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Abstract:

As sensors and network-enabled devices improve, there is an increasing desire for great efficiency and low power
use. The main delaying element of these devices is the multiplier included within used in signal processing
applications are digital filters. In order to create infinite impulse response (IIR) filters of orders four, eight, sixteen,
thirty-two, and sixty-four, this paper suggests the The design of several conventional and traditional multiplier
algorithms is examined, along with the latency, memory utilization, and amount of logic used in the suggested

algorithms' performance.

Keywords: IIR digital filter , Delay , FPGA ,Verilog HDL, Filter design and analysis (FDA) , Matlab,
LUTs.

1 Introduction

Natural phenomena are examples of the many different signal types that are employed in several signal processing
and telecommunication applications, including human speech, audio signals, seismic waves, etc. Many fields
incorporating data communication, radar, seismology, and sonar, biomedical engineering, and a lot more, have
used signal processing for many years. Digital signal processing (DSP) is a vital modern instrument that digitally
transforms analog input inputs, analyzes those signals, and then converts the conclusions back to analog signals.
DSP is used in a variety of scientific and technical domains.

DSP systems were introduced as a result of recent developments in integrated circuit technology and the creation
of complex signal processing algorithms. 1IR (infinite impulse response) filtering is a critical step in many DSP
applications. Implementation of standard and traditional multiplier methods, which are used to create IIR filters,
allows for the optimisation of this process in relation to latency, area, LUTs, and logic level. The implementation
of IR filters with orders 4, 8, 16, 32, and 64 is subsequently done using their findings. It is vital to optimise the
multiplier's design, a problem on which many earlier studies have focused, as the multiplier's complexity
influences the filter's reaction time. These research built digital multipliers for a range of bit lengths.

2. Implementation

The VERILOG codes of all the aforementioned multiplier algorithms are built on an FPGA using Xilinx
software with bit widths of 4, 8, 16, 32, 64 to provide information on latency, hardware complexity,
LUTSs, and 10 parameters.

Table 1 presents the analytical report generated subsequent to simulating a algorithm for a certain bit
length in VERILOG.
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The MATLAB R2021a software is utilised to generate comparative graphs pertaining to latency and

memory utilisation characteristics. Figure 1 illustrates the response delay of the algorithms mentioned

earlier, while Figure 2 illustrates the memory consumption of these algorithms during the construction

of the final product terms.

Figure 2 illustrates a comparison of the memory (KB) demands of various multiplier algorithms on the

Virtex 5.
Bit length Type Delay in ns Logic Levels | Number  Of | Memory
slice LUTs Usage(inKB)
4 Vedic 5.853 6 20 4546656
Array 5.540 5 26 4546716
Booth 5.374 5 23 4546628
Sequential 6.803 8 20 4546704
8 Vedic 10.683 12 117 4546712
Array 12.046 13 91 4546632
Booth 15.362 30 192 4546648
Sequential 13.763 29 94 4546712
16 Vedic 18.290 22 494 4596280
Array 19.832 25 375 4581196
Booth 25.533 63 737 4562876
Sequential 25.657 61 382 4562844
32 Vedic 30.397 38 2121 4831320
Array 38.120 61 528 4579112
Booth 45.970 128 3009 4679272
Sequential 49.431 125 1534 4646968
64 Vedic 52.670 69 8850 5646976
Array 69.022 125 2079 4693552
Booth 88.869 256 12161 4887660
Sequential 96.980 253 6142 5407860

Table 1 Multiplier algorithms that are compressed for various bit lengths
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Fig. 2 Comparison graphs of memory use for different multiplier algorithms

In this study, we developed low-pass Infinite Impulse Response (IIR) filters of varying orders,

specifically four, eight, sixteen, thirty-two, and sixty-four, using the VERILOG programming language.

These filters were subsequently subjected to simulation and implemented on a Field Programmable

Gate Array (FPGA) with the aid of Xllinx software. Table 2 presents an analytical report of an Infinite

Impulse Response (IIR) filter with regards to temporal delay, hardware intricacy, Look-Up Tables

(LUTS), and Input/Output (10) parameters.
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Filter Order Type Delay in ns Logic Levels | Number  Of | Memory
slice LUTs Usage(inKB)
4 Vedic 24.684 73 1321 4798312
Array 25.552 45 1465 4680960
Booth 48.541 132 4327 4643772
Sequential 31.606 129 952 4579112
8 Vedic 55.107 169 4737 5141960
Array 57.238 189 3976 4886008
Booth 100.570 353 8867 4662604
Sequential 66.153 294 2317 4596288
16 Vedic 103.672 348 8224 5740636
Array 107.917 350 7825 5235524
Booth 196.171 677 16724 4781464
Sequential 116.873 544 4315 4676236
32 Vedic 194.692 688 15203 6963680
Array 218.001 734 15788 5951104
Booth 387.845 1420 35146 5066832
Sequential 234.402 1097 8740 4749764
64 Vedic 482.294 1603 22212 9313464
Array 462.728 1501 23332 7241756
Booth 771.717 2856 70942 5574236
Sequential 464.123 2164 17562 4939484

Table 2 Using the Virtex-5 device, XC5VLX50T-3FF665, a comparison of IIR filters of orders 4, 8,
16, 32, and 64 using Vedic, Array, Booth, sequential, and algorithms.

231 |Page




International Journal of Advance Research in Science and Engineering Q,
Volume No. 12, Issue No. 06, June 2023

e [JARSE
Www.ajarse.com [SSN 2319 - 8354

LU

TIME DELAY(ns))

a';,/’i‘i,/.

10 20 30 &0 0 &0
Fibar Order

Fig. 3 Graphs of comparative delays for certain multiplier algorithms

The Butterworth methodology is employed for the purpose of designing a direct form low-pass IR filter, and the
coefficients are obtained through the utilisation of filter design and analysis (FDA) tools. The software tool
MATLAB R2021a is utilised to generate comparative graphs pertaining to delay and memory utilisation
characteristics. Figure 4 illustrates the quantity of memory utilised in the aforementioned filter order to attain the
requisite output, while Figure 3 demonstrates the response delay for IR filters of different orders.

3. Conclusion

Based on the results obtained from the simulation, implementation, and analysis report (Table 1), as well as the
comparative multiplier algorithm graphs (Fig. 1 and 2), it can be concluded that the Vedic algorithm exhibits the
highest speed for high-bit-sized systems, with a delay of 52.670 ns. The array algorithm follows with a delay of
69.022 ns, while the booth algorithm exhibits a delay of 88.869 ns. Finally, the sequential algorithm displays a
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delay that is approximately twice as long as the Vedic algorithm.
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Fig. 5 Comparison graphs of memory use for different multiplier algorithms

The Vedic algorithm has been found to be highly effective as a standalone multiplier. However, when
considering the design of IIR digital filters, the use of established multiplier techniques has been shown
to yield superior results. Specifically, it has been determined that the Vedic algorithm is optimal for
low-pass filter design in relation to delay, as evidenced by the data presented in Tables 1 and 2, as well
as Figures 3 and 4. The aforementioned deduction was derived through the examination of solely
multiplier algorithms, followed by their implementation in a practical context such as the design of an
IIR filter. The Vedic Logic algorithm exhibits superior performance compared to other established
multiplier algorithms, as evidenced by its lower mean deviation of time delay. When considering
memory consumption and device complexity as primary concerns, sequential multipliers are typically
favoured over booth, array, and vedic multipliers.
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