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Abstract
This paper produces the studies of a new digital phase lock 
loop in the presence of the Teager energy Operator (TEO) in 
MATLAB Simulink environment. The simultaneous presence 
of phase modulation input in the new modified digital controlled 
oscillator (DCO) and the TEO module is a new concept in digital 
phase lock loop (DPLL) design.
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I. Introduction
AM–FM is an important information carrier in speech and 
biological signals. Similarly the frequency modulation has been 
extensively used in a communication system for transmitting 
information. Digital phase lock loop is an important and a very 
popular device to demodulate the modulated signals. With the 
current development leading to digital processing of signals and 
the advances in digital circuit technology, various digital designs 
of phase-locked loops have emerged [4-6]. The Teager Energy 
Operator (TEO) is proposed by Kaiser [1, 2]; it has the capability 
to extract the signal energy in terms of square of signal frequency 
and amplitude.

II. Teager Energy Operator
The Teager Energy Operator (TEO) has been successfully used 
in various speeches and biomedical applications [1-3]. For a 
continuous time signal )(tx  the TEO output is,

   (1)
For a digital signal )(nx , this operator can be approximated by

  (2)
From the context of the differential energy operators, we can 
define the discrete time TEO [1-3] as, 

   (3)
For any signals )(nx  and )(ny  it can be written as

 (4)
The TEO output for the continuous time FM signal can be easily 
found out from (1) and (3)

  (5)

Fig. 1: Teager Energy Operator.

III. DPLL Using Teager Energy Operator
We propose here a new DPLL of second order where the output 
signal is fed into frequency modulation and phase modulation input 
of a digitally 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] 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 output of the TEO block is fed 
into the frequency modulation input of DCO through the amplifier 
of gain GTEO and the phase detector output is fed into the phase 
modulation input of the DCO through an amplifier with a gain 
DPM (Fig. 2).

Fig. 2: Proposed DPLL with TEO

The equivalent open loop transfer function of the proposed DPLL 
can be written as

 (6)
Form (11) we can find out the closed loop transfer function as

 (7)
The terms  are explained in above and is the 
TEO output.
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IV. Simulation Results
The acquisition and signal tracking behaviour of the proposed 
DPLL is done through MATLAB simulation. It is evident from 
Figure 3 that the accusation time is much less in TEO controlled 
DPLL compare to phase modulated DPLL. From Figure 4 and 
5 it is observed that in case of AM-FM signal and FM signal 
demodulation, the Conventional DPLL cannot be able to 
demodulate the FM signal, whereas in the presence of phase 
modulation input [4] the demodulation is considerably better and 
the DPLL track the FM demodulated signal after 0.2 seconds 
and the AM-FM demodulated signal after 0.1 second. In the 
Proposed model the new DPLL can track the AM-FM signal 
and FM signal almost immediately without any distortion in the 
presence of TEO block and phase modulation input. In case of 
AM–FM demodulation the tracking time is 0.7 second and it is 
0.5 second for FM demodulation. 

Fig. 3: Acquisition Behaviour of TEO Based DPLL (a) PM 
Controlled DPLL (b) and conventional DPLL (c) in the presencence 
of Frequency Step Signal

Figure 4: Demodulation of AM-FM signal for conventional DPLL 
(a), DPLL in presence of PM (b), DPLL in presence of the PM 
and TEO (c).

Fig. 5: Demodulation of Frequency Demodulated Signal for 
Conventional DPLL (a), DPLL in Presence of PM (b), DPLL in 
Presence of PM and TEO (c).

V. Conclusion
In this report, we have suggested a novel variety of DPLL design 
methodology in presence of Teager Energy Operator and phase 
modulation input in the DCO for the distortion-less demodulation 
of the AM-FM and FM signal. Further the acquisition behaviour 
of the proposed DPLL shows its best capacity.
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