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Abstract: [ Objectives | In order to expand the application of NMEA2000 communication protocol standard
and optimize and improve its transmission efficiency, an NMEA2000 data acquisition and transmission sys-
tem based on an autonomous and controllable platform is developed. Non-NMEA2000 devices can be connec-
ted to the NMEA2000-based network and improve the transmission efficiency. [ Methods ] The autonomous
and controllable platform consists of a GD32F207 microcontroller and RT-Thread embedded real-time operat-
ing system. The protocol format conversion is accomplished by data mapping according to the original device
protocol and NMEA2000 standards. Further, it uses unused identifier fields in the NMEA2000's data frames
and a priority dynamic adjustment method to improve the transmission efficiency of NMEA2000-based net-
work. [ Results ] The NMEA2000 board based on the platform achieves non-NMEA2000 device access. The
optimized network's transmission efficiency is improved to some extent with the number of bytes transferred.
The real-time and reliability are also improved. [ Conclusions ] The NMEA2000 data acquisition and trans-
mission system based on the proposed platform has a variety of interfaces, can help non-NMEA2000 devices
access the network. The data transmission efficiency, real-time operation and reliability can fulfil the needs of
data transmission among shipborne devices.
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Fig. 1 Relationship between NMEA2000 identifier and CAN extension frame
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Fig. 2 Adapter card for data acquisition
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Fig. 3 Flowchart of dynamic priority adjustment
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H T NMEA2000 [ 2% H X £ 40 1% i ) 52 g
PEFI AT FE R 2 L I LLFE NMEA2000 445
KA Wb bR JH RT-Thread % A 20 52 54
A, MG B4 15 & NMEA2000 B il % 11 1)
G5 — 1 R 1 A2 i 5% R S A T A ST 4
AR, BRI S FR . FEREEENRL
A NS R IR prig LR, WnE 5(a)
P . S 1 SO SRR R & 1915 2,
W 5(o) frn; 2612 2 AR IR 2008 /9 A 205 B 7E
FI W2 75 S NMEA2000 DA GIE 35 25 5 i, I 6 £ 4l
AT 43 28, o L5 0 S AH L 1) NMEA2000 5040 4%
318 B NMEA2000 = i F i) f 1435 35 34 o 4%
I 30 A2 o %) A ORI L R A R, IRl 5 ()
BT 7R 5 €& B2 3 35 A5 ) NMEA2000 [ 4% % 3% %
P, 4 CAN &% 75 774 (CAN_TSTR) ff 3 2k ik
PR R E 1, FIy SRS PR %, dnlEl 5(d)
PR 268 4 £ R R O SR e ), ik — 25
DAk 22 Wi e 326 ) B A0 , A R 6% bR OB R i ik
)RR b, B s, il s(e) B .

4 G5R B br

e F A F AT A i 6 B NMEA2000 %55
SR BB A B AT S A R SR ) 08 R 2 LT Cor-
tex-M3 Y% 1) [E 7205 B GD32F207, A 4 1~ H [
W50 AT IR 3% 7% (USART) Al 2 438 H &
Hl kAL i 2% (UART), 2 #% CAN 5 &%, 1 K
254 1, WA He D B B E o e R A S

2 1E & 58 RT-Thread L #1754 IF &, E T
NMEA2000 L H ™ Fiitt .

g Ik A BR T T R S8 (GNSS) Y HL i
Bd B 58 VBB AR UGIE, FLFEHREEE R: $GPRMC,
091 036.40, A, 3211.917 247 9, N, 11 927.634 625 7,
E, 0.035, 189.7,250 319, 0.0, E, A*3C, b iR%#aT
YEAT AL B S 7 RE A NMEA2000 % 4% . L) GPS
25 B R, B ST 2 BEEE 32 119 172 479 N $E 1R
ke, 15 3 25 B ol 32.198 620 7°, T 45 5 B
T —/NEL STl R NMEA2000 Bl 808 R, AR A5
NMEA2000 B i3, ¥ £ BEx107, 153 2 3 I8 £ 4
321 986 207°, SR Ja ¥ H L 45 4 Bytes i 175 #E
U13311E9F . [R) 3, ¢ MR Ih S0 R 104 L) %o 48
FE W IE] | R AR AT A, o A

K6 FIE 7 43 51 GNSS $EHL R 4 1 B i
Bt K OHE IS BB o FR BT L, B R Y 22
WSCHAL SS9 A7 B T NMEA2000 ID 25 [ 37, 45 i
P REE R 7 F Y KRB F 1. A, A&
UAL i A 807 80k 44 7, Ba ek A, B
T NMEA2000 P 350 1 B , i it 9 265 1 57759 H T
J7 508 S, BT LASE A 7 Wik 3%, A5 i s T 4L
h 56 FT, AR AR R 78.57% .. KRkt E,
R A BT RN, TIPS 58, R
AR T B 7 WA R AR = U T 6 MU AT L SE A
Kk, BRI BT BN 48 Y, B RIBUR AN
91.67%, $2F+25 13.1%. 1 ERf A 19 GNSS 1
ML) B 4 =0 R T % 45 - NMEA2000 £ 45 4% X,
i H: 3 28 NMEA2000 %% .

£ XF NMEA2000 A 72 S4B H S5 7, ] )
STRUIE e a S B N R O S 0 N O €70 i SE P YN
NMEA2000 [% 2%, |4l 8 Shy [ 28 SCIOG I FE % 25 P
BORAE BN B EE . i B AT L, elcatk J5 i 3ot Il R
1 IR AR ¢ 276 A XA NMEA2000 R,
[ii] B 3 25 NMEA2000 [ 45 .

GD32F207 H 7 CAN & il #%, Al DL 1o 32
CAN & 25 IR A 77 #% (CAN_TSTR) H i1 fif # 25
WA 3 A7, R WL 2% % 7% ) NMEA2000 %547 i 2 75
i 3R 2 W 2 2 A b B R IS A 2 T
GD32F207 £ 2 % CAN, % & CAN 43 5l [n] A28 &
KOS KR 1) 2 T NMEA2000 40 i

Sk B E AR SCAR 56 G sl A R B O Tk A st
AIEEME, 7E 1 SR A B3 T 10 T s, A
10 WA 45 2% A ] B NMEA2000 %548 it [a] i 43 4
G R% . T CAN B2 A% i ol 5 AL i 25 AH
TR K, AR SO AL E B B | m IR AS PRk
LR B . NMEA2000 W) 2% J2: 36 F CAN A2k 1Y
AL, T CAN BhZk & —Fh I TR e iy sf AT iR 15



55014 PRI 4. BT B 37 A 19 NMEA2000 Bk it fie 4k 149

' NMEA2000 B
SAd ] PGN 43 Tie 4515
It SUHE A% 2

R A
H NMEA2000 ik

NMEAZOOO
PrsE

T JE
BTN RHIERIS )7
\—1—*1 FeHC Ak
St SERUbRE NMEA2000
T e fhe
i ~ BT RR L, K
UL 3 e
s SO
& IR
ﬁ
G A FRUO R
AR (NS
HE T3
@i
Byl
(a) TEHE (b) ZFi1 (c) £kFi2
@ SRR
! RIS
RAE ) N v)
B AL
! S
1] NMEA2000 SR IS
eS¢ Th# e RSB
FiT CAN % i% 2
T£#% (CAN_TSTR) P2k i
Wb s A |
=
frhk
T I \
LR KAk IR
ZJF 1D
@D
(d) 473 (e) Zkf4
Bl'5  RT-Thread #1F R4 & LARHAE ]
Fig. 5 Flowcharts of each thread of RT-Thread operation system
e ] Hag.i ECLE R R odend b Em s &5 FipvlA HERS ool RESE DS
(TR 3 DRETEREE = El BOFE0D M MM 0=08 x| A0S 00 B2 52 30 EE aF ehl Bk Cx0ETI0CD
@0 1L b noraemnd MG {FPM 0eDd | A 0B S0 30 B30 I3 ET i owawm S
[ =L A domomm ¥R fEE nw 2 £ W CaEEEN x EF 2
s 1 Wl rcraEm S RN em L E 00T 03ATII0.TIZ  O=dCNID <hi B coEEei dcheld 4FTOK 0=05 x| OO 40 IF 3705 PR OEF 3F
@0 1L b BOFEND AR MM 0=08 | A4 0000 DO OO 1D FT 04 @ 0EE 03ATII0TOE  CadTEE <hl R ColIPIOEN MR ICTR =02 2| 01 W0 1P 2303 P EPIF
oo 1L b %C0P0Dd HAGK UM 000 k] X5 1300 D0 02 Za ) 0
W oim 119%:0 0w 3 M dcmoEm EHME UM 0 k] 00000 PO 2RI T lgl 8 Eﬂllﬁ)ﬁﬂﬁb’?ﬂlﬁ‘t‘lﬂﬂﬁﬁ%@%ﬁﬁ
i
6 GNSS BRiCHLAY i da K Fig. 8 Improved laser ranging sensor data

Fig. 6 Original data of GNSS receiver

P %, PRI >R P 0 s W 22 B 5 (RO AL . 1 9 A

[ 10 43 %1 5 NMEA2000 [ 4% S5z 56 6 750 F1 45 51 7y
S0 SRR e i massiatEss R 2% K03 . 1 10 AT L, H: T NMEA2000 Fpid,

B R oaems foe (BN
7 GNSS BliohLskilk it o RIS, BEBIEREE T EE . AT ] R
Fig. 7 yImproved data of GNSSreceiver NMEA2000 22775 fi w58 (b 2015 0 o

el I S s Y]
=kt i caeEnele delek MW e |u €0 20 D0 F IF P EF fg—pl“\ rﬁ %Tﬂlﬁlﬁﬂ-rﬂ ﬁéﬁﬁ%ﬁ% ﬂﬂiji



150 BOEOM O B % 16 %

manned underwater vehicles[J]. Chinese Journal of Ship
Research, 2014, 9(6): 92-99 (in Chinese).

[4] National Marine Electronics Association. Standard for

serial-data networking of marine electronic devices:
NMEA2000[S]. Amsterdam: National Marine Electron-
ics Association, 2011: 13-15,35-37.

[5]  XUMBE, BRERS, 85 0. 3£ T NMEA2000 B BI#LA0
H R RGEHIE [3]. RDGE T RFHIRGEH RS
TRERR), 2010, 34(5): 973-977.

LIU C Y, CHEN S Z, XU C R. Research of integrated
network system on board based on NMEA2000 pro-

9 NMEA2000 52555
Fig. 9 The experimental model of NMEA2000

tocol[J]. Journal of Wuhan University of Technology

RS Rt iE HiERe CANEE E?Eﬂ i) R obEE KE 2R

©000B0 22.19.03.080 3TIB.25B ek 0x05FE0500 HIEMY  7FEM 0x08 x| 19 29 TE 0D 2F 5C 7C 45 . . . . )
O e ohes @  fh  com A 009 oo dow (Transportation Science & Engineering), 2010, 34(5):
@oooez 221303120 AMB.LTE  chl ik 0«00700500 BN 4R Ox05 x| B BA 11 18 08 08 &0 11

@ 00053 2211903120 3T18.2835  chl #llk  oxosreosco #pERS 4VFEM 0x04 x| 30 OF AB 4C _ : :

@ 00084 22:19:03.120  3718.2935  chl ke 0x07FA0500  #7iERG  3REDA  0x08 x| AS 13 TE 00 3F 4B 6A 16 973 977 (ln Chlnese)'

@ 00085 72:19:03.150  3718.303¢  chl k- 0x0TFE0S00 iR 4TEM 0x03 x| 20 1E 80

@ 00088 22:19:03.150  3718.3135 ekl k=g 0x02F20500  BT1ERG  HREDA  0x08 x| A3 17 D3 13 AB FE 2C 18 [6] National Marine Electronics ASSOCiatiOIL Home Of
@ 00087 22:19:03.150 3718.3235 <kl k=0 0x08FS0500  ZTIEDG  ITRDS  0<05 x| CA EF 32 12 AB 00

@oooss £2:13.03. 180 3TE.3B  chl ik 0«00780500 A;EMS AR 0x08 x| C3 17 7E 00 35 12 3D AT .
@ouowe zziee e aTEsw o Bl Gososo SiER SRM oxs x| macsEm NMEA2000[EB/OL]. [2019-09-09]. https: //www.mill-
©000S0 22:19:03.180  3718.353¢  chl ke Ox0AFB0S00 ETHERG  AREDA  0x08 x| 19 AB 4A 10 35 50 AL 46

©o00081 72:19:03.210  3718.3635  chl i 0x0AFB0S00 A{HERG  HR0A  0x08 x| 20 11 DC 15 DA 00 00 00 .

@D 2iswsa0 Ssa i B oolmown SuEM SRR ods x| 26 2275 4 5455 4T techmarine.com/NMEA-2000 ¢ 41.html.

@ 00093 22:19:03.210  3718.3834 okl k=2t 0x01FE0500  #4{E0G  HTRDE 0«05 x| CO 73 IC 61 AC -

@054 22:13.03.240 3T8.33H chl ik 0«02780500 AEMS 4R 0x08 x| F2 77 04 00 E3 5C 98 C3 e 5 o TSN S S RE L
Qo zisme Teem o B oo dEk SRR omn sl i [7]  SREETE. 3T CAN BRI G A e s F R B s
@ 0009 22:19:03.240  3718.413¢  chl ke 0x03FA0500  #{iERG  3RDA  0x08 x| 4C FC 2F DT 7C 46 GO D6

@ 000ST 72:19:03.270  3718.4233 okl i 0x03FE0S00  IEM FRM Ox02 x| 36 05 > 23 N, . ] MM

@008 E0no0 SIS ok B aorosoo AUEM IR O x| C RF EC 7 04 00 67 57 ﬂ“‘:jﬁ)q: 5% [D]. HH: {j[: FH iETj(%, 2012.

@ 00099 22:19:03.270  37T18.4433 okl k=2t 0x04F30500  #TIEMG 3R 0x07 x| B1 9C 17 94 10 00 00

10 NMEA2000 451 & ZHANG L Y. Based on the automobile node point pro-
=1 =N IS P

Fig. 10 The network information of NMEA2000 motion's designing and researching of CAN bus[D].

Shenyang: Shenyang Ligong University, 2012 (in
5 é:k ig Chinese).

(8]  ZEALAR, AfErh. ST CAN HUMINECR i R4t (0],
RS, 2013, 54(3): 184-189.
CAI L S, YU C Z. Design of ship monitor and control
system based on CAN bus[J]. Shipbuilding of China,
2013, 54(3): 184189 (in Chinese).
Wi VR, ZEBEIR, K, S LS AT G RE RGN
FESIRAE [J]. B PF2R, 2018, 29(6): 1699-1715.
MENGY, LI X J, GUAN Y, et al. Modeling and veri-

F£ T NMEA2000 B0, H iy b 4% Fh i 45 i 4
Bz bR AL, 58— T I A a8 i BoE A5 =X, JF
£ X NMEA2000 Bp, & FH3™ 78 NMEA2000 %4
hﬁﬂﬁﬁﬁs‘&ﬂwéﬁ%ﬂﬁ%%&&%o G B, R FH 3l
BOCFCPOR WS X AT L 98 20 Hr A, 25258 9]
=W, ﬁéﬁﬁsz,uﬁcf‘aq&%lﬂ%ﬂUEiﬂ%NMEAzooo
Do) 286 (10 2 B, LA — s I R AL

&% k-

(1] BLAE, BRSE, 45K R, 55 IS BRI g b i iy
MM ESPEE [3]. EPEzImﬂu, 2019, 60(3): 209-223.
ZHU N, CHEN S, CAI Y L, et al. Application value
and challenge of sensor data in digitization of ships[J].
Shipbuilding of China, 2019, 60(3): 209-223 (in
Chinese).

fication for robot joint bus communication system[J].

Journal 2018, 29(6): 1699-1715 (in
Chinese).

[10] DAVISR I, KOLLMANN S, POLLEX V, et al. Con-

troller area network (CAN) schedulability analysis with

of Software,

FIFO queues[C]//Proceedings of the 23rd Euromicro
Conference on Real-Time Systems. Porto: IEEE, 2011:
45-56.

21 s, B, HiEde, % BAMER SN R [11] Bl XIATHT, M R R, 4. CAN RJ4% (173 4 & - 5
5 7). P E R, 2018, 59(1): 207-215. BF 5% RS BL]. A AR 5 i, 2012, 33(9):

2137-2143.
HAOB, LIU Y H, QU L D, et al. Research and imple-

ZHONG W B, LUO Y, LU D H, et al. Design and im-

plementation of communication navigation and control

system for unmanned surface vehicle[J]. Shipbuilding of mentation of grouping-merging strategy for CAN net-
China, 2018, 59(1): 207-215 (in Chinese).

[3]  BAES, RIR, FRIOK, 55, TEAOK T AT a0 A s shiz

il RGeS 05 HIRAE [7]. b EAATEESE, 2014, 9(6): [12]

works[J]. Chinese Journal of Scientific Instrument, 2012,
33(9): 2137-2143 (in Chinese).
National Marine Electronics Association. NMEA2000

92-99.
ZHAOR, YU K, ZHENG W C, et al. Design and simu-

lation of the distributed motion control system for un-

standard for serial-data networking of marine electronic
devices (PGNs)[S]. Amsterdam: National Marine Elec-
tronics Association, 2014: 9—-10.


http://dx.doi.org/10.3969/j.issn.1000-4882.2019.03.022
http://dx.doi.org/10.3969/j.issn.1000-4882.2019.03.022
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
https://www.milltechmarine.com/NMEA-2000_c_41.html
https://www.milltechmarine.com/NMEA-2000_c_41.html
https://www.milltechmarine.com/NMEA-2000_c_41.html
http://dx.doi.org/10.3969/j.issn.1000-4882.2013.03.023
http://dx.doi.org/10.3969/j.issn.1000-4882.2013.03.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2012.09.031
http://dx.doi.org/10.3969/j.issn.0254-3087.2012.09.031
http://dx.doi.org/10.3969/j.issn.1000-4882.2019.03.022
http://dx.doi.org/10.3969/j.issn.1000-4882.2019.03.022
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
https://www.milltechmarine.com/NMEA-2000_c_41.html
https://www.milltechmarine.com/NMEA-2000_c_41.html
https://www.milltechmarine.com/NMEA-2000_c_41.html
http://dx.doi.org/10.3969/j.issn.1000-4882.2013.03.023
http://dx.doi.org/10.3969/j.issn.1000-4882.2013.03.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2012.09.031
http://dx.doi.org/10.3969/j.issn.0254-3087.2012.09.031
http://dx.doi.org/10.3969/j.issn.1000-4882.2019.03.022
http://dx.doi.org/10.3969/j.issn.1000-4882.2019.03.022
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
http://dx.doi.org/10.3969/j.issn.1000-4882.2019.03.022
http://dx.doi.org/10.3969/j.issn.1000-4882.2019.03.022
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://dx.doi.org/10.3969/j.issn.1000-4882.2018.01.020
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
https://www.milltechmarine.com/NMEA-2000_c_41.html
https://www.milltechmarine.com/NMEA-2000_c_41.html
https://www.milltechmarine.com/NMEA-2000_c_41.html
http://dx.doi.org/10.3969/j.issn.1000-4882.2013.03.023
http://dx.doi.org/10.3969/j.issn.1000-4882.2013.03.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2012.09.031
http://dx.doi.org/10.3969/j.issn.0254-3087.2012.09.031
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
http://www.ship-research.com/cn/article/doi/10.3969/j.issn.1673-3185.2014.06.016
https://www.milltechmarine.com/NMEA-2000_c_41.html
https://www.milltechmarine.com/NMEA-2000_c_41.html
https://www.milltechmarine.com/NMEA-2000_c_41.html
http://dx.doi.org/10.3969/j.issn.1000-4882.2013.03.023
http://dx.doi.org/10.3969/j.issn.1000-4882.2013.03.023
http://dx.doi.org/10.3969/j.issn.0254-3087.2012.09.031
http://dx.doi.org/10.3969/j.issn.0254-3087.2012.09.031



