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A Study on SoC Design for Implementation of
NMEA 2000 based Integration Network

Dong—Hyun Park

Department of Control and [nstrumentation
Engineering Graduate School,

Korea Maritime University

Abstract

NMEA 2000 protocol known as IEC 61162-3 of Multi-talker,
Multi-listener and Plug and Play network communication has been
adopted as standard network for SOLAS(Safety of Life at Sea) ship
by IMO in 2008. Note that NMEA 2000 protocol was used as the ship
standard network for real time instrument network, complex combined
networks with various methods in the ship are able to be simply

configured. This thesis focuses on the implementation of SoC using



FPGA for gateway, which is able to convert NMEA 2000 protocol into
various types of network protocol such as Ethernet, UART and USB
using Vertex4-based ML401 board. Each communication module and the
stack of NMEA 2000 are mounted on FPGA by only software of
MicroBlaze without using a VHDL code. For receiving NMEA 0183
protocol, UART 1is additionally configured on FPGA. NMEA 2000
monitoring program 1S developed to verify that data on different

network are correctly converted each other in real time.
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Figure 1.1 The diagram of ship standard network in e-Navigation
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AA CANS "= f9H A9 dAE QE
Ha Qo ool x= 2 Aol G5t Yk, FH o= NMEA

2000 LR2EZS APXAutA dPFMeroz HLstr] ek Ao}
= g

¥ 1.1: IEC &0l up& 521 v

Table 1.1: Comparison of communication by IEC standard

T % T2 EZ TAEE
[EC61162-1 | NMEA 0183 Low Speed 4800bps
IEC61162-2 | NMEA 0183 High Speed 38400bps
IEC61162-3 | NMEA 2000 250kbps
[EC61162-4 | MiTS 100Mbps

olw] LAF, MAReE 22 v AEp Z)AA] 3AFES NMEA 2000 7]wke]
AFSs FAIGHL AH7,8]. Zu o5 wiie] AlFME @
S AR MIEA 2000 HIEQ S AL v, whef o5 Aol &
E7F obd oi@ Adubah g2 qrivh 2 UEAC HE&HAY vE Z

ZEZZO AAZE WEto] WIWE] QFEHAAE Ago] AMgHETH o

1. 33

lle

T7F dasit[5].



1.3 94 W&

FPE

=ioll A= FPGAE o] &3l SoCHE Bl T3 o= NMEA 2000 7]RFE]
T HEHAE FFol2AF o, o]lE Y&l XilinxAFe] vertexdE &
A MAIHE=E AHg3lslt. g2 WES A9 F4le 93] UART,
USB, CAN, Ethernet IP(Intellectual Property)= FPGAol] ©A3lal ¥+
ANM eTHe A S AASGT. 7Aoo ® NL401E =71 NMEA
2000 VIES A9} AAE o] A5H7] faix= shvhe] vES A du] 24
NMEA 2000 U[ES]Ael Q2= ojof gtrt. o] & ]3] ML401E.=o] CAN IP
¢} NMEA 2000 215 ®Ajsta W9k X Hu] Hlolg & WAt e
A 3ke] NMEA 2000 MIE Tl B9t Y A4 E=s +A3H3
b o2 gulete] 3 A1 2 ool FAl AldS fEl oln A
23tE NMEA 2000 AH]ES dAZa] NMEA 2000 MEYAES FAshaL
ML401B =9 F2S 2Heldlr). NMEA 0183 WIEY A9t H&ES & ¥
Lo UNRT REZ 3712 FASaL NMEA 0183 Hlo] g = Sl at
= MAAsta A1 dlo]E S NMEA 2000 HlolE ez Wssl=
&g, NMEA 2000 M E oA 215 ALt NMEA 018304 3
2000 ©]o]E]Z FPGA Wloll A USB, Ethernet, RS232¢] HEj& tha] w33l
H PCE AFEE AAgstar PC A Falste] ERlskalth. PCoAl A&
dhi = o] USB, Ethernet, RS232 H& o] FE Felsla =419 dHolHE
213Fo] GUI(Graphic User Interface)dE]® }ERQATE.

T EEe TR FAHEY WES e 2ok e Ao
A 2 AT WES AFHor Aetar, 2ol E NMEA 2000 T2 E
of dis) Awget. 3= A A=gS T8 s FPGAS] A7

]

r



oF &8 wWhHe| did] Adwstal 4ol A= AF-83kE NMEA 2000 “H],

NMEA 0183 AH]E o] &3] WEYA FASt o] WELY A FPGAS 414
sto] BAlS Algsta HEtE dolHE PC FUHY 2298 $3) ¢
Qstar AFst}. 5ol = LA AgAA P AYE nigow A&

2 WA



A 2 & NMEA 2000 Z2EZ

2.1 NMEA 2000 Z=2EF 7/j&
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2.2 NMEA 2000 ZT2EZ 74 9 EX

NMEA 2000 Z=2E =L [S09 0SI(Open System Interconnection) 74%
T T 8%, HolHPdas, UMEHNAST, oAZdAleldsY s
2. =3 dole®y A skel FE<Ql MAC(Media Access Control)<
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Application Layer 1SO

Network Management Layer P — ISO 11783-5

LLC C— ISO 11783-3
Data Link Layer
MAC
ISO 11898-1
CAN2.0B
Physical Layer

19 2.1 NMEA 20003} 1SO #+2he] v
Figure 2.1 Comparison of NMEA 2000 with ISO standard
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state) 2 vy HSA "k, ¥ 22004 = o] g CAN B4l HIEC]
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35V |

25V = el e

| |
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I I
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Figure 2.2 Electronic characteristic of CAN communication bit
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Data Frame, ID=0x18aabb03

a9 2.3 ZEES A7 E AHEE EoX CAN 2=
Figure 2.3 CAN signal using protocol analyzer

Circuit 2 Circoit 2
HET-S Red +VY
(red ¥+)

Circuit 1

Shield Female

Micro-C
o Connector

Circuit 4

HET-H

(white CAH_H)

Circuit 5 Circuit 3

HET-L HET-C Circwit 1

(blue CAH_L) (black V-) Drain Wire

% 2.4 Micro-C(#H ¢t Mini-C(-%) 719 E

Figure 2.4 Micro-C(light) Mini-C(right) connector
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¥ 2.2 A EFo AA

Table 2.2 Device class and

function code assignment

NMEA 2000 FH] S NMEA 2000 B4
PRI | 25 9 FAFE | JAT
00 20007185 $3)] ook
10 Al 2E B TBD TBD(To be determined)
20 b A~ TBD | TBD
25 JEM 2 FA 130 A o] Ego]
140 | g5
150 | B=x
160 | A7)
30 ALl HBelel 29 Aj~H 130 | 2=9%
140 | §-3}
40 | RE} Al=d 130 | FF Ao7]
140 | 2= Ao}7)
150 | A5 ZERAI9]7]
160 | AeEk AAE
50 e 130 Az U E
140 A QAE FH o] 2~
150 AR AEZT
160 Az Aol E o]
170 | HEE Auy
180 | AFollol g
190 A7) AE H o] 2~
200 | A A7
210 | 23 A7)
60 Hiu]Ale] A Al 25l 130 | =% =41 A
140
145 Global Navigation Satellite System(GNSS)
150 =z C
155 | & AlA
160 | 258 FA7
170 | &3 dnjAlel A
200 goly of/EE doly ZEEH
205 2} al A 2~ B (ECDIS)
210 AR AE A28 (ECS)
220 | W g7
70 AFYA ] A 2~E 130 Emergency Position Indication Beacon (EPIRB)
140 | A Q12 Al 2~ (ALS)
150 Digital Selective Calling(DSC)
160 tlelE 4217]
170 214
180 2] -7 3} 7] (MF/HF)
190 2] -4 317] (VHF)
80 A7g/ LRk Al =8l 130 AR A 2=E)
140 3l de)E 715 7] (VDR)
150 =3 Az
160 Ak b ~E o)
170 Auk A ks
180 717 A7
190 W37 /AR
90 27 W3 (HVAC) A ~¥l TBD TBD
100 sk, B, ae)a o3 Au) A4 TBD TBD

_15_




o Z g Ao) A= NMEA 2000 T2 EF £ dlAlo] == pGNo| 3

“
3 dolElHlo]AE W3, Heuy 2FS YEYIAR HAFHolA]7
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2.3 NMEA 2000 T2 EF FX

CANE =LA 7]& 1D x93 &4 [pDEHoz vpdAth, CAN 1.0A, 2.0A
= 7]¥ ID ¥wWo]ar CAN 2.0Bi= & IDEwolt}. NMEA 20002 CAN
3}

o
)
rlo
of
2
i)

PGN Definition

.PGN Fields Data Dictionary Data Format Data Type
IDRef_Thl IDRef_Detai_Ttl I
* * *
D RefID_Detal_ID DF #
PG Name —\\_ Field # DD Mame DF Description
PGMN IDRef DF # Range
old PGN # Local Mame Bit Field Size Resolution
Met Mgmt Message Reserved bits Char Field Size Type
Destination Rqst Parameter DD Definition DF Notes
PG Description oD # Origin Date
Priority Default PG Field Notes Latest author
Query Support Origin Date Date Updated
Single Frame Latest Author
ACK Ragmnts Date Updated
Appl Motes
Origin Date
, |Latest suthor
£ |Date Updated
D} |pefault Timing

% 2.5 doly e =

Figure 2.5 Data definition structure
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2 712 ¥R BYEZF 9 Atk I 2.6 CAN 24 IDEe] o
1A Z# 7k NMEA 20009] 1Do] F+%Z2 Yeld Aoz #Fote] xe
g FEo HE Ato]=E uERTE. CAN #A[A] Z#Qle] FA &
2HE Fo] 29H|EE NMEA 28 AH(Identifier)® AR&3lH o]F 18
HEZ PGNO 2 AFE-3HUH10].

NMEA 2000 ZREZL F 204]|EQl A¥MAZ Priority, EDP(Extended
Data Page), DP(Data Page), PF(PGN Format), PS(PGN Specific),
SA(Source Address)® Z+Z} Gt&-3lo] AFg-3tar o] % EDP, DP, PF, PS&
g8t PONS gttt PGNe 2t gt 1ES AHske S| EY
16U E 9] S=xb= NMEA 0183 ZREZFo|A 37] EA= o]Fojx 74 2
Axpel §AFSE FEjoltl. NMEA 2000 Z2EZ Ao ulel PGNol| o)

A8 E gebv g 25 PO VMEYAY BE F4E WUEH| = §ha

—

N>

Iy

Extended Format)

CRC field
(16)

Tnow
AOX>

Identifier Identifier
(11) (18)

Identifier (29)

Priority ~ EDP DP PF PS SA
3) 1) 1) (8) (8) (8)
PGN (18)

9 2.6 CAN WA Al Z# 2k NMEA 2000 identifiere] 4%
Figure 2.6 The diagram of CAN message frame and NMEA 2000 identifier
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ol
-

4 FaE A4 AolHE Ags] As AT & Atk o F
MEQAA B oe JRES wBta Fug
% Sol AgETH11

PGN2 PS¢] Zkoll whe} PDU1R PDU2e] xwio =z vy =d PS7} 54

AL
lo
Fo
n
o
ox!
SE,

E A F2(Destination Address)”} Ut PDULE AHolw a1 PS7F EA
A F=47F o Phu2E AHolwHd. o] P2 &% 13 (Group

Extension) &% AM&27F PONS AoJsf AH&3 & vk, HAHA Fa47)

g€ PDULS OF-E] 2397h4] 240715 £ 5= 24aL NMEA 200004+ EDP

= 0=, DP= 0% 18 AHEE & Jlom= F 480705 AHEE 4 St

o] 2 PDUE 240004 2557FA] 16709 thall 058 25574 2] 2567 #h<
T UoEE 4,065 A T F glom = TEA] HolH] s

A ¢ JornR F 8192709 s AAFE ¢ Uk wapA F AS
8,67270¢] #ho.= PGNo] AHeole 4= lth.

PGN] = F =2 Uehd Aot}

=5

2.3 Mg e

%S

¥ 2.3 A& 7153 PGNY] &
Table 2.3 The number of available PGN

29bits Identifier

PDU . EDP | DP PR PS o EGN
Format | Y| 1bit | 1bit | Sbits 8bits A | Available
3bits 8bits | Number
PGN
DA A
01 0239 1 o os oss | 2
POUL | 07 | 0 2 z
1 0-239 240
0-255 | 0-255
GE SA | 16x256
0 1 240725 1 s L 0mos5 | <4096
S B GE SA | 16x256
1 | 240-255
0-255 | 0-255| =4096
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Al 3 F A" A ' FE

3.1 Y r=E HAA4 9 7A

XilinxAFe] Vertex4LX257]WHe]l ML401 7/WHRE=E T3 dA] A|2=H
S A Y. M VDL 2= 27 glolk t=goe =g A
2 Eg] A o] 753k XPS(Xilinx Platform Studio)E o]-&3) 8 3}
=49o] 5 AT, HEYe =gasE HEES = AZES
Folel MicroBlazeE =410 & EAl [P(Intellectual Property)S< 7§
H o gAeta dHoly F44l 3 AHYE s 4 &4 IPet
MicoroBlazeE PLB(Processor Local Bus)® AZ3s}3cH[12-14]. % 3.1
S ML401 /R =o] A}erS el

¥ 3.1 NLA01 AR Abek
Table 3.1 Specification of ML401 evaluation board

Main chip XC4VLX25-FF668-10C
System clock 100MHz (2 Clock Sockets)
64 MB DDR SDRAM, 8Mb ZBT SRAM,
64 Mb Flash, 4 Kb IIC EEPROM
Display 16 x2 Character LCD
4 SMA Connectors (Differential Clocks),
2 PS/2 Connectors (Keyboard/Mouse),
4 Audio Jacks (Line In/Out),
Interfaces Microphone, Head Phone),
RS-232 Serial Port,
3 USB Ports (2 Peripheral/1 Host),
PC4 JTAG, DB 15 VGA

Memory
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WollAl UART, USB, EthernetFel® W3E 1 W3 w dolele FFols
PCZ WlR Ao str}. uwheba] PCel AZ= UART, USB, Ethernet IPE
vl x]  FPGA o ®ix&AqTH[14]. ¥ 3.1& FPGA o] FAd
MicroBlaze®} &4l IP=9] 7Ief4Qd 4 &S veRd Aot

MAreel 7 YE A d48 8 F4l £ Aol s},
NMEA 2000 WIEH A AZAFE= CAN IP9] B4 &= 250 KbpsZ
NMEA 0183 WIEY Aol A% = UART 1P2] 54 £ 4800 bpsz A
AskArt. MER =9 PCo Ethernet, UART, USB £E® 43 =4
- += ZFHZF 100Mbps, 115,200bps, 480 Mbps(High-speed)® A3}

ok 29 3.2 XPSE o] &3 BA XES B £x5 AT R
t}.
FPGA MicroBlaze
Core
F N
PLB Bus
Y A A Y A A A 4
CAN IP UART IP| | UART IP USB IP Ethf’g”et
A A A F § A
A\ 4 A\ 4 A 4 Y A\ 4
NMEA 2000 NMEA 0183 PC
Network Network Monitoring

a9 3.1 FAE FPGASH YEY A9 M=
Figure 3.1 The diagram of composed FPGA and network
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Voo |
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TXD
CANH
Vertex4 CAN 10002
ML401 Transceiver
External RXD
Port CANL

% 3.3 ML401 /@R =¢ 445 CAN EHAY 3|2 %
Figure 3.3 Schematic of CAN transceiver with ML401

a9 3.4 F7F B4 LEVF &9 ML401 ER=

Figure 3.4 ML401 evaluation board with extra ports
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3 3.1 7% Tpoll gHAl FPGACA AR Al 92 A5 ey
o] &S Fal AAl S4lE9] PHYSF AAH 4L Holy F4lo] o]Fojxitt,
% 3.1 384 9 Ax
Table 3.1 Communication pin description

No. i Pin A& Pin A1 H] 3L

W2 Input RS232_Uart_RX RS232 RX 3.3V

W1 Output RS232_Uart_TX RS232 TX 3.3V

C15 Input Ethernet_MAC_PHY_tx_clk Ethernet tx clk

B15 Input Ethernet_MAC_PHY_rx_clk Ethernet rx clk

D5 Input Ethernet_MAC_PHY_crs Ethernet crs

A9 Input Ethernet_MAC_PHY_dv Ethernet dv

F1 Input Ethernet_MAC_PHY_rx_datal Ethernet rx datal

El Input Ethernet_MAC_PHY_rx_data2 Ethernet rx data2

D4 Input Ethernet_MAC_PHY_rx_data3 Ethernet rx data3

C4 Input Ethernet_MAC_PHY_rx_data4 Ethernet rx data4

E3 Input Ethernet_MAC_PHY_col Ethernet col

B9 Input Ethernet_MAC_PHY_rx_er Ethernet rx er

D10 Output Ethernet_MAC_PHY_rst_n Ethernet rst n

F4 Output Ethernet_MAC_PHY_tx_en Ethernet tx en

Gl Output Ethernet_MAC_PHY_tx_datal Ethernet tx datal

H3 Output Ethernet_MAC_PHY_tx_data2 Ethernet tx data2

H2 Output Ethernet_MAC_PHY_tx_data3 Ethernet tx data3

H1 Output Ethernet_MAC_PHY_tx_data4 Ethernet tx data4

D1 Output Ethernet_MAC_PHY_MDC Ethernet MDC

G4 éﬂ?gﬁ{ Ethernet_MAC_PHY_MDIO Ethernet MDIO

H4 Input Ethernet_MAC_PHY_INTR Ethernet INTR 2.5V
AE14 Input clk_1_sys_clk sys clk(100MHz) 3.3V

D6 Input rst_1_sys_rst sys rst
AA24 Input usb2_device_0_ULPI_Reset usb2 device Reset 3.3V

W25 Input ush2_device_0_ULPI_Stop ush2 device Stop 3.3V

V20 Input usb2_device_0_ULPI_Next usb2 device Next 3.3V
AC24 Input usb2_device_0_ULPI_Dir ush2 device Dir 3.3V
AC25 Input usb2_device_0_ULPI_Clock usb2 device Clock 3.3V
AB24 OUTPUT usb2_device_0_ULPI_Datal ush2 device Datal 3.3V

Y24 OUTPUT usb2_device_0_ULPI_Data2 ush2 device Data2 3.3V
AB23 OUTPUT usb2_device_0_ULPI_Data3 ush2 device Data3 3.3V

W26 OUTPUT usb2_device_0_ULPI_Data4 ush2 device Data4 3.3V

Y26 OUTPUT usb2_device_0_ULPI_Datab ush2 device Datab 3.3V

Y25 OUTPUT usb2_device_0_ULPI_Data6 ush2 device Data6 3.3V
AA26 OUTPUT usb2_device_0_ULPI_Data? ush2 device Data7 3.3V
AA23 OUTPUT usb2_device_0_ULPI_Data8 ush2 device Data8 3.3V
AC22 Input uartlite_O_RX uartlite RX 3.3V
AD26 Output uartlite_0_TX uartlite TX 3.3V
AC23 Input can_0_CAN_PHY_RX CAN1 RX 3.3V
AC26 Output can_0_CAN_PHY_TX CAN1 TX 3.3V

V21 Input can_1_CAN_PHY_RX CAN2 RX 3.3V
AB22 Output can_1_CAN_PHY_TX CAN2 TX 3.3V
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3.2 8§39} AA PGN AHA

PONS Fal dule i by ks debd ¢ ol #3.29F 7
o] B9} Aol AejE el PGN ghEo] FPGAol A TSt =E A
3kl NMEA 2000 W E A FPGAZF 3hube] Au2 Qs w== 313
k. NMEA 2000 sE<Eoll A= Z42be] dnle] EAdol shAl dAGA kel whet
dolg7F BAE =S FAsta Qe #¥as 2.5%v, AL 0.1%
el BASEE o Ear QUH[11]. & =R gz A4 =
A} qzle] AAE AZdste] deol"gE A sk slo] ofy 2= FPGAY]

oM T dolgrp B =S dA 83

E

¥ 3.2 B39} AIRe] PGN AH

Table 3.2 PGN information of tank and engine

PGN No. .
. Update time Parameters
(Information)
fluid instance, fluid
127505
) type(fuel, fresh  water,
Fluid Level 2.5 sec . .
waste water, live well, oil,
(Tank) )
black water), tank capacity
127488 ) )
. engine 1nstance,
Engine )
engine speed,
Parameters, 0.1 sec .
) engine boost pressure,
Rapid Update ) ) )
) engine tilt/trim
(Engine)
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Figure 3.4 Converting process of received message
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Figure 3.5 Main algorithm on system
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Informations

CAN2USB&RS232 NETWORK MONOTORING PROGRAM Vi.1

rk Packet M

GATEWAY | CAN2USB | CAN2RS232 | N

: i,]..

k Device Monitoring |

Received Data and Data Bit

CAN ID Open GateWay Device Check

P(0-7) | EDP(0-1)| DP{0-1) | PF(0-255) | PS(0-255) | SA(D-255) | [ ilinx EVB
| 0 0 0 0 0 0

USB Close PO Send Data and Data Bit

Sent frames: 0 No. 0 send Message I ‘ |
Send Message

Msg ID PGN Flags Send Data

[~ 59904 W E:
- 0 126208 | - P [0x00 [oxee [0x00 [Oxff  [Oxif  [0xif  [Oxff [0xif

TimeStamp = 40564 , CAN_ID = 9F11264 ., data_length = 8 , Data_{field = 4A FB 96 00 00 FF 7F FD

Clear

19 3.6 USB, Ethernet 7]Wk NMEA 2000 EUEH =213 A3 3}
Figure 3.6 USB, Ethernet based NMEA 2000 monitoring program setup tab

CANZIISB&R5232 NETWORK MONOTORING PROGRAM V1.1 @

Informations

Initializing is successful !

Configuration

CAN_ID (HEX] [FFFFFFFF

v

Extended ID Mode

G.ATEWAYI CAN2USB cCcAN2RS232 INelwulk Packet Monitoring | Network Device Mnnituling}

Acceptance Filters [HEX)

Clear

I~ NMEAD183 RXOMASK  |00000000 RX1MASK (00000000
Bit Timing Config. (HE Port & Baudrat
et (o (12N II"-‘OF\T au (:';;1 RXOFILTERD 00000000 RXIFILTERZ (00000000
BRGCON1 [00 ~
o0 T RXOFILTERT [00000000 RXTFILTER3 [00000000
BRGCONZ R5232 e o RXIFILTER4 (00000000
00 Zs0kbps <] !
BRGCON3 CAN  [250 kbps ] Witz Wt (AR RXIFILTERS (00000000
Received Data
\
Auto Detect RS5232 baudrate | ‘Discunnem‘ ‘ Set

29 3.7 RS232714HF NMEA 2000 RUE® T2 13 M3 3
Figure 3.7 RS232 based NMEA 2000 monitoring program setup tab
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B2 CAN2USB&RS232 NETWORK MONOTORING PROGRAM V1.1

Informations

GATEWAY|CANZUSB|I’-?~'"i"“2. N rk Packet Moni 'nl"" rk Device M q

Received Data

TimeStamp | 1D | PGNNO. | DP | PF | PS | SA | Len|Data | = | staws |
1843031 9F11364 127251 1 241 19 100 09 E0 70 0B 00 FF FF FF
1843015  9F11264 127250 1 241 18 100 8 08 C495 00 00 FF 7F FD
1842084  OFBO2FS 129026 1 248 2 245 8 2CFC 65300400 FFFF
1842984  OFBOIFS 129025 1 248 1 245 290B E8 14 FA01 F1 4C
1842937  9F11364 127251 1 241 19 100 8 05 AD 9C OB 00 FF FF FF
1842921  9F11264 127250 1 241 18 100 8 04C4 95 00 00 FF 7F FD
1842875  9FBOIFS 129025 1 248 | 245 8 2COBEB14F901FI 4C
1842843  9F11364 127251 1 241 19 100 8 01 A0 9C OB 00 FF FF FF
1842812  9F11264 127250 1 241 18 100 8 00 C4 9500 00 FF 7F FD
1842781  OFBO2F5 129026 1 248 2 245 8 28 FC1E 42 04 00 FF FF
1842781  OFBOIFS 129025 1 248 1 245 8 2COBEB14F901F1 4C =

Send Packet [HEX] Make Log File

Dest. ID PGNNO Len. DO D1 D2 D3 D4 D5 D6 D7 I~ Show Excel | ~| | stop writing
00000000 [ 00000000 [0 [0 [0 [0 [0 [0 [0 [0 [o From: [00h:00m:00s Te:[00h:00m:00s Cat: [ 0

a9 3.8 FAlHE HeolHE YEd Bk
Figure 3.8 Data received from NMEA 2000 network
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15 URE 139299% BULCORNTERRUPT.TRANCFER B WOercew Hi S TATUS PENDG
1§ URS 133380W BULK LPT_TRANSFER ©  WDocow Hi STATUS SUCCESS
15 URS  13:%78: 300 BULFE_OA_MTERRUPT_TRAMNSFER OUT WDewceWUSHPDO-12  [hBSEF2I08 JUS _NOT.
If URE 1307530 BULK_OFINTERRUPT TRANSFER OUT WheviceW HIDDOIINS hREFINS  STATUSNOT SUPPORTED
1 URS 1R BULKORNTERRUPT.TRANSFER BI  WOevcew MIDIINOG S STATUS FENGING
i URS 1R300 BULCORNTERRUPT.TAANSFER BI | ‘WieviceW MDIKONS [E2100E0 £t
19 URS 1302990 BULK OF STERAUPT TRANGFER OUT WOsvceWUSHPOO-12 BAESINED STATUS HOT.SUBPORTED
20 URE 13:%26:330 BULK_OA_MTERRLPT_TRANSFER g‘UT evice'W_HIDIOODOODS  (<B62 10DE0 ATUS _NOT_SUPPORTED
2| URS RS BULK R NTERALPT.TRANSFER ceW HIDOONONE DAROE] STA BiG
% URS 1352040 BULK.ORMTERALPT_TRANSFER M vcaW HIDUOS IAREFIN8  STATUS.SUCCESS
Howg BULKCOR M TERRLPT-TRANSFER QUT DO-17 DGEESE  STATUS.HOT.SUPPORTED
B U [9PEE0 EULCORN T.IRANSFER OUT o BESEFIE  STATUS.NOT-SUFRGRTED
. URS 13:3:28:500 BULF_OA T TRANSFER B h-RER0SCED ATUS _PEMDING
% URS [39000 BULKORBITERAUPT TRANSFER B WiewceW HDDIDONE DE2I00E0 STATUS SUCCESS
gty 13:376:500 EULK_OF NTERAUPT TRAMSFER OUT WOewcoWUSBPOD-12  DEZI0E0  STATUS NOT.SUPPORTED
] 3 GULCon STERRUPT THANSEER QUT W SIDONO0G Q-EI00E0  STATUS NOT SUPPGRTED
1220500 BULK_ DR UP'I,Tlmﬁ o'W _HID ROOACHD  STATUS PEMDENG
13:5:28:593 P T TRAN N ' _HID beBEEFZO0E  STATUS SUCCESS
1337853 BULK ORNTERRLUPT TRANSFER OUT SWUSSPOO-12. | IMEEETIR  STATUS NOT SUPPORTED
A i I S O S 0| ST e DS JOs i NG | STATES NOT PPORTED
= offset Hex Data Ascii
ey 1 [1 B AQ aC 01 00 FF FF n,
000B00LE|FF
FERRUPT_TRANSFER \
o e
-\ _w
Value 1 il
\ gt A ar :
DNEB2100ED )
. |~ A |
STATUS_SUCCESS () | |
OxE5ECENA0 |

13 4.2 USBE 43 25

Figure 4.2 USB connection on PC
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[

Eile view Go
N N NN aan @aE8 kK B
Filtar: Clear Apply
Mo, Tima Source Desinaton Proineal Indo -
S10 24.193060 10,20.70.100 10,10, 70,100 uoe Source port: 1001 Destination
511 24.1%3714 10.10.70.101 10.10. 70.100 [T} Sowrce port: 1001 pestination
512 24.202044 10.10.70.101 10.10. 70,100 uop Solrce port: 1001 Destination
513 24293606 10.10.70.100 10010: 70100 uop Solrce port: 1001 Destination port: 1041
514 24,397651 10,10.70.100 10-10. 70100 unp SOGrcE pOrT: 1001 Destination port: 1001
§15 24.398300 10.10.70.100 10,30, 70,100 uoP source port: 1001 oestination port: 100l
516 24,502703 10.10.70.101 10.10. 70.100 uoP Sowrce port: 1001 pestination 1491
517 24.503330 10.10.70.101 10.10. 70,100 uop Solrce port: 1001 Destination 1091
5§18 24. 502546 10.10.70.100 10.10; 70100 uop Solrce port: 1001 Destination 14041
516 24, 593685 10,10.70.100 10.10. 70,100 unp SOUrCE pOFT: 1001 Destination 1001
S20 24692995 10.10.70.100 10.10. 70.100 uoe Source port: 1001 pestination 100L
571 24, 693653 10.10.70.100 10:10: 70,100 (T3] SoUrcE port: 1001 Destination 1001
527 74.796856 10.10.70.100 10: 10, 70. 100 uop Source port: 1001 pestinacion 1001
523 M. THT5R00 10.10.70.104 10,10, 70,100 uoP source port: 1001 pestination port: 1041
524 24,B92359 Sormy 68:4e:f2 Broadcast HEP who has 10.10.70.1007 7ell 10.10.70.100
517 24.593851 10.10.70.101 10,20, 70,100 uoP Solrce port: 1001 Destination Port s L00L
5§26 24, B4TAS 10.10.70.101 10.10: 70,100 une Source port: 1001  Destination poct s 1001
527 24.912812 1e:30 2:45:5¢ Somy_6B:deif2 ARP 10,10, 70.101 15 at 1ezFoibcialid5isc
528 24.912829 10.10.70.100 10. 10, 70 40T P Gcho (pingd request T {1d-0x0400, 5eq(be,Te)=1280/5, t£1-138)
520 24,034303 10.10.70.101 10.10.70.100 IcMP Echa (pingd reply Chd=0x0i00, seqbe/ 1e)=1280/5, rrl=128)
$31 24.997434 10.10.70.101 10.10. 70.100 une Source port: 1001 DEStination pocts 100L
532 24.99920% 10.10.70.100 10-10. 70. 100 uoe Source pOrt: 1001 bestination port: 1001 |
533 25101335 10.10:70.101 10.10, 70,100 uop Source port: 001 Destination port: 1001
534 25. 107181 10,10.70.101 10:10. T 100 uop SOGrcE pore s 10019 Destination port: 1001
§35 25.193063 10.10.70.100 10,30, 70,100 uoe Source port: 200l pestination port:
536 25.193842 10.10.70.101 10.10. 70,100 UoR Sowrce port; 1001 pestination poc
537 25.293038 10.10.70.101 10,10, 70,100 uop Source portiol0GL Destinacion port: 1041 | 4

Frame 1: &3 bytes on wire (504 bivs), 63 bytes caprured (504 bivs)

Ethernet II, Zrc: le:30:Bcial:45:Sc (le:30:6c:al:f5:5c), Dst: Sony 88:4e:f2 (00:1d:ba:6S:4e:f)
INternet Frotocsl, Sre: 10.10.70.101 (10.10.70.101), Dit: 10.10.70.100 (10.16.70.100)

User Datagram Protocol, Src port: 1001 (1001}, DST Porm: 10001 (1001)

Data (21 bytes)

TIL1

0000 00 1d ba
o0e 00 3L 00 2
& &4 03
18 18 o0

(2] File: "CAIOCUME~IWATIASCWLOCAL - | Packets: 728 Displayed: 128 Macked: 0 Dvopped: 0

MM (U AREE-J8D  [=UTles-Spluch. [T elR ESEAM.. | = [ 20 5am |88 Micraaoh PowesP

19 4.3 Ethernet®. 2 4% 2%

Figure 4.3 Ethernet connection on PC
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‘& test - olOIHEDIE
THE(E) TTE) HIM) FE(C) 35D ESTH
0= A2 DBy

Tx_DATAQ @ CY7DFE3C

Tx_DATAT @ 0000000

Tx_DATAZ @ 03692128

Tx_DATAZ & 008264C0

Rx_DATAQ & 00000000

Rx_DATAT @ Q0000000

Rx_DATAZ @ 00000000

Rx_DATAZ & 00000000
CAN_RecvDATA @ 18EA0000
Mask_RecvPGN © OxEA00 1D @ 18EAQQ00
RowMsg. CMOPGN @ Ox00EEQ0O0

1. RecvPGN @ 0QO000EAQO, 539904, 3
Tx_DATAQ @ CT7DFE3C

Tx_DATAT @ 0000000

Tx_DATAZ & 03692128

Tx_DATAZ @ 0Q08264C0

Rx_DATAQ © C75C0000

Rx_DATAT & 30000000

Rx_DATAZ @ QOEE0OQQO

Rx_DATA3 . FFOOFFFF
CAN_RecwDATA @ 18EEFFO0
Mask_RecvPGN @ OxEE00 1D @ 18EEFFO0
2. RecvPGN : O00QEEQO, 50928, 8

£
HE 202 RS 4 115200 5-N-1 ET N

O3 44 NE LR dAS g

Figure 4.4 Serial connection on PC

4.3 Asty ©Hlolg 9 A=

O9 455 RUEY ZEafor HESF AAdd FuEoq @
A= NMEA 2000 T2EZ HolE2 g2 s ekl Aotk o
T2OME 3l FPGA A A B3 ulolEl e} X dlo]EETE o}y
2} NMEA 2000 WIE9 =] d4% FXE9 ARE 199 JeH=E &<l
g 4 vk, 29 4.59 Ad L FPGACIA A Bael <l v
deolg7t §g 378 & Ao 3 s veEhla glon, st Fele=

FPGAo Al A3k A1 9] NMEA 2000 YWEQ A0 B8 = PS¢} Z3F%
A 59 A=Y dol" ol YERRIa k. stHEe] #HHS

NMEA 0183 71uke] DGPS gto] Wslo] pee] mUEy Zzaye %3

OB HAT 5 GRS vehd otk
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Engine Vi W TASC)

Engine TiluTrim

00006

3109 564 565 565

9 4.5 HolE 9 5L vEME NMEA 2000 RUEE T2 789 s

Figure 4.5 Network data display through NMEA 2000 monitoring program
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NMEA 2000 U ES =0l A2 ArjEo] RS S<lshy] flsf 87 PN
PGN 599045 &-8&3to] A3ttt PN 59904 NAME Z=o] PGN 60928,
PGN 126464, PGN 12996, PGN 126998% ¥3+st 4= 2lom PGN 59904Z =41

M gHetofok gt 1% 4.6 PN
599045 NMEA 2000 WIES AR HFsh= EFO = PON 599042 NAME Z =9
PGN 609287} E3tw]o] 9l7] wj&o] & HED = AE4dRIt ¥
3tujo] 9JE= PGN 60928F4 NMEA 2000 WE ] Syalojol &}, 19
4.7 7218 PN 609285 A18te] NAE 2=ue] 4k 13, A
JAN=Ex A 4, A

m&ﬁ

3k AH)E= NAE Z=of ¥3+E PONO. &2

(-

a

BA QA A IAEA AxA} A=
F43 1D A5 S UEbd RAo2x A NFA 2000 HIEY T A% ¢l
T AHEY] AEE g1 & ARF Sgith. 27 4.70] HERE 3AE
b= w39 R gv] dlolEE SRS MASlw FPGAE

Ao ZM FPGAZF NMEA 2000 WEYFA Arkxl =7t 345, BFI=7)
50, A A=V} 13008 QA2 E AL 9SS LrERHAL Qi)

I 4.1 NMEA 3o SFE AxA =8 YeRY s o gtw

o af WMIh 34595 Bl & 4 Tt ol EulE NMEA 2000 RU

=<

I:M

A

2

B OSkA 27l A A ghukel o] FPGATE F71 Al

ATH10,18]. FPGAS] A F=+= 130024 <z ZUEF 7]uke] Au]
oS HolFa vk, PCRYUEE T3S &3] NMEA 2000 Y| E S =9
FEE o] A Ao deolHE A7|Hox Ak FHEA Q1A Y]



¥ 4.1 NMEAd 5231

SIAL = AT

Table 4.1 Company registration number on NMEA

Registration Registration
Company Company

No. No.
AB Volvo/Volvo Penta 174 Lowrance Electronics 140
Actia Corporation 199 Maretron 137
Actisense 273 Mas Technologies -
éi;?ieerning/Fireboy—Xintex 215 Mastervolt 355
Aimar 135 Mercury Marine 144
B&G 381 MMP 1860
Beede Electrical 185 Moritz Aerospace 176
BEP 295 Mystic Valley Communications 198
Blue Water Data 148 Nautibus electronic GmbH 147
Bombardier 163 Navico 275
C#Pac System AB 165 Navionics 1852
Ceolmo SRL Italy 286 Nobeltec 193
Dief 329 Northem Lights 374
Disenos Y Technologia 201 Northstar Technologies 1854
DNA Group, Inc. 211 Novatel -
Electronic Design 373 Of fshore Systems UK 161
EMMI Network 224 Qwerty 328
eRide 243 Raymarine, Inc. 1851
Evinrude/BRP 163 Rolls Royce Marine 370
Faria Instruments 1863 Sea Recovery 285
Floscan Instrument Co., Inc, 192 izsistxii;;?zg;nng}emetry/ 235
Fruno USA 1855 izgzﬁinmiﬁ?ﬁzt”“/ 1862
FW Murphy 78 Simrad 1857
Gamin 229 Sleipner Motor AS 306
Groco 272 Teleflex 1850
Hamilton Jet 283 Thrane and Thrane 351
e w |
Honda Motor 257 Vector Cantech 1861
1COM 315 Victron 358
Japan Radio Co 1853 Westerbeke Corp. 154
Kvasar AB 1859 Xantrex Technology 168
Kohler Power Systems 85 Yacht Monitoring Solutions 233
Korea Maritime University 345 Yanmar /Yanmar Diesel 172
LITTON 1858 ZF Marine Electronics 228
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GATEWAY | CANZUSH | CANZRS237 | Network Packet Monitoring

~ CANID
P(0-7) | EDP[O-1)

DP(0-1) | PF(0-255) | PS(0-255) | SA(0-255)

[ s oo &]a]0s

Sent frames: 0 No. I 1 “send Message |
~ Send Message
Msg ID PGN Flags

0<EADDDD I 50904 ¥ 59904 ¥ Extended

[~ 126208 I RTR

a9 4.6 PGN 59904 A&t 5
Figure 4.6 PGN 59904 transmission

* NETWOHRE MONOTORING PROGRAM V1.1

]

G.ﬂTEWﬁYl M2U331 CMZRSZSZ] Ni k Packet h q
Mmuu Code | Device Class | Code | Funceon | Code | SA | [_ONOFF |
on 137 instumentation.. @) Westherinstu. | 180 131 1201 mww-mm oN
Lownnco Electr, 180 Navigationsys.. 60  Elsctonie Cha.. &b 3 1EED49 2009/10/18/21/12/53 OFF
Lowrance Elect.. 140 lInstrumentastion.. 80  Genersl Senso.. 19 [ 1452 MWW’ 1!"24"53 OoN
13 S XEeY L & e L) (oF O

s

ATASC

i
345

Propulsion sys.

™ Check2 [~ DUPLICATED ALLOW Clear

a9 4.7 Fx QA e ¥ FPGA E5
Figure 4.7 FPGA recognition on network
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