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ABSTRACT

This paper analyzes the performance of a modified correlation, or delay-locked loop
(DLL). These devices typically cross-correlate the received signal with a differentiated
version of the originally transmitted signal. This paper describes some interesting
properties the loop assumes when the differentiator is replaced by a Hilbert transform.
The loop will still track the timing offset of the code, but it will also be able to acquire the
signal when the initial offset is greater than one chip time. The new loop may also be
superior to traditional DLL in low SNR environments, since it is much less likely to lose
lock. Since the new loop is highly non-linear, it is studied through the use of computer
simulations.
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1.  INTRODUCTION

In many problems of time-delay tracking and position measurement, it is necessary to
measure the delay difference between two versions of the same signal. Correlation loops,
as shown in Fig. 1, are commonly used to perform this operation. In these loops a
differentiated and delayed receiver-generated replica of the transmitted signal, ( )tsx ,

multiplies the received signal, )()()( tntsPtr x +−= τ . The DC, or low frequency, terms at
the multiplier output provide an error signal that can keep the loop in lock.



)()()( tntsPtr x +−= τ

     )(
∧

−τts
dt
d

X

           

      Local Time base

Figure 1: Generalized Correlation Loop

Correlation loops can be used to track sinusoidal carriers, square waves, data sequences and random
codes. It is impractical to differentiate a PN code, or any signal that has discontinuities. The derivative
of these signals consists of a series of impulses. In these systems, the derivative is often approximated as
a finite difference operation, as illustrated in Fig. 2. To more carefully study the dynamics of these
loops, one typically uses a baseband equivalent model, as shown in Fig.3. The difference between a true
differentiator and a finite difference operation will be seen in the form of the non-linearity used.

)()()( tntsPtr x +−= τ

            

       Local Time base

Figure 2: Finite Difference Loop

The main purpose of the differentiator is to generate a 90° phase shift, which will in turn
generate an odd non-linearity in the baseband loop. There are many filters besides
differentiators that supply the same phase shift. This work replaces the differentiator with
a Hilbert transform.

To see the impact of replacing the differentiator by a Hilbert transform, one needs to
calculate the response of the new non-linear amplifier, or loop S-curve. The S-curve is
the cross-correlation function between the signals at the input and output of the Hilbert
transform. This calculation is performed in section 2. After finding this function, we will
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see the loop has the interesting property of remaining in lock, and acquiring
synchronization even when the time offset is many chip times. Section 3 investigates the
acquisition performance of one of these loops.

Figure 3: Baseband Model

2. ANALYSIS OF MODIFIED LOOP

The loop model for analysis is shown in the Fig. 4. The original periodic signal is )(tsx ,

and the received signal is ( ) ).()( tntsPtr x +−= τ  Both of the signals are periodic with a
period of T seconds. The additive white Gaussian noise term, )(tn , has a two-sided
spectrum of 2/oN  watts/hertz. The local waveform generator produces a PN code and the
filter H(f) is a Hilbert transform.

The control function that will drive the loop into lock, )(te , is the filtered version of the
multiplier
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The precise calculation of )(te is rather tedious. This function can be approximated by the
cross-correlation function of the input signal and the local waveform, )(τXLR . By
definition, the cross correlation function is
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Figure 4: Loop Model for analysis
where [ ].E  denotes the statistical expectation. Since these signals are periodic, the cross
correlation function is
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This cross correlation function can be found analytically, or numerically, and resembles
the curve shown in Fig. 5. This curve has many interesting properties – for example it
remains non-zero over a very wide range. The S-Curve is difficult to linearize, since the
slope at the origin is infinite. These two properties suggest the loop may acquire signals
when they are far from lock, but it will probably require computer simulation to carefully
study this nonlinear device.

3.  ACQUISITION PERFORMANCE

Acquisition is a code timing search mode where by the received PN code is brought into
approximate time alignment with the incoming signal. Most correlation loops will not
acquire a signal if the initial time offset is more than one or two chip times. This loop will
acquire over a much larger range. In the computer simulations, the chip time was
arbitrarily set to one second. The acquisition performance of the modified loop was
studied by observing the acquisition time at different SNR and loop bandwidths. Since
the new loop has infinite slope at the origin, it is highly nonlinear. The 3-dB bandwidth of
the loop is determined by making a linear assumption. Figure 6 shows the acquisition
performance for a first order loop. The loop acquires in both a noise free environment,
and when small amounts of noise are injected. In some cases the injected noise shortens
acquisition time.
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Figure 5: Loop S Curve

Figure 6: Acquisition Performance of the Modified Loop

Unfortunately the loop fails to acquire after a time offset of approximately 3 chip times.
This problem can be overcome by the addition of a higher order loop filter. By inserting a
sliding window FIR filter, with a window of 0.1 seconds, the acquisition range was
extended to 7 chips, as shown in Fig. 7.



Figure 7: Acquisition Performance of Loop with Sliding Window Loop Filter

4.CONCLUSIONS

A delay locked loop was modified by inserting a Hilbert transform filter between the PN
generator and the multiplier. Computer simulations showed this loop can acquire a signal
over a wider range than a conventional early-late delay locked loop. The lock range was
still limited, but could be extended through the use of different loop filters. The exact
nature of the acquisition performance, along with the effect of different loop filters is still
under investigation.
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