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I. Introduction:  
 
The software calculate parameters for a three band pass equalizer.  The low and mid 

bands are implemented using stagger tuned Antoniou filters, and the high band is 

implemented using a single Antoniou filter.  The ‘Low,’ ‘Mid,’ and ‘High’ input groups 

can be seen in Appendix Fig 8.  Each band has its own input parameters for Gain, 

Quality Factor, Center Frequency, and Phase.  Another useful input is the ‘Fundamental 

(Hz):’ input.  This is the fundamental frequency of a square wave input signal.   The 

output figures refresh as the user modifies the inputs, providing a visually interactive 

design environment.   

II. Opening the Application 
 

The user must own Matlab 7.50 (R2007b) or higher to run the program.  The four 

program files needed for proper operation are: threeBandEQ.fig, threeBandEQ.m, 

parameterPrintout.fig, and parameterPrintout.m.   

1.) Save all of the program files into a new folder (eg. ‘Lab3 - Three Band Equalizer’). 

2.) In Matlab, change the ‘current directory’ to your new folder address (see Fig 1). 

 

Fig 1. Changing Current Directory 

3.) In the Matlab command window type: threeBandEQ 

4.) After a few seconds, the program will execute, and you are ready to play! 

 

III. Understanding the Inputs: 
 

Each pass band has its own inputs, shown in Fig 2.  The gain K is necessary to bring the 

filters back to unity gain.  This is particularly an issue with the low and mid stagger 

tuned bands where increasing the quality factor Q causes loss in gain (NOTE: K is not 

the final end user gain adjustment).   
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The low and mid bands have two center frequency inputs LF and RF for ‘Left Center 

Frequency,’ and ‘Right Center Frequency’ respectively.  These are the center frequencies 

for stagger tuning.  The high band has only one input F because it is not stagger tuned.  

F is the center frequency of the high band. 

 Each band has an option to invert phase by 180o.  To do this, simply click on the, 

‘Phase: 0 deg’ button.  This will change the button to read, ‘Phase: 180 deg,’ and invert 

respective band phase.   

Changes to any of these input parameters will automatically refresh the output figures. 

 
(a) 

 
(b) 

 
(c) 

   

Fig 2.  Filter inputs.  (a) input to the low, stagger tuned band (b) input to the mid, 

stagger-tuned band (c) input to the high band centered at F 

 

The final input, shown in Fig 3, allows the user to adjust  the fundamental frequency of 

the input square wave.   

 

Fig 3.  Input signal  
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IV. Understanding the Outputs: 

 
 
The outputs are simple and easy to read.  The first output, shown in Fig 4, is the 
magnitude of the overall response as well as the magnitude of each individual band.  Fig 
5 is the phase of the overall response as well as the phase of the individual bands.  Fig 6 
is the time domain analysis of a square wave input.  As mentioned before, the user 
defines the fundamental frequency generating the time response of the circuit.  The 
input and output are labeled on the figure.  The convenience of these three plots 
refreshing as the user changes the filter parameters is invaluable.  Instead of tedious 
hand calculations and cumbersome Ansoft circuit simulations, the user interacts directly 
with the relationships between the frequency and time domains.   
 
 

 
Fig 4. Magnitude plot.  The red line is the overall filter magnitude, the dotted lines are 

the corresponding  
individual pass band filter magnitudes. 

 
Fig 5. Phase plot.  The red line is the overall filter phase, the dotted lines are the 

corresponding individual pass band filter phases. 
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Fig 6.  Time domain.  The blue square wave is a square wave input to the filter where 

the fundamental frequency is defined by the user.  Here the Fundamental Frequency is 
450 Hz.  The red line is the corresponding filter output demonstrating the filters effect 

on the input. 
 
Once the desired filter has been designed, the design parameters can be calculated.  This 
is done simply by clicking ‘View Component Parameters’ at the top left of the program 
window.  Fig 7. will immediately pop-up displaying the parameters for the filter.  A 
convenient Print option has been added so the designer can take the parameters to the 
lab to construct physically or simulate digitally their new filter. 

 

 
Fig 7. Parameter Printout Screen.  Provides capacitor values for Antoniou 

implemented filter design.  The low and mid bands are staggered tuned, and the high 

band is a single bass band filter. 
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V. Saving and Opening Designs: 

 

Saving the design is a simple as clicking File > Save.  The user will be prompted to select 

a destination folder and choose a file name.  To open a save file, simply choose File > 

Open and find previously saved projects. 

VI. Design Equations: 

 

𝐻𝐿𝐹 =

𝑠
𝐶6𝑅

𝑠2 + 𝑠  
2𝜋𝑓𝐿𝐹
𝑄𝑏𝑎𝑛𝑑

 +  𝑄𝑏𝑎𝑛𝑑  2
 (1) 

 

𝐻𝑅𝐹 =

𝑠
𝐶6𝑅

𝑠2 + 𝑠  
2𝜋𝑓𝑅𝐹

𝑄𝑏𝑎𝑛𝑑
 +  𝑄𝑏𝑎𝑛𝑑  2

 (2) 

 
𝐻𝑏𝑎𝑛𝑑 = 𝐾 ∗ 𝐻𝐿𝐹 ∗ 𝐻𝑅𝐹  (3) 

  
𝐻 = 𝐻𝐿 + 𝐻𝑀 + 𝐻𝐻  (4) 

 
 
where H is the overall transfer function of the filter, Hband is the overall transfer function 
for the low, mid, or high band, Qband is the user defined quality factor for the low, mid, or 
high band (labeled, ‘Q,’ for each band on the user interface), fRF and fLF are the left and 
right center frequencies respectively for the stagger tuned filters (labeled ‘LF’ and ‘HF’ 
on the user interface).  The high band filter is not stagger tune and the input ‘F’ is 
therefore the center frequency for the overall high filter.  Using the user inputs and 
setting R = 10 kOhms, the two Antoniou capacitance values can be solved using 
 

2𝜋𝑓𝑅𝐹

𝑄𝑏𝑎𝑛𝑑
=

1

𝐶6𝑅
 (5) 

 

 𝑄𝑏𝑎𝑛𝑑  2 =
1

𝐶4𝐶6𝑅
2
 (6) 

 
The value K from (3) is 
 

𝐾 = 𝐾 ∗ 𝑝ℎ𝑎𝑠𝑒 (7) 
 
where phase is either 1 or -1 depending on the user input, and K is a gain adjustment 
used to bring the filter (typically stagger tuned) to unity gain. 
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