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Abstract: GPS differential positioning test on the Antarctic penetrator was
made at the Aoyama Pasture, Ishikari-Tobetsu-machi, Hokkaido. The re-
ference GPS receiving site was chosen in Hakodate, 200 km southwest of the
Aoyama Pasture, taking the planned operation on the Sor Rondane Mountains
400km profile in Antarctica into consideration. Three dummy penetrators
were dropped twice by changing the release height in the range 160-1000 m
above the ground.

Six impact positions of the deployed penetrators were determined by a
relative carrier phase measurement to an accuracy of 0.1 m, and the position
results were compared with the post-processed GPS differential positions. When
10-20 s duration GPS position data could be acquired at an interval of 1 s before
and after the release instance (1s accuracy to UTC) of the penetrator, the
estimated impact position by tracing the falling trajectory was found to be
within 30 m offset from the actual impact location determined by the relative
carrier phase measurement. When the GPS hovering data could be acquired
for at least 1 minute duration just above the impact crater, the calculated
impact location via the hovering-helicopter GPS position data was found to be
within 10 m offset from the actual impact location.

The height accuracy of GPS differential positioning was =10 m (PDOP=
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5-20), which is considered to degrade to =20 m when the coordinates of the
reference GPS receiving site were determined by the time-average of point-
positioning results.

As for attitude of the dropped penetrator, the declination from vertical
was found to be within +5°, when the penetrator was dropped from the slowly-
moving (below 20 km/h) helicopter 200 m above the ground.
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Table 1. Participants in the Aoyama fall test of the penetrators.
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Location of experiment field at the Aoyama Pasture, Ishikari-Tobetsu-

machi, Hokkaido.

Fig. 1.

(2) ok y vy GPS gtz 1 o Ll 3 C/A = — FZ{E% (GPS Pathfinder) %

FRAL, BEATD GPS ZEF—2xAVT~) 272 —-D) 754 45 GPS fZEICE
FhLBHRBENEEYHIE TS (GPS Differential ). = D HFEIC L % LBE&Z & D~V

27 & —AEFIERF 10m CHEE SIS, (6) O GPS TR T, HEABRMOLLE

(WM102 Z{E/8) 1w & b, #uaxde (L1, L2 3%) of 30 70

HEFETRTO GPS FReR%Z(E
(6) =X

FHRMZ TS L, 0.1m BECTETAEBELRDD ZLENTEZ LHFINS.
DRDONIIEFERERCH TS, (2) TRODONCEEOREYRANDLLicky, #HE
CRED B ZERTONF v — 2 —BTHNEBREDORBE % TOHEL T ZENTE



314 BAMEDS (BRI -2 —HR I A—F)

699.5
(a) r 1;
' . 626 o -
] ! 1 : '
'
: H . ) | 400 !
! ' —t - L ~p——
I ' .271 80 | :213 , 30 :
1 : +
' 1! ! K H
' W r ! 1
o 22:;%61 : : : , As2s_ ! e
ot I 1 I .
396 207 60128 / \ 1 1 2
1! M
5| 2
SR
5
nl © o
D [=2} -
[+ @ -
- | & ‘l

T

(b)

! 10 ! P BrRmAzE-Y
po—100 — 135 —1—t o 50
15—
: : 100.3-—:*:—2-; T80 ./ |
[

- -—_— 2
— &

IS | I i g
SRR yai

—

]
\ -—50—sr+—120—=
M93x1.5 170

B2 @ <Frrv—2-—#F5, ARV B; A=F b —2—2F Lot L.
(b) RF by —2— KT, C;EEHTHERCMEHE L S vdl L.

74 VIR ARDIRTE A LD LTH 5,
Fig. 2. (a) Penetrator body A (and B) in Table 2. Modified Jrom the proto-
type of the moon penetrator. (b) Penetrator body C in Table 2. Modi-

fied from the model used in the JARE-31 Asuka falling test in 30 Decem-
ber 1989.
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Fig. 3. AS350 Ecureil used in the falling test of the penetrators. GPS Path-
finder antenna was attached to the window at the main-pilot cockpit.
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Fig. 4 (opposite). Schematic planning of the GPS differential positioning. (a)
Fixed Pathfinder receiving site at Hakodate (HUF), 200 km southwest of
Sapporo (HUE). The Aoyama Pasture is located 10-20 min’ flight (30
km) from the Okadama Airport in Sapporo. (b) The survey pole install-
ed after each fall test. Precise GPS relative positioning was made at
Poles 1, 3, 5 and 6. (c) Helicopter hovering GPS data were acquired
just above (~10m) the impact crater, and the time-averaged GPS
position is to be compared with the precise location by the GPS relative
carrier phase measurement.
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Table 2. Penetrator bodies used in the fall test.
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1 C 10.4 100 901 1078 342
2 A 11.0 120 715 895 300
3 B 14.1 120 715 894 348
4 A 13.1 120 715 895 331
5 B 14.8 120 715 894 340
6 C 10.1 100 901 1078 338
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Fig. 5. An example of GPS satellite constellation at the experiment. Fall tests
were made during the time interval between two arrows. (a) PDOP
(Position Dilution Of Precision) change versus time. (b) Elevation
change of each satellite (PRN) versus time.
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Fig. 6. Wind speed, direction and temperature profiles by the balloon tracing
method at an interval of 50 m to a 1000 m height above the ground.

(a) Release at 0753LT April 12 before fall tests.
(¢) Release at 0740LT April 13 before fall

(d) Release at 0834LT April 13 after fall tests.

April 12 after fall tests.
tests.

(b) Release at 0903LT
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Photo 1. Penetrator hooked beneath the
helicopter, before take off.

Photo 2. Penetrator hooked beneath the
helicopter, after take off.
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Photo 3. Pathfinder antenna (white box), re-
ceiver (black box, right) and the polycorder
(box with key buttons).
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Photo 4. Balloon was ready to fly for profiling
wind speed and direction.
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Photo 8.

Survey pole was stuck beside the impact crater.
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BFH 5 Uk
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Photo 5. Similar photo, after release.

Photo 6. Theodlite tracing of the balloon.

Photo 7. Receiver of the radio sonde for
profiling air temperature.
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Photo 9. In order to measure attitudes
of the penetrator, snow and mud were
removed.

Photo 10. The penetrator was ready to
be pulled out by the oversnow vehicle.

Photo 11. The penetrator body A after
recovery.

BEH 12-14 = 2p vE-— AVt WM-
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EH 12 Pole |l w#&E xnt-7 59
(timh)
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Photo 12. GPS receiving by WMI102 at
Pole 1.

Photo 13. GPS receiving by WMI02 at
Pole 2. The trees had no interference
Sfor GPS receiving.
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BHE 14 O% A (eiol) ©4%(E
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Photo 14. GPS relative positioning was
also made between HUE and AOY.
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EE 15 No. 2 YT+ bPr— 2 —THAGAALTET
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FER 16 JEERAY B AV VL2 v TETAL, 7
VR ERCERR S
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Photo 15. Aluminum container used in the shock test
of the crystal oscillators.

Photo 16. The aluminum container was filled up by
polyurethane for fixing PCB boards. Pictured after
removal of the container.

Proto 17. PCB boards.

BR 18 JbOKZEFMRE E (KA /8
X itz GPS differential [L]5E 5.

Photo 18. Fixed GPS Pathfinder site
(HUF) on the roof of the Fisheries
Department of Hokkaido University,
Hakodate.
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HELT2BELDH 5.

24, L—HK—LEA

JWA-76T BUER vV v F 4 BRBEHETERTH V—F— LEAIEZTo7. ~V T AFAEFR
TALLE A £41 100g FERA{FH, 200m/5r0 FREECKRER L. 15 BoLeEE
A ANALYFHEARD, S0m Z& 1000m FHEE CORME - BELRdl, K[BESMS KR
Dl TAYVEBRAREBEG CTREOKRERXT, |EER 0.5°C UATHS. BERAR
KEHEIEERT (F ) oREfiZc L Tiibhi. BE 4~7 KBRS LZRT.
FADORF P =2 —FHTRIBCHEIRL, 1| B 2 @, &5 4 BoF—-22RELL. K
HREEZIKRD LB D THB.

4 A 12 B #TFai: 0753 (JST)  #F#: 0903 (JST)

4 A 13 B #FRi: 0740 JST)  #TF#: 0834 (JST)

K 6a~d icfGohicElm « BE - KB MERT

25 R ML—4—-0ORIWE GPS FiR

BWTFEE 4 B 12 8) 33ABFTHL, BETFTAF, 2EIRL, NBEEDSKLE
REXT-TRE GABH) 5 LERTTS. Lists TTaOrhAT 4 0BEIRE
#o GPS MEOBL )V AEETHS. 4 A 13 BRERTRLHEAL >/ (K 6d: 800m L
22T 20m/s) 23, A4 B, FOFETCHEFLTHLAF b v—x—kHTHEL, BHCET
MEZEABED TETHAY v/ FH2 LA TER. 4 4 12 Ho No. 3 (1000m HJh#EL)
3, BEHERThRORCE LRI RRIES TH 1. HTECIIA, —E—
EATHRG O, 3 <¢=2rvR— A% T GPS filEcfizic. K 4b & TA7EMKR
WY EARLTH B,

BEETEOETHATY 100-120cm T, "% b Lv—& —3+0BEF CHEL TV 5.
T ARryYA— VERELBIREEYEE 8~11 12573, No. 3 i sndic bt o CEIRIC
FRM D 3-4 BRI LA, Foflo sk 30 4-1 Feff CEREEH R O B % & @ [
T&.

GPS JiExdcg i RF ¥ o WM102 12 X » Tfihte. VLBI frEic L -E+
HEPE No. 5 GPS a4 (HEF, BE) ZRMNZEC I VREShic GPS M,
A F A B T v 2 —BE (ks HUE) C@EShTL5 (BEE,
FLE). FoT, bhILHES L 4 HTO= A v v E— ATE, ROHFILKES 4 =640 T
GPS HMEI L. BE 12~14 CZERDBEREYRT.

FEZEE 4 B 13-14 5o 2 BT b 2 v, v a2 ViTote, B 7 7 — 2B
BREERT. (1) ALRESRO AC BEWHE, () WMI02 2580%H b B (GPS K%l
D 00:00:00) TAX Y K34 2= Fioigbinhotes &, (3) BNIC X 28T 0 H T No.
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4/13  09:58 11:37 15:34 17:30
" GNT
RUE: ! stop BEFIINEHERE
E ) : A C oWl
]
AOY: L ; L HbyET2E
[}
: ® l
Polel: . L @ T n
021 2 i RE 7108/ F
: Ny FYV—=F =33 T¥hs, ! H
Pole2: - stop ' :
BENTCHTIRID Ay F )= —204<,
B LDy Ta VI TAOY-Polez AL T,
0. lmﬁlﬂbi& 50
4/14  23:00 23:30 23:59 00:40
GMT
HUE: : :SWP*4E®EbDE?29VA4%—F#
! ® ' DEE Bt x5,
AOY: | L x5
! ! : AOYIRLIL A Z{Z LTV,
1 ® ! )
Pole3: | L }
: i
23:45 : 00:35
Pole4: : 1 20
23:50
SWRILK?

B 7 WMIO2 i X 2=ArvE—{ifE®D GPS relative positioning 7 — # »
7 — b, ZEHOEE TRATIIE TEMEC e 5 7228 0.1m FFEE o WGS84
HLOEBEERTE AR D bivic,

Fig. 7. Data log note in the GPS relative carrier phase measurements for locat-

ing impact crater positions. The obtained geocentric coordinates are ac-
curate to 0.1 m for all Poles 1, 3, 5 and 6.

2HIED A T Y —MEEEE — T ANE— I FALSR TR TERMFEIELTLE s
LR EDEBICL D, RFFIREMRC s 5 222 3.4 BiiTRT X 5y 7 vz 4 A GPS posi-
tioning O ¥ # 2 U5 fod D FKHEEME & ~10 cm ¥ (GPS JiE~2cm, fi5 Hj&~10
cm) THBLZ LR TER.



BRATHEEINANE b L — % —0BR (1990 £EHRE) 327

3. &% =

31. BTRBRURALY

REPV=Z D) TFTHFLREBT~Y 2 72— EER LA SEET 2848055, &
DEZNA P V= F—3EEY OFRME (A 2~3 B) ey vrikRIT. ZhiE
R I 2BHATHRIIT 52, BT Th5058IELRw,. _Fbr—&— 2~ =
TE—DT7 oy INLEOIELAEIL, CoFvroviRIT. BRERCOY, Fv 73 EER
25 (BHEI-TIRRD) BEEHES. BEENLOETLARA L V-2 — 3 CSHEE
AR » F v 7AW o Tunde (G iz X % BRERD.

l1BEDERTREr—) v I/HKREP-LDOT2HEDER TR VAT r—72E< L
7o (10-20cm). £ 3 W KB EH S I OVEALEEZRT. HTHEII~NY 272 - 058 0H
ZEDE (BEMTNMEE Om CRELTHS), BAREIEAWCHE LETHS.
BABRELD [BEEOSNX P v—2—DOEMEBRASOEBRER | TEHEILD. Ik
BEASNELLDAETRLE.

® 3 EREHSIVCEALS
Table 3. Fall conditions and the attitudes of the dropped penetrators.

£ B BTEE BAREE EEOEx BEARKE +TR~0BARKE #ILA
No. (m) (m/s) (cm) (cm) (cm) (°)

1 160 52.9 80 141.2 61.2 0
2 330 73.9 70 117.8 47.8 5
3 1000 121.5 113 201.8 88.8 5
4 160 52.9 68 127.5 59.5 6
5 330 73.9 72 146.5 74.5 5
6 680 101.7 85 210.8 125.8 3

*EAREREA IR T, BRE LTEE 15kg, BER 120 mm¢, WEIKFEEE 100 m/s T2
SHECETIh-BEoRETBEL R L.

KX 8, No. 1~6 it & DA b L— 2 —DEARBZERART. 2 HEDEE No. 4,
56 DEALRBLHNL LEEE» LR T LA DB EELEAVHEICENC L5425, 1
HEORBRIOHY) T r—7 2Rz &dB D, YIBLEOY ., Fv 7rOkRE X
BOENH T, i No. 2 offlizic Rk &y , 7 v 7 (ki X2 BRER) <HT
Licie @I RE . o No. 3 3—FEWELORT Lics, BTHAADTSE
DENTEBERE » D THE MBI L o TRERBEALRLAELELORD. WA
Rk, V241-M v — O BRERAIL £15° 7coT 160m L EOEE» SHT T
NIEFEELRVEZEW - T v+ — B3I Lh 23T THS.

ERLARFR b v—2—DRBIEF LD, BELALIDOLH 7. LavL, KERE
Bz h e BEQCREB TH . REOCBERIBEALLTICRLA, FRCE-
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(C, 160 m) (A, 330 m) (8. 1000 m)

50ca

No.1
No.3

(A, 160 m) (8,330 m)

No. 6

B8 T4 bL—x—nfEkRRK.

e TEBRWTFR LS, TEE+LThHE. No. 3 EROTER LT
0.5 m BAC PR, o, K TETHCHBELIRED. () A
DERFEACIAT 4, BFRIRF -2 -1 ELBETH?.

Fig. 8. Attitude of the dropped penetrator. Numbers 1 to 6 correspond to the
fall numbers in Tables 2 and 3, respectively. The surface layer is snow,
while the lower layer is basically composed of mud. As to No. 3, the
upper part of the lower layer (dotted) is composed of mud and roots of
bushes, while the lower part (shaded) consists of sands and stones. The
symbol and the numerals in the parentheses correspond to the body-type
and the release height, respectively.

BRI ENTIRETho7-. REISA -2 —2RAECE TS 2&ZB0Mte, &
ABICHF LN TERBO~— 7 —BRAYHEET AR LFE - T, LBIELICED
AATEEE No. 3 Db, BEXHETICES ) - . BEIHIEOREES T2 BRI
ERTEE 56, 191) ToOERMEEYEZIC L TR L, SEOEHEDHNE
B o bt DB Lo e b B2 bR A, | BEOEBRTIBELFEERTELRE
bBHoted, 2 AEOERTRINTHFLVGCERRICI ) B2 /.

32, RABOHBMEE
%8 No. 3, 4, 5 OEACIERIMEEH 2 HE| L. EB No. 3 o< b v—x -2
1000 m OXHEFEN LR T IN, SBETOOHRAROREZK Y Y, BHEN 20cm (2280
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’1000 T T T
O ~
c o
o E
T @
5 ¢
3 @
8 S
-1000f 4
1 1 1
0 10 20 30
time ms

K9 No. 3 oETERTELALERMNEEEYILE. a XTBEEA, bzt

BANDEACKHET . c~e il LBFHOBC H iz - R OBRICHIET 5.

Fig. 9. Acceleration record of the No. 3 experiment. For explanation of peaks
ato e, see text.

KEAEEYEUDEBCEAL TV K KA S HRIMEELSEYRT. SBIE
ALt & (#360G; a), BCEALI-L & (# 280G; b) OEBINEE D IZHICEEICE
BLILEXOERLEZONDE—7 (c,d,e) R OIS, RAMEE XL K L %L 670G T
b5 BEOBECKOBLEYSALLBOEE L SFERIL Tt w0 TEEMAKREIT
Thlswh, TBCRALLLEEZOMEEEFILBICEALLE ZOEBICHENTERE
BARSEVESCRLD. EROE &L 1.13m, (a-b) RDERIL# 1l.4ms TH 5. -
TRE b V=X —EWmAFERYEHB T 2RO FEEREL 1.13m/114ms X b{ 9m/s T
»H5.

3l REPIETOHRTEROBEARKER 22m) tAUATF 4+ X545 EDEER No. 6
DEARBEYEWEROBCIFREL CHETLL, BROSECHET LB
500~1000G DEEAYFIT2 L Bbhs. V241-M BB - OBREOEHEY S IXRIE
Az BbT &ENTES.

£E: No. 4, No. 5 0ERBINEE T — 21, F— 2 v a— X —CRBIhTWighsto. o
L, F=2EDRAZD L) F =3 o TWwB2 End, BEEARCALHOBELRD
7 ARZE ST Y=o TLESILDEEZDLNRD. MELAE~NY 275 -1
BELERTLIEE, BE/ M1 AOFEXXT T VO TERELALHNMC KT 5EEERIC
BULTiE, BERLESCHER 1 ANRIADELSS.

33, kaREFEHRERR
FEE No. 2 DAEF 4 IITKERIES 6 (H (2.5~24MHz) 352% 6 fto 7V v + &R
FEIEL BREAYV LA VEETALTT A BEBCEE LD R 75 VoI ERLD
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L THEARAA. BEIARY v v & VIR EE 0.04 g/cm® TR, FEX =105 TEFI
DTHETAFELELTEETHS. 3 Ko7 Y v M IRITEATACH L THET, 3 RT\EEC
BULTwAMSRYFAN . BE 15~17 wREOKRFERT.

TORF L V= Z—IRHEE 330m LB TIh, KEMO LBFTEL LT
(X 8, No. 2). & 4 wHEBHHBICHE SN CRIEAEE YR T, ERCAVLKERIRED
REXEE M 3ppm/C T, ERIHEOREEZE LT, RETLCH> BERZELLS
FRTWBDOTULTLLEBRLETHER TR, IR LTh —3.2~2.0X107% LA
DEABEEEMCE I F > T 5. foi LEBREBRTIX 500-800 m xf#iFEE A 54 A D RER &
DVEWEEANE LTI LNELLbR, BECHERATELINEINILRERNLETH 5.

* 4 KERBRERBEHERART - x
Table 4. Shock test of the crystal oscillators. PCB boards are contained in an
aluminum cylinder and filled up by the polyurethane inside. The con-
tainer was held inside the penetrator and dropped from 330 m above

the ground.
WEABE (MHz)
Parts Number — — — ; H
ERARE AT ERAREM R
TC0-711JT-2. 500 2.500095 2.500087
TCO0-711JT-9. 000 8.999916 8.999930 No. 1 PiR#EHEA*
TC0-711JT-16. 000 16. 000324 16. 000324
TCO0-711JT-20. 000 20. 000989 20. 000963 No. 4 Pl A*
TC0-711JT-24. 000 24.000514 24. 000563

* gETENOFEE L TET, RXEECBA L E2FT.

34. ETMERE

~y 27 x—0 GPS fr&Eit WGS84 % (DEFENSE MAPPING AGENCY, 1987) CTHEHE I h
50T, differential EERLE, HFTUESEL WGS84 RTCEBTILE,LSHD. Lok
DI EESERARE (F 51 Ny e AfEMAELE) © WGS84 ZRADEBRMNDEICL S,

£S5 _FPrv—2-0EFTRMEYRET DDAV GRCEARE—E
Table 5. Geodetic control points used to determine WGS 84 geocentric co-
ordinates of the impact crater.

& Al HERA B’ & B = HEER
(N) (E) (m)

—m—m #JIE (ARK) 41°48'22. 657" 140°43721. 865" 2.62  Bessell

mEm A {EEEFE (TBN) 41°50/37. 989” 140°4303. 941” 25.817 Bessell

PO =k RTE4S (AOY) 43°29/25. 839" 141°36745.976”  233.70  Bessell

BbA JtAokEES (HUF)  41°48/23.015” 140°43/20. 508” 24.35  Bessell

GPS Ki#EfS*  JpKEZEE (HUE) 43°04/24.269” 141°20727. 547" 63.644 WGS 84

* E+IERE VLBl ¥ LN GPS THHIfe X VEER D 1 bhie,
LERFRETHBETFN v 2 —BEEH D,
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3.4.1. GPS FHHMLic X5 WGS84 iz

b REYEELE S (HUE) 2EFEASE LT, WMI02 2 AW CTHNRIRE Shicx—1
MBEEOS 7 P AR X 3 6a 2T, M 4 128\T polel L pole2, B pelo4 -
pole 5 XfEHRE THMIE ¥ 5 DT GPS Z{Z1% pole 1, pole 3, pole 5, pole 6 K *
AOY © 5 #FTTIT-» T\ 5.

F 6a GPS THHEMICL Y ROONIFETHRE—ALIE (WGS84 #iLLEEEER)

Table 6a. Pole position of the impact craters and the triangulation point (AOY)
determined by the relative carrier phase measurements in the WGS84
geocentric coordinates.

X (m) Y (m) Z (m)
HUE —3643913. 263 2915047. 854 4333505. 972
AOY —3632579. 846 2878214. 065 4367574.790
Pole 1 —3632896. 376 2878240. 183 4367267. 310
Pole 3 —3632692. 883 2878214.123 4367483. 669
Pole 5 —3632783.752 2878067. 063 4367507. 461
Pole 6 —3632724.251 2878143. 205 4367506. 467

B Lt »7 HUE o VLBI ¥EHEE (4,) 1
X,=—3643913.263,
Y,=2915047.854 , (1)
Z,=4333505.972,

LRDLNTBDT, GPS P TRDLNBFEE~NZ7 P+ d ¥FEVT, X=A4,+d T X
> THER— LLED WGS84 HLLEEEMII R b, Bowring o (MEADE, 1982) i< X »
T3 6b » X 51 WGS84 5tk (a=6378137m, f=1/298.257223563) Lo frBIc L X
5. iz AOY o0 EEI

Xo=X,+dx=—3632579.85,

Y, =Y,+dy=2878214.07, (2)

Z,=Z,+dz=4367554.79,

T, Xt 5 WGS84 R5Fk b o Jih FEiE X
bw=43°29"34.555"N ,
Aw=141°36"32.550"E , (3)
H,=265.42m,
THD, L AHTESKTETI e AOY 0fEEIR H=23370m /T 4 A V& N it
N=Hy—H=31.72m [ 7t b FUkuUDA (1990) Of5E L BN TH 5.
% pole 1, 3, 5, 6 OWMMPEEE (F 6b) HfE, B£E, mIZHE 10cm ORISR
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LA (EE~* P v—%—HRI/1r—-7)

F 6b GPS FHRIC X hRDONIFETRA-AALE (WGS84 JlMEEEE)

Table 6b. Geodetic coordinates on the WGS84 Ellipsoid.

HA EVI =2 m E N # E (B) fEMfkE (H)
BT RS AOY 43°29/34. 555" 141°36/32. 550” 265.42m
4/12 ( 160 m) Pole 1 43°29730. 437" 141°36/35. 672" 267.00 m
4/12 (1000 m) Pole 3 43°29'21. 433" 141°36740. 387" 245.54 m
4/13 ( 330 m) Pole 5 43°29/31. 406" 141°36/39. 013" 268.58 m
4/13 ( 680 m) Pole 6 43°29/31. 444”7 141°36/43.313" 268.80 m

FoThwabeEszbh, 3428 Rt~V 272 -0 Y 7 A x4 5 GPS (BT ILH#E L
LCRHWAZ Liet 5.

AOY D~y w AREFGE L TOBIMAE L OEERRRT S &

Xp=—3632455.71,
Y,=2877730.63, (4)
Z,=4366918.51 ,

ThrH, —BIcRsD 2 SDOMEER TFE INLMER Bursa =500 7 25 2 —2— T
IOMEEBRINLY, SRARMNOZEBR T5 L, ZOHK DO, v/ BERE M
WGS84 i LEERFE S LTHSF 72y MX

AX=Xy— Xy=124.14
AY=Yy— Yy=—483.43, (5)
4Z=Zy—Zy=—656.29

e, EWIEDONy VBT ABR AT A -2~ L LTRATE S,

BRI D =% =5 ARK, TBN (3 4) 1 GPS ZE 3 NEY D T ARK D
dbkkESHE o HUF WROAXHRT . FE 18 XX 10 i & ROMESRLYE
B35, COROEE (F S o HUF) O, w VEEE R T OMLOEEM B

X,=—3685279.64 ,
Y,=23013964.93, (6)
Z,=4229190.85,

DT, & (5) HAVT WGS84 R ToOMOEEAE IR

Xy=Xp—4X=—3685403.78 ,
Yy=Yy—4Y=3014448.36, (7)
Zy=2Zy—4Z=4229847.13,

L#FEhh, Bowring Bz L - T
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0°24'44" 4195.340

114-39-23 B 64°5563"
HUF

€°))
53.209

10 BIE=E=AELROMEYT, JLRKEFRE T GPS E#E
(HUF) #%& L7:. HUF O£l Sh T 5 RO ELERED
BBEZ XD LD T—H =i b TAEXGER LT,

Fig. 10. Geodetic control point HUF installed on the roof of the Fisheries De-

partment of Hokkaido University by conventional surveys from neigh-

boring triangulation points.

m#)EE (&)

6w =41°48/32.323"N,
Aw=140°43/07.710"E , (8)
Hy;=51.30m,

LkdHBND.

3.42. ~yarsx—nyT7rx4s GPS fLE
HUF%@ﬁﬁka&&WMMpmMmmg%ﬁ5C&KibA%WB@%ﬁ*@

B a% 4 GPS (BARDBHZENTESD (Y 7214 GPS (i & Es). BEER D

Pathfinder 7 v 5 Fit<=—» —F 1.83m iy ffiF70T
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by =41°48732.323"N
2,=140°43"07.710"E (9)
H,=53.13m,

% 6c GPS REA(E O HAEEME L LtoRELRI~V 274 -V T2 g
LRRBREESRE D 7 — x AFR
Table 6¢. Data sets which contain GPS differential positioning coordinates as a
Sfunction of flight time (UTC).

7= X FAE AR RYERRERE EERFE (m) T

vy M4A (N) (E) (FEME) &

penel.raw Point positioning
penel.asc 41°48’32. 20" 140°43/07. 49” 45.76 4 B 11 3 2300-2350 15
penela.asc 41°48/32.32” 140°43707. 71" 53.13 7 9)

pene2.raw Point positioning
pene2.asc 41°48’32.10” 140°43/07. 82" 62.01 4 A 12 B 2300-2330 3¢5
penea.asc 41°48’32.32" 140°43'07. 71" 53.13 = 9)

As to penel.raw, no differential method is applied to the helicopter GPS position data. penel.
asc is obtained by the differential method with the reference Pathfinder coordinates determined
by time-averaging of GPS position data. As to penela.asc, reference Pathfinder coordinates
are given by eq. (9) determined from the relative carrier phase measurement. The last 3 data
sets can similarly be obtained from the experiments on 13 April.

F72 A PPVv—ZF—TFTERLELALF+— L (191 £ 4 F 12 H)
Table 7a. Time chart of the helicopter operation during the fall tests in April 12.

T v v UTC ﬁ Ej]

m s hms

0627 231427 160 m EEZ|E

0648 1448 160m k- Y v

0725 1525 Yy —=A

1000 1800 HETERAVE FAAY) v
1108 1908 R VST

1154 1954 e

1326 2126 WERE

1723 2523 330m ESERE e KAY T
1745 2524 Yy —x

1904 2704 HETEA Vb KA) v
2123 2923 EhE

2250 3050 e

2756 3556 1000 m FEFFE « kY v 7
2902 3702 Y ) — AARH]

2915 3715 Y Y — AT

2928 3728 VY —AART] ~YE—~ b~
3915 4715 1000 m EE~NEHERE « A3) v
3935 4735 )y —=

4157 4957 BEFEA VL HY 7
4433 5233 R Vv IET

4723 5523 £
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AEMFETEEEL L CHRAT L eT5. 222 LEEER T VLBI A28 1= #Hl L1
GPS BEE SN LTHE T 513 Titis\ 0 T Pathfinder 0 FZEME L EHEREE L L
TERATLHENL BTV, BRELYHEET%. £ 6c i1 point positioning D&, K 2 &
DREELEFAMBCHIGLTESRDY 745 1 4 GPS (TBEOMMF— 2+, F BHER
1.

F7ax 48128 (1 HH) FRECKT A5 b v—2—FTREAZYRT. 7,70
PIvEEL (VY —R) i, A1 e, P REHSORFERELEOEHEALTT 54, L0
(X Pathfinder BENCH 7 ¥ 2 UTC BHic» 62U 1 BUAR TR E - TE L. 1,
~NY 2T Z—DETEHCHES M vy, POBFRXETFHCEREL, BERDOT, T2 11 L
HELT~NY 2 72 0B X2 BHT 5.

HHIN~Y 272 -OFBERBC L5 L, ~Y 272 -k 2312 (LATFEZI UTC)
EEERE, 231448 12k 160m DAY v SRS Aot FLTHEESE A HE B s
231525 127 o 2V Y —RZhic, FOB, ~N) 272 -RETFTHAEEN 10m £ THETL
T %T, 231800~231908 +.-3Y v 7D GPS ¥— xEfB%{T\>, 231954 ~y E— r iz}
Eote (No. 1 EEEOKT).

330m BENASD Y U — A% 232524 THSH. 1000m BEHSOBTERTIE, 20 T
R—707 o 7Zhb&k, YOHBLEBELTLETLEA DO TRIELEZIT> TV 5.
FULT, 234715 \24EEY Y — A X h, 234957~235233 TR EZRCOFRAY v IR K2 T
235523 ~V H— FIEEL, | HEOBETEREET L.

4 138 (2 HB) X 160m, 330m, 680 m ZEDIHCHET LA 12 AREEE T
BT 1~2 Ym0 v 7% fFot, 2L 680m FEEALOYIEELITEWT, HET

F#¥TbD RFPrv—2—FTEBR212F+—F (1991 F£ 4 F 13 H)
Table 7b. Time chart of the helicopter operation during the fall tests in April 13.

597 uUTC T )]

m s hms

0235 230835 i3l

0457 1057 160m ZEI)E« ) V7
0559 1159 Vyy—2=

0700 1300 BTEAVEF HY v
0925 1525 R VIET

1254 1854 3B0m FEFE R v
1304 1904 yy—=A

1400 2000 HBTEAVE KRAY S
1555 2155 RNy VIRT

2003 2603 680m SHEFE e A1) v
2056 2656 )y —=

2254 2854 HETFARAVE KAy v
2430 3030 FARY VIRT

2547 3147 EHhe
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BEAREDS (BE~<x P v—2 K/ L—7)

North
AQY 4150 m
B
43°29'34.555°N
141°36'32.550°E
H = 26542 m
on the WGS84 Ellipsoid <+ 100
(N=317m) 9m/s
No.5 ’( No.2
4/13(330m) 4/12(330m)/
A
+ No.4 S
- / O./) 1m/s
4/13(160m)  ®oA--- No1 e "
L.MA 4/12(160m)
43°29'30.07
141°36'35.0" OA\\ ém/s X
N ' 1m/s X East
100 ' 200 m
50 4/13(680m)
/_r % NO.3 23,3008
:-]
250 + A\ ol K o
42.842;
300 -J- m *

11 HFTAMBREOEEIRM ©ik WMI02 2468 L GPS FEflfnie X
hRDHLNIZO.ImMmEBE) 7 v—2—FFE. AMIZ7Vv—2—BETHIY

v (#3145 08) L=~V 2 7% —o GPS Pathfinder iz I % differential
F— 2 hbHEEIhC 7 v— 2 — (LB, KE2 P A OIBERBRIZRF b

v— 2 — g1 D LIBERIICHIS T2~ 2 72 —OXCHIE T, Y]
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Fig. 11.

Summary of the estimate of GPS differential positioning of the hover-
ing helicopter over the impact crater. As to the example of No. 3
experiment from 1000 m height drop, S indicates the precise location
by the GPS relative carrier phase measurement by WMI102, R indicates
the time-average position of navigational data via the GPS hovering
differential method by GPS Pathfinder, P indicates the helicopter loca-
tion at the release instance of the penetrator, and Q indicates the pre-
dicted impact position by calculating the trajectory of the falling pene-
trator. As to No. 6 experiment, the wind speed is rather large, and
the release instance of the penetrator is not clear; penetrator rope may
get twisted round the hook. X indicates the presumed release point and
Y indicates the calculated fall position of the penetrator with a hori-
zontal speed of 1 m/s acquired from the hovering helicopter. When the
penetrator gets 4 m/s horizontal speed in the direction of wind in propor-
tion to the 16 ~18 mfs wind speed, the predicted fall point will be Z,
which is close to the precise impact location.
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DY EELERFRAI L EBRIC LB 7 » 7 0D OBREEZNZIE 3~4 BoThrdsby, o
DEE (No. 6) DY Y — AR OEEIZKE (F Th).
3.43. V7 x4 5 GPS BIAL 0K

X 11 B T ENE OBREFNMA R T. 6 H0 © A EECEMNE=/A4 (AOY) ¥
BIZGPS FHAMAYB L CED b 6 MOHTEROBETFTMETHS. FlxiES124 A
12 5 1000m FHEMSHETLIN% b+ L—2—D%EFME (No. 3 EE) #RLT\5.

FRTREWTANY 27 2= 3RICENT 5 X 5 CHEERBLE LN LK) v L,
NE MU= 2 —RY T, FRTEHIETSRME  BEO T - 2 W KKROKITRTRL
THh%. No. 3 EBRTD 1000m EHEOREGIEFE, BEiz~3m/s Tths. & Ta, 7o
DA - ) D BE LR (1 BBE) Wit +5~Y =2 72— (%% 6c ILRT£5 —
27 s ANDOHAMULERT S &, ZOMEBIX2 + Av0igE (NEH) s 5. No.
3BT P TURIATVAS. Yo B LBERIEOBIICE U e~Y 2 7 2 — K FrEYR
Nwzrey, b)Y a7 2-0fiB2HERL, 908 LRXABRRIC~Y 27 2 —2IHEC
HUTHR > TR PEEYHEE L TEIh Y TS L No. 3 ZROBE~6m/s (HEILFER
BmA) L7k, 1000m SEMLOHTOHE, HME TCET HEHIZN 14.8 BloT,
FHUETMHLERZS7 b A Q TH5. Q DHETBTRIZATHINAFEIER IR T
U,

RE P V=X —OFME, ~) 2T 2 -RBETHELTHY) v 7% 70 1-2 5RO
GPS 57— 2 %Ef8 L7-. # o differential positioning D ErE» HE TE 2~ HET
& o Hl (No. 3 RBRo¥gE R) 315 h s, EBEME S X+ RoF 7w, MY
10m, S ext3+2% Q A7+, id#y 30m TH .

No. 3 [k, FDE»HDEF TEERICEWTH HEME (© ), GPS &) v 7 [{ZFE (a
), “Fbrv—2—YoEtLME (<27 F AR, REFCX 5% b v— % —ETFTTHIA
B (N7 bAEE) OF—2+1, b2 BbRE. B 11 2xbhnn b &3 b8 B UL
BBt /e No. 6 EBRD~ 7 b AR EMEZRE, R LTUTOZERNE LS. Thbb,
9] b BETIRRA ST 10 BAHE o GPS differential (7B X %) 7 4 & 4 AT — £
BT, HBTREZBEVCT 30m BETETEAITHNTES., BETHEAIRABTE, BEET
W1 B4y vrrcERT 1I0m BECKEIBENRETE .

K11 i B EE O T O RITAR L Tuw g2, GPS differential positioning 15
MEOEIREEIZHN 1I0m TH-7-. £ 10m Ok v /5EEE, GPS 7 v 5 7y f+
FES (AFy Fhb 2.13m) 2HELTKRD bh s L FERE R, GPS FHHlirs 5
ROLWAELWEEE I 5T, No. 1, 3, 6 EEuIIE, No. 2, 4,5 FBRITAL VS
FHDA7 2y b EHREODTAA T ABREZLNL 5 TH 5.

Differential positioning o FE%E SA7E % GPS FTHAIMN CED THIF L= ko o I, =
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7+ AR A (35 6c @ pene la.asc, pene 2.asc BB bR D) LA, EE ST BEH
Z(=CcE» T differential positioning SEETBE X RDEWT5 2 L2 TE S (F 6¢c D pene
l.asc, pene2.asc 72 HEHB). 50 HHEOFHAEL HKRD Hh 5 pene lasc OEE A
(2B, 30 EIOFHABEN HKD BB pene.asc O FEELAME LR 9) TRkDdDbhD
GPS BEIESAEBEIC b 6m oFhaib s, HIC 20Tk £10m 0FEEYFDS. &
DBEZAAT7ALLT GPS w3 v 7 EHMNBICRM I 5.

HEREBROSE, MAHRE 5-10km ICHE L T\ 5 O TRFLZERZED 30m (2B
BEORECKEMEERXLEZI\D, "Rt r—5—FHEED £20m BEXRBFD
P FEE % 3.0km/s (Ismizawa and MAE, 1985) & U7-FF =7 ms OFERZIFHERE &
B DEHETER. FOLDEEGEST AL TH) v/ IBEYREERS ==
=L, HBTHROBAKEEOEEY EFHZ ENEE L L.

Differential #Z% f\ 7 point positioning = — FTHRE I N 5% P EIE (F 6c © pene
l.raw, pene 2.raw 7> 58 5 %) OREEL, RGBT L A5G TKFELLEIZ DT 30-40
m, &2\ T +£20~+30m, GPS -39 v 7 FEIC X 5 B4 T KRB DWT~20
m, HICOWT £10~+£20m EEYFO. REMTFHAE ¥ BES & L GPS differ-
ential fi# L point positioning = — FIZ KT 5B ORBERZEEERE TH 5. MICFH5 &
VLBI, GPS TR Y 1B E O RVGEEREE,S B ORRVRY, ~V =7 % —0 point
positioning %z D ¥ F N, REEELFHLAIHLVEATEF LWVWELEFE 2 5.

3.5. BTRRBRICHITIRORE

~V a7 x - OFEREERCIIEGES 10m/s DT THB EAGEMER F L. FEEER
CHEVCTHH ERETER LEARCE B EFTEMT 525, —BERET U 2-3 B0
XA b V= =B TEEPCREDL 20m/s 2z 52 & T THEIND.

SEOHETRRC BT E 2t V=2 —GOEELEETO AR « EIRLEK 8 T &dHb
na. iz No. 3 EEEOEE 1000 m i) 2 BEIL 2-4m/s Th - 7ony, Hi EEEH

ALOb~NY a7 2 —3fy6m/s TRE LA LT7 » 7% ) Y —ALTW5S. LAL,

£8 =X -2 -—HTEHETORM « BEfE
Table 8. Wind direction and speed at the release height of the penetrator.

' 5 T EE (m)
JEA] JE# (m/s) A JEGE (m/s)

No. 1 160 ESE 0.5 S 2.3
No. 2 330 w 1.1 SW 1.3
No. 3 1000 NNW 3.9 NW 2.2
No. 4 160 S 5.9 S 6.7
No. 5 330 SSE 8.9 S 8.8
No. 6 680 SSE 18.2 S 16. 4
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CORTHRINIREIND X 5 CEMTFRCLE Qix, THRAES XL TEIH 25m
EWOIRW—HERRLT A, —F No. 6 EERZ BT 680 m ZEE T 16-18 m/s, 1000
mEET2ITm/s LVLIOIBRVENKE, RAPL—2—D) FTFe—7MEELTTZ » 71T
MHATE BEML) by, V) —ARZPHRE LT, VY —xEX L Bbh
HEOME X (R 11; LT Y, Z k) /LT, &4 10 B0y 715 1 AR
DOWEINDSNF P U— & —KFEFE (~1m/s) ZHWT, BOBEYEBE L THEIR
HEMMEEME Y 13, EBROBRTEECH L THEREN T0m THE. ~) 27 % — 2k
YZZ L OVBEY REERCEFRICH L, 18m/s OFEERXH T Z LI X - THHIZ O
TIRREFHE LT e S LYY BEL oER, BGE 18m/s 2%t L, HBifR#$L 0.25 T 4.5m/s
DEEXSF P == BB LT 2 BORTREORIC Z 3 TBHT5. %
L ORI EERE 105m/s 12Xt L, <% b U— % —DOKFEEE 3-5m/s) /N EWDTE
ARBLBREICEN 72D THAH5. Lrl, BEOBIEE LTR* v—x—2MET5
KFEE, 55X EEREAIRKEZFOTFRET S 2 L12@DTro2 Ly, BEE 10m/s L)
TR 7 v—2—ELETOKAY VIR IAMBRENHE L.

4. 1991 FEFETEIZOWT
SEOHTFERERICLD, <F b r—x—fTERELRBEYER LS &b GPS differen-
tial TLIZ X H 10-30m BEEDO K b L— 2 —F FABHRENTRELZ EEM DB, &
RNY v IHRONY 2T 2~ 5~200m ORMBEEY Lo THB%E T XeUTBEARS T
EERELLY, BEHEOLDO ETEHHMBEORBHHHHEINORELATRE R & bbb
>t EERERTOEFBRIMEE 500-1000G TH5 L\ 5 FHlb B St
ATHBERICER TS L0580 5L s gEo—2ik, BTHONF b L—5x—HEK
Bt UTC Aiss 5. BR 3 £ IFP 7 v 7 @E#% O A/D BROEXYED, 7
VA—Z—[BBRE CERRALERRT I L—2—Tr b 2FARBEL, ~) 275 —HTER
AHE - BT 5.
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