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This repor? dercribes the extension of
| Distorbance — Hecomm 002//;/7 (onfro/ 7%@07/ A /nelvde
;o/)/ﬂam/'ra/ J}/f/e/m‘ described 5}/ hircrede - fme
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L) an essrentra/ ;4‘/%7‘ f/e/o IN 6/8474'137 a

- goneral porpose  conho/ enginecring design too/ for
app 4///17 i orbance —acwmmoc/a;é'/\fj cmbo/ P
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Brief Review of Continvovs-Time DAC Theor
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G =0 me ety
DAC Cowtroll A"‘"“s
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Y hailo iISTuroance
A(z:u:f:ﬂd;\ Controller :: Estimator
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on-line estimate of fhe actval (instentancors)
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Discrefe— Time DifFerence A;:i NMode/r f/ @'f;ér/m”e.r '

. Oé/‘ec//'ye.‘ Grvem the discrefe —Fime wavetorur aéfm/m(’m

of a distorbamce, find a difference equakom
which Fhat aavedrm s=lirtier Ve aéeyy.

v Some [Xam/)/w

b Gnﬁ‘dﬁ f D' fyrbesce s ///Prew/ff (mf/a/nﬂ

2 Constant * Famp Dirtorbamce s

|

i

'3, '//f//ynom/a / Distorbancers

WNT)=C, G InT)+ ¢ (nT)"

wave farmn ofescription D/ fference e;m//m
whr) = C WT+T) — wn7) = o] ; a-e.

’

Difference efua;é'dh
WhT+2T)-2 win7+7)+ 1 wNT) = 0O|; a.e.

Wavehrm a/edrrip%'ah
w(nT) =¢, +&6(nT)

ﬂVfﬁflq c/ffrm/'J//':m D ference eyua%'m

WINT+37)=3 wihT+2T) + 3 WhT+7) -1 winT)=0;

|  The 7?('/!14/7(/9
Theorem.: ‘f’
T£ the mbnvods-tme af’/%/réameﬂ _zéncrf'm
wlt) obeys the differentia/ e/ya//'m %’%ﬁ% fo

*ﬂc‘,/?h/'*ﬂ w =0, ae, (Bzwnhnl) Fhem the discrefe-
tme distorbance Ffomehim winz) ,n=4,42 057/,
#i o Fference 7&4/{@« zu[ﬁrf/,r/%f wihre p-i7) # -
+ﬁw/n7'f7'} +/77d/ﬂ7j =0 ,ae, where Hhe
coefticientr 3., =41 p o are (a/ca/méa/d/ Fhe

for mv/&: ,/6‘(1'/\"7) = X/’f//,;xf”*“' 7:2'1*/:' , where fhe

chenscterisfic
X are the charackrihc roots of the (dur?'ﬂwaf—//‘hg@w ih

Mg Xl% o 18X44 =0
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Discrete—Time Stare Modelr #r Distorbancer

|

mode/

| . Some [xam/a/e.r

| ;. (onsFant Distorbancer
| Difference § Modt/
WNT+T) - wh7) = 0

2. Constaent + ?am/a Dirtprbances
Difference A} Mode/

! 2WNT+2T) =2 WhT+7)+1 win7)= O

3, Sinvsoidal Disturbance s
Differemce . Mode/

' WMTF2T) =2 cos @T WnT+7) +1 WiinT/=0

o Generd/ Kesu/# "
whT)=H=znT)

z{m—r/ =D 2(nT)+ T(nT) ;

Lhere W .
2(nT)= state of Hhe dirkrbance
we-) at- fme C=nT"

«Objective. Givem e o Aerence eymrx/'m modt!/ for a
dstrd ance, find an a///'o/or/’a/é shate- variab/e

JHake- %r/a.‘/e //0:/6’/
z(n7) £ w(nT)

< Z,//hﬂj?j: Zm7)

f/a/é - Vém'a 5/( MO/C/
2,m7) 2 2(nT)
Z(nT) Z wWnT+7)

q((n+l))=o 1 ,(nT)
a7 4 2 |\awm)

State-Variable /“4004’/
1) 2 wint)
2,(nT)2 Winrr7)
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Some Issves ;n Discrete ~Time Diskrbance Modkling
L

P 6/'[/314 7 C/.‘J’C/@/C" 74/‘1? 0/ﬂ7/a fe/ /ZJ/@ Zd@ N/z;Z w/r;z...j’
From P&oer/mewfé/ zé’ff%; And a gffrence a/rua//'ah
wWhich that oata sa //J‘/ GL/J:}rfuerunafam‘yz/g n jemm/ l‘

| « Fone/ Fhe mort etfechve ! A A erence go:/a%‘m for
a givem data set / W(0), (7] W(27) / . Mene efechve
inelvded considevations a/ gm/e//' ’Id/ e Oé'%/’ﬁﬂ(f 7
and /IVW’//hea/Ixé (o7 coe ¥, //h«m—mr/'a//dh/ z)/ e
ofi Fleremce %, and controller m/oaéf'//%’e.r.

U2, F o O

Py

. ?@VCA)/) a scheme 7;/’ an—/he /bf%f@f(‘a//'m a/
e dstrbance mode/ FAr e caae where Hhe

ol fovhance mode/ 15 (i I/Vw%/ cézmy/hj in real-Fme.
( Adaptive DAC)
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IDENTIFICATION OF ZVFFEEINCE FQS ForR DBTUEBIMES

FRUM LXETTMENTAL ZHTA | W, W), Wiz, WINT) }

One Solvtyon Methoe!
wWhT) | = Grven Dake—

+— P

J;z'r.ar B ) ¢

5’14?/: 1 = Arrome opder of- the faeﬁﬁf a fy@/wmj’i}/arﬁ'y
with [l valve and increasing ordlr ar needed.

order =2 — o .
Example : Huome  2I(h+27) 45, Wihr+7)7/5 win7/ =04
‘S}/PPJ "’/lc;% 7% € ﬁ/V&M @\;O(W/'/neﬂﬁ/ O/aé 74 e
aeovmes 7/&//&1/: n a feyzx.%rﬁ: / Farhren, using
a oneé "f)é/o OVMfﬂnkﬁm"/—Z /
é}\’ﬂ/n()_/&’ ; ; w(27) v%:(arj w(T) fﬁ;’mj w(o) =0

g/ven datn

r Sh\Se i-— 2 ’
w(3r) 7‘%1/37) w(zr) f—g(ﬂjw(ﬂ =0 df}:kr
e
ag%ﬁe:f 4’5 2 {W{ST) */;’;(47/ w(27) r"ﬂjM’U wr) =0
Stage L~
:l\:;zejaﬁr W) 7"/:‘3: (47/ w/;;j +/7(47/ W(2r) =0 ik
Stage has >werh?

fﬁ"“’"ﬂf, A { (47 f/:(!r) W) +4 (s w(ar) = 0
e I ~ :

P Ve () WY 24 [7) W(eD) = 0

e}t KN

Skp 3- A ead,\“shge”, solve for Hhe assucialed Valvea
of Hie mknam coefFicientr 2 (k7). €xampl<: &HJnge 'y
Solve fw(ﬁ;(”),ﬁ,(ﬁ)))n}‘s‘@e 2 solve for (({Mqﬁ(vﬂ)) et
Step 4 = Fxamine QVc'Fua?'w\ 3\)(30(1') for k=34,

contd
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If flochvation is oo hngk (V\o wel|-defined| \\Sleaéy”l/a’ud '
Hom V‘Q"UV'V\ o SJ@{) L amd  imcrease 3uc:fed Wt)ve
d'F‘ n L)/ one,

Slov S - Qel)ec\' above SLL‘)J‘ b Hae ﬁ(kf%f‘/«;ﬁk& .

at eacl Hage are \\/u(aHve(gL ej,uaﬂ”- - allawm;/
forr imevitable data vioire and other i/m})er{ec%'m.r.

, i
_Typr'ca' Resul+ - /@ﬁg +' )
.o /o ot case h =2 (poor assumpTion
0. 0...0 (;\ 00 0-0-0
/ o ’ Q—/ g
) \ AN case n=3 (better as.rump'hw\)
° [ ]
—t A 4 4 A\\LL Y VY S —
JT 7 2rsr . -

Lrark: The SoJutrin methoe ovtined above

presumes Hrat Hhe ./Of/j%/% are
(sz/d/ﬂ%f- £ He d(%/ﬂ/ﬁ are
e V&l ry Hhe Solvhiom pe bhvef vt
4e pods %c;./ Joeh /moé'/'m//mx are Unckr
J/Ua}//,
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Class of Syrtemr and Distwbances Being (onsidered ;
Ih :p/'.rcre;{’— Time DAC Theory ” |
Shorthand notatiom sr J]rr;%— Ame 7m//mw | ‘
2(mr) —= Exnrs ;  E()=rhiff et !

2 Chife dime ahead § |
/Y///”‘Zjd £ xon) (ane .;‘.am/)/?-per/'olé l‘

ot l
’
|

" ARt s 1o e

[ « Geners/ Direrete- Time Stare Mode/ 7{/‘ Dlants
i E ?-’(“T) - A(V\T)x (V\T) +~’B(n17u(’ﬂ-)+FH("T)Z("T)+?("T)

)/(V\T) = a(h'l') X(nT) + E(V\T)u("-") + é("T) w(nT)

LA TS T SR 21
e s

(’OMPMG’ wi/’lv ((/MVM//'Ma/ Cm/im/aw-:éh;f’ Maafe/
7 =All) x +BHub + FHHYY)
)/.- Ch) x + Edyult) + G wid)

fﬁ’/ma/l«és‘: e %}(re )é— 7{%@ lnoa/e/ /s Prre f/rﬁm/
Hhan e comfinvovr-hme rmode/. Moreover,

Hee cliscref- %’/h( lha/e/ can be PHJ'/%/ 1

0 Ao H accommodare (mﬁv//e%emgr

; Ame "a/(’é/f J,///I'OV/?/&/ O/eéa occor rh /hf/é’f_g_l"/ﬂ/%_/’_/ ’

| o Gonera/ Dircrefe-Time State Mode/ #v Disforbancer {

wWinT) = /;/1/11772@7/(:#[/77/2’/’77/ \\ !
. \ -

£ 2(n1) = Dot)2nr) o+ MT) 20n7) +F(T)

\

U S e

- [

fp/mgm,(:: Same aa above. @ )

Qlso: Heve =" is the ohshrbamee "~ There ferms allw Ar !

T rhafe --- nof fhe 2~ Fraushriu ‘/‘”/f""/'%/"”ﬁé“/” :
vatiable - dirtorbamce effectr |
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‘ 6)/’%04’ /% Dircre k- Jime Mode/ Fr Phlant + D Jor bance

s Hlrmark. He dealtbanre W <a ﬁ;/a/'(a/)// NaT -
! covpled Ho Hhe plant cnamicr fhvovgh a

‘ 7 s 74 4

| fa/n/%o—éo%/ arrarge men F Hwa, #he (om/aof,%

mode/ % /[w A ditrbance mus - not assome
Hat wit) = 2nT), bot- rather that wh) =i .

|
. Rview of f’or»r/omé Mode/ v ubnvevs-Time (Gee
| {x “Ax +Bu+ Fw

IR - e

T ‘j o
l‘f) + é4 {FJEJT umnT),,
2(nT) O

. (’om/)af/y/e Mode/ #r Diserefe- Time (ase (Time-Tnarian# laae |
€ FHedr

ey
: (E—*) 1o | &
th[clo](?““"’)
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SHarte - Reaconstrver 75/ Dircre ko - 7rme HC
. Compon’ré’ Plan? + Dirsyrbarice Dircre - Time Mo/

: X T 4 n For definidions
, (EZ() :[ A l FH }(y(m)) . ‘_5__ U( T)@,; X,’E,’Eie&.
; £2) 1O |3 Jleem] | o sge bufhr Il

2 (v\Ts

yomy=1C 1 0} 2)

. 5/7Wcﬁre a/ a /Ez/// —,/D/Wéfzf/'o/m/ (om or/'/é Z‘szuﬁwér

{

!

?

| 3 N’ v

| r f%e ,D/,rc/'e;é— Jime (are sensor measvrement
|

l

|

i’ e\ [A | FHken) [B we fe, [cuq@)-,zmﬂ
| e2) o |D |/ |o K

A o1

A
; X(“T)}-—- °U+PU4T o-(': Hee I'l'n:le Y‘€Cw¢“'v‘vc'l'or
| 2 (wT) |

Z(WT) e St o _‘_7_*&»\_1—)

Re cmstrvcfor y(nr)

2 (WT) ~———|Estimabr Part of DAC)

> Frror Z//M/w'rf v Stk Recmstrvehr

Set: € 2 Xr)-RinT) w— eshkmatiowernr

| & & #Hnd) = 3] ~—

Then, it Forns-ovt that €}

X
e

Eex -—K+H°'C I E-T-‘ é;lnT) . N : .~ >—o—>
E e Kozc ‘ fb 2 (nT) ’ ¢ . ) ¢

Lesign problevy . Chaose K, Ko # muke €->0; €>0 S

- Design proceclvre. Zn fime-invarant case, wuer shdare pole-
| an@w#«eu?‘ kehuigeesr # place all eigenvalves of [PtC FHI
inside the vnf circle /n Fhe complex plane. The K C

/e
T fred] Conpns ")y direchly ‘app Sable,
*,\,&f ¢,) ,%df X fz?/eﬁ%/o:v{re"---a a%cﬁ?e behanar r €(nT)
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A Beduced-Lrder Sate-Reonstvithy for Dicrede—Time DAC

T

E
~ : o Plamt Model (lame ar betore)
Y /ma/ Gordiak /m//m/m
| [ 1 IC “Ta2 ) ; } - a new Vec"vr—\/arnable d?
~T,. 2 clamennah n+p-m"”
Y = arbi mry TP
 hone Tn nxOnipm) \ o b [CIO][—_T‘}]:O
I 2 =0 X (nbpon) [T ”
‘ : rom {_‘T';] = nbpim
] i The Inverse %/a/n.r;gr/naﬁ'm :
< (_}.>:[ZC+:I"¢| -ﬁzJ(_x_) T (T, TTz'l.).!T_T |
g Y cC [o\\g’ T, (TnTnH'n'l;t) T |
o Transtormed Plan# ﬁ/na/n/'c.r

Ey CAT, +FHT.) | c[R(c*rr,5)-FiT, 3 youT)

| +Ezc+ﬁ)fé] wor) |

<E }) [<2c+ T X AT+ )+, BT, (e m )R (R .zi)-ﬁm;ﬂ-i,%;iJ (Rm)
|
l

| cE
( - Final Pec/ e for Fhe Sak-Fecoutrutor (2470204 7

| \N\:{ x(“T) le ;(“T) +[ ‘T;IEIY(MT) ~(5¢4T,)) {A (-, 1\4‘:“1 5:} t

‘Sc\ 2(nT) = Tz S(y\'r) T, L )’(“T) “(2eT)y (7 . *F“'TQZ |
' )
D ) \

| < <,\ ‘B (KT) = (49 2 ﬁ) }'(nT) +[(7:+ZCX AC / -(&J-Zﬂ )Z]y(nTHf?.ﬁC)B U(bﬂ)

| "“ &) where
| K \’/9 TI(AT+FHTt)+TzDT1 THIS?ACElS?’ESTQU

\' o’ i U >
= C(AT, +FAT,) .
e Lrror @mam/c.r -X) 74: €mT)

\Eemr)=(BrX H)etnT)sae; (e-2)=T,em) |
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