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Practice of full-domain machinery remote control and

ultra-remote control based on F5G technology
YU Shenliang, WU Qiwei, LIU Zongyi
(Nize Intelligent Technology Co., Lid., Shanghai 200082, China)

Abstract: Concerning how to build an all-domain communication infrastructure and deep integration of
various machines with remote and ultra-remote control based on fifth-generation fixed network (F5G) technology
application in ports, we conduct research on the application of F5G network architecture and communication
infrastructure in Luojing port area in Shanghai Port. By analyzing the characteristics of remote control operations in
the port and the method of designing different business application schemes in a classified manner, we obtain the
results that the construction of an F5G passive simple network architecture and an ultra-remote fully optical ring
network communication infrastructure can ensure the real-time communication of control signals from three different
programmable logic controller (PLC) systems, namely Chuanfeng, ABB, and TMEIC in entire port area. Meanwhile, the
three-location fully optical ring network can meet the requirements of large bandwidth, massive connectivity, low latency,
and zero packet loss for three ultra-remote control centers. The classified design of remote control operations based on
F5G technology can provide stable remote control data transmission links for 14 quay cranes and 31 rail-mounted
gantry cranes. The results offer theoretical support for the integrated collaborative operation of multiple machines and
applications, and has significant reference value for promoting the normal automation of all-domain machinery in port
areas, the establishment of ultra-remote control centers.

Keywords: F5G; remote control; PLC; automated loading and unloading; industrial optical network

B RET R A, e M HRERT, S F5G) Nz Az, F5G HEE i i B HL A b 1 D3
1ﬁ@ﬁméﬁﬁﬁ(the fifth generation fixed networks, 2T 2020 4E 2 AR s FEN S ZEEMOGLT T

Yfs B HE: 2025-05-15
EBEN: A PR(1981—), B, HBELALTRA THIT, NEBIABAZ LR GE X R T,



¥ 1 ey,

: BT F5G HR 4G A RAUM L 4% Fo AR 12 47 F 3%, - 197 -

WHEA. F5G B RKAl s, Wik iE 4k | MR gnt
EFNE AR SN 2021 4E 3 H, EZRTALA
FRALTRED & (< WT-IR” W 45 U ) & e A7 shit %l
(2021—2023 4) )2, RGHEH 5G FIT-IROG M 1Y
jeiaras

2020 4, FuSEE R A R I S AT P 4
FEAE AL RS K B 7 2 I s I 4 bt . H I,
AR GBI B b 40 km DASN, o fESCIEXH R 1L 8
(25 SR IE AT R B XA 24 IS
FfRTR T IR AT Sk ) B 1) R, R T AR 5
TAES AW, 4, T, R,
JEFRIE A R 22 S LT FSG A LA T 45 il 512
B, (U7 R — A X k2 X S el 2
FlRUA Y L B 4 ] 5 R I, O YR
AR AE VR A ZE I 4T R

¢i%%i@%% 2 X B 1 S
FHSCE:, TEANIARIE T FSG Tl JGIEEM 4 ( pas-
sive optical network, PON) F1 6 1% % [ 2% ( optical
transport network , OTN) £ A, A4 HETCIFAR 7 N 26 48
A AR 4 N30 1 5 A 0 = b 4 G B I ) el I A 5
By R, BT ST DSBS X 4 gl I 1] 5
ABB Hl TMEIC = Ff 7 [a] 7T 4 7 % 45 4% 4 &%
( programmable logic controller, PLC) £ 4t A AL
(0 RO I AR AR R, R AT LA 3 A 45 b
SR A A U B T2 P T 1 17 JH R A

1 F5G XA
1.1 PON #iA R

1966 4, HER 25 R SR B8 TOLeT il
FRBISEERS, A, e EfE AR AG#H A
JRIBTEL, FSG SCHEF AR LL PON $5 AR Ry 3kat, %
FARLENELT B P (fiber to the home ,FTTH) 5 E

2 AGE AT 10 a
1.2 PON MIZ54eHy

PON M2 4044 J& T 2 M4 280, EZ it
2L % 2% 3t (optical line terminal, OLT) . Y643 B %
Ot W 2% FL 5T
(optical network unit, ONU) 3 EBIFAA AL,

1) OLT. —fBE e P.ObLG, &40 PON

SHPC RS, @ik PON $2 00F1 ODN W 4% %
%,wfmuﬁﬁ%¢§ﬁmo

2) ODN: HDGEF, — B A TCE A
TCIE A B TC IR M 4%, OLT Al ONU 3 i
] (9 JCIR ODN HEE K 1

3) ONU:. — B8P, $Rat4mezn
HEREFH P, P (S B B PON
5, it PON E4742 05 ODN % £ 5 £ i 4
OLT, OLT ¥ ®| i) PON 155 5 4k ¥ 5 47V 55 5%
KALH . PON WAL ILIE 1,

(optical distribution network , ODN) |

AP miEn

. HHECM MY (internet protocol, IP)

1 PON R#5Z%EH
Fig. 1 PON network architecture

2 BRMEZREEITLL
2.1 fEGLIRMEER

W IR, G5 LR MR = )2 M 4 48
F, BIEGLE ILRIZREAR, B2 Bl
BCEFAZOHL G, 52 2 AL S T A2 i JIr
Ws AL LA, 8 AN 2SS ML 3 AL
WA ARG LR AR UL 2.



- 198 - K oiE L A2

2025 %

Bobse el 22 T SRR AT

sl TR AL

B2 fExlKMEEA

Fig.2 Traditional ethernet architecture

LG LR AR T RO A R sg el 2 ] |
TCRFE ASCHAMLZ B R DG % 42, IR A%
ASEHALR SR SR, E] R A TR
B AT PR,

BGLIR AL ) LRSS E 5 A
IR A BIHEHL | BRI 24
2.2 F5G TAlEmEety

F5G Tl G AR R =2 M 45 284, R
DREHIEAZ , %0 2388 LM OLT & & E T

o
W3S OLT

B TRAZTHL

AL OLT

-
tE? =03

T eHER TPLC
[}
_) !
=) ~@
A SHREL G BB

Bl , BEAJERY ONU A HCE T 1 1 HL Y
FHUAET . FSG Tl EMIZeH ILIE 3,

FSG TGk H, OLT F1 ONU 22 J8) 5% F
e, OLT i ONU 22 8] 5% HH s % 22 5 3R
&, R IR S 68 AT G4/ Be F R &
N 2R A IR B A R T TR

F5G TOlEM AR ) WAILRIZ, A
B R IR IR | RN

|
— RS

ZHS Eeace PLC

TR

R oot R

B3 F5G ITA3ERZEH

Fig.3 F5G industrial optical network architecture

2.3 LSRG L

F5G TP G446 R F PON £ AP il i 4y
et DL, LM Z 5516k, W er
FASHHLECE, A R IR, FAFREAIRD)
FERSCRRE A, fRTARAT 425 TN A2 5 LA K 19X S A 44
ARSI, dEdr B A AR,

F5G Tl 4 Aa >R FH T8 2 J1 390 98 B AL ( 4
W), BEBEMAD A e e SE | Tl
il LA A5 3 S i R SRR R RS
R PR B SR FH 2S48 B BT, S 3 5 7 2 RD
FEAEHEBA L S AN AL BRAE IR (AN A A 45 61 2
A4 AR, YA A AL AR rh A
s USR8 3 TIL N

F5G T YEMIAH 3T 43 Z 41k (time division
multiple access, TDMA ) [ [ J& B B, eyt
BERLHI E ™A% DB O S 20l 55 (4n PLC 45 M5
) R AE AT B SCRERE B Y+ R S A

i ) S A A B, W OLT B A 1 IR 55
(quality of service, QoS) W&, kS BH vh o<, 1%
G LA R4 FE T 5S40 AL 1Y) Bh 7 A B 8 BE (™ 4%
RGBS ), SRR ER LW, =ik
Fefolr 55 T REZ AR e it 48, H 29055k
DL PI%E; BRI T QoS TR ME (PR, BAFI A
H) TR MM, AR SR EM, T
AR B S 4 B

AR AR AT &, FSC Tkt
PHFAE TR AL A | REARBLAS | A B S 0 B S
FEME L O T AR GE LR SR, Tl A X 5
PR P 1 1 3 Az AR s VR R 45 (an
PLC il . LA ) |

3 F5G ML
3.1 VAR R X
Y E R X IR E T 20 thad 90 AL, B



¥ 1 AW, F: AT F5C HARM ABAME I o BT I KB - 199 -

RS EE A EA TR L, A B JC RIS Y
PACE AL, SREfbis R E BT R, FEE KT
U RIS, IS 2T A B R X B <
BB D TR B, DR TR RCR | BRI
Henk

PRI, IR s 0 12 o DX 2 4 A Sk o —
TRE (AR s — W TR I Rtk . &ktafk .
BRI A RS RS Sk (B L B A)
o R A F A R R AR I Sk, WO S A Sk T 2
REIE, i, &, W= E, sriimns Bk
BE712.1 m, JERHIAMEE 360 m; PIRSIAA B
360 m, FAAHERIRIL) 44.31 7T m®, [ Sh1LRY
SLACHMEL AL E 7 & M E NEUE R MR 70 t,
4 EMATHERMEE 651, 3 AMA FAER
M 41 t, AZMEMEGEIECE 11 SR8 A
feE A4 e T T B AL (automated rail mounted
gantry crane, ARMG) . 20 & XEE ARMG, K
iz B ARl BE 5 60 ~ 90 R B R 5] 58 4
(intelligent guided vehicle, IGV ), —Mi&it&nt &
4260 Ji TEU/a,

AT REPEPE Z Bl PLC i 72 4 ) 1Y 12 BF A
R H SR E, 65T FSG BRI 4
HUBBZE ¥ A0 S s F 5 ) N S 5 IR, 4
Ui AR DA DR 5 30 37 B A AR Ml AL AW ST 300 3 5 {1 Bt
SERSEE G N HAR, 3T FSG HAR KT 45280
Kol A5 R T, it FSG Tolk PON S28 20 55
NI B 24, TE2H PLC i RG A1
AFEREE T, PRIEAE RO . R AR
5 20 55 I T Re e i . it F5G F1 OTN #F &
b ARSI IR, Sy = b O
(.35 21N

AR SCT AR BT O AR 2 AR R Sk 1) I Bl 28 491
Hp F5G + B b 457 J5 58] LUK A% G2 9 ) i
KU Re b AR BRI L TR RS RS
3.2 F5G Tl GRIBLARM f ok 7 58
3.2.1 SIS T

AL TR EBAIHIER 31 &, BH
14 &, HAHUE AR 2 45150 43 o 588

MUSREPIFRZE, Hrp XU HIEm 20 &, &
HHUEm 11 5,

FAMLFE R Tl G 9 A 2 b 28 AR 4]
MZgirsE! ", BB PLC Tolk ] Lo
BRI . ORGSR RERR | 1282 i
ERUFACE A, S SO LR 1,

x1 WETERL
Tab.1 Network bandwidth planning

N3 S WP/ Mbps  BYHE/ms kS5 SE B
PLC Tk 4%l 10 <2 i
PRI PG s A 10~50 <20 =
WOCHUE B RER 20~50 <1000 Eg(IS
WS 10~40 <1 000 B
=R R aN Sl 5~10 <100 (IS

BAHLERIE & 1 970 Mbps, BAHLAE 98T
412 Gbps,

ML AR A0 0 42 A4, FRaE AR &R
TR S U ONU 283,

g6 PO PUE M ARE 6 £ 8 i ONU i
HIREEHGE MEE 5 £ 8 il ONU L,
BREPFEE 7 £ 8 Wil ONU &,
ONU 2 AL w2 8 432 PLC Tl 2 il 28 i |
PR R IR B FUHAL R SE, ARG EE
PR 2032 A ONU it 19 7 2R e %, i,
PLC REEIRIER LM EERG, LA
E#% ONU ¥, JEABA S —l 509k, DR
PR AR I e A g ™
3.2.2 YOG ERET

F5G Tk 1 TG J5 4% i 5 22 17 ™ 4% 1)
WRLECUIRI A, ARSI E . MR
B IE R B AR R b RE N
EWFE2,

Tab.2 Optical power consideration factors

P EagiEs AL U[E=8
1:4 5364% 8 dB 1
1:16 43 64% 14 dB 1
JEEFHiFE 0.4 dB/km 10 km
TCEF R SR 0.5 dB 10
BIS R XA 3~5dB 1




- 200 - K oiE L A2

2025 %

SCEERR BARFE T 35 dB, 1EFE 35~40 dB LIFR
MR, DI R IR,

HRBETEE R G PR AR E T, ST
FEOUMCRAL S EE IR T X, R 90t
1475 B TR PR B B R S 1 TR BE

G0 14 43035 B A X ) A L BT, iR
IHEA 34 PON [, RI3 G841, 48 1.5t
TR, ML BHE Y 2 Gbps, L PON H
PE£E XGS-PON, B 10 Gbps 7 5E 6%, 3 & HbLEE
NG, ABRA 30% W TCAAT T8 DR UE 9 28 T 1k 14
g, BRSNS A 2 B A

FEGR 116 SpGARE THUE M A FF N
HA AU, DURIEI 7 & ONU H Sl I
B, BE 1:16 4368 B AF i GRS E TR
i, Oy RS TR S
3.2.3 SIS R

1) JeeFitaseit, AL A ONU ¥y5d it
W IRICEF FIR RN o eds 1, BBOBER N
FAE, Y OLT & E] ONU EHEFF T K,
RGP HLEIFE 60 ms PRI 5 V)4 28 25 4% I
I, PR S REIETT,

2) SRSkt i R PUE AR A
FEARAER, A TR S 1) Ml 55 X6F 190 45 I S AR S 1k
ELRANE , BETTBy Bl 45 1 B AR R o
FURIBRIM (virtual local area network , VLAN) fi264% ,
SR B L OLT i— T A FLE 5 ONU b 55 i
F1, S 3] o 11 DO 48 5 i DR B, S A A 5 1
g5 ARFeG 2 BT . OPLC ¥ il {5 Bl & [ e
P28 S AR e L e 2, @PLC 42 58 15 >R T 19
281 EAMEE SR, 0 [ E N g i R S PR 9E
WF, ekl AR b B g KAl 58 (i SE M
BRI ECHSERY 2 4%) o TT A [E I SR, f
UE /NI [ 2 7 e S E . DI 12 48 AR L0 i
e B A B L g, SR R P 48T 58 + SR AT 9
WS, LR BT W 1 L RS Y, @FEZ
PEERVE AR A 22 G038 15 e & @ e
ASCAR 388 {5 B ) 7 VT 322 Y R

ZE LR, F5G Tk G R AL AN i e 7 S8 7

S FEIRET ONU B Rl | 2
AHA | B TOAR AR LR B i R b, it b
WHE, ASCTR BN 55 7T LLFE AR
HE AR R AT,
3.3 F5G TolGMzm gk Iy %

St g5 TS T TAERCR, AT R
SR EREE R E RN E R E, Bk FS56
Tl e RS R E B s, i E
fEmyEE | BB | AR TR L,

BEAR FSG G 45 W 24 e Ah Ry — 2 e P AL AR
PUE RIS MR EEA ARA MG F56 OLT i
&, o RRE TE RO RN BE
OLT B &R FABRIR | X F 8 (W BE R TUA S5 5
OLT R H EATHEB% R & 9 Oy G H A0 M
RSLIEERETUAY; JAE RIS TF I Type C XU & {4
PRmG, SEELR ETORL ASORLF . OLT k4
A B F ONU PON 3ify I BB i 2 SR TTAR B 45 248k
WA AT, 28 U e B SR 2 A, S Bl 55 T
ST

AT AW K)IFE . ABB Fl TMEIC =Fp A [H]
PLC RGOl 42 e 7 . Tl 45 il e {5 o A
JUREEER IR BRSO P S R R S B
XF 3 FORTE P R G, SCE B BOR BUFCRE 45 &
fRR B s T4 =, BARSRIS T

1) TERRBRES 210 . SR HE I8 BE AL AR e
S e, JF A TE M 1 A A R e
FERS AR 3 R[] PLC il 22 48 B SE R 5

2) (ERERARS)ZM . KA PLC {52 A7 1 310 nm
WA TE , AN S B bty 31 ity 9 7 B DR B, 3K U
TR X 4y, R s v g T OLT AR
IR, B QoS S 1Y PR B Flia 17
AESRmE

3) TEBATHEAPEHZE . R eSight V& 5%
MATIALIE TR, G2 — B PITK F5C m ¥ M 4%
H1) OLT 5 ONU #4%, BP0 7 (9 ] Ak 4
FNEE PR, eSight - 75 1T LAST A B0 M R 7
F5G M5 RAE AR, EFHETT4R 2%,

LE LR, FSG Tk ' W03 45 fif p 7 28 7 5K



¥ 1 Arb s, . AT FSC HAM &AL I fo MR IE T

- 201 -

B FERAE T M AEN | 2 MITR R HLE
T RS ST ORI B ] A IS AT e A B
W IR, AR ST AR R P B AT LA R T
5L GBI IR NP RRGEA T
3.4 F5G TAEMBzmeE 4

TEZ TR L A E R T . SRR
i 70 3 3 6 R 2% 2 55 (optical network systems,

E 4

ONS) I 70 B £ HES7 — M OTN 063 W, DL 2
FSG ML M 53R, — il it OSN 4>
B HEE, i ONS+OLT+ONU 14628k, o]
S GG 4 S d e B AR 100 km, AROR P AE
SR A P RIS R0 T TR M R R A R L
TR S5 oK . AR FSG Tl B I
Kl 4,

ABlfBs

FBIZE F5G TS

Fig. 4 F5G industrial optical network for ultra-remote control

3.5 F5G TallBmsc /N

b o el = Nl S G O E el o v ot L
( gigabit-capable PON,GPON) A% #K 10 G GPON
A, GPON AL F47 2.5 Ghit/s . 47 1.25 Gbit/s
I 5E, XK 10 G GPON AT DU4R AL R A5 X AR
10 Ghit/s BHF9E, Kok PON HARTT LA 20 G GPON
40 G GPON, HZZH i vy 100 G GPON & ¥
M

F5G Tl EME SR OLT 2 ONU [a]l i 56 {4
WUNT BT A FEE, 5 T 0 £ 2t 0L I 42 7% |
B 55 RS e, e Em A 55, 1Sk
BRI AR, RS L . AR T HUAR Y A
FCBFEE IR AL B, AR
PGB AT AR RN . 3R 2 M FE M W] 1R
Rt rkaE 2 — .

R F Bk i o 45 i AR G AORS 4H BE E TA
MG A, FSG Tl ot A Sy 4y 20 )2 AR

Sk SR UL W] DL A LR TR SR L, 7
SRR, RSB Bl A5 1 56 Tl K
FIRCIH [0 26 B4 22 (6] O 21 . T4 b A 5
T 2 1 P i SV U SR

1) F5G Tolb ot W24 L T4 58 LUK M AE 4,
BT FSG AR R 1] 100 265 ZRAL) 142 6 B 90 i a7
WA HEE , BENS R B UE X 2N ZFh PLC R G5
55 SEI A, n] LA AL a2 5 O R BE
ML | R E A E E AR,

2) T F56 HRRm 55 02K ieit, wlLd
VIEZ IR E AN L SN I K(EN 7 S ol S )
FETHRREE AL AR | S X e ALAC R 25 A 3
e, HEBOR I FE 0 S 5 TR RS A
B

3) F5G TGRSt & 2R 6



- 202 - K oiE L A2

2025 %

-2 FNL 554 Fe JE 4T PON 2 A 348 5 F1H7 56 B
K], T BEARE A A% w6 0 1 0T RO o B

FISCHEY RS RAGIN 75 ZEAR S AN 7] f) 19 2% A T
PEAL R DG T ) 268 R R SR g i

4) F5G Tk PON FI OTN 4% A 4 il & 1 1,
*%ﬂ%ﬁﬁ%%%ﬁ\iﬁ%N@\E%%w

S5 MRS MR, “FSG+” RGN O
PL“— Pt ol fedbus S i ﬁcﬁ%‘?ﬁ%
R TR BERIE . AT IR TR AT A R
VRREREL T,

S Xk

(1] 2k, BUKA, 28 5ifi, 45, 58 QI 8 5 M FSG &
JEJREE[]]. BIEHI, 2021(4): 32-36.

LI X,ZHAO Y L, LI Z T, et al. Development prospect of the
Sth generation fixed communication network (F5G) [J].
Communications world, 2021(4): 32-36.

(2] TP A A EE. XTIk 16 2% by [] % g 47 2l i3
(2021—2023 4F) [ A]. At 5T Tl FfE B ALHR, 2021.
Ministry of Industry and Information Technology. Action
plan for the coordinated development of “dual gigabit”
networks (2021 -2023) [ A]. Beijing: Ministry of Industry
and Information Technology, 2021.

[3] (AR EHLLREER] F5C M4 REHAZR) K
PRBRIERIAN[J]. W DR, 2024(9): 43-44.

Introduction of group standard Technical requirements for
F5G system of container crane remote control [J].
Science & technology of ports, 2024(9): 43-44.

[4] BEEH, TR, A S USRSl B i
5[], 7KiE TH, 2025(3): 215-221.

LU Z Y, DING F F. Design and implementation of digital
infrastructure for automated container terminals| J]. Port &
walerway engineering, 2025(3): 215-221.

[5] JZR, EAe. T4y Rigis =7 A sh Ak o & YL
I FSG OGIBAEHART]. W I RHL, 2024(1): 47.

ZHOU D, WANG L. Hand in hand with Huawei! Tianjin

[6]

[7]

[8]

[9]

[10]

[11]

Port first applies F5G optical communication technology in
shore crane automation transformation [J]. Science &
technology of ports, 2024(1): 47.

B 20, EGRE. FSG T GER R A5 R AR (14 5 5 e
(], @fE 5, 2024, 31(9): 37-39.

HUANG L C, HAO R X. Application and prospect of
F5G industrial optical ring network communication
technology[J]. Telecom world, 2024, 31(9): 37-39.
WHERSR, Wi, Xk FSG RHRSEH & P M2 2 he )
FREAL IR 5 S BE B AR5 [ 1], 15 Bl 15 £ AR 5 B
%,2024, 50(9): 85-91.

YANG Y Q, CHEN J, LIU Q. Research on current status
of standardization and key technologies for broadband
customer network security capabilities in F5G era[J].
Information and communications technology and policy,
2024, 50(9): 85-91.

Bk, Ze08, B, 45, FSG et Tl M2 7e 8 Btk 0
AR T # DR, 2024(3): 1-8.

JU J,LLF,LYU X W, et al. Application of F5G all-optical
industrial network in smart ports[J]. Science & technology
of ports, 2024(3): 1-8.

Bk, PR, B FSG T HL M4 FR [ 1] TR A
2%, 2023, 30(3): 57-60.

XU H Y, CHENG J C. Construction of global F5G
broadcasting and television network [J]. Radio &
television network, 2023, 30(3): 57-60.

BER, FEE, 15 FSG M SC BARMA M5 R
()] EE AR, 2022, 39(22): 94-97.

XU J J, TANG Y, YE L. Analysis and prospect of F5G
and 5G technology integration [J]. Telecom power
technology, 2022, 39(22): 94-97.

JEAT. FSG B X PON $7 A i 3k 7 10 FERE [J]. C
LR, 2022, 19(12): 82-84.

FAN L. The evolutionary trend and strategy of PON
technology in the F5G[J]. Wireless internet science and

technology, 2022, 19(12): 82-84.
(A4 L)



