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Newly developed methods for SLR observation at Simosato Hydrographic Observatory
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Abstract
In satellite laser ranging (SLR) observation the distance to an artificial satellite is measured from round-trip travel
time of a laser pulse which is transmitted from the station, reflected at the corner cube reflectors on the surface of
the satellite and then received back at the station. The ranging accuracy depends on how accurately the specific
point of returned pulse is identified. A simple method to identify such a point by detecting the leading edge of a
transmitted and a received pulse has been degrading the ranging accuracy because of 'time walk’ caused by vari-
ation of signal intensity. In order to reduce the time walk, two new techniques were introduced at Simosato Hydro-
graphic Observatory in 2006 . namely, the methods named Triple Threshold Screening (TTS) and Constant Mid
-signal Detection (CMD). The authors intend to verify both of them are effective in improvement of ranging ac-

curacy in this paper. The principle of these techniques and some examples of their effectiveness are given.

1 FLDIT

o5 1L DX bR 2 A EBR T HLK B 8L BT T
1982 4F & D AT AL L -4 -l (Satellite
ranging : SLR) Bl 217> T 5. BIMBGEL S
BUEZ T 24 SERICH S o SLR Bl & 2 o B
HMIREDOHMESZZRFTTEY, Z LITHEREE
DI EEFFELL, BWEO—-2ORETH 5 HIH
75— % @ single shot RMS ®%%7 (LLF, RMS &
ME5) 4O+ Eem 225 1em %Y % BB~
EHEATETED, THAKBBIETD Z oo
FIZH o T, WITHEN ELONY MAE T TS
TWw5h,

laser

ARl T BK BT 12 B W™ T 2006 4E 7 )
LA L7ZSLIROBER LEO-OD —D0HF
HFIZOWTHINTH2DTH 5.

2 REROWHEFE (V=74 7Ty VER)
IZoWnWT
SLRIF L —HF =302 F4 L, RICALEAIZH
DT SN T ) X2 E - TREFE sz
CONERPRZ, B O REOUZE T TOHER
MzlEdsZ eicdh, NLiAE ToOMllEx
WESTZBUMTHL. BHFHLLZL-—F—JLzo
gtk ehehERGET (A¥— Mo,

tReceived 13 December 2006 ; Accepted 01 February 2007.

%1 HIAE X ERZAE T oK EFT Shimosato Hydrographic Observatory 5 R.C.G. Hgs

%2 HLEXME LA 70 R.C.G. Hgs
*3 EEEHXMERREAT 3" RC.G. Hys



Takashi KUROKAWA, Hiroko FUKURA, Yuichi KYUMA, Hidekazu INOSHIRO, Tkuo TANAKA, Michihiro SUZUKI, Mitugu NAGAOKA, Asato EGAWA

Intensity

Signal

S
\ 0 (Threshold)
ZZ RN\

Time

LY_}

Time walk

Fig.1 Concept of leading edge detectiontechnique.
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Fig. 4(a) Residual plot of AJISAI observation under con-
ventional technique, (b) same plot under TTS tech-
nique.
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Fig.5 Concept of Constant Mid-signal Detection
(CMD) technique.
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Table.1 Residual RMS and data number of AJISAI and
Lageos-II observations

AJISAI Residual data number
2006.10. 12 RMS (mm)

LEADING EDGE 19(18) 875 (24)
TTS 11(11) 356(22)
CMD 14(14) 892 (24)
TTSeCMD 8(9) 356(22)
LAGEOS- II Residual

2006. 10. 24 RMS (mm) data number
LEADING EDGE 13(13) 1808 (29)
TTS 8(8) 543(26)
CMD 9(9) 1683(29)
TTSeCMD 6(7) 503(25)

) ZALADREIE TRV E (ix K, 1986)
ORI E 5T, BmEOLEE) EEEOM
PEDOEALDOBRAEHN TV 720 Tk
ZZTVBY, LI ELLETOER» S
NTBELT, 5B BOMEILETH 5.

F72, SENEA Fy RIS LTOARBEH L
TWADRCMD EIFA Y — MEFIZ#EH L TdK
ENRAFNDLHEMTHLHE, AF—MEFIC
BAHTNEID RS ETAED2D Lk
V. CORICHLTHESHOMAERETH 5.

TISHEICE LT, 2ToHmEICELT—%
DRNRPHESND D, BOEREHD D123 H
T —r e LTHT 57 7 AOHAEZ D 5
VDY, o4 OB T — ¥ BMAKI D v
DIZOWTIE, EHATAZEDPHELVWENTH
5. %72, 30OMMEDOREIFRIICEDETE
WL L, BllEPTORKIREDLE
b=, L—¥—WMHoZEH L s 72 ERTORES
BRIEZALICH L Tl o2 Brded 5 2 & sk
WEWH HEEH D, XRDVEENS.

TTS #, CMD LI OREBOBREH» 5, &K
EDOHIZITITEETIC L 2RO DB FE~ &
HEATWS, FLEILZUEORMIEL DD,
HEE T Table. 112/ L7z & 9 2 f o ff
& > THRERFHICHRTRMS # 1/212F T
ZEHRTBY, WIThBAERICENLTETD



Takashi KUROKAWA, Hiroko FUKURA, Yuichi KYUMA, Hidekazu INOSHIRO, Tkuo TANAKA, Michihiro SUZUKI, Mitugu NAGAOKA, Asato EGAWA

5 LEHliTE 5.

I 2

ARFEOEBIIT Lo — 2R A, BISY
A7 ABRREHOHENIZE DL AR E .
fli 2 REeIC (RIS B X LAREATBAE) 121
TATCB WIS 2 THE L, BT
BN TEHGEE I FE R AR B LR T — 7
TR 2 5 Z 2T T EEwE L, 2
WELENICEY, BELT—FOEBEREHITT
ZONTEERIEE DT 4122 DY ) T %
WHLETET.

L=

L—¥—3t2 34 (X3 L, TP ANLEE
KON 7 ) X 5 TR S TR O AU
K5 (%E) FTOL—F—JoAmERNZ %
TH5IELoTATHEE TOHMELHET S
ANTHR L —F - (SLR) Bl TiZE=2EE
TDZENENORR 2 WP IZIEMEICRETE 25
W&o THIISEO RS RE SN L. SLRIZE
WTIL L b % %%E1E 5 D Leading Edge %
it LR 5ol EZREST 5 HXTIE, &
SHREEDEREGIC X - T Time walk % 4 U CHIEK
EOELZ ThAVT Wz, T HEKBEETCIl
HASEE O EALDJEIA & 7 % Time walk Z X% L,
W HE RS BE % 0 A 7202 = BE B B A 5F I 12
(TTS) &ESAH kit (CMD) &5
DOF T 2006 FEL DY ANT, ZOHH
P MGE L C& 7z, ZOKE, WFEE bR
FER PICHRICTH B 2 EAVRENTDT, WFE
DFHE ZDRRDFEH 2R L7,

E B EN
fli % Ak (1986), = i I H g B GS-1 D52 R,
KEGBEEHR, 4, 1-3.
MIGPRT], FEEE (1980), ALEEICBIT L%
7OV A OBAIRGEG & f57s, B AlE s 3L
ik Vol.63-C NO.8 501-506
MR, HEHHEZ (1999), T HEAKBKEBIHAT SLR

F— & OWPFEINA T 2D WTIRBE, KBS
HeHE, 17, 51-54

PR b =7 A&t (2001), FRERCREER
(MCP-PMT R 3809 UMOUD), 11 pp

M g%
TTS (Triple Threshold Screening)

SLR ODZEFE7 XM THRETOL XNHSH 2
&, WD MEOHRNGE -2 2T 57200
THzBRLT —CTRAILEIRESEHTH
&, HREOBEBHIROKEHEE S Las T Lk
GAVETH L, RADOWH ZEORELZIT5H T
EREICIVPLBEEMEIIRELSEFH TS, C
D7z — %A T 5 %fE3 T Time walk 234
U, MHRBEDOEKNEZS>TWD (1),

fE7 W EAEDZE B X % Time walk Z{HE$ %
® 2 CFD (Constant Fraction Discriminator)
(2) L) FERD LD, ChEIRERET OF
WVR) =5k l, —HEiiE (WEeZEz) L
TREZMT, ZO®R2O0FFTHEEZRLEGD
5 L &2 Time walk /b 2 b0 7 0 AR
4V NTHM%E 2T HDOTH ) CFD LN %
SLR D% IR S h T 5.

L2 L COFEIEEIHERET 5 01%, HEiE
ZET B HBPICNNI AL v v ) AR
X570, WEEHZ K- H-SLEL NV
F2X T NUTEWEGANRIET 5 &) RGEITIX
BRIZLE HND.

INHOMBEZLRET L HEE L THL I
TTS (Triple Threshold Screening) &9 Fz%
S L7z, tEoniits LT, SLR CTlI%ERES
BREOZBNLE SN e, WHIELTLD
ETCOTF— ¥ R HLEE RV, Lv ) ik
ER—ZAZLTW5S. 20k, Z#HT56E5
ZLNVGF LT, —ELNIVIHORE S ZER,
L 22 MLCTHEL2 2 TbDTH 5.
BAMIZIEET 1 201=y FOZERIIA
D, LRVOELL3IDODOML=y bDOREHE
L, BRI ARELAVICHEL 2 DD LRIV
DEFOA LT 2EEEZNNT 5. HF—0



Newly developed methods for SLR observation at Simosato Hydrographic Observatory

Stop Start
pulse Power divider pulse
Time interval counter
v ( SR620 ) for fall signal v
Photo detector | A, Photo
STOP I hreshol detect.
( ) 11 Stop threshold Time interval counter i;?it threshold < (SeTejgfg‘)
Lr——T—> Lot ( SR620 ) for rise signal
i i CMD (Constant Mid-signal Detection)
ii QUTPUT
. )
:ﬂ'_, Threshold unit -1 L. 119 (Triple Threshold Screening)
Ll——pi— OUTPUT with signal level .| Computer
. L . Signal level Frag
L2 | ':—> Threshold unit -2 Lr<<L<L]l A
ik LT=L<L2 B
| L L2=L<L3 C
L3 '5—> | Threshold unit -3 | L3=L D
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