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Abstract

This study aims to design an appropriate data presentation method and recommend
improvements in the service efficiency of each network provider. The development and design
of an effective and suitable broadband internet speed test dashboard focus on presenting
statistical information. The developed dashboard can filter data and display it in various formats,
such as charts, interactive maps, and heat maps (Heat Maps). This allows users to clearly and
easily monitor internet speeds in specific areas and periods. The study collected data from
seven provinces in eastern Thailand, categorized by four major network providers. The analysis
found that networks A and C are more efficient than networks B and D. This information can be
used to improve the service efficiency of internet providers in different areas and periods.

Additionally, the research identified common desien elements for data analysis
dashboards and categorization schemes based on average speed to ensure efficient data
presentation. The findings of this study are significant for improving internet service in Thailand.

They can serve as a reference for further studies and research in the future.

Keywords: broadband internet speed, data presentation, internet speed test, internet service

efficiency
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Revenue and Customer Overview - Q12016
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A 2.1 Strategic Dashboard (DATATH, 2023)
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2) Operational Dashboard d@1%15U Management & Team Lead level

10

Operational Dashboard &1%5U Management & Team Lead level \u Dashboard #ilinsrasey

WAZAIUANAIUAUMINVDIIY kAR NgIY o UAUUveeEnv) wNUN YSeaunansingl wazuandkalile

Wadgmlawuusiui (real-time) AsnIni 2.2
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€ 67619 € 21.882 € 23.661 € 22076
TOTAL ‘SPEND CAMPAIGN 1 CAMPAIGN 2 | CAMPAIGN 3
CPA by Campaign - Last 12 weeks Acquisitions by Campaign - Last 12 weeks

71680 Campaign 1 - €418 32 \

TOTAL IMPRESSIONS

54
Campaign 3 - €678
2.203 207
TOTAL CLICKS
Daily Impressions by Campaign - Last 12 weeks
TOTAL ACQUISITIONS

R R T Ty PTG gl gt &
€ 631 G R il e

COST PER ACQUISITION

AR 2.2 Operational Dashboard (DATATH, 2023)
3) Analytical Dashboard dw3u Data Analyst (Inias1zviveya)
Analytical Dashboard d%3u Data Analyst \u Dashboard dwsunsinsizi Wnauedoyq

vangudyy dnlaisuiiin Sdeyanainvany wWu teyadoundananunsawSeuiiigu wavdem insight

16 Wuguneilaannsin e danimi 2.3



FINANCIAL PERFORMANCE DASHBOARD

12

RETURN ON ASSETS WORKING CAPITAL RATIO BALANCE SHEET

TOTAL ASSETS

17%

RETURN ON EQUITY DEBT-EQUITY RATIO

32%

3.2:1

0.41

At 2.3 Analytical Dashboard (DATATH, 2023)

2.3.2) Technology for Dashboard

ip309olun1sa31s Dashboard Inewdne dgadl

1) Tableau

[

Current Assets
Cash
Accounts Receivable

Inventory

Long-Term Assets

TOTAL LIABILITIES

Current Liabilities
Accounts Payable

Other Lisbiiimes

Shareholder Equity
Common Stock

Current Eamings

€ 1342091
€ 94209
€ 238126
€ 458863

€ 245102

€ 400,000

€ 1342091
€ 306,654
€ 200558

€ 106,096

€ 633115
€ 470,000

€ 22315

Jugerdwrsnlasuamuilen luu3en Corporate wiouseniilsuuszunarautnegs Ussnay

Tusrsnastunludaudsaldate wrdvesndalun1sldeu wazastunldaulafuuszansan 1ne

IS

Tableau logo Sidydnwalfinini 2.4

i 2.4 Tableau logo (DATATH, 2023)

+
He

+

i3

+
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2) PowerBI (Power Business Intelligence)
Jugerduwasnvrglumslinsgideyanisgsia Wunllsmadendmsulaldnansiue Microsoft
8t Azure, Office 365, Uay Excel g Laanannsatiinlng Excel, CSV 1a lag PowerBI logo i

dydnwalAInIng 2.5

A7Nd 2.5 PowerBl logo (DATATH, 2023)

3) Metabase
Wumensduaslunisadre Dashboard uay Ad hoc Query lagn15a1nIne w3eld SQL Faagiiiu

LY [

swazdentoualn lng Metabase Hdqyanualfaninit 2.6

o

AR 2.6 Metabase logo (DATATH, 2023)

4) Redash
Jugendwrslunisasne Dashboard MvihliisWensiefudeyauasfsdoyannaieuwnaanion

fu 19U SQL, NoSQL 138 APl Ing Redash Sddnualfanmi 2.7



14

il 2.7 Metabase logo (DATATH, 2023)

2.5 nMsuusnaluussmdlne

nswiania dnllvgjazdamunanuinsgiuvessviudinganiuninisuiiginanigiimans
YDIAULNTIUNTYTAEANTUNIYIR 1NFTNNUAUENTTUNTITBUIAT IlauaiunAne STUWnT Ll
w.A. 2520 lnefinsuusmuanuaegivssmeadud Ay sulufglionnia Sausssududewd 1w

wazn1sluegluviesiuresaunilding Aniudwdadu 6 na dsnmd 2.8
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Wb
idasdeu el
Foalwi 1
Al -
: uws tanm
i WusnE
gRsand il uATHLY
-3 e N AneuAs
qloriy wuasthing
AN Fwnglan
woysal wauudy mwdug  §0AMI
AMUNINYT  {iAs
Sugi UVIATIAIY SinTy
VATAISA fouida Ry
sl
Foum Fund GERL T
10 vyl uAsswE 1 P L
o Ay
PHUE 9 gong 5
Iy 8 unsu’wrzﬁu 2
3 Us \J
4
< 3 assuia
ym@_ 6 5 sudem
7
vyl
sy seppr M
(330
UsseauRitus
1. NMENILAT
2. vunyi
3. Unus il
| 4. unslgn
YUNI | 5. symsusns
SEUBe 6. AyNsaAas
| 7. aynsmnsn
| 8. WiruAsAIOYGsHE"
| 9. §1amee
gsnenisnil [ 10. Byl
W
uASAITIINITY
-
TE]
Qi "
niy iy
a1 .
Tomti

BEan  usIEd

A 2.8 nsuvanialulssnalne

deuvanegagasludndudwminmuwsaznin Mavue 77 danin I5vazidendsil
1) mawmile dnwun 9 Jwinfe Weee, Wedval, Wi, weien, wigesaaw, S1U9, Wns, a1y,
9nIReE

2) menans Tdawdn ngsmmavinues Wundn waeldn 21 dwinde fivaglan, gluvie, wesysel,
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Y

WANT, MUNINYS, WATAITIA, aWU3, Vet Teum, ANiUS, 91wes, @52U3, NsUATATBLGET, ANTINUT,
uATWIEN, Unusiil, uunys, uasusy, amj/ﬁﬂﬁﬂws, qunIang, aunsains1y lnedaniniey seu
) 1 2 4 = 1 = 1
NIWNLUIUAT AEMIUINUNAUTZNDUMIEY UUNYT, @ynIuinig, uasugu (UNEIw), Unusiu (Uediu)
WaayNIENAT (UEw)
3) mAnziuesniReunile (Bau) Ivavua 20 Yarinfs Jen1w, MUBIANe, UATIUL, ANAUAS,

9n 3511, Mueatdng, tae, YNAWNS, NIWAUS, YeuknyY, 81Ty, Blass, $pu19m, UMaISANY,

o

Fuil, UATIIYAN, UITUY, g5ums, ATauiny warguasvsndl

9

4) aangTueen TMuUA 7 J9in A EﬁuLLﬂ’J ﬂi?’ﬂ‘u‘lﬁ AIWINT, suam ITYN, "\]‘U‘Vllli bbely
M3

5) 21angIuAn INamue 5 3mIa Ao 910, N1YIUYT, I19UT, NYTYT LazUTEaIuAITus

9 9

(%
Y a v

6) MAla Inse 14 3win A YUNT, TEUBY, Eﬁi']‘l‘f}{]iﬁ’m Uﬂiﬁiﬁiilﬁ?‘ﬁ ﬂiofU ‘W\‘i\‘i’] ﬂLﬂG]

mqe, 039, Unmil, aavan, ana, us18a uazgzan

[
=

anfnwiluiiuiinianzueen Fuduiunfiinaguiwazionzia daudvedue 7

% =

Tulasan1539uTLa

[

FaTausnfulumeuamaunerddundnvauienislne wazssussmeang1auviaanen luinasdu

o

A

e Uuaw imziada inede imemnn e inedda nnene wasoun Nlinviesieinaeaiisl

a o

2.6 UILNNYITD9

Jing et al. (2019) vM3FBi5paunvUaIAYTasEUMAGINTUNITARAUUTEANT A Nve il Bd

9958 Imsnmmmﬁléfﬁﬂmwumu@ﬁwmﬁﬁf-nﬂumi‘ifffaLLazﬁmmﬁumLmuai‘mqﬁmiamm

¢ v

FINAINITYTUINITUHUA N15IATIENTOYATINUN waTNITUAAIAINNYTAanTIN oA uayUNIS
AndulauarnsiinnuUssansnmveadiesdvniusiuuiBsalny n1s3deNeiusyuuUssnmiyadulun
v Jo £ o aa a a & o a ¥ d‘ &
M lunadeya (Melumanvadauarlunadiiasaumna) tagUsziauiineitesdug unadull

o va s s IS 4 (X I v a
Unausn INTINvesUsEifmansvosunruesauazimalulaguaznisldnunanlulieswansos E‘ﬁﬂ

(Y o w [

arufinamThvesn it fysaznsiauiduiwng Tnensiesmsivssdumanaiadidde 91n

ru

(%

nsnunudl dn1seduneieriulumanisuanininiazaiugniesredanad miunisatuayunis
AnaulakaznsinaunuuiSealndndaanisnsidediuiy wasiugdiiieninisidelueunan
Paschalides et al. (2020) vi3981589 MANDOLA: Wwnannesunsuszuianauazhaninalaya

walngidmsunisiiseiuazasnduiesmasimnundeadieeulal Fuduszuussianatoya



17

Yu1Alg) (Big Data) N198NLUUNLNDATIAABY ATITTU WAAINA UATTILINUNITUNINTLILVDY HBYAN
aseanundeadieeulall iun1svinusuiues 6 dundn wWu Mesiusindeya Ussuiana Iy

uanena uazTeudeya laglddanaituuuusiu (ensemble-based) Liveifinaduusiug1lun1snsIadu

[
=]

szuviiuanbiiuislszansamlunsldnussiunsdfnw Jeelidldidlansunsnszareves
fegmassanundeadilasgretnau nouduasediodAnlunis Whsziauazdans Yymiesiadl
Uszansnm

Saengsai et al. (2024) ¥MITuesunruosaiadlnIuesndy: LnannasunISIATIZRTOLALTS

Y Y

[
a

noudmiumsuanmayszavsnmvoniesseados Insuideiiausyandosienisuaniadeyauas
nngidoyaidddneviiauayulaeeiosdionisrunudeyavuialug ssuufuiuuuunandi
ausonanwmauarinnuuualiuveadiouuudealnl yuiussinanatasuansyadoyauunlvgjuu
Suiusigesinesgu wanarleuiiamnsoatuayunsinneiooulaflasnimeumaudiasei
nazHARnFinanuvaeyanansuas iWsnevdnuesunanrlesuAensusuussnsdoanssenineld
wazgliuimavondes uarliserruiinmuvesanimdos uoninidvlddimalasedaduuian
wazandnonssuveaunanlesy iwudsnnusimgluniseenuuunaglvideyaidednivafunisiamn

aa [

Hlessanioy wazuuzihwadwsuazn e ssineainfidrfguesuimailesiissuutiaue qaveld
nandsruvinmenaslemafisyusinumsimuunanvosudeyaveaiios

Sedrakyan et al. (2019) ldeSurgiuaruesamsiseusiunuimdAglunsusulsimsdndula
Trn1suananwnszuaumaiieusuasisfanuanuinniwesdgmienafiniu wiiuasussa

b4

wianfiazlasuanudey widwieanudmgudneiuninniseeniuueg gy nuldensuninila

=

T2UYTDITNTENINMIOBNUUULATUDIATULWIANAIWINEIMIansNsSeLS uavldlauelunaldauuifn
WWoulganann13eeNkuULATURIANUNTEUIUNSISEUI kA NS ITUalauaKIY UNANNTveI8aINaLITY
AouninlAEN1TATIMNUN TENIMENNTOBNKUULATUDS ALALIUIANNITHARINAT DA/ /AN TaumeA Tay
$19999 N5 ITRBWIAALAz ENgIUTIUTEINYInAdeneun Snsauedeunusduiiodu
= v I3 = P Y v P 1%
wwanslunisidennisuansnateyaluunyuesanisiieuinaenndesivussinnvestoiauaiugNnslal
Ry
NNNINUNILITIUNTIN a3UleT unsueingliansaumewazwaruaiansiSeuiiunumdAgy

lunmsiaauuseansnnuazatvayunisinduladmiuiledansuy endieg1au Jing et al. (2019) 1g1

NMUMIUNTITLUAE AU VBIUAYUBI AN AN TAUNALNONITYTAUINITURUT N1TILATIZYITRY AT
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[

a s a . s A al'
LagNITLanInINnagdaans g Saengsai et al. (2024) laueszuuuaYUDIALilBalNILBINTUT
aduayuNITHARIHALAE AT IzITaYAL USRI ULAATIA @3 Sedrakyan et al. (2019) loauaunud

Y @ =2

P ouleananNnN1ToBNKUULATUDATULLIAANTISUARINATBYAKA NI ITaIawaI U NIuATYlAWIuGS

ANUAAYVRINTRRILILATUBs AT HUsEANSnndmsunsusulTinsdedulanagnisidiusiuves

Userwuluiiinsdansey



19
uni 3
A5 UuUUIY

139715398 “weadiansiiavedeyafivngaudmsunisinausidumesilauosauuud”

9 s «

finguszasdiiio 1) iepenuuuidnisiiauedeyanusidumesidauesanuudfiviunzay 2) e

a o

wuztn1sUsulssEansamnisliusnisvesliusnisBumesilaluudaziaiois Tnefiasaiunis

[y [

&
g AU

)

3.1 msm’%au%’aga (Data Preparation)

3.1.1) M333UsUTaYa (Data Collection)

v
=]

Toyaililunsideduiannismageunun ndygindumesidaiiugunsainagauninmsy

a a v

Sumesiile asounqu 7 Jminlunianziusen laun vays szees aslans1 Usi3uys Sunys asm

3

14 o a =3 v ! o a =2 a
baydaIziing LASANUUNTTLNUVVBLATSWINIUN 1 HOUIYU N 31 @InAu 2566

3.1.2) msa’a%’aga (Data Transmission)

@ a § @ C% 1 o ¥ a s [
Nﬁﬂ'ﬁ‘ﬂﬂﬁ@‘Uﬂ’J’]ﬁJLS’JEJ‘L&L‘V]EJiLum%ﬂﬂa’]ﬂﬁﬁilﬂﬁgﬂﬁﬂlﬂﬂﬂﬁ’]u%@iﬂa PostgreSQL YU INLIDT

docker 9 1-2 wiiiielvidulainteyalasunsduinnegasdeliios

3.1.3) Mswdsngueanadas (Volunteer Clustering)

aranadasgnuuseaniiu 5 nqu taeld3Sn1suusnguuuy hybrid partition clustering @9

Usznaumeaiunaila: partitional clustering, proportional allocation, Way center-of-gravity

3.1.4) nsnsaazinAduazandaya (Data Filtering and Cleaning)

14
v v ~ °

Tayanuilionalimiaung Awudadesiniinsewayinanuarantayailawiy saudani1sv

Y

AnuareIndeyatiusznaumignisauaidalniioan welndeyaildlunisiinneviiaugndesuas

GRRkI]
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3.1.5) msiaiudaya (Data Storage)

v q'

Joyailasunisimiuazeiaudrvzgnimnulugiudoya PostereSQL Fesassumsdumdoya

U5zt NoSQL uag text search types iamuagaIntun1saumveya

3.1.6) M3sUszananataya (Data Processing)

v a v & a s & = o o
e Jayanliannsmegeuauiidumesdnizgnuszinanaiiioliaunsainluldlunis

ATILALALLANINAUULATUDSA LA

1%

e JayamnuiilunisamilivanuazdUlvanssgnannanduanaieseiu visAnady 24

Y

Gl wazwouiisuiuanusing ldnuadasld nadnsesuanudulesidudves

2 a A o Y] & oy Y v
AITULII LQaEJLlI@LV]ElUﬂUﬂ'J’]NLiﬁﬂﬁﬂmﬂ’]uamﬂi‘lﬂ

3.1.7) manssudeyadmiunisuanswa (Data Preparation for Visualization)

o JayaiiriunmsUsznanaudazgnuUasanuas e BuilslaniNsauARSHAULLAT USSR
Inegnadisedvznm

o unvuesagnesnuuuliarunsauansatoyaluguuuusig 4 Wy unuidddney
(Interactive Map) wazuruiinusou (Heat Map) Lﬁ@iﬁ;ﬂﬁqwuammL%"ﬂﬁ]si’fazﬂalﬁ

8199180Y

3.1.8) msﬁawiaﬁ'ugm%’aga (Database Connectivity)

¢ v A I 1% A = v a
33‘U°ULL@%U@ﬁWQﬂ@@ﬂLLUUELVILGUEJMG]@WU?]U‘SU@%@ PostgreSQI_ LW@@Q%@HﬁWNWUﬂWﬁUiSN?@Na

wsuanratusUiuung e sadilanavilulduselowile

3.2 N529NLUUNI559UTIMYaYa (Collection Data Design)

3.2.1) mMseanuuugudaya (Database Design)

e sudeyagnesnuuuniiedniiudeyanisvaaeunnusidumesiinaingunsaivadey

LLaS%QHaQWﬂQWﬁWﬁﬁﬂi
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o sudeyausznauseassdiundnde JeyagunsainadeurusiBumesids uasdoya

RGRGRE

3.2.2) M39aNKUUN1TIIUTINTaYaaIngUnsainadauaTIDUmasiiln

Toyafliunuruangunsainaaeuauddumesidasznoude
® Device ID: nugavUsEIngUnsal
® Timestamp: na1fivinIsnedey
® Operator Name: Zogluinsduimesiin
® Server Name: Foidsnesfililunisvaaeu
® Location: fuviisiinsvaagunsal (um awin)
® Longitude/Latitude: fifasummisfissvasgunsal
® Download/Upload Speed Package: anudilunisaniivan/sulnanfiadnslduinis
® Download/Upload Actual Speed: anssalunisaiilvan/sulvanass

® Ping AANUMUNIATtUNTAIRYA

o Jitter: mubiiadusvosdnygyu

3.2.3) n1399n LLUUﬂ']’i’i'JU’i’JﬁJ‘l’JIE]%JJﬁQ’m'e)']ﬁ']ﬁﬁﬂ’i

Joyaiiurunnaneaalnsusenausie
® Name: Joo1@asIAT
® Telephone Number: MinelauInsdny

® Address: ﬁaﬂ

Y

a o

® | ongitude/Latitude: Wﬂmﬂ’wL,mu'ﬂ‘ﬁﬁu’waﬂﬁww%amuﬁﬁﬁwmi‘mﬂaau

® Connection Type: Uszinnnisiessie (WIFI/Cable)

® Provider Name: dolsusnsdumesidn

® Download/Upload Speed Package: anudilunisanailnan/sulnanfiatnslduinis

® Timestamp: LIAIVINANINAADU
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® Download/Upload Actual Speed: armisilunisanilvan/sulranass
® Ping AANUMUIIATlUNTAIYRYA

o Jitter: mubiiadesvosdnygy

3.2.4) MT9NLUUNTUEASNAULLAYUDSA (Dashboard Design)

® uarupinAgneanwuLNLiakansdayanIsnaaauAUTBumesdnlugUuuuTglg

anansalaladeuasilliuselonila

¢ upyuaIANlandunINToIlayanINANABINITVDI T WU MIEENIWIA SN
P93udl fluing uazUssinnmsdeusie

o uavasaiimsuansmalugUuuunsmuazusudddney Welvldnuaise

=) I v a ¥ 1 |
L‘UiEJ“UL'V]EJUGU@%aLLﬁS’JLﬂi’]%%ﬂ@@ﬂ’]ﬂ\‘ﬁ&lﬂ’]&]

3.2.5) maiudayalugiudeya (Data Storage)

e Jayaildainnisvaaeuazgnimiulugiudeya PostereSQL FasesiumsAumdoyand

Tassassagliilaseadne (NoSQL) wagnsAumdenu (text search)

o msinnudeyalugiudeyatviliaunsatdeyaluldlunsliesgiuasuananauuuny

vasalnognaliuseansain

3.3 N1599NUUULAYUBSA (Dashboard Design)
3.3.1) NM3MAUAINUILEAIATIUATUBSA (Dashboard Objectives)

o AuAINgUITEIAVENTBILATUBIANBRARINANITNAFBUASIB UMD TNAN

gunsaluaveranadng elildanunsaguazieszideyalaiewazsing,

Y

® upYUBIARRIENNTALARIHATRLARUUSEaLNY TIuTaayadounds uara1unsanTes

ToYan1UAINABINTVDI S
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3.3.2) N1528NkUUIASIES19uATUBsA (Dashboard Structure)

3 1 ) [ v . . Y a
wAvUaingNwUIean JuaNyNNInEN: YUNDIALATLUY (Admin View), uuosgliusnIg
(Provider View), LLazguan@% (User View)

1) NM30RNUUULNNBIALATEUY (Admin View)

e 1uuewgUnsal (Device View): uanitayavesgunsaivnagey wu 9uiugunsaln
14, dndruvesgunsaliildnuangliuinismi 4, anusuadelunisaniilvan/

[ @ d'
dUlanmuLANLN N LW

o 3uweafld (User View): uanstoyavedffld wu S1wingly, anusuadeluns

anuluan/sulnanmuiuiiazdienal, nswseudisuanudluiunieig o

e n3LARITRYE: WARINTINGIN 9 LU ANLSILRRe, mmﬁaqqqm, ALY

AanvasnIsnntlvanwasduluan, ping, way jitter lundasiiuiuazyiana

[

® uNuiWalAnaU (Interactive Map): LAAINANINAFRUAIAANLTNAGLAYALAL
a L4 ¥
a0sgnvedgUnIalayyly

2) N5PONLUUNHLBIEIUTNIT (Provider View)

o yunesildnfaldnnzdliuinisdumeside uaneyanismageuninuiives

AT UFURUUVBINTINUAZ UKW

¢ Jayandnisnnuluan/sulvan, ping, wax jitter: uanIayaLeNALANIUN

LAZAINIAN

(Y]

® unuiiglY (User Map): uanisgazidenvas linuiiinazigniaranidyn tieln
DN Y} a & oA v
ALAUINITANINTINTIIEOULAL N UUTUUTIRA MU STuiuieng 9 Td

3) NseRNLUULNNBELY (User View)
° ;ﬂ%ﬁmmLﬁﬂﬁﬂ%’agamimmaauﬁuma%lﬁmLLaz‘tJiﬁaﬁauﬁasuamuLaﬂ@sti
v v o v Y a P
\dszuumever g siarunameldeu
® AUMHANIIVAABUAEAVTRUTEIR: LanINaluFULUULHLTILAEANT1e g

mmmﬂiaqsﬁayjammqqnmuazﬂazmwmn%awia
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®  NITUARIHANTITNAGDY: kaAstayani1sntlvantazsulvan, ping, uag jitter
Tugsnasng 9 weligldausefanuuazidilalszdnsnmussdumesiiale

YU

3.3.3) myeanuuuileandunisnsasdaya (Data Filtering)

'
1 )

wavvaianeliliidunisnsesleyandaveu iielvigldanunsaiengeyanuaiy
ABINTT
fnsesoya: W Jawdn dune Faeiud JlHu3nis Ussanmsdousie uazuining
@ =
ANUSINLILN
HandunisnsouisAL: Wy Mskansdayandglutianaisig 4 vesiu (W, Ue, W),

MaUseuisuaNUSItUNuTn 9 wazdliuinisma ¢

3.3.4) N5PRNLUULKNUTLTNLARNBY (Interactive Map)

Aa gy &, A4 A o w 9 & a s &
LLNUVILSENIGW]E]‘ULUULV’W@Q@Jaaqﬂﬁyjiumqiuﬂ@ﬂmaﬂ@%laﬂ']iVl@a@‘UﬂTuJLi’JQULV]@iLum

Handunisguin-een: gldaunsagudi-eenlulkuiientoyanazideniu

a 4

v A a ~ v PN a v o1& o v a a
ﬂ’]iLLaWQGUEJ%IaLWlIW]MZ Lll@éﬂeﬁﬂaﬂcl/]f\]@UULLNUV]"\]giJﬁU']@'NU@U@ULLa@ﬂsUallaLWNLG&I

9 Y

oA Yy & A o Y a ! s a Y
LY GUE]ETLGU LLWﬂLﬂﬁ]WﬁﬂJﬂ{LﬂjUiﬂqi LLagﬂqﬂ’JqﬂJLi'JVW]@a@U‘l@

3.3.5) n1509NUULKLTAIAuSU (Heat Map)

wHuAAuSauld AN DLaRIAMUBANA1IYTIAMUIE I UNITATIIanLay s Ul AR LU LA
$I9 9
laftunisnsesdeya: Jldaunsadongdeyaanizdisiaiiifenis iieliiiunimey

vesUsyans A mdumesitalurianantiu 9

3.3.6) N1s0@NUUULANUNILAENsIW (Charts and Graphs)

s v = v a =~ Vg v a =
® LL@%U@?@WEN@JﬂqiLLﬁ@QNam@%aiuzﬂLLU‘ULLNUQNLLagﬂiWW LW@IW@%%WNW?QL‘UiUULWﬂU

warliaszvidayaladny
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® Luuniiuvie (Bar Charts): wansAaieveanudilunisaiilvan/sulvan ping uaz

jitter Tuwsazg9navesiy

® Luunfinud (Frequency Charts): LaAIn13n3zefIveIAUTBuNesdnluiiug

e

3.4 NNTUNTH19UVBIUATUBSA (Dashboard Functionality)
3.4.1) NMTVIIAUELDIN

Joyainuansluwaruasalisunisinaruazenn lneuusininannusinlavansenidu 4 ngu
auanslunisanilvan/duluan: w111 250 Mbps, 250 - 500 Mbps, 501 - 750 Mbps, kag
171N 750 Mbps

3.4.2) msidangdoya

Y

Aldanunsadengeyanudiou lnsuaniaasulunsazinou
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Abstract— The mexsurement of brosdbaml performance is
vitul for comsumers, 15Ps, regulators, and poBoymakers. The speed
of hrosdhand aceess services poses 0 challenge for managing end-
user perfermance expectations and for regulaiery policy. This
papeer centers on visualiving brondband speed date., particnlardy
in Thailamd, to sssexs the speed of Thai brondbaml services. We've
developed o dashbonrd that visunlizes and cateporizes speed
informatisn by location, time, ISP provider, and imternet package.
providing valuable insights for decisson=-makers. (ur dashboard
can show intermet speed rale issues compared to the upstream
signal. Additionally, it can be used to observe, monitor, snd
provide evidence of sustminahle improvement in light of the
incressed availability and wse of better broadband.

Keywords—bvondbard  fmternet speed  fest, wiswrlizatior,
adaxihoerd, sirsteinrhie

I, INTRODUCTHON

Broadband performance measurement i3 an  ongoing
challenge for policymakers. Many participants in broadband
services want o know the speed and spatial coverage. Owver the
past three decades, Internet speeds have evolved from kilobits
and megabits o gigabits [1-3], signifying a substantial
transfommation in the digital connectivity landscape. The
COVID-19  pandemic [4] has funher accelerated this
trans fnmation

A comparative analysis of internet user data across Asia's
population proportions in 2022 [5] reveals noteworthy insights.
The top five countries that exhibit the highest rates of intermer
adoption are South Korea (97%), Japan (93.30%), Philippines
(91%), Thailand (88.30%), and Wietnam (86%). Motably,
Thailand has experienced an extraordinary surge in Imiermet
users, with a 26.9-fold increase, equivalent 1o 62 million
individuals for 2022, as detailed in Table I This substantial
growth in internet usage within Thailand can partly be attributed
o the strategic policies that the Mational Broadeasting and
Telecommunications Commission (MBTC) has implemented
simce M3 These policies have srategically focused on
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expanding essential telecommunication services nationwide,
playing a pivietal role in fostering this growth,

An examination of the Intemet access data within Thailand,
bazed on the ITU World Telecommunication indicators for
2019, as reporied by the NBTC, reveals that the rate of acoess o
fived-broadband subscriptions per 100 individuals iz 14.9%.
This statistic underscores a persistent upward trajectory in
interniet adoption [5].

TABLEL STATETICS OF ASis INTERNET LISanE iy Bk

Interust Interner | Peasiration
Camtry Immn. Llsers s %
Mo | Werdey | Population |

South Koren | ALA0LIE | 1900000 | 4979 W9 47 i
Japan 127202192 | 47080000 | 118620672 43 5l

Philippines 1N | 20000 | 101500000 G0
Thailed T2 S50 2 500,000 61, a0 000 LLE8
Wismam S, T4 N & 21000 B4.019.500 A6 NP

To enhance the efficiency of national-level Inmemet services,
it 15 crucial w establish a framework that measures and evaluates
the quality of Internet service received by the public. Speed is
the primary indicator for assessing the ‘quality’ of broadband
services. A comprehensive understanding of broadband quality
plays a pividal role in shaping regulatory policies, influencing
enid-user behavior, guiding marketing strategies, managing data
transmisgion, and aiding decizsion-making for network service
providers.  Therefore, grasping how 1o measure  speed
comprehensively is paramount |3, 6],

Once performance measurement is accomplished, the next
critical step involves the analysis of emenging issues. Tools that
facilitate clear and straightforeard spatial analysis of issues in
gpocific  areas become indispensable. Such  analysizs  is
predominantly  achiewved through  spatial  wisualization. It
effectively helps uncover and address challenges. Research in

ZATEGESA2AEI LD D200 IEEE 418
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wvisualization [7] has proposed a method for analyzing
hroadband data in rural areas, emphasizing a botiom-up spatial
analysis approach. This invelves the initial collection of data at
the local level before consolidating it at the national level,
departing from the conventional top-down  appeoach. The
findings from this analysis ane then conveyed through maps and
data. Local and dynamic clements considered for analysis
include the relationship between connectivity patterns in nural
census areas and the types of connections present al the regional
lewel (data on wrhan and suburban communities). This approach
aligns with the methodology employed in previous research [§],
which reveals the spatial distribution of average download and
upload speeds, aiding in the understanding of service speed
tremds and the analysis of quality 1ssues within local broadband
infrasructure. Some repaorts [9, 10] employ maps and heatmaps
to illustrate examples of service speed, facilitating spatial
comparisons. Certain studies [11, 12] have even proposed
prodotypes that support visualization and real-time moniioring
while processing and displaying extensive datasets The
significant achievernent of this research Lies in demonsirating
the potential of dashboards to identify trends, seasonal events,
and abnormal behaviors, thus providing insights into the
information. Similarly, some objectives of dashboards are an
integration of geographic visumlization for decision support,
real-time monitoring, and increased productivity  [13-15].
Mevertheless, ongoing monitoring is essential for information
managemeni companies operating m highly competitive
environments  requiring  rapid, inmitive, and  casily
comprehensible  analysis  of  generated  business  data
Dashbpards, therefore, serve as a reporting form that allows
monitonng indicators relevant 1o the business. For Thailand's
hroadband speed testing system, most service providers have
their own systems for testing. Such systems cannot store histony,
thus making it impossible for MCBT or users o view historical
data for improvement or make fufure decisions.

This research aims o develop a broadband speed testing
system 1o visualize swatistics of broadband speed tests by
integrating maps (o descibe speed fest rates each time of the
day. Also, it enables comparing the speed in different areas and
providers. Moreover, the proposed dashboard will display the
history of broadband Internet speed of users or areas and reveal
the areas where broadhand Intemet spead does not reach the
expectad value.

[l LITERATURE REVIEW

A Dashboard Corceprs

[Drashboards  serve a3 esseniial  fools  for  business
manzgement by consolidating and presenting key performance
indicators (KPLs) o faciliate mformed decision-making, as
articulaied by Stephen Few [14] In his definition, a dashboard
is a wvisual display of critical perfonmance metrics o achieve
specific  objectives. This  real-time  interface  condenses
information onie a single screen, featuring tools like filiering
and drill-down graphs for enhanced usability. Stephen Few
emphasizes that a well-designed dashboard can creste an
efficient organizational image. It should showecase cument data
and incorporate  historical data, highlighting values  thar
significantly impact the organization and contribute to a clearer
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understanding of trends. In the context of business decision-
making, adopting dashboards offers entrepreneurs a powerful
topl £o analyze sirengths and weaknesses comprehensvely [16].
Therefore, integrating dashboards inte business practices s
crucial for enhancing amalytical capabilities and overall business
improvement.

B. KPP for Visualization

The dashboard is a tool for visualizing information that
mvdtors, analyzes, and displays key  performance  indicators
{KPls). and key data points [16].  Dashboards enable both
technical and non-technical wsers 1w understand and apply
business intelligence to make better decisions. Our proposed
dashboard commits to 5 KPls including:

1} Revelation of the areas where beoadband Intemet speed
does not reach the expecied value

2} Comparing the speed in different areas, providers, and
each advertised speed package

3) Showing speed rates and companng them at each time of
the day

4) Filtering the target for interesting information

5) Dasplay the history of broadband Intemnet speed by user or
areas

. Daskboard Chargcteriines for Brogadband Speediec

An  effective  broadband speed test dashboard is
characierized by iis ability 1w seamlessly deliver real-time
performance insights, presenting users with clear and concise
informaton abowt their download speed, upload speed, and
latemcy [, 3]. A user-cemtric imerface ensures that even
complex speed metrics are communicated in an miuitive and
visually appealing manner, facilitating quick comprehension of
broadband performance. The inclusion of historical trend
tracking allows uwsers io monitor the evolution of their
connection over time, while geographic and network conbext
features provide insighis into server connections and regional
influemnoes on speed. In essence, an optimal broadband speed test
dashboard combines real-time feedback, user-friendly design,
historical tracking, contextual insighis, and robust diagnostics 1o
offer users a comprehensive and actionable view of their Intemet
Cofnection.

I METHODOLOGY

This reszarch involves developing a broadband Intemet
gpecd dashboard io present the resulis of testing the quality of
broadbhand Internet signals from service providers in Thailand.
The evaluation wtilizes four key indicators: DPA {Download
Perceniage Average), UPA (Upload Percentage Average), Ping,
and Jitter. The dataset for the dashboard is derived from 30
devices and 200 volunteers located in the eastern region of
Thailand, spanning the period from June | o Auguest 31, 2023,

A Criteria for classifying the quality of Intermet service

Congidering indicators of DPA, UPA, percentage of the
equipment's  ability o measune the signal contimaously

a5
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{Contimuity: C) or percenizge of network sability (Network
Reliahility: MR) divided into 4 leviels as fiollows:

Excellent level, represented by values ranging from 90
to 10eF%a.

Giood level, represented by values ranging from 75
B,

Moderate level, represented by values ranging from 50
b 7%,

Poor level, indicated by wvalues below 50% (reguires
Improvement).

Criteria for classifying the quality of infernet service when
considering Ping are divided into four bevels as follows:
Excellent: Ping bess than 30 ms.

Giood : Ping ranging from 20 i 50 ms.
Moderate level (Fair): Ping ranging from 51 to 100 ms.

Poor Level: Ping excesds 100 ms
Improvement).

[requires

B, DPA (Download Percentage Averagel, UPA (Upload
Fercentage Average)

In the presentation of speed data, the need for standandization
becomes evident. This necessity arises because users subscribe
i various broadband packages with differing rates. Researchers
propose 3 normalization  process  for  Internet  speed
measurements obtained from all tests to enable a fair and
meaningful analysis and comparison of test results. This
mviolves calculating ihe daily or 24-hour average speed and
comparing it to the speed comesponding o the user’s subscribed
package. The result is expressed as a percentage, indicating the
proporiion of the average speed compared to the speed
gpecified by the subscnibed package, denoted as the Download
Perceniage Average (DPA). The calculation is ghown (1).

_ Awverage Downdoad Speed in Hour

(i
A = Advertised Packoge

« 100

The method to calculate the percentage of the average upload
gpeed compared o the speed from the package being used
{Upload Percemtage Average: LIPA) is given in (2],

Average Fpload Speed in Hour 100
Advertised Packoge ’

LR = )

. Darg Preparation

Daia obained from the Infernet signal quality est
exclusively comes from Internet speed measuring equipment.
Volunteers” Internet speed test resulis are ransmitted from the

docker server o a PostgreS0L database at the server center
every 1-2 minutes oo ensure the platform®s data is continuously
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updated. We divide the volunieers into 5 clusiers using hybrid
partition  clustering  [17]. Thizs method combines  three
technigues: partitional closering, proportional allecation, and
center-of-gravity. For this reason, we ensure that the distance
between the volunteer and the server o identify the applicable
position of established cloud servers w suppon the testing of a
high-speed intermet platfonm. Given that these data values are
raw and may contain anomalies, such as unusweally bow or high
test speeds or zero downloadupload values, a preliminary siep
imvolves transfeming the data for extraction, filbering, and
cleaning before it can be effectively visualized

The research platform s designed to connect o a
Posigre50L database, which was chosen for i support of
MoS0L data types and text szarch types, which provide ease of
data search. The fransformed daia is stored, sei aside, and
prepared for subsequent use.

I Comporents of Broedband Dashboard

1} Collecrion Dare Design: The databaze design focuses on
presenting the quality of broadband intemet service. The data
collection  section  accommodates  both  Intermet  spead
mieasurement devices and volunteer data.

al Speed resy devices darar The device information
collected for intermet speed devices includes the device 1D,
limestamp, Operalor name, server name, location (district,
province), bongitude latitude, doamload upload speed package,
doanload ' upload actual speed, ping, and jitter.

bi Volunteer data: The volunteers provide Mame,
telephone number, address, longitudelatitude, connection type
(WIFL'Cable), provider mname, downloadupload speed
package, timestamp, download‘upload aciual speed, Ping, and
Jitner.

2 Browdband  dashbosrd  design: The  dashboard
presentation of the Internet signal guality test s designed to
cater to different user perspectives:

) Adiein view: Displays information in two wviews -
device view and user perspective including surmmarizing data
and presenting various graphs with information such as the
nurther of Internet signal measurement devicestotal users, the
proporiion of devices/users compared 1o the total number used
by the provider, and the perceniage of average Internet speed
relative to the maximum speed promised by service provider.
CGiraphs showcease average, maximum, and mininwm downbead
speeds, together with upload, ping, and jitter speeds for each
area and time. A map displays the latest test results according
o dewvices' and uwsers’ latitudeTongitude coordinates.

hi Provider view: This view is exclusively accessible 1o
the Iniemet service provider. The data wview offers a
comprebenzive breakdown of downlead, upload, Ping, and
Jivter averages, organized by location and user ower time.
Providers can also visualize wser details on a map based on
location, laiitude, and longiude. This design allows providers
o manitor the ouwteomes of their Inemet user tests in real-iime.
Moreover, this information is invaluable for strategic planming,
enabling providers to enhance the quality of [ntemet service in
the respective aneas in the future.

Autharized boensed use limiled oc Burapha University prosided by Unislet. Doanloaded on June 10,2024 a1 073315 UTC from IEEE Xplore. Resirictions apply.



¢ Ulser wiew: Individual users have personalized access
i their Internet test data and history by logging in with their
registerad username and password. Users can search for their
latesi or historical test results in map and table formats. This
peraonalized dashboard offers a comprehensive breakdown of
diownload and upload speeds, Ping, and liter over time. This
user-centnic  design  enables  individuals o rack  and
comprehend their Inemet performance. Lsers can leverage this
information for personal awareness and o provide feedback io
service providers, contribuiing 10 coniinuous iIMprovements in
service levels,

E  Dashbourd Fimenonalioy

The development of the data visualizaton dashboard has
presented comparative daia on the resulis of Internet signal
quality measurements using four indicators, including DFA%G,
UUPA%, Fing, and Jiter, from volunteers in the sasiemn region,
which spans seven provinces: Chonburi, Rayong, Chanthaburi,
Trai, 5a Kaeo, Prachinbury, and Chachoengsadon.

The information displayed in this dashboard has undergone
a cleansing process, with advertised packages divided imto four
groups based on downloadupload advertised speed: less than
250 Mbps, 250 - 500 Mbps, 500 - 750 Mbps, and more than 750
Mhbps. Users can choose the month for vewing data, with the
information presented in a monthly summary. The resulis for
each indicator are showcased as follows:

Download Upload speed: Compansons in this indicator
can be displayed based on user preferences, including
the average downloadupload percentage according 1o
aidverised speed, provider, and province.

[Drata comparisons in the form of fime averages |
including each service provider's average download’
upload speed owver 24 hours and during three periods:
600 10:00 AN, 10201 AM - 5:00 PM, and 5:01- 10:00
PML

IV. RESULTS

The collection of volunieer daia for the execution of speed
tegis in Thailand encompassed seven provinces within the
eastern region: Chonburd, Rayong, Chachoengsso, Prachinburi,
Chanthaburi, Trat, and Sa Kaeo, covering a total of 30 districis.
We selecied such provinces as a prodofype of our proposed
sysiem. The daiaset comprises 17,125 instances, with Chonbun
accouniing for the majority at 53 .08%, Rayong ai 199, and
Chachoengsao at 7.05%.

This research focused on four network providers, denoted
azs A B C, and D. The percentages of Internet speed for
download, ranked im descending order, were as follows: A
(T1.60%), C{T0.44%), B (59.91%), and [} (51.95%). Similarly,
for upload speed perceniages, the order from highesi o lowest
was A (T241%), C (72.9%), B (71.42%), and [ {55.02%)
Theze figures provide a comprehensive overview of the
distribution of speed test instances across provinees and the
comparative performance of nerwork providers.
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A A regional case: Eastern Thailand

The average intemet speed percentages for each province
are categorized by network. Ouwr dashboard can filter four
features: Downboad, Upload, Ping, and Jiter, as shown in
Figure 1. It was observed that Metwork D in Chachoengsan, Sa
Kasp, and Chanthabun provinees has average Inbemet speed

percentages  below  30%  highlighting  relatively  low
performance.
Avorage Indermet spond porcentgs in cach proviscs L

s fmmy  Chesaes Gies Fotsss f Uk ges

A
T

Fig. 1. Each province's average | 1 speed § ge s d in a bar
chani. The x-axis shows the provieee. The y-axis shows the average speed in
percentage and by drop-down filer, incleding Downkoad, Uplead, Fing, and
Jimer

The bar chan presents the value of average Intemet spead
percentages in each time interval within a day, calegorized by
the merwork, as shown in Figure 2. Such a dashboard has four
filier features: Dowmload, Upload, Ping, and liter. The color of
each bar chan represents ISP, The X-axis shows the time
interval within a day, and the Y-axis shows the minimum and
maximum average imbemet speed percentages, categorized by
service providers.
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Fig. 2. The comparison of I5Ps’ avernge Inerned speed percentage in each time:
interval of one day.

B, Imeracrive Map

Cr dashboard provides users with a betier expenience than
a table of numbers. We used an interactive map that users can
uze. They can zoom in, zoom oul, click, and double-click into a
map. The user can select the areas of inderest as desired. The
information of each user will be displayed on a pop-up text box
that is used to display additional or supplemental information
about the topic specified, such as name, package, and speed
value. For example, when the user clicks the mouse to zo0m in,
the dashboard will show a circle and the number of wsers
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located in the area. The circle will be separated, and the number
will decrease whenever the user zooms in more until the circle
shows as the symbol or logo of the company that indicates the
real location of information of speed test data. The information
on the pop-up box shows real-time data such as location,
coordinates, [P address, Upload, Download, Ping, Jitter, and the
latest test data, as illustrated in Figure 3.

S e

data collection volume, and elucidate differences among tester
groups. Notably, interactive Heat Maps visually represent
download and upload speeds, utilizing color differentials to
signify variations in speed. Furthermore, these graphs afford a
perspective on average upload and download speeds (UPA and
DPA). A secondary viewpoint is applied to assess quality based
on devices, with two sub-views exploring download and upload
speed perspectives.

Examining Figure 5, the heat map depicting average
download speed reveals that ISP Network A consistently
maintains a favorable range of speeds across nearly all-time
intervals. Network C  follows closely, displaying a
commendable speed range from 7:00 AM w 11:00 PM.
Meanwhile, ISP Networks D and B exhibit lower speed ranges
than the other networks. This dataset serves as valuable
information for each Internet Service Provider (1SP) to optimize
strategies, particularly duning intervals characterized by lower
download speeds.

Fig. 3. The map shows seven provinces located in the eastern pant of Thalasd
the bosndary with color depicts 2 chaster of arcas of our research, and the carcle
shows the number of speed 1est data that are groegped in cach arcs.

In addition to the geographical visualization offered within
the dashboard, the functionality extends to enabling users to
refine data presentation through vanous filters. These filters
encompass parameters such as province, district, date range,
service provider, and classification by type (eg., user or
device). Moreover, the dashboard employs a categorization
scheme based on the average speed, classifying data into five
distinct groups. This classification is graphically depicted in
Figure 4 for clarity and reference.

Fig. 4 The right-sade dialog box shows filter options for searching by location
and vanables such as provimce, district, date range, and type. Addinonally, it
can cluster hased on the average dashboard speed into § chesters.

C. Heat Map

The statistical graphs within this research paper facilitate a
comprehensive exploration, providing insights from vanious
dimensions. Pnmanly, these graphs scrutinize user
perspectives by examining quality through nine distinct sub-
views. These sub-views encompass comparisons between
download and upload speeds across diverse factors, and the
interactive dashboards enable data filtering based on five key
features. Additionally, they depict the volume of datasets
measuring Intemet quality, offer province-specific insights into

- ——

Fig 3. Heat map of download average speed. The x-axis shows the hour from
0 - 24 The range of speed is 0-892, as shown via bar scale

It is evadent in Figure 6 that most of the time, all networks
exhibit an average upload speed surpassing or equal 1o 90%.
Network A emerges with the highest frequency in this category,
succeeded by networks B, C, and D in sequential order.
Conversely, networks with average upload speeds falling below
25% include network D, trailed by networks A, B, and C in
descending order. This observation highlights the networks that
should improve their upload speed.

-
-
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Fig & A bar chant of the average uplood speed
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Figure 7 shows a dashboard thai allows filiering date ranges
for download and upload activities, revealing peak and off-peak
service usage tmmes. From the perspeciive of Application
Service Providers ( ASPs), this data is beneficial for allocating
resources appropriately during high-demand periods, ensuring
maximum service readiness. For Indemet Service Providers
(15Ps), ihis information aids in network daia fransmission
management, facilitating bandwidih allocation and service
planning aligned with usage pattems. This enhances service
effickency during high-demand periods for users.

|||||||.::-:I.III'I
SEEEEEEEEN]

Fig.T. A bar char of Ping separaied by date ranges and a har chan of dowmload
2nd upload sepamied by dae ranges.

V. COMCLUSION AND FUTURE WoRE

We developed a broadband speed dest  sysiem o
comprehensively assess  of broadband speed by integrating
genspaiial dashboards and statistical information. The findings
indicate that broadband speed test dashboards show promise
effectively monitoring Internet speeds in specific gecgraphical
areas. Cur proposed dashboards align with urban sustamability
objeciives and the principles of new management, preseniing &
robust knowledge communication ool for brosdband speed ess.
Additonally, we identified common design elements for data
analytics dashboards, encompassing graphical user interface
(GLUT) styles and concepiual modiels of performance indicators.
Future work will delve into issues related to data sreams and
address the challenges big data poses. The system architecture
will consider data compression fechnigues for real-fime
visnalization when implementing speed test applications across
all provinces in Thailand. These enhancements are essential for
providing real-time information and enkancing user inkeraction.
Morecwver, fortheoming research will explore the advaniages and
disadvaniages of our proposed dashboeard technologies. As these
dashbrards aid decision-makers in comprehending  infernet
speed isswes for service improvemen! and given that the
challenges oulined in this paper are addressed, the opporunities
presented by geospatial dashboards can be extended o create
sustainable toods for monitoring Intemet speed tests throughout
Thailamd.
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