Clupter Four ’
Time comain Peopmae Mm % Coutrol Systeuts: Wiy

4_- { Tuhoduchon

(a

A manner in ouicie a elynamic system Asapado o am TUput | @xprested
a0 O funchon 4 tune , 11 called o Alponar . T tugoretical eveluation
fthe Uepste 4o Sakd to be Umdoifabun v sttt dlowiaiu , avd vio
r‘eferma( to ao time domalic MLd/(Azf—Ll :
It 44 powuible fo ompule fus tome AUapoyat % Ly siewm Cb fra fb"ﬁwrmj
44 Tngwon
* The nature 62 fue wPuj@) / expmu.eal ae a fwmdtcm ? foue -
. Tle nutnopmatiod modd% fur syclem -

Coupol Systems ate @Mrw% alvmwu‘c, fueir P_ufnmm/uu £ uﬂfuaﬂ\?

{ Speced e & Lope Hu frausient- Ulspune aud e Steadu - stolu rspiuze.

s) Trowsient retpowae | it Aeepome will [for a SHable <ystus) clecay
mu? axpamuﬁ‘glﬂ] y T v ac tome Lutyears . H fumcﬁéu
Onlﬂ % ’,’ﬂu_s;?stm aivwia, aud 9 bndx?umdwi g CMPW%
7[&6{.017‘{ '
b) ,Stead,:,)-s%aix- Tesponee 1 hids s fie respuuce ab fue systewn
afta e Hromeient CO?WFM Maa a{iaaﬁed ound s a Wcﬁm
‘7{} Lofiw fue syspeim ctvmuoaza avd fue Bepud Fuamtitey

. prmprriend |
) -L{) T Frogreterd \
o . o ,}“\4\:
Deyjerl l yd
‘(/ )"-‘(:VL)
H (R
C /“L '_(-#QRC‘,;LZ- -g' ;f(:(,t eyroT
. . g <
. ’// Nl ) - gt
o e 4 eegrrenl
Ve ol - ept
(A L C
e/ W s.f.-_@,cikj'.;?:!u Reices
-

£

— . + S < R -
J!m;-u’!e{dj ad _S‘f'eaaf:—! .s.iﬂib P&;DC&J ,’5' o



2
¢-2 Stondard  Teet Sﬂﬁnalo'
Lw_u_a,w,, Hx JEMPU,L 5Eﬁm,i o couto] system au ot Kumon j-ud;.,, @ head czyﬁm
TWALfvn, Sy Stem dﬂmew Le g yiour 7%» MW amdgtzaq« i j'uoLgecf avd
wm,,/:ard Lo O/FPLM‘AM "'*L Staudaref Ttest sf?mﬂd - au WPLLLQ.G,, a _Ctefo,

a contfost Velociny Camw/ampu,t) and a comtant acceluation ( @

Porabolic mpui)
Avohun Stomddrd feste signml u smosoidal Tiput-

4 =5 sie pal -
te'P 2 rit) ’T
|
A re)= (A ,+t>0 D). A
j o, t&e0 S
&) IZWP 5651@1 fuelochy
r'ﬁ) +) = At , 20
C. < m % ) = A
O 1 t<
_5.2
+
<) Pa‘mboalc Siajn_al
-t} / 3
- ALY teo A
-/ ret) S 2 D) = L
// O L te0 <3
'//
-
d) A/ ikt Lo pules 2ignal
Q;sru,mf—} ,bwlowlfa <3 weed a0 o saam,i WLl g 2e.p  Valie ou o
evceru«{»ai t=0, e h mai.fbtfiuo& oy mﬁmﬁ‘ %7 <
e T Sity= O 140
T (*6

{
5 r . = 4
i ————ey _j g{f,}dh:

t=0 + -¢

MOIWMVMQM/? ¢ Qaa »u,mﬁuiu o Ten ALrtuatrve % a ﬂ'&f f—uﬂc_ﬁm
Llsee)] =1 = pu)

Te wvipulee (Wopuse % 0 Systewm it braueton }LuM@n:au W) - qul
. (XY}
G v puys u) 2
= &)
or pet) s Jlaw)] - gLt/

This hax Aproae m@asvﬁw,mwbjﬁ.lf),@ﬁu Laverie
Laf:«&au v frigs ‘% s Froau] en function. .



A
TL Supuidd be nOtes tpad ’f’uzme saﬁnailr/z Ha w+13rul“2> ‘f'ﬁu Step apud
angl fur }Damladﬁc 5551@/(‘44 ng‘Lﬁ e Eu+c?ml 57) hu ramp MP"d'
Heyer o VM@/ aclate tue /bﬁﬂfd}w—t 1o Dvie et saﬁm,(-m Omoten fest
giﬁ»ml uazwj fra ﬁefxwm.ﬁ Tgm«mfﬂﬁwm
it):

r!
Z’L[”ﬂ] - RU) s «—g—n';—r"

Tha 5@70 anpul é,iimﬂl 3 W eqacest o ?wwu‘,o amd eveluate , and

WW%W&M-



J

Tt  nature 430 tur P ot RLpoUaL i /La.uaaizo(.lpja,wi c?b he tect signaﬂ
Meptioned abm:e ac It e nature Zsaf’-tfm.dmd Upamn £qstem Poapm@? vndl not ou
tre fipe q Upab: Steady -siate tespomse o thun exarmoned wsihn Aopect fo fuins
Parriadar test Si?—ﬂ@«( Qo well oz o tect sragM,Lo.

Thr fpme  (e-pirae Performan u 3 m.cmrrm} Sustedn 40 VVeRtured by Conap Litinyp
Several time respowse e ndlicto  as well as steacly ttate Accuraty.
Tivze eliceo ﬁafe Q ramtitmttu mwetucct to  cowpare fua F—bftfwmawusé alteryeitve
S48 testh mjﬂ;,éumﬁoy o To aabiu.(t e parametes 42) a gwm Systeu -

t-3 Time ﬂu.r:mu 5?) Fuee-Oren, Systum:

a FERt ol ) StUn
Couciden amSystom Simon da ha fuure , lowich wanumaticall, Asprescds
(&PE Pmumi,bc 5751':%4 10 loes 0{/7%:466,5 2 olad rTlne o L.47 )

Rc) ’ vies)
& ‘ E;',J{ : -
Ly €
b E - L
2 ¥
s
T hasufer «fwucﬁcm -y ﬁnwm b7 T Lot e
T ) = 68 A
p.is) 1+ G&EIHE) oo
1 2 "
- \’{n
7 a7 +1
. s
Mie Tue systom Aceponee for P fvr!aw-wj o puto o
ot o .
_ A} wnit step le)b{—t b
C p5) Umit ~roudp mmpid w o
c) it - mpmlu o
L
T amRal condd o an attumed to b Feyo: o ‘/“"L
[

A) Uit - step Pes powae

r‘H—;T r[t):% 1, t>0
O, £<0
>, j_,‘ |\‘/
) = A
S

"me«}m »}—wmcfidw TS - ?’%‘_j}))

vis] = pts) TLs)



v Poles cledeniiue hy Asiver T%LM &

Stbs TIL frapiaac.
1t 3-ong 2 ) . ‘ﬁ"i‘* fopid 45 doernies s
)(3] = 1

Frron 8, b i Oaoponie, e

' -SC=§'T"”) . £ les ¥ Tl f‘r’&?/blf;LM - At e Tite
) - ey ? e Hleherald IlEap dit
Erpending o) how £ !
VigL)a ,.7_2"__ + B ; )
S s
'f }
Lok A= S TLSJ / = ST [s.0
L=
= 1

_!
>
g—1 E=2-Y
,\/LS) - _..[.,_ - J 'Y: % J—-—é -
C) }cu,\), S S+J—T_ - A Pwam:w}mj ’/Tr:'i’
2 Lot UTin ’;h«UL /;"E:T‘,-'],Vn %‘)} Tl
Tl A URFTR La]DLN.L Froms ‘j'm"'M e e P
'hﬁ.,l. ! # . , o e :E o -f-ygpw‘:fz
\/f.f): ﬁ—![’Y(S]]u ;[_[_1. - f ;L;Uf,/ b o
" ) .S-l-._j)_.. Zj e ATV cad Nesy FWeL
9

- ['I_e-—t/'rj W} v tzO

.
"9 I'.“t) A gm‘{& -

et - _'/‘:_ — o Tiee pu,‘-j::w't Wi fugl Azach.
t Y, o =T
A \'\ . e ’ﬂ."h!—‘u{. Va(m. i
& yiel= 1-2 £h cF matiain R owrial
i

-1 i
e o A Spet G abepoue -
g Ci =0-682 ’/,\ e e&)) 7 /°"’
: = 6327, / . (armm Sgre

~. -t/
- 5

T ‘ +
Y Tt - Step (LM-FUWL.E @ fot ordin 2
o aa ceem mad tur owdput yises ex]:omwﬁaﬁj hon 2ero Value fo ?Lr:ha.)? Va lue

f,uftz‘ﬁ7 . ]
“Ti aupial Slope ‘E fue  Curve at t=0 .a» ﬁi’vw 15-5 - ;r:fmsl:;:z ctzam Aespons
CrRaLey
-t A oNnotonigatl, 4 2 ad e
= .-—-J-'— e = ""L_' +o Z—e,«/o =t /tzéb T ¢

T £=0 T

le't%M .

Av
dt

t=0

Sy it -
touse T e bnown as fue Hu tnsjout B, Tt Y

The tinee eovsfaut 2 <nddicative % MMf'M‘C*waquﬂm Jevds 1o azach e
Value: A lage +ome conefand wwf-mdﬂ o A Shkzh Systewt and a small o

Cons foid W&TW o Gkrfn.a'f Repinae.



"]H:J T e ﬂ‘“f‘n’w{ 3 T s wokg
e 2T= 2657
2T = qf"/,
T = gf-2t
£T = 99,3’"/‘

For £ YT | fue Agepdule Abwralold
roidn v 27 g Teee ﬁml Valie -

g lerge e coattamt Wﬂ@?w ’
STU\?/’ZL’ 5L Gngd A Smafl Aug
o rak Coreeponda to 5 Lost ey

Gt
coneiden , T error /LQATW ’E fue  Spsteat  OLIOW s gl'uwz;ﬁ]
= t£)— )
Cit)z ) -¥le
= 1-(1ee

- &
= e

The §+md;} <tale ey e ﬁrwwlm]
Leg = /L el _ 0

€ > AD

Thue fur Syt fracks hu it ctep MLPM Lol Zayy o Shemdisiadi

v

crror .

Tromife fimefedt o 1
- ST+
it)=st

-‘j—'MFLi‘t ’/ r{{—j: { )
. b teo

3
-
u
4]

Wis): BLs) Tes)

= |
S2{sT+1)

Epcpam.djmj 7 Yes) auks Par—fial fmcﬁmi

Yl A 4+ B+ c

s* S ST+l
A’:‘- 52 y(&) - ___i___ - F[_f)
£=0 ST-+1
]

u

%zi_.;tcs)/ . -7 .7 ol i
SS 5=0 S / = A [__, ]
=0 Yy §T+1



1
——~
Ve
-
*
<
—~
[ 29

it

I

"

——
AR

— = T2
T $% fe= =t
=
7e) = ! —
= Yw=: —— -T 4 T
g s ST
$* $ S+L
=

v\Tﬁt;M-T MTLU%T%Q bfwwf,;m,t

g(.‘dﬁtf‘" [t’—- T+ Te /TJ t20

The €rror szﬁml S

ett)= ritl=- nitt)
= E-(t-T+TEYT)
C = Tli-e 7T)

omal i S‘f‘émtn»ls-/-ﬁ«tberﬂ]r A'A;ﬁc'uw 1_,9#7

635: /é__;é‘(f:) = T

&30

- h f -
.TW Tl e —J—C‘#Strc?rd% ,57.5'{.3{/1/(— WLM wmﬂw WCH tract —;w LA T-CMM?

LM]Dut no e ,s-f-ml,:,’—éﬁu evor T, pohcia aa .e,cfl,cal o thu ot constand %
e 57th~

r‘[—{f )

- Stesdy ~sgate

error
o ”"”

UAaLE = Twnp TEUpaNEe S & fore —orden Syt

Leducing L <ysteut (i consraut (T) —tu,%q‘prg noi'ﬂd/'q Lim proves é?rsf-ue(
%(LM}DU'M—E tut edeo Aduces Iy S-ﬁeao(m) -Sjaty €rror to & rawip f,'h?t)/,(jt'
% we éoncidin tue olenivative o 0 it) '
iE)= - T
we tnat &f A iddeuatical o 7Ie syctem fbbﬂfm o P Uit - step EIAPu:t
Tl mzw/t /Lzafcm.d.a o fue romtp tipwt saﬁn_ai s v ielde 1o adddionad ac
abovd fr Spesdt 9 responie 9 e sostent e

% ¢ vikaedd eoulns e S
shlke 2pror 0 i daap m/:wd WONECh cann fos Ghietmed !Ilc-f&r

Valut fuovemt P W Feet '7"7"“90

x



R = 0 ewr= A sEcs] £

4 00 -0
g [ewme]
5230
= é ,: Ry -—-{..2 - -—_.L_____ U‘:
S0 3 S Ss7+) O
=7

Thas avoiels frr naed o @L’m 'ha f,uvem ,Qa-f:laa ’fmwfm""
e Uunct - W/:wla-e ZuFawuz'

Tl bt far fe 3 e systewn

—

£ = )’tg) =
7es) E) TL ]

Vsl pisy Tes) Lores RAS) =/

5{&';): s =

TS+ : ‘r(s+.7f__) oy

C o AmUrte L@.f«(_o\u

g Le) - ﬂ"'[ﬁci?jé ﬂ"[«—f;j

, ~t/7 -
= T e For 20

=T /LMTvam Carrve

—

T

C tona - 2nvaiant Systens

An MFW Property g, towear

In fus mﬂ?w above:

it 17 .
I- (.«lA/LC‘f"‘rZMM}: D’led' -QA?FTU&, Wb{i Q[t) M?L—U@M 5-7
142&-?2 t'—T-f—Teht/T fr €20
7 - U= steg CM/DM}I TFra évf-?:su;f Yott] =2 e olerivative Fie Lz

TU'M/amPud: 2 -
Ygff’)';}/ﬂ-‘t} = /-e Jor t20
o Und - tmpulie daguek, fux uttpnd YD o hu clesivative g P

€ wt -l
ot



o partstn, ) Tra Spuou (spa fo fus furee wupuls cloarty Dbt g
Dt e e 0 he dedivatiVies § on wvaput 5’15%1 Can bt Obimived
OL%M&AMW«T y 253 /w)ow T e system o arigmmztsigmi It cam Hleo

be oo duat fue. de 1o fe mftﬁmf%McﬂﬁEmai samlgmuozw
.l.m) mt*’—j"'f‘m‘]' e % fur syStewn o fue ori mfsignédw
L:rvd,ttumeT s neegration eonttond frvn Zhe oo ‘Suppyg auficd et

Emw;:u-
Cousidir o coutr| quéw Uzed tu steel mille oo raﬂ'uuj Tue cteel <hosts
o ma‘viu‘_f fun Steel -f‘urwjobu Fue naitl ua.u,\j DC terve wuoters - T

Eiedd s% a D Sevypmotor 3 _nefamf,,b? 2 xited 19-‘.’ ML and ‘} a De a,wFLL ey
OB 5¢vw- a = 904 a0 suon below. |

- — Contramt Vi
I.f . Varvab It -’L-Ce,ld cuirent
f
¥
€3 J [[—}:\6” Jid

Tl rﬁe.fd Has am _efmduc.{.mq ?mat?',%r# and Aresztave % £o-ohw
L) Determine +un Field  time courfant

L) closed ,ﬂm::?: :
A cloted r/ﬂov? S'Pe.eA eovipol Eg ea.:?.h1 ol lied L-,:? uﬁz;;_-ckr a Taclwowitter
10 ?mﬂftﬁi& a UoHﬂﬁé (2a ) F!’DPOT'#-M fo MSPU.QI. ( tue Mﬁdd
cUrredd )

L) Draw e Liock d«cﬂ—ﬁm/wt cfwﬁ'rfﬂw T nagarive - deedback

Conho 573(:@1,4/\-

tie) Determow e vaiue 4 fun fecdback antrsl conttnt K 4o redug
e fiejd thme  Cotstamt to Hmcecond.

it ) Dl a Pmch‘cai rant 2ior ,47,,,(}3{551.” et
ac(_mwfzc_‘;kﬂwf Ffire f&ca’éac,{: et Ao power df;v& o



" f
Tatime fue Lapls -
t“"’j “ Wjﬂw’ ﬂ!fLLw.u,.j Zen eutied CondFons, pe have

kA-EjLzs): SL,I(s) 4 p

F ot 7,_1:/_{3)

:[3%+2£]%u)
2, 18) = <
C j" kAE’f{] k,!r

SL’f‘ + 12,7,_

&
Ot ks B xRy
(£)= kE, )
G kW

S+ X
Tue open doop travsient ampons § fiald cumend ©

ﬂ:‘[rfm]: "l"[ e Ep ) ]

L+ M
- Xt
=t%we
-24t
= Ka %Lf}e “f
L"*f J
The field - corwit tome loutpamt T Ao g Ve ad
T o= 1 - _(—:)" - :_?- Caven L’f s 2H
X By =T) Ry = 5on
rC = Oodlec u=<90




b) clotesd Lovp conol system.

H
(spesd]
Tacmsmzt%aﬁmewiw a U°7+"7§e Z2a FWPWM o SFQO( ( Freld

civvendt |- M L —_
Ly fr s
e %m]bc%iar QJ_ ?5 O:»_A ..(p; .Lo d = thdg{r
R i SO - I
S, s 1 3 ke Ter e,
€a r J S
| ' e “M:ff }
Y —— -
%PLL ef V;r\m De mator SP_.e.no!
O N B L S
C: 5
Taclirueter
K
Imfau-t Ris) = E,]cc.s)
Tachomntter Volfage Ve €s) = fCE,}I,fM)
Errb’r—-'\/a/-}gje = Eats): E]Lm - N 8]
E_ffs)- tﬂ_fI (s)
C DU‘*‘FDCi 52 MW}DLCE"‘Z" Grtol AM/::wf, 7‘5)— fue Leyvo motor
. V&CSJ = t,ﬂr(EthJ—’\['ﬁ“Cl))
= t,gg[ Ef){ -k QI{_]
Tl Vo H—a.ée e.c;g gmu—vw_f Dc fervo uotor
- ' i = e, ¢
Vats): C:L+%Jr,] Nt Lai( 417#

boa €7L tghdz:r: (5’(_-{-2J.L7(

- Ic A =
I, u) ____[

s+[ 2++ f:Ataj



- (et R
Ly‘&t): k‘f"f@[—‘c}{,(+ )+

L.j[ ’IL L7(
The  Cloges) recra}; Lwa  Conttad
T - Ly - _E__}( L
2-]-4' Fa fLiZ_!_ 24 I+ sk
UL i oy t=2H  p=d  p :z90

- 2 A
T Ey [ j—f%or_j

7o Aeduce The field tow comtdant , hee wm?}'t

- !
T= Yxp° = 2 ——-%GIC-]
so L

k= ol

)

/2 -




Lqu perrfm—mamu 52) a fLeecond Ordon 5'73W4'

conceidie @ fewod order snitund Llock c“«"-‘j,m/m

e

whert Cju):hp&,u:__

s£s+2%wn)
Ang -
LUVL CMLdﬁiw/g,td atural jT'EJ?MDWCvI
. i = ﬂlpﬂ;lﬂf},l,p‘j ']Lﬁf.'_'h'\‘ {.mhbj
Tt closed - ATp tansfer rﬁwwchm £ gDvem by
Tws  a - YO . wid
4+ E-(}J

¢2 —FZ%“O;&S—F wnL
I+ sheuid b noted et dug C,La_;&af,,(m}) T'Ta/m-fm
C-) 575‘E@W‘ a2 hcaﬂﬂm?:
“The Aﬂnﬂmic Le haviou,- rzv) fue systum Coun be oltocribed Dn-temu; tr 0
paramaters 9, and g . '

]‘-Lunt‘_ﬁau 5}] a umol-ar&u
be Wpreatited D fua ?ij, ﬂm—m 4 Tver al-ove .

é;?(dmem-

Comsidin o Seeteo Q,JELC— cdrevnt Adswon L eofng
3 L

| e

\ a) Detemione he ohiwicf ‘b tuz %I{-W i OD%
| o b)  obsaiw fue héwtfer-preciien %’E taptac hamipom 3/
Do 2wty e Lipek

oL«_e_T' roig seyieo BLC okt L(A._r
Wity feedback: b
. ) Deternmow fue closed wa],, Trawefen 71_,1_

e] Dedermmide hue Lmda/w,;.w ratural "}LT%MM% (WMJ Gnd ddung

<)

rmio (3 ) Pfp

i y

Det o — .
I} ;\\ ! X’JL) ermiau fud Lualk :-te]o f‘a-rFMe 9{) @ ne prLC ;79,}_&(4
g 20 (4
[ a) Vs Rio+ L_éi‘ + ¥o 2
@ ‘ d¢t
Vo = z’f’id{-

b) T Laflaa W}um

Bl = Nits) - Vots) s (SL+2)Tw)
sc

Yes? 2is) # i T i)
> = __ -("_—-E—m--._. L
(5225 |




: . _ C
,,&) The Livek a&a@w {ufrm—w%vm

\/;tSJ

T;O,_Eﬁ].,s) 4 “} Tis) o S, Vo cg)
- LS’ | fc J

Y \\

-A) T Bipest c(,o;ed—,e@P tromtfer ]F‘w»tcﬁmq Cam be @biaiped ar

€)= Npts .G 1
7 2 ) __Z, 2 Scl{se+) - ._.__1______
Vils) I+ G , ¢2ici<pet!
1 _—
Sclit+2)

4 z

= /LC - bUm,
2 28 1 2 2
g +s(-i:)+u_ $*r23l s + lon

e) By tompare flu hue homgn rj—umcﬁm/\ ) Fro rarnrad fresuom e,
' 50
At OLQAMPJ.AA} yo " \
wl = =) n =

e e

omd
S
2[#&) - B

Jﬁ) Tt Unif - Step Deapmse 4 @ cewieo PRV

o
Tee) = Vo (1) = wnz J ,\/':[5) ”Z
e 2
oed) $%4 25)'“%5* W
,\(D = ’\ZELS] TCJ,J
z
. o

i
]..
1
|78
4
]
Y
g
b

51@:«
? i g‘f’%""“ . 2
(s+510)"Fd (s£10,) " T 0o
wihete Wy Wn |\ l"%l
= cailed camaped nararad
S s Nt .

. ) _ w4
o] R vemm LA L s
\I:'T;Iq [(g.;;?ba,,j 4 had

)]




T mvene (alblate hentdura

Apted: R ﬂi-'['\f"“)j
- -t y - .S‘!'%LUM B Wl
' j [ $ — _i__

Cs+§wm)1+ Luj \7:5’;[ [H%wﬂ)?__} WJJ

!

,.%w,,;t -
th, = o )W = - - ZWat
e Rl =€ wswat - A g3 " et ot
ol 2+ (Gron)? 4 s Vi-g*
[_..udl_— (W — (_gm)-,m]z - (- e"%wﬂ't
- w5~ — [\/T:éf tos(elt] 4 2 som [wai—)]
inad - Tl \jj:._.%_?' l__ 2)2 .
o :}_\_‘: Eu : _ | —-ﬁwﬂf
! T l- e
PRV PR [s(hqlws(wnkt)—r (53 ¢ sm(wc!f)j
AN .
e -4
= - "ﬁw"‘*’
‘50«\"5 = !/Jn\f‘j_:,q- ] = s [E/Uel‘é +¢) 7(.07 t20
Wy ! I—%L
= ’\ﬁ:%z
coz t ’me‘}wajpﬂt,e.ﬁb,wcﬁ/wummi'ﬁmﬁdﬁwq
- A . .
%-; :3 ‘g fowgient Oscdillation B ha o{m;n.wl natural freqrancy s
o SV LS omd fuds Varies witr i mPM;” ratio £ ((Wd s wa\[ig? )
‘:—%"“""_ Vui't)T\ __i'Wnt
.. e
L :éJ llx/-—;f
NATYES N .
anpV® < DS~

o ..‘ %Wnt
,LL\ 1-£
Jr—

\r:f»?"

yf

“Tie evvir Siﬁhﬂ_ﬂ fbr'fww Sy stemn A f,a"vw 517

wiwu reE) - ot 5~tcp AN F"d

ett): rit)- Velt) 1

= [~ e-%wmf
a sm[b«wt+¢)j
Vi-5*
- St
eI (loat+p) ,£20

t




. . ’ /
Rootx %, Chava thoartics eq avd hwcr /u;(_aﬁ“u'n-.fklf Wifre 1o daw]:—upf 6

e cecound Orclen e.ﬁ/y Sy stein -

T i Uepore J afwz1 SI;&W;;?S. Uaradtetiged &) fir ot ?
tue  slevionii g tor " e 3
Polr?wwtaﬂ P LU Ban 7‘-ac,L az%a)'f-:u powes =, Fra

homsfer fuiermn. —py, Avsorndin for oy el A T2
AL Calieal
Charocfew ic P@?Wmﬁ orandd P m] W s

TL) = X)L pu)
zteo %_Es)
?Ci) =0 o Called Chrarmct ersiies 29y

The Choractertizes a5 u 4b Tie  S2 ¢t orslen S etewn
Te) : Mo

s

§2+zz¢a.§s+ Lo,
2 2
S 42z + Lo, =0

“Tie (16073 2 hue Choroclerttic S§u  Ar S Ve by

51425{4)%5_} w‘: = (‘g" 31) C-(_szj
7;_”_.’_ dstiot 1) fol :
'Dn?.crime.w Dootx Tran leud Tzuz-'aom.e 1‘-7,::4
b* ~dac
= 4o, (5%)
%2.}1 =) A Ay} rea_g @UWA@W}Q{A et ok
At tnaqual
(—ve) 3
T
ﬁ:i S awdl $, geal C.M—Ica,uﬁdawf_d
and  equal trosient Tes povta
(-ve}
2
3 <«
1 and s Comptax ermfﬂd trans ieod
. . . _ SJ)SL = -'O_..":Jw?\ [_ WO{GMAF_&A -
5=0 T T T .
R 5,50 2w, Dsedfla &
Trovig tead- /Luffm

. Eayg ey doee not olie oo
5 =) roqattic coing : :



’~‘5,7 \

R eoanially el
iy S /

MM«I!W |Z,€/ﬂ_,)c ?
u/UlLl - s‘L j‘{a,f; ﬁ; ..]Lu.:, (3 d‘) ﬁ

P e latems L
efw ey
I/uf) ez 08 tend —ordie 57_5{-&144 % MDM. wd
Hights ]

parihomon

C Wy = -ﬁluwijyud A w0
-2 : ‘ QDDL
wmjvw;i T 1o ‘ ‘ A
-’% 0 i{,\l’z{fu e N F‘)SIUSWCA AbLe e
W, Wy T wnya—%z 4 pepnis 3 - iy
| Loeer frcl,;ualj LA o b
| e pged Mt
¢ | i
P R
| Lo e
il 0 i
I vis l(\,sﬁ i
* rAL £y ;
m& el ‘_gt g:. ,
_ m—jWU‘ m’ﬂz&-’/ﬁﬂi‘*}:w( _15:3 ;_ P2
E:OL";] d& H"]\WA&? . :E{‘
"‘th\ -
i— w ) “ RL j
" fane  frow e wopts P e ort ,
5W % ’hJLL < f)l \.-4.5
- Na turad Uncamped ffe‘ﬁww[ fﬂfm
. el ..q?ff‘ s @f r'ﬁcuﬁai\f'/; QM/
s e parts E fue rov? 5"‘9\
- e e
® A !
Wwy- hu Mﬁﬂ?ﬂﬂ"‘j part § T : \
L R“za! dﬂ/{ﬂ/‘ viore Cl&i"‘”'lnj,\f} ) \

= Wn'V 1'5_:'
¢ - %_ MMP/D\AT raii o K o
= C,D'_";?S = i:%__ % IE
¢-1- Tex left - Ws»f»tamww eapoidd
4o Pog{,ﬁ,’v:_ CJJ(.EMAAF,L‘,j fie hee ola-"lMFJu] P bak

1

}Z_/%:D
Wegatrive
WF,M S +U§.) 7
«) PpouLiive olmM/:«DwI eamsrs fae M}—:tﬁaﬂ (u;fm
w;;ﬁ& B & consdend foul vaie ox ho Skeady
£ : fuuxi.fv At vuﬁ.a-ﬁ\m cyﬂwfg-;wd 2 pod
520 a (&37)
Ls Tie €ystem s sStalle



o 1€
¢ef.2 2 vtjzaf‘ hald o plaue Corveopande fo neparie oCannT

Negative ﬁfﬂwpu«j’ givee a Ueponwe fual L m0s o mapniuele witnad
bourd witn tou,

O T systens o wasfrble -

43 The WAL Vary ax c:mafmd/«' to Zevo mf”—*j (5=0)

Zewd Adrvpiog finlts o SuStiimed  E5eiilatson /Lb.tfdm , and

o systam © mrﬁnmﬂfj Statle &~ w5mu? sl .

4-5 'ﬂwiwmﬂ&s’ﬁm SPG‘—‘%W

T dlesired Peformane  Charmciortrics G, el Systamt g dpually aftned
:bw't&rw '52 hes Ut id -—51‘:1’70 /Laaf;mm % 'ﬁ,;_,.SAZS{-W.

T ftravgiend /Lm_f;am 3 A £y ctem eﬁétm Cx ik iz da/mf—wl Oseilar ons
éa—ﬁm’, /melrwt'j sfmuj Snte -

In SF—QL%L—LJD e hmriw:é?fe&fam ehamc+wh‘c!’g a conmtro [ Sy Sty
W o wns step mpuk, 3 oo cowmman o Specidy u folipuc

7
f- Ddaa]ﬁmg}'&q;w

Z-. Roxer fome |ty o

Maxonwun oVershot | MP
S- Settlay thue-, ts
Ye)

Un 4 -St&f szafm



1- DeJmT time (4] - T+ G ha e Wquired for s Atsponae 'hnmcbu‘h_a?é?l
% fue Jod Ualue Ao e very_ et tome.

27 Rise #ome (tr] = 4 &8 ha Hee Aesuiped for hu Aeopoues o
Hite fowm &7 fo 10074 s fonal vale. — g wdor domped
[ o) to 90 7 % itz r}{hal Vaijie ~ T Suacla pedk sy sie

e btavn t, & M,La? Viet) =)
-3 Wt
v ([t J = - e
. \ﬂ——‘i‘iz

=2 e-ﬁw“-tr < [Lodfh-#-gﬁ ) =0

= a4 (hﬂd'tf-"j-cf# ) =1

Vi-5"
-L,f.l e"ﬁwntr %O
V1-5*
we st sa[wate +3 ] = O stia 2R 20

= (Lua'fr-f-gﬁ) = SR

Wdtr+¢ = A
tr = K- o Wal = W '\J 1"§z

Wq

TUe e $ome 51’1/?441«7
’t,-z T"'d dMﬂ)Coe?!‘:%

wa\ 15

3- Deae dome (:cF) S e b tone aseiired for e Wepoe 1o azach
T j-a:ff Reat. ¢b hu overshont -

e Ay obm Per P,u]c “Fing Jsh—.’ dc%@rwﬁahﬁ Yolt}] -4 +pne
Aol /eH'f‘-T Mo oleri vative 2_7;,@_,1 fo Rerp.

yp )= |- e‘%w"fp < CLUd'i‘P‘FFd)

o Yo t1t) _ 20y -F W to ‘ i - Syt -

o T ) 2L T
3% -3

N ( SUbstTutty  Asds LonY 5" )



- ﬁwn 20
st (tuatprg | — \7—1-71 ~ Zlonty

e
,-.,,71" Vs 3 /wd%P+¢) =0

..-::.%"‘"*1-

S Wa  inte " |
> M e [%sm(waltf,-ﬂé) ~ '\]:551 &B(wdéﬁ‘*!j) ]

Vi-g?
=9 ésm(Wdf"'Qj) -\];:;;— (o3 (woltp +¢) =0
.Qubsh?uv‘ﬂfg ﬁ" s and m ssmb e Obtaim
oz ¢ s (1odtp +h) - stug 53 (1a0tp +4) O
[
g (atR) - SN los B+ tosxson B

o2 & <y [Lwdfp.f;ﬁ)_sm;ém(wdépﬂiu = s (LUolfp +¢ -] =0

=) sn (watp J=0 = S'{M(VLX") Wher 1 :0,1,2,-- -
Wd'tF, = NnAx
St fue peak - tomee &f’ lorrespondo  Fo he fost  over Shovt n=i
tzp:,_ﬁ; E Wel = tog\[ 1~%’“
(4V=
‘tP =

A
W\ 1-%*

Mascomuun OVertivapt (MP) vt A hue maxomn P—wb VMWL 3 Trne
' . /Lzﬂfnm Caarve wneasured 'f}-am L fhy -
Li- s Gu—fﬂn.z_p(dd o

Maxaumuim PLW SVens oot -:_\- Vv'lt) - \[o (cﬂ) % {ob

T

'CI lfﬂ.ﬁlx%w Jv . '\{ (00 7.{"' -
A ?/1._*'.1*1.65J aba‘e_t—} &1 &hdycaj_ﬂd ﬁu_ r‘E,ié! '}'E ve S “)‘ﬁé ] U")
l’ % m

Tt waxamuwws  SVerchort oacur of peak +owme tp

+t-= t-P =
104 w }"‘%2




Maxtumuin  OVerthoot

2
Mp = N,pitpl-/
- g g Aete
st (Wdtp + b )y -
Vgt .
.-%Wntp
= - & sm[LUJ‘EP "f‘C,?b J =
SubetFuitg  tog s oV g%
e
P
\i 15t
Mo L Lo H e ViRt
P = : —, P
LUu\r]-T;)z
e“(‘%:}
| s (546 )
\ et
= e—_ﬁ W:f* S a
s e hei stng = \[ 1052
"\f l"_%z . Lt
-x
Mp = o W

Tl pax. pereen OVeishsot ‘w -
A (e )
V Mp = "1 e c o
o }3 OO-@’TF%," %
| s )]
Settiing ~ ttme (te) - e 40 et Aequired or e Alapons  exrve
Lo A &r—}a,m f-maﬁ

Ve jur meu;ﬁjz/ or T ] ¢ A R

TLL-Q S-Q'f"t—!c, hm_e (..S T-Efd'f(.a; ‘TD 'h,(_g
largesnt + o bt
conol sy stemt « 7 e a& (I3

Conci d_u.‘nj a‘puLpJ fle ZXPthh? c:/-:ca,.,{—kf enuclop
(,mpwt,a{am,:ad Systewm, fm- 2%

1 St

10 et auns ¢

3 Pt Aeapinae 3, frue

Wletanes

- .02
o (a-siwuts ) - A (O-D.?.)
._-gwn‘ts - ——C,[

te = s = 4T

=




S’a«mflm—&l 7%.- tr Cf Blorme band E 22

e,ﬁ ww‘tg _ oo&r

t$ - 3 - 3T
ﬁwm / 4
Loe D&f&'ﬂ frr Ot congfard = - 7_;:;,1 gfmdommﬁmf lovi
P Chare creutics equalio - 4

& e dmusient
{;ﬁj&?#cﬂﬁ

N‘\"y 1 - Twe qutw ;b Meepows ; Qo (ufreiwtcaf &7 Fe rize -ttne omdl

/thcrm.c ‘Z’ Tier sy stem May by oleserlag] Ditenms

& T pear tomae -

1\‘:.‘-}/
\;f\- 2 .
i

No‘&: For .::: a&ucrcfpl traei ewd res pondz A second oreter 57_e-z~q,.4,m
deva*j ratio (5] Mutt be bin -t o d 0-g

o Smald Values 5 5 (%‘-O'Cf/) Yieid exesstve overtasss cu

Tue {os closnewe '@M SUapinae o fue clegired response ap rprasubes
b,~7 fe OVershevt Omol _('ett'IDT +ie.

0 iﬁfrge w:/az.z 52( 2>04) e syetem becores Siig gzl

SC‘-WM') tne primasty Attermonel e wndsmped narural  freguene; Wiy



25 —
A ity ,f_ee,:uaae_h contro] system <o Cherocteized by Qun opeci~ Loop Hasw e
«}"uMCHOM .
Ges)
<(s+10), .
2) Detervnow  us ﬁ.m £ go fnat fu 5'71'{'6{44 taill hawe & Adwmgte

reatio Cb ERY

L) Netenmanu Tus fettliy tDan,; peat OVerthovt awmgl +iie o Pratk
overshovt fpr g Lt <tep wFui

<ol i) | & ’ ;/f(s)
Af}f . Llirie) f

Tite Closed Wf tm_’”‘"?’""/" rf‘uMC‘f?Zou | % fus systeme s %Evm!,j

£

Ty WSy o G ol Guli K Hes) =)
RIS |+ trsiHES) <[t 410D
C ;
Tl i L
v Cralps +k
ciere) ) el A
T e,Ler—winUP W—ff'/b fu,uaf‘v‘au %Aﬂ‘ Olezed ﬂ,crv]: trameter j“—mcﬁm.w

2

~Ttd ) = W

S*4 2500,45 + WO

Ca‘wf:a/o;ﬂ’; PO = E

cLy(DSH ﬂq

Sz+2%wms+ L0,

C) O 2] LI = '\/;
] 2) 10 = 250
Grven %20'-{
won = 10 = 10 =70
1

Z3
a)  win- k

L= 102 = 100

L) T ;et{-m? ) 2 iven by

&) e = o A 27/ telensmir
"(L, . C_|L = 0‘gﬁ—&c-
¢ ~



1) The Ppeak - Ovewlmt (Pk).% 2 weu =
MF = 100 Q_A% \/ ’_471

-AE 0L
= {00 £ Wipst

= [b-2 /.
ect) Time to peak -ovasuort (peor toue) ip

Vi) 4 = 0-36d e
,"62 ~ - — a
— /
V25

To.26u D2

E:)CGMMFU—’ For Tuwe 5751@44 Lsn ,Ljun Fre f-{ﬁu:’t

) —[-CM 1 W)‘M TAMC‘H;W Cotx) :’_X_Ei)
=es)

b) }_malél’ wm’ %MPJ—tSJtF:Mtr
|

;C:,?,:SN/M.

i)

){wj

D=zigN-s),

50}5 Do
Free Lg LAy YA
Ay 7 e

peix

Ffit) — px - pdx - ma
SO ot
7”"5")"- ﬂ?f”:{ + EX 4 Delx
okt * de

£8) XMBEm XS] +s pa) + 1 X)

x0s) IS SU—
) A+ SD T



4

Gel = K S
Tes) G +SD FE

s

— ML

48D+ kK
Wt T

z 2

=3 ~ 19w
$2+ Sg £t} ® ’L)—“@‘%ﬁ'ﬁmﬂ"
L) wie 1 =wizeaz
- - £ 0154
21’7WW—5 =) %:‘_Ww-
'ts o ~—"L1L‘ - 4 = [.bsec
ﬁw‘“ o LEx 332
C ﬁfg: A L e
Won \ﬁ-%l
. —%ﬁ/ 22 »
%MI’ = 400 € Vi-g® _ 27U
cotd = A
- A - poete ) .
br s \[f_z e CO‘SI££1) b rod
Wn \[1-4 _ 0,7,@

tr': X——@-"Tn’é

2.32\[1- (0-7)?

7 = ].]OoS s

L

@JJ%X Given e tramtatioud  pechanical 5.7%% ﬁ) W&"w Qlove example
oy K=1 omd f&) o G amit Step; fond te valueed M and T
& 1 ield G Mepape By witw 3@7. CVeArhort Qndl fetttay £ & 10 fec

SO/% e i) X8 . M
PLS) g2 .DS 1,
M M
conte {_51”9: ____L__I:_ %WH:O-CF
fion
But D zz4pon = 2(04)7 O
7
AlLo _ -ln M/ -
"“/\ﬁ—al s 5 T . 0358

’ D/l’ MP‘:-[W e —_— r
N Vara 7ot



M
. M= o8l
and i D - 23 Wy = 0-8
Y|
B D =064

€x Fod J omd k 4an Doiational Gyitew Siwor b

a 307 overd koot . se—c—nar\TDtcw'B ¢f tec Ao SToP

Tet)y ’ o

.

3

Y
K

¢ S s (Tereser) ol
Gs) - /1
Fe4) s>+ 2 +J§

: = q’ = g,T :4‘/
L Sy
Co 7 " 27
N N S
@L@/\,Li\rrﬁ J- EL Mo T~ %_;‘-Jn
= Y
[O-gﬂ’)(wuj
Henee  Wn = 2793
N 0 _4'_—'_-_ ’!/\31:- =7-403
J

26

o0, o yretd
aAFwt an torgul’



Y- Steady SHTe error

One % ha W:‘w‘ reation ]fm UA—ij -feeatéaah,aﬂuft’u T (x4 and
!;mcreud me‘"_'h?; 16ty attewdand M{armxwwd o e AU CRoN 7) Fre
Steady-ciate error eb ha Systend -

Ce tw syftem ouipud Atepoar fotinws fua referune 2uapid sfﬁmi
amumtz&,’ in Steady " siate
()'ﬁu Stesdy zlaty evvor 40 A weasure % Sqstem Qcctiracy.
Te LiHerane Tojn e owfput gud refrent impud D fue Steady state
Arfored a0 Steadyy- spats - Errr L

S'feaaLuJ sigfe error am  Couppl 5:11—}% o almost (mavoidable ~In a

dﬂifh, one % Hn oLje.aﬁ‘Ve'g pa h_u‘"‘f’ E¢ o @ wDiimumt  OF Lelow
o curiain  fpletable Value:

C) 5{;6&0‘4/’ - 4t error ‘7) Uttity ]Leadbaci‘_ 57_:13,44.

Ul
Ledx, Comsidor fle Lt iy —f'e,e.plback_‘, 57.016_!4/1 ahswn belowd -

£u) 4 ews)

'""_ﬂ—_—ig’ ‘ &is) J} 7t
- The €rror ‘2 Fun Sy iten “41 ?a/w .Ls—7
£48) = R (&) -°YLs)

2 T aupud 4 fwe systun an TV

M) - S ¢

|+ &

C 3 Subsrihd hu suwtpd

£(): RW)- G 2i)
+6

- j
:ms)[i—_gf
e

E(8) = o opuw)
1+6

4 S+eadx7~ sib Errer as ﬁn/@“ 1"7
0, = A ett)

t=>0
- A ces) ke &LE)ZTEY
$-»0D .
Ao SEY)
_______“___.—-—"

$=20 16w



Jt 2 Uw-e:fui to d;jtermm e _¢+emi4,/s7%tb eror % tree S Steun Zg 2
7"0" e Puree Staudard test E,Mpu.fd Sﬁﬁmﬂd '
Aa) ftef A2 pla ot A’:vrppd?
£) Step Veloch, tuput
c] step acceluatian imnpud
A) Step bezplacumsnt dupidl Tz LU
pig) = ?i:-_
Tl ._gfﬂpb) st ervor Lalowes

C = L SRY)

=0 J+G(S)

= ,f,{,m,g K - k
' £=0 .
C 1+ &) ’/+ /. &)
>0
- k.
I+ kp
Whete KF‘: J—KA/VL Gs] = Posa-r:aw.a,@ Error constadt
£3P
¥ k_P = &lo) ‘o d_mf-au_af ae 1l 'Po.cﬁ-'io‘m errar Cm:—}md .

, VJH.') .

/ .

4
i Qean frat fue errvr olicreases ge wiha ,e:mc,rcew.;/v-f k‘f’

The j:»a:i’htmwe evrror - coutiant Cau be P-,-—,?_QMW.M 7lby_ a %ﬂ/&/l é’teF*mPaJ
/MLO( a ')"(X»c_&' alloawal 2 5+ead,7 ~Sfale erver

k, fod K— 8;5

P 5y
- g = kmt
L) Step ’\zdow? tupict 1;2:2)) .

‘(2
The Steacly Sfecls ewvor becomes



X . t
2;;-. ‘QL_;"D S ZLs) = /E(_,_,O glg'i' @@
3
| |+6u) o)
. e r
L ey A Lo 2
=0 S o)
I
= ﬁ/« N
 s6ts) T
¢ 0 kv
porne by 2 A S60) = Velohy € Coutad:

L 0
wH)

ky

- 4 2
voe) Sstep accelwation puput  rElZ 3 s
Ris): ——
53
The steadly giatle error Leconss
&:: L gpes) - L 5 E%
$=>0 [ €Gs) <=0 J A Ges)
) . £
$20 $(|+60s)) <S>0 st 6l
- _k k.
/ZLWS.L&L‘S) ]Cél
$=0
20 'ko‘; LSZGC-S) ;ACMWWW‘
(>0

'T'v’ peo ‘Pb Teedéac,t Covtp] Systeunt

Roti 56(7)4,4/{/%6(‘_ vl steady Sfafe errors dﬂ—/a-um_o(m« For 7‘%2‘ &)



i 2w
s sep, )4 (¢+R)
- AT e 5
=1 , TT - TL“-PMHC* ‘} #CM’
Je!

e evi L'o‘m({,.z. M) Aetermaw '-h/t_ﬂ -;-1,”16
s T f Ao Duatore Wil (,m'vzaFALdﬁ fo  puviber § m+7mﬁ“zm
Sustel . Ef\d'ff;m:fﬁf(;m jj/,;rss 1—,5:_?(:}: ko Rern ) fues twmm ettty s g
?’ 7 . sr-:-o.ab,, $iale evybr - fondrpl S S4B M-fmnjwz c(.amfbwl 0t Aeccevdante woT R,
oL 7 Lo &
iz - W?)rmu,ta Qa “Tl«lp,g q{ 5’79{%. ]"u—mc.h‘ir‘n @as)

e gacin /:aoc at tue onﬁm: 5&5%5}1"50 pure ,Em%eﬁmf-m« ; it ft/féd&u’ o deite

o

ML Asurts shmon below , Tor a Step tupuk-

1 T‘jp—c ~ 0 systew - A System  fr WO 6] Ixm,o no - poles af
A oo £ e o ptang
Gre): ET (¢+2:c)
' (P )

o 0, - /L ) - f R J
€0 [H-E:)t!)

)+ Glo] I+ kp

Lo e tF: Gilo) = kK z&--- 2w - Fp;ﬂimgjz evyror
PR --- D aommaf

2 - T'?}LQ2 5‘7;-LMJ A 517,5{_-&44 s Sdid to ba 5‘—7P.eia !'.BE_?"Md
oo pol et hu origion 9 fu 5 plame li-e =1/

Ges): k IT(s+a7)
< T1 (£4P; )

]
. f - —_—
-955 - /&,\A : . BT (s+20)
}+6es) &> D S Rl Rl
§

$=0
STT{s+pr

" Go TO



A

3- T‘7}?—6’*2 Sy stemn - fJ 5751% e Soud v L '7L772c-2 4[3 &f haa
T o f;atu at fux OFE?fUM % fue S-Fdw (i-e m=2)

His) =

v T (s- %)

8271 (5+P:)

2 6. i ’

i fue forlanting fable .
173 ?/‘ }.—s&"a &~ %fh[ﬂ
(2;_5 = 5"0 SJQ
57&15%%7}16 Step dnpudd Do Lapd Parabolic Daput
AISE ‘_é; Died = ‘;,_2. D¢ 12 —é—
) ] <
T‘jp—&"o QS.&‘ —_— e&s"’ e de,rs') e_;_;:ﬁo
=4 bP 570 ﬁ'szcv")
=0
“Type -1 J
1P &,=0 Es¢ = = s = 20
v
f
TL})’*’2 s = O Lo =0 655:-};
Note :
Ls 200 =) Ly Stem Cant uot ]‘afmw M@P“ﬁ
€y =0 =) Sy.stem Cou Potrmo e é,m/m;z LT Frpd
aid
- A Gu) > | .
Z:,: P £y L s &u) b, s L S%s)

11

S>>0

{
—_— =0
J+ A

Lo

+6is) {=D

)

j 4+ ks-20)
SEITLS-p;

Do tadimm 51,&75 Letrwezn 575"&% ‘f”jP—e aund evvor Conttaut dirmon

=0



- Z
EXum , 7 /g

A (/Lf/tff—p, ,feeo}iaact Ao}.ctew\ Chomct ptized 1,._1 hae cw-ﬁo‘o}; Trancen ULIM&I-GEM

} "L

s )= .
) s(o-3ss+1) {0-25+1)

Detenupu ‘m 54%417440‘;& Error 7‘5»*

o) umit -step - w]wd
L) Lt - QW]D _Ln’pu;f MUJ/I

2] unit - Becelemtion  Anpud

<o |1 ‘
a) a it - Step - «M/IFMJ{/ 1
Tur oSN ~ Exvor mmﬁﬁ"mj 1. TR
- - N - O
kP i /g;:;/; @“) <50 5(0’&_5“){9-2“4)

The sheadly =tls 2ror fo a waid step mpud

) - T .
'e-ss = T "—'__ =0 .
. / A tP ]+é¥7

L) T velodk) - Evor tmstaut zs gaveu Ly

c)

by : /£—~ S &) - /e,bwl < [ (pceen) (0 2$+1)—]

£=0 c—2D

- L

o3>0

3.
(0554—()(0 24+1)

ms%sm evvor- 0 A ettt QM/D-,EM/QM Lo ﬁa,w 4"7

f
e £ - - oy _l pul
5 ey ; /

The accelewaitn - gy - Conctant. 4o j»ﬂ’é—cz 2,
tm < Q/ww- £ CQd—Q) = /bem 7
('or,ﬁ,](a 28 41)

SO
.S—-;“»D
] -0
S'>0 @SI-H)(’O 25 -H)

Tt Sf{aa!,;,, Stal, evar 1o Qe Tt accelendi, . pap i
Mﬁﬂ/mfﬂﬁ ) F

A



&7 Deternti nation ‘% E yrov Coaﬁiwaﬁo ,%; A
Conseder e clowd - Loop feedback tonto| system -

Cp—F e

We nay o biaim

. - .Y -G
troanst fon = te): L. °
L I M
' 3 =
X - ¢ : = —
2. Erppe trawifir Jumcion T, ) = o

C R z 1+
—E
('F - ]Q_ = E__ = ___T___
1’4 1+ &

“Thw Evivp Mcﬁw 5& a Uatidy ’Fm;:’bac}:, toutrol betons
i
|+ & k

}:%__Wm( Lj) Attty 7’-9&9”:&&,&. Latrol Lo covnes

% ne .e)('};a/y\_A Evrrer Mcﬁ"@u Zan Power  Leres e bodd S-:O/wQ 59,(

5 - £

e Lesien
& - Eu]= [CU+C:1-S+CQ'§2_+ CzSg.;_ ---—jEU)
C 4 :
E - Z [C-LSL32£SJ
. E:—D

- cpPls)+ SC pisl -}—_(2(:2213] + - -

we Fakr Tue duverse Laplac franshrum 9 fuw above ervor
j—uWLCﬁm, e ﬁe% fue evror aeo a fcmcﬁou ';B FOue

2
- . elt): Cprit) + Cy oaret) C'zd H-t-J+»F

RO hure Cao, € ,Co - o catled d/v’naxwu?c exror
&mw -
Fmﬁg;,?ze." a _.1‘0-—:——- Cop &c,(_’){-—d]i‘-?' CL(X"”]l -+ -~

7[[;0—- Z@“ [x-o{)‘b = Gy d o (xac,)'ﬂLaz('x-c)va -

A Vo]



sparny Eqa © omd () us chqrannic erver corffituds avalbiatilas T

1

ff' Co Tt £+ 6‘2324—63 gg-{'--——— -
[+
e deo trat
Q—gmﬂ Eryror co 7
Q- C,o: - POs efpreails
|+ G ts) $=0
O -
! <= _‘?_L R = elodshy Errer c@%w
oS 1+ Geg)d -0

no- e, -

io‘lz [— 1 -
o dsr | GC‘J] . = Aecceluatitn Evror
J ' £ C?)'ﬁ"f-t&m)e—a .

!C 12 - C‘Vl = ,,_.l___, O) " ]
] ' ni e V4G 8) -]S:O

é'XCVlMF{L
| Determone ma&?wgc Evror c,ozﬁifcwz‘x jﬂw e dnity
+ze_al)=acic 57$towl 0 i

& L) - 10
Sle+r)
S0 /n
| 1 . s (&+t)
' - TVt FRA FTOH — -
T Yl Pfﬂmc 1+& £24¢4+10
2 - POSH{WL«L@ é)’m— CO“ﬁ"l‘“ﬂE
C\ C—D - } = -+S O
1+ G €=D <% 4e410 oo -

Z - \fdog,%) P— ot

<y : [ j 7 B—} £5 -
e =0 o 24c+10 2;:0

= (,?S—H) (c2rct2) = (£26) (2641) )
o - £=0

(g?—-a—j +10)?

-~ 1¢i0) —-p /0

C;o)z rﬂ-:;)
tL- Aeceltnation &Tﬁ‘r~wé7/ff CC,_)

ey JdF] s 7/ ) 6-0‘9
2 dcL ars) s 0 -

= p-)



AR
R

. 2
elt) = Q.Irﬁj_l— +@409dr 4o
olt dtz-

: @_,I/g Ern;r - MD«EW&‘LZ—D—T Pe,rvfmv\ﬂma IWCM .

A Nwmber % P_g,pfq-rmma_ meatures  (Veasurabu ﬁwh‘—ﬁm) Nave bee
Ltduced im respect S Anamic aapows o Step dnpud ([ %Mo, ¢ 4
ﬁ_{ e-}-c.-J and fe s-fe.wb] Sty error € fo Lot S'tzjb andd 1’!/7”4,5'6
8 rden ,Lm/ou,b c Teae w2&lUVEe MAle fp be Sahzﬁea! SMMMW.@? £l
wn amd et e e&siﬁn Warf@ Lecomes o trial erol enor
proceclure:  Ll, tggweven 4 r_waQ WVLMCL indase Could be etfabloned
e P baa, NIt one iy drocribe fua ?madnmg e sy ttemn
VPN | Do e edipn procedure Tl Ze e ogital and

| <. Straigut frrvard:

A prefooman e amdey  Se 4 Guamtifaiive mesture § T performany
7) e Systam and 9w Chesen s0 Jual ewpnaeie 4n g Ve
oA SysteIm As concicond ao am Optonad tewirl systewt When fre
5yt te Parcw/rwtﬂs ane a_abiw—teo( 20 fual T ndex Acacles an
Exityemitiing erIUL , ammm,av% a vniimuur Vald - 74 'P.e_rrfwm_amce..a«dﬂec,

o be mutt e a newbkid fuat s g,&dcujg cpoﬂz-)-m: O+ Zerp-
T Mﬂgvstw b T2 dmfzmd a0 fus sy stem Frat vtnimi te, .,
Lndex.

M LL

(/— P}: cnoletes
YT vnost Popdﬁr,«m&o arl

j- Te ,iAAMTmJ ‘g”ﬁu square ~errvr Criterion (ISE)
-8 e Andex (P1)
PQW "
T$E 5*?‘ j eyt -

polwr  @UE) 2 ret) -y it
M A
T* e obviets Tnat a It WW/Lr&j;m Lomid Qe t —320
Marzmi 204 i TE4 IEE a0 4 5Md comprouife 1w free Quductivzn J rize
tone fo tomit tue effect S f&zrﬁu— mtial evver | Aedu ctton § peak
oversiovt oMol AU RO G Seite/ang e > (ot free &7/72@.& b}

Smaderm'/f@dfﬂ—f;fbr a rbj‘nr—iw~

¢



2 - Tutegral 1 Mosotude error (1AE) %b I,

pe - 3 - | lew]a
2 b
3 Imtz,imﬂﬁz hw~muh7obiaaf square  Exvor Criterion TTSE )

ITEe - T - f’tg%) ol
&

T:ul‘i‘:-@t, gmw&ﬁ,&u s tioat

3

— Tl aLdUCEM-}—a.ft TT¢E €3 Prmrcal,u\f a h,&jker orded
wwﬁhh +p E,F—Y‘DT?'A@CCJJH:L\T taten D T ﬂaafw
Han obocnu)a'nu Lutial pore

L - ,Im;,e,ﬁ,nu? Cé e - Wru_-H,PLELaJ pbsolute - critesri ol
@ (LTAE)

TTAE= Jg - /7—5 /ecf)/;if
>

-3 ‘]bvovéd.t.ﬂ e begt ‘.S'efac.h“vff'z? 1 Free Wu
. o -

&5 )5, SEPLth ,{Lg-u? f&dl;act Contro! S7$f6w s S REvn Lelsy

4 .
- 2eg) - tr e
NG Tf

ey
Tiw alote! ,&717:: houctn q"‘vmdﬂ"' 12 Tou
]
sh;zgs-ﬂ _
Three ?ﬁAﬁEuwmwza Ldites I<E I TSE andl TrA€ Caledzt s
~ov "Uarisus Values S Wm 20 5 and o a Step onpid
en Shown Lelow |

(

: Tes) -

Tha curve shows fue LletHV Ty
e TTAE mdix o Comparifon
witn 28 ptac i, Uanu.‘} dermip-ry
ratio 3 sejecked 00 b bp o ‘
LT&E A -7, 1wkl f\)\ra
Secondl oreltn 4*25’*&:4 pAeaut b R
_ ; M a sw%’i Atsppnae  fo & Step
o B e T B B At e P M W HES T .
o1 “FY e Bg f )z 1y e g a2 it a 4-6°. sveasivn

MT‘: top e*?\’% /ﬁ:q“"‘

Lz_l,‘
R A




