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The configuration of LUCAS is as shown below:

LUCAS (=OGLCT & Ka-band feeder link equipment )

| 'L,“ LITIA

Eorwe:z ;
Return Link- .. Eﬁ .GEO satellite

Optical GEO Laser Communication

o [n-orbit link Terminal (OGLCT)
Check-out (eptical) QLLCT

equipment
Feeder link
(Ka-band)

LEO satellite

(NICT Okinawa) Ground stations (ALOS-4)
Optlcal LEO Laser Communication

Terminal (OLLCT) 5

Y. Satoh, et al., SPIE Photonics West 2025, Free-Space Laser Communications XXXVII, 13355-9 (2025).
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The information of satellites and launcher vehicles
are as shown below:

(FWH4a8)

LUCAS ALOS-4
1 - Launcher: H-IIA (F43) - Launcher: H3 (F3)

ol

« Launch date: W . ° Launch date:
29t Nov. 2020 st Jul. 2024

(C) MHI 16:25(1S5T) N o P p 12:06(JST)

Y. Satoh, et al., SPIE Photonics West 2025, Free-Space Laser Communications XXXVII, 13355-9 (2025).
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A) The system specifications are as shown in the table on the

right.

B) Wavelength is 1550nm band:

a. Spin-in from ground technologies
(Including future technologies)

b. Eye-safe

LUCAS Specification

Return link

Forward link

Data | Pre FEC

2.5Gbps

60Mbps

Rate | post FEC

1.8Gbps

50Mbps

BER | Pre FEC

1x103

5x10-4

Post FEC

1x10->

1x10°

Wavelength

1560nm

1540nm

Polarization

LHCP

RHCP

Modulation

RZ-DPSK-DD

RZ-IM-DD

The FASTEST LEO-GEO communication in 1550nm

Y. Satoh, et al., SPIE Photonics West 2025, Free-Space Laser Communications XXXVII, 13355-9 (2025).
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O Ex. Return Link (LEO->GEO->ground)

/—m Ground Station

To user ground system

User link

-Speed: 1.8Gbps
-BER: <103

From user satellite system

Countermeasures
against burst errors

Optical link

-Speed: 2.5Gbaud
RZ-DPSK Transceiver p.BER; <103

RS code encoder

Feeder link

f l | P --::”?:’;_‘._._’
3W class HPA iiXi i _ ' (Ka-band)
(EYDFA) ®90mm class ®140mm class . Receiver
Optical system Optical system

RS: Reed-Solomon Optlcal LNA

DPSK: Differential Phase-Shift Keying . . EDFA
EYDFA: Er/Yb Doped Fiber Amplifier Distance: 35,000"‘*’45,000 km ( )
EDFA: Er Doped Fiber Amplifier

DLI: Delay Line Interferometer

Y. Satoh, et al., SPIE Photonics West 2025, Free-Space Laser Communications XXXVII, 13355-9 (2025).
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O LUCAS's PAT sequence is as shown below: (PAT: Pointing, acquisition and tracking)

1: Spiral scan phase
2: Raster scan phase

GEO: Start Scan (Wide area) LEO: Start Scan (Middle area)
LEO: Coarse psmtmg (\ GEQ: Coarse pointing

Y, R
[Iy! = H}'{ﬁ“ —
GEO sat. Spiral e ' Raster
scan fay scan ~10km

3: Random scan phase
g e
| d~4.3km 4: Fine Tracking phase

[
e scan :
(1D (30)
“ '¢"?"
";‘-\.‘ - {
GEQO: Fine Tracking, Scan Stop

GEO: Fine Acquisition, Start Scan (Small area) LEO: Fine Tracking
LEQ: Coarse Acquisition, Scan Stop -> communication line established

& 2
E
)

Y. Satoh, et al., SPIE Photonics West 2025, Free-Space Laser Communications XXXVII, 13355-9 (2025).
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O Tracking accuracy evaluation results is as shown below:

Tracking Accuracy

The evaluation results of
tracking accuracy:

- GEO: 0.50urad (30)
- LEO: 0.22urad (30)

Pointing accuracy (absolute) [urad]

| | l ! | I
}'.l,l'l , i, d i 'IL" l.['i ” J I' k” ! | |J i) J 11” ||\'I i H{“'I} !;Illtpl. |!I IIF |'\||I'_-‘lll l-'f!llr_-"I'. '.Ihl. j_lllll\.ll'l'I!J:J_-III.-ll I|Il,',:,II

Time [10s/Div.]

= Sufficient tracking accuracy
(Mechanical vibrations from satellite system are sufficiently suppressed.)

13

Y. Satoh, et al., SPIE Photonics West 2025, Free-Space Laser Communications XXXVII, 13355-9 (2025).



LUCASTO@EEFEHER

O Bit error rate data are as U (cmExE)
shown below:

FPS receive level

-

Data Spec

FWD | Pre-FEC | Error Free <5x10+4
(7.25x10°bit trans.)

FPS receive level [dBm)]

o

Post-FEC | Error Free <1x10°
(same as above)
Time [5min./div.]

RTN Pre-FEC R|ght graph)
Post-FEC | Error Free
(7.42x1011bit trans.)

BER: N7X10'4 Intersatellite distance
(Converted at Max. distance:45,000km)
-> Good enough quality

Y. Satoh, et al., SPIE Photonics West 2025, Free-Space Laser Communications XXXVII, 13355-9 (2025).
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Real-time transmission
of SAR observation data

A) Observation area:

2,600,000km?2
(=200km x 13,000km)
In one observation operation

B) Ground resolution:
10m x 10m

C) Transmitted Data Size:
>3.2Tbits (/30min.)

Arctic sea ice

ALOS-4's}
ground :

Nigeria’s _
Nature Reserve

Sbhthern
Italian Peninsula

Budapest
‘(Hungary)

Y. Satoh, et al., SPIE Photonics West 2025, Free-Space Laser Communications XXXVII, 13355-9 (2025).
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HEET 103 W
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e S
iL
RIERHE A
OHPA
Pre-amplifier Amplifier #2 Amplifier #3

1T mW 300 mW 25 W 1w

« ILDs #1 « ILDs#2 i LDs #3

LD Driver #1 LD Driver #2 & #3

Control Board

H. Kobayashi, et al., Proc. SPIE 12413, Free-Space Laser Communications XXXV (20%8).
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