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Atmospheric trace gas measurement methods using earth-to-satellite laser long-path absorption are
reviewed. An experiment using a retroreflector on a polar orbit satellite was performed in the Retrore-
flector In Space Experiment in 1996. Absorption spectrum of ozone in 9-um region was successfully
measured using TEA CO, lasers. However, the optical efficiency and the efficiency of operation were
low as an observation system. One way long-path absorption to a receiver on a geosynchronous satellite
is much efficient. Multiplexing of the measurements from multiple ground stations is also possible using
time sharing of pulsed integrated path differential absorption (IPDA) method. The use of dual comb
spectroscopy would be also possible, though multiplexing of ground stations is not possible. The geosyn-
chronous satellite system can provide continuous column concentration data over the ground stations.
The data will be complementary to space borne IPDA lidars and passive sensors, and also useful for vali-
dation of passive sensors.

F—T—F: LB, KMoty A, ATHE, BREESBIN, 727V asshk
Key Words: Laser Long-Path Absorption, Atmospheric Trace Gases, Satellite, Integrated Path Differential
Absorption, Dual Comb Spectroscopy

1. 1FLC®IC

AL TIE, MBS NTHERISRERF L2V =% =% AV CREAME A A O 56 E %2 47 5 Hu 1 2
L — % — REIRIIEIC O W TR 5. b RETE R L — 5 — BRI E O &%, 1976 12 HIR S
N7z E. D. Hinkley i ®3#%% “Laser Monitoring of the Atmosphere” D 6 TR ENTWVDL L DONBZE 5 L
BOTHAH V. %C“C‘ﬂiﬁ‘%ﬁzif%iﬂﬂﬁﬂﬁ@ﬁﬁiﬂg&*ﬁ?? IOVTIRRBEIN TRV, KEERPKR
KB RO E T AR RZE O — IR THEHIEEOWEDO RN EZ PRI €D DThHo 72 R

IZAZE ST, EEPLER R 2 H Wizt REFRER L — 9 — BRI X 2 EH S R 7 A O &% 3
FU72Y SR EICEE L 2B B L — 8 & B RIS L 2B ER B Y R T 4 R R
T5LDT, ZHOMEREXNT 27207 ¥ —VEBRKFZH L0 TH-72. ZOFHEE, Gk
A7 F~—a— FCERT LS T 5 v—)v'ﬂﬁ@ \7'5(23* YO E LTERLLDDTH 2. 1B,
BB 7 &~ — VAR, BT VY AERHTIA YV EFEM L 2 TFETYH o2 L LAds, #ik

©2023 Laser Radar Society of Japan 64



N AR
#ie LRSJ daimmy

A . laser Radar Society of Japan L —¥ & v
e ————

L=t v v 7rEast 4% 25 (2023)

RN Y ¥ — O FUIBFEMIZIIMO THEETH > 72720, L Y 7 L 7 ¥ — Retroreflector in Space
(RIS) % ADEOS (Advanced Earth Observation Satellite) (23 L THEO K THGHERE 2T 2 & %
WMETLIELERST2.
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Fig. 1 Concept of the Retroreflector in Space Experiment.

2.1 RIS O}EERET

KEHEOM 8y — v 2 il b T 5720 RISOI—F —F 2 —T OO EDODHIZOT AL ME % AL
7218 Fig. 212 (a) ADEOS f# /& L@ RIS Ol (b) RIS Z i 5 B2 KEHE0 W, (¢) RIS @ R4
JeoH by — 2 RIRT. REPEOMBEEC BT 2N Y — VIZET ORI 2 2IZhlh, oY —7
MM ERICR S & ) i b L7z, IEiD 5 W72 RIS DA R#RIEH 50 cm Td 5. RIS (& ADEOS D7 1K
B &N, ADEOS O ZEt v —~DO L —F =0Tz T 572002 @ TR i shzz. H
FRA 5 RLC ADEOS 28120 > TAM Z @3 % 78 212 BWWT, KT RIS i L 72, fm:)%%:i_i_
T5ETOM (B350 [Co%lEITHbNIz. Fig. 312, RISIZ10um DL —F—2%ZRET 554
t%mMX(ﬁﬁ)®/\1V~>aV%%%ﬂi%tﬁ?éﬁmwuﬁwﬁﬁkLfﬁﬁbt.wﬁiﬁ

66



= 2

J LRSJ iy

= —
% . Laser Radar Society of Japan L — -
L pid

L=t v v 7rEast 4% 25 (2023)

Center of Center of

- reflected reflected
beam beam

- Velocity | Velocity
aberration aberration
Ground . Ground

station station

A=10 pm

(b)

Fig. 2 (a) Configuration of RIS on ADEOS, (b) near-field wave front of the reflected beam from
RIS (interferogram at 632 nm), and (c) ground patterns of the reflected beam intensity at
532 nm and 10 pm@.
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Fig. 3 Simulated efficiency of the reflection of RIS at 10 pm as a function of the
horizontal position of ADEOS in orbit relative to the ground station'?.
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WROMEITHEEN RO PO Ky 75— 7 PO REL, ZORESIHED S R LRI
LHEITHINO T HEDOFEIIB L ZHHILTELT 5. RISEBHROYA, HEEI1I0um IZBWT, wATEH
XZ13GHz TH A, Zhid, FIZRREEEA Y YOI LW Ky 75 =Rl TEF - EREN
(& 7 3 O EEHEH~400 m/s (2xF L THEOEBEIZ~T km/s). €T TRIS EBRTIE, L—¥F—kE
FEELT, BREOEITICE) KD Ky 75— 7 bOZ b2 FH L TRILA X2 MVIlE 21T ik
ERH LY. L—H—|ZI3H—HE— F® TEA (Transversely Excited Atmospheric pressure) CO, L —#—
2Rz, 1H (primary L —H%—) JZHERFRGFOWRNARZ bV Fy 7T =37 O KHPE
WCABFIERICH L, &9 —& (reference L —H%'—) ZZBMEF & L THINO/N S WEIRFIZFT L 7.
Fig. 4 2GR 4V > OPEICH W72 HIRMH & KADARZ MVoBlzRs. Fy 75— 7 FO#AZ
MC/RY . Fig. 4 EAWIHEH, HAASRHAORIKMTH S, Fig. 4 /£ 1043.18 cm ™~ A1 0 Fi v BLIGHR
KB AV L I2E D DT, BRICCO, DWINAELR > TWbD, COy IdM EHEICHATL2OTRE R
JEFNEAY (3 GHz) Z¥Do. ENAPY IEROEEICLE Ky 75— 7 FERTOREW. 45,
L—HF—37 4 eV EHwiong 7Y v FEOHE—{tE— FO TEA CO, L —%—T, 7V ZE)ER DAL
754 e Vvor A4 & BIFTCOW RBIRSETHIRGZ I L, 7SV AEERIZ S A Y2 TP TE— 28
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Fig. 4 The CO, laser lines used for the ozone measurement and the atmo-
spheric absorption spectrum calculated with HITRAN®.
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T v 7 % Fig. 527”3, RIS OReEjpER (B XMW HO 532mm O L —HF—%2EFH &t o 2
H D TEA COy L —W—DRZEH AL SR S N7z, B CIRBR RO EHMICHY fHF Shizn
A FEESE S L7262, Fig. 612 ADEOS $#5# RIS ®7 54 FEF )V, CRL D 1.5m BRYmE, L —
Y- EZEHOEHEERT.
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ZADFAI VT EFUMLTC M) AESES5 272 $2, 2ToONSVAESEZRETRET L0, 7%
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Fig. 5 Block diagram of the laser transmitter/receiver system6>
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Fig. 6 Photograph of RIS, 1.5 m tracking telescope at CRL, and the laser
transmitter/receiver system for the RIS experimentﬁ).
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2.4 RIS EBROKR

RIS EEBRDO EHE 2 H1%, (1) BRMOA->72KOFL b)) 7L 2 #— RIS % ADEOS I2##& L, #EA»
LREBLAV WO RFOZEITHY), (2) MEREFIZHES CBERITMA T 532im L —%F—3tD RIS
W& e E W72 BEBB R # 1TV, JBJEKSE 30 urad DL E % 53E R, (3) ADEOS it DD /S A 1220
T, 532nm OFHEOMREZHEEOW 5 S LI U CEMI L, #HaME & 131333 2 Ko ns
Lafid, (4) CO, L—¥F—2HTH Vv OESWIMEEZIT, ¥y 77— 7 F2FH L TRILA
R MUVHBUETE S LRI, RETHA.

Fig. 7ICBREEFOT A PEEFHDICCD A A TB L7 —THDICCD 7 A 7 THZ/ZRIS *H D
532 nm O EFEERT. A FEESFEOEROEIF LK 12 mrad, 7 — T EOBEIROHIF 1L 200 urad T
Hb.

(a) (b)
Fig. 7 Image of reflection from RIS at 532 nm taken by the ICCD cameras (a)
on the guide telescope and (b) in the coude system.

A FEESTHRZ 72 RIS @ ICCD Wi % FVC, & 1o RIS 25 O RGO M % 5 L7z, F oW
58 (M) ORZIEEOWGZIELTEE, INERET S LICE 5 THIE X7 RIS O
EOHEBIHFEINDL DRIz S S ZEIHRE I L T RIS ORSHLOZEMFEEL KD, %)
Ky (m™?) YA TEHRINL.

P = (16/7°)(Po /0T *ris Arsyst (1)

z PIIZAEIREE, Py X8 EEREE, 0, 3R EE—2)EA) (&), TIRKKRDEM, gyl RIS
DIT—0 GRHEHD) KEHE, A FZELEFEOEB, n,, TZEROGFENLIFETH S, RIS £
OY4, 532mm iZBWT, Pp=3W (30mJ, 10Hz), 6,=05mrad, A,=314cm? (HfE20cm O H A FEa
§) Thb. T, nus=08, T=07 & L7z T4 FEONERD ny \TEREORENER & L@ DT 1
Th5b.

Fig. 8 1MLl £ RIS D IEEDZERH n % RIS OALE (KFf) (S LT L =27 —VTRY. £
AMEAE, ARABGRMETH S, MEZPEGOWER TRE 2 F e 5 TEIN TS, WERT
% RIS OH#EFT T & RIS A2 5 WL7-# B O FF 253 M EE AT 90 B 7 2 W41 C, MIp o KM AsZ
DNABT B )R 5 W72 RIS OMADORAKETH 5. B LEZBEETH/78ATIEIND0 FEIZR 5
RIS O#EEFH Tkm/s THAH DT, HLEZ@EBTZ2PEOWE, 6 I XKOBEOKEHAT-200s D & &,
o 1 FEHETHY 1400 km BN 72V IZ RIS 23 5 2 & 2 IR T 5.

Fig. 8 II/R T & ) ICHlERERIE, MAMICEORERLHERI I —IC X 2%FOE T2 LNE A, 12ITH
i & AT HRERPE LN,

10 pm 75 D TEA CO, L —H—I2 X 2 77 B E EBRORER OB % Fig. 9 \TR$. ZOFITIE, primary L —
' — 13 12CO, 9P (24), reference L — ¥ — 1% 1’CO, 10R (24) Z[dlFH L 7. Fig. 9 (a) & 2 &5 TEA CO,
L—HF—H5D%RESN A E WG 5 ZEES/SVAD—BITH 5. Fig. 9 (b) 123y MEIRES
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Fig. 8 (left) Measured and (right) theoretical efficiency of reflection of the RIS for
nighttime pathsﬁ).
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Fig.9 (a) Example of the recorded waveforms of a pair of transmitted and received CO, laser
pulses in the measurement with the RIS at 10 um, (b) Spectrum of ozone measured with
RIS (Dec. 23, 1996), (¢) Simulated signals for the RIS measurement.® .

WV AGRETHMEAL L 7252515 550 BE O primary & reference DIL% ¥ 3 v MO E LTRLZ. KB
RISHBHTZIEICLL Ny TI—37 a2}, TOKREZIEIRIS DMEICHS LTEILTS. RIS &
KA THELZRICFN Yy 79— 7 M3k (1004cm™") T, HERISEDCIZLAEA> TSR
5. HIEEEEI, ZofTIE 140 TH .

Fig. 9 (c) 12, Fig. 4 IR L KRADE /AR MV EFHREOMEIZL 5 RIS ORMEOELE ZE L7122
BREFOYI2L—Ya VERERT. (L) 13 primary 3 & O reference L —H— D2 ERE5mE, (F) &
ZNHOTHS. Fig.9 (¢) () HWERKE Fig.9 (b) IR 5. WHITRLS L7

RIS EER D B W) O R Tlx, TEA CO, L =¥ —ZH\WwTH V' v o, CO,, HNOs;, CFCI2, TEA CO,
L—H—DEmiiiz T, COo, N0, H=@Eildiz T CHy, OWEEBRAFE ShTwi, L
M L7%A55, ADEOS VKB S KV ORikio 728 1997 4£ 6 H 30 HIEELL & % o 72720 RME D % <
BERTHIENRTE Do

COHiORHEIZ, RISEBRICBIF AL —F—MDREZEOEAEKL LTORFEIZOVWTE LD TEL. Fig.
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312K L7 RIS D&% &, %42 TEA CO, L —HF— DY —AJKAY) (100 prad), ZELERFIIE (15m) %
AW, V=¥ —%ZEBoRx (ZEEF7—/EEL—F—7—) 2ili¥T2 L, 107"~3x107% &
b, RITIRKMETD 31072 LS RETH L. L LIofER, BEKELT 1 4 —TC1kmEih/7zK
WRION=FF—=7 Y bOF = MR ZOFE10cm OLEFECTZETL2OLABREOHETH LD
T, — N RBITEGELT 4 ¥ —H% LIRS 5 % 513/ S R METIE 2w, RIS & HW 72 BB & % 51
W AT N E#EZDHEORRKOMENGENNEOMRSTH 2. JWEAHES O E LA M LR 2 i
TLHGEORT, FLWHRTHLILEDNDD. S50, WEOMEITIIHE) Ny 75— 7 boZLEFIH
LCHRlE a7 720, MOMIIEND 2L MELFREETE RN

3. BMEICKRESBZER T ZM EHERL —Y—RABRRIVE

AN 2 HBR L CL—F =% 2ZE T 2 EFREN L — - BINE iR, #Er—¥—*k
DZENRIZL b)) 7L 7 ¥ —%H0 DA THEECE . Table 1 I2HE T TOREEEDY 36,000 km
DOFIEE R DY & 1,000 km ORHLE AL DA D% ZE ONF IR OGRS R 28T 5. & 2 THik
BRIZOVTIIERZE I AT 20 ERFEIEL 20cm, KEMEHEICOVWTIE 10em & Lz 72,
HEPLDORBBE =D)LV ITWTND 100 urad & L7z, SEEMEIERIEEIL#E 2 OYA T RIS EEO
EOBKMEFAED3x107° TH D, KPLEHETIEIX10 °THE. INOEZBTHELT A ¥ —0%
FRRE LT 5 L, ZREEEEEI0cm OF 4 ¥ —T, & TIEHE 1 km, HE TIXEEHS0m D)
WEION=FF—7y bOT U= NN EZETLOLRA%THL. o, ZOMIERTERZELEZ
SN DS, WL IR 2 TR 39,000 km THIEBLE O EE & 1ZIZFH U TH 5 D THREMN LRI ON
TKREE R,

Table 1 Optical efficiency of ground-to-satellite laser transmission.

Transmitted Beam Divergence

Distance to Satellite (full angle), and Diameter of Optical Efficiency
Receiver on Satellite
36,000 km 100 prad, 20 cm ~3x109
1,000 km 100 prad, 10 cm ~1x10-6

WETHEPSRETAIL—F—2ZETHHEDODL ) VDEOORE AL, B EICKOFDBRY
AT EAPRETHDLILETHLH. FEEC—LIEAD % 100urad & F 5L, HEE10um TD (HITRFAEDOY;
) BEE—200OFF 15em BETRY. FHEPLERZORAIIHEOBRIIVELR <, BROFMEEH P
LFS TR, L Ladrs, KE#HFLE Tt HlofREBRFSLETH L2 TR, HEMNOZESR
TOMERZHRT A2LENH L. T/, RIS EERE S, HEF B LR EEZEE 35S 2RI
LOMERTERNE W) REDD Y, BRI IR, AU U CRfIRLE O35 613 H REE I A3
RETH DMWE T AT AL LTREICEN TS L E2 5. fHEHEFLAOMBEIE, 1 ETHIN—TEX5H
WHAEHO I GO 1T THEZ L, BEETIIHMER»O RAHEONAIME LT LTHS. D
LRET L LR MoOMNETZET 2 HETE, WINOBEPETLMENREHN A% Ei#T
LU= =AW EOBMICL L Ny TI—-2 T V2252 LIERVWOT, L—F—KokErR5]5
b, HEVIYWOEZL L) B RTFENLEL RS,

o AL L — — BOGBINE TRAT O L5 T 25 ME TE 20222 0nWTiE, §5 5 D 1995 FEDFq
WTEEINLY. 22T, KEMES T OWIGE 7 — 4 X — Z HITRAN92 L WA <2 M Vit 7o
25 I FASCOD Z MW, b EfEK O T, 1~20 um O EHEBIZB VT, KA 05TV}
PRARL, THLRL250TORNLEERLT, TNENOMEHENEZ M L7z, JEIid v 20—
BWELV—F—2 v, WENRSTFOWIGED b ) OWREESZ/RTIT5 k2 EE L.

X D K & W HyO, CO, 0z CHiy N,O, COIWZDWTIE, MEICET 2B O 2 8#AE 2 L1
EoTH I LBOMENETH L. F724 YV YO L) ITHREE T THATT 55T TRILERIED E I A A
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DEFALCEETO 7 7 A VEHEETHZ L OMRETHS. T2, NO,, HNO;, HF, HCI, OCS, C,H,,
NH;, NO, C,H,, H,CO, HOClIZ2oWTdH T AmDMENWEETH 575, HCN, SO, % B2\ Tk
F1~20um TRWERARTHETH 22, —F, TOXLHTIMF IR TRV, Tu— FRRILEHo
CFCIZoW T, RREAVERFEREZ A N—F 50 0F 2 HOTHENTETHS. RISERTH,
918.7-923.1 cm ! ®FHIH T, CO, L —H—? 10R(6)-10R(12) %#LNHE:Z2 T CEC12 #ET 5 Z & H it &
NTWw=9 Zofl, WEHEETHEMIEFS E, N0, SO, 0s BrO, HCHO 7% &0l 5E o ] ik
7];%;&11,15)_

4. BIEPERFREICRESZZBHE L L —Y—RABRIVAZEICH T B9 HF%

ARECIEH L2 S EIEEREAND L — 3 — RRERIIE O 720 O 56l FEICOWTELET L. &
S TR IZ BN R ANARGET HH, 22 Tld, H—DWIGEESIE TE 5 CO, X CHy 72 EOHllE %
HET 5.

4.1 |IPDA DOJsH

WEXT G A A DRI DOW R ETINDO 2 WBHEED 2 EE (b2 VIERIGRO L ) OBEBOWE) D
L—F =202 TNET L TPEIRLMETHLEEZOND. T, ERSCHEEDL,SD CO, R
Ay Y OMEFEE LTHIEENTWSIPDA 74 5 —10173 2 12w b N 5 Fikd, 2153 % #ILiE
FRICHERLTHEDONNATIT) bDOTH A, &B, RISERDL, KEtO Ny 75—y 7 Mok 2 ¥kER
GBI, HEOIPDA TH S, KBEGIC L 2 ERNMEOBEL SV AL = =% w25 KL EF]
THhb. WD on, off D7V ART (2 VIEWIGRDO TH ) DD/ R) ZRGKEHHNIZSH S50 U
DHEELZIA IV THET S, ZERATRERZLHL, ThZNORROZERETHEEZWE L TH
FIE#T 5. CoFEoMMIL, WEMNOZELYRE (EROHECHNEHETOFTIY) JLMICT
52t (BtoT, WENTOMEROEA VT4 YR AETHHI L), 5430 72E) KT
CETZEHBNOEROM LROWEEZLEALTELZLTHL. BlZIE, 7SV AXRTOERE % 100 us
DIPNCATV, #D R LEAY100Hz TH A, e 20ZEHEBN® 100 b LF%* £ E{bT& 5. ME
DLZEALIX, RFFAT =V S8 A —VOHE~ORHE2E 25 ETIHEBICHENTHLEELLNS.

4.2 KEEHILOFIA

RIS B DOMGTB RS T, MHEI/SV AL —HF—DART MVIERY ZFH L0t FEa et L2 &8
BHo72¥. WENRGTOARY N VIEDPE GHz THAHDT, ~NF0¥ A VE5 DL 10 GHz FE A
VIT, BRI ZOWHAERSI NS OB EMNTIE L o7z 1990 FEAHETH - 720 TR B
TIAIIEEZREL o7 TH A 2%, BIE TIE Dual comb spectroscopy (DCS) OFIHDE 2 H i
%%, DCS BB O DT P R4 2 (HHFERTIZ SV ADMBA DT PCREZ) 2 >0 KK
BaroFHE2RH L720%ETHAS. DCS I symmetric & asymmetric D 2 DD FH 2D 5. @ 1dW
PCHE DR RS FRD EZIZALHTH A, Fig. 10 (2 AR B EEHEBIPUCFH T 2560 % R
32, Symmetric DCS O¥y&riE, 2 DO E T 255 LRI H 5 A%, asymmetric TLIHETA OS5 R 1M
MOFEAB T LS.

Fig. 10 (b) (27”3 asymmetric DCS X, N7 0% 4 Y REAZEBOWRICEZELLZDDEEZ BT LN
TX%. I2OF—FBEICE— MNIEEAP LT OV 7 M T2X) 00— ANKD T L %2EETHI LIS
$oT, HOWRFOZ A E— MNIKRKTH L7 VA WOWBICEMR LTI ) T ENTESL, AT
A YRR TIE O —AOVERED TR N Z EPRETH L DT, u—AVEHONEW R 2 2 3R
WTHILIRD. ZOHE, ~ATa¥ 4 vBlEou—h el UCTRERERTHY20ART, 0%
HEFFDOANRT MVEH LN LOFD>TWEOT, #EEEOLT 2 OHEICER S NS REEE 3%
Vo BB, 3 LOWEA TN LT OWGRORE LB R R REBICHIR L, AREREREOT—7
WHICED Y ay MR AR TELRETMZ L2 EAEENS. Asymmetric DCS 1%, SRS
05, FRMD»OH LSO ELRRA VT4 VI PUERIEVPERTH L. T2, HHOM EFEH»S OH
B LWALT H 2 LIIAWRT, W ERZIKR, WEICKRS V71 7 LTHEERT) LEND 5.
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Fig. 10 Concept of applying dual comb spectroscopy to earth-to-satellite long-path absorption
measurement?”.

Fig. 10 (a) Z7R9 symmetric DCS D& 1d 2 2ONH M E 2 23 ERcH 0, #wEMOZERIIHM
fr L PLALREBEORTHELEINS. 22003 2R ELL, NSVAHBEIHLTPICR R DA TH S
95 L, symmetric DCS &, RE#INCTHZ &, —oNa st THFtE VT, THFtOR T 7 — A4
ZEBRICIRE T 5 7 — ) AW EE (FTS) L FSETHDH I EDV0h 5. T4bbH, interferogram A3
DRLHESNDZ EIZh D, BILDARY MUVPRVWEHELTFTS L OFEPMEZEZEZ 54561, 2
LADE— FE OSVAFIORMOME) TAXZ MVIIEDGIREDS T D, 2203 L D70 ZFH3[E
59 % ETONRNVAE (T74b D interferogram P E D GFRE) 225 AR M VIEDREIEITRE LT &
C% b, R TOZELREIMEEA, WERE X asymmetric DCS £ ) bRV EE 2 5N 5%, HEM
DZERICLIEZDIZ, 220780 AH|OJE WAL OIS S E & F oM 2 & W0 sk B Tl
Thb. T2, TOFETIE, A705 L U RBIEFEOREIERESNLZVEEZ SNLH, R AN
PO EROFESL ¥ F 4 VT HRUETH S,

5. SHROFREERE

s R A 2 W T, IPDA O ERZ A2 EfEN L — 5 —ERBINUG 35, MEDS &
ILOBENPSHERTHDEEZONL. WENSRE CO, & A5 VIZB-ThH, WEAKRZHt VH—H
BEIEWIPDA ZHisc L, FRA T — )V, KA — VoM ERZEL7200H MR Tk L b L WS
ns.

Fig. 1113, $H 0 1987 EOR L IHRENMERTH 5. BWOREIICW L —F—TT7F¥<—L
B ffio TEBEOMER LS OMEEZLZELT S L 0WI) BDTH 7275, 7V AL — — TR 4%
WCE DL EALT A HEDRLVEHT, SNILOBEAL AR TH S, FHEHICO VTS BROMETVLET
HDN, ZHTAT AT, BIZIZDECBEFEZ A N—F5 2KIET LA ZH T, RTIEE TR 5%
HEZIT). M ERIZIPDA HTROREET AT AT, WERIFEIZFA IV Z7E2EHY) B TTL—HF =/ AR
TEREETS., TNUIEoT, —2ORTOZEHENOEBOM LR, DOMELELZHALT 5. WENkEK
PEFNATHIIE, ZEEC—-200FEFE M em THITH5. HFIEPEFZIRELIBHTLIZ LT AV
D, EBREOBRVBLETHLDT, BRO:ZOOY—H— 2520 E2RETLIILILETH L.

ZEE U —ORGER 7B — NV R REERBEOEMR L EO RN T, i EROBIIBRSNSA, sym-
metric DCS DFIHABHEHTH 2 0d Lt v, HLBREDIR VAT MV T, K% Bb 3 Reshin %
FTSHENTEX 2 DIFIEFITHEINTH A 9. ZoOE, WHOGHESPNEREZFIRT 2 TREESH D,
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Earth Ground Stations

Fig. 11 Concept of earth-to-satellite laser long-path absorption system using a

detection system on a geosynchronous satellite? .

W EDSRET IR LONT =D FICRENZ EPNEE 2D, 5k, BRI R RE
PR R L CHGET T A LB D B, 3 HiTlR7z X ) ICEZEORFIRRIE, ZEEEHFEOE 10ecm O
BHEEL T A & —CHEE 1 km OISR 1 DON=F =5 +DOF U NN— M2 ZETLIOLFA%SETH S
DT, N—=FF=7y M HWTHBEEREIT) CEVEHTHELLEEZOLNS.

IPDA KXo /% L HEE s 52546, LERo/NUERLEKa A MEDPSTRETH 5. 2o N—TF
5=y eV IA ¥ —IC X AWM EPEHTHAH. 72, ERBICEIRKOFEL % FIH L7 IPDA
HWEOTREEOBRE L EDHEHTH . FE, Fu— UKL r o) 7102 & —% w7z Basmiiic &
BHIEUATAD< v €V ZFHRHE SN TWEY . ZOMXLTIE, IPDA Tld7% { R EE TEILT 5 Lk
L—HF—Z 720X HC 5N TWAAS, IPDA T AIEEDIGHDTTEETH A 9.

RIS FEEiA HEEIC 27 D, ZOMICL —HF =R IPDA 71 ¥ —DOFHMITIT KR E LD DY, Bk
WOBR R Z O E Y AT 2 D HNICIZERTRETH L L EZ NS, Tz, BRI ILBLER 22
5DZHE L Y —I2 X B RGBT ADBRATT b T WA, IFRICHT 2L Y F— 0L ED SN T
Wbk, ZOX)HHT, M EEEMERFRE L -V — BORBRRINEA R T REBEEIIREVEEZON
5. St B RBEIED S 2 2 MY 5.
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