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NNSS Position Fixes and Data Acquisition
Junsuke Cuujo, Takemi IsHiHARA and Fumitoshi MUrRAkAMI
Abstract

The geological research vessel “Hakurei-Maru’ uses the NNSS system as both naviga-
tional system and data acquisition one. This NNSS (Navy Navigation Satellite System), which
was manufactured by Magnavox Co., is appropriately designed for geophysical purpose and it is
called model 200. This model 200 system is mainly composed of three portions; one is a computer
with its input and output devices and their interface cards, another-navigational equipment, and
the other-geophysical equipment.

The computer HP-2100 A has 12 kilo-word memory. There are five kinds of input and
output devices; a punched tape reader, a high speed printer, a teleprinter, 2 magnetic tape
transports and 4 CRT monitors. The punched tape reader is used mainly for program loading,
the high speed printer for input of instructions and printing of navigational data. The tele-
printer prints geophysical data, and the magnetic tape transports record navigational data and
geophysical data for later use. The real time navigational data are shown on the CRT monitors
in separate rooms.

As the navigational equipment there are a NNSS receiver with its antenna, a gyrocom-
pass, a doppler sonar and a EM-log. The NNSS receiver receives two channel electric waves
from satellites. Two channels are about 400 MHz and 150 MHz in frequency. Then the receiver
counts their doppler shifts of both channels. The gyrocompass measures ship’s heading, and the
doppler sonar or the EM-log measures ship’s speed.

According to the result of Funabashi berth test in Feburuary and July, 1975, the standard
deviation error of the update satellite fix data is about 37 m. This value decreases by about 5 m,
if we take account of the geoidal height error and the systematic error, which is dependent on
satellite pass geometry. The result also shows that the theoretical latitudinal and longitudinal dif-
ferences and the measured ones between Tokyo datum and the satellite datum (NWL-8D)
almost agree, but there are errors of about 10 m in parameters used in the theoretical differences.

On December 2, 1974, the ‘Hakurei-Maru’ and the research vessel “Hakuho-Maru”
belonging to the Ocean Research Institute sailed side by side, and two vessels got the satellite fix
data simultaneously. These data with reference to the radar data reveal that the accuracy of’
satellite fix is about 0.1 nautical mile, when the vessels are sailing.

There were 24.7 satellite fixes a day on an average on a cruise from Chiba to Honolulu.
At low latitudes the number of satellite fixes decreases. After the satellite fix the position of the
vessel is fixed by the dead reckoning with the gyrocompass and the doppler sonar or the EM-
log. Next satellite fix updates the dead reckoning position to more accurate one. The radial
standard deviation error of dead reckoned position is estimated at 6.7%, of sailing distance, when
the ship’s speed is measured with the EM-log. This dead reckoning error is 2.4 times greater in

direction cross course than that in direction along course.
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171 172 58 59 SLON 2 End point Longitude RADIANS | F.P. SAIL
173 174 60 61 ISHOT Initial Shot point F.P. SHOT
Number
175 176 62 63 SLINE Line Designator ASC. INIT
177 200| 64| 65| SLAND
201 202 66 67 FSPDN filtered speed North XTS. F.P. INTFD
203 204 68 69 FSPDE filtered speed East KTS. F.P. INTFD
205 206 70 71| FSPED filter speed Total KTS. F.P. INTFD
207 210 72 73 DEPTH Depth from PDD METERS F.P. INTFD
211 212 74 75 DEPHF Depth from Sonar METER F.P. INTFD
213 214 76 77 MAGT Magnetometer
215 216 | 78 79| DEPHP not used
217 220 80 81 DEPHS not used
9| 221 222 82| 83| WHDG Water Heading RADIANS | F.P. INTFD
9 223 224 84 85 WSPD Water Speed KTS. F.P. INTFD
225 226, 86 87 DIST Dist between Shot N.MI. F.P. SHOT
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10 227 88 TOUT TOUT (Shot interval INT. | SHOT
between TYP)
11 230 231 89 20 DTIME Shot Time Interval SEC. F.P. SHOT
232 233 o1 92 PSCAL Plotter Scale Factor- % ¥.P. PLOT
steps/n.m.
234 235 93 94 TMINT
12 236 95 QUALI type of Update INT. FXEVL
237 96 UPRCD MAG Record # of last INT. FXEVL
Update .
13 240 241 97 28 DELAT Latitude Update applied |EARTH F.P. FXEVL
RADH
13 242 243 99 100 DELON Longitude Update applied |EARTH FXEVL
RADH
244 245 101 | 102 UPLAT Latitude Update to be EARTH FXEVL
applied RADH
246 247 | 103 | 104 UPLON Longitude Update to be EARTH FXEVL
applied RADH
250 105 FDAY Fix Day No DAY INT. INIT
251 106 FTIME Fix Time MIN. INT. INIT
252 107 FSEC Fix Seconds SEC. INT.  |SATPS
. RCVRD
253 254 | 108 | 109 FLAT Fix Latitude RADIANS F.P. INIT
255 256 | 110 | 111 FLON Fix Lonfitude RADIANS INIT
13a| 257 258 | 112 ITER Iteration count INT. INIT
260 261 | 113 | 114 | MELEV Maximum Elevation Angle |RADIANS F.P. INIT
262 263 | 115 | 116 FGEOM Geom of Fix ASC. INIT
Start of Interface input
14 264 265 | 117 DISC 1 Switch Discretes OCT. OCT. INTFC
14 265 266 | 118 DISC 2 Other Discretes OCT. OCT. INTFC
266 267 | 119 DFS 4# DFS 4 Number from DFS 4 BCD. INTFC
267 120 STRAN Sonar Fore-Aft COUNTS BIN. . |INTFC
Frequency MAG. .
270 121 RFORE Sonar Fore Frequency COUNTS BIN. INTFD
MAG.
271 122 RAFT Sonar Aft Frequency COUNTS BIN. INTFD
MAG.
272 123 RPORT Sonar Port Frequency COUNTS BIN. INTFD
MAG.
273 124 RSTAR Sonar Starboard COUNTS BIN. INTFD
Frequency MAG.
15 274 125 HEADG 1 or 35 Speed Heading COUNTS BIN. INTFC
MAG.
16 275 126 THERM Thermistor Reading COUNTS BIN. INTFC
MAG.
16 276 127 PITCH Pitch Angle V/DEG. FIXED INTFC
16 277 128 ROLL Roll Angle V/DEG. FIXED INTFC
17 300 129 VELCO Velocimeter count COUNTS BIN. INTFC
MAG.
301 130 DTIM Input from D TimeBox MIN. BCD
302 131 JAPX not used
303 132 STCMD not used
304 133 ATOD 5 not used
305 134 ATOD 6 not used
306 135 ATOD 7 not used
307 136 ATOD 8 not used
310 137 ATOD 9 not used
311 138 ATOD O not used
312 139 DFORE not used
313 140 DAFT not used
314 141 DPORT not used
315 142 DSTAR not used
59 316 143 DISC 3 Valid Sonar status OCT.
317 144 unused input area INTFC
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320 145 unused input area INTFC
321 146 unused input area INTFC
322 147 unused input area INTFC
323 148 unused input area - INTFC
Computer to Interface
18 324 149 FIRE Fire Shot BCD. INTFC
19 325 150 LAMPS Light lamps on Interface BIN. INTFC
MAG.
19 326 151 CMAND Discrete Commands to LOGIC INTFC
Interface
20 327 152 DSPL 1 Display word 1 BCD. INTFC
20 330 153 DSPL 2 Display word 2 BCD. INTFC
21 331 154 PLOTA Plotter along Course BIN. INTFC
MAG.
21 332 155 PLOTC Plotter cross Course BIN. INTFC
MAG.
22 333 156 TORQE Gyro Torque BIN. INTFC
MAG.
22 334 157 CALBR Calibration word LOGIC INTFC
335 158 RUDDR used for Auto Pilot
336 159 XTRA 1 Extra Output to INTF INTFC
337 160 XTRA 2 Extra Output to INTF INTFC
End of Computer to
Interface
340 i6l SPLIT Model 40 Data depth PDD BCD.
341 162 ScoMp Model 40 Data depth PDD BCD.
342 163 SRCVR Model 40 Data depth PDD BCN.
343 164 SMISC Model 40 Data Status OCT.
344 165 SMAGT Model 40 Data Magneto- BCD.
meter
345 166 SINTF Model 40 Data Magneto- BCD.
meter
346 167 SGRVT Model 40 Data Magneto- BCD.
meter
347 168 SSONR Model 40 Data Data OCT.
Fresh
350 169 170, SGYRO Depth F.P.
351 ’
38 352 171 SSHOT Depth Status ocT.
38 353 172 173] SINCL Magnetometer F.P.
38 354
38 355 174 STHER not used
38 356 175 SSRVY not used
22a| 357 176 SWREG not used
360 177 PNTWD Error Printou Indicator
23 361 362 | 178 179} ANGLE Heading in Radians RADIANS F.P. INTFD
363 364 | 180 181} ANGDS Heading in Degrees DEGREES F.P.: INTFD
365 366 | 182 183| GBIAS Gyro Bias in Radians: RADIANS F.P. INTFD
367 370 | 184 185| AZMOD Azimuth Error in Radians [RADIANS |F.P. INTFD
24 371 372 | 186 187 DSTNC Dist Traveled since N.MI. F.P. INTFD
last Fix
25 373 374 | 188 189| DSTBL Dist traveled without IN.MI. F.P. INTFD
Bottom Loc
26 375 376 | 190 191| DDAC Distance Slong Course IN.MI. F.P. INTFD
Display
26 377 400 | 192 193| pDCC Distance Across Course IN.MI. F.P. INTFD
Display
401 194 NSHTM not used
38 402 403 | 195 196| DCSE Desired Course DEGREES F.P. ISAIL
39 404 405 | 197 198 VADJ Velocimeter Bias F.P. INTFD
40 406 407 | 199 200| THADJ Thermistor Bias F.P. INTFD
end of shot record
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100 1 LENTH Mag tape Record Length INT. MAGRC
~Words
101 2 TYPE Mag Tape Record Type INT. MAGRC
102 3 RECRD Mag Tape Record Number INT. MAGRC
103 4 REPET Mag Tape Record Repeat INT. MAGRC
Number
112 5 DRDAY current Day Number DAY INT. CLOCK
113 6 DRTME current Time MIN. INT. CLOCK
114 7 DRSEC current Time SEC. INT. CLOCK
115 116 8 9 |DRLAT Latitude at last DR RADIANS F.P. DEADR
117 120 10 11 |DRLON Longitude at last DR RADIANS F.P. DEADR
121 122 12 13 |{DISTN Distance North since N.MI. F.P. DEADR
last DR
123 124 14 15 |DISTE Distance East since N.MI. F.P. DEADR
last DR
125 126 16 17 |DRANT Antenna Height at last N.MI. F.P. DEADR
DR
127 18 SHDAY Day of last Shot point DAY INT. SHOT
130 19 SHTME Time in MIN. at last MIN. INT. SHOT
Shot point
131 20 SHSEC Seconds at Last Shot SEC. INT. SHOT
point
132 133 21 22 |SHLAT Latitude at last Shot RADIANS F.P. SHOT
134 135 23 24 |SHLON Longitude at last Shot RADIANS F.P. SHOT
point .
136 137 |25 26 |SHDIN Distance North last N.MI. F.P. SHOT
Shot point
140 141 27 28 |SHDIE Distance East last Shot |N.MI. F.P. SHOT
point
144 29 30 |SHOT# Shot Point Number F.P. SHOT
201 202 31 32 |FSPDN filtered speed North KTS. F.P. INTFD
203 204 33 34 |FSPDE filtered speed East KTS. F.P. INTFD
205 206 35 36 |FSPED filtered speed Total KTS. F.P. INTFD
207 210 37 38 |DEPTH Depth from PDD F.P. INTFD
211 212 39 40 |DEPTH Depth from Sonar F.P. INTFD
213 214 41 42 |MAGT Magnetometer F.P.
215 216 43 44 |DEPHA not used
217 220 45 46 |DEPHS not used
T E o Sy b F—
A 0 B M poFEIES | =% N
(8 %) dogx |, 2 % £ AL
%% #% i |
24730 24733 47 50 GDATA P.EBC
24734 24737 51 54 |GTIM Gravity Clock P.EBC
24740 24743 55 58 |GRMTR |Gravity Data P.EBC
24744 |24747 59 62 |[SPRNG |Spring Tension P.EBC
24750 24753 63 66 |ABEAM |Average Beam P.EBC
24754 24757 67 70 |TCROS |Total Cross Coupling P.EBC
24760 24763 71 74 TCORR
24764 24767 75 78 INCRC Inherent Cross Coupling P.EBC
24770 24773 79 82 PRCRC Imperfection Cross .EBC
Coupling
24774 24777 83 86 ILCRC Imperfection Cross P.EBC
Coupling
25000 |25003 87 90 |VACEL |Vertical Acceleration P.EBC
25004 25007 91 94 |HACLC !Cross Horizontal P.EBC
Acceleration
25010 25013 95 98 |HACLL |Long Horizontal P.EBC
Acceleration
25014 |25017 99 |102 |CROS 2 |Second Order Cross P.EBC
Coupling
25020 25023 104 106 EXTR 1
25024 25027 108 110 EXTR 2
25030 25033 112 114 EXTR 3
25034 25037 116 118 EXTR 4
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Eitk BHEEORKLEHOENX

" ‘Eg éla@ﬁr
BE O P . o ] _
EE0E | & 4 K wHL. r 17 REL Y2V mms mge |RE, BN
Hs A = LT R e F—
¥
(8 ) | (8w T & Bk & | & B |5 % | & B | & &
(8 %) (10:@&) (3 )| (10:75)1(8 k) [(10x#:) (8 &) |(1014:)
.
77 77 v AT LEAR
100 . 100 1] 100 1] 100 1] 100 1
407 310 77 407! 200| 407| 200 407 200| 2214 82
410 £ &
555 46|
556 o 556 | 201
755 200 7 755 | 328
756
764 ;| ¥ R R
765 I 765 | 201
1500 514 | NTEERRE 1500 | 532
1501 . & w
17404 | 15704 | 7
17405 o, | 105|538
17650 a4 | MHT=7 17650 | 696
17651 5 =
24797 s057 | 7
24730 o N 24730 83
25037 110 95037 | 154
95040
27677 a0 | FOF OB
27700 5 B L
27777 100
= % | 696 200 328 154

* FR S DEMT — F XY O8BLABAE .
#% BBL = Basic Binary Loader

3.1 REMEBEOTHELEEREEHT

EO&GERELT L0 bEE L FSE & EE R
ERESIRD2AABIVT AADOKITE L. BHER
EREEHCL TS mTh D, EEEIIEE LRED
REOHRMEFBTHS.

% 8 X 2 AR R e B 3 BREEOEEMNAL
IBEERL, £ I 7 ARMERICBIT 3 EER
EZOBEMA I 3B ERT. $10-as L5 10-kX
F Tk 2 BRGIAE R 1T AR BT & 1o EED

EbVOSHERL, Fll-2RHroEI-KKETIKTA
BNER BT 5 EHEDOEL Y OS5 ERT.

7235 Geometry L 32O Z(E RITH+ 5 FERA 8k
BEET. B 1XFREREOETHFAT, HEIEHE
ErblkmENORTIERE SrTthbsd. F2UFR
ZREADHEUE 2B ehBEAWEBE e &RT.
*EN-E ZZ2RAORMEicHM» - TEBALZZ L
FEHRTS. ChbORPbROL IR EXRDRD
(1) HEMA 1 REcIME, BELIVRENVNKE

25—( 81 )




wEBAERTASR (E8E 825

E5% MBEAEECONNSS 7 v 75— b« 5F—
FORBELBEREBICERT — ¥ &
Tk BIRE - BE

\ B MR (m)

7F - # EE
w x| & E el

28 A 35°407. 9607/139°59". 134227. 4/23. 4{36. 1
28 B 40’. 9607 59/.1346127. 421. 2|34. 7
2/ C 40’. 9608 597.134724. 217. 4129. 8
78 A 407, 9596 597, 1355(27. 4/25. 9)37. 7
7H B 40. 9596 597, 1355|27. 4{25. 037. 1
78 C 40’. 9597 597. 1356[24. 6/21. 4{32. 6

Tokyo datum | 35°40’. 7654{139°59". 3482
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0 30 60 Elev. 90°
£IH TAORMER-BERZOHEMNACX

BEAL
v - 7GR ER L.

(2) #EEMA 70° LLEcl, BEFRMORERENKE

{72, Bz 80° PLETKREW, ThiMEES EYE
EEoTWBRD, HEMAVKEL 2D LPELE
BT HREFMOSRENEL DL, ¥RTVT
FROBENDD LTNEBERE(RTBI LTk
HrEZDBRD.

(3) WIRoEQ LEET D, WMEMAKKE( RSB

NT2BOREREL 7T ADZEBR CHOEMIE
Eizhb, Thbb 2 BORE X Geometry NET
bRz, WehbhiZEMcThaokesL, 7
AORERCIRE chEERM, WebhidwEflicd
TWs, Zhid7 vy T RORBRECLZ LELDN
5 (ZOZLR2ERBLTTRORETA I TRIYAA
FE, -7y 7 raEmel0mT k).

(4) AR 2 CHE LEEMA 10°RERB I T

70° L EDHEMAD b OEZERWTEEAIIVWLS T
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L TH 5D, Geometry XN THIIEILE[MIC, STH
TEEACTNS. I 2ARBLVCT7T BOZER
RLBBOBFEMTHS.
hokbiic, TORULT—FOBERZEL/NEL
FTHILEEL. (MEQRODWTIEHEDFEI 20
DT, BIEOVWTEFTEZ THD, HEOHIEZ HHlL
LT, BEFMICERBICEATNSLEZXD L, Fy
FIH YU bDF—F LEELTL 3200, BEERIC
BUAHELT VT rHEOER! TH5. L THE
LMok Yic, 77 TREOBRE H B, BED
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¥EUD. [>AH XY ¢ =& Licido T,
Al = —AH tan ¢

LB, 217U eiX Geometry BRED L X+, WD L E
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TRnERZhICOWT, BEDT -5 4L 25|
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WROEH) NTED5 (HE, 1974). &ERiT,

Ap = (I;:LFS {sin ¢(cos 14X {-sin A4Y) —cos pAZ
+-sin ¢ cos g[ve? daja -+ (vE&+p[E) Af ]}
_ sin A4X — cos A4Y

4% = (v+h)cos ¢
Ah = —cos ¢(cos AAX +sin A1AY) —sin gAZ
—adafv+vé sin® gAf

TIT, ¢ AhE, BE iR+ 3), BF (K
#4+), HAKCHTIES 4 2 LZEZXZEOTHT

bY, BELE e & v, p ITHhFH
et =f(2—f), & =1—e* = (1-f)2
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TEzbh5. .

EDRF A= 2B TRHE LA & T © Tokyo
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5.1 —DOOHEOHE
BYATATRELTWS NNSSO ATHEIZBAES
b5, T_TIEL BB BT 5 \VWh o5 BEE T
HY, Lo bHBEHE cHiEks b O®E 4 1,100 km
TH5. HEESII0190% L L2#mF0chs. HE
DEIE D FEHPIE IZBEBIV T B 28, 30140 1301800
EO5RIEVWLDLH B, ERETLHEREE, i

30120CiI sk D BERm iz 7.8% /year T L. *
DI DOFEIPLE L REICED > T . 30100 %
AREETHS. HEIINIh0m CHEkE —FE+ 5.
HEK B3 4 ROANTHEBH /R DD, ZITRAT
HELEL CGHEOHEOER: E2ky, ATHE
POET BHATA v & — V% 1207 L It A\THEDNE
BEBICEAT S, BiffA v e— Uik 16hBAEX S,
WHREOE TRR T2 X O THiT A v e—VHALE
AEhic L E X VEBRPREOE ERENEL 25, 2
DEFPTCAy e —VREDLBEZLRDY, V¥ —IT
MESSAGE CHANGE »3$TH{+.

ANILEEOFE#Z+ el 7z 5 i 1 h50m ¢%
5. ThiidhBEEC 1h50m Z S FRCER A
Ha s ZLtidhy. ZERRMKogERLE
RERCAREE 15°, 1 B 360° WAL THD.

COWMELNTZECEIORBLEETHY, &
BEOHFRFE L Y bZEHEENE LS. _

HBEANLHEOHFAOHZLTHL Y. ANITHEOH
HOTFRENEL7 T — b (Alert) LS Fu 7 ATHE &
h, TOESE ALRT CbH 5.

ALRT O ANTRZR/EZOBRICOWTIHELE &
ERETNEEF2 DO THETHS. FIRETI—H
EETLIFlIEZORBTHS. FHELIEEIZ30130,
FE LI 255d (197448 8 A25H) Th v, BTz
120°N, 160°W (~U A BOFETE) Tb5.
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wHEHREERARR

(% 8% % 2 B)

ERE
TIME HAKUHO NNSS | HAKUREI NNSS SAT. | ELEV. | RADAR
0950 26°58.139'N | 26°57.742'N | 30190| 8.3° .35nm
137°51.560'E | 137°51.672'E 180°
1008 26°57.799'N | 26°57.364'N | 30120| 4.4° .34nm
137°48.054'E | 137°48.345'E 175°
1308 26°59.752'N | 26°59.635'N | 30180 56° .3nm
137°35.771'E | 137°36.071'E 85°
1458 26°59.007'N | 26°59.085'N | 30180 15° .42mm
137°34.321'E | 137°34.220'E\ 350°
(TIME=1502)
1628 26°58.463'N | 26°58.866'N | 30130 52° 8.3nm
137°29.871'E | 137°20.731'E 273°
1710 26°56.691'N | 26°58.806'N | 30140 12°  [13.0mm
137°28.401'E | 137°14.157'E | 30140 280°
BIR 77— bOETH ALAT %4T-. & & ic&EE#% 1200N (12°00". 000N o> =
M Al = 4y =
ALRT L) L. UTHROL Y CREREZAND LEER
ADAY
255 M R 5.
gﬁg DAY i3 H, RISERANTHEESAKER? b HERT DF
1200.N M %I, ELEV X elevation GiFED KA, TCA |[Itime
012: 00.000N of the closest appoach THAMMANDKZ], GEOM I geo-
16000.W Mo metry CHERORITHE L BEHEE TS
160 00.000W ~ .
N-E@gEnrftmEcZEAoRMzEE Lz Z &
DAY RISE ELEV TCA GEOM SAT H E%‘?‘- SAT piﬁiiﬁ%—e z @Wlf%igolgov@}) 3.
0255 072600 4.3 073200 N-S 30130 5al - ~ - e
0255 090800 78 091800 N-E " 522 AEE LD ZRICIBREBO VYR —RRO 4 EE
0255 105800 6.6 110400 N-E " 5a3 on iz L | EHELTEKS.
0255 203600 43 204600 S-E " 5p1 ) T B o .
0255 222400 17 223200 S-W " 5p2 BTHRBOA IZREY. 77— b0 vl T hEET
0256 082000 30 082900 N-E “ 6al ~ Lo = s
0256 100700 24 101600 N-W " 6a1 15 L EHEBORGERBICHE LR (BKT -7
0256 194900 15 195700 S-E U 6P1 DEYFD Y 5 ikt L BB B S
0256 213400 48 214400 S-W " 6P2 N ;
0257 073400 9.5 074100 N-E " 7a1 RS ALBHLEOTHEEELETS).
0257 091700 68 092700  N-W " 782 e , o
0257 190500 1.1 190800 S-E " 7p1 COWMENHBUREE RS- 25500 SAL (3/0f 4.3
0257 204500 64 205500 S-E " 7p2 - RISE 75 TCA %X 6 min T 5. 5A2 Gi178°
0257 223400 10 224100 S-W " 7p3 . . . ~
0258 082900 44 083800 N-E " 8al ¢ 10 min, 7P1 ©4x 1.1° ©3min TH5. ZDOX5K

F ROBRMIFADDI AN LD THY, TSI F ) ¥ —
DITHLENEETHS.

c ARMEFB CANIMEL T4 ThB.

- Hifio> DAY X H, RISE i EHBRRHZ, ELEV ZEKAMA,
TCA &R MAEL, GEOM J#HEORITHEL &8 K M,
SAT IEER T I Tik$-3T 30130.

« 255 day (319744E 8 250,

ROEWITHC AN TR CCPRLEZ S Y v ¥ —T

okZtDEETHE. AWMOMIFEH AL LD .

DT, ¥FALRT L¥T-CHhRET 5. 7V r&—i
ADAY L #T-T C/R, L/F (carriage return, line feed)
T35, RVWT25(H) LfT-oTHEANTZ L ERERL

MAMBKE WV EERRECS AER I 2 v, WA
10° P Loz B HE (10° LT e BRT5 L5k 7
—AEBRALAY) BHESHTHrL AL ETORMIIX
15-20 min TWETH 5.

5A1 © 5A2 OERMARY TCA D31 1h46m, 5A2
L 5A3 » TCA m3=x 1h46m, 6Al L 6A2 » TCA @
=3 1hd7m ThH 5. Th bR ATHE3I3053HEKE 1
FE—A+ oM ThD.

5AL, 5A2, SA3 T~ TlhmE HESRY, Zhiz
fe < 5P1, 5P2 I3FME KEESPMA TS, ik
RAHELTCEALT, RO TRET S0 T
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1
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30180

1308 56°
S/s.;/’* .15nm
HH 3

#ISMa HEALOME
HH 3ABAOME, BEEOMAIL~4( v, ARZARRLOV—F -k
330, BHITARAONNSS CBELH LizbD. R0ADRERME
EHD R, BAMA, ATHESRS, Sl BALOEROIR

8.3
403

HB., ZOXHE MMM L) Z LD IHER
T 1h4bm FCER CEENZETCEBH LI Z L Tk
724, ZERAPHIRLLICHELTLEY . o THAL
5A2, 5A3 M 5A S —F LRD 5P S —F, S bk
¢ 6A Z i — 7% TCA ORI HERD ¥ B3 72
bH#12h FoBhE. —oD I — PR CIRABAE
PHOEHBD LAY Y KHDIIZEADEEBY, KB
i ELEV @ - THEBED X OICR IR E T
NEL B A S —FTchE 5AL i EfYf 4.3°,
Ef 78°, W] 6.6° L WH{EEZRLTNB.
BEOEEER 1,100 km 70> CE OB T H
BROPLADK 60° ThH 5.
FLUEEREHECH B0, B o 30° PINT AR
bbb 60°N B LU S Ll EoBEKRE ciigREo B Lic
ZEEND. ZOT7T—bMI 12°N OfiERDT, AY
V=L P — ORI 8-9h OFZETE VIR
fE#ic2 5. 2O 25 3HEOHO b0 2R AT
b THA. BEMEOB IR ThnD
TENLOHBIZT v F L THB.
5.2 T update [CDNVT
ANLEREDBERDOZEN KD LNERFETS. 20

1458 15° 30180
.32nm

1628 52° 30130
.14nm

8.114

Fo————gy————o

1710 12° 30140

12.691

X
X

#1554 b
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wEREFRAR

[ifB & B RINL satellite fix £/ ¥ b« 74 7 2 (Sat
fix) &5, MEREEOBRAMADEEDORZITRD
BB, P> CRHERKR TN Y b« 74 7 A0k
ZE V103 bV RITR S,

P b 7427 A LTHUTLLEOMEDEEES
BOLERLEVY. F—FERFLTELWEFEsH
THICHERIfE: dead reckoningic L 7cLBZE V- b « 7
4 Y ADRBIZANEZS. ZOANNWBEZET v 7 7

— & update &

REEHFLVS. EHRRBEHECADN

WCEH 1% auto update & FBNCTEH T 5 manual up-

date 233 5.

HEIEH O b DRMIRD 7T >DOHEEEN T T
AT L ThB.
1. MEBORKHENEELASELTTHH I L.
2. HEEOBRMAN 15° PLE 70° BT
3. F7r5EBOxt&HE
4. FTRTORT7—HEER D BEHBENCH D Z

(m28% % 2 &)

5, fvHF—Tx—RAea=y b (model 200) O}
{zd % UPDATE © 2 A » 5% AUTO L MAN2 %
B, ZOARAL v FRAUTO fllic Ao TWBZ L

6. B/NE{KfE minimum variance TH 5 Z &,

7. BEEBOBITMKAHESNATHWIZ L, THD.
HETEH LR olcd b o 74 7 2OFTHEROM

PR ETEECB L X &9 T —Z 2 FHESR
LTWa, =0k =1 e EEE 5 BELLN, 2. 15° <5

KM £ <70°, 3. EEEEEIT (400 MHz 2 150 MHz 0

BIFROBNEF I 72 2 F v VRV E G EE CAEE

BEAEETHIITLIW) O3 >0EHERE T2 LixF

BEHFOLFMEL LTS, FHEHOMEIE UPDT ©

b5,
ALHEEIBILFACRECDHELE 2 OMADSE

BEMi SR TOBWIRRS>W TIRBEORER X

W, ThEFIRT0OCEEDT - F T EN T 54

4 ULAT 23%%. L LEREIAEFEI ZLERKY

L. 7z,
#10% 229d oy ke 742
T}Ilmm iT o | LAT (M) LON (E) FIX | ITER | ELEV | FREQ | SAT NO. | ALONG | CROSS | RADIAL
01 38 — | 33-45.650 [157-19.392 | N 10 4.5 | 21.6 | 30199 |-1.108 | 2.231 2.491
02 32 |2 44 |33-45.172 [157-32.724| A 3 |44 26.3 | 30130 |-1.132 | 3.211 3.404
02 52 20 | 33-45.024 [157-36.987 | A 3 |25 27.4 | 30140 |[-0.571 | 0.198 0.604
03 30 38 |[33-44.574 |157-45.816| A 3 |26 26.2 | 30120 |[-0.193 |-0.064 0.203
04 34 |1 04 |33-43.679 |158-00.933| A 3 |39 26.4 | 30140 |[-0.154 [-0.030 0.157
05 16 42 | 33-42.678 |158-10.942| A 3 |39 26.0 | 30120 0.010 | 0.441 0.441
07 24 |2 08 |33-38.789 |158-39.263| A 3 |29 27.4 | 30190 0.363 | 1.944 1.977
08 16 52 | 33-36.447 |158-54.761| M 5 9.1 | 25.2 | 30180 0.203 | 0:592 0.625
09 00 44 |33-35.302 |159-05.905| A 3 |29 27.2 | 30190 0.039 |-0.668 0.669
10 00 -— [ 33-34.692 [159-19.561| N 3 | 80 26.3 | 30180 |[-1.493 |-0.425 1.552
10 56 |1 56 |33-34.769 |159-34.714| M 3 | 66 26.6 | 30199 |-0.864 |-1.156 1.443
11 50 54 | 33-36.149 |159-47.711| M 3 |12 26.7 | 30180 |-0.638 |-1.548 1.674
12 44 — | 32-10.490 |156-20.308| N 5 |20 899.0 | 30130 |-182.3 [90.0 203.3
14 28 [2 38 {33-38.159 |160-25.026| ™ 3 | 38 26.5 [ 30130 |-0.095 | 2.164 2.166
14 48 — | 33-38.307 | 160-30.820| N 5 | 28 27.3 | 30140 0.916 | 0.414 1.005
15 24 56 | 33-37.778 |160-39.254| A 3 |31 26.5 | 30130 0.973 | 1.369 1.680
16 30 |1 06 |33-37.730 |160-55.070| A 3 |37 26.6 | 30140 |-0.496 |-0.326 0.594
17 08 38 | 33-38.143 [ 161-04.158| A 3 |34 26.9 | 30120 |-0.530 |-0.910 1.053
18 28 |1 20 | 33-38.471 [161-23.591| A 3 |17 26.9 | 30190 |-0.119 {-0.317 0.339
20 14 |1 46 | 33-39.714 [161-48.923| A 3 | 60 27.5 | 30190 |-0.034 |-1.279 1.280
21 00 — [ 33-39.520 [161-59.943| N 10 7.9 | 25.3 | 30199 0.144 |~0.672 0.687
21 18 |1 04 |33-39.483 [162-04.434| A 3 | 46 26.9 | 30180 0.341 |-0.956 1.015
23 56 | 2 38 | 33-34.617 | 162-37.650| M 3 |14 26.9 | 30130 1.953 | 4.417 4.830
TIME : % b « 7 ¢ 7 208 GMT 2%+,
PT : BiEIDEHH bR OEH % T OB,
LAT(N) : JbiEcEL A TRL, SUTRNEE R TREREDR .
LON(E) : ##%
FIX: % b - 74 7 2OEHFERL, AZEHFES, MIFHESH NITEEHETT.
ITER : IR#EHE VIR LEEK
ELEV : kM, BT
FREQ : REHOEEFKE Y N THEORBREEOE CHALIX ppb (Parts per billion)
SAT NO : ATHESRS
ALONG : a—2{BvDFAND S 7 v 77— b OBEZETHALIX NM
CROSS : 2 —2DBEHHNDS T v 77— h DFEE
RADIAL : 2 %" HRMEH R TREOHESHE
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ALEENEC I 2MUMEL T — ¥ £& (PLRME - AREXE « & L)

5.3 b7 4 RDEH

ATHEERRLOF & LT 229d (1974428 A17H) D4
RE10F BT 5.

IORRYYyY X —RMAEEBALCET, =75
VERERPLINIZ2, v bTRBEmMEICE-T. AT
HEBEERZELY - 74 72 LcEET 28 ¢ &
5.

Z0HHLHABESFAXISE, FEIEFHFMSHE, EHL
BRWLONISEITHS.

EFRI8E TG oERRE PT ik 1h20m Th 5.
L LEAD PT ik 2hddm, B/MI20m<chsd. ZEL
HERHEAH0mMm O CmPTE NI Z gt A ¥
2,

HEEFOMBOR L EV b 01309002 51524 % T 0
6h24m |z Fr OSES O BEIFE 24h/13E = 1h51m o 3.5{% iz
75,

DX REEVFEEHFELBELTZI DV TH
5, ZOBETREDNDL S KFEEHE 3E{To T 5.
S 7 v 7F— FOBEEIC O W TR RO CEBH T
HBFETH 5.

5.4 Yt 74908
TFIEH (35°N, 140°E) bk /v (21°N,
F TOHY 3600NM [ % 4912 H FEl CHiHE L 2.
DORfERIEPRRE AR ) B 2> T2

ZOMBDOF L 74 7 AOBEFURICRT. £/
DEGEPTH O ERRE L F12RicR T,

158°W)
Z O

#wllk FE—F/AVVEOF e 7 472
day A M N R
226 2 6 3 11
227 11 7 12 30
228 19 2 5 26
229 13 5 5 23
230 16 4 10 30
231 7 11 10 28
232 16 3 23
233 18 1 2 21
234 10 4 10 24
235 13 4 4 21
236 16 0 24
237 15 0 7 22
238 1 — — 1

cday: Va2 )7 VB, 22601X8 A48, A : HEES, M: FH
BH NIEHES, R:¥ b 7147208

< 226 A THEHMBOH L238A & / VAV AHO RISH» LR,

< 229H DY b+ T 4 7 AONERBIRITTT.

#12%

AlM|IN|R B =

A EY

% o 154 41 71 272 11 B RS
SE ¥ E K 14.00 3.73 7.0 24.73 1 By
W o®=(%) | 56.6 15.1] 28.3] 100
EHE B Ib 2]m 58m|
+ 227-237 d ORDLLH DT L R
- REAOBBEERT 35°-21°N
#I3% H b7 47 RDEY
A M .N R
SE B | K 10. 15 5. 69 6. 54 22. 38
o #£(%) 45.4 25. 4 29.2 100
SE R 12 3Im |b Q4m

- 265-279 d OHOIZHE

- ZZHIE 06°-10°N, 164°-171°W gk

FHOF b - 74 7 A0EET 1 A 24.73ETH D H
BRI ERESm T b it b, BTRITRTOEE
EETBOT] BIZHB0ERES. Zhik 2 20BFER
EVEZICBIETABE 0550 T 74 7 A XD
S MRV, 24 T8EE LBV D Lt

24.73ED 5> LEE - FETEFH T L0 7L.7% T
17. 7B ¢ % ¥ Z 0FEREHIRRIL 1h24m, BEERE346
mTH5.

F b T a7 AOFHERE24. T3EITH B A5 KR L
BoNI30EN 2 B L2lEIR 2 HTH B, AT Y XERT
EAERERS. 2R TH D I8% ek .

oV b o 74 7 ZAOEEHT 06-10°N, 164°-171°W
DS TISHEOFI W ERZTERT LEIBRDO X
5Ch5. TE-F/NVVEBOFT -2 CHATE 7
4 7 A1222. 38N IR D BT OFHEE L 1h3lm i@V
TEBiTl0% < HWED > TV DREREICR » el
DTHHY.

6. HERMEOBRE

6.1 FEEVY—

Fbre T4 7 RACEVMEBEELEH T LRECEFH T
FCOMEE L FEDO v — B ERELTY
<. ZHAHERITEE dead reckoning T 5. HERINTEEIC
X ERROBWE L MO vy —RBAWEFEE, KED
2 R OIMEE & TS UHEE &5k 3 1EMEMER S Y,
I TCHAIEERYTWS, FuOE v —@F Vv A u
IVRRATHBD,

HEOX L+ —iZ K75+ Y —+& EM u 5 Electro
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BWEAET AR (B28E B 25

Magnetic Logging 3% %. FK7°F « Y —FiXEEDE
EFEREORFED ¥ 7T « 7 b & AV CHHEE & #1T
J51 (along) LEEESHE (cross) & 2 pisy TR 35k
THY, KEKH00mECETHE. 0L RIEE
DOREFEEFES DIA ML« vy bottom lock &b
na, EIEL 2B LKRPOBYLREEEIC & 5 KEHE
EHEV, THIEY +—¥—< Ty 7 watertrack L \b
h5. FlEMu 7 bkEECRECHONIE. ¥
#—F—17 v 7T EMr S CbHRIc X MIERS
ETohD, MERIEFR WH LFE WS © 20T, F§)
TEESC AN LN, HERAMEEZRDS.

LPLEFT e y—FBRbbh vy 7 iCRDLHE
Bz, CRT £#=#—25Hbi%%. WH L WS
FEY b T4 7 RREH Lick XICZEONME &L HERALE
DECHLIFE L ThH LD TFEHcEEBICANS.

ZOWRBIIA Y TA VRIS TIRWARWY,

6.2 FEBROBRE

25 word G, ZDH Ly T —HEEWE L 1TWiX
BRICOEFREDO LD, SWREEDO DO THS., HE
i 12h Z Lz 16h SADHITA v e —VEER B » b
BEASKhE, gAShk L EZEMIcRh 28R 200
74— Nolm i AN DA, BEASKEET S LBRERSL
12h 702507 ¢ — MES. RREEM tp K & YV EE os
8

ag(feet) = 200450 tp/12
ThD.

6.3 HERMEORE
MEZEHLTHE Nbr v 7 Tk 2EHEZ DBL,
v x—F—1+7 v s OFEMEE DWT L+ 3 L #ERIERO
FAZE opr X

opr = os + 0.005 DBL + 0.1 DWT
Thod. THhOLLERDNI%NBIVI0% Ty r—F—
¢ b Ty 7 OREOEIEE, 20ELREV. EM v
FAT e V—FDy4—F— b Ty L &bitdL

BENLREEINTL ZHBEEBRII A v —VDF0 B PRI TWS, Z2CEMr ik 2 HARE
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