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SYSTEM TOENT\FICATION
e DENELOPING AN APPRoPR\ATE MoOEL
oF A O0YWAMIC SYSTEM USING OBSERVED DATH
COMBINEQ WL TH :
- BASIC MECHANICS 4AND oYNAMICS
— PRWR KNOWLEVGE oF RELATIONSHIFS
BETWEEN <S\&NALS

= INPUT [ouTPUT MoDELS

« TENDS To BE VERY ©EoPERIMENTAL / HEVAISTIC
- WE WL TRY To O0EVELoP THE ToolS
REQUIRED To PERFoRM THE TASK

iy

m—

TT Wit TAKE MANY MoRe TRIES (Yenrs?)

To 0EVELoP THE INTUITION WECESSARY
To GET Good ,Low—ORDER MO OELS.

=> NEED To WoRK WITH REAL 04TAH
As MUCH As PossiBLe.



© WHWY Do SYSTEM T0 7
- Alows uvS To DeVELP MOOPELS FoR
SYSTEMS WITH VERY CoMPLEX Dynsamics
AN0 [oR  SYSTEMS WITH UNKNoWN
PAYSICAL PARAMETER VALVES,

= REALLY SHouLp L€ 0OoNE TIN FPARALLEL
YITH TUE DEVELIPMENT of AN ANAULITIC
MoDEL ( NFF)

PURPOSES oF TOENT\FicATION

=> Ke&Y Po(NT TS THAT TUE MODEL ACCURACY
REQUIREMENTS &RE A STRONG FuNCTION
of THE DESIRED APPLICATION.

- CONTRpL

- esTimATION ( oF STATES NoT RAVRILABLE)

- PRED\CTION  ( oF RESPINSE To 0 (FFERENT INPUTS)



® SYS‘.EM - oTTT

! Prior
: Knowledge ,
TOENTIELCATION | heooe-a
tRocess e, \
I Experiment :/
: Design , °
. CLEARLY i
| Data 1
TTERATWE,
buT KT o, i<
MmNy Leyers || T R
: Criterion :e
|__9f FiE__:
. YooY \2
MG <
| Validate | NotOKi
: Model l Revise

______
l OK: Use it!

The System Identification Loop.

EXPERIMENT - NEED T0O DESIGN EXPT. WELL To
GET Goop OATH.

MODEL STRUCTURE = MAYY CHolcES | Pick BASED oN
oUR UNOERSTANDING oF SYSTEM
PYNAMICS

FT MoODEL — OPTIMIZATWON

EUALUATION -  VAL\OATE MoDEL TO MAKE SURE

 THE FIT TS ReAsoNABLE
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EXPERIMENTS
oPEN - LvoP  oR CLOSED - Loof 7
- oFTen  No  CHowce , 80T
- CLP  TNTRODUCES  MANY  CoMPLICATING FACTORS.

WHAT TS THE  TNP9T SERUENCE !
~ FREQUENCY CoNTENT <& BiG IMmPaAcT !
- ACTUATOR  LIMITS (sLew ngs)

SAMPLING  RATE / pATR  LENGTH  (memoY)

si1so / simo / MIAD  <SISTEM

OAT A FILTERWN &
- DR\WFTS + BIASES

- ouTLIERS
- NOISE ATTENVATION

MODEL STRUCTURE
NoN - PARAMETRIC -  TRANSFER Fun CTi1oN PLoT
- T MPULSE RESPoNSE

PARAMETRIC - CAPTURE DYNAMICS TN t SWMPLE
STRUCTUVRE - G(s\= S+«
'+ St Ba

LIMEAR./ NONLINE AR

MODEL SwzE (% poLes, # ZERes)



FITinG THE  MoDEL

v BlG TRADE- oFF BETwEewN

- ACcuRACY
- EASE oF SoLvToN

+ 0EGREE oF  useR TINPUT  RERUIRED
+  D0ES THE (fRocESs RLWAYS woRK?

V&L DATON

PRED ICTION RND  SIMULATION

- DIEFERENT DATRA SeTs
- TIME + FREQ DoMAIN ANALYSIS of THE €ERRoR

s  STOCHASTIC ANARLYS\S OF THE ResiovAl €ERRoR

o DOES RESULT IMPLY THAT WE SHovld MAKE
CHANGES  To :
- modEL CuoicE  ( oRDER , TYpe ...
- ExbT (TNPUT SEQUENCE )

- oBFecTwEe ETN PR FIT
- Aw’?

o \JRLIOATE oN O\FFERENT DATR THAN THAT USED
To MAKE THE MOPEL.,

b




LECTURE * 5§
£ 21

e TRANSFER FuUNCTIgNS
-~  eTpe + PRoPERT\ES

- SMOOTHING
- EXAMPLE

W 63,62, 54 b5 b
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LECTUWRE # 2

coME ASPecTs oF  DICRETE LINE #R
SYSTEM  DINAMICS
TMPUSE  RESPONSE  MopDE LING / ESTIMAT IoN

OiscReTe STATE  SPAce  SYSTEMS
sysSTEM  REALIZATION THEORY



L\NEAR _ SYSTEMS |

o+ ovd DATA WL TYPcALLY BE  CoLlecTed
FRom  REAL SYSTEMS

=~ DISCRETE OATA +

D\ScRreTe MOPELS

v CONSIDER  THIS  SCEMAR(D :

. { G > Y(¢) ;

T

— — RESPONSE GVEN BY K mw—:#

v
ConvoLVTIpN TINTEGRAL Y(KT)

4 = [Cgage-md

- TYPcALLY Assume THRT  q(7) =0 ¥ <o

> q(T) OEFINES THE CAUSAL m—:mm»smf;

BETWEEN THE  TINPUT U(E) AND ouTPuUT yle)

— CALLED THE <TMPULSE RESPINSE

o CoulD MoDEL THE SYSTEM VERY WELL
IF WE couLd FIap %H:\.

-



e

o ONE  PROBLEM : MUST wWoRK IN DSCRETE TIME
| = SLIGATY  )\FFERENT IMPULSE
RESPONSE

- SAMPLE RESPonSE AT DISCRETE TIMES &= KT
00
Y (k1) = f gy u (k- T) dt
O
- To SIMLIEY THE  ANALYSIS | ASSUME THAT

THE  TePuT (k) TS  PIECE-WSE  CONSTANT
((outPoT of ulw) ARFFLED To 4 Z0H

= dE)- Uy ¥ KT 6€< (k)T

-  NoT ALwAYS VAL,

\ o0 T
« Now GET Y (KT) = % ( 3(«'\ U (k- 1)dr
| -yt /

ConSTANT  Uyom
(29]
ol 3K= MZ;\ 31- (M\ (LK—M

"

= 9elm) f a(rydr ‘
(M- T 0F K SAMPLED - DATA

SYSTEM,

TMPULSE RESPONSE

= CAV WE  MEASWRE TS  OIRECTLY !



TRANSFER FUMC.T!WU FoRMS

¢ FWST we INTROUCE A LWEAR oPeﬂM "f?_
ThoT PERFORMS 4 “FoqwAR) SWFT * 1

TE  qUK) = uler) o —~

s AN REWRITE THE  SYSTBM REsPonSE
fis

\-/
-.9
=

3 “ 0%0 J X B

=(Z q (%) W'K) aw) ]

K=o e
G(q) u(s) . LM
S L, system TRAMSFER r— ,g

Ww

G(g) = Z. 3('4?

e 14 STATE SPACE -
Xt = g FBU o gxe Rk B
%K = CXr 3\( . C¥g

G(q) = Yr CCC;I-— AW R
e o
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LECTURE &

MODELING AND  MpIEL FITTING

- FReEQUENCY FRI\TS
- TWE 0OoMAIN MofELS
-  BLACK Box FoRMs

-  How CoMPUTE THE  PARAMETERS
- MofeL VALIOATION

~ DETAILED ANRLYSS WTER.

Copyright 1999 by Professor Jonathan How.



| | b-l

CURVE FUITING A MoDeL

. SIMPLE ATTeMPT AT FIRST.

ASSUME  #  MoDEL &(y,0)= £lg)

A(q)
- -2 -
B[@): lr\l‘ + (r,_t; + ... 4 (r"(r?

Alg) = L+ 4,47 + ...+ a,\qa’-“ﬂ
Qs[q‘ Ql A“A (J" ()'2 (."nb—]
=5 PARAMETER VECToR

o O0EFINE ERROR CRITERION v, ()

]

(o) e Zo| &ule™) - C(e™ o)
Wi

- P p To M

- USUALLY USE K; = ]UN(MV

~ \a NoNLIPEAR  FyUNCTION oF ©& = MusT
VSE GRADIENT SEARCK TECHNIQUES.

by . [
. GET A SWPLER PRoBLEM TF  oi= |Us(w)]- [4(e™)]
2

5> Uuly = T | AEW) a(w) - B(™) Inl)

- QUADRATIC IN 6 S USE LEAST- SQUARES
TECUNIQUES.

- Good PLACE Tp START = SEE Hw4,




LOGARITHM\C LEAST SRKUARES

o ONE oF THE PROBLEMS Wit THE  LINERR

LEAST SQUARES FREQRUENCY FIT TIs THAT |
ZERS oF THE SYSTEM ARE BT VERY PooRLY

- ESPECALLY TRUE FoR  LGHTLY OAMPED 2ERe:s

o REASON TS THAT THE INDEX ASSIGNS # VERY
smALL PENRLTY To ERRORS IN THE MATCH
oF TRE  OATA/Mo0EL TN Lou-GRIN  REGIOAS
S NEAR  THESE  zgRes THE  ABSoLVTE
DIFFERENCE IN THE FREQUENCY RESPNSES
Ts shlL  ( ReLRTWE  €RRoRS  RRE LARGE )

e LWEAR LEAST SQURRES PUTS Too MUCH EMPASIS
oN F\TTNG THE  folES

o L0G LEAST SRUARES ReTTER PR THE FITinNg
oF THE ZERDS SINCE TT WelGHTS THE
RATwo of  MoDEL GAIN Tp  MEASUREMENT &HiM,

A . Wi 2
Tuw = Z | &™) - e(e o) z

o+ 7 | i) - v

— '

e Jus WoRKS MUCH  BETTER foR R SYSTEM WTH

LARGE  DYNAM\C  RANGE (s\o.«rfn,ﬁeem,umc)
PRGE 1065, 199)



63

¢ EXAMPLE = CONS\WER Twoe PonTs a8 THE TF

- RiNE (») = 40 WERSUREY

F Y P"

(01) = 0.l

- ovk Mo0EL ESTIMRTES THESE AS

g(w) -1
G- (wz) = o.o‘{

5> CHECK ConTRIBUTION Tp THE CoST FUNCTIONS

\&—G\z - Rw, (- ﬂt)

@ w, (o.\—o.o«)‘s 6. b00] << |

\LoG(Q) Lo&(& \-" @ w, (2-3014—7.\1‘12)2= 0.01l}

{ (23026 +2.460)' = 0.0m
LoG ( «/§ 3

CoMMERC AL  SOFTWARE  AVRILABLE
- WoRK VERY WELWL on CLEAN DATH,



(4
PARAMETRIC. MOoDELS of LINEAR svsmms}

To OEVELOP ft  MoRE GENERAL KESuur, WE
NEEO To SlECIFRY [WHAT SYSTEM  MoOELS

WE wilt USE .

- RECALL THAT WE  RSSUMED THAT THe AcToAL

SYSTEM ODYNAMICS ARE ofF THE FoRA:
3(&3: G.(q) u(e) + l’(.\(y) e(+)

!

- uly Keown (We APPLED IT)

- e() Ts A SEQUENCE oF IND. RANDM \mmmas
- USUALLY <ZERD MEAN
- OFTEN ASSUME GRUSSIAN WHITE NOISE |
- 1s E[e]  Kmoun?

o WRITE THE  LINEAR TRANSFER FuUNcTioNS #S
& RATio oF  foLYdomiALs T q :

Galy) s BOY o g™ gt b g™
1’ \+a% +. +a,“:)"

fx DELAYS Haly) = Calg) /o‘(a})

¢ TSSVES: - 00 ALL oOF AA'B,'Cg,O. EXNST ?

- Vhes FoR By fa, Ay A, Ny 2



b-5

o APPROACH > MAKE SomE APPROXIMATILNS
BY SELECTWG FRoM  SEVERAL

STANDARD  MODEL  FoRMs,
= " BLACKBOX |

> SET _oF  MoDELS y C(q,6) u+ H(y, i) e

6 - PARAMETER VECTOR INCLLDING
COEFFICIENTS pF  TRANSFER FuANCTIoN
(ossieLy Efer] = A  As wew >

o PROCEDVRE
O fieK A MODEL fokm

@ serect g, My, A, N4

¢ 1SSVES
- GENERALI\TY ofF THE nNotse ModgL (M)

i

- CoMPLEX\TY oF THE PARRAMETR\ZATION
> IMPACT oN  THE o0PTIMIZATION !

- PHMYS\CAL TNSIGHT {4+ How To APPLY IT.




| b-b |
l i

STANOARD  MODEL FokMs

LoTPuT ERRR €4,0)
Jj y BM H(g, )= 2
u R + T u+e
e

- NOISE SeyRCE TS THE DIFFERENcE (ERRoR)
BETWEEN  ARCTURL [/ nOISE-FREE  oUTPUT.

- &op0 To USE WHEN SYSTEM DoMINATE D
BY WHITE  SENSoR  NoISE

- gxPecr PROBLEMS WHEN NOISE SPeECTRUM
IS SHAPED (CoLokED NOISE / PROCESS w:se)
e — .

- WHY?

O\FFeRENCE EQUATION

WEY+a, WE-) + - g W (E-N4)

-
-

boa(e-0+ o b w (e 0

\3(4._3 = W) + e,

W uy
Seg  WHY TWEY ARE  CALLED ALACK Box !




61

Ay = fut+Ce
| H@,0) =
- D\STURRANCE ANO INPuT SUBTECT TO
SAME POLES

- GooD MoDEL IF SHAPED #R Rocess NOISE  DomINATES.
-  PARAMETERIZED RY

6= (:&‘.... Q,\ (r\ LP"L- c, ... C"c-.l-r

a

A(”D‘ '*‘Mo‘-‘-b..,-\— an‘}'ﬂd
B(a) = A a'—ﬂ»-
Cl) = V+Cq7tw . x C“co}-n‘

o DIFFERENCE  EQUATION

Y&y + a, wle-) + ...+ ap, 3(4:—4.‘3
sl w0 + o by (- )
Fe@) + C,e(e-) + -+ Cyp e (e-1Ne)




A\/: &u + &
G(qp) =

gl g e
w A
& el

A. H(%,&\:,ﬂ}_

- SimPLAFiED D\STURBANCE MofEL

- Nor  PARTICULARLY WELL MoTIVATED 8Y

ANY  PHYSICAL  INTVITUA.
- BENEFITS of THIS MO00EL ARE THAT IT
LEADS To A VERY SIMPLE NUMERICAL

FoRMULATIAON,
%

Rla)= Y+ &, 97+ - 4+ ag, g™
v

6(%)3 \r‘w".; oot ("’\(r a,'ﬂ

o DIFFERENCE EQUATION

4O + o, yle- 4+ o+ oA, yle- Ne)
=hule-) + -+ by, W& n,) + e




e
o Bo0xX- TENKINS J, - 8 )
— C G(4,6) =
D ‘
H(a 8)= €
MR- g+ LY L
A +

- NERN GENERAL FoRM
~ TNCWIES ALL OTHERS #S SPECIAL CASES
- Now NEEp To ficK A, Ay, Ae, A

o NOTE THAT UE KAVE GuiEn TRESE OIFF. EQUATIONS
—~ WITH  No EXTRAR  DELAYS ROPED. |
- B(q) HAssumES 4 DELAY
- often PEED N DELAYS

2 B e 4 bt ekl g ™)

5 O0WWFERENCE EQULATION Now of THE FoRM

= Liule-ner) + ule-e2)+...



o -t

PoLNpMIAL  FORM

s+ Muc{ of THE ToorBox OEALS WITH TF GWEM;
IN R PoLYNOMIAL  FORMAT

- ORDER CoRRFICIENTS TIN #sCeEnNDING PoudER
ofF THE ODELRY OPERATIR 4™ K=017...

- KeY PonT: QELAVS RRE DeNOTED RBY
LERDING ZERDS TN THE  folYnoMIAL

g(ﬁ s - o}-s =7 B= [o Dor] !
A(4) |- 1547 4+ 07 “y'? A< [\ -1.8 o.‘?]

. TN OrscRete  TIME  (Z FRA)  wooLd noRMALLY
WRITE TALS  fS

z* _ ‘ NUM

\ -~ \.5 27" & sz-i 23 -5 Zz + olz2 DEN

2 NUM =1
ben = [1 -u8 en o |

¢+ THESE TWO REPRESENTATINS RRE ERVWALENT |
TIF THE LENGTHS oF A M0 B RRE  Eavtl.

TH2foLY
PoLN2TH



G-\l
MpOELS  SumMARY

- ERCH  MoOEL VALIO FoR OIFFERENT
ASSUMPTIONS ON THE D\/Nﬁmcs/ NOISE
SPEC\FICATIONS

=) o0FTeEN NoT CLEARR WHICH TS THE
Best To uvse '\

= TRY sevekalL ANO SEE ITF THE FIT
IMpRovES. ( How comPARE ?)

- COEFFICIENT O6ROER  NoT ORvIpUsS €EITHER
= Use FREQUENCY DoMAIN GRAPHUS
To 0EVELOP TANSIGHTS

=  TooLs ExXiST To ENARBLE You To TRY

A RANGE oF PoSSIBLE  VALVES.

= TYPICALLY GET AR BeTTeR FI1T AS
WE INCREASE THE oRODER of A

> AVOWD OVER FITTInG" THE ODATA.

/

RESOLT LOooKS Gosd oN THIS DATA
SET, BoT MucH fooRER on AnY
oeTMER.




ERRORS

<> USE APPRoX\MATE MolEL To PREOICT
3((:\ G\VEN ALL  DATH Na Rl

> FoRM  PREDcTioN ERRoR
€)= Yy - “3(¢|e-q

CLEARLY A FUNCTIoN oF 6

= Pick  PRRAMETERS () oF MobEL To
MINIM\ZE Vo (B) -

N
™PicALLY Vg (¥) = L ¥ Gz(b.ﬂ
N £ =\

A

8, = ARG M \, (8).
e

OTHER COST  FUNCTIONS vsSeED  Too

N
V() = ;.L:‘. L(6®)

L - LoesSS FuACTIoN

L 20 , SchALAR,

i i

6-12

 BASC  APPRoACH - MINIMize THE RRedicTion




-3

e GENERAL FoRM of THE (REDICTOR oN 6-12

glele-) = (1-H )yl + H™& ule)

e WMERE FRom? see  Aflenow. (M) |
- ExPLiCITLY  ASSUMES THET H ANO W™ ARE STABLE

] Mo
e Notg: M= Clq) _ 1+Cq7'+...+ Cag 7"

0(1) \.‘_o‘%“.‘, ...-\-Dnary-ﬂd'

- ASSUME  Noz na  (hcTuany N =Ny eeg_ow)

———

> A-H'= \- (%)"’ c—co

BT €0 . (6-0)q '+ ..+ (Cac-0a) g™
c

\ +C\c¥“+ R C..\c_o)'“‘

0 -\
S (=R uE) oLy CoNTRWS  olD VALUES
oF THE  oUTPYT [lb(S)) S_éb—l—_l

e« SINCE G ~ % H'G ule) onLY INCLUOES
oL0 VALWES of u(t)

Yu(s), Sk k-u]



ST
SPECIRL  CASES :

(cE) H= 24 > - =0
G = 9__ V\.\G =
A
y = 2 aw)
A
- NOT A FudcTion oF PAST  eyTPUTS.
AR He L
(+3) A >  |-w'= I-A
G- B “
A HG = 8
=

Ylele-) = (1-0) i) + Buw)

- Q‘\sl-k-\)— R ﬂ'\“lé(‘t"\q)
o oule-y+ .o+ (r%\x(é- ne)

~ ARX USES OLD VALUES OF y(¢) A4S WELL.

oTHER CASES MoRE ComPLCATED.



| | ¢-18 |

6PTIMZATION

o ConsSI10ER  QUAPRATIC CASE  FIRsT.
- LINEAR PREDICTION FoRM oF RRY

WRITE (6-14)
S(th - 4\3({:—') - .- o\,.‘:)((:—n‘) gef

+houle-0+ o+ by u(e-0y)

= 8 4l

-T

9‘-:[&‘ QQ_ . e Q'\ ()‘ e (I'n(r

a \

T
Q(-l:):[- \ALt-n) Ce. = b(*/nq\ uwle-\y ... u(k-f\v‘)j

S LNEAR  REGRESSION d(£) - REGRE SStoN VECT]

o ANALYZE THIS CARSE FIWRST BECAVSE THE
PRE D\CTION  ERRPER LINEAR TN o

£(k,0) = Y& - Y(08) = Y&~ 6" b %)

= Vu(0) = L % € (+,9) QUADRATIC
Nt TN 6.

= SIMPLEST NUMERICAL  PRoBLEM.




, 1 "(6

\, = _Li ( y(e) - o' §(t) )2 =-’4Rx
N £=1
L.i ( 3 ) - 26 S Y&y + o " le) blt) 6)
N ga

o ASSUME  THAT R, INVERTIRLE

OPTIMIZATION WITH  LINEAR REGRESS 0N

N
1z \3‘ - zeﬁtN + 6 Ru b
N

\, = ..L.Zxd(t) - R, £, +(e Ra.) Ra (8- Ra'f)

=2

LET

=

N e

A 4

P6S\T\WE SINGE

Ru20

SMALLEST Possiele  \Va(®) WHEN WE

SELECT . y
6 = eN - RN -FN
X =60 Y - _5(‘)'j .
T, - L
(\ 3(2) R 5 X X
&T(N)_ -Béﬁ)_’ 'FN' ;:,LXTY
\ ke
MoRE ComPAcT FoRM  Vu= (4-X8) (¥- x8)g
LEAST - SR UARES

&,= (x™x ) x7Y

ESTIMATE.




6-6
MORE GENERAL OPTIMIZATIONS

e To FND & To MmN V(s
5

NEED To  SoLVE d () =0

e

ZL)

e PREVIOVUS CASE

J

— \lu = 2 Qu Q - Q“FN =0
06
= 5= &N-‘-F,J . CONSISTENT]
MoST OTHER
» MoRE GENERAL CRSE 7 MolEL FuRmS
- k) NoT LINEARR IN o
el Gy NOT
— Ny NOT  QUAQDRATIC TN € AVADKRATIC
IN ¢

&  OPTIMIZATION nNoT AS  SIMPLE,
NO clLosel  FoRM  SoLuTiON  AVAILABLE,

=> NONLINEBAR OPTIMIZATI(ON.




| i 6-\7

NOoNLINEAR  OPTiMiZATION

s o0fJectiwWE IS To MINIMIZE THE FoNCcTIoN
FM, X Is A VecTeR

MAX
ASS UME F(x) scaLaR Akog

8-J
<X o ARG MmN F(x)
%

o TYPICALLY END vUP USING AN TTERATIVE
ALGORITHM , GWEN Xk ANO A SEARCH
QlRecTioN Py ; FIND

- “ON Flﬁ)o PK 7
_ Mow FIND ag ?(Lwe SEARCH )

- How FND ;(, 7 (IumAL ConolTuu)

o SERRCHU =ockEc:rw/u_
- TAYLR EXPANSIoN ofF  F(x) ABouT CURRENT Xk

A
= CKH:' F(XK‘\' D(PK> N FK + %K 3:PK

WHERE 9 = g;(E F(Qm\ = F(Xx)
: + € (e~ Xx)
J.F X v

-:’Z‘Jxk oA P




STEPS

('Zo , o

\)  COUECT DATA (2 sets)

7) USE FRER. RESP. ESTIMATE To GRUGE

THE CRRECT MolEL

sizE [ comPLEXTY

3) Pk 4 Mo0EL  TYPE AN oROER

4) ottmizE  To ger THE
§) CMECK THE  MobEL.

BEST  PARAMETERS



o | C—‘LLJ -

EXAMPLE j
- g
e ACTUVAL MObEL CTS =» DiscRete vSING 2zoH
\3= Gu + €
G = q, ' (o.2q) + olo?:%j
| - L5622 1" + o.M 7'2
E[e‘(&}') ~ AN = 01503 fuT ScALES wlTH‘l
IN THE Co0E |
> SYSTEM HAs Oof " STRUCTURE.
e GWEN ESTIMATE OF 6, WE CAN USE THE |
| RESWDVALS €% (£,6) To ESTIMATE A |
A N a ~
Ve -2 €7(¢,8)
N tcl
- NATORAL swcE  €(¢,8) = Yyl - 5(-&.,6)
ANO THIS DIFFERENCE IS A Good ESTIMATE of elt),
» RESULTS: - 2™ pRDER ARX NOT EVENCUSE
:;;)5(1;‘0 0.115 0.251 - OT“ER 3 PROU‘DE GM
$ARX B 1 -0.616 -0.0497 A
WD 1 e 00175 BSTUMRTES oF G(q)
U wio 3 ;
. e 0.3 5> GOD TF'S A0
ham o 0l TMPULSE RESPONSE |



Sample outputs

0.5

=15

-2

[

A

A
N
| . “ -.‘
ARV

v/

N
‘.lll'(_’ .
W

[
|
A
|
|

R R

g If s

. [‘\l'/ll.n‘]l\'-’.‘ !
. | U\{ s Hlﬂl\!
i ” | (NN “”
AR RN
Col P

40

50

60

70
Time

80

90 100

15

-0.5

-1.5

—Y

-2
40

50

60

70
Time

80

90 100



10

Mag

10

107

-100

Phase (deg)

|
iy
[
o

-200

-250

act
SPA

—— arx221
- arx44l

10

act
SPA
arx221

- arx44l

10°

10°
Freq (rad/sec)



10

Mag

10

10

-100

Phase (deg)

|
iy
[
o

-200

-250

act
oe221

- arm2221

bj22221

10

act
oe221

- arm2221

bj22221

10

10°

Freq (rad/sec)
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