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Laser Communications in Space
Il Test and Verification Techniques on the Ground

LIU Li-ren
(Shanghai Institute of Optics and Fine Mechanics, The Chinese Academy of Sciences, Shanghai 201800, China)

Abstract The technical specifications and the functions of a satellite lasercom terminal must be tested and verified
before its launch. Thus it is necessary to build up the testbeds at the same time to develop terminals, which include
the communication performance testbed, the pointing, acquisition, tracking (PAT) function testbed and the setup
for testing the quality of beam wavefront. This paper reviews the international progresses on the test and verification
of lasercom terminals, and presents our proposals of testbeds with fully physical simulations.
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Fig. 2 Functional block diagram of TTOGSE bench

electrical data and commands
received

optical beams

emit power r=
real test — Slclggrl]%teﬁ;d
terminal| #—larrangement| #——— :
—receive & pointing terminal
T angles
orbital environment
STBenvironment interface

measurements system configuration /setup

Bl 3 ZGMAFE STB B4 &l
Fig. 3 Configuration of STB

(100 pradp) ;4) BIRIERT HEERERE :107°55) AT
REZEM B A/30(4XF),2/50(H %) ;5 6) Bf &
FEE .1 pm(ZEX}), 0.5 pm(FHX) .

B 3 BARGWIAY & STB R &1 7 HE B, R A
52V 20 5 O BT St 19 0 2 Sk 19 3 g 2 1 AR
Kl , 635 (B 4):1) PAT RSN 5%, B sh 2
08 S S ' TROFI 42 W 't TR 22 [ S A R 22 A4 B, 3 3R
RBES &, PAT il g £k (5C PAT 2% F1F PAT
ERIWAELT . WERENBEML) 2 REW
PSR, A2 45 8 15k e I O A 2 B AT EE T
o

RGN FY- & STB W AR H: D JE#
D& 10 % (CHaXF) ,5% CREXT) 5 2) FE MK IR 19 &
SR R PERE : S A 500 Hz UL b5y B £120 prad (B
A4 prad) s KE B £10 prad (BP4R A 0. 3 prad); 3)
YERH g R B WL B PR BE . A B . 5 prad
(RPARA0. 15 prad) s MEH . 1 kHzLL |,



2

XA - DEBOCER

T b, T S 00 0 363 E % AR 149

trst arrangement

simulated transmit telecom
. optical counter termingl it siream
real terminal perturbation
generator
. L counter terminal
real termdial TF mispointing i = ' ] light [reeermssasnanee g + 4 light generatjon
H/vV actuatdr modulation]ssresmsezearrrsfrnvascieccrrrrradersciosiicnis and modulation
L } light farfield
] terminal L density telescope attenuation telescope
terminal position " attenuation | simulation
telescope, a position error l'mkn;an'ge I »
; - angular simulation
simulator {[simulator measurements Y} ‘
angular pointing te‘lescqp 1ﬁnkranjgc - cou11}i11_g terminal
posinting of § cpror atlenuation simulation received #| pointib gerror
emitted beam Lagtf 3 density simulation
telescope] effects lhcorqucal ;any’addxt»qula] inter 4
farfield | of host | terminal perturbation satellite
pattern | satellite | position g 4 o distance environmental
transmission. condition
delay
4 pointing angles e
data saleuite origines _measuring orbital motion cbahlibIr)ation
acquisition simulator instruments

effects moces

operator utilites

system test bed environment interface

operator o

B4 RGEWRAFE STB B4 E
Fig. 4 Functional block diagram of STB
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Fig. 5 GOAL testbed and LUCE lasercom terminal in

a 6m space chamber
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Fig. 10 A suggested PAT test bed with two beam

scanners and a double-focus laser collimator
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Table 1 Comparison between the SILEX TTOGSR and the testbed designed by us

Testbed SILEX TTOGSE PAT testbed of author's laboratory
Configuration Collimator and attachments A collimator system, an optical scanner and
a fine beam deflection device
Environment Therm vacuum chamber Optical lab

Object of test
Simulation of satellite orbit No

Fine beam deflection

Condition for PAT testing Semi-physical and semi-computing simulation

PAT testing

Lasercom terminal, full aperture

Motorized collimator =5 mrad

Static-state tracking performance

Lasercom terminal, full aperture
An optical scanner +15° and 360°/100 prad
Fine beam scanning 1mrad/0.5 prad
Full physical simulation
Static-state and dynamic performance in

pointing, acquisition and tracking
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Fig. 13 Simulation of beam propagation by

scaled

wavefront sampling and realization by an optical

Fourier transformer followed by amplifiers
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Fig. 14 Functional configuration of suggested far-field

beam transmission simulator
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Fig. 15 Developed far-field beam transmission simulator

R2 ZEEAREBEMUNEEEERQNEIEFSHEMEERER

Table 2 Equivalent transmission distance of the lasercom performance testbed

Evaluation of equivalent distance of transmission

(Lasercom aperture $50~250 mm; medium amplifying factor 10X , maximum amplifying factor 20X)

Wavefront sampling selection

Number of used optical amplifiers

Max distance of equivalent transmission

Multi-mode fiber (¢100 pm)

3 amplifiers
2 amplifiers

1 amplifier

15000~75000 km
750~3750 km
37.5~187.5 km

Pinhole (#1 mm)

3 amplifiers
2 amplifiers

1 amplifier

1500~7500 km
75~375 km
3.75~18.75 km

2T B B O TR A% 1A DU A8 15 P BE A D B - 65
R EEMRTTR : EREELAR 6280 mm; FE LR .
3.6 m; G AR BOR &R : =906 MR R B E: W
A5, B R 200X, HJE] 10 5 e K B A e S A 4

B30 kmj RAE /N fL: BALIEEF 610 pm, ZHEIEE
$100 pm, £ fL 1 mm; iR 5 K Il & 5 B (min) .
10*12c

A% B R A A R 48 i BB T DLSE B B B 4



2 XA - DEBOCER

T b, T S 00 0 363 E % AR 153

T KRECH T L #% . EWE E RAIM TR A A
LA R 38 15 FE B, #F 4T W] RE AR B A RS R & 5 W AT
DI RS, TR A B MEGFERNE. X
A BB 8 X T O I 15 25 o 19 38 15 1 BB B &= A8
YEf B PEAS , AL FT DL BB & S TR Y i 2=

A %2 B 2R F A ER a8 AT DA SE IO BE w4 L 15
T JGHE OIS AR SH R .
3.3 XREEDH

HEEACRN AR ER LAk EZENSHZ
—, BRR AR HRRICRAHEC LA
AT G HERR I &, AR R TE 3 M OT B B E 5B
KOG 07 T B i 2 R s R e e 2 4
A HREE . H R B TR T B R R ) B
T VAR, LR X 7 ek Y R /0 AT R 9 T I8¢
= R GOERAL, T HAE S T E PR A T B0t
T5 B &, 40 =S (B SOG4 H R DG 98 BE AR R B9 B
T ZARE . AR BT UD T WX BE S K i ) E I T
Bz, HEEMRE, I HFERE G228 E M ET
BIE4E WM Y6 R O 4, Shack-Hartmann £ /& 28 2
T3 b —FhRT D2 R B kT AR 2 R 2 A i T =
J5 ¥ B2 BT K B AR A0 S Ak KR O B U8 T R 0 B
EREEENERSMREREN RORES E
B

HIL AT ETE R RF RO R ORI T IE
PASERLR DA B B0 &, B #Y 52 8 %ok A
MER D RRIEE REH LAFERET W, F il 2
HEEEHANENEERERNESOREE. A
I, A SE B 28 Fe TR (Jamin) THAE R &SWE
JRFR R T — R S5 AR m] XUBY U1 T ¥ 7 S B
G AT AL S 1

TE T 4 i B 55 6 R 1) X039 47 T % J 3 A9 5
Bl b B AR B T /N O AR A S R AL B TE 4 AT A
55 BRLE T R T 9 B s A 9 R B DL &) 16) Al

observation

screen or CCD @

jamin plate

plates for shearing

plates for
incident shearing
laser wavefront

Jamin plate

B 16 1 RUEY U] T 9 5 R
Fig. 16 Configuration of suggested Jamin double-shearing

interferometer for diffraction limited wavefront test
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Fig. 17 Developed interferometric wavefront analyzer
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