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Abstract

Recently, communication equipment (satellite communication appliance,
digital communication appliance) and Navigation equipment are high
value-added industries which need advanced satellite and digital
technologies in maritime industries.

According to a vessel conveniences regulation, Gyro—-Compass installed
in 500T over ship, it is a presentation that standard by International
convention for the Safety of Life at Sea and IMO resolution A.422(xi) of
International Maritime Organization.

The NMEA(National Marine Electronics Association) converter
interface between Gyro—Compass Output Signal and the others marine
equipment, it is play to the NMEA data format change.

NMEA is dedicated to the education and advancement of the
marine electronics industry and the mark which it serves.

It is non-profit association composed of manufacturers, distributors,
dealers, education institutions, and others interested in peripheral
marine electronics occupation.

The NMEA standard defines an electrical interface and data protocol
for communication between marine instrumentations.

NMEA converter system 1s a designed of set up three-type format
input signal, if a input to signal, possibility interface between Gyro
and other marine equipment, NMEA-0183 standard output to interface
other marine equipment.

In this study, I produced the NMEA converter system using AT89C52



microcontroller in ATMEL Inc. and expected Gyro—-Compass direction
sensor, monitoring Synchro input signal through NMEA converter
system, it make confirmed interface between Gyro Compass and other
marine equipment AIS. at the time, using RS-422 serial communication
of ICE61162-1, 61162-2 digital interface.

Today, NMEA converter system used import the most companies of
Germany, Russia and other country, it is not korea. in this thesis,
suggest the design and implement of NMEA converter system. Thus

it will be good for basic research data to produce NMEA converter

system ourselves.
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<Table 2-3> Complex data format

Byte Data Ay
1 $ S
2 M A
3 P T A
K = kilometres J22~ EY
4 N = nautical miles of 2
U = microseconds 9
5-8 6. - 9 22 EH oy
9 L or R AZtm EY o2 X
10 T or M A9 == 27199
11 - 13 0-9 o Rl dig we
14 - 23 12D34'56"N or 12D34.56'N dA A=
24 - 34 123D45'56"W or 123D45.67"W dA 4=
non-ASCII status byte
bit 0 = 1 R OEE
bit 1 = 1 7 SNR
1 = Mol E A=
% SRS ST
bit 4 = 1 =27
bit 5 =1 TDse] Ed&
bit 6 = 1 R
36 “NUL"(hex80)
37 “ETX"(hex83)
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CIRCUITS EZ Z g

107

L
TALKER LISTENERT
R
AR OPTO -
Bl o PROTECTIVE ISOLATOR
CIRCUITS } Z{
T

LISTENER2
<Y 2-14> F - FAS 32

<Fig. 2-14> Transmitter-receiver circuit
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FAZE FR2E Had 49 Ayl 2velofof hn, Mot o] A&
2}ol 0 2 RE] 2.0mA B Ul Fojof Fhu},

o] 32+ -156VelA +05V WA =23 27} “1"e]W  OFF
£ STOP BITE 9|v 3}

kr

= Zloju 4Vel A +15V W flol A= Ao
T 16mA7F 2AstE Fotel =g 27F “07olW ON Ei= START
BIT= A7} @t

(3) dubz el F4 2

NMEA-0183 ¥&& of»~7]a=9) wE #45 A48, NMEA-0183
ol o] Bl = 4800 2 (baud) = o] ®rt.

doldlc wAFHE Aol HolAH, 4 wFE §TR ARE s,
FA2 IDE YEd= 7 ole] BAbet oA 372 mdol s oy
ID, Frtz FRE vleolg Aert wakew Frhd o= A (checksum)
WA A /e Fho] Hu, 3 2} “$7e CR/ALFE X
FellMd 82709 wAE A E Utk

<E 274> dirH oz ARg e e FAlS 1

w,
il

Hag Aoln.

<E 2-4 > dubFl FAl

5\

ID

<Table 2-4> General transmission ID

& A = ID A %
GP(Global Position System receiver) A ZY A =8 F=Al7]
LC(Loran-C receiver) 284-C 417
OM(Omega Navigation receiver) o7k gy G217
I(Integrated Instrumentation) TENTF
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wepol Beol dolEsh fEdA RoW Y WeE AL
o]

8l

ﬂd
flo

Fokez WA Aokl A akvl, oju B Alolel 1 ¥

of i
AAFg(checksum)2 "«"9F F o] 163142 o] F A =], "o} k"

g X3sA] ¢gv 2 249 exclusive-ord] ZAio|t}

T2 dRkEA ¢l NMEA-0183 &3 9] o o]t},

$SHCHDG, 237.0, 01.5, W, 04, W

$  _HC HDG, 2370, 015, W, 04, W CLRF
A £4% oy o) o] e} a0
ID ID

<19 2-15> NMEA-0183 =& 3 2]
<Fig. 2-15> NMEA-0183 Output format

dutd o g2 7+ 71719 HHoE Lo T

Aoz w2 dw& AFstd dAl 128 94 ¥

“" 5] ¥ AAHE (checksum) & LhEIE o] o R ¥
Aol F4Aoln] mEol WaEd <E 25504 EE 2 TUL
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<Table 2-5> Standard sentence format

N- il

ﬂm%ﬁ M

RS TS <

|| e a8 = W =
LR 7l |T 4 %

T T T j A

AR N S o | R foR >

FIZIE |ZH NN s % | o
O o o Y O O 2 = e T ||

BN F | F | || o | o | | X ol | P G o g
m|®| 22| | 5| 7 |8 el eel R AR R )
S g s O DR B P e - e s e R o iy
SN Il N e Y o o | o | | X B o ==
IS R e ) e R R o TN T | | K| T |

| ¥ == | B 2| K| T BB e | T | | T
fits T|T ~ A= |~ ol | = | = | o | X k) w) | w
O Rt e =4 S el O Y sl B sl b
BR| T ]| A R 2 |7 FW|E| TR T| |||
e e e R N B R - R R R R R R I o S R R R R R
of | 20| | %0 || T || G| < || M| | B |7 | T k| T | W | ™| %m0 || % m|
b = z| = e
DA Eadlaldl=20O olmICim Ol |alo el o=
mwPOWWBGLSSDSTOMMTHWTCPDDTT
jLABBBDGGGGHHMRRRRVVVWWWWXX

o)

<
\_.mo
e

—

ﬂ

APB - 2 &

APB, A, A, 010, R, N, V, V, 011, DEST, 011, M, 011, M
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A 2 2-C blink/SNR 74 1L

A 2-C Ato]E A

0.10 a~-EH oy Az

R 7] LE&%L 9%

N arx-Ed oy @9 - &z
Vv =& Aa - dF

\ =2 Aa - FAA

011, M A7) w91z, B Ao gk A A
DEST 242 A4 1D

011, M A7) B9 zk, B A gk 9 A
011, M ZE} A7) W

BWC - =] gt gejztat #Ae
BWC, 225444, 4917.24, N, 12309.57, W, 051.9, T, 031.6, M, 001.3, 00429

225444 22 154 : 44 UTCOl Wi A%t
491724, N A Q9 9=

1230957, W A#e A%

051.9, T AR A, AA 4=

031.6, M Ao gz, A7) A

001.3 N Aol e A, o=

004 A% 1D

*29 A 24

GGA - AASAA 2= 34 doly
GGA, 123519, 4807.038, N, 01131.324, E, 1, 08, 0.9, 5454, M, 469, M, *42
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123519 12 : 35 : 19 UTCell g 14 gk
4807.038, N $1%= 48, 17.038" N
01131.324, E 4% 11, 31.324" E

1 Ak 0 = AHER7E 1 = GPS 14, 2 = DGPS 113
08 AR A= 5

09 CERIES:

545.4, M nE, e, s G ol

469, M Aol =(FEs e Fol

(F ) A DGPS el E9] 2eg A3

(Z3) DGPS% ID¥ %

WPL - &3]3 9%

WPL, 4917.16, N, 12310.64, W, 003*65
4917.16, N FPAA e
12310.64, W A A A%
003 332 4 91D

*60 A =4

Sl
o)l
Mo
)
o)
0)!
fu
-z
i
lo,
it
J
o
il
-
=
%2,
k1
Y
2
o
%
et
N
T
jinss
J
lo
fu
b
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$SPGRME, 15.0, M, 450., M, 25.0, M=*22

GRME Garmin®] A3 =

15.0, M HE S = F7tE A o
450., M HEHG R HrtE A A Y
25.0, M A -9 A oy

$PGRMZ, 93, f, 3%21
93, f VE &9 nx

3 04 99 AA 2= AER nE
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A 3 4 NMEA #gt7] A" A4 2 44

2 s Al 2 FolA E4-AdE dHE8o= NMEA W7 A=
25 79 staA @k stz sk Al2"2 ATMELARS] AT89C52
< vl AR FZEEF(MCU ; Micro Controller Unit)2 3™ A}o] &3}
2, AAaRgA F9E BYAEE ofdE Asoly] wiEe A/D WE
715 AHE T bAE Alsw WA o AQkE A~ Fle A NMEA-0183

dolg xulow wekste] 7]ef sjdAdn oke] AEH o] e HaE

B oAzge 7B pAEE <39 3-1>3 g

JIE
' o &
XO|22IA MCU
(AI3=2) : (AT89C52)

' Display
DLIEE

<adg 3-1> Al=ge) e

<Fig. 3-1> Introduction of System

3.1 A2 24 2 =9 74

311 329 4

<a¥ 32> WA ERRE 5 golofadls uEkd ZAolu. Aoz
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Tz A FEE Ao AaE 30X, 36X, 90X, 180X, 360X), 6-
2FA 7 dEA et dn. e 48T mE § A9 A
Aol weh dHFASE deAA FAS Ao A2 dEAdsel S, S2,
S3% ofd R A& oy Wil A/D ¥M#719 SDC1700E Ab&sto] ©
Ad ez HEE 53
REF
S A 72“':12 Sin®
s2 &Soild State | Cos® ngﬁmg” Coso | CTION ®® | pemonuLaToR
3 —Cos® E—
1.2 3-12
A REFERENCE Up—Down Counter Phase Lock
AL Buffer REF 2bit Countaims &\VCO
MSB@ OUTPUT DATA J7LSB12
Stept STEP Interface
Angle & NMEA DISPLAY
Step2 &ZLNPUT Select Process & Initial Setting
Step3 v, 35v, 70v
COM4A
NMEA OUT1 <t—— NMEA SYNC, GYRO, STEP FUNCTION
NMEA OUT1 <t Interface Selection
Input Power 00— SMPS Powersupply 5= i\
ACRDC O ADGAC (A
<Y 3-2> Hrp R EEL
<Fig. 3-2> Block diagram of evaluation circuit
ool #lEH AAME AFET A" EeW S1, S2, S3, 1¥al 547t
A ddoe] Hu Al 2 Aol =AM FEol dEHel B FEs AW
&k sl
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g Aol gojA AC ALS 24VA U0VAA AL s, DC
AL 3pVelgow HAL sgon, 4aw fxE wEsE Jaw
QPN E () tAE e A5 (0)she] vlael oA QEal 5}

Aol Hu gHFAFT o w=w AT o]yt gow dPAFTE Qo] ¥

deans g ow o457 984 T/R & soild state 2+ A o]
A5 A4 o Quadrant SwitchingS AF-&3o] 4719 4
3 sto

7 FUNCTION Generators A 2< st 4zha4 AAl
AA -0 T E HAA A Hr} o] AE7t BxV|E FIA 2 Al

il

TE FEFoH AYgAe] LXVIE AAAA gFelA QtE AGoR
dste dRAFI4+E 935 20 E Up-Down Counteret 9442 A

ES 9 HEZA s A2 Tracking
PLL LoopE 482 &3tk whAZre = old A AlsAxegrt d A&
Angle & NMEA Z=Z A4 2 314 NMEA-0183 o= HAFEE A
Ag st

= 24Vl Al 240VelH™, SMPS Power SupplyES Al-&3le] oF =5

H o gEEs 4718 4F 47 7176 RES Waa

qvﬁ
BN
[\.’);9‘
ot T

ol A A F=HH NMEA-0183 HlolH W2 R
Bl s gni ek Aol ~E ThestA dFES oAt
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<1¥Y 3-3>8& NMEA ¥3l7] A4 3 Zxo|t},

o)

grae gue
R R g

W

o | W

e
LY

4

P .
ar —Zis & OF
1 —eedd 930 —d e - e pE— ]
| 2 oo < __L:SMI:I ) ne i
= 5| e e
 1E =& i e HEE
<12 ol | =SB
R ar —3gny —i - 50—
£y T oo =it oo ool
2:L n Tnies st R -y
63 g SHm SHE M B |
=l x Ll —lid - 20 [ i
: = o =raf ] ] |
& W TS e wE=
K 2 e ] 2 - i
5 & Tl pucre b ) i o g H
3 ey —y ewew p 2
A % i
3 5
g
b

<71¥ 3-3> HAA IEE

<Fig. 3-3> A whole circuit diagram
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3.1.2 AT89C52¢] & A

(1) ATMEL®] AT89C52¢ 574

AT89CH2= WiF-ol Ed A mlxel e EEPROME 7HA 2L 3= A
oF 1271%% ¢ CMOS 8HE wmlo] A& 3 & A A o] T},

<

M

g 3-4>¥ ATMEL® ATRIC52¢] ¥ tholo] 13 o]r},

POLO - POT F2.0 . PRT

L

J; t T

RAM ACCH » PORT PCAT 2 "
REGISTER Ram LATCH LATCH FLASH
F b
L r
3 3
r r
PRCGRAM
B STACK
ACC ACOREES
‘ REGISTER | ‘ s REGISTER
r b ¥
‘ THFZ ‘ TMF1
FC
ALU INCREMENTER
F
NTERFAUFT. EERIAL PORT,
AND TIMER ELOCKS
L
4 k PROGRAM
PEW COUNTER
FEEN -
ALEFFOT -t T INSTRUCTION | g | oPTR
BE ¢ iy B CoRTROL REGISTER F
RST >

s i A R I

_-E_ T FiO - FLT P20 - PAT

<718 3-4> ATMEL ATS89C52¢] Ui tholo] 1)

<Fig. 3-4> Internal diagram of ATMEL AT&89C52
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o] mfolARZRZAMAE ofEW(ATMEL)S] nd % v 3dA w2

7ee AREstel RbEofH A, AbddEAel wol AFEst= MSC-519
G

gRAES ddstA T go] T
gt 43 Z2AAM Zd94 B 2o mres 2% do
22X AT8ICH2S B dHlt= Ao &8= Al =2 #8843 7H4

FAE ATehs 24ET vholarE 2 A A o I
& ATMEL AT89C529 545 A3 Aot
- Compatible with MCS-51"™ Products
- 8 Kbyte of in-System Reprogrammable Flash Memory

( Endurance : 1,000 Write/Erase Cycles)
- Full Static Operation : OHz to 24ML
— Three-Level Program Memory Lock
- 256x8-Bit Internal RAM
- 32 Programmable Serial Channel
- Three 16-Bit Timer/Counter
- Eight Interrupt Sources
- Programmable Serial

- Low Power Idle and Power Down Modes

(2) AT89C52 A 9] 75 B +%

o WA AR @ o] BB E)H Fol

Y4=9 @A+= PORTO, PORTI1, PORTZ2, PORT3E 4 o] o 9l

om, AW zAelmE 2Ad A wxs AYsgs A4

rr

XTALL, XTAL2 ©27} &A%t} 31 @22 /EATAE Veeol 4
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<19 3-5>% ATMELA}FS] ATRIC52 3 t}o]o] —ro]t},

uz

LI =y FO.O ::
13 PO 7
=1 FOZ g
o2 152
1= - =4
= Pos |2
: a2

a P07
RESET -
=
—124 inTa Pz oo
13 z4
=tk e
— 15 1 Fz.5 g?
\ F2.6 |55

=1 P10 P27

F1.1

3 — a7
T P12 RO g
= F1.3 WR =g
5 F1.4 FSEM_ 330—
= P15 ALEF o
= F1s TAD

P17 RED

2051

<% 3-5> AT89C528 & to

B

o 19

<Fig. 3-5> Pin diagram of AT89C52

ATBICH2E T&3at7] HaiA = 40”18l Vecol 5VE d4dea 209

W) GNDol 0VE @Za XTALISl 247Ael 29& #3@
9 319 BAE Veedl A48T, 99 RSTWE 5V A7 Sud
7 OVE MW ZEAME FAE] A2

Faw AgsgS 22118408 X F35E THAe &S A

_36_



¥ 3-1> AT89C52 & 7]%
<Table 3-1> ATR9C52 pin function

NUM| 7% A ]
HE /O TER ALET Wio EgA3o] 7] wio W&
1~8 | P1.O~PL7 | /O ZEZ A 4T FH$o RoN ZAATS AdAFA ol
LR
2298 ALer B9 ¥u AL v AgdE Roer HE
9 RESET ]
29X BEHA ALES
Aed EAA AlLEHE Fog 9 R 424 HolHE oH
10 RXD
e o Ag-H
A Falo A AlEEHE Fog 9RoA £ dHolHE JH
11 TXD i
e w AgH
12 /INTO 9F AHHEQ Boz 9Fore AEeAS CPU #AE g},
13 /INT1 /INTO ¢} 2& 7152 3o
timeQ) WO 2 R A Lol X1, X2 FdL& 7teHs L A7t
H s gas g qus oy
15 T1 time0 ¥} 2L 7]5S A2 ok
16 /WR 9|5 dlojE HWEE 27 Ao AF
17 /RD o5 dolE wWEE ¢l7] Ao 4l
( ) oo AT FYS CPU deste Ao OSCE A4
18 |X2(XTAL2 \
A-ol= Alg3A EET(EY)
Aol 2L 7T Wer OSCE A4 A% 48 doz A g
19 |X1(XTALIL)
A0 =)
20 GND A &b
o Fo WEelE dAsA AL FE 1 gdHEoRTE A4}
21~28 | P2.0~P2.7 | _ _
ia=
29 /PSEN ol =z vzl dolHE % v = AEy "
o5 w7l A Aol AV Hol dE AF, PO o= W
30 ALE,/P }
27 dolE MAR AlgHY
9F wEEE AFEE AUV R WEIE AFEE RAVME A
31 /EA VP _ ~
A4ste =
PO TEE= dolH9 olEgrE TEORE ALY F JdE IZE
32 | PO.O~P0O.7 | o]z o EAAFo] gl7] Wil volE] Mzt A48 4
$- 10301 o] AFge olr AFE3Hr},
40 Vee +5V 9
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N

32 A5 A ¢

32.1 Aol2 Foxo ug

Read motion-free
output

——

Begin time
Measurement

——

Fead gyroscope
output

Calculate angular Angular velocity
= read data

welocity - motionfree output

Total = subtotal + S minge
angular

angle velocity [0 Ciies

Exceed
1 zecond?

Angular velocity
Angular change sum divided by

in 1 second number of data paints

Add to initial

Cumulative angle angle and
display

Mo

<ad 3-6> AL E duds

<Fig. 3-6> Flow chart for angle measurement
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<E 3-2> Yofeo] & ol wE

e
Sh

2
tlo

tl

i 9 w2

il

N
o
o

<Table 3-2> Average and dispersion of optional one direction

Row X Y Z Row X Y Z
1 1 335.7 | 137.729 24 24 311.76 | 0.1152
2 2 315.72 | 5.6448 25 25 311.904 | 0.1498
3 3 312.552 | 0.0806 26 26 311.292 | 0.0878
4 4 311.832 | 0.0518 27 27 311.22 | 0.1512
5 5 312.192 | 0.1382 28 28 312.588 | 0.1166
6 6 312.192 | 0.3398 29 29 312.084 | 0.1858
7 7 311.832 | 0.1382 30 30 311.508 | 0.1166
3 8 312.3 0.036 31 31 311.904 | 0.2074
9 9 312.048 | 0.0806 32 32 311.616 | 0.0634
10 10 312.192 | 0.1382 33 33 311.328 | 0.167
11 11 313.128 | 0.1094 34 34 310.5 0.1244
12 12 312.372 | 0.635 35 35 3105 0.036
13 13 312.372 | 0.4046 36 36 310.392 | 0.4262
14 14 314.172 | 0.0302 37 37 310.392 | 0.203
15 15 312.84 | 0.5472 38 38 3114 | 0.1152
16 16 311.364 | 0.1282 39 39 310.86 | 0.1512
17 17 312.228 | 0.2606 40 40 310.86 | 0.4608
18 18 312.876 | 0.0418 41 41 311.112 | 0.0806
19 19 312.48 | 0.3456 42 42 311.616 | 0.265
20 20 312.732 | 0.2894 43 43 310.788 | 0.3182
21 21 311.652 | 0.0302 44 44 310.716 | 0.0418
22 22 312.968 | 0.1671 45 45 310.896 | 0.5241
23 23 312.192 | 0.3686 46 46 309.708 | 0.0302

T EU(XEF, YH) BAHF Aolmimzi Hue $¥ AR(S9,
272hHE AFsta, 2 & FA ZF9 FAHHF ARz AR
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Z o] Pitch

A Roll 4

o]
H

==
=]

Zte 0 240°

<3 3-3> 45°3] A A ¢

o]
A

ZH4 % 0 £40°/sec
ZH& 5 0 £407/sec
RMS 1° (37}#] R &)

Aol 2 Fok 1Y

diol ¥

<Table 3-3> Gyro-compass a direction output data of 45°rotation

Row X Y Z Row X Y Z

1 1 318.888 | 340.698 18 18 109.98 | 0.612

2 2 291.492 | 7.8927 19 19 109.08 | 0.0864

3 3 287.352 | 0.4838 20 20 106.128 | 121.012

4 4 287.316 | 0.2434 21 21 71.136 | 178.047

5 5 283.5 | 48.9384 22 22 7254 | 6.6024

6 6 255.204 | 48.3107 23 28 68.832 | 0.4262

7 7 245.88 10.2304 24 24 69.192 | 0.5126

8 8 246.204 | 0.1858 25 25 62.892 | 258.827

9 9 221.436 [ 693.575 26 26 27.792 | 21.7382

10 10 201.96 | 0.5184 27 27 20.448 | 0.8006

11 11 203.58 | 0.1512 28 28 27.216 |149.103

12 12 203.94 | 0.1224 29 29 337.392 | 1.3479

13 13 177.192 | 374.279 30 30 335.052 | 0.1454

14 14 161.424 | 0.3802 31 31 328.32 |130.694

15 15 161.604 | 0.7618 32 32 296.82 |14.4936

16 16 145.224 | 202.585 33 33 291.708 | 0.635

17 17 114.372 | 10.1966 34 34 290.124 | 0.0418
<E 33>3 <E 34>E BAK AmBIuze 2 Pdd 1o
=9 7te] Wl (deviation)S YEFW A o] W shako] Z4zt 45
|7 ol A ole & g vk o7 = WsbRFo] FH A 40.248700 A
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Ho 52344744 vheFstA wskoh Huoigh, HA#S AT U A 6
Hel dlolHel wgh Fwr WS AAtstH 44.103°2 Yoe #@E o
9‘}\_]‘;]_[5].

<E 3-4> Ay Aol2wmupiel &9 W7 he] W

<Table 3-4> Output angle a direction deviation of Gyrocompass

Reference| 360° | 315° | 270° | 225° | 180" | 135" | 90° 45 0

Mean |287.316(246.204|203.94|161.424]109.08|68.832|20.446|335.052|290.124

Variation | 0.2434 | 0.1858 {0.1224| 0.3802 |0.0864(0.4262(0.8006| 0.1454 | 0.0418

Deviation| 0  |41.1112|42.264| 42.536 [52.344|40.248|48.386| 45.394 | 44.928

322 A9 dHelge =9

NMEA =

JH

WAA = 10H(100ms) vk} HAEE QI AES Falo
FAEE, 2P 2 (B00ms)e) TR FART @ AHPETL
A WANE ol ol T FAL FHA ko, 4u )

JHHE TAA A HA dAAE S8k, SHA BAA = F HA

—
w2
2
0o
w2
2
FE

29 WAAe FeE Yot NMEA-0183 §4o we webd & 9l
on o]t ZzaygAow Ao etk B =ReAE WA, 4%

2 H2te] HEE HAEstE HDG(Heading Deviation Variation) 5 &

A FA g w9zt Azt ARE AddstE HDT(Heading Ture) &
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HN

4 g4 02 NMEA &85 vEhy

32

o

<2 3-7>& NMEA =9 ¢ Fd3 yehd Aol

o

void NMEA_HEHDG(void)
{

int ki, kf;

int di, df;

int vi, vf;

char ds, vc;

ki = (int)(deg_w);

kf = (int)(deg_w=*10)2610;

di = (int)(deviation_didf);

df = (int)(deviation_didf+10)%610;
vi = (int)(CF[0]);

vf = (int)(CF[0]*10)%10;

sprintf(outl, "$HEHDG, %d.%d,%d.%d,%c,%d.%d,%c*00\r\n",
ki kf, di, df, dc, vi, vf, vc);

sprintf(out2, "$HEHDG, %d.%d,%d.%d,%c,%d.%d,%c*00\r\n",
kikf, di, df, dc, vi, vf, vc);
}

void NMEA_HEHDT (void)
{
int ki, kf, kil, ki2, ki3;

ki = (int)(deg_w);

kil = ki/100;

ki2 = ki/10%10;

ki3 = ki%10 + 0x30;

kf = (int)(deg_w=*10)%10;

sprintf(outl, "$HEHDT, %d.%d, M*00\r\n", ki, kf);
sprintf(out2, "$HEHDT, %d.%d, M*00\r\n”, ki, kf);
CheckSum();

<71¥ 3-7> NMEA =9 Az Fd

<Fig. 3-7> NMEA output processing routine
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41 A8 374
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NMEA-0183 dlolg EZuloz w3dle= A|2"Y AP AuEs A
OB xWlow Waatel /e A4 EA G QB oS dolof d

o @7 Hme] paae] wAlsh A% Aute 27 9 o oA A
=

wol A= FAelA et

HYAM <29 4-1>H9H Aol

fru
i
|
[
to
offt
e
o
N
olf
o
j“L
rlr
o,
H
u
td
v

il

AAdsto] Aty Axdos Z=Hg A

MM EntEA At AFH=7EE AT AES AT 8§ 7S v

9
o

<y 4-1> A8 374

<Fig. 4-1> Test enviroment
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<29 4-2>% AR Axwe) oY ot

Data Out
Up O O
O Lo
8 8 8 8 Q Synchro/Gyro to
NMEA Interface
Down
Degree

SYNC INPUT STEP Input NMEA Out

SSom

—NmE| | TTITT

—AN— ™ 119 [alalala)
crnnn| | Ounl| |T+1 +

Universal Data
Interface

<39 4-2> A zd 9=

<Fig. 4-2> System external form
42 A 2de AsH7}
421 A5371 2X
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aEa g of u}

39k,

ool A AjkeE Aagle] eRrtE HE Aale <O9 4-3>04 H

a8
>,
fol
[l
Al
[>
do
©
X
o
ok
iRt
=)
i
L)
jin}
o,
Ay
il
Jeb
(0]

o



NVEA-0183&=
2UeE

A0|= SotA

oa= HIOHE! AAEY
EIEE =

—> AS

< 4-3> A5 A3

<Fig. 4-3> Performance appraisal procedure
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<HE 4-1> 4=EA 3ol wE DIP Switch 243 =4

e

<Table 4-1> Dip Switch fixing and output signal as inputs signal

DIPS |Input Signal |DIPS4[DCBA] Mode Output Message
XXX1 | Synchro(1X) Xnnn Unit Number | $TIUTnh, xxx. X, T#cs<CR><LF>
Synchro-Gyro XXX1 36X
XX10 90X
XX10
X100 180X
$HEHDT, xxx.X, T*cs<CR><LF>
1000 360X
XXX0 Normal Level
X100 6-Step
XXX1 Inverted Level

<Y 4-3>2 AtE Alxde] HIEEE ARFolH | <1dY

2@zl AW B AAR BHE 2HNN FAZ
bl Al2dle] s 2 FH NMEA-0183 HolyH W o
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<29 4-3> Hr7bsl 2 AR

<Fig 4-3> Photography of evaluation circuit
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<Fig. 4-4> NMEA-0183 output capture
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