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ABSTRACT 

The proposed phase locking scheme is based on the principle of adaptive sampling period 

aclJusl.mclit.. It variably changes its sampiing period to generate the output signal in 

synchronism with the incoming input signal in terms of phase and frequency. The 

phase error between input signal and the look up table generated signal is calculated 

by a mull. iplier. The phase locked 1001)  acts to minimize this phase error by generating 

sampling pulses which are having variable pulse width. 

'l'lie purpose of PLL is very basic and its application area varies from power system to 

(ouhirmunicat ion system. 'l'his report. covers grid synchronization and FM demodulation 

as two 111W 1 applications. The scheme can be used on any frequency range and it. 

is tested on 50 Hz and 10 kllz. The proposed scheme is also tested in various fault. 

sit uation. The important parameters like lock-in range, pull-in range, and hold-in range 

are calculated for proposed scheme. The simulation results shows that the proposed 

sclmeimie has wide lock-in range and it exhibits quick acquisition of input signal. The 

simulation and hardware implemnentatiomi of the proposed scheme are (lone on FPGA. 

The ohectives of this work include: 

Study of different types of phase locked loops. 

To propose a novel phase locked 1oop. 

Simulate the adaptive sampling period based PLL under different conditions. 

Implement the proposed scheme on FPGA. 

To apply the scheme in FM demodulation and grid synchronization. 
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Chapter 1 

Introduction 

l3elore a, dcea(le the main sources of energy were iion-renewable sources like kssil fuel. 

coal. petroletun. natural gas but. due to the limited resource availability, day-to-day grow-

ing cost and the environmental prOl)k'mns associated with their use it fOrC('d people to 

shift their focus to renewable sources. Presently to satisfy the growing demand of energy 

here is very much need of alternative and renewable sources of energy. The renewable 

sources of energy are becoming popular because of their clean energy generation, envi-

roimitmental friendly behavior, low cost j)rO(luCtiofl, less maintenance requirement, reliable 

nature and energy independent nature [1]. The renewable sources that. are very much 

popular are solar energy, photo-volt.aic, hyclro-power, and wind power. This shift, in 

trell(l front non-renewable sources towards renewable sources has changed the scenario 

of utility networks. The increase in Ca1)aCil.y  of the distributed power generation system 

(DPGS) has introduced problems like power outages, grid instability, and connected 

sst.emns inst al)ility. Therefore there is miced of highly accurate controlled strategies to 

deal wit li the problems of synchronization. 

'lime power converters .AC-l)C converters. cyclo-convert.ers, and voltage compensator 

these are all part of l)PGS. These all have to be connected to time grid and they have to 

be in synchroimismn wit It the utility grid. The information provided by the phase angle of 

voltage vector is also very important. 'l'his information can be used for the purpose of 
41 

derival.ion of output signal, to develop control mechanism, to generate feedback variables. 
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to measure current content, to find out harmonics, and to calculate power flow 12]. 

here are different strategies to find out, the phase information from voltage vector. 

The technique that is used now a. days and very popular is Phase Locked Loop (PLL). 

The presence of' harmonics degrades Lite system performnammce and creates prohleiiis like 

hue (lil)S and lil1C 1101 dies. The Sit.11iit.iOl) l)CCOlIi(s worst in variable frequency elmviroll-

IIR,llt. In variable fre(1ue11Cy Cilvi101iflielit. lreqiieitcy varying Colit,illUo)lsly with resj)eCt. 

In tulle. step change in frequency, sudden step variation in phase angle and the presence 

of decaying l)C conlpollelit are very miiuclm likely happening sit Ilations. The phase locked 

loop must he abk to syncliromoize in the presence of all these undesired condition and 

this s nchronization must he very fast [3]. 

The PLLs are widely used in frequency deinodulatioii. The PLL is a coherent way of 

conllmlullucatioil a lid one thing to he noted here that coherent demodulators are better 

lila)) non-coherent denmodulators in terms of noise performance 14J. The PLL extract.s 

the message signal frolil sinusoidal irequmeimcy nioclimlateci signal. The pliase-lociced loop 

PLL) is attractive as an FM deniodtilat.or because of its IlIlesilold ext.clisioll capabilities 

uninpiureci to the conventional FM discriminator [5]. 

This disseri at iomm report elllploys adaptive sampling period based I'LL for grid syllchro-

izat 1011 Cl.) 1(1 ['i\I dcii 1(5 Ii lint 1011 as two iflaill aspects. To extract. mundam I ienl.al  signal it 

I)('(olmles illll)erat.ive to ue pllas1ockil1g schelne. The I'LL is hot only limited to grid 

svllclllollizaiioml. it. is IlavilIg wide area of operat loll. It. is used in motor control, auto-

mmmiii IC (:011tr(}llels. irequencv/phase denmodumlat loll. irequeimcy/phase estimation. tracking 

iilt.ers, frequency dividers, frequency synt liesis, clock recovery, and carrier recovery (it-

imitS like Cost as 1001). 50111ari11g 1001) Clll(l many more [6]. 

'Fijis dissertation report is divioled into six different clmapt.eis. Chapter 2 gives a brief 

overview of,  dliil(remlt I'LL t ecliniolules used it, tin literature. Chapter 3 ailas towards 

t'xplaimlimlg the basics of P11, olescrihimig nmatlieniat ical equations, block diagrams, and 

illl})l)rtallt paraiiieters. Chapter 4 explaimus the proposed scheme with detailed descrip-

Oil of each block. Chapter 5 shows the simmmulat.ed as well as immlplelneilted results, the 

(liscllssion on each and every result is also presented. The fumt u re scope of the scheme 

amId applicat 10115 are (iiSCUSSe(i in chiapt er 6. Finally conclusions are drawn in chapter 

7. 

4- 



Chapter 2 

Literature Survey 

"Doni read success stories, you  will only get a message. 

Read failure stoiis, you will get some ideas to get success. 

-1)r A. P. J. Abdul Kaliun 

2.1 Background 

The introduction to the concept of phase locked 1001) (I'LL) was made in 1932 by de 

Uellescize. I3elore the introduction of I'LL. super-heterodytie receivcis were used up to 

1920 for synchronous reception of radio signals . Another way to simplify the appioacli for 

signal reception was to use synchronous homo-dyne receiver. During 1940 the use of PLL 

h)e(oilies very Popular with television receivers. The main purpose was to synchronize 

the sweep oscillators like horizontal and vertical oscillators with the sync pulses. The 

complexity associated with the use of PLL in discrete component poses hindrance in 

heir l)oh)ulavit.y. The introduction of PLL integrated circuits (ICs) in 1960 suddenly 

changed the situation. The low cost provided by monolithic PLL ICs has initiated new 

field of apl)lications 171. As the IC technology starts growing the new a(lvancemerlt in 

ternis of increase in speed, reliability, and performance have made digital PLL (DPLL) 

widely useful. The analog PLL (APLL) has the I)robleiils of component saturation, initial 

calibrat ion. periodic recalibration, and sensitivity to DC drifts. These l)roblems have 

been reinovc'd by digital PLL and it made real time signal processing more accurate 181. 

in the field of control in 1970s the use of PLL was limited to speed control of synchronous 

iitut.or.  . Since then the advent of IC technology and microprocessors have increase their 

3 
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application to digital controllers with advanced features [9]. The PLLs also have wide 

use in modern connnuiliCat.iOi1 system and iii consumers electronic products. Iii short. 

maul al)plications of PLL include data recovery, clock recovery, demodulation t.echiiiques, 

tracking  filters, frequency synthesis, phase estimation, and clock synchronization 101. 

2.2 Versions of PLL 

this sect ion discusses difieremit single-phase PLL I echniques. The different PLLs can be 

categorized on the basis of phase detector. The phase detector (,,an be a sitmiple nnmlt.iphier 

or it can be a combination of different mull iplier. integrator. gain, and adder.  .Anot.her 

category of phase detector is dcpei id irig mipoit the gei teraJ jolt of iii put signal. Oi te of I I ie 

most. used PLL topology is synchronous reference frame based I'LL (SR.F- I'LL). The 

work mentioned in liii describes three single phase digit at PLLs. The first, one is single 

l)flas(' power-based PLL (I)PLL). As the name suggests it is based on fictitious electrical 

power. The phase detector is a simple uwlt iplier circuit . The behavior of pPLL can be 

easily explaiiied by electric poweralialogy. The input voltage signal is multiplied with the 

fictitious (:lirrellt signal to produce lilcail power. The produced fictitious power mean is 

iiiade zero aiid I fiat iiiiplies the current signal will be in quadrature to voltage signal. The 

low pass filler extracts the mean power. The I)hase detector dynamics totally (lepeildS on 

filter design. Ilie output of phase detector getierates second harmonics and to discard the 

harmonics the low pass filter must have low cut, off frequency but this will degrade sst.ein 

response. 'l'his drawback can be removed by increasing filter order and at the sante 

I imne alt enuat.iiig I he second harmonics. Another I lung that it. produces subfmarmonic 

cmmi polielits of very low frequency near limmida wont al . To overconle. this requires slight 

at tlmimlat mu near furidamiient,al frequency. 1'his also requires careful designing of fIlter 

ililil uoimipeuisalou. 

'the sCcoII(l single-phase PLL is inverse park transformed based PLL (parkPLL). This is 

based on the coliccl)t of synchronous reference frame I'LL (SRF-PLL). Vc  is the i111)tlt 

voltage signal and another input, is V, latter is generated internally after doing inverse 

park t.i'anslrniat.ioii. i'hese two inputs are applied to the park I ransforination block. 

which converts n d to d.q. There are two first order filters used which have rd and r1  as 

I lieu' respective I imne constants. As a consequence there is a trade ofi between rejection of 

hiuimmnoilics and speed of response. The presence of any DC shift ill i ipot will iiit.ioduces 

oscillation in dq component.. 'l'lie parkPLL has a feature of inherent filtering. 
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An enliaiucecL I'LL (EPLL) discussed in E121 is based on the principle of adaptive filtering. 

The output of EPLL is able to lock in terms of phase as well as amplitude. Instead of 

(lirect ly niull i)lyiflg the output of'  voltage controlled oscillator (VCO) with the input. 

signal, all iuiterunediary signal is generated. This intermediary signal is derived from 

VC() output. 'l'hcn this intermediary signal is multiplied with the VCO output to 

generate phase error. The phase (letector circuitry consists of three multiplier, one 

sul)t.ractor. one integrator, and one 7r/2 phase shifter. It. has an advantage that direct 

estimation of phase and aniplitude of input signal is possible. Another advantage is that 

t he system is robust. with respect to noise and structure. A small variation in internal 

ram m ueteis can be eaSily t olerated wit fuout. affect ing the perfori rmance. 

'l'he quadra t tire F Ii. (Q I'LL) discussed in 1 131 is based on gradient-descent algorithm 

and employs the concept. of estimating the in-phase and quadrature- phase comupoutent. 

The QI'LL is an enhanced version of EPLL and Costas 1001). The QPL.L estimates 

t he frequency conuponent directly while amplitude and phase estimation needs calcula-

ion. The phase detector of QPLL directly estimates quadrature-phase signal and time 

derivative of phase angle of iui)ut  signal so it can be mainly used in application related 

to quaclrat tire signal generation like (tuladlratumie ainplit tide nuodulation (QAM). quadra-

tin' phase s1n1t keying (QPSN). This PLL oIlers wide pull-in and lock-in lange and fast 

convergemuce. The phase detector colisists of six nmult ipliers. three adders, four gains, and 

two iit.egrators which overall makes it. a complex circuitry and increase computational 

('omnplcxily. 

Another way to classify PLLs is on the basis of quadrature signal generation. The 

Transport delay based PLL (Ti)13-PLL). filbert, transforuiu based PLL (1-1T13-PLL) and 

second order gemmeralizecl integrator PLL (SOC l-PLL) falls in the sanue category. 'I'lu€' 

'l'D13-PLL uses a transport delay to generate it 90 degree 1)hmase-shift.e(l input signal. 

I here all the huarmoiuic content, of input signal is undergone with the same delay, it is 

iiuuphenueiited by the use of first-in-first-out buffer. 'Flue size of the buffer is made equal 

to one fourth the inunber of samples contained in one cycle of' f'ummdalluelmtal coinpoumeilt 

The 1 I'FB-FLL 151 uses II ilbert t raumsform to generate time qmma(lrature signal. Only the 

way of generation of quadraturc sigumal is different as ('olmmparedl t.o previous niethiod. the 

rest. of tIme st,riict tire is same. The Ililberi traimsform is 1101) causal in nature so it can not 

hr iuimplememuted practically. It can be realized with the help of unite impulse response 

(I"lH ) filler. In case of low ordem' Fill lilt er the I'LL output. is highly (histort ed. TIme higher 
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01(1(9 filter (UI) solve this problem for oIl-line application but in on-line applications it 

would not. be. a good solution. r.Ll1e  liar iiioiiic components can be estimated in transient. 

as well as in steady state. In teritis of colnl)utat.ioilal complexity the HTB-PLL has 

higher complexity and TI)B-PLL has one by fourth iniproveinent on the l-ITB-PLL. 

I 'I tere are soiiie limi t.atious with I)revious c1uadrat tire signal I genera I ion niet,liO(lS like he-

(JI IC ICy dependency, associated nonlinearit. poor lilt ering, and complexity. 'I'lte method 

(li.scussed in 1161 has a si iiple structure and generates already filtered signal without. ally 

dela. The approach is based on second order generalized integrator PLL (SOCI-PLL). 

This system can be tuited adaptively by acijustitig the resonance frequency. An all-pass 

tiller (APi") (liscusse(l in 117] utilizes the same approach as used in SOGI-PLL but, it 

does not, attenuate higher order teruis. Both of these methods are able to generate 

accilial C orthogonal signal but in case of variable frequency enviroitnielit. an  additional 

circuit is required to make sure that, the generated signal is 90 degree phase shift of the 

itiptil signal. 

'l'lle method described ill 18] ettiploys a synt liesis circuit (SC) to generate the orthogonal 

colnponetit.. This method ensures 90 degree phase shift in variable frequency environ-

imient . 'l'hme previous discussed methods generated an orthogonal signal by shifting input 

signal. here the generation is done by detecting amplitude and phase lroiii PLL out-

put.. The svnt liesis circunt consist.s of a multiplier. a low pass filler, and a sine block. 

l'liis I'LL fails util(ler the presence of harmonics. One way to imprOve SC-PLL perlor-

titmice is to add 011c more SC-PI.L for each hariimomtics to eliminate, but it increases the 

('olllplmt at monal effort. 

Ail()tllcr way to achieve syimchroiiizal ion is on the basis of variable sampling period 

approach. rue work shown in [19] represents the same principle and proposes two 

comnpeiisation schemes using discrete Fourier transform (DF'l) for power converter. The 

approach is based on correcting the sampling period. The sampling period of digita]. 

lilter is adjusted in such a way to match the I imiie window with the grid period. But 

this met 110(1 is not suit able for single titicro-cotitrollers application. 'l'he other approach 

is based Ott a(l(hitioll of phase ofiset t.O cancel out the phase error produced by DFT. 

This nithiod is less efficient than previous Since it dces not. ensure rejection of hiarin(nu' 

components and attenuation of sull)-harinoilic component. 'lucre is also l)IC5C11c of 

syimclironizat ion jitter when l)FT sampling period is as  nchronous with the grid period. 
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The method presented in [20] is based on the same principle of variable sampling period 

in which the rectangular window filter adjusts the saiiipling period. The designed code 

of this method is simple and mathematical approach is used to show different dynamics. 

The hardware results are also taken in rigorous condition and which shows robustness 

of the prOl)osed algorithm. The limitation with this system is that the model is not 

optiiiiised and i)andlwidtll got. reduced due to the presence of controller. 

'l'he research work shown in [21]  is also based on the principle of variable sampling period 

and it employs Sliding Goertzel transform (SCT) based filter. The authors have also 

uieiitioned in the research work using the same approach for three phase system in [22]. 

'I'hey colflparc(i the results of (li!Iere11I. PLL schenies. The compared PLL results clearly 

show the best result given by variable sampling period filter based PLL (VSPF-PLL). 

The SGT filter places zero in the multiples of grid frequency and this will remove the 

entire harmonic component.. But placing zero in the multiples of grid frequency reduces 

the bandwidth. The SGT filter increases complexity of the system. 



Chapter 3 

Basics of PLL 

"Live as if you were to die tomorrow. 

Learn as if you were to live forever." 

-rvlahatnm Ganclhi 

The PLL is a device or a mechanism by which output signal remains in synchronization 

with the input signal with resl)eCt  to phase andfrequency. In PLL one signal is used 

to track or lohlow the other signal. This is clone by reducing the phase error between 

the output. signal and the reference or input signal. The objective is to minimize the 

phase error l)etween input and output signal. The basic components of a PLL system 

are Phase Detector (PD), a Voltage Controlled Oscillator (VCO) and a Loop Filter. 

3.1 Basics Governing Equation for PLL 

Let V(i) be the applied input voltage and V0(t) he the produced output. voltage. 

V(t) = ASin(w7 t + O) (3.1) 

V0(t) = Cos(w01 + 9) (3.2) 

where ci, w0  are angular frequencies of the input and VCO output respectively and 0, 

are phases of input and VCO output respectively. If the loop is initially unlocked and 

the Ph) has sinusoidal characteristic then the error signal V,(t) is given by 

Ve(t) = AKjSin(wt -+ 01 )Cos(wt + 0) 

8 



Chapter 3. Basics of PLL 9 

V1 (t) I Phase I Ve(t) 
I LPF II Detector I 

F(s) 
I K I 

V(t) 

V0(t) 

vco 
K 

HGURE 3.1; Block (hagrani of it, classical PLL. 

t.(t) = 1Sin((w + i 0, + 0,) 1- Sin (((,-i - w0)t + 0., 0,)] (3.3) 

where K,, is the gain of phase detector. Now the error signal is passe(l through a low 

pass filter. This low pass filter removes the higher irequciicy coinponciit. From equation 

3.3 it. is clear that the low pass filter attenuates the first, component and pass only the 

second coinpoilent. 'l'lie output of low pass filter is given by V(i) 

V(I) 
" [Sic (( + O ())J (3.4) 

After it P€t10(h the VCO output i)ccolfles synchronous with the input so we can assume 

and 0, -- 0 - 0,1 . Then output of filter will be 

Ve(t) = Siu(0d) (3.5) 

It is clear fiomim above equations that. the VCO is acting as an integrator. One way to 

linearize this PLL is that. for it  slow!y varying signal we can assume Sin(Od) 0,1. rlIiis 

assumnpt ion becomes invalid when 0,1,  is large. 

3.2 Linear Analysis of Classical PLL 

A linearized PLL model can be drawn from . The widely used linearized irmodel of PLL is 

showim in ligmire 3.1. There are (hillereilt. immiportant parameter that calm be calculated on 
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the l)asis of linear model. One of the basic 1110(101 about a system is its transfer function 

model.  

3.2.1 rfrarlsfer  function 

llie transfer function between the input signal and the \'CO output. signal Ga(s), can 

be obtained as 

Ficeun 3.2: Block diagrain representing linear aiialysis of PLL. 

= 0(s) = K(IKVF(s) (3.6) 
O(s) s + K1RP(s) 

l'lte transfer function between the input signal and the phase error detector output. 

signal Gd ( s). can be. obtained as 

0(1(s) - .s (3.7) 
O() - S -f Kd K( F(s) 

The order of PLL can be obtained from e(luatioil 3.6 and the stability cait be analyzed 

using 13ode plot and Nyquist plot.. 

3.2.2 ilohl Range 

The I 101(1 range is defiiiecl as the frequency range in which PLL is able to statically 

iiiaiiitaiii phase tracking. If PLL is in locked state and the reference signal is varied titeit 

it will go out of syiichronism at. the edges of the liokl range. The hold range is obtained 
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by calculating frequency offset at the input which is responsible for forcing phase error 

to go beyond linear range [231. 

&JJj = KdK0I'(0) (3.8) 

3.2.3 Lock-in Range 

The Lock-in range is defined as the range in which the PLL locks within one single beat 

note between input and output frequency [9]. If relatively numerator and denominator 

are of first order tlieii system is going to behave like a first order system and luck range 

can be calculated as 

WL = ±Kd K( ,F(oO) (3.9) 

3.2.4 Pull-in Range 

The Pull-in range describes the PLL in an acquisition or dynamic mode and the PLL 

will always be locked in this range. If frequency is applied outside the pull-in range it 

vohl not be able to get. locked. 

3.2.5 Pull-out Range 

The Pull-out range describes the PLL in static state and is the dynamic limit for stable 

operation. The PLL is initially in locked state and then a. frequency step is applied 

which causes the PLL to get unlocked. If a frequency step of value less than pull-out. 

range is applied then the PLL remains locked and if step is of more value as compared 

to pull-out range then the PLL fell out. of the lock [231. 

3.2.6 Steady-State Error 

As we know from the final value theorem 

liin O(,(t) = liju sOj(s) (3.10) 

hiin O(J (t) = hiin sO(s)G(j(s) (3.11) 

Al 
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3.3 Nonlinear Analysis of PLL 

The first method for analyzing PLL in nonlinear way is Phase Plane method. It is 

a graphical method of phase plane design. This method is suitable only for first and 

second order PLL. The second method is Lyapunov Method. In this method we try to 

bird out the Lyapunov Energy fruict ion and then carry out the analysis. There are some 

more methods like Circle and Popo' Criteria. These two met 110(15 are used mainly for 

the stability analysis of lugher order P LL [9] 

3.4 Digital PLL 

The I'LL is ii basic comj)onent iii iinplenieni.atiomr of digital coherent, communication 

without l)oppler shift eflect and in its proper recej)tiorl.The problems that we have 

iii analog PLL (APLL) are like sensit we to DC drifts. coml)Oncnt. saturation. how to 

increase tire order, need of initial calibration and periodic atijirstirient The basic Compo-

ireilt of aim APLL are balanced mixer. Low pass AC-filter and a variable tuned capacitor. 

In the earliest work omi DPLL a sample and hold circuit. is used and after that. digital 

equipment like flip flop for phase (ktector implementation. digital filter and digital VCO. 

l)igital PLL may consist of digital phase detector while rest of the circuitry is analog. If 

all the component are digital in nature like a digital phase detector, a digital filter, and 

a Irrrmeri('ally controlled oscillator then we classify it. as all all digital PLL (ADPLL) 

Au all soft ware PLL imnpleuieirts everything in computer code and these are entirely 

(ligitalized 1231. 

3.4.1 Classical DPLL 

The Classical DPLL exploit only the digital phase detector while filter and VCO are 

analog in nature. The output produced by this phase detector will be a continuous 

time voltage. This I'LL have the advantage that. it call be imflj)lemflerite(l at very high 

irrr1rwncies. Tire disadvantages asSOCiat.e(i with classical DPLL are similar to those with 

A l'I I. 
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Reference 
Signal 

flrUL 

Digital 
Phase 

Detector 

Loop 
Filter 

Phase-locked 
signal____ 

4 

JLJUL 

Voltage 
Controlled 
0 Sc II ato r 

l•' IC U 3.3: Block diagram at (higita I phase locked k)op. 

3.4.2 All 1)igital PLL 

The maui duflereitce betweeti classical l)PLL and ADPLL is in t lie digital phase detector. 

I n classical I) I' LL t he pm iipøs of phase (letect or was Ia produce it CO1It.illliofls tue 

volt age. Ilie phase detector output in A l)PLL is digital one and it generates either pulses 

or inuilti but values. The Al)PLL exploits digital filter and digital controlled oscillator 

(l)CO). There are different variant of AI)PLL. lii a way, it digital phase detector which 

produces pulses and these pulses are according to either low or high error and the counter 

serves I lie pttrpose of filter. The generated pulses will be continuous so the count er can 

he driven by a ('lock and iiially this combimuatiomi produces it sample data. Another way 

is t hill when digital phase detector produces itnilti hit values then a digital filter can be 

('lrlp[oyed 1231. 

3.4.3 Software PLL 

lit t he dat-a is sampled at a very faster rate then the I'LL operation can be inplernented 

in soft ware. This niu'lhou.l oilers flexibility and it ran he used for any PLL pi-ovided that 

lie sample rate chosen is high enough. One thing to be noted here that the software PLL 

lea Is v it Ii real t ii tie data so t here can be problemims relatem I to sampling. I 'lie software 

PUL also timid'- application iii post processing of'  data;, M I.  

11 
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Referent 
Signal Digital 1 Digital 

Phase Loop Filter 
Detector 

Phase-locked 
signal 

flJUL 

Digitally 
Controlled 
Oscillator 

FI(;ul(I: 3.4: l3lock (liagralli all digital phase locked loot>. 

3.5 Phase Detector 

Phase detector can be desiglie(l either by analog component. or digital component. In 

analog (lolnaili it sinusoidal phase detector and square signal phase detector are available. 

The sniusoiilal phase detector works as a multiplier and it. is not. having any weniorv. 

The phase detection interval is from - 7r/2 to ir/2. 1 lie square signal generator is also 

liv 
called as digital phase detector. ila implementation of SCIUnre signal phase detector is 

done by sequential circuits. it contains mnelilory. They operate with binary input and 

I lierehre built. up front digital circuits. For triangular phase detector the range of linear 

operation is front - ii- /2 to r/2. For sawtooth phase detector the range is from —ir to 

r. for sequent ml phase or frequency detector it varies front —27r to 27-  The following 

sect ion (leak wit It tlieni in detail. 

3.5.1 IViultiplier 

I iiltiplier is it nuxer phase detector which is of nonlinear in nature and has very simple 

structure. 'Fhtis phase detector ntult.ij)lies the iiicoiiuiiig input signal with t lie VCO Olitl)ttt 

to proc nec phase error. This produces output, by comisidering the full magnitude of input 

and VCO output so it. has superior perlorniance as compared to other phase (let.eCt.Or 

vliicli works oii ijtiaiitwiiig the input. The probk'ni with this is that the loop gain will 

change as aniphittide changes 10]. 
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3.5.2 XOR based detector 

If alliplil.11des of input signals to the phase detect or is very large then the amplifier will 

saturate and the shape of output signal will be like rectangular pulses. For such type of 

out put. ExcLusive-OR (XOR) circuit, can be applied. This XOR phase detector has 1001) 

gain which is now independent, of amplitude of input signals. it has an advantage that. it 

has large linear range as compared to multiplier. The disadvantage is that the linearity 

of,  hasebaud input signal will become a function of duty cycles of incoming inputs 1101. 

3.5.3 Phase-Frequency detector 

One of the widely used phase (let ecf.or is the add i t.ioi'i oh In-st ate phase frequency detector 

wit Ii charge pinup. The purpose of charge pump is to remove loading ellect produe d by 

circuit, and it also help to smoothen the response. This method can be very advantageous 

in some sit uat toil and it cati give wrong out 1)111 in some situation 1101. 

3.6 Loop Filter 

A 'l'lie j>reseiice of a loop filter makes a PLL at least type II. The 1001) filter is basically 

an integrator and its digita.l equivalent, will be an accumulator. As \'CO is acting as 

all int(grator and attot her integral ion action is (lone by loop filter so there will be two 

ml egrators. To ensure stability in such type of system the loop filler st rticture will 

always be minimum phase. As analog 1001) filter, a simple RC filter can be used to serve 

the purpose of low pass flit cling. It can be designed actively or passively. Now analog 

hilters have been replaced by their (ligital equivalent. One thing to be noted here that 

the digital fillers are very much depend upon the design of phase detector and 1)CO. The 

order of analog and digital lilt er can be increased by increasing number of integrators 

1111(1 accumulators respectively. One difkrent type of filter is sequentini filter. This filter 

prodittes output. only when a certain t hresliold is crossed by input.. It. noes not produce 

out put. after each observation alt bough it. keeps on ohser'iiig input, and when it. cross a 

certaiii threshold level then only it. l)1'oduces output. An example of such type of filter 

is N-before-M filter. The Lead and time lag inputs are accumulated in the N and the \E 

cuitiiters separately providing N < Al < 2N. Assume that initially all three counters 

P are m'eet . 'the random sequence of binary inputs continues until one of two conditions is 

met.. (it If one of tIme N counters in fills tip before or simultaneously with t he M coitnter, 

2 ;N 
Noth22.2 
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then the corresponding Output is produced, all three counters are reset., and the cycle 

begins anew. (ii) If a total of NI lead + lag inputs occur before N inj)uts of either type 

(lead or lag), all registers are reset and no output is produced. The latter condition is 

most likely when the pliae error is near zero [8] 

3.7 Voltage Controlled Oscillator 

The voltage controlled oscillator (VCO) can be categorized into two category as the chis-

sical VCO and digital controlled oscillator (DCO ). 'Fltere is one more type of oscillator 

called as numerically controlled oscillator (NCO) 1241. 

L 

-I 
v

jrrvY 

j2 

Ficuin; 3.5: 131ock diagram of it voltage controlled oscillator. 

The basic nature of a VCO is like all integrator and by changing the voltage on a 

variable capacitor the outl)ut frequency of operation can be varied. The VCO will 

provide stability in phase, high modulation sensitivity, large frequency deviation, and it. 

will also be required for wide band inodulatioti. The volt age controlled crystal oscillators 

have higher stability as compared to resonator oscillators. RC niulti-vibrators and YIG 

uli('(l oscillators. 'flW YIC tuned oscillators are used at microwave frequency. For 

wi(l('r operating range an LC oscillator will serve the purpose. One more reqturcinenl 

from VCO is phase stability and that. can be achieved using high Q value, stabilizing 

t.('lnp('rat.ure and niaint.aiiiing lov noise18J. 

One of the snnplest way of making it VCO is by connecting odd number of inverters in a 

l'edhack loop. A Schmitt-trigger is used in case of relaxation oscillator with a resonant. 

circuits in positive feedback A DCO is a digital equivalent, of VCO and it acts as a. 

divide by N counter and is shown in Figure 3.6 on page 17. 'l'his counter is driveii by a 

stable oscillator which produces frequency M times the interniecliate frequency. Then a 
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comparator is fed by a reference input and output of counter. The DCO output will be 

produced after comparison. The period of DCO is controlled by input N 1231. 

DCO 
Input N I I output 

Corn parato r 

Counter 
Reset 

Oscillator 

FIGURE 3.6: Block diagram of a digitally controlled oscillator. 



Chapter 4 

Proposed Scheme 

"If we knew .WIULL it was we were do-mg, 

it would not be called research. would it?" 

-Albert Einstein 

The proiosed scheme is l)ased on the ptiiiciple of adaptive sainj)hng period adjustment. 

11w SaIU(' priucil)le has l)e.en used in [19 -221. The block diagram of the proposed phase 

locking scheme is shown in Figure .1.1 On page 19. The phase detector employs a single 

multiplier, which l)Ioc1u(cs the error signal l)etWcen the incoming signal and the look up 

table (LU]') generated reference signal. The error signal is fed to the moving average 

filler to discard the unwanted frequency components. Tue filtered error signal is applied 

to the PT controller for further smoot.liening and control action. The P1 controller 

tuaxinhizes the bandwidth of the PLL with reducing the steady state error. The output 

of the PT controller is varied with the respect to the error signal, which is further applied 

to I he numerically controlled oscillator. The NCO output-s the sampling l)tllses which are 

used to delernmiiie the phase of the reference signal. 'i'hcse sa1n)ling pulses are  fed to the 

N-counter to obtain the phase (n). 'l'he NCO adaptively adjusts the sampling pulses 

re(lltired for generating the reference signal. The N-counter is a reference generator 

produces sawtooth waveform which describes the phase of the locally generated reference 

signal. The out-ptmt. of the N-counter. i.e. instantaneous value of phase is applied to the 

look up table (LIJT) block and then the generated sine wave is fed to tIme phase error 

(let-eel or to complete the loop. 

18 
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V(n) 
e(n) e(n) 

P. i  Moving PI 
Multiplier I I Average I Controller 

] -' 
Filter 

 

VQ(n) 1 
II Enable 

LUT k--I------- 
________ ffix 

(n) 
I Sampling 

N- Pulses a(n) 

Counter NCO 

.1.1: I1k)ck (liagralli represcntatiuii ol acliiptive si iupliiig treciticitcy based FIL. 

4.1 Phase Error Detector 

IRe siiiipliiii,v of' the j)roposed scheme lies in the structure of the phase error cletectoi-. 

the 1111111 iplier phase detector. winch is non-linear iiature. correlates the input signal with 

t he locuhly generated reference signal. The lundamnemital input voltage signal is a cosine 

vector (Lull is contannmiated by harmonics. The input signal '(n)can be represented as 

V,(ii) = tCa.s(O,(n)) I (a.) + Ok)  

where tin' first term representS the ttimidatiietit.a] 1n1)ut voltage vector and second term 

represents the sum of harmonics. V and O (u ) demiotes the peak amplitude and phase of 

luiolaiiient.al input signal respectively. VA. and O. denote peak amptit ude and phase of 

A' lial-Il loll ics respeet.i 'ely. N is t he hem igt.h of wit idow of A he m uovi rig average Ii her. Ti ie 

out put. of phase error detector co can be represented a 

e(fl) V(ii)Sw((u)) (4.2) 

IJ 
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Substituting equation 4.1 in 4.2 

ci  
e(n) --Sinp(n) - O(n)} -F --Sin[ei) -F 9(i)] 

[Si71101) + kU(n) + Oki (4.3) 

- kO(rL) - o.i] 

Under i(lea.I condition the phase of the input signal and that. of LUT generated reference 

signal becomes equal, b(n) = O(n), Hence equation 4.3 becomes 

e() = Sin120 (n)1 + [sinii + k)O(n) + Ok]] 

N 
/. 2 (44) 

+ 
- )O(n) - Ok]] 

From equation 1.4. it could be observed that oscillations are present. in error signal. 

'l1a (1(n) does not represent the real difference between the phase of line voltage and 

that of reference signal. The oscillating signal e(n) is 900  shifted version of input signal 

which has frequency component of second order and has half the magnitude t han that 

oh the ftmli(lamenta.l component. There are two more oscillating signals generated by the 

hmarinomiic conipofleilt which has frequencies of 1-k and I -- k times than that of the input. 

signal. 

4.2 Moving average Filter 

Fhie t ransler lund ion of moving average filter in the z-domnain is represented by 

'V -N 
Gj.t(Z) 

= () ( - rZ ) (4.5) 

The moving average filter consists of N zeros equally spaced around Z-domain's unit 

circle and it single pol(' at. unit circle. The l)Ole-Z('r() plot of the filter in Z-doma.in is 

slmowii in Figure 1.3 on page 22. The plot is drawn for N= 128. The 128 zeros are 

])ositioned all around the unit, circle and one pole is located at. Z= 1. II has pole-zero 

ramicellatioli at. Z - e j27k/N for k=() 125]. The block diagram of moving average filter 

is shown iii Figure 4.2 on page 21. 'r' is a damping factor introduced to guarantee the 

stability of system and its value is set. (lose to one. This filter is also called as a Recursive 
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F I C U Fl E 1 2: 1 lock di agrat i of mov ing jog avelage filter. 

H unuing Siiiii or Boxcar Avcragei. It perlorms one addit ion and one subtraction per 

output sample and it is independent, of value of N. It works very well to reduce white 

noise and at the same time preserves step response. It is the fastest digil al filter availal)le 

26. The moving avem age filter easily extracts I he l)C value present in the error signal. 

It, blocks (omnl)Ietely the fumidamneiital frequency and harmonics. The value of N is set 

at 128 and that of i is at 0.9997. The magnitude response of the moving average filter 

is plotted in Figure I.4 on page 22. 

4.3 P1 Controller 

The purpose of,  PT controller is to maximize bandwidth and it. is also responsible for 

the quick locking. The filtered phase error signal is al)plie(i to its input and it geller-

at es a steady I)C. The I raiisfir function in Z-domain is (lerived by backward difference 

approach and is given by 

Gpj(Z) = K + K'Js ( -'z 1) (4.6) 

where I. Ij and T.S are I)ropoitioilal gain and integral gain and sampling period 

respectively. A limiter is introduced t,o take care of a(n) which should be between 

I <o'(i) < I. 
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4.4 Numerically Controlled Oscillator 

The ittinierically controlled 124I oscillator produces sampling pulses which are further 

applied to the reference generator for the generation of reference phase signal. The 

geta'rat((l pulscs have (liflercilt pulse widt ii and it (l('l)e1n1s upon the controlled signal 

a(ii.) which is acting as input to the NCO [27]. The application of the NCO provides the 

wide oj)erating range of the PLL, which distinguishes the proposed PLL from the existing 

PLLs. The block diagram of numerically controlled oscillator is shown in Figure 4.5 on 

page 21. The slate equation obeyed by NCO could be expressed its  

X2 0:

I) 
= 

a a 1 Xi(n) 
 

-t- 0 1 0 X 2(n) 

X1 (0) = 1;X2(0) =0 

The value of a is given by 

a = Cos(() ('1.8) 

and as Cos(() lies between -1 to 1 so the condition —1 < a(u) < 1 is self explanatory. 

The value of (is given by 
2 * 7r 

(4.9) 
ffi 

where 1.s and  fj0. are the sainpling frequency and NCO enabling frequency respectively. 

The value of fjj is set to be 4 x Is. The internal structure of NCO divides the enabling 

frequency by four so that the out put frequency will be Is  and it, is used for enabling 

LUl. moving avei'ager. and P1 controller. The controlled signal a behavior can be 

?ulalvz('(l from the equal 1011 4.9. If we use the above stated condition ho = 4 x f's then 

equation .1.9 will results ( and Cos () = 0 i.e. a 0. Th n is is a important point 

because as a = 0 so it will extract the fiuidainental signal. 

Now consider il frequency of input, signal is increasing so fs is also going to be increa.sing 

and the value of Cos(() will be more than . If < Cos(() < ir theit it. will be negative 

uic1 a will also be negative. Similarly if frequency of input signal is decreasing so 

0 < Cos(() < . a will be positive. The proposed scherrie is easily able to synchronize 

with t he ilipilt signal under its variation from l)C to second harmonics [28). 
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I' 0 t; RE .1 .5: 13 lo(.-.k diagram of numerically cojitrolled ocilla tor. 

4.5 Reference Signal Generator 

Ilie rel(rence generator is an UI) counter which iflcreineitt,S its value by 27r/N for each 

suiipling pulse. rF11(, itiaxilnum vithie it]) to wiucli it Ctlfl colitit. (lepencis Uj)OU N. here 

the value of N is chosen to be 128. It. starts with 0 and keeps on counting up to 27r 

with each period incrementing its value by 27r/N. The block diagram representatiOn is 

sliowit in Figure 4.6 on page 25. The  nnipolar sampling pulses are acting as an input 

I o ic lerence generator and then it produces sawtool Ii wave showing the phase ol' the 

ebre jice si gJi al 

4.6 Look Up Table 

The Sine look up table gives the corresponding sine value indicated by the index given 

by counter. The increased magnitude of LUT illiproves quick acquisition behavior and 

lock-lit time. The saitipling pulses drives the counter which acts as an input. to the LUT. 



C) iapt er 4. Proposed Scheme 25 

Clock 
Pulses 

cP(n) 

N-Counter 2irlN 

ffl-fl rI 
FIGURE 4.6: Block diagiani oF reference generator. 

The LUT is enabled by the sampling pulses corning out of the NCO. The LUT also helps 

in reducing steady state error as it acts as a P1 controller [291. 



Chapter 5 

Results and Discussion 

'Yesterday is gone. Tomorrow has not yet come. We 

have only today. Let its begin.' 

-Mother Teresa 

liiis chapter is divided into three sections. the first section 5.1 presents all the simulation 

results while the second section 5.2 gives all Overview about DSP Builder and shows 

101- simulation results and finally the third section 5.3 presents all the results obtained in 

luudwarc on the field programmable gate array (FPCA). 

5.1 Simulation Results 

The 1)r01)osed sclmeiiie is implemented and simulated in MATLAB® Simnuhink environ-

mnemmi. 'l'he scheme is also tested in different conditions. The applied input to the PLL 

is of Sine nature and it is represeflt.e(l as 

Vj  = Sin(2 * 7r 50 * n) (5.1) 

'l'his input is appiied to the phase detector with the reference signal. The phase detector 

is a mull iplier and it produces multiplication of the input signal with the output signal. 

The input is sampled at. a rate of 25.6 kIIz and it can he found out very easily. The 50 

II,. input is multiplied by 128 and then it. is multiplied by 4 because of the presence of 

NCO. l'hemm the sampling frequency comes out to be 50*1*128 = 25.6 kllz. The value 

26 



Chapter 5. Results and Discussion 27 

of A' is set to 128. The values of P1 controller are tuned in such a way to maximize 

bandwidth and to track the input signal as soon as possible. 

5.1.1 Analysis of Fundamental Signal 

The Figure 5.1 on page 27 is showing the tracking of 50 IN signal in ideal environment i.e. 

in absence of harmonics. The values of P and 1 are chosen to 1.36 and 2.16 respectively. 

The out pitt signal takes less than one cycle or 0.0135 s to completely track the input 

signal. The controlled signal variation is shown in Figure 5.2 on page 28. The variation of 

controlled signal makes the situation clearer and understandable. The initial overshoot 

shows that the output signal takes time to follow the input signal and after that the 

controlled signal reaches the steady state. The steady state error can be reduced further 

at the cost of initial lock-in time. There is trade-off between fast lock-in time and steady 

state error. This can be achieved by changing the values of P and I of the P1 controller. 

'l'he phase angle variation is shown in Figure 5.3 on page 28, it is the output of counter 

which is counting from 0 to 2ir with each time it is incrementing by 27r/ 128. 
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5.1.2 Analysis in the Presence of Flarmonics 

'Ilie ideal enviroinnent is not easy to get and the presence of' harmonics affect. the system 

perforniance very badly. The Figure 5.1 oii page 29 shows tracking of input signal by 

output signal in presence of harmonics. The input, signal is contaminated with one third 

of I turd haruutonics. one fifth of fifth harnuoruics and one seventh of seventh harmonics. In 

this case the tracking takes 0.02 s. The steady state error increases by some ainouiit.. The 

p1'ol)use(l scitenie has the advantage that it caut be able to track in presence harmonics 

very easily and the order of harmonics does not impose any limitation. The control 

signal variation in presence of harmonics is shown in Figure 5.5 on page 30. the value 

of' steady state (:1'rOr increases in presence of harmonics. 'l'his PLL is able to track the 

fu in taut tent al signal in presence of any harmonic. 
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5.1.3 Linearly Varying Frequency 

'l'lue proposed scheme is very well able to track the input, signal when it is changing 

linearly. The frequeimcv is either continuously increasing or decreasing at. a constant. 

slope. This analysis is used to find the hold-in and 1)1111-in range of a PLL. The Figure 5.6 

out page 31 shows the controlled signal variation whieui the frequency decreases and 
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iiicreases at it rate of I liz/s. If frequency keep on increasing then the I'LL starts 

lockitg at. 19 IN called is .I,,t and it. goes LII)  to 95.7 liz called as fi2 Sitiularly if 

fteqttentv keep OIL clecreasi ig at i rate of 1 l-Ti./s t.hei it starts locking at 91.5 liz called 

as J and it goes up 19.6 lIz called as ft. The hold-in range can he calculated as 

jh2 hi 95.7 - 19.6 = 76.1 lIz. The pull-in range can also he calculated as jp2 [pt 

9 1.5 - 19 = 75.5 Hz. In presence of harmonics t he hold-ui and pull-un range decreases. 

The lock-rn range of the proposed scheme is found to he 38-68 lIz. The slope can he 

varied and it is found that the ranges always remain apprOxiirlate same. 

5.1.4 Step Change in Frequency 

ThC olii' titaiti Sutllalioll ill varuahie freqiieiicv eiiviroiiitient is tile stei)  change ill frequeticy. 

The iiguire 5.7 OIL page 32 shows the controlled signal variation during step change in 

hreqiu:iicy. The nut ial frequency is at. 50 F1z and then at I. = 1 s it suddeii step change 

in lrcqueiicv from 50 liz to 55 lIz occurs. The output signal takes one and half cycle 

i.e. 0.03 s to coitipletely adapt for the change. One more step having more value as 

compared to previous one in negative directioa is also applied at. t= 1.2 s. It takes 0.035 
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5 to adapt for t lie step change in frequency from 55 lIz to 45 liz. The P and I values 

are set at 0.4545 and 18 respectively. 

the systciul is also able to adapt. for very wide step change in frequency. The center fre- 

quency IS cliLsen at. 50 Hz and then step change i 1>oth positive and negative directions 

are applied. The Illaxiinuin step that the proposed scheme is able to lock in positive 

ulirect 1011 is from 50 Hz to 91.6 IN and in negative direction is from 50 lIz to 21 IN. 

The Figure 5.8 on page 32 shows that at t= 1 s a positive step from 50 IN to 91.6 liz 

is applied and it. takes around 0.82 s to completely track the step change. It also shows 

hat, when a step change in ulegal ive direction from 50 liz to 21 liz is applied and it 

t akes 0:35 s to conipletely luck the signal. 

U inter this step change in frequency there is one more condition when sysivill is not 

working at fixed center frequency of 50 lIz. As this scheme is able to (rack signal from 

l;)C to second harmonics. The maximum frequency value that it, can starts working with 

unaimit.aining it.s tracking behavior is 85 Hz. The system is running at. 85 IN and then 

a step change is applied at 1=2 s from 85 I-Iz to 22 lIz and it takes 1.8 s to adapt for 

this wide change in step. This is all clear by seeing Figure 5.9 on page 33. Similarly the 

itiininitun frequency froill which it can starts while maintaining tracking is 21 Hz. It. can 
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go up to 89.5 lIz from 21 IN with maintaining frequency tracking. Tue time taken to 

adapt for this step change is 2.75 s. The initial locking time iii case of input signal of 

21 liz and 85 IN is 0.35 s and 0.61 s respectively. 
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lie tcm: 5.9: Control signal variation for a inaxnnhlilt step change in input frequency 
for I)osit i ve and negative directions. 

5.1.5 Step Change in Phase 

The systeni is also alile to lock the input after any sudden step change in phase occurs. 

The 1igure 5.10 ott pag' 31 shows that initially when there was no phase change t.licit 

out put keeps on tracking the hi pli t continuously. At t = 1 s a step change in phase front 

0 rad to 27r/3 rad is apphed. One more step change in phase at t = 1.3 s front 21r/3 

1.0 - 3/2 is applied, in bodi the cases the output. takes 0.1 s to completely track the 

itiptit. 

5.1.6 Steady state count 

St tad v state count illeanS the ninnber of pulses that the signal is taking with in 1 s of 

in L(. Sit ice the i npi it is salliple(I at two times hi ighier the Nyquist rate and the"  the 

Is 
sviicliroiii,.ed signal is ]'V times the sanipled signal (N 12$). Suppose the input signal 

p.  
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is of 50 lIz I hen satuplitig it. two times higher the Nyquist, rate i.e. 2 x (2 x 50) = 200 

liz and then t lie grid syncliroitized signal is N x i.e. 128 * 200 = 25600 liz where 

f, is sampling frequency. The niuriher of pidses under ideal situation is (N x fs)/ 4  = 

128 x 200)/4 = 6400. The table 5.1 shows the ituitiber of pulses ideally applied, the 

tout it t hat ad itevcd and litids the (lilierelice hetweeti I bent. 

5.2 Simulation Results using DSP Builder 

11w above siniutlat ion are done at 50 liz input. The proposed scheme has (lie advantage 

i hat it can be used for any frequency range. All the simulations are carried out COflSi(i-

erimig the center frequency at 10 kllz. Some inport.ant siinulatiotm results are also shown 

in tIns regard. The pru})Osed system is nnplemuemmted ill Sitmuitlink using DSP Builder 

luommu Aht,era®. The DSP Builder acts as an interlace between Mat,h\Vorks® Sinulimk 

and Ahtera Quart.us 11 software. The DSP Builder generates VHDL or \'erilog file as 

this software integrates (lie simulation capabilities of MA'I'LAB, systeni design power of 

Sinoulink. Verilog I-IDL and VHDL design (lows with Altera Qnartus II software. The 

l)Si' Builder helps ill implementing the scheme on hardware and in (10mg synthesis. The 

Siunimlink nmodel tiles are stored wit Ii mdl extension and once the design is simulated ill 
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TABLE 5.1: No. of pulses applied and achieved 

S. Frequency Ideal Frequency Count Count 

No. Applied (Hz) Count Achieved (Hz) Achieved Difference 

3- 

1 40 5120 40.3125 5160 40 

2 41 5248 41.3203 5289 41 

3 42 5376 42.3281 5418 42 

'1 43 5504 43.3359 5547 43 

5 44 5632 44.3437 5676 44 

6 45 5760 45,3515 5805 45 

7 46 5888 46.3593 5934 46 

8 47 6016 47.3671 6063 47 

9 48 6144 48.3750 6192 118 

10 49 6272 49.3828 6321 49 

Ii 50 6400 50.3906 6450 50 

12 51 6528 51.3984 6579 51 

13 52 6656 52.4062 6708 52 

14 53 6784 53.4140 6837 53 

15 54 6912 54.4218 6966 54 

16 55 7040 55.4296 7095 55 

17 56 7168 56.4375 7224 56 

18 57 7296 57.4453 7353 57 

19 58 7424 58.4531 7482 58 

20 59 7552 59.4609 7611 59 

21 60 7680 60.4687 7740 60 

MATLAB it can be shifted to DSP Builder environment where all files are designed by 

itsilig DSP Builder library. One thing to be sure that all the blocks are used from DSP 

Builder library or MegaCore® blocks. The  mdl file is read by DSP Builder Signal Coiii-

piler block. The Signal Compiler generates the rrool Command Language (.Tcl) files 

and VHDL files which are further used for design synthesis. hardware implementation, 

and simulation 1301. 

'Flie system level design flow in DSP Builder is as follows 
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The first step is to create the design in MATLA13 Simuliuk environment and sim-

I1I!I1 

To devclo1) the design in DSP Builder environment by using Altera DSP Builder 

-t Block-set. 

Include Clock and Signal Compiler block in the design. The clock that. I have used 

in ray design is 20 us. 

-4. Once the design is ready in DSP Builder, run the Signal Compiler block. 

Select the desired board on which the design is going to be implemented. The 

hoard used in this dissertation is from Stratix Ill series and is Stratix 111 3SL150 

FPCA l)evclopmcnt. Board. 

Next. step is to compile the design. 

The compilation step is divided into three parts i.e. Quart.us II Synthesis, ATOM 

Netlist.. and Quart.us 11 Fitter. 

After the completion of compilation, click on Scan Jt.ag (Joint test action group ). 

It, will detect. USB Blaster 11 and device EI'3SL1 5(1 

9, Finally click the Program icon to download time generated VFIDL codes from the 

computer to the FPGA. 

'l'hie Figure 5.11 on page 37 shows the basic building block of the prooseci scheme using 

l)SP Builder software. The Figure 5.12 on page 38 shows the simulation of 10 kllz input 

and its tracking by the output. It is clear from the fig. that it needs almost three cycles 

to t.i'mu'k the input, signal. Similarly other results can also be verified using DSP Builder 

aim 10 kllz. The phase angle variation is shown in Figure 5.13 on page 38 

5.3 Hardware Implementation 

The design simulated using DSP Builder is shown in Figure 5.12 on page 38 where 

the input signal frequency is set to 10 klIz. For implementing it, on hardware and 

ubser ving it on digital storage oscilloscope (DSO), before feeding the output, to scope, 

first, it is converted into unsigned integer by masking. Masking is clone by multiplying 
V 

the output with a gain value and then EX-ORing it with the defined or preset binary 
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\1alue. The gain value is selected to 8191 and the mask value for EX-Ofling is fixed to 

(Iccillial 8192 (or in binary 10000000000000). 'Ilien the masked output is applied to a 

digital to analog converter. The FIGA hoard that is used in this dissertation is Stratix 

111 3SL15() and DSP Builder supports it. The 111gb Speed Mezzanine Card (IISMC) 
k 

integrated with St.ratix 111 3SL150 FPCJ\ Development Board has two digital to analog 

converter. The results are recorded on DSOX20I4A oscilloscope. The input, signal after 

masking is connected to first D/A convertor (l)2A1 1-ISMC A 14 Bit Unsigned) while the 

output. of PLL after masking is connected to second D/A convcctor (D2A2 iISMC A 14 

Bit Unsigned). These D/A converter connects to the digital-to-analog 14-bit uflSigne(1 

011t1)Iit ])it,-; on DSP Daughter Card. 

5.3.1 Tracking of Fundamental 10 kHz Signal 

The input is applied on channel 1 and PLL output on channel 2 and as it is clear from 

Figure 5.14 on page 40. The above one with yellow color is the applied input and the 

below one with greeti color is the output. of PLL. The amplitude of input and output 

signal is 200 niv and it can be seen on the top left hand of the Figure. The frequency 

call  be seen and verified from the Figure 5.14. The Figure 5.15 on page '10 shows the 

)l('t clv loi'ki ug stale. The 1)erfect loo'ki ng can be seen there am I it. IS SO fine that we 

are not able to distinguish between input, and output, signal very easily. The phase angle 

varial ion with the output signal is shown in Figure 5.16 oii page 41. the PLL out put 

is applied on channel I on DS() and phase angle variation are measured on channel 2. 

The phase angle is t he output of a counter so it is couiil.iiig up to mitaximuin value and 

hen it comes to ZCTO. 

5.3.2 Step Change in Frequency 

'l'he input is applied with positive step change as well as with negative step change in 

frequency and these steps are of 2 kHz step sizes. The Figure 5.17 OII page 'Ii shows 

when a step from 8 kliz to 10 kHz is applied. The system is locked with S kHz and 

thteti a sudden step change is applied. 'l'hese Figures are (livided into two parts. the 

above jrl is showing the input. and and output for whole range while the down part, is 

showing the zoomed port ion. The input and output amplitude in this case is set to 100 

niv. The Figure 5.18 oil page 42 shows when a step from 10 kHz to 12 kHz is applied. 
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5.20: 1'raekiug of stld(lejl step change in frequency from 10 kllz to 8 kl Ix. 

5.3.3 Step Change in Phase 

The input is also tested for step chiatige ill phase. Initially the 10 kl-Iz input is in locked 

(011(1111011 and the a sud hen step change in phase froin 0 rad to 27r/3 rad is applied. The 

or Figure 5.21 on page 44 shows this condition. It takes four and half cycle for the output. 

signal to completely track (lie 1111)111. signal. 1'lie time taken by the output in tracking 

(-ati be calculated from the zoomed figure itself, one box in zoomed figure corresponds 

to 99.16 It sec and the output signal takes four and half boxes i.e. 4.5 * 78 * 10 - 0.35 

ins. The control signal variation with the output signal is shown in Figure 5.22 on 

page 44. The sudden peak in control signal shows the instant when step change in 

phase is applied. The frequency measured after four cycle clears that the steady state 

frequency is 10 kl lx. 

5.3.4 Linearly Varying FrequenCy 

'l'lie proposed scheme is also very well able to track the input signal when its frequency 

keep on changing linearly. If either the frequency keeps on increasing of decreasing, in 

1)01.11 the situation the PLL maintains tracking of varying input signal. The Figure 5.23 

oil page .15 shows the t racking  of input, signal when its frequency is increasing at a rate 

of .100 k liz per S. 'l'Iie rate of,  change of frequency is very fast and the proposed scheme 
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works very well under this situation also. The input signal shown is varied from 10 

kllz to 12.56 kHz with in 064 s at a rate of 400 kllz per sec. The frequency s.The 

Figure 5.24 on page 46 shows the tracking of output, signal by input, signal when its 

ire(Luency decreases at the same rate of 100 kllz. The input, frequency is taken at 10 
L 

kit?, and it varied at. a rate of -400 kt Is (minus sign shows decrease in frequency) froiri 

 

10 kIts to 7.44 ki Is with in 0.64 s. 

I 

i''RUltE 5.23: PLL output signal tracking the input signal fur 1iiieu' iIicroii.' iii lie- 

r1iieiicvh-om 10 H,. to 12.56 kit,.. 
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Chapter 6 

Application and Future Scope 

"The mind is ever: thing. What you think 

You become." 

-Buddha 

This section describes an particular application of the proposed scheme. The proposed 

scliciiic can be used for the purpose of FM demodulation. A frequency modulated signal 

is  applied as an inl)ut. to the systerli and the systeiii keeps on tracking the carrier signal. 

The controlled signal will be the desired message signal. The value of a shows the 

modulating signal. 

The applied frequency modulated input to the system is 

Vpj(t) = Sin(2 * 7r 49000 * I -F 5 * Sin(2 * ir * 1000 * t)) (6.1) 

where the carrier frequency is 49 kFlz and peak amplitude is 1 V. The frequency of 

modulating signal is 1 kl-lz and modulation index 0 is 5. Then the value of a will be 

recovered modulating signal and is given by 

a = VmCOS(2 * r * 1000 * 1) (6.2) 

Flie Figure 6.1 shows simulation reults where the modulating signal is extracted. 

The proposed scheme can be used under the situation when the modulating signal is 

PW varying in terms of phase and frequency. The estimation of time modulating signal 

47 
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un(Ier these situation can also be done. All the COi1(lit.iOu1S that have tested can also be 

applied on modulating signal as well as on modulated signal [31). The estimation of the 

amnplit tide can also be done and it, will give important iuiformnation. Fui'ther the time 

thomnaum anlysis can be very helpful in extracting and cstiinating the behaviour ol' PLL. 

The sciteitie can also be inip]etriented for three phase signals and different grid fault 

situation can also be tested. 
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Chapter 7 

Conclusion 

"In the end, it 's not the years in your life that count. 

It 's the life in your years. 

-Abraham Lincoln 

The novel adaptive sampling frequency based phase locking ioop is proposed. The 

scheme is simulated using MATLAB Siniulink and then designed using DSP Builder. 

The locally generated reference signal updates the phase information by N tunes per 

perio(I of the input, signal. The adaptive PLL is able to track the input signal within 

one cycle of the fundamental frequency. The simplicity of the phase detector, rejection 

of higher terms in the error signal by moving average filter and the concept of adaptive 

saiiipliiig frequency. all together make it structurally simple and robust. 

The scheme is hardware implemented in Stratix III 3SL150 FPGA Development. Board 

and tested for (lllrei'eiit. fault ('Ofldit.IOUS. The scheme works very well iiiider noisy and 

polluted enviroiunelit.. There are various situat ion in noisy environment, like frequency 

step, phase step, and frequency varying continuously. the proposed scheme is tested 

and tuiplemeiitecl in every case. The proposed scheme has wide lock-in and operating 

range from DC to second harmonics. The acquisition time in ideal as well as in variable 

frequency eimvirormment is very less. Fimmally the application in FM demodulation and 

grid symiclmroni.at.ioim are presented and simulated, 
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