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,\tls fR 1( l
,\ ligilrl d, 1,, rcqui.ilinr, '\ncrr) 1f,,r hr\ he.r llr!:lrr 1c:l

cd ir r S.h\cil.r I ll sriLt, r.. iLfd lh. rlg).rl,ir,\ {1.

rigrrca ,' high rnglc o rll,i.L fiL.,Lfr.l.i l!lciiLrllciLriof. r,c
dcsc.ibcd Lr lh; frfer Th. .!slc.r is |!rLrl)l! :,id scll con
1ri.cd lncrlirl \c.nrrs rro nrnlc(l ir ,, \lhDdoln uni1.

TN) Kicl rd,rs rr. uscd li)r rlr\ti.cd nr.rsurcf'er,1 ()ll
the shcli nricn).lcclronr: .rnrfot.nls irc crnliguJ.d t)
orrrrr. rs r nr!l1iprrJ..\s,nt \\sl.n. Ilrc o. hor.d con|!{
if! t,owcr i\ r\cd $ ftnilor thc rerrs,' rnd:tlfon s)slerf
rn.1 to imD.o!. llillht l.sl .llccli\eft* lhc Lstitrilioi-Bt
!i)rc )1o{irli.g rcchniquc l,r\ hren s.Lecl.{l lir p!r:,r.erdJ
idcrliicrtion A limc lri\1o.) ol l nighl 1cn.,rn.ulcr lhdt
will h. uscd in lhc e\lifrrlioi oi lhe rerodrf,,.ric P!knr.lcb

!

I
lnoslcd!:e ol rcrod!drnri. frfut,!(er\ n csscnLirl 1or

sinruhlio . crdlnt \)slcnr deigf. \tc.i|c!lidr. rnd
r.' lr n . lr."l r , ,1. \ 'J\n "

fxrNnr.te. i.l.ntilicrli(m .1 higli riglcs ol rltrck rrrd "dt!lil
is tr.licrLrl) dimcul{ becr!\r rcrod\drnric lorce\ rtd mo

meir\ rr. norLinc.r l!f.r!)d' ol m)Liorr rid.ofr()l vxri
rbl.s Ihis Irt$ loc!-.s oii sol\ing thc high
rngLc ol r11r.k dtnrmics in\l.uttt trliln. drlr Nc!uisr1io .

llighl re\ling. rnd trrrnreler id.nlilicrLiLnr l.oLlerrs A.rc
d)nrr.ic trfunrelch rre 1!0i.xll\ dctcrtrincd lIonr \ind
ludfrl lcsls.'Ihc dillcr.nccs thrl c\ist bcL$..n lhc
r,.d lunrcl Le5l rnd llighl cotdilions olltJ sullicicnl moli_
v idr lollelcJ.rlding the prrrrrtrcJs lionr lliglrl rliLrx 1

,l f.r' I\ ,l r ... r ri I
io. idrnlilicrlior) ptul)le r r.c iLluslfulcd ln Iigurc l

AL hie| .rrgle\ ol rttrck rrrd sidc.Li0. iL\ L. slrlI rnl \Piis,
thc lilloring iL\tccts oi rhc !.ul! nrmic frmnreler nienlili
c!liorr pfun,l..r rhoultl bc lrkc. i.lo.on-id.r.lio.:
. ssle.lnD rnf lcsi8n .l inn.unlcnlrlion lo.lrrg. rmfli

r",li: i,or on !,rirhlr\
. dcsi!r o1 ! cosl-.lln.tif. d!(tr rc!ursrr!r. \!stcm.
. cllcct ol fofl,ncxr !ircrrl( d!n rri.s rrising lion, hrg.

l)crrurh:rlion in st.1cs.
. rn(dclingolsigfilicr.r loigitudin!l rtd LlttriLl.oullitg

rh)ugh incrlirl. rcn)d! nrrnic rnd kir..rrli..oml)onctl\

. 6tinrNlior ol noiLincrr re.odrf,, ri.\ \rth |{s\ihlt dLs

cortiru,li.! (. g., hlslcris.\ in $if! r)cl).
. clilrinxlioi ol singuh.irr iL*oclrtcd \!i1lr l uLct rnglcs

rr Lrgc PitcI alr,1,,dc.
. sclcclidr rnd inrtlcm.nlrLiof ol 0rrxnrctc6 ilen(ii.x

riLr !lgo.irhnrs, rnd
. deiqf ol lliehl lcn rr'iLf.ur.rs.
Tlrr inlrcr.nl norlinrrril) if (hc cq!rr(i. oj iNtion. kirre'

.,rti.s rnl .etunlrniLNLc: d!c 1o l,igli iLfgLr ol l\nr,,,i.\ r
,r..o.rnrofrred b\ cirrlo\lf,r t \tt.ntttrt 8.1.ft VtxLlitt!:
(LUNI) r\ rhc il.nlilicrli,i tr.hiqtc I Ilri\ rtcrlrod hrs
b.cr !\.d Udio!n) ,,1 1lr. llighl ltc.{rrlr lxhotuto) Lo

nL.r l) lhe rerrlrf,,.ri. frrrriclci\ (,1 {h. \\i,)ric\ I{c
s.xrch Ai.(r,lr 1\R\). r ,i!irlr niorlilLed Nr\i,ni r Thc
corrc rinnrl Llul..rn!].:,,,. i.fhced h\,/!{/1/,n,r\ it thc
r1lilu.L kLn.mrti.,,ridcli lhc str.itl,r,.'.hc.rc clirr,l
nr1.: th. nccd litr rrriud. glro-..rnil rhe \in!uhri1) liet
qurt.rnion rrs ilr0Jov.tl ,r.currc\ o\.J thr (otrcnlion:Ll I o

lcr rnglc lo'r,ruLi liof l h. EllN{ lrrlrniq!. us.' rr I \lcndcd
Krlnrin tr,lt.. 1L Kl ) rrrd r N.dilic!l Ll.rn)f lrr/icr
Srioolhrr (Nl Lll S) lo co,lrrlc (ho rcrir iL L. li)ucs rnd
rno cit\ ir thc li,rrr do.rrit. I h. rlrrr"Li.rllv o|1inrL .\ri

Fiqure 1: Elenenls oi Pabmeler ldenlilication

DNlci r.e \rbs€rtLL.fll! uscd ro c\lrrct thc lcrod)nrDic
rro(lcl\ u\ing r lir.dr rcgrcssidr mcrhod. The slruclu.c oJ Ll'e

t:L.rirrrc. Ld.ntiJic!lidr rlgorithnrs rnd rn e\rn'ple ol I
i r",. ' lpL rr,' -'. 'i' ir.

lhc instruDrerr.tio. trckrge .onlri.s r{o xir drt! unils
(ADIJ).,,. ifrrrirl drc!surcncnt uiit (lMtr). !nd cortrol
. . ,l L r" rr rr T\ '1. ..lui i" .- . 

'
".'rr n pr '! ,,(Jr" -,,ri d

crrl modcs L, lhr llrghr re\l nrdc. il coll.cts drtr lronr l1
sen\or\ rr IiLtcol l0srnrpl.s l)cr scc. l_h.comput.rslstcm
rl\,),: L,\rrl 1() .roninr Lhc scrnns, rnd (o improvc Lhe nighl
, L 'rr'.1, ir'I l(',., - ri ,' ,'i

)

)

Fiqure 2: lnslrumenled Schweizer 2-32 Sailplane
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tl.t(; l t usl \ UHI( t.tl
,\ ScliRerrer: rl srllILrr. i\ u'.d r llr.l!n rchi.lc (Iiig-

u.e 2). T|e 1u) fhc. rliltlrdc {iL\.1[:.f 1,tr \c\crrl rer
!rns Lhr :,b\c.cc oi pos..tlrrt cllo.rs sL fLi|.\ 0rlrrner€r
;dcirLli.ntiir. rhr iLrre.rll is rclili\.1\ rrlc to strlL .nd ifif.
rnf lhc rct)dr_fr.1i. .r\x Ls rrc ol irlcrcrl

ST]I,I:,('TION OT AN I DT-\1'I I (',\I'ION \IETHOD
lcchni!uc\ hr 0rrrnrcle. es(rnr.1ior Irrc bccn uscd ir

severrl disciflin$. ru.h rs c.. o,irclrics. b loe\. rnd cngi
.cc.ineicons.qu.ntl): thc Lilc.rtu.! oi llri\ nibjecl is Nbun
dr.t. rnd sonrelimcs coiiusin! Air.rrlr fr..nrclcr
id.dtilicrtiof rrerhodolog! hrs c\ohcd lrodr rh. use ol \rrtic
mrncu!crs thrcugh liequc c\ tesrirg to r.!rsi.nt d\frdric
llighl (eslire ) Wirh rhc rdrent ol ljiglr rFeed dieirrl conl
frrds.,t hr\ beconrc nruch nrrc *)0hi\1i.r1cd..d spccirl
ircd Thc \lr\ir!ur. Likelihood Nlcthod is rhe jirosl
prevxlcnl lc(hniqu. i. re.o.rulics 0 Othcr prfunr.r.. idcn
lilicrrion nreLhod- rhrt rJe rlr(c1ive lor digi(.1 compu1..
i.iFlcrrcnl.Lion rrc thc I:\tc.d€d Nrl,r,rI Filter rnd Lsti
.riLlioi'Belore Nlodcling rppfurchcs I Note llrrl Nn hKl.
c!n bc !scd rs ri indepcndcnt t.chriquc loi fr.rfrcter iden-
tiilcrLioi: nc!crlheles\. il rLso is uscd in hoth MrxiNuN
Likelihood rrd LsLimll.,r B.lnJc lVIod€lirr! irelhods t(tr in
1.nrrdirre corrDulrlidrs.

Wlr.d th. l\lrrlnun Likelihood or FIKF,relliol i\ uscd.
thcnrodclslru.turcol lhcu.Lnos. iL.mlrf,, ii. lorce\r0d
nrcncrls ,ren l). stccilicd Iri{tr t{) thc prrdnr.r.r id.nlilica-
,,, ,t-.i ,,.r. i- It .L

dccnr.d f...ssrr! ro r..oitrrodJle sfccilic rnrncur.rs or
rcultnrnric rssrmfln)ns, th. rlgoriLh.\ inu\r be .elo.ru-
h1cd. Unlile lhe l\l!\imum Likelihood rrf L:Kl mclhods
( $h€.e 1lc \t)1c:rnd trrrr'reler e\linrrljor rrc simulL!ncous
l) |.dar.rcd). llsri rrlnD Belor.-Nlodelin! ls r lso slef
ptuccdur.. lh. slrlc.sLinrnliiin ind rh. r.l(!lr a,rrt frodel
delcrminrlidr rrc crrri.d out inl.pcnd.dtl\ Thr i,eu\-
riric litr.es rr{l fro!enrcnls rrc.slinrrlcd. using llltcri.g

rdd $oolhifg. is tirre ixic{ioirs silh orrl\ ifcrlirlrrd gfuv
ilt .llicts nrodcl.d Ln lh. d!.iLfrL. !,rLLrlidr\. aon\cquenll\.
nrodel \lructurcs lor thc rcul)irdrics lorccs x.d.ro e Ls

rre 01 \eleclcd frio. lo cslin.liLnr Ir Lh. -.cond sl.D. lh.
r.ft)d!.r L. inod.l :lrucrure is (ielcrnrifcd usire nrultipl.
r.gr.nit)d Lc.hniqu.s: he..e. \ilrt)L rio,lcl\.rf be cm
ploycf, bt di\ifing th.drr,r brs. ifro i,bst,,..\ " Tlrc ron
lincrrirics rrisinr lronr hieh rngl.s ol rltr.k .iLf bc drnleled
*iLli r leR pr ,ircle.\ lorercr \ur\frc. lher.lor. t\ri r
1i(D 1l.loJ. Nlod.ling lrA hee clio\eii r\ r,e lderLilicrtior

l '.., ' .l l. .\. r ,J,',. , ,".
durc lrrs bccr id .\isrcrc. lir lrn. tirnc I li) Ih. rrcrhLxl
!scd t,) cstinrlc (hc iirces ird rrofreiil\ hr\ beef Irodilied
so lhrl slrlc rrrilblc llllcri g rrrrd \ir!rrllrin! lr,rs bcer r0-
I ied ,. tIc l]B\l r,ror.dLL.r I TIc j)rjn.jti. or rhjs 0,o.c
du.. i\ iLlu\tfulcd id ligtrrc -t lhr cninrtion oi lhc
rcul)rrL!ic lii.e\ ird,rur)err(r i\.ir..r,IlL.h!,1 iir r !d,
er.l l;rIrcs..k. rlr.'c tlic dJrrrli.\ i,id fr.i\LL,.f1. r\ i J.
:,ljoRrd Lo ..dlrif \torhr.ri. .n.rt...nts Ih. udknoni
rLNc lri\torirs ol lh. L;r..s rrf N)nr.n1" rr. nrorlclel rs
highcr o !r (irus \'lrrkor Ioc.n(\ i1 i\ rLir|!'lrrrr lo (1ir

tireuish hc1$ccn lhc llhl r(le. a;iLus NliLrLitr dr:criflion
ol lhe basic rrrl.Jrre dri,, ric\ i.d 1lr. hL!1r., {irrs\ \irr
kov.i(ilclif!.1 rh. udkn.\d r.rod)rrnri! Li,rc.s rrd

Figurc 3, The Eslinalion-Eelore-Modelinq Methodolosy

BRlhl NlAlllENlATlaAL DESCRIPTION
Ihe rircrrll dynrmics rre described b) r veclor nonliielr

diJlcrerlirl equrlioi

I

)

il.) = lttrt).8t.)l + w(r) (L)

The nilc \cct,r,L, hrs I I codrl)onentsj they x.e tlree angu-
lir. les, three lincrr velocitics. lour qurlcrnion coml)oneils.
rnd iLllilude The posilion ol lhc rircrxlL in thc horizonldl
plin. i\ for rclevrn( lor.crod)n.mic prrrmcLcr idcntificr
lilnr. .lthorgh Lt nrLrsl be k.otrr !o r.cou l p.operll lor lhe
clltcls ol gfu!ir). lhc vcclor.B(1) rcpresents the six !erod)-
irrtic l(irces rrr(l rnoinenls .borl lhc bod} r\cs ol lhc xir
cfuft trfmcrsufuble disLurbances tnd model deliciencics
!r. rct.cs.ntcd b! th. process noi\e \eclor,]{(1).

Tlr. nrcrsu.cnrcnrs !rc srrDpl.d ilhen r digitrl dl]h tcqui-
:ilio. i\ u\cd. Thc scr$r inl_d.r!tidr is rclxtcd 10 thc s!stem

..'., 1,. r..r .l (f"Ll", n!..d,1. i...1- rr'I

z(tk) = htx(tk),8(rk)l + v{tk) (2)

'I he v.ctlr dinrcrsion ol this cqu!lion is de(crmined bl the
rumtre. o1 senv)rs cmploled rnd the ptra rele. idenlilicr'
liorr rrerliod u\ed. T)ticrll). rhe diniension is bex{eei 1(l

rfd l0 Thr ftisLL.cDeir inrc.u.ici.s arc reprcs.ll.d by
thc Nu\u.r cnr foLso vcclrr,ti(tk).

INS'I'R TI\I [\I' A\T} DATA AI'QTJISITION
Th.:te.irl t)uroos€ dxlr lcquisilion sysrcnr is rclerred to

rs Nli.n) NIAI'](Nlicr)pnrcosvr brsed slncm lor lhe Mcr
surcnrcnt ol \cultnNnric PrrNmelcb). The lunddnrcnldl
f!itlN ol Nlicfu Nlr\P is lo rcrtuire thc lin'e scquence oJ ll€
,,,cf.urci,,err1 reclor /(lk),)l c!. (2) corespording to . fllght
l.rr rr,Lr.L,1r, Ir i\ rr.onrtlishcd by srnrpling, digilizing,
xrd.e..ftlin! of.rili(in\ Nlrir oi Lhc N4icro IVIAP compo
r.n1! s.fc t.il.d in thc !r{ious,\RA Fa.t tc1e.

If iLdtlLli,nr l(i thc\r hi,si..l)cfurions, thc Mictu \'lAP is

'r ' 'l 'r1i" r . r ., l, rLr , uri .l
irg rrd t.\tifg. tilol crcire lor cllcclivc llighl lens. dnd in-
Lli! rt dilr !urlill c\rl!11ion uring the Fisher Iilo nalion
Nitrri\.ll _tlie Niic'o-MAP is desi!fed so thrt it c!n bc
if:Li lLrtl r ri,,lhcr :,,r..rli trirh .xsc This po rbilit) is

rch,c!rd bt k.rtr.g rhc hrrdwrrc nroduhr Nnd by Lhc soll
\!rre on bor boo(strrf olre.rlion desc.ibcd belo\r



M€nu Driicn Data Arquisition Slstem Various modcs of
the Micro MAP are shown in Figure 4. Each mode can be
invoked eilhcr i'r fligh1 or on rhe ground. {s .equired. Ddta
acquisilion and sensor monitoring ar€ thc most crirical dc
sign considcralior lbr lhc Micro-MAP Bcyond rhese, thc
sysle should be easy to lclrn und elsy to use. Multiplc
nrenus are arranS€d and prescntcd to the lesr pilot in a tree
likc structrlre. Tltc tcst pilot 6.st sclects an) one ofrhe ilems
on thc top-level nrcnu. As I responsc to this, lhe second level
n,<rui J\'l .(d. Irr,1".-..,1.;1q.1""'(rJi,t{ crr.
called Mcnu Traversing. As an exrnrplc. the tirs!-lev€l mc.u

Micro MAP Conlroll
F,L,M,S,T.X: *?

F:liliqlt Test Modc
L: Load Point T.rpe (lnnialize)
M:Mcnu Display
S:Send Data To GroLrnd Computer
T:Subsyslem Testing Mode
X:Exit 1o Syst€m Monilor

Fo. example. if th€ pilot eniers "F", the systcnr will requ€n
lhe SiAht nunber, data track nunber, €!c. If hc enre.s "T ,
il will display the possible tcsts he could perform using the

Figure 5: Micro-Map BadwrE

Figure 4: Modes ol the MicrGMAP

Micro-MAP Hardrare ind Architecture lhe Micro
MAP consists of several componcnts, as slr$n ii ligure 5.
Thc computcr system architeclure is shown in ligDre 6. The
CPU'S #0 and tll.4K RAM, ADC and DAC. and Ecsscl
lilter rl1 are Multibus6 compatible boards. The nve Multi
bus borrds are hous€d in a radio-frequency-shielded rlumi
num bor. The syslem stalus mcsages are disflalcd through
eight LEDS localed in the cockpit. Thc CDU provides th€
inpDl and/or output (l/O) inle.lacc bct$ccn rhc pilot rid
thc Micro MAP An electroslalic prinle. generatcs r printed
copv oialllhc mcsaees disrhred on lhe CDU.

The d igital cartridge tape re.corder is a 4-track, 1600-bi!s'
pc. inch unit with a iransfer .ate of 6K byres/second. The
tapc conlrol task is dedicated to CPU #1, which executes
custom desisned software. Thc main processor dele.mines
the scquencc olopcrllions n€cessary,lhen sels the Nppropri
rle conlrol code" in the shared memory.

Thc zcro.cady" has both horizonral and vertical indica-
lors thrl are driven by indepcndcnl voltase inputs. The zero
rerder displays th€ sensor outputs with CPU #0 in thc loopt
during flight lesling, i1 displays the average angle ol attack
and sideslip measured by the wing tip ADUS.

Tpo l2v g.lcell" batteries prolide lhe power sourcc. A
DC DC svilchinS power sutplr-. pro!ided the -r28 rnd +/-
l2 lolL outputs. Another reSulator located within the inerlial

Figure 6: Mico-MAP AEhilectuE, Two Proce.or Design

IE'HN]fAL 5OARING



mcasurcmcnt unh is driven by a regulatcd 28v Iinc; il po\ers
the conlrol surtucc and ADLJ potentiomelers wilh +/ l5v.
The inhe.cnl rifplc of the D(i-DC power supplr is reduced
by d C L C po$cr 1ilter Addltionll clprcilne fillering is
uscd 1o prcvcnl lr!nsienl eilecl\ rt lhe inpul rnd oulpul of
the l!pc powcr supplr-.

BOOTSTRAP OPI]RA'I'IO\
Thesollw.rreollhe Micro MAP iscoded in Asscnrblyrnd

l':,,rl 1., -ur, /lahlc l) P...' ',(,1 I.r'., -,:.r..,
trcl$lt$!.c. $hcrc Hoxti.g l]oinl cperdlions.!d cxLcnsivc
input/output ot.rNtio.s are ca.ried out. Time dnd storrge
critic.l tlpc conlrcl tNks ar. proghmmed ii Alse bl)'

Tabte 1: Sollwarc Us€d in lhe Micro-MAP

It is highly inllexible and inemcienl to store the mxin con
lrol prosrdrn (l0k byrcs) in a PROM. Thc conrrol program
crn cithcr be lorded inlo the Micro-MAP RAM rrom a
srJJrJ.,rnpLr(r pIur r., rhe lrghr rc.r ur h\ LYng n u1
bo! bootstrap l!.ture. The boorstrap mcthod used in the
VLrJ\4AP ,d l'(p rh rJkenb) l(ddr.,J-ri.gL,r,o.s
n'odes uc shown in Figure 7. This enables the limited on-
bo rd b.rlcrt power 1l) be conscNcd until lhe sdilplane is
rcldt lbr night tcsting. i.e.. ltller thc roNing phase ol thc
flight hrs bccn complctcd. Th€ n)emo.r sprcc rtlocalion is
dcfincd in l.-igu.e L

Figure 8: Memory Space All@arion

The slstcnr Monitor simplines the lrouble shoolinS ldsk.
As an eiamplc, whe. the shared memory was ini.oduccd 1o

.xchxnge inionnrrion bclwccn CPU #0 and CPU #1. the
mcmory dump cotnm.ind ol th€ Moniror proved to be ve.)
bcIul. q rr, J Lhe \ohsdre/n!rds!re Jencir"cics..r cc -

ed ud rcincd. the Monitor crn be rcmoved lrom thc soft

Timing Diagram of Micro-MAP Among the modcs ol
ope.alion, drt. rcquisilion is thc mosl time-cri1ic.rl. There
arc rwo lime conslraints associlted wilh rhis mode. The rare
.l whichdarr isgenerrted must belessthrn rheratcal which
ir can be rcco.ded This is nol a problem in rhe Micro MAp.
shere the nriximum l)ossible rate ol rccording is 6K b)les/
sec rnd the rrrc ol seneration is only IK bytes/sec (at 20
srnrpl.s pe. sccond ) Ihc dat! accunrulatcd over a lixed pe-
riod oltinc ust be lrdnsic ed to the shared memory *nh-
jn (he idlc linre bclu€cn tlo samples. In the Micro MAP.
the idle limc is 18 msec, and thc r.ansfer rime ol lK bvre ol
d.rJ "..un u.'r.J J\c_ | secdurd(.un L / rn\ec

Sincc r re.ordcd block oiddt! conl!ins 2K byrcs, the dar!
l.ansicr to ( l,U #1 from CPU #0 is crrried out in two tK,
blocks pcr 2K-block ol d,rtr. l-i8ure 9 illuslr.tcs thc timing
scqucncc durifg the llight data .cquisition mode. Thc bcgin,
I ing ol cach block is prepared *irh fliSht nrmber, ,,,rrruy€r
nu ber. elc.. so thrt the dalu block can be easil) slored and
rc(riered $illrout cxtcnsiv. docunrenl.tion. One track ol r
cr .idgc .iLr corlrin 600 scc ol llight d.tr.

(b)

(c)

Figure 7: Daia Pathsi (a) tuogEm stonge, (b) Boolslrap.

(c) Dala acquisilion. and (d) Dat rehevar.

CPU

0
0
0
t

RAll 3OX
PFOM 2X
PROM 2K
PROir 2(



t@tat l;;,- t;r

Fiqure 9: Timinq Draqran oltticro.ttAP

F qure 10: M cro-MAP lnertial Measuremenl Unil

Air$ift l slrument{tio The tef!trs r.rlui'.d Lo pro
vide usctul inlo rLion rbout thc xLr..r ll l)nrnrics !re ch$
silled in(o lhrcc gh!fr: incrti!1. riJ drlr..rd coit.ol
dlsdr.crrenl. lhc incrrirl \ensob ( l lir.r. rccelcromercrs.
,r r.guh' rrre S),tus. !nd I r Aulrr Ncccl.nDcler\) drc rig
idl) lid.rlhogon.ll) nurntcd ,i rlre IMLI. slu!n in Iigu.c
10. 11 eciehrs 20lh, ine.surcs 10'X l0 Xt", rnd is bcrled
ne)r lhc rircrxlt s .cnrer ol grrvi(I Thc 0oilion clTccts on
thc liferr rccelcrxtior nr.r\u.emen(s rrc nrodeled in rhc
nonlincr. .r.rruremcnr (cq. (2)) T|e IMI rlso sd\es as
thc juncrb. bor rhrough which rhe Nlicro MAP scnln sls-
1e!) signrl rnd forcr lincs rrc ur.d Thc hr rv..c dcsign
is tioduhrizcd b) ihls aptrorch.

The rlr d.1r scnlns trovide rnglc ol !1rxck. sideslip an
glc. d\dimic Frcssurc. rnd \1rric presrurc nrcrsu.e.)eors
Thc lour scns.( rre inlcSrrtcd lnto o.e u nit crltcd r. ADU.
Tltre rrc tNo ADlls. onc or clch ni g rlF. rs slxni d in

Figure 11: wing,Tip-Mounted AirData lJnrt

liigurc I I I Liri ldt.rlerefce ellecls rre reduccd bl loclring
thc scnn)rs ul]slrcxnr oJ rnd rborc the lerdins cdge !1 r
li\lrncc nrorc Lhrn onc xnd on hdlllinres localcho l2 lb
f',.i,r,r/e l.r,i\latrl l.g. {hc prcs$fc rfunsducer ure locatcd
rt rhc $ifg 1it i |.o\irnil) 10 lhe scnsine ports. Shrouding
lh. tilot lub. rcduccs i1s s.nsilirit) !o fow incidencc Nnglc.
Wird (urncl lcsls pcrioon.d on this unit. $hich is crlled !
Kr.l ftuhe, irrdicrlc thrt thc usclul r!ng. ol toltil p.es\ure
rl.irLLrcftc.r i\ rboul 6l (lcerees ol ldv !nglc. However. thd
strli. frcsi,,r .rcrsure rcdl conlinues to bc scrsitiic ro flo\
incidcn.c rngl.. N01. tlrrl the llo$ i .idefce .ngle is r trrn

'cerrdcrrrllurction 
olLhc rigl.oidrtlck r d !ideslip rngle.

Tlr. "ird lrrrncl resulls rrc shoNr ii Figur. 12. .nd rhc lest
dclriLi rJr do.u e.rcd , Rclerencc ll A 9r)'1 curvc lit or
thc $ ifd 1unr.Ldrtr is obh,ned !\iis t qu!drrlic N clld
thc slrlic rrd dlnrmic tr.ssuJ.

(ps)correcte.j = Ps (0.9a + 0.46r )

(pd)cor.ecre,l = pd (1.028 - 0.4sI )

(:)
(4)

Thc coflol sudrcc dis|hccDrcnr s.nso.s r.c rpeci!l p!r
l,osc tote lio,rclcrs .llrchcd to thc orcch.ni.rl lifk.ges
dri\i.grh.loLLr.odriol \u.1rccs. lh.pmxiniryolthe|)orc.
Lionr.tcrs lo th..of1d sudac$ rcduces lhc cllcct ol coit.ol

Ltrder lo ,nininrirc rhc i.llueice ol scn$r d\nxnri.'. rl)c
nrlurnl l.cqu. c]. ol lhc scnnr6 slNld be l.rec. HiSher
brndw th pn)v,des.onsrliI d)nrmic grid dnd line.r phasc
liLg orcr lhe licqrcnc\' hrg. ol inle.csli hosclcr. slmclur!l
ribJrlid'\.,1 lurtrulcncc indrced high liequcnc) d\nrmics
rrc rlnr cr0tu..d br lhc scnytrs. tlnd.si.!blc high irc!ucnci
conrponcirs rrc.\cludcd ftonr thc sxnrpling process by xn
rr!log f rcIll.ring olE.r1ioi.

Pres!nplirg l iltcr and Sampling Rate Sclcctior Errors
oJ .on' is(tr, rnd omissnlr rrc i.here l ir a dipilxl sidr-
Trrt . r ll- {ufr.r...'. * n' ' '.,i,r r.
.1 ,. l r,lrs r. dr,(.',pl g rr.r L,l.trr.
1. lir uldlc r uniionn mclhod lo. srmpline rlre selcc
tior l) l.o. r \horl pcriod modc $ith u 1.5 1iz naturil lie-
qucicl or l.s. I \r rpline rdlc ol20 sxrnples per scc is high
cnolgh il thc noisc h ndwidlh; kcpt bcloN the Nlquisr
liequcnc) ol l0llz. Thc D( 'DC poser $pply hrs I nrrrow
biLnd \lE.Lruin dl l5 Kllz. dnd rhe sailpl.nc srru.lurrl
nbdcs rrc trcsu.red 10 bc !bo\c 6Hzt hence. r Bcsscl lilrer
eilh r cutolT ir.qucrcv o1 6.5 llz ; cnrDb\ed The ttcssct

\l ,./,,

lJ'
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Fagure 13: Caljbr.lion Components

Fuull l)ete0tion and Systcm Ileallh Moniloring In devel'
opii! Micnr-MAP soltwrrc. we rrc laced sith thc dilnc!11
quesrion of how lo validale rhe integratcd system in . .ealis-
lic cn!ironmcnt. Flight lesling costs mry be loo high to pcr-
form ll se.ics ol aclual fli8hl lests in ordcr 10 vrlid le tht
Micro'MAP Simpl€ slatisrical paramcters, namely, th€
mean und th€ standard devialion, lrc compuled lojudge scn-
sor pcriornrancc in the Micro-MAP

I fLoY 
^rcu rorcFrEt

Fi}le 12: Ivind lqn€t I6t Rerrs or AOl,

lilt$ bansfcr funclion dclin€d b€low has the besl phrse ltg
characterigics, in the sensc thlt rll lhc frequency corr)po_

nenls in tfic pass brnd arc dehlcd hy rn cqu!l rrirount.

I

Fiqu€r+rc.o-r PsutsFlqns$tie.rroFaihl!

A sysrem lrilurc crn !.ise lronr a y ol thc subsyslems
illuslrxled in Tigure 14. In thc design ol the Mic.o-MAP we
hrve !ssumcd thar lhc probribilily oi pdrlirl or t(nrl hilure
ol the Micr(!MAP duc to conrputer hilure is nrininul. lrl
ordcr lo nrnilor th€ compul.r slskm. two l-LDs on lhc
Iront prfcl rrc rctiv.ted b) lhc conrpurcrs whcn lhcy rrc in
rhe q ic\ccnt strle. In the drtr rcqLriritioi nrode. lhe t.liDs
fc ictavalcd :rl a dillcrcnr rrrc. conlirmnrg rhc propcr func'
lio.irg ol lhc conrtulers Il!s lhc slured nrerror)r A eonrpl.-
lion,)l lhc boolstfuf opcrrti,)n uoukl inrflr lh.t lhc d.lr
\lo.Jte il(ar r I ic . rn( rcr,tr,l(r ). .,\.r ^ in ,,8, xri.'n

t hc sen!. slslcnr is onilorcd b\ pn)vniing lhc tilol silli
r scl ol .onlrrrds whieh iil otr lhc !iloL n) irkc .lu(l8nrcdl
rbour rhr q alir! ol \lnntr l[.fttrmrnec Ihe tDs\iblc o|crr-

. \4(ifilor iL \inglr chxdD. (onlinuo!\lr. (lijr c\rnrplc. th.
Iril,n rf ,!!tr'r thc rudd$ lrdrl\ nd obs.rve lhc roltxgc
di\nliLr on ( l)trorlr (hr /ctu rer(l0r

. (i!rtt!rc r l) \.Lmt,lc nr.nr ol rll Lhc *.$trs nid !cncrnrc
Il,'l"l^r' ri I r' rl

\t,|,i.il l,i, \ liir irt.r nNr:,,,.Ler\ ldenlilicrlio| ,)f the

H(s) =
t (s/,)2 +\,6{s/s) + Il

(s)

'Ihc llltcr ls i,nplcrrrenlcd rilh rnequivrle rlinrcdeh)ol.1-l
nrs Sincc klcnlicrl lillcrs irrc usld on.lld lr chrnncls. thc
llllcr hg ddcs nol rillecl lhc .rusc'iLid clle.1 .el riofship oJ

thc dlrrnic \v\lcnr dcscribcd h! cq ( ) rfd (l) IieLrlivc
,lclrj" bel\ccn d,llrr.nt ehrnnels (lDc ro rhr sc sor dlnatrrics
':nl( ."r'',, ."1 . r'u ' r'' f.',.,.r'rr.i

( rlibr|ln,n 5!r'\o. nurt,xr\ i,re \iil.{l r() ., ' :r-l(rV
'r g.1o h(.orrrrLible $illr 1lr. \lX l rc liLl.r horJd irln)
!\ dcsigr(l \ith hirs rn,l grLi.,i L :r .,,r1 r.s l,,r r!lLlJr,ri,)n
(fis$e l.l) lnr.lirl:cnn,r{.:,,, l'. lc(h{,'t,,r.,Ib.rlr .rnd
n,rtruJrcl,,rcr\ d rlr sh,r, (l h|,i.(lil,.rl r,' .rc.,,,,,1 1;r llre
fre\.ncr ,, hir.i rnd liLl, Ihr ..rL h,,L ,)r ,)r Lr. Nlr(,(i
Nl\P \r' Nn,,il,dl rr .ri, Lrtrfr \!t\i,, ,,,it !( !,1 'r\ r.
iel\r.\.rl n iLCIL I lir (l .,rrlrLrLD I lr. \l)l .r r:fA .Lr.
tc\rrd li)r lr:LLr!.,, d !lL'!!cd rr ,,ig
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' (oDrpuLc thc noise strlislics ol !ll the senson (nrndard

. Usc scnsor rcnrotelesl lell!rcs to pcrfodl l teslj rnd com
prre lhc results rith l known nrcxsureme.t. (The rcmorc
lcs1is rutomrlcd).
Rccursivc rleorithnrs ire used lo comtntc the ndlinical
t r'1 .r!, . sill rL'. ..'r. rt r.,I i .i .r, J ) n,..J

The power mppl].cquircnrefls are monitorcd continu,
ousll br the co rpulcr lhc baltcr\ closed circui{ voitrge
(rr ! loxd ol 8 A r!) mr) drcp helos x predclcrmincd
thrcshoki vxlue (l9V). Il rhis occuN. o.e I-FD.llocrtcd
lor lhc 'fowcl' is swilched oll In (hc inplcmenralion. lhc
28Vrnl +/ l5V lin.salso!remonilorcd.Sinceihepower
sutply levels .rc vcrl c.ucial !o the dccuracy of sensor
nrcrsuredrc t\, ! roulinc xko is pi(nided lo computc the
noisc stxndxrd devirlion of thc four power lelcls. For a
givcn thrcsfiold setting and noisc standard devi.rtion, rhc
l.lsc !lNrnr xnd miss llxrm prcbabiliti.s crn be co rputcd.

Inrdvcftcnl keybo.r en(.y crn o.cur 1n crilic.l
br{nches oi thc soltware wle.e !n c.ror conrnritled mlv
ru, h( r ' ru rrJ J. uh c .,o.( (rUi(..,r- r(q-rr.o

P RANIT]TER IDENTIIICA'TION MFJTHODOLOGY
'Ihc trstimatio.-Beibre Modcling technique will be dp-

plicd to cxr.act aerodv amic p..amctcrs.2 The strudu;c
ol thc idcnlificalion algorilhms, Nnd { flight lcsl linre his-
lo.) arc prescntcd in this seclion.

P.oblem Io.mulation the aircrall dlndmics reprcscnt
ed by eq. (1) dlons with a n)del lor the aerodlnamical
ktrces a.d nron)enls a.e dcscribcd by d sel ol conlinuous
nonlincar stochastlc ordinrry dilTe.ential cquations:

lil [tro,.r.er.lt-lI l-l I , v(L) (6)
lil lr,ettr I -
L_J L - )

A singlc iorce or nomenl conrponent is described by eq
(7) rs r third'o.der Gauss-Marko! froccss Thc nrn clc
nrcnl ol the vecto. Bi is on. of th. six aerodynamic

B. = L. B-

L, =

Yi (r) (7)

The block nratri\ L is Nsscnbled lro i rhe Lias lollols:

Lrlo lo lo lo l9
o l!^t o I o I o I o
--+--l+*--+---+---+--
o I o lL.t 0 I o I o
--+---+--i+---+---+--o I 0 I 0 I L4l o I o
- -+---+- - -+- --+ --+- -
o I o I o I o I Lsl o

olololololL

I hc b.st 
'nodclol 

Ll suitrble {br aircraft paramelem idcnti-
icrtirlr. rnd lhc rtucslions ol observrbility and idenrjfrabi
lit\, xrc i rporl.nt rhcorerical problcms thai remljtr ro be

liltcring and Smoothing The oplimal cstinrate ol the
rugrnenlcd st.tc vcctor ol eq. (6) (denoled br x for con-

..(r.rJ | , ". hr,ed unng Jn I \r;J(,1 l. ,t
rnrn liilrer rnd a Modined Bryson Frazier Sn1oolher. Thc
l,x1cnd.d Krl r!n Filler is inplcmcnted as lollorvs:17

Initill ( onditiotr thc xo and Po are computed using
100 sinrples ol lrinr d!tr prccedi.g each manouvcr. The
initixl condnion rnay ch.ngc from one maneuver to

Process and Nleasurement Noisc Matices Q and R
.'r, .,hrJr..d rhrough rr.or runinB rd eng,reenng
judgcnrcnt. Oncc they are selecled, thcr !rc nor adius!
cd. unlcss thc flight cotrdilions have chdng€d drlstically
(c.g.. due ro lurbulcncc lcvcl).

State an{l Corarirncc Extrrpolation Thc numerical
intcsrllDnol eq.(10).nd(ll)lronrlk(+)totk+l( )
is perlo.mcd using a doubl€-p.ecision (64 bir) lburth-
order Runge Kulta inteAralion schemc,

i = !lr,tl
P=FP+PFT+Q

a!
Ar

Fl:l

a!

(]0 )

(rr)

(r2)
Ik (t)

Nole thlt thc dyn,nric slslem is lincarizcd ir eq ( l2)
rboul lhc currcnl value ot(t). In eq. ( l0) the funclion-L
r.presenis the augmenled syslcm ol eq. (6). The lour
qurtcrnions rre normalized aiter thc cxtrapolation.

Krlmrn C,in NlifriY

rr=r^ 1- ysr,. )[Hk(- )px (- tu[*r^]-) trrt

)x

Stat. And (lovarirnce Update

:k(+)=rr(-) + xyt-21 - blrk(-))l (r5)

(14 )

rk(-)

Pk(+)=tl - rlHk (Ir (- ) )ipk {, )

Nunrc.ic.l stlbilily p.oblcnrs associ.ted Nith the co-
vN.iancc updatc (eq (16)) are suppressed byemployins
double prccision !rilhmelic. Meihods such as squr.e
.dt rilr;rlng or LIDUT lactorizltion crn also bc used
rvxh ifefur\ed compul.tional clicicncy.iE l9 Thc grr-
dicnt nrrr.i..\ given b) eq (12) and (14),rd splrsc.

(e)
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Nnl lhis.ri be uscd to rlrrnrrgr lo rcdu.. rtre co,rj)u-

Sincc the drL! rirlrsis is |cd; ncd xtr.r a Uighr dfd
!il lhc fiighl dNlr xrc avrihbl., rhe csLinrrion rccu, ac!
.Jn b\ rnn r\ . \ i..11 r^,r. ir . ,t i I,I -
i.g . tlsirg 1le irLcrnedirle rcsulr\ ol thc ltKF. .nd bv
n ud.rrs Jdru|r.J \.',.'b,\, rF VUi s -!h_r,r\

snoorhed cslinrxles ol lhe srrres.20 The rlAorillim oi
lhc snootlrcr is gilen b!l

End Q,ndition Thc rdioinr vrrirblcs I and ,{ lrc
iiilirlizcd lcco.dins lo cq ( l7) rnd cq. (t8)

Nlod.l Slructure l)cterminrlie Thc csriDrled
rircr.lt strle veclor. x. rfd the !cmdyirrric lorccs.!,
crn hc r..l\l inlo an dlgeb.aic e!urtion.

Y = x! (2a)

whcrc rhc nrrlri\ X is gencrxred lrom lhc sr!1e veclor,
x, r.d the colunrn vector y is anv one oi thc 6 rerodv:.""c,, 

'p,n.nr. o rh\ 'rr -\.(n.!!.r^, I (
'ir\'r r1 ..'r , r. o.,. .rr(il ..rnts.i
ncpwise,line.r.cgresion melhod.2 I Thc lcrsr squrre
eslimrlc ol the p.ramcle. vecto. oi €.turrion (28) is

! = [xrx]-Ixry i.29)

The vrrirncc ol rhc p.r!mctcr eltimdLc in its !i ptcsr

var(o) = txTxl-1(o2) (30)

shcrc dl is the vNrirnce oJ the smrorhed eniinrrc r
lr(J.,. cr (u ll b-ri,sro n(m.ll.\..' b...',
silicd into s.veral subsprc.ss . rnd thc sdrnptes nccd
dol be drovn lron r conrinuous llighl len maneuver.'lhc p rrmetcr vcclor/ lhcn is deleanincd td .xch
subspdce, !nd a global nodel tor the conrplclc llighl
dorrrir is obltiined. Thc subsprce cl.ssilicrLio is nrrdc
on the b.sis ol the rnglc oi rulck rnd rhc sideslip
rngle: hcncc, the slrli chafucrer(lics cln be delcF
mincd rilh prccisioi

Iishcr Inrornatiotr Matrix Fron equalion (t0).
llie vrrirnce ol lhc p.fune1e. vector is fronortionNl kJ

(3r)

(32)

I(T- ) = -H;DN'aZn

,4(T-) = H'DN' HN

a
DN = BN{-)PN(-)llN(-) + RN

63N=zN-I(!N(-))

-FTI

-rT,l - (rTa ) 
T

Prop,sation of Adjoint lariables lhc nudiericrt
inleg..rlionlronrtkl1(-)lotk( | )is perlonDcd on ltrc
eq. (21)! d eq. (22).

I=

(r7)

(18)

(r9)

(2a)

(2r)

122)

AdjoinlVrrirtlc trdrte Ihcul)drresotlhc!dioiil
va.irbles ut I lk rrc obtriicd lun cq (2J) .nd cq
(2.1).

TlI(-)=fk(+)-Hi\' {azr{\rrtr{{ )) (2r)

^k 
(- )= (t-xkEk )rik(+ ) ( r-xkHk )

T -r+ (HlDr_ Fr ) (24)

Smootltcd F:*imatrs Th. \ ioollrcd .rrinriLles ol (hc
slrre. x, rnd thc coviLrirncc. 1,. rrc.onrpurcd ds lbllo$sl

[]k (+ ) ls^oou.=[rk (+ ) ]ritter

l\j is lhe l.ishcr lnlonnrrior lVfutrix roflrrti/cd $irh
rcspccl Lo lhc v!rian.e, 02. When N srnrptcs rre uscd
1o lcl,dc X. rn .vcfugc t ishc. lri(nriLlid) Nlitnr L.j,,

!r\!, = (I /N )r {r.)

\'l,\\ shoukl bc fonsingul.r litr lhe frrir)ctcr e\tirnr
Lor ol cqurlion (29) to bc consistenr.

I'arankler tltrcerhinty Esrimale Sutll.ierl UiShr re\t
drlr in crch subsprce rre ncccsury tor.o.rplete rcgre!
sidr rnrlysis u!ing cq. (29). rnd rhe din.iburioi ot rhc dllr
h.s i, dircct buring on Lhe cortidcnce tevels ot Lhe esti
mr{.\ r\ !urntili€d bt thc MAr ll Aerurt ltig|r rej re
\ul1s ii), :,i I .1S ri.clrll shos reduccd conltd;ncc ii rhe'." rr", {l . .rrh,. 'r..J.,,h,ll .nI .r.,,.(r..n\

c=M-l

lr = xTx

- Pk{+)Ik(+ )

l"k1-tsnoor,, -t 'r\l .. .*- -

(25 )

rk (+) a k (+) Pk(+) 126)

Exlcnsilc lcnr|o.rr), clisl srorrgr irr\ becn uscd ro.c-'i",t"."',, r( rl, ,, r.. ., ,aiu ,. .. L.<r ..., ,,
nut rlLUn\ Tlrc\ .Lrr lL\Lil r\ 1,, ,,tr\

a/., .t, ', t. , t,., ,. ., i. !|.,.-l

,,!.



pa.liculrr (a, d) rcghn.22 The Micro-MAp is p.o-
gr.l med to rssist lhe pil(n using lhc Tero.erdcf , trhere
the (a, B) nrelsurcmcnh nre disphycd ii real rime. The
filo! lrrcks the cross nccdle of thc Tero rerdcr" h! mr
nrt .,llr'' . F LU. .pit ..'.. o1.

Control Inputs Thc eslinralion rccuftcy ol lhe pxram
eler veclor cafl be inproved h) suilrbly designing lhe con
lrol inrut\. Clerlirin elemefls ol rhe llrrr.ir M are crucirl {o
the perto rrice ol the pa.!nreler eslinralion rlgorilhm.)l
Thc N4icro NIAP is. thcrelorc, trogrrmmcd lo comfutc
l'< (lfln<nr- 

"1 M^ 1"r Lrh nJrr-\rr. 1l,J h\( rlL
,,< ,. ,.< I6\.6t 1oF. t\ I6B ot l. .,n,t- tp. tn. (
\. , n. . R..(J,.1, \'-.'.,r d-, ;. ,,.n. ;id ...
,rln ri..l.', \ ',\(rro',1r.' ,(.!l ,lll.!l rJr (l
rr, 'l lls,'r.J.l,|,J ru\er l.t,lJ,, 1.. d<....u1
s'hcthcr to pcrldnr I ncr nran.uvcr or to .cpext rhe p.e!i

dcpcnding on thc ctuss cotrclrtion ol th.

Iilight Test Results Fd lhc iniLirl flight lcsts. thc mr
ncu!cb \!ere desiSned lo h.vc lo\! Nccclcmtions. Lrch mr
neuler hsled 1o.25-35 sec. slrrling silh r i scc l.iN and
ending Nilh rnother 5-sec t.im. lnilirl rrim nighr is neces
sary !oeslima!e rhe allirude and the inilirl condilion ol lhe
sxilpldncj sensor hilses rho crd be conrpntcd Thc fli8h1
test dlld obtaincd lronr otrc nrxncuvcr corcsponding to r
mixcd input a.c prcscntcd in Figur. l5. lhc data will bc
used fd th. cdinration ol parxmctcA using lhc rlgorilhnrs
so lar dcscribcd. Ihc bcus ol thc contrcl nick wrs r
squarc. 'l hc .uddcr srs in phlse qilh lhe elev.tor dellcc-
lion. These inpuls were unconvcnlionrl. dnd lhe resulling
molion wrs disorienting !o lhe pilot. The dilitrent velocity
rnd ingle ol.tldck tinre historics mclsu.cd on crch i!irg
tip show th. positional dcpcndcncc ol lhc d!la. 'Ihc *irg
rip hoonr vibration on thc air d{L! mersurcmenls is nol
signilicnnt. Ihc allitudc d.oppcd .l r rrle o1 300 ll. per
min. With dn inilial allitude ol 5000 11. rnd 3100 11 re-
seN.. 11ight tcsting c.n be conducled lor .bout l0 rii.

CONCLTJSION
An instrumenlrlion package suilable lor high nnglc ol

rltrck rnd sideslip lligh! conditiod hrs bccn dcsigncd and
flishr r(.r<d lh( d .rJ Jcqu,., ,o n\r, ,, F r , .r.iprvLC\
so. brsed syslcm. High drt.t quxlity is achicvcd bJ anxlog
filtering belorc srnpling. Srntle slrtisticxl rnd displal
lechniques rre used 1o ronilor the subsyn.nt i!i1urc. Por
labiUly oflhe Mifio'MAP is achicvcd by moduh.izing lhe
hrrdware. The booislrxp pioccdurc xlloss lhe Nlicro-
MAP 10 be an indcpendcnt flight tcn insLrumenl By din
plxying the an8lc of {ttack and sideslip angle inlbr ation
10 the piloi, thc dxtr brsc required ior prrdrreler identiti'
crlion ca. h€ acquircd slncmNticrll). Thc co lrol rnd
slale corelalions thrt m.Idegrrde the perlbrn.tnce ol lhe
regression dlgorithms are compuled in lligh!. The algo
rilhms rcquircd lor identilicrrion x d .r liJne history ol !
couplcd mrneuve.lhll wil! be used by the algorithms havc

A('KNO\I I,ID(;IiNIF,NT
The MicrlMAP \yslrm hrs bccn dc\olotcd rdd llighr lcn.d

qilh \upDorl lon fhe Schullz FouodaLron ol Cliltdr. \es .lcisc!
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