O630P BECNPOBOAHbLIX TEXHONOIMWA ANA
WHTEPHETA BELLEV

OMWUTPUU NAKOHLIEB

K.T.H., poueHT Ckontexa, pykosoautens LK HTW no HanpasneHuto TexHonorum 6ecnpoBogHOMN CBA3M U
WHTEpHEeTa BeLLEeN

YTO TAKOE MHTEPHET BELLEW?

OnpegenuM, 4To 3TO COBOKYMHOCTb TEXHONOrUW, KOTOPas NO3BONAET U3MEPATL M NONyYaTb OaHHbIe
Ha TenepoHax U CeHcopax, NepenasaTth 3TU OaHHbIE NO TENEeKOMMYHWKALMOHHOW CTPYKTYpE,
OCYLL,ECTBNATb Ux cOop, XxpaHeHWe M 06paboTKy Ha cMCTEMax HaKOMMNeHUs, NPUHUMaTb
ynpaBnstoLMe peLleHls Ha 0CHOBE NONYYeHHOW MHQOPMaLUK.

3710 0YeHb LUMPOKaA OéﬂaCTb, OHa nogpasymMeBaeT U CeEHCOPUKY, U KOMMYHUKALLMOHHbIE
TEXHOMOrMKU, N TeXHONOMMKU XpaHEeHUa UH(POPMaLMK, a TaKKe BCe HAYKU 0 OAHHbIX U TEXHONOTHK
MCKYCCTBEHHOI0O UHTENNEKTA.

NPUMEHEHWE UHTEPHETA BELLEM

Smart
Lighting

Smart

Grid Pedestrian
Navigation
Remote Appliance

Avoidance * Miniaturization and advances

in packaging technologies

Smart
Homes

BLDG
Automation

Smart
Parking

Auto
Safety

Supply Chain

Automation Smal“[

Health

Tags

* Advances in flash

= New class of powerful, but
low-cost and low-power MCUs

* Cloud-based services

Applications

Software
Sensing Connectivity; Technology
Accelerometer MCU NFC GPS
Magnetometer MPL G6LoPAN BT/BTLE
Gyroscope Hybrid MCU/MPU Sub-Gig  Wi-Fi®
Pressure MNetwork Processor ZigBee® RFID
Altimeter Cellular

Temperature etc.



B yacTHocTH, B TenemeguuMHe, B NPOMBILLNEHHOCTH, B CENbCKOM X03SMCTBE, B YMHOM TpaHcnopTe
MT. 0.

Takue pasHble obnactv 6yayT NpeabasnaTe pasHble TpeboBaHWA K cebe. ITH TpebOoBaHWUA KaxabIv
pa3 GopMUpYIOT BMU3HEC-KENC, KaKyto-TO 3a4a4y, KOTOPYH HeoBX04UMO PeLLMTh C MOMOLLIbHO
Habopa TexHoMoruu.

Cost
Performance Battery life
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Positioning Coverage
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Bi-directional data Reliability and QoS
Security

ssesas Transport and logistics: Goods tracking
- Smart cities: Smart bicycles

s |Industrial: Process monitoring and control
e Smart buildings: Home automation

YTobel npaBuUnbHO I'IO,EI,OépaTb 3T TpeéoBaHMﬂ, CHa4vana usy4yaetca 6H3HEC-KEI:1C, a NOTOM OH
nepesoauUTCA Ha A3blK TEXHUYECKUX Tpe603aHm7|. I'Ipe>|<,u,e Bcero, 370:

LeHa
3HepronoTpebneHue

NoKpbITHUE, KOTOpoe 06ecneynBaeT ceTb
HaAEeXHOCTb U 06ecneyeHne KayecTsa

3aLMTa MHGOPMaLLMK

Heo6X04MMOCTb [BYCTOPOHHEN Nepenayu daHHbIX
MCNONb30BaHWE CUCTEM NO3ULUOHUPOBAHMA

N WNRE

nponyckHasa cnocoBHOCTb K CKOPOCTb

M Bewun opyr opyry s KaKOM-TO CTENeHu npoTuBopeYyaT, N03TOMY pa3fennuTb TEXHONOMMKU Ha
npocCTble rpynnbl HepeanbHO. Mbi npuMeHaeM neneHue C TO4YKKU 3peHuna I'IDW'IO)KQHMIZ.
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MprNoXeHMs YCNOBHO MOXHO pasfenuTb Ha ABe rpynnbl:

Massive loT Critical loT
= 1
L]
| ey g < e e
L]
Smart Logistics, tracking and Remote Traffic safety #
building fleet management health care and control
\ll,
] -
$|ﬂ) ) (C;}- {figﬁ D| £ h? Remote
an ia < manufacturing,
Capillary neMorks Smart Smart Smart grid | Industrial application| ~ fraining,
agriculture | metering automation and control NGty
Low cost, low energy, Ultra reliable,

small data volumes,
massive numbers

very low latency,
very high availability

Maccosble. BaHo — LieHa ycTponcTBa, HeBOoNbLLIOE KOMMYeCTBO nepeaasaeMblX OaHHbIX, HU3Koe

3HepronotpebneHue, HebonbLuas TpeBoBaTENLHOCTb K HAAEXKHOCTH nepeaayn aaHHbix (MKKX)

Kputnuyeckne. Hanpuwmep,

ynpasneHue 00beKTamM,

TeneMeamuUmMHa,

ynpasneHue yMHbIMK

asToMobunamu. BaxHo — HagexHafd nepenaya OaHHbIX, MUHUMaNbHAA 3aQep>XXKa, CeTb O0/MHKHA

6bITb OOCTYNHA

,D,eJ'IEHME TEXHOMOrUW C TOYKM 3peHna PU3INYECKUX OrpaHVI‘-IEHVIleZ

EcTb HekuM BHEKTDOMaFHMTHbIﬁ CNeKTp, B KOTOPOM TEXHONOIMH pa60Ta+0T, OH O0CTYyneH He BeChb.

Mo YCNOBHO 3aHMMaeMOMY MeCTy B CNeKTpe TEXHONOrmn OenaTtca Ha:

Ceepxy3KononocHsble
CBepXxHM3KOMNONOCHbIE
CBepXLUMPOKONONOoCHbIe




TexHONOrnM MoXHo nonenuvuTb, Ucxonoa U3 paguyca ,D,GVICTBI/IHI

Bluetooth LE

ZigBee
Thread (ELOWPAN]) *  802.11a/bfg/nfac

Z-Wave +  802.11af (white space)

«  NEC (EMV]
+  RFID

ANT*
WirelessHART *  B02.11ah & B02.11p

ISA100.11a (SloWPAN)

EnQcean * Wi-SUN (6LoWPAN)

= 2 o 2 o3 ¥ = % ®

Plus more

* ZigBee-NAN (ELoWPAN]

+ Cellular

+ 2G/3GMG

* LTE-MTC

* 5G in the future
* Low Power Wide Area

Wireless Persona
Area Network

(WPAN) (LPWAN)
: + SIGFOX
*+ LoRa
: * Telensa
Contact range | i : . F':C
(0-10cm}) |  Shortrange ! Short/Mediumrange !  Mediumrange |  Longrange ' * Plus more
me— " (100 -1000 mr}ge ! (*5-10km) | (uptol00km) |
e Y |
.

O6bI4HO Mbl C 3TUM U CTaNKUBaEMCA.

TexHonoruu onpegeneHus NPUCYTCTBUA M BECKOHTAKTHOM MOEHTUDUKALWK
TexHONorMM NepcoHanbHbIX ceTer

TexHonormu 6ecnpoBoaHbIX NOKaNbHbIX CETeM

TexHonoruu gansHero paguyca

PN PE

TexHONOrMM TakxKe MOXKHO BblOENUTb KaK TEXHONOIM MK CBO60,D,HOI'0 4aCTOTHOr O CNekTpa,
NULEH3UPOBAHHOIO 4YaCcTOTHOI0 CNeKTpa, CBOdO,EI,HOI'O paguyca. BbldDaTb 13 HUX I'IpaBW'Ibelﬁ

MOXXHO, TONbKO ECNK Bbl YETKO NOHWMAETE, KAaKOW 6U3HEeC-KeNC Bbl XOTUTE PewnTb U YETKO MOXKeTe

BbIOENMUTbL NpaBurbHble BUsHec-TpeboBaHMA.

TEXHONOMMKU BNUKHErO PAQUYCA OENCTBUA

. 3

RFID

TexHONornu nepcoHanbHbIX ceTer — 3T0
Monb3yeMcs Korpa pacnnayvBaemcs

GECKOHTAKTHOM KapTOYKOM, KOraa nokynaem

agunyc genctema 0o 10 m.
TOBapbl B MarasuHe. panpnyc A A

Bluetooth’

TO, YTO CBA3bIBAET yCTpOFICTBO Ha Yyenoseke,



CyuiecTByeT [0CTaTOYHO OABHO

TEXHONOMMK CEHCOPHbIX CETEW

- ®
ZigBee
,D,OCTaTOHHO M3BeCTHaa CeTb, NPUMEHAETCA

Ha NPOM3BOACTBE U B CUCTEMAX YMHOIO
Joma

TEXHONOMMW DANLHEFO PAOUYCA DEUCTBUA

L§Ra

IHeproappeKTUBHbLIE TEXHOMNOTMK
JanbHero paguyca OencTena, cemyac 3to
0[lMH U3 OCHOBHbIX ApanBsepos. PaboTaeT B
y3KOW nonoce

COTOBbIE CETH U TEXHONOI MK

T

LTE

PasBuBaloTCca No NOKONEHUAM

Camas m3BecTHas 6ecnposoaHas
TEXHONorusa, oHa MaccoBas, B HEM
BblOENeHbl cneuuanbHbie pexxuMsl Ana
WHTEPHET BeLLler

' sigfox

Pa6oTaet B ynbTpay3kon nonoce,
NPUMEHAETCA 3a pybeskoMm

56

LomkHa nossutbcs B 2020-M rogy



B coToBbIx ceTax M3HauyanbHo Bbina 3agaya no nepegade ronoca, a He nNo nNepefaye JaHHbIX oT
ycTpomncTs. B pamkax ceTu 5-ro nokonenus 6ymoer co3gaHa eauHan ceTb, koTopas Oyaer
o6ecneynsath rnobanbHoe NOKPbITUE U NOAKNHOYATL CaMble PasHble BU3HEC-KenChbI.

PaCCMOTpHM nse 6nu3K1e TEXHONOrMK

LoRA

NB-IoT

Older (2015)

Newer (2017)

Unlicensed spectrum

Licensed frequency bands

Lower cost per device
(but gateway needed)

Higher cost per device
(but no gateway needed)

Longer battery life

Shorter battery life

High latency /
less frequent data transfer

Low latency /
more frequent data transfer

7 to 10 mile range

11 to 13 mile range

Better rural/remote performance

Better urban/dense performance

Lower data rates

Higher data rates (10x LoRa’s rates)

HenuueHsupyembin cnektp 6yaet Bcerna 6onee MaccoBbIn.




