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Abstract

Recently, it was required many efforts to get no person operating ship
and more safety using of digital communication and automation of
navigation. One of them is double clauses of shipborne equipment.

By International convention for the Safety of Life at Sea(SOLAS) and
IMO resolution A.382(X) of International Maritime Organization(IMO), it was
obligated that standard magnetic compass is installed in ship, as double
clauses of shipborne equipment.

That is, it was generalized that gyro compass which is exact device
indicating true north is installed in ship for long time ago, but it was
recommended obligatory that standard magnetic compass operated
independently is installed for safety.

Also, it was recommended obligatory that transmitting heading
device(THD) transmitting heading information to shipborne equipment such
as radar and Automatic Identification System(AIS) is installed in 300~500T
ship, by IMO resolution MSC.116(73)

Following above clauses, Transmitting Magnetic Compass(TMC) system
as a efficiently method of THD wusing standard magnetic compass was used
widely, and was begun to install in ship which was dehydrated after July 1.
2002.

TMC system is device which was inputted magnetic signal from fluxgate
sensor connecting magnetic compass, and then displaying heading
information processed correcting deviation and variation necessary in display
part, and outputting suitable heading signal to communicate other navigation
equipment through NMEA (National Maritime Electronics Association standard in
the sea.

Today, TMC system permitted international approval is produced in
minority companies of Germany and several country, it is not yet in Korea

In this thesis, suggest the design and implement of TMC system. Thus it
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will be good for basic research data to produce TMC system ourselves.
In this study, I produced the TMC system using 80C196 microcontroller in
Intel Inc. and excepted making of fluxgate sensor, using common product
C_Plath of Germany.

Heading signal inputted sensor is processed by suitable algorithm, and
then heading information processed is been transmitting to display part and
at the same time, sending the NMEA-0183 standard output to communicate

other navigational equipment.
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a7 B Moo

-21 -



Al

pas

ID

of
5\

<E 2-4> dRbAel

<Table 2-4> General transmission ID

A= ID A o
GP (Global Positioning System receiver) A ZY A =8 F=Al7]
LC (Loran-C receiver) ZH-C F417]
OM (Omega Navigation receiver) ewzb g3 417
I I (Integrated Instrumentation) 71T
52 dukz ol NMEA-0183 &3 2] o o]t},

*1 SHCHDG, 237.0, 01.5, W, 04, W
Dev Var

*] $ HC HDG, 237.0,0 015W, 04 W CRLF

Ay £4% oy gl ol g 29
ID ID

<718 2-10> NMEA-0183 =3 34
<Fig. 2-10> NMEA-0183 Output format

2 74 71719 ddolE Simel sEA Al 3t

©,
T
)
(o

Aoz BA 1F& A%t U 128 94 g

FohHolm EEe wEth g4& e gon Fa g AAw

i =
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<E 2-5> FF B 4

<Table 2-5> Standard sentence format

3 4 A ™

APB EVUY F2 B

BOD Welz - BA7) g e gk dA g
BWC FaA Aol g FH7I A - qy A5
BWR g Aol g A7 A - FAA
GGA A A 29 A 2~ 8 (GPS) 14 o] ¥

GLL A A, A= A=

GSA GPS DOP¢}t 5% 94

GSV AA e $14

HDM ek 27

HSC ZEF] i W P

MTW e L

ROO A fras FRZoAM9 X3 ID f2E
RMB ArE A2 Fs AR

RMC Aud H4 E4 GPS/Transit d o]
RTE s A2 FPAH

VHW e S W

VWR HAE v Wy S5

WCV YA T &=

WDC FPA o s Ae

WDR gdPAH A, FAA

WPL FyA A A

XTE arxs-EA J7, =A%

WTR AR ~-E# o8 - £Rgl+ 3k ALt

e A])
APB - 2 E3d3l ¥4 B
APB, A, A, 0.10, R, N, V, V, 011, M, DEST, 011, M, 011, M

A Z 2-C blink/SNR 7 a1

A 2¢-C AtolE AL

0.10 Ar~-EY o 77

R 7] L% (L 9%

N Azx-Ed o g9 - g
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v =% Ax - AF

N =2 Ao - FAHA

011, M A7) w91z, B Ao gk AA
DEST 44 AA ID

011, M A7) Bz, EA A e @A 94
011, M ZE} A7) whek

BWC - = thgt Bezhat A

BWC, 225444, 491724, N, 12309.57, W, 061.9, T, 031.6, M, 001, N, 00429
225444 22 154 440 W3 UTC
4917.24, N FAAF] A=

12309.57, W A4 4

051.9, T FHAHe] g, 2 4=
031.6, M TR A BT, A7 4=
001.3, N FaA Aol g A=, e
004 A 4 D

GGA - AASAA = (GPS) aL4 Hl o] H

GGA, 123519, 4807.038, N, 01131.324, E, 1, 08, 0.9, 5454, M, 46.9, M, , *42
123519 12 0 35 1 19 UTColl wigh a4 3k
4807.038, N & 48°07.038 " N
01131.324, E 7% 11°31.324 " E

1 IAZ C0=AFE 27} 1=GPS 114, 2=DGPS 114
08 ARAE
09 Ao FHE
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5454, M k=, vE, sed gt o)

46.9, M ALol=(Ela Ht)e =l
(&%) < DGPS dHlolE] Zehe] A3
(&%) DGPS= ID H&

B{ly
Y
X
Sl
o)
-3
=
=)
2
o
H
g
B[y
Y
X
Sl
o)
o
L
a
=
B
o)
=
=
flo

$SPGRME, 15.0, M, 45.0, M, 25.0, M=*22

15.0, M nEHGY 2 FHrd =35 oy
45.0, M nEHGYE Hrtd F=F A g
25.0, M AA G5 YA ol g

$PGRMZ, 93, f, 3*21
93, f JE &89 uUE

3 74 w9 94 12 AR 1%, 3 = GPS 1%
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A 34 AdD TMC A== A 2 &

& Ao M= A 2 Aol 24 -Agd TMC Al="s AAstax 3

L

th. et aizb sk AlZ~®2 INTELARS] 80C196KCS MCURE  3fof

shade gt @ A Ade EBYzdelEe] AEE gl
B

AD NS AQ F sz Ael S Fel weh NaA sl

FAR HE = NMEA-0183 32 o® Z¥sto] 7]E vl 3 3ke}

BN xEe] B PAEE <39 3-1>3 g

» 7-HIORE

OLOUIE 3o
MCU

¥ >

(80C196KC)

L[
Jy
I>
=
o
Im

» NMEA-0183

<adg 3-1> A=Y s

<Fig. 3-1> Introduction of System
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3.1 A2 24 2 =9 74

311 529 74
<ag 3-2>% WAHRY 2 thelojae e yEd el

)
[

AolEZRE S Wz+s Helstr] 98 INTEL 80CI96KCE A}-4-3}
om, A 108 E(0~1023) A/D W37 Ad 0ol EYxAoES

=

ol
38

Lo

cos Aa7F JdHEHY, Q@ lodeE SH2AEY sin Ao, aAdE 20 =
ref 21 57F zbz} ¥ E o
gk 9 Fo] ROM 64KuFo] E(27C512)% RAM 32KH|lo] E(62256)%
A7kQl PAL(22V10)S ZH7 d4dskdoh. PAL(22V10)Y = 1078
o] 992 ROM¥ RAM Ad, Zeja F7pe4s 99 82559 AH
8

7-Seq. NMEA-0183
Qutput

it )

OFIus Shtx
+
EH20E

PAL

INTEL

80C196KC

] [}
RAM ROM
HE |/——————

EEPROM

<19 32> W e BEE

<Fig. 3-2> Evaluation circuit block diagram
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29 7440w 4% EEPROMS ATMELALS] 24C04% AKv)ol

LS HAH, B A=) Aol ik W zte] AAAR
(Variation), W¥23e] 9 21 A (Deviation), A AAAF T Fhol
A=A, a8 AYE AAY Wl AFEHAH ks ¢,

B LED ©l&=Z o]/ =golH g AXZH,

& zdse gWdol d2Y Adow ¥y zdol

NMEA-0183 329 &= 24490 Awgt vpe} o] EIA-422 §
Aoz ZHHr, ol 80C1969] TTL #® =€ ye thE2nF o& H
Al Fojof gt o]E 93] Texas InstrumentsAte] AM26L31C 27t
2 Aga A

AM26C31C+= 48] -5 -2} ¢l -= 2} o] ¥ (Quadruple Differential Line
Driver) 24, ANSI TIA/EIA-422¢} ITU ¥ V.11< A sty &d 5V

TTL #d@¥ e F&gn. 16doz FA45 gler TTL @2 + 4
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3.1.2 80C196KC

(1) INTEL 80C196KC¢ 57

80C196KC+= JEALe] 16HIE o 3 mio]laz7EzZd =, BE9 8
HESH 6P E vlol AU EE ] Fx9= @9 544U +2E A
4stal glom, A= NMOS el 8096-90¥ BH B 4 o] A3}
HAA T, HZoM = CMOS B 9 80C196KA, KB, KC, 80C196MC

dlo
VAN
I
oY
w
w
V
rlr
=
—
=
9
0
()
Q
©
>
o
Q
1o
=
4z
ol
o
2
W
i)
o
=

Vapp  ANGND FREQUENCY
9 REFERENCE o

__________________

488

! ! cLock
3 : BYTES " GEH DPTIONAL
A/D 1 | recisTER e 1 16 KBYTES
coNvERTER | 1 | Ram 1 | INTERRUPT |m| RIOM/ OTPROM
: 7 BvIEs : CONTROLLER T
1 U SPR MICROCODE 1 :
T 1 A ENGINE 1 16 ol uEwoRY
| ] = W| CONTROLLER <: CONTROL
LY BN e 4 SIGHALS
1] 1-
MU I
h 4 1%

y I I p— 1 PORT 3

L. ::> ADDR

WATCH= BAUD T2EAPT | DATA

006 SPE(':‘T'L [+ RATE TINERZ BUS
TIMER GEN TIMER 1

k4 HOLD
PORT @ PULSE 5 HIgH HLOA
WIDTH || PORTZ MULTIPLEXER SPEED BREQ

WOD 1o PORT1 P 1

> P2

&0 u90m [ FORT 2/ <] br ALTERNATE EIIES S

FUNCTIONS H3%

270842-1

<29 3-3> INTEL 80C196KC2] W+ t}o]o] 13
<Fig. 3-3> Internal Diagram of INTEL 80C196KC
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80CI96KCE  ¥7@ dHFPE 2zsst u% -39 99
HSI(High Speed Input)®} HSO(High Speed Output), PWMZE o] £ 3t

DC ¥ Ao, 4% AA d=5HS #3810 vlES A/D WY & ¢

Fo e FAG 5 AE FHol Utk 53 B =Rl EYxi)

o gk EE ATAL FHol QoA C doj®ur ohje, of

Bueis ol Zuade PAL & A AL Adste] Aol B§

- 16 and 20 MHz Available

- 488 Byte Resister RAM

- 16x16 Multiply (20 MHz), 32/16 Device (20 MHz)
- Resister to Resister Architecture

- 28 Interrupt Sources / 16 Vectors

- Powerdown and Idle Modes

— Peripheral Transaction Sever

- High Speed I/O Subsystem, Five 8-bit I/O Ports

- 16-Bit Watchdog Timer

- Dynamically configurable 8-Bit or 16-Bit Buswidth
- Full Duplex Serial Port

- Four 16-bit Software Timers

- 16-Bit Timer, 16-Bit Up/Down Counter with Capture
- 3 PWM Outputs

- 8-bit or 10-Bit A/D converter with Sample/Hold

- HOLD/HLDA Bus Protocol
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(2) INTEL 80C196KC¢] w22 = ujx
INTEL 80C196KC<9 HW X7 F37+& 9

&
=2
m
AL
I
i
S
of
12
I

yF ROM E+= 95 ROM 99, of=4
% RAM % SFR 9o hrolait),
<19 3-4>2 INTEL 80C196KC¥Y] W XE e %S Yepa ot}

Description Address

External Memory or /O OFFFFH

08000H

Internal ROM/OTPROM or External SFFFH

Memory (Determined by EA) 2080H

Reserved. Must contain FFH. 207FH

[Mote 8) 205EH

PTS Vectors 205DH

2040H

Upper Interrupt Vectors 203FH

2030H

ROM/OTPROM Security Key 202FH

2020H

Reserved. Must contain FFH. 201FH

{Mote 8) 201AH

Reserved. Must Contain 20H 2018H
(Note 5)

CCB 2016H

Reserved. Must contain FFH. 2017H

(Nota 5) 2014H

Lower Interrupt Vectors 2013H

2000H

Port3 and Fort 4 1FFFH

1FFEH

External Memory 1FFDH

0200H

488 Bytes Register RAM (Note 1) 01FFH

001eH

CPU SFR's (Notes 1, 3, 4) 0017H

Q0o0oH

<219 3-4> INTEL 80C196KC ™l x &
<Fig. 3-4> INTEL 80C196KC Memory map
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3.2.1 AARA

A 2

;O.#

<

iy
A

(1) A AA A

u o}

i

ol
Mo
Y

& 22200 A

B

vsel

T

il

ol

e

Aol Ao A ApA FE=el w

A

W

fveel

T

it

S
fis

sin® ———= A

X:

o

1o

Mr
o

A

22

Y= cos® —— = LEZ

o
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>
S
Y
A

SIN(Theta) /

@2t
(Theta)
0 COS(Theta)

> v=
(2% ¢

| =
=

rr
[

<aY 35> FHwAY 45U 5A

<Fig. 3-5> Display of heading in horizontal plane

Wzt gy HE e X ARAY ARl o8 2R, Fe

o W97 (Heading 5 Azimuth) = arctan(X/Y)

W& (Direction) = 90 — [arctan(X/¥)]1*180/T (¥>0)
¥ (Direction) = 270 — [arctan(X/Y)]*180/% (Y<0)
ek (Direction) = 180 (Y=0, X<0)
W8k (Direction) = () (Y=0, X>0)
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99 e Z2aPse FANA arctan @Ol HF T 9
o o] g

238 FeA Fdd HeS i gEa 2

[e2}
=

=
i}

H (Taylor series)® Zd3sto] 83

Ik

float atan(float r)

{
float sum, suml;
int count, cnt, j, i;
suml = 1;
=1

for(count = 3; count <30; count+=2)
{
i=iox (-1);
suml =1;
for(ent = 1; cnt<=count; cnt++)
{
suml = sumlx*r;
}
sum = sum + j*sum/count;
}
sum = r +sum;
return(sum);

}

void deg_c(void)

{
float adc0, adcl;
float th, s0, sl, pa;

pa = sl / s0;
th = -atan(pa) + M_PI / 2;

<29 3-6> AFHAd Ad Fd

<Fig 3-6> Heading processing routine

_34_



o 9o Ao w

<19 3-7>

hSS

=

f (Direction)

=131
=R=

W (M)

270 &

180 &

g

=
=

<2y 3-7> HY o w

<Fig. 3-7> Direction according to range

47t 3}

:
27 =

s

@ sin, cos? HU, H X

ol
2] = 7]

7t A

=0

H

2 o gt

sin&t 3 cos

HAH o2 singk¥} cosit9

ki3

_OA

27 glo]

cos kol

o

N
el
N2

w

Nd

XE

oo gro X o

oF
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2~AOE Q] sin, cosd HU, HAzke] AT o AFHAH, o=
9]0 F7l2 dZA¥" EEPROMol AAFsolxg, B

autominmax() ol o3l sin B cos® Hu, HAipE JHH=
He BAstd AeHor AASA Ho v =3 JEE singt
2 cosatel WHAE RIS AFolE oyt wAPgorn=

minmaxerr() <ol ol o2& A 2 sk

COS_MAX

SIN_MIN SIN_MAX

COS_NIM

<% 3-8> sin ¥ cos9 HU, HAzk

<Fig. 3-8> Maximum and minimum value of sin, cos

ada AAE singk R ocost= Aarsbskth. ofdle] <aH

3-9>2 7S refoll dsl 42t vmdt —vme= Aarsk @
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&g (Voltage)
SH=I1(T)
vm ///‘/
l/l/
/
/
/
\ !
REF | .’
i, !
x
\ 7
0 90\\ 180 / 270 860 Lic (pegree)
\\ /
\\\ //
-Vm \\\ -
<Y 3-9> A3t
<Fig. 3-9> Normalization
® #|A(Variation) 2 A=A} (Deviation) X4
ATAGE oA AFHARS] A Faol Wk wF Wt
o HARY gk ek Ay dAwlistEFe we BAg oo gt o] W
S olm Zlolu 1 2 @ ofumz AwAe AgolE =)
Zolgt Wask glou FUd WAE 2Asnx dgW FoE 3
ojo} I}, <2y 3-10>, <Y 3-11>, <29 3-12> % <219
3-13>2 7247 SAAM, FEAM, S5A400 % F2PA4LHS
Uepa o
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TN e ot T AU RS ch W = I 0 M T
L’ .Ill;q-;.... —;In_. :Ti.;:a-.._slr.“ g l:lnu_i‘u ¥ "‘I' i i

T T Lo Vurymtim e R o

<29 3-10> FHAA

<Fig. 3-10> Li e“‘li.fl riation
N Y%

TR

|
T

P Ebbgal

kT

> i . & —r
i 190 S g 0 O A7 e W I 2
: S T A A A 2 T A T NS L

<18 3-11> S2724

<Fig. 3-11> Lines of equal dip
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-

Pt

v ik

ws o

e | e | s o

e P i Sy ey e e +..41._--¢._,_.--; e e o S s
- - EY b - - - i

E
2 F

<19 3-12> S4A4EA

<Fig. 3-12> Line “.’[r
Kl

intensity

N .
S OT

= 3 Pl of e
= b Himignel Farea

%
Az

<Y 3-13> S AEA

<Fig. 3-13> Lines of equal horizontal intensity
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=g 9IZhe 0~360°9 Mool QomE weizte] 360°]ul o]
Welolw Tl ALESE, 360°E WolAAl HwW 3602 she] W

szte] Welel SEE @),

EHAN0IE Y3 M5

SIN, COS, REF

<2 3-14> AR A% AE 5EE

<Fig. 3-14> Flow chart of heading signal procedure
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A 2} (variation) 2] B AL WEo| oA Faxojxw, 7} 2 Ao
Aol ®AZHe EEPROMo| A 45 o] 7},

322 A9 delHe £

(1) FAZAZ AF
e 3210 SH=ANE AA Awe Ay F AE Wzt
< Display() &+E E3 3 nlo] A= ZEEn. 4709 7-
AZHE F9 3Me 253 ol AdE A6, UHA & A=
LA o3t 1AYE HATES Ho

lm

Al
Al

=5
L

(2) NMEA-0183 &4 &3 oF dAF

NMEA %3 WA A= 10Hz(100ms)PFtl A5 = HSO SHPES
ool FEY, 22 WL 2Hz(500ms)e] F1E FEE wEA
HSO JHHE 194, 284, 334 AP S do = ofFd Fa4&
A o, 494 AEHE HAA A HA HAXAE F8H, 59

A BANNE F oA AAAE FAFES 6
A

AA7} £28E Aol ofuzk HSO AHAE oA @ wo|=x 2

A AP TES AAdRA FUFEE o delt obRH AR 3

NMEA-0183 @ 2o wte} 2epad 4

Mo o] ety W =M 47

1

oA

>
R
1o
ol
e 2
rlr
e
ol
rlr

ks

tlo

A7 2 AAe AnE AgeE HDG 5% 24 B4% AA@
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NMEA =9

void NMEA_HCHDG (void)
{

int ki, kf;

int di, df;

int vi, vf,

char ds, vc;

ki = (int)(deg_w);

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

di = (int)(deviation_didf);

df = (int)(deviation_didf*10)%10;
vi = (int)(CF[OD);

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

sprintf(outl, "$HCHDG, %d.%d,%d.%d,%c,%d.%d,%c*00\r\n",

ki,kf, di, df, dc, vi, vf, ve);

sprintf(out2, "$HCHDG, %d.%d,%d.%d,%c,%d.%d,%c*00\r\n",

kikf, di, df, dec, vi, vf, vc);
}

void NMEA_HCHDM (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, "SHCHDM, %d.%d, M*00\r\n", ki, kf);
sprintf(out2, "SHCHDM, %d.%d, M*00\r\n", ki, kf);

CheckSum();

<719 3-15> NMEA =% Az F=

<Fig. 3-15> NMEA output processing routine
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A 473 N2 J7 R nF

41 A8 374

TMC Al ="o] AdE Auls 24 Aol Azbeto] sidols 2 %

S | o 1

9718 ZAstojol AN P} 2o FxAe] Eaop A% Huto] 4
F 2 oy oA AAZ FANA APsr)de Tt o wat
A AR A 19 SAS AR Ao s TAse] O v Aldatar

Al FAES AFS FEATI=

AN

3l

=

il

T2 = Yo $97e] E

O

>
e
hn)
o

122 Fa a2 9ol oy Bose 9N g e

BoEFol A FxAelE 4

=

.

1.2 @ el M A s o )
Zol AgstEo] g =9 C Plath AEL ATt vlAow

EY2AolEY Y A E TMC Al&de dZ3s Aoz Alds ¢

<29 4-1> A g A

<Fig. 4-1> Test environment
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42 Az 457}
421 RA%5H7 A

TMC Al®"e] AeA7E Y3 dAe ofg <29 4-2>0A4 HE
R L B A s

!
il
i)
[
lo
[-'>~
oy
ol
Ho
N
o

GeAH s BYssolE MM A5 AL ste] o2 EAHA P

r
Rt
=5

Ao A E ol g e Y weZhe] e AnpnE Hete 2

=
A

TMCOIlA 2 HAIR =el
22 xel % NMEA & H

<ad 4-2> AsH7t A4

<Fig. 4-2> Performance appraisal procedure

<Y 4-3>8 HILE R A AL

oo
=
>,
[>
Q
4
K
AL
il
(o
fru
il
Ay
>
R
)

o sz o] 2un A4e FUsd ROMA Ag® 7

Azgel os) 278tk AYse] 7 xxel YEY mE AH R o=

)

-
L

dazh 44Rn g ATge o] B94e AFedch o WA
2

2 AFRES AFoR A%

oft  ofy

o

S5 270l
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Aee Aee g vlade s w9 ZAHA sin 2 cosd F

o, FHAgke]l = 0° 90°, 180° B 270°¢AM = HFHT] I HA7IH

ik
initialize()

y

)

S22 A&
deg_c()

(i)

y

SIN, COS =tz 238
autominmax()

l

H=H Ofl2f ek Yes H4ExH
write_EEPROM() minmaxerr() Key_check()
NoO |-

BA® & NMEA =2
display(deg_c) NMEA_out()

H1

<Y 4-3> WU R $4 5 F

<Fig. 4-3> Flow chart of evaluation circuit
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422 2% 2 nF

e
i
Mg
2,
>
rlr
—
=
Q
3
r o
i
i,
N
e
=
ok
il
S
X
ol
&
o
il

upepo 2
Aade A7 R TSt WA deEs FAAE A9 ghol
%

stel 2t A”AMe SIN ¥

COS =49 HAY#sS dolr it <9 4-4>9 <F 4-1>°] 77zt o4

-1

=

(a) 50° () 90°

(c) 230° (@) 270°

<Y 4-4> ZTEAA0E =8 AT

<Fig. 4-4> Fluxgate output signal



<E 4-1> 7 AFoIA e SR AACE &9 A4H

<Table. 4-1> Fluxgate output voltage at each point

b =t COS SIN REF Pd COS SIN REF

(Deg) (V) (V) V) (Deg) (V) V) (V)

0 8.70605 | 5.62500 | 5.62012 185 242188 | 5.25391 5.63477

5 8.69141 5.87402 | 5.62012 190 247559 | 5.00977 | 5.63477
10 8.65234 | 6.12305 | 5.63965 195 2.55371 475098 | 5.63477
15 8.57422 | 6.37207 | 5.63965 200 2.63672 | 453613 | 5.61035
20 8.48145 | 6.61133 | 5.62500 205 2.76855 | 4.28223 | 5.62988
25 8.35938 | 6.86035 | 5.63477 210 290527 | 4.05762 | 5.62500
30 819336 | 7.11914 | 5.61035 215 3.06641 3.84766 | 5.61035
35 8.04199 | 7.31445 | 5.63965 220 3.25195 | 3.61816 | 5.61523
40 7.87109 | 7.53418 | 5.63965 225 3.53516 | 3.33984 | 5.60547
45 7.67578 | 7.71973 | 5.63965 230 3.71582 | 3.18848 | 5.61523
50 747070 | 791504 | 5.61035 235 3.90137 | 3.05176 | 5.60547
55 7.21191 8.10547 | 5.62988 240 4.11133 291016 | 5.63477
60 7.00684 | 8.24219 | 5.62988 245 4.35059 2.77344 | 5.62988
65 6.77246 | 8.38379 | 5.63965 250 4.59473 2.66602 | 5.60547
70 6.52832 | 8.49609 | 5.62012 255 4.81934 | 2.58301 5.60547
75 6.27441 8.58887 | 5.62012 260 5.08301 2.51953 | 5.62988
80 6.03027 | 8.64258 | 5.62500 265 535645 | 2.47559 | 5.62012
85 577148 | 8.68164 | 5.63965 270 5.59570 | 2.46582 | 5.60547
90 5.51758 | 8.69629 | 5.63477 275 5.85938 | 2.49023 | 5.60547
95 5.24902 | 8.68164 | 5.62988 280 6.10840 | 2.53906 | 5.63477

100 5.00977 | 8.63281 5.62988 285 6.35254 | 2.60742 | 5.61523

105 4.77051 8.55469 | 5.63965 290 6.59668 | 2.71484 | 5.62988

110 449219 | 8.44238 | 5.62012 295 6.83594 | 2.82715 | 5.60547

115 4.27734 | 8.33008 | 5.63965 300 7.06543 | 297852 | 5.62988

120 4.04785 8.17871 5.62500 305 7.29980 | 3.13965 5.61523

125 3.82324 8.01758 | 5.62988 310 748047 | 3.29890 5.61035

130 3.59398 7.82715 | 5.61035 315 7.69531 3.49609 5.62500

135 3.39844 | 7.63672 | 5.62500 320 7.87598 | 3.70117 | 5.63477

140 3.19824 | 7.42676 | 5.62012 325 8.07617 | 3.94531 5.62500

145 3.01858 | 7.18262 | 5.62988 330 8.24219 | 4.17480 | 5.63477

150 2.86621 6.96777 | 5.61035 335 8.38379 4.40918 5.63477

155 2.73438 6.73828 | 5.60547 340 8.46833 4.64355 5.63477

160 2.62695 6.51855 | 5.63477 345 8.59375 | 4.90234 5.61035

165 2.52930 | 6.26465 | 5.61523 350 8.64746 | 512207 | 5.63477

170 2.45605 | 6.00586 | 5.62988 355 8.68652 | 5.37598 | 5.62500

175 241699 | 5.72754 | 5.62988 360 8.70605 | 5.62500 | 5.62012

180 2.40723 549316 | 5.62500
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<Fig. 4-5> Photography of evaluation circuit
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<Fig. 4-6> NMEA-0183 output capture
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