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SUPPACHOK KIATIKITIKUL : PERFORMANCE ANALYSIS IN NB-loT NETWORKS
THROUGH THE loT PLATFORMS IN THAILAND. ADVISOR : ASSOC. PROF. DR. ANNOP
MONSAKUL, 112 PP.

NB-loT services have been provided in Thailand since 2018 by big operators
such as TRUE and AlS. Usually, loT devices collect data and store them in loT platforms
through the operator’s network. This research presents the performance comparison
of two NB-loT operators from Pathumthani and Bangkok sites by testing them with nine
accessible loT Cloud Platforms including Google Cloud, AWS, Oracle Cloud,
TheThinglO, IBM Watson, Ubidot, loTTweet, Magellan and ThingsBoard. The
performance was evaluated using RTT ping with packets size of 8 bytes and 1024 bytes
as well as SNR, RSRP, RSRQ, and RSSI from two locations for four weeks. The result of
the experiments is divided into two parts The first part demonstrates performance
between devices and cell sites. At Bangkok site, the AIS operator yields better
performance with 15 dBm more RSRP, 14.2 dBm more RSSI, 0.04 dB more RSRQ, and
0.9 dB more SNR compared to TRUE. At Pathumthani site, TRUE is slightly better than
AlS. The AIS operator yields 4.7 dB more RSSI and RSRP than TRUE, while RSRQ and
SNR are 0.6 dB and 2.9 dB less than TRUE. The second part demonstrates the
performance between devices and IoT Cloud Platforms. At Bangkok, IBM Watson has
the best RTT speed form two operators. At Pathumthani, loTTweet has the best RTT
speed on AlS with 8-byte packets. AlSmagellan has the best RTT speed on AIS 1,024-
byte packets, and IBM Watson has the best RTT speed on TRUE with 8-byte packets
and 1024-byte packets.
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LLUIARN Vlf]'l"}a LAZINUIIYNLNYIVDY

INMANYUNALLLAS NB-loT iiveusuiiiuyseansnmgliuinisms AlS uag TRUE
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Aidefsladududeya nqujwazauddefinestes Weoduwuwimilunisfine lnedide

2.1 guUnsal Internet of Things

2.2 wialulad Low Power Wide Area

2.3 wAlulag NB-loT

2.4 gunsal NB-loT a1nglviuing

2.5 loT Cloud Platform

2.6 Faulsfidenanaussavsnmnsviey

2.7 AW MNYID

2.1 gunsal Internet of Things
lutlagUuaunsal loT & 2 Uszian Uselanfiusnae Single Board Computer
= s A o v A & a s 1A < o
nueisuasaniaiuisaitnulaaliowdunsuiiawosudivuindnussuiuuinvesung
WsAR I CPU, RAM @1u15awaumanasn HDMI, Ethernet, WiFi hagnasaniauan ba
anansasdiensie GP/IO wiesuAnidiugeslad 1y vesn Raspberry Pi fiaguil 2.1 Faduy

aa v val 1Y) ] a wa a a =3
nlsulutagtuduasladnsimusenumanegulneiiunnaniinagyssansamliauu

’gﬂﬁ 2.1 U93A Raspberry Pi



gunsal loT Uszinnilaesie Micro Controller y3ouasnfiviauuuUIRNIZI912 29
ufinsfuteyaandueiviemulusunsuiiBoulilasasmung funuiidnisielua
Tneinagseeiun1wn C/C++ Inoagil CPU, RAM vunaidnunndsarynlnldngasusi amnsa
Jousre GP/I0 LileFuarnnidueesld oraileusiose Ethemet 3o Wifi n3oa1ansa

Feusoluganiaiuiuld feg1atu Arduino W3e ESP8266 feguf 2.2 1udu

sUfl 2.2 Uosa Arduino Uno uazuasn ESP8266

2.2 wmalulad Low Power Wide Area
walulad Low Power Wide Area (LPWA) fia imalulagiasetreuuuliateign
17 & A v @ v o = v ¢ v
sonuuuliinseuaquivuinisiazsessugunsalladruiuinniwelvgunsal loT Tiauise
-d' ! (% ) 1 IS oA 4 ! a Y Y
Weoudeniuimsetelnlaeiiyaiune aunsaweuselalussezlnanareilamns lidsdeya

I3 Y o 5 1 o | o S = =
yunadnkazldngsuilaggnesnwuulvldnulauinndy 10 Ysdeuunmesiiesilvseds
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now aslutagiuimalulad LPWA vanewmaluladisgun 2.3
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LoRa  Yfsigfox NB-loT  Ite UNGENU e 6 HT1ess ELinkLabs
LoRa / LoRaWAN Sigfox NB-IoT LTE-M RPMA Weightless-P Symphony Link
Origin France France USA (Global) USA (Global) USA UK USA
Proprietary or LoRa - proprietary Net - proprietary . ;
opan LoRAWAN=open. Devices=open Open Open Proprietary Open Proprietary
Cellular No No Yes Yes No No No
Spectrum Unlicensed Unlicensed Licensed Licensed Unlicensed Unlicensed Unlicensed
Range. km urban: 2-5 urban: 3-10 urban: 1-5 urban: 2-5 urban: 1-3 urban: 2 urban: 2-5
s rural: 15 rural: 30-50 rural: 10-15 rural: 25-50 rural: 15
Speed, uplink / 50 kbps / 300 bps / 250 kbps / 1 Mbps / 634 kbps / 100 kbps / 100 kbps /
downlink 50 kbps = 250 kbps 1 Mbps 156 kbps 100 kbps 100 kbps
P
it [ 1) ® [ J 09 [ ] [ J [ 2 J
consumption
Security ¢ [ ) 00 089 00 B89 0@
Availability of
s ee see ) ® e ® &2
Price* @9 [ ] [ 2 J ese [ L L] ® (2 J
Precision farming, Predictive Electric metering,  tracking objects, Digital oilfield, Smart grid, Industrial control
A of manufacturing maintenance, manufacturing wearables, energy connected cities,  healthcare, systems, lighting
application automation, capacity planning, automation, retail management, usage-based automotive, smart  control, alarm
PP pipeline demand PoS utility metering, insurance, cities, asset systems
monitoring forecasting city infrastructure  agriculture tracking
Siboort IBM, Semtech, STMicroelectronic, Huawei, Ericsson,  Verizon, AT&T, Ingenu Accenture, Sony  Link Labs
PPo ,"g Cisco, HP, Orange, Texas Instruments, Qualcomm, Nokia Europe, uniik,
e Kerlink, Actility  Atmel, Silicon Labs Vodafone ARM, Telensa

F flespi
SUT 2.3 Wisuiisuanandivesnalulad LPWA

33 u Pegtumaluladilésuaudounazgnianldemeidulssmalne loua
LoRa uag NB-loT tnegliusnisivg 3 s1eleun CAT, TRUE uag AIS loasuuazimuiii
seuvbiau Inguisgunsaluasiianldinedmiunisidusnianiedis Inenis CAT 14
Wawwagliusniswalulad LoRa 91aladaldld 18 Jadn du TRUE wag AIS lawmiu

wazlrusniswmalulad NB-loT wazlalalrlgusnisniiusemainesswadienut 2018

2.3 wmalulag NB - loT

NB-loT %38 LTE Cat NB1 gnWsunlaneg 3rd Generation Partnership Project

Y

=

(3GPP) [7] Fvirnuuunaunuuiavansds esnuuulidstoyaldlnand 15 Alawnsluilas
waz 3 Alatwnstufaiies 1935015 Modulation Uy Quadrature Phase Shift Keying
(QPSK) ¥11971uUU Evolved packet system (EPS) 14 bandwidth 4119 180 kHz & Latency

A1N31 10 U @drasessunisineulauinnidn 55,000 Tnua [8] Tdadey ey
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Aoy LTE usazdofindegunsaiifisndin Seiliiedmivdliuinanietiedlsuing
138918 LTE 0gudd lag NB-oT vzlidnumizadie LTE ws1z NB-oT iluwaluladiniedne
¥anedignitmunlag 36PP iniloufunazlddunisndmividoudoludvadyy ey
Wiusn1slag NB-loT adnilenduaInu1eegns LTE 1wy Hand Over, Monitor the channel
quality, Carrier aggregation W& Dual Connectivity [9]

NB-loT azanunsaldfannlsl 3 Tnum wuuusnAelvua Stand-alone agsinamuuuady
GSM @psfalun Guard band aevieuUuARLTiRUSENINe Carrier 903 LTE uazanviedo

I In-band ynulundugiadednu LTE Asgun 2.4

GSM Carrier LTE Carrier LTE Carrier
A
' B = 7 N = ™
ot
Stand-alone Operation In-band Operation Guard Band Operation

JUN 2.4 uansguiuunisvinenuyes NB-loT

n15¥1197u89 NB-oT Huaeyineuuuszuy Evolved Packet System Faguit 2.5
IruanianIdnenssuiotiovas 36PP Faunldlu NB-loT Ine Mobility Management
Entity (MME) 9gvina1uludiuvesdnns User Equipment (UE) Annuaunsal n159an13
gunsal 2ufsAnm1u UE waziile UE 5asinnsideudeiniavisagsitn1siden Serving
Gateway 17immzaﬂﬁuazﬁﬂmaﬁué’u@f’mmaqcﬁsﬁmu

TudIur04 Serving Gateway (S-GW) Fntinfividunisfimunzauwazadsnaudin
Winlugs Packet Data Network Gateway (P-GW) Iag P-GW wWisuiaiiouuszgnisean
nsAeanssgninauaietns 3GPP anglulaziaerieniouen

Tudunes Home Subscriber Server (HSS) aziuteyaiiieadostuglden 10y
gudeyaiidnnsauindelvestoya teyanstudusnauveldan NB-oT wie LTE
Cat NB1 gnitmiunlng 3rd Generation Partnership Project (3GPP) F91a1uyuAAURUU

Avaviads senuuulvidsdeyalalnandt 15 Alawnslunlasuas 3 Alawnslududles 19383



Modulation LU U Quadrature Phase Shift Keying (QPSK) 11411 Uu Evolved packet

system

Service Packet Data
Network (PDN) e.g. ,
Internet

= = = = Control plane

User plane

JUT 2.5 UanaiAT9918n151N91UV89 NB-loT

Tng9ulTedLi1N15ANYIUBSA Arduino Uno S2uAUTUd1 S UNISERdNS
Quectel BC-95 Band 8 900 MHz 3 nglviusnisvisasslagusemae TRUE wag AlS TN

TRUE uaz AIS Alafinsimun Library dmsududmsunisdeans BC-95 wialigldlinaaas

glel

2.4 gunsal NB-loT g lWusng

TRUE wag AlS lalwudnisuesa NB1oT waguredeenuuuiiielildausindiu
Aruduino TngldFUdmiun1sdeans NB-IoT u Quectel BC95-B8 Funilouduiia TRUE uax
AIS Ta Quectel BCO5-B8 HuazyinauuuAa1ud 900 MHz Uy Band 8 Annanialunisen
nan 42.625 kbps vNsuvulnsinaoa User data gram protocol (UDP) kag Constrained

¥

application protocol (COAP) #saninvssesfulusinaaaduqlusuinn Jelunauinad

e

WUSNIsaesusEnlaliusn1sATeYie NB-oT AsauaquiiUseinelnawad lagns TRUE
wag AIS 19a19v1e3Udeansju Quectel BC-95 wilauiunsou SIM Card dmsulduinig

3078 NB-IoT 1ag AIS Taunglusian 1,190 v wazila1usns 350 umsed dsues TRUE

9251A1 1,150 v dwmsuaunsal 1 Ju wazniaArdumesidnlulusnuazlulnelyazd
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ATUINIT 300 UM LuLRendu AIS Taguasaved TRUE anunsagelaiiiu Wemall @aduidy

Yeveseaulatives TRUE @ AIS @mnsadelaviaud AIS Midunsaiian

True NB-IoT board (NB-IoT Shield for Arduino)

1UA9IKLU19 AIS NB-1oT Shield

Audrazdofi Mulu 2-10 fuvin

1,150 v

i AIS Flagship Store@Central World
e ISURVIASUR 29 W.A. 2561
: ' ~"Als
NB-loT
G

DEVIO NB-SHIELD |
Jump start your loT

$7A19UNsi 1,180 uIn
A1USNs NB-loT $760 350 1In
(lsau vAT)

JUN 2.6 wanssmFumMaUnsal NB-loT NELIUINSNIaeY

1NFUN 2.7 uae 2.8 Uanduasa NB-loT ¥asnd AIS uag TRUE 214 E-Sim n13n
Falsoguuuasanuuu diu TRUE agldiludeddunisalimundwesuesadmnnunzesn
aziilinssuusziununanin Tudusalunssiufsadyyiu Jsves AIS axlngniives

TRUE Lantiae

U 2.7 ameanegunsal NB-loT ¥es TRUE
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IMED : 86370303182347

Isllllltlx'lll'llll.IHWlll'IHM

N: 1810041721308

sU#l 2.8 nwenegUnsal NB-loT 484 AlS

TRUE wag AIS lasaiun Library dm5uaunsal NB-loT §u Quectel BC-95 uu
Github 1ae Library et TRUE uay AIS aziiflafduiiugiuill wu \Woureinsetienis
Ping N51dARaA NIl N1548A International Mobile Equipment Identity (IME) A3
A International Mobile Subscriber Identity (IMSI) LLazm’ii‘iﬁagalUﬁ P Wvune 1Hu
#u Fanoudl Library vee TRUE zdipdlouuziinisdesdeyaly loT Aaunanwasy gy
ThingsBoard, loTTweet, Ubidots Lae Netpie ﬁI‘U'ﬁLmiuLﬁaaﬁué’m%’ummmm’ﬂm'ﬂmiﬂ/\l
1¢ dauna AIS 1lu3ns Alsmagellan 39 10T Cloud Platform w84 AIS 1o 39 Library
309 AlS fanunsafadsunussa TRUE I@wuiiieaiu Library ves TRUE Adnansafnseuy

vasa AIS 19 visedldnulsassinmielvaunsaussenduasideulusunsudmsuldnuies

1ot

2.5 loT Cloud Platform

v Y <@

muunfgunsal loT azfudeyadniduigesuazaziinisdstayaluds loT Cloud

Y

Platform Yanev14 [10] iieiudeyanieuansdoya e loT Cloud Platform tUud

eXp @20y

Tvusnasiug vateuien [11] 19U IBM, Amazon Web Service, Google, Oracle kag
Tiusnisoug leedivanuvliidsaruinisuazidearuinsusedef1uinisidenssnisiendu
Wiutin Tngund loT Cloud Platform az@iuisatiudeyanazuansdoyauuniinge

dashboard 19 @ausag loT Cloud Platform a¢il%1in198 Dashboard MikAn#A1aAY U loT
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a

Cloud Platform aginsiuarsuwvulmdsnuansls visnanazddeanduimszi wie
annsaniilnandoyazuuuy CSV ileuansnauulusunsy Excel viaudeyaidusuuuy
Jason dwmFvaiielusunsullsudeyaiioundaiouviouanadunsmild @9 loT Cloud
Platform ‘lfuﬁﬁLLUU Open source LU Grafrana %38 ThingsBoard Ima;ﬁ%mummﬁaa%q
loT Cloud Platform 283#2184le é’m%’umiaiﬁa;gaiﬂﬁ loT Cloud Platform i axfas
sesfummhausudulnslnasaluy UDP #3e CoAP Liltelideasiugunsal NB-loT 1¢f

Tumisethsimsneassuieuifiouussansnmuu 1oT Cloud Platform 9 uws
Town Google loT, Amazon Web Service, Cloud Oracle, TheThinglO, IBM Watson,
Ubidots, loTTweet, AISmagellan Wta¢ ThingsBoard

[%
1% Y 1 v o

[ saad o @ ) o =
Google loT upanIanilveidesessuilandunisinunrainvaieaseunguly
nnAuAussuTayakarn1sinteyaluiiasiei Tay IP Aldlunismnassfie 35.185.177.33

agfUsEImAanIgasM

config Cloud

Sensors
o "
. Cloud Functions
10T Edge
o Cloud
— Update config i
Reak-time analytics & ML &Idsp!w i Sigtable
& P model
" PE— Cloud Cloud
Edge ML SN = 9 Pub/Sub l Datalab
L “F TensorFlowLite Data Cloud loT Core
ﬂ . @ BigQuery A4 Insights
Edge Connect <+
T Cloud Training | —y e Data
o

Pt e Dataflow & Studio
. !

Cloud
Machine
Learning

U 2.9 7n15¥ina1uves Google loT

Amazon Web Service 1Junanindnuiefifiilsddunisvitnunseungu dany
Uaeasdgannsaliuinisdusgluinioves Amazon Web Service latinnududoulunislgdeu

wazdlanudaeasielag IP Aldlunisnaaesfe 52.46.157.11 agilszinAanigoidsn
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AWS loT Core AWS loT Device AWS loT Device

Secure device Management Defender
connectivity and Fleet onboarding, Fleet audit and
messaging management and protection
. SW updates
Amazon k §
FreeRTOS AWS loT Data Servicos

I‘i{g

AWS loT Things
Graph
Connect devices
and web services

Greengrass

loT operatin
Syql‘(’*m lmg Extend AWS loT )
microcontrollers to the edge Vﬁ:

g‘dﬁ 2.10 2MWANSYIN9UVBS Amazon Web Service

AWS loT AWS loT SiteWise AWS loT Events
Anlyﬁcs Collect, structure, Detect and respond
loT data analytics and search to events from
and intelligence industrial loT data 10T sensors and
applications

Cloud Oracle #Mangun1sviuvranvateiulumulssendldfivanainnssy

wazthdeyainsieiivetteyaunldusylovd lng 1P Aldlummeaeseie 184.27.249.3 agi

Usenelng

INFRASTRUCTURE
PLATFORM

SOFTWARE SERVICE

SECURE

JUT1 2.11 21319118 Cloud Oracle

The Thing 10 Wuluiigiauikaldnuluseduasansi AP sessuaiunsaldau

waziawlalae 1P Nldlunsveasshe 104.199.94.203 agiuseinAansgoism



NB-loT Cloud Platfom

Y

thethings.iO fully supports any NB-loT powered device

integration with UDP and CoAP. Easily set up your assets Fh

and start monitoring them, get real-time data and create

custom brand dashboards. o]
(.

Take advantage of all thethings.iO features with your NB-
loT connected devices.

llI

gﬂﬁ 2.12 7n15¥9uves The Thing IO
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IBM Watson Juaanavgliusnsaseunquidulunisinuuinssyauesdnsuas

wnzaumntdlunudunsidelay 1P Aldlunisnaaeseie 104.90.229.165 egiusenalne

Solutions
2
Gl
I
g O
Enterprise asset Facilities management Systems engineering
management . . ) )
Make more informed business Manage requirements, quality,

Bring the power of analytics, the IoT, decisions by better understanding compliance, traceability, change and
and Al to your enterprise your facilities through the use of data, configuration to lower product
operations to reduce risk, lower costs analytics and Al development costs and get to market
and improve efficiency faster

E‘Uﬁ 2.13 NMIWN1I9I9UVBY IBM Watson

IoT platform

Manage your IoT landscape and make
better business decisions using
secure, globally distributed data,

analytics, cloud and edge capabilities

o
v Y

Ubidots T8a1uladnes5e95un1991197U19 IPVvA 1ag IPV6 WsnedmSUnatnmuiLes

Y

THaudugsia Suenndndulunisudasouldnstoninunisnsdninie E-mail lUgs

dldulae 1P fldlun1snaaeshe 50.23.124.68 aglszinAanizoidsn
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. @ Z Time-series
" Function  Synthetic

Backend
loT API Variables
Gateway

Ubidots SDKs

Application Development

gﬂﬁ 2.14 Awn13YinUTes Ubidots
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+— Applications in Production —

loTTweet WMUIEAVLNNAUITTIAANISITINUUBIAUUUNANBUDIAFINITANIU

Iandeyaguuuuiiu Json wieguuuu CSV lalaeiilusunsuldinudoswiuuu Github lae IP

Adlunsveaesfie 35.185.177.33 Useinaanigewin

All of your data on dashboard

Your data appears on the chart and your tweet message appears on the top line of the dashboard

Tweel message
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: ’ el
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AlSmagellan w1110 AIS @atalinisieldanunimudimuinagiugsnalagd
Library Tildeuilesiu asnsaldnuladiesessunisvineausiusu APl v AIS 1ng 1P 9

T4lunsmaassie 103.20.205.86 agiusymelne

Al 1C

Platform for Developers

§ wures §
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Woiaudaiuiadadug inv¥oyasin Sensors
umaRIUL Web

ow |mexsc]

Sudouasin Sensors Taifu
adluF Ui oyANazAIUAUNSINTY

CoAP

qj_D Sensors dafana 'r";\’l

Connectivity
1 NB-loT Management

BT

CoAP

+ Sensors / Acluators Devices

Management
€

g‘dﬁ 2.16 MMNN15¥19UVRY AlSmagellan

ThingsBoard tHuaa1inliusn1saiu loT Nanuisaldusniswuuundlanaziiu
TONULBIATIA1LTORAAIUUT NI DS UDIALBaLA LAY IP AlYlun15VnanIAa 91.195.240.82
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Sigfox .
Smart Meters [ — Integrations 'rﬂ_a. ThingsBoard
oRa
e
ZigBee, . e
oy 3 Real-time das-h-honr(ls End User
Bl:e:o:th "d .43 - .
o A6 AR
Smart Meters '_
Rule Engine Analytics framework
MQTT /HTTP / COAP
- 2 (530 l ’ e A/

g‘Uﬁ 2.17 AINAN5NI9IUVBY ThingsBoard

2.6 AUsndanaussansAInn1sNIeu
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Felaiin1sAnene1tun1sInUsEANS AN UYRAS et e ls AT

R e3®

dnansnfstoyaeendudioans Quectel BC-95 la

2.6.1 Round Trip Time

lngdauUsusneiedn RTT @alau131nnis Ping aevinlvsasianlun1sdeans

seninsgunsaliul@niiesuatevnedsgy n1s Ping axlddnsann RTT Mnaunundndideen

Liv3een TTL aufuly

JUN 2.18 Uanslsn1svne RTT

dmSuns Ping UudU&ea1s Quectel BC-95 LAYAILNTARIAIUUIALAN
\findl Ping waghiataegaiisenisneaunduls laefidnsusuds 98115 Ping wiiniinuun 8

ludwaziaansonsneunaudeya 10 3wndivse 10,000 §ad3ufl J9azaunsRerIVLIALAN



18

a

Wind Ping Ialutassiaun 8 Tud gegail 1460 lusuasiiansenismeundudoyalugia 10
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a =

Taa3un9ing 60,000 Hadw19v3e 60 U

2.6.2 Received Signal Strength Indicator
FauUsfidesiie Received Signal Strength Indicator (RSSI) S¥AUUITANM

ussvouadynad lnean RSSI azldsulumuninmisulaefiansunandygiusuniuuay

wasnsliuinisvesadyaindigy 2.20 lnsunfazuansuaduiauuaziiniuinas gl
o A ) I3 = N I3

AN MEYYIUTR 1A8AULTIVBIFY Y INITANRY IUTIUTEUNN 110 dBm dnuiedy

dBm %58 Decibel-milliwat

RSSI/signal
strength

Power (dBm)

MNoise Level

Time (seconds)

U7 2.19 fuus RSS|

2.6.3 Reference Signal Received Power

fauUsfiauAe Reference Signal Received Power (RSRP) L um17i uan i 9
AN IMAvENLA D IdINYRInULTRId g lneinsanAeisuuLR IS Aae el
firsanadiuvesarsuniulaeunizuansaiuaauuazdamnnasdsdigunmdyaund i

ey dBm 138 Decibel-milliwat
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2.1.1 Reference Signal Received Quality
FauUs7 e Reference Signal Received Quality (RSRQ) Fazuand s

AMNNYRIFY Y 1UlANINTINEEA AnudeAe dB v3e Decibel dalulu LTE Tdazlunis
#W915047n15 Handover ioansaunnazildsuladgyiad lag RSRP wag RSSI tiietegsla
pgantlstudslaiiosns Taglgan RSRP AU RSSI kazA1 Resource Blocks H1AIUIMIAY

aun1s (1) dle N feen Physical Resource Blocks
RSRQ = N x RSRP / RSSI (1)

2.6.4 Signal to noise ratio

¥ A

AauUs9%1Ae Signal to noise ratio (SNR) 992 UDNHIBATIAIUTZRIN

AAUA Y I0F B8R IIVRIFYYITUNILEL BB UNUTZAULESY U8R dB %30 Decibel lny

g7

SNR anunsaidulavsauanuazgaumnldmiaodu dB SNR @eauvnetand snudayaiasinid

nasdessumulaglgluuiameluladivu COMA %58 WCDMA

o w

Tne SNR uniislusausdinddgainlunisuansgaunimdygyia Beiiaann

wAnIIAUA N YINER Inendidyainiiiesednned ldaiuisaveninunInges

a 1%

dryayraulads SNR a1unsavenlafeteianainvesdeyanaviiniulunisioans wlidiwas

'
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deyay1uaTaIARIREANTARATNLUAI TN TTUNIUNES NTeuld nasdayy i 81938l
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N15ERANSNALANIANITIUNIUN kaAII1 SNR Huluaud Ay NIveNDIRMA WU
2.7 97U28NN8IVD9
ITEMNYT09UNSUTEAUUTLENS N NLALIATIZIINITTINNTURNIULAS DU8VD
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2.7.1 A survey on LPWA Technology : LoRa and NB-loT

1N91UIT8UDS RSinha et al. [9] laviinisAnualuiite A survey on
LPWA Technology : LoRa and NB-IoT lavinisesuienisvinaiuseanalulad NB-loT uas
LoRa wazissuiieuluusazdurasaeunaluladuazinsissuiioudeunnsnavois
aouvelulad uarosuigisnmavihnuaznszuiunsfiietulasfsnngud 2.20 Idesued
LoRa 1‘?14%mm::ﬁ’umuiué’mqmmnsiumﬂmﬁ uay NB-loT wanefuauiiliiuynnanie

TdumuNuNa1515ENINNIT



Physical features of LoRa and NB-IoT.

The loT use cases along with parameters [2].

20

Parameters LoRa NB-loT Better choice Study cases Major loT Parameters
Spectrum Unlicensed Licensed LTE categories
. bandwidth Logistics tracking
Modulation CSS QPSK AR ki
Bandwidth 500-125 kHz 180 kHz SI.l;un agricuf(ure
Peak data rate (23?_;5;‘_)5 0kbps Et%:; ::p:; Intelligent building Device cost,
Link budget 154 dB ldeB S LoRa FacuTries and IoT industries l?ullcry life,
Max. # Unlimited Unlimited :_f‘d“;‘"‘“ Coyesese
message/day acility
Duplex operation - Half duplex Management
Power efficiency Very high Medium high Healthcare
Mobility Better than NB-IoT No connected Airport management.
mobility (only idle Wearables
mode reselection) Sy e o
Connection density Utilized with 1500 km? 5'_““_" bk?d"v . R_'m""_' ’
NB-IoT Knds.mon.uonng 10T personal diversity, )
Energy efficiency >10 years battery >10 years battery P"f 1““?‘“"8 latency, QoS
life of devices life of devices NB-loT Point of sale
Spectrum efficiency Chirp SS CDMA Improved by terminals (PoS)
better than FSK standalone, in-band, s Metering
guard band Pl Range,
operation g Parking IoT public diversity,
Area traffic capacity Depends on 40 devices per (SN & Event latency, QoS
gateway type household, ~55k Detectors g
devices per cell Smart garbage bins
Interference Very high Low Refrigerators
immunity k. Range,
Peak current 32mA 120-300 mA Dependson Air Conditioners ) coverage
Sleep current 1pA SHA specific Microwave 10T appliance divessit}
o 2 requirements Printers 2
Standardization De-facto Standard 3GPP Rel.13 latency, QoS
(planned) Water coolers
'
= = = ' 1Y
UM 2.20 Uann1stUseunguszii g NB-loT AU LoRa
1 Y o ! ! cl; I A Ao 0 ! 1 I I =
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2.7.2 The Mobile Technologies Performance Comparison for Internet

Services in Bangkok

nU3TuTuRIUe The Mobile Technologies Performance Comparison

for Internet Services in Bangkok [12] §igulavinnisnageuyszsdnsninvetnioviy

& 1 o w

wagansiugliuInsauusenalgaudadedidglaun Latency, Data rates Wag Speed

= =

Test Filaulavinnisnnaetlagldneuiamesiuuesnisna 3G Woureduwasiin 910

D

a

anuideulungunndiinasldaudumesidniigs dmsunismaass Latency fiTouldld
B3 Ping Llenmadeunafiliangunsallududnnesluussimauazidvine fuonussnea
dmfunsnaaes Data rates lsuldlusinsy Filezilla delayavuin 1 MB 31nAouiImes
lugadvesmelulssmmiomauiflumsswivanuazaniilvan wagdmiunmaaou
Speed Test Q’L%uimﬁg http://speedtest.adslthailand.com/ \levin Data rates waziian7

Igangunsailudadviesiugisiamilafegun 2.22

Periods Times Operators ‘ @
8AM -9.10AM AIS e eve

i
Rrine (SAM S 920AM -10.30AM DTAC 8 — L @
| AS3G

10.40AM -11.50AM TrueMoveH

120 PM - 1.11PM TrueMoveH N § s
Afternoon (12PM to 4PM) 121PM - 231PM AlS Lammms;;w omese
2.41PM - 3.51PM DTAC i
401PM - 5.11PM DTAC L e
Evening (4PM to 8PM) 5.21PM - 6.31PM TrueMoveH o - =
6.41PM - 7.51PM AlS

Speet test Server
115.17862.15

JUT 2.22 uanddduaryiaaantunismaaes

A va o v ¢

lugrananfiidonnassnaansuesnTIdeunanslmiuitasetie AlS Tul

Y

Latency Af1gn venteludszimanagzntsusndseinalaginiosyiy TRUE Move H 14

q

UseAnSa1neu Speed Test iU Upload wagn1u Data rates Afign d@wiAsadte DTAC tn
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TABLE V. AVERAGE VALUES OF 3G ON 850/900MHZ MEASUREMENTS BY

PROVIDERS
3G Ping Ping Speed Test (kbps) FTP (Seconds)
850/900M Hz Interna
& Dom G ! | Uploaa | Down | Up
3G 2100MHz (o (ms) o o
AlS 295.29 34139 | 737228 | 88469 | 807 | 39.44
DTAC 450.26 493.93 121164 | 780 | 40.64
e 32015 418.08 | 814791 | 1589.66 | 543 | 1683
MoveH

TABLE IV. AVERAGE VALUES OF 3G 2100MHZz MEASUREMENTS BY

PROVIDERS
N Pi FTP
Ping lnltnegr Speed Test (kbps) Seconds
3G 2100MHz Domestic p L[t |

national Upload Down Up

(ms) (ms) | R load | load

AlS 179.25 283.41 11473.34 1339.86 2.69 9.21

357.90 310.09 1892.72 2.23 8.16

MT“‘e 17456 | 17912 | 1199604 | 229556 | 213 | 577
oveH

JUN 2.23 UARIHATNENTNAGBY

INIUIVYRITD Analysis in the Internet Traffic Pattern based on RTT
over ADSL in Thailand [13] $1u33elfWWeulaiin1snaasulsednianvewniedny

Asymmetric digital subscriber line (ADSL) H1u@ 11 USENLAUTAI5IINa0aN U LawA

[ [ [ [

Jwinnsunnumuaswaziminunusill Tnefiarsanainal RTT 1agdn1s Ping dauiinyin

q
(%

1 Ping 1l agldaunn 100 ludnaen 24 $2lue WWuan 1 weuludadnesnelulsanads

=

IUN 2.24

Ping packet trains with 100 bytes for 24 hours for one month

sRBLEERL,

:

Linux Computer

Sarver

Linux Computer

Domestic Web Server
203.151.206.73

FEm R TR RAMTE AT EARER TR RS

'Illillllilflilliiilllll

Linux Compuler

.
*rrrrrens

Pathumthani site
Or Nonthaburi site
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ntuddeuliinaueansieliuenUszinnves Traffic \uaugishe ¥as
ninsldveyaas Yraninislideyatiunarawazaieinislidveyaatesiveysediunsly
U

T =10 (1) V' Netact Toathe Vot —¥
Ty, = TT/100 @)
Thcavv = AVgR'I"l‘ 4 (AngTl' < TT“o) (3) i
7‘]0\‘; = Ang’]“]‘ - (Ang’]‘T X TT‘!)/;)) (4) Light Traffic Normal Normal ¢ High Traffic

Yol.Zone P Traffic

Traffic Vol Zone
S0 <T.. : Vol.Zone

Vol. Zone I [>T,

(%) > Theavy — High Traffic volume
Tiow = f(*) < Theayy — Normal Traffic volume 5)
Tiow < f(*) — Low Traffic volume Tw A% L

SUN 2.25 Wanlan13AUInLNenIA1vea Traffic

WHIRINNITANIN Traffic vosngrsiafileufthailaunasuiisiea

ndinsldau Traffic Ngevedusazlveausn1T9ININa0 @I UNRAL A NHARNENUTININTIY

A '

& o = a a aa A = o v a & A o
AN 2 da1UnNuUdu TRUE NU?SﬁWﬁﬂWWﬂW?jﬂLN@LWHUﬂUm%UﬁﬂWﬁWQﬁW@J?WEJ‘VW]']ﬂ']ﬁ‘V]@aEN

TABLE L LiSTS ADSL INTERNET CHARACTERISTICS OF TOT
Time Meanof Meanof Meanof Mean of Loss
i oy o,
Sl s Mai D:: N o) TABLE VI LISTS OF SEASONALITY PERIOD AMONG TOT, TRUE, AND
(msec) (msec) (msec)  (msec) 3BB AT PATHUMTHANI SITE
00:00-12:00 73.45 89.68 132.66 13.98 0.00013
12:00-24:00 75.65 92.55 135.52 14.33 0.00110
00:00-24:00  74.55 91.12 134.09 1416 0.00061 ISP/Duration time 06:00-08:00 AM. 05:00-07:00 PM.
TOT Mo, Tu, We, Fr, Sa, Su Mo, We, Th, Fr, Su
TABLE 1L LiSTS ADSL INTERNET CHARACTERISTICS OF 3BB 3IBB All days We. Th
Time Meanof Meanof Meanof Meanof  Loss TRUE All days Mo, Tu, Su
Min. Avg. Max. Dev (%)
(msec) (msec) (msec) (msec)
00:00-12:00 03 32 11533 172.78 18.16 0.00448 TABLE VIIL.  LISTS OF SEASONALITY PERIOD AMONG TOT, TRUE, AND
12:0024:00 8482 10873 21038 2438 000494 3BB AT NONTHABURI SITE
00:00-24:00 89.07 112.03 191.58 21.27 0.00471
ISP/Duration time 06:00-08:00 AM. 05:00-07:00 PM.
TABLE I1I. LiSTS ADSL INTERNET CHARACTERISTICS OF TRUE TOT Mo, Fr, Sa, Su We
= 9 - = 3BB Mo, Fr, We, Sa, Su Mo, Tu, Th
M f Me: f M f Me: f — — —
- M Ave Max Dev. | Less TRUE Th, Fr, Sa. Su Tu, We, Su
Min. g. . o
(msec) (msec) (msec) (msec) (%)
00:00-12:00 69.11 75.82 103.77 7.76 0.00052
12:00-24:00 7376 81.51 117.71 8.57 0.00839
00:00-24:00 71.44 78.67 110.76 8.17 0.00447

JUN 2.26 WARINAENEN1IVIARDY
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2.7.3 A survey of loT clo ms
1N9UATYVDY P TARN®INITN19IUVBIAANIAUTIUD A

survey of loT cloud platforms 'l 119714994 loT Cloud Platforms 26 L1

fl9nduvad loT Cloud Platform
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Tumsnsgunisveaaes fadelaviinsiadsansUdnlavinnsiauasuugunsaluy

TUsunsu Arduino IDE fagu 3.3 uansieg warsualiimunvun tnearsudwuuiuiilunieeon

AlSModByBank §

}

void loop ()

{ pingRESP pingR;
Serial.println ("For show Time"):
pingR = AISnb.pinglP (google) ;
delay (500)
pingR = AISnb.pinglP (awsamazon) ;
delay(500) ;
pingR = AISnb.pinglIP (cloudoracle);
delay(500) ¢
pingR = AISnb.pingIP (TheThingio):
delay (500) :
pingR = AISnb.pingIP (IEMWATSON) ;
delay (500):
pingR = AISnb.pingIP (ubidotIP):
delay(500) ;
pingR = ATISnb.pingIP (iotTtweetlIP):
delay(500) ;
pingR = AISnb.pingIP(aismagellanIP);
delay (500) ;
pingR = AISnb.pinglIF (thingboardIP);
delay (500):

AlISnb.CellsStat()s //rsrp
ATSnb.getSignal(); //rssi

Serial.print (AISnb.UeStat8()+"\n"): //rsrq
AISnb.UeStatll(); //snr

delay (60000) ;

' ' o
Y 1 & ala v

5U7 3.3 Megnan3uafiandsul Arduino Uno



30
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et darsuiineiuauugunsal Arduino Uno Mieusiaiugunsal NB-oT vams

TRUE ugg AIS AegU 3.5

SModByBank §
Voic P()
{ pingRESP pingR:

— Serial.; nt ("For show Time");
pingR = AISnb.pingIP(google):
delay(500);
pingR AISnb.pingIP (awsamazon);
delay(500);

pingR = AISnb.pingIP(cloudoracle);
delay(500);

Arduino Uno + Quectel BC95-B8 (TRUE) g;il::ﬂ;(;ogﬁnb~pingmrherhinqio),-
pingR = AISnb.pingIP (IBMWATSON) ;
ielay (500) ;

pingR = AISnb.pingIP (ubidotIP);

delay(500);
pingR = AISnb.pingIP(iotTtweetIP);
delay (500) ;
pingR = AISnb.pingIP(aismagellanlIP);
delay(500) :
pingR = AISnb.pingIP(thingboardIP);
delay (500) ;

| AIsnb.Cellstat():; //rsrp
AlISnb.getSignal(): rssi
Serial.print (AISnb.UeStat8()+"\n"): //rsrq
AISnb.UeStatll(); //=nr

Arduino Uno + Quectel BC95-B8 (AlS) delay(60000)7

[
g
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dlumativieyanngunsaitu Mndsiivuuuuuuwatddinalunisdadeya
uuiazdn ddlunismnassndeildnarlunimaassuundifuinnuasdeyaildainnis
naaestiuazdvTnadoyasiuaunmima ldarnsnindeyaulideisunald ideds
Fudusoadeuaniuiviiomisnisuvadiegluguiianansatanldenls Tnegidedslitamn
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ser.Elush

U7 3.6 an3udiiudoyauu Pycharm

lngan3uAtuasyinNsAstayanun1ewesy Seral Myeudaiuaunsain lng
nszuIUnIsVnaesiuandulufgy 3.7 ¥ dmsusudeyasinnesy Serial 2naunsal

Arduino kagileuasuulia .Csv ﬁuﬁLﬁaLﬁU%’aga
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o g

Arduino Uno

Arduino Uno
i Quectel BC95-B8 (A|S) -3 Quectel BC95-B8 (TRUE)

arsUsLiuteyaniw Python

udoyaduguuuy CSV
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= 2 & Y v 2 v g ~
LIDNIINAADILAIVAULAD m@%aﬂggﬂLﬂULUUEULLUU Ccsv Iﬂama%auuﬂzuaﬂwmz

£ 1

g v @ o ¥ v = v v v I J Ya o ¥
UssinnuUsTialngdluasdesinteyaneu dslunsinteyalveglusunsiiu ety

Y

TUswN5YU Microsoft Excel sunusmIaddla Kutools Taely Wadun Delete blank row wieau

wan inseanfausiagy 3.8

P23 - £ - fx || #Device P:10.14.12.192

# D::rir.'e 1P 10?14.12. 19; ’ - L = A B C D E F
# Device IP: 10.14.12.192
43:11.9
684
954
456
1099
351
907
596
745

43:11.9

1
2
3
4
5 684
6
7 954
8
9 456
11 1099
13 351
15 907
17 596

19 745

27 125
29 |,-108

31| 44207
3 3514
35 1149

37 485

39 974 27,63

U1 3.8 M3AULAINTIN

ntuldiatun Transform Range Ae3U 3.9 iiednnnsteyatiielegluguuuun
aztndanvisedinseilagldfletunlulusunsy Microsoft Excel ludnnistayauazasn

NSMNTUNLTOUNATUNANLAINN15NAGDS



TIME
12:43:12 AM
12:44:30 AM
12:45:51 AM
12:47:11 AM
12:48:31 AM
12:49:51 AM
12:51:11 AM
12:52:28 AM
12:53:48 AM
12:55:08 AM
12:56:28 AM
12:57:46 AM
12:59:07 AM
12:00:28 AM
12:01:48 AM
12:03:11 AM
12:04:31 AM
12:05:51 AM
12:07:11 AM
12:08:28 AM
12:09:48 AM
12:11:08 AM
12:12:28 AM
12:13:46 AM
12:15:07 AM
12:16:25 AM
12:17:45 AM
12:19:05 AM
12:20:25 AM
12:21:42 AM
12:23:02 AM
12:24:22 AM
12:25:42 AM
12:27:00 AM

GoogleloT
684

3514
2764

2916

1149
£81
817
846
893
832

1102

$8%328

&
<
=

Data to be transformed:

sAsA

Transform type

@) Single column to range

(O single row to range

(O Range to single column

(O Range to single row

Rows per record
O Blank cell delimits records

@ Fixed value

1

AWS Coudorade  TheThngo IBMWATSOT  UbidotIP

954 456, 1099 351 907
485 974 432 882
467 1037 434 920
457 1038 410 916
450 1032 414 901
482 1067 358 906
483 1007 441 898
341 964 400 934
450 1037 419 912
487 981 408 912
449 1032 444 1525
733 759 405 920
3275 735 599 746
462 1068 374 915
617 3617 11 907
434 1048 424 887
476 1018 417 934
445 1067 384 925
506 1010 397 908
442 1036 433 886
483 1017 412 941
465 1059 3n 906
419 1083 368 910
1076 1079 377 902
455 1046 404 911
443 1041 432 880
476 1020 411 913
457 1068 379 928
461 1053 398 910
425 1029 438 887
481 1017 409 938
462 1066 402 886
458 1041 407 925
445 1037 411 907

23233833883

otToweetlP AsmagekanlP Thingsboard
596 745 844
663 1208 941
524 817 819
566 720 918
571 706 911
560 732 888
566 716 886
537 710 920
558 700 909
576 832 789
559 720 937
544 733 907
757 678 725
572 692 952
561 713 926
579 735 880
525 7 907
627 638 898
574 707 934
559 711 930
526 712 903
567 704 905
559 706 938
574 701 941
556 711 941
565 711 902
557 712 908
547 725 890
561 709 939
587 691 902
569 679 899
604 669 903
550 1344 1004
572 722 887

U7 3.9 nsdadeyaiiieasradunsm

3.4 UABUN 4 IATIZHNANITNAADS

712
=711

651

RSSI

SNR

35

RSRQ

-108

PnuadnsnIIaaedlutunaun 3 viligideaviideyanlaunainnisnaassain

Vsgesiuinaen 8 dUamifiiuin wagliludlugirssnsmiseuiisuivluuaazeau
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Average RTT at TNI
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Average RTT at Pathumthani
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Thalusunsaiudiayaniun Python

70

import serial
import time
import csv
import datetime
ser = serial.Serial('com3’,
baudrate=9600,
timeout=2,
parity=serial.PARITY_NONE,
stopbits=serial. STOPBITS ONE,
bytesize=serial EIGHTBITS)
ser.flushinput()
datetime.datetime.now()
while True:
while ser.in_waiting:
rawdata = (ser.readline())
rawdata2 = str(rawdata)[2:-1]
if "\\" in rawdata2:
index = rawdata2.index("\\")
rawdata2 = rawdata2[0:index]
if rawdata2 == "For show Time":
CurrentTime = datetime.datetime.now()
print(CurrentTime)
with open('people.csv', 'a') as writeFile:
writer = csv.writer(writeFile)
writer.writerow([CurrentTime])
break
print(rawdata2)
with open(‘people.csv/, 'a') as writeFile:

writer = csv.writer(writeFile)




71

writer.writerow([rawdata




TAaN1E1 C++ IUSHASUNUNUDIA Arudino
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#include "AIS_NB BC95.h"
#include <AltSoftSerial.h>

AltSoftSerial Serial2;
//AltSoftSerial mega;

String iotTtweetIP = "35.185.177.33"; //us

String thingboardIP = "91.195.240.82"; //us //Thingboard
String aismagellanIP = "103.20.205.86"; //th //MAGELLAN
String ubidotIP = "50.23.124.68"; //https://app.ubidots.com
String awsamazon ="52.46.157.11"

String cloudoracle ="184.27.249.3"

String TheThingio = "104.199.94.203"; //https://thethings.io/
String IBMWATSOT ="104.90.229.165"; //cloud.ibm.com
String google="172.217.31.78",

String serverPort = "5683"; // Your Server Port

AIS NB_BC95 AlSnb;

void setup()

AlSnb.debug = true;
Serial.begin(9600);
Serial2.begin(9600);
AlSnb.setupDevice(serverPort),
String ip1 = AlSnb.getDevicelP();
delay(1000);
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}
void loop()
{ pingRESP pingR;
Serial.printin("For show Time");
pingR = AlSnb.pinglP(google);
delay(500);
pingR = AlSnb.pinglP(awsamazon);
delay(500);
pingR = AlSnb.pinglP(cloudoracle);
delay(500);
pingR = AISnb.pinglP(TheThingio);
delay(500);
pingR = AISnb.pinglP(IBMWATSOT);
delay(500);
pingR = AlSnb.pingIP(ubidotIP);
delay(500);
pingR = AISnb.pinglP(iotTtweetIP);
delay(500);
pingR = AlSnb.pingIP(aismagellanlP)
delay(500);
pingR = AISnb.pinglP(thingboardIP);
delay(500);
AlSnb.CellStat(); //rsrp
AlSnb.getSignal(); //rssi
Serial.print(AISnb.UeStat80+"\n"); //rsrq
AlSnb.UeStat11(); //snr

delay(60000);
}
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AIS_NB_BC95.h

#ifndef AIS_ NB BC95 h
#define AIS_ NB BC95 h
#define ATLSOFTSERIAL 1
#include <Arduino.h>
#include <Stream.h>
#define MODE_STRING 0
#define MODE_STRING HEX 1
#if ATLSOFTSERIAL

#include "AltSoftSerial.h"

#endif
struct AIS_ NB_BC95 RES
{
unsigned char status;
String data;
String temp;
2
struct signal
{
String csg;
String rssi;
String ber;
I

struct UDPSend
{

bool status;

String strsend,;

unsigned char socket;
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unsigned int length;

2
struct UDPReceive
{
unsigned char socket;
String ip_address;
unsigned int port;
unsigned int length;
String data;
unsigned int remaining_length;
I
struct pingRESP
{
bool status;
String addr;
String tt;
String rtt;
2
class AIS_NB BC95
{
public:

AIS_NB_BC95();

bool debusg;

void (*Event_debug)(char *data);

void reset();

void rebootModule();

bool waitReady();

bool setPhoneFunction(unsigned char mode);
String getFirmwareVersion();

String getIMEI();

String getIMSI();
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PINGRESP pinglP(String IP);
bool setAutoConnectOn();
bool setAutoConnectOff();
String getAutoConnect();
String getNetworkStatus();
//bool setAPN(String apn);
String getAPN();
bool cgatt(unsigned char mode);
bool getNBConnect();
void setupDevice(String serverPort);
bool attachNB(String serverPort),
bool detachNB();
String getDevicelP();
signal getSignal();
void createUDPSocket(String port);
UDPSend sendUDPmsg(String addressl,String port,String data);

UDPSend sendUDPmsg(String addressl|,String port,unsigned int len,char

*data,unsigned char send _mode);
UDPSend sendUDPmsgStr(String addressl,String port,String data);
bool closeUDPSocket();
UDPReceive waitResponse();
void printHEX(char *str);
String toString(String dat);
String str2HexStr(String strin);
char char to byte(char o);
void receive_ UDP(UDPReceive rx);
void CellStat();
String UeStat8();
void UeStat11();

private:

AIS_NB_BC95 RES wait_rx_bc(long tout,String str_wait);
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protected:

Stream * Serial;
2
#endif

AIS_NB_BC95.cpp

#include "AlIS_NB BC95.h"
String input;

String buffer;

byte k=0;

bool end=false;

bool send NSOMI=false;
bool flag rcv=true;

bool en_rcv=false;

unsigned long previous=0;
unsigned char sendMode = 0;
String sendStr;

void event_null(char *data){}
AltSoftSerial myserial;
AIS_NB_BC95::AIS_NB_BC95()

{
Event debug = event null;
}
void AIS_NB_BC95:: setupDevice(String serverPort)
{

myserial.begin(9600);

_Serial = &myserial;

Serial.printIn(F("############ AIS NB_BC95 Library by AIS/DEVI V1.0.5
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HHHHBRBRRRRR")),
reset();

String imei = getIMEI();

if (debug) Serial.print(F("# Module IMEI--> ")),

if (debug) Serial.println(imei);

String fmver = getFirmwareVersion();

if (debug) Serial.print(F("# Firmware ver--> "));

if (debug) Serial.printin(fmver);
String imsi = getIMSI();

if (debug) Serial.print(F("# IMSI SIM--> "));

if (debug) Serial.printn(imsi),
attachNB(serverPort);

createUDPSocket(serverPort);

}
void AIS_NB_BC95:: reset()
{
rebootModule();
while (IsetPhoneFunction(1))
{
Serial.print(F("."));
}
Serial.println();
}

void AIS NB BC95:: rebootModule()

{
//delay(1000);
_Serial->printin(F("AT");

AIS_NB BC95 RES res = wait_rx_bc(500,F("OK");

_Serial->printn(F("AT+NRB"));

if (debug) Serial.print(F("# Reboot Module"),

while (lwaitReady());
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{
if (debug) Serial.print(F("."));
}
_Serial->flush();
delay(5000);
}
bool AIS_NB_BC95:: waitReady()
{
static bool reset_state=false;
if(_Serial->available())
{
String input = _Serial->readStringUntil(\n");
ifinput.indexOf(F("OK"))!=-1)
{
return(true);
}
}
return(false);
}
bool AIS_NB BC95:: setPhoneFunction(unsigned char mode)
{
_Serial->print(F("AT+CFUN="));
_Serial->printin(mode);
AIS NB BC95 RES res = wait_rx_bc(1000,F("OK"));
delay(2000);
return(res.status);
}
String AIS_NB_BC95:: getIMEI()
{

String out;
_Serial->printn(F("AT+CGSN=1");
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AIS NB BC95 RES res = wait_rx_bc(1000,F("OK");
out = res.temp;
out.replace(F("OK"),");
if (out.length() < 7)
{
return "
}
out = out.substring(7,out.length());
res = wait_rx_bc(1000,F("OK");
return (out);
}
String AIS_NB_BC95:: getFirmwareVersion()
{
_Serial->printIn(F("AT+CGMR"));
AIS_NB BC95 RES res = wait_rx_bc(1000,F("OK");
String out = res.temp;
//if (debug){Serial.printin(out);}
out.replace(F("OK"),");
out = out.substring(0,out.length());
//out = out.substring(10,28);
res = wait_rx_bc(500,F("OK"));
return (out);
}
String AIS_NB_BC95:: getIMSI()
{
_Serial->printin(FC"AT+CIMI");
AIS_NB BC95 RES res = wait_rx_bc(1000,F("OK");
String out = res.temp;
out.replace(F("OK"),");
out = out.substring(0,out.length());
res = wait_rx_bc(500,F("OK");
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return (out);

}
PINgRESP AIS NB BC95:: pinglP(String IP)
{
piNgRESP pingr;
String data = "
_Serial->printin("AT+NPING=" + IP+",8"+",20000");
AIS_NB_BC95 RES res = wait_rx_bc(20000,F("+NPING");
if(res.status)
{
data = res.data;
_Serial->println(data);
int index = data.indexOf(F(":"));
int index2 = data.indexOf(F(",");
int index3 = data.indexOf(F(","),index2+1);
pingr.status = true;
pingr.addr = data.substring(index+1,index2);
pingr.ttl = data.substring(index2+1,index3);
pingr.rtt = data.substring(index3+1,data.length());
//Serial.println("# Ping Success");
if (debug) Serial.printin(pingr.rtt);
Jelse { if (debug) Serial.println(",Ping Failed");}
res = wait_rx_bc(500,F("OK");
return pingr;
}
String AIS_NB BC95:: getDevicelP()
{

nn,

String data = "";
_Serial->println(F("AT+CGPADDR"));
AIS NB BC95 RES res = wait_rx_bc(3000,F("+CGPADDR"));

if(res.status)
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data = res.data;
int index = data.indexOf(F(":");
int index2 = data.indexOf(F(","));
data = res.data.substring(index2+1,data.length());
if (debug) Serial.printin("# Device IP: "+data);
Jelse {data = "}
res = wait_rx_bc(500,F("OK");

return data;

}

bool AIS_NB BC95:: setAutoConnectOn()

{
_Serial->println(F("AT+NCONFIG=AUTOCONNECT, TRUE"));
AIS NB BC95 RES res = wait rx_bc(1000,F("OK");
return(res.status);

}

bool AIS_NB_BC95:: setAutoConnectOff()

{
_Serial->printIn(F("AT+NCONFIG=AUTOCONNECT,FALSE"));
AIS_NB_BC95_RES res = wait_rx_bc(1000,F("OK");
return(res.status);

}

String AIS_NB_BC95:: getNetworkStatus()

{
String out = "
String data = "

_Serial->printn(F("AT+CEREG=2"));

AIS NB BC95 RES res = wait_rx_bc(500,F("OK"));
_Serial->printin(F("AT+CEREG?"));

res = wait_rx_bc(2000,F("+CEREG"));

if(res.status)
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}
/*

data = res.data;
int index = data.indexOf(F(":");
int index2 = data.indexOf(F(","));
int index3 = data.indexOf(F(","),index2+1);
out = data.substring(index2+1,index2+2);
if (out == F("1")
{
out = F("Registered");
Jelse if (out == "0")
{
out = F("Not Registered");
Jelse if (out == "2")
{
out = F("Trying");
}
if (debug) Serial.println("# Get Network Status : " + out);

}
res = wait_rx_bc(1000,F("OK");
_Serial->flush();

return(out);

bool AIS NB BC95:: setAPN(String apn)

{

String cmd = "AT+CGDCONT=1,\"IP\",";

cmd += "\"'+apn+"\"";

_Serial->println(cmd);

AIS_NB BC95 RES res = wait_rx_bc(1000,F("OK");

return(res.status);
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String AIS_NB BC95:: getAPN()

{
String data="";
String out="",
_Serial->printIn(F("AT+CGDCONT?"));
AIS_NB BC95 RES res = wait_rx_bc(2000,F("+CGDCONT"));
if(res.status)
{
int index=0;
int index2=0;
data = res.data;
index = data.indexOf(F(":"));
index2 = data.indexOf(F(","));
index = res.data.indexOf(F(","),index2+1);
index2 = res.data.indexOf(F(","),index+1);
out = data.substring(index+2,index2-1);
Serial.printin("# Get APN: " + out);
}
res = wait_rx_bc(500,F("OK"));
return(out);
}
bool AIS NB BC95:: attachNB(String serverPort)
{
bool ret=false;
if('getNBConnect())
{

if (debug) Serial.print(F("# Connecting NB-loT Network"));
for(int i=1;i<60;i+=1)
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} else

if (ret)
{

setPhoneFunction(1);
setAutoConnectOn();
ceatt(1);
delay(3000);
iflgetNBConnect())
{
ret=true;
break;
}
Serial.print(F(".");

return true;

if (debug) Serial.print(F("> Connected"));

createUDPSocket(serverPort);

if (debug) Serial.print(F("> Disconnected"));

Serial.printIn(F("\n####H#H#HHHHHHH R R R

}
else {
}
if (debug)
HH#"));
return ret;
}

bool AIS_NB_ BC95:: detachNB()

{
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bool ret=false;
_Serial->flush();
if (debug) Serial.print(F("# Disconnecting NB-loT Network"));
ceatt(0);
delay(1000);
for(int i=1;i<60;i+=1)
{
Serial.print(F("."));
if(lgetNBConnect())

{ ret=true; break;}

}
if (debug) Serial.printin(F("> Disconnected")
return ret;

}

bool AIS NB BC95:: cgatt(unsigned char mode)

{
_Serial->print("AT+CGATT=");
_Serial->printin(mode);
AIS NB BC95 RES res = wait_rx_bc(5000,F("OK"));
return(res.status);

}

bool AIS_NB BC95:: getNBConnect()

{

_Serial->printin(F('AT+CGATT?");
AIS NB BC95 RES res = wait_rx_bc(500,F("+CGATT));
bool ret;
if(res.status)
{
if(res.data.indexOf(F("+CGATT:0")!=-1)
ret = false;

if(res.data.indexOf(F("+CGATT:1"))!=-1)
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ret = true;

}
res = wait_rx_bc(500,F("OK"));
return(ret);

}

void AIS_NB_BC95:: CellStat()

{
_Serial->printin(F("AT+NUESTATS=CELL"));
AIS_NB_BC95 RES res = wait_rx_bc(500,F('NUESTATS"));
String data= res.data;
int index1 = data.indexOf(F(",");
int index2 = data.indexOf(F(","),index1+1);
int index3 = data.indexOf(F(","),index2+1);
int index4 = data.indexOf(F(","),index3+1);
int index5 = data.indexOf(F(","),indexd+1);
int index6 = data.indexOf(F(","),index5+1);
String x=data.substring(index4+1,index>5);
Serial.println(x);
res = wait_rx_bc(500,F(""));

}

String AIS_NB BC95:: UeStat8()

{
String x="",
_Serial->printin(F("AT+NUESTATS=RADIO");
AIS_NB_BC95 RES res = wait_rx_bc(500,F("SNR");
x =res.data.substring(19);
res = wait_rx_bc(500,F("));
return (x);

}

void AIS_NB BC95:: UeStat11()
{
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_Serial->printn(F("AT+NUESTATS=RADIO"));
AIS_NB_BC95 RES res = wait_rx_bc(500,F("RSRQ"));
String x=res.data;
x=x.substring(20);
Serial.printtn(x);
res = wait_rx_bc(500,F("OK"));
}
signal AIS_NB_BC95:: getSignal()
{
_Serial->printIn(F("AT+CSQ");
AIS_ NB BC95 RES res = wait_rx_bc(500,F("+CSQ"));
signal sig;
int x = 0;
String tmp;
if(res.status)
{
if(res.data.indexOf(F("+CSQ")!=-1)
{
int index = res.data.indexOf(F(":"));
int index2 = res.data.indexOf(F(","));
tmp = res.data.substring(index+1,index2);

if (tmp == F("99")

{
sig.csq = F("N/A";
sig.rssi = F("N/A");
}
else
{

sig.csq = tmp;
x = tmp.toInt();
X = (2*x)-113;
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sig.rssi = String(x);
}
sig.ber = res.data.substring(index2+1);

if (debug) Serial.println(sig.rssi);

}
res = wait_rx_bc(500,F("OK");

return(sig);

}

void AIS_NB BC95:: createUDPSocket(String port)

{
_Serial->print(F("AT+NSOCR=DGRAM,17,");
_Serial->println(port+",1");
AIS_NB BC95 RES res = wait_rx_bc(3000,F("OK");
delay(3000);
res = wait_rx_bc(500,F("OK");

}

UDPSend AIS_NB BC95:: sendUDPmsg( String address|,String port,unsigned int
len,char *data,unsigned char send_mode)

{

sendMode = send_mode;

UDPSend ret;
if(lattachNB(port))
{
if (debug) Serial.println("# >Disconnected");

return ret;

if (debug)

Serial.printIn(F("\n#####H# ## BB HHHHH BB R HHH T H R P T H PR R R
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HEHHH R H]"));
if (debug) Serial.print(F("# Sending Data IP="))
if (debug) Serial.print(addressl);
if (debug) Serial.print(F(" PORT="));
if (debug) Serial.print(port);
if (debug) Serial.printtn();
_Serial->print(F("AT+NSOST=0"));
//if (debug) Serial.print(F("AT+NSOST=0");
_Serial->print(F(",");
//if (debug) Serial.print(",");
_Serial->print(addressl);
//if (debug)Serial.print(addressl);
_Serial->print(F(",");
//if (debug)Serial.print(",");
_Serial->print(port);
//if (debug) Serial.print(port);
_Serial->print(F(",");
//if (debug)Serial.print(",");
iftsend_mode == MODE_STRING HEX)

{
_Serial->print(String(len/2));
//if (debug) Serial.print(String(len/2));
}
else
{
_Serial->print(String(len));
//if (debug) Serial.print(String(len));
}

_Serial->print(F(","));
if (debug) Serial.print(F("# Data="));




iflsend_mode == MODE_STRING HEX)

{
for(int i=0;i<len;i++)
{
_Serial->print(datalil);
if (debug) Serial.print(datali]);
}
}
ifsend_mode == MODE_STRING)
{
printHEX(data);
}

_Serial->printin();
if (debug) Serial.print(n(),
AIS _NB BC95 RES res = wait_rx_bc(5000,F("OK");
ret.status = false;
ret.socket = 0;
ret.length = 0;
if(res.status)
{
ret.status = true;
int index = res.temp.indexOf(F(","));
int index2 = res.temp.indexOf(F("0Q");
ret.socket = res.temp.substring(index-1,index).toInt();
ret.length = res.temp.substring(index+1,index2).tolnt();
if (debug) Serial.printin("# Send OK");
Jelse {if (debug) Serial.printin("# Send ERROR");}
return(ret);
}
UDPReceive AIS_NB BC95:: waitResponse()
{
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unsigned long current=millis();

UDPReceive rx_ret;

iflen_rcv && (current-previous>=250) && I(_Serial->available()))

{
_Serial->printIn(F("AT+NSORF=0,100"));
//Serial.printin(F("AT+NSORF=0,100");
previous=current;
}
if(_Serial->available())
{
char data=(char) Serial->read();
if(data=="\n" || data=="\r")
{
if(k>2)
{
end=true;

k=0;

K++;

else

input+=data;
}
//if(debug) Serial.println(input);
}
iflend)
ifinput.indexOf(F("+NSONMI:"))!=-1)
{
//if(debug) Serial.print(F("send NSOMI: "));
//if(debug) Serial.printn(input);
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ifinput.indexOf(F("+NSONMI:"))!=-1)

{
//if(debug) Serial.print(F("found NSONMI "));
_Serial->printin(F("AT+NSORF=0,100");
input=F("");
send NSOMI=true;

}

end=false;

else

//if(debug) Serial.print(F("get buffer: "));
//if(debug) Serial.printin(input);
end=false;
int index1 = input.indexOf(F(","));
ifindex1!=-1)
{
int index2 = input.indexOf(F(","),index1+1);
int index3 = input.indexOf(F(","),index2+1);
int indexd = input.indexOf(F(","),index3+1);
int index5 = input.indexOf(F(","),index4+1);
int index6 = input.indexOf(F("\r"));
rx_ret.socket = input.substring(0,index1).toInt();
rx_ret.ip_address = input.substring(index1+1,index2);
rx_ret.port = input.substring(index2+1,index3).tolnt(),
rx_ret.length = input.substring(index3+1,index4).toInt();
rx_ret.data = input.substring(index4+1,index5);
rx_ret.remaining_length =
input.substring(index5+1,index6).toInt();
if (debug) receive UDP(rx_ret);
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send NSOMI=false;
input=F("");
}

return rx_ret;

}//end waitResponse
UDPSend AIS_NB BC95:: sendUDPmsg(String addressl,String port,String data)
{

int x_len = data.length();

char buflx_len+2];

data.toCharArray(buf,x_len+1);

return(sendUDPmsg(addressl,port,x_len,buf, MODE_STRING HEX));
}
UDPSend AIS_NB BC95:: sendUDPmsgStr(String addressl,String port,String data)
{

sendStr = data;

int x_len = data.length();

char buf[x_len+2];

data.toCharArray(buf,x_len+1);

return(sendUDPmsg(addressl,port,x_len,buf, MODE_STRING));

}

bool AIS_NB BC95:: closeUDPSocket()

{
_Serial->printin(F("AT+NSOCL=0");
AIS NB_BC95 RES res = wait_rx_bc(1000,F("OK");
return(res.status);

}

AIS NB _BC95 RES AIS _NB_BC95:: wait_rx_bc(long tout,String str_wait)
{
unsigned long pv_ok = millis();

unsigned long current_ok = millis();
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String input;
unsigned char flag_out=
unsigned char res=-1;
AIS NB BC95 RES res
res_.temp="";
res .data ="

while(flag_out)
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res_.status = res;

res_.data = input;
return(res );
}
//Util Function
void AIS_NB_BC95::printHE
{
char *hstr;
hstr

char o
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char c = char_to byte(dat[x])<<4 | char to byte(dat[x+1]),
str += ¢;
}
return(str);
}
String AIS_NB_BC95:: str2HexStr(String strin)
{
int lenuse = strin.length();
char charBuf[lenuse*2-1];
char strBufl[lenuse*2-1];
String strout = "
strin.toCharArray(charBuf,lenuse*2) ;
for (inti = 0; i < lenuse; i++)
L
sprintf(strBuf, "%02X", charBuffil);

if (String(strBuf) != F("00") )

{
strout += strBuf;
}
}
return strout;
}
char AIS_NB BC95:: char_to_byte(char ¢)
{
if((c>="0"&&(c<="9")
{
return(c-0x30);
}
if((c>="A)R&(c<="F"))
{

return(c-55);
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}
}
void AIS_NB BC95:: receive UDP(UDPReceive rx)
{

String dataStr;
Serial.printWn(F("###### H BB HHHH AT HHH R ]
HHHBHHHHBRHHHA")),

Serial.printin(F("# Incoming Data"));

Serial.printin("# IP--> " + rx.ip_address);

Serial.printin("# Port--> " + String(rx.port));

Serial.printin("# Length--> " + String(rx.length));

ifsendMode == MODE_STRING HEX)

{
Serial.printin("# Data--> " + rx.data);
}
else
{
dataStr = toString(rx.data);
Serial.printin("# Data--> " + dataStr);
}

Serial.println("# Remaining length--> " + String(rx.remaining_length));
Serial.printWIn(F("#### ##HHHH RIS )),
}

AIS NB_BC95 RES res = wait_rx_bc(500,F("NUESTATS");
String x=res.data;

x=x.substring(24,28);

Serial.println(x);

res = wait_rx_bc(500,F("));*/
_Serial->println(F('AT+NUESTATS=CELL");

AIS NB BC95 RES res = wait_rx_bc(500,F("NUESTATS");
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}

String data= res.data;

int index1 = data.indexOf(F(",");

int index2 = data.indexOf(F(","),index1+1);
int index3 = data.indexOf(F(","),index2+1);
int index4 = data.indexOf(F(","),index3+1);
int index5 = data.indexOf(F(","),index4+1);
int index6 = data.indexOf(F(","),index5+1);
String x=data.substring(indexd+1,index5);
Serial.printn(x);

res = wait_rx_bc(500,F(""));

signal AIS_NB_BC95:: getSignal()

{

_Serial->printIn(F("AT+CSQ");
AIS_ NB BC95_RES res = wait_rx_bc(500,F("+CSQ"));
signal sig;
int x = 0;
String tmp;
if(res.status)
{
if(res.data.indexOf(F("+CSQ"))!=-1)
{
int index = res.data.indexOf(F(":");
int index2 = res.data.indexOf(F(",");
tmp = res.data.substring(index+1,index2);
if (tmp == F("99")
{
sig.csq = F("N/A";
sig.rssi = F("N/A");
}

else
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}

sig.csq = tmp;
x = tmp.toInt();
x = (2*x)-113;
sig.rssi = String(x);
}
sig.oer = res.data.substring(index2+1);

if (debug) Serial.printtn(sig.rssi);

}
res = wait_rx_bc(500,F("OK"));

return(sig);

String AIS_NB_BC95:: UeStat8()

{

}

String x="",
_Serial->printin(F("AT+NUESTATS=RADIO"));
AIS_NB BC95 RES res = wait_rx_bc(500,F("SNR");
x =res.data.substring(19);

res = wait_rx_bc(500,F("));

return (x);

void AIS_NB_BC95:: UeStat11()

{

_Serial->println(F("AT+NUESTATS=RADIO");

AIS NB BC95 RES res = wait_rx_bc(500,F("RSRQ"));
String x=res.data;

x=x.substring(20);

Serial.println(x);

res = wait_rx_bc(500,F("OK");
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Abstract

Nowadays, the Low-Power Wide-Area (LPW A} could sceount for T0%: of Cellular IoT Connections in 2020,
There are three big LPWA operators in Thailand (TRUE, AIS and CAT). LPWA by CAT focusing on LoRaWAN but
TRUE and AIS focusing on NB-IoT. The purpose of this sidy is o advance understanding of choosing w select
LPWA operatars; there are other factors than the price that needs to come into play. Performance, reliability, scalability,
and service are key factors in choosing operators that will work best for users. This paper presents the performance
study comparison of two NB-IoT operators based with Round-Trip Time (RTT) ping packets, SINR/SNR, RSR(Q) and
RS5I for one week. There i a Pathum Thani sile for testing nine popular 0T Cloud Platiorm {GoogleCloud,
AWSamazon, OracleCloud, theThing.io, IBMwatson, Ubidet, loTiweet, Magellan and Things Board). The obtained
results demonstrate that the TRUE operator gives the highest performance of round trip time and SINRISNR, AlS
operator offers a better quality of a number of pings failed and RSRQ.

Keywords: loT, NB-ToT, RTT

1. Introduction

The Intemnet of Things (IoT) means physical objects which make every object connect to the
mternet. It possible to be comnected by wired or wireless iand send pseful data from sensing devices with
various types of data from real environments every time ind everywhere. With IoT technology, it can
improve people’s quality of life such as a smart city, smart agriculture, or a smart home. IoT devices are
low-post devices with a bow power processor that can use more than ten years with one or two of batteries
and a design for easy deployment even with people without specialized knowledge.

Wireless Technologies have developed various types of communication such as a short-range
personal area like 802.15.4 standard. ZigBee and IPv6 over Low-Power Wircless Personal Area Networks
(6lowPan) are popular, but the limitation is the coverage area length around 100 meters and consumes more
battery as it tries to send from a more extended range. Next popular wireless technology is LTE (Long term
evolition) as it has wide-area coverage around the country, and a igh bandwidth usage but it consumes a
large amount of the battery.

Recenty, a low power wide arca (LPWA) means wircless technology devices can send data
throngh a mdio frequency and comnsume a low amount of battery for mass distributed devices and lower
costs for wide geographical footprints or deep within an whan infrastructure as Figure | compares with the
other wircless technology strong point is coverage range is very far that make LPW A suitable for Io T such
as Low-Power Wide-Area Network (LoRaWAN), Enhanced Machine-Type Commmication (eMTC),
SigFox and NB-IoT. LPWA are becoming popular becimse of the huge area coverage and low consuming
battery make LWPA look interesteding in academic and industrial sectors. At this moment, three of the
operators in Thailand namely TRUE, ALS and CAT telocom had mvested a eonsiderable amount of money
m implkmenting LPWA by CAT focusing on LoRaWAN but TRUE and AIS focusing on NB-IoT. The
mission of RTT measurement is to collect and preprocess the information from all mdio modem & router
nodes in the network operation. RTT is the tme required for a packet to travel from the sonce © the
destination and back again.

The NB-IoT is developed based on Narowband Cellular Intemnet of Things (NB-CloT) and has
become an essential branch of the Intemet of everythmg (IoE). The NB-IoT wses only sbowt 180 kHz
bandwidth, supports two modes for uplink. Single tone with 15 kHz andfor 3.75 kHz tone spacing Multiple
tone transmissions with 15 kHz tone spacing, HD-FDD duplex mode, Pifd QPSK, Class 3 and 5 (14 dBm)
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power class and can be directly deploved on a GSM, UMTS, or LTE network, reducing deployment costs
and achieving a smooth upgrade. NB-IoT s an 11 compatible version of LTE targeted for cellular-based
loT applications. The Radio measwrements in Long Term Evolution (LTE) system are Channel Quality
Indicator (CQL), Reference Signal Recerved Power (RSRP)., Reference Signal Recaved Quality (RSROQ ),
and Carrier Recerved Signal Strength Indicator { RSSI).

The IoT platforms are emerging as the central backbone of these IoT deployments. These LoT
Platforms are the key to the development of scalable IoT applications and services that connect the real and
virtwal worlds between objects, systiems, and people. There are more than 300 IoT platforms in the market
today, and the mumber s continuing W grow. However, as discussed not every platform is the same — loT
platforms are being shaped by varying entry strategies of different companies trying to capitalize on the IoT
potential. Innovative startups, hardware, and networking equipment manufacturers, enterprise software and
mobility management companies are all competing to become the best IoT platform on the market. Various
strategies are visible with companies,

NB-IoT networks are designed for machine-w-machine communication, which generally requires
kyw data rates. When building NB-IoT networks (Malik et al, 3018; Biswas & Giaffreda, 2014), it is
essential © test the performance of new implementations to ensure that the required network gquality is
available. Tests to measure the guality of service (QoS8) in NB-IoT networks are typically performed with
NB-IoT modules that are controlled by software.

Bandwidth
requirement
~
LTE
S
B02.11.x 4G
G
G
vy

LPWA I
Range

requirement

Figure 1 Show graph of handwidth required and range capability of wircless technology

In this paper, we are going o present an overview of NB-IoT Technology and evalate the
performance by testing on real NB Devices from AIS and TRUE to show the difference for users to choose
devices casier by various factors from locations in Patbum Thani.

2. Literature Review

The Mobile Technologies Performance Comparison for Internet Services in Bangkok (Chimmanee
& Patpituck, 2013), 1s where the author tested the performance of cellular networks through three operators
by three essential factors such latency, data rate, and speed test. The author set up the expeniment by using a
laptop with a 3G air card connected o the internet from favorite five places in Bangkok which have high
congestion, By the latency test the author used ping function to check the round tip time from devices to a
private server and an inbemational server. By the data rate test the mthor used FileZilla to send 1 MB of data
from a laptop to an FTP private server to check downlink speeds and uplink speeds. By the speed test testing,
the author wses hitp:/speedtest.adslthailand comd o check the data rates and round rip times m one penod.
From the experiment. shows ALS offered a better performance in the latency tests m both domestc and
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mternational websites. TrueMoveH offered better performance in the speed test for uploading and the wser
data rate tests, DTAC provided a better performance in the speed test for downloading.

Amnalysis in the Internet Traffic Pattern based on RTT over ADSL in Thailand (Chimmanee,
Jantavongso & Kantala,2015), Aothor testing performance of Asymmetric digital subscriber line (ADSL)
network via three operators from two locations such as Bangkok and Pathumthani by using ping packet trains
with 100 bytes for 24 hours for one month to a domestic web server. Then the author presented the formula
o classify the type of taffic mto three types of high waffic volume, average taffic volume and low traffic
vohime for evaluating traffic. From the experiment, the result shows that TRUE ADSL operators in Thailand
should provide the best performance compared to others.

IoT and Cloud Convergence Opportunities and Challenges, the author discusses what IoT cloud
should offer. Good IoT clowd services must be attributed with ubiguity, reliability, high-performance,
cfficiency, and scalability

A Survey of IoT Cloud providers, according to the author, discusses the primary function of the
platform as service for IoT or clowd with IoT support and what IoT needs such as hiding data generation,
processing, and virwalizaton. The survey studies popular cloud IoT as google LoT, Amazon Web Services
Azure and provide intense details about cach characteristic for each site,

3. Overview of NB-IoT

NB-IoT or LTE CAT NB1 was developed by the 3rd Generation Partnership Project (3GPP) use
license radio for the frequency band. Design for long-range connection more than 15 km in the countryside
mnd 3 km in wban areas, and used Quadrature Phase Shift Keying (QPSK) modulation. Work on Evolved
packet system (EPS) that sp. requires a minimum bandwidth of 180 kHz (Chen et al., 2017; Adhikary et al.,
2016). Every cell site can support around fifty-five thousand nodes (Zayas et al., 2017). Cell site can use the
same LTE cell site but implement an additional fimetion to support NB-IoT that make casier for the
operator who already is provided LTE the cell site before. NB-IoT familiar to LTE because LTE and NB-
[oT are wireless technology that was developed by the same organization that required a sim card for aceess
through an operator cell site but NB-IoT cut some functions from LTE such as Hand Ower, Monitor the
chamnnel quality, Camrier aggregation and Dual Connectivity {Sinha, Yigiao & Hwang, 2017). NB-IoT can
deploy with three types of modes first is a stand-alone operation, second is guard band operation, and third
is In-band operation.

In this research, we are focusing on a BC-95 Band 8 900 MHz NB-IoT module workng with
Ardumo Uno or Ardumo Mega because TRUE and AIS also use Quectel BC-95 NB-IoT modules and
develop NB-IoT library for BC-95 by themselves.

TRUE and AIS was provided NB-IoT module designed for Arduino. Using Quectel BC95-BE
work on 900 MHz frequency uplink speed s 24 kbps downlink speed is 45.625 kbps supported user
datagram prowceol (UDP) and constraimed application protocol {COAP) probably support other proweols
Later. At this moment, both operators mention that the coverage area already provides all provinces in
Thailand. From Figure 2 it shows a picture of theTRUE NB-IoT module and the AIS NB-IoT module. The
significant difference on NB devices from TRUE and AIS is NB devices from AIS using E-sim that are
embedded on board but TRUE NB devices using sim card slot. Next 15 the antenna from ALS NB devices
are slightly bigger than TRUE NB devices. The price of AIS NB module 1s 1,190 baht for one device and
miernet service connection 300 baht for one year and the price of TRUE NB module 1s 1,150 baht for one
device and get 1-vear free intermet service connection. For the next vear the expense is 300 baht per one
device same as AILS.
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Figure 2 AlS NB-IoT module and TRUE NB-IoT module

Typically, NB-Devices will send data to IoT Cloud Platform for storing and monitoring data. IoT
Cloud Platform have various types of server providers such as IRM, Amazon, Google, Oracle, ete. also has
free or paid for additicnal functions. Cloud IoT can store data and dashboard for showing data. The
dashboard from each IoT Cloud Platform may look different. Some IoT Cloud Platforms have various types
of graphs for creating dashboard as some sites have analytic functions or export (.csv file) © open in Excel
or Jason o create some programs for getting valie and trigger something or show values in a graph. IoT
Cloud Plaforms have an open source like Grafrana or Thing board which makes the user able @ provide
their own IoT Cloud Platform. The key is a cloud for NB-IoT that should open functions which support
UDP ar CoAP.

4. Experiment Confignration

We prepared two NB devices from TRUE and AIS with Arduino Uno. Then we created specific
modify programs to collect important factors that are readable from NB devices. Firstly, we use the ping
method to get round tnp ame data that implies a time delay between NB devices and a destination server.
Ping can fail if the round tip time vahee is higher than ten seconds or time to leave (TTL) valoe is high.
Secondly, we get a Fecerved Signal Strength Indicator (RSSI) which measures the average total received
power between Board and cell site. Moreover, Reference Signal Received Quality (RSRQ) which indicates
the quality of the received reference signal and some resource block for caleulations. Thirdly signal to nowse
ratio (SNR) is defined as the ratio of signal power to the noise power. We modify the program to ping and
get all data every one-mimute program will reread all value for twenty-four hours. We install the same
program into an AIS NB-device and TRUE NB-Device and start the experiment at the same time. The
expenment started at the twenty-third of October at noon to the thirtieth of October at noon or one week.
The location is at Pathum Thani. Destinaton nine ToT cloud plaform we choose o popular server (Ray.
2016; Planzner & Kertesz, 2016) and quickly implemented a server which operators already supported in
the library in git hub namely Google IP, AW Samazon, CloudOracle, TheThingio, IBM Watson, ubidot,
IoTtweet, AlSmagellan and thing board as shown m Figure 3.
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Figure 3 Show network configuration

5. Performance Evaluation

The expenment started on 23rd October 2018 at noon o thirteth October at noon or one week at the
Pathum Thani site using NB-IoT from two operators. Some 125,000 packets. Each device connects o LoT
Cloud Platform by using their own operator’ s network.

From Figure 4 the average round trip ime (RTT) from two devices work slowest on Google-ToT
md fastest on ToT-tweet. The round wrip tme is quite high such as AIS on day six it goes almost four
thousand milliseconds, but the result on the TRUE device is faster than the AIS devices. Moreover, another
site’s result is not oo much different - just around a few hundred-millisecond stands between one and few
hundred milliseconds but on day eight two devices cannot reach IBM-Watson,

AT commands the connected modules as described by Quectel NB-IoT BC95 module. During the
measurement, the test flow can be gquickly follow the message view showing the sent AT commands and
received responses. Especially for ping tests via AT commands, BC95 module now provides signals that
show the result values of the AT ping. These values can visualize in standard BC95 module views.

SINR/SNR — The signal-to-noise ratio of the given signal.

RSSI — Represents the entire received power including the wanted power from the serving cell as
well as all cochannel power and other sources of noise, and it is related to the above parameters.

RSEQ — Measurement 1s a cell-specific signal quality metrnic. Similar to the RSRP measurement,
this metric 1s used mainly to provide ranking among different candidate cells in accordance with their signal
quality.

RSRP — Reference Signal Received Power is an RSSI type of measurement. It is the power of the
LTE Reference Signals spread over the full bandwidth and namowband. A mmimum of -20 dB SINR (of the
S-Synch channel) is needed to detect RSRP/RSROQ).

5.1 Result of Round-Trip Time (RTT)

A typical Ping execution will send 8 bytes of data to a given destination and record the time that
a response arrved back. The latency s expressed as the round top time that meludes both the ransfer time
for the test packet and the response packet. That time is shown in milliseconds. From Figure 4 it shows the
mumber of pings failed between TRUE, and AIS from all the packets is around one hundred twenty-five
thousand divided into AIS NB-device has 62,403 pings and ping failed is 124 times or around 0.19 percent.
TRUE NB-device has 62,082 pings and ping faled 15 972 times or 1.50 percent. With percentages (%)
packet loss, Ping failed is betwoen 124 and 972 times of AILS lower than with TRUE packet loss.
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5.2 Result of RSSL RSRQ, and SNR

RS5I measurements represent the relative quality of a receved signal on a device. RSSI indicates
the power kevel being received after any possible loss at the antenna and eable level. The higher the RSSI
value, the stronger the signal. When measured in negative mumbers, the number that is closer o zero usually
meimns a better signal. As an example <50 dB is a pretty good signal, <75 dB, - is fairly reasonable, and - 100
dB is o signal at all. Therefore, RSSI from TRUE and ALS NB -devices value is arcund -60 dB in every day
of the experiment is o good signal as shown in Figure 6.

R3RQ is quality also considering RSSI and the number of used Resource Blocks (N) RSR(Q =
(NF*RSRPIYRSSI measured over the same bandwidth. The RSRQ measurement provides additional
information when RSRP is not sufficient to make a reliable cell re-selection decision. As an example -10 dB
15 a pretty good signal, -15 dB, - is fairly reasonable, and -20 dB is no signal at all. Therefore, RSRQ from
TRUE NB-devices per day does not change much, but RSRQ from AIS NB-devices starting dropping from
day four until the last day of the experiment and is 2 good signal as shown in figure 6.

SNR 1 a measure used m science and engmeenng that compares the level of the desired signal to
the level of background noise. It is defined as the ratio of signal power to the noise power, often expressed in
decibels. A ratio higher than 1:1 (greater than O dB) indicates more signal than noise. While SNR is
commonly quoted for electrical signals, 1t can be applied to any form of signal. As an example >=20dB 1s a
pretty good signal, 13 dB to 20 dB is fairdy reasonable, O dB w0 13 dB is poor and <=0 dB is no signal at all.
Therefore, we observed that TRUE NB-devices has greater SNR than ALS NB-devices from every day of the
experiment and it is a good signal as shown in Figure 6.
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Figure 6 Show results of SR, RSS1, and SNE

6. Conclusion

In this work, an amalysis of some practical measurement results recorded from a live LPWA
operator of Thailand (TRUE and AILS) are presented to verify the possible relationships among 4G-LTE
messurements such as SINE, RSRP. RS5S5I ind RSRQ as well as to evaluate the effects of SNR on
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throughput. From the experiment, performances comparison of NB-TIoT devices from the two operators at
Pathumthan outcome are shown, Troe has better perfformance on round trip ome and SNR. AIS offers a
better guality of the number of ping failed and RSEQ. In part of the IoT cloud platform, round trip time from
most of the sites are not oo different. Tt must depend on the operator networks. Some site Round Trip Time
are quite high as it is may not be smtable for some technology that needs fast latency. Even AIS and TRUE
NB-devices are using the same chip (Quectel BC95-BE) it have some differences like sim shot, and e-sim,
mntenna size, and the price is also a difference.

Form the recordings; we observed that RSEP and SNR are proportional to each other on average,
and lesser the difference between RSSI and RSEP, better is the RSRQ. and if the SINR is better for a
measurement slot, higher throughput 15 achieved. It 1s also noticed that when the RSRP and RSRQ of a
servimg cell drop below the RSRPRSRQ) of the neighbar cell, the handover event occurs to maintain the
oengoing call or data session. All of these observations are found to be consistent with the theory. Our future
work includes the performance analysis of a live [TPWA network based on practical measurement results.
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