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Overview
•• T he  D is a s t e r M o n it o rin g C o n s t e l l a t io n  ( D M C )T he  D is a s t e r M o n it o rin g C o n s t e l l a t io n  ( D M C )
•• T he  e x is t in g n e t w o rk  e n v iro n m e n t  fo r t he  D M CT he  e x is t in g n e t w o rk  e n v iro n m e n t  fo r t he  D M C
•• C is c o  ro ut e r,  m o d ific a t io n s ,  s a t e l l it e  in t e gra t io nC is c o  ro ut e r,  m o d ific a t io n s ,  s a t e l l it e  in t e gra t io n
•• W o rk  b e fo re  a n d  a ft e r l a un c hW o rk  b e fo re  a n d  a ft e r l a un c h
•• V irt ua l  M is s io n  O p e ra t io n s  C e n t e rV irt ua l  M is s io n  O p e ra t io n s  C e n t e r
•• V a n d e n b e rg d e m o n s t ra t io nV a n d e n b e rg d e m o n s t ra t io n
•• F ut ure  p l a n sF ut ure  p l a n s
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E x ec u t ive s u m m a ry
•• 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  i n  o r b i t  w o r k s .C i s c o  r o u t e r  i n  o r b i t  w o r k s .
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D is a s t er M o n it o rin g  C o n s t el l a t io n  ( 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 satellites.of  sm all 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)

http://www.dmcii.com/

G ov ernm ent coG ov ernm ent co--op eration:  op eration:  
A lgeria,  N igeria,  Turk ey,  U K . A lgeria,  N igeria,  Turk ey,  U K . 
Chinese contrib ution b eing b uilt.Chinese contrib ution b eing b uilt.
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 0 0 k m  sw ath,  3 2 m  ( 6 0 0 k m  sw ath,  3 2 m  
resolution) . O b serv e ef f ects resolution) . O b serv e ef f ects 
of  natural disasters.of  natural disasters.
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D M C  c a n  t a k e im a g es  o f  a n y wh ere o n  E a rt h

Palm Island Resort, Dubai, 14 Dec 2003 (UKPalm Island Resort, Dubai, 14 Dec 2003 (UK--DM C )DM C ) T h ree G org es Dam, C h ina, J uly  2004 (UKT h ree G org es Dam, C h ina, J uly  2004 (UK--DM C )DM C )
http://www.dmcii.com/
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D M C  s a t el l it e c o n s t el l a t io n  l a u n c h es
F our satellites launched so f ar. Sim ilar F our satellites launched so f ar. Sim ilar 
b ase designs,  w ith m odif ications f or b ase designs,  w ith m odif ications f or 
each country.each country.

27  S ep tember 200327  S ep tember 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)
Satellites and ground stations in each Satellites and ground stations in each 
country use I P  to com m unicate. E arth country use I P  to com m unicate. E arth 
im ages deliv ered to ground stations v ia im ages deliv ered to ground stations v ia 
U D PU 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 
good f it w ith Ciscogood 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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E x is t in g  n et wo rk  en viro n m en t  f o r t h e D M C
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 bp s8 . 1M bp s
dow nlinkdow nlink
9600bps uplink9600bps uplink

g r ou n d s ta tiong r ou n d s ta tion
L A NL A N

CiscoCisco
2 6 2 12 6 2 1

CiscoCisco
3 2 5 1  on  3 2 5 1  on  
U KU K --D M CD M C

CLE O :  Cisco router ab le to f it into U KCLE O :  Cisco router ab le to f it into U K --D M C satelliteD M C satellite’’s onb oard s onb oard 
netw ork  b y connecting to O B C and netw ork  b y connecting to O B C and SSD R sSSD R s using com m on using com m on 
serial interf aces.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  goes into rackdow nlink  goes into rack --m ounted Cisco 2 6 2 1  router,  w hich m ounted Cisco 2 6 2 1  router,  w hich 
f orw ards I P  p ack ets to groundf orw ards I P  p ack ets to ground--station LA N . station LA N . SSTLSSTL’’ss ground ground 
station LA N  is connected to SSTL corp orate I P  netw ork .station LA N  is connected to SSTL corp orate I P  netw ork .
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W h a t  is  t h e C L E O ro u t er?
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 f -the-shelf  
( CO TS)  p roduct f am ily.
The CLE O  M A R  is an ex p erim ental 
secondary p ayload on the U K -D M C satellite.
M A R  f eatures:
• 2 0 0 M H z  M otorola p rocessor.
• B uilt-in 1 0 0 M b p s E thernet.
• P C/ 1 0 4 -P lus interf aces and f orm  f actor.
• A dditional stack ab le 9 0  m m  x  9 6  m m   
cards ( serial,  E thernet,  p ow er sup p ly,  W iF i,    
etc.)

Local env ironm ent and high-sp eed dow nlink  
onb oard satellite dictate use of  serial card to 
connect w ith ex isting 8 .1 M b p s serial link s.
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P revio u s  t es t s  o f  t h e m o b il e a c c es s  ro u t er
M A R  p rev iously tested f or U S Coast G uard b y N A SA  G lenn R esearch M A R  p rev iously tested f or U S Coast G uard b y N A SA  G lenn R esearch Center Center 
onb oard onb oard NeahNeah B ayB ay iceb reak er in G reat Lak es. U sed m ob ile routing to roam  iceb reak er in G reat Lak es. U sed m ob ile routing to roam  
seam lessly b etw een w ired netw ork  w hen dock ed and seam lessly b etw een w ired netw ork  w hen dock ed and G l o b al s t arG l o b al s t ar satellite and satellite and 
longlong--range range W iF iW iF i link s w hen sailing.link s w hen sailing.
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C L E O m o d if ic a t io n s  f o r l a u n c h  a n d  s p a c e
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. 
•• Clock  b attery and sock ets f or Clock  b attery and sock ets f or 
connectors also rem ov ed. D irect connectors also rem ov ed. D irect 
soldered connections used f or soldered connections used f or 
v ib ration/ therm al surv iv ab ility.v ib ration/ therm al surv iv ab ility.
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C L E O in t eg ra t io n  1  – t h e ro u t er a s s em b l y

M A R  p rocessor card and serial M A R  p rocessor card and serial 
card w ired to card w ired to ‘‘m otherb oardm otherb oard’’
designed b y SSTL.designed b y SSTL.

‘‘M otherb oardM otherb oard’’ p rov ides p hysical p rov ides p hysical 
m ounting,  p ow er,  serial m ounting,  p ow er,  serial 
connections and serial/connections and serial/ CA N b usCA N b us
interf ace f or access to router interf ace f or access to router 
console p ort.console p ort.

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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C L E O in t eg ra t io n  2  – t h e p a y l o a d  t ra y
SSTLSSTL’’ss satellites are m odular stack s of  identical alum inium  trays,  satellites are m odular stack s of  identical alum inium  trays,  
screw ed together. A lum inium  p rov ides grounding,  heat conduction,screw ed together. A lum inium  p rov ides grounding,  heat conduction, and and 
structural rigidity. R outer card assem b ly tak es up  half  of  stackstructural rigidity. R outer card assem b ly tak es up  half  of  stack ab le tray.ab le tray.
cop p er cop p er heatsinkheatsink
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Satellite assembly, subsystems and router operated in partial vaSatellite assembly, subsystems and router operated in partial vac uum of  c uum of  
less th an 1 x 1 0less th an 1 x 1 0 --55 torrtorr ( 1 x 1 0( 1 x 1 0 --3  P a) , temperature rang e of  3  P a) , temperature rang e of  --3 53 5 ooCC up to + 6 0up to + 6 0 oo C .C .

A lso vibration tested.  A lso vibration tested.  

C L E O in t eg ra t io n  3  – t es t in g  b ef o re l a u n c h

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
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W o rk  a f t er l a u n c h :  g ro u n d -b a s ed  t es t b 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 testb ed allow s b ased testb ed 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 ount groundm ount ground--b ased b ased 
testb ed (testb ed ( ‘‘f latsatf latsat’’)  w ith SSD R  and )  w ith SSD R  and 
engineering m odel of  router,  and engineering m odel of  router,  and 
netw ork ed it f rom  N A SA  G lenn in netw ork ed it f rom  N A SA  G lenn in 
O hio.O hio.

B uilt testb ed B uilt testb ed 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 M OC  d em o ,  V a n d en b erg  A ir F o rc e B a s e
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 satelliteD M C satellite

-- use of  I P  f or f ield op erationsuse 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 system .integrated system .
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V M OC  d em o n s t ra t io n  n et wo rk  t o p o l o g y

mobile routing  
H ome A g ent

(N A S A  G lenn)

S e g ov ia  
N O C

2nd G round 
S tation

‘sh adow ’ back up
V M O C -2

(N A S A  G lenn)

U K -D M C /C L E O  r ou te r  
hig h-r a te  pa s s e s  ov e r  
S S T L  g r ou n d s ta tion
( G u il df or d,  E n g l a n d)

p rimary  V M O C -1
A ir F orce B attle L abs

(C E RE S )

Internet
mob il e  r ou te r  
a ppe a r s  to 
r e s ide  on  

H ome  A g e n t’s  
n e twor k  a t 
N 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 M O C 

p a r t n e r s

‘battlef ield 
op erations’

(tent and H umv ee, 
V andenberg  A F B )

l ow-r a te  U K -D M C  pa s s e s  ov e r  
s e con da r y  g r ou n d s ta tion s

r e ce iv in g  te l e me tr y
( A l a s k a ,  C ol or a do S pr in g s ) 8 . 1 M b p s d ow n l in k8 . 1 M b 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 M O Ct e l e m e t r y  t o V M O C

UKUK--DM CDM C
satellitesatellite

CL E O  on b oa r d  
m ob il e  a cce ss r ou t e r
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D em o n s t ra t io n  in vo l ved  m a n y  o rg a n is a t io n s
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