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Abstract

Self-contained portable remote-indicating magnetic compass was designed and tested.
Its sensing part consists of main scale disk of rotary encoder with photo-etched 180
opaque slits and three pairs of light sources and detectors seperated by a transparent
index scale, so that any angular deflection of main scale disk against the bowl may be
detected optically.

The outputs from the sensing part are transformed into digital ship’s course indication
by electronics unit which consists of operational amplifier, phase discriminator, up-down
counter and counting starter circuit.

The results from testing the above compass with turntable at variable rate of turn.
are as following:

1) The main scale disk deflection against the bowl can be detected without dny

disturbing influence to the freedom of its north-seeking function.

2) The digital indication resolution is found to be =1 degree.

3) Misrepresenting indication can be avoided by ensuring dimension uniformity and
arrangement accuracy of slits on main and index scale disks and by centering pivot
in the encoder disk.

4) Indication resoluticn should be improved by modlfymg the signal processing and
by doubling the number of slits on compass card.
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5) Further study should be made on developing non-conductive compass liquid,

analogue repeater driving system and more compact processing element.
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MYAOH] WGBSR B compass = QHMRE ol I fiaUEE MEAd 4 ds BiEo]
A& Enb ozl MRS el 9 W X& 1¥dt compass & BEY 4 Y=
yhol vh.

A Z7LA BEsEsl BSL-e- compass bowl o] Hidh @SS B#tEA &+ follow-up system of]
g slAY {5k gEftel felulel =he} torque amplifier 7} F23Al 3ked 2 fiFiRKE 7L repeater
ol {§#s5A ¥ transmitting magnetic compass 7} 9, o= ¥ HMIKLKEE 24 %z
card 9 }Eﬁ:&ﬂ ERPTR Mg Al §) remote-indicating magnetic compass 7} ¢lvF.  #ij#%
£l Emol ¥o SRt WS BRA BRS BN BXO fFd ¥, =
#:EE repeater o] {#;EHE torque 7} BHWIEE 1 ERES o

o] & Mo A compass card & M-S Bashs BAGK wilisc bt ZL 4]
2ol v}, @ iRt Bigts) slave BEgtate, BERAYRL KAl (K3 slave system, @ capacity
bridge [EI%-E o] &% capacity system, @ WIS =& potentiometer § o] &8 HEHT
bridge system, @ f5dt Biste] Moz MRl FHFE ol §¢ inductive system, B
SAREE bridge & FIFT photoelectric system, © Mt F-E o| &8 Sony magnetic diode
bridée system §-o] glv}. .

ol & AL MABK A Edok slog HWykkel A WMANLKE € & A+ FEE
dle 2 #EES A4 Heol Hot A AHdAX a2 #ie] FFS okt BMA
compass 8] KAEHE ZFA] XL Y.

x HEAAL oM 7 A& @57 T &EHERA B compass o BAEEE RIE3S .
Z o] 2 XEd A Ayl Qo] meF slit(main scale) 9} [H%E slit(index scale)&
BB XX e A E ohgd e Ao Kardd.

@ ZXETY XXE BEe EE slit o @A el BEH

© TAY Bird XETS TR BH) A2 90° HEE FANES & Fpd=
@k slit &) @EEHEC] wet TRETFY WHRHES A2 s Al

o4 #HH S FMSHA compass course 8 HEFEE HBUET 4 Aok Aol Al
Bl# encoder X, BF compass & il ¢e FFR Al 360°9 Rl MAA
compass card 2} 4ld slit 7} gli= ABEE Yubg floato] F-385 =, THFET 43 M@
4 slit o] ElES KHEES BI§OEE, phase detector, up-down counter, display 502 T
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AR electronics o 4 M7 Hol fHFRAA shglod 2 {EfES wm wble & Fistl Ko
Geb. 2 8 card o FEBFS ARl Slo] WRHREA Aol Mgl

1. E1# encoder 3 Riff compass o] EyEf

I—1. %Eo &E

Fig. 13} o] 1809 slit 71 Fmipke s Hsix ARBHER card & pivot-needle %
fH5 compass o] float o] BEAIZ =4 o] float = compass bowl el s compass (%3}
pivot 2 ¥Esie] gleh. BEKTF AY, BlelA g We 2 card slit, WE slit & 54
st SEHRTF A, BellA Xsle, 2 EXHTFY ZHRME card 9 Eififsel e} HHIM

Fig.1. Elements of sensing part

sensing part &} A

»card : g4z} k(2] L 17. 3cm) - main scale slit 9] o & : 1. 5mm

- bowl : 55 (x] & 19. 5cm) - index scale 7+8] 7}A : 4. 2cm

> compass ¥ : &5 FF2pate « BEET : AL diode(EL-ICLH)
o AR G 220KQ/cm) e .+ ZXFTF 2 photo. transistor (ST-ICLH)
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o2 #FHEE Agod, F ZHEFY DN BEHBHIZ A2 9079 {hiEA FAH
& AE slit A, B/E RIS o KT CoF W shit O #hig st H7ste %
Noishar, card ol A= Mgt Nidsl g el S slit & Fld of slit g 48
g Wel Col XA $%7E 00007 HEF Ritdhdet, = {0 Ey iz g
wel BE ¢ UAERE MR e card Yol FU coil & Mgk oh DU H T A Bl
AN 3% HEmE,, schmitt [@§, (CATPIPN0EE, counter [FIi%E sl dicital X
i Hot A =S sy o (Fig. 2).
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Fig. 2. Compass course data flow diagram

I—2. XBXF2 Bt
HIVRI diode EL-ICLHE BEKTF 2, photo transistor (ST-ICLH) & S¥x&F2 M}
gt o] E4 K¢ Fig.3(a)ol A Bl ul9} o] beam #52 ¥ o]} ceramic package
2 s¢o] 9)o] compuss card &] FEALEIfES PHE=S BB A BEEHA 4 ielEl
= FiBkel sldk. Fig.3(b)+= XEHERTFY Aot}

Fig. 3(a). Typical characters of photo diodes and photo transistor

Type No. Absolute maximum ratings Package Others
i
EL—ICL3 IF : 40mA, VR : 4V, P: 70mW Ceramic | A :940om, ~§: +53deg
ST—ICL3H Vceo : 40V, Pc: 75mW Ceramic AP : 800nm AP : +50deg
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Fig. 3(b). Dimensions of photo diode and photo transistor
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Fig. 464 biasZ 12V < = #4
F&) diode EL-ICLH= # &L H7F 40mA
olxluk <k 25mA 5} H B #EHS oop
&, whabskAlE Ek#TF, ST-ICLH =
SmA 7L HEE g Dok, x o] E
¥ KT compass FEodl A @Al el
4437 Jalln AdLEs ol
do] IxE T capoz WP,
FXEF A, Bg Co HORHe o
A o2E ZAHKMl S kil ¥iT
L2 #fTA oot XMl EKX, &/ Fig. 4. Schematics of photo sensors
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Fig. 5(a). Wave form of outputs A, Band C
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Ay

Vel card 9 Njgol lubber line & #1738 « #ij)slet. Fig.5(b)= 2d2sa=e
2FH3 Vi Vi, Voo HiJItEMEol = scale & 5[ V/Div. Jol 5}

Fig. 5(b). Waveform of sensor outputs

I1—3. S{ENR MBEEE FEt
1. 3215389 Schmitt [

g 22 Operational amplifier A 1741 & Abg3ted BfEstgdch. TXHETFY Hpe ¢
4Velmz, MM MIFES A € LBE U9t 28 compass bowl 3} HREER
8] cable o], TTL IC 9}9] interface 5-& i dley HIGMIKE 534 o).

Op Amp(D) Op Amp(2} Up Amp(3) Op Amp(4)

p 10KQ
Q +12v Q+12v

O-12v O -12v

#A741 %4

man
HATAl x4

+
PATAL x4
X B Cs % AGTA
PATALN pin 4 EL Ash g

Fig. 6(a). Schematics of operational amplifier




R ABSA Compass of BHzF #¥58(1) 7
Fig.6(a)ol 4 Op. Amp. (1)& A impedance & ¥4 &}, interface 9 cable &) pPyIp
BRE Y 5 UEE gt Op. Amp. (2)9) Op. Amp. (3) & {(YHIKEMIESE2 A o]

Fig. 6(b). Operational amplifier and output waveform

-

€4 FifY, Ave A7 -5 -1cch. Op. Amp. (el A+ FHY #EFY HWE/N)E =
ol MK & HAMew Fol=, Op. Amp. (3)ell & MY HAHEEE 0~6V = 3
HE Y Aol JEF WKL 10kQow FBE FEstgdch. = Op. Amp. (4)
£ Op. Amp. ()3} 2 #fES 2 S ste] MYy impedance & %A stgich. Op. Amp. 9}
Va3 Vel MihHEFe Fig.6(b)st . ol oAz rz e scaled 5[V/Div.]Jo| v},

1500, 15953 4700
V.IN V.ouT
SN74LSOOx 174
1500, 15953 4700
ViIN V.ouT
SN74LS00 x 1,4
1502, 15953 g
VN V.0UT
SNT4LSO0 x 1/4

Fig. 7(a). Schematics of schmitt trigger
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Fig. 7(a)= schmitt [alg4 2 diode 15953 3} 23t 150Q.0. 8 level shift stg . Fig. 7(b)=
schmitt trigger 8}V, Vo] MAEHE el Rold Op. Amp. (3)¢] 7 Amp.o] 9=
S A& 10kQoz @WEstd M fak MRl 22X (duty rb 1)8kg o

T

piridaiipi el telols

shitsitelatotabalaietifobololy
L I rIrrs

Fig. 7(b). Schmitt trigger and outputs waveforms(scale 5[ V/Div. ])
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Fig.8. Example of phase discriminated outputs

2 S 3 Verl Vel #ited AA sl LiREES "ok, ol 2l @ &S FIAIse Fig.9(a)
o} o] frMAAPIEKE TAAt. F, schmitt @Kol 4 MR EHHEE buffer S o] &
dte] Hifrel FRAAEF 3glx, D-T flip-flop SN74LS74 & o] -3} firffie] HFIHAE
£ slgleh. [ZHPIG B85 SN74LS00 o2 415 up-down SEEIEA] AS=rch. s,
Va Vs F {5%E counter Blf&all A 45 o} counter 5352 MY o2 up-down 4@
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BUFFER

A kin R EN

now I
VAN T © foert
SNZALSOO x 174 SN74l87 | SNLSO0 > 1/4

QUINTFR 2 3.

SN74LS00 x 1/4

Fig. 9(a). Schematics of phase discriminator
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Fig. 9(b). Phase discriminator and output waveforms

#ell AJisle] up{38kel downisite AEH WA SAMMERS wpiEk o
down {589 WMAIBH-L Fig.-9(b) s+ 2}

3. A¥ % doubler i ) S

card slit [E#9] slit g 180 o) 2 360o7,].z] E&Ei ag}ig_hﬁﬁu doubler—a-
A 819l v} (Fig. 10), i -
Exclusive OR gate(SNTALSB6) = 5 AMEMA 42 —Bad 2 '-wn W Hige] Hz
A webd ol Y= AHEHA CRol st Adsiw Fig. 1ib)sh o] AFjEm
g9 _
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SN74LS85 - 174

Voo IN ’
SNTUNMx /6, 4702 /J;”n-l-‘

Fig. 11(a). Rrequency doubler and output wave form

b ERE Ao THE 4 Mo YA HAn 244 C+ 7% o9 FEEH T
B oo HEREe t2me WYy e pulseifo] ohE Euk ohJ} FLRES L 2
2 =2 monomulti vibrator NE555 & A}-&3le] #HiJ] pulse §go] —Edlx KREF=E 349
o NE 5559 @fFAz uvh trigger | AJ) RABM AR Ak (free ruaning) multi-
vibratoyi BifFeAl Slm2 trigger AJ) P28HI7H NE 5559 BEAIZE met A S =5
FIBEYT Vi b Ve & J9%3EG oF, HBES MHREL Fig 11(a)9} 2o
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Fig. 11(b). Example of outputs of frequency doubler and those of
monostable multivibrator

4. 359° counter

8571 digitals o 8 #5755 & 3= counting [F]f§ = Fig. 12(a)d] 4] 9} 7+e] programmable
counter IC SN74LS192 & 4}-g-3tglt}. olA & FRIHIX 4-Bit up-down counter 24 Y3l:
data § preset @& 4 9lc}. preset Ay L7} HY o & data ABd] *J-%alﬂ counting -&
A4sta LE L2 sd counter Afol FAIgle] FERAME BCD code o] preset data Ay
o] 2 & countero] set¥jx, LE H2 sd preset ] HRABel 4| counting & #hfEghe}.
preset BfFS A7 %¢ W& LAKE HE 8 5d data Azel Lol HolE 42l
counting %c}. Fig. 12(b)<= counter’ unit o] t}. i )

SN74LS192 ¢] 1, 9, 10, 159 #FE data AJjo 24 QoA 97}z 9 4REEE program
T 4 v} 359 9 j{RAEE SN74LS08 9] AND gate 2 #A3le] up down {53%al AT H
J1o = preset A} 7] AL reset {F 9= FERMX R HREE 00022 e}, reset A Re H
& @ o resetx3m L2 &9 counter S,

o] & EHfFS timing diagram © 2 FiRsebgd Fig. 133 7o} counter up {37} A4 AT
= o] counter HKE7F 3592 Hd 2 o}E {E8ko 5] reset ¢ 0009 counter KBS
At REE counter down {557} Al S J 75 o] counter HREEZF 000 0] H= 2oh-g {55k
o] s}e] praset 5} ¢] 359 9 counter YKFEE FERIHA ® o},

—~91 —
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1 2 4 8 1 2 4 38 1 2 4 8
A B CD A B C D 4 B C D
N AN /[\ A A /P AN MR
. 74LS40x 1/2
4 x1/4
"—] A |
) 1/ rﬁ}—- L(PRESET)
—\—
7'\ 1 H R(RESET)
3l 2| ¢l 7 L 3] 2 6f 7 LJ 2f 6] 7
¢4 vee 16 rTvee . Lsrrvee Vo IN
5 12 3 12 5 or
SN74LS192 TU 7 - FU SN74LS192 TU y = FU sN74LS192 TU
R TD 3FD R TD Bleo & TD 4 Vou IN
8f4 15 1|10] 911 8l14]15] 11d9 |11 8 ITSP 10{9]11 )
—>—o0 RESET
2.9K0x2 —-+«—o ZERO
> y
2.2KQx2 § 2.2K0x2
7 /#m /7}77
—o +5V

Fig. 12(a). Schematics of counter

Fig. 12(b). Counter unit



WilARA @% Compassof BAsh #i(1) 13

9|3 ZERO Al J‘—!
LOAD - u
_J_'_J_‘_q _________________
I U o o e e e
4 1L :'-: ________________
s L L -
DATA I‘—'—'L: ————————————————
c Pl o o e o e
1 O T —
D [ \ - - - - - _ - ___-____-_
Count up : : : : 1 [-—] '——] [—‘ [—] ’—.
Count dowy LS DL | |
TR ymiptpipialee
v i | | { |
Q. __W 1 : N
-t ! !
8 ——',_‘__J_—‘———T-l I t t l I ]
Qut Puts _ ] | | | i 1
%-- Tl i 4
_ [} ] 1 i
Q _ 11 ; | 1 P i
! 1 t ] l [
Carry Tl r \ U | 1 |
(B [ i | | {
Borrow 1 i T ' g 9 0 1 2z ' ¢ Lo Ug 8 7I
| |
F A Ak R 'C-—Count up "—Count down —"
000 359

Fig. 13. Timing diagram of counter

5. display @E#

Fig. 14 &= display [@#%2 counter [6]g% SN74LS192414 W=l BCD {55 7 segmentql
FND 500 o 2 #57sbdl & [Migko]ch. SN7ALS754] 3l Adhs of BAH HREE &
4= QA latch mp%71 Fmsel ot

webA latch & on sbw B $HEsE fwRAAR @ikshe obAl lawch & off2 s #f

2 A% f5TekAl =ob. SN74LS47 2 BCD {Z8EE 7segment ® ZFinsls] ¢1g BCD-7
segment [C o] x}.

6. I+ %BALS3E (counting starter)
compass bowl ¢]1Zd iR A2 —BgE BRIAES %E coil S WEstgd. —
Feiifol TR=l "l compass card & Niffo] B HArst —FHEA slgdz, coild] T2+ &
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o
+5V
— FNDS500 x 3
T f a b 1 a Ib 500
el w e e g |c el g e
R ¥l
33092 %7 33097 3309 x7
13 12 11109 15 14 15121110 9 15 14 13121110 9 1514
r g SN74LS47 —4 8 SNTALS4T —1 8 SN74LS47
6 2 1 715 6 217 16 6 21 7 16
+—f1z101516 9 5 L_fiz10 1516 9 5 L_fi210 1516 9 5
SN74LS75 13 SN74LS75 13— SN74LS75 13—
7 2 3 64 7 2 3 64 7 2 3 64
[ J l AA A A A A A
777 & 8 b b b &6 b b
A B C D AB C »p A B ¢ D
1 2 4 8 1 2 4 8 1 2 4 8
3.3kr
y SN74L /
1307 15958 qon  TALS0ex1/e
L
ATCH BOTTON i 104F/16

SN74LSO0 x 1/4

Fig. 14. Schematics of display and display unit.
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#ob Awrs]d card b lggste] Bie] piEsE fERsEA shgieh

Fig. 15(a)ell A push button & &4l == schmitt BI%E F3kod Hiivo] gl 4EMT
o}z 31 NAND gated} 9§ R-S ﬂip-ﬂoi)e] Sell AFso] 25A562, 2SD235 7} oneo] 3=
2 relay 7} ono] Xt} o] #RAEe| A compass vl2 o] L@ coil ol Filfgge] A=
2 compass card 8] ®to]l HMBEHS Hiask —3Ehd zerofF i b skl et R
zero {34t counter & R-S flip-flop & Rell AJy=e] relay & off A=},

apeb A card = FUGEE ek @3] safEstR, 28k el countingstme A

B $EsS w71 =k, Fig. 15(b)3 counting stater unit o] o}

—0 {5V

SN7ALSO0 x 1/4

3.9K0

:
g
:
g

. L»_EAWI};
PUSH BOTTON 10wF/16 ,I' SN74LSO0 x 1/4

+12v
A4

Fig. 15(a). Schematics of counting counting starter
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Fig. 15(b). Counting starter unit

7. BES

AR el A A BEE ABRT ¢ AEF F$ Bk EHe B3

Fg. 163} zko] 4DM-6V AR AE oie] A st +12V 9 B— THish =12V e
TH R 6V RS DET. #ol £ BEE ] BEHE 2SS WATHS wie
S A8 4 UEF 5VAHASTR 78058 A-gahel counter f EHI(1), dispiay M
(I, 29 TF(E) S22 474 H@AA TFAY] KEEHEE g0

ruzv Op Amp wal

4OM—ev -1V

Ardze I ;}77

mm

LS

Fzv
e 273 544 Col vy
ELEER

24 ONAFF Swich

Y
7805
2uF /16
“u
TH5
T w16
7]
805
oo L ks
17;117

Fig. 16. Power supply

ADM—6V
L EES

_E”O» 10F /50

-1

0.15F 50

1
$H

R 9 6 —
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Fig. 16. Signal processing electronics and power supply unit

I. ®eg=l &R U £

Fig. 175} zto] fg[El; $lol compass bowl & H B2 EMEES SEaA A up (i5Es}
down {8t ®i-& WEstg=t, 2 A3t MOREE Fig. 1851 o] HEELI 1.2/sec~

A : X-Y Recorder, B: Oscilloscope, C : Electronics and Display,
D : Cable, E: Cable reel, F: Sensing part, G: Turn table

Fig. 17, General view of experimental installations
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36°/sec o] A£x R lAAv T R Mgl el HdislE el g

e B s394} card slit & 18002 g (IAEPEY ®F2o] A frequency doubler
Ao mg, o2 NE SMJFSMES S1°2 ¥ £+ Ao 2

card 8 slit =% 360/ = 720002 Fol L (IIKETR B Aoy ¥ Bl =gy
A KRS A AHSEEe U Al £ 28 Aoz )

KO 98 Fe sp we ¥y re rx vy

36°/sec 127 /sec

6°/sec 3°/sec

1. 8°/sec 1. 27 /sec
Fig. 18. Up-down outputs at the different rate of turn via the turntable
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V. & ®

Yl rotary encoder o] JifiE pivot-needle magnetic corﬁpass ol FHHIZ} remote-
qndicating magnetic compass & it - W{E3F compass bowl & [Ei#iL Yo A% L
1.2~36°/sec 8] $x 2 g RRVT F4 o3 2L MR gl

D (XfF magnetic compass card 8] fiFiLBIFE HHESE Yol Qo] WM fMito] ThE
sk,

 compass card slit §] A& 18022 sty {SHEM BEAA frequency doubler &
Agtglenz HRES 2102 ¥ 4 Ak 28 slitA4F 360,720 02 Folm
Lk 2YE At =x SHHEY HRoz dd HREY HFEES S =g 4 ge
Aoz ¥} o

3 electronics unit {%j«} = operational amplifier, phase detector, up-down counter, disp]ay,
counting starter [lg% 5o xgsle] glg ¥ @MV Z MWEEE Kool Jorme st
7kl b},

@ TF8 Ado] A= @z FH§ DCAYoz stegsne Agist g Bl of
Wtk fnrk BeA SEE 2332 g

® compass card & slitigsl & slit 9] o) QA FAY EEK slit o (r@
FEfMSES pivot 8] B card st BERY o] of 2 ALl MEHL 2}
=,

ARTFE Pk Bt Hiikko] W} compass ¢ BRI BEoz RS THiAL
& WA st of sk FirMisEd [SHEES repeater card & BEEAF = M, e 4
LS A% ol ME Sol M4 Fieslelor ek,
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