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Abstract

In this paper we put forward the literature review related to the multirate systems. One of the main objective of this survey paper to
find the comparison between various multirate systems with software defined radio. Another objective is to provide the novel
approach in order to help readers with choosing the most appropriate SDR. This technique has been used to take an optimal
advantage of CIC interpolator because the use of embedded LUTSs not only increase the speed but also saves the resource of the
target device FPGA. The proposed interpolator has been designed using half band polyphase FIR structure with Matlab, simulated
with Modelsim XE, synthesized with Xilinx Synthesis Tools (XST) and implemented on Spartan-3E based 3s500efg320-4 FPGA

device.
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Introduction

The extensive use of digital representation of signals for
transmission and storage has created challenges in the area of
digital signal processing. The applications of digital FIR filter
and up/down (interpolator/decimator) sampling techniques are
found everywhere in modem electronic products. For every
electronic product, lower circuit complication is always an
important design target since it reduces the cost. There are
many applications where the sampling rate must be changed.
Up sampler and down sampler are used to change the
sampling rate of digital signal in multi rate DSP systems. This
rate conversion requirement leads to creation of undesired
signals associated with aliasing and imaging errors. So some
kind of filter should be placed to attenuate these errors.

Interpolators

Interpolators and decimators are utilized to increase or
decrease the sampling rate. Up sampler is basic sampling rate
alteration device used to increase the sampling rate by an
integer factor. An up-sampler with an up-sampling factor L,
where L is a positive integer, develops an output sequence
xu[n] with a sampling rate that is L times larger than that of
the input sequence x[n]. The up sampler is shown in Figurel.
Up-sampling operation is implemented by inserting
equidistant zero-valued samples between two consecutive
samples of x[n].
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Fig 1: Up Sampler

The input and output relation of up sampler can be expressed

as
n/L], n=0,=L,£2L,--
x [y =, "M .
0, otherwise

The zero-valued samples inserted by the up-sampler are
replaced with appropriate nonzero values using some type of
filtering process called interpolation ™,

Software defined radios

Software defined radios is a kind of device that wirelessly
transmits or receives signals in the radio frequency (RF) part
of the electromagnetic spectrum to facilitate the transfer of
information. In today's world, radios exist in a multitude of
items such as cell phones, computers, car door openers,
vehicles, and televisions.

In other words it can be defined as radio in which some or all
of the physical layer functions are software defined. SDR
enables the family of radio “products” to be implemented
using common platform architecture, allowing new products
to be more quickly introduced into the market. Software to be
reused across radio "products”, reducing development costs
dramatically. Over-the-air or other remote reprogramming,
allowing "bug fixes" to occur while a radio is in service, thus
reducing the time and costs associated with operation and
maintenance.

Cascadeed Interpolator Comb Filter

In digital signal processing, it is an optimized class of finite
impulse response (FIR) filter combined with an interpolator or
decimator.
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A CIC filter consists of one or more integrator and comb filter
pairs. In the case of an interpolating CIC, the input signal is
fed through one or more cascaded integrators, then a up-
sampler, followed by one or more comb sections (equal in
number to the number of integrators).
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Fig 2: CIC

Comparison between various multirate systems

In the paper, eight independent multi-rate signal interpolators,
with real-time change of rate capability, were implemented on
a FPGA. CIC filter and the respective compensation filter
performs a fixed rate change of 4 and implemented as a 129
taps finite impulse response (FIR) filter. The FIR filter
coefficients were attained from the MATLAB simulation,
based on the inverse sinc (x) function. In this, CIC was
designed to have six stages, a differential delay of 1, a variable
rate change factor ranging from 10 up to 10,000 and fixed
sampling rate of 40 MSPS. These signals are subsequently
converted to the analog domain by 16 bit digital-to-analog
converters.

The CIC interpolator magnitude frequency response with six
stages, differential delay of 1 and interpolating factor ranging
from 10 up to 10 000 which is multiplied by 4, due to the
fixed rate change executed by the compensation filter shown
in figure 3.
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Fig 3: CIC interpolator magnitude frequency response for R = 10
which corresponds to a 1 MSPS JET signal sampling rate and
therefore to a 500 kHz signal bandwidth.

To compensate the passband magnitude attenuation of the CIC
filter, a finite impulse response (FIR) interpolator, with fixed
rate change of 4 and an inverse sinc (x) magnitude frequency
response in the passband, was simulated on MATLAB®. A
set of 129 coefficients were obtained for the FIR filter
implementation. In Fig. 4, the magnitude frequency response
of the compensation filter can be seen.
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Fig 4: Magnitude frequency response of the compensation filter for a
1 MSPS signal sampling rate.

Fig. 5 shows the magnitude frequency response of the
resulting filter and was obtained simulating the cascade of the
FIR compensation filter with the CIC interpolator.
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Fig 5: Resulting filter magnitude frequency response for a CIC with
interpolation factor R = 10.

The magnitude frequency response of a seventh-order
Chebyshev type Il is presented in Fig.6 and was obtained from
the simulation of a dedicated program for passive filter
implementations.
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Fig 6: Reconstruction filter magnitude frequency response.

The first imaging appears at 40 MHz and a stop band
attenuation of 100 dB, starting near 39 MHz, guarantees a free
imaging signal frequency spectrum above that stop band
shown in fig 7.
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Fig 7: Channel output magnitude frequency response (simulated).

The magnitude frequency response of the outputs is presented
in Fig. 8 (the tail is due to differences between the simulation
and the implementation in the FPGA).
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Fig 8: Channel output magnitude frequency response (measured).

Fig. 9 shows a 15.625 kHz sine wave spectrum resulting in a
total harmonic distortion of 71.6 dB and a signal-to-noise ratio
0f 103.1dB (1 Hz). The effective number of bits is 11.6 bits [4,
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Fig 9: Spectrum of a 15.625 kHz sine wave (measured).

In this proposed work fully pipelined 3 stages CIC interpolator
is designed using MATLAB and Xilinx Accel DSP by taking
R as 8 and M as 2. First, the floating point output of m-code
file is verified and analyzed as shown in Fig 10.

Then the equivalent fixed point file is generated and verified
by AccelDSP whose output is shown in Fig 11. The red plot
shows the input sequence, green plot shows the ideal response

and blue plot is the output from CIC decimator.

A 3 stage interpolator is designed to accomplish three things
here. First, we have slowed down half of the filter and
therefore increased efficiency. Second, we have reduced the
number of delay elements needed in the comb sections. Third,
and most important, the integrator and comb structure are now
independent of the rate change. This means we can design a
CIC filter with a programmable rate change and keep the same
filtering structure.

The first step in design flow is to develop m-code for CIC
interpolator with required specifications using MATLAB.
First, the floating point output of m-code file is verified and
analyzed as shown in Fig 10.
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Fig 10: Floating Point Output of CIC Decimator

Then the equivalent fixed point file is generated and verified
by AccelDSP whose output is shown in Figh. The red plot
shows the input sequence, green plot shows the ideal response
and blue plot is the output from CIC decimator.
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Fig 11: Fixed Point Output of CIC Decimator

As shown in table 1, the proposed LUT based design can work
at an estimated frequency of 276.6 MHz by using considerable
less resources of target FPGA [l

Table 1: Transposed Form Performance Evaluation

Clock Name Requested Estimated Estimated Max Input
Frequency Frequency Period Throughput Sampling
276625
Clock 100.0 MHz 2766 MHz 36150 ns MSPS

In this proposed work DSP 48E slices are replaced with
multipliers of target FPGA device by preserving the required
specification. GSM DUC design has been optimized by using
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the concept of polyphase decomposition for efficient mapping
on multiplier based Virtex 1l Pro FPGA. The speed
performance has been enhanced by using MAC algorithm
which is implemented with embedded multipliers of target
FPGA. The first stage FIR pulse shaping filter with order 31,
second stage FIR compensating filter with order 10 and third
stage CIC filter have been designed and cascaded together
using MATLAB [ to develop final DUC as shown in Fig.12.
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Fig 12: GSM DUC Design

First two stages have been implemented using multiplier
based MAC algorithm and third stage has been implemented
using multiplier less technique. The developed design has
used 22 embedded multipliers for implementing first to stages.
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Fig 13: MAC Algorithm based DUC Stage

First stage has been developed using 16 multipliers to process
32 taps and second stage has been developed using 6
multipliers to process 11 taps. The MAC algorithm based
structure of stage 2 has been shown in Fig.12.

The VHDL code of proposed DUC has been simulated using
Modelsim simulator whose output has been shown in Fig.14.

Fig 14: DUC Simulated Output

Table 2: GSM DUC Resource Utilization

Logic Utilization Used Available
# of Slices 539 136906
# of LUTs 621 27392

# of DSP48Es - -

# of MULTs 22 136

Table 3: Resource Utilization Comparison

Logic Utilization Optimized DUC [9]
DUC
# of Slices 557 965
# of LUTs 621 1317
# of DSP48Es - 43
#of MULTSs 22 -

The optimized DUC can operate at a maximum frequency of
145.5 MHz as compared to 125 MHz in case of existing GSM
DUC design by consuming 557 Slices, 621 LUTs and 22
Multipliers. The resource utilization of optimized design has
been compared design of as shown in Table 3 4,

Conclusion

In this review paper, the implementation of the CIC filter
interpolator did not consume high amounts of resources of the
FPGA—namely the multiplier blocks—which were used to
build the FIR compensation filter. Nevertheless, 90% of the
FPGA resources are used due to the number of channels. At
the beginning of the FPGA design, it was intended to scale the
CIC output automatically. A Xilinx AccelDSP based approach
is presented to minimize the time to market factor. The
proposed fully pipelined CIC interpolator filter is designed by
using embedded LUTSs of target device. This show enhanced
performance in terms of speed and area utilization and can
operate at an estimated frequency of 276.6 MHz by
consuming considerably less resources to provide cost
effective solution for wireless based SDR applications. Area
efficiency has been achieved by limiting the filter order and
speed has been enhanced by utilizing optimal number of
embedded multipliers of target FPGA. DSP 48 slices have
been replaced with multipliers to improve cost effectiveness.
The developed DUC can operate at a maximum frequency of
145.,5 MHz by consuming 557 Slices, 621 LUTs and 22
Multipliers.
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