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Brief summaryBrief summary
•• UKUK--D M C  sa t e l l i t e ,  w i t h  C i sc o  r o u t e r  D M C  sa t e l l i t e ,  w i t h  C i sc 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  sa 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  sa 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  si st e r  sa t e l l i t e s a r e  b a se d  D M C  a n d  si st e r  sa t e l l i t e s a r e  b a se d  
a r o u n d  u se  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 se  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  sa 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  sa t e l l i t e  a n d  r o u t e r  
t e st 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 st 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 st 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 st 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 se ,  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 se ,  J u n e  2 0 0 4 .

•• I P  w o r k s f o r  sa 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  sa 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 sc o  r o u t e r  w o r k s i n  o r b i t .C i sc o  r o u t e r  w o r k s i n  o r b i t .
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O v erv iewO v erv iew
•• T h e  D i s a s t e r  M on i t or i n g  C on s t e lla t i on  T h e  D i s a s t e r  M on i t or i n g  C on s t e lla t i on  
•• T h e  C i s c o r ou t e r  i n  Low  E a r t h  O r b i t  ( C LE O )  T h e  C i s c o r ou t e r  i n  Low  E a r t h  O r b i t  ( C LE O )  
•• S t e p s  i n  e x t e n di n g  t h e  I n t e r n e t  i n t o s p a c eS t e p s  i n  e x t e n di n g  t h e  I n t e r n e t  i n t o s p a c e
•• T h e  e x i s t i n g  n e t w or k  e n v i r on m e n t  f or  t h e  D M CT h e  e x i s t i n g  n e t w or k  e n v i r on m e n t  f or  t h e  D M C
•• R ou t e r  m odi f i c a t i on s  a n d s a t e lli t e  i n t e g r a t i onR ou t e r  m odi f i c a t i on s  a n d s a t e lli t e  i n t e g r a t i on
•• V i r t u a l M i s s i on  O p e r a t i on s  V i r t u a l M i s s i on  O p e r a t i on s  C e n t e rC e n t e r ( V M O C )( V M O C )
•• V a n de n b e r g  de m on s t r a t i onV a n de n b e r g  de m on s t r a t i on
•• A w a r ds  w on  b y t h i s  s p a c e  p a yloa d w or kA w a r ds  w on  b y t h i s  s p a c e  p a yloa d w or k
•• C u r r e n t  s t a t u s  a n d f u t u r e  t h ou g h t sC u r r e n t  s t a t u s  a n d f u t u r e  t h ou g h t s

I mag es sh ared by oth er org anisations are used w ith  th ank s.I mag es sh ared by oth er org anisations are used w ith  th ank s.
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D isast er M o n it o rin g  C o n st el l at io n  ( D M C )D isast er M o n it o rin g  C o n st el l at io n  ( D M C )
S u r r e y  S a te l l i te  T e c hn o l o g y  L td  S u r r e y  S a te l l i te  T e c hn o l o g y  L td  
(S S T L )  b u i l t a n d  he l p o pe r a te  (S S T L )  b u i l t a n d  he l p o pe r a te  
a n  i n te r n a ti o n a l  c o n ste l l a ti o n  a n  i n te r n a ti o n a l  c o n ste l l a ti o n  
o f  sm a l l  se n so r  sa te l l i te s.o f  sm a l l  se n so r  sa te l l i te s.

f i r e s i n  C a l i f o r n i a ,  2 8  O c t 2 0 0 3  (U Kf i r e s i n  C a l i f o r n i a ,  2 8  O c t 2 0 0 3  (U K -- D M C )D M C )

G o v e r n m e n t c oG o v e r n m e n t c o -- o pe r a ti o n : o pe r a ti o n : 
A l g e r i a ,  N i g e r i a ,  T u r k e y ,  U n i te d  A l g e r i a ,  N i g e r i a ,  T u r k e y ,  U n i te d  
K i n g d o m ,  a n d  C hi n a .K i n g d o m ,  a n d  C hi n a .
E a c h g o v e r n m e n t pa y s f o r  a  E a c h g o v e r n m e n t pa y s f o r  a  
g r o u n d  sta ti o n  i n  i ts c o u n tr y  a n d  g r o u n d  sta ti o n  i n  i ts c o u n tr y  a n d  
a  1 0 0a  1 0 0 -- 1 4 0 k g  sa te l l i te . G r o u n d  1 4 0 k g  sa te l l i te . G r o u n d  
sta ti o n s a r e  n e tw o r k e d  to g e the r .sta ti o n s a r e  n e tw o r k e d  to g e the r .

T he  sa te l l i te s sha r e  a  su nT he  sa te l l i te s sha r e  a  su n --
sy n c hr o n o u s o r b i ta l  pl a n e  f o r  sy n c hr o n o u s o r b i ta l  pl a n e  f o r  
r a pi d  d a i l y  l a r g er a pi d  d a i l y  l a r g e -- a r e a  i m a g i n g  a r e a  i m a g i n g  
(6 4 0 k m  sw a th w i d th w i th 3 2 m  (6 4 0 k m  sw a th w i d th w i th 3 2 m  
r e so l u ti o n ) . C a n  o b se r v e  r e so l u ti o n ) . C a n  o b se r v e  
e f f e c ts o f  n a tu r a l  d i sa ste r s.e f f e c ts o f  n a tu r a l  d i sa ste r s.

w w w .d m c i i .c o m
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D M C  sat el l it e c o n st el l at io n  l aun c h esD M C  sat el l it e c o n st el l at io n  l aun c h es
F i v e  sa te l l i te s l a u n c he d  so  f a r . S i m i l a r  F i v e  sa te l l i te s l a u n c he d  so  f a r . S i m i l a r  
b a se  d e si g n s a n d  su b sy ste m s,  w i th b a se  d e si g n s a n d  su b sy ste m s,  w i th 
c u sto m  m o d i f i c a ti o n s f o r  e a c h c o u n tr y .c u sto m  m o d i f i c a ti o n s f o r  e a c h c o u n tr y .

27 September 200327 September 2003

S a te l l i te s l a u n c he d  f r o m  S a te l l i te s l a u n c he d  f r o m  P l e se tskP l e se tsk i n  i n  
S i b e r i a  o n  a f f o r d a b l e  sha r e d  R u ssi a n  S i b e r i a  o n  a f f o r d a b l e  sha r e d  R u ssi a n  
K o sm o sK o sm o s--3 M  l a u n c he s:3 M  l a u n c he s:
N o v e m b e r  2 0 0 2   N o v e m b e r  2 0 0 2   –– A l S A TA l S A T -- 1  (A l g e r i a )1  (A l g e r i a )
S e pte m b e r  2 0 0 3  S e pte m b e r  2 0 0 3  –– U KU K -- D M C ,  N i g e r i a S A TD M C ,  N i g e r i a S A T -- 1   1   

a n d  a n d  B i l S a tB i l S a t (T u r k e y )(T u r k e y )
O c to b e r  2 0 0 5       O c to b e r  2 0 0 5       –– B e i j i n gB e i j i n g -- 1  (C hi n a )1  (C hi n a )
S a te l l i te s a n d  g r o u n d  sta ti o n s i n  e a c h S a te l l i te s a n d  g r o u n d  sta ti o n s i n  e a c h 
c o u n tr y  u se  I n te r n e t P r o to c o l  (I P )  to  c o u n tr y  u se  I n te r n e t P r o to c o l  (I P )  to  
c o m m u n i c a te . E a r th i m a g e s d e l i v e r e d  to  c o m m u n i c a te . E a r th i m a g e s d e l i v e r e d  to  
g r o u n d  sta ti o n s v i a  U D Pg r o u n d  sta ti o n s v i a  U D P -- b a se d  tr a n sf e r .b a se d  tr a n sf e r .
S S T L  m i g r a te d  f r o m  A X .2 5 ,  a s u se d  o n  S S T L  m i g r a te d  f r o m  A X .2 5 ,  a s u se d  o n  
pr e v i o u s m i ssi o n s. U se  o f  I P  m a k e s a  pr e v i o u s m i ssi o n s. U se  o f  I P  m a k e s a  
g o o d  f i t w i th C i sc og o o d  f i t w i th C i sc o ’’s I P  r o u te r  o n b o a r d  s I P  r o u te r  o n b o a r d  
U KU K -- D M C  sa te l l i te .D M C  sa te l l i te .
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D M C  put to use:  af ter H urricane K atrina,  2 0 0 5D M C  put to use:  af ter H urricane K atrina,  2 0 0 5
I n  thi s f a l seI n  thi s f a l se --c o l o rc o l o r i m a g e ,  i m a g e ,  
d r y  l a n d  i s r e d . F l o o d e d  d r y  l a n d  i s r e d . F l o o d e d  
a n d  d a m a g e d  l a n d  i s a n d  d a m a g e d  l a n d  i s 
sho w n  a s b r o w n .sho w n  a s b r o w n .

w w w .d m c i i .c o m

D M C  i s w o r k i n g  a s D M C  i s w o r k i n g  a s 
pa r t o f  the  U n i te d  pa r t o f  the  U n i te d  
N a ti o n s I n te r n a ti o n a l  N a ti o n s I n te r n a ti o n a l  
C ha r te r  f o r  S pa c e  a n d  C ha r te r  f o r  S pa c e  a n d  
M a j o r  D i sa ste r s.M a j o r  D i sa ste r s.

S m a l l  pa r t o f  a n  i m a g e  S m a l l  pa r t o f  a n  i m a g e  
ta k e n  b y  the  N i g e r i a n  ta k e n  b y  the  N i g e r i a n  
D M C  sa te l l i te  o n  F r i d a y  D M C  sa te l l i te  o n  F r i d a y  
2  S e pte m b e r ,  f o r  the  U S  2  S e pte m b e r ,  f o r  the  U S  
G e o l o g i c a l  S u r v e y . G e o l o g i c a l  S u r v e y . 

I m a g e r y  d e l i v e r e d  b y  I m a g e r y  d e l i v e r e d  b y  
u si n g  I n te r n e t P r o to c o l . u si n g  I n te r n e t P r o to c o l . 
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W h at  is t h e C L E O  mo b il e ac c ess ro ut er?W h at  is t h e C L E O  mo b il e ac c ess ro ut er?
A  Cisco 3 2 5 1  M obile A ccess R outer ( M A R ) .  A  Cisco 3 2 5 1  M obile A ccess R outer ( M A R ) .  
T h e M A R  is a commercial offT h e M A R  is a commercial off--th eth e--sh elf sh elf 
( CO T S)  product family ( CO T S)  product family –– 3 2 5 1  and 3 2 2 0  3 2 5 1  and 3 2 2 0  
series.  R uns Ciscoseries.  R uns Cisco’’s I O S (s I O S ( I nternetw orkI nternetw ork
O perating  System)  router code.O perating  System)  router code.
T h e CL E O  M A R  is an ex perimental T h e CL E O  M A R  is an ex perimental 
secondary payload on th e U Ksecondary payload on th e U K --DM C satellite.DM C satellite.
T h e 3 2 5 1  M A R  features:T h e 3 2 5 1  M A R  features:
•• 2 1 0 M H z  M o to r o l a  pr o c e sso r .2 1 0 M H z  M o to r o l a  pr o c e sso r .
•• B u i l tB u i l t--i n  1 0 0 M b ps E the r n e t.i n  1 0 0 M b ps E the r n e t.
•• P C /1 0 4P C /1 0 4 -- P l u s i n te r f a c e s a n d  f o r m  f a c to r .P l u s i n te r f a c e s a n d  f o r m  f a c to r .
•• A d d i ti o n a l  sta c k a b l e  9 0 m m  x  9 6 m m  c a r d s   A d d i ti o n a l  sta c k a b l e  9 0 m m  x  9 6 m m  c a r d s   
(se r i a l ,  E the r n e t,  po w e r  su ppl y ,  (se r i a l ,  E the r n e t,  po w e r  su ppl y ,  W i F iW i F i ,  e tc .),  e tc .)
L ocal env ironment and h ig hL ocal env ironment and h ig h --speed speed 
dow nlink  used by U Kdow nlink  used by U K --DM C satellite dictate DM C satellite dictate 
use of serial interface card to connect w ith  use of serial interface card to connect w ith  
ex isting  8 . 1 M bps serial link s used onboard.ex isting  8 . 1 M bps serial link s used onboard.
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O t h er t est s o f M o b il e A c c ess R o ut ersO t h er t est s o f M o b il e A c c ess R o ut ers

N A S A  G l e n n  R e se a r c h N A S A  G l e n n  R e se a r c h C e n te rC e n te r te ste d  M A R  o nte ste d  M A R  o n
NeahNeah B ayB ay i c e b r e a k e r  i n  G r e a t L a k e s. M o b i l ei c e b r e a k e r  i n  G r e a t L a k e s. M o b i l e
r o u ti n g  r o a m e d  se a m l e ssl y  b e tw e e n  w i r e dr o u ti n g  r o a m e d  se a m l e ssl y  b e tw e e n  w i r e d
l i n k  w he n  d o c k e d ,  a n d  l o n gl i n k  w he n  d o c k e d ,  a n d  l o n g --r a n g e  r a n g e  W i F iW i F i a n d  a n d  
G l o b al s t arG l o b al s t ar sa te l l i te  l i n k s w he n  sa i l i n g .sa te l l i te  l i n k s w he n  sa i l i n g .

C he e v e rC he e v e r R a c i n g  pu t R a c i n g  pu t W i F iW i F i a n d  a n d  V o I PV o I P ,  ,  
f o r  se c u r e  te l e m e tr y ,  v o i c e ,  a n d  f o r  se c u r e  te l e m e tr y ,  v o i c e ,  a n d  
v i d e o ,  i n  i ts c a r s,  pi t a n d  g a r a g e . v i d e o ,  i n  i ts c a r s,  pi t a n d  g a r a g e . 
T w o  c a r s c a r r y i n g  T w o  c a r s c a r r y i n g  M A R sM A R s w e r e  r a c e d  w e r e  r a c e d  
i n  the  8 9i n  the  8 9 thth I n d i a n a po l i s 5 0 0 .I n d i a n a po l i s 5 0 0 .

2 0 0 22 0 0 2 2 0 0 52 0 0 5
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S teps in extending the Internet into spaceS teps in extending the Internet into space
•• N A S A  J P L  g i v e s N A S A  J P L  g i v e s D E R AD E R A ’’ss S T R VS T R V -- 1 b  I P  a d d r e ss ( 1 9 9 6 ) .1 b  I P  a d d r e ss ( 1 9 9 6 ) .
•• N A S A  G o d d a r d  f l i e s I P  o n  N A S A  G o d d a r d  f l i e s I P  o n  S S T LS S T L ’’ss Uo S A TUo S A T -- 1 2  ( 2 0 0 0 ) .1 2  ( 2 0 0 0 ) .
•• C a b l e t r o n  r o u t e r  o n  R u ssi a n  m o d u l e  o f  I S S .  N A S A  C a b l e t r o n  r o u t e r  o n  R u ssi a n  m o d u l e  o f  I S S .  N A S A  
u se s I P  i n  sh u t t l e  e x p e r i m e n t s,  l a st  b e i n g  C A N D O S  u se s I P  i n  sh u t t l e  e x p e r i m e n t s,  l a st  b e i n g  C A N D O S  
( t e st e d  o n b o a r d  C o l u m b i a ,  J a n  2 0 0 3 ) .( t e st e d  o n b o a r d  C o l u m b i a ,  J a n  2 0 0 3 ) .

•• N A S A  g e t s N A S A  g e t s S p a c e D e vS p a c e D e v t o  l a u n c h  t o  l a u n c h  C H I P S a tC H I P S a t ( J a n  2 0 0 3 ) .( J a n  2 0 0 3 ) .
•• S S T L  a d o p t s I P  w i t h  D M C  ( A l S A TS S T L  a d o p t s I P  w i t h  D M C  ( A l S A T --1  l a u n c h e d  N o v  1  l a u n c h e d  N o v  
2 0 0 2 ,  UK2 0 0 2 ,  UK--D M C  e t  a l .  S e p  2 0 0 3 ,  B e i j i n gD M C  e t  a l .  S e p  2 0 0 3 ,  B e i j i n g -- 1  O c t  2 0 0 5 ) .1  O c t  2 0 0 5 ) .

•• C i sc o  a n d  S S T L  f i t  C L E O  m o b i l e  a c c e ss r o u t e r  o n  C i sc o  a n d  S S T L  f i t  C L E O  m o b i l e  a c c e ss r o u t e r  o n  
UKUK--D M C  sa t e l l i t e ,  a l o n g si d e  i m a g i n g  p a y l o a d s.D M C  sa t e l l i t e ,  a l o n g si d e  i m a g i n g  p a y l o a d s.
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N A S A  G oddardN A S A  G oddard’’s U oS A Ts U oS A T -- 1 2  dem onstration1 2  dem onstration
Show Show simplesimple p oi n tp oi n t -- t ot o--p oi n t  wi r e l e ss I P  p oi n t  wi r e l e ss I P  c om m sc om m s f or  d e e p  f or  d e e p  
sp a c e .  I SOsp a c e .  I SO --st a n d a r d  H D L C  ha s n o se t u p  ov e r he a d  ( whi l e  st a n d a r d  H D L C  ha s n o se t u p  ov e r he a d  ( whi l e  
C i sc oC i sc o’’s own  s own  I O SI O S H D L C  ha s H D L C  ha s k e e p a l i v e sk e e p a l i v e s a n d  SL A R P ,  a n d  a n d  SL A R P ,  a n d  
P P P  n e g ot i a t i on  i s f a r  m or e  c om p l e x  P P P  n e g ot i a t i on  i s f a r  m or e  c om p l e x  –– n ot  su i t e d  f or  n ot  su i t e d  f or  
se n d i n g  on ese n d i n g  on e --wa y  l on gwa y  l on g -- d i st a n c e  d i st a n c e  c om m sc om m s f r om  M a r s) .f r om  M a r s) .
U se  of  F r a m e  R e l a y  ( F R )  wi t h I SO  H D L C  i s st a n d a r d i se d  U se  of  F r a m e  R e l a y  ( F R )  wi t h I SO  H D L C  i s st a n d a r d i se d  
a n d  wi d e sp r e a d  a n d  wi d e sp r e a d  –– si m p l e  a sse m b l y ,  i n t e g r a t i on ,  t e st i n g  si m p l e  a sse m b l y ,  i n t e g r a t i on ,  t e st i n g  
( A I T ) .  C a n  p l u g  c om p a t i b l e  p i e c e s ( r ou t e r s sp e a k i n g  H D L C ,  ( A I T ) .  C a n  p l u g  c om p a t i b l e  p i e c e s ( r ou t e r s sp e a k i n g  H D L C ,  
m od e m s u n d e r st a n d i n g  H D L C )  t og e t he r .  C a n  u se  F R  t o m od e m s u n d e r st a n d i n g  H D L C )  t og e t he r .  C a n  u se  F R  t o 
i n d i c a t e  y oui n d i c a t e  y ou ’’ r e  c a r r y i n g  ot he r  t ha n  I P ,  se t  u p  v i r t u a l  r e  c a r r y i n g  ot he r  t ha n  I P ,  se t  u p  v i r t u a l  
c ha n n e l s,  e v e n  d o M P L Sc ha n n e l s,  e v e n  d o M P L S--t y p e  b r i d g i n g  t hi n g s.t y p e  b r i d g i n g  t hi n g s.
C i sc o 1 6 0 1  r ou t e r  i n  g r ou n d  st a t i on ,  I P  st a c k  on  U oSA TC i sc o 1 6 0 1  r ou t e r  i n  g r ou n d  st a t i on ,  I P  st a c k  on  U oSA T --1 2 .1 2 .
T a k e n  f u r t he r  b y  C A N D O S.  Se e  K e i t h T a k e n  f u r t he r  b y  C A N D O S.  Se e  K e i t h H og i eH og i e ’’ss O M N I  O M N I  
( O p e r a t i n g  M i ssi on s a s N od e s on  t he  I n t e r n e t )  p a p e r s.( O p e r a t i n g  M i ssi on s a s N od e s on  t he  I n t e r n e t )  p a p e r s.
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S im pl e S im pl e v sv s com pl ex IP  f ram ing strategiescom pl ex IP  f ram ing strategies
PointPoint--toto--p oint l ink s ,  e m p h a s is  on s im p l ic ityp oint l ink s ,  e m p h a s is  on s im p l ic ity

I P  he a d e rI P  he a d e rF RF R pa y l o a d    pa y l o a d    

H D L CH D L C -- e sc a pe d  f r a m ee sc a pe d  f r a m e
P r e a m b l eP r e a m b l e
(f l a g s,  c o n tr o l  d a ta )(f l a g s,  c o n tr o l  d a ta )

T r a i l e rT r a i l e r
(C R C ,  f l a g s)(C R C ,  f l a g s)

S tr e a m  i n to  m o d e m  to  e n c o d eS tr e a m  i n to  m o d e m  to  e n c o d e

I P  he a d e rI P  he a d e r pa y l o a d    pa y l o a d    

c o d e  b l o c kc o d e  b l o c k
N e w  c o d i n g ?  B u y  n e w  m o d e m  o f f  she l f .N e w  c o d i n g ?  B u y  n e w  m o d e m  o f f  she l f .
J u st r e pl a c e  the  o l d  m o d e m .J u st r e pl a c e  the  o l d  m o d e m .

N e w  c o d i n g ?  D e si g n /b u i l d  n e w  b o xN e w  c o d i n g ?  D e si g n /b u i l d  n e w  b o x
to  d o  c u sto m  f r a m i n g /se g m e n ta ti o n .to  d o  c u sto m  f r a m i n g /se g m e n ta ti o n .

c o m m e r c i a l  m o d e mc o m m e r c i a l  m o d e m

c o m m e r c i a l  r o u te rc o m m e r c i a l  r o u te r
S i m pl e  i n te g r a ti o n  S i m pl e  i n te g r a ti o n  -- sho w n  o n  U o S A Tsho w n  o n  U o S A T -- 1 21 2 I n te g r a te d  si n g l e  so l u ti o nI n te g r a te d  si n g l e  so l u ti o n

C u sto m  ha r d w a r e  b o xC u sto m  ha r d w a r e  b o x

F i t I P  i n to  y o u r  F i t I P  i n to  y o u r  
c u sto m  te l e m e tr y  c u sto m  te l e m e tr y  
f r a m e s,  the n  c o d e  f r a m e s,  the n  c o d e  
e a c h f r a m ee a c h f r a m e

se g m e n t a n d  f i t i n to  c u sto m  f r a m e sse g m e n t a n d  f i t i n to  c u sto m  f r a m e s
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E xisting netw ork  env ironm ent f or the D M CE xisting netw ork  env ironm ent f or the D M C
Sa t e l l i t eSa t e l l i t e –– e a c h D M C  sa te l l i te  ha s m u l ti pl e  o n b o a r d  e a c h D M C  sa te l l i te  ha s m u l ti pl e  o n b o a r d  
c o m pu te r s. F o r  ho u se k e e pi n g  (the  O n  B o a r d  C o m pu te r ,  O B C ) ,  c o m pu te r s. F o r  ho u se k e e pi n g  (the  O n  B o a r d  C o m pu te r ,  O B C ) ,  
f o r  i m a g e  c a ptu r e  a n d  f o r  i m a g e  c a ptu r e  a n d  pa c k e ti se dpa c k e ti se d tr a n sm i ssi o n  (the  S o l i d  tr a n sm i ssi o n  (the  S o l i d  
S ta te  D a ta  R e c o r d e r s,  S ta te  D a ta  R e c o r d e r s,  S S D R sS S D R s) ,  f o r  r e d u n d a n c y  a n d  su r v i v a l . ) ,  f o r  r e d u n d a n c y  a n d  su r v i v a l . 
I n te r c o n n e c te d  b y  I P  o v e r  8 .1 M b ps se r i a l  l i n k s f o r  d a ta  a n d  I n te r c o n n e c te d  b y  I P  o v e r  8 .1 M b ps se r i a l  l i n k s f o r  d a ta  a n d  
sl o w e r  sl o w e r  C A N b u sC A N b u s f o r  b a c k u p c o n tr o l ;  r e a l l y  a  c u sto mf o r  b a c k u p c o n tr o l ;  r e a l l y  a  c u sto m -- b u i l t L A N .b u i l t L A N .

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

g r o u n d  s ta ti o ng r o u n d  s ta ti o n
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

C L E OC L E O –– C i sc o  r o u te r  w a s a b l e  to  f i t i n to  U KC i sc o  r o u te r  w a s a b l e  to  f i t i n to  U K -- D M C  sa te l l i teD M C  sa te l l i te ’’s s 
o n b o a r d  n e tw o r k  b y  c o n n e c ti n g  to  O B C  a n d  o n b o a r d  n e tw o r k  b y  c o n n e c ti n g  to  O B C  a n d  S S D R sS S D R s u si n g  u si n g  
c o m m o n  se r i a l  i n te r f a c e s.c o m m o n  se r i a l  i n te r f a c e s.

G r ou n dG r ou n d –– S S T LS S T L ’’ss d e si g n  f o r  i ts g r o u n d  sta ti o n  L A N s u se s d e si g n  f o r  i ts g r o u n d  sta ti o n  L A N s u se s 
I P . S a te l l i te s c o m m u n i c a te  w i th P C s o n  L A N  v i a  SI P . S a te l l i te s c o m m u n i c a te  w i th P C s o n  L A N  v i a  S -- b a n d  r a d i o  b a n d  r a d i o  
spa c espa c e -- g r o u n d  l i n k . I P  o v e r  8 .1  M b ps se r i a l  str e a m  f r o m  g r o u n d  l i n k . I P  o v e r  8 .1  M b ps se r i a l  str e a m  f r o m  
d o w n l i n k  c o m m e r c i a l  m o d e m  g o e s i n to  a  r a c kd o w n l i n k  c o m m e r c i a l  m o d e m  g o e s i n to  a  r a c k -- m o u n te d  C i sc o  m o u n te d  C i sc o  
2 6 2 1  r o u te r ,  w hi c h f o r w a r d s I P  pa c k e ts o n to  the  L A N . 2 6 2 1  r o u te r ,  w hi c h f o r w a r d s I P  pa c k e ts o n to  the  L A N . S S T LS S T L ’’ss
g r o u n d  sta ti o n  L A N  i s c o n n e c te d  to  a n d  pa r t o f  g r o u n d  sta ti o n  L A N  i s c o n n e c te d  to  a n d  pa r t o f  S S T LS S T L ’’ss
c o r po r a te  I P  n e tw o r k .c o r po r a te  I P  n e tw o r k .
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3 8 . 4 k b p s3 8 . 4 k b p s
f or  l owf or  l ow --r a t er a t e
t e l e m e t r yt e l e m e t r y

S S D R  0S S D R  0
P ow e r P CP ow e r P C
ImagingImaging

S S D R  1S S D R  1
P ow e r P CP ow e r P C
ImagingImaging

S S D R  2S S D R  2
S t r on g A r mS t r on g A r m

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

O nO n -- B o a r dB o a r d
C o m pu te rC o m pu te r

h ighh igh --r at er at e
T X 0T X 0

h ighh igh --r at er at 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 k b p s9 . 6 k b p s
u p l in ku p l in 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 b p s8 . 1 M b p s
d ow n l in kd ow n l in k

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

UKUK--D M C  p a y l o a d sD M C  p a y l o a d s …… c o n n e c t e d  t o  C L E Oc o n n e c t e d  t o  C L E O

C A N b u sC A N b u s m e shm e sh
n o t sho w nn o t sho w n

R e d u n d a n c y  i nR e d u n d a n c y  i n
tr a n sm i tte r s,  i ntr a n sm i tte r s,  i n
r e c e i v e r s,  a n d  i nr e c e i v e r s,  a n d  i n
i m a g i n g  c o m pu te r si m a g i n g  c o m pu te r s
C L E O  u se s a v a i l a b l eC L E O  u se s a v a i l a b l e
‘‘spa r espa r e ’’ c o n n e c ti o n sc o n n e c ti o n s
to  f o r m  a  hi g hto  f o r m  a  hi g h--spe e dspe e d
o n b o a r d  n e tw o r ko n b o a r d  n e tw o r 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
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Alterations to CLEO for launch and spaceAlterations to CLEO for launch and space
NoNo r a d i a ti o n  ha r d e n i n g ;  l o w  o r b i t r a d i a ti o n  ha r d e n i n g ;  l o w  o r b i t 
e n v i r o n m e n t i s r e l a ti v e l y  b e n i g n .e n v i r o n m e n t i s r e l a ti v e l y  b e n i g n .
NoNo u n i q u e  ha r d w a r e  d e si g n  o r  u n i q u e  ha r d w a r e  d e si g n  o r  
so f tw a r e  w o r k  d o n e  b y  C i sc o . so f tw a r e  w o r k  d o n e  b y  C i sc o . 
M i n o r  phy si c a l  m o d i f i c a ti o n s m a d e  M i n o r  phy si c a l  m o d i f i c a ti o n s m a d e  
to  r o u te r  a n d  se r i a l  c a r d .to  r o u te r  a n d  se r i a l  c a r d .
F l o wF l o w --so l d e r e d  w i th l e a dso l d e r e d  w i th l e a d -- b a se d  b a se d  
so l d e r  to  a v o i d  so l d e r  to  a v o i d  ‘‘ti n  w hi sk e r sti n  w hi sk e r s’’..
F l a t F l a t he a tsi n khe a tsi n k a d d e d  to  m a i n  a d d e d  to  m a i n  
pr o c e sso r  to  ta k e  he a t to  c ha ssi s.pr o c e sso r  to  ta k e  he a t to  c ha ssi s.
T o  a v o i d  l e a k a g e  i n  v a c u u m ,  w e t T o  a v o i d  l e a k a g e  i n  v a c u u m ,  w e t 
e l e c tr o l y ti c  c a pa c i to r s w i th e l e c tr o l y ti c  c a pa c i to r s w i th 
pr e ssu r e  v e n ts r e pl a c e d  w i th d r y . pr e ssu r e  v e n ts r e pl a c e d  w i th d r y . 
U n u se d  c o m po n e n ts r e m o v e d ,  U n u se d  c o m po n e n ts r e m o v e d ,  
i n c l u d i n g  pl a sti c  so c k e ts a n d  c l o c k  i n c l u d i n g  pl a sti c  so c k e ts a n d  c l o c k  
b a tte r y . T i m e  se t w i th N T P . D i r e c tl y  b a tte r y . T i m e  se t w i th N T P . D i r e c tl y  
so l d e r e d  w i r e s a r e  m o r e  r o b u st f o r  so l d e r e d  w i r e s a r e  m o r e  r o b u st f o r  
v i b r a ti o n /the r m a l  c y c l i n g .v i b r a ti o n /the r m a l  c y c l i n g .
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CLEO integ ration 1  CLEO integ ration 1  –– the router assem b lythe router assem b ly
MAR processor card and serial MAR processor card and serial 
card w ired t o card w ired t o ‘‘m ot h erb oardm ot h erb oard’’
desig ned b y  S S T L .desig ned b y  S S T L .

‘‘Mot h erb oardMot h erb oard’’ prov ides ph y sical prov ides ph y sical 
m ou nt ing ,  pow er,  serial m ou nt ing ,  pow er,  serial 
connect ions and serial/connect ions and serial/ C AN b u sC AN b u s
int erf ace f or access t o rou t er int erf ace f or access t o rou t er 
console port .console port .

Rou t er console port  w as u sed t o Rou t er console port  w as u sed t o 
‘‘b oot st rapb oot st rap’’ rou t er conf ig u rat ion in rou t er conf ig u rat ion in 
orb it  f rom  not h ing . Af t er b asic orb it  f rom  not h ing . Af t er b asic 
net w ork ing  w as conf ig u red net w ork ing  w as conf ig u red 
du ring  passes,  t elnet  and du ring  passes,  t elnet  and sshssh
w ere t h en u sed.w ere t h en u sed.

M A R C  pr o c e sso r  c a r dM A R C  pr o c e sso r  c a r d

S M I C  sm a r t se r i a l  c a r dS M I C  sm a r t se r i a l  c a r d

S S T LS S T L -- d e si g n e dd e si g n e d
‘‘ m o the r b o a r dm o the r b o a r d ’’
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CLEO integration 2 CLEO integration 2 –– p ay l oad  tray  to s atel l itep ay l oad  tray  to s atel l ite
S S T LS S T L ’’ss sa te l l i te s a r e  sa te l l i te s a r e  m od u l a r  m od u l a r  sta c k s o f  i d e n ti c a l  a l u m i n i u m  tr a y s,  sc r e w e d  sta c k s o f  i d e n ti c a l  a l u m i n i u m  tr a y s,  sc r e w e d  
to g e the r . A l u m i n i u m  pr o v i d e s g r o u n d i n g ,  he a t c o n d u c ti o n ,  a n d  strto g e the r . A l u m i n i u m  pr o v i d e s g r o u n d i n g ,  he a t c o n d u c ti o n ,  a n d  str u c tu r a l  u c tu r a l  
r i g i d i ty . S a te l l i te s a r e  b u i l t r i g i d i ty . S a te l l i te s a r e  b u i l t r a p i d l yr a p i d l y ,  u si n g  C O T S  pa r ts,  i n  u n d e r  1 8  m o n ths.,  u si n g  C O T S  pa r ts,  i n  u n d e r  1 8  m o n ths.
c o ppe r  c o ppe r  he a tsi n khe a tsi n k

c a m e r a sc a m e r a s

pr o pe l l a n t pr o pe l l a n t 
ta n kta n k

sa te l l i te  a sse m b l ysa te l l i te  a sse m b l yC L E O  r o u te r  i n  ha l f  o f  pa y l o a d  tr a yC L E O  r o u te r  i n  ha l f  o f  pa y l o a d  tr a y v a c u u m  c ha m b e r  te sti n gv a c u u m  c ha m b e r  te sti n g
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W o r k  b e f o r e  a n d  a f t e r  l a u n c hW o r k  b e f o r e  a n d  a f t e r  l a u n c h
B ef ore lau nch  com plet ed:B ef ore lau nch  com plet ed:
-- lowlow --lev el em b edded sof t w are dev elopm ent  lev el em b edded sof t w are dev elopm ent  
-- h ardw are int eg rat ion h ardw are int eg rat ion 

Af t er lau nch  com plet ed:Af t er lau nch  com plet ed:
-- com m issioning  of  all new  sat ellit es ( U Kcom m issioning  of  all new  sat ellit es ( U K --D MC ,  N ig eriaS atD MC ,  N ig eriaS at --1 ,  1 ,  B ilS atB ilS at ))
-- const ru ct ion of  g rou ndconst ru ct ion of  g rou nd--b ased b ased t est b edt est b ed f or u se b y  N AS A G lenn,f or u se b y  N AS A G lenn,
u sing  eng ineering  m odel of  C L E O .u sing  eng ineering  m odel of  C L E O .

-- dev elopm ent  and u pload of  dev elopm ent  and u pload of  ‘‘passpass--t h rou g ht h rou g h ’’ sof t w are t o reconf ig u re   sof t w are t o reconf ig u re   
onb oard com pu t er t o pass f ram es f rom  C L E O  rou t er ou t  t o dow nlionb oard com pu t er t o pass f ram es f rom  C L E O  rou t er ou t  t o dow nlink . nk . 

-- a s  a n  e x p e r i m e n t a l  p a y l o a d ,  C L E O  i s  n o ta s  a n  e x p e r i m e n t a l  p a y l o a d ,  C L E O  i s  n o t directly directly c o n n e c t e d  t o  d o w n l i n kc o n n e c t e d  t o  d o w n l i n k ,,
a l t h o u g h  C L E O  i n t e r c o n n e c t s  a  n u m b e r  o f  o n b o a r d  c o m p u t e r s .a l t h o u g h  C L E O  i n t e r c o n n e c t s  a  n u m b e r  o f  o n b o a r d  c o m p u t e r s .

-- b ring ing  u p g rou nd st at ions and dist rib u t ed w ideb ring ing  u p g rou nd st at ions and dist rib u t ed w ide--area net w ork .area net w ork .

P ow erP ow er--on t est  of  t h e C L E O  rou t er on 1 5  O ct ob er 2 0 0 3  sh ow ed correct  on t est  of  t h e C L E O  rou t er on 1 5  O ct ob er 2 0 0 3  sh ow ed correct  
am ou nt  of  pow er b eing  draw n;  t em perat u res m easu red indicat ed t h aam ou nt  of  pow er b eing  draw n;  t em perat u res m easu red indicat ed t h at  t  
h eat sinkh eat sink w as at t ach ed correct ly . T h en lef t  dorm ant  f or ov er six  m ont h s.w as at t ach ed correct ly . T h en lef t  dorm ant  f or ov er six  m ont h s.
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W ork  after launch:  g roundW ork  after launch:  g round--b ased b ased testb edtestb ed
N A S A  G l e n n  n e e d e d  to  g a i n  N A S A  G l e n n  n e e d e d  to  g a i n  
f a m i l i a r i ty  w i th o pe r a ti n g  a n d  f a m i l i a r i ty  w i th o pe r a ti n g  a n d  
c o n f i g u r i n g  r o u te r  w i th c o n f i g u r i n g  r o u te r  w i th S S T LS S T L ’’ss
o n b o a r d  c o m pu te r s.o n b o a r d  c o m pu te r s.
G r o u n dG r o u n d --b a se d  b a se d  te stb e dte stb e d a l l o w s a l l o w s 
c o n f i g u r a ti o n  c ha n g e s to  b e  c o n f i g u r a ti o n  c ha n g e s to  b e  
te ste d  o n  the  g r o u n d  a t l e i su r e  te ste d  o n  the  g r o u n d  a t l e i su r e  
b e f o r e  b e i n g  m a d e  to  C L E O  b e f o r e  b e i n g  m a d e  to  C L E O  
d u r i n g  a  te nd u r i n g  a  te n --m i n u te  pa ss o v e r  a  m i n u te  pa ss o v e r  a  
g r o u n d  sta ti o n .g r o u n d  sta ti o n .
B u i l t r a c kB u i l t r a c k -- m o u n te d  g r o u n dm o u n te d  g r o u n d --
b a se d  b a se d  te stb e dte stb e d ((‘‘f l a tsa tf l a tsa t’’)  f r o m  )  f r o m  
S S D R  a n d  e n g i n e e r i n g  m o d e l  o f  S S D R  a n d  e n g i n e e r i n g  m o d e l  o f  
m o b i l e  r o u te r ,  a n d  n e tw o r k e d  i t m o b i l e  r o u te r ,  a n d  n e tw o r k e d  i t 
f r o m  N A S A  G l e n n  i n  O hi o .f r o m  N A S A  G l e n n  i n  O hi o .

B u i l t B u i l t te stb e dte stb e d a f t e ra f t e r l a u n c h!l a u n c h!
C o n f i g u r e d  C L E O  C o n f i g u r e d  C L E O  a f t e ra f t e r l a u n c h!l a u n c h!

C L E O  e n g i n e e r i n gC L E O  e n g i n e e r i n g
m o d e l  a sse m b l ym o d e l  a sse m b l yS S T LS S T L

S S D RS S D R
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V irtual M ission Operations V irtual M ission Operations CenterCenter ( V M OC)( V M OC)
S o f tw a r e  d e v e l o pe d  b y  G e n e r a l  D y n a m i c s S o f tw a r e  d e v e l o pe d  b y  G e n e r a l  D y n a m i c s 
i n te n d e d  to  ta sk  sa te l l i te s a n d  pr o v i d e  i m a g e r y  i n te n d e d  to  ta sk  sa te l l i te s a n d  pr o v i d e  i m a g e r y  
v i a  a  si m pl e  G U I  i n te r f a c e  f o r  m i l i ta r y  u se r s.v i a  a  si m pl e  G U I  i n te r f a c e  f o r  m i l i ta r y  u se r s.
V M O C  w a s r a te d  se c o n d  o u t o f  1 2 0  pr o j e c ts i n  V M O C  w a s r a te d  se c o n d  o u t o f  1 2 0  pr o j e c ts i n  
i m po r ta n c e  b y  the  U S  O f f i c e  o f  the  S e c r e ta r y  o f  i m po r ta n c e  b y  the  U S  O f f i c e  o f  the  S e c r e ta r y  o f  
D e f e n seD e f e n se ,  R a pi d  A c q u i si ti o n  I n c e n ti v e  ,  R a pi d  A c q u i si ti o n  I n c e n ti v e  -- N e tw o r k  N e tw o r k  
C e n tr i c  (R A IC e n tr i c  (R A I -- N C )  pr o g r a m . S o  b e c a m e  o n e  o f  N C )  pr o g r a m . S o  b e c a m e  o n e  o f  
f o u r  pi l o ts r e c e i v i n g  a d v a n c e  f u n d i n g .f o u r  pi l o ts r e c e i v i n g  a d v a n c e  f u n d i n g .
V M O C  i n te n d e d  f o r  u se  w i th T a c S a tV M O C  i n te n d e d  f o r  u se  w i th T a c S a t--1 ,  pl a n n e d  1 ,  pl a n n e d  
f o r  l a u n c h i n  2 0 0 5 ,  a n d  l a te r  T a c S a tf o r  l a u n c h i n  2 0 0 5 ,  a n d  l a te r  T a c S a t--2 . U K2 . U K -- D M C  D M C  
pr o v i d e s a n  e a r l y  o ppo r tu n i ty  to  te st V M O C .pr o v i d e s a n  e a r l y  o ppo r tu n i ty  to  te st V M O C .
V M O C  r e q u e sts i m a g e s o f  g r o u n d  f r o m  S S T L  V M O C  r e q u e sts i m a g e s o f  g r o u n d  f r o m  S S T L  
m i ssi o n  pl a n n i n g  sy ste m  f o r  D M C  sa te l l i te s. m i ssi o n  pl a n n i n g  sy ste m  f o r  D M C  sa te l l i te s. 
I m a g e s a r e  ta k e n  f o r  V M O C  b y  U KI m a g e s a r e  ta k e n  f o r  V M O C  b y  U K -- D M C  o n l y . D M C  o n l y . 
V M O C  m o n i to r s U KV M O C  m o n i to r s U K -- D M C  sa te l l i te  te l e m e tr y  a n d  D M C  sa te l l i te  te l e m e tr y  a n d  
a c c e sse s C L E O  r o u te r .a c c e sse s C L E O  r o u te r .
V M O C  i s si m pl y  a n  I PV M O C  i s si m pl y  a n  I P -- b a se d  a ppl i c a ti o n  f o r  b a se d  a ppl i c a ti o n  f o r  
sa te l l i te s,  u si n g  a n  a v a i l a b l e  I Psa te l l i te s,  u si n g  a n  a v a i l a b l e  I P -- b a se d  sa te l l i te  b a se d  sa te l l i te  
i n f r a str u c tu r e !i n f r a str u c tu r e !
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CLEO and  V M OC CLEO and  V M OC –– m eeting need s  of  p artic ip antsm eeting need s  of  p artic ip ants
Com m ercialCom m ercial

C i sc o  S y ste m sC i sc o  S y ste m s
S ho w  tha t a  c o m m e r c i a l  S ho w  tha t a  c o m m e r c i a l  
C O T S  I n te r n e t r o u te r  c a n  C O T S  I n te r n e t r o u te r  c a n  

w o r k  i n  spa c e .w o r k  i n  spa c e .

Civ ilCiv il
N A S A  G l e n nN A S A  G l e n n

D e m o n str a te  u ti l i ty  o f  D e m o n str a te  u ti l i ty  o f  
I P  a n d  m o b i l e  r o u ti n g  I P  a n d  m o b i l e  r o u ti n g  
f o r  sa te l l i te  T T & C .f o r  sa te l l i te  T T & C .

M i l i t a r yM i l i t a r y
A i r  F o r c e  S pa c e  A i r  F o r c e  S pa c e  B a ttl e l a bB a ttl e l a b
T e st the  V i r tu a l  M i ssi o n  T e st the  V i r tu a l  M i ssi o n  
O pe r a ti o n s O pe r a ti o n s C e n te rC e n te r i n  the  i n  the  
f i e l d  a n d  ta sk  spa c e  a sse t.f i e l d  a n d  ta sk  spa c e  a sse t.

C L E O : C i sc o  r o u te r  i n  L o w  E a r th O r b i t
pl a c e d  o n  U K -D M C  sa te l l i te  b y  S S T L

C i sc o  g e ts i ts r o u te r  C i sc o  g e ts i ts r o u te r  
l a u n c he d  a s se c o n d a r y  l a u n c he d  a s se c o n d a r y  
e x pe r i m e n ta l  pa y l o a d .e x pe r i m e n ta l  pa y l o a d .

N A S A  G l e n n  u se s r o u te r  N A S A  G l e n n  u se s r o u te r  
i n  spa c e  to  te st m o b i l e  i n  spa c e  to  te st m o b i l e  
r o u ti n g  f o r  sa te l l i te s.r o u ti n g  f o r  sa te l l i te s.

C L E O  r o u te r  w o r k s i n  spa c e . V M O C  w o r k s w i th spa c e  a sse t. M i ssi o nC L E O  r o u te r  w o r k s i n  spa c e . V M O C  w o r k s w i th spa c e  a sse t. M i ssi o n su c c e ss!su c c e ss!

V M O C  i s te ste d  a c r o ss V M O C  i s te ste d  a c r o ss 
I n te r n e t f r o m  V a n d e n b e r g  I n te r n e t f r o m  V a n d e n b e r g  
w i th C L E O  &  U Kw i th C L E O  &  U K -- D M C .D M C .
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V M OC dem o,  V andenb erg  Air F orce B aseV M OC dem o,  V andenb erg  Air F orce B ase
M a yM a y -- J u n e  2 0 0 4 ,  V M O C ,  i m a g e  J u n e  2 0 0 4 ,  V M O C ,  i m a g e  
r e q u e st a n d  a c c e ss to  o n b o a r d  r e q u e st a n d  a c c e ss to  o n b o a r d  
pa y l o a d  (r o u te r )  w e r e  te ste d  b y  pa y l o a d  (r o u te r )  w e r e  te ste d  b y  
c o a l i ti o n  o f  pa r tn e r s c o a l i ti o n  o f  pa r tn e r s ‘‘ i n  the  f i e l di n  the  f i e l d ’’ i n  i n  
te n t a n d  te n t a n d  H u m v e eH u m v e e a t V a n d e n b e r g  A i r  a t V a n d e n b e r g  A i r  
F o r c e  B a se  i n  C a l i f o r n i a .F o r c e  B a se  i n  C a l i f o r n i a .
T e ste d :T e ste d :
-- r e q u e sti n g  se n so r  d a ta  (i m a g e r y )  r e q u e sti n g  se n so r  d a ta  (i m a g e r y )  
f r o m  the  U Kf r o m  the  U K -- D M C  sa te l l i te .D M C  sa te l l i te .
-- u se  o f  I P  f o r  f i e l d  o pe r a ti o n s.u se  o f  I P  f o r  f i e l d  o pe r a ti o n s.
-- ta sk i n g  a  sa te l l i te  pa y l o a d  (the    ta sk i n g  a  sa te l l i te  pa y l o a d  (the    
C L E O  r o u te r ,  a c c e sse d  u si n g  C L E O  r o u te r ,  a c c e sse d  u si n g  
m o b i l e  n e tw o r k i n g ) .m o b i l e  n e tw o r k i n g ) .
-- f a i l o v e r  b e tw e e n  m u l ti pl e  f a i l o v e r  b e tw e e n  m u l ti pl e  V M O C sV M O C s..

V M O C  te n t,  V a n d e n b e r gV M O C  te n t,  V a n d e n b e r g

H u m v e eH u m v e e

T e sti n g  a n d  d e m o n str a ti o n  w e r e  T e sti n g  a n d  d e m o n str a ti o n  w e r e  
su c c e ssf u l . C i sc osu c c e ssf u l . C i sc o ’’s C L E O  r o u te r  s C L E O  r o u te r  
i n  o r b i t sho w n  to  w o r k  b y  thi r d  i n  o r b i t sho w n  to  w o r k  b y  thi r d  
pa r ti e s w hi l e  te sti n g  a  l a r g e r  pa r ti e s w hi l e  te sti n g  a  l a r g e r  
i n te g r a te d  i n te g r a te d  ‘‘sy ste m  o f  sy ste m ssy ste m  o f  sy ste m s’’..
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V M OC dem onstration netw ork  topolog yV M OC dem onstration netw ork  topolog y

mobile routing mobile routing 
H ome A gentH ome A gent
( N A S A  G lenn)( N A S A  G lenn)

Segovia 
N O C

2nd  G round  
S ta tion

‘‘s h a d ows h a d ow ’’ ba c k upba c k up
V M O CV M O C --22

( N A S A  G lenn)( N A S A  G lenn)

UKUK--D M C / C L E O  r o u t e r  D M C / C L E O  r o u t e r  
h i g hh i g h -- r a t e  p a s s e s  o v e r  r a t e  p a s s e s  o v e r  
S S T L  g r o u n d  s t a t i o nS S T L  g r o u n d  s t a t i o n
( G u i l d f o r d ,  E n g l a n d )( G u i l d f o r d ,  E n g l a n d )

p rima ry  V M O Cp rima ry  V M O C --11
A ir F orc e B a ttle L a bsA ir F orc e B a ttle L a bs

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

I n t e r n e t
m o b i l e  r o u t e r  m o b i l e  r o u t e r  
a p p e a r s  t o  a p p e a r s  t o  
r e s i d e  o n  r e s i d e  o n  

H o m e  A g e n tH o m e  A g e n t ’’ s  s  
n e t w o r k  a t  n e t w o r k  a t  
N A S A  G l e n nN A S A  G l e n n

s ec u r e V ir t u al  
P r ivat e N et w or k  
t u n n el s  ( V P N s )  
b et w een  V M O C  

p ar t n er s

‘‘ba ttlef ield  ba ttlef ield  
op era tionsop era tions ’’

( tent a nd  ( tent a nd  H umv eeH umv ee,  ,  
V a nd enberg A F B )V a nd enberg A F B )

l o wl o w -- r a t e  UKr a t e  UK--D M C  p a s s e s  o v e r  D M C  p a s s e s  o v e r  
s e c o n d a r y  g r o u n d  s t a t i o n ss e c o n d a r y  g r o u n d  s t a t i o n s

r e c e i v i n g  t e l e m e t r yr e c e i v i n g  t e l e m e t r y
( A l a s k a ,  C o l o r a d o  S p r i n g s )( A l a s k a ,  C o l o r a d o  S p r i n 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 er  s at el l it eot h er  s at el l it e
t el em et r y  t o V M O Ct el em et r y  t o V M O C

U KU K --D M CD M C
s a tellites a tellite

C L E O  on b oar d  
m ob il e ac c es s  r ou t er
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V M OC/ CLEO dem onstrations to U S  m ilitaryV M OC/ CLEO dem onstrations to U S  m ilitary
5  N ov em b er 2 0 0 4 ,  V MO C  5  N ov em b er 2 0 0 4 ,  V MO C  
im ag ing  req u est  operat ions im ag ing  req u est  operat ions 
w ere dem onst rat ed at  Air w ere dem onst rat ed at  Air 
F orce S pace C om m and F orce S pace C om m and 
H eadq u art ers in C olorado H eadq u art ers in C olorado 
S pring s t o G en. L ance L ord.S pring s t o G en. L ance L ord.
1 8  N ov em b er 2 0 0 4 ,  t o Air 1 8  N ov em b er 2 0 0 4 ,  t o Air 
F orce S pace C om m and F orce S pace C om m and 
du ring  it s C om m anders'  du ring  it s C om m anders'  
C onf erence in L os Ang eles.C onf erence in L os Ang eles.
2  D ecem b er 2 0 0 4 ,  t o t h e 2  D ecem b er 2 0 0 4 ,  t o t h e 
leadersh ip of  t h e Air S t af f  leadersh ip of  t h e Air S t af f  
and J oint  S t af f  in t h e and J oint  S t af f  in t h e 
W ash ing t on,  D C  area.W ash ing t on,  D C  area.

T a sk i n g  to  r e q u e st a n  i m a g e  o f  C o l o r a d oT a sk i n g  to  r e q u e st a n  i m a g e  o f  C o l o r a d o
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D em onstration inv olv ed m any  org anisationsD em onstration inv olv ed m any  org anisations
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A c k now l ed gm ent of  s u c c es s  of  CLEO and  V M OCA c k now l ed gm ent of  s u c c es s  of  CLEO and  V M OC

•• 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 o m p u t e r w o r l d  H e r o e s  r e c o g n i t i o nC o m p u t e r w o r l d  H e r o e s  r e c o g n i t i o n G D  T e c h n o l o g y  A w a r dG D  T e c h n o l o g y  A w a r d
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S o m e  l i m i t a t i o n s  o f  C L E OS o m e  l i m i t a t i o n s  o f  C L E O
As a secondary  ex perim ent al pay load,  C L E O  spends m ost  of  it s t imAs a secondary  ex perim ent al pay load,  C L E O  spends m ost  of  it s t im e e 
t u rned of f . C L E O  is only  act iv e w h en b eing  t est ed du ring  passes t u rned of f . C L E O  is only  act iv e w h en b eing  t est ed du ring  passes ov er ov er 
g rou nd st at ions,  or w h en b eing  u sed t o t ransf er dat a b et w een g rou nd st at ions,  or w h en b eing  u sed t o t ransf er dat a b et w een S S D RsS S D Rs..

T h e m ob ile rou t er is a com m ercial produ ct ,  not  a space inst ru m enT h e m ob ile rou t er is a com m ercial produ ct ,  not  a space inst ru m ent . t . 
C L E O  does C L E O  does not not cont ain special inst ru m ent at ion f or t h e space cont ain special inst ru m ent at ion f or t h e space 
env ironm ent . C L E O  does env ironm ent . C L E O  does not not m easu re cu m u lat iv e radiat ion dosag e.m easu re cu m u lat iv e radiat ion dosag e.
S S T L  does h av e som e addit ional t h erm al and pow er draw  S S T L  does h av e som e addit ional t h erm al and pow er draw  
inst ru m ent at ion arou nd t h e C L E O  assem b ly  m ot h erb oard.inst ru m ent at ion arou nd t h e C L E O  assem b ly  m ot h erb oard.

Av ailab le sat ellit e pow er is a const raint  Av ailab le sat ellit e pow er is a const raint  –– C L E O  is pow ered u p f or t en C L E O  is pow ered u p f or t en 
m inu t es at  a t im e du ring  a day t im e su nlit  pass t o com m u nicat e w im inu t es at  a t im e du ring  a day t im e su nlit  pass t o com m u nicat e w it h  t h  
g rou nd st at ion u sing  h ig hg rou nd st at ion u sing  h ig h --speed 8 .1 Mb ps dow nlink . C L E O  needs ~ 1 0 W . speed 8 .1 Mb ps dow nlink . C L E O  needs ~ 1 0 W . 
H ig hH ig h --speed dow nlink  needs ~ 1 0 W . U Kspeed dow nlink  needs ~ 1 0 W . U K --D MC  pow er b u dg et  is only  ~ 3 0 W . D MC  pow er b u dg et  is only  ~ 3 0 W . 

O nb oard sof t w are cannot  b e easily  u pg raded O nb oard sof t w are cannot  b e easily  u pg raded –– no plans t o ev er u pload no plans t o ev er u pload 
6 MB  rou t er I O S  sof t w are ov er m u lt iple passes v ia 9 6 0 0 b ps u plink .6 MB  rou t er I O S  sof t w are ov er m u lt iple passes v ia 9 6 0 0 b ps u plink .
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S t a t u s  o f  C L E OS t a t u s  o f  C L E O
CLEO rem ains operational.  As a secondary  CLEO rem ains operational.  As a secondary  
ex perim ental pay load,  testing  of CLEO is on    ex perim ental pay load,  testing  of CLEO is on    
a b esta b est--effort b asis,  b alanced ag ainst the effort b asis,  b alanced ag ainst the 
other dem ands on the U Kother dem ands on the U K -- D M C satellite.D M C satellite.
W hen not b eing  tested,  CLEO is sim ply  W hen not b eing  tested,  CLEO is sim ply  
sw itched off to conserv e energ y .sw itched off to conserv e energ y .
CLEO has spent tw o y ears in orb it.  T esting     CLEO has spent tw o y ears in orb it.  T esting     
of CLEO has b een carried out for ov er a y ear,  of CLEO has b een carried out for ov er a y ear,  
m ost recently  at I EEE m ost recently  at I EEE M ilcomM ilcom ( Octob er 2 0 0 5 ) .( Octob er 2 0 0 5 ) .
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T i m e l i n e  o f  C L E O  t e s t i n g  e v e n t sT i m e l i n e  o f  C L E O  t e s t i n g  e v e n t s
2 7  S ept em b er 2 0 0 32 7  S ept em b er 2 0 0 3
–– U KU K --D MC  and sist er sat ellit es lau nch ed f rom  D MC  and sist er sat ellit es lau nch ed f rom  P leset skP leset sk ..
1 5  O ct ob er 2 0 0 31 5  O ct ob er 2 0 0 3
–– C L E O  rou t er pow er cy cled du ring  sat ellit e com m issioning  t est s.C L E O  rou t er pow er cy cled du ring  sat ellit e com m issioning  t est s.
2 9  April 2 0 0 42 9  April 2 0 0 4
–– C L E O  rou t er act iv at ed and t est ed w it h  console access.C L E O  rou t er act iv at ed and t est ed w it h  console access.
May  May  –– J u ne 2 0 0 4J u ne 2 0 0 4
–– T est ing  of  V MO C  and C L E O  f rom  V andenb erg  Air F orce B ase.T est ing  of  V MO C  and C L E O  f rom  V andenb erg  Air F orce B ase.
1 4  1 4  –– 1 6  J u ne 2 0 0 4  1 6  J u ne 2 0 0 4  
–– F irst  pu b lic dem onst rat ion of  V MO C  and C L E O  at  V andenb erg .F irst  pu b lic dem onst rat ion of  V MO C  and C L E O  at  V andenb erg .
1 0  May  2 0 0 51 0  May  2 0 0 5
–– P u b lic dem onst rat ion t o AF E I  N etP u b lic dem onst rat ion t o AF E I  N et --C ent ric O perat ions C onf erence.C ent ric O perat ions C onf erence.
1 81 8 --2 0  O ct ob er 2 0 0 52 0  O ct ob er 2 0 0 5
–– P u b lic dem onst rat ion of  C L E O  and V MO C  at  MI L C O M 2 0 0 5 .P u b lic dem onst rat ion of  C L E O  and V MO C  at  MI L C O M 2 0 0 5 .
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Other CLEO testing  onb oardOther CLEO testing  onb oard
G P SG P S –– U KU K --D MC  sat ellit e also h as onb oard a G P S  D MC  sat ellit e also h as onb oard a G P S  ref lect om et ryref lect om et ry
ex perim ent . Mov ing  dat a f rom  t h e S S D R ru nning  t h at  ex perim ent  t oex perim ent . Mov ing  dat a f rom  t h e S S D R ru nning  t h at  ex perim ent  t o
g rou nd req u ires dedicat ing  passes t o t h at  S S D R. D at a can b e m ov eg rou nd req u ires dedicat ing  passes t o t h at  S S D R. D at a can b e m ov ed d 
t h rou g h  t h e rou t er t o b e st ored on a prim ary  im ag ing  S S D R w h ile t h rou g h  t h e rou t er t o b e st ored on a prim ary  im ag ing  S S D R w h ile t h e t h e 
sat ellit e is not  passing  a g rou nd st at ion sat ellit e is not  passing  a g rou nd st at ion –– u ses rou t er w it h ou t  u sing  u ses rou t er w it h ou t  u sing  
h ig hh ig h --speed dow nlink ,  t ak es adv ant ag e of  rou t er b eing  connect ed t o speed dow nlink ,  t ak es adv ant ag e of  rou t er b eing  connect ed t o 
all onb oard com pu t ers in onb oard L AN . F irst  done O ct ob er 2 0 0 5 .all onb oard com pu t ers in onb oard L AN . F irst  done O ct ob er 2 0 0 5 .
I P v 6I P v 6 –– C L E O  and g rou nd rou t ers are I P v 6C L E O  and g rou nd rou t ers are I P v 6 --capab le,  b u t  U Kcapab le,  b u t  U K --D MC  D MC  
pay loads and g rou nd st at ions u se I P v 4  only . I P v 6  is not  y et  enabpay loads and g rou nd st at ions u se I P v 4  only . I P v 6  is not  y et  enab led.led.
I P s e cI P s e c –– C L E O  and g rou nd st at ion rou t ers can u se t h is,  and cou ld C L E O  and g rou nd st at ion rou t ers can u se t h is,  and cou ld 
secu re u nencry pt ed g rou ndsecu re u nencry pt ed g rou nd--space link  b y  t u nnelling  I P  t raf f ic space link  b y  t u nnelling  I P  t raf f ic 
t h rou g h  t h e rou t er. (t h rou g h  t h e rou t er. ( s s hs s h t o C L E O  is already  conf ig u red,  as is a t o C L E O  is already  conf ig u red,  as is a 
passw ordedpassw orded w eb  int erf ace.) C ou ld also u se S N MP  and w eb  int erf ace.) C ou ld also u se S N MP  and MI B sMI B s t o sh ow  t o sh ow  
t h at  a sat ellit e pay load can b e m anag ed j u st  as y ou  w ou ld m anag et h at  a sat ellit e pay load can b e m anag ed j u st  as y ou  w ou ld m anag e a a 
t errest rial net w ork  asset .t errest rial net w ork  asset .
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B e y o n d  t h e  s u c c e s s  o f  C L E OB e y o n d  t h e  s u c c e s s  o f  C L E O
T he outcom e of the CLEO proj ect and T he outcom e of the CLEO proj ect and 
testing  has encourag ed Cisco S y stem s to testing  has encourag ed Cisco S y stem s to 
prototy pe and ev aluate I OS  softw are running  prototy pe and ev aluate I OS  softw are running  
on radiationon radiation--hardened P ow erP C processors hardened P ow erP C processors 
and hardw are v ery  different from  this first and hardw are v ery  different from  this first 
CLEO dem onstration.CLEO dem 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 
others to tak e I P  and routing  functionality  to others to tak e I P  and routing  functionality  to 
new  placesnew  places…… including  hig h altitude and including  hig h altitude and 
g eostationary  orb it.g eostationary  orb it.
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H a r d eni ng  a  r o u t er  H a r d eni ng  a  r o u t er  –– a n ex p er i m ent a l p r o t o t y p ea n ex p er i m ent a l p r o t o t y p e
What might a router running on What might a router running on 
s p ac es p ac e--hard ened  hard w are l ook  l ik e?hard ened  hard w are l ook  l ik e?
T ook  C is c oT ook  C is c o’’s  I O S .  P orted  it to run s  I O S .  P orted  it to run 
nativ el y  on a nativ el y  on a radrad --hard ened  1 3 3 M H z  hard ened  1 3 3 M H z  
P ow erP C  p roc es s or on a P C I  c ard .P ow erP C  p roc es s or on a P C I  c ard .
T es ted  b y  N A S A  G od d ard  in a T es ted  b y  N A S A  G od d ard  in a 
ground  ground  tes tb edtes tb ed ;  d id  d oub l e N A S A;  d id  d oub l e N A S A ’’ s  s  
es timated  req uirements  f or C rew  es timated  req uirements  f or C rew  
E x p l oration V ehic l e.  ( 1 0 , 0 0 0  E x p l oration V ehic l e.  ( 1 0 , 0 0 0  p p sp p s ––
s til l  l ows til l  l ow --end ,  l ittl e op timis ation) .end ,  l ittl e op timis ation) .
B ut d o w e B ut d o w e really really need  to f ul l y  need  to f ul l y  radrad
hard en?  What mak es  s ens e and  is  hard en?  What mak es  s ens e and  is  
enough f or the d if f erent s p ac e enough f or the d if f erent s p ac e 
env ironments  at M E O / G E O / l unar?env ironments  at M E O / G E O / l unar?
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T houg hts on future satellite connectiv ityT houg hts on future satellite connectiv ity

Onb oard  netw ork ing Onb oard  netw ork ing –– w h at m ak es  s ens e at h igh  w h at m ak es  s ens e at h igh  
s p eed s ?  s p eed s ?  S p ac ew ireS p ac ew ire?  ?  F irew ireF irew ire?  ?  G igEthG igEth ?  Or ev en ?  Or ev en 
U S B  ( f or a s ingl e m as ter c om p u ter) ?  F l av ou rs  of  U S B  ( f or a s ingl e m as ter c om p u ter) ?  F l av ou rs  of  
onb oard  w irel es s ?  I s  onb oard  w irel es s ?  I s  CA N b u sCA N b u s s til l  u s ef u l ?s til l  u s ef u l ?

H iH i--res  im age d ow nl oad s  are now  d riv ing res  im age d ow nl oad s  are now  d riv ing 
b and w id th  d em and s  on d ow nl ink s .b and w id th  d em and s  on d ow nl ink s .

U oS A TU oS A T -- 1 2 :  3 1 2 k g,  7 6 . 8 k b p s  max  d ow nl ink  ( 4 . 1 g/ b p s )1 2 :  3 1 2 k g,  7 6 . 8 k b p s  max  d ow nl ink  ( 4 . 1 g/ b p s )
……butbut w i th 1 M b ps e x pe r i m e n ta l  l i n k  v i a  w i th 1 M b ps e x pe r i m e n ta l  l i n k  v i a  M e r l i o nM e r l i o n pa y l o a d  (0 .3 1 g /b ps)pa y l o a d  (0 .3 1 g /b ps)
a n d  1 0 M b ps e x pe r i m e n ta l  E the r n e t o n b o a r d  (i n te r n a l l y  0 .0 3 1 g /b ps)a n d  1 0 M b ps e x pe r i m e n ta l  E the r n e t o n b o a r d  (i n te r n a l l y  0 .0 3 1 g /b ps)
A l S A TA l S A T -- 1 ,  U K1 ,  U K -- D M C :  1 0 0 k g,  8 . 1 M b p s  ( 0 . 0 1 2 g/ b p s )D M C :  1 0 0 k g,  8 . 1 M b p s  ( 0 . 0 1 2 g/ b p s )
B eij ingB eij ing--1 :  1 4 0 k g,  4 0 M b p s  ( 0 . 0 0 3 5 g/ b p s )1 :  1 4 0 k g,  4 0 M b p s  ( 0 . 0 0 3 5 g/ b p s )
……w hi l e  a  l a pto p P C  i s 2 .5 k g  w i thw hi l e  a  l a pto p P C  i s 2 .5 k g  w i th

5 4 M b ps 8 0 2 .1 1 g  (5 x 1 05 4 M b ps 8 0 2 .1 1 g  (5 x 1 0 --55 g /b ps)  a n d  1 G b ps E the r n e t (2 .5 x 1 0g /b ps)  a n d  1 G b ps E the r n e t (2 .5 x 1 0 --66 g /b ps)g /b ps)
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P u b l is h ed  and  d raf t p ap ers ,  new s  c ov erage,  v id eo:P u b l is h ed  and  d raf t p ap ers ,  new s  c ov erage,  v id eo:

Cis c o engineering:
f tp : //f tp -eng. c is c o. c om /l w ood /c l eo/R EA D M E. h tm l

h ere at S u rrey :h ere at S u rrey :
h ttp : //w w w . ee. s u rrey . ac . u k /P ers onal /L. W ood /c l eo/

Questions?Questions?
thank y outhank y ou


