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ABSTRACT

The well-known Butterworth filter is normally realized by cascading second-
order blocks. In 1977, Mario Biey and Amedeo Premoli introduced a new class of filter,
known as the MURROMAF (multiple-real-root maximally flat). The main feature
of this type of filter is that it is realized by third-order blocks. This is possible because
of the coincident multiple real pole nature of the approximating function. In comiparison
with the classical Butterworth filter, MURROMAF offers a shaper cutoff rate for
the same number of building blocks.

However the MURROMATF filter still has relatively low cutoff rate due to
its all-pole nature. Secondly, the noises around a prescribed frequency cannot be
suppressed either. To solve these problems, this thesis proposes a design technique
for a MURROMAPF filter with preassigned pairs of transmission zeros at finite prescribed
frequencies. It provides the advantages of a shaper cutoff and also an effective noise

suppression around particular frequencies. Hence, a new class of RC-active filters.
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[14] aungnazldidn afinldmums (3.1.2) fen HG)|2 = v
-‘ t c‘: at (3 [ 2 X o [3 L o &
PNANENVMIMNG TN T TEU WS T AU 935 M IR I T a8 I8 D9

o o™ o
m‘i’aamﬂé’mgﬂn 3.1
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WegluzuIndlwilosiawans (3.1.3)
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NMruaa I udurnd o

1W a = 0.5
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AUITMAUNATA M

]

MAMBUTDITSUURNNITITIEU

Ma = b
11 o, (=0,1,...,n)

UNUAY @ URS 3, 89U (3.1.2) N vuaw =1
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3.2 UANALUAUDNNAURIIIRINUIY

SoldTartunnamfisefidosmIuds s aRw s mEe STl
Taomaunue o2 dap -2 el (3.1.2) udaduanimdumie Insuss s T9mue F981e:dianiu
FIUMTUANINATUINATUANY jo WY 2@ §rmuam 2m§ Twaa3flengniudt +1/ winwan e
RSP -1/ @ 9WIN 1 FuTuTY Twm"Bafﬁ’auﬁmLm‘ﬁ’awﬁmaugmﬂnummu n{ Tasmaifaniaanns

A ] ~ P-1 o A 'J -4 qul 'o‘ [ & -t ] (1'»
Inafagmedindroflaesszuiy s fuaTmisrasdliadengaiu WiulnsuasdTivasdoriou Ge)

X 2 mi .
G(s) = H 10y (57405, (3.2.1)
n/2 .
(s+u)r)u _II (s2+ wQJ:'s+w:1i)
i=q i

¢ P al o . | .
Taof Hdudnon Mlkuunaees Ge) intuwite nmmi‘iqué

u /2 2
H = vr 30y ey
r 13
1 2mi
i=1%i
UNUA s = o azle
X P ms
T (! - ¥l (3.2.2)
G (jw) = H i;l 0i
(wr+jw) i [(w - )+jw—§~
97N (3.2.2) FWITOMUITRINGABURUB AN R Y
r . n/2
= - - e . .2,
8 (w) iﬁleOi (W) - ué_(w) iil op (@) (3.2.3)
0 i w<woi
e eOi (w) = n/2 P owsg;
n ;oW

0i
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tan
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° o ' A . ¥
§FIMTUNanaUAEUENIA MUY 1d99n (1.1.8) Fninugasdnatessi

D(w)

- d6(w)
dw

1 o d P
LamIre s nTuTiinanouauaanslu (3.2.3) Sadu

D (w)

Q., 1 d -~ z L -. t ) & 1 ‘ 1 J
Taoaly szsuluawizismbafifieiutuerud Iuuiudggin ©<wst) vt $ag29mnd
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n
13 B3 @) + u_g_gr(w) + L4605 ()

b
L

X r . 1 1 Qr L 54 8 ) | Qo g
ﬁazmﬂmﬁaamn%fnfluguzﬁmnunuﬂ aaniuladvunsaausguaalsmue ldlnadil

D(w)

- ~
Toun dfr(w)
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~_ci
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n/2
r d6ci(w)
i=1dw

e

2 2
WniQj (W +w™h;)
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y HANDUAUEIVBINITY (gﬂﬁ)
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1 3.1 )
o a 2 3.2
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w
mi

@ (dB)

1.50

1.6316

62.5604

g
Fulssansvealansu ;

.= 0611614

ali)

bti)

—_

O W 0 N O O »h WN - O

0.506250E + 01
~0.373423E+02
0.143233E+03
~0.393367E+03
0.882614E +03
-0.173009E + 04
0.307913E+04
-0.5609733E+04
0.797652E + 04
~0.119328E+05
0.172064E + 05

0.5062503+01
- 0.450000E+01
0.100000E +01

Aumialna w = 1.635018
i ¢ | 8 ' wni Oi
1 0115844 0.996810 1.003519 4.331340
2 0357423 0.965239 1.029290 1.439878
3 0.613615 0.880069 1.072867 0.874219
4 0.870578 0.723345 1.131872 0.650069
5 1120045 0.483741 1.220043 0.544640
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AN 3.2 .
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n=10, p=5, =2
i W, W a,, (dB)
1 1.50 1.6815 72.4128
2 1.80 2.0476 81.4657
FudszAndvealan¥u ¢ o = 0.464133
i ali) bii)
0 0.531441E+02 0.631441E+02
1 ~0.517237E+03 ~0.800442E+02
2 0.249629E+ 04 0.447201E+02
3 —0.818118E+04 ~0.109800E + 02
4 0.209471E+05 0.100000E + 01
5 ~0.453537E+05 -
6 0.871448E+05 -
7 ~0.153249E+06 -
8 0.251778E+06 ~
9 ~0.392030E+06 -
10 " 0.584486E + 06 -
© ]
Aumdalwa : o = 1772632
i Oi B| w ni O'
1 0.109711 0.998005 1.004017 4.575739
2 0.341017 0.977267 1.035048 1.617589
3 0.598887 0.913504 1.092317 0.911956
K 0.878397 0.775863 1.171984 0.667115
5 1.167371 0.536300 1.284669 0.550240
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n=10 r=3
i oi mi o, (dB)
1 1.30 1.3559 58.3396
.2 ’ 1.50 1.6115 69.1379
3 1.80 2.1980 67.0669

L4
fulszansvoalanay ;

ca = 0.462289

ali)

b(i)

—_—

O ©W N MWN-=O

0.151785E+03
-0.266917E+04
0.217119E+05
-0.110285E+06
0.400838E+06
-0.113748E+07
0.268646E+07
-0.553621E+07
0.102973E+08
~0.177024E+08
0.286064E+08

0.1561785E+03
—0.408241E+03
0.451419E+03
-0.262558E+03
0.846886E+02
-0.143600E+02
0.100000E + 01

[ []
Auvuang :

w, = 2.163149

i G, . Bi W )

1 0.093068 1.001584 1.006898 5.404119

2 0.298666 1.009631 1.052880 1.762640
3 0.559248 0.999867 1.145641 1.024268

4 0.894414 0.916664 1.280722 0.715956

5 1.293046 0.683990 1.462809 0.565645
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o
A1 3.4 : n=10 u =5 f=a
i woi wmi a si (dB)
1 1.20 1.2356 54.6206
2 - 1.30 1.3810 57.3022
3 1.50 1.6416 58.4091
4 1.80 2.5288 43.7158
Fursedntvealandu : o = 0.318325
i ali) bii)
0 0.314741E+03 0.314741E+03
1 ~0.142418E+05 -0.128367E+04
2 0.288512E+06 0.226358E + 04
3 ~0.346844E +07 —0.225277E+04
4 0.277173E+08 0.138320E + 04
5 ~0.156909E + 09 ~0.536238E+03
6 0.658977E + 09 0.128119E+03
7 ~0.214307E+10 ~0.172400E +02
8 ©0.564951E+10 0.100000E + 01
9 —0.126498E+11 -
10 0.250467E+11 -
Aumidina s o = 3.141439"
| cl Bi u:‘nl OI
1 0.074635 1.004057 1.006827 6.744981
2 0.241833 1.035783 1.063640 2.199119
3 0.471429 1.093357 1.190662 1.262822
4 0.841986 1.143349 1.419925 0.843200
5 1.789124 0.610278

1.465828

1.025824
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4 .
AN 8.5 : n =10, U =5, r=56
i we; W, o _ (dB)
1 1.10 1.1353 35.3968
2 1.20 1.2757 39.5783
3 1.40 1,5263 43.9343
4 1.70 1.8571 47.3439
5 2.00 4.0877 15.7408
Furlsednsveadansu : @ =0.131623
i alp b(i)
0 0.155856E + 04 0.155856E + 04
1 ~0.480476E+06 —0.818903E+ 04
2 0.657160E + 08 0.190077E+05
3 ~0.525559E+10 -0.256444E+05
4 0.272651E+12 0.222532E+05
5 ~0.962086E+13 -0 129684E+05
6 0.235417E+15 0.513689E+04
7 -0.399753E+16 ~0.136496E+04
8 0.464113E+17 0.232769E + 04
9 -0.357980E+18 -0 230000E+02
10 -~ 0.177515E+19 0 100000E +01
ALnualna ‘w, = 7.597465
i gj Bl W n, Ol
1 0.054976 1.006344 1.007844 * 9.166267
2 0.181440 1.057436 1.072890 2.956599
3 0.361922 1.1636545, 1.218534 1.683423
4 0.663335 1.349275 1.503514 1.133299
5 1.363082 1.726197 2.199488 0.806807




4 .
fA15184N 3.6 .

42y

n=10, v =1 r=2
1 1.50 1.6115 63.3248
2 2.00 2.3283 79.1535
Fulseantvoalandu : o = 0.861927
i ali) bli)
0 0.810000E+ 02 0.810000E +02
1 —0.232430E+03 —-0.112500E+03
2 0.335818E+03 0.570625E+02
3 —~0.366303E+03 -0.125000E+02
4 0.369586E+03 0.100000E + 01
5 —-0.369586E£+03 -
6 0.369586E + 03 -
7 ~0.369586E+03 -
8 0.369586E +03 -
9 —0.369586E +03 -
10 0.369586E+03 -
Aumdslna : w_ = 1.160191
i '0; Bi W nf 00
1 0.119065 0.996855 1.00394" 4.215943
2 0.370592 0.963826 1.032617 1.393199
3 0.642770 0.864239 1.077062 0.837829-
4 0.902234 0.664020 1.120245% * 0.620817
5 1.091087 0.362870 1.149846

0.526927
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]

P
f1319N 3.7 n =10, vy =2, r=2
i Wo; Weny @ g (dB)
1 1.50 1.6115 65.1875
2. 2.00 2.2982 83.0629
FulseAntvoalanau ; = 0.746799

ali)

b(i)

—_

O W WO N O M WN =0

0.810000E + 02
~0.363718E+03
0.829895E +03
~0.136813E+04
0.191670E + 04

~0.246527E+04

0.301385E+04
~0.356242E+04
0.411099E+04
-0.465956E+04
0.5620813E+04

0.810000E +02
—-0.112500E+03
0.570625E+02
- 0.125000E+02
0.100000E + 01

Aumualna : w, = 1.339049
i 9 B, W ni Q
1 0.116085 0.997146 1.003880 4.323898
2 0.360639 0.967629 1.032650 1.431696
3 0.626638 0.880037 1.080343 0.862015 -
4 0.891736 0.703083 1.136670  * 0.636719
5 1.116902 0.426112 1.195425

0.5635152
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4 .
M1319N 3.8 : n=10 u =3, r=2
i w w a  (dB)
1 1.50 1.6065 66.6221
2 2.00 2.2732 86.1861
v . el
Furseaniueatansuy : ‘a = 0.671533
i ali) bli)
0 0.810000E + 02 0.810000E +02
1 ~0.492469E+03 ~0.112500E + 03
2 0.151500E + 04 0.570625E+ 02
3 ~0.328491E+03 ~0.125000E + 02
4 0.5682636E+04 0.100000E + 01
5 ~0.913935E+ 04 0.000000E + 00
6 0.132239E+ 05 0.000000E + 00
7 —0.180800E +05 0.000000E + 00
8 0.237076E+05 0.000000E + 00
9 —0.301068E +05 0.000000E + 00
10 0.372776E+05 0.000000E + 00
aumialwa = 1.489129
i ol B i Wi Oi
1 0.114006 0.997363 1.003858 4.402658
2 0.353804 0.970366 1.032854 1.459643
3 0.615772 0.890988 1.083067 0.879438
4 0.884803 0.729671 1.146863 0.648090
5 1.134423 0.469033 1.227562

0.541061
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1.146975

P
AN 8.9 n=10, v =4, 1=2
i W g W Qg (dB)
1 1.50 1.5965 67.7954
2 2.00 2.2581 88.7620
Fudscansvoalanau « = 0.616243 .
i ali) b(i)
0 0.810000E+02 0.810000E +02
i —~0.620244E+03 -0.112500E+03
2 0.239065E+04 0.570625E+02
3 —0.639340E+04 ~0.125000E+02
4 0.136777E+05 0.100000E+01
5 ~0.252929E+05 0.000000E +00
6 0.422881E+05 0.000000E +00
7 -0.657127E+05 0.000000E +00
8 0.966159E+05 0.000000E + 00
9 —0.136047E+06 0.000000E + 00
10 0.185055E+ 06 0.000000E + 00
- fwmialna w, = 1.622737
i o, B; W Q
1 0.112457 0.997532 1.003851 4.463280
2 0.348764 0.972436 1.033087 1.481071
3 0.607835 0.899076 1.085265 0.892731
4 0.879674 0.749148 1.155443 0.656745
5 0.500812 1.251545 0.545585




o
A1 NN 8.10 :
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i Woi Wi a g (dB)
1 1.50 1.6015 68.7222
2 2.00 2.2431 90.9313
g * .
Fuilszantvoalensu: o« = 0573102
i ali) bli)

-

O W 0O N O O b WN = O

0.810000E +02
~0.747522E+03
0.345657E +04
—0.109704E + 05
0.274425E + 05
~0.584176E+05

0.110832E+ 06

~0.193011E+06
0.314675E+06
-0.486933E+06
0.722285E+06

0.810000E+02
—-0.112500E+03
0.570625E+02
—~0.125000E+02
0.100000E + 01
0.000000E + 00
0.000000E +00
0.000000E+00
0.000000E+ 00
0.000000E +00
0.000000E+00

auvdalwa : = 1.744889
i 4 ol ’ Bi wni Ol
1 0.111253 0.997667 1.003851 4.511556
2 0.344878 0.974058 1.033310 1.498083
3 0.601746 0.905309 1.087053 0.903248.
4 0.875664 0.764093 1.162164 - 0.663590
5 0.525495 1.270180

0.5649206

1.156379



-
133N 38.11 :
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’

i w oi wmi (04 si (dB)
1 1.50 1.6767 38.5888
2 2.00 3.2957 32.0748
Fuszansveadandu : a . = 0521538
i ali) bii)
0 0.810000E + 02 0.810000E + 02
1 ~0.575600E + 03 ~0.112500E + 03
2 0.184147E+04 0.570625E +02
3 -0.372849E+04 —0.125000E + 02
4 0.579820E +04 0.1.00000E + 01
auvialwne w, = 1.917406
i o . - B, i Q;
1 0.217226 1.000472 1.023783 2.356496

© 0.804948 0.936077 1.234578 0.766868
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o
13190 8.12 :

n==6, u = 2, r =2
! Yo Vi @ g (dB)
1 1.50 1.6466 47.8885
2 2.00 2.62971 51.5811
o a & o
Aulseansvoalan¥u: o = 0.637414
i " ali) bli)
0 0.810000E +02 0.810000E+02
1 -0.438891E+03 —0.112500E+03
2 0.114245E+04 0.570625E+02
3 ~0.203239E+04 -0.125000E+02
4 0.295902E+04 0.100000E + 01
5 —0.388565E + 04 -
6 0.481229E+04 -
Aumialwa s ¢ = 1568839
i ol . Bi v ni Oui
1 0.167384 0.997338 1.011287 3.020861
2 0.554399 0.948384 1.098540 0.990748
3 1.032568 0.707898 1.251925 0.606219




n =8, r=2
i ol 9 @, (dB)
1 1.50 1.6266 56.6863
2 2.00 2.4085 67.9815
Fullseansveadansu : a  =0.703145
i ali) bii)
0 0.810000E + 02 0.810000E + 02
1 ~0.389543E +03 ~0.112500E +03
2 0.931524E+03 0.570625E +02
3 ~0.157693E+04 ~0.125000E +02
4 0.223908E +04 0.100000E +01
5 ~0.290123E + 04 z
6 0.356337E + 04 -
7 ~0.422552E+04- N
8 0.488766E +04 -
aunualna : w, = 1.422183
i o B, w . Q
1 0.136905 0.996937 1.006294 3.675163
2 0.434410 0.959536 1.053291 1.212323
3 0.772133 0.827209 1.131676 0.732760
‘4 1.099685 0.537010 0.556432

1.223800
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MURROMAF filter design package
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? 1) Approximation Procedure
2) Plot Response of Function

3) Boctor Circuit

4) Exit
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wO{1l] = 1.40 wO0{2] = 1.80 wO0[3]} = 2.00
Coefficients of Function : alp = 0.433316
i a(i) b(i)
1 6.45241E+002 6.45241E+002
2 -9.2818E+003 -1.3793E+003
3 ‘ 6.00761E+004 1.20453E+003
4 -2.3617E+005 -5.5037E+002
5 6.49352E+005 1.38B941E+002
6 ~1.3785E+006 -1.8400E+001
7 2.44633E+006 1.00000E+000
Pole Location Wr = 2.307782
i Smi Bti Wni Qi

1 0.146390 1.002133 1.012769 3.459139
2 0.495519 1.005621 1.121077 1.1312156
3 1.037123 0.909705 1.379561 0.665090

Press any key to. continue

]
5N 3

: ¥ d v o ay
Lﬁsmwszﬂauﬂ 1 4§17 FRNIRENITINUTUAOUN 2 BT8 3 A awqm‘fmaanﬂmmm

fv A ]
2 vomwazdsnguiydiluzuf 4 laod
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1) Loss Regponse

2) Magnitude Response
3) Phase Response

4) Delay Response

5) Lowpass to Highpass
6) Exit to main

Select no.

32/?7' 41

) o Q- 3 1 Qo [} o Qo A

1) Loss Response mmuwaaﬂmqryti’wwamryty'lmlwmmwmmﬁuunum'mn
. ° ar (-3 1 e € o ) | ol o o
2) Magnitude Response 81 iuniaanidnsuensaasientw (ldfiwibe) Wouduanud

o Ls o e

3) Phase Response BN INRannUANE TIRINTY QB MNTUTYYIMEUNN

v
[y

' - a4 o
Tunshoasan fenuddls 9 fu
4) Delay Response S Funaaaismissssgygimluszuy whndwivi oy
o P
TGP Rt .
5) Lowpass to Highpass ﬁamswﬁanwaﬂauauaam:qryt.ﬁﬂ (Loss Response) 7aIWINTu
P o4 -l ¢ o ds
niasnwiigadmnldnnmaudsanutvafeisunissmnuiaru
6) Exit to Main Menu ﬂﬁu(’fﬁq‘m%ﬂﬁ’n

- ‘w A da X A o  ar .
FIIJY\ 5-9 llﬂﬂﬁlﬁtﬂun\’NﬂﬂLﬂﬂ‘ﬂuaqﬂﬂ'lﬂ.ﬂﬂﬂﬂlﬂULﬂ'ﬂ 1-5 MUK Y
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1) Loss Response

2) Magnitude Response
3) Phase Response

4) Delay Response

5) Lowpass to Highpass
6) Exit to main

Select no. 1

o
31/775
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Loss Response
2) Magnitude Response
3) Phase Response
4) Delay Response

. Lowpass to Highpass
6) Exit to main

Select.no. 2

from w

"
o
H
o]
z
n
>

0 78
i
0.7 \
t
4 !
0.564 }
b % {x
1 i
.32 :
0.1y
060 \
i . T 1] ¥ [ { 1 1 i R) i 1 H 1 1
N %2 4.5% .58 1.6% 2.1 2.5 2.88 2 3.7
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1) Loss Response

2) Magnitude Response
3) Phase Response

4) Delay Response |
5) Lowpass to Highpass
6) EBxit to main

Select'no.'B

from w = 0 to w =1

-4t

-1.97 =T T T T T 7 T T T T T T
6.00 0.1t 5.2 §.32 042 9.5z 063 £.7% 0.9% 0.9¢

of
31/77 7
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1) Loss Response

2) Magnitude Response

3) Phase Response

4) Delay Response

5) Lowpass to Highpass
~6) Exit to main

Select no. 4 : |

1
o
o+
(o]
£

1
—

from w

T T T T T
000 §.i1 §.21 0.32 8.%2 6.52 0.€3 ¢.7% R G.9%
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1) Loss Response )

2) Magnitude Response
3) Phase Response

4) Delay Response

§) Lowpass to Highpass
6) Exit to main

Select no. 5

0.1i4

9.00
§.00

T
0.%2

N
L
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o ) ¥ 4 . .
MRITINHIUTUABUN 1 fB Approximation Procedure ud2 ouReNVMNIBIRY 3 (Boctor

Circuit) 'lumwan'lﬁnuﬂ Faazluafisenneasud 10 Tmm

R

- —n— - — — -

Boctor Circuit

s e o e B " . ———— 4 {1y (e G i s S

1) Circuit Design

2) Analysis Design
3) Experiment Check
4) Exit to main menu

Select no.

sUn 10!
v !

g < o Qo A J © Qr o [
1) Circuit Design A8UUABUMTOANUUVINITUBAAB TANAUNTN Tarmuadulsamsy

aﬂmmmo 9 m‘lmﬂﬂ 11

) Cu‘cmt Analysis 113N'WﬁU'llﬂ?')-MUDﬂlﬂElTﬂﬁﬂUﬂﬁﬁ&] L‘Wz]ﬂ’]ﬂ’lltﬂ%dIWﬂLLﬁ“‘ﬁI?’ﬂﬂd

’anmmaﬂnsmnlmmaw Lwam'lﬂ'lsﬂwuﬂau Experifent Check ﬂa'hJ

) Experiment Check mmua%"mmmﬂ'suumuunawanaam‘loﬁ’mnn"\mmmua:mn

NITATUITE

4) Exit to Main Menu N8 guiyndn

o
L ) +

o1
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4 d o . a a al
ﬁauﬁu MIRONRUILIRD 1 tﬁaaanuumwsm:m‘lﬂ'l'ﬁ’mu augﬂé’mmﬂw\’mﬂmmn

‘u ol ° ) a * . J L4 o t
ANBBNN 5 kHz launnuaA L IuduLaY alpha U R ﬂ:‘lé’mqﬂnmunﬂmsmmm'lmma:wm

o« ol
m'lugﬂn 12-14

- —— i —— —— o~ 7 ]— " > {oke ot o —— — —— s W —— i _ -t b — ——

frequency cut off = 5000
alpha = 2
. resistance = 10000
zero frequency = 7.00E+003
real pole = 1.15E+004
natural frequency = 56.06E+003
Q factor = 3.46E+000

_ Computational Values

Capacitors (nanoFarad) Resistors (kiloOhm)

c’ = 0.55 R’ s 25.08
C = 1.38 R = 10.00
Ccl = 7.50 R1 = 17.10
c2 = 1.056 - R2 = 13.13
Cc3 = 0.33 R3 = 167.65

Press any key to Continue

sUA 12
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frequency cut off = 5000

alpha. = 1.5

resistance = 4700

zero frequency = 9.00E+003
real pole = 1.15E+004
natural frequency = 5§.61E+003
Q factor = 1.13E+000

Computational Values
Capacitors (nanoFarad) Resistors (kiloOhm)

.35 R’

c’ = 1 = 10.23
c = 2.93 R = 4.70
Ccl = 9.65 R1 = 6.88
c2 = 1.74 R2 = 7.94
c3 = 1.20 R3 = 16.42

Press any key to Continue ...

JUv 13
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frequency cut off = 5000

alpha = 1.8

resistance = 6800

zero frequency = 1.00E+004
real pole = 1.15E+004
natural frequency = 6.90E+003
Q@ factor =

6.65E-001
Computationél Values

Capacitors (nanoFarad) Resistors (kiloOhm)

c’ = 0.86 R’ = 16.13
Cc = 2.03 R = 6.80
Ccl = 5.40 Rl = 8.67
c2 = 1.44 R2 = , 9.589
Cc3 = 0.59 R3 = 13.62 1
........ Last state.........
{
N 14

bugafid Weansavdgunsaildassudnanmadmnm sxdeadenldmgunsdd
ﬂl o [ } [ A [ ] =l IA LY
wasgunlndifesiuamnnmsdunnniga finndesmsgiunianauaz g1t ses
2995 MIFlanBonmanuiey 2 (Circuit Analysis) wisndeusgunsniynialusasuds azldumls
] 1 o~ a v de - -4 « q
Twauazeﬂwmuﬂamwsmlugﬂn 15-17 MO LIRNNMIIATIER93 T wgniiuilulndye

‘i ° " -l ] [ a !: J
POLE.ANL ial¥lumssmuwinitTouivuiunanminasasaslutuasudg iy
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n o -~ — e o W > - — v T~ o = o . —— A o G = T~ i e . Yo s G S o B

Components Usage

" Capacitors (nanoFarad) Resistors (kiloOhm)
c? = .5 R’ = 24
c = 1.3 R = 10
cl = 7.5 . Rl = 18
c2 = 1 R2 = 12
c3 = .33 R3 = 150
zero.frequency = 7.58E+003
real pole = 1.30E+004
natural frequency = 5.43E+003
Q factor : = 3.61E+000
Press any key to Continue
U 15
Circuit Analysis Stage 2
Components Usage
Capacitors (manoFarad) Resistors (kiloOhm)
c’ = 1.2 R’ = 10
c = 3 R = 4.7
cl = 10 R1 = 6.8
c2 = 1.8 R2 = B.2
Cc3 = 1.2 R3 = 15
;ero frequency = 1.03E+004
real pole . = 1.29E+004
natural frequency = 5.30E+003
Q factor = 1.04E+000

Press any key to Conﬁinue

o
31./77 16
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e s e e ot s e e S = o = S it ot s e e . e i - n > ot o o - —————

'Circuit Analysis : Stage 3

Components Usagé

Capacitors (manoFarad) Resistors (kiloOhm)
c? = .86 R’ = 15
C = 2 R = 6.8
cl = 5.1 Rl = 8.6
c2 = 1.5 R2° = 10
Cc3 = .57 R3 = 12
zero frequency = 1.15E+004
real pole = 1.28E+004
natural frequency = 6.90E+003
Q@ factor = 6.15E-001

..... ++.. Last Stage ..........
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A

a s P a as
FUNAIN Uinna9ritluneses ufufindrsuneues WYIRBIMHNNAINDE §

Q» L L & ] A
Iﬂulﬁwtyry']mauvgnwmﬂmn inndoufutulnéde Exp.DAT dadaetnalugun 18

10,
500 10
1000 10
3000 10
4000
4500
5000
5500
6000
6500
- 7000
7500
8000
10000

QOO ONO W
OO0 ~WMWM

ON=-OM

;:1/77 18

fayanuluwlng EXP.DAT 'M’tﬁuadlmﬂuaaﬁ (ASCID) w33 onduiind W (Text
file) twalﬂ’mmsnﬂaumaua'[@u'lmaamaﬂﬂ 9 \I% (37R8A1T (WORDSTAR) Wia l9#ian (SIDEKICK)
(udu T.ﬂu'naummamu.snlv\’uwummammmﬁmauwn ua..mauanﬂamma'lﬂﬂmu@ Uszney
duisnaians 2 Tays mu‘smﬂumwnmmamzqu‘lmmmaw (Hz) Wfouannoduiin 1-14
mmaotﬂummwammrmmmnwn’lmmummnuwmzy'lmauqu Wlauannoduif 15-28

\Soifanwaneia 3 Experiment Check) '[ﬂmn'sm..mmsmmmmmaommmawm'lﬂa
EXP.DAT UnzToysan nM3Taii99 31N POLE.ANL Lwammmtﬂmumuulmﬂmmwao
Fygnuemmnuazdasimssenendyanulumimediu wionmmuwinude fidudauRensa

o d o o
neunde 9 dluzun 1o
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FREQ. COMPUTATION EXPERIMENT XERROR
V out Loss V out Loss
500 10.00 -0.00 10.00 - 0.00 ~-0.04
1000 10.01 -0.01 10.00 0.00 -0.15
3000 9.98 0.02 10.00 0.00 0.22
4000 g.64 0.32 9.80 0.18 1.67
4500 9.2 0.68 9.30 0.63 0.53
5000 8.24 1.68 8.10 1.83 ~1.75
5500 5.36 5.41 5.30 5.51 -1.56
6000 2.21 13.13 '2.10 13.56 -4.77
6500 0.72 22.82 0.60 24.44 -17.02
7000 0.19 34.54 0.15 36.48 -20.03
7500 0.01 57.57 0.0} 60.00 -24.41
8000 0.03 . 60.16 0.02 53.98 -35.62
10000 0.00 70.75 0.00 80.00 -65.51

Continue TABLE with any key

FUN 19

a a L3 |.' i ° I3 Py ) . l °
INNes U TIedY azmm'ﬂﬂmnmmuagﬂqﬂu ﬁﬂs:’[umﬁmaﬂ’au’lam:uﬂo%

' dd P ° das Vo e °
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NANUINT 2

snaasiagnuaulusnss

IWs# 1 : MURROMAF.PAS |

3 3k 3k 3k ok ok ok 3k 3k ok ok K K K sk ok ok Kk Kk k ok ok kK ok ok Rk ok kK Kk Kk Kk kR kKR kKRR KKKKKKKKK KK %)

(%
(*
(%
(*
(%
(%
(%

MURROMAF filter design package
Version 1.0

By Yuttapong Rungsunseri

Copyright

May,1,1986

*)
*)

%)

*)
*)
*)
)

(***********************}************************************)

program MURROMAF;

type

label
var

{ Function name

arl5 zarray|[1l
ar7 =array[1l.
coff_array =array[1l

one, two,three, four;
i,j,k,m,mt,Ur,

n,y

wO,Wr,¥n,Q,

Sm,Bt

a,b,p,c
as,rootr,rooti
filvar
w,alp,sum, hw2, sumb,
alpl,alp2,x,2z,ak,aa
pum

.. 15]
7]
..30]

of real;
of real;
of real;

:integer;

rar7;

rarlb;
:coff_array;
ttext;

:real;
:char;

POWER(base, order) }

function power(x:real;n:integer):real;

var

kk :real;

begin (¥-——-- POWER ----- *)
if x = 0 then
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else )
if (x<0) and (odd(n)) then
power := exp(ln(abs{x))*n)*-1
else
begin )
kk := ln(abs(x))%*n;
power := exp(kk);
end;
end; (%-—--—- POWER -——-- Xx)

{$1 typedef.sys}
{$1 graphix.sys}
{$1 kernel.sys}
{$1 axis.hgh}
{$1 polygon.hgh}

{$I RESPONSE.PAS}
{$I POLRT.PAS}
{$i APPROX.PAS}
{$I BOCTOR.PAS}

repeat
clrscr;
gotoxy(24,1); write(’—=—-—-—mmmmm
gotoxy(24,2); write(’® MURROMAF filter design packag
gotoxy(24,3); write('—==—--——— e
gotoxy(24,5); write(’ 1) Approximation Procedure
gotoxy(24,6); write(’ 2) Plot Response of Function

gotoxy(24,7); write(® 3) Boctor Circuit
gotoxy(24,8); write(’® 4) Exit
gotoxy(24,11);write(’ Select no. ?’);
repeat
read(kbd,num); write(num);
delay(200); ‘
case num of
i : Function_Approximation;
2 Plot_Response;
'3 Boctor_Circuit;
‘4’ halt; ) :
end; .
until num in (’17,°2’,°'3’,°4°];
until 1=2; ’

end.

I S
N N e N s o
W we Ue we we we ws



87

IWS@ 2 : APPROX.PAS

(************************************************************)

(% X)
(% ] MURROMAF filter design package Xx)
(x : *)
(% ’ Procedure : Function Approximation Xx)
(% ‘ ' *)

(***********************t************************************)
procedure Function;Approximation;

label

one, two,three, four;
Var

CC : char;

Procedure printline;
Var i:integer;

begin

for i := 1 to 56 4

write(’-?); :

writeln;
end;
(K e e e - e x)
(% Proced. NAME :POLMUL (A,B,n,m,C) X)
(% PURPOSE :MUTIPLY 2 POLYNOMIAL %)
(* ENTRY :A-(n+1) ARRAY OF COEFFICIENTS POL#1 %)
(x ' B-(m+1) ARRAY OF COEFFICIENTS POL#2 X)
(x n—-HIGHEST DEGREE OF POL#1 ' Xx)
(% . m-HIGHEST DEGREE OF POL#2 _ x)
(% EXIT :C~(m+n+1) ARRAY OF COEF .PRODUCTS %)
(K o e x)

procedure polmul (VAR a,b :arl5 ;var n:integer;m:integer;var ¢ :arlb
var i,k :tinteger;

begin
for i := 0 to m+n do
begin
cl[i+l] := 0;
"for k := 0 to m do
begin -
J = i-k;
if (j>=0) and(j<=n ) then
c(i+l] := cli+l)+a[j+1]xb[k+1];
end;
end;

end;



88

(K e e e e x)
(% FUNCTION NAME : FACT (n) X)
(¥* ' PURPOSE : FIND FACTORIAL OF VALUE n x)
(% ENTRY . ¢ n— NUMBER WILL BE FIND FACTORIAL x)
(% (n IS NON-NEGATIVE INTEGER NUMBER x)
S e x)

function fact(n:integer):real;
var i:integer;
fac:real;
begin’
case n of
-100..-1 : begin

writeln; ‘
writeln(’ERROR: FACTORIAL OF NEGATIVE NUMBER’);
halt ' .
end;
0 : fact := 1.0;
1..100 : begin
fac := 1;
for i := 1 to n do fac := fac¥i;
fact := fac;
end;
end;
end;
B et TS x)
(* FUNCTION NAME : COMB (IA,IB) Xx)
(* PURPOSE : FIND COMBINATION BETWEEN IA AND IB %)
(¥ ENTRY : IA,IB x)
(% NORMALLY TA GREATER THAN OR EQUAL TO 1B x)

function comb(var ia,ib:integer):real;

begin
if (ib>ia) or (ia<0) or (ib<0) then
comb := 0
else

comb := fact(ia)/(fact(ib)*fact(ia-ib)): .
end; )
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(K= e e e e e
(% Proced. NAME ! LocPole (A,n,¥Wn,Q)

(% PURPOSE : COMPUTE POLES PARAMETER

(% ENTRY : A—-(n+1) ARRAY OF POLYNOMIAL COEF.

(x n-POLYNOMIAL ’S DEGREE(14 MAX)

(% alp~SCALING FACTOR

(* EXIT : Wn -POLES FREQUENCY (mn VALUE)

(* . Q —-Q FACTORS . (n VALUE)
(*————___;______________________; ____________________________

procedure LocPole(VAR a:arlb; Var n :integer{
Var alp:real; Var Wn,Q:ar7);

label
four, three;
var i, j,k,ier,tel :integer;
tmp ' treal;
begin
for i := 1 to 20 do as[i] := 0.0;
for i := 0 to n do '
as[2%i+1] := a[i+1]*power(alp, (2%i))*power((-1),1i);
tel := 2%n;

polrt(as,tel,rootr,rooti,ier);
if ier >0 then

" begin
writeln(’ POLRT ERROR IBR = ’,ier);
halt
end;
J = 03
for i := 1-to 2%n do
begin
if not((rootr[1]< 0.0) or (rooti[i]<=0.0)) then
begin
J 1= j+l;
Sm{j] := rootr[i];
Bt[j] := rootil[il;
Wn([jl := sqrt(sqr(Sm(j])+sqr(Bt[j]));
Q[Jj) := Wn[j)/2.0/8m[j];
end;

three: end;
if § <> (n div 2) then

begin . ’
writeln(’ROOT ERROR J=*,3);
" halt;
end;
{..... SORT Q IN DESENDING .....} -
four:
k := 0;
for i := 1 to j~1 do

if Q[i] <Q[i+1] then
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begin
k := 1;
tmp := Q[i];
Q(i] := Q[i+l];
Q[i+1] := tmp;
tmp := Wnl[i];
Wn{i] := Wn{i+l1];
Wn[i+l] := tmp;
tmp := Sm{i]; .
Sm[i] := Sm[i+1];

) Sm[i+l1l] := tmp;
tmp := Bt[i];
Bt{i] := Bt{i+l];
Bt[i+1l] := tmp;
end;
if k=1 then goto four;
end;
Procedure Print_Result;
Begin (¥-——-- Print Result -----x%)
ClrScr;
Writeln(’n = ’,n,” , u = ’,ur:l,’, m= ',m:1);

for i := 1 to m do
~ Write(’ wO[*,i,’]
Writeln;
Writeln; )
Writeln(’Coefficients of Function - alp = ?,alp:B:6);
Writeln;
printline; :
Writeln(’ i : a(i) b(i)’);
delay(500);
printline;
for i := 1 to n+l do

Writeln(® ’,1:2,° ',

alil:l2,’? ‘ ',b[1]:12);

Writeln;
Writeln; .
Writeln(’Pole Location : Wr = ’ ,Wr{l]:8:6);
Writeln; .
printline;
Writeln(’ i Smi Bti Wni Qi’);
printline;
for.i := 1 to (n div 2) do

Writeln(’ *,1:2,8Sm({i):12:6,Bt[i):12:86,
Wn[i1]:12:6,Q[i]):12:8);

[t}

*,W0[i):4:2);

writeln; : _
write(’... Press any key to continue ...7”);
read(kbd,CC);

end; (%———-- Print_Result d——;~*)
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begin (%——--- Function_Approximation - ----- %)
clrscr;
gotoXY(28,1); writeln(’?-—m—————mmm e e
gotoXY(28,2); writeln(’ Approximation Procedure
gotoXY(28,3); writeln(’——-—=————mmmm
gotoXY(38,5); write(’n '); readln(n);
gotoXY(38,6); write(’u '); readln(ur);
gotoXY(38,7); write(’'m '); readln(m);
if m > 0 then

for i := 1 to. m do

noan

begin .
gotoXY(34,8+i);
write(’WOo[’,i,’] = ?*);
readln(W0[i]);

end;

..... FIND SET OF b[K] .....}
if m = 0 then
begin

mt := 0;

b[l] := 1;

goto one

end;
mt :1= 2; .
b{1l] := sqr(WO[1]%*WO0[1]);
b[2] := -2%sqr(WO[1]);
b{3] := 1;

if m =1 then goto one;
for i := 2 to m do

begin
p(l] := sqr(WO[i]*WO[i]);
pl(2] := -2%sqr(WO[i]);
pl3] := 1; :

POLMUL(B,P,mt,2,C);
mt := mt+2;

for k := 1 to mt+l do b[k] := cl[k];
end; .
..... Bisection alp .....}
* = 1; ¢
all] := b[1];
alpl := 0; alp2 := 1; ’
sumb := 0;
for i := 0 to mt do
sumb := sumb+b[i+l]*power(w, (2%i));
for i := 0 to n do g
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c[i+l] := comb(ur,i);
two:
alp := (alpl+alp2)/2.0;

{..... COMPUTE H(W2) AT W =1 .....}

for i := 2 to n+l do
begin
sum := 0;
for j := 1 to i-1 do

sum := sum+(power(alp, (2%i~2)))*c[i~-j+1]*aljl;
ali}] := (b{i)-sum)/power(alp, (2%i-2));
end;

sum := 0; .
for i := 0 to n do

sum <= sum+al[i+l]*¥power((alp¥w), (2%1i));
hw2 := sumb/(power((1+alp*a1p*w*w) ur)*sum);
if hw2-0.5<0 then

alp2 := alp
else

alpl := alp;

if alp2-alpld>=le- 7 then goto two;
for i := 1 to 7 do Wr[i] := 0;

for i := 1 to Ur do Wr[i] := 1/alp;
LOCPOLE(A,n,alp,¥Wn,Q);

Print_ Result;
end; (¥--—-- Function_Approximation ----- x)
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1W&% 3 : RESPONSE.PAS

(*********t**************************************************)-

(% .

(* MURROMAF filter design package

(% '

(* Procedure : Plot Response of Function
(*

*)
*)
X)
*)
*)

(RFRKKKKKK KKK KKK KR KKK KKK KKK KRR KK KK RKKK KKK KRK KK KK KK KK KKKk kX )

procedure Plot_Response;

function Compute_Response(NN:integer;W:real):real;
var sum,suml,sum2,LW2 : real ;
i ¢ integer ;

function Loss (W:real):real;
var sum:real;

begin (¥---—- Loss —-—-~- *)
sum := 1; suml := 1; sum2 := 1;
for i := 1 to m do
sum := sum*(l-sqr(w/WO0[i]));

for i := 1 to Ur do
suml := suml*{(l+sqr(W/Wr(i]));

for i := 1 to (n div 2) do

sum2 sum2*(sqr(sqr(W/Wn(i]))
- =(2-sqr(1/Q[i]))*sqr(W/Wn[i])+1);
sum := sqr(sum)/(suml*sum2);
if sum < le-10 then sum := le-10;
loss := sum;
end; (%----- Loss ——-~-=X%).
begin (%---—- Compute_ Response —----- Xx)
case NN of
1: {---- loss response —---}
begin-
sum := loss(W);
Compute_Response := -10%(ln(sum)/1n(10));
end;
2: {---- magnitude response ----}
begin
sum := loss(W);

Compute_Response := Sqrt(sum);
end;
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3: {---— phase response --—--}
begin
sum := 0; suml := 0; sum2 := 0;
for i := 1 to m do
begin
if W=W0[i] then sum := sum+pi/2;
if WWO[i] then sum := sum+pi;
end;
for i := 1 to Ur do
suml := suml+arctan(W/Wr[i]);
for i := 1 to (n div 2) do
sum2 := sum2+arctan(Wn[i]*W/ (Q[i]*(Wn[i]*Wn[i]-W*xW))
sum := sum—-suml-sum?2;
Compute_Response := sum¥180/pi;
end;
4: (---- delay response --—--}
begin
sum := 0;
for i := 1 to Ur do
sum := sum + Wr[i]/(sqr(w)+sqr(Wr[i]));
for i := 1 to (n div 2) do
sum := sum + Q[il]*Wn[i]*(sqr(Wn[i])+sqr(W))/
(sqr(Q[i]*(sqr(Wn[i])-sqr(W)))+sqr(W¥Wn[i]));
Compute_Response := sum;
end;
5: {-—-—- lowpass to highpass transformation ----}
begin ) ’
if w ¢ le-4 then
sum := le-10
else . .
sum := loss{(1/W);
Compute .Response := -10%(1ln(sum)/1in(10));
end;
end; (% case X)
end; (%--—--- Compute_Response ~---- %)

const Response

array{l..6) of WrkString =
('Loss Response’,

'Magnitude Response’,

'Phase Response’,

'Delay Response’, .

'Lowpass to Highpass’,

'Exit to main’);
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var ¢h : char
Equ ¢ integer
StartX,StopX,MinY,MaxY ! real
AAA : PlotArray

procedure Plotting;

var i ¢ integer ;
dX : real H
ch + char H
begin (*¥-—--- Plotting --——- *)
repeat
repeat
gotoxy(30,15);
write (’from w = ?);clreol;

{$I-} read (StartX), {$1I+)}
until ioresult=0;
repeat
write (° to w = ’);clreol;
{$I-} read (StopX);clreol; {$I+}
until ioresult=0;
‘until StartX < StopX ;

InitGraphic;
DefineHeader(1l,Responsef[equ]);
SetHeaderOn;
DrawBorder;
dX := (StopX-StartX)/(MaxPlotGlb-1);
for i := 1 to MaxPlotGlb do
begin
AAA[i,1] := StartX +(i-1)*dX;
AAA[i,2] := Compute_Response (Equ,AAA[i, 1]),
if (i=1) or (AAA[i,2])<MinY) then MinY := AAA[i,2];
if (i=1) or (AAA[i,2]>MaxY) then MaxY := AAA[i,2];
end; ‘ -

DefineWorld(1l,StartX,MaxY,StopX,MinY);
SelectWorld(1l);
DrawAxis(B,7,1,1,1,10,0,0,false);
DrawPolygon(AAA,1,MaxPlotGlb,0,0,0);

repeat

read(kbd,ch);

if ch="P then Hardcopy (false,l);
until ch="M;
leavegraphic;

end; (%-—---- Plotting -~—~-- ¥)
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begin (¥----- Plot_Response ———--%)

clrscr;
gotoxy (26,1);
write (P-————-—mmm e e ')
gotoxy (28,2);
write (’Plot Responses of Function’);
gotoxy (26,3);
write ('———————— e ')
for Equ := 1 to 6 do ’ ‘
begin
gotoxy(30,4+equ);
write (equ,’) ',Responselequ]);
end;
gotoxy(40,12); write(’Select no. ’);
read(kbd,ch);write(ch);
equ := ord(ch)-ord(’0’);
if ch in [’1’..’5"] then plotting;
until ch=’6’;
end; (%¥---—-— Plot_Response -—--—--— %)
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1W8# 4 : BOCTOR.PAS

(*********%**************************************************)'

(* ‘ X)
(% MURROMAF filter design package *)
(* x)
(% Procedure : Boctor Circuit Design & Analysis Xx)
(* ' X)

€233 3333323327322 3233333233333 3333333333333 33323323333333 )

PROCEDURE BOCTOR_Circuit;

TYPE
Nfile = ARRAY[1..10] OF REAL;
Var
filvar,filname,
filtype ;1 text;
line ) : string[80];
word ’ : string(45]);
A,B : string(l4};
St : string(2];
Temp : ‘ar7;
i,j,n,y,dim,err : integer;
Cha,Ch : char;
gamma,alpha,kl,k2,k3,
c,cl,c2,ci,cp,cs,
r,rl,r2,r3,rp,
wcl,wc2,fc,¥Wc,
Attenl,Atten2,Vin, Vout, f,
Vo,Gl1,G2,Error : real;
Function Mag2(m:integer;w:real) : real;
var mag : real;
begin
mag := 1;
for i := 1. to M do

mag := sqr{l-sqr(Wec/W0[i]))
: / ( (l+sqr(Wc/wWr(i}))
¥( sqr(sqr(Wc/Wnli}))
-(2- 1/sqr(0[1]))*sqr(Wc/Wn[1])
“+1) ) * mag;
Mag2 := abs(mag);
~end;



98

.Procedure Calculation(J:integer; Var ci,cp,rl,r2,r3,rp:real);

Begin
ci := c/alphax(alpha-1+kl);
cp := c/alpha/(alpha-1)xkl*(alpha-1+kl);
rl := r*alpha*Wr[J]/Wn[J]/(sqr(WO[J])/Wn[J]/Wr[J]
*¥(2*%alpha-1+kl1l)-1/Q[J]);
r2 := rxalpha/(alpha-1+kl);
r3 := rxQ[J]*Wr[J]*alpha/Wn[J];
rp := r/klxalpha*(alpha-1)/(alpha-1+kl);
End;

Procedure Analysié(J:integer; Var WO,Wr,Wn,Q:ar7);
Begin

Wr([J] := 0;
gamma := cp¥c2/(cp*c2+ci*(c2-ci));
cs8 := ¢c/2;

kl := gamma/rp/cp+1/r3/c2+(l-gamma)*(1/r/c+1/r3/(c2-ci)-1/r3/c2)

k2 := gamma/rp/r3/cp/c2+1/r/r2/cl/cs+(l-gamma)
x(1/r/r3/c/(c2~ci)-1/r/r2/cl/cs);

k3 := gamma/rp/cp/r/r2/cl/cs;

As[4] := 1;
As[3] := -1xkl;
As[2] := k2;
As[1l] := ~1%k3;
~dim := 3;
Polrt(As,dim,rootr,rooti,err);
for i := 1 to 3 do
if rooti[i]=0 then
Wr{J] := rootr(i];
WO[J] := Wr[J]l*sqrt(r*r2*x(rl+r3)/(rl*r3x(r+r2)));
Wn(J] := sqrt(k3/Wr[J]);
Q[J)} := Wn[J]/(k1l-Wr([J]);
End;
Procedure FreqCutoff(M:integer; Var fc:real);
Begin
wcl := 0;
wc2 := WO[1l];
repeat

Wc := (wcl+wc2)/2;
Gl := Mag2(m,Wc);
if Gl < 1/2 then

‘we2 1= Wc
else
wecl = Wey.

until (wc2-wcl) < le-6;
fc := We/pi/2;
End; :
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Gl1,G2,Vout,Attenl,Atten2,Error:real);

c,r,cl,c2,ci,cp,rl,r2,r3,rp:real);

’
3
’
s

Computational Values’);

',cp:6:2
,c:16:2
,cl:6:2
,ci:6:2

yC2-ci:6:2,

Procedure ExpCheck(M:integer;Vo:real;
Var
Begin
Wec = 2%pixf;
{..... Analysis Data :....}
Gl := Mag2(m,Wc);
Vout .:= sqrt(Gl)*Vin;
Attenl := -10%Ln(Gl)/Ln(10);
{..... Experiment Data ..... }
G2 := Vo/Vin;
Atten2 := -20%Ln(G2)/Ln(10);
Error := (Vo-Vout)/Vout % 100;
End; . )
Procedure CutPower(nano,kilo:real;
Var
Begin
c != c¢/nano;
r := r/kilo;
cl := ¢l/nano; .
€2 1= c2/nano;
ci := ci/nano;
cp = cp/nano;
rl := rl/kilo;
r2 := r2/kilo;
r3 := r3/kilo;
rp := rp/kilo;
End;
Procedure PrintCompute;
begin
" writeln;
writeln(’
writeln;
writeln(’ Capacitors (nanoFarad)
writeln; .

Resistors (kiloOhm) ?);°

y¢,r,cl,c2,ci,cp,rl,r2,r3,rp);

H”
R
R1
R2
R3



Procedure

Begin
writeln;
writeln(’
writeln(’
writeln(’

zero frequency
real pole
natural fregquency

100

PrintCurve(J:integer);

yWO(J]/pi/2:9);
WWr(J)/pi/2:9);
yWn[J]/pi/2:9);

)
s
’
b4

LI | B I

writeln(’ Q factor ,Q[J1:9);
End;
Procedure PrintUse(Var c¢,r,cl,c2,ci,cp,rl,r2,r3,rp:real);
Begin .

writeln(’ Components Usage’®);

writeln; '

writeln(’ Capacitors (mnanoFarad) Resistors (kiloOhm) ’);

writeln;

i := 95 :

write(’ c*? = *); read(cp);

gotoxy(32,1); write('R"’ = *); readln(rp);

write(’ C = '); read(c);

gotoxy(32,i+1); write(’R = *); readln(r);

write(’ Ccl = ’); read(cl);

gotoxy(32,i+2); write(’R1 = *); readln(rl);

. write(’ c2 = *); read(ci);

gotoxy(32,i+3); write(’R2 = '); readln(r2);

write(’ Cc3 = *); read(c2); c2:=c2+ci;

gotoxy(32,i+4); write(’R3 = ’); readln(r3);

End;

Procedure

Begin
Str(l:2,8t);
Case k of
2:word :=
3:word :
4:word
5:word :
End;

nowou
.- . e -

ClrScr;

writeln(’ .

writeln(word);

writeln(’ '

writeln;
End;

CutPower(1/1e-9,1/1e3,c,r,cl,c2,ci;cp,rl,r2,r3,rp);

Ménu(k,l:integer);

Circuit Design

Circuit Analysis Stage ’+St+’
Experiment Check . ’
Circuit Analysis !

Stage ’'+St+’
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if J=M then

write(? L.l Last state........
else
write(’... Press any key to Continue ...’);
read(kbd,Ch);
end;
end; (¥%——-—-—-— Circuit Design —--—-—— *)
’2’ : begin (¥*~---- Circuit ‘Analysis ----- *)
{..... Save Analysis Parameter ..... }

Assign(filname, ’POLE.ANL’);

Rewrite(filname);

For 3 := 1 to N do

begin )
Menu(3,J);
PrintUse(ec,r,cl,c2,ci,cp,rl,r2,r3,rp);
Analysis(J,W0,Wr,Wn,Q);

writeln(filname,W0[J]:14);
writeln(filname,Wr{J]:14);
writeln(filname,Wn[J]:14);
writeln(filname,Q[J]:14);

PrintCurve(J);
writeln;
if j=n theén
write(® = ... ... Last Stage .....
else '

write(’... Press any key to Continue ...%);

read(kbd,Ch);
end;
Close{(filnane);

P Print Analysis Cutoff-Frequncy ..... }
Menu(5,0); )
FreqCutoff (N, fc);
writeln(’ frequency cut off = ’,fc:7:2);
writeln; - y .
writeln(® L., End.........cc... ')
writeln;
write(® ANY KEY for MENU : ’); read(kbd,Ch);
end; (*%--—--- Circuit Analysis ——-—--%)
3’ : begin (¥----- Experiment Check --——--- *)
Menu(4,0);
{eeenn Read Analysis Data ..... }

Assign(filname, 'POLE.ANL’);
Reset (filname);
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J = 0;
While Not Eof(filname) do
begin

‘ '
for i := 1 to 4 do
begin
readln(filname,line);
Val(line, Temp[l],y),
end;
WO[j]

- WrlJ]
Wnl,j]
QlJ]

end;
Close(filname);

Temp([1];
Temp[2];
Temp[3];
Temp[4];

W onn

{-.... Read Experiment Input Voltage ..... )
Assign(filtype,’EXP.DAT’);

Reset(filtype);

readln(filtype,line);

Val(line,Vin,y);

{..... Print Header ..... }
writeln(’ V in = ’,Vin:5:2);
writeln;

write(’FREQ.”:8,’COMPUTATION’:18);
writeln(’EXPERIMENT’:20,’%ERROR’:14);
write(’V out’:18,’Loss’:10);
writeln(’V out’:10,’Loss’:10);

writeln;
n := 0;
{..... Compare .Experiment & aNalysis Result ..... }
While Not Eof(filtype) do -
begin
n := n+l;
{..... Read Experiment Data ..... '}
readln(filtype,A,B);
Val(A,f,y);

Val(B,Vo,y);

ExpCheck(j Vo*Gl‘GZ Vout,Attenl,Atten2,Error);

{...;. Table Printing ..... }

writeln(f:8:0,Vout:10:2,Attenl: 10 2,
Vo:10:2,Atten2: 10 2,Error: 12 2);

if (((n mod 13)=0) and (n<14)) or ((n mod 22)=0) then
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begin ‘
if ((n mod 13)=0) and (N<14) then n := n+9;

writeln;
writeln(’ Continue TABLE with any key :');

read(kbd,Ch);

end
end;
writeln;
writeln(’ ANY KEY for MENU.: *’);
read(kbd,Ch);
end;
end; (%---—- Experiment Check ~-——-- ¥)

Until Cha = ’4’;
End; (*%----- Boctor_Circuit ----- X)
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}
5 : POLRT.PAS '

(************************************************************)

x)

MURROMAF filter design package %)

) : %)
Procedure : Solve Roots of Polynomial Xx)

X)

(************************************************************)

PROCEDURE POLRT (VAR XCOF : COFF_ARRAY; VAR M : INTEGER;

VAR ROOTR,ROOTI : COFF_ARRAY; VAR IER : INTEGER);

-PURPOSE

COMPUTE THE REAL AND COMPLEX ROOTS OF A REAL POLYNOMIAL
USAGE
POLRT(XCOF,M,ROOTR,ROOTI, IER)
DESCRIPTION .
XCOF -~ VECTOR OF M+1l COEFFICIENTS OF THE POLYNOMIAL
ORDER FROM SMALLEST TO LARGEST POWER
M - ORDER OF POLYNOMIAL
ROOTR- RESULTANT VECTOR OF LENGTH M CONTAINNING REAL ROOTS
OF THE POLYNOMIAL
ROOTI- RESULTANT VECTOR OF LENGTH M CONTAINNING THE
CORRESPONDING THE IMAGINARY ROOTS OF THE POLYNOMIAL
IER - ERROR CODE WHERE
IER=0 NO ERROR
IER=1 M LESS THAN ONE
IER=2 M GREATER THAN 36
IER=3 UNABLE TO DETERMINE ROOT WITH 500 ITERATIONS
ON 5 STARTING VALUES
IER=4 HIGH ORDER COEFFICIENT IS ZERO

REMARKS . :
LIMITED TO 36 TH ORDER POLYNOMIAL OR LESS.
FLOATING POINT OVERFLOW MAY OCCUR FOR HIGH ORDER
POLYNOMIALS BUT WILL NOT AFFECT THE ACCURACY OF THE RESULTS.

METHOD
NEWTON-RAPHSON ITERATIVE TECHNIQUE. THE FINAL ITERATIONS
ON EACH ROOT ARE PERFORMED USING THE ORIGINAL POLYNOMIAL
RATHER THAN THE REDUCED POLYNOMIAL TO AVOID ACCUMULATED
ERROR IN THE REDUCED POLYNOMIAL.
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LABEL $99,59,55,100,120,122,135,140, 145,155,
110,130,60,50,78,45,80;

TYPE STATUS = (MINUS,ZERO,PLUS);

VAR COF : COFF_ARRAY;

X0,Y0,X,Y, XPR YPR, UX,UY,V,VT,YT, XT,U,XT2,YT2, SUMSQ,
'FI,DX, DY TEMP, ALPHA : REAL
ITEMP,IFIT,N,NX,NXX,NZ KJ1,L,MT,INN,ICT : INTEGER;

FUNCTION REAL_STAT(X : REAL):STATUS;

BEGIN ‘

IF ( X < 0.0 ) THEN REAL_STAT := MINUS

ELSE IF ( X = 0.0 ) THEN REAL_STAT := ZERO

ELSE REAL_STAT := PLUS
END;
FUNCTION INT_STAT(I : INTEGER).: STATUS;
BEGIN
IF ( I < 0 ) THEN INT_STAT := MINUS
ELSE IF ( I = 0 ) THEN INT_STAT := ZERO
ELSE INT_STAT := PLUS
END; :
BEGIN

IFIT := O0; N := M; IER := O0;

CASE ( REAL STAT(XCOF[N+1])) OF
ZERO : BEGIN
IER := 4;
GOTO 999
END;
MINUS,PLUS : CASE (INT_STAT(N) ) OF
MINUS,ZERO : BEGIN

IER := 1;
GOTO 999
END;
PLUS : BEGIN END (* CONTINUE x)

END; (% END OF INNER CASE %)
END; (% END OF OUTER CASE %)

IF ( N-35 > 0 ) THEN BEGIN IER := 2; GOTO $99 END;
NX := M; NXX := N+1; N2:=1 ; KJ1 := N+1;
FOR L:=1 TO KJ1 DO .

BEGIN
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MT := KJ1 - L +1;
COF[MT] := XCOF[L]
END;

(¥ SET INITIAL VALUE %)

45 : X0 := 0.00500101; YO := 0.001000101;

(* SET ZERO INITIAL VALUE x)

INN := 0;
50 : :=X0;
(% INCREMENT INITIAL VALUE AND COUNTER x)
X0 := -10.0%Y0; YO := -10.0%X;
(x SET X AND Y TO CURRENT VALUE ¥)
X := X0; Y := YO; INN := INN+1;
GOTO 58; .
55 : IFIT := 1; XPR :=X; YPR := Y;

(* EVALUATE POLYNOMIAL AND DERIVATIVES %)
59 : ICT := 0;
60 : UX := 0.0; UY := 0.0; V := 0.0; YT:
U := COF[N+1];
CASE (REAL_STAT(U)) OF
ZERO : GOTO 130;
MINUS,PLUS : BEGIN END (% CONTINUE x)
END;
FOR I:=1 TO N DO°

BEGIN
L := N-I+1; TEMP := COF[L];
XT2 := X*XT - Y*YT; YT2 := XXYT + Yx*XT;
U := U+TEMPXXT2; V :=V+TEMPXYT2;
FI := I; (* DEFLAUT CONVERT FROM INTEGER TO REAL x)
UX := UX+FIXXT*TEMP; UY := UY-FIXYTXTEMP;
XT := XT2; YT :=YT2

END;

SUMSQ := UX*UX + UYXxUY;

CASE (REAL_STAT(SUMSQ)) OF

ZERO : GOTO 110; ‘

PLUS,MINUS : BEGIN END (% CONTINUE x)
END;
DX
DY

(VXUY - U%UX)/SUMSQ; X := X+DX;
-(UXxUY + VXUX)/SUMSQ; Y := Y+DY;

CASE (REAL_STAT(ABS(DY)+ABS(DX)-0. 00001)) OF

MINUS : GOTO.IOO
ZERO,PLUS. : BEGIN END (% CONTINUE x)
END;

(* STEP ITERATION COUNTER X)
ICT := ICT +1;
CASE ( INT_STAT(ICT-500)) OF
MINUS : GOTO 60;
ZERO,PLUS : CASE (INT_STAT(IFIT)) OF

ZEHO CASE (INT_STAT(INN- 5)) OF
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MINUS : GOTO 50;
ZERO,PLUS : BEGIN

IER := 3; GOTO 999
END
END;
MINUS,PLUS : BEGIN END (% CONTINUE x)
END
END;
100 : FOR L :=1 TO NXX DO
BEGIN . . .
MT :=KJ1-L+1; TEMP := XCOF[MT];
XCOF[MT] := COF[L]; COF[L] := TEMP
END; :
ITEMP := N; N :=NX; NX := ITEMP;

CASE (INT_STAT(IFIT)) OF
ZERO : GOTO 55;
MINUS,PLUS : 'GOTO 120
END;
110 : CASE (INT_STAT(IFIT)) OF
ZERO : GOTO 50; .
MINUS,PLUS : BEGIN END (% CONTINUE x)
END;
X := XPR; Y := YPR;
120 : IFIT :=0;.
122 : CASE (REAL_STAT(ABS(Y)-0.0001%ABS(X))) OF
MINUS : GOTO 135;
ZERO,PLUS : BEGIN END (*CONTINUE x)

END;
ALPHA := X+X; SUMSQ := X*X + YXxY; N:=N-2;
GOTO 140;
130 : X := 0.0; NX := NX-1; NXX := NXX-1;
1356 : Y := 0.0; SUMSQ := 0.0; ALPHA := X; N :=N-1;
140 : COF[2] := COF[2]+ALPHAXCOF[1]; :
145 : FOR L := 2 TO N DO .
COF[L+41] := COF[L+1]+ALPHAXCOF[L]-SUMSQX*COF[L-1];
155 : ROOTR[NZ2} := X; ROOTI[NZ2] := Y;
N2 := N2+1;

CASE (REAL_STAT(SUMSQ)) OF
MINUS,PLUS : BEGIN
Y:=-Y; SUMSQ :=0.0; GOTO 155.
: END; :
ZERO -: CASE (INT_STAT(N)) OF
: MINUS,ZERO : GOTO 999;
PLUS : GOTO 45
: END
END;
999 : END;
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DESIGN OF MURROMAF FILTERS WITH
PREASSIGNED PAIRS OF TRANSMISSION
ZEROS AT FINITE PRESCRIBED
FREQUENCIES

Indexing term: Filters

A design technique for a multiple-real-root maximally flat
(MURROMAF) filter with preassigned pairs of transmission
zeros at finite prescribed frequencies is- described. It provides
the advantages of a sharper cutoff and also an effective noise
suppression around particular frequencies, while retaining
the maximally flat passband response.

4th November 1985

P. THAJCHAYAPONG

Y. RUNGSUNSER]*

Computer Research & Service Centre
*Department of Computer Engineering
King Mongkur's Institute of Technology
Ladkrahand, Banghok, T hailand

Reprinted from ELECTRONICS LETTERS 2nd January 1986 Vol. 22 No. 1 pp. 51-63
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Introduction: The MURROMAF (multiple-real-root maxi-
mally flat) filter introduced by.Biey and Premoli'*? offers the
advantages of third-order block realisation.>® It was later
extended to include pairs of coincident transmission zeros in
order to improve the cutoff rate.® Such filters also provide an
effective method for suppressing noise around a prescribed
Irequency. However, in practice noise may also appear at
other frequencies. Furthermore, owing to the nature of the
mathematical techniques involved in the design, the passband
magnitude responses of the filters in Reference 6 will always
deviate from the maximally flat criterion. A design technique
is therefore proposed here whereby a MURROMAF filter can
be derived with preassigned pairs of transmission zeros at
various prescribed frequencies. The passband magnitude
responses of this new class of filters always truly satisfly the
maximally flat criterion.

Design procedure: Let the squared magnitude of the MUR-
ROMAF filter with transmission zeros be

r
[T} - w?n

| H(jw)|? = —=5 (1a)

(r+ 120)2)"[ Y a,(:zw)”]

i=0

2{mo+tm+ « +m,)

):. b,-(l)zi
- i=0_ (1h)

(1+ 12012)“[ Y a;(zw}z']
i=o

where n is the number of complex pole pairs and is an even
number, u is the multiplicity of the real pole. z is the normal-
isation factor to give | H(j)|* = 1/2, and wy,.is the prescribed
location of the ith transmission zero.

For the realisability condition,” it is necessary that

n+po.
mo+m,+--~+m,<——2—l (2)

The polynomial

2(mo+m; + +m

Y by
i=o0

in the numerator of eqn. 1h is seen as the result of expanding
the factor product

r
[T(wdi — 2™

i=0

in the numerator of eqn. 1a. This is done by using the bino-
mial expansion formula® and the polynomial product algo-
rithm.® .

Now, by expanding the denominator of egn. 1h into a
power series in w™, k=0, 1, 2,..., and equating the coeffi-
cients of the same w3! with those of the numerator, we arrive
at the matrix equation:

Ma=b 3
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where
M:
( 1 0 0 0
JfH a? 0 0
()
S u o 0 )‘l+]
e ¢ J
. u . u o u aﬁ
{#6) <) ()
ZA# 2n) H H 2n) H az.
o) (1) ) )
n+1
Al m—— .,
[aga, ... a]
r n+1
m———— )
[bo by ... b,]

Itis understood that

H
(1)-°

for k> p and by, =0 for k> 2(my +m, + -+ +m,). For a
given set of n, u, m; and w,, solving this set of simultaneous
linear equations gives the required g; satisfying the maximally
flat condition around @ = 0.

a is still acting as the normalisation factor. and always lies
in 0 < a < 1. Using the simple search techniques such as the

binary search or Fibonacci search,!'® one can always deter-
mine the precise value of « that gives | H(j)|* = 1/2. )

Design example: The case of n = 10, wy, = 1-4, Wy, = 1-6,
Woy =20 and my=m, =m, =1 is arbitrarily chosen as a
design example. The loss responses are illustrated in compari-
son with the Butterworth type of the same order in Fig. 1.'' It
is obvious that the cutofl rate and stopband attenuation
increase with increasing p. Fig. 2 compares the case of n = 8.
H=4, woo =14, wo, =16, wo;=20, my=m, =m, = |
with the 10th-order Butterworth-type filter. The maximum dif-
ference in stopband attenuation between the two filters in
Fig. 2 is less than 1-2 dB. Hence, if the slightly lower cutoff
rate and minimum stopband attenuation can be tolerated,
then a saving of one operational amplifier in realisation® °
can be achieved by using this new filter instead of the
Butterworth-type filter.



111

100

75
S
ﬁ 50
= < --~-- p=0(Butterworth)
. u=1
3 eeeeo-- p=0 (Butterworth) IRl
p=te 25 ey 2
% e B 25 ————m == 5
o
wn
2
0 I A 3 ¥ 0 2 )
or I 08 0-9 1-0 10 2.0 30
frequency, rad/s : 0370 frequency , rad/s
Fig. 1 Responses for n = 10, wyq = 1'4. wy, = 1'6. wyy = 2:0. my =
m =m; =1
a Passband loss responses
b Stopband loss responses
100r
Vil
- —
he
w0l
[
e
---~-=- Butterworth
30
------- Butterworth ; » ———— MURROMAF
i
] MURROMAF ‘
v
0 s al L n ) 0 1 )
0 or U 0-8 09 10 10 20 30
frequency , rod/s - frequency | rad /s

Fig. 2 Comparison of responses for MURROMAF n=8, y =4 wiuh

Butterworthn = 10

a Passband loss responses
b Stopband loss responses

]




112

Conclusions and discussion. Tt has been shown how to derive a
multiple-real-root maximally flat (MURROMAF) filter with
preassigned pairs of transmission zeros at finite prescribed
frequencies. It provides an RC-active filter designer with manv
advantages. First, in comparison with the all-pole MURRO-

MAF filter, this new class of filters offers a sharper cutoff rate
and also effective noise suppression at or around particular
frequencies. Secondly, in comparison with the Butterworth
counterparts, this new class of filters exhibits higher cutoff rate
and stopband attenuation for the same number of operational
amplifiers employed in the realisation. Moreover, in certain
circumstances where minimum stopband attenuation can be
tolerated, a realisation of an RC-active lowpass filter with less
operational amplifiers may also be achieved. The investigation
is now being: conducted further to design a MURROMAF
with equiripple stopband.
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