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Abstract
This paper presents a methodology for implementing a new digital 
phase lock loop in presence of the fuzzy controlled discrete energy 
separation algorithm-1a (DESA-1a) module which is designed 
with Teager Energy Operator (TEO) and the phase modulation 
input with help of MATLAB Simulink. The simultaneous presence 
of the fuzzy controlled DESA module with phase modulation 
input in the modified Digitally Controlled Oscillator (DCO) is 
entirely a new idea in the design of digital phase lock loop (DPLL). 
Beside the above mentioned phase modulation input and the DESA 
module, the frequency modulation input is also present in the 
new loop. The new DPLL is proposed in this paper for distortion 
less demodulation of Frequency Modulated (FM) signal and to 
achieve the lower noise bandwidth.
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I. Introduction 
A Digital Phase Lock Loop (DPLL) is used to track the estimated 
phase of a sinusoidal signal which may have a time varying 
frequency. Frequency modulation has been extensively used 
in communication system for transmitting information. The 
demodulation technique is equally important to retrieve the 
information in receiver section. Digital phase lock loop is an 
important and a very popular device to demodulate the frequency 
modulated wave. With the recent trend towards digital processing 
of signals and the advances in digital circuit technology, various 
fuzzy controlled digital designs of phase-locked loops have 
emerged [10-15]. A digital phase locked loop where a Digitally 
Controlled Oscillators (DCO) with appropriate filter network are 
used [6-7], is one of the methods to obtain fast acquisition and 
proper demodulation of the signal.
The Teager Energy Operator (TEO) is a powerful nonlinear 
operator proposed by Kaiser [1-2], capable to extract the signal 
energy based on mechanical and physical considerations. It has 
been successfully used in various speech applications [1-5]. For 
a digital signal )(nx , this operator can be approximated by

  (1)
From the context of the differential energy operators we can define 
the discrete time TEO [3] as, 

   (2)

II. Discrete Time Energy Separation Algorithm 1A (DESA 
-1A):
The Energy Separation Algorithms (ESA) are the various 
processes to separate the energy, amplitude and frequency 
components using energy operators from a signal. The ESA can 

be broadly classified into two major categories as Continuous 
Energy Separation Algorithm (CESA) and Discrete Time Energy 
Separation Algorithms (DESA).The DESA are again of three 
major types and among those three variants here we have used 
DESA-1a for our proposed design. 
This algorithm was proposed by Maragos, Kaiser and Quatieri 
in 1992 in order to estimate the amplitude envelope and the 
instantaneous frequency of discrete time AM-FM signals using 
discrete time energy operators. In this case we shall discuss only 
the constant amplitude/frequency signals. 
Now we can proceed as [3] to derive the DESA-1a. A 
constant amplitude/frequency signal having the structure of

, where A is the amplitude and cΩ is the 
frequency of the signal and it gives the discrete version of TEO 
output as  

       (3)
We now turn to the derivatives, and we look at the two-sample 
backward difference first. We again insert the sampled version 
and get

      (4)
Using the trigonometric identity we get 
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Using the discrete version of Teager Energy Operator on the (5) 
we get

   (6)
Then from (3) and (6) we have the result

                  (7)
Using the formulas above we can find out formulas of frequency 
( cΩ ) and amplitude (A).

  (8)

 (9)

III. Fuzzy Controller in Dpll
Automatic control methods based on artificial intelligence 
approaches (e.g., fuzzy systems, neural networks, and genetic 
algorithm) have emerged as an alternative paradigm to analytic 
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control theory. Fuzzy systems gained prominence due to the 
surprising ease with which fuzzy controller can be designed. 
This paper discusses and demonstrates the application of fuzzy 
estimation to digital phase locked loop (DPLL) design in presence 
of phase modulation and DESA-1a module. The Fuzzy Logic 
Controller (FLC) has two inputs the error )(e  and its change 

)( e∆ that is derivative of error and one output the change of 
control )( u∆ .This controller follows in its logic the three stages: 
the fuzzification, the inference and the defuzzification. 
The first component in the FLC is the fuzzifier that transforms 
crisp inputs into a set of membership values in the corresponding 
fuzzy sets. The Membership Function (MF) shapes are typically 
triangular, trapezoidal or exponential. In this paper, the membership 
functions (fig. 1) are triangular-shaped and the range of MF is -1 
to 1. 

Fig. 1: Membership Functions of Inputs and Output

The knowledge base of the fuzzy controller consists of a database 
of linguistics statements (rules), which states the relationship 
between the input domain fuzzy sets and output domain fuzzy 
sets. For a system with two inputs, the error and derivative of error 
and single output, each having three fuzzy sets, the rules can be 
represented in tabular form as shown in Table I. In Table.I N, Z 
and P are stands for negative, zero and positive respectively. 
The last step is the defuzzification and the final output is determined 
by weighted average of all contributions of the output sets. It is 
obtained by finding the centroid point of the function which is the 
result of the multiplication of the output membership function and 

the Inference output vector y . The general mathematical formula 
which is used to obtain the centroid point is:
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][iy are the i-th  members of the output vector,
][is are the multiplying coefficients of the output membership 

function.

So that the output frequency of DESA-1a block is optimized using 
the fuzzy controller and then applied frequency modulation input 
of DCO through the amplifier of gain DESAFuzzyG _ .

Table 1: FAM Table

IV. DPLL Using DESA 1a and Fuzzy Controller
We propose here a new DPLL (Fig. 2) of second order where 
the output signal is fed into frequency modulation and phase 
modulation input of Digital Controlled Oscillator (DCO). For 
the conventional DPLL the Phase detector output is fed into the 
frequency modulation input of a DCO through an integrating 
filter and an amplifier of gain GFM. In [4, 5] we have introduced 
the phase modulation input in the split-loop DPLL to enhance 
its performances. On the other hand, in our proposed model the 
frequency output of the DESA-1a block is fed into the input of 
fuzzy system and fuzzy output is fed into the frequency modulation 
input of DCO through the amplifier of gain DESAFuzzyG _ .and the 
phase detector output fed into the phase modulation input of the 
DCO through an amplifier of gain GPM  (Fig.1). Another amplifier 
of gain DESAG  is present to control the DESA-1a block output when 
the DPLL is controlled without fuzzy system.
The equivalent open loop transfer function of the proposed DPLL 
can be written as

  (10)
From (10) we can find out the closed loop transfer function as

 (11)
             
The terms and cΩ are explain in above.
Again, the one-sided loop bandwidth LB  for a digital PLL is 
defined [9] by 

  (12)
Using [9] and (11) we can find out the noise bandwidth of the 
conventional and the proposed DPLL as [6-7].From fig. 3 it is 
observed that the noise bandwidth is reduced with increasing 
value of GPM  but it is considerably low in the proposed DPLL 
when fuzzy controlled DESA-1a is present.
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Fig. 2: Proposed DPLL with DESA 1a (Fig. 1(a)), Digitally 
Controlled Oscillator (DCO) (Fig. 1(b)).

Fig. 3: Study of Noise Bandwidth Vs Phase Modulation (PM) 

III. Simulation Result
The acquisition behavior of the proposed DPLL is done through 
MATLAB simulation. It is evident from fig. 4 that the conventional 
DPLL can not be able to demodulate the FM signal, whereas in 
presence of phase modulation input [6-7] the demodulation is 
considerably good but the presence of noise is pretty large and 
the DPLL track the signal after 1 second. Noise is considerably 
eliminated and but the tracking time of the signal is still in 1 second 
in presence of DESA-1a and phase modulation. In the Proposed 
model the new DPLL can track the FM signal almost immediately 
without any distortion in presence of fuzzy controlled DESA-1a 
block and phase modulation input. 

Fig. 4: Simulation Response of FM Demodulated Signal

IV. Conclusion
So a remarkable improvement can be witnessed in conventional 
DPLL when it incorporates variable gain control in form of fuzzy 
controlled DESA-1a module and includes an additional phase 
control in DCO. Improvement in noise squelching properties, larger 
signal handling capacity and faster acquisition are observed.
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