
'1

 

 

NAS

Tech

NASA’s Spa
wide-ranging
success of N
Environment
laser commu
existing com

Keywords: F
 

Today’s radi
especially th
promise of b
those of RF a
shorter wave
concentrated

NASA’s hist
downlink rat
from the Mo
communicati
120W, respe
extremely att
expanding th

Figure 1. 

LLCD also d
the Moon, a
centimeter-cl
bodies.  

The real bre
essentially-fl

SA's Opti

hnology Div
Headq

ace Communic
g optical comm
NASA’s Luna
t Explorer (LA
unications miss

mmunications n

Free-space lase

1. N
o-frequency (R

hose from beyo
breaking throug
and thus allow
elength of an 

d communicatio

toric LLCD m
tes of up 622 M
oon than our b
ion system, sin
ectively). Such
tractive to NAS

he volume of da

NASA’s first hi

demonstrated a
an extremely a
lass precision 

eakthrough of 
lawless operati

ical Com

vision, Space
quarters, 300

cations and Na
munications pr
ar Laser Com
ADEE) spacecr
sions, key sce
etworks.  

er communicat

NASA’S HIS
RF) communic
ond geostation
gh this bottlene
ing many more
optical system

ons power at th

mission (depict
Mbps from 400

best Ka-band 
nce LLCD used
h improvement
SA’s future pla
ata collected an

istoric, dedicated

a 20 Mbps upl
ttractive capab
ranging to the

the LLCD dem
ions that allow

mmunicat
Donald

e Communic
0 E Street So

AB

avigation (SCa
rogram for futu

mmunication D
raft orbiting th
narios and det

tions, optical co

STORIC LL
cations are the b
nary Earth orb
eck by using la
e bits of inform

m allows for a
he receiver and

ted in Figure 1
,000 km in lun
radio.  LLCD

d only half the 
ts in the retur
anetary missio
nd devoting mo

d laser communi

ink (which wa
bility for futur
e spacecraft, w

monstration, h
wed the system 

tions Pro
d M. Cornwe
cations and N
outhwest, Wa

BSTRACT 

aN) Program 
ure planetary a

Demonstration 
he Moon in 20
tails, and the p

ommunication

LCD MISSI
bottleneck for 
it (GEO). Free
aser transmitte

mation to be im
a narrower tran
d lower transmi

1) demonstrate
nar orbit [1]. Th
D also demons

mass (30.7 kg
rned data volu
ns as they plan
ore resources t

ications demons

as used to loop
re human expl
which can be 

however, was t
to be used to r

ogram for
ell*a 

Navigation (
ashington, D

at NASA Hea
and near-Earth
(LLCD) from

013. This invit
plans to infuse

s, high data-rat

ION AND IT
returning mor
e-space optica

ers at frequenci
mparted to the b
nsmitted beam
it power to and

ed the potentia
his is almost an
strated that op
g) and 25% less
ume and the s
n to greatly inc
to the onboard 

tration: the LLC

p back error-fre
loration missio
used to impro

the spectacula
return real, hig

r 2015 an

(SCaN) Prog
DC USA 205

adquarters is p
h missions foll

m the Lunar A
ted paper will 
e this new tec

te, deep space,

TS IMPAC
e science data 

al communicati
ies that are 10
beam. Similarl

m divergence t
d from smaller,

al of this new
n order of mag

ptical could de
s power (90W)
size, weight an
crease the total 
instruments. 

CD Mission on L

ee high-definit
ons) and also p
ove the gravity

r success from
gh-value scienc

nd Beyon

gram, NASA
546 

pursuing a vibr
lowing the spe
Atmosphere an

discuss NASA
chnology into N

 near-Earth 

T 
from NASA m
ion (FSOC) of
,000 times hig
y, the commen
hat translates 
, lighter apertur

w technology w
gnitude higher 
eliver a more 
) than LRO (6
nd power (SW
science return

 
LADEE in 2013.

tion video to a
provided simu
y models of p

m the standpoi
ce data from L

nd 

A 

rant and 
ectacular 
nd Dust 
A’s new 
NASA’s 

missions, 
ffers the 

gher than 
nsurately 
to more 
res. 

with data 
data rate 
efficient 
1 kg and 

WaP) are 
n by both 

and from 
ultaneous 
planetary 

int of its 
ADEE’s 

Plenary Paper

Free-Space Laser Communication and Atmospheric Propagation XXVII, edited by Hamid Hemmati, Don M. Boroson 
Proc. of SPIE Vol. 9354, 93540E · © 2015 SPIE · CCC code: 0277-786X/15/$18 · doi: 10.1117/12.2087132

Proc. of SPIE Vol. 9354  93540E-1



Pe
rf

or
m

fl
ig

ht
 tr

G
ro

un
d 

L
as

Pa
lo

m
ar

 M
t

5m
-d

ia
. H

al

0.5

ce using 4W av
sceiver to 5m gr

Grau
Table
5kW,

er Receiver (GLR
a, CA

Telescope

1.5 2

Range (AU)

m Hale Night
m Hale Day
RO Ka -Band

Beacon

1030 nm

292 kb /s

0.4 A

ical Comm Ops C

., Pasadena, CA

Elect

(15E

Deep Space

Network
SN)

Margin (%)

Bead: 45z45z
cc)

Bns29a23a2
CC)

! pnrrcoowoll.dreehai.

 

 

instruments 
terminal (bo
demonstrated
downlink be
clouds (thus 
degrees of th
space termin
ground term
European Sp
November 2
extended ope

NASA mana
Directorate 
comparable t
communicati
tomorrow” fo

 

2. NA

 

Figure 2. 
oppositio

 

that were inv
oth designed, 
d near-instanta
eams on every

demonstrating
he Sun, and als
nal also demons
minals, which w

pace Agency 
013, after whi

erations in Mar

agement in both
(SMD) unders
to those of NA
ions (lasercom
or NASA’s net

ASA’S NEX

NASA JPL’s D
on (Figure courte

estigating the 
built and ope
aneous acquis

y pass while d
g significant s
so while LADE
strated regular 
were provided
(ESA) in Ten
ich the space 
rch 2014 and e

h the Human E
stood that LL

ASA’s venerab
mm) as a viable

tworks.  

XT STEPS: 

Deep Space Optic
esy of Dr. Abi B

environment 
erated by the 
sition followed
delivering error
system margin
EE and the Mo
link “handove

d by NASA’s 
nerife, Spain. 
terminal was 
nded with the 

Exploration and
LCD had dem
ble, RF-based D
e operational c

LASER CO
PLANETA

cal Communicat
iswas, NASA JP

of the Moon.
Massachusett

d by closed-lo
r-free data und
n), during day
oon were less 
ers” in less tha
Jet Propulsion
LLCD operat
placed in “col
impact of the L

d Operations M
monstrated ope
Deep Space N
complement to

OMMUNIC
ARY EXPLO

ions (DSOC) Pr
PL). 

. The LLCD s
s Institute of 
oop tracking 
der a range of

ylight while th
than 5 degree

an 2 minutes be
n Lab (JPL) a
tions continue
ld storage”. L
LADEE spacec

Mission Directo
erational perfo

Network (DSN)
o RF rather th

CATIONS F
ORATION

roject, providing

space termina
Technology’s

of the 15 mi
f conditions, i

he LADEE spa
s above the ho
etween the prim
at Table Moun
d from mid-O

LLCD was revi
craft on the Mo

orate (HEOMD
ormance and 
). LLCD had m
han always bei

FOR DEEP 

 up to 250 Mbps

l and primary
s Lincoln Lab
icroradian upl
including throu
acecraft was w

orizon [2].  Th
mary and two a
ntain, CA and

October 2013 
ived without i
oon in April 20

D) and Science 
capabilities th

made the case 
ing the “techno

SPACE AN

s from Mars at 

y ground 
boratory) 
link and 
ugh thin 
within 3 

he LLCD 
alternate 
d by the 
to mid-

issue for 
014. 

Mission 
hat were 
for laser 
ology of 

ND 

 

Proc. of SPIE Vol. 9354  93540E-2



3ticalN

T

173

mm

ars 2020 R(

rminal

 

 

LLCD’s histo
JPL [3]. Spec
HEOMD SC
Readiness Le
upcoming Di

As shown in
over 250 Mb
mass and usi
that is 1000x
detector arra
inertially-stab
receiver aper
although cur
Mars at oppo
on the Mars 
Mars science

Figure 3. Prop
of Dr. Joseph K

 

The SCaN P
terminal on t
Mars orbiter 
Earth” (DTE
band RF DTE
low-Earth-or

 

orical success 
cifically, NAS

CaN Program t
evel (TRL) 6 b
iscovery 2020 

n Figure 2, DSO
bps from Mars 
ing 76 W of p

x further away 
y on the space
bilized beam p
rtures on the 
rrent plans are 
osition. Note th

Reconnaissan
e community h

posed optical com
Kovalik, NASA

Program has a
the Mars 2020 
at up to 20 M

E) link from the
E link. This sy
rbit (LEO)-to g

has given new
A’s Space Tec

to take the re-n
by the end of F
mission. 

OC is designed
at opposition 
ower. DSOC, 
(with 60 dB m

ecraft to see th
pointing and la
ground than L
to use the 5 m

hat the highest
nce Orbiter (M
as received to 

mmunications te
A JPL). 

also supported 
rover as shown

Mbps (which of 
e Martian surfa
ystem will be b
ground applicat

w impetus to NA
chnology Miss
named Deep S
FY17 so that it

d to work from
(0.42 AU, or 6
however, will 

more link loss), 
hat uplink beam
arger point-ahe
LLCD—develo
meter Hale tele
t RF data rate d

MRO), so DSOC
date.  

rminal on the M

a recent NAS
n in Figure 3. T

f course require
ace at up to 20
ased on a smal
tions for near-E

ASA’s prior D
sion Directorate
Space Optical 
t can be flown

m near-Earth a
63 Mkm) as ill
have addition
a kilowatt-clas

m, and a requir
ead angles for t
opment of a 1
escope on Mo
demonstrated f
C represents a

Mars 2020 rover f

SA JPL study 
This terminal c
es such a termi
0 kbps, which 
ll (5 cm) transm
Earth lasercom

eep-space Opt
e (STMD) and
Communicatio

n as governmen

steroids on ou
lustrated in Fig

nal challenges c
ss uplink beam
rement for an o
the downlink b

12 meter telesc
ount Palomar to
from Mars is 6
an order-of-ma

for both relay an

to place a ve
could commun
inal) or, intere
is an order of 

mit aperture an
mm as well. 

tical Terminal (
d SMD have no
ons (DSOC) te
nt-furnished eq

ut to Jupiter an
gure 2, all whi
compared to L

m from the grou
order-of-magn
beam. DSOC w
cope is curren
o deliver more

6 Mbps from th
agnitude impro

nd DTE laser link

ery small (~ 6 
icate to an opti
stingly, it coul
magnitude bet

nd may find add

(DOT) effort a
ow teamed up 
erminal to Tec
quipment (GFE

d could delive
le consuming 

LLCD, includin
und, a photon-c
itude improvem
will also requir
ntly under stud
e than 100 Mb
he Ka-band tra
ovement over w

ks (figure courte

kg, 50W) las
ical relay termi
ld provide a “d
tter than the cu
ditional applic

at NASA 
with the 

chnology 
E) on the 

er data at 
28 kg of 
ng a link 
counting 
ment for 
re larger 
dy [4]—
bps from 
ansmitter 
what the 

 
esy 

sercomm 
inal on a 

direct-to-
urrent X-
ations in 

Proc. of SPIE Vol. 9354  93540E-3



G Ka-k

twweight l

and &

eshie5Ocrn

 

 

Figure 4. 
RF and 1
(Figure c

 

Finally, NAS
Radio and O
mesh antenna
laser commu
explorers if t

 

3. NA

NASA’s deb
Lasercomm 
developed an
that even the
OPALS was 
primarily com
installed adap
served as on
communicati

NASA is als
ground throu
Communicat
a space term
LLCD. The 
specifically d
to generate a
this wavelen
amplify the 
receiver. LC
processing an
geostationary

The LLCD g
with adaptive
into single-m
the receiver. 
space termin
2.88 Gbps) a

The integrated R
550 nm optical c
ourtesy of Dr. D

SA’s Glenn Re
Optical Commu
a with a 30 cm

unications. This
the SWaP of th

ASA’S NEX

but mission for
Science (OPA
nd delivered as
e mission proje
able to compl
mmercial off-t
ptive optics on
ne of the LLC
ions downlinks

so developing l
ugh satellites 
tions Relay De

minal that uses
gimbaled 10.7
derived from th
a 1.244 Gbps (u
ngth allows fo
signals, both f

CRD will fly t
nd also serve a
y orbit (GEO) c

ground stations
e optics for use

mode optical fib
Full user-rate 
als on the LCR

and a channel in

Radio and Optic
communications

Daniel Raible, NA

esearch Center 
unication (iRO

m optical telesco
s research effo

he hybrid system

XT STEPS: L

r a low-Earth-o
ALS), which wa

s part of an ea
ect manageme
ete many optic
the-shelf (COT
n the NASA JP
CD ground sta
s that exceed 1

laser communi
in the near-E

emonstration (L
s two of the th
7 cm diameter 
he space-qualif
user rate) diffe

or commerciall
for high-power
two space ter
as an interface
currently being

s at White San
e on LCRD. Th
bers, which is 
(1.244 Gbps) 

RD payload in 
nterleaver are u

cal Communicati
s within the same
ASA GRC). 

(GRC) is inve
OC, depicted in
ope, while sha

ort is currently 
m can stay wit

LASER CO
ENV

orbit (LEO) D
as installed on
arly career trai
ent was require
cal-based data 
TS) componen
PL 1 m telesco
ations). NASA
0 gigabits per 

ications techno
Earth environ
LCRD) [7], wh
hree componen
optical telesco

fied LLCD des
erential phase s
ly available er
r transmission
minals connec

e to the host sp
g built by Spac

nds, New Mex
his upgrade wi
required since

duplex commu
GEO. A ½ rat
used to deal wi

ions (iROC) term
e size, weight, a

estigating a hyb
n Figure 4), w

aring an integra
low TRL (2 to

thin the SWaP 

OMMUNICA
VIRONME

TE laser comm
n the Internatio
ining program 
ed to be within
downlinks at d

nts, and will so
ope on Table M
 is considerin
second. 

ology for relay
nment. NASA
hich is being b
nt modules de
ope and pointi
sign. However
shift-keying (D
rbium-doped f

n (0.5 W avera
cted via a hig
pacecraft, whic
ce Systems Lor

xico and on Ta
ill allow for cou
e demodulation
unications will
e error correcti
ith signal drop

minal, a technolo
and power (SWaP

brid RF-optical
which will inco
ated software-d
o 3) but poses
of today’s RF 

ATIONS FO
ENT 

munications ex
onal Space Sta
for new empl

n three years o
data rates up to
oon be used a

Mountain in Ca
g other LEO 

ying terabits of
’s next major
uilt by NASA

erived from M
ing, acquisition
r, LCRD will u
DPSK) modula
fiber amplifier
age power) and
gh-speed electr
ch is a comme
ral of Mountain

able Mountain 
upling of the d
n of the DPSK
l be supported 
ing code (on th
outs due to dee

ogy investigation
P) of today’s cur

l system [5], k
orporate a bod
defined modem
 intriguing pos
deep space ter

OR THE NE

xperiment is th
ation (ISS) in 2
oyees at NASA
of starting thei
o 50 Mbps, bas
as an orbiting 
alifornia (which
DTE missions

f data per day 
r technology 
’s Goddard Sp

MIT Lincoln La
n, and tracking
use a new, mul
ated beam at 15
r (EDFA) tech
d low-noise pr
ronic switch t

ercial telecomm
n View, CA. 

in California 
downlinked LC
K signal require

between each 
he uncoded DP
ep atmospheric

 

n to merge Ka-b
rrent RF system

known as the in
dy-pointed 3 m
m for both Ka-b
ssibilities for p
rminals. 

EAR-EART

he Optical PAy
2014 [6]. OPA
A’s JPL, whic
ir professional 
sed on a paylo
test source for
h had also succ
s to demonstra

between point
mission is th

pace Flight Cen
aboratory’s de
g (PAT) contr
lti-rate modem 
550 nm. The c
hnology to be 
re-amplificatio
that will prov
munications sa

will both be u
CRD signals fro
es spatial cohe
ground station

PSK modulatio
c fades. 

band 
s. 

ntegrated 
meter RF 
band and 
planetary 

TH 

yload for 
ALS was 
ch meant 

careers. 
ad using 
r newly-
cessfully 
ate laser 

ts on the 
he Laser 
nter with 
esign for 
oller are 

m (MRM) 
choice of 

used to 
on in the 
vide data 
atellite in 

upgraded 
om GEO 
erence at 
n and the 
on rate of 

Proc. of SPIE Vol. 9354  93540E-4



LC

. (21

RD in GEO

)18)

tr.

1.25 Gbp
Down lin

From ISS

 

 

 Finally, LC
fundamental 
systems.  Th
site and usin
cloudy while
to serve NAS

 

Currently, LC
the LCRD-d
relay from L
analog to our
to our next 
instruments. 

Finally, NAS
performing s
We are curr
communicati

[1] Boroson
Cornwel
89710S,

RD is funded
goal of build

his includes lon
ng that data, fo
e the other is c
SA’s communi

Figure 5. The L

CRD is planne
derived Low-Ea
LEO through th
r current RF-ba
generation of 
 

SA is committe
studies to build
rently evaluatin
ions on NASA

n, D. M., Robi
ll, D. M., "Ove
 International S

d as a two-yea
ding long-term
ng-term measu
or example, to
lear).   Such e

ications needs i

LCRD and ISS L

ed to relay data
arth Orbit Ter
he LCRD term
ased Tracking 
Earth-orbiting

ed to building a
d additional sta
ng many sites

A’s deep space a

inson, B. S., M
erview and res
Society for Op

ar demonstrati
m, multi-year o
urements and m
 plan for fast 
xperience will
in the near futu

LEO-T Missions 

a between two
rminal (LEO-T
minals in GEO
and Data Rela

g scientific sat

a network of o
ations in additi
s around the w
and near-Earth

REF

Murphy, D. V
sults of the Lun
ptics and Photo

ion (versus the
operational exp
monitoring of a
handovers bet

l be key for fur
ure. 

for demonstrati

 ground termin
T) on the Inter
O and then to t
ay System (TDR
tellites to dow

ptical ground s
ion to the two 
world to ident

h missions of th

FERENCES

V., Burianek, D
nar laser Com
nics (2014). 

e two month 
perience and u
atmospheric an
tween the two 
rther demonstr

ing near-Earth hi

nals.  However
rnational Spac
the ground (as
RS). NASA ev

wnload ever m

stations to supp
NASA station

tify the cleare
he future. 

D. A., Khatri,
munication De

demonstration
understand of 
nd meteorolog
ground station

rating the viabi

 
igh-bandwidth o

r, NASA has t
e Station (ISS
s depicted in F
ventually plans

more data from

port these miss
ns (~ 1 m aper
est skies possi

F., Kovalik, J
emonstration," 

n for LLCD) w
laser commun
ical conditions
ns (where one
ility of this tec

optical relays. 

tentative plans 
S) to fully dem
Figure 5) as an
s to offer these 

m new, high-re

sions. We are c
rtures) used for
ble to support

J. M., Sodnik,
SPIE LASE, 

with the 
nications 
s at each 
 may be 

chnology 

to place 
monstrate 
n optical 
services 

esolution 

currently 
r LLCD. 
t optical 

 Z., and 
89710S-

Proc. of SPIE Vol. 9354  93540E-5



 

 

[2] Murphy, D. V., Kansky, J. E., Grein, M. E., Schulein, R. T., Willis, M. M., and Lafon, R. E., "LLCD operations 
using the Lunar Lasercom Ground Terminal," SPIE LASE, 89710V-89710V, International Society for Optics and 
Photonics (2014). 

[3] Hemmati, H., Farr, W. H., Biswas, A., Birnbaum, K. M., Roberts, W. T., Quirk, K., and Townes, S., "Deep-space 
optical terminals (DOT)," SPIE LASE, 79230C-79230C, International Society for Optics and Photonics (2011). 

[4] Hamid Hemmati, Abhijit Biswas and Ivan Djordevic, "Deep-Space Optical Communications:  Future Perspectives 
and Applications," Proceedings of the IEEE, 99(11), 2020-2039, (2011). 

[5] Raible, D., Robert R. Romanofsky, James M. Budinger, Jennifer M. Nappier, Alan G. Hylton, Aaron J. Swank, and 
Anthony L. Nerone. "On the Physical Realizability of Hybrid RF and Optical Communications Platforms for Deep 
Space Applications." In AIAA International Communications Satellite Systems Conference (2014). 

[6] Oaida, Bogdan V., William Wu, Baris I. Erkmen, Abhijit Biswas, Kenneth S. Andrews, Michael Kokorowski, and 
Marcus Wilkerson. "Optical link design and validation testing of the Optical Payload for Lasercomm Science 
(OPALS) system." SPIE LASE, pp. 89710U-89710U. International Society for Optics and Photonics (2014). 

[7] Edwards, B. L., Israel, D., Wilson, K., Moores, J., and Fletcher, A., "Overview of the laser communications relay 
demonstration project," Proceedings of SpaceOps, 11-15 (2012). 

 

Proc. of SPIE Vol. 9354  93540E-6


