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Research and Experiment on Communication Network Design for
Autonomous Operation Hydrogen Fuel Cell Tractor
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(1. College of Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang 471000, China
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Abstract; In response to the issue that traditional communication network cabling methods are unable to
meet the requirements of high efficiency, stability and functional expansion for information transmission in
autonomous hydrogen fuel cell tractors, a multi-rate control area network ( CAN) bus architecture was
proposed based on the SAE J1939 protocol and ISO 11783 standard. Firstly, the data flow requirements
for sensing, positioning, drive control, etc. were analyzed in combination with the autonomous operation
process in the field. Then, using the principle of minimum complexity in graph theory, multiple
topologies were compared and a gateway plus three-bus structure was determined. The CAN
communication network nodes were divided based on the structure of the autonomous operation hydrogen
fuel cell tractor and its working conditions, and the functions of each node were defined. For common
network topologies, a mathematical model was established based on graph theory, and the total
information volume per second N and the node information volume per second Z of each structure were
analyzed and compared. A high-speed and low-speed dual-bus structure was adopted to design the
communication network of the autonomous operation hydrogen fuel cell tractor, with bus rates selected as
500 kb/s and 250 kb/s. The communication message and system software design were developed based
on the SAE J1939 protocol and ISO 11783 standard. The hardware functions and communication effects of
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the communication system were tested by using CANoe software and verified on the whole vehicle. The
test results of the bus load rate were 28.22% , 19.20% and 22. 85% , all below the 50% requirement.

These results verified the feasibility and provided a feasible solution for the design of the communication

network of autonomous operation hydrogen fuel cell tractors.

Key words: hydrogen fuel cell tractor; autonomous operation; CAN; communication protocol

0 58

A HAUBBAE A T8 B RS S BLR A B HE S b o 4 2
B SRR AU R HE ) R ORI — SR
FABLIR A I BEBLAE SR %00 3 3 R T8, JLHE T ] 85 %
ISR S 2 AL G AR HLHE L B S R
AW LT 80% , FURL A HE B 7 be ik 31 2y
37% S IE R THE R G

My HUIR AE 1] 45 2% €5, JE A K T 1) PR s 4 i
SRR AR LB R F TS G R S Ry
A T RE B A, AL A S ALY R
BB MR HLEL A F BVEAL B R AT LLAE 2 A4 30
RN T AR AS SR B, R, ZE ORI
e W )52 22 R B Hr R 1B A 7, BRI e R, T
1) ZE 330 A PR 265, AL G 14 s % a3l 1 2 2 e LA T
R BT B R i B R TR A
DI LR 2380 T il i AR 5 e drodfi i Rk,
K F R 2 Ak il 4 1l 22 G5 R0 S R 5m A5 B, Wl A 51
TRk ik IRFHEHLBERCR S R gkt

MFTLEVREAT AL 2 1 #88 Jm 3  ER) RAAIR: | S22
PR AT SRV © Ok A S 0 RO,
TEEA, 25 F ok CAN 4R W T HL, DARR
IR T oA S i R G LA R 2T s e
= SIEIRE, @i CAN — RS232 #k#afi e | iohik
T CAN BB S PC im0 B As HAL %
MARX %) 32 FH Z2 b 5 A 5 1 R B2 AR FH G R HL
CAN B EHE , WedE CAN B2k iy ik H 2 Fk
TEEE H &, 51 B R R Dy e vE Ak 15 1 28,
BAEK %604 CAN 2R H A N FH T DU 4 3K 3l . 5
LB 3R T e B s hr AL sl R
WAETERE, STOLL 45" W& T SCANGate $U#5
RAERGE BB R A RGBT 2R 1 B R
WRME R, XTI, CAN LR AR A% S 1k
PLsh 1 S5l RGO E TR

FEEP, CAN SR B A A 17 FH B 4 0 TR %
G BEE AR R R N Y g b R 2
PNV, , e 2L T R S L ER 22
MR B B ORE" ™, CA MR WS TRT
SAE J1939 % 1SO 11783 (R MLIEAF Mt 0t
RGES BRI L LUK [ A R 3 5

O R AN TS ri = W < X NI S == [ P N 7 S
I CAN BZRTER ML Y O H A& il SE R
B4 A F AR5 2 A% IR E8 & A T8 FR 58 T 4 1 I
e

I 2B bl S0 BRAk Fi Tt 30 7 AT ) s PR
FENL PR RS s SE 2 EAR S, K& 5k,
WO IR 5 ok BE UK S AT 257 A5 ) SR B T
FEAL e 4t B AL 2 AT MR i XoF a5 A 4 Bl B
CAN, Ry v o Ik TAR A S R e 2% , Mk LA R IE
P A J SRR 58 B, TG 1 M A SR AR IO AR B
A, EERTE EAEAL EUR R R T AR ATL A S A AR
WET R, AHFEEE T SAE 11939 HMY 5 1SO 11783
BRifE, B e sh A W R VE L i FE I R A it 4 ; B fe
M P Jre /NI 2% B DR ) 8 3 I G = S R 4 F b
S5 IR AI AR T S LT RE . IR A
AL (500 kb/s) 5K (250 kb/s) BUHE K CAN A
R0 S8 G 1 R OCE XS RGE I &,
CANoe -5 %R {22y B A0 {55 Pk BE LR AT IR, I
JRSEAGUE, Sy [ FAE Mk ZR R} F i i AL 4 2E
fEMZ T 55 S BRI R I S H AR S % |

1 #EHH CAN i M&igt

1.1 BEELSHREMER T S %5
HERIALEEAL CAN 38 15 I 45 1) Zh e ke Tl
B BB AR A BRI BART R, A EAEIE
SRR R LT TERE R R RO WSR2 Fh
E7p ol NN (ENEZ L Sy 4 NN R v 7 W LB e
s [F, B AR SE AL RS TR
Ko P, PR U AU R A 58 5 )15 5l
ST 3R i SIS AR LR A T
e R IR 580 R ELIT LIk
Fr1 X053 OINREME & BE < 4% B 5 7 A o & FIAH
AR OC FR AR R E DI RE, e T A B AL
(DS M A G % S B P SRR 9 3 e o A e
(500 kb/s) CAN EhZk, Xof 52 I 1k SR — M i) 1y i i
AR (250 kb/s) CAN Bk, Q¥ k. ¥ A
FARAM IR A5 L, I IR bk Al i PR E S S )
RETH ., BEHLAYTT s AT DU BEOCER AR BT | TAR 5%
2 R4 14 AN 5 B GRS (Vehicle control
unit, VCU) . & HHL¥E il £5 ( Generator control unit,



F12H

PR A A AR R bt B LI 7 ) 2% i S i 71

GCU) B, FHL¥E i #8 ( Motor control unit, MCU) . H,
A PR R 4 ( Battery management system, BMS) . PTO
L HL 4% il B T ( Power take-off motor control unit,
PTO — MCU) . #& Bl 3 b #25 #] #8 ( Fuel cell control
unit, FCU) 9K 3l HL#L ( Traction motor, motor) | 7 H,
HLZ 4t ( Battery charger system, BCS) .DC/DC ¥4 4t
#8(DC/DC converter, DC/DC) & REW EFEHl R 4t
(Smart hydraulic control system, SRC) , #1E i A #2
il #% ( Main control panel, MCP) | 2 & {3 3 # £
(Instrument cluster module, ICM) . H EH K R AR
( Decision control unit, DCU) Fli& ¥ #5 Bt ( Remote
control module, RCM) , F&FIXLL4FR 5 45, 7 X
TAHKIIRE,

B T RO R B B AT R
PG RO R EPATIE A s RS Bt
EHAME TS, BB RGN T A
IR FEL 00 R A RSP A DA R R L T 4 R S
R, BB HLEE T AR 07T AL LAY 3 AR B B 5 P R
Pl bR G aa il g T Y HARTH R B, AR 4
AT R BRI DT, PTO HLAILAE il ST il
PTO HUAILIE 15 2 S 0 5 RO IBGE AR . R} H vl
Pl EEIE A HER i S SR R,
9K By ML ik H S RIS AU il 4 4 0T S
FEAEE AT . SERHLRG M0 S8 SR
ftH . DC/DC 54 4% 571 578 i i B It i 3 4 o 1R
FEELT AL, BRI B RS Sl g AR
TR E At B RERUEE T R G RN ERA
A AIAZ oA B, FH R S 80 4 P ML A 8 BAUE T A
FERTREFE . HRAE AR A A5 0 T I Bk DL # A
T8I AL PR R W45 5, S R ALV AT
BRARPRG R 4 2 S AUCR B B 5T o 58U I
o HEURRGEANIET RE MR TSR
R, LB AR 55 75 K 5 AEWRREE B A i
AR5 R BLIE 5 TR 45 4 IF R IRAT 45 R EAT sh e
IE, AORIEAE MV oRS BE A 4k, A5 i 2 50t
IEFEERAVETIRE , vl i o2 H e b A HL R A
Aot 4 Se oy I R R A TR TN
Gy RN T Z [ AR L) 4 DL OR e ie 42
1.2 WIS

TES A 45 22 98 B, B9 7 S IR A% i, 3K gl
BRI R 00 246 v B AR A 5L i P LA )t 3% ) 7
e RH B BE N R rERemi S o 78 a5
FEER R UL E A R A A S ZOIR
4 B, 5 RN AL AL A 2wy B )z s I,
XX 4 FpZEAFDEE IR TT T XT Lo . iz s
S I O e R SR A M B Rt e [ AR DG Bk

X4 R R AL AR BT T 0 R,
MR A AR SO A SE R R 2% A B 5 M
2 AR G B R BUE AR L DI R . T
AN

N= 3 Ny (1)
i=1
Z= Y R, (2)
j=1
2 N—— 4 AR 1
n—— I 4% T 34 A R B
N —5 i AN AR & 2% (00 BB
Z—5 AR

m—— R 28 YT A5 AR
Ry—5 ] A1 UM A
R ERIEEG Y S FERR, AL R
VCU, T 5. 2 & GCU, H 55 3 4 MCU, 155 4 K
BMS, 1755 5 2 FCU, 17 5% 6 24 PTO — MCU, 15 5% 7
A Motor, 77 /5 8 S BCS, ¥ & 9 S DC/DC, 3 & 10
4 SRC, 945 11 2 MCP, 5 55 12 27 ICM, 15 55 13 2
DCU,¥5 4 14  RCM, a.b.c.d.e.f.g.h i j.k.I.
m n FEEA
K1y A AR A1, TR Es i A
RSNk € iR R Y e RN W F N 8 S |
WEmeEE . BRI N R R E
BEE N, DEE S B EmnEERE 2, ,
HEA N
. -
Mw=;A%=ﬁlM
Z i =Ny (4)

Ao —— L5 R BRI, ms
N—2 Y R A R 3], ms

ies
609

F 1 BRI

Fig.1 Star composition

e e S YR S €7 B PO Y R
P28 B AL S ) (5 B S R e R R R N, .

B2 JEos T IR L2 i A A R AT 5 R R R
I A 2l i A A 4 R LA S L i,

(3)



72 pia

b Bl R

2025 4

K2 FRELILEH
Fig.2 Ring composition
e FRR R4 A L A 5 U B N, 5 T2 i
e AR R B 2, AV BRI (5 B4
W)

Z.,.=N, (6)

B3 R TR M8 Fh b astaE] . ISR 24

R EPACRI B BT A R 455 3 ARk,

Hh S a (TR REE 1 2, BT A E Bt iy
it i a ITERYIX AR S, TR0

n n
t

N, = N, = = 7
= X Ne= Xy (7)

i

Kb N, —— WS RRME 15 EEE

b c d

OO OO O
K3 WRIZEH
Fig.3 Tree composition

R A5 D) BE A AH DA X 254710 s B S L AT T 40
gy PRI b AR G|/ 3T (L MCU Sl 3
3L) ,HF.MCU .PTO - MCU .SRC, - FME B & Z it
BN 7, =750, FHR ¢ A RETE/HL R 8k (DA
BMS & Fig k), i F. GCU, BMS, FCU, DCDC
BCS, M E & Z IR R. 2, =470, T8 d
M EES AN FE (L DCU h T k), i1,
DCU ,RCM MCP ICM, B FMF B & Z THE 558 0,
Z, =680, #a(VCU)MRABITELRN.Z, =1900,

Bl 4 J&on T BB S = B 24ty . et Fh
AN A a5 Rk T R ) T R B
PATAE N, B b R RD Ak T B AR S TR S
R R R IR BGE 2 M, Hrh SRR S
CAN FERIERE R P 9K o) f AL B AR Ak Fl b 5 4%
B AT B B IR AR 5 | 5 Ak A AR A S A A
YV, FH ARG CAN RS THUE XK J21FE

R ERGCAN

B E{Rll R G CAN

a3
|

4 OGN = Bk

Fig.4 Gateway and 3 — bus type composition

T AR S B D RE T 5, O B AR A W A AL A2
H HFEME RS CAN WA 00k 5 d i
FAOCAT L, PRAUEE AR IR Ak A AT 5 I R 4 1
FIfEka, 3 Ak REkam i 8 44 il 45 92 B LB A5 o O
e AR R G AR D RE A ST, SCRE S A 2
EHgE—, RN

ny ny n3 n
Ny = Z Ny + Z Ny + Z Ny +- = Z ]\71
i=1 i=1 i=1 i=1 1Y;

Kp N, —— R B LR (5
55 1 AR R P R IR R
55 2 R M TP R AR Y R AL
55 3 AR MR TP R IR T R

FEAWRMBRNERE Z ATRER(2) 3t
B, EEERS CAN Bk, Z, =355,7, = 180,
Z,=270,7Z,=145,7, =65,Z,=50,Z,=0,Z, =5,
Z =15 fE B R Y0 CAN Mk, Z, =220,7, =85,
Z,=0,Z =707 H F/EN R G CAN Bk, 7, =
150,27, =200,7, =90,

SGIBURORE Yk RNy AR = R B N R X PN
FNEEAG BRI L A I, N2 1 o O = &
LRI ST AR, AT R B ZE R BAR . X T H
FAE R R BRI AL I 7, S —Fh A3 1 b
£

n,

n,

x1 HAIEHESEMHLER
Tab.1 Comparison of topological structure

information volume results

2 BELE S NIE.?
W S = s 1900 355
i 1900 1900
A 1900 1900
s 1900 1900

1.3 EHBEEMEEIT

R AT AR BT — R S =
SZRAER KRR AR AR (VCU) PR A0 A AT
i B R S8 CAN 2R (500 kb/s) (4 B R 45 CAN



F12H

PR A A AR R bt B LI 7 ) 2% i S i 73

A2k (250 kb/s) FAAEML R 48 CAN 12K (250 kb/s)
3 %% CAN R4k, RHMLEETIE (GCU) | sl
#r(MCU) \HLB A H R 48 ( BMS) (PTO HLHLAE il H
JG(PTO — MCU) AR %6 #5 (FCU) SRS HLHIL
( Motor) . FEHLALZR % ( BCS) A1 DC/DC #5301 8% (DC/
DC) 7 S R R 40 CAN B4k (500 kb/s) . &
REVRUE 35 R 45 (SRC) (BAE MR H 7% (MCP) Fi4d
BGRBIH (ICM) 15 s B AE 42 5 RS0 CAN B Zk
(250 kb/s) ., H FEHRFFRSE(DCU) FEEFERHL(RCM)
SRR VRV 258 CAN B2k (250 kb/s) . it ix
Ty =X, P2 B AR AR S AT AR 205 T

K5 R ri it B AR ERR b LA
IR aste 25 R3] it R 5 bR
il PTO HLHLAZ I oT ARE i v 45 il o L 9K s
ML FHHLR G & DC/DC 3  SAFEAE Bk %
TR SE PR S AR AN, BT R AR A Y
TSSO X 2 S B T s R b X
LR B R BE N 500 kb/s

[ ceu | [Bums] [pro-mcu] [Bes]

[ Mcu | [ Feu | [ Motor | [DE/DC]

[
VCU
[sie] [wer ]

(o] [rew]
E5  CAN s MM E

Fig.5 CAN communication network topology diagram

FRAE TR ) A A BE TR R G s TR
THEHE D, AERRRG AR S48 A
FAEM. CAN #55

2 CAN &E{EthiGgit

BT A AR SRR L ALY 5 2 404
XTEERL CAN 38 175 P9 28 5% JH < XU 8L RS o ) 5% %
IR RS CAN BEL 54 B RS CAN BZE1E
SAE J1939 i, HAEML R4 CAN B4 1SO
11783 (ISOBUS) i, & A5 il a4 0 56 5 22 4
P RO, TS [R)ELZR 8] ) T B i BRI S5
PeoehGi— SB35 BLkla] il T8 B i | R IR
MRS G — , PRAE 25 R 28 B SE i 5 — 3
P, SAE J1939 5 1SO 11783 ¥R JH 29 fiid) JEmi,
WG — i 29 Aibr iR fFM s, s i 2
ANFBAL P R DP PF PS DA K SAPY ) Mo
JEG(P) P e SCHE g it A v i A S T, (e
/N L Se gt i ; 47 B AL (R) A 7 (DP) FH

5 R YECAN

EH RLHCAN

B ELEI RLCAN

P& PGN [15E X 25[4] ; PDU #6=( PF) Fl PDU #8553
FB(PS) I S5 (PGN) |, RIR SC N 252K
Sl sk (SA ) FH Sk DX I 6% v 1) BT A R
943 BEME — M kb DR UE R #h5E, 7E SAE J1939
W), AT BER AR 4E PGN, 24 b v K 76 o5 Fsf ) e S5
2R AE L PGN XI5, 7F 1S0 11783 fill, 4t 3¢k
THEEVE P 5 48 55 2 63k S0, Fee T 3 EA4EI
FEEAR BRI 1 42 S0 OCE T8 R B, LRIIE S
SAE J1939 il 1Y 5 Bt Am RUFN 547 £ 15 — 2, 8 T
VCU MSCSEBLES S It . Ry PRAIEH SCBE AR T M
EFI2W 5 L b, TR 29 MibRiRATE AT,
MR 3 AR LTS IEE, AR R
WAGRERE Bl A N J2 R0 58 st e 4k PO
Mt SA PGN AYEES /M,

TEREAE SAE J1939 N\ CHAR R (0 M,
7 REAR) B SEAN I, 25 G SRR L ) B2 By
PUASE PR SR AT AL, 5 RS A {5 v A X
SIS S SR v %) 45 ) S 4 S, A TR B Y
ARASZEAR S, IR e AT TE 2 N2 O
Jed 34y 45 SR SERTHPE R SC, f 4G VEU R
KB HlTE 4 BMS MCU . PTO — MCU ,GCU ,FCU %
B 1 S RBIEAH DG Sy s, LA & DCU \RCM 45 H
TR SR HIR SC, X B EH R i
1 5% 4% FEE R, @%Ed 6. HTIR
AW 5 4 B Yy sg 2 S, 1 4n ICM  MCP SRC. 4%
TSR B L, L BCS . DC/DC 55 HL YR 45
BEAHOCHR SC, X4y 2 BT R A M AL A, (A S
3 1 E 0 0 O P A 7 0 e

I A PR B 1 2, BEAR R T 5 SAE
J1939 PSR R — 3, i T2, 14
UE T SR T 48 S A ST 2 R X 4% A £ ] s vk
2 A e IR HUEFT PGN A RLRI, S B4
JE T 5EH Y 29 1 CAN §7 R IHRRAT (ID) o 3
I3k A4 SN BB ID . PGN AL e R S5 15 B L
2, BEEMSCID M2 LR, AR SRR it
FAILF il S W6 rb 4 1 45 5 0 00 RN 1 $h FN 2
¥, 48 2 A AR TR X I T 2 i 5 35, o B
FE XN 3 BN,

3 RS MR

3.1 fEEER

PEH TMS320F28335 ¥t 15 5 Ab #i 4% , ¥ HAE
B FZ ) CAN F il L, 20t B #45 150 MHz
0 s A A B BE  ELIN B 32 7R s BT, X —
B EE AR A TG 2 ) A Ml SRR F St i AL R 45
FeAfll 55 T S S5 B AL TR K



74 B A VIR A I 2025 4
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Tab.2 Part of message identifier ID of CAN communication network
CAN ik TR D PGN P R DP PF PS SA
VCU Ox18FF155A 65301 (0xFF15) 6 0 0 255 21 90
BMS 0x0CF191F3 61841 (0xF191) 3 0 0 241 145 243
GCU 0x0CF186F0 61830 (0xF186) 3 0 0 241 134 240
MCU 0x0CFB74EF 64372 (0xFB74) 3 0 0 251 116 239
FIERSE PTO - MCU 0x0CF189EF 61833 (0xF189) 3 0 0 241 137 239
FCU 0x18FF0214 65282 (0xFF02) 3 0 0 255 2 20
Motor 0x0CF189F0 61833 (0xF189) 3 0 0 241 137 240
BCS 0x18FF50E5 65360 (0xFF50) 6 0 0 255 80 229
DC/DC 0x18FESF5SE 65119 (0xFESF) 6 0 0 254 95 94
vCU 0x18FF1132 65297 (0xFF11) 6 0 0 255 17 50
SRC 0x18FF2C23 65324 (0xFF2C) 6 0 0 255 44 35
FHRG
MCP 0x1899A05A 39168 (0x9900) 6 0 0 153 160 90
ICM 0x18FCC25A 64706 (0xFCC2) 6 0 0 252 194 90
VCU 0x0CFE485A 65096 (0xFE48 ) 3 0 0 254 72 90
EEXES DCU 0x0CFE42F7 65090 (0xFFA42) 3 0 0 254 66 247
RCM 0x18F0324C 61490 (0xF032) 6 0 0 240 50 76
F3 SRR BB HER YR SCEHRIEE X
Tab.3 Definition of message data field for autonomous operation hydrogen fuel cell tractor
FrRiRsF HHE/ (kbes™') M/ /ms BFEIEEE
OxI8FF155A 500 100 1451k 2. ik 3. f5:8 4. 148
OOCFIONF3 00 " 1 -2, AR 3 -4, W HFEHRIIR 5-6: EHEE 7 -8 EHLR
(0.1 kW/bit) (0. 1 kW/bit) (0.1 V/bit) (0.1 A/bit)
0xI18FB70F0 500 100 1 HL LR 1 2 LR 2 3 HLHLIELEE 3 4. LI 4
0x0CFB74EF 500 10 1 BRI 2 -3 i 4 -5t 6 -8 {15
(0.1 N-m/bit) (0. 125 v/ (min-bit) )
0x1836145A 500 100 1. Rl 2 -3 AfRYIR 4 -5, HFREIL 6 -8 11
(0.1 kW/bit) (0.1 kW/bit) (0.1 A/bit) (OxFF)
0x18FF2C23 250 100 L0 BES 2. flifg/ BHGES 3 EFHRE
0xOCFE42F7 250 100 IRNiIN=w=3ed 2. 5 EEH 3 -5.PTO il 6 -8 {1
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Fig. 6 CAN hardware
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Fig.7 CAN network simulation test system
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Tab.4 CAN network vehicle test results
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Tab.5 Simulation and real vehicle verification

results of network load rate
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CAN3 1953 22.85 22.30 0.55
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Fig.8 Interior of HQ2204 hydrogen fuel cell tractor cab
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Fig.9 CANape monitoring results
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