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Abstract
This paper proposes a digital signal processing type digital 
phase locked loop (DSP DPLL) of 1st order where a fuzzy logic 
controller is incorporated in the loop for automatic adjustment 
of loop bandwidth and an additional phase control is included 
in the digital control oscillator (DCO). This maiden approach 
of fuzzy controlled DPLL produces a faster acquisition without 
compromising the tracking performance. Under Matlab/Simulin® 
environment, the system level model of the proposed loop is 
realized using Xilinx System Generator®, a tool from Xilinx used 
for FPGA design. Simulation result confirms the improvement in 
transient behavior and usefulness of the proposed DSP DPLL as 
BFSK demodulator even in presence of noise. 
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I. Introduction 
Digital Phase Locked Loop (DPLL) is very important building 
block in many communication applications for synthesizing carrier 
signals, demodulation and synchronization of frequency and 
phase of the received signal. The DPLL lock time is an important 
characteristic as it is the time a DPLL takes to adopt changes in 
the input frequency.
In the conventional DPLL, a narrow loop bandwidth is used for 
noise rejection during tracking that causes the lock time to increase 
[1-2]. 
A 1st order digital signal processing type digital phase locked 
loop (DSP DPLL) is proposed where a variable loop bandwidth 
is used to achieve fast locking and better tracking simultaneously 
[3-5]. The additional phase control in the digital control oscillator 
makes transient time even small. This improvement in the loop 
is appropriately reflected in a Binary Frequency Shift Keying 
(BFSK) demodulator [6].
System Generator, a DSP design tool from Xilinx on Matlab/
Simulink environment is used for the simulation of the proposed 
loop [7-8].

II. Architecture and Transfer Function of the Loop 
The architecture of the proposed fuzzy controlled loop is shown in 
fig. 1. The phase detector compares the sampled input signal with 
the reconstructed reference to produce digitized error samples. 
The error is then scaled by a gain which is mainly responsible to 
control the open loop gain Kf. A Fuzzy Logic Controller (FLC) is 
employed in place of this gain, so that the open loop gain can be 
adjusted dynamically. The FLC yields a control voltage to the DCO 
to generate its own phase estimation. The feedback configuration 
minimizes the difference between input signal phase and output 
signal phase generated by DCO. 

This phase estimation is further helped by the inclusion of an 
additional phase control in the DCO where the output phase along 
with frequency can be varied directly with input control voltage 
[9], [10]. Here, this 2nd input of DCO is connected with phase 
detector (PD) output.
The governing equation of the 1st order DPLL is given by [2],

  (1)
where, ωi, ψi are input signal frequency and phase respectively and 
ω0, ψ0 are DCO output signal frequency and phase respectively.
After DCO frequency tuned to carrier frequency, i.e. ωi = ω0, 
with the help of (1) the DCO output phase in Z domain can be 
written as, 
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and H(z) is the closed loop transfer function of the proposed loop, 
N(z) is the noise present in the phase detector output. √2A is peak 
amplitude of the input signal. The open loop transfer function, 
G(z) is given by [7], [10], 

   (4)
Kf is the open loop gain of the loop, Kpm is the phase sensitivity 
(rad/V) of this modified DCO.
The closed loop transfer function is expressed as, 

   (5)
The continuous time PLL (CTPLL) approximation of this DSP 
DPLL is given by[11], 

   (6)
So, the time constant of the modified loop is given by,

    (7)
So, time constant can be reduced by the application of phase 
control in a loop of given loop gain as shown in Fig. 2. Again, 
the noise bandwidth can be calculated from (5) using the method 
given in [2],

 (8)



IJECT Vol. 6, IssuE 1, spl-1 Jan - MarCh 2015

w w w . i j e c t . o r g InternatIonal Journal of electronIcs & communIcatIon technology  89

 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

The acquisition performance is dependent on the loop bandwidth 
which is a function of loop gain. Equation (8) shows that loop 
bandwidth can be increased by increasing loop gain Kf and it will 
make acquisition faster (also seen from (7)). But, it will cause the 
tracking performance to be poor.
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Fig. 1: Mathematical Model of the Modified 1st Order

Fig. 2: Time Constant of the Proposed 1st Order Loop Versus Phase 
Sensitivity Kpm (Rad/Volt) With Loop Gain Kf as a Parameter

Tracking can be made better only for a loop with narrow 
bandwidth. So, dynamic variation of loop bandwidth with the 
adaptive adjustment of loop gain is the possible way to get rid of 
this conundrum. This dynamic adjustment of loop gain is carried 
out using fuzzy logic controller.

III. Variable Loop Gain Using Fuzzy Logic Controller
The automatic control of loop gain using Fuzzy Logic Controller 
(FLC) requires moderate computational complexity compare to 
other schemes, while tracking the phase and frequency fluctuations 
effectively and rapidly [3-4, 12]. Input crisp variables to the 
FLC are the phase error θe(k) and the change rate of the phase 
error,θe(k). The crisp variable output by FLC is the control voltage 
of DCO.

When DPLL begins to work, the phase error and change rate of 
phase error are both high that makes the FLC to produce high 
output.

Fig. 3: Membership Functions of Inputs and Output

Table 1 : Fuzzy Rule Table

        )(ke

)(ke
NL NS ZE PS PL

NL NL NL NM NM NM
NS NL NM NM NS NS
ZE NM NS ZE PS PM
PS PS PS PM PM PL
PL PM PM PM PL PL

Thus, it makes the effective loop gain to be high as well as the 
process of arriving phase locked state is sped up. After reaching 
steady state, θe(k) and θe(k) are both relatively small and it will 
cause the FLC output to decrease. It results the loop gain to be 
reduced so is the loop bandwidth and consequently a better noise 
elimination is achieved. This control strategy is implemented using 
a set of linguistic rules given in Table 1.
The ranges of the input variables were partitioned into five subsets 
each and output variable is partitioned into seven subsets. They 
are assigned linguistic connectives such as negative large (NL), 
negative medium (NM), negative small (NS), zero (ZE),  positive 
small (PS), positive medium (PM), positive large (PL). The fuzzy 
membership functions (MF) assigned to each variable subset are 
shown in fig. 3. The upper and lower bounds of each variable 
have been obtained from the experimental data generated by the 
DPLL simulation without fuzzy control.

IV. VHDL Simulation 
System Generator®, the DSP development tool provided by 
Xilinx®, is used on Matlab/Simulink environment to design 
the proposed loop for its implementation on FPGA platform. 
The toolbox contains a set of simulink blocks (models) for 
several hardware operations and these blocks help the design 
of complex digital system to be implemented through graphical 
user interface.
First of all, system level model of each module is implemented 
using these blocks. The blocks such as, counter, constant, delay, 
ROM, Gateway In, Gateway Out are used for the IQ DCO. Adder 
and Multiplier are essential for all the modules. The phase detector 
is so designed that it can also perform r.f. filtering with the help 
of in-phase and quadrature output of IQ DCO. Fuzzy inference 
system (FIS) is created with the help of Fuzzy Logic toolbox of 
Matlab and an interfacing is carried out between this tool and 
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Xilinx supported blocks. Finally, all blocks are grouped together 
and connected following the architecture shown in Fig. 1 to realize 
the entire loop.
The input signal is transformed into a binary signal of 16 bits 
width and carrier frequency is chosen as 1000Hz.

V. Simulation Results

A.Transient Response
A frequency step signal of 25 Hz frequency offset is taken to study 
and compare the transient behavior of the proposed loop with 
traditional loops. Fig. 4 shows, when traditional DPLL with fixed 
gain fails to lock, a fuzzy controlled DPLL conveniently follows 
the frequency step. But, transient time is reduced by one fourth 
when the phase control is applied to this fuzzy DPLL.

B. BFSK Demodulation
Transient time of receiver plays a major role in demodulation of 
BFSK signal, especially when bit rate is high. DPLL with narrow 
loop bandwidth has larger acquisition time, so demodulation 
of BFSK signal will produce severe inter-symbol interference 
(ISI). Fuzzy controlled DPLL can be used for faster acquisition 
with tolerable noise. The additional phase control in this fuzzy 
controlled loop helps to reduce ISI even at higher bit rate.

Fig. 5: Demodulation of BFSK Signal Using a DSP DPLL, Fuzyy 
Controlled DSP DPLL, Modified Fuzyy DSP DPLL when bit rate 
is 128 bps and input SNR is 30dB.

Fig. 4: Transient Response Curves of (a) DSP DPLL, (b) Fuzyy 
DSP DPLL, (c) Modified Fuzyy DSP DPLL When Input Frequency 
Offset is 25Hz

This is established in fig. 5 and fig. 6 where demodulation of 
BFSK signal with input bit rate 128 bps and 256 bps are compared 
respectively. In both the cases, SNR of the received BFSK signal 
is 30dB. The prominent presence of ISI is clearly visible in the 
demodulated output by Fuzzy controlled loop when bit rate is 256 
bps in fig. 6. This figure further shows the significant improvement 
in ISI removal when Fuzzy controlled loop incorporates the phase 
control.

VI. Conclusion
A novel architecture of 1st order DSP type DPLL using a Fuzzy 
Logic Controller and modified version of digital control oscillator 
is demonstrated. The corresponding system level model is also 
established using Xilinx® blockset under Matlab® environment. 
The results obtained from simulation of this proposed form of DSP 
DPLL shows a significant improvement over its other counterparts. 
It also suggests that further improvement in performances, such as 
elimination of phase jitter, large signal handling capacity etc, are 
also possible. Xilinx® model of the system can be implemented on 
FPGA board using System Generator® to verify the functionality 
of the system on a hardware platform.  
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