CHAPTER = 3

DESIGN TECHNIQUES FOR DIGITAL FILTERS

oy T



42

3.1 Bilinear Transfgrm Design Method:

The advantage of the bilinear transform method is that it
enables the existing analog filter design theory to be applied directly
to the design of discrete filters. For a given filter it is possible
to calculate the exact pass band ripple, transition bandwidth and

minimum stopband attenuation.

There are three steps involved in BLT design.1

1) Prewarp the critical frequehcy wm to obtain analog frequency
“a1
Wag = tan(wngJ 3.1
2) Obtain the scaled transfer function ;I(s) from H(s)
H(s) = H(s)
S = S/(.uAl = H(ai;— ) 3.2
3) Apply the BLT transformation, i.e., replace

S by (z-1}/(2z2+1) to obtain H(z)

H(z) = H(s) 3.3
S = (z-1)/(z+1)

3.1.1 Design of Low Pass Filter Using BLT Method:

The transfer function of simple RC low pass filter (LPF) with
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bandwidth 1 rad/sec can be obtained as follows:

From Fig. 3.1 we can write,

1/CS

H(S)zm but R=C =1

1/8
H(s) = g%f .. . 3.4

Prewarping the critical frequency le gives the analog freqﬁency

wyy @S
by T
%:a-tan(z) . 3.5
where 1
= kil — = T
D1 2 FC , F
s
Fc is cut-off frequency in HZ
Fs is sampling frequency in HZ.
The frequency scaling of H(s) leads to A(s)
A(s) = H(s) S S
L S/a + 1
= S/a
~ a
H(s) = ST a 3.6

The transfer function of a DT filter can be obtained by BLT method.

H(z) = H(s)
_(z -1)

5= 1)
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a a(z+1)

Tz T Z-1 + a(z+1)
z+1 *a
-1
H(z) = az + a _ az (1 + z )
-1
H(z) = 1+ 2z -
(1 +1/a) + {1 -1/a) =z
which can be written as
1 + z"1 3.9
H(z) = A+ B z“1
where
A=1+1/a
B=1-1/a

A low pass digital filter can be implemented from equation 3.7

using microprocessor-based system or DSP processor.

For prediction of magnitude and phase response of digital
filter on computer, we have to find magnitude and phase at each

sampled input value, which can be done as follows:

The Fourier transform of the system function can be evaluated

by replacing z by v T eq. 3.7 can be written as

“Ju T 1+ cos( T) - j sin (wT)

jw T, _ 1 +e -
H(e ) = -joT A+ B (cos(pT) - j sin (1))

A+Be

(1 + cos (wT) - j sin (wT))}(A + B {(cos ( wT)+ j sin ( yT)))

(A + cos( wT))?-(j B sin ( wT))?
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Now consider Numerator and Denominator separately.

Denominator = (A + B cos ( wT))® - (j B sin ( wT))?

Numerator

= A% + 2AB cos { wT) + B2 cos? ( wT) + B2 sin? { WT)

= A? + B2 + 2AB cos (wT) (a)

A + B cos( wT) + j B sin{ wT) + A cos( wT) + B cos?( WT)

it

+ j B sin( wT) cos( wI) - j A sin( wWT) - j B sin( WI) cos( WT)~-
~ j2% B2 sin?( uwr)
= A+ (A+ B) cos(wT) + j (B ~A) sin( WT) + B

=A+B+ (A+B) cos(WT) + j (B - A)sin( uwT) ... ()

Combining (a) and (b) we get

H(e

ju>T) - A+B+(A+B) cos(wT} + j (B - A) sin(wT)
A% + B2 + 2AB cos{ ¢ T)

3.8

Separating real and imaginary parts of eguation 2.41 we get

par

Re = (A + B)(1 - cos{ WT) 3.9
AZ + B2 + 2AB cos( wT)

Im = (B - A) sin( wT}'
A2 + B2 + 2AB cos( wT)

3.10

Magnitude and phase can be calculated from Real and imaginary .

ts as given below:
1/2
Magnitude = P(Re)}? + (Im)2] 3.11
3 -1 Im
Phase = tan (Re) 3.12

3.1.2 Design of High Pass Filter Using BLT Method:

The transfer function of a simple RC high pass filter with



bandwidth 1 rad/sec is

From Fig. 3.2

R but R =C =1

H(s) = g7 1/cs

1 S

H(s)=1+1/$=1+S

Prewarping the critical frequency Wy gives the analog frequency

as
Wy, T
Wy = a = tan( 5 )
1
where wm=21ch ' T=§,——
5
FC - cut off frequency in Hz
FS - sampling frequency in Hz.

The scaled transfer function ?i(s) is obtained as

fits) = H(s) Ews
S = 5/a
its) = 55

3.13

“m

4.14

3.15

The transfer function H(z) is obtained by using Bilinear transform

H(z) = fA(s)
z -1
z + 1

(z -1) /€ + 1)
((z -1}/ (z+ 1)) + a

46
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-1 -1
H(z) = 1-z R 3.16
(a+1) + (a=~-1) z A+ Bz

wvhere A=a+1,B=a-1

High pass digital filter can be implemented from equation 3.16

using microprocessor-based system or DSP processor.

For simulation of this filter, it is necessary to separate
its imaginary and real parts from which we can calculate magnitude

and phase. Now take Forier transform of eq. 3.16.

o omedeT, L 1-e%T
A+ B eij
- 1 - (cos{(wT) - j sin( WT))
A+ B (cos{( wT) - j sin( wT))
H (ejw T) _ [1-(cos( wT)-j sin( wT))][A+B{cos( ¥T)+ j sin( wT))

(A + B cos( wT)}? - (j B sin{ wT))?

Now consider Numerator and Denominator separately

Denominator = A? + 2AB cos( wT) + B2 cos?( wl) + B2 sin?( WT)

A2 + B 2 2AB cos( wI) ... (c)

Numerator = A + B cos( oT) + j B sin( uT) - A cos{ WI) ~ B cos?( wT)
-~ j B cos( (T)sin( wT)+ J A sin( wT)+ j B cos( WT)sin( WT)+

+ j2 B sin?( wT)

= (A-B) + (B-A) cos( wT) + j(A+B) sin( wT) (d)
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Combining eqs. ¢ and d we get

j wT - (A -B){(1 - cos( wT)) + j (A + B) sin{ wT) 17
Hle® ) AZ + B2 + 2AB cos( wT) 3
Real and .imaginary parts of equation 3.17 are

Re = (A -B)(1 - cos({ wT)) 3.18

A2 + B2 + 2AB cos( wT)

im = (A + B) sin( wT) 3.19
A? + B2 + 2AB cos(wT)

Magnitude and phase are calculated according to egs. 3.11 and 3.12.

3.1.3 Design of Band Pass Filter Using BLT Method:

The transfer function of bandpass filter is obtained from
low pass filter by using simple transformation4 i.e., by replacing 's‘

by (& + w?)/Ws

where wy - centre frequency of BFF.
W - Band width of BPF

It HBP(S) is transfer function of BPF then1

Hyp(s) = H(s)

s = (s + ?)/Ws
where H(s) is transfer function of LPF (eq.2.37)

1
Hpp(s) = o1~

s = (82 + 2)/Vs

Hyp(s) = —° 3.20

82 + Ws + (2




where

%

3}

1

bt

Fy - lower cutoff frequency in Hz

F,

h ~ upper cutoff frequency in Hz

Now apply BLT transform to get transfer function.1

Hap(2) = Hgpls)

Hpp(2)

z-1
z+1

;:]1_)2 + W w2

(

+

Wiz - 1}(z + 1)

(Z-1)2 W (z+1) (2-1) ¢ o (z+1)2

Rearranging the terms and taking # common from numerator

denominator we get

. z2(1 - 72) W
20+ W @)+ (202 - 2)z7h + (14 g2 - W) 27

Fpp(2)

Hyp(2)

90

3.21

and

3.22



where

1+ w -W 2w -2
A= 0 = g__"0
w ! w
1+wO+W
and C= W

Digital band pass filter can be implemented from equation 3.22 using

microprocessor-based system or DSP.

By taking the Fourier transform of equation 3.22 we get

I—‘B (ej U‘)T) = W}._:--Ejz...]_eir_ o e e v ——

P A B—sz T+ Be wT + C

by using Eular identity we get
( ij) 1 - (cos(2 wT) - j sin(2 wT)) .
e =

HBP A(cos{2 wT) - j sin(2wT) + B (cos( wT) ~ j sin( wT))+ C

by rationalizing we get

= [1 ~ (cos(2 WT} - j sin(2 WT))]J[(A cos(2 WT)+ B cos( wT)+C)+
j(A sin(2 WT)+ B sin( WT))] / [(A cos{2 WT)+ B cos( WT)+C) 24

(A sin(2 wT)+ B sin( WT))?]

For simplicity consider denominator and numerator separately,

Denominator = (A cos(2 wT)+B cos{ wT)+CPR+(A sin(2 wT)+ B sin(wT) P
DN = A? cos?(2 wT)}+B? cos?( wT)+C%+2AB cos{(2 wT) cos{ wT) +

2AC cos(2 wT) + 2BC cos( WT) + A? sin2(2 wT)+B2 sin?( wT)+

2AB sin(2 WT) sin(WT)

= A?+B2+C2+2AB (cos(2 WT) cos( WT)+ sin(2 wT) sin( WT))+

2AC cos(2 wT) + 2BC cos{ WT)

ol
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After simplification we get

A% + B2 + C2 + 2B(A + C) cos(wT) + 2AC cos(2 uT) 3.24

DN =
Now consider Numerator (Nm)
Nm = (1-cos(2 wT) + j sin(2 wT)) [(A cos(2 wT) + B cos(wT) + C)+

j(A sin(2 ¢T) + B sin( wT) )J

Again for simplification consider Real and Imaginary parts of the
Numerator separately,
Real part = (1 - cos(2 wT))}(A cos(2 wT) + B cos( wT) + C} ~

sin(2 T)}(A sin(2 wT) + B sin{ wT))

(A cos(2 ¢T) + B cos( wT) + C - A cos?(2 wT) -
B cos{2 T) cos{ wT) - C cos(Z2 wT) -Asin?(2 wT) -

B sin{2 wT) sin{ wl)
After simplification and recombination of the terms we get

Real part of Nm

(C-A) + (A-C) cos(2wT)

(C - A) (1 - cos(2wT) 3.25

Now we consider Imaginary part of numerator of équation 3.23.

Im (1 - cos{(2 wl))(A sin{2 wT) + B sin{ wT)) +

i

sin(2 uT)(A cos(2 wT) + B cos({ wT) + C)

A sin(2 @T) + B sin( wT) - A cos(2 wT) sin(2 wl)-B cos(2w T)sin(w T)

A sin(2 T) cos(2 wT) + B sin{2 wT) gos( wT)+C sin ( wT)

After simplification we get



Im = 2B sin{WT) + (A + C) sin(2wT) 3.26

From equations 3.24, 3.25, and 3.26 we can write

juT (C-AX1-cos(2 wI)) + j(2B sin( ul) + (A+C) sin(2 ul))
Hpp(e” ) = AZ+BZ+Ci12B(AC) cos( WI)72AC cos(2 wT)

3.27

Real and Imaginary parts of equation 3.27 are

- A){1- 2 wT
Re = (c J(4-cos( ) 3.28

A% + B2 + C?2 + 2B (A + C) cos( WT) + 2AC cos(2 wT)

2B sin( wT) + (A + C) sin(2 wT)

Im =
A2 + B2 + C2 + 2B(A + C) cos( WT) + 2AC cos{2 wT) 3.29

Magnitude and phase are calculated by using equations 3.11 and

3.12,

3.1.4 Design of Band Stop Filter Using BLT Method:

The transfer function of a band stop filter can be obtained
from corresponding high pass filter transfer function via transforma-
tion. This transformation gives replacement of s in H(s) of HPF

by
(2 + w2)/Ws
where W - bandwidth ( Wy =Wy )

and Wy - centre frequency of BSF (w, w

03
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.'.HBS(S) = Hfs)'

8 = (8%+ wé)/Ws .

where HBS(s) - transfer function of bandstop filter (BSF)

H(s) - transfer function of lowpass filter (LPF)
The transfer function of a 1st order high pass filter is

. 8
. . HBS(S) + -S-:i-

s = (s2+ ?)/Ws

After simplification we get

s+ ?
Hg () =Ewr“—9;§ 3.30
vwhere W = w - wp . wg = Wy W
whzwAl— tan(wng)
“pp = 2T Ey
“pg = 27 Fy
WA2= tan ( wng) = Wy
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Fﬂ, - lower cutoff frequency.

Fh - Upper cutoff frequency.

Now apply BLT transform to get the transfer function

Hpg(2) = Hggls)

z-1
5 =23
2
z-1
(o) - (z1) @8
> E__l)z.,, W (_Z'_1) 2
z+1 z+1 Wo

[(z-1)2+ wé(z+1)2]

Hpg(z) =

[(z-1)2+W(z-1)(z+1)+ wg(z+1)ﬂ

After simplification we get

2 w2 -
Z-~2+ 0-2 , 1

1+

H.B (z) = Q
S 2 2.
1+ w2-w _, 2 y3-2

1+ w2+4W
Z—1+ 0
1+ wé 1+ wé 1+ wé
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-2 -1
1
(z),? +Az_+ 3
HBS Bz_z + Cz LN D 3.
2 w? - w2 - W
where A =2 % "% o _ 1+ ¥
2 2
1+wd 1+ wg
2 . 2
_2uwg =2 D_“%*W
: 1+w02 ° 1+w?

Digital bandstop filter can be implemented from equation 3.31 using
microprocessor-based system or DSP. For simulation, it is necessary
to find out magnitude and phase at each input sample, which can

be done as follows:

Take the Fdurier transform of equation 3.31,

I, (o 0TV e 2d Wl | pgd ol |y
° IR I

by using Eular identity we get

( j wT) _ cos(2 wT)~-j sin(2 wT)+A(cos( WT)-j sin( WT))+1
Fpgle® " B(cos(2 wT)-j sin(2 wT))+C(cos WT)-j sin( WT)) + D

( j Ujj[‘) (cos(2 wT)+A cos{ wT)+1)-j (sin(2 wT)+A sin( wT))
Hpgle (B cos(Z (T)+C cos( wI)+D)-j (B sin(2 T)+C sin( WT))

i

After rationalization, consider Numerator and Denominator separately

(NM and DN)

Now consider numerator (NM)

MM = (cos(2 wT)+A cos( wT)+1)-j (sin(2 wT)+A sin{ wT))[ (B cos(2 uwT)

+ C cos( wT)+D) +j(B sin(2 wT)+ C sin( wT))]
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Now consider Real and Imaginary parts of the above equation (NM)

separately.

Re1 = (cos(2 wT)+A cos{ wT)+1)(B cos(2 wWT)+C cos( wT.)+D)

+ (B sin(2 wT)+C sin( wT))+(sin(2 wT)+A sin( wT))

Re, = B cos?(2 WT)+C cos(2 WT) cos{ WT)+D cos(2 wT)+

1

AB cos{ WT) cos{2 WT)+AC cos?( wWT)+AD cos{ wT)+B cos(2 wT}+
SinfwT)

C cos( wT)+I+B sinz(Zu)T)J«Csin[le)}:AB sin(‘ wWT) sin(2 wT)+

AC sin?( wT)
After simplification we get

Re B cos(2 wT)+(2C+AB+AD) cos( wT)+(B+AC+D) ... 3.32

=
1]

Now consider Imaginary part (Iml)

]

{cos(2 WI)+A cos( WT)+1)(B sin(2 wT)+C sin( wT)-(sin(2 wl)+

iy

A sin(T) }(B cos(2 wT)+C cos( wT)+D)

Im1 B cos(2 wT) sin(2 wT)+C cos(2 wT) sin( wT)+AB cos( «T) sin(ZwT)+
AC cos{ wT) sin{ wT}+B sin{2 wT)}+C sin{ wT)~B cos(2 wT) sin(2 wT)~-
C sin{2 wT) cos( wIl)-D sin(2 wT)~AB sin{ wT) cos(2 wT)~

AC sin( oT) cos( oT)-AD sin( ul)
After simplification we get
Iml = (AB-AD) sin{ wT)+(B-D) sin(2 wT) ... 3.33
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Now consider Denominator DN

DN = (B cos(2 wT)+C cos( yT)+D)?+(B sin(2 wT)+C sin( wT))?
Simplifying we get

DN = B2+C2+D2+2C(B+D) cos( wT)+2BD cos(2w T) . - 3.34
By combining equations 3.32, 3.33, and 3.34 we can write

HBS(ej wT) = [(B cos(2 T)+(2C+AB+AD) cos( wT)+(B+AC+D+))
+j((AB-AD) sin( wT)+(B-D) sin(2wT)) ]/

[ ((B*+C?+D?*)+2C(B+D)cos( wT)+2BD cos(2 wT)) ] 2.35

Real and Imaginary parts of equation 3.35 are

B cos(2 (J)+(2C+AB+AD) cos( wT)+(B+AC+D)

Re =
B2+02+D?+2C(B+D) cos( WT)+2BD cos(2 OT) 3.36

(AB-AD) sin ( wT)+(B-D)sin(2 wT) 3.37
B2+C2+D2+2C(B+D) cos{ wT)}+2BD cos(2 WT)

Im =

Magnitude and phase is calculated using equations 3.11 and 3.12.

3.2 Development of Program for Simulation

of Low Pass and High Pass Filters:

ey
e Al

In this work discrete low pass, high pass, band pass
and band stop filters have been designed. For simulation a program
in BASIC is developed, which gives magnitude and phase response of a

filter for any cutoff frequency.
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The parameters required for simulation of LPF are as follows:

3]
1

Frequency band of interest

&)
t

Cutoff frequency of LPF

F., - Sampling frequency (Fsz 2 FB)

z
{

Number of points in the response

The constants involved in expressions for finding magnitude and
phase are A and B. Values of these constants have been calcﬁlated from

input parameters.

For LPF - A =1 + 1/a, B =1 - 1/a

w T
D]
a—tan(——im-»)
wD 27F dT*l
1 = Tl an ”f;

The input frequency w is variable from 0 - to FB. wI is the discrete
signal obtained by sampling input signal (having frequency w ) by sampling
frequency FS (FS = 1/T). Equally spaced Np samples of this discrete

signal are obtained by replacing WT by

where I varies from 1 to Np.

Using equations 3.9, 3.10, 3.11 and 3.12 low pass filter has

been simulated.



Similar procedure applies to the simulation of high pass filter.

3.3 Development of Program for Simulation of

Band Pass and Band Stop Filters:

The parameters required for simulation of band pass filter are

as follow:
F, - Lower cutoff frequency
Fh ~ Higher cutoff frequency
FB -~ Frequency band of interest
- i >
FS Sampling frequency (FS,ZFB)
Np - Number of samples over FB (Maximum - 200)

The values of constants have been evaluated for band pass filter

from the above input parameters.

The constants for BPF are

2 2
1 +w w Zwo 2

w

O
t

60



where I varies from 1 to Np.

Using equations 3.28, 3.29, 3.11 and 3.12 BPF is simulated in

the given program.
Similar procedure applies for the simulation of band stop filter.
3.4 Program Description and Features:

The given program simulates low pass, high pass, band pass
and band stop filters. It gives the magnitude and phase response

in graphical representation, that helps to observe the characteristic

curve, pass band, stop band, transition region, ripple etc.. The ™.

response is displayed as a graph on video screen, the hard copy
of which can also be taken. The number of points in the graph
are user-selectable, maximum points being 200. The aliasing problem
can be observed by keeping FS smaller than FB . There is nol restriction
on cutoff frequency of the filter. The software is completély menu-
driven., Initially main menu will appear on the screen which helps
to select any one of the four filters. On each parameter eniry
the program displays what is to be entered next. A program for
tolerance analysis of the filter is also supplied with this program,
which calculates the change in cutoff frequency and change in component
values due to component tolerance for the corresponding analog

low pass and high pass filter.

61
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The facilifes in the software and some notable features

are highlighted below:

1)

2)

3)

4)

5)

6)

7)

The maximum as well as minimum amplitude corresponding
to magnitude and phase response are displayed on the

screen.

Computed values of magnitude, phase and input frequency
upto the frequency band of interest with increment of
FB/Np are displayed. An opton is provided to have the

hard copy of the same.

Option 1is provided to display the magnitude as well as
phase response either in graphics or in text (character)

mode.

The hard copy is available with the help of "Shift

Prt Scr" keys.

Provision is made to observe magnitude as well as phase
response keeping the same input parameters by pressing

the key "Q" when monitor displays the response.

The response with change in parameters can also be
observed, while the new parameters are being entered

the old parameters are displayed.

The software is adaptive in nature in the sense that while



displaying the response, it automatically chooses the scale
on X and Y axes and selects the X axis position on the
screen at optimum position so as to display positive and

or negative points with maximum resolution.

8) For hard copy of responses load MS-DOS graphics file
before execution of the filter program. At the time of

printing use "Shift Prt Scr" keys.

9) The message "Please wait" indicates CPU is busy with
computations.
10) The main menu contains two more options Help and Exit.

Help option gives operating information and features of

the program, while Exit option transfers control to MS-DOS.

11) The program is made available in the form of executable file.

3.5 Listing of the Program:

The source-listing of the program for simulation of the

LPF, HPF, BPF and BSF first order Butterworth is given below.
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CLS :SCREEN 1: KEY OFF

DIM H(20@), HR(200) ,HI(200), BMAG(20@), HPHS5(200), FREQ(200)
LOCATE 4,7:PRINT " DI G I T AL FILTER?"

LOCATE 6,13:PRINT " S OF TWARE "

*COLOR 18, 7,@:LOCATE 14, 1@:PRINT "

LOCATE 8, 13:PRINT " BASED ON D. S. P.

LOCATE 12, 5:PRINT "DEVELOPED DY :-"

LOCATE 14,7:PRINT " Mr S.K. BHOLE ~

LOCATE 18,5:PRINT " GUIDED BY:-"

LOCATE 2@, 7:PRINT " Dr S. R. BAWANT *

108 FOR I= 1 TO 15003 :NEXT 1

191
192
193
119
120

? ook ok KR oKk kK sk kkok Aok RoR Rk sk kkkokesk sk oksk sk ok kKR kKR Kok Kokok Kok
** PROGRAM FOR MAIN MENU X
> ks KoKk A KKK R sk KoK koK K Kok 0K K KKK KoK K KK KCRKK KK K oK ok K ok
SCREEN 2:S5CREEN ©

CLS :SCREEN & :KEY OFF

130 LOCATE 8,39 :PRINT * HELP

140
159
1690
179
189
190
200
201
202
293
210
220
239

LOCATE 4,27:PRINT " < MAIN MENTU >

LOCATE 2,27 :PRINT " DIGITAL FILTER SOFTWARE "

LOCATE 1@,3@:PRINT " LOW PASS FILTER "

LOCATE 12,3@:PRINT " HIGH PASS FILTER "

LOCATE 14,39:PRINT " BAND PASS FILTER "

LOCATE 16,3@:PRINT " BAND STOP FILTER "

LOCATE 18,3@ :PRINT " EXIT TO DOS ! .
P kKKK K KKK HOK KKK KK S KKK ROKICK KK KKK KK ok ok ok ok kok ok
’ %% PROGRAM FOR SELECTION OF PERTICULAR FILTER %
TR KK KKK KKK A KK KKK KK K K K K KKK KKK KR KKK K KKK KKk K
IM = 1

COLOR 16,7,0

LOCATE 8,30 :PRINT " HELP

249 LOCATE 20,28 :PRINT "

259

LOCATE 6,28 :PRINT "

260 N = 6
279 FOR J = 1 TO 15
280 LOCATE N, 50 :PRINT

290

N= N+1

309 NEXT J

310 N= 6

320 FOR J =1 TO 15

330 LOCATE N, 28 :PRINT

340 N = N +1

35@ NEXT J

360 COLOR 7,0

3790 LOCATE 23, 10:PRINT "SELECT PROPER CHOICE USING ’N ’> (NEXT)

KEY. THEN PRESS °*ENTER °"

382 A$= INKEY$

399 IF A$= "N" THEN 439

490 IF A$= "n" THEN 439

419 1IF A$= CHR$(13) THEN 659

420

GOTO 389

430 1IF IM = 6 THEN 460



440
459
469
479
480
499
500
510
529
530
540

550
560

579
580

590
600

610
620

630
640

659
869
670
680
690
700
800

65

IM= IM+1:

GOTO 479

IM =1

IF IM = 1 THEN 530
IF IM = 2 THEN 558
IF IM = 3 THEN 578

IF IM= 4 THEN 590

IF IM = 5 THEN 610

IF IM = 6 THEN 630

COLOR 7,0 :LOCATE 18,38 :PRINT " EXIT TO DOS

COLOR 16,7,9@:LOCATE 8,3@:PRINT " HEL P

GOTO 380

COLOR 7,9 : LOCATE 8,39 :PRINT * HELP

COLOR 16,7,@:LOCATE 18, 3@:PRINT " LOW PASS FILTER
GOTO 380

COLOR 7,9 :LOCATE 19,39 : PRINT " LOW PASS FILTER "
COLOR 16,7,9:LOCATE 12,3@:PRINT " HIGH PASS FILTER ":
GOTO 38@

COLOR 7,9 : LOCATE 12,39 :PRINT " HIGH PASS FILTER "
COLOR 16,7,9@:LOCATE 14,39:PRINT " BAND PASS FILTER ":
GOTO 380

COLOR 7,9: LOCATE 14,39 : PRINT " BAND PASS FILTER "
COLOR 16,7,9:LOCATE 16,30:PRINT " BAND STOP FILTER ":
GOTO 38O

COLOR 7,9 : LOCATE 16,3@:PRINT " BAND STOP FILTER "
COLOR 16,7,9@:LOCATE 18,3@:PRINT " EXIT TO DOS

GOTO 388

COLOR 7,9 :IF IM = 1 THEN 138004 ’GO TO PROGRAM FOR HELP

IF IM = 2 THEN 1999 °PROGRAM FOR L.P. F
IF IM = 3 THEN 49@@ ° PROGRAM FOR H.P.F
IF IM = 4 THEN 7000 ’° PROGRAM FOR B.P.F
IF IM = 5 THEN 1000© ’PROGRAM FOR B.S.F
IF IM = 6 THEN 80@ * PROGRAM FOR QUIT

SCREEN ©@:5YSTEM

1008 CLS: KEY OFF

1019 SCREEN ©

1940 LOCATE 7, 18:PRINT STRING$(64, "*")

1258 LOCATE 9, 1@:PRINT "THIS PROGRAM DRAWS MAGNITUDE RESPONSE

1060

1670
1080

OF A L.P.F."

LOCATE 14, 18:PRINT " HAVING CUTOFF FREQ. =...FC...Hz
USING BUTTERWORTH DESIGN™

PRINT

LOCATE 12, 18:PRINT "SAMPLING FREQ. SHOULD BE AT LEST 2

TIMES LARGER THAN MAX. FREQ"

1996
1100
1110

1128

LOCATE 13, 14:PRINT ~

PRINT
LOCATE 15, 1@:PRINT

INTERESTED), NP~ NO.
LOCATE 16, 16:PRINT *

Fs-SAMPLING FREQ. "

IN THE GIVEN FREQ. BAND"

"FB-~ IS THE BAND OF FREQ. (WE ARE
OF POINTS™
IN THE RESPONSE, Fe-CUTOFF FREQ.,

SARS. LILASARED KHARULER LHHIARY
PRIVAJI ULIVERSITY, LULHAFG®



11309
1140
1150
11608
1179
1180
1190
1200
1210
1220
1230
1231
1232
1240
1259
1260
1279
1288
1290
1300
1381
1302
131@
1320

1330
1340

1358
1360
1379
1380
1399
1400
1410
1420
1430
1449
1450
14690
1479
1489
1481
1482
1499
1500
1510
1529
1530
1540
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LOCATE 18, 19:PRINT STRING$(64, "*")

SCREEN @

COLOR 16,7,9

LOCATE 2@, 5@ :PRINT " PRESS SPACE BAR TO CONTINUE "
A$ = INKEY$

IF A$ = * " THEN 1199 ELSE 117@

COLOR 16,9, 0

LOCATE 20, 5@ :PRINT " PRESS SPACE BAR TO CONTINUE "
COLOR 7,9

CLS

GOTO 1320

'DISPLAYS PREVIOUS PARAMETERS

23 KK R SR ok KK K KKK SRR KRR S SOR R SR KK R OR OR OK K

PRINT

PRINT " PREVIOUS PARAMETERS ARE "
PRINT " FB =";FB

PRINT " NP =";NP

PRINT " Fs =";F8

PRINT " ‘ FC =";FC

PRINT

*PROGRAM FOR ENTERING PARAMETERS
AR SR A IR ORI K AR AR KR R KRR KR KKK 3K
PRINT " ENTER NEW PARAMETERS "
PRINT THIS IS A LOW PASS FILTER DESIGN (BUTTER
WORTH)
PRINT
PRINT " ENTER FB BAND OF FREQUENCY OVER WHICH YOU ARE
INTRESTED"
INPUT FB
PRINT "ENTER NP FROM 2@ TO 200 "
INPUT NP
PRINT " ENTER FS AT LEAST 2 TIMES LARGER THAN FB"
INFUT FS
PRINT "ENTER THE VALUE OFF FC (CUTOFF FREQUENCY)
INPOT FC
NU=(2%FBXx3., 14/(NP*F3})
PRINT " THE VALUE OF Pinew IS ";Ni
SCREEN @ :CLS
COLOR 16,7,9
LOCATE 11,30:PRINT STRING$(24, "x")
LOCATE 12, 3@3:PRINT " *-—- PLEASE WAIT ----x "
LOCATE 13, 3@:PRINT STRING$(24, "x")
>PROGRAM FOR GENERATING POINTS FOR THE RESPONSES
2 3 K KK K 3K K K K K K K K KK K 3K oK SO 3K KK 3K K ok oK KKK K K 3K K 3K K sk o K KoK K ok
A = 1+(1/TAN(3. 142%XFCXx(1/F3)}) ‘
B = 1-(1/TAN(3. 142%FCx(1/FS)))
FOR I=1 TO NP
H(I)=(2%¥FB%3. 14/(NPXFS) )*I’The value of pi neu=(2%fc/npxfs)
HR(I)=(A+B)*(1+COS(H(I)))/(A*A+B¥B+2%A¥BXCOS(H(I)))
BI(I)=(B-A)Y*SIN(H(I))/(AXA+BXB+2XAXB*COS(H(I)))



15509
1560
1579
1580
1590
1600
1610
1620
1630
1640
1650
1669
1670
1680

1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1799
1800
1810
1829
1830
1840
1850
1860
1870
1880
1890
1809
1910
1920
1930
19406
1950
1960
1979
1980
1990
2008
2010
2020
2030

HMAG(1)=SQR( (HR(I)*HR(I))+(HI(I)*HI(I)}))
HPHS(I)=ATN(HI(I)/HR(I1})

F=FB/NP

FREQ(I)=F*I

*PRINT HR(I),HI(I),HMAG(I),HPHS(I),FREQ(I)

NEXT 1

COLOR 16,9,0

LOCATE 11, 3@:PRINT STRING$(24, "*")

LOCATE 12, 3@:PRINT " *--- PLEASE WAIT ----x% "

LOCATE 13, 3@:PRINT STRING$(24, "x")

COLOR 7,0

GOTO 1740

PRINT

PRINT " ' THE PREVIOUS PARAMET
ERS ARE °

PRINT * FB
PRINT * NP
PRINT " F5
PRINT * FC
PRINT

LOCATE 10, 1@:PRINT "DO YOU WANT TO OBSERVE READINGS (Y/N)"
LOCATE 11,2@0:PRINT "USE CAPITAL LETTERS"

A$=INKEY$

TR TR
~q
n

IF Ag="Y" THEN 1800

IF A$="N" THEN 1849
GOTO 1768
PRINT " FREQ HMAG(TI) HPHS(I)
FOR I= 1 TO NP
PRINT FREQ(I1)," " HMAG(I), " * HPHS(1I)
NEXT I

2 333K KK K AR K K oK 3K SR 3 S K R KK KK S K K 3K KK K K K K KK K 3K KK K oK KK KK K
‘¥ prog to find lardest no. from array HMAG(I) *
23k KRR KK KR 3 KK K R R R S OK 3  K K OK K K K  oK ROK SKKEOK SK KOKR K KK OK KK
HG=9 > let hg be lardgest no

FOR I = 1 TO NP

IF HG>HMAG(1) THEN 1910

HG = HMAG(1)

NEXT 1

00K AR A K A K AR ORI K KR KK KK KK R RO ROK KKK K K A OR KOK K KRR KOO
’k% prog to find largest no. from HPHS(I) *
33 o o o KK R K AR K KR R K K K K KOKOK K KK R KO KKK K KK K R KOK KOROK K K
HPG=0 ’let HPG be the largest no. in HPHS(I)

FOR I= 1 TO NP

IF HPG>HPHS(I) THEN 1999

HPG = HPHS(1)

NEXT I

’PROGRAM TO FIND SMALLEST NO. FROM HPHS(I)

HPL = 1 ’( LET SMALLEST NO. )
FOR I= 1 TO NP



2040
2050
2060
2070
2080
2090
2100
2118
2120
2130
2140
2150
2169
2179
2180
2190
2200
2210
2220
2230
2249
2250
2260
2279
2280
2290
2300
2310
2320
2330
2340
2350
2369
2379
2380
2390
2400
2410
2420
2430
2440
2450
2460
2479
2480
2490
2500
2510
2520
2539

68

IF HPL < HPHS(I) THEN 2069

HPL= HPHS(I}

NEXT I

2 s ook K oK K KO K 3K S S K 3K oK K K S 3K oK oK 33K R ROK 33K 3K 3 K oK KK 3K 3 oK K KOK KR oK R K ok K KoK KK
% PROGRAM FOR DISPLAY OF RESPONSE IN GRAPHICS MODE £ S
* ok ok 3K 3K 3K KoK oK K K 3 3 K K KK 3K 3K KK K 3K K Sk o K K KK 3K SR K KK K KK K ok o koK oK oK
PRINT "THE MAX. AMPLITUDE IN ARRAY HMAG(I)} IS =";HG

PRINT "THE MAX. AMPLITUDE IN ARRAY HPHS(I) I8 =";HFG

PRINT "THE MIN. AMPLITUDE IN ARRAY HPHS(I) IS =";HPL

FOR I= 1 TO 2000

NEXT I

CLS:PRINT " WHICH RESPONSE DO YQU WANT TO SEE ©

PRINT * MAGNITUDE OR PHASE (M/P)

PRINT " USE CAPITAL LETTERS"

P$=INKEY$ ‘

IF P$="M" THEN 2228 ’CHECK FOR MAGNITUDE & PHASE RESPONSE
IF P$="P" THEN 2220

GOTO 2180

PRINT ™ RESPONSE IN GRAPHICS OR TEXT MODE (G/T) *
D$=INKEY$

IF D$="G" THEN 2270

IF D$="T" THEN 2270

GOTO 2238

2 ook s oK OK Sk KKK KK S KKK K K K K S 3K s 3K KK K K K K K K OK K K O 3K KOK K K K
% PROGRAM FOR CALIBRATING AND DRAWING X & Y AXIS X
7 s 3Kl oK KKK S K KK KK 3K S K K S K K 3K KK 3 K K S K K KK OK S K HOR SRR K 3K K
SCREEN 2:CLS:KEY OFF’up to next i is for callibrating X axix
FOR I=1 TO 1@

ot

FOR J=1 TO 3

PSET(68%1, (200-J))

NEXT J

NEXT 1

FOR I= 1 TO 1@ ’from this to next i are for callibrating Y axis
FOR J=1 TO b

PSET(J, 20%1)

NEXT J

NEXT 1

LINE(®, 199)-(63@,199) ’draws X axis

LINE(@,0)-(3,200) °’ draws Y axis
IF P$="M" THEN 2458

IF P$="P" THEN 2470 ]

IF D$="G" THEN 25208 ’MAGNITUDE RESPONSE IN GRAPHICS MODE

IF D$="T" THEN 2730 ’~——-ceeew- e TEXT MODE

IF D$="G" THEN 2799 ’ PHASE RESPONSE IN GRAPHICS MODE

IF D$="T" THEN 3520 ’° ———--eee-w e TEXT MODE

THHHHRHH R RO R E BRI HH IS H BB s BB BHE S
*# PROGRAM FOR DRAWING MAGNITUDE RESPONSE IN GRAPHICS MODE i
THHEHHEH RS H IR T H R BB R R B R R BB R BB R
FOR I=1 TO NP >from this to next i draws GRAPH

X=(60@/NP)*I ’CALCULATES THE X - CO-ORDINATE



2540
2550
2560
2570
2580
2590
2600
2619
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2721
2722
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
290@
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
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Y=HMAG(I)*(208/HG) ’>CALCULATES Y- CO@ORDINATE

PSET(X, (200-Y)), 1 ’ORIGIN IS SHIFTED TO BOTTOM LEFT CORNER
NEXT I

XS=FB/1@: YS=HG/1®

LOCATE 2,50 : PRINT "--——mmm—— scale-——————-— "

LOCATE 3,58 :PRINT "X axis- 1div=";XS "Hz"

LOCATE 4,58 :PRINT "Y axis- 1div=";¥YS§ "O"

LOCATE 1,49 :PRINT "A GRAPH OF FREQ. Vs MAGNITUDE OF L.P.F."

Q$=INKEY$

IF Q$="Q" THEN 265@

GOTO 2620 :

CLS: PRINT " DO YOY WANT T@ QUIT (Q)/ CHANGE PARAMETER (C)"
PRINT " OR RESUME PREVIOUS PARAMETER (R) --- Q/C/R-——--"
Q$=INKEY$

IF Q$="Q" THEN 120 ’GOES TO MAIN MENU

IF Q$="C" THEN 1240 °’GOES TO CHANGE PARAMETERS

IF Q$="R" THEN 1678 ’'GOES TO RESUME WITH SAME PARAMETERS
GOTO 26790

GOTO 2520

> PROGRAM TO DRAW MAGNITUDE IN TEXT MODE

> AACKAKKOK A KKK K ROK S ACKRKAKK K KK A KKK KKK oK R KK oK KK AR O AR KK K
FOR I=1 TO NP

N=HMAG(1I)

N1=INT(6@/.99)%N

PRINT TAB(N1) "%*"

NEXT I

GOTO 2620

73K KKK KK KK K K KK 3K K K KKK 3K K 5K KK K 3K K 3K KK KKK KKK KKK K KK
> PROGRAM FOR DRAWING PHASE IN GRAPHICS MODE *

0K SRR HOK KKK 3K OK K SR KKK AOK 0K 3 KKK o K o s KoK KK KKK K KoK K
51 =5GN(HPG) ’ BIGN OF LARGEST NO

82 = BGN(HPL) ' -~-~-—m SMALLEST--
IF 81 =1 THEN 2870

IF 51 =-1 THEN 2900

IF 51 =@ THEN 2939

IF 82 = 1 THEN 2960

IF 82 = -1 THEN 3988

IF 52 = © THEN 2960

IF 52 = 1 THEN 3519 ’END

IF 82 =-1 THEN 3310

IF 82 = ©® THEN 3510 ’END

IF 52 = 1 THEN 3516 ’END

IF 82 = -1 THEN 3310

IF 52 = @ THEN 3510 ’CONSTANT @ (END)

FOR I= 1 TO NP
= (60Q/NP)*I
Y = HPHS(I)*(200/HPG)
PBET(X, (200-Y))
NEXT I
X5=FB/19



3020
3030
31040
3050
31060
30790
31080
3999
3100
3110
3120
3139
3140
3150
3169
3170
3180
3190
3200
3210
3220
323@
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3386
3390
3400
3410
3420
3430
3440
3459
3460
3478
3480
3490
3500
3519
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Y5= HPG/10
LOCATE 3, 5@:PRINT "-—--—-—~ SCALE--————-~ "
LOCATE 4, 5@:PRINT "X-axis-1 div=";X5"Hz"

LOCATE 5, 5@:PRINT "Y-axis-1 div=";¥8"u”
LOCATE 2, 58:PRINT "A GRAPH OF FREQ VS PHASE ~
GOTO 262@ ’ FOR QUIT
PTOT = HPG+ABS(HPL)
STP = INT(Z@@/PTOT)
Y = ABS(HPL)*STP
LINE (9, (200-Y))-(638, (200-Y))
FORI =1 TO 10
FOR J =1 TO 3
PSET (60%1, ((200-Y)-J))
NEXT J
NEXT I
FOR I = 1 TO NP
X= (6@0/NP)*I
Y= (HPHS(I)+ABS(HPL))*(208/(HPG-HPL))
PSET(X, (200-Y))
NEXT 1
LINE (@, 199)-(630,199},0
FOR I = 1 TO 1@
FOR J =1 TO 3
PSET(690%1, (200-J)), 8
NEXT J
NEXT I
X5=FB/10
YS=(HPG-HPL) /19
GOTO 3938 ° TO DISPLAY SCALE
FOR I =1 TO 10
FOR J = 1 TO 4
PSET(60%I, J)
NEXT J
NEXT I
LINE(2,9)-(630,0)
LINE(, 199)-(630,199),8
FOR I = 1 TO NP
= (6@3/NP)*I
Y= ABS(HPHS(1I1))*(200/ABS(HPL))
PSET(X,Y)
NEXT I
FOR I =1 TO 1¢
FOR J= 1 TO 3
PSET(89%1, (200-J)),8
NEXT J
NEXT I
5= FB/19
YS= ABS(HPL)/19
GOTO 3030
END



3520
3530
3540
3550
3569
3578
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3699
3700
3710
3720
3730
3740
3750
3760
3770
4000
4010
4040
4350

4060

4070
4080

4899
4100
4119
4120
4130
4140
4150
4160
4170
4180
4199
4200
4219
4220

7 ACH ORI KK KRS KR K KK K CRKCROR HORIOCKR KRR ROk R ok Kok

’* PROGRAM FOR DRAWING PHASE IN TEXT MODE L
2 SR KKK R KOK S  KOK K KHOK KOR KKK KOK KKK K ORI KR ROK KK ™
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N=©

FOR J= 1 TO 8

FOR I =1 TO
K=(N+I)

9

PRINT TAB(K);"-";

NEXT I

N= J*19
PRINT TAB(N)
NEXT J

PR T LI
3 i 3

IF NP > 12@ THEN 3670

M=10

GOTO 3689

M= 20

N= @

FOR J=1 TO M

FOR I =1 TO
= (N+I)

PRINT TAB(1)

NEXT 1

N= J%((NP/M)

PRINT TAB(1)

NEXT J

GOTO 2620

INT((NP/M)-1)
"1"; TAB(K) "*"

-1)

"= TAB(K) "x"

CLS : KEY OFF

SCREEN ©

LOCATE 6, 10:PRINT STRING$(63, "*")
LOCATE 9, 18:PRINT "THIS PROGRAM DRAWS MAGNITUDE REGSPONSE OF
HP.F. 200 TO 1 KHz"

LOCATE 11,10

:PRINT " HAVING CUTOFF FREQ. =..FC....Hz USING

BUTTERWORTH DESIGN"

LOCATE 13,19
LOCATE 15,10
STED), ™
LOCATE 16, 19
LOCATE 17,10
LOCATE 18,10
LOCATE 26, 19
SCREEN @
COLOR 186,7,0
LOCATE 23, 59
A3 = INKEY$
IF Ag = "
COLOR 16,0,0
LOCATE 20, 5@
COLOR 7,9
CLS

GOTO 43109

:PRINT "SAMPLING FREQ. SHOULD BE AT LEAST= 2%FB"
:PRINT "FB - IS5 THE BAND OF FREQ.(WE ARE INTERE

:PRINT "NP - No. OFF POINTS IN THE RESPONSE , "
:PRINT "FG - SAMPLING FREQUENCY "

:PRINT "FC - CUTOFF FREQUENCY

:PRINT STRING$(63, "%")

:PRINT " PRESS SPACE BAR TO CONTINUE "

‘ THEN 4180 ELSE 4160

:PRINT " PRESS SPACE BAR TO CONTINUE *



4230
4240

4250,

4260
4270
4289
4290
- 4309
4316

4320
4338
4348

4350
4364
4370
4389
4390
4409
44189
4420
4439
4449
4450
4469
4479
4480
4490
4500
4510
4520
4530
4540
4558
4568
4570
4589
4590
4600
4610
4620

4630

4649
4650
4660
4679
4680
1699

PRINT

PRINT "~ PREVIOUS PARAMETERS ARE "
PRINT ~ FB =";FB

PRINT " NP =";NP

PRINT * F5 =";F5

PRINT " FC =";FC

PRINT

PRINT " ENTER NEW PARAMETERS

PRINT ~ THIS IS5 A HIGH PASS FILTER DESIGN
(BUTTERWORTH)

PRINT

PRINT

PRINT " ENTER FB FROM (BAND OF FREQUENCY OVER WHICH WE ARE

INTERESTED} "
INFUOT FB
PRINT "ENTER NI FROM 20 TO 2@ "
INPOT NP
IF NP>2080 THEN 4369
PRINT " ENTER 5 AT LEAST 2 TIMES LARGER THAN FB"
INPUT FS
*IF Fo<2%FB THEN 400
PRINT "INPUT FC- CUOTOFF FREQUENCY"
INPUT FC
NU=(24FB¥3. 14/ (NP*F5))
PRINT " THE VALDE OF Finew IS ";NU
SCREEN © :CLS
COIOR 16,7,0
LOCATE 11, 30 :PRINT STRING$(24, "%")
LOCATE 12, 3@:PRINT " %--—- PLEASE WAIT ----% "
LOCATE 13, 3@:PRINT STRING$(24, "x")
A =TAN(3.1424FCkx(1/F5))+1
B = TAN(3.1424FCk(1/FS8))~-1
BAM = ((2%FB)y*(3.142) /(F5kNP})
FOR I=1 TO NP
H(I)=5AM*I
HR(I)=(A-B)*(1-COB(H(I)))/(AXA+B*B+2¥A*B*COS(H(I)))
HI(I)=(A+B}kSIN(H(I))/(AXA+B*¥B+2XA¥B*COS(H(I)}))
HMAG( 1) =SQR( (HR(I)*HR(I))}+(HI(I)Y*HI(I)))
HPHS(I)=ATN(HI(I)/HR(1))
F=FB/NF
FREQ(I)=F*1
NEXT 1
COLOR 16,9,
LOCATE 11, 3@:PRINT STRING$(24, "*x")
LOCATE 12, 30:PRINT " %--- PLEASE WAIT ——--% "
LOCATE 13, 39:PRINT STRINGE(24, "%")
COLOR 7,0
GOTO 4758

PRINT *~ THE PREVIOUS PARAMET

ERS ARK 7



4700
4710
4720
4730
4749
4759
4760
4779
4780
4790
4800
4810
4820
4830
4840
4850
4869
4879
4880
4890
49900
4910
4920
4939
4940
4950
4960
4970
4980
4980
5000
5010
5020
5030
5040
5050
5060
5078
5080
5890
5100
5110
5120
5138
5149
5150
5168
5170
5180
5190
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PRINT *“ FB = ";FB
PRINT " NP - ";NP
PRINT " FS = ";FS
PRINT " FC = ";FC
PRINT

LOCATE 10, 10:PRINT "DO YOU WANT TO OBSERVE READINGS (Y/N)"

LOCATE 11, 20:PRINT "USE CAPITAL LETTERS"

A$=INKEY$

IF A$="Y" THEN 4819

IF A$="N" THEN 4850
GOTO 4770
PRINT " FREQ HMAG(I) HPHS(I) "
FOR I= 1 TO NP
PRINT FREQ(I)," " HMAG(I), " " HPHS(I)
NEXT 1

3 sk s s s o A R AR AR AR KK R OKOK K S K R K ORI RO KOK K ACIOK K RO KK
' prog to find largest no. from array HMAG(I) *
2 3 sk oK KK oK S K K K K K S AR KK K AR IO SRR K RCKCHORIOKKOK K KOKOK K
HG=9 > let hg be largest no

FOR I = 1 TO NP

IF HG>HMAG(I) THEN 4920

HG = HMAG(I)

NEXT I

33k K KKK 2K 3K KK K Sk K K K s s R R K KOOSR ROK K K R OR OK KK K
' prog to find largest no. from HPHS(I) *
73R A AR R AR A AR TR A K SRR AR A K K KR SR KR K KOK SRR R KRR K K K
HPG=00 ’let HPG be the largest no. in HPHS(I)

FOR I= 1 TO NP

IF HPG>HPHS(1I) THEN 5880

HPG = HPHS(I)

NEXT I

’PROGRAM TO FIND SMALLEST NO. FROM HPHS(I)
HPL = 1 ’( LET SMALLEST NO. )}

FOR I= 1 TO NP
IF HPL < HPHS(I) THEN 5879

HPL= HPHS(I)

NEXT I

> o o o Ko Ko K oK K KK R KK ROK K KKK SKOK SOK KK KK KRR K KKK K KR R KKK R KKK
>* PROGRAM FOR DISPLAY OF RESPONSE IN GRAPHICS MODE *
3ok 3K KoK KKK K KKK 3K oK KK 33K K K oK KK K K o 3K 3K KK SK KK KK KK oK KK KKK oK KoK K
PRINT "THE MAX. AMPLITUDE IN ARRAY HMAG(I) IS =";HG

PRINT "THE MAX. AMPLITUDE IN ARRAY HPHS(I) IS =";HPG
PRINT "THE MIN. AMPLITUDE IN ARRAY HPHS(I) IS =";HPL

FOR I= 1 TO 1009

NEXT 1

CLS:PRINT " WHICH RESPONSE DO YOU WANT TO SEE *
PRINT * MAGNITUDE OR PHASE (M/F)

PRINT * USE CAPITAL LETTERS"
P$=INKEY$

19



5200
5210
5220
5239
5240
5259
5269
5270
5280
5290
5300
5310

5320
5330
5340
5350
5360
5378

5380
5398
5400
5419
5420
5430
5440
5450
5469
5470
5489
5499
5500
5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
5669
5679

74

IF P$="M" THEN 5230

IF P$="P" THEN 5230

GOTO 5190

PRINT * RESPONSE IN GRAPHICS OR TEXT MODE (G/T) "
D$=INKEY$

IF D$="G" THEN 5289

IF D$="T" THEN 5239

GOTO 5249
geielclelalelaolacioliaeaaldelaclacaoaaigaeaaaoaeladaccelcacaaicelacieleloalel)
@ PROGRAM FOR CALIBRATING AND DRAWING X & Y AXIS @

’ QREEREERCEACREVEEGECHRAEEELELAEEECERPETEERERCEIEOGAARRERE
SCREEN 2:CLS:KEY OFF ’up to next i is for callibrating X
axix

FOR I=1 TO 19

FOR J=1 TO 3

PSET(6@%1, (200-J))

NEXT J

NEXT 1

FOR I= 1 TO 18 ’from this to next i are for callibrating Y
axis

FOR J=1 TO 5

POET(J, 20%1)

NEXT J

NEXT I :

LINE(®, 199)-(630, 189 ’draws X axis

LINE(@,0)~-(@,200} ’> draws Y axis

IF P$="M" THEN 5468

IF P$="P" THEN 5480

IF D$="G" THEN 5530

IF D$="T" THEN 5740

IF D$="G" THEN 5800

IF D$="T" THEN 6539

PHERBHHHAH SRS RN R USSR B RSB BB R
*# PROGRAM FOR DRAWING MAGNITUDE RESPONSE IN GRAPHICS MODE
PHEHHU RS E B H BB H SRR H BRSO R R PR R AR HR BB BB BH BB
FOR I=1 TO NP *from this to next i draws GRAPH
X=(608/NP)*I ‘*FACTOR 8 IS USED for scaling X axis
Y=HMAG(I1)*(208/HG) * factor 3.84 is used for Y axix

PSET(X, (200-Y)), 1

NEXT I

X5=FB/1@: YS=HG/19

LOCATE 2,59 : PRINT "--—-—- scale———-- "
LOCATE 3, 5@ :PRINT "X axis- 1div=";X8 "Hz"

LOCATE 4,50 :PRINT "Y axis- 1div=";YS "U" ‘

LOCATE 1,40 :PRINT" A GRAPH OF FREQ.Vs MAGNITUDE OF H.P.F."
Q$=INKEY$

IF Q$="Q" THEN 5660

GOTO 5630
CLS: PRINT " DO YOY WANT T@ QUIT (Q)/ CHANGE PARAMETER (C)"

PRINT " OR RESUME PREVIOUS PARAMETER (R) --- Q/C/R--——-"

11



5680
5690
5700
5710
5720
5730
5740
5758
5769
5770
5780
5790
5809
5810
5820
5830
5840
5850
5860
5870
5880
5890
5900
5910
5920
5930
5940
5959
5969
5879
5989
5990
6000
6010
6020
6030
6049
6050
6060
6070
608¢
6090
6100
6110
6120
6130
6149
6150
6169
6170

79

Q$=INKEY$

IF Q$="Q" THEN 120
IF Q$="C" THEN 4238
IF Q$="R" THEN 4690
GOTO 5680

GOTO 55309

FOR I=1 TO NP
N=HMAG(I)
N1=INT(6©/.99)*N
PRINT TAB(N1) "x”

NEXT 1

GOTO 5688

*AOKK K KK KRR OK KKK K KKK KK K AOK KKK KK KK KK KKK KKK KKK AKX
* PROGRAM FOR DRAWING PHASE IN GRAPHICS MODE X

23K KK SRKOK KRR K KO A OK KO K K KK K 2K KKK K KR K K K HOK AR KK K KO R K KR K
51 =5GN(HPG) ’° SIGN OF LARGEST NO

52 = SGN(HPL) * ---———- SMALLEST-~
IF 51 =1 THEN 5889

IF 51 =-1 THEN 591¢

IF 51 =@ THEN 5940

IF 52 1 THEN 5878

IF 82 ~1 THEN 6990

IF 52 & THEN 5970

[ L T O O U O YO L T b

IF 52 1 THEN 6520 ’END

IF 52 =-1 THEN 6320

IF 82 © THEN 6520 ’END

IF 52 1 THEN 6526 ’END

IF S2 -1 THEN 6320

IF &2 ¥ THEN 6520 ’CONSTANT @ (END)

FOR I= 1 TO NP

X= (608/NP)*I

Y = HPHS(1)*(208/HPG)

PSET(X, (200-Y))

NEXT I

XS=FB/10

Y3= HPG/19

LOCATE 3, 58:FPRINT "----—- SCALE-~-—~ "
LOCATE 4,5@: PRINT "X-axis-1 div=";XS"Hz"
LOCATE 5, 5@0:PRINT "Y-axis-1 div=";¥Y8"u"
LOCATE 2, 49:PRINT "A GRAPH OF FREQ.VS PHASE "
GOTO 5639 ° FOR QUIT

PTOT = HPG+ABS(HPL)

STP = INT(28@/PTOT)

Y = ABS(HPL)*3TP

LINE (9, (200-Y))-(630, (200-Y))

FOR I =1 TO 10

FOR J = 1 TO 3

PSET(6@%1, ((200-Y)-J))

NEXT J

NEXT I

12



61814
6199
6200
6210
6220
6239
6249
6250
6260
6270
6280
6299
6300
6310
6329
6330
6340
6350
6360
6370
6380
6390
6400
6410
6420
6430
6440
6450
6469
64790
6480
6490
6500
6519
6520
6530
6540
6550
6560
65790
6580
6580
6600
6610
6620
6630
6640
6659
6660
6670

FOR I = 1 TO NP
= (600/NP}*1

= (HPHS(I)+ABS(HPL))*(298/(HPG-HPL))

PSET (X, (200-Y))
NEXT 1

LINE (9, 199)-(630,199),9

FOR I =1 TO 10
FOR J = 1 TO 3

PSET(60%1, (200-J)),@

NEXT J

NEXT 1

X5=FB/108
Y8=(HPG-HPL) /10

GOTO 6P49 ° TO DISPLAY SCALE

FOR I =1 TO 10
FOR J = 1 TO 4
PSET(60%1,J)
NEXT J

NEXT 1

LINE(9,@)-(639,9)

LINE(®, 199)-(630, 189),0

FOR I = 1 TO NP
X= (600/NP)*1

Y= ABS(HPHS(I))*(208/ABS(HPL))

PSET(X,Y)

NEXT 1

FOR I =1 TO 1@
FOR J= 1 TO 3

PSET(60%1, (200-J)),0

NEXT J

NEXT I

5= FB/16

YS5= ABS(HPL)/10
GOTO 6949

END

73K OK SK KK K KR K OK SK KKK K KR K SKOR CKOR K KK CKROKIOR KK RRRoR Kk

% PROGRAM FOR DRAWING PHASE IN TEXT MODE
23Ok R KK SOK SOK S KSR KK SR S ROK O 3OK KKK AR KR OK R OR FORSOR FOoR ok

N= @

FOR J= 1 TO 8
FOR I =1 TO 9
K=(N+1}

PRINT TAB(K);"-";

NEXT 1

N= J*19

PRINT TAB(N);"i"
NEXT J

IF NP > 100 THEN 6680

M=10
GOTO 6699

3
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6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
6780
7000
7010
7040
7850

7060

7@79
7280

7090
7100
7110

7120
7130
7149
7150
7160
7170
7180
7190
7200
7210
7220
7230
7240
7250
7260
7270
7288
7290
71300
7310
7320

7330
7340
7350

M= 20
N= 0

FOR J=1 TO M
FOR 1 =1 TO
K= (N+I)

PRINT TAB(1)"";TAB

NEXT I

INT((NP/M}-1)

N= Jx((NP/M)-1)
PRINT TAB(1)"-"; TAB(K)"*"

NEXT J

GOTO 5638
CLS :KEY OFF

SCREEN

)

(K) %"

LOCATE 6, 10:PRINT STRING$(62, "*x")
LOCATE 9, 1@:PRINT "THIS PROGRAM DRAWS MAGNITUDE RESPONSE OF
208 TO 1 KHz"

B.P.F.

LOCATE 11, 18:PRINT "

BOTTERWORTH DESIGN™

LOCATE
LOCATE

STED),

LOCATE
LOCATE
LOCATE
IES 7
LOCATE
SCREEN

13,10
15,10

16,10
17,10
18, 19

20,18
0

COLOR 16,7,0

LOCATE

A$ = INKEY$
IF A$ = " °

23,50

COLOR 16,0,0

LOCATE 20, 5@ :PRINT "

COLOR 7,0

CLS

GOTO 7320

PRINT

PRINT "
PRINT "
PRINT "
PRINT *
PRINT "
PRINT "

PRINT
PRINT
PRINT

:PRINT
:PRINT

:PRINT
:PRINT
*PRINT

:PRINT

:PRINT "

(BUTTERWORTH )

PRINT
PRINT

PRINT "

HAVING CUTOFF FREQ. =.FH & FL Hz USING

"SAMPLING FREQ. SHOULD BE AT LEAST=2%FB"
"FB - IS5 THE BAND OF FREQ. (WE ARE INTERE

"NP - No. OFF POINTS IN THE RESPONSE , "
"FS - SAMPLING FREQUENCY N
"FH-& FL- UPPRE & LOWER CUTOFF FREQUENC

STRING$(62, "*")

PRESS SPACE BAR TO CONTINUE "

" THEN 7180 ELSE 7169

PRESS SPACE BAR TO CONTINUE *

PREVIOUS PARAMETERS ARE *

FB =";FB
NP =";NP
F8 =";FS
FH =";FH
FL =";FL

" ENTER NEW PARAMETERS "

THIS IS A BAND PASS FILTER DESIGN

ENTER FB FROM (BAND OF FREQUENCY OVER WHICH YOU

14



78

ARE INTERESTED)"
7360 INFUT FB
7379 PRINT "ENTER NP FROM 20 TO 200 "
7380 INPUT NP
7399 IF NP>203 THEN 7370
7490 PRINT " ENTER FS AT LEAST 2 TIMES LARGER THAN FB"
7410 INPUT FS
7429 ° 1IF FS<2%FB THEN 490
7439 PRINT "INPUT FH- UPPER CUTOFF FREQUENCY"
74490 INPUT FH
7450 PRINT "INPUT FL- LOWER CUTOFF FREQUENCY °
7460 INPUT FL
7479 IF FL>FH THEN 7430
7480 NU=(2*FB*3.14/(NP*FGS))
7499 PRINT " THE VALUER OF Pinew IS ";NOU
7508 SCREEN © :CLS
7519 COLOR 16,7,0
7528 LOCATE 11, 30:PRINT STRING$(22, "%")
7530 LOCATE 12, 3@:PRINT " %--- PLEASE WAIT ----% "
7549 LOCATE 13, 30:PRINT STRING$(2Z, "*x")
7550 AM=( (2¥FB)*(3.142)/(F5%NP))
7560 W= (TAN(3.142%FH*(1/FS5)))-(TAN(3.142%FL*(1/FS))}
7570 WA = (TAN(3.142%FH¥(1/FS8)))*(TAN(3.142%FL*(1/FS}))
7580 A =(1+Wo-W) /W
7590 B =(2*WO-2)/W
7608 C =(1+WO+W) /W
76186 FOR I=1 TO NP
7620 H(I)=AMxI
7630 WT = H(I)
764@ DN=(A*COS(2*WT)+B*COS(WT)+C) "2+ (AXSIN(2XWT)+B*SIN(WT)) "2
7650 HR(I)=WX((C-A)+(A-C)Y*COS(2%WT))/DN
7660 HI(1)=Wk(2¥BXSIN(HWT)+(A+C)*SIN(2%WT))/DN
7670 HMAG(I)=SQR((HR(I)*HR(I))+(HI(I)*HI(I)))
7680 HPHS(I)=ATN(HI(I)/HR(I})
7690 F=FB/NP
778@ FREQ(I)=F*I
7718 NEXT 1
7720 COLOR 18,8,0
7730 LOCATE 11, 39:PRINT STRING$(22, "%")
7749 LOCATE 12,3@:PRINT " *--- PLEASE WAIT ---——% *°
7756 LOCATE 13, 3@:PRINT STRING$(22, "x")
7768 COLOR 7,9
7779 GOTO 7858

7788 PRINT " THE PREVIOUS PARAMET
ERS ARE "

7799 PRINT * FB = ";FB

7800 PRINT " NP - ";NP

7810 PRINT " F8 = ";FS8

7829 PRINT " FH = ";FH

7830 PRINT " FL = ";FL
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7840
7850
7860
7870
7880
7890
7900
7910
7920
7930
7940
7950
7960
7970
7980
7990
800G
8010
8020
8030
8049
8050
8060
8079
8080
8098
8100
8110
8120
8130
8140
8150
8160
8170
8180
8199
8200
8210
8220
8239
8240
8250
8269
8279
8280
8290
8390
8319
8329
8330

79

PRINT

LOCATE 10, 1#:PRINT "DO YOU WANT TO OBSERVE READINGS (Y/N)"
LOCATE 11,2@:PRINT "USE CAPITAL LETTERS"

A$=INKEY$

IF A$="Y" THEN 7910
IF A$="N" THEN 7950
GOTO 7879
PRINT " FREQ HMAG (1) HPHS(I) "
FOR I= 1 TO NP
PRINT FREQ(I)," " HMAG(I), " " HPHS(I)
NEXT I
230k s K ok S K OK KK K AR K kK R R KRR R R K K K R K R OK K SR KKK SOK K KKK KK
% prog to find largest no. from array HMAG(I) X
HG=0 * let hg be largest no
FOR I = 1 TO NP
IF HG>HMAG(1) THEN 8020
HG = HMAG(I)
NEXT I
2 3ok sk S K R KK K R SR S K K SO K K KK R K KK SR KK KKK KKK OK KK
% prog to find largest no. from HPHS(I)
7o o o o KSR K R O KR R KR KK O HCOK K R AR KR KOK R IOK KOR OK KKK K KK
HPG=@ ’1let HPG be the largest no. in HPHS(I)
FOR I= 1 TO NP
IF HPG>HPHS(I) THEN 8109
HPG = HPHS(1)
NEXT I
'PROGRAM TO FIND SMALLEST NO. FROM HPHS(I}
HPL = 1 ’( LET SMALLEST NO. )

FOR I= 1 TO NP
IF HPL < HPHS(I) THEN 817@

HPL= HPHS(I)

NEXT I

KRR A KK A K KK KKK K RORKOK o oK K K K KK R K K KRR sk K R sk koK R KK o ok sk ok Kok
>* PROGRAM FOR DISPLAY OF RESPONSE IN GRAPHICS MODE X
7 HOK KKK KKK KKK KKK KK KKK R K SO K KK oK K Kok KKK K K S K KK kKK oK KoK
PRINT "THE MAX. AMPLITUDE IN ARRAY HMAG(I) IS5 =";HG

PRINT "THE MAX. AMPLITUDE IN ARRAY HPHS(I) IS =";HPG

PRINT "THE MIN. AMPLITUDE IN ARRAY HPHS(I) IS =";HPL

FOR I= 1 TO 10900

NEXT I

CL.5:PRINT " WHICH RESPONSE DO YOU WANT TO SEE "

PRINT " MAGNITUDE OR PHASE (M/P)

PRINT " USE CAPITAL LETTERS™

P$=INKEY$

1IF P$="M" THEN 8330

IF P$="P" THEN 8330

GOTO 8290

PRINT "  RESPONSE IN GRAPHICS OR TEXT MODE (G/T)
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8340
8359
8360
8370
8380
8390
8409
8410

8420
8430
8449
8450
8460
8470

8480
8490
8500
8510
8520
8530
85490
8550
856©
8570
8580
8590
8600
8610
8620
8630
8640
8650
8660
8679
8689
8690
8700
8719
8720
8730
8749
8750
8760
87790
8780
8799
8800
8810

80

D$=INKEY$

IF D$="G" THEN 8380

IF D$="T" THEN 8380

GOTO 83409 :

' @ERREEREHERERREEIAVERRREAREEERAEREREAREEAEANRCERERAROEERGRRE
'@ PROGRAM FOR CALIBRATING AND DRAWING X & Y AXIS @
’ RR0RQARAC0RREVLERMEAAEAREREERLRECEEREACEARELRECACAVARRGARER
SCREEN 2:CLS:KEY OFF ’up to next i is for callibrating X
axix

FOR I=1 TO 1@

FOR J=1 TO 3

PSET(68x1, (200-J))

NEXT J

NEXT I

FOR I= 1 TO 10 ’from this to next i are for callibrating Y
axis

FOR J=1 TO 5

PSET(J, 20%1)

NEXT J

NEXT I

LINE(@, 188)—-(630, 199} ‘’draws X axis

LINE(S,0)-(8,200) ’ draws Y axis

IF P$="M" THEN 8568

IF P$="P" THEN 8589

IF D3$="G" THEN 863@

IF D$="T" THEN 8840

IF D$="G" THEN 3908

IF D$="T" THEMN 9634

THUHHHHH G IR H S E RS HBEH BB R O H TR B0 Y
’# PROGRAM FOR DRAWING MAGNITUDE RESPONSE IN GRAPHICS MODE
SRR E R EEREEEELEL LR R R 55308 02
FOR I=1 TO NP >from this to next i draws GRAPH
X=(6@@/NPy*1I ’FACTOR 8 1S USED for scaling X axis
Y=HMAG(I}¥(200/HG) *> factor 3.84 is used for Y axix

PSET(X, (200-Y)),1

NEXT I

X5=FB/1@: Y5=HG/19

LOCATE 2,50 : PRINT "-——--- scale--—-- b
LOCATE 3,50 :PRINT "X axis- 1div=";XS "Hz"

LOCATE 4,59 :PRINT "Y axis- 1ldiv=";¥S "OU"
LOCATE 1,40 :PRINT" A GRAPH OF FREQ.Vs MAGNITUDE OF B.P.F."

Q$=INKEY$

IF Q$="Q" THEN 8769

GOTO 8730 ‘

CLB: FRINT " DO YOY WANT T@ QUIT (Q)/ CHANGE PARAMETER (C)"
PRINT " OR RESUME PREVIOUS PARAMETER (R) --- Q/C/R----"
Q$=INKEY$

IF Q$="Q" THEN 120

IF Q$="C" THEN 7230
IF Q$="R" THEN 7780

17



8820
8830
8840
8850
8860
8870
8880
8890
8900
8910
8920
8930
89419
8950
8869
8970
8980
8990
S0P
9810
9920
9830
99049
9850
9969
9070
9080
8090
9100
9110
9120
9130
9149
9150
9169
9170
9180
9190
9200
9210
9220
9230
89240
9250
9260
9278
92848
9299
9300
9319

81

GOTO 87840
GOTO 8630
FOR I=1 TO NP
N=HMAG(1I)
N1=INT(6©/.99)*N
PRINT TAB(N1) "x"
NEXT 1
GOTO 8780
#5KKH OROK AR K O T R HCKOROK R OK R HOK K KK KK CK CK SRACK K KK
’ PROGRAM FOR DRAWING PHASE IN GRAPHICS MODE %
7SSt K AR S KSR AR AOR HOK TR KRR Sk SKOK K R KK KOK SOR KK R KK KR AR KoK R Kk Kok
81 =SGN(HPG) ° SIGN OF LARGEST NO
82 = BGN(HPL) ’° --——mm- SMALLEBT--
IF 51 =1 THEN 8989
IF 51 =-1 THEN 801"
IF 51 =3 THEN 9940
IF 52 1 THEN 9070
IF 52 -1 THEN 9190
IF 52 ¢ THEN 9870
IF 52 1 THEN 9628 °’END
IF 52 =-1 THEN 9420
IF 82 ¢ THEN 9620 ’END
IF 52 1 THEN 9620 ’END
IF 52 -1 THEN 9420
IF B2 i THEN 9620 ’*CONGSTANT @ (END)
FOR I= 1 TO NP
= (6@0/NP)xI
¥ = HPHS(I)*(200/HPG)
PSET(X, (2008-Y))
NEXT I
XS5=FB/10
Y5= HPG/19
LOCATE 3, 58&:PRINT "---——- SCALE-~-~- "
LOCATE 4,5@: PRINT "X-axis-1 div=";XB"Hz"
LOCATE 5, 5&8:PRINT "Y-axis-1 div=";¥Y5"u"
LOCATE 2, 48:PRINT "A GRAFPH OF FREQ.VS PHASE OF B.P.F"
GOTO 8738 ° FOR QUIT
PTOT = HPG+ABS(HPL)
STF = INT(200/PTOT)
Y = ABS(HPL)*STP
LINE (@, (200-Y))-(638, (200-Y))
FOR I = 1 TO 10

(L O T R I A T T

FOR J =1 TO 3
PSET(SG*I,((2®@~Y)—J))
NEXT J

NEXT I

FOR I = 1 TO NP

X= (60B3/NP)*1

Y= (HPHS(I)+ABS(HFPL))*(2080/(HPG-HPL))
PBET (X, (200-Y))

18



9320 NEXT 1

9339 LINE (©,1989)-(639,199),0
9349 FOR I = 1 TO 10

9352 FOR J = 1 TO 3

9360 PSET(60%1, (200-J)},9
9370 NEXT J

9388 NEXT I

9390 A5=FB/19

9400 Y5=(HPG-HPL) /19

9419 GOTO 9149 ° TO DISPLAY SCALE
9420 FOR 1 = 1 TO 1@

9439 FOR J = 1 TO 4

- 9446 PSET(80%1,J)

9458 NEXT J

9460 NEXT 1

9479 LINE(9,9®)-(639,8)

948@ LINE(®, 199)-(639, 199),9
9488 FOR 1 = 1 TO HP

9500 ¥= (6P8/NP)*1

9519 Y= ABS(HPHS(I))*(200/AB5(HPL})
9528 PBET(X,Y)

9539 NEXT I

9548 FOR I =1 TO 18

9550 FOR J= 1 TO 3

9568 PHET(6@*I1, (208~-J}),8
9570 NEXT J

9580 NEAT I

9598 Xx5= FB/1©

9606 YYo= ABS(HPL) /19

9619 GOTO 9140

9620 END

G630 7 deuokok sk ok ok ok HCkokOR SR HCOROR R OKOR R R RHCK ROKSIOR JOCK KR KOOk

9649 % PROGRAM FOR DRAWING PHASE IN TEXT MODE *
TGEE@ 2 dokok ok ok skokok s ok ok ok oK SRR SOk O R ORI CK KRR SRR R KOKSOK
9669 N= @

g67¢ FOR J= 1 TO 8

968 FOR I = 1 TO 9

9690 K=(N+1}

97@2 PRINT TAB(K);"-";

9718 HNBEXT 1

972¢ N= Jx19 .

973@ PRINT TAB(N);"!";

9748 NEXT J

9750 1IF NP > 1989 THEN 9789
g76@ M=19

g77a GOTO 9790

g78@ M= 2@

979 N= @

9808 FOR J=1 TO M

9810 FOR I=1 TO INT((NP/M)-1)



9820

83

= (N+1I)

9839 PRINT TAB(1)"|"; TAB(K)"*"

984@
9850
98640

NEXT I
N= J*((NFP/M)-1)
PRINT TAB(1)"-";TAB(K)"*"

9878 NEXT J
9880 GOTO 8730

10000
10010
10040
10059

10066

19079
1280

10090
10100
10110

10120
189130
10140
101560
10160
18170
10189
10190
10200
10210
10220
19230
19240
19250
10260
18270
10280
19298
10300
10319
10320

19339
10340
19350

10360
19370
18380
12380

CLS

SCREEN @

LOCATE 6, 18:PRINT STRING$(62, "x")

LOCATE 9, 18:PRINT "THIS PROGRAM DRAWS MAGNITUDE RESPONSE
OF B.S5.F."

LOCATE 11, 1@:PRINT " HAVING CUTOFF FREQ. =.FH & FL Hz
USING BUTTERWORTH DESIGN"

LOCATE 13, 19:PRINT "SAMPLING FREQ.SHOULD BE AT LEAST=2%FB"
LOCATE 15, 19:PRINT "FB - IS5 THE BAND OF FREQ.(YOU ARE
INTERESTED),

LOCATE 16, 19:PRINT "NP - No. OFF POINTS IN THE RESPONSE"
LOCATE 17, 10:PRINT "F5 - SAMPLING FREQUENCY "

LOCATE 18, 1@:PRINT "FH-& FL- UPPRE & LOWER CUTOFF
FREQUE NCIES ~

LOCATE 20, 18:PRINT STRING$(62, "*x")

SCREEN ©

COLOR 16,7,9 _

LOCATE 23,58 :PRINT " PRESS SPACE BAR TO CONTINUE *

A$ = INKEY$

IF A¢ = " " THEN 10189 ELSE 10169

COLOR 16,0,0

LOCATE 20, 5@:PRINT "PRESS SPACE BAR TO CONTINUE"

COLOR 7,9

CLS

GOTO 10320

PRINT

PRINT " PREVIOUS PARAMETERS ARE *
PRINT " FB =";FB

PRINT " NP =";NP

PRINT " FS =";F8

PRINT " FH =";FH

PRINT " FL =";FL

PRINT

PRINT " ENTER NEW PARAMETERS "

PRINT © THIS IS5 A BAND STOP FILTER DESIGN
(BUTTERWORTH) "

PRINT

PRINT

PRINT " ENTER FB FROM (BAND OF FREQUENCY OVER WHICH YOU

ARE INTERESTED) "

INPUT FB

PRINT "ENTER NP FROM 28 TO 200 "
INPUT NP

IF NP>2¢00 THEN 10370

2(



10408
10410
10420
10439
10440
10450
10460
10478
10480
12490
10500
10510
18520
16530
18549
10550
10560
10570
18580
19599
10600
19618
10620
19630
10640
10650
10660
18679
19689
10699
10700
10710
18720
10733
19749
10758
10760
18779
19780
10792
10800
19810
10820
10830

19840
10859
1086@
10874
19889

PRINT " ENTER FS AT LEAST 2 TIMES LARGER THAN FB"
INPUT FS

*IF FS5<2¥FB THEN 400

PRINT "INPUT FH- UPPER CUTOFF FREQUENCY™

INPUT FH

PRINT "INPUT FL- LOWER CUTOFF FREQUENCY "

INPUT FL

IF FL>FH THEN 13439

NO=(2%FB*3. 14/(NP*FG))

PRINT

SCREEN ¥ :CI.5

COLOR 16,7,9

LOCATE 11, 3@:PRINT STRING$(22, "*")

LLOCATE 12,3@:PRINT " *%--- PLEASE WAIT ----—% "
LOCATE 13, 3@:PRINT STRING$(22, "*x")

AM=( (2*%FB)*(3.142)/(F5*NP))

W= (TAN(3.142%FH*(1/F5)))-(TAN(3. 142%FL*(1/F5)))

WO = (TAN(3.142%FHXx(1/FS)))*(TAN(3. 142%FL*(1/FS}})

A =(24WO-2)/(WO+1)

B =1

C =(2%WR-2)/(HWD-W+1)

D= (WO+W+1) /(WI-W+1)
FOR I=1 TO NP
H(T)=AM*I

WT = H(I)

DN={COS(Z24WT)+CxCOB(WT)+D) "2+ (SIN(Z*WT)+C*SIN(WT)) "2

HR1=(COS(Z2*WT)+A*COS(WT ) +B) *(COB(2*WT ) +CxCOS(WT) +D)

HRZ = (SIN(Z*WT)+AXSIN(WT) )% (SIN(2*WT)+CxSIN(HWT))
HR(I)= (HR1+HRZ2) /DN
HI1=(COS(2*WT)+A*¥COS(WT)+B)*(SIN(Z2¥WT)+CxSIN(WT))

HIZ2 = (SIN(Z2*WT)+A*SIN(WT))*(COS(2XWT)+C*xCOS(WT)+D)

HI(I) = (HI2-HI1)/DN
HMAG(I)=5QR{(HR(I)Y*HR(I))+(HI(I)Y*HI(I)})
HPHG(I)=ATH(HI(I)/HR(I))

F=FB/NP
FREQ(I)=F*I
NEXT I

COLOR 16,98,0

84

LOCATE 11, 39:PRINT STRING$(22, "*")

LOCATE 12, 39:PRINT " *%--- PLEASE WAIT --——% ©

LOCATE 13,39:PRINT STRING$(22, "*")

COLOR 7,0

GOTO 10992

PRINT " THE PREVIOUS PARAME
TERS ARE "

PRINT * FB = ";FB
PRINT * NP - ";NP
PRINT *© FS = ";F5
PRINT " FH = ";FQ
PRINT * FL. = ";FL
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12890
12900
19910
10920
19930
10940
10950
10960
19970
10980
19990
1100
11910
11020
11930
11940
11050
11069
11970
11083
11090
11100
11118
11129
11138
11140
11150
11168
11179
11180
11199
11200
11210
11220
11230
11240
11250
1126@
11270
11280
11290
11300
11319
11320
11339
11340
11350
11360
11370
11388

PRINT

LOCATE 1@, 12:PRINT "DO YOU WANT TO OBSERVE READINGS (Y/N)"
LOCATE 11,28:PRINT "USE CAPITAL LETTERS"

A3=INKEY$

IF A$="Y" THEN 1096@:1F A$="y" THEN 18960

IF A$="N" THEN 11990@: IF A$="n" THEN 11009

GOTO 19820

PRINT " FREQ HMAG(I) HPHS(I)
FOR I= 1 TO NP
FPRINT FREQ(I}," © HMAG(1}, " " HPHS(I)
NEXT I

2 e K s sk ok R O ks sk RO S S KK R R KRR OK ECHCROR HCROK K
¥ prog to find largest no. from array HMAG(I) X
3 s sk ok oK K 3K KRR A K oK KOS R AOK TS SE o K K oK SK SR SOK S K K S AOK KK KK
HG=@ * let hg be lardest no

FOR I = 1 TO NP

IF HG>HMAG(I) THEN 11879

HG = HMAG(I)

NEXT I

2556 S KO K K R KR K K R SR K R R R R R K KR R R KOKOR O
¥ prog to find largest no. from HPHS(I) X
o s A K A K R AR s s R sl R SO 3 S KO R K e oK R RO KK ROK KK K
HPG=¢ ’1let HPG be the lardest no. in HPHS(I)

FOR I= 1 TO NP

IF HPG>BPHS(I) THEN 11150

HPG = HPHS(I1)

NEXT I

HFL = 1 7 ( LET SMALLEST HNO. )
FOR I= 1 TO NP '
IF HPL < HPHS(I) THEN 11220

HPL= HPHS(I)

NEXT I

A AR KK SR R O SK K R KKK K oK K O KK K KK SRR KKK K KKK AOK K oK oK oK KK oK
*¥ PROGRAM FOR DISPLAY OF RESPONSE IN GRAPHICS MODE X

2 KO K A HOK S S K OK OB R OK KKK K KK 3K 5K K KKK S SOK K K K 5K K oK S K KK K KK K
PRINT "THE MAX. AMPLITUDE IN ARRAY HMAG(I) IS =";lG

PRINT "THE MAX. AMPLITUDE IN ARRAY HPHS(I) IS =";HPG

PRINT "THE MIN. AMPLITUDE IN ARRAY HPHS(I) IS =";HPL

FOR I= 1 TO 1000 )

[T Y

NEXT I

CL5:PRINT " WHICH RESPONSE DO YOU WANT TO SEE *
PRINT " MAGNITUDE OR FHASE (M/P)

PRINT ~ USE CAPITAL LETTERS"
P$=INKEY$

IF P$="M" THEN 11380 :IF P$="m" THEN 11380

IF P$="P" THEN 11389: IF P$="p" THEN 11380

GOTO 11340

PRINT * RESPONSE IN GRAPHICS OR TEXT MODE (G/T)
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11399 Dg=INKEY$

11490 IF D$="G" THEN 1143@: IF D$="g" THEN 11439

11419 IF D$="T" THEN 11430: IF D$="t" THEN 11439

11429 GOTO 11390

11430 ’@R0000Q0RMARRAAAARERARRREARLRPRARARLAGEPEPRANENRRAANERARREER®

11449 ’@ PROGRAM FOR CALIBRATING AND DRAWING X & Y AXIS @

11450 ’@0QR00020Q0QRRRARRALARERERYRREVRIRRRVARLERLRNEACEREVVRAREEVEAEE.

11462 SCREEN 2:CLS:KEY OFF ’up to next i 1is for callibrating X
axix

11470 FOR I=1 TO 19

11480 FOR J=1 TO 3

11490 PSET(6@%*1, (200-J))

11508 NEXT J

11518 NEXT 1

11520 FOR I= 1 TO 19 ’from this to next i are for callibrating Y
axis

1153@ FOR J=1 TO 5

11548 PSET(J, 28%1)

11550 NEXT J

115690 NEXT I

11570 LINE(®, 199)-(639,199) ’draws X axis

11580 LINE(O,@)-(8,288) ’ draws Y axis

11599 IF P¢="M" THEN 11610 :IF P$="m" THEN 11610
11680 IF P¢="P" THEN 1163@®: IF P$="p" THEN 11633
11610 1IF D$="G" THEN 1168@: IF D$="g" THEN 11680
116200 IF D3$="T" THEN 1189%: IF D$="t" THEN 11898
11630 IF D$="G" THEN 119%5@: IF D$="g" THEN 11950
11640 IF Dg="T" THEN 126886: IF D$="t" THEN 12680

11650 > HUHHHHHEHHHBHHARHRBERHHBHEHEHEHHHHBREHHBBEH SRR
116600 > PROGRAM FOR DRAWING MAGNITUDE RESPONSE IN GRAPHICS MODE
11670 HHBHHHHUARUHBRHBHUAHBHEHHEEHTHHMBHHERTHHHTHABHHERHHTREH
1168¢ FOR I=1 TO NP from this to next i draws GRAPH

116990 X=(6@0/NP)y*I ’FACTOR 8 IS USED for scaling X axis

11708 Y=HMAG(I)*¥(200/HG) ’ factor 3.84 is used for Y axix

11719 PSET(X, (200-Y})), 1

11729 NEXT 1

11730 XS=FB/1&: YS=HGR/10

11749 LOCATE 2,50 : PRINT "-————-- scale-————- A

11750 LOCATE 3,58 :PRINT "X axis- 1div=";X8 "Hz"

11760 LOCATE 4,58 :PRINT "Y axis- 1ldiv=";¥5 "U"

11779 LOCATE 1,4® :PRINT" A GRAPH OF FREQ.Vs MAGNITUDE OF B.S.F."
11780 Q$=INKEY$

11790 IF Q3$="Q" THEN 11810

1188@ GOTO 1178@

11819 CLS: PRINT " DO YOY WANT T@ QUIT (Q)/ CHANGE PARAMETER (C)"
118280 PRINT " OR RESUME PREVIOUS PARAMETER (R) --- Q/C/R-—-—-"
11830 Q3$=INKEY$

11849 IF Q$="Q" THEN 120

11850 IF Q$="C" THEN 13230

11860 IF Q$="R" THEM 18830
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11870
11889
11899
11908
11919
11929
11938
11949
11958
11969
11970
11980
11990
12000
12010
12020
12439
1240
12850
12060
1287
12080
12090
12100
12110
12129
12139
12140
12150
12169
12170
1218@
12190
12200
12210

12220
12239

12240
12259
12269
12279
12280
12299
12309
12310
12320
12339
12349
12359
12369

GOTO 11839

GOTO 11680

FOR I=1 TO NP

N=HMAG(T)

N1=INT(6@/.99})%*N

PRINT TAB(N1) "*"

NEXT I -

GOTO 11839

2 SHOK K R OK KK RS K ok K KK KR OK KK KA HOR KKK KK KK KKK KKK K K
> PROGRAM FOR DRAWING PHASE IN GRAPHICS MODE ¥
KKK KKK K S K KK K S K K KK KK KK KKK K OK SOK K K KK KoK K K
81 =SGN(HPG) > BIGN OF LARGEST NO

82 = BGN(HPL) ° --~--—- SMALLEST--
IF 51 =1 THEN 12039

IF 51 =-1 THEN 12060

IF 51 =0 THEN 12099

IF 52 = 1 THEN 12120

IF 82 = -1 THEN 12249

IF 82 = ¢ THEN 12120

IF 52 = 1 THEN 12670 ’END

IF 52 =-1 THEN 12479

IF 52 = © THEN 12679 °END

IF 52 = 1 THEN 12679 °END

IF 82 = -1 THEN 12470

IF 82 = © THEN 1267& *CONSTANT @ (END)
FOR I= 1 TO NP

X= (600/NP)*1

Y = HPHS(I)*(208/HPG)

PSET(X, (200-Y))

NEXT 1

X5=FB/10

YYo= HPG/10

LOCATE 3, 5@:PRINT "--—-—~ SCALE-—~—~~ "
LOCATE 4, 5@: PRINT "X-axis-1 div=";X5"Hz"

LOCATE 5, 5@:PRINT "Y-axis-1 div=";¥S"u"

LOCATE 2,49:PRINT "A GRAPH OF FREQ.VS PHASE OF B.S.F"
GOTO 11789 ° FOR QUIT

PTOT = HPG+ABS(HPL)

STP = INT(208/PTOT)

Y = ABS(HPL)*3TP

LINE (9, (200-Y))-(630, (200-Y))

FOR I = 1 TO 19

FOR J =1 TO 3

PSET(60%I, ((209-Y)-J))
NEXT J

NEXT I

FOR I = 1 TO NP

X= (600/NP)*1
Y= (HPHS(I)+ABS(HPL))*(200/(HPG-HPL))
FSET(X, Y)
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12370
12380
12390
12400
12410
12429
12430
12449
12450
12460
12470
12480
12499
12500
1251@
12520
12530
12549
12550
12560
12570
12550
12599
12600
12610
12620
12630
12640
12650
12660
12670
12680
12690
12700
12710
12720
12730
12740
1275@
12760
12770
12780
12798
12800
12810
12829
12830
12842
1285@
12860

NEXT I

LINE (9,199)-(639,1989),0
FOR I =1 TO 10

FOR J = 1 TO 3
PSET(60%I, (200-J)),9
NEXT J

NEXT 1

X5=FB/10
YS=(HPG-HPL) /10

GOTO 121990 ° TO DISPLAY SCALE
FOR I =1 TO 1@

FORJ =1 TO 4
PSET(60%1,.J)

NEXT J

NEXT I
LINE(@,9)-(638,0)
LINE(®, 199)-(630, 199),0
FOR I = 1 TO NP

X= (60@/NP)*1

Y= ABS(HPHG(1I))*(200/AB5(HPL))
PBET (X, (200-Y}))

NEXT I

FOR I =1 TO 19

FOR J= 1 TO 3
PSET(60%*I, (200-J)}),0
NEXT J

NEXT 1

5= FB/1&

Y5= ABG(HPL) /19

GOTO 12199

END

# ok sk KK KR KCR K K KRR K Kk R oK oKk kR ko ook ok Kook
’*% PROGRAM FOR DRAWING FHASE IMN TEXT MODE x
7 KoK K K RO KKK O AOK K SR SR OK HOK SOk ol oKk kR R okokokoRok

N= 9

FOR J= 1 TO 8

FOR I =1 TO 9

K=(N+1I)

PRINT TAB(K);"-";

NEXT I

N= J*148

PRINT TAB(N);"1";

NEXT J

IF NP > 100 THEN 12839
M=18

GOTO 12840

M= 20

N= @

FOR J=1 TO M ‘
FOR I = 1 TO INT((NP/M)-1)
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12870
12889
12890
12900
12910
12920
12930
13000

13010
13820
13839
13049
13050
13060
13070
13071
13372
13080
13999

13108
13110

K= (N+1)
PRINT TAB(1)"}|",; TAB(K)"*"
NEXT 1
N= J¥((NP/M)}-1)
PRINT TAB(1)"-"; TAB(K)"*"
HEXT J
GOTO 11789

CLS:LOCATE 5, 5:PRINT "THIS IS A DIGITAL FILTER DESIGN
PROGRAM USING DIGITAL SIGNAL PROCESSING”
LOCATE 7,5 :PRINT "YOU HAVE TO GIVE THE PARAMETERS YOU
ARE INTERESTED"
LOCATE 9,5:PRINT " YOU CAN OBSERVE MAGNITUDE AND PHASE
RESPONES™
LOCATE 11,5:PRINT "WHEN VIEDO TERMINAL DISPLAYS RESPON
SE AND YOU WANT SEE ANOTHER ™
LOCATE 13, 5:PRINT "PRESS ’*Q *NEXT MESSAGE WILL APPEARS
ON THE SCREEN ©
LOCATE 15, 5:PRINT "IF YOU WANT TO TAKE PRINT OUT OF
RESPONSE THEN BEFORE EXECUTING™

LOCATE 17,5:PRINT " THIS PROGRAM GRAPHICS FILE MUST BE
LOADED IN THE COMPUTER "
LOCATE 19, 5:PRINT " AT THE TIME OF PRINTING FPRESS
’shift PrtSe °
COLOR 16,7,@:1LOCATE 22, 5@:PRINT “PRESS SPACE BAR TO
CONTINUE *©

COLOR 7,9

Bg= INKEYS$

IF B$=" " THEN 120
GOTO 13988
END
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THE MAGNITUDE AND PHASE RESPONSES OF BUTTERWORTH FIRST

ORDER DIGITAL FILTERS FOR THE FOLLOWING PARAMETERS

ARE GIVEN .

30

FILTER FB Fs FC NP
LOW PASG 16006 2000 700 200
HIGH PAGS 1060 2006 3100 200

FL FH
BAND PASS 10099 200060 3000 1000 200
BAND STOP 10000 20200 3999 71000 208
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