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Fig. 1. Ship’s position fixing by the cross bearings.
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Fig. 3. The micro computer for astronomical naviga-

tion.
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Table 1. The outline of practical hyperbolic navigation systems.

Loran A Loran C Decca Omega

Coverage (N. M.) 300—700 1000—1200 200—300 7000

Accuracy (N. M.): night 1/4—5 0.1—5 0.2—2 1.0

: daytime 1/4—5 0.1—5 0.2—2 2.0

Transmitting power (KW) 100 400-3000 0.7 10

Frequency (KHz) 2000 100 70-130 10
Frequency band width (KHz) +25 +10 +5Hz +2.5Hz
Measurment system pulse pulse/phase phase phase
Pulse width 45 psec 250 usec — _—
Displey system digital/CRT digital digital/needle digital
Singnal tracking manual/auto auto auto auto
Service area adjacent of North Pacific Europe, Japan all the
Japan and Atrantic and south world

ocens Africa etc.
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Fig. 5. The arrangement of Loran-A stations and
the coverage of ground wave in the adjacent

waters of Japan.
Fig. 4. Hyperbolic lines and their divergence.

number: divergent coefficient; Y: lane wide;
§:intersection.
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(Fig. 5), A N, ZOHMY UL A AT AT 20 e REI AL
LR LA, HE—-ORERAES AT LATHY, HELTHEZH VD LIk -7z, ZHITHEL,

Table 2. The ratio of Loran-A receiver-equipped fishing boats to the total, in
terms of their gross tonnages, in every fifth year [by Fishery Census].

1963 1968 1973 ‘
Tonnage Total Equipment % Total Equipment % Total Equipment %

5~ 10 4,710 334 7 6,580 275 4 9,196 1,044 11
10~ 20 ) 5,554 922 17 6,404 1,685 26
20~ 50 3,948 1,553 39 3,505 2,275 65 2,203 1,535 70
50~100 2,875 1,571 55 2,803 1,703 61 3,237 2,595 80
100~ 1,265 914 72 2,107 1,715 81 2,688 2,123 79
Total 12,798 4,372 34 20,549 6,890 34 23,728 8,982 38

Table 3. The relation between the probable errors of Loran A fixes and included angles by the bearing
lines from measurement point to master and slave transmltting stations [by Samejima 1953].

Angle(deg.) 4 6 8 10 15 20 30 60 100 180

Central (Ground wave] 3,13 2.17 1,72 1.46 1.15 1.01 0.91 0.8 (.82 0.81
error
(N. M.) | Sky wave | 5.06 3.44 263 2,18 1.60 1.3¢ 1.11 0.95 0.92 —
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Fig. 6. The arrangement of Loran C stations and
the coverage of ground wave in the adjacent
waters of Japan (solid curve: 9970 chain; dotted
line: 5970 chain; M: master station; W-X-Y.Z:
slave stations).
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Fig. 7. The arrangement of Decca stations in the
adjacent waters of Japan (M: master station;
R-G-P: slave stations).
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Table 4 , Call signs and positions of Omega ststions.

CALL SIGNS POSITIONS CODES
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Fig. 9. The arrangement of Omega stations and the area codes.
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Fig. 10. The formation and the operation of a differential Omega system (X: recepted values; open dot:
differential correction value; triangle: propagation correction value) [by Taguchi 1983].
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Fig, 11, Ship’s position fixing by the satellite navigation system.
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Fig. 12. Systemat-iderrors (solid lines) and accidental
errors (dotted lines) of Decca readings of Kita-
kyushu chain on three stations in Nagasaki Har-
bour (A: Motofuna wharf; B: Mitsubishi shipyard;
C: Matsugae wharf).
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Fig. 13. Monthly mean values and standard devi-
ations of Decca readings of Kitakyushu chain in
the daytime on land station, Nagasaki university
in 1983.
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Fig. 15. Monthly mean differences of Decca fixes
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in 1983 (rhomb: Red-Green pair; triangle: Green-
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yearly mean fixes in the daytime; double circle
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Fig. 18. Systematic errors of Decca readings in each
measuring site group.
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Table 6. Monthly systematic errors, mean values and standard deviations of

Decca readings at the sea of Goto (in centi-lane),

Pattern . 1973 1974 - .- Standard
Station Oct. Apr. Jun. Aug. - Nov. Mean deviation
Red
A 16.3 23.1 21.6 23.3 . 17.8 20.4 2.8
B 21.3 20.9 32.6 25.6 27.2 25.5 4.2
C 22.3 24.8 30.0 28.3 25.7 26.2 2.6
D 40.9 51.1 48.5 42.8 38.2 4.3 4.8
E 36.1 "35.4 42.3 46.0 31.4 38.2 5.2
F 39.4 46.2 44.5 41.1 46.2 43.5 2.6
G 37.3 40.3 44.9 43.4 40.8 41.2 2.2
H 21.3 30.5 32.1 24.0 19.3 25.4 5.0
I 18.0 36.8 36.8 31.4 31.5 30.9 6.9
J 29.3 35.2 33.0 33.1 nil . 32.7 2.0
Green
A 12.0 1176 9.7 12.6 13.0 11.8 1.0
B 28.7 25.0 19.0 30.7 31.7 27.0 4.6
C 21.0 27.0 25.3 25.0 22.6 24.2 2.2
D 8.4 3.1 8.0 8.5 2.4 6.1 2.8
E 27.8 31.3 32.8 29.4 31.6 30.6 1.4
F 16.6 20.4 16.2 17.9 15.9 17.4 1.7
G 30.2 33.4 32.2 31.4 34.6 32.4 1.4
H 4.2 47.1 45.8 49.2 40.8 45.4 2.8
I 49.1 44.3 36.8 36.5 37.3 40.8 5.0
J 39.1 42.1 40.1 38.6 nil 40.0 1.4
Purple ’
A —-58 —-66 —59 —10.3 —13.9 —.8.5 3.0
B —-16.3 —38 0.7 —16.6 —15.5 —10.3 7.2
C —14.7  —12.9 —11.4 —17.2  —16.6 —14.6 2.2
D - 60 —14 —4.3 —17.1 —16.4 - 9.0 6.5
E 9.5 9.9 12.3 11.1 3.1 9.2 3.2
F - 3.5 4.8 2.2 7.7 — 1.5 1,9 4.1
G —-41 —-51 —-03 —07 —1.5 - 2.3 1.7
H 4.6 8.5 5.8 7.5 0.3 5.3 2.8
I 71 —-59 —91 —6.4 —0.1 - 2.9 5.7
J 7.5 12.6 8.6 14.0 nil 10.7 2.6



Ry KK 585 (1985) 27

R—G 7 DEHHBIIE~0. 1R, FH~0.26
HET, 203 HHAN0.28MRRAIL, 10882M 7
FR130.098E Th- 72 (Fig. 19), L LI oo~<7
TREEIETER > DEREEL (ABEL, #
2F DV = EHKRE BT B 0T, KEL R
EICHAT 2SI, Lot WHFOMER
BEATNET, REOER—ROBELLBICT

-0.0 e ° ._|_
o T °
o
o °

~01

~012

Dep -03 -02 -0t -0.0

Fig. 19. Decca fixes by Red-Green pair at the sea
of Goto and error circle with 14 (standard devi-
ation) radius. )
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(solid line: base line; dotted line: base line ex-
tention; M: master transmitting station; R, G, P:
red, green, purple slave transmitting station).

Ehn, EBOFRATRT v # 7 —7NMIHRS
TELT, FvAENIC L YV ERET 20T,
RALOBERELSWZ LY, BROHERICE >
TIIHERE - BE£0.01 B THAMENIZRETH
D, YATLERDBEIRFLNLENZ 0B 5,
198041 MBI IR - BREZ TV I NVRRTE D
Taky HHERINH, FOERENEEICD
WTOFHEA LR L - 12,

2) FHMERBHESEAINKRL, Bio7axy ik
BB O % T 5 726198044 5 19814EIC b
ROWHERATR -7, REMEOREZHITLE L
LICHIEE % 50T iz, 3ENTEDKFERA
RRIET 2 SAEM M CHREMERRE L2, HA
BERHAZLBROTNICLGBELTELE
T T armle, HEnEREETEEL T,
ZATEHEIZ2~3EGEHAL, FEECTax—5%
N (MFEE) & 7uXy Y0FRT 2% - &
Ex&ETICOWTCERFL 7>, HEEBIIRESD
05 & LB % R CBI K EHERNC E 5 FUNILE
HoRkiEgTh b (Fig. 20),

(cel)
—
60 RED
40
20}
. ”ﬂ”ﬂﬂn”ﬂﬂ
-20
-40
60[ B GREEN
40
20
0
-20
‘w0 PURPLE
o 1r“ S s
Ul
-20 U
—
ABCDE GHIJELMNO QRSTUVY
._lgne_‘ ‘; 2 Zone T o 3 Zone ,
Fig. 21. Systematic errors of Decca readings in each

measuring site (each site divided into three
zZones).



28 iR kPR E BB ORI T 2%

(NM)
0.4
Ll
0.2 |
L]
a
ICTP YRR
0.0 |-
7% o
4 A L I |
. " £
. ol Ab -
~0.2 h + L s o
] Lt +
a
0.4 | 4
-0.6 .
(o]
_o0.8 |
) N L L L n | L "
-0.6 -0.4 0.2 0.0 0.2 (NM)

Fig. 22. Decca fixes by Red-Green pair in each
zone (open dot: zone I ; triangle: zone II; square:
zone III; solid mark: calculated fixes by table;
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Table 7. Differences of Loran C fixes of 5970 and 9970 chain X—Y rate on the coast of Nagasaki
Prefecture, and the mean values and standard deviations (S. D.) of three zones (9-C:9970 X—Y
calculated fix by Loran C table; 9—F: 9970 X—Y fix by processor ; 5—P: 5970 X—Y fix by

Processor).
zone Station 9—-C 9—P 5—P
No D.lat. Dep. Dist. D.lat. Dep. Dist. D.lat. Dep. Dist.
1 —0.253 —0.456" 0.522' —0.130 —0.135 0.187 0.1400 —0.084 0.163
2 —0.314 —0.472 0.567 —0.240 —0.051 0.245 0.110 —0.152 0.187
3 —0.381 —0.460 0.597 —0.180 '—0.143 0.230 0.110 0.051 90.121
I
4 —0.265 —0.441 0.515 —0.150 —0.093 0.176 0.160 —0.118 0.199
5 —0.363 —0.380 0.525 —0.260 —0.076 0.271 0.100 —0.126 0.161
6 —0.409 —0.485 0.635 —0.170 —0.126 0.212 0.170 —0.084 0.190
7 —0.348 —0.401 0.532 —0.140 —0.126 0.189 0.150 —0.084 0.172
8 —0.341 —0.391 0.519 —0.170 —0.034 0.173 0.130 —0.110 0.170
9 —0.270  —0.409 0.490 —0.150 -—0.118 0.191 0.120 —0.194 -0.228
I 10 —0.359 —0.405 0.541 —0.190 —0.059 0.199 0.150 0.0 0.150
11 —0.190 —0.274 0.334 —0.050 —0.202 0.208 0.150 —0.076 0.168
12 —0.163 —0.476 0.504 0.030 -—0.219 0.221 0.050 —0.152 0.160
13 —0.124 —0.397 0.416 0.060 —0.244 0.252 0.0 0.0 0.0
14 —0.007 —0.393 0.393 0.100 —0.251 0.270 0.140 —0.059 0.152
15 0.058 —0.619 0.622 0.040 —0.268 0.271 0.080 —0.134 0.156
16 0.020 ~0.518 0.518 0.170 —0.184 0.251 0.200 —0.042 0.204
17 0.103 —0.580 0.589 0.170 —0.243 0.296 0.160 0.0 0.160
m 18 —0.045 —0.498 0.500 0.080 —0.217 0.232 0.130 —0.025 0.132
19 —0.084 —0.507 0.514 0.080 —0.251 0.263 0.150 —0.025 0.152
20 0.060 —0.423 0.428 0.170 —0.192 0.257 0.210 0.059 O,‘218
21 —0.029 —0.342 0.343 0.160 —0.067 0.173 0.160 —0.067 0.173
I MEAN --0.315 —0.442- 0.545 —0.192 —0.099 0.222 0.124 —0.086 0.166
.S.D. 0.057 0.036 0.036 0.056 0.039 0.040 0.025 0.080 0.030
MEAN —0.246 —0.404 0.485 -0.076 —0.153 0.213 0.118 —0.084 0.154
I
S.D. 0.133 0.060 0.091 0.113 0.079 0.031 0.056 0.063 0.063
MEAN 0.006 —0.506 0.509 0.124 —0.206 0.250 0.155 —0.031 0.163
m
S.D 0.064 0.089 0.089 0.052 0.063 0.036 0.040 0.055  0.029
Total MEAN —0.170 —0.449 0.507 —0.030 —0.160 = 0.228 0.133 —0.065 0.162
ota
S.D. 0.167 0.080 0.081 0.150 0.076 0.037 0.046 0.067 0.045
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Table 8. The mean vulues and standrad deviations (S. D.) both of bearing and distance errdrs in

each range.
No. of Bearing Error(°) Distance Error(NM)
Range .

Data Mean S.D. Mean S.D.

0.0~ 0.5 23 —0.267 0.523 —0.005 0.013

0.5~ 1.5 36 —0.438 0.491 —0.010 0.009

1.5 ~ 3.0 8 0.138 0.484 —0.004 0.014

3.0~ 6.0 12 —0.100 0.685 —0.032 0.037

6.0 ~ 12.0 9 —0.089 0.567 —0.010 0.044

Total 0.0 ~ 12.0 88 —0.259 0.555 —0.011 0.023
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Fig. 32. The distribution of bearing errors by rader
measurment.
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Fig. 33. The distribution of distance errors by rader
measurment.
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Table. 9. The probability densities calculated by

radar and cross bearing fixes in each

range.
Range Radar fix Cross bearing fix

0.0 ~0.5 2682.463 2090.683

0.5 ~1.5 1375.726 232.298

1.5 ~3.0 448.593 58.075

3.0 ~6.0 59.966 14.519

6.0 ~12.0 30.460 3.630

Table 10. The minor (Ax) and major (Ay) radiuses
of 95 9 probable ellipses calculated by radar,
and radiuses of 95 % radial error method calcu-
lated by radar (RF) and cross bearing fixes
(CF).

Radiuses 0f95% Radiuses of 95%
probable ellipse radial error

Range

Ax Ay RF CF
0.0 ~ 0.5 0.032 0.012 0.028 0.022
0.5 ~ 1.5 0.022 0.032 0.037 0.065
1.5 ~ 3.0 0.034 0.061 0.057 0.129
3.0 ~ 6.0 0.091 0.176  0.162 0.258
6.0 ~12.0 0.108 0.291 0.254 0.516

558% (1985) 35

HNOEEIE, EHEOSHEUTClRLTH LI LT
v 2 HAENHAIVRNE WD, £ N bR TIIL—
SHNEBEOEENN 2 ERELL->TVE, 23
70 AFNEO RIS BRI B L TR T B A,
LV — ' DEBEREOBINEL /NS W EERTH
5, ThbblL—FENREICIE, L, ZXY
2 LD BEHNOMARICLERETHDL I EER
LTw3,

RRETIE, FELIIEREAEZEEEL
72RE ECHIE L 7220 b, BAZLRE S LRI RS
12BEBUNT, L2 SREEHH DT — 7 £
Hotz, Lorl, HIELDBENREAZ2 TE 2572}
BT DL ICBELLDT, FiL, BEEoBRER
—0.2610.56°% —0.01+0.02MR T, 7 v 2k
LD IrENEBENMBEIR LN,

—F, MEFOBNM TILBEH£0.5° £72131°
B, BEREY 0.1 BEOBMTHRANDL D5 XD
BIMETT 2400, 7o 2 Fide 3R CRE
EHRLTIENTEL ), Lol, B»r LRSS,

WZONTAI—7 LOMEINER L & otz
MALBTELIZONT, HMD I X 2ELRTA S
L, WELNEAZLEZTNINTHEE»RTT 3,

EA4E KEPEDOMABRBE AT LD
BRE ZOMES

EIH BECRATLERAOBRREEFSRT LD
=

1) B AT LAEROBUR & MR

Pt T - ERES, ZOBERTIREL Y
BT AR AMN BT CRAIL, AN £
¥R LMRICEETLONFHEL LT, 44
FLA M) —nFEMrFAINTER, EENL
VEEWICER L TRLNERNORETEE LT
1z, BLEEWOBACRELBEIAHEN TS
A%, KEBRHRIC OV TIZEW & EFEDY, BT
HERHHEN TS, BEEZAAT 200
T TFLBETHLEY, TOEEVRETH S,
RENEIC 3 EBEETLHZ L TELY, KB
FHEZ KL TV 2BAELPRETEL W, D
BRI 2 kT A b oIciE, T T ER
D232 RATE 2 HELH B, BITHD
T S 2ZORBTRE LTI L2, THHEH
DPRESNLLEDREDND B, - T, BEFHED
MAICBET 2MEIE LT b TS



36 R KRB EREE OBRICET 2R

FHwoRREAFRCREr r—2 A2 BERE
FRE M T AR T L DBEREFRID 57,
WEN L REE ARICEBEEET 572018, R
BECEEHEVHELRERILEr 25, BR
EEFRTREY F—DBE» A, FL /ML
ENTHENICEEZCLHRNLNLH L5, #ll
ENBORECHErH 2, ThbbtofiEzH
EY BRI Fo N ERIE, Ak L DT
L BHMMITTT, Lo b ZoREREy, 2
12 1 EOMTEET 5354101, MRENEREHHEE
TEBEGT, MEOKEYIEL CEVr L, o
BB 2tk o — 2 LA LTwa (FH, i
1973), %~ T, =7 v fTEIRBOBT L0 TEL
Vv, BT 2MARDOALE ZAEE L CRIET B 7261
I3, EEOFH ML EES 23T HOBHRIDETH
5,

=%, BEZRHREACIUL L WEE OB
BYBLNEDY, FIRARIFIIE LD
KRR L BRADDH D, T2, B—DZEHT
BHMORE A BT, B BRT 5105 T
MBEELMNT 5, ZOBRKELC2ELEE
LT 2ENEMFEREE2 ik (2@ - A,
1976, 1977), ©F7 > AT L EARIC 3EHT 2
DUEREERRIEL, 2 A0 B RET 5
Fik (RS, 1981) L EEEIN TS, Ly
L, SNHIRESICZERTHET 20T, HEH
BErREIND, BARSL (1971) I3 ENZESHE
SEMICEREL T, EFERAFET IREELL
FIRFE TOHEMEE zORS 2 RET 2 EELHFEL
72, ZOEEZMFMEE N (FRKEHRERTTE)
DRIz EE L, BLOBHEROER, KFEHA
EEEHTMOBENRAD G > T4 v FRENT, %

Towing Rope

processor

A
(RIC)

(MIC)

(Transponder)

Fig. 34. The relation among microphones (A, B),
transponder (C) and processor.

DEMMEDITRENTz, THOREIZZE SHOMEED

3mThH LY b, MOBHERMEHAOIREIC LD
BIRAEEDET T2 2 & &, AR IZ RS R
ThHEREDEIZOWTEETLLENH B,

2) B AT LOBRE

AR T, £z STKRPWEANIE 2 I
BELCAH> 24> TERL, »OEEHICHD
B TR THIEL L 2 T L0RFE 2 AL, 440
ErA—it L EERAMERRC LY, KEICFER
BTV AN = TAT, BEROIENMES
BIET 2 HEEER L2, L Lur' s, BOMHEE
Wik d740EmICEY, BEEFEIREINS
2k, 74BN - BEEEY T 5 BB RRC
b EORANFFRENDL, 22 TREREFR
RHETA I ELT,

HARRY L E 2 FlI# 100 m nFEEBEREL, £
DD KPR E THOEMLWET L L9 D
DTHb, 2MENZHFLFEHAL, 20 1ELEH
FROBERIAIC, fllo> 118 % #5100 m o) BLER N Fe
BICET, WSz HRERET5, A, B2
B LKA E TR BT RO &
DL, EEHROFRIIMETDIIOIE HAL &
—~HTLLNELT, VrAvarAOREEZH
W3, BICHAOL A EEMEEE CERBEL T, K
ik S TOFAE BREHC & 2 AEIE & & bz,
HRE - REY ABNICERGL, BREMICbHZS
370l EBEERICLES EvI L TH D,

AT LADRRIIHY, BT, EFOME
BIURTROBEEY L OERAEEEBL T
ARy ZIERPESICERERIEL 2, 2 5IEFIE
wAf7uarba—% (PC—8001%8) |2k Nt>

DECCA MIC MIC
RECEIVER A B
(Sig. Pro.

and Display)

LORAN-C
RECEIVER

GYRO
COMPASS

MONITOR
DISPLAY 1/0 UNIT
] — l L X-Y PLOTTER|
PRINTER MICRO COMPUTER TAPE
RECORDER

Fig. 35. Block diagram of the underwater object-
tracking system.
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Fig. 36. The apparatus of this system.
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Fig. 37. Ship’s position sensor; Decca receiver (right),
processor of Decca signal (left lower), Loran C
receiver (left upper).

Fig. 38. Tracking unit; transmitter — receiver.

Fig. 39. Tracking unit; towing rope with captyre

cord and microphones.
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Fig. 40. Block diagram of the tracking unit.

A Mic B Mic
RANDAM Trans
1
Oce(D) Div(1) Occ mitter D‘ AMP
C Mic
Occ(2) — Div(2) A amp Trans-
ponder
| | GATE 1 Bit Corre- ™| COUNT
(1) B [U-]lation ( (A-B) -
GATE COUNT
[ (3) ] (A-C-B) [
GATE 1 Bit | —|Corre- | COUNT
(2) A [L{lation (A-C-a) [T 1/0 UNIT
. Digital
1 GATE || COUNT Display
[ (4) (D) B
Gyro AD CONV
Compass (e) P




40 HAR - KRB EREE OB RIC T AR

Table 11, Principal items of the tracking unit.

1 System ultrasonic puls propagation
2 Detection range 10~1,000m
3 Transmitting acoustic pressure 80db (0db: 1 xBar/m)
4 Ultrasonic frequency about 25 KHz
5 Transmitter—receiver directivity horizontal non-directional
6 Precision less than 10 m
7 Display unit maximum distance less than 1,000m : 1m
maximum distance more than 1,000m : 10m
8 Measurement interval 2 or 5 sec
9 Relative speed Iess than 3 knots
10 Trigger signal external : 1 per 2 sec, internal : 1 per 5 sec
11 Analogue input signal gyrocompass signal (f =60Hz)
12 Output signal BCD (TTL), parallel (3 figures, 5 items)
13 Power source A/C 50/60Hz, 100V 10%
14 Submersible limit of transponder more than 100m
Le
Trigger 2 or 5 sec

Signal

A. Transmit ﬂﬂ

=
=

A. Receive

1
i
]
: 1 I
' I
B. Receive ! ﬂﬂ» ﬂ ! HJLH ! ” ””I
: : ” ] : ]
1 ]
C. Receive | ! !
| L i
! | i
I
C. Transmit ! { l|”'l |!|”I' P L
t ; i ;o
Pressure : | | ¢!
Information y I T l f ! : T
! : [ : !
A-B  Count __}={ ' Pt
i 1 i1
I | y o Y
! 1 I
, |
A-C Count ] L i
— \ ) 7
I | : i
A-C-B Count i - 1 : Y
| ]
Pressure ! ] :
Count ! it
21.3 12.8 12.8
Pattern
e TR
t t Tt Tt
5.3 166 us 6.4 100 us 9.6 100 us
B A Pressure
_)
Ar ¢ C~p Signal

Fig. 41. The signal patterns and the time chart of transmission and reception.
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Fig. 42.
1,70 unit and monitor display.
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Information processor; printer and plotter.
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— Div Correlator Raceive MIC
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] Ly . I
0SC G osc | Transmit
60 KHz | L IS, 25 Kiiz AMP
L_; Div M T.cor. Pattern
1/6 P (C pattern) recognit
Press 3 T.Cor. Pattern
sensor veo —{ (Press) recognit
Fig. 45. Block diagram of the transponder.

Fig. 44.
phone.

Tracking unit; transponder and its micro-
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Fig. 46. Research vessel ”"Kakusui” (27.8tons), Na-

gasaki University.

Fig. 47. Curvature of the towing rope while the

ship is altering course to left.

Fig. 48. Curvature of the towing rope while the

ship is altering course to right.
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Table 12. Altered angles and times required from the biginning of turning till new course was set and
towing rope formed a straight line. While altering course, the ship’s speed was changed to
2~4 knot in cases of 1 —5~1—9 (R:right, L:left),

Speed (knot) Altered Time Required
Y proceeng G e)  Seipew  Towng pope

1-1 2 2 R 180 105" ¥ 33
1-2 2 2 I 180 101 455
1-3 2 2 R 90 40 319
1-4 2 2 R 90 36 3 38
1-5 2 4~2 R 90 23 2 53
1-6 2 4~2 R 90 30 336
1-7 2 4 R 90 28 2 03
1-8 2 4 R 90 23 153
1-9 2 6 R 90 22 131
21 4 4 L 9 33 156
22 4 4 R 45 19 140
23 4 4 R 45 17 138
214 4 4 L 45 18 136
25 4 4 L 30 13 126
26 4 4 R 30 14 123
27 4 4 R 20 11 133
2-8 4 4 L 20 12 54
29 4 4 R 20 11 115
2-10 4 A L 20 11 135

Table 13. Altered angles and times required from the biginning of turning till new course was set
and towing rope formed. a straight line. At first, ship’s headd was altered to prearranged

course plus ¢ degrees, then altered back to new course (R:right, L :left),

Speed Altered Time required
No (knot) ?crllegg.:) +a(§:§1§! Set new Set new Towing rope
course +a course form a line
3—1 2 L 90 30 - 50.5" 137 2' 45
3—2 2 R 90 30 48 133 2 50
3—3 2 R 90 30 44 120 1 50
3—4 2 L 90 30 46.5 119 208
3—5 2 L 90 45 37 1 36 212
3—6 2 R 90 45 48 131 2 02
3—7 3 L 45 45 47 119 227
3—38 3 R 45 20 27 54 135
3—9 3 L 45 20 34 55 145
3-=10 3 R 20 10 14 44 110
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Table 14. Times required for the alteration of
course (altered angles 45° ; R :right ;

L : left).

Wind Altered Time required (min)
direction angle Set new Towing rope
(deg.) (deg.) course form a line

0 R45 1.1 2.1

0 L45 1.0 1.9

L 45 R45 1.2 1.9
L 45 L45 1.0 2.2
L 90 R45 1.1 2.0
L 90 L45 1.0 3.0
L 135 R45 1.0 2.3
L 135 L45 1.0 2.6
180 R45 0.8 3.0
180 145 1.0 2.3

Table 15. Times required for the alteration of cou-
rse (altered angles 90° ; R:right ; L :left).

Wind Altered Time required (min)
direction angle Set new Towing rope
(deg.) (deg.) course form a lineé
0 R90 1.4 2.6
0 1.90 1.4 2.5
L 90 R90 1.7 2.9
L 90 L90 1.7 2.7
180 R90 1.3 2.9
180 L90 1.5 2.9
R 90 R90 1.3 2.7
R 90 L90 1.3 2.8
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Fig. 49. Times required for the 45° alteration of
course from the beginning of turning till new
course was set (internal) and towing rope formed
a straight line (external), (relative wind direc-
tions: fore, aft, abeam and quarters of port side;
solid arrow: alteration of course to right; dotted
arrow: alteration of course to left).
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Fig. 50. Times required for the 90° alteration of course from the beginning of turning till new course was
set (internal) and towing rope formed a straight line (external), (relative wind directions: fore, aft, and
abeam; solid arrow: alteration of course to right; dotted arrow: alteration of course to left).
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Fig. 51 (a~f). The relation of yawing and stability of towing rope moving straight ahead, sea condition

calm.
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Fig. 52. Yawing angles of ship’s head (fluctuation of gyrocompass course) and the end bouy of rope, sea
condition calm (A: ship’s head; B: bouy).
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Fig. 53 (a). Yawing angles of ship’s head (fluctuation of gyrocompass course) and the end bouy of rope
(A: ship’s head; B: bouy; relative wind direction and speed: starboard side 45°, 7 m ~sec; ship’s speed:
2 knots).
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Fig. 53 (b). Yawing angles of ship’s head (fluctuation of gyrocompass course) and the end bouy of rope
(A: ship’s head; B: bouy; relative wind direction and speed: port side 90°, 7 m,“sec; ship’s speed: 2 knots).
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Fig. 53 (c). Yawing angles of ship’s head (fluctuation of gyrocompass course) and the end bouy of rope
(A: ship’s head; B: bouy; relative wind direction and speed: starboard side 135°, 7 m, “sec; ship’s speed:
2 knots).
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Fig. 53 (d). Yawing angles of ship’s head (fluctuation of gyrocompass course) and the end bouy of rope
(A: ship’s head; B: bouy; relative wind direction and speed: aft, 7 m ~sec; ship’s speed: 2 knots).
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Fig. 53 (e). Yawing angles of ship’s head (fluctuation of gyrocompass course) and the end bouy of rope
(A: ship’s head; B: bouy; relative wind direction and speed: starboard side 45°, 7m,/sec; ship’s speed: 3

knots).
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Table 16. Mean values and standard deviations (S. D.) of yawing angles of ship’s
head and the end bouy of rope in each relative wind direction.

Wind Relative Ship’s Yawing angle (deg.)

speed dirvglcricilon speed (A) (B)

(m/sec) (deg.) (knot) mean S- D. mean S. D.
0 2 0.57 1.241 —0.13 1.765
7 R 45 2 0.30 1.926 —3.63 3.035
7 L 90 2 —0.07 1.601 3.94 1.891
7 R 135 2 0.54 1.966 —1.72 2.220
7 180 2 —1.07 1.715 —0.33 1.808
7 R 45 3 0.42 1.200 —2.58 1.406
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Fig. 54. The relation between three kinds of fixes
by LoranC (5970 chain X—Y rate: solid dot),
Decca (Kitakyushu chain Red—Green pair: solid
square) and horizontal sextant angles (open dot),
in the prearranged examination area, off Naga-
saki Harbour.
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Table 17 Differences of fixes by Loran C (5970 chain X—Y rate) and Decca (Kitakyushu chain Red—
Green pair) compared with the fix of horizontal sextant angles (S.D. : standard deviation).

N Station Difference of Decca Fix Difference of Loran-C Fix -
> let. Long. D.lat. Dep. D. Long.Bearing Dist. D. lat. Dep. D.Long.Bearing Dist.
1 32°45.23' 129°46.49° —0.18" —0.27" —0.32" 236.4 0.32 0.17 —0.02" —0.03" 352.0° 0.17
2 44,23 46.90 —0.14 —0.29 —0.35 244.5 0.32 0.24 0.05 0.06 12.6 0.25
3 43.12 47.03 —0.15 —0.22 —0.25 235.7 0.27 0.19 0.01 0.01 3.1 0.19
4 43.18 45.36 —0.22 —0.30 —0.35 233.1 0.37 0.16 0.05 0.06 16.7 0.16
5 43.24 45.27 —0.25 —0.24 —0.29 223.8 0.35 0.12 0.01 0.01 5.2 0.12
6 45.29 45.25 —0.25 —0.27 —0.32 227.1 0.37 0.10 —0.06 —0.07 329.5 0.12
7 46.21 45.07 —0.18 —0.26 —0.31 235.5 0.32 0.13 —0.06 —0.07 335.6 0.14
8 46.20 43.65 —0.26 —0.31 —0.37 230.0 0.41 0.11 —0.02 —0.02 351.0 O0.11
9 45.19 43.71 —0.21 —0.19 —0.22 221.8 0.28 0.14 0.04 0.05 16.2 0.15
10 44.25 43.79 —0.21 —0.22 —0.26 225.9 0.31 0.15 0.06 0.07 21.4 0.16
11 43.19 43.91 —0.23 —0.26 —0.31 228.7 0.34 0.15 0.08 0.09 26.9 0.17
Mean : —0.21 —0.26 —0.30 231.1 0.33 0.15 0.01 0.02 4.8 0.15
S.D. 0.041 0.037 —0.046 0.040 0.048 0.056
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Fig. 55. The relation between three kinds of fixes
by Decca (Kitakyushu chain Red-Green pair:
solid rhomb), Loran C (5970 chain X—Y rate:
solid prearranged examination area, off Nagasaki
Harbour (Triangles show simultaneously meas-
ured three kinds of fixes).
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Fig. 56. The wakes of “Kakusui” by Decca (Kita-
kyushu chain Red-Green pair: solid rhomb) and
Loran C (5970 chain X—Y rate: dot) fixes in the
prearranged examination area, off Nagasaki
Harbour (ship’s speed 2 knots, measurement
interval 10 sec).
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Fig. 57. The arrangement of two microphones (A,
B) and the transponder (C) on the examination
under the condition of the system was fixed.
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A Base line B

Fig. 58. The relation between a measured fix (C)
and a calculated fix (F). (AC, CB: measured
distance; L1, L2: calculated distance; Ao, Co;
measured angle; AC: calculated angle; r: differ-
ence of Ao and Co; XY: difference of two fixes
[C and F)).
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Table 18. Mean values and standard deviations (S. D.) of differences between measured distances

and calculated ones.

AC CB
No. of Mean .S. D. No. of Mean S. D.
Distance
(m) " Data meter % meter % Data meter % meter %
100'%200 16 0.1 0.2 2.58 1.90 16 —0.3 —0.3 2.55 1.48
200~300 23 0.5 0.1 4.04 1.60 28 —0.9 —0.4 4.21 1.70
300~400 14 —1.1 —0.3 3.57 1.06 14 —1.8 —0.5 4.21 1.19
400~500 11 1.3 0.3 4.82 1.12 6 —-1.0 —0.2 1.08 0.24
500~600 . 3 6.6 1.1 8.37 1.46 7 2.9 0.6 8.00 1.56
600~700 9 3.8 0.6 5.38 0’.86 5 —0.0 —0.0 3.64 0.58
700~800 10 3.8 0.5 5.43 0.72 10 5.5 0.8 4.93 0.70
Total 86 1.2 0.2 4.62 1.38 86 0.1 —0.1 4.74 1.40
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Fig. 59. Differences between measured distances and
calculated ones shown in meter (solid lines: mean

values at intervals 100 m; dotted lines: mean .

value of the total).
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Fig. 60. Differences between measured distances and
calculated ones shown in percentage (solid lines:
mean values at intervals 100 m; dotted lines:
mean value of the total).
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Fig. 61. The amount of scatter of the measured
fixes. Two ellipses are ones with 1l¢ and 2¢
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Fig. 62. 1¢ error ellipses with 100 m section each
from 200 m to 500 m and more than 500 m

error. (cross: calculated fix; dot: mean fix).
Table 19. Mean values and standard deviations (S. D.) of differences angles (r°)
and differences of fixes (X—axial, Y—axial components and distance).
Distance No. of r Difference

(m) Data angle (*) X--axis (m) Y —axis (m) dist. (m)
mean S mean S. D. mean S. D. mean S. D.
100~200 16 0.9 2.95 2.1 7.63 —0.2 2.23 6.6 4.67
200~ 300 23 1.3 3.29 5.7 14.74 —1.4 6.04 13.2 10.37
300~400 14 —0.4 3.61 —1.9 19.82 1.1 7.62 16.6 12.68
400~500 11 1.6 3.11 11.7 23.38 —2.8 6.51 19.5 18.14
500~800 22 0.5 3.57 5.7 38.64 1.8 19.65 33.7 26.93
Total 86 0.8 3.32 4.6 23.98 —0.1 11.05 18.6 19.21
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A Base line ' B

Fig. 63. The relation between the maximum error of
fix (C a) and error quadrilaterial formed by the
errors of measured distances (2 gra, 2 Os),
and intersection angle ().
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Fig. 64. The relation between the change of dis-
tances (AC and CB) and intersection angle (6),

(AC: from 200 m to 800 m, interval 100 m; CB:
fromAC+90 m to AC—90 m, interval 10 m).
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Fig. 65. The relation between the change of dis-
tances (AC and CB) and maximum error of fix
(Ca), used values of standard deviation are 1 %
for both AC and CB (AC: from 200 m to 800 m,
interval 100 m; CB: from AC+100 m to AC—90
m, interval 10 m).
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Fig. 66. The relation between the change of dis-
tances (AC and CB) and accuracy of fix (1/S),
used values of standerd deviation are 1 9 for
both AC and CB (AC: from 200 m to 800 m,
interval 100 m: CB: from AC+90 m to AC—90
m, interval 10 m).
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Fig. 67.

pending the transponder.

“Kakusui” under measurement and the boat

Fig. 68. Measurement of horizontal angle on the

boat.

Fig. 69. Measurement of horizontal angle on “Kaku-
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Fig. 70. The relation among the bearing of base
line (AB), ship’s head (G. co.) and the bearing of
the transponder (G. CO+ 8+ a).
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Fig. 71. Measured fixes (open dots) of the transpon-
der pending from anchored boat, and Decca fixes
of “Kakusui” (solid rhomb) under sail.
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Fig. 72. The relation between measured fixes (open
dots: Tp) and calculated fixes (solid triangles:
Ts) of the transponder pending from anchored
boat, and Decca fixes of “Kakusui” (solid rhomb:
Sp) under sailing on gyrocompass course 265.
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Fig. 73. The relation between measured fixes (open
dots :Tp) and calculated fixes (solid triangles:
Ts) of the transponder pending from anchored
boat, and Decca fixes of “Kakusui” (solid rhomb:
Sp) under sailing on gyrocompass' courses 90°
and 190°.

TBY, IMINEBZNEVERTH L EEZL
nb,

Sp HFEERICIEA THDB DTy HLEDTRER
EDHDLIEE, TOMBONEEES 0.0 BT
Hoh b, MEOBINELZELS{ERTE LW
HTHD, 72, MiET 5 Ts & To B H IS
BT B L, F—ah5 2~ 3 ROFAEIH
3ZENFEREL L ST,

3) &Ko To NRfL% £ EHTRRLZL DD
Fig75 Tth b, ZORIZ Ts # F A & LT, iz
WEHHE, #EiEttFmezbobl, Ry—nid
HEEND 2/ TH 5, R 100 mLLED D D276
&, 50~ 100 m DL N6 M 257, LRN85%i%
50m LI C, KRERGHFEEDmOMRICES - T
W, BarlLTsic L BIADRENEEN T
B, BEN T { ZOBBIINE WL, EREED
AR T %y FEBNBECLDLNEEL S,
RAIAS0m L, Eice o722 & DR & L Tid, 300
MEEOERTLET LI 0 hbhb, P TIv X
P72z FDOEEB S MBI TE LD -
RZEbEZLNL, L LEREHOH P ZHOHB

CBH BN LR, EEBENSETT S LB

(¢}

44.4"

44.3"

46.0" 46.1' 46.2" 46.3" (E)

Fig. 74. The relation between measured fixes (open
dots: Tp) and calculated fixes (solid triangles:
Ts) of the transponder pending from anchored
boat, and Decca fixes of “Kakusui” (solid rhomb:
Sp) under sailing on gyrocompass -courses 230°
and 290° '
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Fig. 75. The scattering of measured fixes (Tp) of
the transponder pending from anchored boat

(cross: calculated fix by horizontal sextant angles).
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Fig. 76. Differences between measured distances and
calculated ones shown in meter (solid lines: mean
values at intervals 100 m: dotted lines: mean
value of the total), under the tracking of the
moving transponder.

Table 20. Mean values and standard deviations (S. D.) of differences between measured
distances and calculated vnes, under the tracking of the moving transponder.

AC CB

No. of Mean S. D. No. of Mean S. D.
Distance

Data meter % meter % Data meter % meter %
100~ 200 24 0.2 0.3 4.38 2.70 10 2.7 1.9 3.19 2.49
200~ 300 41 0.0 —0.0 2.92 1.17 42 0.4 0.1 3.99 1.54
300~400 59 0.7 0.2 4.15 1.18 62 2.1 0.6 3.97 1.16 .
400~ 500 36 1.1 0.3 3.62 0.79 44 5.2 1.2 6.72 1.46
500~ 600 32 -1.8 —0.3 5.17 0.93 30 1.2 0.2 5.09 0.92
600~ 700 6 —2.0 —0.3 3.25 0.50 10 1.3 0.2 4.05 0.66

Total 198 0.1 0.1 4.11 1.35 198 2.3 0.6 5.08 1.41
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Fig. 77. Differences between measured distances and
calculated ones shown in percentage (solid lines:
mean values at intervals 100 m; dotted lines:
mean value of the total), under the tracking of
the moving transponder.
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Fig. 79. 15 error ellipses with 100 m section each
from 100 m to 600 m, under the tracking of the
moving transponder (cross: calculated fix; dot:
mean fix).

Fig. 78. The amount of scatter of measured fixes.
Two ellipses are ones with 1¢ and 2¢ error,
under the tracking of the moving transponder.

Table 21. Mean values and standard deviations (S. D.) of differences angles (r*) and differences of fixes
(X—axis Y—axis components and- distance), under the tracking of the moving transponder.

Range of No. of r Difference
AC (m) data angle (o) X-axis (m) Y-axis (m) dist. (m)
mean S. D. mean S. D. mean S. D. mean S. D.
100~ 200 24 0.1 1.94 1.6 5.72 -0.4 4.13 6.3 3.36
200~ 300 41 —0.2 2.49 —0.9 9.87 —0.6 4.66 7.9 7.47
300~ 400 59 0.4 3.09 1.8 18.39 2.0 6.44 14.5 13.13
400~500 36 —1.7 2.83 —12.7 21.91 0.0 6.96 19.8 17.09
500~ 600 32 —1.1 1.97 —9.7 17.20 0.3 10.68 17.4 13.91
600~ 700 6 —0.0 2.22 —2.2 21.19 —5.3 10.35 21.1 7.83
Total 198 —0.4 2.70 —3.4 17.35 0.3 7.06 13.8 13.14
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Fig. 80. An example of the transponder tracking
(1a), ship’s positions were fixed by Decca system
(solid rhomb: Sp) and they are including some
accidental errors (open dot: measured fix, Tbp;
solid triangle: calculated fix, Ts; gyrocompass
course 180°).
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Fig. 81. An example of the transponder tracking
(Ib), ship’s positons were fixed by Decca system
(solid rhomb: Sp), their accidental errors were
corrected (open dot: measured fix, Tp; solid
triangle: calculated fix, Ts, gyrocompass course
180°).
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Fig. 82. An example of the transponder tracking
(2), ship’s positions were fixed by Decca system
(solid rhomb: Sp) and they are including some
accidental errors (open dot: measured fix, Thp;
solid triangle: calculated fix, Ts; gyrocompass
courses 50° and 130°).
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Fig. 83. An example of the transponder tracking
(3a), ship’s positions were fixed by Loran-C
system (solid rhomb: S¢) and they are including
some accidental errors (open dot: measured fix,
Tp; solid triangle: calculated fix, Ts; gyrocom-
pass course 180°).
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Fig. 84. An example of the transponder tracking
(3b), ship’s positions were fixed by Loran-C
system (solid rhomb: S¢), their accidental errors
were corrected (open dot: measured fix, Tbp;
solid triangle: calculated fix, Ts; gyrocompass
course 180°).
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Fig. 85 An example of the transponder tracking (4),
ship’s positions were fixed by Loran-C sys-
tem (solid rhomb: Sc) and they are includ-
ing some accidental errors (open dot : Mea-
sured fix, Tp; solid triangle : calculated fix,
Ts; gyrocompass course 230°).
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Studies on the Development of the Tracking
System for the Underwater Moving Object

Sigekatsu NAKANE

Summary

Since various electronic navigation systems, have been developed as measuring
instruments of the position at sea, the position measurements can be automatically
made at all times regardless of the weather and in all the space of the world.
These systemes provide not only the knowledge of the right location but also very
usefull pieces of information about the fishing industry, the marine survey and the
exploitation of the ocean. Under these circumstances, new systems have been de-
veloped by the requirements for extension of application and high accuracy, together
with the improvement of the instruments.

The purpose of this study is to develope a simple and convenient system for
tracking the underwater object and for recording the movement of its location
continuously.

As the electronic navigation system makes automatic location possible, location
can be established at all times and in a wide area on the sea. The position of this
object measured on the ship strongly depends upon the accuracy of the ship loca-
tion also determined by the navigation system. Therefore, various locating systems
were examined on their systematic and accidental errors. In addition, the accracy of
position, namely its allowable error which is demanded in the fishing industry was
discussed for each individual type of industry.

1. Accuracy of location in the fishing industry

The accuracy of location desired in the fishing industry can be classified under
two large groups. One is the case of nektonic fishes and the other is that of ben-
thonic fishes. In the former case, a rather crude accuracy of about a nautical mile
(N. M.) can be permitted. On the contrary, a systematic error less than 0.5 N. M.
and then a very small accidental error is demanded in the latter case so as to
obtain high reproducibility. Especially, a minute accuracy is desired for the trawl
fishing and the crab basket fishing, because the trawlnet usually go up and down
in the same region and the basket of crab must be deposited like a pin point.

In marine research, an error of 1 N. M. is generally good enough for a marine
survey, but the systematic error within 0.1 N. M. and high reproducibility are
needed for setting an artificial fishing reef. A severe accuracy of 0.1 N. M. also
desired in the research of the behavior and ecology of fishes.

2. Valuation of various navigation systems

The accuracy of astronavigation in use so far is the same as those of Loran-A
and the Omega systems. However, this system takes a long time to process data
and cannot be used on cloudy days even in the daytime. In addition to this, its

accuracy depends on the skill of an observer. Although the radar system and the
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early Loran-A and C systems had similar disadvantages, these systems have made
continuous measurements possible with the aid of a computer—assisted automated
receiver.

The accidental error of the Decca navigator system, which is recognized as the
most excellent one, is as small as 0.01 to 0.05 N. M., so that its reproducibility is
high. In spite of this, it shoud be kept in mind that its systematic error varies in
a narraw region near the coast because of influence of topography on the phase of
radio wave. The Omega system covering all the world lacks precision, for its
systematic error ranges from 2 to 5 N. M. The intermediate system between the
above two is Loran-A, for which a mean error of 1.0 N. M. is estimated. However,
improved Loran-C has an excellent reproducibility because of a small error of 0.1
to 0.5 N. M. The satellite navigation system having two transmitting frequencies
(NNSS) gives the accurate position in a systematic error of 10 m and an accidental
error of several dozen m, although it has a disadvantage that the time interval
till the next measurement reach about 1 or 2 hours by the latitude of the location.

The Decca system and Loran-C are most adequate for the purpose of the detec-
tion and tracking of underwater objects, because these systems provide a minute
fix accuracy with a small error. The errors acompanied with these systems were
examined on the land base point and experimental region of the sea. As the result,
the errors range from 0.01 to 0.03 N.M., so that the position can be determined
within an error of less than 0.05 N. M. by compensating for the systematic error
of 0.33 N. M. for the Decca and 0.15 N. M. for Loran-C.

3. Construction of the tracking system and its problems

(1) A transmitter-receiver unit with a transponder was applied in this study.
Microphone A was attanched under water alongside of the ship and microphone B
was situated at a distance of 100 m from the stern. The distance between micro-
phone B and the stern was kept constant in order to form a base line between
the two microphones. The length of this base line was measured by supersonic
waves and its direction was adjusted to the ship’s head. The location of the trans-
ponder C was determined from the distances of three sides AB, AC and CB. The
latitude and longitude of this position was evaluated on the basis of the ship’s
position sensor. These data were recorded on the printer, and was tracked in
detail and continuously by the aid of a plotter.

(2 ) The direction of the base line agreed with the direction of the ship’s head
when the ship was moving straight. Under altering course, however, these directions
were different because the towing rope extending from the Vstern to microphone B
was in a curved line. Hence, the measured values of position C had large errors in
the time from the beginning to the end of a altering. Since in a state like this the
duration time of a altering depended on the velocity of the ship, and of the wind,
and the wind direction, etc. We measured how long the rope continued to be curved
when we altered 45° and 90° at a speed of 2 knots in the case where it was calm
and. where there was 7 ms wind. In conchision, the time could be successfully
cut down provided that the altering course was performed about 30% beyond the
scheduled angle and then taken back to the intended direction. The duration time

was about 2 minutes for the altering of 45° and about 3 minutes for 90°. In addition,



RIGARSEKEZIFFCHE  558% (1985)

the speedup of the ship was also effective in reducing the duration time.

* (3) The direction of the base line varied corresponding to the yawing of the
ship’s head. However, the ship’s head could be treated as constant despite the
yawing, so long as the towing rope was kept in a straight line. While the ship was
moving straight at a constant speed of 2 knots by an automatic steering, the angle
between the point B and the fore and aft line of the ship was measured with an
interval of 30 seconds by the repeater of gyrocompass. The amplitude of the yawing
angle in calm condition was about 2° and its period was about 1.5 to 2 minutes.
Since the ship was drifted to the leeward by a transverse wind with a speed of
7 m/’s, the towing rope was bent windward from the fixed point on the stern.
Although the mean deviation angle was about 4° in the case of a due transverse
wind, its standard deviation was smaller than in the case of a head wind, and the
ship’s head was kept slightly steady direction. On the whole, the yawing ranged
from 2 to 3° and it was safe to say the rope continued to be in nearly straight
line. Therefore, £2 to +3° of play was allowed in the direction of ship’s head for
computation of the transponder position. In the case of a yawing angle greater than
this value, the direction of the base line was altered and the computed position had
fairly large error.

4. Accuracy of the measured distance and position

(1) Along the wharf the base line between microphones A and B was fixed,
and the boat was moved several hundred meters from the wharf with spaces of
about 100 m, from which transponder C was hung underwater. The boat was an-
chored for the measurement each time. What we got was the calculated distance
that was determined by the triangulation from the base line and its included angles.
We also measured distance on the basis of the method described above. The dif-
ferece between the calculated distance and the distance by actual measurement
was compared and discussed. The mean values were 1.2 m for AC line and 0.1 m
for BC line respectively and the standard deviations were +4.6 m and +4.7 m
respectively. These values of standard deviation were only 1.4 9§ of the full length.
The standard deviation of the difference was also estimated at every 100 m dis-
tance of AC or BC. These values fell within the range from +2.6 m to *5.4 m,
that is, they were rather stéble, hardly depending on the full length. Therefore,
the ratio of the standard deviation to the full length had best be classified at 100
m or 200 m intervals of the full length.

(2 ) The deviation of the measured position was 0.02 N. M. on the average,
and only 0.04 N. M. even in the case of longer than 500 m. As the deviations of
the horizontal axis and the vertical axis components were 23.9 m and 11.1 m re-
spectively, they formed an error ellipse with the major semiaxis on the horizontal
axis. The accuracy of position C was simulated by changing the angle ACB and
the distance between AC and CB. As a result, we found this angle should be larger
than 10° in order to obtain a high accuracy, that is, the distance to the underwater
object should be within the range of 2~4 times longer than the base line. We also
found that the. difference in length between AC and CB should be less than one-half
of the base line, that is, the underwater object should be nearly on the perpendicu-

lar bisector of the base line. The farther point C gets, the more important this
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formation becomes.

5. Experiments in tracking

( 1) While moving the research vessel with the transponder fixed, we measured
and compared the distances between AC and CB on the system, and at the same
time measured the angles ACB and CAB with the sextants. The result showed an
error distribution of point C scattered within about 0.1 N. M., although point C had
been expected to be fixed. The reason was that the location of ship was determined
on the Decca system and an accidental error of 0.01~0.02 N. M. was attributed to
this equipment. Another error was a systematic error due to the change of the
ship’s head.

( 2 ) Another experiment similar to the above was conducted ; the motorboat with
transponder C under the water moved in almost parallel with the ship, and, as in
the former experiment, we made use of the measuring system and the sextants
and we compared the results of both. The ratio of the deviation length to the full
distance was nearly equal to the above case on the whole, although the values
were somewhat larger in a small range of the full distance. The mean deviation
was 19.8£17.1 m (less than 0.02 N. M.), which corresponded to the accidental error
of the Decca system.

( 3 ) The tracks both of the ship in motion and the underwater object, which
were plotted on a chart, were moor smooth by aid of the Decca system as a sensor
of the ship’s position than by aid of the Loran-C system. This was due to the dif-
ference of their accidental errors. As the accidental error of the Decca system is
smaller, the track of the underwater object determined on this system was closer
to the real one.

Since the line between the ship and the underwater object showed both the rela-
tive direction and the distance, we could tell how good the results were by observing
its changing tendencies.

It can be confirmed from the experiments described above that the position of
the underwater object is successfully tracked by the present method with accuracy
comparable to the accidental errors of the Decca or Loran-C systems. Since the
present study is restricted to the measurements of the object moving horizontally,
it is necessary to make a further study of the measﬁrements of the depth of the
object, the choice of the length of the base line and the measuring techniques in

an altering condition in the future.



