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Abstract-A novel method to simulate the IIR filter based on
GUI(Graphic User Interface) is introduced in this paper. This
method not only depended on Matlab code, but also made use
of controls which generate a GUI. All the operations have been
done by GUI. This paper took bilinear transformation method
to realize IIR filter for example to design digital low-pass,
high-pass and band-pass filters. The simulation results show
that the design based on GUI is convenient, fast, intuitive and
flexible. In the meantime, it offered a clue and method for the
design of digital filter.
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I INTRODUCTION
IIR filter plays an important role in digital signal

processing, comparing with analogy filter, it has many merits:

stability, strong reliability, without voltage floating and noise
problem. Besides, the poles of transfer function of IIR filter
can be in any place of unit circle, it is convenient to get
higher selectivity by using lower filter order, which only
needs less memory space and creates more efficiency.
What’s more, the design of IIR filter depends on the result of

analogy filter, so there are many valid formulas to be applied.

To some extent, workload can be saved as well.

The simulation of this TIR filter was done by Matlab
language which has such merits as high programmable
efficiency, simple and straightforward instruction and
visualized data. At present, simulation realization of IIR
filter only depends on Matlab code, which unavoidably
brought about deficiency in repeating, extension and
interaction between user and computer. So a novel method to
simulate IIR filter based on GUI (Graphic User Interface)
was proposed in this paper. This method not only depended
on Matlab code, but also it made full use of merits of GUI:
convenience, intuition and good interaction between user and
computer.

II.  THE DESIGN OF IIR WITH BILINEAR
TRANSFORMATION

Bilinear transformation is nonlinear
compression method: Compress the

sT
between — 7 /T and 7 /T , then use formula Z=e

frequency
frequency range

to convert it to Z plane. Presume transfer function of

H(s) s=jQ

analog filter is , after compressing ,

H(S) is expressed with H(Sl), S :]Ql, here,
frequency compression can be realized by tangent
transformation, the formula as follows:
2 1
Q=—tan(—Q,7T)
T 2 (1)

n T
Qe--,2)
Obviously, 7’7" | Q&(meo)

consequently, the transformation from S plane to S,
plane is finished, so
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Finally, by formula Z=e" , return to Z plane,
then,
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Formula (3) and formula (4) is called bilinear
transformation. The design of IIR is to obtain its coefficient

by its performance index with ellip function in signal
processing toolbox of Matlab. The amplitude-frequency

characteristics curve can be obtained by Jreqz function. The
concrete function of three IIR filter as follows:

[b,al=ellip(N,R,,R,®)

(1)low-pass filter function:

where N s filter order, R, is passband minimum

attenuation, ~ S is stopband maximum attenuation, @ is
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normalized cut-off frequency, O<w<l b and 4 are
filter coefficient.
2) high-pass filter

[b’ Cl] = ellip(Na RP ’ RS > W, 'hlgh')

function:
, where N s filter

R, . .. . .
order, P is passband minimum attenuation, S s
stopband maximum attenuation, ¢ is normalized cut-off

frequency, 0<®@<I1, high o cans that the type of filter is
high-pass filter. b and @ are filter coefficient.

3) band-pass filter function:
[baa] = elllp(NaRPaRSa[wl wz ]) , where N is
filter order, @ is normalized cut-off

frequency,w:[w1 wZ], O<w<l ,wl and 2 is
respectively upper cut-off frequency and lower cut-off

frequency of band-pass filter. band @ are coefficient of
filter.

III. THE REALIZATION OF IIR FILTER WITH MATLAB
GUI

A.  the Merits of Matlab GUI

GUI is communication platform between user and
computer. By using GUI, wuser can conveniently
communicate with Matlab program and control program.
Matalb offers ample GUI design instructions which make the
realization of GUI more convenient, intuitive and flexible.

B.  GUI construction of IIR filter

There are 21 controls in this GUI: 8 “static text” and 8
“edit”, the content of 8§ “static text” is respectively
frequencyl, frequency2, frequency3, t, sample fre, cutoffrel
and cutoffre2(if filter is high-pass filter, cutoff frel is its
cut-off frequency; if filter is low-pass filter, cutoff fre2 is its
cut-off frequency; if filter is band-pass filter, cutoff frel and
cutoff fre2 is its upper cut-off frequency and lower cut-off
frequency); the content of 8“edit” is edited parameters which
correspond to 8“static text”; “one popupmenu” which
contains three items: highpass, lowpass and bandpass. When
user input parameter in “edit”, click correspondent item of
popupmenu, its amplitude-frequency characteristics curve
can be obtained; 4“pushbutton”: Drawl, Draw2, Close and
Clear. Click Drawl, time domain and frequency domain
waves of original signal can be obtained; click Draw 2, time
domain and frequency domain waves of the filtered signal
can be obtained; click Close, close GUI; click Clear, clear all
the waves of GUI. The concrete example as follows:

C.  GUI example of IR filter
Mixed signal

x =sin(27f\¢) +sin(27f5 ) + sin(27f5¢) 7 [ <fr<fs design
low-pass, high-pass and band-pass filters, demands as

follows: select h with low-pass filter; select E with

high-pass filter; select fa with band-pass filter.

Altogether 21 controls were produced by “icontr ol of

GUI  instruction, uicontrol has an

property: callback  yhen clicking the control which has this
property, the property value(Matlab instruction) was recalled
and the control performed its function. After the GUI was
established, a M file named Signal Analyser was created, run
this M file, a empty GUI is shown as figurel.
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Figure 1. Empty GUI of IIR filter

Presume frequency of mixed signal *is respectively
200Hz, 300Hz and 400Hz, then according to Nequist rule,
sample frequency 1000Hz is ok. Now select 300Hz signal
with bandpass filter.

Input correspondent parameters in blank “edit”of
figurel, click Drawl, time domain wave and frequency
domain wave of original signal can be obtained, see figure2.

= = (e ) ]
File Edit Y¥iew Insert Tools Desktop Hindow Help u
5
o fededededimderdomdombondong frequencyt [ zon
-5 frequency2 |
o 0.0z 004 006 008 04 | soo
timess T
frequency3 400
10
5 jl ﬁ f]l sample fre 1000
a i
o 100 200 300 2400 0 S00 L 0:0.001:0.1
; frequencyiHz — =
0.5 ‘ } cutoff frer | 250
o =
o 100 200 300 400 SO0 cutoff fre2 | 350
frequencysHz
5
o band.. =
-2 [levwpass ]
o 002 004 008 008 04 B
timeds
01 highpass
005
Dirgruy 2
o
o 100 200 SO0 400 S00
TNl

Figure 2. GUI of band-pass filter
In figure2, the second wave is frequency domain wave
of mixed signal, three frequency components can be seen
clearly.  Click bandpass item of  popupmenu,
amplitude-frequency characteristics can be obtained, it is the
third wave of figure2. Click Draw2, time domain wave and
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frequency-domain of the filtered signal can be obtained, they
are the last two waves of figure2. From amplitude-frequency
wave, 200Hz and 400Hz signal are diminished, but 300Hz
signal is selected out. Click clear, clear all the waves. The
cleared GUI are shown as figure3.
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Figure 3. Cleared GUI of filter

If cut-off frequencyl is 350Hz, cut-off frequency2 is
blank, click Drawl, highpass item of popupmenu and Draw2,
the new waves are shown as figure4.
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Figure 4. GUI of high-pass filter

If cut-off frequency2 is 250Hz, cut-off frequencyl is
blank, click Draw1, lowpass item of popupmenu and Draw2,
the new waves are also can be obtained. Given the same
theory, waves aren’t offered any more. Click close, close
GUL

IV. CONCLUSION

The GUI realization of IIR filter was offered in the
form of example in this paper. In GUI, input and
modification of data is convenient, output result is fast and
intuitive. Repeated recall of M file which only depends on
Matlab code is avoided, and workload is lightened.

REFERENCES

[1] Chen XiLin,Xiao MingQing. Implement of Mixed Pogramming
Based on Lab Window/CVI and MATLAB. Microcomputer
Information 2003,11(01): 43-45.

[2] Zhang XueMin.Design and Simulation IIR filter Based on
Matlab.Journal of Changchun Institute of Technology(Natural
Sciences Edition),2007,(02):39-40.

[3] Zhang XueMin.Design and Simulation FIR filter Based on Matlab
GULJournal of Changchun Institute of Technology(Natural Sciences
Edition),2009,(02):79-82.

[4] Wang MoYu,Zhong wei.Construction and Application Based on GUI
of Matlab.Modern Electrical Power.2007,19(01):76-82.

[5] Chen YaYong.Detail Comment of Signal Processing Based on
Matlab.Beijing: People Post & Telecom Press,2007.

[6] Sunll Bhooshan,Vinay Kumar.A novel Approach Towards the Design
of Chebyshev IIR Filter with Linear Phase. WSEAS Transactions on
Signal Processing,2006,3(02):179-184.

Published by Atlantis Press, Paris, France.
© the authors

0155




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.162 841.890]
>> setpagedevice




