D

E
LICH.

!

=

S

ive

5
MZEXE HAIGHA OF

O N

o
[

2|

M

creat
commons

—

[—

t

[¢]

LICt:

O M
st

)

C
MNZERLEAlL A

ZHE Metor

—
=
=

R0 5 A

i 0 <4 15
o) B¢ 53 o0
) E[o} o
) = 7
&3 10 ol 00
< il R
jum] J—

ol 0~ =
il 3 o on
) X Rr
Rr S =

%_ =B s
r o m._ -
o o O
_ Rr RO
% R of
o © o il
—_ jum]

1] N ol =
R iS ol =
= T Uo gwo
) RE] S
1 ° s =
o) K —
= B < mrr
&= o

ol Kl <. KM
80 ol JIJ =
Ee) W = )
©

X ESLICH

I 2t

HOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
O

5

FAI LEEHLH O OF
E2FH 29

¢}
X

=

]

0l N2 0| =3 & 72 (Legal Code)

HEAH [E 0l8Ke als 219 ol o



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

NMEA 20008 A3t
Ze3 T8 TEAY A #sk AT

A Study on the Development of a Sonic Anemometer
Loaded with NMEA 2000

BB B Kk =

20119 2H
HMEEBERNER KB

M E T 2R
&« #H



S @Y TRE+: BimX2E &

FAR TBEL W K

z B IBEL® ® O (@)X
\CYe%/

Z B 18@+ % Xx = @jd

2010 4 12 A 24 H

R KRB KB

T 2R & & 8



A

A

A

13 A&
L1 QAT HI D oeeermeesseessemsssees s 1
1.2 ST A Tl ] e 3

21 ZOT FEF FEA O] Y] e 4
2.2 NMEA 2000 EEE% ........................................................................ 7
2.29.1 NMEA 2000 Layer®] T-ATF B4 e, 7
2.2.2 NMEA 2000 ®o]E] 8 o] 28} Stack@] TF-F weereereereereerennenne 11
23 ¥% F5A gz 4
2.3.1 A A 2B FLAT srerrretsensseens it 14
2.3.2 CompaSS 1;'_; GPS _)_F/?ll'?* .......................................................... 17
2.3.3 GPS AL 7] wrerersunescrnescsisiiiinns st s 19
2.3.4 FOT EZEA] BJE ettt 19
2.3.5 CAN H[E QT BEA] B]E cerriremmirnecenneisensesssssssssssssnas 29
24 ZEEFF ZEA O] ATLEYO] AT e 29

3F AY % 2%

3.1 g@ Ho]—%] ............................................................................................. 24
3.2 AT AT} B DL e 27
42(;- é == S TSN 33
Il %iﬂ ............................................................................................................. 34
% %‘]_ ............................................................................................................. 35



A Study on the Development of a Sonic Anemometer
Loaded with NMEA 2000

Jong-Hyun Kim

Department of Control and Instrumentation Engineering

Graduate School, Korea Maritime University

Abstract

Recently NMEA 2000 protocol is familiarized as a standard real
time instrument network of SOLAS Ships. NMEA 2000 is a quite
different protocol from NMEA 0183 of single-talker multi-
listener, which i1s auto configurable intelligent Plug and Play
network and multi—talker, multi-listener and multi-server. So
NMEA 2000 devices are easy to connect to the network and free
to maintenance for network. These are the reasons why NMEA
2000 device i1s applied to the advanced IT ship to integrate all
kinds of information on board. This paper presents a methode

logy for developing a weather station which 1s one of core



devices for navigation as a sensor of wind speed and direction
using ultrasonic including temperature and barometer.

The developed system i1s connected to NMEA 2000 network
which 1s composed of various kinds of merchandised NMEA 2000
device such as depth gauge, speed gauge, GPS device etc. to test
connectivity with other NMEA 2000 devices and a set of
functional test are carried out as weather station in comparison
with another merchandised weather station developed by an
advanced foreign company to ascertain usability as a weather

station on board.
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2.2 NMEA 2000 ==&

2.2.1 NMEA 2000 Layer®] 743 53

NMEA 2000 ZREZF AT FZ= &A%, dolgdaAs, &«
AZoZ 4% Fig. 2.3% &tk 8741F52 NMEA 2000 dlo]EfH]
ol~=H 7} JHE PGN(Parameter Group Number)2 ¥z]3tt}, o]
H3a AsS HEYA Tx¢ 924 Sol #3 4go=A4 LLC

1>

(Logical Link Control)%&2 w2528 3]e] SAE(Society of
Automotive Engineers) J 1939-213 SO 11783-3%[4], MAC
(Media Access ControD A5 ¥ #2452 ISO 11898-1 CAN 2.0B&
Agshe oY 7HA wAZETS SEA SR ARESTH(5].

SAE J1939 NMEA 2000 ISO 11783
Application Layer
SAE J1939-81 I e Network Management Layer —— ISO 11783-5
SAE J1939-21 I : LLC G —— ISO 11783-3
Data Link Layer
MAC

ISO 11898-1

CAN2.0B

Physical Layer

Fig. 2.3 NMEA 2000 T2 EZ A= F+x%



CAN9] ID(Identifier)x 11H]E9} 298| EE A3t NMEA 20009
e 20ME IDE AFE3T CANQ ID9F PGNe #Al= Table 1.1
Edg=

Table 1.1 PGN¥} 29Bit CAN ID

29 bit Identifier

PDU EDP | DP PF PS PGN
Format | Priority | 1bit | 1bit 8bit 8bit SA U
3bit PGN 8bit
0 0-239 DA SA 240
0-255 | 0-255
PDU1 0-7 0
1 0-239 DA SA 240
0-255 | 0-255
GE SA | 16x256=
O 1240725510 5 o555 | 0-255 | 4096
Pbuz 0-7 - GE SA | 16x256=
1 | 240-255 x

0-255 | 0-255 4096

CAN® ID =]l $AHIE SHE=RA Z Sl $AeHE AAT
t}. NMEA 2000° PDU(Protocol Data Unit)13 22 &3kl PDU2
+ PF(Protocol Format)e] kel 240t & Aoz  GE(Group
Extension)¢]g} 3}z o] 59+ PS(Protocol Status)= DA
(Destination Address)& WERNA &=t 22y PDULS PS7F DA=Z
dtd. PGN2 EDP, DP, PF, PS®2 JAEw o Aw3l niel o]
PGN-2 dloly gregjo|t}t. webx PGNe| 7)FrbEo] dHole o] FH/
£ 3dg 4 ok =3 NMEA 2000914+ EDP(Extra Data Page):
EDP O%F Al&-3tt}. DP(Data Page)™ 03 12 F #Ho|X| & Al&35}H
ol Yeld 9= A o] NMEA 2000 Z2&EZFE PDU2 ZH7te]
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Fig. 2.5% CANoA HE 13 09 714 EAS Jepdth 2.5VE
7o g2 Ao go] 35KHT =oW NMEA 2000® NET-He]al 1.5V
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1
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25V

|
1.5V \"

00V
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Fig. 2.6 CANZH Y] Fx2=EA] 20H|E ID FitolA BIEFA7E ¢
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NetworkE £-8&38t7] $3 NMEA 2000 Stack®® JE3 5 9t}
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imF =1
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g<AddrClaim

MNO
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MakeMame
Analysis()
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MyMNAME<Rc
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L

DutyTxFigSet=1

J

If[R].RcvPGIN
=65240

FirstAddrClaimFig=0

sMNet_SAListMetSANo=1

Analysis65240PGN

If
MyMAME<Rc
VINAME

*‘ validsA=NewSA
MakeMame
Analysis() \J,
TxRequest .
. b AddrClaimTxPkg
) (&TxData) (PGN, DA, SAL, &TxDATA)
WalidSA=5A1 \l'
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TxRequest yrmes
(& TxData)
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GPS & Compass

PNIT11096
3-Axis Magneto—
Inductive Sensor

Sen X
SenZ

LPC2106FBD48
32-bit
Microcontrollers
Yaw Rate
Gyroscope
GPS
Accelerometer Module

Fig. 2.9 Compass ¢} GPS

PN
T2l

e PCB +4

ULTRASOIC
UltraSonic
PIC18F2620 sensor
Enhanced Flash
Microcontrollers UltraSonic UltraSonic
with 10-Bit A/D and sensor sensor
nanoWatt
Technology
UltraSonic
sensor
3L 5 A fe) =% O vl A= H o
Fig. 2.10 #38F Z&A9 289 $52159 PCB +A
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CAN Network \—

LMSA485E
LPC2129FBD64 RS-485
16/32-bit
microcontrollers
10-bit ADC MCP2551
and CAN CAN Transceiver
‘ BAROMETER ‘
AT25160
EEPROM(16K) ‘ TEMP SENSOR ‘

Fig. 2.11 NMEA 2000 HIE T AAKX2] PCB +A4

Sbell Al AFet A7 Zo] Zhzhe] PCBY A2 b A3 F3sit.
7} CPUIA E53 dlolHE UES Do fast dolg=z &8317] ¢
e MEYAE Hdshs CPUR A53 Fav) gl dolgHE A%
3l7] $1ske] 370e] CPU= 12C % SPIE °]&3dto] vlolEE Hedt}.
Fig. 2.12& SPI A4 dHolH & HdEst= do| A A|<l(Daisy Chain) 3]
224 NMEA 2000 WIESAE H93stal 3+ CPU(Fig. 2.11¢ LPC
2129)7F A4 dely d$S Foto] thE PCBEY-E HlolHE 335}
3 Tgste] Fa&3 NMEA 2000 PGN dHlolg &2 Wgsle] YESAR
FEH 8% He PGNell & Azl 7AlEdd we AdAor vES

o ARE AE3)
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SPI_three_slaves daisy chain

—
)

Lr'_".‘lDr_'
of%

[ I B W
L7 LA LA
L P =

Fig. 2.12 SPI 5412] dlo]x|4)| <l

2.3.2 Compass ¥ GPS F231%

Compassel]l AFEFHo]W H& PNIALe] Ho =z 3-Axis Magneto-
Inductive Sensor Driver?l PNI 110963} 37§¢] Magneto— Inductive
Sensor(X, Y, 2)2 TFA%™ SPI Serial Interface’} &% 3Jolt},
Aol Z(Gyro)  AlAel  LYS50ALH  (£500°/s, analog yaw-rate
gyroscope) % 3% 7F&EE AlA LIS3LV20DQ ( £2g/+6g, SPI Digital
Output, Low Voltage)s= Fig. 2.13% o] W3} 7| &7]E5 F-3817]
g Holth, B AFgg olgd = HlolH & TS| flste] ofd
27 Ay dwtk d¥9S 3893, LDO(Low Drop Out) d=d ol H

2 AFg35le] yaw rate? AAY liner 8& HEEsle] dAANE =9
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GPS REd A= NMEA 01839 ©lo]El7} Lt B2 o]2 NMEA 2000
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CPUE 5V AYS AFg32 R PIC 18F26202 AF&-3}9
A+ SensorTac AFe] ST-203LAIA =4 Fig., 2.179]

AFEsE T BE 62 40KHzS ST-203L 223 4lA e EAFoluh
Zg9 AMHE o] &3 SHL Fig. 2.16% o] wAiE=z
CPU°A PWME ©]&3}e] 40KHze| T35 At $2 T34
= 6709 TR FAAHT ol FAAACGA FHEle] W Qe
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2.3.5 CAN YE9 =z B4 =2

CAN Al NMEA 20009 Data-Link-LayerS w9 3tth. Alg3
CPU+x= 2709] CAN Port7} 9+ PhillpsAte] LPC 21298 AF&3%itt.
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3.1 4% %

NMEA 2000 VIEY 3= Fig. 3.1¢] 2¥A9 thdst A5z 749
o 2" A FAIE HAaE oln] AFE-stEl NMEA 2000 7]Wke] AH| =
A GPS?l PGS1003 #3& F54191 WSO0100S e, 2 A&
&3 -3k NMEA 2000 7|9ke] 53 S&5A7F F AlFe dAst] 1
S Y T dsA AAs.
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USBERS232 NETWORK il PGN Filter

Informations

- Time Stamp | D | sA | PGNNO. |Data
gtanCS;NndSData " 1283578 9FD0223 35 | 130306 | BB 5C 00 AD 33 FAFF FF
Ce“ = "“““5 1283328 9FD0223 35 130306  BA FF FF FF FF F8 FF FF
anf::ues" 1283078 9FD0223 35 130306 B9 5C 00 F8 34 FA FFFF
! tatus 1282843 9FD0223 35 130306 | B8 FF FF FF FF F8 FF FF
1282578 9FD0223 35 130306 | B7 5C 00 3E 35 FAFF FF
1282328 9FD0223 35 130306 | B6 FF FF FF FF F6 FF FF
GATEWAY | CANZUSE | CANZRS7 77 N 1282093 9FD0223 35 130306 | B 5C 00 96 35 FA FF FF
Received Data
Time Stam ) PGN NO.
1567250  9F11223 127250 -
1567250  9F11323 127251 -

1567156 9F11223 127250
1567156 9F11323 127251
1567109 9FD0223 | 130306
1567062 9F11223 127250
1567062 OF11323 127251
1566953  OF11223 127250
1566953 9F11323 127251
1566859  9F11223 127250
1566859  15FD0723 130311

Clear | ¥ Receive

-S8end Packet [HEX]

Dest. ID PGNNO Len. DO tart Writing
00000000 | 00000000 [0 [ O w0

4
I
PGHN : 130306 | CLEAR | START |

Fig. 3.2 MEY 3 RUEH Zz 19
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Fig. 3.3 NMEA 2000 HEY A A@dA e 245 HolFH. Fig.
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3.2 4% 27 v
NMEA 20002] WEL T 2 AFor FdS 253 T TH5A9
WSO100(MAH) 2 PB200(AAHS] Hlul AR5 9Iste] 8719 el 7te]
T SN AT vF, % B Ae A FEH AFE o
At o] AF o= AXS] FF FHAE VIR o Al 4
F& Sote] AF7I9e] Aot wEFe A4S o vhe, YT Yo
2 MARe} FEgE FEA19 dlolHE Falgith AALe] T TEA A
3 ©lo]E]= Table 3.1 MAR= Table 3.20]1 2 <] 23L& Table
3.391 Z+zF BAEATE ArLe] &S nF ) ofFol Az = whe}
0~3m/s, AZANME 1~2m/se Ax7F AT, T&F> SHLE
et 0~10%9 HAE Bt MAFS] F3-2 mlFolA 3~5m/s, oF&
oA 3~6m/s°l, FFTANX= 2~10m/s= H=7F FASEI L F5E

Z747t=e et 0~10%] AA7E FA

Table 3.1 "A"ALe] A& doly

o= o4s 45

82 | s5mis) | B | B5mis) | B | B5mk) | 5

0 27-29 0 32-34 0 3.8-40 0
45 26-28 35 3.1-32 35 3.9-40 38

90 21 81 24-27 90 31-3.2 82
135 19-21 125 23-24 125 29-31 128
180 17-19 185 21-22 180 26-27 180
225 21-22 242 26-27 240 3.0-3.2 235
270 24-26 282 29-30 270 33-35 275
315 26-27 320 30 320 34-36 320
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Table 3.1. "M"ALS] A3 ©o]H

o= ok= 48
52 | 5m/s) = S5(m/s) s SE(m/s) st
0 19~22 0 18~25 0 23~33 0
45 19~23 45 25~28 45 31~33 49
90 19~24 92 23~28 92 29~35 92
135 21~24 131 26~30 132 29~35 132
180 20~22 190 23~28 180 27~32 182
225 20~24 223 23~27 223 24~32 223
270 22~25 270 23~29 268 34~37 270
315 19~23 320 22~27 330 29~35 330
Table 3.3 A+~ 733 49 dHolH
o= s 48
52 | 35(m/fs) =g S5(m/s) =2 S5(m/s) s
0 24-26 1-4 29-32 3-5 33-38 3-8
45 23-286 44-47 27-31 41-45 3.2-34 44-48
90 2.0-2.3 91-95 25-27 93-97 2.8-31 97-100
135 21-24 | 141144 | 26-29 | 138143 | 30-33 | 140-144
180 20-24 | 186180 | 27-31 | 179-182 | 31-35 | 179-184
225 20-22 226-229 2.3-25 225-227 27-30 225-229
270 18-20 | 273278 | 23-25 | 276280 | 26-29 | 277-280
315 23-25 | 323329 | 26-28 | 326329 | 30-34 | 327-329
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-2 31 COMPASS =719

e,

////  Library for a PNI11096 /177
/1] 3-Axis Magneto-Inductive Sensor Driver and Controller /117
/111 with SPI Serial Interface /117
/111 /111
////  init_magneto(); 111/
/111 Call before the read function is used /111
/111 /117
///]  signed int16 read_magneto(AXIS | DIVISION_RATIO); /117
/111 Call to read a value from an axis /111
/111 /111
/111 /111
////  The main program may define MAG_SS, MAG_DRDY, MAG_RESET, /1717
////  MAG_CLK, MAG_MISO, and MAG_MOSI to override the defaults below. ////
/111 /111
[0 070107 170707170000070777711071717710077177111171111711117111117
/111 (C) Copyright 1996, 2003 Custom Computer Services /111
//// This source code may only be used by licensed users of the CCS C ////
//// compiler. This source code may only be distributed to other /1]

//// licensed users of the CCS C compiler. No other use, reproduction ////
//// or distribution is permitted without written permission. /111
//// Derivative programs created using this software in object code /117
//// form are not restricted in any way. /117
[0 0010707010717070717710707 17717107 07177117171771117711717111171171117

#ifndef PNI11096
#define PNI11096

#ifndef MAG_SS

#define MAG_SS PIN_B2
#define MAG_DRDY PIN_B4
#define MAG_RESET PIN_B5
#define MAG_CLK PIN_C3
#define MAG_MISO PIN_C4
#define MAG_MOSI PIN_C5
#endif
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I 107 17777777717717777177771777717711117111171111717
// Use one of the following defines to specify which axis to read
#define MAG_XAXIS 0x01

#define MAG_YAXIS 0x02

#define MAG_ZAXIS 0x03

// The following division ratios can be ORed with an axis.

// The default is 32, but the recommended is 512.

#define MAG_DIV_32 0x00

#define MAG_DIV_64 0x10

#define MAG_DIV_128 0x20

#define MAG_DIV_256 0x30

#define MAG_DIV_512 0x40

#define MAG_DIV_1024 0x50

#define MAG_DIV_2048 0x60

#define MAG_DIV_4096 0x70

// The following diagnostic commands can be ORed with an axis
#define MAG_SHOW_CLK  0x80 // * Show the clock on DHST

// ~ (SOIC PIN_27, DIE PIN_25, MLF PIN_24)
#define MAG_CONTINUOUS 0x04 // = Continuously run the oscillator on an axis
#define MAG_OSC_DIR 0x08 // * Change the oscillator direction

// (Only works when MAG_CONTINUOUS is used)

1710010700107 10T E L L Ll 177111771171711717711711117

// Purpose: Initialize the pins used by the magneto-inductive sensor

void init_magneto()

{
output_high(MAG_SS);
output_low(MAG_RESET) ;
output_low(MAG_CLK) ;

}

// Purpose: Read the magnetic intensity and direction for a given axis
// Inputs: The axis to read ORed with any settings

// Outputs: A signed 16 bit integer representing

// magnetic intensity and direction
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signed intl6 read_magneto(int8 axis)
{
int i;

signed intl6 data;

output_low(MAG_CLK) ; // Ensure the clock is low
output_low(MAG_SS); // Select the sensor
delay_us(1);

output_high(MAG_RESET); // Reset the sensor

delay_us(1);

output_low(MAG_RESET) ;

for(i=0; i<8; ++i){
output_bit (MAG_MOSI, shift_left(&axis, 1, 0));
delay_us(1);

output_high(MAG_CLK); // Clock out a bit of data
delay_us(1);
output_low(MAG_CLK);

}
while(!input (MAG_DRDY)); // Wait for the measurement
for(i=0; i<16; ++i) // Read the measurement
{
output_high(MAG_CLK); // Clock in a bit of data
delay_us(1);
shift_left(&data, 2, input(MAG_MISO));
output_low(MAG_CLK) ;
delay_us(1);
}
output_high(MAG_SS); // Deselect the sensor
return data;
}
#endif
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5 4 GPS FAIEE9 ALY

Specifications
General
Chipset : MTK MT3329
Frequency : L1, 1575.42MHz
C/A Code : 1.023 MHz
Channels : 66 channels
SBAS : WAAS, EGNOS,MSAS Supported
Datum : WGS84(Default), Tokyo-M, Tokyo-A, User Define
CPU : ARM7EJ-S
Dimensions
Length/Width/Height 16*%16%6 mm, Weight 6g
Performance Characteristics
Position Accuracy
Without aid : 3.0m 2D-RMS
< 3m CEP (50%) without SA (horizontal)
DGPS (RTCM, SBAS (WAAS, EGNOS, MSAS)) : 2.5m
Velocity Accuracy
Without aid : 0.1 m/s
DGPS (RTCM, SBAS (WAAS, EGNOS, MSAS)) : 0.05m/s
Acceleration Accuracy
Without aid : 0.1 m/s?
DGPS (RTCM, SBAS (WAAS, EGNOS, MSAS)) : 0.05m/s?
Timing Accuracy
100 ns RMS
Sensitivity
Acquisition : —148dBm (Cold Start)
Reacquisition : -—160dBm
Tracking : —165dBm
Maximum Update Rate
Up to 10Hz (Default: 1Hz)
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Acquisition (Open sky, stationary)
Reacquisition Time : Less than 1 second
Hot start : 1.0s (Typical)
Warm start : 34s (Typical)
Cold start : 35s (Typical)
Dynamic
Altitude Maximum : 18,000m
Velocity Maximum : 515m/s
Acceleration Maximum : 4G
I/0
Signal Output 8 data bits, no parity, 1 stop bit
Available Baud Rates : 4800/9600/38400/57600/115200
bps(Default : 9600)
Protocols
NMEA 0183 v3.01 (Default : GGA,GSA,GSV,RMC,VTG)
RTCM
MTK NMEA Command
Network Assistance Messages
Data output Interface
USB Interface Logo certified USB 2.0 full-speed compatible
Environment
Operating Temperature : =40 C to 85 C
Storage Temperature : -50 T to 90 C
Operating Humidity : 5% to 95% (no condensing)
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B2 5. NMEA 018345 NMEA 2000°.% dlo]ge] W3k

NMEA 01839 dj-§-3t+= NMEA 20009 PGN
Option Description NMEA 2000
. .. . PGN 129033

GGA Time, position and fix type data. PGN 129025
GPS receiver operating mode,
active satellites

GSA used in the position solution, and PGN 129539
DOP wvalues.
The number of GPS satellites in

GSV view satellite 1D . PGN 129540
numbers, elevation, azimuth, and
SNR values.
Time, date, position, course and
speed data.

RMC Recommended Minimum Navigation PGN 129029
Information.
Course and speed information

VTG relative to the PGN 129026
ground.
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B2 6. ST-203L &3 AlA]

Model ST-203L / ST-203C
Frequency [Kk] 40 £ 1 -
Sound Pressure [dB] 108 min 0dB=2X10-4pbar
Sensitivity [dB] -82 min 0dB=1V/ubar
) . . Tx/Rx, -6dB down
Directivity [deg] 90 + 10
Angle
Capacitance [pF] 2200 £ 20% Without cable
Operating
. -30 ~ +80 Recommended value
Temperature [TC]
Detectable .
0.3 ~ 2 Typical
Range [m]

Max Input Voltage 100 [@0.25ms on
[Vp-p] / 60ms off]
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= 7: NMEA 0183 COMMAND

$GPDTM
$GPGGA =
$GPGLL
$GPGSA
$GPGSV
$HCHDG
$HCHDT
$WIMDA

$WIMWD
$WIMWYV =

$SWIMWV

$GPRMC
$TIROT *
$GPVTG *
$WIVWR
$WIVWT
$YXXDR

$GPZDA =

$PFEC, pidat

NMEA 0183 Sentence Commands

* These sentences are enabled at the factory.

Datum Reference

GPS Fix Data

Geographic Position ——Latitude/Longitude

GNSS DOP and Active Satellites

GNSS Satellites in View

Heading, Deviation and Variation

Heading True

Meteorological Composite. Barometric Pressure,
Air Temperature, Wind Direction, Wind Speed
Wind Direction and Speed, with respect to north
Wind Speed and Angle, in relation to the
vessel''s bow /centerline (relative)

Wind Speed and Angle, in relation to the
vessel''s bow /centerline (theoretical)
Recommended Minimum Specific GNSS Data
Rate of Turn

Course Over Ground and Ground Speed
Relative Wind Speed and Angle

True Wind Speed and Angle

Transducer Measurements: Wind Chill and Vessel
Attitude

Time and Date

$PFEC, GPatt * Heading, Pitch, and Roll
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2= 8: NMEA 2000® PGN Commands

NMEA 2000® PGN Commands
Transmitted NMEA 2000® PGNs

PGN 059392 ISO Acknowledgment

PGN 060928 [SO Address Claim

PGN 065285 Proprietary: Boot State Acknowledgment
PGN 065287 Proprietary: Access Level

PGN 126208 Acknowledge Group Function

PGN 126464 PGN List - Transmit/Received PGN's Group
PGN 126720 Addressable Multi-Frame Proprietary

PGN 126720-32 Proprietary: Attitude Offsets
PGN 126720-33 Proprietary: Calibrate Compass
PGN 126720-34 Proprietary: True Wind Options
PGN 126720-35 Proprietary: Simulate Mode
PGN 126720-49 Set WAAS Satellite

PGN 126720-50 Set Tzz Parameter

PGN 126992 System Time

PGN 126996 Product Information

PGN 126998 Configuration Information
PGN 127250 Vessel Heading

PGN 127251 Rate of Turn

PGN 127257 Attitude

PGN 127258 Magnetic Variation

PGN 129025 Position, Rapid Update
PGN 129026 COG & SOG, Rapid Update
PGN 129029 GNSS Position Data
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8: A<
PGN 129033 Time & Date
PGN 129044 Datum
PGN 129538 GNSS Control Status
PGN 129539 GNSS DOPs
PGN 129540 GNSS Sats in View
PGN 130306 Wind Data
PGN 130310 Environmental Parameters
PGN 130311 Environmental Parameters
PGN 130323 Meteorological Station Data
PNG 130822 Unit Division Code (FEC)
PNG 130823 Browser Control Status (FEC)
PGN 130880 Proprietary: Additional Weather Data
PGN 130881 Proprietary: Heater Control
PGN 130944 Proprietary: POST
PGN 65281 Terminator Status (FEC)
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B2 9: NMEA 2000 =41 do]E

Received NMEA 2000® PGNs

PGN 059904 [SO Request

PGN 060928 [SO Address Claim

PGN 065286 Proprietary: Boot State Request

PGN 126208 Request Group Function

PGN 126208 Command Group Function

PGN 126720 Addressable Multi-Frame Proprietary

PGN 126720-1 Proprietary: Master Reset
PGN 126720-130 Proprietary: Reset EEPROM
PGN 126720-132 Proprietary: Reset GPS

PGN 128259 Speed

PGN 126208 WAAS ON/OFF

PGN 130306 Wind Data

PGN 130821 NavSource Speed (FEC)

_49_



WAL 2

97 A= P

N
el

o

o

SES

B

2wy

g

7 ol =

o, ofu]

—_—

N



	제 1 장 서 론
	1.1 연구 배경
	1.2 연구 목적 및 내용

	제 2 장 초음파 풍향 풍속 시스템
	2.1  초음파 풍향 풍속계의 원리
	2.2  NMEA 2000 프로토콜
	2.2.1 NMEA 2000 Layer의 구성과 특징
	2.2.2 NMEA 2000 데이터베이스와 Stack의 구조

	2.3  풍향 풍속계 회로의 설계
	2.3.1 전체 시스템의 구성
	2.3.2 Compass 및 GPS 수신부
	2.3.3 GPS 수신기
	2.3.4 초음파 송수신 회로
	2.3.5 CAN 네트워크 통신 회로

	2.4  풍향 풍속계의 소프트웨어 설계

	제 3 장 실험 및 고찰
	3.1  실험 방법
	3.2  실험 결과 비교

	제 4장 결 론
	참고 문헌
	부록 목차


