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B A IERR B BT 155

B PLCE X: HLJJLRERIIE T

® LA

® ] LLZFhid il
B 5TPLC:  2MHz~30MHz / ~200Mbps.
B EHPLC: 30KHz~500KHz/ ~1Mbps :

[AC-PLC]  AC-PLC &AL 2AF 7

Voltage Voltage

ACh A Time Time
A"
5

[DC-PLC]
Voltage Voltage
Time Time
DC —~
| > il
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REEPLCH R

B R (FSK)—Z 3% (OFDM)
Wb TR AR
® =i (OFDM)R] LLSZ ¢ )L FH Kbps
® = Fhii =
(D)BPSK(1bit), (D)QPSK(2bit),
(D)8PSK(3hit), 16QAM(4bit)
m S
® /3 Ki%(ROBO)
— R )45 8 LL A 3)0dB
=L
Viterbi + Reed Solomon#mfith 5.y
Tone mapping / tone masking

b

—

7 (A

- Single carrier Multi carrier
Frequency Frequency

Interleave + error correction

Receive: de-interleaving

send:interleave Frequency e i
rror correction
[ wommrem ) § Ve
>
time

tone mapping/tone masking noise

s

Not to use abnormality sub-carrier(tone) to PLC communication.

BPSK: Binary Phase Shift Keying

QPSK: Quad Phase Shift Keying

8PSK: 8 Phase Shift Keying

16CAM: Quadrature Amplitude Modulation
RS: Reed Solomon
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i 7 HL 4G L 204E (1 8 s PLC I T K 4256

Y

Research @Yiiran .
DCSK PLC modem M16C/6S1 MCU based solution

DCSK Turbo PLC modem
. M16C/6S MCU based solution

LENESAS Proprietary
OFDM PLC modem : CPX Series

. DSP+ARM SOC based solution
| | | | |

2000 2005 2010 2015 2019
5 KB T3 T OF DM &R BOAR IR HEAL TAER R G 77 IT K
G3-PLC

Alliance PRIME
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http://japan.renesas.com/
http://www.businesswire.com/news/home/20111004005894/ja/
http://www.renesas.eu/applications/solutionkits.jsp

PLCEREESHRAZTHINH

KATETT RN

R, BRI R St e LS
2% % SR RAE W B

Intelligent
N

-

-

ff: Smart Meter (oo

0123456789 B 4
R AU B

EIFIYIVET y 4 e

> 4 Scalability

R A
K

Communication

£2

© 2019 Renesas Electronics Corporation. All rights reserved. Pag eb BIG IDEAS FOR EVERY SPACE [ | z E N ESAS


https://pixabay.com/ja/wifi-%E5%BD%93%E3%83%9B%E3%83%86%E3%83%AB%E3%81%AF-wlan-%E9%80%81%E4%BF%A1%E8%80%85-%E3%83%96%E3%83%AB%E3%83%BC%E3%83%88%E3%82%A5%E3%83%BC%E3%82%B9-%E9%80%81%E4%BF%A1%E6%A9%9F-297697/
http://jp.clipartlogo.com/image/jigsaw-puzzle-clip-art_382475.html

Ll

G315k B BE T K F b LT Y SE AL

B FL ¥ 300 T Gk B FUARHEAL TAE K R 45 BT K
rAbout 90 members coming G3'PLC

from more than 20 countries Alliance As ofMar/2019

MOLDOVA

s
W sweDEN UKRAINE
GERMANY /' SLOVENIA

G3-PLC AEEH: 1291
i 5% B A 58— N AT R T
WIEE S, R34 1A
NP

RUSSIA

G3-PLC TAUEF=E & 113
35 Ml AUER = AR 7 ER

BTG

< 500 KHz =
SOUTH AFRICA ’ y

R < 300 Kbps AUSTRALIA T d

hih Mesh
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MEEH FAYOFDM PLCH R

@ AR E AR CPXith /- % #: CENELEC,FCC,ARIB

SOFTWARE

MODEM ASSP Repeater &Eﬁ‘%ﬁﬁiﬂ TRREIT 1A B KR S AT,

less THIHE F 54 400 kbpsH £ 5 5

@ EEEE e 2 7 FE ATUBRE A5 (R A 1 4 B T 47 04

@ OFDM 8 1] f& 1 OFDME A IR I a7, T0 75 [ 14t El
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TRV R TR R TR B X EE
7 AIOFDM

OFDM wave
Square wave(10KHz) Square wave(500KHz) (150K-500KHz)
Signal ] ]
waveform |
(time) | i, é
o  (KIJYOFDM(E 5 &2 i i =
. | AR T-CPX3#EAT R HI KX, FrEh
I B Lo ] L AU AT B AR T A
A4 (IRSA85%) B
%
| . . . . . — G i P Mg FL
Signal - [dB]
waveform "
(frequency)
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B

e oyl

HFEFOFDM

L}V

Square wave

« Easytoread as a
digital signal by a

third party

g

SIE TR BE | RIXT EE

~ PLC(OFDM 1 il # )

o ARG T, X208 Ja SR LU HEAT Af A

) - OFDMiEHI i1 & Hi A
i o H%G 5= T & H W OFDMEAGIFAR, I A i AR A HR & JoiE T 2 ds
1&1{@;@%’] ‘

e T ThE, HAIEAE RS LA

......

Transmit: f Receive :
|nter|eave requency Deinterleave
E:).:_I- o B LE I SRR T (1 [ B AT I
L WIS R4 2 B R (O, AR
time RNIE A A7 B
encryption

e - S SR veind
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BEEHF PLCRE IR R E

CPX3 fE& § Eﬁi%éﬁijzaf 2 N ﬁﬁ Eﬁﬂiﬁ@MACF A il CPX4

MP

Industrial Standards i B G/iinal standard
| | based on G3
G3PLC PRIME | - meters | [RCRERDS
liance LA wermre
| | | | CPX4
Device Roadmap | | | |
| | CPX3 | i
i | G3-PLC/Primel.4/meters !
CPX2 i i : | i
G3-PLC/Primel.3.6 ! | R9A06 % | ; '20/3Q
; ; G037 ; | MP
UPD | | (CPX3) : i i

809508
(CPX2)

CY2015 PAONS 2017 PAONRS PAONRS 2020
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CPX3 : ROA06G017 ME%&

CPX3 fefit 5z, ™3, EMtmEmrTr %

N E EMfEDSPAIMCU

A5 UR il P O AR G RE 2 A SO 2 DM MR oA

ARM domain DSP domain
WENELEIES
J R A7 2 1) Y 58 22 4 202 1) LA A R R b 7 R o g
s o ax. 138MHz Max. 276MHz
(768kB RAM) WMAC T %
R I #E /D EEAN KRG IS AT DI FE Memory 512KB Memory 256KB
(150mW)
AES-128 _
12bit DAC/ADC 4 BRI 7 4l R B AFE domain
. - RV e s e - . Selectable GPIOs 12-bitDAC/ADC
LR Eom rT AR O HEs R s Ve A s A Ta

DCDC 3.3-1.1V Tx Filter

FERRCEVEE RS B DC/DC and LDO  #E— B FR(RThEE, M A H I Rl As

TXPGA/RXPGA

LDO 3.3-1.1V

PKG : 64-pin QFN, 9mmLl, 0.5mm pitch

BIG IDEAS FOR EVERY SPACE
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KRG E N5

(CPX3 + Driver + MCU)

220 LA

ATT

. Transmitter
h
Receivef filter

B[S NE 2R
> MAMEMCU &R
> WA AT flash

16MH z

W
POWEI SUPPIY 2163 kel ity T 5 S S A

DC power s

unnlsyv

IMCU, W] BLE S ZhEFlash
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CPX4 ¥ :
KB BB, SRS 45 50

W E IR CPXAE SRS IRBNRE 1, SR = 15 DA
I, Hoase K WA 28717 s H0mT ARH

P

4

DEF5K

Under Development

Communication distance vs. number of nodes

(modulation: D8PSK)

700 .
ﬁiﬂﬁﬁ% 600 | \\ —— CPX4
< > | CPX3
J—> § 500 Constant number of nodels
§ 400 > 30mmunication distance P times
O A
oo o 300 j
\ } 2 | |
s 200 =
=z
ouble the number of nodes |
Hé%%%]\ =l 100 aommunication distance :F]WST\'T
. .
100 200 300 400 500 600 700 800 900 1000
Communication distance [m]
© 2019 Renesas Electronics Corporation. All rights reserved. Page 15 BIG IDEAS FOR EVERY SPACE [ ] z EN ESAS



CPX4 J$1E -

N

TR T IE 2 (200Kbps—400Kbps)

B2 EAERABEETLE

CPX3:(D)BSK(1bits), (D)QSK(2bits), (D)8SK(3bits), 16QAM(4bits)

CPX4: DBSK(1bits), DOSK(2bits), D8SK(3bits) , 16QAM(4bits), 64QAM(6bits), 256QAM(8bits)
JAEpreamble, header and frame KBk

[ Multivalued ]

(D)QPSK 64QAM [ Adjustment of preamble etc. ]
Constellatio.n example Constellation example
amplitude o. EEEEERE P H Payload Ack -
CEE N -
/gphase R I
® . p ® R R ‘ . »
wow “o” ® = ® % & »
* PlH f Payload Ack R
5 1 63"
* : P: Preamble, H:Header

Expression of bits by amplitude and phase
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Sy A SR B R, LR A (S B

B ISAR
PLcu

G3 Aﬁka(r:wce PRIME

meters W.&lllance

AND more

OPEN TECHNOLOGIES
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PLC 7PF51RI70D1(

RENESAS WADE N JAPAN

RTKOEEO003DO02001B)  t=
a2 e 1300z A
KT0004 —

RS
RTKOEE0003D02002BJ

Modem Device :R9A06G037
MCU :RX631(R5F5631EDDFP)

(SN &N

e

HIRASI0"

=

R
e

EP}CI
AT

SooTy

ra
CpE UART_F GO0
Saort ERCRLIT BOGCT

1IN0

ST DT [

Senal
ROM

walprr=ir

board

Connector
= 2 = +

i 5 5 E
= » -.H"'.':‘- E:'
JIPEW :'-,f". ;L
MCU e i rml

(REE31) <-|E|- +
ST

3

e F
LEDHOST
CCOITAS

f = !

Pl_i-."‘-'."lb‘u' =eieri

442 Short Anetarmheds |
A Sk WVEFTILVA W
b A "k Wahachpi

CHA1 | CHA0 | CHA
LSE | UsSE | OC0

MCLI
RX631

PLC Modem device
Global PLC Moden

PHY Evaluation Tool
SmmpleMAC GLI

L F£100~230R A2 it it i

There is a SimpleMAC function in the PC

LISB IF

g

S

——

{ LART+*LSE Conversion | ]

L

——

UART I/F

[

M —

CPX3 boot and UART relay

LIART

-

UART

N

MAC Layer

PHY Layer

Deviee Dinver |/

PHY PF4d 3k 4
(Simple MAC)
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A SR

—CPX3th i 3 it G3-PLC/PRIMEA [F M [ fi v 5 &

PN R B INHASE DY %

RX651
User Application ; \-%%‘\“C’
| CPX3 SAP | &
Serial command@ UART
SRX3 CPX3 Framework
PLC modem ARM ARM —
Architecture User Application Customer development
PLC PLC Source code openness SAS id
Protocol Protocol REfNE Af rp])rov(le es
(G3/Prime etc.) (G3/Prime etc.) T —— ree of charg
DSP DSP
LMAC S LMAC
PHY PHY
[
H
Smart Meter DCU Smart Meter Clu
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NEREERNMNA R R SER TR

1l

CPX3 TR e RN O ZNAH, [EETFRKETMACEIEINCPX4

= H P ERRH T UAECPX3 W ARM B [ $447
= OB AT DA I T A%
— G3-PLC API provided by CPX3SAP Block
— RTOS API
— Device Driver API
it L5 SR A LAUR
= G3-PLC Block

CPX3SAP Block

System Block

Device Driver

DSP Firmware

R9A06G037(CPX3) REL Common Framework
ARM Domain REL library
Il |1l || arrBioc
Customer development
4 User
— = /L | Application
LS | sy —
5 5 8}, S
3L g1z D>CPX3SAP Block
=5[18] |8 =& G3-PLC
& e 12 - case
2115112 ~ T
S} m Protocol Block
(G3/PRIME ADP
Block)
PN Upper MAC
DSP Domain L Lower MAC
N 1
Firmware (G3/PRIME) PHY

© 2019 Renesas Electronics Corporation. All rights reserved.
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2% J= DI e
(B B T A

B % IhEE R T-G3-PLC FrifEfJLOADNg
® 5K [F] K HH P
® g AT A (LQD KSR BE AR &R
® H A A HIhRE, AR v PELBTAN 157 R 17 A R S 3 g Jo =3 1R
® HopTjfe rl LIXT g ik £, At SAs e kAT B vRAG
® Ak g2 nT DS B B S A R R ) T RE

Route repair

Reactive type: Route selection based on LQI: Route repair by relay route
Route search at packet transmission Select the route with the smallest Route Cost (Error notification when it can not be
repaired)
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\ p—

N
EZSE
No.l o Name Description PLC standards | GUI |

1 Renesas G3-PLC Network Communicator G3 Coordinator GUI G3-PLC Yes
2  Wireshark for PLC Packet analyze tools for PLC (Sniffer ) G3-PLC/PRIME Yes

P
o
b}
pu

PAN Coordinator Peer - — a5
 r— Q Peer L
& —% Sl
-~ ~
N ' y
— \ O T L L —
s . iy > Peer
Py R HEAS X 2% I35 1| i Q — -
=) -
e < e /
Renesas G3-PLC M@l A: G3-PLC %441
G3-PLC A% GUI RX631 Application for G3-PLC

Sniffer

Wireshark for PLC:
G3-PLC il a3 #riX
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£ Ziﬂﬁfﬂi%?ﬂﬂiﬁ

18 2 Bk 2 18 TSI 100% Y Bl B

Each node

ML R -
-nnnﬂn-n

6
RERRRIIE(%) (1504 (21%) (19%) (15%) (25%) (8%) (0%) (0%)

wrstormer GHNESC @b rin =i e

4F 5F 6F TF 8F 9F 10F 11F 12F 13F 14F 15F 16F 17F 18F 19F  20F
CVT 38sq
/“"’V"Cééé “TTTITY
Coordinator Linel ,"f
|/ | | ROBO

|:| 1Hop (Direct) | ] DBPSK

[ o m DQPSK

D 3Hop Distance

. o 6F-a 7F-a 8F-a 9F-a 10F-a Linel: 106m D8PSK
i Line2: 119m

. 5Hop CVT 38sq 1F 11F  12F 13F

R LTI TIITITII I R

6Fb 7F-b 8F-b OF-b 10F-b
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FCU : Fan Control Unit

BT RS

"

main

kgl BRI

B P 45

BREZERE

e Risgl

BFIHB

e B

AHU : Air Handling Unit LED Lighting 15 24 [R] I T o
VAV : Variable Air Volume WA AL FE S 2
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ETFPLCHIESEIR

W BN m HB R 245

v B I SR D B AR TN
Lk, (5 BB ‘1
g Microphone

v RRE TR EIE IR
o CREIEIEEIR i 8l B 21 i i

Speaker

AID Voice PCM data Audio analog DIA
conversion acquisition transmission ' conversion
JAN N Renesas \
v JKEEI%{I (j(ﬂr‘l B, %Mﬂ“ 1 I TH, reference Kit '
McU Audio PCM data Audio PCM data Mcu
(RX651) encoding decoding (RX651)
| 4
Voice data Receive voice

PLC Modem LSI PLC Modem LSI

RIA06G037 W W RIA06G037
available now
-
B RGN = intersil B, ‘

Renesas
reference Kit

DC Power Line =«
H/W . CPX3 + MCU(RX651) + Driver(ISL151xx) — SS i

S/W : Voice communication library(FPAC) B
AT B ARSI : b HLiE oK 8RS
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RFERTT R

B R B RS
v B 2R BN AN | - PLC .
- L, BTami—
o D TERR R S B A
v R 5T
o JREMSLTMCUREE D

v ORKEEE (CRTF1I2E) , 2 )07 mEif

Slave Board

a»
CPX3 Driver -

LN LEDAT 4% U E N AL
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JPEG Bl feHy %

m EEAFE m R4
v OBISBUAT R IR BT A

B, (3BT e _’
UART UART
. A : (JPEG)  SEgNRSSTO . L 8 (JPEG)
v Eﬁjj zjz IZEH%,H—?E%E GR-KAEDE(RX64M)  PLC Evaluation Kit PLC Evaluation Kit RX65N Envision Kit
o XNTRGREERASHNHT S, T (380D2) (J8002)
=WV A 4 ixel
IPECHIRRRHIR AR A e -
e B e v b T4 Sl 320x240(QVGA)/2~4fps
v ﬁEE % ( jﬁﬂ:lz\i ) ) gM H ){_i ﬁﬂ—‘l‘ " UART Multi-unit connection 160x120(QQVGA)/6~8fps

(JPEG)

GR-KAEDE(RX64M) ~ PLC %g(')uDazt')Of‘ Kit

m A

,‘

@\

\ e RX

@ I

8 NN

W PR P 5 ] R P RX6xx fugll CPX3
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CPX3 PLC {HhEZEM

Product name GCPX3 Evaluation kit BCPX3 Evaluation Kit BCPX3 Evaluation Kit
J70D1 J80D1 with Audio JS80D2

E4R=S RTKOEEOO0O3D02002B] RTKOEEOOO7D01001BJ RTKOEEOOO07D02001BJ
PLCES CPX3 ROA06G037
MCU RX631 (R5F5631EDDFP) RX651 (R5F56519ADFP) RL78/G13 (R5F100GLAFP)
RN R NIM45001 (NJRC) ISL15110 (Intersil)
PLC #i4%. Carrier frequency : Carrier frequency :

CENELEC-A:35kHz-90kHz CENELEC-A : 35kHz - 90kHz

FCC:150kHz-490kHz CENELEC-B : 98kHz - 121kHz

ARIB: 150kHz-450kHz FCC : 150kHz - 490kHz

ARIB : 150kHz - 450kHz

B EBE 100-230VAC 16-48VDC
PHY T E SimpleMAC
M+ R~F 120x76x44 mm 105%x70x27 mm 105%x70%27 mm
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PLC

BT

PHEEHI80D 1 (1R H it A )

PLC Board

AUdIO Bo rd

Model Number:
RTKOEEOO07D01001BJ

Modem Device :R9A06G037
MCU :RX651(R5F56519ADFP)

*Sold from Renesas Electronics

Y H16~48VHE ITIE T

' PC to operate SimpleMAC GUI
\#/

[ UART< USB conversion 1C ] R

PHY evaluation tool
SimpleMAC

— e —
& Passi ; Ste| Protection UART IF
I Dgf_tswsve D Switch ] e I:I Connector attepnuator D circuit -—.._: r..—-—
/ UART \

PLC BOARD | o | | e |

RTKOEEO007D03001BJ

(No Muunt) BOOTO l (CSP};><13)

PWM :4 .z
(|5 ©h[RXESLHCU BOARD | _%I CPX3 MAC Layer
5 “rwm]| |5 s I -
b 2 i GPIO - SCI PLC MODEM S S f o5
2 ew £ X651 =] uartMeu-cexa) — :D:: :E> :lj I £| PHY Layer
s 3 | _usRTMCU-HOST) '_Sh ROAD6G037

E 3 R5F56519ADF | |3 Tl S S r
L“ = 2 Reset(vcy) [Tl evice Driver

s ] P;%J P— i Full-wave
— ﬂ (CES)?B) rectifier
| DIP SW | USBF/rl[J)}\RT $ $ 12V AFE -
(4x2 bit) T ég/gcl =0 E‘l . .
=z 28
RTKOEEO007C04001B] USB 3.3V L - Slz{ﬁﬁ‘q:
l I ! PHY v
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