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‘1’IIc Next Gcncrat,ion  of  Space IJligl)t (hmputcrs

“1’hc current state of the art of space flight computing for deep space
missions sucl]  as the Cassini  mission to Saturn, invo]vcs  the usc of electron-
ics subsystems t}lat wcig]l  over 50 kg (wit]] structure support and cab]ing)
and consumes over 50 watts of total peak power. Given that tl~c Cassini
spacecraft weighs 2150 kg (clry mass), consu]ncs  750 Watts, and has a total
volume  of 88 n13 this proportion dots not sound alarming. IIowcvcr,  the
rcccnt US economic reality favors the design  of smaller, less cxpcnsivc  and
more frequent missions, as oppoml  to fewer missions that cost over a billion
dollars. Thcrcforc, NASA has rcccnt]y  initiated  a series of wnall  spacecraft
studies and flight projects SUCII as the Mars lhlvironlncntal  Study (h41;S1Jl{)
which will inc]udc a microrovcr;  tlIc  Pluto l’lyby  mission; Asteroid 11’lybys,
etc. ‘J’hc microrovcr  electronics (analog and digital), for example, IIas a bud-
get const,raillt  of only 1.5 watts, and a mass constraint of 0.5 kg. ‘J’l)c total
mass of the microrovcr  is 7 kg.

To mcwt these ncw design objectives for drastic reductions in mass, size,
al~d power consumption, the l“]ight Colnputcr  1 )cvclopmcnt  Group at J 1’1,
is participating in a design stucly and dcvcloplnmlt  of a ligllt-wcigllt,  slnal]
sized, low-power 3-1) Space l“light  Computer. ‘J’o  identify the kcy computer
tcchno]ogics  tl)at would drive the design of this next-gcmcration flight conl-
putcr, a workshop was held on l)cccmbcr 2nd at tllc lJnivcrsity  of Illinois to
address this issue. The following 6 tccllnologics  were idcntificc].

● Adva,n CCC] Packaging arc]) i tccturcs



● l,OW power e]cctronics  (CMOS)

●  Stanclarclization

●  Conln~crcializatlion

● Fault,-tolerant llardwarc  and software architectures

● R,eal-t,imc  operating system

In this paper, wc will prcscmt  a detailed design  and traclcoff  study of the 3-1)
f l ight ,  Colll}]tlltcr]Jro]>osccl  by tile Flight Colll]Jlltcr  I)c\~clo]>lllcllt  Group at
JI’1,. It iscllaractcrizccl  l]ytll(:  f<Jllo~vil~g attlil~lltcs.

The complctc flight computer that illcludcs  a commercially availal>lc pro-
cessor  SUC1l  as the liAl)(iOOO or tllc 1{113000; memory; 1/0 and a solid state
rccordcr, will be packaged within the volu]ne  of 9 CU3 (3x3x1 ) using a tcch-
niquc  that stacks up to 12 Mlllti-[;lli]~-h40cl~llcs  into a siack of yuncde  con-
figuration. ]kmsc 31) memory chip stacking is used for main memory and tllc
solid state rccordcr.  A standard format is sclcctcd for the h4CM size which
is compatible with on-going industry standards such as lSIIh!l and I] ’C. ‘J’hc
M C M  modu]cs  arc intmchallgcblc  and any processor can lM staclicd witl]in
the computlcr  as long as it colnl)lys  wit]] tllc  format. ‘1’hc processor archi-
tecture  is basal on the 11’;}  ’;1{; 896.10 l~uturc]]us+  Space Standard which is
vertically implcmcntcd  Iwtwccn  tllc hlCh!s.  A rca]-time operating system
such as VR2’X,  VxWorks,  or Spectra is used, and fa.u]t-tolerant serves (hot]]
hardware and software) arc implmncntcd  ol]-top  of tl]c  commercially available
real-time systcm.

]n this paper  wc will present a complctc design of tllc hlChfls,  their size,
weight and power consumption. l’rclilninary  thcrma] modc]s will also be
discussed.


