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%«*» •• *i«e4 h®r®ia, i# itfiaei «s 

ft ®®B%3p©l wysMm irtklete t«ai«  ̂a«iat*ia « fr«8<i!rib»i 
ysldtisaahlf «f 0m «|»%<« mrtsbl# to aao'̂ ar % ©oaptriag 

0f î «gt ftftt tttlAg tbe dlff«r«&e0 «« a 
@f ©©atrol.̂ Cf, tat) 

•a# tfalKjllm to 1® «:«•€ li®reia t» «»««Bti*lly ti»t iatroiw®#  ̂ %• Irowa 

mi aiai|>fe«H®» «r« fcriffly iih« fip«t tts®tf wa4 « 

fall littlisg is laolitisi ta Affsaiix I« 

fh» tissl ssri»©wi0l«atsm is, of ®©«r8«|, ®a® ia th® isfttt aai 

otttpttt «r® always t» th® fî pi-r r®l«ti®»î lf t@ ©»« aasther l>at this 

I'dsal has m t̂ hem mi mmmt h# ohtaiESi* Mthsf th® imlgmr wst 

att®»ft t» fr®ttt0@ at reasaafchl® @ost a i®vi@e tafcftsag ast»ftahl® 4«tl-

atfQSs h®t»«« 4a,fttt m4 ©ntpst. S«@h i®fiati0a8' aetmlly oeetir as 

fmstldBi @f tint iAm th® ljif»t is smh|®®t«i t@ imrtatioas. 

Mmemrt th® desipt sfsolHaatiam Is to presorib® th® allawahl® 

0«tfmt h«hairl®r oorrssfOBaijai: t© Sf«®tal ittputs smh as ttoi asit 

or oait st®f< 

Alitooî h th® 4«sifii ©rlt̂ rtoa is ttaas ia th® tSm® io*ais, lii® 

®ffe@t of faraw»t«r mrSatioMi 4a all hat th® sSaplsst ©asss is ohseare 

fttathasie floatrdl fys-tewi IS«wriLtt«® fc«a fr®fos«d that 
th® t®m "s»3rwm®«i»*aii»* .he ,r®str.l©t«d to saeh ®f th® ahof® s^steM as 
h*"W «®ehaaltal fositioa as the e®at3«»ll®i •mriabl®. 
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viii i>t iMiitimlly* 

Wrw^mAAll mmm tkat %&« m» 

efome .̂ M{m), i» lamm iM Iwth «ni luml* «% mil fr9q,m&oima» 

Wmy «S8«B« tiwfct %lt« itof will 1>» to tMt t® « 

V8.ir» iapKt «tet« telf f«rioi i» l33iger %hm the tta* 

of %fe« #"l«f .r®fp@sat9# fh« ifiii't mm i# thaa lUMili'ieti iat® Iti 

F©«rt«r »mtim t'toe rssftaa® t» m&% i« .A»^r*ia«i 

tli0 Mem M(m} ftmd the rvsulti eo»%.iseA t« glv« tlie ttsf ra«f@tMit«*. 

Wteili this mstl̂ d l«a4s to a»«iy«4 a«fr®« ©f «e®'oi«,ey, tli» prof®r 

mm f«ri@d it Mffiisvlt  ̂stiset «ia@» -b@@ a 

will m% mm î, l»i«« ttee settliaf tiai# to# Itoag • f®fioi will 

* l»rf« a«mfe«r ®f l«w fewrisf •l#i«s r#s»ltlaf. im 

•strs <»@ttpit«tioa« At 1«a8% tw@ trials w@«lt AfpMir m«eesMtrf-

b«for«  ̂3©nt«tAtioa #o«M b« eoafl#t9A« 

00 (t) is ttas ©atfttt re8f@ia«e« 

fhss# Authors Mm aIs© Afflisi a mwf siaAlsr p'o^siurA to ttos 

i«t8fiiinAtioa of tto tnptlss resfdtts* ttsl̂  a rsfstitifs iaiwt sigml 

tiCt) • "I  ̂

wtier# f is tlui fstisi &i tfe* iî wt sifKMl̂  

iC®) • 
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Mil 

mi. m fulat hf a dsaA 'iix@'««4toe th» 
IS ••••fetliSg Iti*® ®f -IImI r«S;f#|lt8«. • 

. fl̂  m»W»A #>as gif@ Itet stef j*«af#]ftst &• 

•a' fmetioa 9t tiiai. Ist mvm%9A»9 ©wtaia ftatar'Sa of tM® fraftttasy 

iiad •|la«- 'Sygtwas mn wh&m @f®n«-l0®f rstpeias®, 

has Ite'' f@» «.km8 ta ^purtit 1(a) | Imlm <% Is 3 4b 

fvr'eo'lftw mi tlie gain a% it |%| %h» s%j&f «% wi % is 

^saibci i 4)i f«r o@-%aiiP@ wg^kh 0  ̂ A Q®@«iTi»£ a% «%* Wm slofss 

«% m4. ^ itti a^Gtii <% loftlte'r pi. mm m prntmrnimrs 

®tera@%9rlsteg' tb» systwisi. A B®ttm @f «feiar%« is fSNisentad «itk 

ani tb»sa t«ro sl«f@8 as fiyriMitdrs r«lAt@ tii« saliMt po îata of 

ildA 0lo8«d*|i9#f raaf#ns«« aaiMly* %b» feak mlm of M.(#)*"&ad 

tl« .frtfw«tt0,y a-fc l̂®fc tt tosttra (««« lC%))* witk %hm. sali®a% 

folttiis of (!l.«att*l®©|> tlii® re«|r0aaa to aa infttt mmaly* 

peak valtt® of tto ©atpit# th® a% wlii®h !%• @o@urs, "fefc® aattliag 

%!»•# aai -Ifc® f#ri®i of tl» 1®**®% fr®tM«a@y f̂«®- figor® 

Altl»agk %fc® eiiirtes ar® #srl.v®4 for a S €¥ sl®  ̂ %®l0w othar 

ml«®i 0f tMs sl®f» hmm ¥e«s f®«€ •fc© $lv« «#a®atlaHy -kM mm r®-

sfcm.®#! te&a® tte® eter l̂® My ̂  u®®d t&v otfcwr «l,®fea» Sift©® th® 

ohart® my fe« satareil ftrom ©i'tk®!* the tSji® @r ft»«ta»a©y iata# tlwy 

ateiiii l>® .pirtisularly la 40 '̂Wla.î  %&® tyf® of flr®%«®a0y 

.rasfoiis® ot®«i®<a  ̂giir® a s%®f r«sfo&g«« 

'%(#) is a]b®®l«l® mlm &t S'C«»)« 



www.manaraa.com

Frequency in octaves 

(a) Open loop frequency reoponoe 

1 

a> 
m 

Frequency in radians per second 

(b) Olosed •loop frequency response 

e  ( t )  

cm 

Tino in oeconds 

(c) 3tep rcaponoe 

Fi,mre-1- Ohestnut and I'jxjer SjmboliGn 
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liiwiijj mm tys-l'iMai iow whiA 

®f tow lta« tfflteai ®a « fl®t, 

(itfymm 41 * d) b«to««a %. «8d «% «« $» npurti IC«)«  ̂l« 

•iteem «.|p^3ilMit«d «• %e S |̂#| loiew % ««€ m» nbeim %• 

A»ro* • ̂ C«>) 

Sl« «Kfr»«tl«tt t&r i« ««liwi4^1  ̂ th« itisml Iiif]yi«^« tfi«yif©w sialfeo ît 

I« m% mIM Mar % «iai a «®rr«etl®i9ii fti«%orft. M, !« rAtnirsi 

ia %hm mm» I 1 is •*« Ito# fmtl® ®f %&« *ffnsMmt# 

%o iiMi ««®t ^«(al » t • ft# i« %to»a M x £ {%} 

ir ̂  ̂ ~ ir  ̂ th# w»^#ai« «»at«liiw rsswlts mt % <% 

îi aMitt;®i Mw ft mrt«% of Mim} i:|sf# itosfmetwrittiei# !&« 

'(rtkwa, .hsmmt, ^ intent#, wtf ®l®»« 

ftiyi mdt ̂ rvsislt** 

Im M««l«f>*i m'̂ A ®f ]̂ lr«4. l̂ l̂ iii r««f®zMift« bCt)* 

@f «a 

0^m} • I » < 

1|«| * •§ # > % 

«»d f(«) • 'ft# 

i« f4rf% €«t(iraia»i to tfe« tttml $$,{%} • &wi i«i thU 

* f !• %h» «rr@3P, 4»fia«d ab t«ptt laiaits liMi. oatfat. 
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h(t) 

Frequency 

(a) Idealised ayateia 

f(aj) h(t) 

<0 

Frequency 

(b) l^gnitude distortion 

#(«) 

Frequenoy 

(c) Phase distortion 

h(t) 

Figure 2 l-^thdd of Paired SohosB 
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ABi » «®8. «%: * I «ia .«t (S) 

-mhmvs « est esi , ami i4a'('"<is*) • »alB «i% 

oo 

hi%} •  /  [ic») ®®«*!(«») «•*» * 
^ y» oQ 

J [tC«) »!»• 'IC®! O0« to * , (4) 

'S^o« &(«) sift «a* ftnel lC«) ##• *r# totb oM' ftts t̂ioms &i m, 

«f tipir im wir th® ir«a^« - cO t@ » ̂  Is »«po* t̂ refowi-

1 
teC )̂ y [i|«») • K®) iia «i]  ̂ <s) 

S&m@e R(ai) mM  ̂mA tim} sia «r» «i«& Amotions @f »« 

iatsgirttl ©f ttoir ttff0r«n«« #wr S'*»i rasg# is twi®# ovar 

tIkS 0' to • oO 

k(t| • f lC«) ®««  ̂  ̂
O 0 

• # h|.ct) (s) 

nftiers • fcirCt) &!(*%) • •%(<«) 

«tR®« %h# itrs respsett-fslf ewa tad aW of t4«»* 

iia9s l̂ r all a«gftt.|7« mluss <9f %IM, A f%«i0ftl esa show IK» 

iNisfonss %o stt -iî lss oeswTflAg »•%%•••© 

h(-t) • • fciC-t) • M*) - HC*) • Q • (^) 

f Iwrefers: • 
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(a) Typical trapezoid 

An-nroxiimto curve 

Actml curve 
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(b) I-Iethod of approximation 

Figure 3 Floyd's Approxlmtion 
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0f » {m} im .f®!*# m 'log •»» « plot 
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KG PLAI'E 

Derived do.ta 

I rrequency 

-.1 .15 2.5 
_ o .28 2.1 

.41 1.88 
-.4 .48 1.75 
-•5 .55 1.65 
-.6 .60 1.55 
-.7 .55 1.45 
-.8 .70 1.4 
-.9 .75 1.55 
•1.0 1.5 
•1.1 no 1.22 
•1.2 1.05 

Firuro 4 Loci of Constant I on the KG Plane Superinoosed 

on the Curve for KG((o)» 
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-1.2 

'2.6 'recuoncj'' in radians per oecond 

Fi,---urG 5 l(®) 'vs for KG(<a)" 
j<a(l+ja>; 



www.manaraa.com

mlttec ©f 1 mi *11 #f %Ms fftS« (*I|i&)., 

is'ipiral thiis® eirel«t sre 'Skoutt i». 4 oat ft Wti» 

««rw». ths I|#) vs # fist i« fttiaa «« S». 

§«!#»•» -IWC#) t« flws »« «'flftt ia ttai K®*  ̂ flJia# wiwr® 

lis .,,wL. Hi -xs '4iw itt ^ — 

* Sf»| • « • 3  ̂• 

x * |y Kt̂  SMjg aa4 • • —1  ̂  ̂

(If): !&%» BfiiilsS t̂t (IS) jrieMs 

1 . .  5 _ i  
fl#*)®#®® ~ i% J 

• 4 • "'"K • * W 

! ( « •  • ! # • £ « •  I )  »  - Y  

C« t I)* • Cv • Iff • (|f)* . (18) 

litis If m§it,lm « ®f l|̂ 'X te% mi^h iti «9B.t«r x » *l» 

f • l0f& for wtet of I Im tli» Kt fl«i« ftr« 

•1 l.@@| f®r •tml fttfitifs "fftiiM* i»f 1 Ift %k« 19 fliJM Aftd vim vwrm* 

*1 
4 flot af !(«») m m f@r Iflij* 1# tte« iKs«li l»« i«rlvtA ia & mmmr 

•»i«itl.y •iwl'liir %@ %!»% 6hsm •iA  ̂ y|pr«t 4 mi S' far tlw Ki plita** 

t«ff»i«« &i») l» gtinm «ki ft fl0t of VMim) is i«el%Hi|« 
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scî g) 
u™™ .g. 

•«.fti '' 8«i*@ ' s^gtas ' «M.i7*j4as 

t tia9 <^ua 
s#4af*54.l8 

# flac4as% • f.t®| 



www.manaraa.com

I 

8 

.6  

actual 

.4 

. 2  

Rlffi error" 4 

0 

Time in seconds 

Figure 15 h(t) Vs t. Example 1, m /co ,-1,20 
o .1 



www.manaraa.com

O predisted 

Time in seconds 

Figure 16 h(t) vs t. Example 1, "/m ,-1.28 
O • X 



www.manaraa.com

Q predicted 

Time in seconds 



www.manaraa.com

39 -

5 

.4 

aclual 

Q predicted 

.3 

h(t) 

. 2  

.1  
40 0 

o 
HI® 0rror"i4,62^ 

0 

Time in seconds 

Figure 18 h(t) vs t. Example 2, o) /u .»1.35 
0 • X 



www.manaraa.com

- 40 -

actual 

O predicted 

co "26 
o 
HMS error#2,87^ 

Time in seconds 

Figure 19 h(t) vs t. Example 3, as /oi "1,66 



www.manaraa.com

O pi*edi<ited 

Time in seconds 



www.manaraa.com

aetikal 

O predicted 

Time in seoonds 

Figure 21 h(t) vs t. Example 4, <o /<» ^"1.29 
o • x 



www.manaraa.com

m •• 

b3s©s68i#ii 

toetmim fo'ttiior ibf 

gt«fhlo«l tai giflisi 

fsram f«»@r fi,ff««tt»ifl «l.a9« «ii «fprfel«l»3Mi pirt of 

ZC«») it Iwl̂  C«9« M,jgsm 101# 4t % 

mmm imvmm mi %o rmiiim Wm^vttg •!]»»« 

« fiamd mnl»«r of «r« «a«i ia %li# tlte 

!»«%«ve9a fototi lA«tr«ft8«« Hfî k ^«&d tk» Avlnil @f %]»« IC#| 
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Jluim} • Jl M«i»r fjNw|m«i6l«s iMiiE  ̂

p««tl©fi,i:î  ̂ (fcll tlMi, %im fiMtta«%i»%8 ̂ ef tlwi systiws fe*ir» ¥«©«««( #ff»etiw 

mA M{m) t8 «% ift rAt« afiMl to #r gr«ii%«r timxt 

i'«MitlNil8 |i«r , far-ttwrt %l» î gl® -of l®(») is »8iir 11  ̂tti 
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f«r tiraotti (Mgur® t3)« Staet S«4I«AS fsr s«eoai» 

Huaf ©f %lis foittts |s»ll ia tit® woig# wfetr# th« fc®l«ift©r «f 

IC#) WHS mmwmi. mt̂ r tfeia immm tRd l«i t® « 'Win® for % 0# "Ml 

i^r«»s was tfe» •»!«» a»««»8«rf t® &% 2' '*» 

tia®« %> ftll -lib® p@to%s m lib® Assmed tail ®®%«i im i«®r®«8e 

«ii* Wmmmttf »<9m ia ttle «xtr«ne «m(ifl®» W' «rr®r mis m» 

mi %1» ©f ©'itor ®0«ffl®i(im%» w»r» m% mffreeiAibly 

•ff®@t#i.. fl» ««a® iiffiottltie® «iti8% ia i«*®'i»teias l®l«iTi®r ®f 

1C«) %®iow th® frettt®«  ̂wfe®r« IC«) • *#1 aaA is iaerssslag#. Iswsirer, 

tiiis Is a iMll* ismm «ai will ® f®ry wmiII 

eoatjrilwtisai to th« wffi«i«a% fmlw®®-. 

If ilMt t®n« r®1f®ia«4 la '̂ ® ssrids for !(«) ̂  3^®% ia®l»i® all 

%lios« ®f ftfpr^®sl*til® sis®.* 'Ite «aAt%®tt®e &t t̂ oss ®nit%®i «fp®ftrs ia 

ffniietod &mm m %» «ln®8l! «ff®®t'wi-llb. »s®s 
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Time in seconds 

Figure 24 Difference between Pwdioted 

and Computed h(t)8 for Example 4 with 

-1.5 

-1.0 

-.5 

d 

Frequency in iradians per second 

Figure 25 Comparison of True and Approximate I(a») 

for Example 3 with a^"32 

\i 1 ictual 

\v~ four tern 

approxima tion 

0 .8 16 24 3Q 
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^ £(t) 
Controller 

h^t ̂ 
y  Controller 

6(t)« X{'t)-h(t) 

(a) Unit Impulse Input, ®j^(t)"X('t) 

q (̂t) •>•, >1 S(t) 0.(t) 
V. Controller 

'k 

<f (t)-0^(t)-0^(t) 

(b) Arbitrary Time Function Input, 0^(t)"f(t) 

M * 

(a))=© (̂«)-9 (̂o3) 

(o) Sinusoidal Input, 0j^(£o)al+jO 

0. (co) 
© :— 

0. M 

0 (») KG(<6) 

l+KG(a>j 
0 (a) X 

R(to)+jl(a>) 

o 

(d) Sinusoidal Input, 0j^(<a)"l+jO 

Figure 26 Symbolism 
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Computation of Fourier Coefficients, Sheet 1 

Example J__ 3.^ 

(2n-1)0)^36 -I(<»)xl000 

n»l 

./ 
1+18 

70 .087 

2 
.3 220 

2+17 
c;?SO .259 aS 

S 
.S -^/o 

3+16 
VS5 .422 / 

4 
.7 Soc 

4+15 
.574 

5 
/ / ^ S  

6+14 
0:̂  .707 

6 
/./ AA 30 

6+13 
/^8o .820 A O 

7 
A3 / o o o  

7+12 
AA 'T-O .906 A 0.^9 

8 8+11 , 
3¥0 .964 d70 

9 
A 7 6^30 

9+10 
7JZO .996 77S 

10 
A. 9 2 90 9 S:L7<̂  

11 
J^,A <^oo aj^" -

12 
Z3 A ̂ 0 

1+9 

"790 
10+18 

JOO A 7a 
.174 

33 
13 

/ o o  
2+8 

0(£>O 
11+17 

^30 (S30 
.500 

JAS 
14 

^7 80 
3+7 

A^AO 
12+16 

Â S' A2^S 
.766 

9yo 
15-

Z9 
4+6 

AfBO 
13+15 

76S A^/d' 
.939 

A7a / 
16 

3. A 
5 

AAZ^ 
14 

do /O^S 
1.000 

/aVS 
17 

3.3 30 9 

18 
3.5 /o aa" 
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Computation of Fourier Coefficients, Sh«et 2 

Example / (0 m 3 • (a 

1 
^  O  

2 
220 

3 
" / / o  

6 
/ / S O  

5 
/ / J l S  

4 
& 0 0  

13 
/ o o  

14 
d o  

15 

18 
/ o  

17 
J O  

16 

/ 3 ^ 0  / 3 2 0  Add 

7 
/  O O O  

8 9 
^3o 

Jj>o &/S 09O 
Subtract 

12 
/¥o 

11 
2 0 0  

10 
^ 9 o  

^ / O  
Subtract 

.259 .707 .964 

^36 S7S ' 9- - . / / 9  

1 
6o 

2 
220 

3 
•9/0 

4 
Soo 

10 
a9o 

11 
2(^0 

12 
/^yo 

13 
/ O O  

dso SSO 9̂ 00 Add 

9 
¥30 

8 7 
/ ^ a o  

6 
/ / a o  

-BO - -VSo - 280 Subtract 

18 
/o 17 

30 
16 

' f O  --:?so -V9S Subtract 

.342 .866 .984 .642 

- 3 /  -  :̂ v5J5' - 9-
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Computation of h(t). Sheet 1 

Example _/_ sia" ~ a^" ~J/f a^" 

^ nir 
" 0 

. /'Xf n 

-<0 a^ 
0 * 

-i-:?.o7s 
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o 
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-^.¥<S3 

03 a . 
0 4 

-^.38/^ 
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- . 0 / /  ,7<j7y .028 .674 
o 
(..; 

/ . /^ "".V/7 
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. Z=?/ ,o5/ .67a 
o 
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.38Z 
—. '-jyC 
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-.025 , 7/<^ .a^z 
10 .0% r^r,rs 

••• 
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*" • 
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1 T • 1-,^ 
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"" • J-''--' 

.So9 
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/ 7J5 

— -t n 
—  . y - K ,  
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/ .^9 
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Computation of h(t). Sheet Z 

Example a^^- fta" T 

. nir 
*•53 " O 

-a a, 
0 ••• 

-̂ :?.or8 

Multip 
«^a8 

ly by 

0 
-̂ .¥,28 

a a^ 
0 4 

Partia 
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«• 
h(t) 

19 
-?,77 

.011 .0j^4 
-^55" 

.296 
,/^7 

-.060 
-.02<S> .7So • as7 

20 .017 .049 
-.07 9 

nnr. 

.707 

 ̂ 1 ''A l-r~r 
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.a37 
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-.255 
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27 -.011 
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-.Ot7 
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-r 
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^ 1 00 
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