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ABSTRACT 

Il~sl~tute of Space and Astronautical Science 
(ISAS) \ \as successfull! launched Japan's first hlars 
probe "NOZOhlI" on JIII! 4. 1008 In order lo 
crrable t l ~ c  safe operation of "NOZOhll" tutder the 

sc \  ere c1enl;uncl of the cost reduction. ISAS pro\ ided 
an anonlal! dctecti\.e gro~und support s!stenl nan~ed 

ISACS-DOC for "NOZOIblI'. operation. This s?stc~u 
I S  the second application of espert technique to &il l  

operi~tiou of scientific spacecraft at ISAS. Man! 
improt.ernents are achieved based on the experiences 
of the first expert application to the anomal! detective 
s r o ~ ~ n d  support s?stem for the geomagnetic 
obsen ation spacecraft "GEOT.4IL". Espcciall!. the 

c o r ~ ~ n u ~ ~ ~ i c a t i o ~ ~  linh lewls can be el alunted nith111 the 

error of ii.OdB111. This perforr~uince is expected to 
be enough to operatc "NOZOh~ll" safel! i n  the hlars 
tra11sli.r and orbiti~rg phase. Non [SAC'S-DOC 
dngnoses "NOZObII" e\ ery operation. and i t  can 
\\am about 4 3 )  lands of "NOZOMI" abnorn~alit? to 
the spacecraft operator. 

I .  INTRODUCTION 

15.4s operirtcs four s~telliles (AICEBONO. YOHKOH. 
.AS('A and HALCA) and t v o  spacecraft (GEOTAIL 
;rud NOZOhll) on dail? bases at t11c preserlt. 
Sc~en t~f i c  satellitesispacccrfi ;Ire becoming more 
soph~st ~ c i l t ~ d  irccord~ng to morc ad\ awed sc~cutific 
Inslrt~rllcnts onboard and the knonledge rcq~urcd lo 
operate t l l e ~ ~ ~  1s also beco~l~ing deeper and broader 

011 the other 1i;uld. strong denrand to suppress or 
decrease the operating cost exists al~uost e\,cryn-here 
tllcsc da!s and also i n  ISAS. One of the solutio~~s for 
these contradictor> rcquire~uenls is to use expert 
technique in the satellites/sp;~cccrirft operation ISAS 
decided to take the expert Icclrruque at first for the 

geo1ll;lglletli obsen  lion spacecraft "GEOTAIL" that 

nas  la~ulched in 1092 xtd is still in operation at 

Sag;~~nihar;l Spacecrilft Opcrai~o~l Center (SSOC) 
This system is named "ISACS-'. jihich stands for 
Intelligent SAtellite Control Software. ISACS 
cor~sists of t~bo functions: one 1s ISACS-PLaNner 
(ISAC'S-PLN) and the other is [SACS-DOCtor 
( [SACS-DOC). IS-4CS-PLN IS an autom;rtic 
con~~uand  planner nith expert technique. and ISACS- 

DOC' is ;in anon~aly detecti\-e ground support s!stenI 

i t  d~agnostic functions. ISACS-DOC for 
CiEOTAlL Ins bee11 used for 6 !cars III SSOC One 
of the important hings learned from ISACS-DOC for 
GEOTAIL is that collectio~~ of many kinds of 
infor~uat~on from the t arioos kinds of grotmd support 
s?slcnls like tracking systems. tr;llecton determination 
s! s t e m  2nd nttitltde/~nanc~~\~cr control s! stcu~s is 
csscnti;~l to Impro\.c the reliabil~t! of diagnos~s. 
ISAS co~~~plc ted  establ~slli~~g a I I ~ \ \  ground operaliou 
s! stel11 based on clientiscux n.orkstation s\-stems and 
started to use it from Japan's first Marlian probe 
"NOZOMI" at SSOC. Figure I shovs t l ~ c  outlu~e of 
the lSAS net\ ground opccrt~on s ~ s t c n ~ .  In this 
configr~ration. useful infor~n;rl~on from essential 
ground s! stems can e;~sil!. be gatl~crcd through thc 

netnork in real time. ISACS-DOC for "NOZOMI" 
\\as det.eloped b!, takmg Ule abotc aduntagc as \\.ell 

- - 

I'roc I ~tth lnternatmnal Sympos~um on Art~fic~al Intelhgence, 
Robottc\ md Automat~on In Space, 1-3 lune 1999 (ESA Sf'-440) 



;IS A1 other cspcr ic~~ces  obtained by ISACS-DOC 
opcr;rt~on for GEOTAIL. "NOZOMI" nas  
succcsslilll! l a r u ~ h e d  Jul! -I. 19OX fro111 Kagoshima 
Space Cel~ter (KSC) in Japm and is no\\ f lyng to 

Mars to stud! the stnlcture and d!lianlics of the 
Marf ia~~ upper atlnosphere \\it11 e ~ ~ ~ p t i a s i s  on  its 
Inicr;rctlotl \ \ i t11 solar uind. This paper describes 
ISA('S-DOC' ['or "NOZOhll" and reports somc of the 
; ~ c l r ~ i ~ l  operallo11 results. 
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2.0UTLINE OF [SACS-DOC FOR "NOZOMI" 

2.1 Basic-t ~ S E & U U  D D L I L ~ Q ~ ~ ~  , >  

Thc follonlngs ,Ire b,islc ~de,ls III  dwgnmg ISACS- 

DOC for "NOZOMI" Some of them ,Ire ~ ~ ~ t r o d r ~ c c d  
b ~ s c d  on lcssol~s lennied fro111 [SACS-DOC for 
GEOTAIL 
( 1 )  All ~nforn~,ir~on lo d~,lgnosc the sp,~cecr,lft 1s fed 

on-l~ne through the net\\orh of the IS4S ncn 
ground operdlon s\ stem she\\ 11 In F Igure 1 

( 2 )  Wholc m, i s  of illc spmxr ,~f t  Ire repcatodh 

Figure 1 ISAS New Ground Operation System 
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d~ag~losed atdomaticall! during real-tin~c 
operatloll. 

( 7 )  The dragnosis co\-ers almost all areas of the 
spacecrnft's conumtmication s!stem. electrical 
pouer systenl. thermal control system. data 
Ilandl~ng s! stem. attitude and orbit control s!stenl. 
a r~d all sc~entilic instruments onboard. 

( 4 )  Diagnostic results are restricted to higlil! confident 
I ICI I IS  to a\-old conr~~s ing  the spacecraft operators at 
SSOC Facts or actual phenomena are onl! 
s110\\11 ~f the infere~ice of the abnoriualit! 1s \-ague. 

( i) Knon ledge database call be cas i l  updated 
accord~ng to the IK\ \  situation of the sp;~cccr;ift. 

( 6 )  C'onl~~iruiicatio~~ links arc carefull! natchcd b! 
conipanng the real rccei\.ing le\ els of dou 11-links 
and up-links nith the estinnted \dues  which arc 
calculated fro111 antennas patterns. attit~lde of the 

spacecraft. distance betveen the spacecraft and the 
ground tracking antenna. performance of the 
ground station. etc 

( 7 )  All data used for dingnosis arc sa\.ed in [SACS- 
DOC and can be used for c l~cck~ng the past status 
of the spacecraft. 

S ~ n c c  "NC)ZObII" is a deep space nliss~on. 
co1111nunic;111on links are c\ nluatcd \I ~ t h  high accurac! 
In real t ~ i e  Furthermore. electrical current 
~nonitoring for 311 onboard subs! stcnls is introduced 111 

designing "NOZOMI" to nuke cllagosing easier. 

1 . 2  St- 
[SAC'S-DOC for "NOZOMI" conslsts of tno  
coluputers one 1s a SPARC uorkstat~on and the other 

ISACS-DOC for "GEO TAIL'' 
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is a PC. The SPARC norkstat~on l la~~dles on-lme 
data feeding f~~nction. The on-line data feeding 
ftniction automaticall!- reads the latest real-time 
tclc~uctn data. orbit and attitude data. and some of the 
ground operation systems' data through the network as 
shov 11 ul Figure 2. The s! stem configuration of 
ISACS-DOC for "GEOTAIL is also slior\.n in Figure 
2 for reference. This function also decodes the abo\.e 
data to physical \.nlues if it is necessary. and outputs a 
diagnostic information file b! referring the Satellite 
Information Base (SIB) file \\-h~ch defines positions of 
telemetry franics and vords. tl~rcsl~old ulucs.  and 
equations for decoding the d m  to ph? sic;ll vAues. etc. 
The diagnost~c inforn~ation file is autonlaticall! 
transferred to the diagnostic f i u ~ t ~ o n  on the PC. The 
PC handles the diapostic function using a 
con11uerciall!. a\.;lilable diagnost~c expert tools 

package n:uned APSHELL/DIAG 'Manadeshi-kun': 
(n~eaning a fm.oritc pupil) n.hich nms in the Microsoft 
Windons NT en\ iro~unent to reduce the de\-elopnient 
cost. The APSHELLDIAG 'hlanadcshi-~IIII. 1 ~ 1 s  
three standard fi~nctions: knon ledge d:~(abase ed~tor. 
~nfereocc engine. and knonledge database The 
d~agnostic expert knowledge is horted out as a trce 
form E ~ e t ?  condition to i c r~ l )  ;I tree node is 
deter~nined by questions and results. The execution 
of diagnosis is conducted with the fonurd inference 
engine tracing the d a g o s i s  trce by checking the 
conditions (truth or falsehood) of each node. The 
scale of knowledge database III ISACS-DOC for 
"NOZOMI'. is shown in Table 1 

ISA CS-DOC for "NOZOMI " 
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Table 1 Scale of Knowledge Database in ISACS-DOC for "NOZOMI" 
- 

Conunon Ir~stnunents Sc~ent~fic Instnunents Total 
11C'Ll BPS 0 DfIK otl1m 1 P\\.\ I t  hIIC I \ [ [  1lr)C l'l ' . \- hLtS 

( j r ~ z s t ~ o n s  j i  80 97 j 6 42 04  52 3 4  17 16 25 13 590 

As nient~oued :ibo\e. the contents of the d~ ;~g~ ios i s  
kno\ilcdge dntab;tsc are cllanged accord~ng to the 
\tatr~\ of"NOZ0ILII" Tlic numbers of qr~estions and 

rcu~ltc x c  :rpprournatel! i 9 0  and 4 5 0  respecti\ el! at 

1111' prcseltt 

' ; P r ~ c c ~ s  of DI;I~IIOSIS -. . 
ISA('S-DCK' I S  ;I full! auto~itatic a~ id  oper;ttor-less 
;~iio~ttal! detectne ground support s!stem. One of 
the fr~nct~ons on the PC s h o ~ t n  in Figure 2 refers the 
\tatus of tlic SPARC workstation e \ .en  5 ~ninutes 
rcprdlcss of' the spacecraft operrttioll time. When a 
bet of necessan data for 10 miru~tes duration IS 

prcp;tred 111 ihe SPARC \\orhstation. ISACS-DOC 

;rutorn;rt~call! d~agnoses the \\hole areas of 
NOZOhll' . .  h'11c11 the plural ~tuntbcr of nccessar! 

data 15 ~~ ic l r~dcd  111 10 milu~tcs duration. the stn11st1c;tl 
process (calculatio~t of :I\-erage. ~ite;t~i. 111;1~111111111. 

~itrnt~iiruu. or elc ) is practiced according to the data 
cIi;tr;tctenst~cs dolined in the d~agnostic ~nformation 
lilc The ISACS-DOC narns the operators nhen it 
ti& soniething nbnor~ual. The operators can kno\\ 

~ l re  clct;~~ls of the abnorlt~alit! as \\ell as the first aid 
; I C I I O I I  to a\.oid li~lal daniage that ma! be c;tused b! ihc 
;1bior111;111t The diaposis is repentedl! pracr~ccd 
abottt c\ 5 niinutes during "NOZOLLII" real-tme 
operritmi cscepting the duration of the recorded data 
rcprodr~cutg iVe forrnd the diagnosis rlslng the 
recorded data \ \as \ e n  usefr~l to knon 11 hat happened 
\\ h ~ l e  tltc spacecraft \ \as ill\-isiblc from SSOC. This 
rrlnct~on is strongl! required to nctualix more useful 
;tno~ital! dctectiw ground support s!sk111. 

7 4 Displa! of Biagnosti~ . ,  RrsultS 
Fl\ c standard nindo\\s on the screen of [SACS-DOC' 
fol- "NOZOhll" arc prepared to d~spl;~! the follo\\~~ig 

~ n f o r ~ ~ i A ~ o ~ i .  
Ab~torntal itenis. 

E\-planntion of each :~hnor~n;tlit!. 
Norlunl a~id  actr~al s l ; t lus /~~lr~es  causing ilic 
abnonual~l!. 
Related figr~resigraplUc data. 
Urgent lae l .  contact ~nforn~ation such as teleplto~re 
uunibers of senior erlglneers or scicnt~sts who call 
supen.ise the further contingent!. operation for the 

rtbnonndit!. 

Urymt conumnnds to saw rhc probe from 

catastrophe (first-aid co~~umands). and 
Some coninloll data like distance bcr\\eelt the probc 

it1111 1115 earth 

3. OPERATIN ST.4TCJS OF ISACS-DOC FOR 
"NOZOMI" 

I t  is \ e n  iniport;tnt to \,erifi- the delin~t~ons of the 
knou ledge d;~t;tbase in order to actual~/e the reliable 
anornal! detccti1.c s\ stem The kno\\ ledge dat;thase 
has been checked atid ~iiai~itained b! i o ~ ~ i p ; ~ r i ~ ~ g  the 
diagnosing rcsulls of ISACS-DOC \\1t1i the actn:tl 
spacecraft status si~tce "NOZOMI" I;tu~~clring. 
Add~tionall!. Il~e "NOZOMI" ~n i tu l  orbit plau 
arri\.ing III the Martla11 orbit on October I090 \\as 
changed to am\.ing at the end of 200.3 b! a 



Window 1 
Results o f  

~ ~ l 1 O S I S  D la, 

Window 2 - 

Actual 
S t ,~ tus /Vnl~~es  

111a1Sunct1on of the propnlsioa s!.stenl In December 
1098 The tuning of ISACS-DOC 113s been al111os1 
co~~~ple lc t l  ;111tl is alrexl! used to assist the duil! 
operatloll oS "NOZOhlI" This system r i l l 1  be full! 

operated regul;lrl! from June 1000 at SSOC For 
:ibot~r ten 1uont11s of test-nouung. ISACS-DOC has 
been relined on the following po~nts: 
( I  i The conln1unication link levels car1 be e\alu:~ted 

n 1th111 *.?.OdBln accuracy. 
( 2 )  SI \  d~fferent kinds of trend graphs to monitor 

colllmunlcatlon links. pol\ cr s! ste~u. propulsion 
s!ster11. and solar flare can be a1na.s referred 
regardless of the d~ngnosis results. 

( : I The important \.alues/stnh~s rele\unt to the 
:~b~ror~nal~t!  can be referred at a glance on ISACS- 
DOC' screen. 

(4) The definition of diagnosis knonledge database 
has been modified according to the actrlal 
s ~ t u a t i o ~ ~  of "NOZOMI". 

( 5 i Tlic c \ -p l ; lna t~o~~  of the abnor~nalit! has bee11 
~llodtlied reflecting the actual satellite operation 

Table 1 sho\\s s o ~ w  esan~ples of "NOZOhll" 
; rbnon~~;~l~t !  that [SACS-DOC found in the ;1ctl1;11 
operat 1011 

The de\ e l o p n ~ c ~ ~ t  and ~ I I I I I I I ~  of the ;IIIOIII;I~\ dctectn e 
~ r o u u d  support sJsten1 Tor Muus probe "NOZOhll" 

has almost bee11 cornplctcd and th~s  s!stcu~ will be 
used to keep the safer operatio11 of "NOZOhlI" on 
dnil! bas~s  t ~ l l  the end of "NOZOb11" mission The 
cfSect~\.c~iess of ISACS-DOC' has already been sl~o\\ 11 

by finding sonie ;~b~~ornl;ilities of "NOZOPI.11" during 
its test-nu~~ung. Espec~ally the conu~u~nication link 

lelels are evaluated ~ i t h  v e n  lugh accwacy after 
three times revision of the calculation algorithm of the 
estimution. Ttus accLuacv will be sufficient enough 
to operate "NOZOMI" safel! in the trans Mars orbit 
and also in the Mars orbiting phase after the end of 
700; I t  is strongly required to append the diagnosis 
fi~nction for the reproduced data HI order to perfor~n 
more reliable anon~uil! detection We :Ire co~isicleri~~g 
the \\a! to add this function n ~ t l~ou t  ~ u a h u g  IIILICII 
;~ l ter ;~t~on to the present ersion of ISACS-DOC' 
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DIAGNOSIS RESULT: Radiation Count of Solar Particle High (TCI-SPM-OVER-CNT) 

COMMON INFORMATION: 
0 PASS No: 
0 TILIE- 
0 EARTH-PROBE RANGE: 
0 ECLIPSE RATE: 
0 TRANSMISSION DELAY: 
0 H c(ADS).  
0 H s (ADS): 
0 SPIN RATE (ADS): 

9905060 I00 
1999/05/06/ 12 52 56 
43707066 1 Km 
0 0 % 
04 5 l 
+3 1 3 74 degree 
+45 600 degree 
7 804 rp111 

EXPLANATION OF ABNORMALITY 

STATUS: CAUTION! TCI-SPM-OVER-CNT= Hish 
5Phl ( W a r  Part~cle hlonltor) slio\\s h ~ g h  counts Watch latcli~ng up of each ~nstrument careSdl! Sonic 

mstrumcnts nia! be tumed ol't' b! the autonomous Siuict~on of DHU Report to the persons In charge of 

todm s operat1011 False dlaglios~s resrlltr ma! be output \ \ ~ t l i  lo\\ rad~ation l a e l  t ~ l l  adlustnient of 5PM 
threshold Ic\ cls 1s co~iiplctcd 

REFERENCED D,-\TA: 
TCI-SPILl-UAT.4 = I D 
I ' C  SPAI-ON OF = ON 
fC 1-SPhl-OVER-C'NT = 2 D 
TC'I- SPLITHK = ***  

REFERENCE GRAPH: 

F i~ure  4 Exam~le of Abnormalities Found and Printed out bv 1SACS-DOC 



Table 2 Examples of "NOZOMI" Abnormality 

I I TMS Temperature Out of Upper Limit Oct. 1998 

I Required range = -20 -4- (' 

I 
li occrurrcd during near-earth orbit 

'PMS ten~perat~~re \\us careli~ll! natchcd. 
2 / Latching V~i11.e Status Error (LV-2 = CLOSE) I k c  .I998 

// + Malfunction of the propulsion s!stem occrurrcd during maneuver operation. 
1 Orbit plan of "NOZOMI" \\as cl~anped. 

3 MPM ECC I-BIT Error 
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+ W'bl EC'C' I-hit er~or occ~~r-r-ed 
I t  \\us recovered t)! sentl111g co~u~~~ands .  

, I BAT-A Temperature Out of Upper Caution Limit Mar . I 000 
Iicqu~red r a l l y  = i - l i ( ' It occurred tluuiu~g near-earth orb~t 
13aLteq-A teniperature nns careli~ll! natclletl. 

.\pr. 1999 

11 1 + Lhst in~puct counter nwunop \\;IS ftdl 
1111pact d;~t;~ \\ere ~10\~i11o;1~1~~1. , 1 TMS-BASEBAND S1N Out of Lower Limit bkn. I 909 + C'onu~lr~nication link 111i1r:in n a s  snlnll 

I kle~netr? but rate i t a s  lowered. 
7 1 Solar-Particle-Counter High MI>. I 999 + It \\as caused b! Solar lug11 actlkut! 

Activit! level \\ as carefully \I atclietl. 




