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Abstract:
The paper emphasizes on pre-coding analysis of inter-symbol interference
cancellation with FIR equalizers based on non-maximally decimated multi-rate filter
banks. Unlike the existing pre-coding methods, the proposed pre-coding method was
independent of the ISI channel, gives the FIR equalization at the receiver for any FIR
ISI channel including spectral-null channels, expands the transmission bandwidth in a
minimum amount. Based on multi-rate filter-bank philosophy, it presents a necessary
and sufficient condition on an FIR ISI transfer function in terms of its zero set such
that there is a linear FIR N×K pre-coder so that an ideal FIR equalizer exists. As a
consequence of the condition, for any given FIR ISI transfer function (not identically
0), there permanently occur such linear FIR pre-coders. The transmission section is
employed with the proposed pre-coding methods which use only interpolator in the
transmission section, with ideal FIR interpolator. The effects of the pre-coding are
removed by using the FIR decimator which has equal range of effect in sampling as in
FIR interpolator.
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1. Introduction
INTER-symbol interference (ISI) is a common problem in telecommunication

systems, such as terrestrial television broadcasting, digital data communication
systems and cellular mobile communication systems. The main reasons for the ISI are
because of high-speed transmission and multipath fading [1,2,3,4,5]. These studies
can be primarily split into three categories:

a. post equalization, such as least-mean-squared (LMS) equalizer and decision
feedback equalization (DFE),

b. multicarrier modulation to increase transmission symbol length
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c. pre-coding techniques

The basic idea for DFE is that once an information symbol has been detected, the
ISI that it causes on future symbols may be estimated and subtracted out prior to
symbol detection. DFE usually consists of a feed-forward filter and feedback filter.
The feedback filter is driven by decisions of the output of the detector, and its
coefficients are adjusted to cancel the ISI on the current symbol that results from past
detected symbols [6,7,8].

The coefficient adjustment may be done via a linear equalizer with LMS algorithms.
The convergence of these iterative algorithms is dependent of the channel
characteristics.

When a channel is spectral null or frequency selective fading, these algorithms are
very slow and, therefore, become computationally expensive. The performance of the
existing linear equalizers significantly degrades over frequency selective fading
channels. Although DFE has better performance than the existing linear equalizers
when the frequency fading is in the middle of a pass-band, it does not offer much
improvement in other fading cases [9,10,11,12].

In blind equalization techniques, there are approximately three groups of results;

a. high-order statistics techniques

b. second-order cyclo-stationary statistics techniques with oversampling

c. antenna array (smart antenna) multi-receiver techniques

where there is a considerable amount of overlaps between last two facts..

2. Overall System
The best technique for eliminating the ISI is the control both the transmission and

receiving section. Multi-rate filter bank as pre-coder before transmission shown in
Figure 1, where K indicates by down sampling and N indicates by up sampling i.e.,
inserting zeros between two adjacent samples and H(z) is the ISI transfer function. So
that the inter-symbol interference (ISI) can be avoided [12,13,14].

Figure 1. Propose Block Diagram Pre-coding technique for eliminating ISI.

If input signal x[n] in Figure 1 can be completely recovered from the received
signal x'[n] through an FIR linear system, it presents that the system in Figure 1 has
perfect reconstruction (PR) or an FIR ideal linear equalizer.

3. Non-maximally Decimated Multi-rate Filter Bank Structure
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The new pre-coding techniques for the non-maximally decimated multi-rate filter
bank with ideal FIR filter described in this paper include the following components
namely;

a. Decimator

b. Interpolator

c. FIR Filter and

d. ISI transfer function
The overall block diagram of the simulation model is shown in Figure 2. The decimator and

interpolator are used for the up sampling and down sampling [15,16,17,18,19].

Figure 2. Block Model of Non-maximally Decimated Multi-rate Filter Bank.

The new pre-coding scheme of the non-maximally decimated multi-rate filter bank is that
the transmitter uses the low pass filter to transmit the signal x(n). Then the signal is blocked
by size N that is the signal is transmitted by putting the zeros between the adjacent symbols.
The signal is then subjected to the ISI transfer function H(z), and it deformed to the signal
x'(n). The receiver detect the deformed signal x'(n) so it is need to reconstruct this signal to
the transmitted signal x(n). The multi-rate concept is also employed there to allow the user to
reduce the signal transmission rate by changing the value of decimator and interpolator. This
new pre-coding scheme allows the user to transmit the signal with less ISI effect and allow
the perfect reconstruction (PR) of transmitted signal and transmission rate. The proposed bock
model of the Non-maximally decimated multi-rate filter bank model is shown in Figure 3.

Figure 3. Proposed Design of the New Pre-coding Methods.

4. Propose Design System
The non-maximally decimated filter bank for recovering the transmitted signal x(n)

which is deformed to the signal x'(n) to the state y(n) which is approximately equal to
the x(n). The signal transmitted and received is determined by analyzing the spectrum
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and the impulse response of the ISI transfer function of the channel. The proposed
design model of the non-maximally decimated filter bank is shown in Figure 4.

Figure 4. Proposed Design Block Diagram of System.

Figure 5. Configuration window of the FIR design Tool.

For the system, the low pass FIR is design by using the Filter Design Tool Box of
the MATLAB environment. The FIR interpolator and the FIR decimator are firstly
design and the band stop FIR filter for the ISI channel is design.

Both of the FIR interpolator and the FIR decimator are design with the Low pass
FIR filter. In designing the FIR interpolator, the interpolation factor is set to 2. Fpass
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and Fstop are set to 0.3 and 0.65 respectively for this system. Equiripple FIR design
method is used for all of the FIR design. The filter type of the system must be set to
“Interpolator”. The design of the FIR decimator is same as the design of interpolator
expect for the filter type that is “decimator”.

Both of the FIR interpolator and the FIR decimator are design with the Low pass
FIR filter. In designing the FIR interpolator, the interpolation factor is set to 2. Fpass
and Fstop are set to 0.3 and 0.65 respectively for this system. Equiripple FIR design
method is used for all of the FIR design. The filter type of the system must be set to
“Interpolator”. The design of the FIR decimator is same as the design of interpolator
expect for the filter type that is “decimator”.

5. Simulink Model of the Proposed System
SIMULINK block diagram of the proposed system is shown in Figure 6. In this

system, the FIR decimation and interpolation block-set from the signal processing tool
box are used in this system. Both of the FIR decimator and interpolator are defined
with factor 2 to match the theory of non-maximally decimated filter bank.

Figure 6. SIMULINK Block Diagram of the System.

The ISI transfer function of the system is constructed by using the Band Stop FIR
filter algorithms to get the PR (perfect reconstruction) of the signal. The Impulse
response and the magnitude response of the ISI channel transfer function is shown in
Figure 7 and Figure 8. From these response, the polynomial for ISI channel transfer
function H(z) is got. The parameter for the ISI transfer function is first band is 0.15 to
0.35 and the second band is 0.75 to 0.95.

H(z) = 1/9 (1+ 2z-1+2.5z-2+2z-3+z-4)

This ISI transfer function is put into the simulation model and test the result. The
response of the H(z) to unit step, ramp and discrete impulse signal are shown in
Figure 7.
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Figure 7.Magnitude Response of the H(z).

The uniform impulse response is found in the response of ISI transfer function H(z).
The system will be response to the deform signal form in the present of data in its
system impulse response of the H(z).

Figure 8. Impulse Response of the H(z).

The pole zero plot of the ISI transfer function used in this system is shown in Figure
9. The transfer functions of the ISI channel represent the effects of ISI to the channel
transmitted data. The data will be deformed in the time sample based data. This data is
then reconstructed to the transmitted signal by using the FIR-decimator. The FIR-
interpolator is used in the transmission section to decode the sample data.

The step, ramp and discrete impulse response of the ISI transfer function H(z) are
shown in Figure 10. The response curves show that the system response is stable
when the ramp input is started with at least 1 second and 1.5 second for step input.
Since the impulse response is acceptable for the discrete impulse.
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Figure 9. Pole-Zero Plot of the H(z).

Figure 10. Simulation Response of H(z) to Step, Ramp and Discrete Impulse.

6. Simulation Result of the System
The signal to be transmitted is save in the form of the MATLAB variable and it is

accessed from the program. The form of the original with many rate is shown in
Figure 11.

This signal is transmitted through the pre-coder with new pre-coding technique
which used FIR interpolator. After the pre-coding step, the signal passed through the
ISI channel thus it gets deformed in its shape and frame size. The deformed signal
which passed through the ISI transfer function is shown in Figure 11. This can be
view via the scope of the Simulation Model.

The deformed signal is then recovered by using the FIR filter based decimator. The
pre-coding method is non-maximally decimated because the interpolation factor and
decimation factor are equal. The deformed signal is shown in Figure 12 as a result of
ISI transfer function H(z) which is employed the pulse shaping precoding by using the
FIR interpolation that the signal frame size is larger than that the original signal.
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Figure 11. Originally Transmitted Signal.

Figure 12. Deformed Signal (in Frame Rate).

Figure 13. Recovered Signa.

The recovered signal deformed by ISI transfer function H(z) is shown in Figure 13.
In this result 100 Frame is delayed in the system component. The pulses are then
shaped by using pulse designator since the decimation factor K is similar interpolation
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factor N. The system is said to be non-maximally decimated multirate filter banks.
Almost the signal is equal to originally transmitted signal. The system performance is
almost 90%. For the best case, time delay expression calculation should be added in
order to get optional performance of the system.

7. Conclusion
This paper is about the study of non-maximally decimated multi-rate filter-banks as

pre-coders for the ISI elimination, where each K samples are expanded into Nsamples.
When K = 1, it is equivalent to the fractionally spaced equalizers, where the sampling
rate is N times faster than the band rate in the receiver. It can be found that a
necessary and sufficient condition on the ISI transfer function for the existence of an
FIR ideal linear equalizer.

The condition coincides with the known one for the fractionally spaced equalizers
when K = 1. The condition is not difficult to check when the ISI transfer function is
known. In particular, it obtained a simplified version of the condition for an FIR non-
maximally decimated multi-rate filter-bank pre-coder with N channels and the largest
decimation, i.e., K = N -1 which corresponds to the case of the smallest bandwidth
expansion in the pre-coding. The condition can be stated as follows: All rotations of
the zero set of the FIR transfer function H (z) at samples l*N for l = 0, 1, 2, 3, …, N-1
are disjoint from each other. These conditions are basically easy to satisfy. Thus, the
approach in this paper suggests that the sampling rate that is times faster than the baud
rate for the receiver may be good enough.
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