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SENSING AND ESTIMATION

0BVIOUS LY VARIoUS SENSING ofTioNs

PosiTion - GPS | MeTRoLOGY , VISION

VELoCITY - GeoPHNE

hccEL - ACCELEROMETER

ATITVOE —  MAGNETIC CoMPASS | GYRosCoPE
HoR1ZoN SENSOR

Atr RATE -~ RATE GYRo

FoR EBCH TYPE THERE ARE MANY oPTIoNS
- IaghRTIAL GYRoS
~ TNTERTERo METRIC  LYReS
— RING LASER GYRoS

%

> BRo#AD SPecTRUM oF CosTs AND CAPRBILITIES

= STu)Y THRE SPEc SHEETS WELL To
MARE SuRE THAT TT MEETS ALL cRITERIA
WIT  Exceel INg BY Too MUCH
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TYPICAL TSsues

- LWEARITY = AL <SENSoRS TMfAcT FeeEOBACK
GAIN » CoulD Be A PRoALEM

— B\AS = o6UTPUT WHEN DINPUT TS 2z2gRo
- TYPCAL VBRIES SloWlLY IN TNERTAL
SeNsSeds = DRIFT

~ cAd Be CALIRRATED ouT
- B\& fRoBLEM WHEN TNTECRATED.

- RCLURACY - oR  TnACCURACY

na%
- MEASURE oF ) DEWATON FReM TRiE
oUTPUT VALVE

- TINCLUOES AL sSouRkces ofF ERRAR
~ TF SYSTEMATIC, CAN CALIBRATE ouT,
BuT NEED AN AccoRATE TRuTY

— BMNOWIOTH - MosT PHYSICAL DEVICES WAVE A

LWMIT T0 THE REQVENCY AT WHICH
THEY CAN PRovIpE Good) MEASYREMENTS

VistoN:  LIMITED BY {Rocessok sPeed

Accel : heeleRAToN J > SENSeR ouThuT Y
AT g

—>Y ’;‘,— mnotd Ds-\—?
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comPLeMENTARY FILTERING

TYP1cAL SensiNG RoBrLem: HAVE Two

SEfARMTE MEASUREMENTS Y. AND 4,
oFf T™E VARIABLE X

Jr= X KEY foiNT IS THAT n,
Yo = X410, ANO N, HAVE DiFFeNT

PRoPERTIES

EG. Coul) HAVE A, NARRow BAND
N, WI0EBAND

¢ Hoa CoMBINE 1y, AND 4, o oBThIN THE

BesT suPeRsenNsoR" T

,‘.?3‘——-—75(53':‘_! y
e Ya — R[>

CHooSE Fls)+ B () =1
LM F(s) =0 o> £, ~ Wen Pass ![
SPo
LA E(s)= o F, ~ Low PAss ::(_

S» »
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THIS GWES

Y = Fo(x+n) + B2 (x+0,)
= (Fl “"F;)X-F F(A. +F2n1

»35 X + (" Fz>ﬂ.+F,_'1;
TF 0, Is # Lo FRER NARRoW BAND SIGAfL
TT Is ATrENVATED &Y (1-R) Lwf]

ANO N, ATTENvRTED AT HIGH FRER VENCY
ey F L[Lf]

CALLED COMPLEMENTARY FILTER W o AQING.

<> KEY Is CHobsING THE CRpSS- OVER
FRERUENCY of WHEN To SWITCH FRoM

4o T Ya .
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« TRY 3% Fl(‘*“n\"'Fz.("‘Mz)

e CAN EXTEND THIS To THE chse WIUTH
A CoMBNATION oF A PisiTioN  AND
VELocTy SENSOR

\5\ = )('l’f[l
\625 i""ﬂl b abgfszs )(-l-—sl-llz

So NoWd THE SENSoRS HAvE VERY 0(FFERENT
NO\SE sPeCTRA

V\\\ Pemerame, \ _(\E?:\ \"'-._\'

r— \’. w ‘ \\. w

> Sheuld USE 4y, AT Low FRER ) SWITed ING
oVER To J. | |

= (F‘-FSFL))( +F14.+F&41

w\'“'( F\+$Fz'i
ser Fo~LP D Rl o Rel(i-f)

S+X
e 2
S+
- Faly s S (M), HPoN =1 S5
St S LE NoiSE > ots
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FSTMATION

o GWEN THE MEASIREMENTS, CAN THEN focus
oN EXTRACTING THE TINFoLMATIoN

= FILTERING PRoBLEM,

o SIMPLEST FoRM oF FILTERING : AVERWGE.

= MULTIPLE MERSURES ofF X = Yi= X+ VW

4= X+ V. = Y = Hx+V (M Tmes)
Be t\ 1 .. l]T

"CWeN Y Sewve PR X' > LERST - SQUAKE S
PRoBLEM

¥ = (u“'n)"n"b | z6nore v]

>
,_

24,
Hfa e Z:\’. M

. STATIC (ASES ARE INTERESTING, AuT TYAcCALY
WE RRE TRYING To EsmmaTE i DYNAMIC
VARABLE - E.& THE Smate of YouR UAV

o> MotgL X= fx+8u
WANT  To ESTMATE X Y& = X(£)
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ESTIMATION __SCHEMES
®© KnNow THE PLANT  MATRICES AND  THUE
TaPUTS | WE Could JuST PERFORM

A (O\G\TAL oR RW}LOG-) SIMULATION

X=h&X + Bu

THEN  XE) = X(£)  PROVIOED  X() = X,
NVt
]

- But WE Do wNeT  Know X, ,,
PROCESS SEMNSITIVE T2 KuowlglGE of A 8

= CALLEY AN OPEN- LopP ESTIMATOR,

ofF THIS CASE :

o ANRLYSIS
X
SYsteEm
A8, C —— yt)
u(t)
OBSERVER ~
A8 C —~ Yo
X 1B
).(:: HX +8u. ~ A
q N ERRoA = X-X
x = A’x + Bu 2 X X
sueTRAcT (X -X) = A(x-%) N
bR X =AX S X®=€ ¥(o)



13-3
» ESTIMATIoN ERRHR ;(ct) TN TERMS of
TNITIAL  ERRODR X (9).

e 00ES THIS GUARANTEE X(E) =0 Y& ¢
oR EVEN Y)Y >0 A5 Lo ¢

- 0.K. IF  X(o) =0

- WHnT TIF X(0) 40
A STABLE

A UnsSTABLE ?

¢« IF R STRBLE X (&) > 0, BUT THE 0YNAMICS oF THE
ESTIMATION ERROR ARE THE SAME AS THE
pRIGINAL SYSTEM (A, “oPEN-LooP')

- CoULD BE sLowW
- NO oBviovs WAY Tp moDWFY THE
ESTIMAT 0N €ERROR DYNAMICS.

(2) USE APOITIONAL  INFoRMATION | WHICH IS

HOW WELL ovR ESTIMATED oOUTPUT
TRACKS TUE MEASURED OUTAULT /a/"

A

4. COMPARE 9”' CX %’ 379
3=C)( =C’)\(I

= FEEDBACK 3’ To TMPRoVE Ouk ESTIMATE.



3-4
e SEWECTEY FORM

5 A ~ SELECTABLE
= AXx + 8Bu + L
X J GhiN L
SETUP X(£)
SYSTEM
A,B,C > Y&
u n Y¢
— om—t e
0 BSERVER R
—H A\B,C > 3(‘6)
X&)

<> USE KnNowlEDGE OF MEASVRABLE DIFFERENCE
IN ME oututs ( G#o) To “ClosE
TME LooP" onN THE ESTIMATOR.

o ANALYSIS

[ LY

Xe X=X

n

EM +8ui]—IA§+6u+L(\3—8)]
a(x-%)- L (cx-cx)
A% -LC(x-%) =(A-LC)X
o NEW ESTIMATION ERROR DYNAMICS
% - (- Le) X

~ A-Lc Nt
sy = e AT 0

)]

CLOSED - LooP ESTIMATOA




— o  ESTIMATION ERROA DYWAMICS  ARE
CoUERNED &Y THE MATIx  (A-LC)
- CAN CMPOSE L To MAKE X-o

QUICKLY = oR CAN WE T,

)

e NOTE SIMILARTY
®  REGULATR PROBLEM : Pick K FoR  A-BK
@  EsniMATIoN fRoBLEM : fick L PR k-LC

® CHoosE ke ™" (sis0) soch THAT

DET( ST-A+BK) = o (s)  VESIRED LocATion
oF REGULATOR PQLES

6) woose  Le R™' (si1g0) suek THAT

peT (sT - A+LC) = «,(s)

e TAESE Two PROBLEMS ARE  DUAL
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| FREQUENCY DpMAIN  IANTERPRETATIoN
!

’o esTIMATION €ERRpR pYNAMIcs

.Xs “‘X“" Bq“"’ BNN

£ STRNG FORM HF ASSuMPTIONS

#» STERDY STATE KALMAAN FILTER
X=h% + B, U + L({)’CY’?>
® GUWING  ESTIMATION ERRoR OYNAMICS :

X = X=X

:(A-Lc.,); + Buw + Lv

) FULTER SREILITY GoUERNED 87 N (A-LG)

2) EQUATIonN MAKES EXPLICQIT THE CoNFLICT ger
(R) SPEED oF EsTIMATOR ERROR DECAY (LT 50
Vi(A-Le) FAR TnTO LHP)
(8) SuScefTiB\L\TY OF ESTIMATION ERROR
BEING COoRRUPTED BY SENSR NoISE.
o KALMAN FILTER SELECTS THE oPTimAL RALANCE
R ~
BETWEEN THESE Two GoALS,

Y=Cyx+
W~ N (o, Ry ) Bu RwBS >0 [Acy] obs
v~ n(oRy) Ry 20

P EEN

Ax + 80 +B,w - z(A-LC,)ﬁ +,3((+L(°v"“ /.i

ERVABLE 1



]
] |

lo-=1

. WAvE XeAx + L(y-ck)  swhoy

| STATE

. LAPLKE TF BoTH SIDES FiTeR
=> ;((S} = L

LIX?

THIS IS THE TRANSFER FuNcTioN ofF THE
EI\LTER  APPLIED To THE MERASULREMENTS To

Form TME estmATE X, ( Low Ms}

TNCREASING L PUSHES FiLTER TF uP/our

INCREASING L

| _

SN f

> EVENTVALLY ESTIMATE woutd BE Too

CoRRUPTED &Y THE NOISE IN THE MEASUKEMENTS

NoTE THAT  BALANCING oOF SENSoR NoISE TmMPA
DONE M RESPECT To fRocESS NOISE (Buw).

> TURNS ouT THAT RATio Rw PLAYS

Ry
A KEY RoLE TN SELEcTion oF L.

cT






