Nlc ; T National Institute of
: Information and Communications Technology

Towards Integrated Communication and
Ranging system using 1.5um wavelength
fiber technology

Hiroo Kunimori [1], Mikio Fujiwara [1]
and Tetsuo Hosokawa [2]

[1] NICT, [2] Kyoei Optronics Co. Ltd.



N I ‘ TJ National Institute of
{ Information and Communications Technology

Table of Contents

* Why we move to synergy with laser comm. ?
— Background and requirement
— Wavelength/Modulation scheme

* How we designing system now.
— Key elements

 Experiment plan using a pilot satellite

e Summary



Background(1) : Global Fiber Network
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WDM: Wavelength division multiplexing <0.8nm spacing
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Background(2): Demanding Space
Communication Bandwidth
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Requirement(1) :
Global Optical Site Diversity

J.Degnan, IWLR, SanFernando, Spain,2004

Synergy of two applications SLR and Comm

Figure 4: Candidate SLR2000C site locations relative to global MCI fiberoptic net.



Requirement(2): Eye safety
Consideration on Wavelength

Science Experiment had been less care about safety will be eventually over,
Consider about hundreds or more application to comm. expanding to infrastructure
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Consideration on Modulation
What is Pulse Position Modulation (PPM) among others
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Consideration on iVioaulation:
Theoretical Transmission rate v.s. power for
various modulation in comparison to PPM
at distance of 1AU.
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Waseda, et. al, J. Opt Commun. Netw. 3(6) 514, 2011.



How we are designing(1)
-WDM wavelength allocation-

PPM Comm. Acomm=1550.12nm
Ranging Arange=1558.17nm
(Beacon)

Ref. Clock Aclock=1540.56nm
(Freq. Standard)

Use C-Band EDFA amplifier in which separation of wavelength must care
To avoid contamination due to Non linear effect between WDM channel

Freqg. Standard Communication Ranging
1530 1540 1550 1560 1570
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Block diagram of Whole System
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PPM Parameters:
Slot rate, M,N,Tinterval

M=16, N=2 PPM Format
1 symbol WORD
a » DATAin O {Ei%rate
{symbol le—M=16 » Tinterval
Tslot i@  N=2 i A28 ST, 0ns ~ 10us o
DATA in :( 00000 j{n )( 0111b )(u }(
PPM data [Tl ] | H [H | Il _ |
ir i 1 1 ' ! ] ' > | 1 ] E 1 ] ] E i H

Ratemm = EFn:-u:'.d[ﬁg # ((Tgjpr = N) =M + T[ﬂrﬂ'l:n:'.[j_l*
log.M

M:

M-ary PPM@M 1 Symbol=log2M bits
Tslot: Baseslot width(N=1)
Base Slot rate: 10GHz (width:100ps) | N:

Natural number to slow effective slot rate by 1/N
Tinterval:Dead Time for the next PPM symbol

EFcoding:Channel Coding Efficiency
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PPM Comm. Rate v.s. M
N=1,Tinterval(10ns)

M-ary PPM Communication rate vs M

PPM COMM Rate (bps)

L 10 )
r"*.‘*'i;I-
& | | a2 Ly L
L= ]{' ?_.-: } ---__:-_-
+-i- -
L0 . .
1x10° 110" My 110"
210" M o A LOGM) 024107

M-ary (2,4,8....1024)

— Slot rate= 2.5Gbps Red SOLID
=+s+ Slot rate=10 Gbps Blue DOT



PPM Comm. Rate vs. Tinterval
(N=1, M=16)
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PPM Comum. Rate vs Tinterval at 16-ary PPM
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Experiment Plan: Evaluation of 1.5um
Comm.&Range system using targets

UAV  (1-4km)
Beacon and/or : ' .

Ranging/Comm Beams

NlicroSat, (600-1000km)

SOJA/VSOTA: TX1,TX4
TA TX2/TX3

2
Optical Ground Station Fixed station ( 0.5-4km) *
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HOST Satellite :RISESAT

Rapid International Scientific Experiment SATellite
One of “HODOYOSHI” Small Satellite Series
Under development by Tohoku University

SES RMABAC

VSOTA-CCO
VSOTA-E

SANT LANT .
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VSOTA Component look-out

Alignment Cube
1 1550nm 980nm

VSOTA-COL
(Collimator uni

, , VSOTA-E (Electric unit)
Optical Fiber
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* New Optical Comm. Integrated SLR system using
PPM is under development.

e The data rate (1Mbps) expansion to ranging
engine as well as up to Multi 100Mbps data rate

e Evaluation in this fiscal year through next FY.
— Fiber only
— 10~100m on ground
— LEO(Ajisai) ranging and comm.

— Small satellite downlink experiment
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