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Ex ecutiv e sum m aryEx ecutiv e sum m ary
•• UKUK--D M C  s a t e l l i t e ,  w i t h  C i s c o  r o u t e r  D M C  s a t e l l i t e ,  w i t h  C i s c o  r o u t e r  

o n b o a r d ,  l a u n c h e d  w i t h  o t h e r  s a t e l l i t e s  o n b o a r d ,  l a u n c h e d  w i t h  o t h e r  s a t e l l i t e s  
i n t o  l o w  E a r t h  o r b i t ,  S e p t e m b e r  2 0 0 3 .i n t o  l o w  E a r t h  o r b i t ,  S e p t e m b e r  2 0 0 3 .

•• UKUK--D M C  a n d  s i s t e r  s a t e l l i t e s  a r e  b a s e d  D M C  a n d  s i s t e r  s a t e l l i t e s  a r e  b a s e d  
a r o u n d  u s e  o f  I n t e r n e t  P r o t o c o l  ( I P ) .a r o u n d  u s e  o f  I n t e r n e t  P r o t o c o l  ( I P ) .

•• I P  i n t e r n e t w o r k i n g  o f  s a t e l l i t e  a n d  r o u t e r  I P  i n t e r n e t w o r k i n g  o f  s a t e l l i t e  a n d  r o u t e r  
t e s t e d  a n d  v a l i d a t e d  b y  i n t e r n a t i o n a l  t e s t e d  a n d  v a l i d a t e d  b y  i n t e r n a t i o n a l  
c o l l a b o r a t i o n  a n d  d e m o n s t r a t i o n  a t  c o l l a b o r a t i o n  a n d  d e m o n s t r a t i o n  a t  
V a n d e n b e r g  A i r  F o r c e  B a s e ,  J u n e  2 0 0 4 .V a n d e n b e r g  A i r  F o r c e  B a s e ,  J u n e  2 0 0 4 .

•• I P  w o r k s  f o r  s a t e l l i t e  a n d  p a y l o a d  I P  w o r k s  f o r  s a t e l l i t e  a n d  p a y l o a d  
c o m m u n i c a t i o n  a n d  c o n t r o l .  c o m m u n i c a t i o n  a n d  c o n t r o l .  

•• C i s c o  r o u t e r  w o r k s  i n  o r b i t .C i s c o  r o u t e r  w o r k s  i n  o r b i t .
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Ov erv iewOv erv iew
•• T h e D isa ster  M on itor in g  Con stella tionT h e D isa ster  M on itor in g  Con stella tion
•• CiscoCisco’’s mob ile a ccess r ou ters mob ile a ccess r ou ter
•• T h e ex istin g  n etw or k  en v ir on men t f or  th e D M CT h e ex istin g  n etw or k  en v ir on men t f or  th e D M C
•• R ou ter  modif ica tion s a n d sa tellite in teg r a tionR ou ter  modif ica tion s a n d sa tellite in teg r a tion
•• V ir tu a l M ission  O p er a tion s V ir tu a l M ission  O p er a tion s Cen terCen ter
•• V a n den b er g  demon str a tionV a n den b er g  demon str a tion
•• Cu r r en t sta tu s a n d f u tu r e p la n s Cu r r en t sta tu s a n d f u tu r e p la n s 
•• A w a r ds w on  b y th is sp a ce p a yloa d w or kA w a r ds w on  b y th is sp a ce p a yloa d w or k

Images shared by other organisations are used with thanks.Images shared by other organisations are used with thanks.
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D isaster M onitoring  Constel l ation ( D M C)D isaster M onitoring  Constel l ation ( D M C)
Surrey Satellite Technology Ltd Surrey Satellite Technology Ltd 
(SSTL)  b uilt and help  op erate (SSTL)  b uilt and help  op erate 
an international constellation an international constellation 
of  sm all sensor satellites.of  sm all sensor satellites.

f ires in Calif ornia,  2 8  O ct 2 0 0 3  (U Kf ires in Calif ornia,  2 8  O ct 2 0 0 3  (U K -- D M C)D M C)

G ov ernm ent coG ov ernm ent co--op eration:  op eration:  
A lgeria,  N igeria,  Turk ey,  U nited A lgeria,  N igeria,  Turk ey,  U nited 
K ingdom ,  and China.K ingdom ,  and China.
E ach gov ernm ent f inances a E ach gov ernm ent f inances a 
ground station in its country and ground station in its country and 
a satellite. G round stations are a satellite. G round stations are 
netw ork ed together.netw ork ed together.

The satellites share a sunThe satellites share a sun--
synchronous orb ital p lane f or synchronous orb ital p lane f or 
rap id daily largerap id daily large--area im aging area im aging 
(6 4 0 k m  sw ath w idth w ith 3 2 m  (6 4 0 k m  sw ath w idth w ith 3 2 m  
resolution) . Can ob serv e resolution) . Can ob serv e 
ef f ects of  natural disasters.ef f ects of  natural disasters.

w w w .dm cii.com
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D M C satel l ite constel l ation l aunchesD M C satel l ite constel l ation l aunches
F iv e satellites launched so f ar. Sim ilar F iv e satellites launched so f ar. Sim ilar 
b ase designs and sub system s,  w ith b ase designs and sub system s,  w ith 
custom  m odif ications f or each country.custom  m odif ications f or each country.

27 September 200327 September 2003

Satellites launched f rom  Satellites launched f rom  P lesetskP lesetsk in in 
Sib eria on af f ordab le shared R ussian Sib eria on af f ordab le shared R ussian 
K osm osK osm os--3 M  launches:3 M  launches:
N ov em b er 2 0 0 2 :  A lSA TN ov em b er 2 0 0 2 :  A lSA T--1  (A lgeria)1  (A lgeria)
Sep tem b er 2 0 0 3 :  U KSep tem b er 2 0 0 3 :  U K -- D M C,  N igeriaSA TD M C,  N igeriaSA T--1   1   

and and B ilSatB ilSat (Turk ey)(Turk ey)
O ctob er 2 0 0 5 :  B eij ingO ctob er 2 0 0 5 :  B eij ing--1  (China)1  (China)
Satellites and ground stations in each Satellites and ground stations in each 
country use I nternet P rotocol (I P )  to country use I nternet P rotocol (I P )  to 
com m unicate. E arth im ages deliv ered to com m unicate. E arth im ages deliv ered to 
ground stations v ia U D Pground stations v ia U D P -- b ased transf er.b ased transf er.
SSTL m igrated f rom  A X .2 5 ,  as used on SSTL m igrated f rom  A X .2 5 ,  as used on 
p rev ious m issions. U se of  I P  m ak es a p rev ious m issions. U se of  I P  m ak es a 
natural f it w ith Cisconatural f it w ith Cisco’’s I P  router onb oard s I P  router onb oard 
U KU K -- D M C satellite.D M C satellite.
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D M C can im ag e any where on EarthD M C can im ag e any where on Earth

P a l m I s l a n d  R es o rt,  D u ba i ,  14  D ec  2003 ( U KP a l m I s l a n d  R es o rt,  D u ba i ,  14  D ec  2003 ( U K --D M C )D M C ) T h ree G o rg es  D a m,  C h i n a ,  J u l y  2004  ( U KT h ree G o rg es  D a m,  C h i n a ,  J u l y  2004  ( U K --D M C )D M C )
w w w .dm cii.com
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DMC put to use: after Hurricane Katrina, 2005DMC put to use: after Hurricane Katrina, 2005
I n this f alseI n this f alse--colorcolor im age,  im age,  
dry land is red. F looded dry land is red. F looded 
and dam aged land is and dam aged land is 
show n as b row n.show n as b row n.

w w w .dm cii.com

D M C is w ork ing as D M C is w ork ing as 
p art of  the U nited p art of  the U nited 
N ations I nternational N ations I nternational 
Charter f or Sp ace and Charter f or Sp ace and 
M aj or D isasters.M aj or D isasters.

Sm all p art of  an im age Sm all p art of  an im age 
tak en b y the N igerian tak en b y the N igerian 
D M C satellite on F riday D M C satellite on F riday 
2  Sep tem b er,  f or the U S 2  Sep tem b er,  f or the U S 
G eological Surv ey. G eological Surv ey. 

I m agery deliv ered b y I m agery deliv ered b y 
using I nternet P rotocol. using I nternet P rotocol. 
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W hat is the CLEO router?W hat is the CLEO router?
A  Cisco 3 2 5 1  M ob ile A ccess R outer (M A R ) . A  Cisco 3 2 5 1  M ob ile A ccess R outer (M A R ) . 
The M A R  is a com m ercial of fThe M A R  is a com m ercial of f --thethe--shelf  (CO TS)  shelf  (CO TS)  
p roduct f am ily p roduct f am ily –– 3 2 5 1  and 3 2 2 0  series. R uns 3 2 5 1  and 3 2 2 0  series. R uns 
CiscoCisco’’s I O S (s I O S (I nternetw orkI nternetw ork O p erating System )  O p erating System )  
router code.router code.
The 3 2 5 1  M A R  f eatures:The 3 2 5 1  M A R  f eatures:
•• 2 1 0 M H z  M otorola p rocessor.2 1 0 M H z  M otorola p rocessor.
•• B uiltB uilt--in 1 0 0 M b p s E thernet.in 1 0 0 M b p s E thernet.
•• P C/ 1 0 4P C/ 1 0 4 -- P lus interf aces and f orm  f actor.P lus interf aces and f orm  f actor.
•• A dditional stack ab le 9 0 m m  x  9 6 m m  cards   A dditional stack ab le 9 0 m m  x  9 6 m m  cards   
(serial,  E thernet,  p ow er sup p ly,  (serial,  E thernet,  p ow er sup p ly,  W iF iW iF i ,  etc.),  etc.)

The CLE O  M A R  is an ex p erim ental secondary The CLE O  M A R  is an ex p erim ental secondary 
p ayload on the U Kp ayload on the U K --D M C satellite.D M C satellite.
Local env ironm ent and highLocal env ironm ent and high--sp eed dow nlink  sp eed dow nlink  
used b y U Kused b y U K --D M C satellite dictate use of  serial D M C satellite dictate use of  serial 
interf ace card to connect w ith ex isting 8 .1 M b p s interf ace card to connect w ith ex isting 8 .1 M b p s 
serial link s used onb oard.serial link s used onb oard.
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Other tests of  M obil e A ccess R outersOther tests of  M obil e A ccess R outers

N A SA  G lenn R esearch N A SA  G lenn R esearch CenterCenter tested M A R  ontested M A R  on
NeahNeah B ayB ay iceb reak er in G reat Lak es. M ob ileiceb reak er in G reat Lak es. M ob ile
routing roam ed seam lessly b etw een w iredrouting roam ed seam lessly b etw een w ired
link  w hen dock ed,  and longlink  w hen dock ed,  and long--range range W iF iW iF i and and 
G l o b al s t arG l o b al s t ar satellite link s w hen sailing.satellite link s w hen sailing.

Cheev erCheev er R acing p ut R acing p ut W iF iW iF i and and V oI PV oI P ,  ,  
f or secure telem etry,  v oice,  and f or secure telem etry,  v oice,  and 
v ideo,  in its cars,  p it and garage. v ideo,  in its cars,  p it and garage. 
Tw o cars carrying Tw o cars carrying M A R sM A R s w ere raced w ere raced 
in the 8 9in the 8 9 thth I ndianap olis 5 0 0 .I ndianap olis 5 0 0 .

2 0 0 22 0 0 2 2 0 0 52 0 0 5
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E x isting  netw ork  env ironm ent for th e DMCE x isting  netw ork  env ironm ent for th e DMC
Satellite:  each D M C satellite has m ultip le onb oard com p uters. Satellite:  each D M C satellite has m ultip le onb oard com p uters. 
F or housek eep ing (the O n B oard Com p uter,  O B C) ,  f or im age F or housek eep ing (the O n B oard Com p uter,  O B C) ,  f or im age 
cap ture and cap ture and p ack etisedp ack etised transm ission (the Solid State D ata transm ission (the Solid State D ata 
R ecorders,  R ecorders,  SSD R sSSD R s) ,  f or redundancy and surv iv al. ) ,  f or redundancy and surv iv al. 
I nterconnected b y I P  ov er 8 .1 M b p s serial link s f or data and I nterconnected b y I P  ov er 8 .1 M b p s serial link s f or data and 
slow er slow er CA N b usCA N b us f or b ack up  control;  really a customf or b ack up  control;  really a custom --b uilt LA N .b uilt LA N .

8 . 1M bps8 . 1M bps
d o w n l i n kd o w n l i n k
9600bps uplink9600bps uplink

g r ou n d  s ta ti ong r ou n d  s ta ti on
L A NL A N

C i s c oC i s c o
2 6 2 12 6 2 1

Cisco MARCisco MAR
3 2 5 1  on  3 2 5 1  on  
U KU K --D MCD MC

CLE O :  Cisco router w as ab le to f it into U KCLE O :  Cisco router w as ab le to f it into U K --D M C satelliteD M C satellite’’s s 
onb oard netw ork  b y connecting to O B C and onb oard netw ork  b y connecting to O B C and SSD R sSSD R s using using 
com m on serial interf aces.com m on serial interf aces.

G round:  G round:  SSTLSSTL’’ss design f or its ground station LA N s uses I P . design f or its ground station LA N s uses I P . 
Satellites com m unicate w ith P Cs on LA N  v ia SSatellites com m unicate w ith P Cs on LA N  v ia S--b and radio b and radio 
sp acesp ace--ground link . I P  ov er 8 .1  M b p s serial stream  f rom  ground link . I P  ov er 8 .1  M b p s serial stream  f rom  
dow nlink  com m ercial m odem  goes into a rackdow nlink  com m ercial m odem  goes into a rack --m ounted Cisco m ounted Cisco 
2 6 2 1  router,  w hich f orw ards I P  p ack ets onto the LA N . 2 6 2 1  router,  w hich f orw ards I P  p ack ets onto the LA N . SSTLSSTL’’ss
ground station LA N  is connected to and an integral p art of  ground station LA N  is connected to and an integral p art of  
SSTLSSTL’’ss corp orate I P  netw ork .corp orate I P  netw ork .
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38.4kbps38.4kbps
f o r  l o wf o r  l o w -- r a t er a t e
t e l e m e t r yt e l e m e t r y

SSD R  0SSD R  0
P o w e r P CP o w e r P C
I m a g i n gI m a g i n g

SSD R  1SSD R  1
P o w e r P CP o w e r P C
I m a g i n gI m a g i n g

SSD R  2SSD R  2
S t r o n g A r mS t r o n g A r m

r e f l e c t o m e t r yr e f l e c t o m e t r y

O nO n--B oardB oard
Com p uterCom p uter

h i g hh i g h -- r a t er a t e
T X 0T X 0

h i g hh i g h -- r a t er a t e
T X 1T X 1

l o wl o w -- r a t er a t e
R X 0R X 0

l o wl o w -- r a t er a t e
R X 1R X 1

9 .6 kbps9 .6 kbps
u pl i n ku pl i n k

9 6 0 0 b p s9 6 0 0 b p s

8 . 1 M b p s8 . 1 M b p s
3 8 4 0 0 b p s3 8 4 0 0 b p s

l o wl o w -- r a t er a t e
T XT X

8.1 M bps8.1 M bps
d o w n l i n kd o w n l i n k

38.4kbps38.4kbps
d o w n l i n kd o w n l i n k

CLEOCLEO

CA
Nb

us
CA

Nb
us

to
 co

ns
ole

 po
rt

to
 co

ns
ole

 po
rt

SMICSMIC
serialserial

MA R CMA R C
PowerPCPowerPC

U KU K -- D M C p ay l oad sD M C p ay l oad s…… connected  to CLEOconnected  to CLEO

CA N b usCA N b us m eshm esh
not show nnot show n

R edundancy in dualR edundancy in dual
transm itters,  dualtransm itters,  dual
receiv ers,  and dualreceiv ers,  and dual
im aging com p utersim aging com p uters
CLE O  uses av ailab leCLE O  uses av ailab le
‘‘sp aresp are’’ connectionsconnections
to f orm  a highto f orm  a high--sp eedsp eed
onb oard netw orkonb oard netw ork
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A l terations to CL E O  for l aunch  and  spaceA l terations to CL E O  for l aunch  and  space
NoNo radiation hardening;  low  orb it radiation hardening;  low  orb it 
env ironm ent is relativ ely b enign.env ironm ent is relativ ely b enign.
NoNo uniq ue hardw are design or uniq ue hardw are design or 
sof tw are w ork  done b y Cisco. sof tw are w ork  done b y Cisco. 
M inor p hysical m odif ications m ade M inor p hysical m odif ications m ade 
to router and serial card.to router and serial card.
•• F lowF low --soldered w ith leadsoldered w ith lead--b ased b ased 
solder to av oid solder to av oid ‘‘tin w hisk erstin w hisk ers’’..
•• F lat F lat heatsinkheatsink added to m ain added to m ain 
p rocessor to tak e heat to chassis.p rocessor to tak e heat to chassis.
•• To av oid leak age in v acuum ,  w et To av oid leak age in v acuum ,  w et 
electrolytic cap acitors w ith electrolytic cap acitors w ith 
p ressure v ents rep laced w ith dry. p ressure v ents rep laced w ith dry. 
•• U nused com p onents rem ov ed,  U nused com p onents rem ov ed,  
including p lastic sock ets and clock  including p lastic sock ets and clock  
b attery. Tim e set w ith N TP . D irectly b attery. Tim e set w ith N TP . D irectly 
soldered w ires are m ore rob ust f or soldered w ires are m ore rob ust f or 
v ib ration/ therm al cycling.v ib ration/ therm al cycling.
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CL E O  integ ration 1  CL E O  integ ration 1  –– th e router assem b l yth e router assem b l y
M A R  p roc essor c ard and serial  M A R  p roc essor c ard and serial  
c ard wired to c ard wired to ‘‘motherboardmotherboard’’
designed by S S T L .designed by S S T L .

‘‘M otherboardM otherboard’’ p rov ides p rov ides 
p hysic al  mounting,  p ower,  p hysic al  mounting,  p ower,  
serial  c onnec tions and serial  c onnec tions and 
serial /serial / C A N busC A N bus interf ac e f or interf ac e f or 
ac c ess to router c onsol e p ort.ac c ess to router c onsol e p ort.

R outer c onsol e p ort was used R outer c onsol e p ort was used 
to to ‘‘bootstrapbootstrap ’’ router router 
c onf iguration in orbit f rom c onf iguration in orbit f rom 
nothing. A f ter basic  networking nothing. A f ter basic  networking 
was c onf igured during p asses,  was c onf igured during p asses,  
tel net and tel net and sshssh were then used.were then used.

M A R  p rocessor cardM A R  p rocessor card

M A R  serial cardM A R  serial card

SSTLSSTL--designeddesigned
‘‘m otherb oardm otherb oard’’
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CL E O  integ ration 2 CL E O  integ ration 2 –– th e pay l oad  trayth e pay l oad  tray
SSTLSSTL’’ss satellites are m odular stack s of  identical alum inium  trays,  scrsatellites are m odular stack s of  identical alum inium  trays,  screw ed ew ed 
together. A lum inium  p rov ides grounding,  heat conduction,  and strtogether. A lum inium  p rov ides grounding,  heat conduction,  and structural uctural 
rigidity. Satellites are b uilt rigidity. Satellites are b uilt r ap i d l yr ap i d l y ,  using CO TS p arts,  in under 1 8  m onths. ,  using CO TS p arts,  in under 1 8  m onths. 
R outer card assem b ly tak es up  half  of  stack ab le tray.R outer card assem b ly tak es up  half  of  stack ab le tray.
cop p er cop p er heatsinkheatsink
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S atel l ite assemb l y ,  su b sy stems an d  r ou ter  oper ated  in  par tial  v aS atel l ite assemb l y ,  su b sy stems an d  r ou ter  oper ated  in  par tial  v acu u m of  cu u m of  
l ess than  1 x 1 0l ess than  1 x 1 0 --55 tor rtor r ( 1 x 1 0( 1 x 1 0 --33 P a) ,  temper atu r e r an ge of  P a) ,  temper atu r e r an ge of  --3 53 5 ooCC u p to + 6 0u p to + 6 0 oo C .C .

A l so v ib r ation  tested . A l so v ib r ation  tested . 

CL E O  integ ration 3  CL E O  integ ration 3  –– testing  b efore l aunchtesting  b efore l aunch

inin--house testinghouse testing

p rop ellant tankp rop ellant tank

cam erascam eras

satellite assem b lysatellite assem b ly v acuum  cham b er testingv acuum  cham b er testing



1 6CLEO – Ci s c o  r o u t e r  i n  Lo w  Ea r t h  Or b i tCi s c o  P u b l i c

W ork  bef ore and  af ter l aunchW ork  bef ore and  af ter l aunch
B ef ore l aunc h c omp l eted:B ef ore l aunc h c omp l eted:
-- l owl ow--l ev el  embedded sof tware dev el op ment l ev el  embedded sof tware dev el op ment 
-- hardware integration hardware integration 

A f ter l aunc h c omp l eted:A f ter l aunc h c omp l eted:
-- c ommissioning of  al l  new satel l ites ( U Kc ommissioning of  al l  new satel l ites ( U K --D M C ,  N igeriaS atD M C ,  N igeriaS at--1 ,  1 ,  B il S atB il S at))
-- c onstruc tion of  groundc onstruc tion of  ground--based based testbedtestbed f or use by N A S A  G l enn,f or use by N A S A  G l enn,
using engineering model  of  C L E O .using engineering model  of  C L E O .

-- dev el op ment and up l oad of  dev el op ment and up l oad of  ‘‘p assp ass--throughthrough’’ sof tware to rec onf igure   sof tware to rec onf igure   
onboard c omp uter to p ass f rames f rom C L E O  router out to downl ionboard c omp uter to p ass f rames f rom C L E O  router out to downl ink. nk. 

-- as an  ex per imen tal  pay l oad ,  C L E O  is n otas an  ex per imen tal  pay l oad ,  C L E O  is n ot directly directly con n ected  to d own l in kcon n ected  to d own l in k ,,
al thou gh C L E O  in ter con n ects a n u mb er  of  on b oar d  compu ter s.al thou gh C L E O  in ter con n ects a n u mb er  of  on b oar d  compu ter s.

-- bringing up  ground stations and distributed widebringing up  ground stations and distributed wide--area network.area network.

P owerP ower--on test of  the C L E O  router on 1 5  O c tober 2 0 0 3  showed c orrec t on test of  the C L E O  router on 1 5  O c tober 2 0 0 3  showed c orrec t 
amount of  p ower being drawn;  temp eratures measured indic ated thaamount of  p ower being drawn;  temp eratures measured indic ated that t 
heatsinkheatsink was attac hed c orrec tl y. T hen l ef t dormant f or ov er six  months.was attac hed c orrec tl y. T hen l ef t dormant f or ov er six  months.
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W ork  after l aunch : g roundW ork  after l aunch : g round --b ased  b ased  testb edtestb ed
N A SA  G lenn needed to gain N A SA  G lenn needed to gain 
f am iliarity w ith op erating and f am iliarity w ith op erating and 
conf iguring router w ith conf iguring router w ith SSTLSSTL’’ss
onb oard com p uters.onb oard com p uters.
G roundG round--b ased b ased testb edtestb ed allow s allow s 
conf iguration changes to b e conf iguration changes to b e 
tested on the ground at leisure tested on the ground at leisure 
b ef ore b eing m ade to CLE O  b ef ore b eing m ade to CLE O  
during a tenduring a ten--m inute p ass ov er a m inute p ass ov er a 
ground station.ground station.
B uilt rackB uilt rack --m ounted groundm ounted ground--
b ased b ased testb edtestb ed ((‘‘f latsatf latsat’’)  f rom  )  f rom  
SSD R  and engineering m odel of  SSD R  and engineering m odel of  
m ob ile router,  and netw ork ed it m ob ile router,  and netw ork ed it 
f rom  N A SA  G lenn in O hio.f rom  N A SA  G lenn in O hio.

B uilt B uilt testb edtestb ed af t eraf t er launch!launch!
Conf igured CLE O  Conf igured CLE O  af t eraf t er launch!launch!

CLE O  engineeringCLE O  engineering
m odel assem b lym odel assem b lySSTLSSTL

SSD RSSD R
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V irtual  Mission O perations V irtual  Mission O perations CenterCenter ( V MO C)( V MO C)
Sof tw are dev elop ed b y G eneral D ynam ics Sof tw are dev elop ed b y G eneral D ynam ics 
intended to task  satellites and p rov ide im agery intended to task  satellites and p rov ide im agery 
v ia a sim p le G U I  interf ace f or m ilitary users.v ia a sim p le G U I  interf ace f or m ilitary users.
V M O C w as rated second out of  1 2 0  p roj ects in V M O C w as rated second out of  1 2 0  p roj ects in 
im p ortance b y the U S O f f ice of  the Secretary of  im p ortance b y the U S O f f ice of  the Secretary of  
D ef enseD ef ense,  R ap id A cq uisition I ncentiv e ,  R ap id A cq uisition I ncentiv e -- N etw ork  N etw ork  
Centric (R A ICentric (R A I -- N C)  p rogram . So b ecam e one of  N C)  p rogram . So b ecam e one of  
f our p ilots receiv ing adv ance f unding.f our p ilots receiv ing adv ance f unding.
V M O C intended f or use w ith TacSatV M O C intended f or use w ith TacSat--1 ,  p lanned 1 ,  p lanned 
f or launch in 2 0 0 5 ,  and later TacSatf or launch in 2 0 0 5 ,  and later TacSat--2 . U K2 . U K -- D M C D M C 
p rov ides an early op p ortunity to test V M O C.p rov ides an early op p ortunity to test V M O C.
V M O C req uests im ages of  ground f rom  SSTL V M O C req uests im ages of  ground f rom  SSTL 
m ission p lanning system  f or D M C satellites. m ission p lanning system  f or D M C satellites. 
I m ages are tak en f or V M O C b y U KI m ages are tak en f or V M O C b y U K --D M C only. D M C only. 
V M O C m onitors U KV M O C m onitors U K --D M C satellite telem etry and D M C satellite telem etry and 
accesses CLE O  router.accesses CLE O  router.
V M O C is sim p ly an I PV M O C is sim p ly an I P --b ased ap p lication f or b ased ap p lication f or 
satellites,  using an av ailab le I Psatellites,  using an av ailab le I P --b ased satellite b ased satellite 
inf rastructure!inf rastructure!
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CLE O  a n d V M O C CLE O  a n d V M O C –– meetin g  n eeds of  p a r ticip a n tsmeetin g  n eeds of  p a r ticip a n ts
Com m ercialCom m ercial

Cisco System sCisco System s
Show  that a com m ercial Show  that a com m ercial 
CO TS I nternet router can CO TS I nternet router can 

w ork  in sp ace.w ork  in sp ace.

Civ ilCiv il
N A SA  G lennN A SA  G lenn

D em onstrate utility of  D em onstrate utility of  
I P  and m ob ile routing I P  and m ob ile routing 
f or satellite TT& C.f or satellite TT& C.

M il itaryM il itary
A ir F orce Sp ace A ir F orce Sp ace B attlelabB attlelab
Test the V irtual M ission Test the V irtual M ission 
O p erations O p erations CenterCenter in the in the 
f ield and task  sp ace asset.f ield and task  sp ace asset.

C L E O :  Cisco router in Low  E arth O rb it
p laced on U K -D M C satellite b y SSTL

Cisco gets its router Cisco gets its router 
launched as secondary launched as secondary 
ex p erim ental p ayload.ex p erim ental p ayload.

N A SA  G lenn uses router N A SA  G lenn uses router 
in sp ace to test m ob ile in sp ace to test m ob ile 
routing f or satellites.routing f or satellites.

CLE O  router w ork s in sp ace. V M O C w ork s w ith sp ace asset. M issionCLE O  router w ork s in sp ace. V M O C w ork s w ith sp ace asset. M ission success!success!

V M O C is tested across V M O C is tested across 
I nternet f rom  V andenb erg I nternet f rom  V andenb erg 
w ith CLE O  &  U Kw ith CLE O  &  U K -- D M C.D M C.
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V MO C d em o, V and enb erg  A ir F orce B aseV MO C d em o, V and enb erg  A ir F orce B ase
M ayM ay--J une 2 0 0 4 ,  V M O C,  im age J une 2 0 0 4 ,  V M O C,  im age 
req uest and access to onb oard req uest and access to onb oard 
p ayload (router)  w ere tested b y p ayload (router)  w ere tested b y 
coalition of  p artners coalition of  p artners ‘‘in the f ieldin the f ield’’ in in 
tent and tent and H um v eeH um v ee at V andenb erg A ir at V andenb erg A ir 
F orce B ase in Calif ornia.F orce B ase in Calif ornia.
Tested:Tested:
-- req uesting sensor data (im agery)  req uesting sensor data (im agery)  
f rom  the U Kf rom  the U K --D M C satellite.D M C satellite.
-- use of  I P  f or f ield op erations.use of  I P  f or f ield op erations.
-- task ing a satellite p ayload (the   task ing a satellite p ayload (the   
CLE O  router,  accessed using CLE O  router,  accessed using 
m ob ile netw ork ing) .m ob ile netw ork ing) .
-- f ailov er b etw een m ultip le f ailov er b etw een m ultip le V M O CsV M O Cs..

V M O C tent,  V andenb ergV M O C tent,  V andenb erg

H um v eeH um v ee

Testing and dem onstration w ere Testing and dem onstration w ere 
successf ul. Ciscosuccessf ul. Cisco’’s CLE O  router s CLE O  router 
in orb it show n to w ork  b y third in orb it show n to w ork  b y third 
p arties w hile testing a larger p arties w hile testing a larger 
integrated integrated ‘‘system  of  system ssystem  of  system s’’..
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V MO C d em onstration netw ork  topol og yV MO C d em onstration netw ork  topol og y

mo bi l e ro u ti n g  mo bi l e ro u ti n g  
H o me A g en tH o me A g en t
( N A SA  G l en n )( N A SA  G l en n )

S e g ov ia  
N O C

2n d  G ro u n d  
Sta ti o n

‘‘ s h a d o ws h a d o w ’’ ba c k u pba c k u p
V M O CV M O C --22

( N A SA  G l en n )( N A SA  G l en n )

U KU K -- D M C / C L E O  r ou te r  D M C / C L E O  r ou te r  
hi g hhi g h--r a te  p a s s e s  ov e r  r a te  p a s s e s  ov e r  
S S T L  g r ou n d  s ta ti onS S T L  g r ou n d  s ta ti on
( G u i l d f or d ,  E n g l a n d )( G u i l d f or d ,  E n g l a n d )

pri ma ry  V M O Cpri ma ry  V M O C --11
A i r F o rc e B a ttl e L a bsA i r F o rc e B a ttl e L a bs

( C E R E S)( C E R E S)

I nternet
m ob i l e  r ou te r  m ob i l e  r ou te r  
a p p e a r s  to a p p e a r s  to 
r e s i d e  on  r e s i d e  on  

H om e  A g e n tH om e  A g e n t’’ s  s  
n e tw or k  a t n e tw or k  a t 
N A S A  G l e n nN A S A  G l e n n

se cu r e  V ir t u a l  
P r iv a t e  N e t w or k  
t u n n e l s ( V P N s)  
b e t w e e n  V MO C 

p a r t n e r s

‘‘ba ttl ef i el d  ba ttl ef i el d  
o pera ti o n so pera ti o n s ’’

( ten t a n d  ( ten t a n d  H u mv eeH u mv ee,  ,  
V a n d en berg  A F B )V a n d en berg  A F B )

l owl ow --r a te  U Kr a te  U K -- D M C  p a s s e s  ov e r  D M C  p a s s e s  ov e r  
s e c on d a r y  g r ou n d  s ta ti on ss e c on d a r y  g r ou n d  s ta ti on s

r e c e i v i n g  te l e m e tr yr e c e i v i n g  te l e m e tr y
( A l a s k a ,  C ol or a d o S p r i n g s )( A l a s k a ,  C ol or a d o S p r i n g s ) 8 . 1 Mb p s d ow n l in k8 . 1 Mb p s d ow n l in k

9 6 0 0 b p s u p l in k9 6 0 0 b p s u p l in k

3 8 4 0 0 b p s3 8 4 0 0 b p s
d ow n l in kd ow n l in k

ot h e r  sa t e l l it eot h e r  sa t e l l it e
t e l e m e t r y  t o V MO Ct e l e m e t r y  t o V MO C

U KU K --D M CD M C
s a tel l i tes a tel l i te

CL E O  on b oa r d  
m ob il e  a cce ss r ou t e r
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V MO C/ CL E O  d em onstrations to U S  m il itaryV MO C/ CL E O  d em onstrations to U S  m il itary
5  N ov ember 2 0 0 4 ,  V M O C  5  N ov ember 2 0 0 4 ,  V M O C  
imaging req uest op erations imaging req uest op erations 
were demonstrated at A ir were demonstrated at A ir 
F orc e S p ac e C ommand F orc e S p ac e C ommand 
H eadq uarters in C ol orado H eadq uarters in C ol orado 
S p rings to G en. L anc e L ord.S p rings to G en. L anc e L ord.
1 8  N ov ember 2 0 0 4 ,  to A ir 1 8  N ov ember 2 0 0 4 ,  to A ir 
F orc e S p ac e C ommand F orc e S p ac e C ommand 
during its C ommanders'  during its C ommanders'  
C onf erenc e in L os A ngel es.C onf erenc e in L os A ngel es.
2  D ec ember 2 0 0 4 ,  to the 2  D ec ember 2 0 0 4 ,  to the 
l eadership  of  the A ir S taf f  l eadership  of  the A ir S taf f  
and J oint S taf f  in the and J oint S taf f  in the 
W ashington,  D C  area.W ashington,  D C  area.

Task ing to req uest an im age of  ColoradoTask ing to req uest an im age of  Colorado
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Dem onstration inv ol v ed  m any  org anisationsDem onstration inv ol v ed  m any  org anisations
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S om e l im itations of  CLEOS om e l im itations of  CLEO
A s a sec ondary ex p erimental  p ayl oad,  C L E O  sp ends most of  its timA s a sec ondary ex p erimental  p ayl oad,  C L E O  sp ends most of  its time e 
turned of f . C L E O  is onl y ac tiv e when being tested during p asses turned of f . C L E O  is onl y ac tiv e when being tested during p asses ov er ov er 
ground stations,  or when being used to transf er data between ground stations,  or when being used to transf er data between S S D R sS S D R s..

T he mobil e router is a c ommerc ial  p roduc t,  not a sp ac e instrumenT he mobil e router is a c ommerc ial  p roduc t,  not a sp ac e instrument. t. 
C L E O  does C L E O  does not not c ontain sp ec ial  instrumentation f or the sp ac e c ontain sp ec ial  instrumentation f or the sp ac e 
env ironment. C L E O  does env ironment. C L E O  does not not measure c umul ativ e radiation dosage.measure c umul ativ e radiation dosage.
S S T L  does hav e some additional  thermal  and p ower draw S S T L  does hav e some additional  thermal  and p ower draw 
instrumentation around the C L E O  assembl y motherboard.instrumentation around the C L E O  assembl y motherboard.

A v ail abl e satel l ite p ower is a c onstraint A v ail abl e satel l ite p ower is a c onstraint –– C L E O  is p owered up  f or ten C L E O  is p owered up  f or ten 
minutes at a time during a daytime sunl it p ass to c ommunic ate wiminutes at a time during a daytime sunl it p ass to c ommunic ate with th 
ground station using highground station using high--sp eed 8 .1 M bp s downl ink. C L E O  needs ~ 1 0 W . sp eed 8 .1 M bp s downl ink. C L E O  needs ~ 1 0 W . 
H ighH igh--sp eed downl ink needs ~ 1 0 W . U Ksp eed downl ink needs ~ 1 0 W . U K --D M C  p ower budget is onl y ~ 3 0 W . D M C  p ower budget is onl y ~ 3 0 W . 

O nboard sof tware c annot be easil y up graded O nboard sof tware c annot be easil y up graded –– no p l ans to ev er up l oad no p l ans to ev er up l oad 
6 M B  router IO S  sof tware ov er mul tip l e p asses v ia 9 6 0 0 bp s up l ink.6 M B  router IO S  sof tware ov er mul tip l e p asses v ia 9 6 0 0 bp s up l ink.
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S tatus of  CLEOS tatus of  CLEO
CL E O  rem ains operational .  A s a second ary  CL E O  rem ains operational .  A s a second ary  
ex perim ental  pay l oad , use of CL E O  is on a ex perim ental  pay l oad , use of CL E O  is on a 
b estb est--effort b asis, b al anced  ag ainst th e oth er effort b asis, b al anced  ag ainst th e oth er 
d em and s on th e U Kd em and s on th e U K--DMC satel l ite.  W h en not DMC satel l ite.  W h en not 
b eing  tested , CL E O  is sim pl y  sw itch ed  off to b eing  tested , CL E O  is sim pl y  sw itch ed  off to 
conserv e energ y .conserv e energ y .
CL E O  h as spent ov er tw o y ears in orb it.  CL E O  h as spent ov er tw o y ears in orb it.  
T esting  of CL E O  h as b een carried  out for T esting  of CL E O  h as b een carried  out for 
ov er a y ear.  CL E O  h as b een pow ered  up for ov er a y ear.  CL E O  h as b een pow ered  up for 
use ov er fifty  tim es.use ov er fifty  tim es.
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T im el ine of  CLEO testing  ev entsT im el ine of  CLEO testing  ev ents
2 7  S ep tember 2 0 0 32 7  S ep tember 2 0 0 3
–– U KU K --D M C  and sister satel l ites l aunc hed f rom D M C  and sister satel l ites l aunc hed f rom P l esetskP l esetsk..
1 5  O c tober 2 0 0 31 5  O c tober 2 0 0 3
–– C L E O  router p ower c yc l ed during satel l ite c ommissioning tests.C L E O  router p ower c yc l ed during satel l ite c ommissioning tests.
2 9  A p ril  2 0 0 42 9  A p ril  2 0 0 4
–– C L E O  router ac tiv ated and tested with c onsol e ac c ess.C L E O  router ac tiv ated and tested with c onsol e ac c ess.
M ay M ay –– J une 2 0 0 4J une 2 0 0 4
–– T esting of  V M O C  and C L E O  f rom V andenberg A ir F orc e B ase.T esting of  V M O C  and C L E O  f rom V andenberg A ir F orc e B ase.
1 41 4 --1 6  J une 2 0 0 4  1 6  J une 2 0 0 4  
–– F irst p ubl ic  demonstration of  V M O C  and C L E O  at V andenberg.F irst p ubl ic  demonstration of  V M O C  and C L E O  at V andenberg.
1 0  M ay 2 0 0 51 0  M ay 2 0 0 5
–– P ubl ic  demonstration to A F E I N etP ubl ic  demonstration to A F E I N et--C entric  O p erations C onf erenc e.C entric  O p erations C onf erenc e.
1 81 8 --2 0  O c tober 2 0 0 52 0  O c tober 2 0 0 5
–– P ubl ic  demonstration of  C L E O  and V M O C  at IE E E  M IL C O M  2 0 0 5 .P ubl ic  demonstration of  C L E O  and V M O C  at IE E E  M IL C O M  2 0 0 5 .
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B ey ond  the success of  CLEOB ey ond  the success of  CLEO
T h e outcom e of th e CL E O  proj ect and  T h e outcom e of th e CL E O  proj ect and  
testing  h as encourag ed  Cisco S y stem s to testing  h as encourag ed  Cisco S y stem s to 
prototy pe and  ev al uate I O S  softw are running  prototy pe and  ev al uate I O S  softw are running  
on rad iationon rad iation--h ard ened  P ow erP C processors h ard ened  P ow erP C processors 
and  h ard w are v ery  d ifferent from  th is first and  h ard w are v ery  d ifferent from  th is first 
CL E O  d em onstration.CL E O  d em onstration.

Cisco S y stem s is interested  in w ork ing  w ith  Cisco S y stem s is interested  in w ork ing  w ith  
oth ers to tak e I P  and  routing  functional ity  to oth ers to tak e I P  and  routing  functional ity  to 
new  pl acesnew  pl aces…… incl ud ing  h ig h  al titud e and  incl ud ing  h ig h  al titud e and  
g eostationary  orb it.g eostationary  orb it.
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O th er CL E O  testing  onb oardO th er CL E O  testing  onb oard
G P SG P S –– U KU K --D M C  satel l ite al so has onboard a G P S  D M C  satel l ite al so has onboard a G P S  ref l ec tometryref l ec tometry
ex p eriment. M ov ing data f rom the S S D R  running that ex p eriment toex p eriment. M ov ing data f rom the S S D R  running that ex p eriment to
ground req uires dedic ating p asses to that S S D R . D ata c an be mov eground req uires dedic ating p asses to that S S D R . D ata c an be mov ed d 
through the router to be stored on a p rimary imaging S S D R  whil e through the router to be stored on a p rimary imaging S S D R  whil e the the 
satel l ite is not p assing a ground station satel l ite is not p assing a ground station –– uses router without using uses router without using 
highhigh--sp eed downl ink,  takes adv antage of  router being c onnec ted to sp eed downl ink,  takes adv antage of  router being c onnec ted to 
al l  onboard c omp uters in onboard L A N . F irst done O c tober 2 0 0 5 .al l  onboard c omp uters in onboard L A N . F irst done O c tober 2 0 0 5 .
I P v 6I P v 6 –– C L E O  and ground routers are IP v 6C L E O  and ground routers are IP v 6 --c ap abl e,  but U Kc ap abl e,  but U K --D M C  D M C  
p ayl oads and ground stations use IP v 4  onl y. IP v 6  is not yet enabp ayl oads and ground stations use IP v 4  onl y. IP v 6  is not yet enabl ed.l ed.
I P secI P sec –– C L E O  and ground station routers c an use this,  and c oul d C L E O  and ground station routers c an use this,  and c oul d 
sec ure unenc ryp ted groundsec ure unenc ryp ted ground--sp ac e l ink by tunnel l ing IP  traf f ic  sp ac e l ink by tunnel l ing IP  traf f ic  
through the router. (through the router. ( s s hs s h to C L E O  is al ready c onf igured,  as is a to C L E O  is al ready c onf igured,  as is a 
p asswordedp assworded web interf ac e.) C oul d al so use S N M P  and web interf ac e.) C oul d al so use S N M P  and M IB sM IB s to show to show 
that a satel l ite p ayl oad c an be managed j ust as you woul d managethat a satel l ite p ayl oad c an be managed j ust as you woul d manage a a 
terrestrial  network asset.terrestrial  network asset.
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A ck n ow ledg men t of  su ccess of  CLE O  a n d V M O CA ck n ow ledg men t of  su ccess of  CLE O  a n d V M O C

•• NASA Glenn NASA Glenn –– C o m p u t er w o r ld  H er o es  f i na li s t sC o m p u t er w o r ld  H er o es  f i na li s t s
•• I nt er na l a w a r d s  i n Ai r  F o r c e,  Gener a l D y na m i c s  I nt er na l a w a r d s  i n Ai r  F o r c e,  Gener a l D y na m i c s  
a nd  NASA (a nd  NASA ( Turning Goals into RealityTurning Goals into Reality 2 0 0 5 )2 0 0 5 )

•• I nt er na l a w a r d s  f o r  p r o j ec t  m a na g em entI nt er na l a w a r d s  f o r  p r o j ec t  m a na g em ent

C om p u te r w or l d  H e r oe s  r e c og n i ti onC om p u te r w or l d  H e r oe s  r e c og n i ti on G D  T e c hn ol og y  A w a r dG D  T e c hn ol og y  A w a r d
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further information:
http :/ / w w w . c is c o. c om/ g o/ s p ac e

Q ues tions ?Q ues tions ?
th ank y outh ank y ou
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