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Abstract

IR Filters on Field Programmable Gate Array

(FPGA) are designed by different methods of

Digital Design. Microprogramming based FIR

filters are vastly used in Video and Image
Processing  application.  Purpose  technique s
Compositional Microprogram Control Unit (CMCU) FIR
Filter. CMCU is both time and area optimized filter than
that of microprogram FIR Filter. Parallel architecture is
used in Data path of design. Verilog Hardware
Descriptive Language (HDL) is used to implement design.
Results are evaluated on ModelSim SE Plus 6.1f and
hardware optimization results are evaluated on Xilinx ISE
web pack 10.1. As an example of synthesis, Compositional
Microprogram Control Unit (CMCU) FIR Filter designed
in this paper is also tested for real time Audio Filtering.
Code is tested on FPGA XC3S700AN [14] using stereo
audio codec (AKM AK4551) [13] on 50MHz clock
frequency. Proposed filter is tested for third order but it
can be extended for higher order which can be used for
high speed applications like DSP applications e.g., Noise
Cancelation, Video and Image Processing.

Index Terms— FPGA, Compositional Microprogram,
Parallel Architecture, Audio Codec.

1. INTRODUCTION

Digital signal processing is very important process in
many image and video applications. Finite impulse
response (FIR) is a commonly used digital filter in many
digital signals processing (DSP) [5]. FIR Filters are
widely used because they have linear phase characteristics
and guaranteed stability. Digital filters are mainly used for
removing the undesirable parts of the input signal such as
random noise or components of a given frequency
content. FIR filters are commonly used in spectral
shaping, motion estimation, noise reduction, channel
equalization among many other applications. The simplest
realization of an FIR filter is derived from.
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In direct form mentioned above, ¥ are the Outputs,
h(k) are Tap Coefficients, x(m) are the Inputs and
xn — k) are the delayed samples by time unit ko,
There are two type of implementation FIR Filters.

(i) Software

(i) Hardware
In software implementation we used Matlab and Java to
implement FIR Filter. In hardware implementation we use
programmable Digital Signal Processors (DSPs) which
are program according to FIR filter instructions which are
write in programming language like C [15]. Another
hardware implementation of FIR filter is by configuring
hardware like Complex Programmable Logic Device
(CPLD) or Field Programmable Gate Array (FPGA).
In software implementation we use general
purpose computer for computing which is slow
as compare to hardware implementations where
we use dedicated hardware which provide fast
computation as compare to general purpose
computer [15]. Hardware implementation itself
has two type in processor based implementation
hardware is programed according to filter
requirements which Fetch, Decode and Executes
the instructions while configuration of FPGA for
FIR filter is more faster implementation even as
compare to processor based implementation. In
FPGAs actually we design hardware as compare
to processor based technique where we only
program pre design hardware. This paper
presents hardware implementation on FPGA.
The architecture of FIR Filter is Compositional
Microprogram.
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Fig.1 FIR Filter



2. DESIGN ARCHITECTURE OF FIR FILTER

The architecture of proposed FIR Filter is divided into
two parts:

I.  Control Logic (Control Unit)

Il. Components that actually execute the Logic
(Datapath)

Control Unit is controlling part of FIR Filter it undergoes
different states, each state generates commands to
Datapath which are executed as per direction of Control
Unit in the Datapath of FIR Filter. Control Unit just think
what are the control sequences and don’t know how the
design will operate on data, Datapath gets the signals from
Control Unit and don’t think what next, and execute the
current control signals. So, the fig.2 clearly states that
Control Unit is what which generates control signals and
decides what to do, and Datapath is what which gets
control signals from the Control Unit and executes the
job.
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Fig 2. FIR Filter Design Partitioning
2.1 CONTROL UNIT

Control Unit takes decisions and produces control signals
to Datapath. Control Unit doesn’t have artificial
intelligence to command operations. It goes through
predefined sequence of operations. There are different
ways of designing a Control Unit like Microprogram
Control Unit and Hardwired Control Unit.

Flip-flops, decoders, gates and other digital circuits are
used to implement the control logic in the hardwired
architecture. One of benefits of hardwire organization is
that it can be advanced to generate a fast mode of
operation. On the other hand, Control memory is used to
save the control information in the microprogram
architecture [16]. The desired arrangement of micro-
operations is programed in the control memory.
Hardwired control is not beneficial since if there is a need
to modify the design then modifying wiring among the
various components is necessary [16]. Microprogram
control is preferable because design can be modified
easily by reprogramming the microprogram in the control
memory.

Microprogram Control Unit consists of Control Memory
which has microinstructions. Microinstructions in the
control memory are addressed with the help of address
register, which defines the address of corresponding
microinstruction and as a result, control signals are
produced. One of the most popular reasons to implement
Control Unit by microprogramming is that it translates the
hardware problems into programming problem, which
makes it easy to control by a wider range of designers.

There is another way of designing Microprogram Control
Unit i.e., Compositional Microprogram Control Unit

(CMCU). In CMCU, Mealy machine is implemented.
Program Counter is used to address microinstructions in
the Control Memory [1], [2]. The advantage of proposed
technique is that it permits to calculate the next address of
control memory in one clock cycle of Control Unit
operation. Because of which CMCU is efficient than
MCU [1], [2].

The proposed design of CMCU is shown in Fig 3 and
Algorithm State Machine of filter is shown in Fig 4.
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Fig. 4 Algorithm State Machine of Filter

The size of Control Memory is 8x8 having 8
microinstructions each of 8 bits. LSB 7 bit field of
microinstruction includes the control signals for the
Datapath where remaining single bit is used to increment
or load the Program Counter. The Program Counter is of 3
bits to address 8 different microinstructions in the control
memory. The Combinational Circuit is responsible for
branching of Control Unit to capture new upcoming data.

The transition table of CMCU is shown in Table 1. The
table shows the control signals are generated for Datapath
which execute the job depending upon the control signals.
According to Table 1, first microinstruction loads first tap
coefficient, second microinstruction loads second tap



coefficient, third microinstruction loads third tap
coefficient, fourth not only loads fourth tap coefficient but
also clears the data registers, 5" microinstruction loads
input data, 6" microinstruction moves the input data, 7"
microinstruction latches the output. The first 4 steps are
executed once at the start while step number 5, 6 and 7 are
repeated again and again for each data.
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2.2 FIRFILTER DATAPATH

The Datapath architecture of third order FIR Filter
consists of the following sub modules: four 8-bit data
registers, one 2-to-4 decoder, four 8-bit coefficient
registers (ho, h1, h2, h3), four multipliers, three 16-bit
adders and one 16-bit register for latching the output. The
complete Datapath is obtained after coding each sub
module in Verilog. The complete Datapath of four tap FIR
filter with parallel architecture [3] is shown in Fig 5.
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Sr# Micro Operation Increment | Load en Ld 1 Ld 0 D clear | D load | D move | Y
1 " ho 0 1 0 0 0 0 0 0
o &
2 g A g hl 0 1 0 1 0 0 0 0
TEE
3 S 7, h2 0 1 1 0 0 0 0 0
S
4 h3 0 1 1 1 1 0 0 0
3 Loading Input Data x/n] 0 0 0 0 0 1 0 0
6 Moving Input Data 0 0 0 0 0 0 1 0
7 Generating Output y/n/ 1 0 0 0 0 0 0 1
TABLE.1 CMCU Transition Table
3. FPGA IMPLEMENTATION

To implement the proposed architecture, the FPGA device used is Spartan-3AN (xc3s700AN-4fg484). Table 2 shows the

design summary of Resource Utilization of the device

Logic Utilization Used Available Utilization
Number of Slice Flip Flops 44 11,776 1%
Number of 4 input LUTSs 219 11,776 1%
Logic Distribution

Number of occupied Slices 132 5,888 2%
Number of Slices containing only related logic 132 132 100%
Number of Slices containing unrelated logic 0 132 0%
Total Number of 4 input LUTS 219 11,776 1%
Number of bonded 10Bs 35 372 9%
Number of BUFGMUXs 1 24 4%
Number of MULT18X18S10s 4 20 20%

TABLE.2 Device Resource Utilization

4. RESULTS AND SIMULATIONS

The Compositional Microprogram FIR Filter code is
tested for three different input vectors as described in the
Table 3. The Tap Coefficients for a particular test are
fixed while the input data is changed continuously. The
output generated by the third order FIR Filter for each
input vector is shown in output vector. The result of all
three different tests is shown in Table 3.

Test Tap Input Output Data
Case Coefficients Data )
(W) (X)
1 {5.4,4,1} {3,9,7,7} | {15,57,83,102}
2 {3,6,6,5} {2,10,3,3} | {6,42,81,97}
3 {1,2,2,1} {1,2,3,3} {1,4,9,14}

TABLE. 3. CMCU Transition Table

5. CONCLUSION

In Micro-program Controller based Parallel Digital FIR
Filter, each memory location was of 12 bits in order to
save the control signals [3] while in proposed technique 8
bits are used in Compositional Micro-programmed
Controller based Parallel Digital FIR Filter. So, memory
width is reduced from 12 bits to 8 bits. Number of
memory locations is also reduced from 16 to 8. Memory
size is reduced from 16x12 (192 bits) [3] to 8x8 (64 bits).
It has not only increased the access time but also the
overall speed is increased. Moreover, branching
instruction for each pair of data is reduced. Now, each
pair of data require 12 clock cycles instead of 16 clock
cycles which were required by Micro-programmed
Controller based Parallel Digital FIR Filter. So, overall
speed is increased. Filter is tested on FPGA XC3S700AN
using stereo audio codec (AKM AK4551) [13] on 50MHz
clock frequency. As a future work, this FIR Filter can be
optimized by using Xilinx IP Core and implementing
Control Memory on dedicated FPGA BRAM.
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