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ABSTRACT

In nowadays society, technologies become part of human daily life. Every people are
getting involve with technologies. Technologies are also involved in many careers
including healthcare. Healthcare technologies are very important in term of patients’
treatment in healthcare center. One technology that is widely used in healthcare is a
mobile phone. Mobile phones have been used for patients’ monitoring process, that
need to send small and reliable data between specialists in healthcare center and
patients themselves. From this communication, there are limited of access points for
many users to access the Internet at the same time. This problem can cause the quality
of communication and loss of connection. This project is about network selection,
helping users select a network between every WLANs and Cellular to solve the
problem of quality of communication for small data. This project uses a game theory
technique call zero sum game with Maximin algorithm for weighting function and select
a network. In experiment, in order to check the correctness of this program, the

program is run each function separately.
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1.6. aunsaluazanIuninniside

1. qunsal

e InsdnilefoszuulUAnisuaunsosn (Android) nieuaunenauiiaines (USB)

MUY 7 LATDIRIRNNTI 1-2

M5 1-2 Toyalnsdnvidlede

=

1384l U CPU | 98udnINg G waul3ane
ASUS IEEE 802.11
Quad-core Dual stand-
1 Zenfone 2 PowerVR a’b/g/n/ac 2.4/5
2.3 GHz by/Active
Deluxe GHz
2894 ASUS Quad-core | Adreno | Dual stand- | IEEE 802.11 b/g/n
ey 8 Zenfone 2 1.2 GHz 306 by 2.4 GHz
IEEE 802.11
Octa-core Adreno Dual stand-
5uae 6 NOKIA 8 a’b/g/n/ac 2.4/5
4x2.5 GHz 540 by
GHz
IEEE 802.11
Octa-core Adreno Dual stand-
7 Galaxy S8 a’b/g/n/ac 2.4/5
4x2.3 GHz 540 by
GHz

o pauiwesivivihiduigunsaluaensdmiuldlunismageumnuaduaz Usua

31U

o punsaldnedyaudumesidauvuliatenldlunismaaeussuu Fellauaiansaluns

9

Nedygradumesidnuuaiunud 2.4 GHz uag 5 GHz

2. @01UN

o AP IENIsUlITN ANEIFINTSUAIEARNS UM INE1dBEAIUATUNS

®  FnNASUST TU 7 ANEIFINTSUAERNS UNINYIAYFIVANUATUNS




1.7. A1TNUNIUITIUNTIU

1.7.1.  MultiNets: Policy Oriented Real-Time Switching of Wireless Interfaces on

Mobile Device [12]

Juunanundnaueisnisiadiila (MultiNets) Fudussuudmiuivbeuy
w3ernenswenseliansainuauliaeluwesiaangliuinsdyyin vseaduiuly
sUnvuisealng fafdngnosnwuuilildlugunsallnsdnidetefioanusunamdsuily

muaudayaluniatieninisgennediuiuunn warlirmUnanu isauleeilasai

o = ° v a & vy g ] &
ANATNUSENBU 1-2 YIN1TNINUYBINAALUA "i]ga']lniﬂLLUQI@LUU?@QTU@@UQ@

Switching AP
Policy Selection: Offload Traffic,

J—’ Energy Saving, Performance
Switching Engine :

Monitoring Engine: Network Flow,

Power, Wireless
A

Kernel

AWUsENaU 1-2 Multinets Architecture [12]

=] [ 6§ @ Y . . a A 1 12 A [l
® ApuLbATuLaaddaTY (Connectionless Session) S¥UUILUANTSIWaUABL A ELATEYNY
gl uadauteyansinin3evineveadnionen N NUusEUUILUAnsousawii ¥4y
iliAnnsviamevesteyatuuisdls uiaunsagnudluielideyanduuniinig

auysalla

o aauttintulatseuwmadatyu (Connection-Oriented Session) A£L5UNASHUIIUIUNIT

= 14 o

Sudatayalunisweusaiit wedesiuldliiAnaudeniglunsideuse Aei1duiu

<

d' I Ao Yya ¢ a Y] A 9 v R =~ oA
NNILVDUNBDN UlmmﬂqLﬂUQUU 'ﬂgllﬂ'ﬁ'ﬂ@Lﬂi@sﬂqﬂiﬂulﬂ‘v‘]ﬂLﬂi@ﬁﬂqﬂﬂ"liL“U@N@@‘Wi%‘UcU



aAunsaonsols a1t o Faraaniy ssuvegldiaiedienisiteunstluinlaluly
1 TunsainiinsWensiaiin sEULATAUATEYINITTaNABLN10BN FATNETEULITADY
Tinsdedeyaiegnisvihnueguueseienisifiouse sunassduneunssuuazingly

Tgnulunsweusalml

v o Id ¥ A 1 v o %
nseonkUUsEUY Fldnudndudeudenitarlvszuuyihauluguuuule du

TowA

[ (% . . ) 1% o [
NHNTBYSANGI1U (Energy Saving Policy) agiluniseeniuuliszuudsendandsau
lngazgainvuinvesdeyaindivuiaiuaiiruaviely auAusEuUIgyNISTouse

dusauliang Sudlosnandunisidendedildndsuldesningaga

ﬂgmsmasﬁaaﬂa (Offloading Policy) agidunseenuuunazynsdeunenuwaulsans
< [ aa = ' I a S v oo a v = 1
Junanluynnsalilanuisaensels isgluainunanuillaviinisidenisiseuss
inunaulTangaglvinanisdtoyaniniteagan

nyUsednsn1n (Performance Policy) agyinnisiUSeuLiguAthuuainsiiiialdidan

LA38UNLNNTADATIABYINNTHUS I UAEUINNISHTBUFD LA AT LUUAIANTAUINNINIY

1.7.2. Nesto - Network Selection and Traffic Offloading System for Android

Mobile Devices [13]

Nesto Manager: Policy o
<> NS Decision Medel
Selector, Switching Controller

A A

Y

Network Switching Engine:
Virtual IP Manager, Monitoring Engine

Connectivity Manager

AnUsenau 1-3 Nesto Architecture [13]

v
[

I3 a Ao A o aa A a &
WUl EJV|3J7JULW@U’]LE‘1U@'Jﬁﬂ'ﬁLuaIW (Nesto) WﬂﬂﬁquﬁqmqiﬂIUﬂqiLa@ﬂ
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YDANAINUNTY ASIERUUAIANANINTU LAZLENUNITINNIT N156TOUADNVUILUY TaeLualn

1ATN1900NUUUTINNAGDITEUUADTZUUNISLTONABLATDUIBLAYY (single connectivity



mode) LazIZUUNISLTBUABADUATYIBRUULANFULUU (full dual mode) Tnsuuadu

Tassasrwasszuuladusinindsenau 1-3

v v

19ansalefidnans (Virtual IP Manager) Wudiunviaumiiouidudinalssening
4 1 & 1 a1 aa oA v dg*l < Y 1Y (% =
gunsal uavdiuvennsee lagaslieleilurnaiavuundudditoyandn uasd

Lofaniwagan waswaulTanesudiuiludiuil

'
v v a o

~ ! - [ ! a ~ 1
AIINNIIN5LBUAD (Connectivity Manager) L\ UuaY ulunisiuasunisitonse

a &

MngiusMsdyaunsdwinasuaulfanelagldisdande

a v . . . I3 Y aAa ' A a A
sEuuAnnIuYeaya (Monitoring Engine) 1lulassainsidiaudiunediuinnuiniodny
(Network Monitor), @3uUssu1aiaasev18 (Network Estimator), Wagd@iuannig

¢ . ! a A ° Y o A P A '
gunsal (Device Manager) IngaiufinnuaIadigvivinivasetieianunsadouse
19 mlaseasneweun3ouny Lasmnawesdygad drufdesrodiulssunua1AIedng
Judwnmaruseansamvean3edineg fe Amnuaidl, mswasuulas (jitter) Lag onT
nsaeeslaya (packet error rate: PER) nevinisdstoyataludaudsniiesuaise
SURARRUNAU dugavinefediudnnisaunsal HUueviinsienuUIateyaniingg
Suds mvihnuluwsiazieiets wasdSunamasnulutagiy

yauleule (Policy Repository) agvinaumileusatislunisideniasevienanan lagly
Anhudnouled (N-sized weight) WagAInmesuinsgIu (normalized vector) 1Uud
MANUEAYveIANFuTUSUaINtans Feusenaulumedusuwuunisdetoya fe

OFF, ES, MaxBand, FTP, FTP_O, Stream, Stream_O, RT, RT_O, itz Back

ngn1sdindulandn (Core Decision Protocols) tuwafianisidania3ednavesiuale
Toeluanddeiazldds sAw Fadudnniasluniseuiaminanivindislilaannlagly
N5 USHUMIBULRBNLAST DU

nswasunswensalagldmaiununisaulUae (Switching Controller) &4

TouaszuvaaniduanuluuanIsvinaude

=

Inuaiivils dwiudsgansanlunisideuse (QoS) dveglunsieusainiavieeded

nsviunelife Sudeyadnssuudaniudeya v COP ansuiuunseusetdagiu

o A 1 | aAaa 1 =
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9 9
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¢ InuafidesfeszuunsideusodoasotieuuuAn UsuudmsuALuLIaiNuInTgn

[ 1

(Full Dual Mode for maximizing bandwidth) @s8in15v1191uA® L@nN15dITaLANIU

Y
' '
aaa

wauldaneiiafian Tnslutunouiindsszuudenhninddsunisideude Tasliszuy
euiimdadniunisliudiaia vdanduihnisidennisdedoyaiudliuinns
iesetnglnsdninaign dsiilussuumadendelnietneden

o Tvuagaring ssuumailendeasaaietisnuuidugunuudmivynszduiiunniiga (Ful
Dual Mode for maximizing session level) Tudruuszaniamlunisidousde In1s
vaude dennsdsdeyaiifigalneidensuuvudeyaiidridgyiian udiduiy
nszvuMawiloussuUNMSouselnietelfiod dlsifinsdsuniedionisdoans T
sruuidenguuvudeyanisieansdely newhszuumaiesseiaieieiie lnsusiaz

TUSWASY 98YINNI5LABNLASEYNENISERAITNANANNIUAITLUUN WaZLNLYDNANISLADN
9 Y

\AsevIeNsaRa RN IvTesNantayaluiidnnisanleiidnaes

1.7.3. Enhanced Power- Friendly Access Network Selection Strategy for

Multimedia Delivery Over Heterogeneous Wireless Networks [14]

Data collection

Network Filter from users’ preferences

Energy prediction > Score Generator

Y

Handover

Execution

ANWUsENBaU 1-4 E-PoFANS Architecture [14]
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ﬂ’]ﬁ%’ﬂﬁﬁ’nauaﬁm Enhanced Power-Friendly Access Network Selection
(E-POFANS) iitelilun1sfudsteyasunuuiadfifeiiunisdoasiiany Inowdsauildly
gunsniflefiovzanunsnldeulduiuandy wasdinsssansainlunssudedouaiildly
nszUIUMIABULIATeTIBNSLdeNse

weluladd asfinisléfiugiuves IEEE 802.21 Tumaifuadoyaluaieriels
e 1y AUSinae wazmlddedmiunmsiudideyariundetieliae deaxiinsutash

szuvoonlluddiusaninysenou 1-4 dulaun

e dufiutoya (Data Collection) Wudwnilliinuadeyandnduiu E-PoFANS wieldlu

[y

v a 2 A d' ad vy [ d' a
ﬂ’]i@@ﬁuﬂlf\]l’aaﬂLﬂi@‘?ﬂﬁ]fﬂﬁﬁ@aqﬁ I@EJLV]?]IUI@EJU Q1 GUGU@NaQUIWLLﬂ NIILARDUNUB

Y

[ 1 a a

Al nsnsAvely AlddnedmSunisldnunisiudadeya uavaUseansnmn

Y

e diunsenA3eviy (Network Filtering) iWududildidnnIationisivdsdoyaiilings

AIUANLABINTTVRIRLTY nawiMsduaIevismsdeasimaeludsudely

®  FUMSUSTUIUAINEIY (E-POFANS Energy Prediction) Fadudiuiiazmuiumiaii
AIAMUNEURINTT NI YegUnsallnsAwsidlans lagazvinisAuindeyalugliuy

vousealvy viaeaniu Yoyasziinsadsludedusaluieldlunisingula

® H1uUn1TLAONLATEY18AINAUNTT (E-POFANS proposed network selection score
function) FllUNNTAILIUIIANAL LU MY INUNISIEBNLASEUIUNNSERANT IABAZ LN

=} 1 ‘NI v 1 =] 1 1 1 7 o
LA3DUENNINAIUNTDATEVNY LAZAIUNITUTEUIUAINAIU W IFLUNITAIUI Tae

wsevediiazuuuinigen szduasetienszuvazyinisdennislidau

1.7.4. Delphi: A Software Controller for Mobile Network Selection [15]

v a

HummAdeiivinisasramelulad Delphi duwmedadielszuuyhnisiden
\n3etnensdsdeyaiiafigaliinaziiunisidensowuuiaietieifien (single path) wienns
Houstouuumaneieietng (multipath TCP) Tneszuvaziindhdsalildrudandiagrngs
wilunisdsdayannsinule duldun Ysendandarnu anudilunisivdsdeya wazainisly
FredmTugliusnisiasedinelnsdwnilede lngszuuagyitnisastayaves Delphi asly
gunsaineufinmessruuUi RN AYN (Linux) Tun159ia1ubes Delphi azUsznauludied

drusanInusenau 1-5
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Monitoring Engine and Traffic Profiler

Y

Predictor (Regression Tree)

A

Network Selection

l

Network Interfaces

AwUsegnau 1-5 Delphi Design [15]

| & | A § . ° Y ado v Ao & A !
drufuAANuruiLAIeYY (Traffic Profiler) innthnsuteyandndulunsieuse
Aewinsdsdeyantludidiuyssanaussansninaieviy Inedeyaninanilaun
TCP_CONNECTION_ID, vu1a¥eya, kagidunis lagiduniavuigianisiudeya
(download) wsen1sdstaya (upload) lnginalulad Delphi lavdwaus AP Aitaelunis
Suwanil wavgiuSinadeyawinlusiagdesinisdadeya

drufnauAIetie (Network Monitor) Wudiufiag@nmuinaietieiinsiuasunlas

A Y A ‘:‘I o Y o1 1 a a A 1 o
wseld idinsasuslasazyinnisusnlidulszanaaUssansnimesetierineu Tu
| a A 1 & ' v & | o Y a 1 A A .
drufanuasevied azuuslalugesdiudulaunanaietianisluliefe (passive
measurement) kazA1LA3I8TULEUNS (active probing/adaptive probing) Tudau
Y83ALATY e UeN 09N TIAERUUTEEANTAINVDINTSITOUABUALAAIUN UL
vastayaluniseunegeugarnenauisiifuteyauatenislunisdeansiiay ud
agnlshanuludiuvessedaaneililivenivguninvesnisideusaiausly wulunis
Wensar 1l liuIMsdyealnsdnniidede wasieliszuuanuisasuitenmuninves
4 = = VYo | ::4' & & o a °

nsiesietls syuudslminausludiuiiaosraaietisludunisiaunsatiaus
PayaniinnudAglunsldluannziuauninvesnisweuse suinandynivesan
w3av1en1elulofounazyinissuuldndanny wuualan waziinAuaIgININTUe

[ 1 =

= a Y% Y] Ay | & = v
LW@@@{]Z}J}W?@QﬂﬁW? Ao ‘Uill']mﬂﬁ]m@llua LLazwaﬂ\‘ﬂuwmaﬂﬂumuu 33UU§\NU@3~IIM

@ 1

Maulugudnsedioluaiuaasednenigluilsieiinisdsunias wazliszuurinau
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Slevthasuansuavhauintu vierawlessuudioamssuviodetaya lumshaumes
Wiaesdu sTUUITIMSAwAmAmALsesasdulneyiin s de sEau
Husuauaesnds ennusiiesedetisneluiiedeunnidiidimun stuvay
Tandildarnnisianesettsluduniaduaiildlunismuia wagldaiilaainnis
Finedsfiaasasrnaioteludumaiumgutoyadiemmanufiananauazien

'
1A

AUFNLINAINANNINAUAILTINALAT DU ULEUN9DNTOU

o  FiuuszunuAUsEansn1maseve (Network Performance Predictor) agvinaulagly
7% Regression Tree lngagSuAdunalusluuuvatedl suldun uinvesdoya way
an1urA3d1Y Tun1sinli Regression Tree iU f\]ﬂﬁé’fﬁi’fagaﬁgwm 10% ¥89
Fouarmualunsiln uarldonasn 90% Tunsasavaeuszuy Femadildarnnisiinau

Y KV

Tazaanunduariminalilglunszuiunisuee Network Selector

e dudeniaTetng (Network Selector) lunsidenia3evienisieansazduegiv Usuim
U (S7) waanw (E/) wavaldanelunislddyaradunesidaangliuinisesedns
(M/) woausiazia3avie (i) lneagldaunisn 1-1 wieldlunisAuiaveusasiaIotie

2 & 1 Aa a
wagliontAsaenAININgn
S_ﬂ,’
Oi = ﬂ—l ]-1
E/ M/
el a AaANUITnveIAIUIIIMIUY
B AAMINUBINGIY

y Aot ntinvesAi g

1.7.5.  Network Selection Algorithm Based on Diff- AHP and TOPSIS in

Heterogeneous Wireless Networks [16]

'
=

I3 awv aa ° aa = A a v
LUUQ']U'J"UEJV]QJGUULW@UWLau@'ﬂﬁﬂq{LUﬂqﬁLa@ﬂ LAYIDUVIYNIIADENT I@BISU

Re

WATANSHAURaIUAUTENING DIff-AHP ieldlunismadmidnvenasednenissudetaya
vosdey el way TOPSIS Fedlwuiiedavluiesvesnisandulainszuuaisnaziaen
I = A
\AseYIen1sdeasiATeYelvu
JEUUAINTIAIAIANssYesdmtinvestoyaludiunes Diff-AHP fay
nasniuagldrsananilu TOPSIS wisldlunsdnaulainasldineviglalunisiudetoya

lunsvieuves DIff-AHP azliduneaudaiifie innsadedwutuvestoyansu desenauly
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$e wadwsTigesnsTaesiuliuugn lutunarmedendlilunisdndulanisdeniaiedns uay
madenvonederisluduaian solussuvaraawesniifinslamitlddnistmunliuds
warthilgmanun3nnsdndulaunnsgiu selussuuazldaluwn3ndananilumuiuman
ihwiinvestoyauiiothluldly TOPSIS dely

Tunsviauwes TOPSIS szuvagyinmsaiasmdniilflunisdadulasinsmne
sdfutuvesinuanlu DIf-AHP winideyanislumminuiadauminansgiulngld
35 Euclidean Normalization sieluszuuazyhmssuamaniminesnuidumseunsn
Tngldenanlu DIftAHP sdraunsiuadidualusdutuneuntig wdwinidu ToPSIS
wmAgauAf (ideal) uazAsafugaund (anti-ideal) iieldlunsmelndifsaiiefiay
annsaindndduvestesdyiunsdeansle

Tunsnageu szuuldviinismegaeudiun1sdianifing MATLAB Feld3u
nadns 1 sruuliamsiaddunisidenedetienisieansléfau uaedlinadsyansnmly

a b=} I = v
N15LUAYULASDVIYNTERAIINIY

1.7.6. A Network Selection Mechanism for Fourth Generation Communication

Networks [17]

Tuudded szuulaas1anuineINUNISEBNLAIDYNUNITERENT tNEWAAZE

Y
wuagyhnsudstuingaulazanunsavinsndeusield nediaulunsdiifie seuuiiagyiing
donuavnueteyaildlunistiedadulaudeniaetionisdearsdudnendulaun waves
Yo3dyey1 Ao WCDMA, WLAN tag WIMAX LgauaduNUun1siioNne ADnI1Suandinte

' A . . a s . . &/
WUURBLIEBY (Streaming video), N1staudutnesiiia (internet surfing) Wazn15lNseanmig
‘e (voice call) uagionanyinefof nanauwny (payoff)

2

TUAISYINUYBITLUY SEUVAETNTATUIUATNARNBULNUTDILAAZHLAY LD

Y

= = R Aa a o & ] A d'
Wiguiguindiaulafididwaneuunuinniign agvinisidendiautuduiasedienisdeans
TunisAruiaiiazyinnisnsaasuinszuuldununisieusessls dnisdsanliiduniesiu
Uszangnmuseanlddne uazUSunateyaniing sduasaulssvesdyaIunlasy 1w
AUADIUNITAIANG 9 LeAIMUAAI3AUsEENTAM (Quality Point) Yadudaydy uanaIndl
szuvavgnasunldlunsdeusevisedateya Inslunsargunsaluavemaisasiuunauns
Tindsnulunisdsiiunndaiu Fazuisoanunlumigauszaviamvesamasnuils uay

Y% 3 d' A 1% U A Ay I o |
szuudilaganusilunisndeunvesldnuaunsallnsdwiliefemeindnisafouiisvse

41 ElgUARaUNE? N1silausan 1y WLAN azidunisidiousdanugfan deaiuisawua
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anunsaisenaneenulumgauszansamle wdsantussuuasinIsmHasILYeIAT
hwiin Seazudusieuddyidldiesniseadiedaussansnmveausardu iilefiayld
Humnaneuuny ndsntussuvazinsisuiisuiimsidoniededielalunisiieuse
wiluinul szuvaginmsuSuifiutlsiinis@endsnsdoudesy o fe Weiegliienyusls

loluasasie 9 U Fawanliannnisnseindenany ssilvssuuldinsetiensiweusiesiian

Wanansuluneauszuu

1.7.7. Integrated Network Selection Scheme for Remote Healthcare Systems

[18]

'
o =

Wuauideninissaumaiiavesnisideniassdnenisdeansasliulunig
mswndnldnuuuaunsalinsdwiliede lneszuvazinisiiiualsz@nsnmlunisideuss
neesnsananldlunisiamugiaelulsasiig o Weafreuninai1uass (Truth Matrix)
PUN NEIINTUILYIINITAIUIUAIAIINITI (Truth Value) 91nAIR19 9 Tuuninauass
WoluLUTsuBUAUAIAIILASINUTEa3A (Desired Trust Value) toldlunisindula
& A ‘:1'

LARNLATETILNITEDEANS

o 3 o

Tumehauvesszuy seuvazvinsiuaididudedtlunisianugie
uazaAnsavrestaya lunsdifiaitinlddanAuvietosniiansey axvinisdsaya
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AUnAlidygnieglutag 0 81 1 uenantl axdesdimatmuadnimdnesdoyamuuslsa
voaffhe ilevuidmasiuversnvesulsitlidugud vdsnduagyhmamsedy
vosAlsnvasing winiluldsutuassansamlunsdensons 7 duus suldun
Algarglunislddumesiin WeudunauazUsinadeya adnsnsilunisiudadoya an
Aulaendy Arruad Wesidunsaydeteya wavauin nainvedeya e lirléen
Uszansamlunsdouse Tusuvessndnus nEannty svvuaztherUssansnnlunis
Fourasinanr uldlunistresunamaiiindnvessyiuaaudwud (Degree of

Membership : DoM) wdvinlidud1unfivesteyadinardlveglugae 0 8 1 udawiinig

v

Jasestoya v ssuvasihAnnana I TNiumuaNudAyAgliRens o

Aldspanshiszuuilafiese@viainiia 7 fuds agvinissindniminveans 7 dudsi
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1.7.8. Network Selection in Cognitive Heterogeneous Networks Using Stochastic

Learning [19]

= Ay 4 v a P =~ 2 ' A Yoo
Junuddenldngugnisaiunalunisideniasetianisdearstaeldisnig

Jan1sidentA3eU18n15dea15A8@1Led (Self-Organized Network Selection) @eagLlu

| 2

imatan1swauIn1siioniasevigvewdaiauliidnlndaiiuaunavesuy (Nash

Y
[

Equilibrium) 1103y Tnglunsidentaiedied azuansliifiuinssuvaunsaldsnia3edneni

ANUSUNUNR kaglruseansSnndineussuna

PU2

PU3

sU1
SU2 .

SP2

SU3
sua

AMnUsENaU 1-6 An exemplary heterogeneous network with 2 SPs, 3 PUs, and 4 SUs
[19]

v
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Y

v d' ! Y a = = = Y W
ﬁ;ﬂsﬂa"luqﬁﬂLﬂ@Nm@I@LWUQWUQLﬂi@ 18N15@REANTLNIUUAININUTENBY 1-6 I@81ULﬂl|'°03

o aa

A5IRERUNaINNTALINTATUE AR (Utility Function) 31lasiuinndn Aaglgldauu

Judwug Tnglunisawinileidugiaatu szwandiimuisamnudulildvesmsnaaey

(Probabilistic experiment) #ilAanA1TeWARAININITIALIIINNNITAIUIAIATILA 1Bl
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HUlUSEEEa MTe 9YNSENARARINANLABLINANTTWIIASInaURT UL TAuTUNIS
mwnwahnsilSeuiieuiieldlunsseuisuinegiiesevslnududuus Inaaili
AuaulalunisldduiufinaAoa1 USIaeIL, AMNLTITRSAYeIa), LazAISRIINIg

Bouf fleglurag 0 fa 1
1.7.9. Vertical Handoff with Predictive RSS and Dwell Time [20]

I av a a v v a d' A 1 A J [
Wuswidemneidunisandaulaldsumiodienisdeansseninedygyiu
a §f Y a o o A [ v [
dumaiillnandliuimsdyaalnsdnilietie uwasdyaauaulfaednmdsenay 1-7
1neil3s mobile IP regional registration (MIP-RR) Tnglunisindulassiuegiuaninuuss
vo9dnyey1u (Receive Signal Strength: RSS) wazA1dLavtiunaenas (dwell time) lngazd
° ! LA = a Ao A = = ) ' v
n3AIMA1 merit WeldlunisiuSsufisuiiodonta3elnen1sdeas eszuudinanazly
lusguuigldinisiadeunseninanviinisldenu lnedissuuilagihliszuuiionnisiaey
A 1 Y @ é( 1 a o 1% o 1 al a a A 1
w38 lmSamunIUnG uenanazriliszuurnulalagldideuszansawlunisidense
1% v o 4 a [ v al o 4 a v I [ v
e Gevihlviszuvandsuuanudululanagyilvgaydedeyaseninamsdadoyanis Tu

& 1 [ [ ] A
FTUVUIZLUINITNINUD DN UUADIAIUAD

{ P ,/’/ Pl
\ = ((sh)
- é " NTERNET
M UMTS
BS
| — 2
—E " GFA_WLAN
Mobile WiMAX1 GFA_MW/ .
- , y/ s Movement
T AT )
P | . Iy“’ i ‘
e / ~/
S | , @E)) WLAN3
WLAN1
WLAN2
Mobile WiMAX2

AWUs¥NaU 1-7 IP-based heterogeneous wireless networks [20]
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1.7.10. Multipath TCP [7]-[11]
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1.7.11. Dynamic Network Selection in Heterogeneous Wireless Networks [21]
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A o = ] A4 0 a s & ° ' R vl |
WevinsiweusainIeuiedumnaside aminA1auatilagldisnisds ICMP Echo uag

UDP @aanunsawuseenudumdenis ¢ lasadl
2.1. msieusaniuauliany 802.11x [23]

802.11x Apu1MTFIUNTIToURDYRINTARATLEa8 T Wireless LAN

(WLAN) ?faﬁmﬁumu%amﬁaawdwqﬂmaﬁgﬂmaﬁ’uﬁa%’udqﬁ@mmmummﬂ g

welulaBnsdeanslimed WWgnoeusuliidunidusasgunisideuderes IEEE Tu T a.a

1997 1msgiuves 802.11 Tfutseenudunanss 1nsgiunsidesse suldun

o 80211 anfumadoudenuuliasuunduainud 2.4 GHz Taedarmisiedd 1 8 2
Mbps lagldinalia hopping spread spectrum (FHSS) %30 direct sequence spread
spectrum (DSSS)

o 802.11a uweluladiimunsiontain 802,11 fianunsavhliiimsideusennuidigsgn
1A 54 Mbps vupduAmd 5 GHz Taeldinailn orthogonal frequency division
multiplexing encoding scheme

e 802.11b (Jumaluladfiiamuidennain 802.11 fawnsailiiinisdeureninuia
g9anlédia 11 Mbps vuAAUALA 2.4 GHz

o 80211 .umaluladfililunsdenseluszerlng Ingliaudigeanlada 54 Mbps
UuANLA 2.4 GHz

e  802.11n Juwaluladfidnsimuiselisesiunsfunanetesmnsuasdmalsdosmis
(MIMO) #l¥Arn3aleigsgn 100 Mops

o 802 .11ac WumalulaBiianndeslyiianualigean 433 Mbps #3e 1.3 Gbps iiled]

3 endyeynd lngazyinnueguuaud 5 GHz
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Mnteyatrediu amnsaagiifiumnufivesudazanuivesusazinnsgiud
519 2-1 flesanmsdeanslianguunduaid 2.4 GHz Inmsldsuenivileannsdeans
waulfane wu aunsaliaanuanian Insdwnlianeguini vseaunsalilausegszerlna \u
fiu ilamd 2.4 GHz Snsldauiigann uaziinudululfgefiazgnsunauléine vinlir
MsdeasUUAIIA 5 GHz anunsnannIsgnsuNILINgURsaiind Nl uazan
1935 802.11 aziiulddn anandululdfinisdeasuuainud 5 GHz finmisininnis

#9a15UUAUD 2.4 GHz

#1579 2-1 aguanudivesnaulfansusazaiud (23]

NINTFIY 802.11a | 802.11b | 802.11g | 802.11n 802.11ac
Vioan 1999 1999 2003 2000 2012
L 54 65-600 | 78 Mbps - 3.2
AULIIFIG IR 11 Mbps | 54 Mbps
Mbps Mbps Gbps
, 4 2.4 %50 5
429A27U0 5GHz | 2.4 GHz | 2.4 GHz 5 GHz
GHz
YoIUUUAIMA | 20 MHz | 20 MHz | 20 MHz | 20, 40 MHz | 40, 80, 160 MHz
wagLadu QAM CCK QAM QAM QAM
ANANUYBINDALA
. 64 11 64 64 256
Fugagn
54 DSSS,
4. OFDM | DSSS OFDM SC-OFDM
AAUdY OFDM
g - 11D 8X8
N1INIALEAN 1X1 1X1 UNag 4X4
. 1X1 SISO MIMO, MU-
Aeysyneu SISO SISO MIMO
MIMO

2.2. mMswausar U liuINsdyyalnsdnwiliena [24]
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o 1G 1Jujuusnvesnadoudeniugunsailnsdwidede udusunisdoudedeyanuy
Leauzaen

o 26 Wusuitinsliuinsnisiudsteyalusunuuiinea Wugausniifinisldan sms
%39 Short Message Service uag MMS 38 Multimedia Message Service @31150UL&A3

puslunssudedeyalanniss 2-2

< v 1Y o e A
#1379 2-2 miwmmstmmiwawaga 2G GEJENI‘VﬁﬂW‘VIlI@ﬂ@

Second generation (2G) from 1991:

Speeds in kbit/s | down and up

GSM CSD 9.6
CDPD UP TO 19.2
GSM GPRS (2.5G) 56-115

GSM EDGE (2.75G) UP TO 237

o 3G . Juguitsesiumssudslads 200 Kops Fevilisessunisldaudumesiides Insdwi

deawuulsane Faleneas wavlnsiauienoaiuisananinnuislaniniss 2-3

&

< [y 1Y [y &
$1319 2-3 Gﬂi’]\‘]ﬂ'ﬂllLi?ﬂ@ﬂﬂqiﬁUﬁﬂﬂJ@y’a 3G voalnsiniilens

Third generation (3G) from 2001:

Speeds in Mbit/s down up

UMTS W-CDMA 0.4
UMTS HSPA 14.4 5.8
UMTS TDD 16
CDMA2000 1xRTT 0.3 0.15

CDMA2000 EV-DO 2.5-4.9 | 0.15-1.8

GSM EDGE-Evolution 1.6 0.5



https://en.wikipedia.org/wiki/2G
https://en.wikipedia.org/wiki/Circuit_Switched_Data
https://en.wikipedia.org/wiki/Cellular_digital_packet_data
https://en.wikipedia.org/wiki/General_Packet_Radio_Service
https://en.wikipedia.org/wiki/Enhanced_Data_Rates_for_GSM_Evolution
https://en.wikipedia.org/wiki/3G
https://en.wikipedia.org/w/index.php?title=W-CDMA_(UMTS)&action=edit&redlink=1
https://en.wikipedia.org/wiki/High_Speed_Packet_Access
https://en.wikipedia.org/wiki/UMTS-TDD
https://en.wikipedia.org/wiki/CDMA2000
https://en.wikipedia.org/wiki/CDMA2000
https://en.wikipedia.org/wiki/Evolved_EDGE
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Fourth generation (4G) from 2006:

Speeds in Mbit/s down up
HSPA+ 21-672 | 5.8-168
Mobile WiMAX (802.16) 37-365 | 17-376
LTE 100-300 | 50-75

LTE-Advanced:

while moving at high speeds 100
while stationary or moving at low speeds up to 1000
MBWA (802.20) 80

aeludsemalng Jglvusnsdyaralnsdnitenalvg q Hanun 3 ANBE
T%U3n1s Ao DTAC, AIS, waz TRUEMOVE-H laafin1sdnassaauniiudlanednidnaiu
ANEATTUAITAANITNTEANBLELS NANTSINTTIAY KazAaNISINIANUIANLIANTIR Tagd1dnau
#inn1sUszyanduaudtu ifelfredne 4 inisdssyadioldusslesianaduaniud
fananaludesesnsauunay

[ 1 1 [~ d' d' [~ 1 1 [
1NN15UT2YAAINAMIANITALUITUATUAIINNDDNUNTULABZ AR

AwUsznau 2-1


https://en.wikipedia.org/wiki/4G
https://en.wikipedia.org/wiki/HSPA%2B
https://en.wikipedia.org/wiki/Mobile_WiMAX
https://en.wikipedia.org/wiki/3GPP_Long_Term_Evolution
https://en.wikipedia.org/wiki/LTE-Advanced
https://en.wikipedia.org/wiki/IEEE_802.20
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2*15 2%15 @
2L btz MHz MHz MHz
2%15 %45 2*15
1800 MHz -
MHz MHz MHZz
* *
900 MHz 2o 240N
i NG
2%10 @
S iz MHz MHz /
) TRUE

AlS DTAC
MOVE

H

NEANY

AMNUsENaU 2-1 N15IRassAauANNdlulsEwmeAlne

2.3, WNTFIUNTYOUADVBIEINAMENTINNITNINIINTZALLEEY A5 Insiiad waz

AANISINTANUIAULAIYR (NENY) [25]

MNINATFILANIG nany famsns 2-5 Iifnsimuslidsteyaisluunn 32
lust ludslefiuemmsavesgunsnivarevnafidunaraviniu Taglunismadeuasiosdsdoya
saoadusauimun 10 pfwasdedimanuusweduaalnsiniilofofiome wisld
Tumsfuimmediosan Aede wazdgegn tnsranuairgegndmsumalulad 26 1

A5:AU 1000 Tadiud wazwalulad 3G Juldlaiiu 500 Tadiuni

M5 2-5 PNTNUATFIUNTNARUANNE T veITYA [25]

W9 ELADIVD4 o
- A1INAAIY wWviang
AMAINUINNT
AUsEaaIveininaanisdsluailaiuau L
, L Y u i e o , 26 laifiu 1 3undj,
AIAINEE nyzilanauindledsdnasivislumiseves e 4L
. 3G laiAuesiuni
Tadiuni




32

2.4. gUuuutayavasnisnagaumanuardilaeldlodiduiitdala (Internet Control

Message Protocol Echo : ICMP Echo) #38Us (Ping) [26]

ICMP Echo Jun1svihaundunisniuadmsulalunisasiaaeutymanu

Y

mMsiauredumesiin fauszneulumerdsiesvelufalatens (Ping Request) Lagnis

paunduaINUatenie (Ping Reply)

IP Header

DoDonE

awUsenau 2-2 ICMP echo/echo reply header

ICMP Ping Usznauluaiudiuaes IP Header Aadiuusndunisuazlaignis

Y0IUaYa WazdIua ICMP Header Aafiuandlum1sng 2-6 uaznmuseneuy 2-2

M1379 2-6 1AT98579 ICMP Ping

%9 A () 25Uy
R 8118u Echo azdiAdu 8 wagdnwdu Reply 9w
Slju@ (Type) 8 a1 [
1ALdu 0
1fin (Code) 8 fiandu o
n33988YU (Checksum) 16 AIUYBINTATIAABUAIUYNFDY
Y g 0 azgnldauivedugds Echo uae
191uun (Identifier) 16
Reply
. 9 0 azgnldauiieduards Echo uag
A8 (Sequence Number) 16
Reply
Joya (Variable Data) - YRR TUA

2.5. gllLL‘U‘lJm‘sa'\‘l{l'aga UDP (User Datagram Protocol : UDP) [27]

UDP Wunsdeansumspiusilanideniinisldaunisgennowuuly

MuuAN1sWeNse (connectionless) Feazlallidiuveansieseunisdedoya (handshaking)

= ) vo v = ¢ Yo
waylifinstiudunislasudeyanaunsaluaenislasy
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UDP azusenaulUmudiuraamesnaunis wesnuaienis vunteya wag

dunsvgeutoya lnausazdiuvsiivuinasslud vsedurninnauanslumsng 2-7

A1519 2-7 LA59a519 UDP

nasnaung (2 lud) wasnUatenie (2 lud)
n59dau (2 lus)

ua (2 Tud)

IRLRTRHE

Aaeg1atayalunisds UDP arunsauanslafaninyusenay 2-3 laginis

AruAnesaRUNarUaIenefie 55625 way 53 Aua1au laedinisdsdoyaruin 28 lud

waglidoyangn 8 lud

Source Port: 55625 Destination Port: 53

Checksum Oxaab0

Length: 28 + 8 = 36

DATA

AnUsgnau 2-3 UDP Structure

2.6. gllLL‘lJ‘lei’s'i\i‘l’J'aga TCP (Transmission Control Protocol : TCP) [28]

TCP WunilsluiSnisteudenanildluaqiu TCP anunsaliinnuitede
N19138989UY0eT0Ya WAATIAE@RUAIURANEIAYBITBYATEnI1aN1TARaTlA faEns

TWsunsuildeuguuunisdsioyawuu TCP loun viuled Bwad nsiteusaiiainuwuy

13y wagnsdadoya WDusu
TCP Usznaulumie wasniunig nasauateniy a1nua Aaunaunay Tunn

U83Q N15909NUTN SIUAAING YWIANUIANTBYA N19ATIVADU AIUUIT WazIUINTBLAGS

uwananmUsENeY 2-4 lagdiurvastoya deliniunvuadeya sxlvualagsinuwiniu 20

Tud
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Destination Port Number
(2 bytes)

Source Port Number (2 bytes) ‘

Sequence Number (4 bytes)

Acknowledgement Number (4 bytes)

Data offset (4 bits), reserved
Window size (2 bytes)

(3 bits), control flags (9 bits)

Checksum (2 bytes) ‘ Urgent pointer (2 bytes)

Optional Data (0 - 40 bytes)

AMNUSENBU 2-4 Transmission Control Protocol (TCP) Header

s

2.7, anuussdygrungunsallnsdwidenaldsu [29]

'
= A

ANNLIIRIF Y o UnsallnsAniiledelasuaiunsautseanunla 2

v 9

1%
A o I

Ty oume dyaynaneagdan wasdyaauauliany Jansaesdyanasidicdyyinuus

g7 o

<

panuwdusyauluilefofuenaneniu nga1unsaesuiewenasnubasall
® lyagan
waga lakuIANULSIdyIaieanuInmAlulagn1asals Ae 3G e

nUsENaU 2-5 %30 LTE sanmdsenau 2-6 wWusu Ieslusnuidedazuluinmeluladnig

= | ' o o Ay Y
Wounsluil 9 Mg eilananiun

‘ RSSI ‘ ‘ Signal Strength ‘

‘ -70 dBm to -85 dBm Good ‘

‘ -86 dBm to -100 dBm ‘ ‘ Fair ‘

AMwUsenau 2-5 3G RSSI
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-90 dBm to -105 dBm Good

-106 dBm to -120 dBm Fair

AwUsenau 2-6 LTE RSRP

y10d +15 dBm

ee

UYLV DIUARLYIIAULTIVOS ”aujapm%ag:ﬁﬂi
AeuAsusziuAMLL Dy
o aulfaw

ANLTIRsd gy e skauliansaiunsanancuUsesnundusaulans

AMnUsenau 2-7 %n%Lﬁu’iwLwiazsgéfmzﬁsd'sqmqagjﬁ +10 dBm ULAINUAIUTEUID

WARAN
Y

-50 dBm to -60 dBm Good

-60 dBm to -70 dBm Fair

AWUsENau 2-7 Wi-Fi Signal Strength

2.8. nqufiny (Game Theory) [30]

nguiinudunisfinelunanieadacmansseanudululdvosununisves
anudaudienisinnusinduvesdsiiaula dregrswemguiinude The prisoners’
Dilemma InganunsnoSuiedaunails fo lunuazilinlny 2 eu Faazgnuenaeutind ag
unasinwazimuanunsseuuRavesinlnuusazey Ao filiseusuia 2 auaglausian
Auaz 1 oy fMeewsu 1 au auflsensuliidosdian winuilisensuarlnudign 9 1oy us

feausuis 2 auaglaudianauay 6 weulusiu
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inuifimsAnmanglunguiinuazuszneulfeduvesdiau ndegeay
nuedsitnIne wazdruuesAleddny (payoffs) VDIUARLNAGNS INNFIDYIT LUUIUD
Frunufeuvesnslaudinn Taelunsieuvemguiinuazinislddusznou 2 dawd
muguuuunuildidenty smnaasuildeglusunguuedisnsifiruaunavesusiassiau

Ingismsnianuaunavziinuiiauausaluseg
2.9. WnUMsUINWINTUAUS (Zero Sum Game) [30]

Y ¢ & = = A ° A
nunsuInivinduaud unilduinuvemguiing AdnszuIunsyinufe

A a a X I a o 14 . ¥ o = < = o A 1w
WednsiiinduvasAfiauinls (Utility) vesdiduaunile faziinisanasludiuiuimiiu
\ialiinAuaNnavesfiduAudy Fullednsiiudunazanasnviniuaaninysenay 2-8 9
MIANaTINVRIAEIeWNAU 0 Na1AB NaTINYBIAYEIY (Payoffs) SAuuadAmiU 0

A 0w ¢ 1 ' 9 v = L. = Y o
wnun1suaniinduguddaulngazgnuidymlaglingus minimax FellaulndiAeaiy

TUsunsudaidu (linear programming duality) w’%ammamamamw (Nash equilibrium)

(Red, Blue) A B C

1 (30, -30) (-10, 10) (20, -20)

2 (-10, 10) (20, -20) (-20, 20)

NMNUSLNBU 2-8 Zero Sum Game Generic

P

Mg minimax tJunguifviuihaguduldefldvindeudiuvesan max-
min 318NN Y IagNg¥ksnyes minimax g von Neumann’s minimax
theorem @atlaunsavaun1si 2-1

minmax f(x.¥)=maxmin f(xy) 21

xeX yeY yeY xeX

2.10. Max-Min Fairness [31]

Pnmsitudinvemgufiny ssnulynisesnsidsioyalviudazgiauniy

nouidiauudazauillanialunmslasunmsdnassteyanviniouiu wiklduuieiauioans
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Uhinadeyaiitosnindiaunudy Janadaiitnslddudulmileusladamilie Max-min
fair share

wAfiA Max-min fair share # ifumefianisdnasstoyalneinisinasslii
foansteyatesfigaou udnhdmAuivdomdauddifiduauduiinge uenaind lu
nsdifiszuudesnslideyatufiauusaulinnnididuddu aunsavildlagldnisliimgn
dmsumsinassdeyaliusasdiauld SeanmnsniTeussnundudisinenuldwsd

®  N139PATTUOYAILLNUTUNINANNABINTVBIARH LAY tauesTaladidumeAiinin

o Lififiaulaladeyaiundnfidiaudonis

Y

o launlavaualinsimnudini1sazlaveuanIunITInLUIRILAIEIRTN

Y Y

ey

2.11. wiin@fiu (Maximin) [32]

2 aa & =t a ¢ 1% =
wingTulunislunszuiunsiangisuamanisundgnuielglunig
Y U a 1 =2 a 14 [ [y @ aa [
advayunsindula lngagnanfaneianisuitaymves Newsboy Wuman ulndfiuazu

nszUIUNIMATEINe (payoff) Nlsefianvesannuilululaluusdaznisnsgyin (action) way

A o aa i N [ YN [
Lﬁ@ﬂﬂqiﬂigwqmﬂﬂ’ﬂl’]ﬂﬂﬁj@ I@Uﬁ'ﬁﬂiﬂLLﬁ@ﬂLUum?ﬂ’]ﬂi@ﬂﬂ@qiqﬂ 2-8

A1514 2-8 Faeg1ansyuiindtulagld Newsboy Problem [32]

Demand Minimum
D=20 D=21 D=22 D=23 Payoff
Order Y=20 $9.00 $9.00 $9.00 $9.00 $9.00
Quantity | Y=21 $8.30 $9.45 $9.45 $9.45 $8.30
Y=22 7.60 $8.75 $9.90 $9.90 $7.60
Y=23 6.90 $8.05 $9.20 $10.35 $6.90
Probability 0.2 0.4 0.3 0.1

v A

Uoehian  wazfvunAsAfuINgaluyes

b4 v A

TnenenTdulafindedaman

=b

Y
[

Minimum Payoff 91na1519aziuledn Msdseimunzanignfe Y=20 Feazdaldineun
$9.00 Taeldsnsudn@iudenvaenszuiunisiaounseuiunisuseiiunuasnsud sy

N199283LATIZRLLNIN TLAT gy
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ad a o
9N13738
ao & | o = = A =
MAdedianansanvinisinauvesssuuildlunsideniasetienisdeasves
aunsallnsdwiliefiosenundudiu o wWislildnisdeasnings e (1) dauvasnisiiudeya

(Data Collection) (2) @auvesnsAuIMAITaYa (Weight Calculation) uazgavingde (3)

' & a a . = &
AUVRINISLANLATRYI8NSE@RdENT (Network Selection) FIAUTOUARIDDNNNUUNINTIN

Tamanmusznau 3-1

Passive Measurement: Active Measurement:
e Signal Strength e Energy Consumption
® Access Point Count .0 UDP Success Rate

® | ink Speed ® Delay

Data Collection

Normalized Data

Weight Initialize

(ool

Zero-Sum Game: find possible game outcome

[ Not converge? | Go
o maximin then compare previocus outcomes wit

current outcomes until reach convergence

e Select the path that has the highest score

Selection

LY

AMMUTENBU 3-1 AWTIVBIUITBY

I mTINTesuiediiu ludiuveanmsiivdoya sxuszneuludmenis

uteyansetianglulvsdni waznsinudeyanietngludumesiin uaznsvhannlasu
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Tieglugae 0 As 1 TudrwvesnisAnaudteya in1SARAILIAKIUNY Zero-Sum uazdl
13911 Max-Min Fairness ludiuvesnisideniaiadien1sdeans azinsAuianiaidon
\wsaveNATan IngaunsauanseanuiunszuIuNsinunmsmsInmUszney 3-2 lay

a 1 1 < ¥ v 1 Q’lj
aunsnesuslunsazdiusenunlude ¢ aweliil

Check Passive Measurerment Select a Network Do Dynamic Weight

A

Meazsure Active Measurement

AMMUITENBU 3-2 NSLUIUNITNITNNNIY

3.1. d’m‘uaaﬂ’lilﬁud'\‘ﬁaga (Data Collection)

¥
v =

nsivteyail TUsunsuausawuansiiuteyasenunliaessuuuy fe
diun1snsivasudeyaniedieniglulnsdns wazdiunisnsirasuteyansetieniely
duwmeasidn Fanasuuseanunduassguuuull azgiganadutseasilunisiisuse
a s & Y = B I a s & A 2 v v v

dumediiln uagndunldlunisiveudeduineside welusunsuiiudeyanlaainnis

dl' Ia f & v o ] 1 A o A 1 Aaa
bUBUADDULNDILURLAD IUiLLﬂiNﬁ]%VI'N’mIUﬁ'Ju&]@l‘U ABNITATUIUNUATDUIENAVIERA

3.1.1. ﬂﬂiﬁi?ﬂﬁ@U%@Hﬁ‘U@\‘l 1A39U18 (Passive Measurement)

duvesnmaifiutoyail aunsouanseenindanmuszney 3-3 Tunmsa
wiimansaaoudoyaynafsiigunsalinsdwidiefiovhnmansaaougdyanauaulias vie
ruangsszeznamdnnalusunsuiivihnsiunanduna 5 widenisidensouauliane
Yamsideuste Tnslusunsudasshouguuiuiulsnsdagiuiailinarlunisanadey
foyaldinaldiiu 5 unit Tunisfudeyatu axlinmafuadiuiugunsaldnsuaulias

=Y

(WLAN) figunsailnsdniidlefioddn wazineinisidensesnneunds nsaaeuduniinly
gunsallnsdwislefle ArAnnuussvosdnyaa wazsUuuvvedya udumesidnuuul faned
Inswiidledeldsu dsdnfumadensiorugliuinmsdumeidminusyuvduniin azgain
suvounalulaBmsifendenisieans 1wy ueaild (LTE) viie yiduiilea (UMTS) iusiu vi3e

dndunmsdenserugunsalnsyanedyaanzgainannudildau fe 2.4 GHz wie 5 GHz
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ATILIN?

o .
N1 Active Measurement

uauuauls

anananu?

Cellular

VS Wapwduii/la

17

AL
Fryaauldau
31NNAAT

L, )
{11AUR S

NO
Y

NO

Anutuauliang Generation

MR wagaLUAIWY

AMUTENBU 3-3 NMINTIvEeUTeYaYRATEY BTN SANYILATY

€Y

nsiuAdIwIugUnsainszatedyyadumesilalianeaunsallnsdnwiidn way
M513a8UBUN1TA LUTUATHAZYINN1IATIRaBURA191uIugUNTalnTETedy o
a ¢ @ v ~ ~ ~ ) ' Y = X
duwmesiinwuuliaeaiUssuiisuiunisnsiageunaunrininiinisasuwlasuedanil
=l 1 d" Y al' a' ) 1 < £ = 1
vsold Faninsidguwdas WWsunsuagisuyinauludiuvesnsiiudeyansadie
aeludumesidn uenaind TUsunsuaziin1snsiaaeugIndunisaiinisioussey
= ! = ~ 1Y) ' D = = °
y39ld TngazidSouiisununisnsivaaunauntn andn1silasuwlad TUswnsunaEyii

n1siiudeyainsevienieludumesidamiiounisasisaeudiviugunsaingzany

=

Qe
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[

o nsiiumANMULSWEIdY M TUTLNTNazAAULSIesdy g aluntisrendiua

T o

av

adimd (dBm) wwlSeuiiguiuAneuninvegeguuuy Ae JULUUNSIouABH Y

Y

)

(4

gunsalnszatedygraduvesilauuulians wazguuuunisieuden udyyio

9

~ 1% 1

Inséniidledis fMaseuieulalinnuisusdasmaudduiuludanladnulungud fe
11958 AUTRIANLLTIVRId Y uNdetelasusonundulaavresdy izt
Uszuna +10 wdwaliading Wsunsuazsuianuludwmsiiudeyansedianisly

a § & LY % < v [
dumesilaluidemsiiudeyadall

e nsiuAgUuuLRsdygIndumesilaunuulFanenviugUnsaliazszuudunise Tu

- a

drwvesgunsalnszanedyaintu TUsknsuazasvdeundygadumesidailasuun

Y

Y =

U aguuARUAAD 2.4 GHz ¥38 5 GHz FannisduAudaya Nlana1iuuwailudiu
= o < \ A A ' < A | [P~ Y]
VBN WALNENNT AZIUIIAAUANLDAINANTENURDAULSITUNISTRNsBlA T390
1 d' U 1 d‘ dll =l =1 % 1 1 v '3 v Y}
A1AMuDAINE VA NwaLliaSsuisuium neuntvesg Unsainseanedy gy
Weafiu Wswnsuaziiudeyandnludesitnisieunedumesidn wasyiauludi
ol wagludiuveansalvesdunisa lUsunIuaznsaaeund dmaluladnisieuse
A 0 v ~ a ' 2 = aAa @ v a o
WwedsagaunisiasulUas 1wy ngouneaduleane [Wunu TUSWATUILLSUVIN9Y

Tudrugald

3.1.2.  nsasaaseudeyainietienteluduwmasiin (Active Measurement)

nsviuvesnisiudeyaludiui svsuiinsifuadeyadionisiiudoya
L3918 8TUINIFANNTNTU AL ULUAINNAINAIAUAVD IR ILUSIAR U SNT K511NNI1
d" U (Y r.:l' ¥ 1 v v Y r-:l' r-ﬂl a d‘ ¥ = 1
nilaiuusasilanaiuuadluiiten 3.1.1 Wednmswdsuulasvesoyainiotienigly
nsdnina n1svirnuludiutiasyinnusensivanseanunlasenindsenau 3-4
Tunsivdeyaiiu sslinsfuavemasnunldlunmsdeunedumesidn f
AUELSIVRINITET UDP wagAraua1ditunisasdeaya (Round Trip Time) NsiAuA1ved
) P A I\ a s 2 o a ' ] e v | Aa = %
waunldlunsiwensdedumesidntuaziinanAmasnuinldseniteniinsiuateya
wsateneludumasidaviitu nanfe aziin1TAUAINEIUNDULAUAIAMUENSAVBINTS
a9 UDP LLﬁ%‘Mfﬁ’ﬂ?ﬂLﬁUﬁ’]ﬂ’J’md’I%ﬂUﬂ’ﬁﬁﬂ‘ﬁ@yja ADUNILYNUIUAIUYDINITATUIAT

Joyalagaznanluiden 3.2
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1 Passive Measurement

Y

Susmrimna g

Y

ar o = 1
IAATUENITIVEINEET UDP

Y

TaAuandhusinisddaya

Y

Augninvdauild

Y

ATuans Dynamic Weight

¥ A 1 a f &
AnUsznau 3-4 m'imaﬁlaa‘usuagaLmamamﬂuaumaimm

o nsiivarveandsnunldlunisiweunedumeside WWsunsulduszendlduideves
PowerTutor [22] lumsfuamndsnuildvesdilusunsuiluniiega lngasiiuen

NAUYINININTIABUAIANASIVDY UDP wagArANNa1dlunsdadeya LazazLAuaI

'
A

a o K o ! v A A [ ) ‘:4' 3
2NIBDUNAIINNAIIVFDUATVNEDIAINATIILLAT LW@WQ%l@WﬁQQWUWImUﬂWiLﬂUﬁ’]V]

o I~ 2 ) dl' 1 a ¢ @ d! ) 1 (v} 4:1' % < 1 a 1
FJudusosyinseusedumesidn FausunsuaziiAamasnuils wudasduaneg
¢34 0 09 1 e launisi 3-1 wazdnssulunISYNURInInUsenay 3-5

E —1_ " Cmn 3-1

i
€rax ~ Cmin
lag#l E; FoAmaauiagsendng 0 84 1 19uA38Y18n1580a15 |
e Aendanuiinlaluniieya

Cnn HOE €, ADNRINUNURENFARAIINNER L WMUILRa MINE1AY

min
! [ o v =i = < | Ay v v v o
Amdanudesianuazaunitanaziduailaannisnaaesluiited 4.1.3
= & dl' 1 [ A A ) 1 = [y ! '
Futunsnaasasesrnanuildlunsdeniasetienisdearsvesgunsallnsdniilugusing
9 Fawadilade Wsunsuilazlden 0.970 9a waz 4.217 9a Faduamdnuiian uazgeign

o e & 4' a o w
ﬂ@ﬂi%iﬁWWﬂJ@ﬂ@Lﬂi@ﬂw 1 auanu
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Tufrmdsusuiu

Y

@ & [
LG RG] ’ILfﬂiuﬂ’lfﬂﬂ‘tla%ﬁ

Y

vAAauATINA T M salaya

Y

DU ER LAY e

Y

AUNAN AR AUNA LS UAY

Y

AruneunAmdsuludia 081 1

Y

¥i1 Dynamic Weight

ANUTLNBU 3-5 NSNAFDUNAINUN LY

MsiAuAANEISvesNNsds UDP azviinsifurnlngasiudsdeya UDP deildoyadi
dsludern “start” lugaduvesgunsaiuatenandeidiviiaesneu ileusngunsal
Uaneneilusunsuaziduduinnisaaey UDP wdaaniulusunsuasseidusyosion
1 Juniiitelwiulaideyaiidily diludadinnosiewhnmsdsoyaiiiusuaviidians

ulufigunsaivanemadudiuiu 2000 winnaniedeya laeraiseninanisdusay

a

Fogariieiu 1 wilAwil Fsdwauuininedld wasarssnitansdausazdeyainain

1% =i

n1svaaedluiatei 4.1.2 1o d1uIURANINALAZLIAITENINNTAINAaz Tayail
Widngaukaz g lunsUS s U ULNBLADNTBIN19NISERANSLAUINDITUY LEBAIAILAY

Fraesndsludugsninesdinsunus Ui vue Tusunsuazas UDP fdady “end”

Tdsduvasgunsalvaemanelvigunsaivatenidadinadunninlasu UDP avaanan

'
= 1 1

FeAmlasunnagiaegsening 0 fernimualineudideya laglusunsuazyiinisi
| oAy v v ° 1 Ao Yo i = DN L 1 ' =
AflauImIsMeduIuAfnualifing ielieildeglugiesendng 0 fe 1

WALRUNUNAINUAL Teganunsaasuten1syinaulassnmlsenau 3-6
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Tuinuasusuiy

\J

d1 “start” sUkuy UDP uazAas 1 3um

daﬁa%aﬁﬁaaagﬂwu UDP

L

Aoy 1 JuTv uazds “end” JUuuy UDP warFuAiAydsalunisds UDP

Y

.
msmmndivaimdnnudoyaiomue

Y

e L\ w
WAE aumwmwﬂuﬂ'ﬁawazaa

ANUTZNAU 3-6 MInaaauAIMLdLSalun1sde UDP

e nsifiuaauadlunisdsdeya aznualaenisnageudids ludmunsaluarems
Ingagyinisdsdoyaravun 10 winine laefivuia 32 ludde 1 wiining Falsunsuas

1ANRASYBIANANUAITINNLY LR8ALUIUNIFUNTTA 3-2 A9NINUTENDU 3-7

n.=min(0,(D,-T.)/T.) 32

Iae? n, ADAIAUAITINDETEIING 0 BN 1 VONLATUIBN1TADENT i

Y

'
A 1 =

D, AeAnadsaruarinitinldlumiefiadiud
T, AerAuadIganlumheiiafiuni
AAnuadigeantiagldinanmanaasadesrmnudndluiadedt 4.1.1 3
Junisnaaesinanuaidilagldisnisds ICMP Ping ludaudsniesveaga uwasuauls
18 nHan1IMAaBIRana1d arldrAua1ingsgaindy 250 fadundl dududngsgn

RAYVDINITNARDIAINGT?
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vaanuAIudFalunisa UDP

Y

d4 Ping lUdaudsvines

Y

o ' o = o e o d
A AT aile evinnsueuedlad Tnaldrade

) J
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Receive RANs energy, UDP success rate, Delay

Initialize Eb, Sb =1, Db = 0, all weight = 1/3

Update Weight for all possible same outcome

A 4

Calculate Utility function for each path and select the path that

has highest number for Maximin process

A 4

Calculate all possible game outcomes for selected path in

previous process

Maximin (Prune outcome 1

A4

hat has negative weight)

Select Min(possible game outcorme 1-5, 6, 7, 8, 9-10)(Also prune
the weights that less than 0)

l

Select Max from previous step

Update weight from selected outcorme

elect outcome a

time tl=t-1 and t <

iteration_th?

NO

v

Calculate Utility function and select a path with highest score

nNUsNaU 3-8 N33 Dynamic Weight
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_ + + + —w + + + +
UDP weight - wi = wi™t + +Ws —We 0 —Wy wt +Ws +Ws 0 +ws 0 —Wy
— Yd
t t—1 —wg ( [ —wg [ ( +
Delay Weight: Wg = Wg ~ + ey 0 —We °y +wy +wy 0 +wy —Ws 0 +wy
— w; + wy
Outcome 01 02 03 041- 05 06 O? 08 09 010 Ol 1

AMNUFLNBU 3-9 Zero Sum Game
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4.13.  AMEUAlY (Energy Consumption)
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Abstract—In recent years, wireless networks have become
extremely necessary in modern ications. Especially in
mobile phones, we are using wireless networks to connect to
networks around the world using both cellulars and WLANSs.
In order to connect to the Internet, mobile phones can connect
to the Internet using these wireless network technologies, but,
mobile phones cannot select a suitable wireless network. In this
paper, we propose the network selection that considers both Wi-
Fis and cellulars by using energy efficiency, delay, and UDP loss
rate as key factors. To get these parameters, we used data from
our measurement for four periods of time. After collecting the
data, the algorithm applied for dynamic weight calculation based
on Max-Min Fairness Algorithm and compared score results of
each network path to select the best path. The simulation results
demonstrate that the process of this proposed algorithm leads
to convergence, thercfore, this scheme can be used for network
selection in mobile devices.

Index Terms—Network selection, energy efficiency, ping RTT,
UDP success rate

1. INTRODUCTION

Nowadays, technology is becoming an important thing
in daily life. Without technologies, many careers need to
spend more efforts to make things done. One of the most
important technologies is communication. It is mostly used
for communication, education, research, or even healthcare.
The examples of using technology are the communication
between any hospitals and inside a hospital, telephone,
and etcetera. Wireless communication, one of the data
communication technologies, has become important role
in modern communications. The most popular wireless
communication in these days is mobile phones. For today
mobile phones, they are using wireless networks to connect
to the worldwide. Examples are GSM, LTE, WCDMA, and
Wi-Fi. The mobile phone’s owner can choose which path to
connect to the Internet. Moreover, mobile phones can select
the network path by themselves, by trying to connect to
Wi-Fi first if this connection is available. If there are none
of Wi-Fi are available, mobile phones switch to cellular
instead. Never the less, the mobile phones cannot measure the
network performance of each path to connect to the Internet.
Therefore, it may obtain the worst network path in network
selection.

978-1-5386-0449-6/17/$31.00 (©2017 TEEE

To encounter this problem, there are many papers with
regard to research about network selection. Some papers
consider in physical layer of the network, so that, the Internet
can be used on all network paths at the same time [1] but
this scheme requires modification of mobile phone firmware
and servers to support the algorithm. Some are using neural
networks for wireless network selection [2][3](4]. Their algo-
rithms collect the important data and use these data in neural
network training to get the optimized network. The paper [5]
identified the mobility of devices for network selection. They
predicted which route the device was moving toward. Then,
the device connected to the router in the selected route to
prevent the loss of data during the devices movement. Some
papers applied human consideration to weight cach parameter
for calculation [6](7][8], by allowing the users to input the
data for working on their method. Furthermore, in Delphi
[9], their algorithm is based on the regression tree to select
the optimized wireless network by using data from regression
tree, energy and monetary cost in objective function and using
weight from user assignment. This scheme was separated into
three functions which was data collection, weight calculation,
and network selection. Finally, ASWU [10] was a paper that
used Max-Min Fairness Algorithm for dynamic weights and
Zero-Sum Game, which is a mathematical of a situation where
adding equal to subtracting of each participant, so, the loss or
gain of the data of each participant is balanced by the loss or
gain of other participants. Then, the device used weight for
calculate the score function to get the optimized network.

Duc to the difference method of paying for Internet usage
in Thailand, like a buffet per month, so, in this paper, we
propose the wireless network selection for mobile devices
that is not considering money cost for Internet usage, but
it focuses on data throughput. We use an approach based
on dynamic weight from Max-Min Fairness Algorithm. The
paper is organized as follows. Section II introduces the method
for the proposed network selection and describes our network
selection algorithm, while section III presents the results from
the simulation of network selection algorithm. Finally, section
TV concludes the paper.
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II. METHODOLOGY

In this paper, proposed network selection algorithm, it
considers both Wi-Fis and cellular as shown in Fig 1. Accord-
ing to network performance; throughput, delay, and energy
efficiency we use all of these parameters for our proposed
wireless network selection via mobile device. There are three
processes to select a network as shown in Fig 2 which are
Data Collection, Weight Calculation, and Network Selection.
In data collection, the device is able to receive the configure
data of every Radio Access Networks (RANs). Then, in weight
calculation, the algorithm uses dynamic weight [10] to indicate
the important factor of each parameters based on Max-Min
Fairness of all data. Finally, in network selection, the algo-
rithm calculates score functions to compare each network for
optimized network selection using weights from the previous
process.

A. Data Collection

Data collection is a process to profile important data for
evaluate our algorithm. The important data are consisting of
energy efficiency, UDP success rate, and delay. In ASWU,
they utilize energy remaining, delay, and monetary cost. How-
ever, we are interested in UDP success rate instead of monetary

Fig. 1. The system of Radio Access Network.

Received Data

Data Collection

Normalized Data

Weight Initialize

Zero-Sum Game

Weight Calculation

Utility Function

Network Selection

Fig. 2. Network Sclector’s method.

cost with regard to the success ratio of network path and
energy efficiency.

All of three data, Energy efficiency, UDP success rate, and
Delay, are from our measurement. For energy efficiency, we
used data from battery usage information within setting menu
of Android mobile phones. The battery usage is separated into
energy usage of each application. So, our energy efficiency
is equal to one minus energy usage of ping round trip time
application and UDP loss rate application. For UDP success
rate, we used data from sending a hundred packets to our
server. Then, the device receives the packet count from the
server. Last, delay, we use ping round trip times to measure
delay to our server. The delay, before using this data, the data
is put in equation 1 to obtain the normalized data which is
in range between 0 and 1. D; is the received delay while i
indicates the RAN number and 7', is the delay threshold that
indicates the maximum delay that the network can occur.

n; = |min(0, (D; — T,n)/Tw)| (1)
B. Weight Calculation

In this subsection, device gains the dynamic weights based
on Zero Sum Game in Fig 3. Furthermore, algorithm obtains
all possible game outcomes by adding the data from the Zero
Sum Game to the given data in each path. The weight of the
energy cfficiency, UDP success rate, and delay become higher
when one of the parameter is increased. As a result, the weight
calculations apply to equations 2 to 4.

For initialization, all of the weights, energy weight (w.),
UDP weight (w;), and delay weight (wg), are equal to 1/3 to
make the initialize process to be fairness. Whereas the selected
data from the normalize parameter value in data collection,
selected energy efficiency (£;), selected UDP success rate
(Sp), and selected delay (n), equal to 1 to assume the best
data in the algorithm for Max-Min Fairness Algorithm.

u*:,r =(1- Ep)we 2)
wl = (1 — Sp)w, 3)
wi = (1 —n)wy )

For the results of weights calculation, the summation of all
weights in each Zero-Sum game outcome was equal to one.
For additional, the path has at least a weight that is less than
zero, the outcome of that path could be pruned. To calculate
the utility function, the algorithm processes equation 5 to
obtain the data. Then the algorithm compares the calculated
data of every RANs with previous utility scores based on Max-
Min Fairness algorithm with respect to maximum the worst
case outcome of previous utility scores.

U=wexE;+w,*S; +waxn; (5)

To put in other words of Max-Min Fairness, the algorithm
selects the outcome that has the minimum scores in previous
scores but has the highest score of current scores. Next, the
algorithm assigns weights depending on the selected outcome
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Fig. 3. Zero-Sum Game.

TABLE 1
TABLL OF TEST SCENARIOS IN SIMULATIONS
Scenarios Detials
1 Morning, around 07:00
2 Noon, around 11:30
3 Evening, around 18:00
4 Night, around 22:00

and sclected data to Ej, Sp, and n depend on the RAN of
that select outcome from energy efficiency of RAN ¢ (L)),
UDP success rate of RAN 4 (S;), and delay of RAN i (n;).
After initialization, the algorithm continues these processes
until the convergence occurs or reach the maximum iteration
count which is equal to one thousand.

C. Network Selection

After weight calculation, the algorithm utilizes the weights
from the selected result in calculation process to apply in
the utility function for each RANs. After receiving the scores
from the utility function of all network paths, the algorithm
compares the scores for each RAN to select the highest score
data.

To put all these processes for more understanding, the
details of dynamic weight network selection algorithm are
shown in Algorithm 1. The algorithm initializes the data every
time the system triggers to profile active measurement param-
eters. The algorithm does the iteration for dynamic weight
calculation until Max-Min Fairness reach the end process.
Then, the algorithm calculates scores to get the best network
selection.

III. SIMULATION

This simulation was implemented on a PC with Windows
operating system using JAVA language. This simulation was
tested in order to evaluate the algorithm using variables type
double to store data. The simulation was investigated for
four scenarios as shown in TABLE I. The network selection
algorithm was tested by using instance number of F;, S;,
and n; of each RANs from our measurement, as described in

Algorithm 1 Network Selection Algorithm
1: procedure SELECTED NETWORK

2: outcome +— 0

3 Ey,+1

4: Sp+1

51 D, +1

6: We, Ws, wq + 1/3

T E;, S;, D; + Lists of Available RANs

8: while outcome;_ # outcome; AND iteration count
<l az do

9: Update Weight for all possible Zero-Sum Game’s
outcome using (2)(3)(4)

10: Calculate outcomes using (5)

11 Select the outcome that maximizes the minimum
value of previous score

12: w,, w,, wy < Weight from Selected Outcome

13: By, Sy, Dy, + selected outcome data

14: end while

15: Calculate score of every path using (5) and current
weight

16: return highest score path

17: end procedure

subsection 1I-A, to measure the performance of the algorithm.
We used the weights from the final result of the network
selection and each RAN information to put them in objective
function of Delphi [9] in equation 6. From the objective
equation, S;, E;, D;, , 8, and ~ indicate throughput, energy,
delay, throughput weight, energy weight, and delay weight,
respectively. We used the scores from the objective function
to get the selected RAN and compared that selected RAN with
our selected RAN. We also tested the algorithm in case of two
to nine RANs was received by mobile device. The results will
be discussed on section IV

0=5+E' D} (6)

81



TABLE I
TABLE OF USED PARAMETERS IN SIMULATIONS
NO | RANs | E; S; n; SRAN DIF;TN

1 0.81 | 0.987 | 0.82210

1 2 0.92 | 0.988 | 0.80781 2 2
3 0.89 | 0.994 | 0.86623
1 0.90 | 0.977 | 0.82262

2 2 0.87 | 0.989 | 0.81030 3 3
3 0.89 | 0.988 | 0.86623
1 0.92 | 0.980 | 0.81896

3 2 0.61 | 0.986 | 0.80446 1 1
3 0.86 | 0.999 | 0.86670
1 0.91 | 0.983 | 0.81896

4 2 0.94 | 0.987 | 0.80159 3 3
3 0.84 | 0.987 | 0.86396

IV. SIMULATION RESULT

From our simulation on section III, we obtained that,
our Max-Min Fairness Algorithm reached the maximum of
iteration and the selected RAN of our algorithm is the same
as Delphi [9]. The results of selected RAN is shown in TABLE
II. In the table, NO is scenario number. RANSs identifies radio
access network that a mobile phone can detect. E;, S;, and
n; are normalized data of energy efficiency, UDP success rate,
and delay respectively. SRAN describes the selection of radio
access network number in this algorithm. At last, DRAN tells
the selection of radio access network number in Delphi [9]. In
our discussion, number of iteration had some meaning within
it. The number of iterations was increased due to the similarity
of the data between each RAN. Therefore, the algorithm
needed to run more iteration to satisfy the weight fairness.
The results from testing two to nine RANs showed that even
the number of RANS is increasing, the number of iterations is
still the same if only if the later RANS is totally worse than the
early RANs. The total processing time of the algorithm was
not more than two seconds in worst scenario. In practical, the
algorithm is going to take more time for processing due to the
similarity of data using in algorithm. Also, the algorithm needs
to measure energy efficiency, UDP success rate, and delay of
each RAN.

Due to using JAVA language to implement this algorithm,
the code can be applied to Android application directly without
modification. Therefore, the network selection algorithm can
be used for network selection in real life on Android mobile
devices.

V. SUMMARY

This paper,proposed network selection algorithm, is con-
sidered both Wi-Fis and mobile network by using energy
efficiency, delay, and throughput. After the algorithm receives
required data, the algorithm uses these data for dynamic
weights calculation [10]. Then, the algorithm uses the weights

from final result of dynamic weight for network selection by
comparing result score of each paths, in the utility function.
The simulation results show that, the iteration of this algorithm
can reach the stopping step, reach the convergence. In sum-
mary, this algorithm can be used for Android mobile network
selection and can select the best network among receiving

RANS.
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