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Abstract—This paper presents Field Programmable Gate
Array (FPGA) realization of parallel architecture of
microprogrammed controller based digital finite impulse
response (FIR) filter. Digital FIR filter consists of a datapath
and control unit. The datapath unit for the parallel FIR filter is
a combination of bunch of registers, multipliers, adders and
other digital building blocks. In this paper, we used the
microprogrammed controller to control the operation of the
datapath unit. The main advantage of the microprogrammed
controller is its flexibility in modifying the microprogram
stored in ROM based control memory. To demonstrate the
proposed technique, we present a case study of third-order FIR
filter. The parallel architecture is coded using VHDL based
top-down hierarchical design methodology and realized in
Spartan-3E FPGA using Xilinx ISE Webpack 12.2. Based on
the FPGA implementation results, the maximum operating
frequency of the third-order FIR filter is found to be 74.189
MHz and utilizing minimal FPGA resources. This leaves plenty
of FPGA resources available for extending the design to realize
higher order and high speed FIR filters which are commonly
used in video and image processing applications.

Index Terms—Digital Design, FPGA, Finite Impulse
Response (FIR) Filter, Microprogrammed Controller, VHDL.

I. INTRODUCTION

Finite impulse response (FIR) is a commonly used digital
filter in many digital signal processing (DSP), image and
video processing applications. 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 (1).
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The resulting architecture as shown in fig. 1 is called direct
form realization because the multiplier coefficients are
obtained directly from the filter transfer function

y(n)=§w(k)«x(n—k) (1)
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Fig. 1. Direct form FIR filter realization
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Direct form FIR filters are also known as tapped delay line
or transversal filters. The size of FIR filter is determined by
the number of coefficients. A FIR filter of size N has N
coefficients and N-1 delay elements to store the past values of
the input. The size of the FIR filter is sometimes expressed in
taps which is the number of delay elements+1 [1].

Different techniques for the realization of digital FIR filter
using Field Programmable Gate Array (FPGA) have been
reported and very well documented in the open literature [2],
[3], [4]. However, the microprogrammed controller [5], [6],
[7] based design of FIR filter and its hardware realization
using FPGA has not been reported in the literature. The
objective of this paper is to present the proposed technique
using an example of parallel third-order FIR filter.

The rest of the paper is organized as follows. Section II
presents the datapath architecture of FIR Filter. The
microprogrammed controller design for parallel FIR filter is
discussed in section III. FPGA implementation and
simulation results are further presented in section IV and V
respectively. The conclusions are presented in section V1.

II. DATAPATH ARCHITECTURE

The proposed FIR filter architecture consists of two main
building blocks which are datapath unit and control unit. The
block diagram of third-order parallel FIR filter with the
integrated datapath and control unit is shown in fig. 2. Fig. 3
illustrates the datapath architecture for third-order parallel
FIR filter. The datapath architecture consists of the following
sub modules: four 8-bit data registers, one 2-to-4 decoder,
four 8-bit coefficient registers (w,, W;, W,, W), four

WCECS 2012



Proceedings of the World Congress on Engineering and Computer Science 2012 Vol 11

WCECS 2012, October 24-26, 2012, San Francisco, USA

multipliers, three 16-bit adders and one 16-bit register for
latching the output [8]. Each sub modules are coded in
VHDL and finally integrated to obtain the complete datapath.
The control signals generated by the microprogrammed
controller for this datapath are fed to different sub modules
for proper operation of the FIR filter.
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Fig. 2. Top level FIR filter module
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Fig. 3. Datapath architecture for third-order parallel FIR filter
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III. MICROPROGRAMMED CONTROLLER

There are several methods to design the controller, such as
hardwired controller and microprogrammed controller. In
this paper, we used microprogrammed controller to
implement the control logic of FIR filter [7], [8]. The main
advantage of the microprogrammed controller is its
flexibility to modify the microprogram in the EPROM based
control memory [9], [10]. This makes the design of higher
order FIR filter much easier.
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Fig. 4. Microprogrammed Controller for parallel architecture

As shown in fig. 4, microprogrammed controller consists
of two main parts. The first part is responsible for addressing
microinstructions kept in the control memory and the second
part is used to hold and generate microinstructions for the
datapath unit. The sequence of operations listed in table I is
followed to generate the FIR filter output.

Table I presents the stored control information for the
parallel architecture. The word stored in the control memory
consist of three parts: single bit for signalling the counter
either to count or to load external branch address, the next
four bit represents the branch address and the rest of the bits
represent the control signals for the datapath unit. In this
paper, the microprogrammed controller generates seven
control signals (12-bit microcode) for the FIR filter datapath.
These control signals are then fed to different blocks of the
datapath for proper operation.

As can be seen in table I, the FIR filter tap coefficient
registers are loaded with data depending on load enable
(Load en) signal and the decoder output signals (Ld; and
Ldy). After loading the coefficient registers, all the input
registers are cleared by making data clear (D_clear) signal
high and then the input data to be filtered is entered into first
data register after data load (D_load) is asserted high. The
output (filtered data) is available only after the latch output
(Yyp) signal is asserted high. The process is continued for the
remaining registers only after the data move (D_move) signal
is asserted high.
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IV. FPGA REALIZATION RESULTS

The parallel FIR filter is designed and simulated using =~ 7 . W SR W v, W I
VHDL. To implement the proposed architecture, Spartan-3E - s [ o Rl ] o
(xc3s500e-4fg320) FPGA is used as the target device. ISE  — e e -
Webpack 12.2 is used for the synthesis, translation, mapping i
and place-and-route process. Different reports are generated | H=E3 & =T
by the tools. The FPGA resource utilization is listed in table - o
II. The designed FIR filter operates at a maximum clock s = =
frequency of 74.189 MHz and consumes a small area out of L= | s ‘
the entire FPGA real estate leaving plenty of resources for oA
implementing other parallel processors [11]. The RTL [ =]
schematic generated by ISE 12.2 is shown in fig. 5, 6 and 7, B £
which clearly illustrates the integration of the datapath with i
the control unit in the top level schematic, integration of
program counter and ROM in the microprogrammed
controller schematic and datapath unit respectively.

Fig. 7. RTL schematic of datapath unit

V. SIMULATION RESULTS
TABLE II. RESOURCE UTILIZATION . . .
Three different test cases are used for testing the designed

.lrzf:l :E:;:f:"u T o Aﬂigie u“":f:i"" FI.R filter (j‘irCI.lit. The tap coefﬁcien.ts are chosen randomly
used as Flip Flops 84 L - with an objective to provide something that is observable at
Number used as Latches 4 - -
TS = D o the output of FIR ﬁltef. These taps could 'be . changed
Number of occupied Slices 9 4656 1% depending on the requirement of the application. The
Rumber of Sices containing only related loge | o2 L functionality of the parallel FIR filter is verified through
of Slices g logic 0 93 0% X . . o o .
Total Number of 4 input LUTs 150 9312 1% simulation using Xilinx ISE built-in simulator.
used as Jogic LA - - Fig. 8 presents a snapshot of simulation results for the
Number used as a route-thru 63 - - X .
Number of bonded I0Bs 33 232 1% microprogrammed controller. Fig. 9, 10 and 11 presents the
Némber of BUFGMUXs i 2 2o simulation waveform of the datapath unit for three different
Number of MULT18X18510s 4 20 20% . . h .
Average Fanout of Non-Clock Nets 191 E B test cases as listed in table III. Finally, the datapath unit and
Maximur Frequency AAPIMHZ ]| SOMHS z microprogrammed controller are integrated together to
demonstrate the simulation results of third-order FIR filter
for each test case. The simulation waveforms of the top level
FIR filter for each test case are presented in fig. 12, 13 and 14
DataPath respectively.
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Fig. 5. Top level RTL schematic
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VI. CONCLUSIONS

Name Value jors T o L L e s [
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: o . '_',—l = = adders along with other building blocks are used to
e I_lr-l I"lm I_lr-l |_['-L.— demonstrate the proposed technique. Spartan-3E FPGA
§ chpwred | ao3ss pe B implementation results demonstrate that the design can

operate at a maximum clock frequency of 74.189 MHz which
is greater than the system clock frequency (50 MHz) of the
used board and consumes a small area out of the entire FPGA

Fig. 8. Simulation waveform for microprogrammed controller
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Date of modification: 17th September 2012

1. Page 1: Email address in the footnote on page 1 :

meastmf@kaestedussa; corrected to mqgasim@kacst.edu.sa,

just removed an extra semicolon at the end of the email id.

2. Page 3:The RTL schematic generated by ISE 12.2 is
shown in fig. 5, 6 and 7, which clearly HHustrated illustrates
the integration of the datapath with the control unit in the top
level schematic, integration of program counter and ROM in
the microprogrammed controller schematic and datapath unit
respectively.

ISBN: 978-988-19252-4-4 (revised on 17 September 2012) WCECS 2012
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)





