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Abstract: Digital signal filtering is used in many different fields, including communications, radar, navigation and others,
because of its excellent performance and the ability to obtain accurate results using FIR and IIR filter

In this paper, we propose the design and implementation mechanism for FIR digital MBF based on the use of Cyclone
Il EP2C20F484C7 FPGA from ALTERA, placed on education and development board DE-1. The designed filter has the
following parameters:

-Clock frequency: Fck=50 MHz.

-Sampling frequency: fsam= 2 MHz.

-Pass bands of the multiband filter (MBF): (0 -50 KHz), (100 -150 KHz), (200 -250 KHz) , (300 -350 KHz).

-Stop bands of the multiband filter (MBF): (50-100 KHz), (150 -200 KHz), (250 -300 KHz) , (350 -1000 KHz).

-Type of input signal is sinusoidal of frequency: finp=25 KHz, 75 KHz ,125 KHz, 175 KHz, 225 KHz, 275 KHz, 325
KHz

and 375 KHz.

-The ROM capacity for the stored input signal samples is 8192X8 bits, and their values are positive within the range from
(0 to 255).

-Frequency range: (0.12 Hz...1 MHz).

-Frequency Resolution: (0.12 Hz).

- Signal amplitude (5V).

Digital designs using FPGA allow the system to be modified and developed to obtain better results through
reprogramming according to the user's desire.

Keywords: digital filter, FIR, MBF, DDFS, FPGA.

I.  INTRODUCTION
Multiband filters have been studied extensively to meet the increasing demands in areas such as satellite systems and
modern communication systems where non-contiguous channels are transmitted to the same geographic area through one
beam. The typical approaches to realize multi-pass band filters are:
1- The first approach is to design a number of classical single-band band pass filters, and then connect them

together through input/output power splitter/combiner. However, this simple approach comes with a cost of overall circuit
size and power loss due to the input-single splitting process

2- the second approach is achieved by cascading a wide band pass filter and several stop band filters, this approach
has problem of interference between individual filters.
3- the third approach (utilized in our research) relies on designing a single circuit realizing the multiband

characteristic. The advantage of this approach is that it uses a single component incurring a lower mass and volume and
it also eliminates the need of inter-stage matching required by the other approaches.

FPGA is considered as one of the distinctive tools for designing digital filters, because it contains a large number of
logical elements. It is possible to design digital filters with a high order. Multi-shape windows can also be used to improve
specifications of digital filter.

In this paper, we propose a new method to replace floating-point coefficients with integer coefficients, which makes the
filtering process parallel and fast, and reduces the memory capacity used to store the coefficients, and approaches the
accuracy of the fractional coefficient case.

The coefficients of the designed FIR digital MBF h(n) are computed in (MATLAB) environment, and converted to signed
values (-127,...,+127) with length (8) bits, then they are used in the filter design program by (VHDL) language, where
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the digital convolution algorithm of the FIR digital MBF is implemented for impulse response samples of length (N=601)
as shown in figure (1), where(Z* ) represents a digital delay line of length (8) bits and a delay time equal to sampling
pluses period (Tsam=0.5usec). This digital MBF is designed by (VHDL) [1] with (Quartus 119.1) programming
environment according to the ideal frequency response shown figure (2).

2 International International Multidisciplinary Research Journal Reviews (IMRJR)

reference [2] presents the Design and Implementation of Low-Pass, High-Pass and Band-Pass Finite Impulse Response
(FIR) Filters Using FPGA, where filter order is 91, and filter band 30 KHz.
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Fig. 1: The block diagram of the FIR digital filter
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Fig. 2: The ideal frequency response of the digital MBF.
1. RESERCH IMPORTANCE AND ITS OBJECTIVES

- In this paper, FIR digital MBF was designed, implemented and tested based on the use of FPGA, VHDL and Graphical
programming language of Quartus Il 9.1 design environment.

- Using the digital convolution with mathematical operations (shifting, adding, multiply, division), makes the digital
filters design process flexible, accurate and highly efficient.

- Changing the parameters of input signal (frequency), windows type, and filters order explains the difference between
digital filters and analog filters.

Copyright to IMRJR imrjr.com Page | 43


https://imrjr.com/

Multidisciplinary A Peer-reviewed journal
Reviews (IMRJR) Volume 2, Issue 6, June 2025

DOI 10.17148/IMRJR.2025.020605
I1l. RESERCH MATERIALS AND ITS WAYS

Q International International Multidisciplinary Research Journal Reviews (IMRJR)

The following tools and software are used to design, and test digital filters of different types (LPF, HPF, BPF, BSF,
MBF), different window types, and different values of input signals:

-Cyclone Il EP2C20F484C7 FPGA chip from ALTERA with highly accuracy, speed, and level specifications, placed on
education and development board DE-1 [3].

-DDFS which is considered as a highly accuracy technique in sinusoidal and square signal synthesizing on FPGA chips.
-VHDL programming language with Quartus Il 9.1 design environment.

-Design Environment MATLAB.

-GDS-1052 digital oscilloscope with Free Wave program to take the results.

-PC computer for designing and injecting the design in the FPGA chip.

The block diagram of the laboratory experiment platform [4] shown in figure (3).

Quartus 191
Web Edition

GDS1052U t 1

Fig (3): Block diagram of the laboratory experiment platform

IV. FILTERING ALGORITHM

The FIR digital filter output signal can be represented according to the following convolution relationship [5]:

y(n) = h(n) * x(0) = ) h(k). x(n— ) W

k=0

Where: x(n) is the input signal samples in digital form.

N is number of samples for impulse response of the filter.

n is the sample number for input and output signals.

h(n) is the impulse response samples for digital filter.
Where:
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(N—-1) (N-1)
sk s — 2)
—(Nz_l)Sks(N_l):—wos k < 300
_h(R)
Poor () = o5 ©
hing(k) = INT[127 * hyor (k) ] 4)

h,.or (k) Relative value, hy,x (k) = 0.2 Maximum value, h;,,; (k) Integer value.

The values of h(k) are calculated using the MATLAB environment ,Toolboxes-Filter Design-Filter Design & Analysis
Tool (fdatool) , and then h,,,, (k) , hyax (k) , hine (k) are recalculated according to the relationships (3) ,(4) and recorded

in table (1).
Table (1)
n 0 1 2 3 4 5 6 7 8
k=n-300 -300 -299 -298 -297 -296 -295 -294 -293 -292
h(k) - 0.001 | 0.003981 | 0.004200 | 0.002348 | 0.000470 | 0.000051 | 0.000871 | 0.00160
0.00306 | 032 2
9
hnor(k) = - 0.005 | 0.019905 0.021 0.01147 | 0.00235 | 0.000255 | 0.004355 | 0.00801
h(K)/ hmax(k) | 0.01534 | 16
5
hint(K)= -2 1 3 3 1 0 0 1 1
INT[127* hnor
)
n 292 293 294 295 296 297 298 299 300
k=n-300 -8 -7 -6 -5 -4 -3 -2 -1 0
h(k) 0.01436 | 0.038686 | 0.035010 | 0.00049 - - 0.069620 | 0.160356 | 0.2005
4 8 0.028674 | 0.008159 0
hnor(K) = 0.07182 | 0.193425 | 0.17505 | 0.00249 - - 0.348095 | 0.801775 1
h(K)/ hmax(k) 0.143365 | 0.040795
Nint(K)= 9 25 22 0 -18 -5 44 102 127
INT[127* hnor
(K1
n 592 593 594 595 596 597 598 599 600
k=n-300 292 293 294 295 296 297 298 299 300
h(k) 0.00160 | 0.000871 | 0.000051 | 0.00047 | 0.002348 | 0.00420 | 0.00398 | 0.001032 -
2 0 0 1 0.003069
hnor(k) = 0.00800 | 0.004435 | 0.000255 | 0.00235| 0.01147 0.021 | 0.01990 | 0.00516 -
h(K)/ hmax(k) 5 5 5 0.015345
Nint(K)= 1 1 0 0 1 3 3 1 -2
INT[127* hnor
(K1
V. DESIGN OF THE DIGITAL FILTER USING MATLAB

The FIR digital multiband filter (MBF ) was designed using MATLAB and VHDL with the following parameters [7]:
-Type of filter: MBF.
- Filter structure: Direct form — FIR- Least-square.

-Filter order: 600.
-Filter length: 601.
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-Sampling frequency: 2MHz.

-Frequencies of input signals: finp=25 KHz, 75 KHz , 125 KHz , 175 KHz , 225 KHz, 275 KHz , 325 KHz , 375 KHz.
-Pass bands of the multiband filter (MBF): (0 -50 KHz), (100 -150 KHz), (200 -250 KHz) , (300 -350 KHz).

-Stop bands of the multiband filter (MBF): (50 -100 KHz), (150 -200 KHz), (250 -300 KHz) , (350 -1000 KHz). .

- Type of FIR filter : Least-square.

-Word length: 8 bits.

The specification and magnitude response of a digital filter designed in MATLAB is shown in figure (4).

— Current Fitter Infarmation — Magnitude Response (dE)
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Fig (4): The specification and magnitude response of a digital multiband filter designed in MATLAB
VI. DESIGN OF THE DDFS USIGN QUARTUS 11 9.1
The designed DDFS has the following parameters:
-The frequency step i : 6f = 0.12 Hz ,and fyqm = 2 MHz .

-The input signal is sinusoidal of frequency finp=25KHz, 75KHz , 125KHz, 175KHz, 225KHz, 275KHz, finp7=325KHz
, 425 KHz, and fsam=2 MHz.

-The ROM capacity for the stored signal samples 8192X8 bits, and their values are positive within the range from 0 to
255.

-The number of the accumulator bits is computed from the following mathematical relation [8]:

f:sam
27’1

5f = (5)
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_fram _ g _ foam _2X10°

- — n = 24 bit
on sf o1z " 1

5f

-The frequency range for the DDFS is computed from the following mathematical relation:

fsam
2

Af = 8f ... =0...1 MHz

- The frequency code is calculated according the following relation [9]:

f.2n
f:mm

So to synthesize eight input signals of frequencies finp=25 KHz, 75 KHz , 125 KHz , 175 KHz , 225 KHz , 275 KHz ,
325 KHz, 375 KH and fsam= 2 MHz, the frequency code of each one will be:

Codef =L=

(6)

20 2 X 2%
Code fsam = Lsam = Jsam = = 671089

_ finp1:2" _ 0.025X 2%

Code finpl = Linpl = = 209715
fsam 2
f;:npz- 2rl 0075 X 224
Code finpz = Linpz = = = 629146
fsam 2
3. 2% 0.125 X 224
Code finp3 = Linp3 = fmp3 = = 1048576
fsam 2
g 2% 0.175 X 224
Code finps = Linps = fips 27 _ = 1468006
fsam 2
oe. 20 0.225 X 224
Code finpS = Lipps = flnps = = 1887437
fsam 2
mpe- 2" 0.275 X 22*
Code finpé = Linpe = fmpﬁ = = 2306867
fsam 2
o 2% 0.325 X 224
Code finp = Linpy = fipr 27 _ = 2726298
fsam 2
e 2% 0.375 X 2%
Code finps = Linps = fipe: 27 _ = 3145728
fsam 2

The block diagram of the digital MBF designed in (Quartus 119.1) environment is shown in figure (5).
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The results of the practical design of the digital MBF for different cases (finp=25 KHz, 75 KHz , 125 KHz ,175 KHz ,
225 KHz , 275 KHz , 325 KHz , 375 KHz) in time domain are shown in figure. (6). The results of the practical design of
the digital MBF for the same previous cases in frequency domain are shown in figure (7), figure (8), figure (9), figure
(10), figure (11), figure (12), figure (13), figure (14), figure (15), figure (16), and figure (17). These figures are taken
from the screen of digital oscilloscope, and digital spectrum analyzer. We notice from these figures the identification
between the theoretical results and the practical results, which indicate the high accuracy of digital synthesizing and

Fig (5): The block diagram of a digital MBF in (Quartus 119.1)

filtering operations.

Copyright to IMRJR

VILI.

RESULTS OF DESIG

imrjr.com

Page | 48

International Multidisciplinary Research Journal Reviews (IMRJR)
A Peer-reviewed journal

Volume 2, Issue 6, June 2025
DOI 10.17148/IMRJR.2025.020605


https://imrjr.com/

International
Multidisciplinary
Research Journal
Reviews (IMRJR)

International Multidisciplinary Research Journal Reviews (IMRJR)

A Peer-reviewed journal
Volume 2, Issue 6, June 2025
DOI 10.17148/IMRJR.2025.020605

G INSTEK ~ v H, BEES L Measure G2 INSTEK 3w [, BEES ™ Measure
- w
Vpp Vpp
1: 2,98l 1: 2,96l
non . 122,64 R R R N 2 T T 2 TR s S R =1
fy 49 i I (T TS T I S I T = A R I A f§ je ey
i H i 1 1 [
LT SEY fi vavg b|'JH|JIL'|[HI'Jﬁl'JHHHr'IHfIwl'fjhlnfj fl Yo
(T ERY Y W B PEmL {1 B S W EO O -V
2 —42. 5ml 2 —54. dml)
Frequency Frequency
1: 25, @6kHz 1: 125.8kHz
Z: 25.00kHz 2 125.6kHz
PR Y Dty Cyile : . . Duty Cytle
AR {1 5@, mex A0 A VA A A A AN e seleen
b R T N S i TARER! #’ .rf rr R H #’
f ': ‘,uaj 'L_J;.l, } i ';U,J' j{z49.88n r' l‘ll’ \wll L| | ‘l J !ﬁ f !il | ‘l ) Iﬁ I r L'| | l‘lyll g .J' 2 S8.23%
i R Rise Time Rize Time
1. 11.82u= 1: 2.832u=
2 11.8%u= 2 2.418u=
@ 5aus EDGE FAC @ 18us EDGE FAC
24.9993kHz =h 124, 996kHz
G IMSTER v @, BEEs Stopd M Measure G INSTEK v @, BEES Stop @ M Measure
h -
Vop Yop
é g.ggﬂ 1: 2.8y
| (O I T R . 1 1 2 2,56l
rlﬂllllr lI||,'H1J|[‘||f).|'ﬁjl|||n‘|”|I],: I| fl [I-’I['I rnr | Ilr ['| 22960
SN, e, AP
I., |!1|[u LW —z20emy l l | |1135mU
2 —BE, 3ml) ml)
Frequency Frequency
1: 223. 8kHz 1: 326.8kHz
2 223. 2kHz 2 332.EkHz
; Dty Cyile Dty Cycle
NAAR ||||‘|"f"ﬁﬂ|f|hl‘| 1: 53.77% i A B AR | 1 gs.02
i mn | .1- A | 1 fher | i
h“lll"k I'”“JU l'”'" 2. 187 lerr| IJ I.r|| ||l|'IIIII I l['f'-lll‘zim%’
| Rise Time Rise Time
1: 1.478us 1: 1.A26us
2 1.484us 2 992.5n=
@ 10u= EDGE  FAC @ Sus EDGE FAC
224, 992kHz f=b 324.998kHz F=r
G4 INZTEK w4 @ 808s ML _Measure G INSTEK w4 v B, 888z Stopd# ™1 Measure
- w
Vip Vpp
1: z. @8y 1: z.88U
LI R A T A T A A T Z3sb 4o f nRA A i AEA A ||I |.1| “I .Iz 1£6nL)
T e T R T AR I v Waug bl“JkIllJll |II|I|J||LJ,IL| III] ”]] Wavg
L N L O e O A WA E TR -0 IO Y T TR R [ S | SR TR T 1 7. 32l
2 —49. Zml) J2: =26, 7ml)
Frequency Frequency
1: 72.91kHz 1: 177.7kHz
2 ? 2 rl
Duty Cyile Dty Cycle
| ] 1: 47.829% | 1: 52, 80%
L o o = o7 R
Rise Time Rize Time
1: 4. BEEU= 1: 1.536u=
7 27
@ 1ous EDGE FAC @ 18us EDGE FAC
74. 9978k Hz =h 174, 996kHz =b
GRINSTER o v @ BEES Stop @ M1 Measure GHINSTEK w3 v @l BEDS Stop @ M Measure
- -
Vip Vpp
1: z. @8y 1: Z.88y
AAAAA SR RN A e [ AARLAR |||“J|||f“f]12168"’u
FRTRTAIRYE 'a||r |'. AT ll* Y vag
i § L1 =2, 4d4mu i l| I | Ly b L -.r 111 58300
2 27, Bml) 2 =31 . Bml
Frequency Frequency
1: 279.7kHz 1: 294, 7kHz
7 27
Duty Cyile Dty Cyile
| 1: 55.81% ) 1: 58.62%
- — - - 2 2 - e
Rize Time Rise Time
1: 1.895u= 1: 9V6.Ehs
7 7
@ Sus EDGE FAC @ Sus EDGE FAC
274,992k Hz =h 374, 998k Hz F=h

Fig. (6): The input and output signals of MBF for finp=25KHz, 75KHz, 125KHz , 175KHz, 225KHz, 275KHz,
325KHz, 375 KHz in time domain.
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Fig. (8): The output signals for finp=53 KHz and 75 KHz in frequency domain.
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Fig. (10): The output signals for finp=125 KHz and 150 KHz in frequency domain.
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Fig. (11): The output signals for finp=153 KHz and 175 KHz in frequency domain.
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Fig. (12): The output signals for finp=200 KHz and 203 KHz in frequency domain.
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Fig. (13): The output signals for finp=225 KHz and 250 KHz in frequency domain.
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Fig. (14): The output signals for finp=253 KHz and 275 KHz in frequency domain.
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Fig. (15): The output signals for finp=300 KHz and 303 KHz in frequency domain.
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Fig. (16): The output signals for finp=325 KHz , 350 KHz and 353 KHz in frequency domain.
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Fig. (17): The output signals for finp=375 KHz and 400 KHz in frequency domain.
The values [Uout] for different input frequencies are recorded in table (2).
Table (2)
Values [Uout] For Deference Frequency
finp 25 50 53 75 100 103 125 150 153 175 200 203
[KHZz]
Uout | -1.93 | -753 | -235 | -243 | -10.7 | -1.13 | -1.13 | -5.93 | -235 | -39.5 | -9.93 | -1.93
[dB]
finp 225 250 253 275 300 303 325 350 353 375 400 450
[KHZz]
Uout | -2.73 | -593 | -25.1 | -335 | -115 | 433 | -2.73 | -6.73 | -25.1 | -39.5 | -39.5 | -40.0
[dB]
The frequency response of the designed digital MBF is shown in figure (18).
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Fig. (18): The frequency response of the designed digital MBF
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From the figures we notice that the designed MBF works correctly (passes the signal of frequencies (0-50 KHz), (100-

150 KHz), (200-250 KHz), (300-350 KHz) and suppresses the signal of frequencies (50-100 KHz) , (150-200 KHz) ,
(250-300 KHz) , (350-1000 KHz)

’ International International Multidisciplinary Research Journal Reviews (IMRJR)

VIIlI.  DISCUSSION AND CONCLUSIONS
-Using digital filtering techniques in communication domain allows implementing different filters (LPF, HPF, BPF, BSF
, MBF etc) with high accuracy and speed, and with the ability of changing parameters of signals in wide range.

-Using DDFS techniques in communication domain allows implementing the digital processing in the communication
receiver on high intermediate frequency.

-We notice from the practical results the big identification-similarity between the theoretical results and the practical
results, which indicates the high accuracy of digital filtering for signals.

-The designs can be developed and modified according to user requirements due to the use of reprogrammable chips
(FPGA).

-The most important thing in this paper is the possibility of changing the frequency of the input signals.
-The performance or specifications of a digital filter can be improved by:

- Increasing the filter order.
- Increasing the number of bits of the input signal.
- Changing the window type.
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