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Abstract

To extend HD-PLC to loT applications, we have developed 4th generation technology that can switch between long-range and
high-speed communication with a single IP core. We conducted international standardization activities concurrently, acquiring IEEE
1901a approval for specifications based on our technology in March 2019, and IEEE 1901-2020 was published in January 2021. With
the rapid progress of 10T, transmission distance and speed may become issues in current 3rd generation technology. With the 4th
generation, by adding a resampling process and narrowing the minimum communication band, we have achieved performance of 2.4
times the distance and 2 times the speed of the current generation. In addition, multiple modes and channels are available, enabling the
optimal set to be selected according to transmission characteristics.
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Fig. 1 Received signal spectrum via single VVVF cable[5]

25



26

EIAFAOHE, F7F ¥ ) 7T R—=ATI24L LD
WHNHRZ R T E 2 WA IS RM D) ¥ 7 25 L
LTWikkE o Tnb. L7225 T, E0REE LD/
DI+ 52 BoF 7% 1) TEMRT 52 LS
RoOLNG.

72, BT % 0 BARC X B0 AR T B3 AICIZ
B S DT OEBCI NV F RAERKE LY, FO
PR BAFE SRS L ORFEERSAHINELL 2D
b, TOX)BERBIIBVTH, EFTFX)TO
SNRIZIS U722 %479 & Tl IITRETH 5725, 7
BTIIAWE DB IENRE S 25720, FFIZHE
SR O KB B TR OMERSEEEE 72 5.
ZOYE, T RSNREMERIEEZTIEICY 73 v ) 7T %
R T5 2 ETHIIC L BMEOEEZWZ, BEORE
HALASUTRE L 72 B, L7z C, WSOEMMLZ 23§
A1, EREETICEbETY U RVERWEEL, ¥
TEX ) THREEECTES L) LRIUE L% 5.

—J, WEOFEBAIRD 5NLHEIIBWT, FOM=E
R FEERLHETH S, IS OBILERE O
FMTH L7720, EEBTELLBIEE /4 IE B
Dy TS, BEBFEEFEHTLHELE LT, BT
DWavelet PHY (Physical Layer) OFfEAFIFWHETH Y,
RO EIEEIL & &b TLoDIPT 7 CEBIRE 2 Bl
o, ¥7E Y THEETEE UL LE XS R R
HL7.

32 UYL ynE

AR EATIE, ¥V RVE, BVl TF )
T HEEZE LS 572012, Wavelet OFDMEEHENICY) H
TN VTR E R EMLTWS, ZUTED, §3
PAREAT & OFHEZ R 2250, (mEBAFEIS UCOR
T PRI A IS B L ATREE 2 .

—flE LT, 7% %) THEZ V26527 25508
FEXNIRT. VBT T Ta Y 2 AD AT
REMOBFHFLELTHY, 20H 7Y v 7R
(=2*fs1) 1Z625MHz CTH 5. ¥ 7)) ¥ FE % 20512 F
L, T4 XX MNAEESBLOUEORR2E 72 ), 2450
OWBIEEPHEE SN L. KRIZ, 2607 v 7307
YT RATH LT, SR2OBRBEMNHT Y R UG FAER S
N, FA4FA MEERBIEQ2OMEDI3IZ %S, 22T, &
BWHOP Y ELESFERETL 74V FMHIZEY), AN
BEouAtonEiiE* A3 5E52ERTEX L. 512,
P T 7 D ERAT) & TREOREEGTIBIE S 2 AL
THETH 5.

T/, LRoBRICBWTYH Y 7)) v AL,
TYTH TV TET AT Y VT OWLBEE20EE: ) K

26

Panasonic Technical Journal Vol. 68 No. 1 May 2022

LT, ANETOUMED IR R A B 155 b AT
BETH 5.

_.>*7"/7°'J‘/7_.> 7y —» AP —»f |E3p e —
i A2 & HrTY Y yryg YTk H

fs1 fs2 = fs1x1/2 fs3 = fs2x2 fs3

FE2X )Y T v TN OE]
Fig. 2  Example of resampling process

33 RMNEETEOREEE

ONA MEER L LBEORERLEERT 5720, )
BT MBI X BT ) TRIBOZEEITZ,
R/ANBETIROEAIBILZT> TWwb. TIT, HD-PLC
®DPPDU (Physical layer Protocol Data Unit) X127 L — 2
v ETL—LKRT A THERENE., 7L—2aAy ¥
BREXMAKDMACT FLAREF7 L — 202 LD
HEERSEENTBY, SafitEAIcBWT, 7L—24
Ny T TRET HHEREOR/MEETTo TS, &b, 7
L=~y &2 HHRE S N HEERIE 7 L— 2R 71
TREINDT2D, FAFHILDE— FIZBWTHEET
HHEERORIE U TH S, ZOKE, TL—v ¥
DR EH334 Byte* 58 ByteNEH LY, TL—AbAv ¥
DIEROE ) BTUIHEL T T F v ) 7 10247 550
AN L2 8T, NBEIBOPIBILAT e & 7
5TV 5. AT, H3MHABAMNC X 5 J73% FH34 (Frame
Header 34 Byte) A=, HattARBdIC X 2808 bt
KX %FH8 (Frame Header 8 Byte) H & IR & & T 5.

34 BEOE-—NEFvRIL

FANRBAR TIIEEE—FEFr AN EHZICERL
Twb, TNHIXIEEE 190108 Rk L L CHESNTE
D, BE—FZBIBYVFEVE, Bkt 7ty b &
F % 2 IVID% BIRITRT.

BRI E Z ORIMNIHAET 5 F v RVEOMEE
WIS U T DE— FAMEIET 5. FMEEGEISICIE, 3t
BT & [7 USingle Channel Wavelet band (XB1) &, # 02
DN Cd HExtended band 2 (XB2), B X P4fE0HIET
@ %Extended band 4 (XB4) D3FENDH V), FHZFhOH
WI21,2,42DF ¥ A VHEAET 5. £ E— FIZEESNT
Wb F v R VIDE B EE O MR Z E3RITR Y. XB1-1Ch
E—F (F¥ ANVID: x-1) (ZE3MAHA & [ UARETD
D, BEOHBEEIRI-NTHS, T2, XBl2ChE—F
TliE, XBlI-IChE— FIZH LTy Y RVEMME T4abb



SEBMTRE | $B41HCHD-PLCH T & ERREEL

27

BT ) TR L o TBY, BEEEY 7 N EAT
)T ET2ODF ¥ AV (F ¥ ANVID : x-2, x-3) ZH]
eThsb FC, YURVELEERY 72y MEOH
BRICLDIBOF v ANVEREITRETH Y, HHFHIIER
BRAFEEICIO U Tl e F v AV 2 8IT 5.

BIR KE-FOYVRVE, Bt 72y M BIO
F ¥ 4 JVID
Table 1 Symbol length, frequency offset, and channel ID in each mode

WTiE, BT — 7V OREREEEZ B E 2, XB1-1Ch,
XB1-2Ch, XB1-ACh®D %E — F T W E g H O b
D (F ¥ ANVID & x1, x2, x-4) ZFRL TS, HEEI
T2 fEREOWEERLEARNIRT. T2, £F v 4
VIDIZ BT B KEERE GBEAT & % 2 Bl O HHEE)
Ex-1 (FH344=, FH8HR) IIHT 5k, B LUFHS)H
KNOFH34 AT 5 L ZNENE2RITIRT.

100
-o-X-1 (FH34)
-e-X-1 (FH8)
-=-X-2 (FH34)
80 -=-X-2 (FH8)
—=X-4 (FH34)
7 -&-X-4 (FH8)
5 60
=
i
)
40
]
20
0 = =—ka
0 500 1000 1500 2000 2500

FPGA fEizEEE [m]

AR HSGHVCT o — 7 VAR O B3 5 i 5
Fig. 4 Transmission rate vs. distance via single VVCT cable

2R AE— NORADIEHEEE

Table 2 Maximum transmission distance in each mode

T URIVR BE#EA 7ty b2 N
E—FK F v %JIVID
[us] [MHz]
XB1-1Ch 8.192 0 x-1
0 X-2
XB1-2Ch 16.384
15.625 x-3
0 x-4
7.8125 x-5
XB1-4Ch 32.768 565 -
234375 x-7
XB2-1Ch 4.096 0 x-8
0 x-1
XB2-2Ch 8.192 305 o)
0 X-2
15.625 x-3
XB2-4Ch 16.384 305 ~10
46.875 x-11
XB4-1Ch 2.048 0 X-12
0 x-8
XB4-2Ch 4.096
625 x-13
0 x-1
XB4-4Ch 8.102 3125 X9
62.5 X-14
93.75 x-15
XB1-1Ch x-1
xB1-2ch| x2 [ x3
XB1-4Ch [x-4]x-5]x6]x7
XB2-1Ch x-8
XB2-2Ch x-1 [ x9
xB2-4ch| x2 | x3 [ x10 [ x11
XB4-1Ch x-12
XB4-2Ch x8 | x13
XB4-4Ch x-1 [ x9 | x-14 [ x15
>
31.25 MHz 62.5 MHz 93.75 MHz 125 MHz

B3 F ¥ A VID & OB
Fig. 3 Relationship between channel 1D and frequency

35 E(S14RESTE
REAM OB REMEED 728, FPGA (Field Programmable
Gate Array) (ZH¥fEZ 2L, BN GBERMEN L, o
N MR & B Lo BLE CEEEREOFHITZ 1T 5 7.

(1) E(SEERm L
WEHEEOR EIcoWwTid, BHVCT (Vinyl Cabtyre) 7
— T WVEEEEE L, FPGAM O MHilE% % 2 % A 5TCP
(Transmission Control Protocol) (2 & % NZ b7+ — Ml
DBEEIT, ZEMOEEZWNE LS. F X 2 VIDIZD

x-1 X-2 x-4

FH34 | FH8 | FH34 | FH8 | FH34 | FH8

RAR(SIERE M) 850 | 1000 1350 | 1550 1850 | 2050

vs. x-1(FH34) 1.00 118 159 182 218 | 241
vs. X-1(FH8) - 1.00 - 155 - | 205
FH34 vs. FH8 1.00 118 1.00 115 100 | 111

F ¥ A VIDOER T, HEEIE & ZITEx-105 D 5
ETH DD, HEEPREL 51220 Tx-28 X Ux-4D 3
MM, -1 L Tx-213 891565, -3 k265 o Kk
ALASUTRE TS 5. — 7, FH34 X L FHS k& i3 % &,
/NS R O TIRAL A0 %~20 %D KIS LICEF S L
TW5, FHEEDE VL ZICFHS T ROBEED T - T 5
DIZ, FPGAIZ & 5D 720 ZEM TN v FIEHRO MR
B A2 2L TR Y, EEEMETL T30 ThH
5. TRE—KRNEZENTHY, SHBOBE/LIZBVWT
FH34 5 R & HEOUREZ ER T BE % AR TH 5. F ¥ %
VOIHU & 2 BEFIBORBEBEIRE Ny FROZEHEIZ L
A/ NERIROMRIB L ORREMAE DY S LT,
FEIMAHANT (F % FVID : x-1, FH34ALE) LHEL, &%
K250 KM I L T 3.

27



28

(2) O/nZ MEREE

TN A MEDREIZOWTIE, 2B EC o P B E 5 TR
Biiolz. HEEIOHEOMN-a Y M RIS SL
i, 2BsAS2EHEB L, 7u72E (F72) <afoart
v METCIEREE AR L. SRS T E N ENRRL &
o2& L7z & & OIRkIIF % SB5RNTR Y. HE R Rkl
BRI AR A L7222 B Y, SREICBVWTH
60 dBOWEHD D 1 (—HDFETIZ30 dB~40 dBFEE),
FRMEEHNO Y Y NI E F & T BRI HER
ENTVE7D, TENOLOEENOD ) 4 DS ENE
TLULEND 5.

< > XB1-1Ch
20 x2 > < x3 > XB1:2Ch
x-4 x-5 x-6 x-7
— > — — — XB1-4Ch
& 40
kA
T —AZEE 1
® —ER% 2
&/ -60
-80
-100
0 5 10 15 20 25 30
82 [MHz]
5 PR THBOEREAFED]
Fig. 5 Transmission characteristics in a house[5]
10
8 x5
‘Q
g8 6
=)
i
lim 4
L]
2 x-1 x-1 x-4
WiE B B
o T el Al
2% 1 1282

O FRETHEENTOMIEHES]
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