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. ABSTRACT

The lamily of delta modul s ‘can be s unj r m l;mpléd

zero- hyslems. bAng bang type of contmllen Such systems -are widely uscd in

for eneodmg band-limited ana-

- s
trol and low order harmoni of

dul

nttmcci';'e features of del?d)

L n which can be i

tifiers. A s e Y g e,

d output are meur the -

-'log signals ‘into ﬁngr.y wavelorms i.e. A/D convenion. The- inlzerent V/t ratio

mployed in voltage control _

Deltn modulnted voltage source mverters, implemented by am\log mus.nu, G

have shown i ,, over. col ional PWM mverters ‘However,

software contmlled delh modumed inverters require less complex control en-ch-
+

try and offer easier control of sy parameters. This thesis is ‘the nudy of thu

performanca oI voltage soln:ce mverurs umg dlﬂennt types of delta modulnllon

suategls. Conhhuous time vmnhlm of dgltn modulators tnnsl‘ormtd into

diserete hme domun are able to ;enenu switching waveforms to control a single

phase voltage source mverter Three types of delta modulation. stntepes are

investigated. The resulls obtum.-d from their implementation ark cnmplmd lnd

The effect of ﬁlter caeﬂ’iclenu. mpllt mgml smphtude, nmyllns nte, lnd'.

lr'lckm; step (4) on the odul perf is pre ] orderto lludy vt

the h-rmome behaviour of the mvm.er output,’'s Eulmer analysis is urrled qut.

* & suitable clioice of .a modulation strategy I‘or on-lihe invorter opurntion is invuﬁ- i
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li-d to wntml tha opontbn of the mveter 'l'hl inva'tv Mad with pn—
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CHAPTER 1

L. INTRODUCTION

The ndver&t of comp PRI I e T ploy

Hod b

are

-high convcrtcr eﬂ'lclency R

d by the following {eatures

wide control range of output voltaga and l‘requency

muys_gcmmponsu A g

® guod output spectral charactensucs
* small filter :omppnunts, and §

. low acoustic noise levels..

i

'7/ voltage source
mver:& has rcvoluhomzed the field of dc/ac power con‘mxons‘ Compntgom
_ trol of dc/ac converters and variable speed drives offers a vnable alternative Gver

hardware control. H\gh perl‘oxmxnce de/ac’ converters, whe?g\sonwnre or

h ave been

Voltage source inverters employing various
4 P! g

the cholce nl‘ modulatlon techmqua

sllown m m\hzc m:my of Lhe nbove features Output hnrmomc content.s and spec: »

trul cha\mctenshcs le such mveners depend on t,he modqla.tmn techmque

Bid employed The ouhpul voltage hnrmomc content is the factor” “which det.ermma

The most, common mduluhon techmqua presently in use arée th&multlple

idal p\\lse wndth 0 “ ti

-and ‘lhe‘dn‘hn‘ "_': lati P\Ilae wmh . "| 3

’PWM) voltage 7




ous real-time aml off-line PWM strategies Inve been propawl ud mphmut-d
\
thrps both digital and snalog means. In the past few years resesrchers have

focused on sine PWM and subsequently delts PWM schemes for inverter ‘applica-

“tions. Extensive research on these m’o‘dnhlion schemes showed improved perfor-

mance of voltage source inverters over other conventional voltage source invert-

ers. N

Sme PWM mhmqua has been an area of research for the put uvenl years, .

Thls\techmque was - first praposéd And I uxin[ malog

Mncmprumsobhued sine PWM And optlmued PWM mvurturs were. llter pro-

\ posed. chroprocasor-bued as well as anslog sine PWM inverters have shown |

good pertorm-ncu, Howwer, inverters employing thu modulmon nhomn

nqum rel':nvely eomplex control circuitry and heace mvoln mocuud cost.
I
)

- In—thepm(wyem,ddn ulati sehuneh.._ ived & ntion- in

. 2 s
PWM inverter ;ppllmlolu. The lntureut is due to various inherent properties it

- offers when applied in inverter opm'tion'. @umt V/f ratio wngroi and wider -

‘output u.nge are the most . lumei of delta modulation,

.Analog' i jon of delta modulati lcheme nd its basic features in

volnge source mvmen have been reponed [1 2], Howavu, its. d-gml lmphman-

..mwn. was not done prior to cyu meuch. Impl it or delta modilated

PwM m eiters through analog mesns_has resulted hp: good performance of such *

systems [1,3): These results motivated éts to investigatd the possibility of




implementing delta modulated PWM inverter with microprocessor control.

Softwure éontfpl of delta'modnla_tion offers ease of variation in controlling paié}fp

eters and optimization of system b

i = :

“The main objectives.of this thesis are to identify various switching strategies
- iy . 4

for. delta modulnted PWM inverbefs ;nd develop a s\ntable methodology fo gen-

cmte delta modulated swm:hmg sxgnals under softwure coritrol. Anbther objec- 3

© . tive is Lo examine the spectral istics of existing ion systems in

the. connext of PWM voltage soiirce mvercers Such a system can be characterized

,8S 700 hysterasxs, bang bang lype conhmllers

g The next l‘ew secuons ot this clmpter\\enl with'a bnef description.of htem— #
2% B tuire revu;w fo!lowed by ob]echves‘ of the present w_ork»and thesis organization.

= LT . ¢
- e Y | ! -

‘1. Literature nevié‘y ¢ P Bl : \,4- )

i

TT\e neetl I'or vol!age and frequency control and minimum Lolemble harmomc
content at the mverter outpur voltage haye resulted in t.he pulse wndth modu-»

| lated (P»WM) techmques of, mverter swntchmg. E:uher mcdulauon techniques

v'cmpluyed in |nvnrter npphcnucns were smgle pulge and mulnple pulse modula,hon

-6}; Tllese modulcmon Cechmques were capnble of conlrollmg the mverter out-

olhge and l‘requency, but could ellmmxte only selected harmoms at the’




|
y in inverter applications |7, ql The SPWM s a variation or mulhpln

pulse rﬁodulalmn avhere the pulse durntkon and numbel of pulses per halr cyclu
’
are determﬁx)eﬂ by. comparing a maduh}ﬁg sine waye and a triangular carrier - j?
o o { .
wave.

2 i p .
= At first sine pulse width modulation Was incorporated in asynchronous PWM )
- | . d

mode and later, the synchronous mode og this PWM technique was introduced
z | . '

[9]. In asynchronous mode the sine wave (n“s 2d with a constant [t
carrier wave. The @is-?\dvant_ngc_o{ such operation is that wnh constant Treq}‘\lency
| carrier, the fatio of sine and triangular w;av frequencies cannot b;e mnintni‘ned n(.
an mteger value, Thls gwcs rise to s h—ha\rmomgs at ﬂ)e mvmer uutput wheu

the frequency- rmo is nuL Lhe desn'ed mteg(ui vn]ue Tl)ls problcm is overcomein

synchmmzed sine PWM ‘made where’ the cqmer wave ?reqnency is ‘Xnnd wuh -

the modul:mon wave frequency to keep cl\e f\'equcncy ratlo to the desired integer -

value. Ilowever, this

"m synchronized PWM operation;:

’ ) 4 ot | p
N li the impl ion of such a.t ‘-‘ i The pri?/ipnl disadvantage
s ow | z

W N
of :ynchronous SPWM techmquc is let the ‘cnrrier frequency must vary-over a

» - wvide mnge as tke output frequency ch:mges. Wlde variation in carrier lmqnency

is noL very pracmal cspeclally in inverters for u motor dnve npphcutwns, Furth-

ermore, as the carner frcqucncy is mcreased,\the number of aommummns per z 5

. cycle mcreases, whxch in tum gives rise to mcrmed commutnuon Ioms in !Iw

power ¢ircuit or the mvertcr A very Iow camer l‘requency s “also nol desired, \

. since the motor constnnts become msllﬂ'clent for adequutc smootllmg of current

,drawn by the motor. To overcome thu/pmblem wnb ﬁxed ratio- method, pulsn



r

! width modulstion with.ratio changing at vn.ricu;; uperning freduencia was sug-
T gemd [0-11] lf‘thu vannble ratio scheme the carrier slgul steps ‘through .

& fe ]
. ‘ sequence of ratios as,the ing fr is i o ‘and hence maintains a

{+ . high carrier f h h the i mnge, theuby prnd’

high frequency harmomus at the output of the mverter These high frequency -
harmonics are easily ﬂltered out in ac motor drives. B &

The analog sine PWM techmqlle is bued on nscural aamplmg of the refer-

. -~
i ence signal. Hnwever, icrop based “sine PWM hni [12-15] requlre

.regulnr samphns, 50, BS to ensire - the | synchmmzed operatlon In a"

» " 4 ‘ mxcraprocessor-bnsed sine PWM system, the sme mod\hntmg wave is'ssmpled at - ,

ca reéxlnr mtervul and the-switchi pomts are de ine from crossover poum
(o8

of the carrier mmgulm' wave A snmple md 'hold clrclnt, operntmg ut the car-

rier frequency mnmtmns a constnn} Ievel dunng the meer snmple penod As s

N
mult of this opersuon, lhe output sine PWM sthohmg wave!orms have pul:e -

. w1dths porti “tothe mplitude of the

~
K A}iothei- sppmmh, b_saed on the

ables; used optimal PWM switchi tegics [16-18], Elimination or mini

tion of pumulnr ics, mil imizati ol‘t

i cunent dutomon, peak

curxont,&rque rlpple etc:, are such unmpla. In contmt w the natuml .md reg—
) ular sunphk, it’ hns l;uen a \lsual prnctlce to generate optumsed PWM swntchmg

~wnveforms by deﬂmng 8 genanl PWM wavefurm in terms ofa set o! sthchmg :

angles rnherlhm rmini thue itching angles qsmg




. modes of operation [1,2]. It also offers constant volts pepem operation without

~modulation pw:acus are the liriea.r variation of fundamenml' voltage with fre- .

I 5 . 3
switching losses of the device used”in the inverter, Therefore, by using zero

The most recent technique to generate pulse width modulated switching

- : ;
nllslsdelta dulation. Essentially, delta modulation techni R.vehenuscd

¥
in dxgntal commumc:hm to convert analog nqnls into digital codes before

transmission (3],_.The delta modulation téchnique requires a very simple nr;\ut

implementagion, wmvida a smooth transition betweerPWM and single pulse ;-

s < X
dditional circuit plexity. The inherent ch isties of delta

the need: of

qnency up ‘to bp.se lrequency and cons)nt voltage heyond the huse frcqucncy

These in turn provide constmt torque haracteristic up jo bxue q »' ) nnd
constant power.. chumtemtlc beyond the bue frequency. The harmonic content
in deltarmodulnlon u&w and the dominant harmonics are'at or near hlgh car- | -

rier frequency.

Analytical and experimental results have provedfthat the delta moduh&n
- &

over other ly used PWM techni

u;chnique 2aas a superior
[1,2]: Subsequen: researchers have made an nttgmpt to implement delta modula-
tion- technique using discrete digital and analog cireuit components [19,20).
Iiecently, delta modulntim; :';echniquu for mo,mnt link invértem have been

reported (20-23]. Since the frequency of 'switch‘iné pattern is generally limited by

switching loss inverter topologies [22-23], much l;ighor switching irequ'cnéies are,
achievable.” Although the digital delta modulator, in its various forms, has been . ~4 at

reported by various researchers in the past ]24-35], no ltt;mpl has been made to




%1 e 2Nt Wi

3 ' -
. develop s software implementation of delts. modulaf (DM) techniques for

inverter applicagjons. The'mpdels snd imp jon of delta lation tech
niﬁuo@‘ .described by various researchers [20-35] are mainly for communication
applkr;uiionu .nnfi hence are not easily applied to inverters.

RRR Y

Present Work -

. The perl of delta modulati n techniq ein mvmer

been qtnbllshed A]though malog unplementutlon, nnalysu md\‘ilgmsl imple-

 of délta i ,‘ ion - techniqu hnvg been reported [18-20], s0 !nr o

slgmﬁcnnt work on sotcwan onitrolled dem hod! 1lati ies has been car -
Il

ried out.’ The present work explom thie impl ntation of delts dulati

" techniques under mf&ware control. A demled and cor;lprehensiye analysis of
=Yy g S = 2

various forms of delta modulation iighnidﬁu under softwars control is presented.

* A systematic spproy ch for generatiag the delta modul ed sitching waveformsis ¢
outlil;zd L :‘ et L5TL : 3 .
s £ ) e
Three types of delta modulation techmquas -are studled linear delta. modu-

. lation, axponeMlnl deltn modulnhon and slgmn de]tn modulmon First; a linear

' duln duldfor (LDM) is' imple ; and its: ,"A. . 'U‘ terisdie m:

ohtginsd The eﬂ'ecu of vnnltmn in various modulntor pnumeters on the har- -

monic contsnt md power spucm o! the mverler outp\lt v/éltni are studled

Thn work is ﬂlen éxtonded to oxponen ial delta, moduhtgon, ‘and sigma deltlv G




ma deltn modlllator are compsred wntl: those of linear" delu

results, Y slngle phase

; (l—¢) trmslstcr mverter and ﬂsocmwd basa drive c\rcum'y _were built. The °

swnchmg signals’, genented by’ various flypu ol delh modnlators Were then

B applied to - the inyerter.. Expenmenul results thus obtmned show L) elon

corr ,J d with the th i raults

; 2 e :
1.3 frhesisOrgnSInﬂon ; . : T = 5
L = S A e = . .

s
In the l‘ollowmg ghnpter, Various schemes of Delta Modulatlon al

of operation and: th

Chspter- 3 contains the des of softiware implementation-of the threg

main types of delta modulators. The implementation ttiteria, ind step by step

for software ation of delta dulated switchi ;ignpl; are dis-

cussed. i} * iy : . i

i)

Chapfler 4 contams the resulu obtmned trom nmulntwn of dlﬂerenl modulw-‘

: tmn strnteges DC sinusoldal input mpnnse and vanouu outp\n chanctemucu,

- due, to dlﬂerene 1 variati are obtained. i snllym of vanous-

_delta modlllator output voltages is per!onned and the'oulpu&/voltage hnrmome

spectra are obtamed !

o
Y

ed. by dxﬂ'orent ful s are-uged to

_,sgnals



-
. gontrol a 1-¢ bridge inverter. Inverter output volt‘nge harmonic contents are
" obtained by niﬁg spectrum analyzer. The results of the software controlled deln

modulated inverter lor ansuve :nd dynamic load eondmonx are obtained. The

perlormnnce of nno\n delta modul 3 bued on th ical and experis 1
4

ruulLs, is eompn.red and" mulu\n.buh.ted r

Chnpter 8 pmsnh the: summary,, concluxion, ~and recommendations for

further research. ’




\ CHAPTER 2

THE DELTA MODULATION
'

In this chapter the principle of operation and detailed analysis of four types

s of delta modulation systems are described. Analytical® ions are d ped

to describe the characteristics of each system. A brief comparison between vari-

- “ous forms of Delta Modulation is made, and the characteristic features of ench

Are compared.

For induction mo’tors, the general requirement is to opém:e the motors at
desired slip ai;d keep the voltage to frc.quency (V/l] ratio constant to maintain
the ﬂux- de_ﬁsity at a vpa‘rti‘cu)nr valye.” For f)%rm:ment magnet synchronous " .
motors, the stafting characteristics require the same v/t ‘characteristics up to'the !

base sp’eed< .Also a substantial increase in inverter switching frequency is required
3 \ R

in- order ‘to minimize the lower order harmonics .at the output of the inverter,

These requirements are inherent yfeatures of delta modulation fechnique. By

ploging the delta lati hniqic, a smooth trapsition belwoen the

o P, - PWM and square wave modes of. operation and consiant V/f operation is possi-

bie. . . T x

2.1-. Linear Delta Modulator, ¢ X . N

- The-;ch::matic block diagram’of a linear delta modulator is shown in-Fig.

2.1, The modulator encodes'a band-limited analog signal: x(t), irito a two-level



- Y.oSem- -
“ ¢ . . -
output y(t). The outpuf binary wiveform is fed back through. an: integrator and
compared with the referenc_c signal.. The error signal is quantized into one of two _ =
possible levels dopendiie \lponys polarity. The quantizer (somparator) output i

rugulnr/ly sampled by a sampler operatmg ata clock (requency (f,) to pmduce the

. output binary pulses. The cfosed dcop arrs of the odul Sures that
Lhe |n£cgrntcd output fanhfull)’ tracks &he mput reference slgnal . N
.

Integrator i

) -
Fig. 2.1 Linear Delta Modulator
2.1.1 Principle of Operation

- The delta modulatgr converts an analog band limited signal into o binary
output slgnal ¥(t).. The relanonslup between x(t) and y(t) is such that . y(t)is- l\

- . .binary represnnmtmn of x(t), wheréthe mte of occurrence of each bunry pnlseklw .
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directly proportional to vthe insu?uneons slope of. reference signal x(t) (3] If the

slol;e of the input signal x(t) is positive, then while this condition ui;ts, the out-

- put waveform y(t) has more positive pulses than negative ones. This situation is

reversed when x(t) has a negative slope.”
When these. output pulses a‘re integrated by an integrator in the feedback
path, the mau‘ltingv waveform y(t) ct‘mxisu of steps hnvh}i mignitude + A volts
" and duration T secund;,.\i!hich oscillate about the analog input signal x(t). The
dlﬁerence between x(t) and y(t) is the error signal e(t). Thi#?error signal is quan-
nzed to llmlts +V volts. Here, the sign of the error signal is q\mnuzed and not

the mngmtude The ontput ‘of the quantizer is sampled at every T ueconds to

5 -

produce y(t) pulses.
= .

.w an instant, the error signal e@t). > 0, a positive pulse will, be-produced
. at the dutput of the modulator. : When: this pulse is integrated, y(t) is incrensed

by a positive step -+ . This increase in f‘(t) is aub‘tnctéd fom x(t) agd a change
in the magnitude of the error sl;nal occurs. If the error hu not become negauve
by the next clock instant, the  output ol\the modulator will agnm be a pmmve
pulse. As long as e(t) 0.at succsswe clock instants, a sequencs of positive

pulses is prnduced Eventually, y(t) will becoLn‘e greatex thhn x(t). Ai that clock

instant e(t). <0, thereby producmg a negative pulse at the output of thn modulu- :

tor, restlting’in a dlmmuhon in the 7(t) waveform by an amount/- A. Thus

wl;en an input is present, the mogdulator attempts to I\ninimize the error

waveform, by varymg thu polarity of the pulses at the qutput of the modulator

ut auccesuve clock mmm -

vl




It should be noted thu when the slope of the sm\lsold is large and negative,
more ncgfmve pulses are generated than poslhve pu]su The sltuntlon is”
reversed when the slope is Isrge and pcsxtwe At maxima aud minima of the "
reference slgnnl where the slope is close to zero, there are approumately equsl
gumbers of gogiﬁve and negativk output.pulses. Thus the modulator attempts to

~ . generate a }i@) pattern whose mean value approximates the n;ean' value of the
slop o the sinusoid overa short period of time.

A prnctlcnl delta modulator encoder has a zero order hold (ZOﬁ) cireuit, fol:

lowing the sampler. This circuit causes its mput valus t6 be" held at:a Gonstant :

amplitude ror dne cleck penod As a resu]c the output wavetorm y(t) now con-

sists of binary levels which may or may not change at’ clock instants. The ‘output,
PR o 5 N . :

: i of o linear delta mb@lntﬁr «can thus be destribed by: 3 g
. '
. :y(t)—lz V Sgu[ x(kT) - 7(kT) ] §(t-kT) a A2
where,

o " " Vis the level of qum@on

Sgn(t) is the sign function : +ve for t > Oand-ve fort < 0

. x(kT) is the reference signal amplitude at k' clock instant .

- Y{kT) is the predicted signai at K clock instént.

and T is the sampling interval . ° E\
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2.1.4 Idling Characteristic

, - ‘L
Idling t"hamcterjst'\c of linear delta modulator (LDM) is shown in Fig. 2.2, -

4 {  When LDM is turned on and no input is applied, after sufficient settling time, the

3o
i output of the LDM has a sequence of "...01010L... This sequence represents a

. square wave output. However, since no input i pljed, this state of the modula-

tors called the idling state. .
p ' » » = INPUT SIGNAL

f [ R IR

: ofo i) W1 o
S NeTS ( MsEc) —

Samp. Fieq: = 2000.5 H2
Delta =1,

- 5 £ A
Fig. 2.2 Idling Characteristic of LDM




243 Overload Characteristic T s

In order to ensure that the feedback signal ¥ (t] tracks the reference, a slop.e

overload condition must be satisfied. This requires that ade(t) should never >
= 5 4 3 T -
“ exceed the méximnin rate of change of §{t). Let = 5\
xX(t) = A sin(2nft) - (2.2) 3
then, : : , 3
 ¥(epl 2nfAcos(2nt) (2.3)
with‘mnximnm_ slopéof . * L
W=2dA T . 2o el
and maximum slope of ¥ . i o g ;
i(_z)-%.-v!,- B R (25)
* where, .
- "Iy is sampling frequency in Hz T
{ is the frequency of the reluance-iignnﬂh Hz gy T =
: v : ign k-
'@ Vis the comparator ontput_swilching‘level . T

# = 2 Y P .
A is the amplitude of the inp\_lt'sinnsoi&higml
"From equations (2.4) and (2.5), the slope overload condition can be written

Le Tl e

3 ig. 23 repruents the alope overlold ehlnctel!utm of vumlu delh moduhtrm

Fol\lmur dalt* moduh(ar, the slope overlud occurs at a frequency f = fy-which

isulled Base. frequency, For_‘ope ,‘ i m;nuchm;hebm i




frequency, the LDM'is overloaded and can not track the input sig;ml. 3

) Delta-sigma
mudululor
Vi o e e e e A
@ v
2
- 3 5 Linear and exponential
4 E delta ‘modulator I
By :
€
. d <. s,
\ . A : AN
3 = S C . -
log,q (frequency) e LI
-~ ‘ gt Tt
7 Y g, L 3 L
. Fig. 2.3 Overload Ch ristics of various delta modul a
. i A ‘ e
2.1:4 + Amplitude Range N AR

‘fhe mnximuxh amplifude Apax of the input sinusoid whic_h does not overload -

the encoder is given by the equality of equation (2 6), ie., . s

sty [ § ,
Amax =@ \ i -(2.7)

The ratib of Apay 8nd the minim;nn' value ol A which gives an acceptable

decoded signal ta noise mho, is referred to as the dxntmlc range (DR] of the

mpu! Huwever, the amphtude unge "(AR) i is deﬁned as the raua of. A,,,,. nnd thnt ; *

- valugof the input- voltqge mpli de which ovarload tlxe enmder Th -nl




. thy

) excesa of the Nquxt rate [3] h

;.22 .E‘_}xponenu_tfls‘l Delta Modulator ™~ . : o

when the

NS A

AR - Sigual amplitnds which overloads the encoder
» W+ T Sighal amplitude which just disturbs the idling pattern

Tbe valuo of the mp\lt ugnnl /wlnch jlm dlstuxbs the xdlmg pattern is, 5 [3],

etou, { B -

’,// = -
gy A
v, - !
v :
—'I(Qﬂ’f)Tl ¥ i
- i S e

AR is maxunund by ensunng that the lnghut Irequuncy to. ba encoded is in’

s

- - The exponential delta modulation system (EDM) was first’ described by

) Johnaon 29). The parlect intégn’tur shown'in Figl 2.1, can be replaced by nn RC
bcombmanon so that mugrnhon of'a constant input runlts in an antpu?. wluch
; follows an exponentul curve instead of a stmght hne Hence. tlns conﬁgunhon :

s called an exponentlsl delta modulator

[f a par!ect inte;ntor rather than . RC clxc\n! is used in the encoder, the

"‘ dicted wa y(g) is p of stmght lines whlch hnva either posltive

or negnhve alopu of squsl msgmhlde Tha pohnty of these slopa only chmge 5%

nary lnvqh of y(t) change. ‘On the other hand, II RO cir

it is:used,

the ah’nﬁe of -y(t) becomes e)(pone_ntl_ The schqmntlc,block dipg{‘xm of EDM s




_ shown in Fig, 2.4. ' . -

Hard Limiter %

Lt yih
e ) R
4
< ' .
g Fig. 2.4 Exponential Delta Modulator \ a2

s
\ 2:2.1  Brinciple of Op’e“rntft:’\

I3 Py b B
A continious-sequence of 1,1,1... gpplicd to the RC circuit causos ¥(t) to rise

i s 2 " . >
exponentiall)‘" to the voltage representing a logic one. Thus when encoding, the

. -7\ inciease or decrease in ¥(t) following a'change in the binary lovel of y(t) depends

g on the actual value of ¥(t).
4 Co;lsid;r the value of ¥{t) to be positive at a value'close to.+V, just prior to*
28 sampling insiaqz. It y(t). becomes a lc‘gic 1; §(t) will increase .n.nd if y(t)
- become_] a Alogic 0, it will decrease. If the changes in tﬁ; values of g(t) dre com-

: pared one_clock perfod later, the negative.change is larger”than the positive :
= o . P & . 1



728
b'hunge. This is because the capacitor C has a voltage diﬁ'erence. which is small
when y(t) u a I'ogi; 1 but large when y(t_) is a logic 0..The change in y(t) is a'
2 u{u‘nctiél, of the difference between _the Voltage to which-the capacitt‘xr is being
c_h;rged and the actual v.oltuge ‘on the cap;n‘citor. L
It is, therefore, a’pp‘arenc that by replacing a perl’;ct integrator with an RC
cireuit in the. feedback loop, the values of ¥(t) are more difficult to ‘estimate.

Further, the amplitude ra;lge and overload characteristics are also modified [16].

" The transfer funétion of the RC integrator in the feedback path of Fig. 2.4 is

|+ » given by: k] o ' l

T | v-/\,
H) = ruomy
assuming, {
W e
.= mac 2T,
H(JWJ = t
(1+1-—

(fmn ot 8 A
I‘or mput frequencm 1y when £>> lb, equatmn (2.11) becomes,

- M= e
But Qha tr&nsl’er-l'unchon ofa perfech mtegrator is given by,
Hl(l"')

Thus I'Mm equnﬁon (2 2) it rollows r,hat, excep?. for a scajmg l‘actor, equa-




AL Y oY
il i A

smaller than the lowest input frequency to be encoded, then the RC circuit per- ¢
forms as an integrator and predicted signal y(t) is composed of straight line sog-
< A

menjs. . . »

¥ 222 Idling Characteristic

In order .tq understand thevi‘dling‘hehavlor of EDM, consider the siu;ntiqn
& . whgn\paiver to EDM is. {v{ib?hed oﬁ’and thu(é is no input signq‘j. The oulpuz -yol-‘
tage‘ o’Lthe encoder. Will be + V volts. Suppose, the initial output voltage of
EDM is - V the cspu:lt.or will charge | from 0 to - V. and the error s)gnul [x(t) -

'(t)} will be pnsmve smce input s\gul x(t) is zero. Positive error algnnl will cduse

¥(t) to switeh to + V and y(t) 0.0 sur} to chuge to “this positive voltage.

B (30 becam‘el positive by the next snm)’;ling‘ time, the error will be ncgnliv:r

and y(t) will swlu:h to- V However, if y(t) is ut\ll negntxve at the next mmphn;
instant y(t) will maintain a voltage of +V. Event.unlly‘ i(l.] wxll go posluve ala

sampling instant-and y(t) will have a nogative level -V. Thus after a. sortain set-

& tllng time, y(t) will show a ...1010... i.e. square wave idling pnmm This occurs
irmpectivy of ;he initial ])Oll.l"ity of the outp\n sx‘nnl y(t).
The |dhng pattern of EDM .is the same as LDM The RC time constnnt of
EDM is. much greater- thnn the samplmg penod therehy ensunk g that RC clrc\nl. -
behavu like a perfect mtegu'or and henee maintains y(t) close to zero during

_ idling period. Idling characteristic'of EDM s shown in Fig. 2.5.



It is observed that during the id?ng period,.due to presence of a sample and  +

qes® T A k&o‘ld circtit, the output waveforry y(t) is s‘(iuu.-e wave and y(t) is a small tri- ;
¢ v heitleg N
angular wave. These waveforms are shqwn Fig. 2.8. o Ya Bt "

0 » » = INPUT SIGNAL « x =ERRORSIGNAL, &
o ESTIMATED SIGNAL ~ _L_ = OUTPUT SIGNAL Y 3
< s
. ’ s
3 os
- ’ - 2.
~ Lo . P
g T N T R S )
_— ; NOTS ( MSBC) === ¢
DC Input = .0 Volt "~ - Samp, Freq. = 2000.0 HZ Ty
Coef A0 = 0.091 Coef Bf = —.818 Delta = 1.0 N e
3 2 B -
N » ) ' ~ E
: Fig. 2.5 Idling Characteristic qf EDM : G &
.' . “ . ‘ - ' ‘




Exponential
rise

Fig. 26 1jﬁng_w;ve‘rom in EDM
. Time wns!.a.nl—~‘l‘. is found by drawmg 2 ungent. at the origin of y(t) curve

huntemct the y(t) wnvelorm at V. Tlms Ty is the time behveen t}a ong\n And

the pomt of mtersectmn By npplymg the properties of nmlhr triangle:

(2.13)

RIUN




“

. the signal is equal to the slope of the ial at some p

. 2
. The dllrerence in slopes between ‘the slgnal y(t) and x(t).is:

. ‘ log. -

f, = .;.\.a the sampling frequepcy
1 :

D is the amplitud of the predicted signal during idli ,(
2.2.3 Overload Characteristic -

.

In cxponential delta modulator (EDM), the maximum rate of increase in

predicted signal 3(t) is exponential. Suppose, the input signal x(t) is a sifie wave

a
of amplitude A: Overload condition is defined.as the situation where the slope of

but at\pll other amplitudes the: slope of the’signal is less than that of the

exponential, Let - . : g -
X(t) = A sin(wt)” .
x{t) = Auj cos(wt) a4 . & T
= ulA cos(ut)] - : Fi E

=wV/A%% x%t) _

Assuming that the EDM is tnckmg corrcctly, then the mstanta.neous value

~ (2.15)

of 5(t) i.e. the voltage across tl,c capacitor C closcly approxm’lates to x(t). When
x(t) is mcmasmg monotonically with time, ¥(t) cl\anges exponentially and its
slope is the voltage difference between the almmg potentml V and the voltage x(t)

,on the capnc\tor dmded by the RC time constant T,

Thcrgfore, the slope of the nxponential M The slope of the sine
‘s N e 3 oy s

.

wave at any amplitude = w VAZ - x¥(t) < = .

i D-J&l_u\/ﬁ_x'(z : LI ) (2.15):
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when x(t) is decreasing monotonically, the slope of o is:

0 { .
T i i ot 2
and the slope of x(t) will be negmve Equation (2. m) is therefore valid lor all B
x(t). Y =
‘The slope difference D 'ia a lnnctio;: of x(t). As lol:s as the slope of y(t)~%
remains pu\ftu than the slope of x(t), thu‘ overload condition is avoided. In order
to find the value of x(t) which just causes slope ovurlold we calculate thu value
of x(t) for which D i3 a mumnum (i.e. the value of the' mstmtumuu lnpu! for
which the two slupu are nn‘rly equal). It'is determined from gquntlon 2.16.
Differentiating equation (2.18) with respect to x(t) :

1

I . )
w0 e o . (2.17)
.- "equating equation (2.17) to zero and solving for x(t) gives:
%).; . '
- VAT-y  WTy . .
e (28
«t) o . (\ (2.18)
" D will be inin dx’( ) > 0. Diff ing (2.17) ;ance again Yieids:
. - " o -1/2 2 2 _ 2
0 S un + ) W - o) ;
—-fp? - ’(c 412 l+4-l—,l 0 S (29) ‘
Subst\tutmg the value of x(‘t)\y:n eqllltlon (2.18) into eqlllﬂon (2 10) gnm

Y. P il - .
dx’(t)-u[ l+w”l"] {+1+M‘l"( l+«r“‘r” ] C e




[A’+u’T.’A’—A’]"”[ A ,A’+n?1‘.’A’-A’\.|]
)

s - e
,» - N T+TE 14 aT
¥ .. -
M,T,{Hu*'r,] . (2.20)
Since all constants.in equnt‘mn (2.20) are positive, therefor: i
v
_d :
>0
) _
Equation (2.18) thus gives the value of x(t) for which DYis a imum. Hence

) substituting x(t) from equation (2.18) in equation (2.16) gives_

b= Y A e A ~
T T T4y 1+T 2 | A~ ' .
) YA VIR (2.21)

T .

The overload condition is characterized by Dy, = 0, therefore eguatini:

(2.21) for overload condition yields: \.

' B 4
Aus : .
. T+Ty
! Thu gms the desired relawd w and hence thé overload
'
el . “ characteristic. From equauon (2.22) one obtums 4
A _,_V|H(ju)| o ! o . (2.23)
where'
I E
4 : v
T HGe)= 3
r 1 F N
’ . The overload characteristic of EDM, described by equation (2.22) is shown in m
: . N v

23, - v




. ig observed that the ov;rlold characteristic of EDM has the
same slopp as the t; fer characteristic (output voltage vs. frequency) o! RC net-
e :nrve falls off at 6db per octave with hu@hg lr;queney, which
eorrupon)s to the slope limiting condition (i.e. the EDM wilF be oqud

whenever the :lope of the mpul al;m.l becomes lm igh). \
e —~
¢ Tl!e overload ehuutemne gives the values of amplitude Ay, for each fre-
quency to avoid overload diti For operating f ies, [ < smpli-

tude A can be as large as V befdre overload occurs. At higher frequencies, f >>
}., the'RC: circuit behaves like perfect int.egratmf and the maximum value of A

(Amax) decreases with frequency. &

2 P 2 : e

p &
2.24 Amplitude Range (AR) -

The smplitude range (AR) for EDM is defined as:

-
> /
AR=f== (2:24
ere, Ay, and D are given by eﬁnnions (2.22) and (2.14) respectively.
. @
AR . A\ / [ Vi,
[1+: '
t5 % ; S
substlhnmg ’l‘l ™ ety ylelflx "
¥ AR [ nw,, .

4.’!,, 1
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i Where, o . ' ¥

f, is the clpck frequency

fy is the characteristic frequency of the RC network
é . fis the signal froquency

In the slope limiting modewhen [ >>‘_f., the AR of EDM as given by equa-

y -
tion (2.24) is the same as AR of LDM given by equation (2.8). In EDM the value ™
Amax I8 il’:dependcnl of sampling rate whereas for linear delta inodnhtor, the
value of A,,,“' can be increaséd by increasing sampling rate f, (since A"ﬂ is pro-

oy portional to ffor LDM). % # - e

. o a (S

2.3 Sigma Delta Modul.u'n- AE A S I

a .. Linear delta modulntot. preceded by a smgle mug'nwr is called Delta Slgmn

Modula&or or more pmuely Sigma Delta Modilator (SDM) [3] The schemltlc

block diagram of LDM with an mtegu.wx at the input is slwwn in Flg. 2.7.




Clock

Hard Limiter

$70]

[x’]_

‘S

Integrator.

v < ) T
Fig. 2.7 Linear Delta Modulator with Integrator at the input

\

The two integrators in Fig. 2.7 can be replaced by one integrator after the '

error detector. Since,

[x(de - [y(rjde =] e(u)de .
The equivalent form S figure 2.7 can therefore be represented by Fig. 2.8.

¢




y(t) .

Integrator

Hard Limiter

; Fig. 2.8 Sigma Delta:Modulator _

2.3.1 Prinéiple of Openejbn

~ The principle of operation of sig'ml delta.modulator- is si’.niilgrﬂto that of ’

linear deltamodulator. The mzegmnon process m SDM takes place in the feed-

r@h Thus; in SDM the sign. of mtegnted erxor is quantized rather than

quantizing the sign of error sxgnal as in case ol‘ LDM and EDM,
The ;mn;ement shown in fig. 38 is ndvnnhgeous when the energy distribu-
tion in the spsctmm of mput slgnsl is substantially flat. The mteg'ntor at the,

input can’be regarded . shaping the flat spectrum to have. ‘nnenuat!on at hlghexj ’

fr i [20|.,;I'he dvantage of prefiltering is telated to the processes of over-: '

'a‘_niiung and subsequent x;eje{:tion of “out-af-band noise. (36]. Due to .thué.

K
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properties, harmonic content of the output voltage of SDM are. lowa‘r than that of

LDM and EDM. Therefore, harmonic” contents of the output voltage of an

mverter employing SDM scheme are also low.

2.3.2 Idling Characteristic ]

Idlmg characteristic of SDM is sumlu' to thuse of LDM and EDM. When ot
SDM is mmal]y hlmed on, n!ter unﬂ'lcnnt settling time, the modulntor pmducs

8 ...1010... gnttem at its olgtput. Fig 2.9 shows the idling characteristic of SDM.
+ = WPUT SIGNAL S
4'a %INTEGRATED ERROR L. = OUTPUT SIGNAL

B T e
- . DCloput =.0Volt . Samp.Freq. = 20000 AZ

Coef A0 = 0.100 Delta = 1.0 i P Ri
0 * g .

Figfz.ﬁ Idling Characteristic of Sle



2.3.3 Overload Chnucterhﬁ:

: . k)
;The ) itioning of th: tor in the SDM d O}?LDM results in .

‘ some per!cnnnncc clmngmz (3].. Let us assume that the input sngnal .spphed to

SDM be sinusoidal as given by

x(t) = A'sinat - ) ) (2.26)

then, . :
fx(t)dt - _A:a:wl, fc m ‘\‘ ST (2.27)
scmng initial condmons to 0 the above equahon yxeldq: .

fxu)dw_"mm.'"" : S »; ©(228)

- The mnxlm‘lm slope of the mput slgnal al'ter mtegmhon is glven as!

dv

. —[—--—cos«n] =A L e2)
In LI)M the maxln&fnm slope of-the l‘r.-edback signal §(t) =V,

Tl\crcfore, rmm s!opc overload condition,

) A<V ‘ S (@30 - .
hence,
A=V - Sy g B (2.31)
Frnln'e‘quntion (2.30), it is evident that the overload characteristic of SDM is
independent of_ the ireqdency of the'input signal and co-ns_eqnen‘cly SDM ni)erat@
iin PWM fhode for a wide range of :frequ;ancies.‘ This property of SDM makes it -
an ideal device: for A/D conversion v|2\?],' The overl;mdichamteristic» o’llSlﬁMv is -

" shown in Fig. 2.3, . Jf o



234  Amplitude Range

s Amplitude range (AR) is defined as: N
= AR = Signal amplitude which overloads the encoder
Signal amplitude which just disturbs the idiing patiern
Now, if V/2 is the amplitude of a sine wave which just digyurbs the idling
pattern of a LDM, then the corresponding input for a SDM is:
«
V. " '
sinet = [ Asin (wtdt) .
0 A
} T sin(wt - ?j
where initial conditions are set to 0.
Thus a sinusoidal voltage of an amplitude -% wher applied to the input. of
SDM:will just disturb the idling conditions. Consequently,
A=V
2
. ' From equation (2.31), the maximum signal amplitude which will just over-

Joad the system can be given by,
A g =V E ; (2.33)
The amplitude range is therefore:
. \3 :

AR = .

% . b . : (2.34)
* f F . "

AR of SDM is the same as LDM. Thus, although A, and A are different for

B a linear delta modulator and a sigma delta modulator, their ratios are identical.




Eectmgul}.r ‘Wave Modulator: ’

24

The rectang\llar wave modnlltor (RWM) consists of hmcal]y the same
building blocks as LDM except for the q\umllzer In RWM the memory-less quan- -
tizer of [DM is replaced by another non-linear element called quantizer with in-
built bysteresis.. The RWM s showlin Fig. 200, B -
~ o
e 3 . Hard Limiter. L
: " ® with Hysterisis - ) Bis

o I R O S L

-Integrator’

N Fig. 2;10 Rectangular Wave Modulator




2.4.1 Principle of Operation'. .
The operation of RWM can be exphmed as follows: a delta ahpu cu-mr

waveform is allowed to oscxllate within a defined window sxtendlng equdly Abovo

and below the ;qference »signal.» The minimum windoﬁ width and the maximum, %

carnerslope il the i itchi: qt

_ The bma.ry waveform ¥(t) at the output of the RWM has levels of + V volts,

d fc after i

Suppase at any instant y(t) = +V, then the p
¥(t) has'a ‘slc;‘:e nMi&t of +V." When the error signal e(t) is reduced to -%; the

output voltage y(t) changes to -V.~ The . estimated signal ‘§(t) continues to :

+ decrease until e(t) '> %, then output-y(t) reverse. to +V. Thus the outpit

waveform y(y consists of & binary level of + V volts. “The time duration betweer "
these levels depends on the slope of the in‘put signal x(t). The output signal y(t),

when p}sse.d through a s_@mpla and hold circuit, givés the switching waveform

having a voltage level of & V volts. The can be 23!
' e

¥(t) = EV m{ (nT) - 7(uT)]
whiere, ,
¥
'V is the voltage level of switching pulses

x(nT) == Qin(nu’!‘) is the reference signal at instant nT

¥(nT) is the predicted signal at.instant nT
“ -

T = -‘L is the sampling interval
3



i . - % £ ‘ . /
Bhe switching frequency of RWM can bé altered by: [
L ¥ . . . ‘
1. Changing the smplitude of the reference input / R
b . \
§ 2. Changing the slope of triangular carrier wave, and

3. Changing: the wily;dow width. , . ‘ \
r o ‘

.
242  Idling cimmmmu‘

In the ldlmg condition, when no signal is apphed to RWM, the rate ( .zero
b}
crossing. of error {t). slgnu.l is greatest. Dunng this condmon b/ t) is a qunre

wave and. y(t) g tnu\gular ‘wave whose peak valuu are x V/2\/-\

\

24.3 Overload Chnju:teﬂx'.lc - "

If the slope of carrisr wave and sampling rate are constant, and the fre~

quency of input signal is increased, the overload of RW'M mkes place ah a pnmc~

ular frequency. Beyond this rrequency RWM remains in the overload wndmo\x
During thu condlhon, the output waveform y(t) is a square wa.ve and tl*

predlcted slg'nal 7(t) is a triangular yave.
.

Since RWM Im not been lmplemenbe in the thals. detailed analysis [ 8

RWM is not presented. Analog impl " _of RWM is discussed elsewhere

. - ' "
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In inverter applications, the aim of the'modulation. ique is to approxi-

mate a sinusoidal waveform by a pulse width modulated waveforny such that the

error of approximation is minimized and :the low order harmonics are climinated.

. The signal : dbya deltn 1 at cnch \" ingtant is held
at the same value and polarity unul the next snmple arrives. I the next mcom—
_dng sample has che same polanty ‘as the prevmus one, the vbltnge level nnd 1)olnr-
ity remam the sa.me. However, if the next-sample has opposite polnnty. then nl.
that instant the polnrlty of the swuclung signal changes-and the vollage level is -

held untxl the next sample arrives. This sample and hold process produces a

, ulerwidth modulated $witching signal which hds a voltage level of £ V volts

“and approximates the inpul,' sinusoidal signal.

Therontput from the sa’mple= and hold circuit is then processed to produce
actual swilching waveforms which. corrc;pond to the positive and. negativehall
cycle of the sinusoidal reference signal. ‘These ‘si.gnnE are then applied to the

base drive circuits to generate the collector and base signals to be applied to each

of the inverter switches. A single phase Bridge inverter is shown'in Fig. 2.11-




.
J i

'

. \
H {
.b R ) »
. s - R L , X ,
4 2 FigA 2.11 Single‘Pha;e Bridge Inverter -

T]IC inverter responds to the’ vxnatlon in the frequency of the rercrence sig-
u;\l applied at the de]tn ‘modulator mput Since the charnctcnsucs of various -
delta moduluhon strntegles are dlITerenl. there[ore, the perl'ormnnce of. '.he delta )
'mndulnled inverter depnnds on »the type of modulation technique apphed

LRI K .

S | . g 7
' s B L
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B
: ; *  SOFTWARE IMPLEMENTATION OF DELTA MODULATION

3 *  Generation of delta modulated signal using software. techniques offers
"many advantages over the hardware version. Pardmoters such s sampliffg rato,

i - F
tracking step, flter coefficients and output voltage level are very easily con-

) trolled by merely changing the parameter values. The most important feature

of the software based delta modulati hnique is that ideal ch
and describing equations of various blocks can be simulated to produce switcli- -
ing waveforms. Since a software based DM systém does not have device level

. \<
limitations, as in. actual hardware based DM system, it is expected that

s L software based delta'modilation units will produce.more accurate switching sig-

. o ¥ dos, F )
nals. The output characteristics of software controlled delta modulptors are

* similat to analogue schemes. Thus the modulator has the following properties:

. ‘1. Inherent fixed voltage 4o frequency ratio (LDM).

2. Controlled operation. within the overmodulation region with well defined

minimum off"times. .
e L
i 3. _Voltage boosting at low frequencies to. overcome motor winding resistance
% .
& (Sigma delta'modulation). =
A 4. The V/I slope can be a user controlled variable. " s .

5. G ation of sub-h ics"can be eliminated by ensuring quarter wave «

symmetry.



6., Noise immunity can be increased and DC offsets can be eliminated.

In the following section various blocks of delta modulgteys are described.
For each device, the z-domain transfer function is obtained from corresponding

P s-domain transfer function.

Y ;
- 31 DM System components

:ne operational characteristic of various building blocks of a DM system
_con be simulated to generate a DM signal [38]. A delta'modulation system *
consists of the following building blocks:
1. Hard limite —

i 2! *D/A converter _\/ ,-'/—’\ ) T
3. Integrtor . ’

4., Error detector

. ! i \_/
3.1.1 * Hard limiter =

\ “The hard limiter is 'a non-linear device, whnch produces a bipolar output ' ;

depending upon the sign of the input signal. 'I‘he tunsl'er‘cha.ractenshc of a

l\nrd Timiter is shown in I‘|g/3 L 8 " “
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Fig. 3.1 Transfer Characteristic of a Hgrd Limiter

For a hard limiter, the transfer function with normalized output is given

gx) =1 . forx >0 S~ (31
=-1 forx <0

The bilateral laplace transform of the characteristic function is :
R o )
F(w) = [ glx) e dx

© o[ a4+ [ gxye e de ' © o (32)
By s o

The integrals converge when R(w) > 0, yielding "~

) =L ‘ o (33)




t R
Fle) = % ’ (3.4)
S-domain transfer function of the hnrd limiter can be transformed into z-
domun transfer function by using bilinear 2 trmsrormnuon [39]. Bilinear

trnnslormntwri is glven by

2(z-1 %
"'«'T‘((ZPTI))' ) . (3.5)

The z-domain transfer function of a hard limiter can be written as:
g 9 T ;

B -pletl) . 3.6)
Fe=TR ; (39)
‘Where T, s, and z are sampling rate, s'domain,_ and z-domain vyinblu respec-

tively, ’ L

3.1.2 Dl;ltll co An-log Converter
The dlgml to Anslog converter is modelled. 83 a zero crder hold (ZOH)
‘ bncnusu the device output hu no slope mformahon A ZOH converts the numeri-
cal content ol some reg-mtex of the dlglt&l processor to an nﬂog voltags and
holds the- voltage eonstmt until the content of the register is updnted and then

lho output of D/A is npdated md held again (38, 39]. In ‘short, ZOH is a devnce

whlch produces a smrcue output u(t) from a nm!ormly spaced sequeuce of

. n_urnbers, Up, Uy, Ugy-ree S\ICh»ﬂl‘lﬁ ' N

r u(t) e uy kT <t < (k+) T .
’ The input nnd output waveforms of a ZOH are shown in Flg 3. 2




ZoH

Fig. 3.2 Input and OII'-p“". Waveforms of a ZOM.

‘The o:ntput waveforms of the, zero order hold is a step np;i_ioximluon o

the i ‘sigmal, and i ing the ing rale tends o improve the
approximation of thy continuous. signal. The impulse response of the zero

order hold is shown in Fig. 3.3.

< =




ZOH —
, i | oT 4
Unit Impulse

i ’Fig.d.‘ Unit Impulse Response of Zero order hold-

The impulse response of the ZOH ¢an be expressed as:

8n(t) =u() - ll.(*-T) X - (3 7)
where, u,(4) is the ‘unit step function. The transfer function of ZOH, in the £

domain therefore, can be written as:

Guli) =12 T (-’}

replacing s by:iw._we have: ¢ i ’ LTI 2 3
g “

" Gygljw) =1

The above equation can be wrilten as:




g o I
T sin G- ¢ L]

- (3.10) X
2 :
B . 0 o r : e
Since T is the sampling period in seconds and T = 27, where w, is the sam- 2
)

pling fre;mency in rad/sec.; the above equation becomes:

¢ sinn(-L)
Gioliw) = 2-— (3.11)
i AN
"The gain and phase ch. istics of ZOH as functions of w are shown in X
Fig. 3.4. . N
* L
. 16polwl 4 -
e, Ideal low-pass filter
Y 2r characteristics
g . -
= w
0 5F ws 2wy 3wy duy
- O - wy 2wy Bwy 4wy w - o
T T =T T+ . .

e E \
-Swl ;
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The accuracy of ZOH depends greatly on the sampling frequency w,.

The z-domain transfer function' of ZOH is obtained by using bilinear z

transformation on the s-domain transfer function of ZOH. The s-domain

transfer function is given by: >
) / ol == . (3.12)
so that,
B . ) - P :
: . G =a(s) / . -
B et el o v
; ’ , :
RIS F o , ®
2 (1)
T (2+1)
=§ Prta?) : - (3.13)

3.1.3 Integrator

‘The s-domain transfer function of an ideal integrator is giveﬁ by:

ts fan BN (a14)

Whero. K;is cdlcd the de gain consunt. - 7 i

¢ Hs) _L

The h'eqllency response (FR) h istic’of an ideal i is shown

mhgas % ‘ .v TR« Y s e




v W T FCTIRT
o . ¢ LPG ( FR(DH[NCY }

Fig. 3.5 Frequency Response of an Ideal lnu:grnwr

From the freq\lency response chnractcrlstlc of the integrator, it is clear that

an integrator acts as a low pass filter also. Thus higher frequency componenur

are attenuated by the integretor. In normalized units, integrator transfer func-

% " tion can be written as:
¥ 1 -
. H(s) = T
ki and the impulse response of an integrator :
Wy 1

lmpu]se response h(t) <"1 represents a leaky integrator which is usunlly

the case of practical mlegrators.

r n
An RC op-smp integrator is shown in Fig. 3.6



Volt)

Flg 36 RC Opv:mp Integrator

) 5
o . i T]le mwgralpr lrnnsrer function is gwen by:
H(x).= RCs
The z-dommn transfer function of the above integrator can be obtained by -
R usmg ’lnlmen 1 !.rmsl’nrmlhon as follows:
: u(;)=Y £ -H(-)/ 2 (o -
d X, e ) .
3 __T (4Y 3 : i
¢ TWE (1= Rl ® (318)
- Simplification of equation (s.m) yields,
; o ) s :
s A 1 -1
Y(z) mc mc X(z) + v Y(z) ‘

:/ zncx("*m’“"‘)*y‘“” \ . (3.17)



In discrete time domain, the above expression can be written as:

Yy = 29Xy + 3, Xy + by Yy . (Bag)

where,
oy I
1T IRC
by =1 and, #

is ’ﬁe sampling rate

P e
R and C ;re the resi and i values of the i Xt

and Y. represent the previous input and output values respectively.

The z-domni‘n block diagram of nn. active RC intexri}tor is shm{vn in Fig. 3.1.7
In the simulation"of LDM and SDM, the integrator shown in i, 7 is uséd,
However, EDM uses & passive RC circuit in the feedback path which is shown in

Fig. 3.8.
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-Fig. 3.8 A passive RC [itegrator

The transfer function of an RC integrator can be written as:

H(s) (3.19)

Ki
1+RCs

(3.20)

Where, K; is known as the dc gain constant

"\ The frequency responsc charactfristic of an RC integrator given by equa- -

tion 3.20 is ;hown in Fig. 3.9.
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Fig. 3.9 Frequency Response of a Passive RC Integrator - '

From fig. 3.9, it is observed that frequency }&sponse ofla pa‘ssive RC integra-
wr is similar to the rrequency response of a law pass filter. Due to this charac-

teristic high frequency components ol‘ the EDM output are nttenuuted 3
. e
Usmg bilinear z-transformation, the z—domam t_rans!er function of RC circuit
can be obtained asi '

'H(z)——;l(%—H(n)/_ z.((:_;é))_ .

Y mei_ g 7
S T+RCs | 1=Z el -

(m) ©
T(z+l) s mc(,-n ) 3,
Transposltxon and slmphﬁcnuon of equntlon 3.21 yields:
' g'r-mc; -t - (3.42)-
: Y0 = X+ TT+2RC THIRG (T+mc) o). (eg2);
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Since %*! represents a delay by one sample unit, the sboye equation may be

writlen 2s, -

T-2RC| b
T+2RC Twncx(‘ V- {Taaro) Y- 1) (3.23)

In discrete time domain, the ahove equation gan be expressed as:

Y(;) —X(2) +

Yy -a‘,x.,n,x,(_.~ bYe, (3.24)
where, X,_, and Y,_, represent the input and output values of the integrator at

previous sampling instant,

T

% =% =THRo . . - (3.25)
_T-2C

b T+2RC . (3:20)

T is the sampling réue, and R and C are resistance and capacitance values of the
passive RC integrator.
The z-domain rtygscnyﬁon of the passive RC integramr‘ is_ shown_in Fig.

3w "
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3.1.4 Error Detector

The error detector in a DM system performs the npernlion of signed addj-

tion of all the qnn.nuues lppeanng at its input. The m'of the output error sig-

nal is then q ized by lhe i In z-d l.he onl.pul. of an error

-
detector can be expressed as:

- . ' k

e(2) =x(2) - ) | . (ae7)

r

 Where, i(i) and y(z) are the input and fecdback signals respectively.

3.2 DM System Design e ~
-

. » 5

A DM system design consists of two steps;
(a) system level design and

_ (b) circuit level dwgn .

Sy!hm level deslgn requires %nable choice of DM sysu:m p:u'nmel.un 80

that the moduluo; ensures sufficiently hlgh signal to noise ratio (SNR)_ while

isfyi _‘ ad diti H , circuit level design demands
l’ulﬁllmeng,_ul dditional requi such as suffici turn-on and :Lurn-all
times of inverter switching devices, mini .switching losses.and synchron-

i;ed operation of the system so that sub-harmonics can be avoided.

g ¥ ce

. LS




321 DM System Requirements

The behaviour of a DM system depends markedly on the level of the input
signal. The signal range can be divided into three distinct regions:
(A) high jnput or overload ‘
(b) medium input or normal
(¢) low input or idle channel .
Obviously, for normal operation of the DM system, signal amplitude should
not be‘l,oo high, and yet the signal-fo-noise ratio ;h;uld be sufficiently high so

that overloaﬂing is avoided at low frequencies.

The next step is a 3uitable cho)ce of snmplmg frequency A high sampljng
!reqnency lmprove- alg'nal-to-nmse ratio nnd)ence provides better upproxlmatlon
of the mput sxgml However, increase in sampling ffequeney\mll increase the ..
number of pulses per cycle of the DM output. This increase in the numher of
pulses wﬂl i turn. increase cpe im‘ren_g sy.’"“‘ switching\ losses. . This re'/quirg-_
ment forces one to;hoo;e' a ligh en’ougl; sampling. frequency xo’llm higher
slgnul-to-nouo ratio is ensured and yet inverter swm:hmg losses are_minimized. _

The ssmpling !requency however must smsfy the Nyquist criterion gwen by:

VO st . o o (323)‘

'

e d
Normally, the sampling frequency is chosen 10 or 20 times of the Nqust

nte 50 that aliasing can hn avoided and sufficiently. high signal to-noue ratio.is .

" ensured. G 5 . ( 3
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. necessary to explore the options

The next parameter to ‘be considered is the tracking step (A). This is the

level by which the predicted signal is j ed or d d in order to success-
fully track the input signal. Since delta is directly related to the input signal, the
selection of delta is made in the range .5A 5, <A <15Ag, for the normal opera-
tion of &e DM system. This range of vn}uu is based on simulatiodi and experi-
mental .rwllts. A, however, is ‘independent of sampling [requency and filter

parameters. /

Digital filter coefficients vary with the variation in sampling frequency, and

the values of the resistance and cn;incitanee of the integrator.” From equations

(3.18), (3.25), and (3,26) if is apparent that filter coeflicients are always less than

unity. For proper operation of a DM system, filter coefficients, 'ay and a,, should

|l
lie in the range 0 < coef. < 0.5.

322 ° PWM Control Requirements L P

-“The most important factor of a pulse width .moduln'ted (PWM) control
scheme is nndouptédly ‘the switching strategy used to geﬁéule the edges of the
PWM pul‘ss. '

Since- pren@’work involves the micropr;musur c’ontmlled delta PWM, i‘t is

g, hi

d with hing strategy. Swil g

ps
strategy can be categorized as folldwui )
fg 4

.

(a) .N‘ltnnl ;unpled switching. This can be hardwire o softwate based. When

certain oolédiﬁon‘s are satisfied or amplitude level goes above the reference level,

.




H e

" to generate pr\g)per gating signals, The choice of switching angles is purely

. shown in the Fig, 3.11,

* switching takes place.
/
2

‘(b) Regular sampled ldi(chingt In this method the reference signal is sampled at

regular time intervals. Based on computation results, upon which certain condi-
tions are satisfied, switching takes place. In this method the time required for
the A/D and D/A conversions and the computation time must be less than one

umplin; interval. Also the Nyquist criterion of sampling rate must be satisfied.

(¢) Memory based, look-up table, or pattern rptrieval method” [_45, 41]. If the
memory of the microcomputer contains the valudyof ‘ the, awitching’angles, (i.e.,

. o R, .
the switching pattern), only the retrieval of this pattern from memory is needed .

optional. One can obtain output voltage waveform ‘with minimum total’ har- : 'r'
‘monie contents or minimum harmonic power loss in the lpeciﬂcllaad conditions.

In any case,"it is necessary 'to derive the mathematical expressions from which

the gating angles are evaluated. G lly, these ressions result in- a set of
li uations and "'method"-‘f\,\,"' hni

employ&d to solve them. )
. s . NS
In this research, to generate delta modulated switching signals, the pattern

retrieval method is used. A microp¥ baséd delts modulated inverter 'is
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Fig. 31 Microprocessor based delta modulated inverter
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3.3 Software Impleme: on of DM strateg

In this section goftwhre implementation. of. various Delta Modulation tech-

niques are devel ped. . The i for the implemg ion of lixiea.r:delta .

and exp ial delta mod are

dulator, sigma delta
T,
in' this section.” These DM techniques can easily be simulated by coding the algo-
nthm ina !\llhble programming languugc However; for microprocessor based

generation of DM sthchmg signal, it may be 1 necussry to use assembly langunge

progrnmmmg s0 um timing conmnlnt of tha DM xyﬂ.em can be met 3




1)
3.3.1 Linesr Delta Modulator

‘The block diagram of the linear delta modulator (LDM) is shown in Fig. 2.1.
. \If the jnfdgrator in the feedback path is replaced by the digital integrator shown

in Fig. 3.10, the LDM of Fig. 2.1 can be represented by Fig. 3.12 in the digital

domain.
= HARD LIMITER
. OR QUANTIZER
.+ 6(z) - .
/'l'\ < y(2)

x(z)

Fig. 3.12 LDM in z - Domain ‘

" In the above figure, the ZOH is ‘climinated for simplicity. Fig. 3.12 . can be

described. by the‘fol!owing equations: -

W=y T e

308 = Vsgale(e)] T, esoy,
g * ¥(e) = agy(z) + apy(e-1) + by(z-1) N . (3.31)
- - where, + . i -




-58- i

o= ag ) J ey
S ) (3.33)
by=1 (3.34)

Equations 3.29 to 3.34 are used to simulate the operation of linear delta
modulator and generate real-time switching signals.
3.3.1a Algorithm Design

The algorithm to generate the Delta PWM switching waveform follows from
the z-domain block diagram of linear delta modulator and its describing cqua-

tions. The main steps involved in the implementation are outlined below:

1" Ghoose LDM system s i TF6 quaey, Mt sl
signal amplitude and tracking stop. g

3 Galeulate filfer ‘cocflicients ' . ©

3. ' Initialize variables

4. ‘Sample the input reference signal

5. Calculate the error e(k) = x(k) - 7(k)

6. Update filter variables. R
7. Based on the sign of ‘the error signal, calculate thovLDM output i.e."if
e(K) > 0 then y(k) = +V else y(k) = -V i '

8. Calculate inteérnlor output & | e

FIK) = soy(h) + auy(lel) + bigle1)




9. Goto‘ step 4.
3.3.1b Program Flow Chart
) A simplified program flow chart is shown in Fig. 3.13. The program gen-

erates and stores switching instants and bilevel Am.plihldu of LDM output

g signals. The swi g is then d and applied to the-

bases of inverter switches through respective base drive circuits, which in turn
control the operation of inverter. The listing of the program is given in the

dix.
appendix. ;
i

| oo
“jueur siona
Gﬂ!‘;;"“ '

il oo |

© AL
WARIABLES

() MAIR PRORR S () INTEXRGY SDIVICE MOVTINE.

"Fig. 3.3 Flow Disgram of LDM




3.3.2 Bxponential Delta Modulator

The feedback path of an EDM employs a passive RC circuit having a

i !

e T Replacing RC circuit by the z-domain

transfer function given by H(s) =

block diagram shown in/Fig. 3.10, the z-domain block diagram of exponential
delta modulator can ‘be obtained as shown in Fig. 3.14. It should be noted that
the z-domain block diu;ran} “of exponential delta modulator is same’ as that of
linear delta modulator except for the difference in digital filter cocflicients. - How-

;ver, the R and C values are taken to be the same, as in the case of lincar delta

modulatér and sigma delta modulator, so that necessary comparisons among the

performance characteristics of the three systems could be made.

S ) W_Jr y{z) -
s ] -

Fig. 3.14 EDM in z - Domain
The describing equations of EDM ate given as follows:

i) =x(0) - 70a) -




¥(2).= VSgnle(z)) (3.36)

Flz) = 2o¥(2) + 8yy(2-1) - b,F(z-1) (3.37)
n=Trme . . {nsn) -
© =g (3.39)
< é
iy i i2RO 5 (3.40)

T T+2RC
where,

T fl is the sampling rate

L

Equations 3.35 to 3.40 describe the'function of an exponential delta modula-
tor which are programmed to simulate its operation and generate real-time
switching signal.» *

3320 - Algorithm Design )
1. Choose EDM sysiet puramisters:, Lossampling Fraqpacy, diker pahmecer;;,
signal nmpljtudé dnd tracking step.
2. “Caleulate filter cocflicients ' &
. 3. Initializé variables
4. Sample the input reference signal
5. Caleilate the error (k) = )= 0
6. Update filter parameters.
7. .Based. on the sig; ot}"thé error signal, 'Ealcuhte' the EDM output ie. if

(k) 2.0 then y(k) = +V else y(k) = -V
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8. Calculste integrator output :

k) = agy{(k) + ay3(k-1) = bys(k-1)
9. Go tostep 4.

3.32b  Program Flow Chart

" The flow chart to simulate the operation of EDMais shown in Fig. 3.15. The

. program flow is essentially the same as that of LDM except that in EDM, filter

and i % equations are diferent. %

INTERNPY

(@) maIx PoGan (B INTERRUPY SERVICE ROUTINE

Fig. 3.15 Flow Diagram of EDM.



3.3.3 .Sigma Delta Modulator
'

“The z-domain block diagrama of sigma delta modulator is obtiped by replac-

ing the integrator in the feed-forward path of Fig. 2.8 by a digital integrator of

Fig. 3.7. The z-domain block diagram of SDM is shown in Fig. 3.16. -
6 & o
i . N
y@ - g2
Hard Limiter <
<

Fig 3.16 SDM in Z-Domain

The describing equations of SDM de:/

o(z) = x(z) - ¥(z) . (3.41)

F(2) = age(z) + aje(z-1) + byF(e-1) - ‘ ’ (3.42)

¥(2) = VSglf(2)] & . (343)

2= RG : J C (Ba O
ﬁ’ a =1 - T . (3.45)

by=1 g e 349

where, T is the sampling rate. )




Equations 3.41 to 3.46 describe the function of a sigma delta. modulator
which are programmed to simulate its operation and generate real-time switching
signals. . Note_that filter coefficients of sigma delta modulator are same as those

% :
of linear delta modulator but differ from exponential delta modulator.

32 Algorithm Design

The main steps involved in the algorithm which simulates u.c operation of  *

SDM shown in Fig. 3.16 are outlined below:
1. Choose SDM system parameters. ’
2. Calculate filter coefficients.

3. Initialize local variables.

4. Suiniple the input reference signal. ) s
5. Calculate the-efror.
6. Update filter variables.

. 7. Galeulals integrator output 3(z)
8. Caloulate the SDM output, y(z) = +V if 5(s) 2 0 clso 3(s) — -V

9. ~Coko step 4. ) : .

3.3.36 Program Flow Chart -

Fig. 3.17 represents.the flowchart to simulate the operation of sigma delta $ .
{

modulator. - This flow chart’ differs from that of linear delta modulator since in

this case the.integration process takes place in the feed forward path. Program,

i
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LDM. EDM and SDM nrsslmulnted using slgomhm: developed in pfecedmg
uctmns Ros\llla obtained from these alrnulltxon.s are presented in the nnt

ehlpwu Ttis evndent that in contmt to the hnrdw:re eontml software cnnzrol .




of delta modulated inverters offers easier cdatrol of the modulator parameters, as
well as easier control of numb;r of commutations, output voltlg‘n and frequency
. - v

_ of the inverter. The pu‘fom::mcabl the modulator and inverter can be optimised .

_ by varying the system parameters.

AR TN

»
N G,




g - CHAPTER 4

RESULTS OF SIMULATED DELTA MODULATED SYSTEMS

Delta. modulated (DM) systems implemented under software control gen-
enu a binary waveform n the output.. This chapter describes the results
oblnned from simulated DM syspems Each system responds to variation in

parameters unch ss input signal frequency, sampling !requcy and  tracking

step. Eﬂect of parameter v:nnhon is nﬂucted in-the harmonic *content nnd ¥

spe¢tfal characteristics of ‘the DM output slgnal.
& : "‘ A
4.1 DCInput Response

All the three DM uystems were sncc&l’\llly slmnhted to encode a de slgm.l
Initially, when the system is turned on, there is a h.rge error. However, the

error dec until esti d signal hes .the input de level. From

this instant onwards, the error'signal changes its sign at half the clock rate and
the output waveforms are identiedlto those of idling condition. -Thus linear

delts modulator (LDM),' ial delta modul (EDM), and sigma delta

modulator (SDM) generate binary waveforms consisting of _Algeljn‘e posiﬁva and

negative pilses.

Fig;..l.l - 4.3 show vuio\u w:veform; when a dc signal is applied at the .

lnput of the modulltors under consideration. The' nmo taken to reach the input.
loval\is minimum in sigma delta modulafor. However, the exponential delta

modulltor lns the In;hest average value at its oulput.
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Fig. 4.1 LDM Waveforms for DC Input
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s « w =INPUT SIGNAL
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2 DC Input = 1.0 Volts Skap. Freq. = 8000.0 HZ
& . Coef 40 = 0.025 elta = 1.5

] . * Fig. 43 SDM Waveforms for DC Input
3
T 42’ Sym’em' on P 5 1 2 .

This section deals with’ the response ol‘ the simulated DM system when

... ime vorying slgnul is applied at the input. In time varying signals, the xlope at

sampling mstm(s also varies with time. The Ab)hty of the modulator to suc-

ces;\‘ully track the mput signal depen s on the input l'requency, s-mﬁlitude of
s thu input slgnnl samp‘lmg rate, nml the tmckmg sv.ep These parameters can be
vaned and thelr eﬂ'ecfs on “the perrormanne nl vanous delta modulation uch-

niques can be iuaenbod; ¥




42.1  Variation in Input Frequency
0 - .

. Figs. 4.4 - 4.12 represent the response of linear delta modulator-(LDM),

exponential delta modulator (EDM), and sigma delta modulator (SDM) respec-

hvely for variohs ing 1 ies, S ling f1 2 and step size are

 kept consunz From these ﬁgurcs it is observed that:

"L As the il is i ’, the number of outpuc pulses

Cecreases. However,‘ at higher opumung frequuncles. modulator output
switches from PWM to ‘square wave mode. .

2. For the same input frequency, the number of output pulses per half eycle
is ‘high'est in the linenrlem modulator. i

5. The tracking of signal is poor at higher frequencies for LDM and EDM.

This situation corrcsponds‘w the ovérload condition ol"tlle mnduln'n:r.

SDM, however, shows good tracking at higher frequencies.

2sed , the output waveform changes from a

4. Al the input frequency is i
. PWM signal,to a square wave signal. In lincar und exponential dalta
modulators the mode change occurs-at lower bns.e frequencies . However,
the mode chnngc, in sigma dclta modulator occurs at mlstlvely higher base

frequencies. Thns is the case bcca\lse the I‘rcquency reaponse of SDM’ is

dependent of the input I Thus sigma delta Tnodulator is ‘suit-

able for a wide rarige of input i‘rcquunéies. "
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Fig. 4.4 LDM Waveforms for f = 20 Hz. ,
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Fig. 4.6 LDM Waveforms or f = 125 Hz
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Coet A0 024 Coef BL = -.951 Delta = 1.0

Fig. 4.8 EDM Waveforms for f = 40 Hz
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4.2.2° Variation in Sampling Freqllency . R 3
e . : A
oy . Snmphng frequency is an important parnmeter of sampled data systems At
i lo\vcr sumplmg rnl.cs esumuuon of the input sxgnal is muccurake and gives rise to
nlmsmg } in the power ‘spe ; of the DM output sngna.l As the

. sumpling rate is incrensed the em;r of qunntization decrenses and estimated sig-

nal’ closcly follows the input, However. with an mcrense in samphng Irequency,

the number af output pulses per eycle also i increases. !n order to m)mmxze q\unt-

ization armr in the encodmg process, .maximum pesmble snmplmg l‘requency is

doslred




»

Figs, 4.13 - 4.21 represent } the effect of sampling l‘reqnency on the output of
delta modulators From these ﬁgs it 1.1 observed that for a given set o( parame-

texs, LDM generata lm'ger number of outp:t p\llses than EDM' and SDM.

Although mini ling fr is icted by tho Nyquist criterion, in

actual practice, inpliz sigml is sampled in excess 'of 20 or 30 times the Nyquist
i o e » : .
rate so that q\u‘\n!iga.tion error is minimized and the output power can be. maxim-

ized 3, 20].
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+ o = ESTIMATED, SIGNAL L = ouTPUT SIGNAL

e aee
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4 1600.0 6z
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Fig. 4.15 LDM Waveforms for f, = 20 kHz - -
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Step size (A) is another imp th delta modulated systems.

\ \#wp sizes af the trackmg slgnn.l is too smnll mod\nhmr takes lon‘gcr time to
k the mput slg'na.l and if the slope of tie input aignq] is. too lugh slopu: "
overlohd occ\lrs Flgs 4.22-4.30 represent t! &ﬂect of variation in step size

on the output of linear delta mi _‘ 1 (LDM), 2P al deltn dul

(EDM) and sngma delta mcdulator [SDM) For A'=0. 2, all '.he three syﬁmms

—_ i alfhoufh\nodulawrs are -able to track the input signal, the quantlznuon crror\\ .

unn of DM sysfems the yalue of A’ it'is chosen such LhnL

R ‘05A<A<15A ) »

Where, A is the amplitude ol' the inpyt signal.

show the overlomd condluon Sxmllarly, [or larger values such s A = 30 S

)ugh. Therefore, fmm sxmula.hon and cxpenmunm results, for normal opera-
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" u.e = DNPUT SIGNAL iw B
i 4 ®INTEGRATED ERROR  _L_ = GUTPUTSIGNAL 'S

" 4,3, Harmonic behaviour of DM_§ys'temu v B ¥ %
AN x B 8 .

Harmomc coutent “of ‘the output of BM system can be caltulated by llsmg
Folme: aenes mel‘hod,}ﬂ}he number of pulm per hal cycle ‘and pulse posmons

are known, the Fourier coeﬂic;epls can be given: as follows [37); X

T
I cos(wt) d('n.)
&

: 3 3
- E -1 (sindiy, »smﬁ )]

g Slmxlm-ly. el ¥E e T w1 )

Ay E- a[—1‘»‘ (sin aﬁg;hsin“s‘ﬁi)]:'



In 'ggger:.l, ; k ~

A

and,

B; =’—E[—I“‘ (eosn-

- Finally,

V, = \_/A,’ o+, \B,’ )

: wherz,

§ is ‘the pelluon Jﬂ‘p lse
N.is the nomberof p\_lhemp:r-

u is the order of harmonic '

A, & B, are the n" order Fourier coefficients respectively
: - \ .

V, is the Amplitade of uu.l:‘IL

"V is’the Amplitude level of de
}‘{s'mg the above exprmic;ns,

£ . -

DMJnulput voltage can be calcula!

qon

tof the oulput waveform of

_ :l i'['lm (sin nﬁi;ﬁ - sin n;) ]

- cycle

order harnonic

.-t
b

DM butput signal

the amplitudes of various harmonics-in the

ted. Figs. 4.31 to 4.39 sho,w. the harmonic

LDM, EDM and-SDM o input frequencies

)
of 0, 40 and 325 Hz nupecuvnly

R
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Fig. 4.34 Harmonic content of EDM Output (= 20Hz -



Wi aa NI
umumm:lnl o

'I.nyul’n 40.0 HZ * . Samp. Preq. = 8000.0 HZ
" Coef A0 £ 0.024 Coef BL = N

Tnpul . p. Preg. = 8006.0
ki C.Ilw - 0030 Etll ll = —.Ill Delta.= 1.0

’ Q. ™ » G
Fig. 4.36 Humonir Content of EDM Output [ = 125‘1{:'




Samp. Preq. = 8000.0 Z.
Delta = 1.0,

B

3 ;1.37 'H;rmonic Content of SDM Output { =

- ¥

3w
BARMONIC (N )

Tniput Preq. = 40.0 HZ
E’l!Mlﬂlli .

Samp. Preq. = 8000.0 B2
Delta = 1.0




) grndumlly decnase and the prominence of f;
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-
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trate~thnt at low'er-.intu! 'frequ'encia. the

Fiz\lra 4.31 - .30 clear]y d

mngmmde of the lower order b .omcs .are.low, whereas the magmtude o{ the

hlgher harmomcs are greater \At hlgh"

mcreases It is i

)
observed that upbctral chunctenstlcg of LDM are poor and those of SDM are

bat. TJiy output _voltage-harmonic contents in the LDM are Inghut whe{eu m

SDM, the hmnomc conteuts are lowest. Thus, spectral characteristics otr slgmn

. delta’ modulnm are! supenor to those of lmesr and exponentml deltu modulators.
: SN




' CHAPTER b

EKPERIMENTAL RESULTS OF v ¥ R

SOFTWARE CONTROLLE}'DELTA MODULA',I.‘ED lN'VERTERS
Il‘lns chapter describes the results \obtamed by softwne controlled DM

inverters. Different delta modnlawrs slm\llsted by software, succm!\ll}y ganernte

modulated output, signal. The modulated output signal is subuquently proeessed

to pmduce base drive, slgnals m are applied to the inverter tranmtors

through base dnve cucults Base drive circuits genente actual’ gating ngnsh

/w control the itch ’, ion of mverter F DM output slg‘nnl

correspondmg bu one full cycle of lnput rrequency a.nd a given set of punmotem, 3

‘i are stored in lhe RAM of the mxcrocomp\ner in the form of look-up t&hlas The

then ge e Mtllnl signals by using pattern retrieval

— . - method to ‘control 'ipe operation of the inverter. ’
B ' - \ %

51 Operational Charactéristics of Different DM Techniques
E . ) \
. . A
In this section, output waveforms:gerierated by various microprocessor based

delta modulaton are deacnbed The output slgnnl generated by tha microproees:

sor, closely resembles the slgnnls obtained by the almulnuon of DM system.” The

power specmlm of the oulpuh of vanolls 'delta modulubor! are obtamed by using

f.he WAVETEK specmlm Analyser, Model 5820A.
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611 DM Output and Harmonlc Content

_The input and output waveforms generated by the micmpmcessm: based

delta modulators are shown in Figs. 5.1 to 53 fo},\ linear delta’ modu]awr

z?(’punenhal delta mudulawr, and sigma delm mod\llztox rexpechvely Inpnt\

- amplitude, sampling frequency, R and C valies and step size are chasen-to be

1, 4 kHz, 50kohm and 0.05 microfarads and 1 espectively. Theliret s

vancd from 20 Hz to 200 Haz. From these figs. 5 l =5. 3 it is.clear that lugher !
operaung frequencies overload the modul&mr Due to this overlcadmg\g)ﬁect
moﬂlllato,_tr‘ces asquare waye at the autput

k *Thu power spe'c‘ﬁ.ru’m“of the output of vaiious micropi-'ocessbr bnsved‘ delta’

°modn|nbors abuuned from Spectmm Analyser are shown in ans 54 to 5.6.

'Fhese ﬂgs 54 - 5 8, clearly derhonstra(e that-at lo\v (‘requeney operatlons,

domllmn'. hn.rmomc componems he far Caway rram the (undamen‘a.] com-

o ¥ ponant “The’ hnrmomc contem. decreasus wnth an‘increase in the operating fre-"

 ag T 'quencyu At .hlgh frequency iol "the l' daniental onent p—

- ni and the litude of sub h i ts d
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Figs. 5.4 t#56 show that in case of linear delta modulator (LDM), the ~

- fundamental voltage increases with frequency up to bgse frequency and remains

st & constant level after base fre At lower fi ies of

the
o - . =2 x
55 magnitude of the lower order harmonics (3rd, 5th, 7th, etc.) is veryTow, whereas

’:‘« the magnitude of the hix‘her')ord.er harmonics is greater. ,At higher operating frg

quencies, the amplitude of higher order harmonics gradually decreases and the

"of fund | increases.. =
2 R ) <

‘When op 3 ing freq is duall increased, th( volupA!

moduhtar (SDM) howe'm, fundamental voluge remains constant -z a.ll fre-

quencle: sbova and below the base freqlnncy

exponential delta modu]ﬂor (EDM) ?utpm decreua In the case of s:gnnﬁelh. g

N
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number of output pulscs

L~
" - 114 -

512 ° Number of Commutations
;- i
From preceding discussion of various results, it is cle*r that the number of
Al 3

g
output pulses produced by various DM systems depends on the selection of
! 1 ! !

p values. As ling f is i sed, number of pulses gen-

erated by the three DM systems also iqcre'ases. For a fixed sampling rate, the

e ti

as the o

frequency inere The

number of oufput pulses is directly proportional to the numbar jof " comm\lta»

ple Lmnu in the mverter, since-commutation Lakes place at :’%ry swnJ:hmg pomt of

the modulal.ed wave pulsc ’I‘he*number of cnmmutmons is nssoclated with .

commutauon losses in- the mverl.er ’Iherefore a8 the number of commula~

R

tions ingreascs, cummutatlon loss in the mvgrber also mcrea&es, The latter - _

situation is not desxred
. N >
Figs. 5:7 to 5.0 show the vriation of number'of commutations with fre-
. . .

quency in the three' DM systems under consideration for.three sampling fre-
quencies (f, = 2kHz, 1 kHz, and 6 kHz respectively)

These figures demu;nstmw that at .lower - opemtiqg. frequencies, the
number of commumibns is'more in linea.r delta modulator: than in exponentiixl

dcltn modulator and slgma deILu modulator. However, at hxgher operaung fre-

i quencms, tha aumber of commntauons beccmes the same: for “all three DM

:yshxms‘

s




33.33

25.00

NO. OF COMMUTATIONS
Ve.6

5.3

500 100,00 123,00 _130.00 175,00  200.00
FREQUENCY ( HZ )

e o ’ ) Fig. 5.7 Frequency Vs. No. of Cnmmutsuons
A R = 50 K- -Ohms, C = 0.05 Microfarads, f, = 2000 Hz, Delta = 10,

B T T

s - on e
- SOM .
el - ! 39w
: : o5
Zsl
\ 257
=
. z.
52
g~ -
z -
5 HN
. %00 . .00 .%0.00 To0.00__ 125.00 15000 113,00  200.00
, i  FREQUENGY CHz)o oot .
,‘ e Fig. 5.8 Frequency Vs-No. of Commutations <

R = 50 K-Ohms, C = 0.05 Microfarads, f, = AOOO'Hz, Delta = 1.0



150,00

50.00

N
NO. OF COMMUTATIONS
1300

25.00

.00,

100 25.00 3000, .13.00 100,00 _f2p00  150.00 175.9f 200.00
E £ rREqu,u:v (HZ)

Fig. 5.9 Frequency Vs No. of Commutshons
R =50 l( Ohms. C % 0.05 Mlcrofawds f = 6000 Hz, Delta = 1.0
5.1.3 Avallable Voltage

Vouagc available at’ the output of the mvener l‘or various operutmg l‘requen-

cies is shown in I‘Ag 5. 10 Snmpllng frequency nnd delta are kept constant at 4

kHz and 1 respecti ’,‘ ‘The operating f! y is varied f;om 20 to 200 Hz.
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;From Fig. 5.10, it is observed that for LDM the output voltage of the ) '

e inverter increases with !requcncy up. to base frequency and remains consLml

))eyond base l‘requency However, the output voltage m EDM and in SDM is

constant at all frequencies. This agrees with the theorchcnl results,
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6.2 . Single-Phase Inverter v‘viﬂl Resistive and Motor Load .

T

This section deals with the results obtainéd from a single phase ( 1- $ )

, full bridge inverter lled by delta modulated

g signals which are
gcneruekd‘hy microprocessor. The loads ap;;lied at the inverter output are resis-
" - B

tive and.mbotor loads.

Like gther inverters, the output of a delta modulated inverter contains har-

monics.' The harmonic content, together with the, fundamental component, )

* determine| the performance of the load under'study. As shown in previous sec- .

tions, in delta modulated i , the harmonic ‘contents are such that, at

lower {1 y of operation, lower order harmonics are insignificant and

- higher .or er harmonics are dominant. For high frequency operation, lower

order harmonics\gre dominant but at reduced ‘nagnitude. The dom_inanb har-

monics at|the output of the delta modulated .inverter ion determine the-

current. nn‘d power into & given passive or dynamic load. For passive loads; the

harmonics| affect th4e current, vblmge, :md~ po\ver delivered to ﬁx;a lot;d and,
hence stc&{mne the wave shape of the load current as well ‘_ F ’f

I‘lgs 5:3l-to 5.40 show the mverter output. veltage and power, spectrain for
" various operating frequencies for linear delta mbdulator (LDM), exponent\al

dota’ modulatdr (EDM), and sigma. delta modulator (SDM) respectively. For

‘resistive loads, the output of the ‘inverter closely resembles the output of the

A sponding sifulated modulat However, fmm the pcwei spectrum of the

i

output voluge%l‘ the mverwr, it is seen thnt due to comrﬁuhtmn and switching .
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effects, lower-‘order harmonics also appesr in the 'power spectrum. However,

domi h

4 at. low operating i ies, are still far away from the
fund: 1 ,’Also, the psguitud of lower order harmonics is still .
i as compared to the fund I com .
In addition, the itud ‘of the fiind 1

of linear delta
modulator inverter output varies with frequency, up to base frequency and

remains st a constant level after base freq;nency; whereas, .in case of exponential

delta modulator and sigfus delta modulator, the fund i

" constant at, all freqkencms of mterest This res\nlz ng-rees wlth the theoretical

results obta.med from power spectamm of DM output as chscussed in the prevmus

* chapter”

p remgins
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For motor load, the output current of the DM inverter is non-sinusoidal and
contains lowu; order harmonics. In Figs. 5.41 to 5.45 the voltage, current, and
the power spectrum of the linen; delta ;nodu]nor (LDM) inverter output for
motor load af varigus operating frequencies (f= 20, 40, 6.0, 80, and 100 Hz) are
shown. The sampling frequency fs = 5 kHz, A = 1, R = 50 kohms and C=
0.05 microfarads were used. For sim‘pli'city the results of LDM inverter output
with motor load are presented. However, the results of exponential delta modula-
tor (EDM) and sigma Mt?—md\lhb‘or (SDM) invérters under motor load are
expected to be similar. These results are not included in'this thesis:

”
Fundamental -components of the power spectrum of output waveforms -

o =" .
increase’ line.nrly with freq up fo base freq e . After base f , the

de of the fund 1 intai \consunt level. This sup-

ports the results obtained from LDM inverter for resistive load.
s e o

> . # = &
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5.3 Merits pf’ Software Controlled DM Inverters

Software control of delta modulated inverters offers ;; great deal of flexibil-
ity in pararheter variation. ’I;he operation and performance of the inverter can
. be controlled by “software merely by changing the parameter values. Easier
implementation of various DM techniques in software and easier control of the

|

.

operation are the main advantages of mi based delta dulated

inverter. Inherent V/f control, lower output harmonic content, anq control of

number of con ions are additional advantages of software controlled DM

inverters. : C " Y
Table: 1,/5Hows wcompatison of the three types of delta modulation stga-

tegies. It has been found that the linear delta modulator has excellent linear

V/f characteristics, whereas sigma delta xﬁodulzmr gives  excellent spectral

characteristics.
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Delta Modulation Strategics.

-

Table 1. Comparison of Three Different Types of

MODULATION STRATEGY

; Linear Delta Exponentfal Delta Signa Delta
CHARACTERISTICS HoduTator HoduTator ] Hodulator
1d1ing 101010... 101010... 1010104 .«
Characteristic

Overload Plat up to Flat up to Independent
Characteristic base ' frequency - base frequency of fréquency

and linearly and linearly
I'e decreases beyond decreases beyond

base frequency

base £requency

Power Shift in
Outgut Spectrum

Present

Present Present
g{‘fr cteristic Dbinear increase ‘i“lnc ;t all Flat at all
4Tl 3 up to base Frequencies Frequencies
frequency. and
£lat_beyond
base” frequency
b
OQutput Voltage High Medium Low
Harmonic Content .
Commutation High Low
ses

Los

Medium =
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i
CHAPTER 6
= L)
SUMMARY AND CONCLU%}ONS
: e Summary
In this thesis, the following objectives were accomplished:
£ »
(i) various ‘delta modulation strategies namely LDM, EDM and SDM
were impl d to generate switching signals under software con;.
trol, and
(ii) effect of different delta modulati ies on the perf ;
of single phase bridge inverter under resistive (and dynamic) load con-
( . ‘v ditions were studied. . 5 RN

In the software ir jon of delta dulati hniques, a new

approach based on discrete time and non-linear optimal control tliebry was -
deveit’aped. The integrator in the delta modulator was considered as a low pas;
digital filter and z-domain analysis of the modulator was carried out. This
approach offers the potential for substantial improvement over classical o state

. space linear system r For implementation, Linear Delta was

idered first. Its input-output-ch istics, output voltage harmonic con-

tent, and output power spectrum were studied. The work was then extended to

sdulation techni dul. Voo -

other forms of delta

namely, ial delta
and sigma delta’ modulator.
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Software control of delta modulated im;enen’oﬂe\n easier control of moduls-
tor parameters as well as the control of number of commutations, output voltage,
and frequency of the inverter. The performance of the modulator and inverter
can be optimised by varying system parameters. Psnm;ter variation was easily
u:hien;:l by software as opposed to hardware in which‘reduigning of the whole
modulator and control circuit would hue@requ:ed.

. Inherent lntlu'eu of delta moduhtiml such as constant V/f characteristics
xnd lower output vollage hnmomcs were verified cheoratlnlly and experinien-
znlly for a smglc phnsa delta moduhted bridge inverter. This is an important
feature for the control of ac motor driva. Output of various delta modulation

. scl{e;na were analyzed by using Fourier ser_ies method. From hnrmonicanulys'u‘
of the DM output, it was found that ‘harmonic voltage smplitudes were high ‘ot
low frequency operétion and low at high frequency ,npentiom However, at
low frequencies, the order of dominant barmonics was higher and st high fre-

quencies; the order ;f domi h ics was low. Ce ly, when DM

inverters were used

motor loads, higher harmonics in the load current \.vere
\ . .

attenuated. Thi§ was because the reactance for higher order harmonics at low fre-

quency operation were high and for lower order harmonics at high frequency

operation were low. The high reactance value at different dominant harmonics

limits the h ic load current. Theoretical results of the harmonic behaviour
* of various delta modulation systems were verified experimentally with a gpectrum
analyzer.
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3 s
Experimentally, it was found that the output voltage of the linear delta

shows linear fund tal voltage to frequency vm‘aﬁon, which is

essential- for the control of ac motors. This supported the theoretical expecta-

dulat

tions. The effect of varistion of the

such as input~fre-

quency, npliag f , filter ients, and step size on the modulator

output was studied for these different types ‘of delta modulators. For a consta.nt'

'snmpling frequency, as the ope was i d,the

from PWM mode to square wave mode occurred in all three modulators. How-
ever, in linear delta modulntor, mode transition” occurred. at lower” base fre-
quency whereas in exponenm.l delta madulator and sigma delta modulator tlm,
mode transition occurred at relatively higher base ﬁ-eqnencm The -base l‘re-
J e

quency nt whxch mode ition occurred in d” if the ling freqs

was i d or filter jents were d
At low values of step size (A) and for constant operating frequency and sam-

pling rate, all three modulators’ shoWe overload condition. As delta was

increased, ization error d d and dul: fully decoded /the

input signal. However, for larger ‘values of delts, quéﬁtizntjon error  started to
s Y, i

'incréase again. For normal operation of delta modulators, it was found }thac

delta must be compa.rnble to the input signal nmphtude F ’

N For fixed vnlua of operatmg frequency and delts, if the ‘sampling frequency

. was i d, the ization error

and esti d signal

| approached the reference signal. ‘However,  the modulators produced [ large

number of output pulsés. This increase in the number of cutput pylses increased
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.

the numb;r of commutations in the inverter and hence commutation losses. 2‘
From the power spectrum of the output :l delta modulated s)-'stems and

inverter- output voltage, it was found that for linear delta modulator, the funda-

menta; component of voltage and powerﬁ increfsed with frequency up to base fre-

quency, and beyond base frequency it became constant. However, in exponential

delta modulator ‘and  sigma delta modulator, the fund tal
T
remained approximately constant for all input frequencies, thereby supporting the

theoretical results.

To study the motor performnuc‘e's' with delta modulated inverter supply, a

'single phase, ﬂome power induction!motor was used as a load. The inverter

was run at different operating frequencies, keeping other parameters constant.
It was found tRat as the frequency of operation was increased, the speed of the

motor also increased. The load current was found t¢ be non-sinusoidal. There-

’ fore, the harmonic content in the'load current was large. The higher order har-

monies present in the load current spectrum were attenuated, thus supporting

the theoretical results.

6.2  Conclusions ~

n s

The princ}plq of delta modulation strategies and their software implementa-~

tion, based on discrete- time, non-linear obtin’nl control theory,.weré/ontliird. It

was seen that mi based delta modulated inverter has ially.the

. characteristic -of a uniformly san;pled data system. It was found that" délta
! b

\
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L : duls with their zéro-hy is, bang-bang type of céntrol featurés were
suited for the invm,ér systems undyr consideration. These modulators have'

shown good tracking capabilities and excellent spectral characteristics. From

and can be

results, the foll

E ‘. 1. Software control offers an'easier control of modulator and inverter

By optimising p ter. values, invertér- performance

can be optimised. ; . -

2. Low filter coefficients and higher sa'mpling frequency result in low
J R %
qul ization error, low output volnge harmonic content and

lmprovcd output. power spectrum. Therefore for good perl’ormsnce of

i delta modulated inverter systems, low filter coeflicients and high sam-

mg I'requen‘cy are desired.

3. The delny of the nmple and.Hold ‘and filters in the feed forward °
und l‘eedhnck paths of the mndulnbor results in the phase shxlt of the

power speqtmm.

4. Linear delta modulation provides a linear voltage vs. freqnency

Ry

\E to’ base. frequ 4 nmi constant voltage chanctms- .
tic beyond the bue fraq\lency “This lemnre of linear deltn modulm
tion is mrm amtnhla for speed control of ac motor drives under vm .

lble lond ditions in ir
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Sigma delta modulator has :l;own a flat output voltage vs. frequency
characteristic. Thus sigms delta modulation is best suited for
resonant link inverters wh’ua flat voltage frequency characteristic over
a wide frequency range is reqlured S L

5. Due to finite turn-on and turn-off time and higﬁex switching loss at .

higher sampling rate, switching fi of delta modulated bridge
inverter is limited. However, if zero switching loss inverter topolbgy,

instead of bridge inverter topology, is used, performance of the delta
- 3

modulated inverter could be improved.

8.3 ° Recommendations for Further Research

This research could further be extended to 3-phase software controlled delta
modulated inverters. In 3-phase modulation, the deiu modulated output p’nl_arn 5
obtained from &phu;, variable (l:equency input sine wave can be stored in
PROMs in the !am of look up, hblZl. Microprocessor could then retrieve the
switching pattern con;uponding to each phase from the memory and output to
rﬂ‘peﬂ‘i?e digital.to analog converters. T;ha analog switching signals could th;;s

" be used to control the operation of a 3-phase inverter. ' )
The transition from PWM to square wave mode did not occur sharply at the )

desired base frequency. In this tfanlit\lbn band, the behaviour of modulstors was

very unp! Perhaps by on, a sharp mode transition -
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eonﬁ be achieved more effectively and sharply at the desired base frequency.
The frequency of the :witehi?g pattern was limited, typically 5 KHz, b‘y the
switching losses of the devicel used in the bridge inverter. It was found that ;
) hl;hu mtdun; lrequmcy nm]ted in better output tpgctnl characteristics and
lower outpul voluge harmonic commt Therefore, usmg zero smtcl'ung los *

2! inverur logies, the switching freq can be i d and hence the per-

A .o N
formance of fleltl modulated PWM inverters can be improved significantly.

-t i . %
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*LINEAR DELTA MODULATOR * .

.
.

b PROGRAM TO GENERATE SYMMETRICAL .
L od DELTA MODULATED SWITCHING WAVE-FORM 3

i USING HALF-WAVE SYMMETRY
hod OF SINUSOIDAL INPUT \

.

w  ©RANV KUMAR SRIVASTAVA

L DATE: OCTOBER 2, 1986
.
\

PROGRAM DEL™M MODULATOR /
INTEGER N,NN

. REAL X(1000),Y(1000),XK1(1000),0P1(1000) EK1(1000), T(lﬂoo)

REAL DELTA ;W,DEG,RAD F,FS,TS,RESISTANCE,CAPACITANCE
REAL A!I.M.OP.POP.YK.PYK.B_(.XK
OPEN(11,FILE="LDM.DAT',STATUS="
N INT, ENTQI AMPLITUDE OF INPUT sm SIGNAL'

MP
PRINT+, ENTER THE FREQ. OF INPUT SINE SIGNAL IN HZ'
READs, F .
PRINTS, ENTER DELTA'
READ+,DELTA
Pl=3.141502654
‘W=2.0+PI*F
DEG=180.0/P1
RAD=10/DEG
PRINT+, 'ENTER SAMPLING FREQ. IN HZ'
READS,FS’
NN=INT(FS/F) ; -
TS=10/(FS) - . .
PRINTY, 'Fe= \,F, ' FS="FS ’ i
PRINT%,'NN=',NN, ! TS=',TS " }
PRINTY'ENTER THE VALUE OF RESISTANCD IN OHMS' B
READ*,RESISTANCE

PRINTS,'ENTER THE VALUE OF CAPACITANCE IN MICRO-FARAD' S

READ*,CAPACITANCE UE,
A0=’ 'lFA/(?-RESISTANCE'OAPACXTANCE) i PHOE
Alm=AQ 2 ¢ . 4 g
PRINTY,'AQ ‘Ao'Al- Al &

WRITE(11,3)F,F :
. FORMAT(2X, 'INPUT FREQUENGY— ,F6.2,2X, ‘SAMFLING FRBQU[-LNC\’- F8:2) ¥
wm'm(u. INNTS © aar . ¥
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FORMAT(2X,'NO. OF POINTS=",14,2X,'SAMPLING INTERVAL=",F8.5)
WRITE{(11,5)RESISTANCE, CAPAGITANCE ;
FORMAT(2X,'RESISTANCE =',F8.2,2X, CAPACITANCE =',F16.8)
wm'n;(n +)'"COEF-A0 = ',A0,'COEF-A1 = ',Al
OP=0. .
POF=00 2
YK=00
PYK=00 .

PRINT+/I,; XX %' XK ' OPLI) ' Y(I) '
WRITE(11,7)'',X(1)",'XK1(1)'/EK1(1)',/OP1(1)","Y(1)", "T(1)" SN
FORMATY(A5,2X,A10,2X,A10,2X,A 10,2X,A10,2X,A10,2X,A10)
DO 10 l=1.lNT(NN/2)+ 11,

N

XI
XKi(I)=XI
EK=XK- op o
EK1(I)=EK -

OP1(1)=0P o
' POP=OP . . 2
“IF (EK .GE. 0.0} THEN

YK=DELTA

MP'SIN(N‘W"I’S)

Y(1)=YK -
OP=A0+YK+ A1*PYK+ POP
PYK = YK

N=N+1

C PRINTAIN,X(1)XK1(1),EK1(1),0Pi(1),¥(1)
WRITE(11,8)1,X(1) XK1(1) EK1 (1) OP3(1), Y(1),7(1) :
8 -FORMAT(Is}(2X,F10.4),2X, F10.2,2X,F10.6) -
10 CONTINUE
C oeen ;
DO 12 I=INT(NN/2)+ 2,NN+ 1,1 Ty
=11
N1 =NN+1
Y(1)= -Y(N1-I1) .
X(1)=N+W+TS*DEG ¢ ; :
XK1(1)=-XK1(N1-1T) . D :
EK1(1)=-EKA(NLTI) . )
OP1(1)=-OP1(NL1I)
©  PRINTe, LN,X(I),XK1(1),EK1(1),0PY(1); Y(1) . 8
WRITE(11,0)1,X(1),XK1(1), EK1(1),0P1(1), Y(1),T(1) ; g .
9 FORMAT(I6,4(2X,F10.4),2X F10.,2X F10.0) LA
= N+ .
12 CONTINUE ;
5 WA
CALL DELPLOT(X,Y,XKI,0P1,EK1,NN,DELTA, AMP,F,FS,A0)

END . Nea
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SUBROUTINE DELPLOT(x,y,XK1,0P1,EK1,n,DELTA,AMP,F,FS,A0)

REAL X(1),Y(1), XK1(1),0P1(1),EK1(1) . *
INTEGER N

* XINC=6./N - 2 e

CALL PLOTS(53,0,-1) * ¥

CALL ZPICK(3,0, lSTAT)

GALL FACTOR(0.7)

CALL ORIGIN(2.5,8.,0) .

DELVAL=X(2)*N/o. 5 o

TINC = 1.0

ASP = 1.0

SZIN = 0.1

SIL = 0.12

CALL HALAB2(0.;. -as o {DELVAL,TINC,10.1.SEN.ASP.1.-1,
SZL,'WT (DE!

CALL VALAB2(0.,-1,, -DELTA DELTA,TINC,1,2,1,SZN,ASP,1,1,YP,
SzL,’ QUTPUT AMPLITUDE')

CALL VALAB?( -1,0,-3,,-1.6%AMP, 5*AMP, TING, 1,0,,1,5ZN, ASP, 1,1, YP,
siL INPUT AMPLITUDE') -

cALL PLOT(0.,0., 3) ® @
CALL DASHDF(O 0.0.9)

CALL PLABEL(XINC XKL,N, AMP 4.0,.15,'= INPUT S|GNAL',0.,0,2,11)
CALL PLOT(6.,0.,2) .

CALL PLOT(0.,0.,3) \L
CALL SYMB2(-0.4,-3.8,.15,"Coel- A0 == ',0.0,1

IF (AO.LT:1.0) CALL TYPNUM(999.,999.,.15,0.0,0.0,-1)
CALL TYPNUM(90?099...15,,\0,0.0,3)

CALL SYMB2(3.85,:3.8,.15,'Delta = ',0.0,1)
IF (DELTA.LT.1. ’ALL TYPNUM(999.,999.,.15,0.0,0.0,-1)
CALL TYPNUM(999., 099.,.15,DELTA,0.0, 1)

GALL SYMB2(3.03,-3.5,.15,'Samp. Freq. = ',0.0,1)
CALL TYPNUM(999.,999.,.15,F5,0.0,1) =
CALL SYMB2(999.,999.,.15," H2',0.0,0) -

CALL SYMB2(-0.88,-3.5,.15, Input Freq. = ',0.0,1)
CALL TYPNUM(999,,000.,.15,/,00,1) . - -
CALL SYMB2(099.,000.,.15,' HZ',0.0,0)

: i S

CALL NEWPEN(2) i
CALL PRYMB(4.2,3.5,.15,'= OUTP'UTSXGNI\L‘ 0.,0,2, 1) *
it (y(l) .;e. 0.) then

ello

YC w1,
end if
OALL N.kmo.,o.,s)
OALL PLOT(0,,Y
do 100 w1, -
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if (y(i) ge.0.) then
yd=1. |
else : s
yd=-1. e
end if 5
IF (YD.NE.YC) GALL PLOT(XD,YD,2) 2 7
XD =I*XINC -
GALL PLOT(XD YD 2) g )
YG =YD ]
100 continge ‘. ~
C. CALL NEWPEN(3)
CALL PLABEL(XJNC,0PL,N;AMP,.2,35,.15,'= APPROX. SIGNAL'0.0,2,2
CALL PLOT(XINC*N,0.,2) ,
CALL PLOT(0,,0.,3) N

C  CALL NEWPEN(4)'
CALL PLABEL(XINC EK1,N,AMP,4.2,4.,.15,'= ERROR SIGNAL',0,0,2,4)

CALL PLOT(0.,0.,999)
. return
end

SUBROUTINE PLABEL(XING,YY,N,AMP,X,Y,SZ,LABEL,ANGL,ND NLINE,NS§)

CHARACTER*(+) LABEL
DIMENSION YY(1) -
GALL PSYMB(X, Y,SZ,LABEL,ANGL, ND,NLINE, Ns)
NM = N/10 ° A
DO 10 I=1,N+.1
CALL PLOT(XING#(1-1),YY(1)#2./AMP;NLINE)
“IF (NMs((1+NS) /NM) EQ(1+Ns))
+ CALL SYMEOL(XINC'(I 1), YY(I)-z /AMP, 08,NS,0.,-1)
10 CONTINUE
eall plot{0.,0.,3)
RETURN

END

!UBROUTINE PSYMB(X,Y,SZ,LABEL,ANGL,ND,NLINE,NS) 3

CHARACTERS(¥) LABEL
a IF (NSLT.0) THEN
CALL PLOT(X-7,Y,3) ;
CALL PLOT(X-.48,Y,NLINE)
CALL PLOT(X-.48,Y+.2,NLINE) .
(CALL PLOT(X-.45,Y+ .2,NLINE)
- ‘CALL PLOT{X-.45,Y,NLINE)

CALL PLOT(X-.2,Y,NLINE)
CALL PLOT{0.,0.,3) - .

EL
CALL SYMBOL(X-.0,Y,.08,NS,0.,-1)
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CALL SYMBOL(X-.3,Y,.08,NS,0,1)
ENDIF 5 . i .

CALL SYMB2(X,Y,SZ,LABEL, ANGL,ND) ’
CALL PLOT(0.,0.,3) . E - 4§
RETURN
. END . v
% v
\
a
B \
. ¥
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w  "EXPONENTIAL DELTA MODULATOR "

" . .
- PROGRAM TO GENERATE SYMMETRICAL . . T .

had DELTA MODULATED §WITCHING WAVE-FORM ~ , Lk
had USING HALF-WAVE SYMMETRY ‘ =¥ ¢ .
- OF SINUSOIDAL INPUT % ¥

o ot

- . RAJIV KUMAR SRIVASTAVA .

bl DATE: APRIL 12, 1987 & =
A

]

caoacea0QQEEEEQ0QQQQ0

.
PROGRAM EXPONENTIAL DELTA MODULATOR
INTEGER N,NN
REAL X(1000),Y(1000),XK1(1000),0P1(1000), EK1(1000) T( 1000)
REAL DELTA ,W,DEG,RAD F,FS, TS RESISTANCE, CAPACITANCE
y REAL A0,A1,B1,0P,POP, YK,PYK,EK XK,NUMR B
' N OPEN(11,FILE="EXP.D AT',STATUS='NEW')
PRINT+,'ENTER AMPLITUDE OF INPUT SIN SIGNAL' S
& READ¥, AMP .
PRINT, 'ENTER THE FREQ. OF INPUT SINE SIGNAL IN 112’ e
READ¥, F
PRINT*, ENTER DELTA’ A
READ¥,DELTA
. M1502054
O*PIsF : :
80.0/P1 )
EG

. RAL=1 3
* PRINT, 'ENTER SAMPLING FREQ. IN 117!
READ*FS
; NN=INT(FS/F) .
. TS=1.0/(FS) i
i P F, * FS='FS ]

=',TS
- PRINT*,'ENTER THE VALUE OF RESISTANCE IN OLIMS' -
- READ*RESISTANCE L
PRINT+,'ENTER THE VALUE OF CAPACITANCE IN MICRO-FARAD' Ew g
| " READ# CAPACITANCE .
! NUMRS lEa-l2~RESISTANCE'CAPAGITANCD)
AO=TS/(TS+ NUMR) : ;
A0 ’

Al= - ;
\ Bl=(TS-NUMR)/(TS+ NUMR) ) 2 p
‘PRINT#,'A0=' ,AO,’Al=",A1,’' Bl=",B1 " # G &
WRITE(11,3)F,FS _ &




3 FORMAT 2X VINPUT rnanEche,Fs 2,2%,'SAMPLING FR\:QUDNC‘{- F8.2)
WRITE(11,4)-NN, TS - ="

.FORMAT(2X,'NO; OF POINTS=",14,2X,'SAMPLING INTERVAL="F8, ) . 4

. WRITE(11,5)RESISTANGE,CAPA CITANCE R

FORMAT(2X, 'RESISTANCE ='F8.2,2X, CAPACITANCE =" F108) . .

WRITE(11,%)" GOEF-AO & Al = ',A0,'COEF-BI = "Bl

N

o

0 .
B . PRINT+,T,) XX ' XK '’ OPL(I)’ 'Y(I)
WRITE(11.7)1, (1), XK1(1)', BK1(1)", OPL(1)", Y(1) ' T(1)" - s
FORMAT(AS,2X,A10,2X,A10,2X;A10,2X, ,A10,2X,A10,2X,A10) . - - g
‘ . R DO 10 I=1,INT(NN/2)+ 1,1 R
S0 XK=AMPsSIN(NsW+TS) . .
XK .

~

2 .. 'EK=XK:OP
(EK1(1)=EK
COPYI)=OP . PR . .
POP=OP ¢ . TN
IF (EK'GE. oo) THEN _
=, YK—D !

* YK=-DELTA : LI
: END.IF b “

' X(I)=NeTSsW+DEG
. OII)=NTS .

Y(I)=YK )
OP=A0+YK+ Al'PYK B1+POP
" PYK =YK

5 . N=N+1
€. PRINT#1X(1),XK1(1),EK1(1),0P1(1), (1)

" WRITE(1L8)LX(1) XK1(EK1(1), opm) Y(l] (1)
8 FORMAT(5,4(2X!F10.4) 2X,F10.2,2X,F10.6)
10 * CONTINUE
C

T T =N
. Dom INT(NN/1)+Q NN+ 1,1
- =I.1

© T XKI(I)=XK1(NL-1T)
5 EK1(1)=-EK1(N1:11)

OP1(1)=-OPI(NL-Il)- . G #

© " WRITE(11,9)LX(1), XK1(1), EK1(1), OPL(1), Y(1), (1)~ -

9 FORMAT(IS A(2X,F104),2X F102,2,F100)

12 CONTINU! * -

_ CALL nam,o-r(x Y,XKI, om EKLNN; DELTA AMP.F, FS,A0) e
END <

aa’ .

i SUB_ROUT]NEDELPLDT(x,y,XKl,OPl,EKl,n,DELTA,AMP,F,FS,AD)



o

CALL TYPNUM[ODO 999.,.16,DELTA,0.0,1
(T, ...

c : 2
“REAL X(1),¥(1),XK1(1),0P1(1),EK1(1) o
INTEGER N - B
XINC=6:/N" -
CALL PLOTS(53,0,¢1)
CALL ZPICK(3,0,ISTAT)  * . f e
CALL FACTOR(0.7)
CALL ORIGIN(2.5,8.,0)
- DELVAL=X(2)Nf6.  * § e
TINC=10 .. . .-
_ASP=10"" :
SZIN = 0.1
SZL=0.12___
* CALL HALAB2(0.
+ SIL,'WT
*CALL VALAB2(0, A
+ S7L.," OUTPUT AMPLITUDE)

CI\LLVALABZ( 1.0,-3.,-1.5*AMP,:5*AMP, TINC, 1,6, l SZN,ASP,1,1,YP,
~+ . SIL, INPUT AMPLITUDE’)

CALL PLOT(0.,0.,3) -, Veabu u o s
'CALL DASHDF(O.,O 0. U] :

CALL PLABEL(XING, XK1, N;AMP,:2,4.0,.15,'= — (NPUT SIGNAL'0.,0,2,11)
CALL PLOTY(6.,052) ; :
CALL PLOT(

GALL SYMB2(-0.4,-3.8,.15,'Coéf_AO = 1,0.0,1)
IF (AO.LT.L0) CALL TYPNUM(DO(L,WD .15,0.0,0.0,-1)
CAL TYPNUM(999,,999.,.15,A0,0.0,3) -

OALL SYMB2(1.8,-3.8,.15,'Coef_BL = 0.
IF.(BLLT.1.0) MALL TYPNUM(999.,999.,.
CALL TYPNUM(999.,009.,.15,B1,0.0,3) o

‘GALL SYMD2(4.05,-38,.15, Delta = ",0.0,1 .
IF{DELTA LT.1.0) CALL TYPNUM(999. m .15,0.0,00,:1)

CALL SYMM(ma -3.5,.15,'Samp: Freq. = %,0.0,1)
CALL TYPNUM(999,,099.,.15,FS,0.0,1)
CALL SY! Mnn(qaa..vm..xs Hz',00,0)

CALL S\'Mmrm- 115,'Input Freq =", 0,1)
. CALL TYPNUM(999.,990.
CALL SYMB2(099.,990.,.

112,00 o.)———,

¢ “CALL NEWPEN(2) .
‘CALL ‘PSYMB(4.2,3.5,. 15 ’= OUTPUTSIGNAL' 0 10,2, 1) /
() e, o)nm., . {

=1, L PR R




i : .
CALL PLDT(9.,0.,3) . - ‘ i =
CALL PLOT(0.YG,2) «  ° +
46100 i=1,n" 5 3
it dy(i) ge. 0.) then g
yd=1. . . :

else
3

it
P (YD. NEYC) GALL PLOT(XD Yo b =
XD, =I*XIN¢ W
CALL PLOT(XD YD,2) .
YC =YD

100 <continue - § =, P &) -
C . GALL NEWPEN(3) e s A ek
CALL PLABEL(XING,OPLN,AMP, 2,3.5,.15,'= ESTIMATED . \ = 3

+. SIGNAL’,0,,0,2,2) o s B e e
. 'GALL PLOT(XING*N,0.,2) : N
" CALL PLOT(0.,0. 3) ; : \
C CALL NEWPEN(1) . )
CALL PLABEL(XINCEKl N,AMP4.2,4.,.15,'= ERROR SIGNAL, ,a.,n 2.4)
- CALL PLOT(0.,0, ,999)
return e co.
end ; 5 5,0 %%

RS

— ~ S

7 A6,
g B/SUBRE)U’I'IN'E PLABEL(XINC,YY,N,AME,X, Y SZ,LABEL, ANGL ND, NLlNL NS) el
4 c

: ¢
CHARACTERW(+) LABEL, "> =22 .
DIMENSION YY(1)
< CALL PSYMB(X,Y,52,LABEL,ANGL,ND NLINE,Ns)
[ NM ="N/10 p El
DO 10 I=1,N+1 ™
CALL PLOT(XINC¥(I-1), vy(r)-*z JAMP,NLINE) . ,
& IF (NMs((1+ NS),/3iM).] l:tm 5)) . ORI f
+ " CALL SYMBOL(XING(L-1), YY(1)*2, /AMP 08,N5,0,.-1)
10 CONTINUE gl *
. call pio(0,,0.3) : : il A =
.0 e < RETURN ¥y
-:END By = \} ;

e . T R LB e

c
v sumbq‘ma PSYMB(X,Y, 57, LABEIJ’ANGI, ND;NLINE,NS)
i e

CHARACTER#(*) LABEL® ~ 1 ; .

o : CALLPLOT(X’ABY‘ INE)' . ;
> CALL PLOT(X-.48,Y+ 2,NLINE) ' ~ s

- cALLPLOT(X-AB)‘+ 'mhx
SR S L BN




45,Y,NLINE)
2,¥,NLINE)

, .BB.NSN-.-I):
Y,.08,N5,0.+1)

ENDIF
CALL SYMB2(XY: sz,LABEL ANGL ND)
.CALL PLOT(n 0.5)




“"SIGMA DELTA MODULATOR *

OF SINUSOIDAL INPUT N

PROGRAM:TO GEN‘DR&TE smmm‘ﬁlcm
DELTA MODULATED §
USING HALF-WAVE SYMMETRY . )

ITCHING WAVE-FORM

anccacagacancana

. ©

RAJIV KUMAR SRIVASTAVA R -
 DATE: MAY 19,1087 ° . .

agoaqaae
|

i ) szzg(\)ﬂc'm,\m SIGMA DELTA MODULATOR : : )
) " INYEGER N,NN,XK2(1000),XX(1000) g
REAL X(1000),Y(1000),XK1(1000),0P1(1000),EK1(1000),7( 1000)
; ' REAL DELTA ,W,DEG,RAD,F.F'S,TS,RESISTANGE, CAPACITANCE
e REAL A0,A1,B1,0P,POP, YK, PYK,EK,XK,NUMR
. OPEN(11,FILE='SIGMA.DAT',STATUS='NEW')
= PRINT+,'ENTER AMPLITUDE OF INPUT SIN SIGNAL'
o *-READ*, AMP
PRINT, 'ENTER 'THE FREQ. OF INPUT SINE SIGNAL IN HZ'
READS, F
-~ PRINTSENTER-DELTA’ ; R
READ%DELTA - . s o
L PI=3.141502664 - . 4
! W=2.0¢PIsF . .
DEG=180. O/Pl
” RAD=L0/DEG "~
E PRINT#, 'ENTER SAMPLING FREQ. IN 12"
READ,FS
©. NN=INT(FS/F) B
“TS=1.0/(FS)
'F="F, " FS
NN=',NN, ' TS=",TS
W o, - PRINT#,'ENTER THE VALUE OF RES[STANCE IN OHMS" i
READ %, RESISTANGE b
. " PRINTS,'ENTER THE VALUE oF CAPAGITANCE IN MICRO-FARAD" » e
READ #,CAPACITANCE
Ao:'l’stllm/(ZORESISTANCE-CAPACITANCE)

N

- U Al=AD o & _ -
[ PRINTS," A0= AO.‘A1= Al . .
WRITE(11,3)F,

“3. FORMAT(2X, 'INPUT PREQUENCY= F6.2,2X, 'SAMPLING FREQUDNCY:- \F8. 2) :

wm@_u 4NN, TS



' . FORM(QX 'NO. OF POINTS= J4,2X, 'SAMPLING lNTERVAL— ,F8. 5)

WRITE(11,5)RESISTANCE, CAPACITANCE =
FORMAT(2X,"RESISTANCE =";F8.,2X,' CAPACITANCE = F16. a) ;
WRITE(11,%)" COEF-A0 =',A0; COEF Al="Al .

OP=00 i . T : -

POP=0,0 & . o

“=YK=0.0 " ; i ¥ ) i

EK=0.0 + g . TR -
PEK=0.0 ’ t o

PRINTS," KK AT OPI(I) (D) - .
WRITE(11, 7) r ’X(l)' *XK1(1)', EK1(1)", OP1(1)*, Y(1)", T(1)’ . 58 Feod
FORMAT(A5,2X,A10,2X,A10,2X,A 10,2X,A 10, X, A10,2XA10)

DO 1o l=1 lNT(NN/zH— T,

Ne= 2
XKnAMP‘SlN(NtW"lS) P s . 2 o
*XK1(I)=XK I . s lE
XiC2(l) <INT(2047XK1(1)) g ¥t W 45 uw  n
m(x(K)nu) GE: 0.0) THDN» : | . LT pos

B g
OP=A0'EK+AL-PEK+POP Py f B
OP1{1)=0P ’ : " ¥ st 0 Fog .
IF (OP .GE. 0.0) THEN i o i
YK=DELTA- > = g . o

X(I)=N°TS'W-DEG e I E
T(N)=NeTS . - o AT p
L Y(D)=YK b T g B -
" "POP=0P . ? % " ST
PEK = EK # z G : B
N=N+ i i : N .
PmN'r-,lx(n XK1(1),EK1(1), 0P 1) Y[l) » g :
WRITE(L1,8)1,X(1),XK1(1), EK1(1OP1(1), Y(1),7() " -, OB
FORMAT(l5,(2X,F10.4);2X,F10.2,2X F10.6) il : Py
CONTINUE s L . !

" X{I)=NeWTSODEG : LT I R e

DO12 —1N1'(NN/2)+2 NN+ 1L i ot . ? -
I = -1 L: - ! i . ¥ ’ =
NI=NN+1' o " 7 o - N
¢ ¥(I)m -Y(NI-1) ; ] |

1) mNeTS : o L ;i
XIC(1)m-XKI(NI-LI) A WFBT o el
EK1(1)m-EK1(N1-11) Tl Mt 8ol Tl B
OP1(1)=:OP1(N1-II) o N : # ok
XK2(1)=INT(2047sXK1(1)) - B g v whpasn e TS
* IF (XK1(1) .GE. 0.0) THEN ot - e L .




XX(I) =1

xx(;) = : 1%
e T e} pnm-r«m,xu) XK1(1), EKl(l) OPL(i). Y(1): »
it 2 = d WRITE(11,9)1,X(I) XK1(1),EK1(T),OP1(1);Y(1), T(1) ”
L0 FORMAT(15,4(2X,F10.4),2X,F10.2,2X,F10.6) * e g ’
| Ne= N+ 1 . “
- 12 ¢ONTINUE o L h r
3 c .
CALL DELPLOT(X;Y;XK1,0P1,EK1,NN,BELTA,AMP,F,ES,A0) -
= END . .. e \ p
8 .c 5 x 3 ¢
c
. S\)BROUTIND DELPLOT(x,y,XK1,0P1, EKl ,DELTA,AMP,F S, AO) |
o Ty §
g RLALX(!) Y(l)XKl(l) OP)(I) EK1(1) ol i *
INTEX -
xmc-a /N 5

GALL PLOTS(53,0,41)

CALL ZPICK(3,0,ISTAT)

S CALL FAchR(u N .

- ‘" CALL ORIGIN(2.5,8.,0) i s, ¥
DELVAL=X(2)+N/6. . ¥ @l ==

c»\u, vu,«az(n »1.,-DEI.TA DELTA,; 'rmc 1,2.,1,5ZN,ASP L YP

X 3 - §ZL,' OUTPUT AMPLITUDE').

: ‘AL VALAm( 1.0,-3.,-L5*AMP, 54AMP, TING, 1,0,,1,SZN, ASP,1,1,YP,
4+ L' INPUT AMPmeE') -

CALL,}‘LOT(D 0, ,3) . LeETE

CALL bAsHDF(o,.o ,o.,o) . E i -

CALL TYPNUM(WD.,OW.,,IB DELTA

CALL-SYMB2(3.03,-3.5,.15,Samp: Freq. =
CALL TYPNUM(099.,999.,:15,FS,0.0,1)
CALL SYMB2(999\999.,.15,' HZ",0.0,0)

#,00,1)




CALL SYMB2(-0.88,-3.5, 16, Input Freq.

o i - CALL TYPNUM(909,999.;.15,F,0.0,1) . . )
AL SYMB2(999.,999.,.15,’ HZ'00,0) - . - SN
. C . CALL NEWPEN(2)

CALL PSYMB(4.2,0.8,.16,'= ou'rpur SIGNAL0.0,2,-1)
.r(y(n s n) then ; N

- zlu . ™ s e
' s UYCEL T i :
“end if _ T

» . CALL PLOT(0.,0.3) , :
2., CALL PLOT(0.,YC, R
do 100 i==1,n L -
it (y(1) e o)nm. F1n . . )
yd:

clee. . . ’ s
yd=:1, s > . i

end if* B g
2 IF(YD,NEYC) CALL n.o'r(xnv 2) e RS |
XD=I¢XINC B 2 '
CALL PLOT(XD YD,2) o . 3 -
D7 YC=YD B Bges 5o 0§
100, continue v TR L - T

- 7'G. CALL NEWPEN(3) - . ¢
G 'CALL PLABEL(XING,OPLN, AMP 12,35,.15, ='EST|MATED SlGNAL ,0.,0,2,2)

- CALL: PLABEL(XINC OP1,N,AMP, 2 3 15 = lm 7
. % ERROR,0.,0,2,2) "
.- CALLPLOT(XING®NG,2) : . 5 .
= CALL PLOT(0.,0,3) N . .

. . — 1 . . -
¥, g CALL NEWPEN(4) :
L C CI\LL PLABEL{)C!NC EKl N;AMP,4.2,4,,.15,'= ERROR SIGNAL 0 10,2, 4)

CALL Pwr(o 0,,990) ol ) . =
. .RETURN 5w . : e B
% END 2 . ‘
Lo 5, YA T :

S}'BROUTINE'PLKBEL(XINC YY,N,. AMP X,Y,52, LABDL ANGL ND3 NLINE NS}

 GHARACTERY{ 2 LABEL
. "DIMENSION YY(1) " * v
<. ", CALL PSYMB(X,Y,S2,LABEL, ANGL,ND, NLINE NS)

“NM = N/10 7 Rt .
DOlﬂl-lN&»lL. -
*.". CALL PLOT(XINCS(I-1); w(l)-e /AMP NLINE) - =
IF (NM((1+ NS) /NM) EQ.(+ NS) ' e

g CALL SYMBOL(XINC‘(I-I) w(l)-a[AMP,.oaN
10 CONTINUE
all plot(o ,n‘.a)




|
! .
| .

2 c
= K SUBROUTINE PSYMB(X,Y, qZ LABEL,ANGL,ND,NLINE,NS)" ,
c

CHARAGTER‘(') LABEL | >
+ IF (NSLT.0) THEN | .
** " GALL PLOT(X-7,Y,8) | 5 \
CALL PLOT(X-48,Y,NLINE) o
) OALL PLOT(X-48,Y 2,NLINE) r
- CALL PLOT(X-45,Y+ .2,NLINE) .
. . GALL PLOT(X;45,Y,NLINE) .
7 CALL PLOT(X-2,Y,NLINE) . .
% CALL PLOT(0.,0,,3) | .

[ = o ALLSYMEOL( 08,NS,0.,-1).” . FS
Yoo _ ¢ ‘CALL smsoux\ Y O0BNS0.1) ;

CALL SYMB2(X,Y,SZ,LABI
CALL FLOT(0.0,3) "\ -
| RETURN
E . . END

L;ANGL,ND) : L =




ana

caoadaaonaandn

e

CAL CULATION OF }
IN A LINEAR:DELTA M,
INVERTER .

- OF Cf

AMUTATIONS

LATED

DATE: JUI\WE 21, 1987
|

© RAIIV KQAMR SRIVASTAVA

FROGRAM LINEAR DELTA MODULATOR - - :
INTEGER N,NN,M(1000),X0(1000),MO(1000) xoxuooo) Mo;(wuo) 3
 INTEGER'MX(1000),MX1{(1000), xxz(mog) XK(1000) 8 4

INT GER FMIN,FMAX FINC, X1(1000)

X(1000),Y(1000),XK1(1000),0P1{1000); EKI(JOOO)
REAL DELTA ,W,DEG,RAD F.F5,TS RESISTANCE,CAPACITANCE -*

REAL A0,A1,OP,POP,YK.PYK EK XK

OPEN(14,FILE='CDM.] DAT,,STATUS='NEW')

F,ngi 'ENTER AMPLITUDE OF INPUT SIN SlGNAL' °

RE. AMP
PRINT+, 'ENTER LOWER FREQUI';NCY LIMIT'

READv, FMIN

-"PRINT+, 'ENTER UPPER FBEQUENCY LT

READ+, FMAX |

¥ PRINT+, 'ENTER FREQUENCY INGRIMENT'

READ+, FINC

PRINT, ‘ENTER DELTA'
"READS,DELTA [
Pl=3.141592654 |
DEG=180.0/PI |
RAD=10/DEG "~

!

PRINTs, 'ENTER SAMPL ING FREQ IN HZ!

'READSFS, i
 TS=10/(FS) .
PRINTs, FS='Fs |
PRINT», TS='TS . |

PRINTs, ENTER THE VALUE OF RESISTANCEIN OHMS!-~ -~ == '~

READ#,RESISTAN

INT
- READ®, CAPACITANCE

: AO—TS'lBﬂ/(z'RESlSTANGE'CAPAClTANGE)

Al=A0 . .
S PRINT+,'A0=",A0,' 'AT Al :

VALUE OF CAPACITANCE lN MICRO- FARAD




| WRITEN4 -)cov\n- .
.- DO 555 JJ=FMINFMAX.FINC . - ;
FLOAT(JJ) - i 572
N=INT(FS/F) : .
2.05PIeF - e ‘ ’

S DO 10 I=1INT(NN/2J+1,1 s .
: §

XK=AMP*SIN(N+W+TS} - b - §
XK1(I)=XK z ok " - 8
XK2(I)=INT(2047+XK1(1)) :
TF (XK1(1) .GE/0.0) THEN oo B

/ . !

II-‘(EK GE oo)'mm / . . . S

YK=! L :

~ELSE i
YK="DELTA :

END IF By

X()=N+TS+WD . . .

Yi)=YK ) ‘

0P=A0sTE+A19PYK+POP . . e

PYK = YK : Nl

N=N+1 " - 3 - 2

CONTINUE o . -

DO 12 1=INT(NN/2}+2NN+1,1 . . j -

S I=Hk ¢ -

* NI = NN41 . oy
Y(Iy=-Y(NI-1I) "
X(I)=N+W+TS*DEG — - Fa 5
XKI1(1)=-XK (N1-11) - J
XK2{1)=INT(2047¢XK1(1))

(XK1(1) .GE. oo) THEN

8l
I

- EK1(1)=-EK1(NI-Il)
. OPI()=-OPI(NL-Il) -
l\ = N+l

NN"-INT(NN/2)+I )
NN =N

xxu)_oo g
XX(NN2)=0.0 -
- YOK(§N3)=0.0



0 20 I=1,NM+1
Mn) = u\m ()]

20 e ; -

&t’{,‘,-, .

s S : - xo(n=o i ¥ 3 ¢
K y END

R ( M(I) GE 0) THEN { i &
MO(l) = ¥ b
LSE

N - Mof)=0 ~ % - -
- ENDIF, . .
30 CONTINUE s - _ o e
DO 401 =INN+1 « ~ : L =
IF(JO((I).GE:0.0)THEN ) Y g = L :
1(1)

EL . L . . . pey
xox(l)=1. g ' ; R
ENDWIF ® .

-rp(uoa)m 1) THEN
v, MOI(I)

w0 MOI(I)=) B ST
END IF ]
40 CONTI'NUE ’ . %
y T ;
m(,(xo(l] .‘EQJ]AND.(MO(X).EQ.I)]THFN o o

PR qu)-o o = 5 #
. lr((xc:un EQ.1) AND. (MOI(I) EQ I/ THEN | ‘
. )=

1 v }
¢ ELSE .14 o
JH o MJ(l(I)=0 g -

-8 CONTINUE : - : ko o
N=0 . Nt o
&a T N=MX(1) 5 . =
* \DOGI=LNN+ :
IF((N1 NE.MX(I)) (AND. (MX(1) BQ 1) N=N+1 =
. N1=MX(1) ) #
.60 . CONTINUE g
N2=0 ) .
. NI=MXI(1) i .
o DO 70 I |,NN+1
lrmax N(B). MXI(|)] AND. (MXI(1) Q. 1)) Ne=Nt+1

70 CONTINUE R

L NPmN#N2 ;
.G~ PRINT*,'NO.OF COMMUTATIONS = ', NP




\mn'ul ,*) F.NP
PRNT- FREQ- FoNe RN
. CONTINUE *




++  CALCULATION‘OF NO. OF COMMUTATIONS IN AN
.o EXPONENTIAL-DELTA MDDULATED
o © INVERTER -

;‘nu.cnnu-o.nuuuuuannn‘n
-

«+© RAJV KUMAR SRIVASTAVA
#  DATE: JUNE 23, 1987

.

P

»

. <, =
- PROGRAM EXPONENTIAL DELTA MODULATOR
O ; INTEGER N, NN, M(1000),X0(1000),MO(1000),X01(1000), MO1(1000)
- o ¢ INTEGER MX(1000),MX1(1000), XK2(1000), XX(1000)
«. © INTEGER FMIN,FMAX,FINC,X1(1000) .
i (1000), Y(wno) XK1(1000),0P1(1000), EK?(woa),T(mnn) ¥

‘acaoQaocaacananan

4 }. 'READMDELTA ,W,DEG,RAD F,FS, TS, RESISTANCE, CAPACITANCE 3
e g . ‘REAL A0,A1,] BI OP POP,YK,PYK,EK,XK,NUMR
OPEN(14,FILE='CEXP.D AT',STATUS='NEW') . ; 7 .
- v PRINT+ENTER AMPLITUDE OF INPUT SIN SIGNAL' £ .
" READ, AMP .
i . PRINT+, ’DNTER LOWER anquchv LIMIT'
: L : READ », FMIN t
© it % PRINTS, 'ENTER UPPER FREQUENGY LIMIT" R
' s READ ¥, FMA
e p PRINT+, mn FREQUEN CRIMENT ™
v ¥ READ's, FINC - N - L
. - PRINT,'ENTER DELTA’
- READ#,DELTA , hi A
: Pl=3.141502654 g ’
= . " DEG=180.0/PI ' Co. . .

RAD=10/DKG '
s PRINT, 'ENTER SAMPLING FREQ INHZ' ;
S . .c READwES oo

i L7 PRINTS, FSerzEs
i g PRINT®,"- TS=", TS
: PRINT ENTR THE VALUD oF RESISTANCE IN OliMs’
_ 'READ<RESISTANCE {
S “ ! PRINT®,/ENTER THE VALUE OF CAPAC!TANCE IN chao-mnm-
) READ +,CAPACITANGE
w 2w . NUMR= maqz-nnsxyrmoe-mmcxnwcs)
. . AlJ-'lS/('I‘S+ NUMR)
LU Alma
i e m-(xs NUMR) (5% NUMR)
PRINTS,'A0=",AG0, -/u=-1u, Bl=Bl -
' OP=0.0
“+ . POP=0.0




“YK=00

“WRITE(14,) CO »

NN2 = INT(NN/2)+ 1 . ] L - .

PYK=0.0
N=0
COUNT=1+ (FMAX-FM[N) [FINC -

DO 555 .u=mm FMAX FiNC: . '
F=FLOAT(JJ) N 1 :
NN=INT(FS/F) , s B s il
W=2.0PIsF . = L

DO 10 I=1,INT(NN/2)+ 1,1 - "
XK=AMPeSIN(N+W+TS) ~
XK1(1)=XK A . :
XK2(1)=INT(2047+XK1(1)) . .

IF (XKI(1) GE.00) THEN - . : :
xx(n =1 S §

xx(l) -1 '

IF (EI e, 00111ICN <% .
YK=DELTA- ) .

ELSE - . .
YK= -DELTA -

X(I)=NeTSsWADEG o

TN=NTS .~ = b

Y =YK .

OP=A0SYK+ A1+PYK-BI+POP

N=aN+1 . g .. - 0 ®
GONTINUE -

NI=NN+1 -
no12 I==IN'11NN/2)+ 2NN+, 11
Ti=]

Y(l)=—Y(m -11). e .
X(1)=NeW+TS*DEG : * &
XKI1(1)=-XK1(NI-11)

XKZ(l)-lNT(ZMT‘XKl(I)) L .
IF(X(K)l(l) ‘GE. 00) 'mEN] ., . -

XX(I) = -1

END N
EK1(1)=-EK1(NI-1I) _ v
OP1(1)=-OP1(N1-II) oS ® . % .

CONTINUE o g




20

80

40

NN3 = NN+1 ~ %o =
XX(1) = 0.0 . %
XX(NN2)=0.0 ) s
XX(NN3)=00 .

DO 20 I=1,NN+ 1
Mll) = nmv(!))

'\
DO301 = 1NN+ .
Iy xxu) GT.0 ) THEN a X
olt) =1
xo(l) =0
IF( M(l) GE. ‘o) THEN -
L Mo(l) =
ELSE
MO(1) =0
END IF "
CONTINUE
DOWTE 1NN+ 1 %
lF(XX((I)) cnoo)'rmzn
ELSE 4
Xout) =1 =0 %
END' : ] N
IF ( MO(I) EQ.1) -rm:N : " .
MOI(1) =0 g m b
“ELSE .
Moy =1
END IF i .
CONTINVE . .~ . . .
QOO = 1,NN+ :
IF ( (xO(1) = 1) .AND. (MO(I) Eq 1)) THEN
oy = ¢
qu) =0
END IF
IF ( (XO1(1) %q‘\n AND: (MOX(1) .EQ. 1)) THEN
- MXI(]) = iy e

5 N
MX1(1) =0 ;
D IF

: 60" . CONTINVE

m-ux(x)
DO 60 [=1,NN+.
IF((N1 NE.MX(I)) AND. (Mx(x) mm N-=NA~!

.

le-MX())




60

*o

CONTINUE .

N2=0 N . ’ a 4
NI=MX1(1) : :
DO M I=LNN+ 11 i .

TF((N) NE. MX1(1)) .AND. (MX1(1) EQ. 1)) N2=N2+ 1 . &
l:ﬂgMXi(l) ) . .

70 CONTINUE .
NP=N+N2 . . ol
PFRINT+,'NOOF COMMUTATIONS = *, NP , . '
WRITE(14,") F,NP e . ~ #
PRINT+,/'N=",N;'N2 =',N2,' FREQ: ' NP =, NP .
555 CONTINUE ’ S .
END ¥ i'e -
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++  EALCULATION OF NO, OF-COMMUTATIONS
- IN A SIGMA-DELTA MODULATED .
. INVERTER

PR

w ©ORAIVKUMAR SRIVASTAVA

w  DATE: JUNE2S, 1987 - <
“ :

arsrss RS S S A SRRSO SRS

N

PROGRAM $IGMA DELTA MODULATOR. "
INTEGER FMIN,FMAX, FING,X1(1000)
INTEGER N,NN,M(1000),X0(1000),MO(1000), xon( won)
INTEGER MX(1000),MX1(1000),XK2(1000),XX(1000):
REAL X(1000),Y(1000),XK1(1000),0P1{1000) EK1(1000),T( 1000) '
REAL DELTA ,W,DEG;RAD F,FS, TS RESIS ANCE.CAPACITANGE
REAL A0,A1,0P,POP, YK, PYK,EK XK
OPEN(11,FILE="CSIGMA DAT',STATUS='NEW’)* .
. PRINT#,'ENTER AMPLITUDE OF INPUT SIN SIGNAL’ -
" READ%, AMP
PRINT®, 'ENTER LOWER FREQUENCY LlMl’l" - .
READ*, FMIN 7
PRINT+. 'ENTER UPPER FREQUENCY LIMIT' *
READ¥, FMAX

% PRINT" 'ENTER FREQUENCY INCRIMENT"
_"READs, FING
" PRINT#,'ENTER DELTA’
READ*,DELTA - . :
Pl=3.141502654 ; g -
DEG=180.0/P :
RAD=1.0/DEG t L
PRINT®, 'ENTER SAMPLING I‘REQ. INHZ'
READ #FS - ' 3
TS=1. Ol(FS) 3 . Vi w8
_PRINT®,"
PRINTS,’ TS=!,TS ‘
. PRINT#,'ENTER THE VALUE oF RESISTANCE IN OHMS"
READ %, RESISTANCE
PRINTS, ENTER THE VALUE OF GAPACITANGE IN MICRO-FARAD:
READ*,CAPACITANCE W
:o—:sqm/(z-nssxs’mucs-mmcmncs)

i

PRINTS,' A0=",A0,Al=
OP=0,0 Fewd
POP=00 -\, .
YK=0.0 5\ B ;

000)




~PEK=00

N=0
| COUNT—M(FMA FMIN) [FING
WRITE(14;9) COY

DO 555 JJ=FMIN, FMAX,FINC . R o
F=FLOAT(JJ) ;
NN-INT(FSIF) .
g W=2.0+PI \
= a‘o 10 I=1, lN1‘(NN12)+ L1 ) . .

xx-(l;umm(n-w-'ns) \ . - B
F % XK1(1 -
D ) XK2(I)=INT(2047+XK1(1))
: IF (XK1(1) :GE. 0.0) THEN
XX() =1 " .

XX(1) =1
END IF

“EK=XK-YK . w7 . - 3 o . .t *:
EK1(I)=EK T s . .

OP=A0EK+ A 1%PEK+ POP - 3y ey
OP1(I)=OP , = K g iy

IF (OP .GE. 0.0), THEN

YK—DB-TA -

-

) YK- -D TA
END

¥
x(l)-ms-w-m-:c
. - T1)=NeTS - %

. Y()=YK -

. POP=OP .
PEK = EK'
Ne=N+1

20 CONJINUE

DO 12 I=INT(NN/2)+ 2,NN+1,1
=11 '
NI =NN+1" #
Y(I)= -Y(NLII),
X(1)=NsWeTSsDEG
=NeTS .
XK1(1) =-XK1(N1-11)

EKI()=-EKI(NL-I) .
OPI(1)=-OPI(N1-Il) . .
.+ XK2(1)=INT(2047+XK1(1))

IF (XK1(I) .GE: 0.0) THEN" -,
XX(1) =1



NN2 = lNT(NNﬁ)+ 1
© XX(NN2)=00 ”
XX(NN3)=0.0 g

\ del-l:NN+x /
' M(I) = INT(Y|
conmge &

S D030, I'= I;NN+1 e \ 5
IF ( XX(I) .GT. 0) THEN . .

() =1 . . 3

ELSE 3 i

xo(l)-o AN .
= Do IF(M(I) GE.0)meEN T ¥ & -
of=1 -

ELSE-

MO(l}=0" 9
END IF ! .

.7 30.. CONTINNE .. . o .

D040 I =1,NN+1 " & o
* IF ( XX(1) .GE. 00) THEN i
X0l =0

IF ( Mo(l) .EQ I)I'HEN
01()

ELSE

Mol(l) =1

. END-TF . o

: 40 CONTINUE e -3 § ) Y

< DOBOT = 1NN+ 2 '

IF( (Xgl) EQ. I) AND. (MO(l) ‘EQ.1)) THEN .~
SE

qu)-o e
END
IF( (xon(x) .EQ 1) AND (Mol(l) m 1 )) THEN
LSE“ .
MX1(I) =0 2 . . :
- ENDIF ; = . 5. BE =
50 - CONTINUE g G . :
Nexd .
Ni=MX(1) -

DO 60 Tm1,NN+ ]
TF((N1 .NBMX(])) AND. (MX(1) .sﬁ 1) NeN+1



Ni=MX(1)
CONTINUE

TNe=0 -
“N1=MX1(1) i
D070 I=1,NN+.
IF((N1- NE.MXI([)) AND. (MX1(I) EQ 1)) Ne=N2+1
N1=MX1(1) .
GONTIN’UE “ to

NP=NN2
" ¢"’ PRINT'NO.OF COMMUTATIONS
WRITE(14,4F,NP .
NT, ’N= N'Nz='N2,’ FREQ ! NP = 'NP
555  CONTINU
END




“w.
* - FOURIER SERIES ANALYSIS .
bod OF THE OUTPUT WAVEFORM .

"! LiNQAR-DELfA MODULATOR . .
“w o % Yok B

SRS s i iy ; §
. © RAJIV KUMAR SRIVASTAVA
« _DATEWLY 2, 1087 5 g - >

ey
‘This program analyses the outpiit waveforms of a LINEAR DELTA
MODULATHR using l-OURlER SI:RIES ANALYSIS. method.

‘on'oaooo’ooo,ocnpooo k

PROGRAM DELTA MODULATOR . = ’

INTEGER'N,N1,N2,N3;NN,YC, YD K NW, nvx(zoou) 71(1000) -

REA X(1000),Y(1000), XKI(1000),0P1{ 1000} EK1( 1000), T( 1000) *

- REAL ASUM,BSUM,AK, BK,A1SUM(5000), BISUM (5000),VO(500), YO(5000) * g

REAL DELTA ,W,DEG ,RAD F,FS, TS, RESISTANCE, CAPACITANCE, D D (300)

REAL A0,A1,0P,POP, YIK,PYK,EK, XK,D 1, KK, 2(1000),XK4( 1000), WEC( 2000) -

. REAL VH(1000) )

"' COMPLEX Q(1000),P(1000) XK2( 1000),XK3(1000) QI(IOOB) .-

_ OPEN(11,FILE='SPECTRADM.D AT, STA TUS="NEW!)

* OPEN(14,FILE="FFTD M. DAT',STATUS='N’DW’)

OPEN(16 FILE="FFTSIN.DAT',STATUS="NEW')

~-PRINT®, ENTER-AMPLITUDE OF INFUT SIN SIGNAL
)

AD+, AMP
- FRINT, 'ENTER THE FREQ, OF lNPUT SINESIGNAL INHZ' = Z

. READ*F -
- PRINT#ENTER DELTA’ S
: . READ #DELTA, . e . L4
Pl=3.141602654 - . .
- W=2.09PIOF = . : . i
.. .+ DEG=isoo/P1 = : ' .

S - RAD=10DEG. " . /\
PRINT+, "ENTER SAMPLING FREQ, IN Hz E
1 READ #,FS : . ; a g e o8
NN=-INT(FS/F) Po. v . X
TSme1,0(F5) d ;

v, PRINTs, 'P=,F, - FS=tps B
. PRINT®,'NN=",NN, * 'TS=",TS
- - L-PRINT#ENTER THE VALUE OF RESISTANCE IN OHMS!
READ * RESISTANGE:

. PRINTS,ENTER THE VALUE OF CAPACITANCE IN MICRO-FARA

. READ®,CAPACITANCE - -
A‘u-’[sdmKQ‘RHISTANCD‘CAPACITANCE) = Y e on
. ¥ L KlmAQ ~
;- TRINTS MO AD/AL=" AL o
Lo WRITE{1L3)F,F

8 FORMAT(X, 'leT FREQUBNCY— F6. 22X,‘SAMPLING FREQUENCY= F8.2)




WRITE(114)NN, TS
4 FORMAT(XX,'NO, OF PoINisk: J14,2X/SAMPLING INTERVAL=! Fs. s)

2 WRITE(11,5)RESISTANCE, c,\ﬂ/\crmwca
s FORMAT(2X, ’m«:srlgm% 820K CAPACITANCE ="F108)
: WRIFE(11,)". COEF-AQ = .

0P=0.0

7 I‘ORMAT(AS 2X,. Al(] 2X, szx WA 10, 2X AlO 'I.X A10,! 1X AIU)

DOIO [=LINT(NN/2)+ 1,1,
N=I-1

¥ AMP'SIN(N'W‘TS) g w0 .
N XK1(I)=XK \ .

F (EK GE. no) THEN Loy ¢ i

- YK==DELTA EE | v w " §oox
BLSE | +
YK—= DELTA :

END IF ”
X(I)=NeTSWDEG K . .
() =NeTS ! 2

Y(1)=YK |

OP=AOYK+ A1PYK+ POP .

PYK = YK I
N=N-+1

WRITE(11,8)1,X (1) XK1(1),BK1(1) OPl(l} ()0 . = .
FORMAT(I5,4(2X, rw 4)2FI0.2,2X P10 o) Voo

CONTINUE :

DO 12 I=INT(NN/2)+ 2,NN+1,1 PR l
=11 g ) 3
NI = NN+1 . et
Y(1)= -Y(N1-IT) 0 - :

KI(NL-1T)

EKI1(1) =-EK1(N1-II £

.onu)--om(m.u)) . -~
WRITE(11,9)L,X (1), ¥K1(1),EK1(1) om(n Y(1),7(1)

FORMAI(15,4(2X F10.4),2X F10.2,2X Fm 8) .

N=N+1 # . . - - e

CONTINUE s 3 . 2 '

R R
+ - HARMONIC ANALYSIS

L



)=00 -
IF (Y(1) “GE.0.). THEN
Yo=1.

EL§E s
»$c‘= -L g ~.
/  ENDIF :
D0 100 I=1,NN+ ' .
3 lF(Y(l) GE. 0. Ten

m.sz : : 3 ’
© YD1, .
END.IF Ct B . .
AF (YD ch) THEN . o
N= W

e DD(N)=(H)~TS-W PN .
J ; u*( DDrN) \GE. 3.14159) Dp(N) =Pl ) L T &
wm-m(u vn]lY(l) NDD(N) :©  _ _* i F o .

/0 T‘ORMAT(ZX 16,F6.2,2X, rs,m o)
100" CONTI 2y T
c

D1=DD(1) ° v -
DO 20 [=2,N z : E
IF((DD(]}'Dl) LE‘DDDDI)’I‘HEN - .

- D1=DD(l) .
200 CONTINUE
210 'N=K\

c

‘DO I=1,N. . * . -
¢ PRINTs, LDD(I) . = N X v
; wmm(um)mnm : @8N B
. © 200  FORMAT(2X,I5,F10.6). y ™ ! S
soo GONTINUE xR wt % R L

A O e e R .

0. " ' COMPUTEF.S, COEFFICIENTS '

e ST

" AMPP= 2+DELTA /Pl Sk . .
‘FIRST COEF.(DC COMPONENTH.O .
 NW'= 100 :
VH(1) = 0.0 p s S i
Z1(1) =0 . SR X iy o

c
c
c

L DOANK=INWI 5 .o : :
U KKmK# 10— s Fwf gt
ASUM=00 . o . . . fe,




. - « . - 200 -

N,1 ,
1 ~(I+l)-(SINU(-DD(l]]-SlN(KtDD(I-l))]
=(-1)##(1+1)»(COS(K*DD(I-1))-COS(IK*DD(1)))
NSUM=ASUM+ AK
BSUM=BSUM+BK *
k: semn 500 Py INTINUE
(K)=ASUM "
Wﬁm—ss
0(’Kf-—AMPP~SQRT(A1$UM(K)“2+BlSUM(K)"Z)/K
) - VH{KK)=VO(K) - 3
) Z1(KK) =K =y
o . » 400 CONTINUE )

-

. ) ANfPl:=VH('2)
—

Ce . SUBROUTINE CALL TO PLOI‘-FARMONXG CONTEI
C G

CALL HFLOT(ZI VH, NW,DELTA AMPl F,FS,AQ0, Bl)

Ces PERFORM FFT ON DM OUTPUT — '
% C

A |
NI=BN+ 1 -
WRITE(14,%) NI
WRITE(15,%) m .
DO 600 I=1I;NI,
. Q(1)=CMPLX (Y(l))
XKa()=CMPLX(XKL(1) "
e "0 CONTINUE g
- CALL FFTCF(N1,Q,Q1)
ALL FFTCF(N1,XK2,XK3)
X(1)=-F ]
N3=INT(N1/2)}+1 - o
: X(N3)=0.0
; - XINC=(2+F)/NN
W a A

DO 610 [=2,INT(N1/2),1

. X(1)= x(u+(l-l)cxlNc

610 ' CONTINUE .
c

RN D

DO 620 [=INT(N1/2)+ 2,N1,1 * d
I1=I1- g

X(1)=X(N3)+ [1#XINC
c PRINT+,1,X(1) . X
£ ©. 620 CONTINUE - -
- - Q(N3)=Q1(1) £ d
T oy ] xm(Na)=xm(1) ¥
T(Nl 2),1 : : #




040 CONTINUE z
DO 650 |—xNT(N1/2)+le 1 i
XK2(I)=XK3(I) ;
Qo l)=Ql(é) P .

DO 660 I=1,NI, ) ;
XK2( 1)-xm(1)-comc(xxz( 1) T o~ :
Q l)=Q(l)'C°N-'G( Ay : .
660 CON A * "
DO 1oo lwl N1,1 - ;
2(1)=CABS(Q(l)) . 2
XKA(I)=CABS(XK2(I)) x
WRITE(14,%)X(1), 2(1)
wm'm(ls -)x(n xmm 4 Ce
/700 CONTINU] 5 T . &
END . i, v 4 oy

SUBROUTINE HPLOT(Z1,VH,N,DELTA, AMPLF,FS,A0,B1) | ‘. \

ooong :
REAL VH(1),VH1(1000) {‘ ’
INTEGER N, 21(1) '
XING=6,/N
CALL PLOTS(53,0,-1)
‘CALL’ ZPICK(3,0,STAT) : i
CALL ORIGIN(25,7.,0) . ‘ . o it ¢
: GALL: FACTOR(0.7) iy : i
DELVAL=21(2)#N/s. . i
VINC=1.25/5 . .
TING.= 1.0 .
ASP =10 -- - % -~
SIN =01 :
SIL ="0.12 % : : . — .
CALL HALABZ(D 0.,0., DELVAL TINC,1,6. SZN;ASP,l,»l, &
L+ §2L," ORDER OF HARMONIC ( 1 :
4 CALL VALAB2(0,0.,0.0,VING, TING,,5.,1, SN, ASP, L YP,
n AMPLITUDE(‘FU ) .

*+  PLOTFOURIER COMPONENTS'
'ta“uut"unhututnntttttlnb"!
DO 800 [=1,N+
vm(x)— vn(x)/(vmcwﬂ(z)) o . = i
800 CONTIN - 5
DO 1000 1-1 N+1
~XDw=a(I-1)sXINC
CALL PLOT()L,VHX(I) 3)
. CALL PLOT(XD 0.,2) toy
1000 -continue s
CALL PLO’I‘(O..o.,a] o 5
c . -
*" . GALL SYMB2(-04-18, 1s,vc"um =",0.0,1)
IF (AO.LT.LO) CALL TYPNUM(999,909.:,15,00,0.0,-1)
CALL TYPNUM(009;,999.,.15,A0,0.0,3)
2 ;

iavsssnssrssmivssastetanes | \ '

pooc_

. i

a




: . CALL SYMB(4.05,-18,.15,'Delta = *,00,1)
i By IF (DELTA LT.1.0) CALL TYPNUM(999.,999.,.15,0:0,0.0,-1) 4
s CALL TYPNUM(990,999.,.15DELTA,0.,1) . v ¥

GALL SYMB2(3.23,-15,.15,'Samp. Freq. = ',0.0,1) '~ » @ 'y
i CALL TYPNUM(999.,099.,.15,F5,0.0,1) .

CALL SYMBY(999.,9%9.,.15," HZ',0.0,0)

CALL SYMB2(-0.88,-1.5, 15.'lnpucF)mq._»(,mo,1) - i \ .

GLL TYPNUM(999,099.,.15F,00,1) .

CALL SYMB2(999.,099,,.15,

AL FLOT(0.. ,900)
return s 1
end . N 3 .
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.%  -FOURIER SERIES ANALYSIS * B

" OF THE OUTPUT WAVEFORM .
oo OF AN * .

# '+ EXPONENTIAL-DELTA MODULATOR

e :

v . ) . 3

1300064
B (

-+ © RAJIV KUMAR SRIVASTAVA f\ .

»  DATE JULY 28, 1987
[IETTR ORI
C This program analyses the output waveforms of an EXPONENTIAL  *
g DELTA MODULATOR using FOURIER SERIES ANALYSIS method.
" PROGRAM EXPONENTIAL DELTA MODULATOR
INTEGER N,N1,N2,N3,NN,YC,YD K,NW,IWK(2d00),21(1000)
REAL X(1000),Y( moo),xKl(woo) (OP1(1000),EK1(1000), T(1000)
REAL ASUM,BSUM,AK,BI, A1SUM(5000),B1SUM(5000),VO(500),YO(5000)
REAL DELTA ,W,BEG,RAD, .S, TS, RESISTANCE, CAPACITANCE,DD (300)
" REAL A0,A1,0P,POP, YK,PYK EK XK, D1,KK,2(1000),XK4{ 1000), Wi((2000)
o REAL VH(1000),B1,NUMR S
- COMPLEX Q(1000),P(1000);XK2(1000),XK3(1060), Q1(1600) §
OPEN(11,FILE='SPECTRAEXP.DAT", STATL?F'NEW )
OPEN(14,FILE="FFTEXP.DAT',STATUS: W'
OPEN(15,FILE='FFTSIN.D AT',STATUS="
PRINT+,'ENTER AMPLITUDE OF INPUT (N SIGNAL’
READ*, AMP
PRINT, 'ENTER THE FREQ. OF INP
READS, F
" PRINTs,'ENTER DELTA'
READ%DELTA o
Pl=3.141592654
We=2,0PI+F ¥
' DEG-lBo.u/Pl
RAD=1.0/DEG
PRINT+, 'ENTER SAMFLING.FREQ. IN HZ'
READ+,FS ’ . ; k,
NN=INT(FS/F) . £ u . - )
TS=1.0/(FS) - g - 7 3 N
PRINT, 'F="F," FS="FS 5w
. PRINT$NN=',NN, ' BS=",TS
PRINTS,'ENTER THE VALUE OF RESISTANCE IN OHMS'
* READ*RESISTANCE s
.« PRINT+,'ENTER THE VALUE OF CAPAGITANGE IN MICRO-FARAD" | S
READ#,CAPACITANCE 5w ‘
- NUMR= ms'(rREﬂs’rANchc,\mclTANcrs) &
AD=TS/(TS+ NUMR)
. Al=A0 C 5 .
Blm=(TS- NUMR)/(’I'S+ NUMR) ! EE o
PRINTS,'A0=",A0,'A1=",A1," B1=",Bl i . :

SINE SIGNAL IN HZ' — 1




caag®

wnm;(na FFS

)
FOBMAT(2X,'INPUT FREQUENCY =',F6.2,2X,'SAMPLING FREQUENCY =',| FB 2)
, TS

WRITE(11,4)NN,

FORMAT(2X,'NO. OF POINTS=",14,2X, ‘SAM}LING INTERVAL="F8.5)

WRITE(11,5)RESISTANCE, CAPACITANCE

FORMAT(2X,'RESISTANCE ='B&.2,2X," CAPAC]TANCE ='F1038)

WRITE(11,%)" COEF-A0 & A1 = ',A0,'COEF-B1 =

0P=0.0 .o -
.0

PRINT», T, XX ') XK '/ om(x °Y(D
WRITE(11,7)'T' X(1)", XK1(1)", BEK1(1)','OP1(1)", '¥(1) -1-(1)'
‘FORMAT(AS5,2X;A10,2X,A 10,2X,A10,2X,A 10, 2X,A 10,
DO 101=1,INT(NN/2)+1,1.
K—AMPeSIN(N+WWTS)
XK1(I)=XK - ’
EK=XK-OP :
EK1(I)=EK
‘OP1(I)=OP
POP=0P:
IF (EK GE no) THEN
YK=DEI .

ELSE
YK=-DELTA
END IF
X(I)=N+TS\WsDEG 5
T(I)=N+TS* .
Y(I)=YK -
OP=A0+YK¢ A1+PYK-B1+sPOP
PYK = YK ) B
N=N+1
WRITE(11,8)1,X(1),XK1(1),EK1(1),0P1(1), Y(1), -r(u
FORMAT(I& APX,F10.4),2X,F10.2,2X,F10.)
CONTIN
N1=NN+
DO 12 1=IN1‘(NN/2)+2 NN+ 1,1 \
1=

-Y(Ni 11) ;

X(1)=N+W+TSsDEG

XK= XKI(NEN) -

EK1(1)=-EK1(N1-11) ¢

OP1(1)=-OPI(N1-1f)

WRITE(11,0)LX(1) XK1(1).EKI(1), OPL(1). Y(1),T(1))  ~

FORMAT(15;4(2X,F10.4),2X F10.2,2X,F10.6)

CONTINUE
eSS
. HARMONIC ANALYSIS

R T S

Ne1

DD(N)=0.8

IF (Y(1) ,GE. n)’l'HEN




90

YC=1. \ .

ELSE N
YC = -1 %
END IF -
DO 180 I=1,NI
. IF (Y1) GE.
© YD=L'
ELSE I
YD=-l,
ENDIF ' . > # 4 -
lF(YDNEYC)THEN 4 = -

N=N+1°* =
DD(N)=(1.1)-1s-W
END IF
IF ( DD(N) .GE. 3.14159) DR (N) =PI

. YC
wnm;(u en)x Y(1),N.DD(N)
FORMAT(2X,15,F6.2,2X,15,F106) & - -

100 CONTINUE . -

c

D1=DD(1)
DO 200 I=2,N -
IF( (DDU) m) L!-:,oooﬂl) HER

oom 20" :
END IF . v 3 "
- D1=DD(I)

- : :
200 _CONTINUE - "
210 " N=K ' . - : .

DO 300 I=1,N e

PRINT¢, 1,DD(1)
e~WRITE(11,200) 1,DD(1)

200 | FORMAT(2X,I5,F106) -
300 CONTINUE

c

c
c
C

s OSSOSO SRS
. FOURIER SERIES ANALYSIS
s
AMPP= 2¢DELTA /Pl
FIRST COEF.(DC COMPONENT) is0

DO'500 I=2,2+N,1
AK#(-1) #+(1+ 1)(SIN(K*DD (1) 3SIN(K*D'D (L:1)) )
BK-(-l)"(H-l)'(CQS(K‘DD(l—l)) -COS(K+DD(1)))
ASUM=ASUM+ L

BSUM=BSUM+ BK -

500 CONTINUE

AISUM(K)=ASUM s, i
BISUM(K)<BSUM- 3 P {




- o ams-

VO(K)—AMPP'SQRT(AISUM(K)'-HB|SUM(K)"2)IK sy B
VH(KK)=VO(K) # %

AMP1=VH(2)

- Cs  SUBROUTINE CALL TO PLOT HARMONIC CONTENT

. . CALL HPLOT(Z1,VH,NW,DELTA,AMP1,F,F$,A0,B1)
o :

Coe PERFORM FFT ON DM OUTPUT
C

NI=NN+1
WRITE(14,%) N1
- WRITE(15,9) N1 **
o DO 600 1=1,N1,1 ‘ " h
. Q(I)=CMPLX(Y(1)) s Nl
" XK2(I)=CMPLX(XKY(1)) ' .
o 600 CONTINUE
= CALL FFTCF(N1,Q,Q1)
s Cl:L;. FRTCR(NT,XK2,XK3)
v X(1)=-] . *
© Na=INT(N1/2)+1 : . pe TN
X(N3)=0.0 o ¥ . )
“XINC=(2#F) /NN | s 5 iy R

G PRINT+XINC
DO 610 I=2 lNT(NI/Z) 1
X()=X(1)#(L1)$XINC * ¢
C  PRINT+LX(I) = s
610 CONTINUE . . >

=0
DO 620 I=INT(N1/2)+ 2,N1,1 2 ®
N=I1+1 M w

» X()=X(N3)F11¢XINC
C- " PRINT,LX(I) \ .
620 CONTINUE . X o
: Q(N3)=Q1(1) . .
XK2(N3)=XK3(1) *+ -
DO 640 I=1,INT(N1/2),1 N
XK2(1)=XK3(1+1)
7o Q)=Qu(I+1)
640 CONTINUE
DO 650 l—lNT(Nl/2)+Z N1,1 ) : rt
XK2(1)=XK3(1)
8 + Q)=Qi(1)
o 650 CONTINUE .
DO 660 I=1,N1,1 < \ -
xm(l)=sz(1)-comc(x1(zun . b
" q l)=q(1)‘comc(qu)
660 CONTINU
DO 700 l=lN
c PRlNT'%( .(l 'i(K2(I)= XK2(1), 'Q(I)= .Qu)
¢}

2(1)=CAl
R




- XKA4(1)=CABS(XK2(I)) ¥
_WRITE(14,9)X(I), 2(1) .
- WRITE(16,%)X(1),XK4(1) 3
i . PRINTY, '1='1'x(x)='x(1), 2(1)="2(1) = ~
N 700 - CONTINUE
" END

SUBROUTINE HPLOT(Z1,VH,N,DELTA, AMP1,F,FS,A0,B1) )
¢ . 4
, + . REAL VH(1),VH1{(1000) .
INTEGER N,21(1) .
A8 ~  XINC=6,/N
CALL PLOTS(53,0,-1):
. CALL ZPICK(3,0,ISTAT)
CALL ORIGIN(2.5,7.,0) R . 3
CALL FACTOR(0.7) - : - L
* DELVAL=21(2)*N/o, . A
VINC=1.25]5 .
X VTING =10 - X .
&y ASP = 1.0 »
ISIN=01
TszL 2042
CALL HALAB2(0,0,0,DELVAL,TING, L. 1,SZNASP, 1,
Sz, ORDER OF HARMONIC ( N
CALL VALAB2(0.,0.,0.0,VING,TING, 1,5:,1,5ZN,ASP, 1,1 vp,,
+ \ s, . AMPLITUDE ( P.U.)")

ttio:‘oit‘t‘nt.nnttv-ic- xideenssn
+ "PLOT FOURIER COMPONENTS 4
P RPN
DO'800 I=1,N+ . .
VHI(I)= vuu)/(vmc-vu(z)) . e
B ' 800 CONTINUE '
. DO 1000 I=1,N+ 1
XD =(I-1)$XINC
. CALL PLOT(XD, vg:(l),a) . . ?&

ccao

. CALL PLOT(XD,0.
] 1000 continue %
CALL PLOT(0,0.8)

_ AL SYMB2(-0:4,-18,.15, Coef_AD =
. IF (AOLT:1.0) CALL TYPNUM(999,,999
o CALL TYPNUM(999.,909.,.15,A0,0.0,3)

CALL SYMB2(1.8,-1.8;.15," Coef_B1 =",0.0,1)
: 'CALL TYPNUM(999.,999.,.15,B1,0.0,3) : .

" CALL SYMB2(4,05,-18,.15, Delta £ ,0.0,1) oo
‘'Y IF (DELTALT.1.0) CALL 'rvPNUM(oW 999.,.15,0.0,0.0,- 1)
¥ . GALL TYPNUM(090,999..15,DELTA,00, 1)

CALL SYMBZ(S 23,-1. 5 15,’ 'Simp Freq. =", 00 l)
" Chl.l. TYPNUM(999.,999.,:15,FS,0.0, l)




CALL SYMB2(899.,999,,15," HZ'00,0) |

. CALL 'SYMB2(- nsa 1.5,.15,"Input Freq. = ',0.0,1)
CALL TYPNUM(999.,999,,.15,F,00,1) . :
 CALL SYMB2(999., wn 18," HZ',00,0) 1

CALL PLOT(0.,0.,999) .
return -

: :nd’ g \/ . %




cac@ntecanaaad

- FO!}RIER SERIES' ANALYSIS
. OF THE OUTPUTOWAVEFORM

OF A
- SlGMA -DELTA MODULATOR

spsessseiererers s . .
ATV KUMAR SRIVASTAVA \
. DATE JULY 28, 1087 i w

CY g Hssnsnrensinmirsiesnssrssrsrenssss
- C This program analyses the output waveforms of 3 SIGMA DELTA

E C MOD’ULATOR using FOUR[E‘R SERIES ANALYS]S method.

PROGRAM $IGMA DELTA MODULATOR .
INTEGER N,N1,N2,N3,NN,YC,YD K, NW,IWK(2000),21(1000), XX(1000) G
REAL/X(IGDO) ¥(1000), XK1(1000),0P1(1000) EK1(1000), T(1000) -

REAL ASUM,BSUM, AK,BK, A1SUM(5000),BISUM(5000),VO(500), YO(5000)

" REAL D! A W, DBG RAD ,F,FS, TS,RESISTANCE, CAPACITANCE,DD(300)

" COMPLEX-Q(1000),P(1000), xm(muo] xm(won) Ql(luﬂo} o ‘

REAL.A0,A1,0P,POP, YK, PYK,EK,XK,D1,KK,Z(1000) XK4(1000), WK(2000)
REAL VH(1000) : .

OPEN(11,FILE="SPECTSIGMA.DAT',STATU! W

" OPEN(14,FILE='FFTSIGMA.DAT' STATUS='NEW‘) b . 4

- NN=INT(FS/F) - .

“OPEN(15,FILE='FFTSIN.DAT',STATUS='NEW’)

PRINT+,'ENTER AMPLIWDE O}t‘»lNFU SIN SIGNAL'
READ*, AMP

PRINT+, 'ENTER THE FRDQ or INPUT SINE SIGNAL IN HZ'
READ*, F

PRINT*,'ENTER DELTA' & .
READ,DELTA * t . . o
PI=3.141592654 S
W==2,0¢PIF, B L .
DEG=1w u/Pl i [ 23 .

RAD=1.0/DEG _— 3 -
PRINTS, 'DNTER SAMPLING FREQ. IN HZ' % e
READ#,FS g ] . o T

TS=10/(FS) - ) ; ¥ ad g
PRINTY, 'F= |}F, ' F§w=!,FS : !
PRINT+,'NN=',NN, * TS~ =
PRINT*,'ENTER THE VALUE OF RESISTANCE INOHMS' - - v
_READS,RESISTANCE

PRINT+,'ENTER THE VALUE OF CAPACITANCE IN MICRO-FARAD'
READ*,CAPACITANCE .
Ao-13-u«:e/(zmmsuNcE-eAmcmNca) 5

Al=A0 it

PRINTS,' " A0=,A0,'Al=" Al o

WRITE{11,3)F,FS

FORMAT(!X INPUT FRDQUENCY:- ,F6.2,! 2X 'SAMPLING FREQUENCY FB 2)




WRITE(11,7)'T,/X(1)", XK1(1)","

WRITE(11,4)NN, TS
FORMAT(2X,'NO. OF POINTS="14,2K,'SAMPLING INTERVAL="F8. r.\
WRITE{11,5)RESISTANCE, CAPACITANCE

FORMAT(2X,'RESISTANCE =!,F8.2,2X,'CAPACITANCE =',F16.8) - '
WRITE(11,¢)" COEF-A0 = ",A0, COEF-Al="AN .

OP=00 ° -

PRINTS,T, XX ' XK ' OPI(l) ', Y(I) '
K1(1)', OP1(I)’, Y (1), 1{1)"
FORMAT(AS5,2X,A10,2X,A10, QX,AIO 2X,A10,2X,A10,2X, Alﬂ) 3
DO 101=1 lNT(NN[z)-i- 1,1 . -
=I-1 e 4 . )
- XK= AMPHSIN(NSWVTS) 5 T
‘XK1(T)=XK :
K2(1)<INT(20475XK1(1)) .
w (XK](I) GE.00) THEN. * .~ - . H

ARt . .

END IF. ]

X(I)=N¢TS*WsDEG | . x
/()=N+TS
Y(1) =YK
POP=0P
PEK = EK" .
' N=N+

PRINTe, 1, X{(1), XK1(1),EK1(1),0Pi(1),Y(1) .
WRITE(1L,8)1,X(1), XK1(1),EK1(1),OPY 1), Y(1) (1) |
FORMAT(15,4(2%,F10.4),2X,F102,2X F10.6)

N

CONTII
DO 12 J=INT(NN/2)+ 2,NN+ 1,1
=1 -

UNL=NN+1 * L
Y(N)=-Y(N1-II) | 3 - *h
X()=NeW-TSDEG -

T(1)=N+TS N -
xm(nu-xm(m-u)

© EK1(1)=-EK1(NJ-II)
OPI(1)=-OP1(N1-Ii)

XK2(1)=11 47'XKl(l))
JF-(XK1(1) .GE. 0.0) THEN




B : ’ -211-

XX =1 _
ELSE
xx(x) =1 ‘\/" ) . «

e PRINTﬂ LN X(1):XKT(1),EK1(1), OPL(D), Y(1)
w 1,X(1), XK1(1);EK1(1),0P1(T), Y(1),T(1) 4

9 ORMAT(ls 4(2X,F10.4),2X,F10.2,2X,F10.6)
12 CONT‘INUE . 4
c SerssrsmsTsRRRS I SSI SR RRR TS SRS
c L HARMONIC ANALYSIS #
c SeRe SRS OSSR RSSO S SOSY .
T Nt ¥ P
- DD(N)=0.0_ * . :
IF (Y(1) .GE. 0.) THEN
3 YC=1.. " e
ELSE g
T YC=a1 ot . 5 . 1
" END IF 5 R g -~
DO 100 [=1,NN+ S cy ®
IF (Y(1).GE. O) THEN . - % Cy . o
.YD=1, .
ELSE B
YD=1, - o
G - ENDIF - d .
IF (YD.NE,YC) THEN \ U :
N=N+1 e )
le ( DD(N) .GE. 3.14159) DD(N) =PI ~
" wm'n:(u vn)l Y(I,NDD(N) - X s .
90  FORMAT(2X,16,F6.2:2X,15,F10.6) . =
100 "CONTINUE .
: .Dl—DD(l)
DO

200 =
m( (Dn(n D1) .LE.00001) THEN _
K=I-1 P

© 200 CONTINUE . . 5, B
210 N=K | " t A
DO 300 I=1,N
C . PRINTvIDD() '
"WRITE(11,200) LDD(1) -
90 - FORMAT(2X,15,F10.6)
300 /CONTINUE -

AMPPm-2sDELTA

c
[4
" c L T vy L P
AJPL
C FIRST COEF (DC ‘COMPONENT) is 0



-212- ; ‘

E NW = 100
VH(1) = 0.0

211) =0 E
. DO 400 K=1,NW,1 F . .
- KK=K+1 -

ASUM=0.0

BSUM=0.0
DO 5001=2,2+N, 1 g
AK=(-1) {1+ 1) (SIN(K+D D (1) )-SIN(K+D D (1-1))) " o

BK=(-1)*(I+1)*(COS(K*DD(I-1))-COS(K*DD(I)))
ASUM=ASUM+ AK B
5 BSUM=BSUM+ BK .
& . 500 CONTINUE ® »
A1SUM(K)=ASUM " ) P
W\ _BISUM(K)=BSUM
" "VO(K)=AMPPsSQRT(AISUM(K) #+2+ BISUM(K)#+2) /K
VH(KK)-:VD(K)
Z1(KK) =K. . i ; o
400 CONTINUE . d iy o
AMPI=VH(2) . . .

* Cw#  SUBROUTINE CALL TO PLOT HARMONIC CONTENT
c

CALL HPLOT(ZI VH,NW,DELTA,AMP1,F,FS,A0, Bl)

[ _PERFORM FFT ON DM OUTPUT
C

. N1=Nr(l+x) - 3 5
@ WRITE(14;+) N1 .
WRITE(15.9) N1- =7 | J
DO 600 I=1,N1,1 . G
Q(1)=CMPLX(Y(1)) .
Xl(z(l):CMPLx(xKl(I))' - )
600 'CONTINUE, -
A CALL FFTCF(N!,Q,Ql)
i . GALL FFTCF(N1,XK2,XK3) 3
& X(1)=-F- . A
N3=INT(N1/2)+1 ' = -
X(N3)=0.0 . . \ -
XINC=(2eF)/NN"" ~ . :
B DO 610 1=2,INT(N1/2),1 g : =
3 - X(1)=X(1)+ (I-1) $XINC . ' -
610 CONTINUE S~~~ \

. =0

DO 620 I=INT(N1/2)+2,N1,1
Il=I141 i P
X(1)=X(N3)+ I1sXINC . 1
CONTINUE _* 4

| 620 T : . P
2 s Q(N3)=Q)(1) v T i
XK2(N3)=XK3(1) . .
. . “DO 640 I=1,INT(N1/2),1 "
) . XK2(1)=XK3(I+1) ; : -
: Q)=Qi(1+1). B ©



c
&
Lo ¢ PLOT FOURIER COMPONENTS
ro

640 CONTINUE .
DO 650 x=lNT4N1/2)+ ANLL ==
XK2(1) =XK3(1)
Q(N)=Q1(1)
650 CONTINUE
DO 660 I==1,N1,

. xm(x)=xm(mcoma(xm(n)

Q(l)=Q(l)‘CONJG( Q)
NUE

DO 1001 1,N1,
PRINTY, 'l-'l‘xkz(l)n XK2(1),'Q(1)=",Q(1)
2(1)=CABS(Q(1))

XKA4(1)=CABS(XK2(1)) S
WRITE(14, 4)X(1), Z(1)
WRITE(16,#)X(1), XK4(1)
. 700 CONTINUE
END

660

o ’ y 3
SUBROUTINE HPLOT(Z1,VH,N,DELTA,AMP1,F,FS,A0,B1)

P . ;
REAL VH(1),VH1(1000)
INTEGER N,21(1) - " -
XINC=6./N .
CALL PLOTS(53;0,-1). " . (J

CALL ZPICK(3,0,ISTAT)
CALL; ORIGIN(2:5,7.,0) .

CALL FACTOR(0.7) .
DELVAL=21(2)sN/6.

VINC=125(5- = . N\ .

INC =10 . &% o

ASP =10

SZN = 0.1,

SZL = 0.12

CALL HALAB2(0,0,0,DELVAL, TING, 1,6.,1SIN,ASP, L1,
SZL,’ ORDER OF HARMONIC ( N

L VALAB2(0.,0.,,0.0,VINC, TING, 1,5.,1, SZN ASP,1,1,YP,

+ saL, AMPLITUDE ( P.U.)

AR

o e
DO 800 121,N+ . » *
VH1(l)= VH(I) /(VINC'VH(Z)) L
1(1)

¢ PRINTs V(1) Vi

800 - ¥
Do mno l-=l,N+1 5
XD—(l»l)tXlNC ‘

- CALL PLOT(XD,VH1(1),3) " . - .

CALL PLOT(XD,0,2)
1000 continue’
CALL PLOT(0.,0.3)

* GALL SYMB2(-0.4,1.8,.15,'Coef A0 = *,00,1)
- i




. -4

IF (AO.LT.1.0) CALL TYPNUM(999.,999.,.15,0.0,0.0,-1)
CALL TYPNUM(999.,999.,.15,A0,0.0,3)

CALL SYMB2(4.05,-1.8,.15,'Delta ,00,1)
IF (DELTA.LT.1.0) CALL TYPNUM(WD 099.,.15,0.0,0.0,-1)
CALL TYPNUM(999.,999.,.15,DELTA 0.0 )

CALL SYMB2(3.23,-1.5,.15,'Samp. Freq. = *,0.0,1) \
CALL TYPNUM(990.,99%,.15,F5,0.0,1)
CALL SYMB2(999.,999.,.15,' HZ',0.0,0)

CALL SYMB2(-0.88,- L8, 16, aput Freq. = ',00,1)
CALL TYPNUM(999.,999.
CALL SYMB2(999., WQ .16,' HZ,0.0,0)

CALL PLOTY(0:,0.,999) ) L4
return
end v .
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