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Analysis on in-vehicle optical communication trends and
suggestions for developing V-PON
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Abstract: Firstly, the trends of vehicle intelligence and connectivity were analyzed, along with the new requirements
and challenges imposed on in-vehicle communication by the evolution of automotive electrical electronic architecture
(EEA). It was pointed out that vehicular optical communication would undergo a development process similar to the
“fiber replacing copper” transition in telecom fixed access networks, shifting from “narrowband communication +
copper wiring harnesses” to “broadband communication + optical fiber harnesses”. And then, a technical roadmap
and standardization proposal for vehicular passive optical network (V-PON) were presented. To address the demands

of in-vehicle communication and the challenges posed by its unique operating environment, adaptive improvements

WmBHEA: 2025-07-01; 1EEIAER: 2025-07-14



PEF,
-

were made for existing PON technologies, and key technical hurdles were overcome to establish the V-PON standard

framework. This approach fully leverages China’s technological and industrial advantages in optical communication

and PON systems, facilitating the development of core intellectual property in vehicular communication. It supports

the transformation and upgrading of intelligent connected vehicles (ICV) and enhances the global competitiveness of

China’s automotive and telecommunications industries.

Key words: intelligent connected vehicle, in-vehicle network, EEA, V-PON, copper wire harness, optical fiber
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ITHIEE o TR AR B, AEA i NI
RO IR RS, BRI 2 2 R A PRI S

(3) JCHFENR LS T PR Jeebh
45 % — P S Ve Re U AEAE O e 55 B BRAL SR A o
&4 PON BARE R AL (220 km), {HTAE
HMBIABEARR AR E . EAMERITE R B (<40 m),
B TAER G iR R 5 ih 5% 50
B, TIRFOCHOCEN TAERIR . shaaPis I
MPTIRVERE, JFAH ISR TG RE #5 1 W] FEME

(4 BOGERBIERHR: FROGHEEEGH
e ) — ik FH 2 B BOGAS (vertical cavity
surface-emitting laser, VCSEL) ¥ A7 3 5 15 34
J#% (distributed feedback laser, DFB). iX¥E30;
A HRAFAE AR iR R R ) . U HAE 2R O I 25
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M2, MPEESEGL, HTHIFE. RS W
AEEBREIRZR, Jovdoh e B as AR ER A A ) i/
B, R, @R T2 M
BHE 77 2B OGS B SR R, BR A v
SR, B IR B &R AR ThRE Y
gl s iR R, 2ol LR AR SR P T R O
B TRIAE AT B O s R Sk i v O,

(5) PONBELAL/NEIAL . AR A . R ThFEBE
fif: H TR P 2 B T R SRR IR T 1 R A K
WL EE R, i, mE RGN TR
A S DHFEEER I E o 22 PON [ 24 Byt J AT 3
I L 2HIRE . DhAE BT DR B i )
07 il RN (RTHFETR R .

(6) ZATURRY . WS W A 45 ) .
7 % PON AR 16 4% 55 PON J: 4tk _E 75 B3R 47 il
R B wemEEH AR, LLEH
TEARN Y.
3.3 V-PONZHEHEXHERASE

BT B AT, ASCERH V-PONFAR A%

OLTHEZL

7N
b/ o -l W

G PONHARMANGE, i AP 4T3 &k
Bl — %%, DUE R ZEEIA L. HAZ O R R
ROt g a5 AR, SRR DGRBS 5 70 il
BB RGeS, SR 2 S E E IS

V-PON B{ARM H G- AL it KA & KA 58
Bk, AT HRALECT Gbit/s M 5 = AL A TR, T
JE B BE IR ZE X S E AT A A AR
RSN TR N i 1 WD vt e (S S E IO E TN
R HRRE ), BEEAE 4 N 2R I A IR B R
B R e tE S AT EE:, NRRe SR,
AE JAE O 55 I F 2 4t 2 S R B

V-PON 547 B 7 . 5154 PON 2K
L, V-PON H1OLT. Joilii/rtds SOt/ ONU
. HEh A ] T A e i DX e ] S -
EWAFRIZHRER) ECU A& i N 85 2 £ (11 ONU
B, 24> ONU BT I 6 43 Bie B2 A\ Az T H g
ffJOLT. V-PON &5#i@it AT atl, SEIm
2510 RIEY R, Horh gL i) 2> PON i A4 Ji% OLT/
BRI 28 OLT M40 n] i@ it PCle 25 5 s\

ONU#E4L
leNWrrrrr™
A\, Y
SFP| (ONU) MIPIL -‘
7y M)
(AN S lopp ZEH O 5 A
: (ONU)

FRGEFERL]  CAN
(ONU) }—« ECU
ERIGEERA

K7 V-PON Z5ikRiE &
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12007142
BOSA| oNU @
8007514 %
jin;
BOSA ONU
= ZPONII —~] Lo
1 OLT e I ,_I— 40055
A BOSA| ONU &;‘,
hgLEflSoC L
" (OLTH:4H) 80077
)i PCle [ A R
' OLT ¥ BOSA| ONU @
(¥ [CPU/GPU ’
fiJ 0 BOSA| ONU

OLT PCle

8  V-PON fEZE PN [ S B /R

H19tSoC. V-PONTEL NI EAARH, & 8 fir.

B {41 618 15 PON AR A L, V-PON HiA
7E 4k 7K PON % O FOAR B 2 AE |, I8 T 0 &
BERTAERET . R B AR & 75 R 14
MIhRe S HteRe, bR EHIRIFERRIR
MR, FTSEILACER AR AR AR Y R T, AR
FIRBE TR IR Y e I M BRI R B L RS
TRAFHLHIFI 2 AN B EHAR .

V-PON FI SR FEA LA 5451

(1) F2F X AL AL . AH B A% G PON
K, V-PON i AR 7E OLT 5 ONU [A] {1t & 5 i [
RAT . EERREWMNE, FHBRERS
TMrmEE AT BT E: EERSHNAH, b
ITIRENIZE KT FATRE, W H &R E e R
W oKt e 5 @ . ik, 545 PONH;
AL, V-PON AT it & 7 & 50 5 Ji 3 (1 ot 45
¥, LLTDM ()75 i OLT |~ 4% 45 % > ONU, i
SRR T AT RCSCES, S A A R A
ONU A # S8k 1) AT PR A . V-PON @15
R EWE 9 BrR . ARYE TATHROCH & ONU K 3

BTG RS R, ONU K 84 ST BRI iR 2R
N FATHE . E T 2% 2 e A AR G 5
PR G T 93D AT A B A Fe AR RS, DU R
ITHTIRIIZE . b R AT (R SR S s 40 SC &5
. WDM LA DBA 5% SE 8 -

(2 BREAGETFEBE. 7FEER
REMBRIR E s e (RIS ZE . M TR, &
B FE T V-PON 22 K () I8 45 ¥, #4  V-PON P}
WAL T SR RE R . AR 53 BE R
B, JFKRJE V-PON %4 5 RISk R, B
BEES Z4ET0RVUE] I i S 2R 50
o I I A T A B BV S A0 R FEE I R LB
AR, SEPY 55 gD ORE HE 5] 20 5 Fb e 3h & &
R, AT A IR TU AR AR B30 o Mk 55k S RO (1]
e RS BE T -

(3) SEEAFES SAMEH R . PON BEA& £ %0
AR AR E, 6 AR £ O 2 AH S8
BRI RBUZ R 2 TR SRR, &
BHE I E e S AL 2 A S A
BEATAMEE . G0, 7E XGPON o3¢ 4k 1 % 4 %
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TAT
000 A B C
| o | - E F D
o O o _47TDM
OLT

9 V-PONIllfERE

(non-return-to-zero, NRZ) ZY45HY, 7L 50 Gbit/s
PON 1 JUIl SR A 4 5 1 R B 4 PRI % 132 47 1B L 56
(low density parity check, LDPC). fE V-PON 1,
T AR Y T I R OR L DG T AR R TR FH R —
Tl 2 R B N i

(4) JnENIEZ 4 pLEl . PON [ R AT
OLT/ #&ZIPrf1 ONU, AA—EM%afEE. 3
EEG 7 ONU B, OLT Y N AT i SCA k% 1 ]
fe. BlIt, PONRLRH =% n&FrdE (advanced
encryption standard, AES) 1% 55X SCHEAT
2R, [F, PONSZHF £ Fi ONU A1 OLT
WIETT =, e FIE AR R AR, SR &
P AIEMERE N, > N 2% I8k A0 5 i 5 1Y
R,

5 G E BN m ] R A
BEX A )« s R B L B e AR R
M, FITRGA BSOS ELE . HE.
B TZEIT AR, /55 M
WER . I, EFHEEEREAT AR S AT

bRUE S TR SR 56 IE 7V SR AR I
M S AR 28 10 2R O A A 5 e M 4R A 36 5
WIERLTE -

4 V-PONtRESIAREIN

ASCHEH ) V-PON 2 AR 72 5= T il A £ i
EAPON AR K JEM R, FEMIHE. HAR
e brdE . IR 5IGEAR R PSR LU A
AR EEZ AT AT, 7 R8T 47 b S x
TEAIEAE & AR 5 R HE T Bk

(D InsiRZE 5 aEE s A E . BT
VR 7 Mo 7 808 15 R R F SRR AR 3 B
K, HXPRASMRY AR BUR, JFELEEM
W SR EFA TR R BRI AHE . B R 20Ok,
Oy RIECIRE HAR BRI S, T RoE N
RE O B 75 45 7 RS €01 V-PON B R o 75 I L i
b VRPN AT S5 AE 3 [F] ) E AR
LK, 110 Gbit/s V-PON. 50 Gbit/s V-PON
BEREAT .
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(2) G 1EHIE V-PON HARRHERTE . ZE 308
B AU R 7 B 8 S 4% PON AH GBS
AR 2 R A R 2, ML EEHIE, #E
DU ok FUE 22 5 B AR A o a8 S R 0
B V-PONFAR (bR HEAL, SEIURIRILEE, PRAGHT
R RS AS RN R RS, B JH HE 2E V-PON £ A 7=l
W, NE BB R e R I 5 n] &
IR ST R AR AL

(3) filE V-PON M A5 T HEE . A%~
VR T B B O E e A . TEARWT SRR
5 b aE ) B R, ARG AEC-Q102 5 Tel-
cordia GR-468 %5, TE A — M S a5 br ik
FH A E R E B E I, fTATE A R
AR 5 B AR R bt TEX 5T, AT
REEN AT R, R0, Thee. tae.
R BROARSE, SGIEAE s R A Ty
R RIAEEAR, JLF T ATAT M, AT SR
BIGAE, 3L [ HE 9 V-PON IR A AE 1k R ALY
RIE.

(4) e A RF HEF L ZEF V-PON [ 7L
Ko FHEOCRGBHARETHEEY, WRRE™
W 5 Y IEE P TTAL G, AT &R
ST, WEINGRTZ T, ISR T L2 20
W, RO ER SR, B RN Bk B A
WABUCCRFBUR, § RN HZRTE, fiiE V-PON 7E %
RE WY IEVAZE 7 Ml RS R P

(5 MREEMANA ARG EL.
V-PON # AR AE NGRS . 5 % B R 5 25 4
TG X AT AR, NEEMAA TR
BY) . KEEERANAALE ZHRE HEGEAE
SRR ST AR, ERARKERT
SRR Y A = B G S VAT S
A B Al AR T U 2 s T ATV T 2E R, M
B — AR VR S @S i
Y e EAr I N A B AN, HREE, FEES
BN Bt o

5 ZHRIE

ARSI BT R TR o 5 rp i 5
AR RE, I RG9S PR ST T PE 1
R GURIERTE . ASCHR 2R T LT IE A5 19 V-PON
TR B RE MR A R R SR BT I AT RE, (HB
T I 7 1 A 2 IO ET 2R 3 3as T 2 P fg
SIS SR AT EE . AR RS AE P A PR .
WOR 5 Hp [E 7E 61815 A1 PON AT K B 5 7= kA
%, PRI V-PON KB, il AH b
R S EE L RS, SEILE RS
1 “OEHEATR”, B EEA PR E A,
2 [ B RE PUIBIAE P  e  RR E, SRTEA
] Aol f s E 4

BUS -

Bt P E AT RN ) R RIRBX T A
Ao A A AT A 15 Bk 493843 W ST H R AT R A
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