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Design and comparison of equiripple bandpassfilter for wireless applications at varying bandwidths

Abstract
This paper presents the design of equiripple prognable bandpass filter for wireless applicatidrise designed filter covers a
wide range of bandwidth compared to what can bé&wget by a simple microcontroller.This bandwidtbvers a variety of digital
wireless applications like TETRA, 1S-95, GSM to T8O he responses of the designed filter are disdumsé compared at varying
bandwidths.Also the time required to evaluate théggmance of designed filter also reduces drdsticampared to a simple MAC
unit.
Keywords
Attenuation,digital filters, bandpass filter,sampling frequency,transition frequency,filter coefficients,response

1. Introduction
The communication technology has experienced varstages of its progress since its beginning. rhestage was from the 1920
s and 40 s where mobile communication was mairgg ws ships, planes , cars and military commuioicatystem. Second stage
was from the 1940 s to the 60s when mobile photensy came into existence. with the emerging of tegifione systems. The
third stage was from the 1970 s to the 80s, wherebdncept of cellular commiunication was introsliliStage 4 started from the
1990 s to the present day, with the introductiodigftal transmission,CDMA, TDMA technology and nyamore[1,2].In all this
progress digital filters have always played a uergortant role in research. The flexibility of aydal filter to change its
characteristics, its linearity and stability arengoof the advantages which makes it more usefulddety of applications compared
to analog filters.Furthur with the evolution offtseare defined radio technology the research irfigld of telecommunicatin
worldwide has been increased many folds. The adgastof SDR includes multi service,multi band apdate feature.
Muhammad et al have proposed a novel design melbgyl for high performance and low power digitdtefis.Novel design
methodologies which can be used to dramaticallyicedthe complexity of parallel implementations il FIR filters were
presented[3]. Saleh et al have proposed an effidlesign algorithm of N-band IIR digital filters.paArt from ensuring stability,
flexibility of meeting any stringent specificatignthe design algorithm resulted in equiripple ldshaviour over its bands of
interest [4]. Parikh et al have optimized desigra$caded digital filters in wideband wireless $raitters using genetic algorithms.
The proposed techniqgue was demonstrated for digit@AX and WCDMA transmitters, for which near-optah solutions
appeared to have been achieved in a relativelyt sinoe compared to the traditional manual desigintéques[5]. D'Andrea et al
have designed digital filters for data communiaagioThe coefficients in the transmit and receilter were optimized to meet
specified requirements [6].Out of all the reseatiod complexity and time consumption are two maj@aa which need to be
reduced for fast designing and optimization of gesd filters.It was also found that optimal fil@esign methods to design FIR

digital filter are the most suitable oné®lynomial interpolation solution algorithm for masal ripple FIR filters proves to be the
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most efficient method of filter design as it redsitke complexity and time consumption. In this papeequiripple bandpass filter
is proposed and its performance at varying bandwids compared.Equiripple method is chosen becafisthe following

advantages:

1. It meets specifications with the least number @ffioients.

2. ltuses less amount of resources on FPGA for imeteation.

3. The weighted approximation error between the ddsiind actual frequency response is spread everdgsthe pass-band
and stop-band of the filter thereby minimizing erro

4. Pass-band and stop-band deviations can be speséjgarately.

2. Methodology and Design Procedure

MATLAB is used to design equiripple bandpass diditeers for wireless applications. So this papeesents the design of a digital
filter using above mentioned approach for achiewpegcifications like reducing complexity,time comgion alongwith maintaining

the linearity and stability of designed filter.Agueripple filter is the one whose amplitude resgoaoscillates uniformly between the
tolerance bounds of each band. It has the smatlastimum deviation from the ideal filter when comgrato all other linear-phase

FIR filters of the same order.An equiripple filteais following equation:

Max g(j2xf) = fe[-0.5, 0.5] | Q{j2xf} [H 4 ((2rf)-H{e *}] | (1)
H{e }is the best approximation frequency response;
Hq ((j2=f) is the ideal frequency response;
Q{j2=f} is the weighting function;
(j2xf) is the Equiripple factor

3. Resultsand Discussion
The designed equiripple bandpass filter covevgide range of 10 MHz - 40 MHz which covers a varief digital wireless
applications. The wide bandwidth coversmultipleeMss standards from TETRA, 1S-95, GSM to TACS. Taeter frequency of
the filter (the intermediate frequency of the reee) was chosen at 100MHz, while the -3 dB bandw{@W) can be programmed
within the interval 10 MHz—40 MHz. The filter lerigN is calculated by using the following equations:
N= Cxo(3p, 6s) /(Aw/2r) + GEP, 0S)(Aw/2r) )
Wheredp is passband peak deviatiods,is stopband peak deviation and is transition width
Co(3p, 3S) = 10g03s[a(log108p)? + a(10g:0 3p) + &] +[as(10g10 8p) * + a(10g10 3p) + & €)
Where ato a are filter coefficientsAnd then,

G(0p, 6s) = —14.6 logy(6p/ 6s ) — 16.9 4)
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The transfer function H(Z) of FIR equiripple bandgdilter is defined as:
N-1
H(2) =X h(k) ®)
K=0
The output of the filter y(n) can be determinedusing the following equation
N-1
y(n) =% h(K)x(n-k) (6)
K=0
The impulse response h(n) of the filter can betemitis
N-1
h(n)=1/NY H(k)e2mN )
K=0
There are three realization structures for FIRfdtsuch as transversal structure or direct foraguency sampling structure and

fast convolution structure. The most widely usedRtR is the direct form or transversal structueeduse it is particularly simple to

implement.The block diagram of proposed filterhiewn in Fig.(1)

x{m) x(n—1] :-t[n-2} ®¥(n-131)
Z—I Z—I R Z-I

hO=0000122 h{1}:CI 0010 h{Z}:U.m

Fig. 1 Block diagram of proposed filter

h{131=00001 22

yin)

The input and filtered outputs after passing thtotlie proposed filter for 10 MHz-40MHz bandwidtte ashown in Fig.(2) and

Fig.(3)
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Fig. 3 Input and filtered output for 40MHz

The pole zero plots of the proposed filter for 18lM40MHz  bandwidths are shown in Fig.(4) and.(5g .
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Fig. 4 Pole zero plot of proposed filter for 1I0MHz
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Fig. 5 Pole zero plot of proposed filter for A0OMHz

phase responses of the proposed filter for 10 MBIz bandwidths are shown in Fig.(6) and Fig.(7)

It is clear that as there are no zeros on theaimtile so the designed filter is stable at varibasdwidths.Also the filter coefficients

are reduced from 136,132,130 to 127 for varyinggeanand hence the complexity of design is greatfyiced. The magnitude and



94
95

96
97
98
99
.00

.01

It is clear that smooth slope line between the fasel ranges is obtained which shows that the dedifjlter is linear.The linear

phase response increases with increasing bandwidté. group delay responses of the proposed filber 10 MHz-40MHz
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Fig. 6 Magnitude and Phase response of proposed filter for 10MHz
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Fig. 7 Magnitude and Phase response of proposed filter for 40MHz

bandwidths are shown in Fig.(8) and Fig.(9)
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Phase (radians)
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.07  The group delay of a system specifies how longkies a signal group to travel from system’s inpuutput.Here the filter
.08 becomes fast in response as the group delay desrram 67.5,66.5,64.5 to 63 in samples for varyiagdwidths.The performance

.09 comparison of designed filter at varying bandwidhas shown in table 1.
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Table 1: Performance comparison of proposed filter at varying bandwidths

Parameter nan For 10 MHz| For 20 MHz| For 30 MHz | For 40 MHz
Bandwidth Bandwidth Bandwidth Bandwidth

Passband Frequency 95MHz-105MHz 90MHz- 85MHz-115MHz 80MHz-120MHz

110MHz

Lower Stopband edge Frequency 90 MHz 85MHz 80 MHz 5 MHz

Upper Stopband edge Frequency 110 MHz 115MHz 12@ MH 125 MHz

Filter lengtt 13€ 132 13C 127

Group Delay(in sample 67.5 66.5 64.5 63

Run Time(in ms) 0.0055 0.0054 0.00538 0.00535

4. Conclusion
The Filter performance is better compared to previesearches as it provides much improved andestaponse and less time
consumption in its designing.Also the designeefittovers a wide range of bandwidth which can ltereded to several Mhz so as
to support many wireless applications.The propd8est has the great advantage providing bandwtibgrammability within a
wide range to accommodate multiple wireless statedarETRA (10 MHz bandwidth), PDC (16 MHz bandwigtts-95, GSM and
IS-54 (with 25 MHz bandwidth), TACS and EGSM witaridwidths of 33 and 35 MHz, respectively.Also widage of prototype
filter banks can also be designed for further gs@ome optimization algorithms may also be imptesteto test the results.
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