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Background : Space—based Laser Comm. NCIET) S
Program in the past and present (1)

| Asa | USA_____ | Fuope

- 1994: ETS-VI (NICT), - 1995: GOLD (NASA JPL),
GEO-GND, 0.8um/0.5um, GEO-GND, 0.8/0.5um, IMDD,
IMDD, 1Mbps 1Mbps
- 2006: OICETS (JAXA/NICT), --2001: GeoLITE (NRO), - 2001: SILEX (ESA), GEO-
LEO-GEO,LEO-GND, GEO-GND LEO, GEO-GND, GEO-Air,
0.8um, IMDD, 50Mbps - 2008: NFIRE (MDA), LEO- 0.8um, IMDD, 50Mbps
LEO, 1.06um, riorriocyre - 2008: TerraSAR-X (DLR),
- 2011: HY-2 (China), LEO- 204, 5.6Gbps LEO-LEO, LEO-GND,
g GND, 1.5um, IMDD, 504 -2012 LRO (NASA) 532nm, 1.06um, romoclyne BP0
a Mbps- PPM 300bps 5.6Gbps
- 2014: SOCRATES/ SOTA  -2013: LLCD (NASA GSFC), -2011:BTLS (Russia), ISS-
(NICT), LEO- Lunar-GND, 1.5um, PPM, GND, 1.55um/0.85um, IMDD,
GND),0.98/1.5um, IMDD, 622Mbps 125Mbps
10Mbps - 2014: OPALS (NASA JPL), -2014:. EDRSI/Copernics
-2017 Micius (China) , QKD ISS-GND, 1.5um, IMDD, (ESA), GEO-LEO, GEO-GND,
international demonstration.  30~50Mbps 1.06um, riornocyns BPSK,
~1.8Gbps
-Sentinel-1B
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Program in the past and present(ZY/€/

| Asia | USA_____ | Euope

Present ~Near Future
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- 2018: RISESAT/ VSOTA - LCRD (NASA GSFC), GEO- - EDRS-C, EDRS-D
(NICT), LEO-GND, LEO, GEO-GND, 1.5um, - OSIRISv1-3 (DLR), LEO-
0.98/1.5um, IMDD, ~1kbps DPSK/PPM, 2.8G/622Mbps GND, 1.5um, IMDD, 20M-

- 20190DRS (JAXA), GEO- - DSOC (NASA JPL), Deep 10Gbps
GND, 1.5um, DPSK, space-GND PPM, - OPTEL-p (RUAG), Deep
1.8Gbps space-GND, LEO-GND,

- 2021 HICALI (NICT) , 1.5um, IMDD, 2Gbps
1.5um, 10Gbps, DPSK - OPTEL-D (ESA), Deep

space-GND

And more, There is growing commercial based program and
service using LEO/MEO constellation optical comm.

http://icsos2017.ieee-icsos.org



Space Communication

Data Rate v.s Satellite size
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Background : RISESAT/ VSOT
- 0]

2010

2012
2013

2014
2016
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2017

2018

TOHOKU UNIVERSITY

project

/?7 & B

“Hodoyoshi” Reliability/Cost balanced micro-sats program as RISESAT
defined Sateliite No.2 start

Collaborative Research Agreement between NICT and Tohoku Univ.

VSOTA FM completed environment test . Lost opportunity of launch at
over sea site.

SOTA experiment start
SOTA experiment end

Regain the Launch Opportunity by Epsilon Rocket #4 under JAXA
Innovative Satellite Technology Demonstration Program

Re-start project NICT

FM start integration and Test

END—END system level test software refinement
Preparation of Ground station

11/8/2018 Fassto L2 p&aﬁ% IRAN&Y Canberra 2018 6
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VSOTA nic? B
(Very Small Optical Transmitter)

VSOTA-Collimator

1550nm 980nm
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Optical fiber

LD Driver (VSOTA-E)
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VSOTA SOTA Heritage

F
SOTA: Small Optical TrAnsponder (in orbit 2014~2016)
H9® ) I Re-cr:)e(i\‘}ing I

RS

NN

-

[ %

o

4 -l

N

Electric Part Optical on Gimbal Mechanics
11/8/2018 LD and driver boa%&tar\]nlcyv&oﬁ’lir%%’rclcl)oregelg(slﬂb‘SCompoonent ’



VSOTA Specification N<I§7? ) LK

VSOTA SOTA
NEE < 1kg 6.2 kg

Consumtion
2000km max &=

avelength 980nm(TX1), 1550nm(TX4) 980nm (TX1), 1550nm(TX4)
@I e [Ela =) ADiv. ( 3.3mrad/ 1.2mrad ) Div. (200prad)

800nm(TX2,3)
1064nm(RX)
O Il LTI 980nm - 540mW(max) &=
1550nm:80mW(max)
{w Jt 980nm:Arbitrary &=
1550nm: Linear
100kbps nominal 1Mbps or 10Mbps

(10kbps~6Mbps Variable)
21th IWLR, Canberra 2018 9
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Microsatellite RISESAT

Mission Instruments includes:

O High Precision Telescope (HPT)

O Dual-band Optical Transient
Camera (DOTCam)

0 Ocean Observation Camera (OOC)

O Space Radiation micro-Tracker
(Timepix)

0 Micro Monitor Camera (MMCQ)

O Other engineering missions

O Very Small Optical Transmitter
(VSOTA)

Satellite Size & Mass

50x50x50cm, 55kg

Orbit:500-700km (nominal Pointing Accuracy:

500km), Sun-Synchronous 0.1degree or 1.7mrad (30) : Requirement.”
LTDN nominal 9:30 0.04 degree or 0.7mrad (30) Goal

11/8/2018 21th IWLR, Canberra 2018 1
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Location of VSOTA Sub—-Components and
HPT (High Precision Telescope) in RISESAT

VSOTA-CNT

Optical Fiber
Connection

CR VSOTA-COL

11/8/2018 21th IWLR, Canberra 2018 11
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. C g’{j‘x
CCR on Nadir Panel ” :

VSOTA-COL and CCR shown on the flight
model of RISESAT

CubeDiameter: CA

28mm
Uncoated
e A WY Dihedral angle = 2.4
PEN O arcseconds +-0.4
\/ Heritage of cancelled project
11/8/2018 a 21th IWLR, Canberra 2018 (Astro-G)in 2013 :
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Specification of HPT "7 E

Parameter Value

Observation Band 630 bands (420 nm — 1050

nm)
Ground resolution 5 m (at 700 km LEO)
Field of View 0.2°
Data update frequency 10 Hz
CCD Area 659 x 494 pixels
Diameter 100 mm
Focal Length 1000 mm

11/8/2018 21th IWLR, Canberra 2018 13



/vé?

& B

Experiment scheme
Attitude Control System with
combination to SLR and High Precision

Telescope during Comm. S.Fujita et al., IEEE_SICE (2017)

—_ RISESAT GPSR | SCuU
< N % IGPS-1 (Spacelink) Satellite Central Unit
Laser Beam " I
(532nm) STT1 || —| RW1
Star Tracker Gen.2 TA6494 (Tamagawa)
STT2 | M. RW2
Star Tracker Gen.2 Ac U TA6494 (Tamagawa)
Foe | Attitude [ Rws
TA7584 (Tamagawa) C O nt r O I U n It TA6494 (Tamagawa)

% | o
N W TAG494 (Tamagawa)

Koganei SLR ¢ HPT Field of View |
Statiom HPT le—> SHU s VSOTA
High-Precision Telescope Science data Handling Unit Laser Transmitter

IGuide Laser from a Ground Station Mission Data (980, 1550 nm) 1

D link
11/8/2018 21th IwLRRlNk Beacgy, o SLR owniinx-,




Link for Communication | pea—
NICT B TEAE
(VSOTA A=980nm 100kbps, BER=10-> )

Items/ Size of Telescope—> 1.5m 1m 35cm 20cm unit
Power 270 = = = mW
Wavelength 980 = = = nm

Beam Divergence (Full width) 3.3 = = = mrad
Optical Loss(TX)) -2 = = = dB
Strehl ratio 0.4 = = = dB
Pointing Loss 0.9 = = = dB

Satellite Pointing Loss (30) 1.7 = = = mrad
Space Loss 261 = = = dB
Range(oneway) 900 = = = km
Aperture Slze 1.5 1.0 0.35 0.2 mo
Receive Gain 134 130 121 116 dB
Optical Loss(RX) -2 = = = dB
Atm.Turblulance Loss -7 = = = dB
Atm.Transmission -4 = = = dB
Receiving Power -54.7 -58.2 -67.3 -72.2 dBm
Receiver Sensitivity -60 -60 -70 -70 d B
Margin 5.3 1.8 2.7 -2.2 dB




Uplink for HPT and SLR Link budget v.s. Beam Divergence
(A =532nm Slant range=900km)

<—Dhameter of Beam at RISESAT / Mumber of Photons at HPT Aperture -

1x10°
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Mission Success Level  wic/ rexs

Mission Objective
Success
Level

Demonstrate the capability of lightweight, compact optical
communication on a scientific microsatellite.

Acquire data on the effect of atmospheric scintillation noise on
the laser communications link.

Evaluate the HPT image of the SLR guide laser from ground

Evaluate the downlink beam divergence and ACU accuracy using
the primary ground station and feed back to ACU.

Evaluate the downlink beam divergence and ACU accuracy
simultaneously using the primary ground station and mobile
ground stations to consider the beam spread.

Be used as a reference source for verifying the adaptive optics of
the optical ground stations intended for future high-throughput
satellites, etc.

Be used as a reference source for verifying the superconducting
nanowire single-photon detector (SSPD) to be used for a PPM-

based deeh SRR SOLMUNHIRY 1
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Current Status: Test Activities ”@7? &

VSOTA-COL additional Integration of VSOTA on

Vibe. test (Fe_b 2018) R'SES\AT (Juqn. 218)

2 ‘ I
VSOTA-E baking VSOTA-COL Safety VSOTA-E LD replacement
(May2018) Cover set (Mar. 2018) (Jun. 2018)

i

-l
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Configuration of End-to-end electrical and
communication tests

Power

supply
(+12V)

RISESAT
SHU

_—
NICT set-up

Electrical cable (LVDS signaling

+ 5V power)

+ on VSOTA-CNT, one D-sub 25 Fixed optical attenuators
pin connector For TXI1: 5 total (effectively 39.8dB
+ on VSOTA-E, two D-sub attenuation) .

micro-D 25 pin connectors (power : Single mode fiber optic cable For TXZ.: 3 total (effectively 23.2dB
and signaling) : (FC/APC — FC-PC) attenuation)

(2.980nm)

(’% Variable

VSOTA- : VSOTA-E Atemate for I :

] CNT j—<§ (EM) e optical
attenuator

USB/Serial

Controlling PC
(SCU emulator)

11/8/2018

Electrical cable (USB protocol + 5V Single mode fiber optic cable
power) (FC/APC—FC-PC)
+ D-sub 15 pin connector - (2.1550nm)

Fiber coupler (50:50) - (Cl;’g;{ﬁ::ﬁt: f):

USB/Serial
. sMA | SOTA /VSOTA
ohoku : o cable .
University APD Limiting amp compatible
t- : :
- ; receiver
: c SMA

+ for BER measurement
cable

H.Tomio, et al. (ICSO 2018)
1
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End to END test : NicP
Detector Sensitivity on Ground

Input level of APD detector and BER
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1.00E+00 : -
Max Sensitivity: Saturation Receive level
1.00E-01 Error Free @-72dBm @ -57dBm
1.00E-02
1.00E-03
[a's
)
1.00E-04
1.00E-05 Dynamic Range 15dB
1.00E-06
<€ >
1.00E-07
-85.00 -80.00 -75.00 -70.00 -65.00 -60.00 -55.00
APD  Input level dBm
APD detector (Hamamatsu C5460-1864)
(Tx1 980nm, Data rate: 100kbps with HPF 2kHz)
11/8/2018 21th IWLR, Canberra 2018 2
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Conclusion

0 We described background and features of VSOTA,
experimental plan and status.

Ot is in the final stage of the End to End test.

it is not only communication but test laser source in sky,
reference for Adaptive Optics light source, and it gives
you to check beam Irradiance on the camera.

OIn future work we will prepare for the equipments
installation and operation software in ground stations,
before launch when it will around the end of this year
or the early next year and start the experiment after
check out of satellite phase.
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Thanks

11/8/2018 21th IWLR, Canberra 2018 2



