanmadoNvaesULUY Fedulsl hudeu ennsguareInns
laigs Tnedamdyaiaasediinsdmiindeunisuldananign Wothansgadevesdyaaiu

wiazanuIguigUiuL U aeldinne A nsgadevesda i

UM 5.1 annilgrulnsdwiipdounuiinadaaiuum Jaminuunys
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5.2 YUABUNISNAGHIU

'
aa v

Tusnideniuntuniseaaeumansaydeluduniwedyaranluiunddnvasgl

Uszimavainvanganiswinges Wy suld diuseu 91a15ninnNawdieiy nturiinig

=

Apply k-mean clustering to satellite imagery

NAFDUAIUVUNDUAIL

v
Pre-determine fuzzy logic rules in response
to terrains

h 4

Apply the fuzzy logic rules to
training area

!

Drive Test for actual measurements

A4

Determine the path loss errors by comparing the proposed scheme
against the drive-test measurements

\4

Refine the fuzzy logic rules

'

Apply the refined fuzzy logic to
experimental area

End

JUT 5.2 urulstunauyiunensayidevesdnaumelsdnngu K-mean uazilydasin
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1. sthawenemufieusnrunsdnngulagis K-mean snelusunsy MATLAB ileutsng
3 yhnsussUssanituiioonfungud ldun nduituiifionansas nquituiionanslaigs neuituiid
fuulifUnAqumuuiy weenguiuifduliunaguuIg

2. fwuanguesited [26] Winnzaufuiiui

3. mﬂﬁ?uﬂmgsuaqﬁsn%l%ﬂuﬁuﬁﬂmu Tuusnainaiuuny Swriauunys Ussuna 1,000
0 ilevimnemmsgaydeluduma (Path Loss) luusiazganaaen

4. Lﬁaiéfmmsnglfwumﬁ'mzgflmmﬂﬂ’ﬁﬁ’]maﬁas’i‘ﬁmiﬁmuéwﬁ’uszij K-mean
LLazﬁ%%aa’«TmLLé”aﬁwmﬂﬁqmLﬁamaqé’mﬁgmﬁlﬁmﬂmi‘v‘l’mwmLiﬁsmLﬁauﬁ’ummiqmlﬁmm
Fuaaildanmsiaduannes Lﬂ?"\iamﬁ'ﬁmigzgLﬁamaﬁmuzgmﬁﬁwmaﬂmwam

5. Ufuusanguesile@lanunsasiunemmsgaydelslndifsaiuiiindnaaess wasthng
voaile@fiuuusaudluldtuiuiodu Tudnatemusd Swdauunys aunseivlduanis

o

hwelnafeaiuArindyyna3wnnian

6. UnguasfiadnuFuusismnauldanulinafudluldiununneaey Tuusnninaiuum

Jadauunys Faldlanumannldlunisionu daansluwauisgun 5.2

35

(n) (%)

5UN 5.3 fiuitilnelu (Training area) (1) AwanganLiigy () AMmatea et K-mean
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lunsmasovilidoniufimaaeuuinainmuut  Smauum  Ssegnmeumiioves
ngamuAs  Inefisvegvinsninngammemuasssna 20 Alawes Aufinadeuiianie
ndeulsznaumeiuiiunequinedulivuudusasiuiiunaquieduliivnng uazenansiid
Arugeiuananeiy Tasvegeutssina 1,000 30 dunsnfunimdieriuafieuesiud
yagoukanafazull 5.3 (n) nduthnmdienafiensnsinunssuauns K-mean Clustering s

<

Duileiduly MATLAB iieudsiiufioanlungud fvualidihuuiiuindduldunagumuiuiu

AnRuunuiunionnsas Adewnuiuniauliunaauuiune wasdiviounueiasi Land

295U 5.3 (V) audeau

Y

i a ¢ = v & A en' o ¢ A A
M1919N 5.1 ‘W’limLmaﬂaﬂamugmimﬂwwLﬂaauVlLLaﬂmﬁwwmaauw

WILas ANYDINIIIAN DS
il 2.1 GHz
AwgeEnoIMAaa gL Insfwiladouiisnuds 30 m
ANNEIEE MRS ANTiLAR U 1.5m
AINHEN0IANT 15m
Ussiamangeinavesaniigulnsdniadoud HBX-6517DS-VTM
Sasvgnvesasemaiudanigulnsdnyiadeud 19.2 dB
fdsdsvesanniigulnsdwsiindoud 33 dBm

91157 5.1 wansniwesanilsniilinaaeuuarmninesvesgunsaifuiy
anflgrilnsdwiindeuiifldlunsmaseuianlugiuanud 2.1 GHz M ugsesaeIne
Fllunssudadoyano Aty UssanuasaeaInIALasinMgIv09a1eaINIA
Tngaeemeanndglysdwiladeuiiinnnugs 30 wWes uavANNgIweEBEINAlNSANY
\PROUT 1.5 Lums

Tupeusiallimuanguesiladasinuaziiluussyndldlunsyuiunisiledasin - Tu

1% '
=

WUMHNHY wansdsguil 5.4 Useneumedayaridl unualgdiuls 3 dauds fe dmiwusunu

TPEYNI FIWUTUNUANINEWBIBIATT wazmkUsanvneunuauvkiuveswiulyl nalnnis
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ueanisagdeludunaddis@uuy Sugeno  JayavieanuszneusigluudaeInig

= g.JI o A o = o =)
RIS 6 LUUAEDY AD LLUUQ’]&@\‘lﬂ’]ifﬂﬁqj}LaEﬂu@'}ﬂ'm (FSL) HUUADINTIE LY Hata

wuudnaeamsads Wi uuudiaesnsgids ECC-33  wuuinaesn1sgalde  Stanford

University Interim (SUI) wag LLUUﬁi”laaﬂmiqu?{a Ericsson

R«

DISTANCE
Predict Rule f(u)
(Sugeno)
BUILDING
EQUATION
TREE

E‘Uﬁ 5.4 @83 Sugeno
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Abstract: This research proposes an algorithmic scheme based on k-means clustering and fuzzy logic to minimize path
loss prediction error. The proposed k-means fuzzy scheme concurrently utilizes the area topographical variability and
multiple path loss prediction models to mitigate the prediction error inherent in the independent use of a conventional
path loss model. Vegetation density, manmade structures, and transmission-receiver distances are the fuzzy inputs
and the conventional path loss models the output: the free space loss, Walfisch-lkegami, HATA, ECC-33, Stanford
University Interim, and ERICSSON models. The experimental results show that the path loss prediction error of the
k-mean fuzzy scheme is only 2.67% compared to the the drive-test measurement, and this is the lowest relative to that
of the conventional models. The k-mean fuzzy scheme offers a novel means to approximate path loss in localities with
diverse topographical features and also efficiently mitigates the prediction error inherent in the independent use of the

conventional prediction models.

Key words: Path loss, prediction, fuzzy sets

1. Introduction

In selecting the location for a mobile base station, it is necessary that the service providers take into account area
topographical characteristics for optimal signal coverage. In other words, the path loss and the optimal base
station location are governed by a number of environmental and anthropogenic factors, including vegetation,
manmade structures, and transmission-receiver distance. Specifically, the signal strength on a mobile device is
influenced by the path loss along the route from the base station to the receiving device.

Currently, there exist many path loss prediction models, and different prediction models are suitable for
different topographical features, e.g., the free space loss (FSL), HATA, Walfisch-Ikegami (WI), ECC33, SUI, and
ERICSSON models. In [1] a survey was performed of various propagation models for wireless communication. In
[2] a review was given of wireless propagation models; several path loss models were experimentally investigated
in urban, suburban, and rural settings to suitably match prediction models with different topographic features.

In [3] the performance and analysis of propagation models for predicting RSS for efficient handoff and
further investigations were carried out in urban and highway settings and the results indicated that the HATA
model was suitable for urban areas and the modified COST231 and HATA models were suitable for highways.
However, existing publications rely on one single conventional path loss prediction model, which is prone to
prediction error due to variable area topographical features [4] with comparative analysis of path loss propagation
models in radio communication.

*Correspondence: wi_dokmail @hotmail.com
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Therefore, the current research proposes an algorithmic scheme based on MATLAB k-means [5] clustering
and fuzzy logic [6] to minimize path loss prediction error given variable area topographical characteristics. The
proposed k-means fuzzy scheme utilizes vegetation density, manmade structures, and distances between the
base station and the mobile device as the fuzzy inputs and 6 conventional path loss models as the output:
the FSL, WI, HATA, ECC, SUI, and ERICSSON models. To validate it, the proposed algorithmic scheme is
implemented in a fuzzy-scheme experimental area. The findings reveal that the k-means fuzzy scheme is most
agreeable with the actual drive-test measurement, given its lowest path loss prediction error, compared to the

conventional path loss models.

2. Methodology and experimental setup
2.1. Path loss models

In wireless communications, path loss occurs in the presence of obstructions on the signal path, subsequently
degrading the transmission between the base station and a receiving device. The signal loss is attributable
to a number of factors, including the transmitter-receiver distance, transmitter and receiver antenna heights,
frequency range, vegetation, and manmade structures. The current research utilizes an amalgamation of the
following path loss prediction models to minimize the prediction error.

2.1.1. Free space loss (FSL)

In free space, the signal loss from the transmitter to the receiver is caused by refraction and reflection from the
ground. The free-space path loss is thus subject to the transmitter-receiver distance and frequency range. The

free-space path loss is expressed as in [7-9]:
L= 32.45 + 201og,, (d) + 201og;, (f), (1)

where L is the free space loss, d is the distance between the transmitter and the receiver (km), and f is the
frequency (MHz).

2.1.2. HATA model

The HATA path loss model is applicable in the 150-1500 MHz frequency range and suitable for a wide range of
areas: urban, suburban, and rural. Specifically, the HATA path loss model for an urban area (L,,) is expressed
as in [10,11]:

Ly, = 69.55 + 26.16log (f) — 13.82log (hp) — Cy + [14.9 — 6.55 log (hp)] log (d) (2)
where C'y denotes the city or town size. For a small or medium city,
Cp=0.8+ [L.1log(f) — 0.7] har — 1.56 log (f) . (3)
For a large city,

Cy = 8.29 [log (1.54hx)]> — 1.1,if150 < f < 200 or

Cy = 3.2[log(11.75h,)]>—4.97, if200 <f < 1500. (4)

1990



62

BHUPUAK and TOOPRAKAI/Turk J Elec Eng & Comp Sci

In addition, the HATA model for suburban areas is expressed as

LSU=LU - 2( T)i )25.4, (5)
28

where L, is the path loss in urban areas (dB), hpthe height of the base station antenna (m), h,, the height of

the mobile device antenna (m), f the transmission frequency (MHz), C'y the antenna height correction factor,

d the distance between the base station and mobile device (km), Ly the path loss in urban areas (dB), and

Lgy the path loss in suburban areas (dB).

2.1.3. COST 231 WI Model

This path loss model is the combination of Walfisch’s and Tkegami’s models [12-14] and is applicable in the
800-2000 MHz frequency range.

L’JO(dB) :Lf+Lrts$Lmsd (6)
L =324+ 20logd+20logf. (7)
ot N
Lyts =169 101og( (=) + 10og( (T];h)) +20log( (mT“) )+ Lo (8)

10 +0.345 £ for 0° < p<35°

Lovi=25+0075 (& — 35) for3s" < ¢ < 55° i
4040114 (2 = 53) Jor3s” < o < 90°

Linsa=Lpsh+ka+kqlog(d) + kflog(fa) — 9log(b) (10)

Here, Ly is the free-space loss, Ly is the rooftop-to-street diffraction and scatter loss, Ly,sq is the
multiscreen loss, w is the road width, L,; is the orientation loss, and ¢ is the incident angle relative to the
road.

2.1.4. ECC-33 model
The ECC-33 model is a modified path loss prediction model based on the Okumura model. The ECC-33 path

loss model is expressed as in [15,16]:

B =4+ Aym—Cy—Gy, (11)

Agy= 924+ 201og(d) + 201og(f), (12)

Apm= 20.41 + 9.83 log(d) + 7.894 log(£)9.56[log( /)], (13)
G, = log(h;,/200)[13.958 + 5.8(log(d))?], (14)

G,= [42.57 + 13.7log(f)][log(h,) — 0.585]. (15)



63

BHUPUAK and TOOPRAKAI/Turk J Elec Eng & Comp Sci

Here, Ay, is the free space attenuation, A, is the basic median path loss, G} is the base-station antenna
height gain factor, G, is the terminal customer premise equipment (CPE) height gain factor, f is the frequency
(GHz), d is the distance between the base station and the CPE (km), h; is the base station antenna height
(m), and h, is the CPE antenna height (m).

2.1.5. Stanford University Interim (SUI) model

The SUI model categorizes terrains into 3 terrain types: A, B ,and C. Terrain A is a region with dense vegetation
and mountainous topography and thus suffers from the highest path loss. Terrain B is characterized by hilly
terrains with light vegetation densities or flat terrains with moderate tree densities and thus exhibits moderate
path loss. Terrain C comprises flat terrains with light vegetation. The SUT path loss model [17,18] is expressed

as follows:

PL(dB) = 10y log(di)Xf + X, + sford > dy, (16)
0

C
')':a—bhb-l-(h_), (17)

b
X ;= 6.0log(=L2), (18)

2000

For terrains A and B,
h;

Xp= (~10.8) log(3555). (19)

hy
2000

For terrain C, X;,= (—20) log( ). (20)

Here, d is the distance between the base station and the receiving antenna (m), dy = 100 (m), X, is the
correction factor for a frequency above 2 GHz, X}, is the correction factor for the receiving antenna height (m),
S is the correction factor for shadowing (dB), and s is a log normally distributed factor to take account of the
shadowing due to trees and other clutter (8.2-10.6 dB).

2.1.6. ERICSSON model

The ERICSSON model [19-21] is an extension of the HATA model and is applicable to frequencies up to 1900
MHz. The ERICSSON path loss model can be expressed as

P L=ag+ailog(d)+azlog(hy)+aslog(hy) log(d) — 3.2(log(11 75))%+g(f), (21)

g(f)= 44.4910g(f) — 4.78((log(f))’, (22)

where f is the frequency and ag, a;, az, and a3 are constants subject to environmental variability. The default
values given by the ERICSSON model are ag = 36.2, a; = 30.2, az = 12.0, and a3 = 0.1.
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Figure 1. The development of the k-means fuzzy-based path loss prediction model.

2.2. Experimental setup

Figure 1 illustrates the development stages of the path loss algorithmic scheme based on k-means clustering
and fuzzy logic. The proposed scheme could be deployed to predict the signal path loss in areas with variable
topographical features.

K-means clustering is applied to a satellite image of the fuzzy-scheme training area to discretize the
constituent areas into 4 clusters: low-rise and high-rise structures, and dense and light vegetation. The
transmitter-receiver distance is determined by location coordinates. The fuzzy rules for fuzzy-scheme training
are defined in response to variable combinations of the transmitter-receiver distance and topographical features
(i.e. low-rise or high-rise structure, dense or light vegetation).

The predetermined fuzzy rules are applied to the fuzzy-scheme training area to determine the path loss and
compared against the drive-test measurements for the path loss error. The predetermined fuzzy rules associated
with individual measurement points are the conventional models (FSL, WI, HATA, ECC, SUI, ERICSSON)
whose path loss prediction error is smallest when compared against the measured path loss of the corresponding

measured point. Fine-tuning is then carried out to refine the fuzzy rules to further minimize the path loss error
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prior to reapplying it to the fuzzy-scheme experimental area. The fine-tuning is realized by varying the states
(L, M, H) of the input memberships (x1, x2, x3) of the fuzzy rules, where L, M, and H denote the low, medium,
and high states and x, xo, and xgrespectively represent the distance between the base station and a measured
point, vegetation, and manmade structures. To verify the proposed algorithmic scheme, the experimental path
loss results are compared against the actual drive-test measurement.

In this research, the area for fuzzy-scheme training datasets (i.e. the fuzzy-scheme training area) is
an urban area of Thailand’s Nonthaburi Province, around 20 km north of the capital Bangkok. The fuzzy-
scheme training area consists of dense and light vegetation and manmade structures of variable heights. The
measurements were taken at approximately 1000 measurement points at variable distances from the base station.
Figures 2a and 2b respectively illustrate the satellite image of the fuzzy-scheme training area and its k-means
clustered image, where the colors of light blue, blue, yellow, and brown-green represent dense vegetation, high-
rise structures, low-rise structures, and light vegetation. Table 1 tabulates the parameters of the base station and
the receiving device. The path loss prediction (between the base station and measured points) associated with
the conventional prediction models (FSL, WI, HATA, ECC, SUI, ERICSSON) was carried out using MATLAB.
The k-mean fuzzy scheme was also realized by MATLAB.

Figure 2. The fuzzy-scheme training area: (a) satellite imagery, (b) k-means clustered image.

Table 1. The parameters of the base station and receiving device.

Parameters Value

Frequency 2.1 GHz

Antenna height (base station) 30 m

Auntenna height (receiving device) | 1.5 m

Building height 15 m

Base station antenna type HBX-6517DS-VTM
Base station antenna gain 19.2 dB

Base station power 33 dBm

The fuzzy logic training inputs are the base station-measurement point distance (x;) and the proportions
between vegetation (x5) and manmade structures (x3). In this research, the fuzzy logic is based on the theory

of sets rather than the definitive decision of true/false or yes/no [22,23]. The fuzzy logic output is the path
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loss models (FSL, HATA, WI, ECC, SUI, and ERICSSON) that are optimal in response to combinations of
topographical features and the transmission-receiver distance.

Figure 3 illustrates the fuzzy logic mechanism (sugeno) of the proposed algorithmic scheme, where the
training inputs are distance, vegetation, and structures and the output is the path loss models. The fuzzy logic
limit is defined using the triangular membership function (trimf) in MATLAB, where a and care the lower

limit and b is the upper limit (e < b < ¢).

DISTANCE \

PredictRule f(u)
(Sugeno)
BUILDING
/ EQUATION
TREE

Figure 3. The fuzzy logic mechanism of the proposed algorithmic scheme.

Figures 4a—4d respectively illustrate the fuzzy-logic input functions for distance, vegetation, and manmade
structures. In Figure 4a, the distance membership function is [0 400], with the low (L), medium (M), and high
(H) states of [0 80140], [110 190 260], and [230 330 400], respectively. The vegetation membership function is
[0 100], with the L, M, and H states of [0 18 35], [28 50 65], and [38 77 100] (Figure 4b). In Figure 4c, the
membership function of manmade structures is [0 100], with the L, M, and H states of [0 18 35], [28 50 65], and
[58 77 100]. Figure 4d illustrates the overview of the fuzzy rules (i.e. 27 rules), where the outputs are Eqs. 1-6,
which correspond to the FSL, WI, ECC, HATA, SUIL and ERICSSON models.

Figure 5 depicts, as an example, the fuzzy-logic mechanism that yields the WI path loss model as the
output (Eq. (2)), given the low input states (L, L, L) for distance, vegetation, and structures (60, 22, 29). The
repetitive fuzzy rules are nevertheless excluded. Figure 6 illustrates the surface view of MATLAB-simulated
fuzzy logic given the distance, vegetation, and manmade structures as the inputs and the path loss models
(equations) as the output.

Table 2 tabulates the minimums, thresholds, and maximums associated with the low (L), medium (M),

and high (H) states of the fuzzy logic inputs: distance, vegetation, and manmade structures.

Table 2. The threshold of input fuzzy logic.

Input Distance Vegetation Structures
Minimum | 0 110 | 230 | O 28 58 |0 28 58
Threshold | 125 | 245 | - 31.5 | 61.5 | - 31.5 | 61.5 | -
Maximum | 140 | 260 | 400 | 35 65 100 | 35 65 100
States L M |H L M H | L M H

Figure 7 compares the simulated path loss (dB) using the proposed fuzzy scheme, the actual measurement,
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Figure 4. The fuzzy-logic input and output membership functions: (a) distance, (b) manmade structure, (c) vegetation,
(d) the fuzzy-logic input-output membership function.

and the conventional techniques (FSL, WI, ECC, HATA, SUI, ERICSSON) at variable measurement points.
The path loss under the proposed fuzzy scheme most resembles the actual measurement, as evidenced by the
nearly overlapping FUZZY and MEASURE results.

Figure 8 compares the path loss prediction errors under the proposed fuzzy scheme and the conventional
path loss models vis-a-vis the actual measurement. The fuzzy scheme yields the lowest error percentage (2.79%),

suggesting a mere 2.79% discrepancy between the fuzzy logie-based prediction and the actual measurement.

3. Results and discussion

The refined k-means fuzzy algorithmic scheme was subsequently applied to an experimental area whose topology
resembles the fuzzy-scheme training area, consisting of 870 measure points. Figures 9a and 9b respectively depict
the satellite image of the fuzzy-scheme experimental area and its k-means clustered image, where the colors of
light blue, blue, yellow, and brown-green represent dense vegetation, high-rise structures, low-rise structures,
and light vegetation.

To further verify this, a drive test was carried out and the fuzzy-scheme outcomes were compared against
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3. If (DISTANCE is L) and (BUILDING is L) and (TREE is H) then (EQUATION is EQ3) (1)
4. If (DISTANCE is L) and (BUILDING is M) and (TREE is L) then (EQUATION is EQ4) (1)
5. If (DISTANCE is L) and (BUILDING is M) and (TREE is M) then (EQUATION is EQ3) (1)
6. If (DISTANCE is L) and (BUILDING is M) and (TREE is H) then (EQUATION is EQ1) (1)

|7 If (DISTANCE is L) and (BUILDING is H) and (TREE is L) then (EQUATION is EQS) (1)
8. If (DISTANCE is L) and (BUILDING is H) and (TREE is M) then (EQUATION is EQ2) (1)
9. If (DISTANCE is L) and (BUILDING is H) and (TREE is H) then (EQUATION is EQ2) (1)
10. If (DISTANCE is M) and (BUILDING is L) and (TREE is L) then (EQUATION is EQ2) (1)

EQUATION

Figure 6. The simulated surface view of fuzzy logic.

the actual measurement and the conventional path loss models (FSL, WI, ECC, HATA, SUI, ERICSSON).
Figure 10 compares the experimental path loss errors under the fuzzy scheme and the conventional path
loss models vis-a-vis the actual measurement. The fuzzy scheme yields the lowest error percentage (2.67%),
indicating a negligible discrepancy between the fuzzy logic-based predictions and the actual measurement.
Figure 11 illustrates the actual drive-test measurement of the fuzzy-scheme experimental area, which is
presented as received signal code power (RSCP) associated with different measure points. The experimental
area exhibits good mobile coverage. The actual measurements were compared with the fuzzy-scheme outcomes

and the conventional path loss models (FSL, WI, ECC, HATA, SUI, ERICSSON) for the path loss prediction
error.

Figure 12 compares the path loss (dB) using the proposed fuzzy scheme, actual measurement, and
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Figure 8. The path loss prediction errors using the pro-
posed algorithmic scheme (fuzzy) and the conventional
methods in relation to the actual measurement, given the
training datasets.

Figure 7. Comparison of the path loss using the proposed
algorithmic scheme (fuzzy), drive-test (measure), and con-
ventional methods (FSL, WI, ECC, HATA, SUI, ERICS-

SON) given the training datasets.
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Figure 9. The fuzzy-scheme experimental area: (a) satellite imagery, (b) k-means clustered image.

conventional techniques (FSL, WI, ECC, HATA, SUI, ERICSSON) at variable measure points. By comparison,
the path loss under the proposed fuzzy scheme exhibits the lowest path loss prediction error (2.67%) vis-a-vis

the actual drive-test measurement.

Table 3 tabulates the prediction error of the conventional path loss models (FSL, WI, ECC, HATA, SUI,
ERICSSON) relative to the proposed fuzzy scheme. The comparative results reveal that the proposed fuzzy
scheme outperforms the independent deployment of the conventional path loss models (FSL, WI, ECC, HATA,
SUI, or ERICSSON). By comparison, the predictive performance of the WI path loss model is comparable to
the proposed fuzzy scheme, followed by the HATA, ERICSSON, SUI, ECC, and FSL models (Table 3).
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Figure 11. The actual drive-test measurement of the fuzzy-scheme experimental area.
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Figure 12. Comparison of the path loss using the algorithmic scheme (fuzzy), drive-test (measure), and conventional
methods (FSL, WI, ECC, HATA, SUI, ERICSSON) given the experimental datasets.
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Table 3. The path loss prediction error relative to the proposed fuzzy scheme.

Model Prediction error against
the proposed model (times)

FSL 13.93

WI 2.76

ECC 7.28

HATA 2.83

SUI 6.38

ERICSSON | 4.98

Table 4 tabulates the proportions of the path loss models nominated by the proposed fuzzy scheme
for the fuzzy-scheme experimental area. By comparison, the HATA prediction model exhibits the highest
proportion (34.40%), followed by WI (34.00%), ERICSSON (13.20%), SUI (11.70%), and ECC (6.70%). Given
the urbanization of the fuzzy-scheme experimental area, the FSL model is never nominated by the proposed

scheme.

Table 4. Proportions of the path loss models nominated by the fuzzy scheme for the experimental area.

Path loss model | Proportion (%)
WI 33.83

ECC 6.88

HATA 34.29

SUI 10.55
ERICSSON 14.45

Table 5 tabulates the topographical characteristics under the conventional path loss prediction models
(WL, ECC, HATA, SUI, ERICSSON), where H, M, and L denote the high, medium, and low states. In the table,
for example, the WI path loss model is optimal for an area with dense vegetation (H) and moderate manmade
structures (M). Meanwhile, the HATA prediction model is appropriate for an area with moderate vegetation

(M) and moderate manmade structures (M).

Table 5. Area topography under variable path loss prediction models, where H, M, and L denote the high, medium,
and low states.

Path loss model | Topographical characteristics

WI Vegetation = H, manmade structures = M
ECC Vegetation = L, manmade structures = L

HATA Vegetation = M, manmade structures = M
SUI Vegetation = L, manmade structures = H
ERICSSON Vegetation = H, manmade structures = L

In contrast, [8] applied a study in urban and suburban areas using multiple path loss prediction models
independently and found that the Hata-Okumura model was suitable for the urban area, with the least path
loss prediction error as measured by a root mean square error (RMSE) of 15.79. Meanwhile, the ECC-33 model
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was applicable to the suburban area with RMSE of 6.9 [6]. However, this research has proposed the k-means
fuzzy scheme to mitigate the prediction error inherent in the independent use of a conventional path loss model.

4. Conclusion

This research has proposed an algorithmic scheme based on k-means clustering and fuzzy logic to minimize the
path loss prediction error in light of variable area topographical characteristics. The proposed k-means fuzzy
scheme utilizes vegetation density, manmade structures, and transmission—receiver distances as the fuzzy inputs,
and the conventional path loss models as the output: the FSL, WI, HATA, ECC, SUI, and ERICSSON models.
Unlike the current error-prone practice that relies on one single path loss model, the proposed k-means fuzzy
scheme simultaneously takes into account the area topographical variability and multiple path loss prediction
models to minimize the prediction error. For validation, the proposed scheme is implemented in a fuzzy-scheme
experimental area and the results reveal that, given its lowest path loss prediction error (2.67%), the k-means
fuzzy scheme is most agreeable with the actual drive-test measurement in comparison with the conventional path
loss models (FSL, WI, ECC, HATA, SUI, or ERICSSON). Specifically, the proposed scheme outperforms the
independent use of the conventional path loss models. The k-means fuzzy algorithmic scheme could be applied
to approximate the path loss and identify an optimal base station location for various operating frequencies
(e.g., 900 MHz, 1800 MHz) given variable area topographical characteristics. Future research could test the
k-mean fuzzy scheme in areas with different topographical settings to further verify and fine-tune the scheme
to minimize the path loss prediction error. Another fuzzy inference system (FIS) could be trialed, in addition

to the experimental sugeno-type FIS.
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Abstraet: : b

This paper proposes to study a prediction path loss model compared to measurement of the radio
wave propagation in rural area. The mobile network planning tool used for design which area should be
installation the base station. The model that use for prediction path loss is the standard macrocell model. The
important thing that should be know is the error when prediction. The error of prediction can be optimized to
reduce the error if we know the error of prediction . The base station has used in this experimental installed in
rural area. [t is third-generation mobile network, which uses frequency 2.1 MHz. The error are MAE, RMSE.
ESD used for compared between measurement and prediction that ean be used to fine-tune the standard
macrocell model in next step. '

Keywords: prediction; path loss; standard macrocell model;
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Abstract—This paper proposes to study a prediction path loss
model compared to measurement of the radio wave propagation
in rural area. The mobile network planning tool used for design
which area should be installation the base station. The model that
use for prediction path loss is the standard macrocell model. The
important thing that should be know is the error when
prediction. The error of prediction can be optimized to reduce
the error if we know the error of prediction . The base station
has used in this experimental installed in rural area. It is third-
generation mobile network, which uses frequency 2.1 MHz. The
error are MAE, RMSE, ESD used for compared between
measurement and prediction that can be used to fine-tune the
standard macrocell model in next step.

Keywords—prediction; path loss; standard macrocell model;

I. INTRODUCTION

Nowadays, mobile phones are becoming more important in
life while landline less popular applications. Therefore, service
providers must create and develop mobile network quality. The
service provider must be install the base station to cover the
service area. The factors that can affect the signal strength is
the path loss. The factors that affect the path loss are many
such as buildings, mountains, tree and so on. We need to use
the radio network planning to find the suitable spot for install
the base station. The planning tool is commonly use for
planning the installation of the base station and simulates the
radio wave propagation by standard macrocell model. The
planning tool should be accurate that mean plan to installation
the base station properly.

II. STANDARD MACROCELL MODEL

The standard macrocell model [1] general purpose for
macrocell that accounts for the different elements of
propagation in wireless channel. It also incorporates
algorithms for effective base station heights, diffraction loss,
and the effects of clutter. The general path loss (PL) equation
for the macrocell models as shown in (1) that can be
modifying the k-factors to improve the predictive accuracy.

siraphop@telecom.kmitl.ac.th

kobchai(@telecom.kmitl.ac.th

PL(dB) = k1 + k2 log(d) + k3(Hs) + k4 log(H,,s) +
k5 log(Heg) + k6log(Heg) log(d) +
k7(diffin) + C_loss (1)

d is the distance from the base station to the mobile station (km);
Hsis the height of the mobile station above ground (m);

H.y; s the effective base station antenna height (m);

diffn is the diffraction loss calculated using either the Epstein-
Peterson, Bullington, Deygout or Japanese Atlas knife edge
techniques;

k1 and k2 are intercept and slope. These factors correspond to
a constant offset (in dB) and a multiplying factor for the log of
the distance between the base station and mobile:

k3 is mobile Antenna Height Factor. Correction factor used to
take into account the effective mobile antenna height;

k4 is multiplying factor for H

k5 is Effective Antenna Height Gain. This is the multiplying
factor for

the log of the effective antenna height;

k6 is the multiplying factor for log (Hemlog (d);

k7 is the multiplying factor for diffraction loss calculation;
C_loss is the clutter specifications taken into account in the
calculation process.

III. THE ERROR OF PREDICTION

The model which use for prediction the path loss will be
different. The results of prediction error is different varies base
on several factors. The critical factor is obstructions such as
buildings, trees. The error of prediction can be used to
customize the formula to suit different environments.

A. Received Power

The received power [2] can be calculated by using the
transmitted power. The simple link budget equation is (2);

P.=P+ G+G +L,+L (2)

From equation (2) be written as equation (3)



P =P+ G-L 3)

Pr: Received Power (dBm)

Pt: Transmitted Power (dBm)

Gy: Base station transmitter antenna gain (dB)

G,: Receiver antenna gain (dB)

L, Media transmission path loss (dB)

L.: Total loss caused by cables, hybrid combiners,
multicouplers, ete.

G: Antenna Gains (dBi)

L: Total Losses (dB)

B. Root Mean Square Error

Root Mean Square Error (RMSE) [3].[4] is used to tind the
error. The equation for RMSE [5] is obtained as following (4)

’ N =
RMSE = Zl=1(p:1 pr)? (4)

RMSE: Root mean square error

Y - Measurement path loss (dB)
P,: Predict path loss (dB)

N: Number of measured data points

C. Mean Absolute Error

The mean absolute error (MAE) is another useful measure
widely used in model evaluations while they have both be
used to assess model performance [6] on the most appropriate
metric for model errors. In statistics, the mean absolute error
(MAE) is a quantity used to measure how close forecasts or
predictions. The mean absolute error is given by equation (5)

MAE = 3N, [Py = B (3)

MAE: Mean absolute error

P, : Measurement path loss (dB)
P,: Predict path loss (dB)
N: Number of measured data points

D. Error of standard deviation
The error of standard deviation as shown in equation (6)

_ lﬂilﬂpm -py|-Mean error ) 2
N

ESD

(6)

ESD: Error of standard Deviation

Py, : Measurement path loss (dB)
P,: Predict path loss (dB)
N: Number of measured data points
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IV. EXPERIMENTAL AND RESULTS

A. Experimental

In the experimental, select the base stations testing which is
installed in rural areas. The tower height is 35 meters as shown
in Fig.1.

Fig.1 The test base station in rural area

The parameters of the base station or node B such as
frequency and antenna parameters as shown in table 1.

TABLE 1 THE PARAMETER OF THE ANTENNA

Parameter Values
Frequency 2100 MHz.
Node B Transmitter 48 dBm
Node B antenna height 35m
Node B antenna Type HBX-6517DS-VTM
Node B antenna Gain 19.2dB
UE antenna Gain 0dB
Area rural

The antenna propagation as shown in Fig.2. The base
station plotted indicate the position of the base station and the
direction of antenna and number of sector as shown in Fig.3. It
consists of three sector.

Fig.2 The antenna propagation



Fig.3 The base station plotted

The planning tool that use standard macrocell model to
simulate the radio wave propagation at frequency 2100 MHz.
on 3G technology. The signal strength [7] divided into five
levels, the blue is the area near the base station has the greatest
signal strength and the red area which is most distant from the
base station signal is weak as shown in Fig 4.

Fig.4 The simulation spread of radio signal

B. Results

The result of the experimental to measure signal strength as
shown in Fig. 5. The strength of the signal received from the
base station in a different locations surrounding the base
station, The signal strength will vary based on the measurement
point, the distance between the measurement point to the base
station and the obstructions such as buildings or trees which
obscured the signal. It is important factor to decrease the
received signal strength.

Fig.5 The results of the experimental

The graph as shown in Fig. 6 is the path loss that compared
between standard macrocell model and measurement. The
path loss by standard macrocell model is a constant slop
depending on the distant but path loss by measured value is
fluctuating because there are many factors in a real
environment as described above.

140

130

120

110

Path Loss(dB)

1 :
Fig. 6 The path loss by measure and standard macro cell

The graph as shown in Fig. 7 is the received signal by
standard macrocell model compared with received signal by
measurement, The result of standard macrocell model which
relative to the path loss. It is very strong signal when near the
base station and very weak signal when far from the base
station but the value of the measurement signal at various
points is fluctuating depends on many factors.
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Fig. 7 The received signal

When compared between the path loss by measured radio
wave propagation and the standard macrocell as shown in
Fig.8. The position which high error path loss prediction are
the points that obscured by buildings and tree effect to the radio
wave propagation. The low error path loss prediction are points
that no buildings or trees.

Error(dB)

P T ™ W
1000 1200 1400 1600 1800
Distance(m)

0 . 4
0 20 40 600 600

Fig. 8 The error of path loss prediction by standard macrocell

The error of path loss prediction by standard macrocell
model as shown in table 2. The mean absolute error (MAE) is
7.10, root mean square error (RMSE) is 11.15 and error
standard deviation (ESD) is 11.00

TABLE 11 ERROR PREDICTION
Error prediction
Model
MAE RMSE ESD
Standard macrocell model 7.10 1115 11.00

The error of prediction in the graph as shown in Fig.9. The
maximum is root mean square error and the minimum is mean
absolute error. These error can be used to optimized the
equation of standard macrocell model to accurately predicted
the path loss of signal.

Error Prediction
15 1115 11
B MAE
10
B RMSE
5
mESD
0 1 T T 1
MAE RMSE ESD

Fig. 9 The error of prediction

[V. CONCLUSION

This experimental shows that the comparison between
prediction path loss by the standard macrocell model in rural
area and measurement in the real environment, There are
differences in some locations which may be caused by factors
in the environment that obscured the radio wave propagation.
The mean absolute error is 7.1 and the location that minimum
error of path loss prediction is 0.1 % at distance 800 meters far
from the base station. The standard macrocell model can use
to planning, design installation the base station but should
adjusted slightly to fit equation to reduce the errors in
predicting a value close to the measured value.
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Abstract—Nowadays people widely used mobile phone instead of using
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transmitter height and the receiver height. The well known path loss model such as
Walfisch-lkegami (WI), SUL and Ericsson model used to simulate path loss by
MATLAB. The results shown that when the longest distance W1 model has the most
path loss at the receiving antenna height is | and 5 meters. The path loss in the
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MHz under the same conditions. The path loss can be use to determine where to
1nstall the mobile base station with high quality. That means at the same distance 1f
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Abstract— Nowadays people widely used mobile phone
instead of using landlines phones. This paper proposes to
. compare the path loss™in 850 MHz and 1800 Mz frequency
bands by various path loss models, The path loss under terms of
the transmitter height and the receiver height. The well known
path loss model such as Walfisch-Ikegami (W1), SUI . and
Eriesson model used to simulate path loss by MATLAB. The
results shown that when the longest distance W model has the
most path loss at the receiving antenna height is 1 and 5 meters.
The path loss in the frequency bands 1800 MHz is greater than
the path Toss in the frequency bands 850 M, under the same
conditions. The path loss can he use to determine where to install
the mobile base station with high Guality. That means at the same
distance il using the frequeney band 1800 MHz for mobile
network in the same technology will require to install the mobiles
base station more than using frequency band 800 MHz.

Keywords— Propagation model; Path loss; Frequency Bandy

I INTRODUCTION

Currently the wireless commusication technologies play a *

huge role in the daily life. The people can communicate with
each other face to face talk and financial transactions from
mobile phone through online banking. The preliminary base
stations installation planning is required from the service
provider to be able to use it well worth the investment, How
many base siations in an area, the distance between the hase
stations should be and how it would be appropriate 10 use
it effectively. The path loss is important to consider for
network planning. [t will vary according 1o the criteria such as
frequency of use, the distance between the transmitter and
receiver, the height of the transmitter and the height of the
teceiver. Despite the path loss model is (he major component,
we will focus on the Walfisch-Tkegami (W) [1], SUI [2] and
Ericsson [3] model in this paper. In fact, these models are
suitable for the use in 850 MHz and 1800 MHz frequency
bands.

Il.  PROPAGATION PREDICTION MODEL
A. COST231 Walfisch-Ikegami

The COST231 Walfisch-Tkegami model is an interesting
model [4]. This empirical modelis a combination of the

. 978-1-4673-9749-0/16/531.00 ©2016 IEEE

Siraphop Tooprakai
Faculty of Engincering

King Mongkut™s lustitute of Technology Ladkrabang
Bangkok. Thailand
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madels from 1. Walfisch-Bertoni and Ikegami. The loss factor
for this model such as the height of the base station antenna
and ‘mobile antenna, width of the road. [t is now called
Empincal - COST-Walfisch-Tkegami  Model [3]. [6]. The
[requency ranges are from 800 MHz 10 2 Gz, The path loss
equanon asan (1)-(9)

L{B) (2L L o L m

Where L = free-space loss
Lo =roofiop to street diffraction and scatter Joss .
Lid = multi’ screen loss diffraction loss due ta the
rows of building. ~ °
Free space loss is given as

L, = 324" 4 20logd ~+ 20logf (2)

The rooflop to street diffraction and scatter loss are given as
followed;
Las = <169 ~ 101log(w) + 10log(f)
+20 lﬂg(hmf ~hm) + Lo (3)

~104 0345&%; for 0% < ¢ < 35°
- 9 i} 0
[P 2.S+0.075(d-e—g— 35) for35° < g < 55
4.0 - 0,114(;11;’E ~55) for55° < @ < 90°

(4)
For w = width of the roads

Where Ly; = Orientation loss
¢=is the angle between incident wave and street oriented
The multi screen loss is given as:

Limsa = Lpgn + K, + kg log(d) + kelog(fc) + 9log(h)  (5)

Where b The distance between buildings.
L - {"18[’03[1 + (hb = hrouf)] for hb > hmof (6)
Bsh -0 for hy, < hyge
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54 hb = hrouf
54+ 0.8(hy — hyeo) d> 0.5 Kmand hy < hyoor

k, =
d
54 4 0.8(hy, — hyoof )d ﬁ d < 0.5 Kmandhy, < hyger
(7
18 hh > hmof
kg = (8)
18 - 15 (huh‘ Moot ) hh < hruof
roof
0.7 (f"‘i - l) mediumcity and suburban
" \azs b
kf=—-4+ 9
1.5 (f,;"% - 1) metropolitan area

This model is restricted to the following range of
parameters: frequency range of this model is 800 to 2000 MHz
[71,[8] and the base station height is 4 to 50 m and mobile
station height is 1 to 3 m, and distance between base station
and mobile station (d) is 0.02 to 5 Km. The parameters
definition is illustrated in Fig.1.

Fig. 1 Walfisch-Ikegami model parameter

II.  EXPERIMENT AND RESULTS

In this paper, MATLAB is used for the path loss
simulation. The parameters of the Walfisch-Ikegami model are
defined in the first process and the path loss comparison is
done between 850 and 1800 MHz on the same condition. The
data as shown in Table. I. are the path loss results of transmitter
height 15 m, receiver height 1 m and 3 m.

TABLE 1. PATH LOSS (TRANSMITTER HEIGHT 15 M)

Di Path loss (850 MHz) Path loss (1800 MHz)
Receiver Height Receiver Height

(m) 1m 3m Im 3m
500 83.8 81.6 97.2 95.0
1000 95,2 93.0 108.7 106.5
1500 101.9 99.7 115.4 113.2
2000 106.7 104.5 120.1 117.9
2500 110.39 108.2 123.8 121.6
3000 113.4 111.2 126.8 124.6
3500 1159 113.7 129.3 127.2
4000 118.1 115.9 131.5 129.4
4500 120.0 117.9 13598 131.3
5000 121.8 119.6 135.2 133.0

Transmitter 15 m ; Receiver 1 m and 3 m
140 T T T T T T T T

Path loss (dB)

—=&—f 850 MHz; Receiver 1 m
—+— {1800 MHz; Receiver 1 m
—+—f 850 MHz; Receiver 3m
—+— {1800 MHz; Receiver 3 m

2000 2500 3000 3500 4000 4500 5000
Distance between Tx and Rx {m)

L

4

0 1 1
500 1000 1500

Fig. 2 The path loss (850,1800 MHz) transmitter 15 m; receiver 1,3 m

Fig. 2 illustrates the path loss in a different distance of the
transmitter height 15 m. It can be seen that when the distance
increases path loss will increase also. The path loss in 1800
MHz is higher than 850 MHz at the same conditions.

The data as shown in Table. II. are the path loss results of
transmitter height 25 m, receiver height 1 m and 3 m.

TABLE II. PATH LOSS (TRANSMITTER HEIGHT 25 M)

Path loss (850 MHz) Path loss (1800 MHz)

Distance Receiver Height Receiver Height
Im 3m 1m 3m

(m.)
500 76.1 739 89.6 87.4
1000 87.6 85.4 101.0 98.8
1500 94.2 92.1 107.7 105.5
2000 99.4 96.8 1124 110.3
2500 102.7 100.5 116.1 1139
3000 105.7 103.5 119.1 116.9
3500 108.2 106.0 121.7 119.5
4000 110.4 108.2 1239 121.7
4500 112.4 110.2 125.8 123.6
5000 114.1 111.9 127.6 1254

Transmitter 25 m; Receiver 1 mand 3 m

Path loss (dB)

| —&—f 8850 MHz: Recewer 1 m
7T —+— 11800 MHz; Recewer 1 m

i | =1 850 MHz: Receiver 3 m
0 i i i , —+— {1800 MHz; Receiver 3 m
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Distance between Tx and Rx (m)

T

Fig. 3 The path loss (850,1800 MHz) transmitter 25 m ; receiver 1,3 m
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Fig. 3 illustrates the path loss in a different distance of the
transmitter height 15 m. The path loss at 1800 MHz is higher
than 850 MHz at the same conditions but it is lower than path
loss of transmitter height 15 m.

The data as shown in Table. II1. are the path loss results of
transmitter height 40 m, receiver height | m and 3 m.
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Maximum Path Loss (Receiver Height 1 m)

1352

@ .00
S
TABLE I1l. PATH LOSS (TRANSMITTER HEIGHT 40 M) £ % 850 MHz
(-9
Distance | Path loss (850 MHz) Path loss (1800 MHz) E 80 1800 MHz
Receiver Height Receiver Height g 40
(m.) Im Im Im Im § i
500 70.9 68.8 84.4 82.2
1000 824 80.2 95.8 93.6 0 /
1500 89.1 86.9 102.5 100.3 t 15 2% 0 (ml
2000 93.8 91.6 107.3 105.1 Transmitter Height
2500 975 953 111 108.8
3000 100.5 98.3 114 111.8
3500 103.1 100.9 1165 1143 ) )
2000 1053 1031 1187 1165 Fig. 5 The maximum path loss (Receiver height 1 m)
4500 107.2 105.0 120.7 118.5
5000 108.9 106.8 1224 120.2 (dB) Maximun Path Loss (Receiver Height 3m)
Fig. 4 illustrates the path loss in a different distance of the [ 140
transmitter height 40 m. The path loss in 1800 MHz is higher V gl
than 850 MHz at the same conditions but it is lower than path :
loss of transmitter height 15 m and 25 m. @ i
Q
gl ¥ 850 MHz
Transmitter 40 m ; Receiver 1m and 3 m £ 80 w1800 MHz
T T c
3
> 0
o0
I 15 2% 40 (m)
== Transmitter Height

Path loss (dB)

—&—f 850 MHz; Recever 1m
—#— 1800 MHz; Receiver 1 m
—+—f 850 MHz, Receiver 3 m
g : : } ] —+—f 1800 MHz, Receiver 3 m

200 1000 1500 2000 2500 3000 3500 4000 4500 5000
Distance between Tx and Rx (m)

Fig.4 Path loss (850 MHz, 1800 MHz) transmitter 40 m ; receiver 1,3 m

Fig. 5 illustrates the maximum path loss of the receiver
height 1 m and the transmitter height 15 m, 25 m, 40 m. The
maximum path loss is 135.2 dB at distance 5000 m in 1800
MHz and the transmitter height 15 m.

Fig. 6 illustrates the maximum path loss of the receiver
height 3 m and the transmitter height 15 m, 25 m, 40 m. The
maximum path loss is 133 dB at distance 5000 m in 1800
MHz and the transmitter height 15 m.

Fig. 7 illustrates the minimum path loss of the receiver
height 1 m and the transmitter height 15 m, 25 m, 40 m. The
minimum path loss is 70.9 dB at distance 500 m in 850 MHz
and the transmitter height 40 m.

Fig. 6 The maximum path loss (Receiver height 3 m)

(dB) Minimun Path Loss (Receiver Height 1 m)

97.2

w0 896

% 2 ?3.8
p 80
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|t F— —

15 25 40 Transmitter Height
QBN 47 & (m)

Fig. 7 The minimum path loss (Receiver height 1 m)

Fig. 8 illustrates the minimum path loss of the receiver
height 3 m and the transmitter height 15 m, 25 m, 40 m. The
lowest path loss is 68.8 dB at distance 500 m in 850 MHz and
the transmitter height 40 m.



Minimun Path Loss (Receiver Height 3 m)
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Fig. 8 The minimum path loss (Receiver height 3 m)

The data as shown in Table. IV. are the path loss
comparison results of the transmitter height 15 m, 25 m and 40
m, the receiver height 1 m and 3 m. The average difference
path loss between path loss in 850 MHz and 1800 MHz and
the percentage of the difference path loss between path loss in
850 MHz and 1800 MHz.

TABLEIV. PATH LOSS COMPARISON (850 MHz AND 1800 MHz)

Trafsmitter Path Loss Comparison (850 MHz, 1800 MHz)
Height Receiver Height 1 m Receiver Height 3 m
A"f,'lf’ il Dpf Ave. DIff PL | Diff PL
(m.) (dB) (%) (dB) (%)
13 13.43 12.51 13.44 12.78
25 13.41 13.46 13.45 13.82
40 13.46 14.27 13.44 14.59

Fig. 9 illustrates path loss comparison in 850 MHz and
1800 MHz frequency bands. The highest average different path
loss is 13.46 dB at the transmitter height 40 m and the receiver
height 1 m. The lowest average different path loss is 13.41 dB
at the transmitter height 25 m and the receiver height 1 m.

Path Loss Comparison (850,1800 MHz)

(dB)
1346

|
1345 +

|
13.44 1
1343 \

13.42 + Receiver Height 1 m

Receiver Height 3 m
1341 7

134 +

Average Different Path Loss

1339

13.38

15 25 40

Transmitter Height(m) J

Fig. 9 The average different path in 850 MHz and 1800 MHz

M % — Path Loss Comparison between 850,1800 MHz (%)

14.50
14.00

13.50

—4#—Receiver Height 1 m
13.00
=8~ Receiver Height 3 m

12.50 +

12.00

Different Path Loss

11.50

11.00
40  Transmitter Height
(m)

Fig. 10 The percentage different path loss in 850 MHz and 1800 MHz

Fig. 10 illustrates the lowest percentage different path loss
is 12.51 % at the transmitter height 15 m and the receiver
height 1 m. The lowest percentage different path loss is
14.59 % at the transmitter height 40 m and the receiver height
3m.

IV. CONCLUSION

The heightening transmitter will reduce path loss similarly
the receiver. The comparison path loss between frequency
bands 850 MHz and 1800 MHz at the same distance and the
height of the antenna. The results conclude that the path loss
in 1800 MHz is greater than path loss in 850 MHz all the same
conditions. Therefore, using 850 MHz frequency bands in
communications will be cost-saving cost comparing to the
1800 MHz frequency bands. The 850 MHz frequency band is
suitable for supplement the coverage in the long distance of
mobile network.
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