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ABSTRACT

Generalized Bessel Filter has the optimum characteristic
for the phase. The alternation of phase and phase error is
effective at variable order and alpha parameter. This project
displays the responsibility of .phase and phase error. A
filter circuit has the phase shift which is corrected by all
pass filter for the phase compensation. It assists the
phase linearlity but magnitude of characteristic doesn’t change.

The variable frequency is ploted by microcomputer
which is convenient and accurate instead of a repeated manual

calculation,
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H,(s) = s  + (atl)s + [(a+1)(a+2)/4]
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1

ﬁ alpha = 1
H_(s)

2

1 alpha
H_(s)

3

i

alpha
H,(s)

ovyder 3

=82,

H,(s)

137 1%a1 alpha i 1,2uae3 mﬂuﬁﬂﬁutﬁagnﬂsLﬁﬁauuUaeuaq curve

T alpha = 1

i

H. (s)

—S2.

alpha = 2
H_(s)

3

\ % alpha
H,(s)

oider 4

=8k.

H, (s)

+ (1/2(a+3)(a+4)(a+5)s + [(a+3)(a+4)(a+5)(a+6)/16]

| 7 alpha = 1

H (8)

2

ﬁ alpha

H, (s)

a

3

| ﬁ alpha

H,(s)

1

s2 + 25 + (3/2)

s2 + 3s + 3

2
s + 45 + 5

s+ (3/2)(a+2)s2 + (3/4)(a+2)(a+3)s

+ [(a+2)(a+3)(a+4)/8]

s+ (9/2)s% + 95 + (15/2)

s +6s% + 155 + 15

s® + (15/2)s® + (45/2)s + (105/4)

s+ 2(a+3)s3 + (3/2)(a+3)(a+4)s2

91 e alpha v S 1, 21a%3 mﬂuéﬁﬁuLﬁagn11tﬂﬁauuﬂaeﬁa@ curve

s4 + 853 + 30s2 + 60s +(105/2)

s® + 10s® + 455 + 105s + 105

s* + 12s® + 63s% + 168s + 189

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)
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o ° .
3.5 fuwaun1in Normalize

ES 4 . kA 1
Tun1931@918in  Transfer function®ay B.G.B.P.#u 1973sWIA

R : : 4 ] < ' R
normalize TmsuamauauaqﬁﬂawuﬁguaqsﬁﬂqLﬂunuqnuaa(unlty)

SuuA W Transfer function ﬁdﬂéﬂ?tﬁﬂuaéqugﬂ
T _(s) = 1/[(sta )(s+a)(s+a )......... (s+a )] (25)
AMFMAIT(E) AT 8 8,8 50 ecnneenns ,a, 4 pole
pay Transfer function uaztﬂaqﬁwagmnﬂq pole wﬂﬂgaﬁwtﬁm(origin)tﬂu
Vi A1ma9 pole Aeaviuth e e Lk
;} a = 1 (26)

K=14
a7 Transfer function #8vG.B.P. Filter Tﬂaﬁ11uﬁ§msiﬁ

1

T (s) =b_/[s" +b__,s  +...+b;s +Db_] (27)

-1
Wi T_(s) =[(s™/b) + (b /b )sT T 4. .+(b,/b)s +1]  (28)

a1 Sunn T U3 U auTeninemunIT (25)Haraun1(28) e Ui

4]
I

sn/bo

<
198 S

s/(b_ )" (29)

WIUATRNNNT(29) A luann17(28) 3¢ h

T (s) = 1/[S” +C_ 87" +C 877 +..4C S +1 (30)
4 -1/n
ot c_, = b _ ()
. -2/n
Cn—z = bn—zkbo)
—(1—=C1/Mn))
Cl = bl(bo)
wiaag w7l
49 iz
T (s) = WL T °+ (W, /@08 + (& 5] (31)
] =1
1a n 1 iheduoud
¥ (m=r2
war T (s) = WG, ) T (s + W_/Q)0s + (W_ )] (32)

e n e

(38 n : a6y order mav filter
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H : Sudrasdididwaaiian B T_(J0) = 1 Raildt finify
H = W__.W ) (33)
ANFUN1IT( 14) DNAUN1T(22)M N1 normalize qz1ﬁﬁo§
S T(14)a7 U3au Ravufiusunn3(31)3x 8
H = (W,,)° =3/2=1.5

2

1/ v
W,./Q, =2, W, = (3/2)"% awli @, = 0.6123724

T = 1.5 (34)

2

[s® + ((3/2) 7%/(0.6123724))s + 1.5]
URTANFUNIT(LAUMAN s a8 Jw

T = 1.5/[(1.5-w )+j2w]

2

P2

TRINT(15) UL WS AuL Raufusun13 (31) 3¢ &

arctan[ 2w/ (-1.5—w2)] (35)

H o= (W) =3
Wo/Q, = 3 Wy, = 3 awlliq, = 1(3)7°
T, 5 3 (386)
[s® + (3 72/€1/(3) s + 3] T
UREINENNIT(15)UMAN s 608 Jw
T, = 3/[(3-w )+i3w)
¢2 = arctan[3w/(3-w )] (37)

Saun1T(16) 11 UT e Ravfiuauni1(31)aw 1§

H o= (W, )%=5
wo/a, =4, W, = ®7wliq =
T, = 5 (38)
[s* + ((58)*%/((5)""*/8))s + 5]
WRTANANNTT(16)WMIAY s @38 Jw
T, = 5/[(5-w" )+j4w]
@, = arctan[4u/(5-w )] (39)

v
IMNFUNTCLTIWARUNITHITINGENY S Taaszuan factor AR

(s+1.81891713) (sz+2( 1.3405144)s+4,12332148)
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SN T NN B Raufudun1T(32) 3 16

2

H = W_.(W ) =15/2=17.5

on o1

=
1]

1.81891713 , W, = 2.030598963 e & Q, = 0.757380153

o

T, = 7.5 (40)

(s+1.81891718) (s>+(2.0305/0.75732)s+(2.030598) "
URTINFUNIT(LTIUNMAT S 028 Jw

T. = 7.5/[(7.5-4.5u )+j(9w-w )]

‘,

v
ANFUNT (18RRI TMNIIND8Y s agazuan factor loean

arctanf (9w-w_)/(7.5-4.5u )] (41)

(s+2.32218535) (s +2(1.8389073)s+6. 45943268)
SAFuN17( 18) 81188 REufiuaun17(32) 3¢ 18
H = W . (W..) =15

2.32218535 , W, = 2.545141399 w ¥ Q, = 0.691046626

on

T, = 15 (42)

(S+2.32218583)(Sz+(2.54514/0.69104)S+(2.54514)2
URZAIMNFUNIT(18)UMIAD s a8 Jw -

T = 15/[ (156w )+3{15w-w )]

3

%

¥
AMNFUNITCL)WAFZUAITMIT NS S Tagazuan factor Tadrant

arct.an[(lSw—ws)/(ls—Gwa)] (43)

(s+5.10722399)(sa+2(1.1963880)s+10.27955698)

SR T(19) 8 e Raufuaunn(32) 3¢ 18

2

H = W__.(W_,) = 105/4 = 26.5

on"* o1

W , = 3.206174821 & i @, = 1.339939393

Cn

5.10722399 , W

o

T, = 26.5 (44)

3

(s+5.10722399) (s+(3.20617/1.339939)s+(3,20617)°
KREINFUNNT(19)UNUAT 5 fda Jw

T = 926.5/[(26.5-T.5w )+3(22.5u-w )]

3

s

arctanf (22.5w-w_)/(26.5-7.5w )] (45)
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AMANNTIT(20)URFUNITUNTINDAY S Taarzuan factor 156@&

s = -2.39359655+j0.7837821

s = -2.39359655-j0.7837821

s = -1_,60640345+j2,38654375

s = -1,60840345-j2,38654375
wia luag Tz
(s%+2(2.39359)+(2.5186405) ) (s”+2(1.606403)s+(2.876825) ")

Sanng (20)31s U3 e Rauuaun9(31)a B

‘H o= (W, )% (W )" = 105/2 = 26.5
W, = 2.518640511 as 18 @, = 0.526120517
W,, = 2.87682518 3wla Q, = 0.895424241
T, = 26.5 (48)

4

[(sz+(2.5186/0.5261)s+(2.5186)2)(sz+(2.8768/0.8954)s+(2.8768)2]
WAZAMANNIT(20)UNUAT S @2d Jw

T = 52.5/[(52.5-30W +w )+3(60w-w )]

4

fa

AR (21 uRFINITINTAY s lagssuan factor 1adan

arctan[ (60w=w")/(52.5-30u +W )] (47)

s = -2.89621060+30. 8672341

s = -2.89621060~-j0.8672341

s = -2.10378940+32, 65741804

s = -2.10378940-j2. 65741804
ﬂ%ﬂ1ﬂﬂé1u3ﬂ
(s%+2(2.89621)+(3.0232649)%) (s%+2(2. 103789)s+(3. 389365) )

ST (21 a1 UFau Heufudunas(31)ae 18

2 2

H = (W,,) .(W,,) = 105
W, = 3.023264936 3 Q, = 0.521934581
W, = 3.389365793 &1 Q, = 0.80553828
T, = 105 (48)

4

[(s2+(3.0232/0.5219)s+(3.0232)2)(s2+(3.3893/0.8055)s+(3.3893)2]
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WaEAINFUNIT(21)unua s Hve Jw

T = 105/[(105-45% +W")+j(105w-10w)]

a

o

v
ANANNAT (22 uEEun 1 nTInTes s lagdsuan factor (Ao

I

il

arctan( (105w-10w")/ (105-45w +w )] (49)

s = -3.39802938+30.94332463

s = -3,39802938-30.94332463

s = -2.60197062+j2.90292842

s = -2.60197062-j2.90292842
vi3a ilag lugyl
(Sz+2(3.39803)+(3.5265372)2)(Sz+2(2.601971)S+(3.898364)2)
shaunng(22)un L idau ReuifuaunT(31) 3w 1

2

H = (W, 0.0, )" = 189

oz

I
i

W

o1

3.526527257 St Q, 0.518909176

W = 3.898364339 wli Q,

o2

0.749117670

T, = 189 (50)

4

[(szf(S.5265/0.5189)s+(3.5265)2)(sz+(3.8983/0.7491)s+(3.8983)2]
WREINNRUNIT(22)MNUAN s a0 jw

T = 189/[(189-63u"+w")+i(168u-12w )]

a

o

arctan( ( 168w-12w")/{189-63w +w )] (51)

»
3.6 HuRBUNITRANMULNNTUALUR

I's o k24 -
gmﬁﬁzﬂQQnaQﬂqsuﬁLuaﬁaﬁaoﬂﬂ1n11ﬂtuanaq filter ‘luday pass
band ﬁgmﬁﬂamzaﬁutﬁqtﬁuuﬂnﬁ§ﬂ Se¥avaqdla function ma9 all pass T4
zero T right hand plane \§he mirror image 18y pole

. k74
%3191 all pass function u order 7 2 Hr9anan

2 2

GAP(S) = s - (WOAP/QAP)S + (WOAP) (52)
sz + (WOAP/QAP)S + (W'OAF’)2

- _owarctan[(W_, /@, W /(W07 =)l (53)

3315 Phase equalize nJwmilaain all pass function fu low



(22)

pass function u1wa cascade fiungul

sin(wt) |G(s) | Glawdsin(wt+0 ) |G, (s) | G(iw)sin(wt+0.+0,.)

R et

Eﬁuﬂmq function a4 phase equalization

3.7 a1 transfer function may all pass filter

ﬁaﬁﬂﬂ11ﬁnuﬂﬁqmﬁﬂﬂmzLﬁutgoLﬁuuﬂnﬁQQLﬁqﬁqzuﬂn1ﬁ ﬁgm origin w
= 0 1AM time delay avh © w=0
AndunIT (31)uasaUn15(32) & (w)tia  n gﬁuiﬁuauéuaztﬁuiw

o o &
UIUR AU
L&D

6wy = ~ - arctanl(W.W,/@)/(H, ) "] (54)
e n Lﬁuiwuqud
(m-n/)_
B (w) = - arctan(W/W__)-Z=, arctan[(W.¥W_,/Q /(W ) 2_w*] (55)

Iv"\

} Nﬂ ni ﬁmﬁmuﬂ

an#ls Maclauren’s series nﬁsﬂﬂaﬂunﬁi (54 uaz(55) o

~m/L
Bp(w) = - ?_(W/w Q) —?, Wi, %@, (1-(1/3(@ 7))
—?w /i 0%, (1-1/@ )+ 1/5@ ™) ~...... (56)
A g '
LNE] n tﬁu’nmuﬂ
tmetdzy, ¥
B = -ram, )+2(1/W°1Q1)]W

“"',’L
~[-(1/3(W_ )%+ ‘é,u/(w )%Q ) (1-(1/3(@ NI (5T

051

~[C1/5, )%+ 1/, ) °Q,(1-1/(@,)°+1/5(@ )" )W . ..

{ne

LNB n Lﬁu’nmuﬂ

ﬁqauﬂ11(56)uazﬂun11(57)aﬂuﬂinLiauﬂugﬂuaéuﬁa1ﬂﬁcﬁ
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Bo(w) = kv + ko + KW+ kW 4 ... (58)

s eb(w) '-wLﬁm?\u§u1ﬁﬁdatﬁadﬂﬁuﬂsz§n§ k nndaniiu k, v
guémﬁa all pass function order 2 e uunFuan Bslae 2 #aAa
Hulwans ke luie k, kg ...

W, Uar Q,

OAP AP

a1#a Maclauren’s series n1E38RUAII(53) ;
B (W) = —(20/Q, W, )-(2/Q,, (W, ) )L = (1/3(Q, )W
L(2/Q (W, )71 - 1/€Q, )% + 1/5(@,, )W - ..(59)

war over all phase © (w)

Ow) = Bt + Buptw (60)
wms (58) , (59) W (60) 1
6/ ) = BB P T5l-\( B (1- 1 )W
Que¥our Qe (WOAP)S B(QAP)Z
+ [k 2 R \C Sprig— DRV (61)
o WS @,.)° Q)+

. e '
e W, uay Q,, LWa A

1]
o

k. - (2/a,, 00,0701 - 1/3(9,,0%) (62)

i
o

war k-(2/Q, (W, )7 (1= 109,07 + 1/5(8,,)7) (62)
A (62) , (83) WA W,
@) % (3 + 4K)(Q,)"" + (18/5 + 20K/5 )(Q,.)°
_ (11/+40K/9)(@,,)° + (18/25 + 40k/2T 1(Q,,)"
- (3/25 + 20k/81)(Q, )" + (1/125 + 4k/243 ) =0 (63)
e ko= )"
v a 2 1/2
a3 V.. = [(3K,(5(Q,.) -5(Q,,) +1)) (64)
(5k_(Q,,)7(3(q,,)"-1))

NITINVBIFUNTT WITWLaWIETIN real ﬁtﬁull'lﬂ
Q,, = 0.5393 W1 W,,, MM (64) V¥, = 1.57048

; ¥ ° -1
e 18 Runn s rantnAg s 0t L B Program ‘lo’f[maa'gﬂ‘lﬁmﬁ
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phase nas low pass filter Zim unequalize

Order 2

alphd = 1 ; = arctan[Zw/(l.S—wz)]

alpha = 2 ; = arctan[3w/(3-w")]

alpha = 3 ; = arctan[4w/(5—w2)]

Order 3

alpha = 1 ; = arctan[ (9w-w )/ (7.5-4.5w )]

alpha = 2 ; = arctan[(15w—w3)/(15—6w2)]

alpha = 3 ; = arctan[ (22,5w-w )/(26.5-7.5v )]
Order 4

alpha = 1 ; = arctan[ (60w-w_)/(52.5-30w +W )]
alpha = 2 3 = arctan[ (105v-10w")/(105-45u +u")]
alpha = 3 ; -~ arctan[(168w—12ws)/(189—63w2+w4)]

phase ma4 all pass filter ¥i@ unequalize ( order 2 )

L] “‘O Y] v
FNAUNIT(5Buaza W, , Q, Tewmli axl3

= -2rarctan[(1.57046/5393)W/((1.570468)> - (W)>)]

phase ma9 low pass filter M equalize Wa"

8w = G(,w) +, ehp(w)

3.8 n1TAUMMN phase error

fm¥u phase error wWia phase linearity We19wnAIn  phase
error function FGUdANAMARATTENINY actual phase AUANTILINAM w=0
O () = NG G‘aﬂ, (w) (65)
O.(w) : actual phase
eaﬂ(w) : approximate phase
total phase error B¢;(w)
Or(w) = G ) + O, W (66)
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Taem eg” lﬁu phase error 7a9 all pass function
9243 viha phase error 184 unequalize low pass filter

NANN11(69) w1 G, uaw B¢ p

Oup= - 2v  + 2xarctanl (W.W_,./Q,.) ] (67)
QAPWOAP (WOAP)Z - (W)z
umian W, uar Q,,
= - 2W + 2xarctan] (W»1.57/0.54) ] (67)
(0.54)(1.57) (1.5M° = n*
WREANTA ew(mas 95,_, CDIEIAIGIRUNT
A, 2
Ogre = - W+ arctan  W.W_./Q, (68)
i1 QW = CAR NN
n b ane
e -] % (™12
eﬂ! = - W —Z W + arctan(W) +2arctan W.W_./Q, (69)
won .‘"' Qi'woi won i,—t (Wo 1)2 i (W)z

n i wauiana

7 order 2

alpha = 1 3 W, = (3/2)"7% , Q_ = 0.6123724 uazdun195(69)3x

= - W + arctan ¥.1.22/0.61

0.61%1.22 (1.22)% - (w)*®

1r/2 b

(3) , Q= 1/(3)Y% 21§

alpha = 2 3 W,

= - W + arctan W»1,732/0.577

0.577%1.732 (1.732)% - (0®
alpha = 3 39 W, _ = 2.030598963 , Q, = 0,757380153 3= I}

= - W + arctan W#2,03/0.75

0.75%2.03 (2.03)% - (0*
?.] order 3
alpha = 1 370
W, = 1.81891713 , W = 2.030598963 , @, = 0,757380153 = 14

=-W - 1 + arctan({W) + arctan Ww#2.03/0.75
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alpha = 2 37

W, = 2.32218535 , W, = 2.545141399 , Q_ = 0.691046626 3 &
==-W - W + arctan(W) + arctan W#2.54/0.69
2.322 0,69%2.54 2.32 (2.58)% = (0*

alpha = 3 37n

W,. = 5.10722399 , W_, = 8.206174821 , Q, = 1.339939393 % (A

==-W - W + arctan(W) + arctan Wx3.21/1.34

5.11 3.21%1.34 5.11 (3.21)% = (n®

7 order 4

il
Il

alpha = 1 370 W 2.518640511 , @, 0.526120517

o1

0.895424241 & 16

x
il

2.87682518 , Q_

1]

= - W + arctan Wx2.518/0.526

0.526%2.518 (2.518)% -~ (0)°

- W + arctan Wx2.876/0.895

0.895%2. 876 (2.876)° - (W)°

il
1

alpha = 2 3 W 0.521934581

o1

3.023264936 , Q,

0.80553828 A &

oz = 3.389365793 ’ Q,

= - W +  arctan W%3.023/0.522
3.023%0.522 (3.023)% - (0>

- W + arctan  W»3,389/0,805
0.805%3. 389 (3.389)% - )*®

0.518909176

alpha = 3 3790 W 3.526537257 , Q,

o1l

0.749117670 A% 61

W,, = 3.898364339 , Q, =
= - W + arctan W»3,526/0.519
0.519%3.526 (3.526)% - (N
- W + arctan W»3.898/0.T749

0.749%3.898 (3.898)°% - (W)°

B )
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PROGRAM proJject2(input,output.);
USES crt,graph,prt,plotft;
VAR
GraphMode : integer;
GraphDriver : integer ;
Selection : integer ;
IOcode :integer ;
a ¢ integer;

G,w : real;

Function power(x,n:real):real;
begin

‘power := exp(ln{x)#*n);

if n=0 then power:=1 ;

end;

Procedure Main_Menu;

begin
ClearDevice;
SetViewPort (0,0, GetMaxX, GetMaxY, true);
Rectangle(119,49,581,347);
SetViewPort(140,50,580,330, true);
OutTextxy(50, 20, 'GENERALIZED BESSEL FILTER RESPONSE’);
OutTextxy(70,58,’1) Phase equlized of order 2’');
OutTextxy(70,86,’2) Phase equlized of order 3’);
OutTextxy(70,114,’3) Phase equlized of order 4’);
OuﬂTextxy(70,142,’4) Phase error equlized of order 2’');
OutTexfxy(TO,l?O,'S) Phase error equlized of order 3’);
OutTextxy (70, 198, ’6) Phase error equlized of order 4');
OutTextxy(70,220,’Q : Quit’); '
OutTextxy(70,248, 'Enter your selectioﬂ’);

end;
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Function Select : integer;
Var ch : char ;
begin
Repeat
ch := Readkey;
Case ch of.
11’ : Select :=
72’ : Select :=
'3’ : Select :=
'4’ : Select

'5? : Select
'8’ : Select
'Q’ : Select @

It
N N O e W N e

'q’ : Select :
end;
Until ch in[’1%,%2’,%3%,'4',’5°,767,’Q7,"’q ' 1;

end;

Procedure Menu;

begin :
ClearDevice;
SetViewPort(0,0,GetMaxX,GelMaxy, Lrue) ; -
Rectangle(119,49,581,301);
SetViewPort(140,50,580, 300, truej;
OutTextxy (140,20, 'Please chose ALPHA ’J;

1)

2’);

OutTextxy(160,114,’3) ALPHA = 3’);'

OutTextxy(160,58,’1) ALPHA

OutTextxy (160,86, '2) ALPHA

OutTextxy(160,142,’Q : Quit’);
OutTextxy(140, 200, 'Enter your selection’) .

end;



vVar ch : char;
begin

Repeat,

ch:= Readkey ;

Case ch of

'{? : Selectl
’2? : Selectl :

3
1]
[
e

L]
!
[s*]

'3’ : Selectl :=3;

'Q’ : Selectl :=4;

’

end;

tntil ch in ['17,72%,°3%,'Q",°q’];

end;

Procedure Initph{order,alpha:integer);

q’ : Selectl :=4;

var i,J : integer ;

(3%)

s_order,s_alpha : string(5] ;

begin

Rectangle(140,0,700,270);

OutTextxy (40,5, "PHASE’);

OutTextxy (32,15, ' (degree)’);

OutTextxy (92,
OutTextxy (92,
OutTextxy (92,

OutTextxy(92,135,’ -90 -');

OutTextxy(92,
OutTextxy(92,
OutTextxy (92,
J = 21;

0,’ 0 ')
42,7 =30 =');
87,’ -60 =7);
177,'-120 -=7);
222,’-150 -');
267,’-180 -');

while j < 260 do

begin

line(141,j,145,3);

J = j+45;
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end;

OutTextxy(127,285,’ 0’);
OutTextxy(167,285,’0.1°);
OutTextxy(éOT,ZGS,’0.2’);
OutTextxy(247,285,’0.3");
OutTextxy(287,285,'0.4");
OutTextxy(327,285,’0.5°);
OutTextxy(367,285,’0.6");
OutTextxy(407,285,’0.7°);
OutTextxy(447,285,°0.87);
OutTextxy(487,285,’0.97);
OutTextxy(527,285,’ 1’);
OutTextxy(567,285,%1.1%);
OutTextxy(607,285,°1.2");
OutTextxy(647,285,71.3");
OutTextxy(687,285,%1.4");
OutTextxy (630,300, W(RAD/SEC)’);
OutTextxy (260,315, ’GENERALIZED BESSEL FILTER
str(order,s_order);str(alpha,s_alpha);
OutTextxy(527,315,s_order);
OutTextxy(592,315,s_alpha);
i:=140;
while i <= 700 do
begin

line(i, 265,1,270);

1:=1+40;
end;

end;

Procedure Down_Menu;
begin
SetViewPort(20, 239,719,347, true);

Moveto(270,0);

order

alpha’);
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OutText(’'[1] : Menu’);
OutText.(’ [2] : Print’);
SetViewPort (0,0, GetMaxX,GetMaxY, true);

end;

Function Select2 : integer;
Var ch : char ;
begin

ch := Readkey;

Repeat, -
Case ch of Iy
'1’ : Select2 := 1; )

'2? 1 Select2 := 23
end;
Until ch in T Lo ]s

end;

Procedure cal(var G,A;P : integer ;num,w:real);
var ap : reals; .
Gi1 ,G11 : real;
Al,All : ‘real;
begin
Gl:= arctan{num);
if Gi1<0 then G11:=(G1»1260/22)+180
else G11:=(G1%1260)/22;
G := Round{Gli#1_.5);
ap:= (1.5T046%w/0.5393)/{sqr{1.57046 =54 (W) )3
Al:=2»arctan(ap); ‘
if AIKO then Al1:=(Ai®180/piy+180
else A11==(A1*180/pj):
A:= Round(A11#1.5);
P:=G+A;
if P>=270 then P:=270;
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end;

Procedure order2(var G,A,P:integer;alpha:integer; w:ireal )i
var num : real;
al : integers;
begin '
al:=alpha;
if al=1 then pum := (2%w) / (1.5 = sqr{w))
else if al=2 then num = ((3%w) / (3 - sqr(w))) o
else if al=3 then num 3= ((4#w) / (5 - sqriw)li;
cal(G,A,P,num,w);

end;

Procedure order3{var G,A,P:integers; alphasinteger i wireal )3
var num : real;

al : integer;
begin
al:=alpha; : .
if al=1 then mum := ((9%w - sqr(w)*w) / (7.5 - 4.5#sqr(w)))
else if al=2 then num 3= ((15%*w - sqriw)sw) / (15 - Gusqr(wl i) .
else if al=3 then num := ((22.5%w - sqrw)xw) / (52 - 7. 5usqriw)));
cal(G,A,P,num,w); l

end:

.Procedure orderd(var G,A,P:integer; alpha:integer swireal )3
var num : real ; '
al : integer:;
begin
al:=alphas
if al=1 then num: = (6O*w-sqriw)*w)/{105/2 —zosqriv) rsqriwirsariv) )
else if al=2 then num:=(105*w-10*sqr(w)*w)/(lOS—AS*sqr(w)+sqr(w)*sqr(w))
else if al=3 then num:=(168#w—12*sqriw)*w)/(189403*5qr(w)+5qr(WJ*sqr(W)):

eal(G. AP . nui,w)s
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end;

Procedure plot._ph( alpha,ordgr:integer ):‘
Var w : real; ’
al,x1,G,A,P : integer ;
n tinteger;
begin
w:=0 ; al:=alpha ; x1:=140 ;
G:=0; A:=0;
P:=0;n:=order;
setviewport(o,O,getmaxx,getmaxy,trué):
clearviewport;
Repeat
initph(n,al);
if n = 2 then order2(G,A,P,al,w)
else if n = 3 then order3(G,A,P,al,w)
else if n = 4 then order4(G,A,P,al,w);
putpixel(x1,G,1);
putpixel(x1,A,1);
putpixelix1,P,1);
X1l:= xl1+1 ;
wi= w+0.0025;
Until x1=700;
OutTextxy (290, 180, ’Equalized’);
OutTextxy (300,195, "LOW PASS’);
OutTextay (510, 160, "ALL PASS’);
OutTextxy (540,57, ’LOW PASS’);
Repeat
Down_Menu ; ) \\\\
Selection := Select2;
Case Selection of
2 : Printing;

end;
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Until Selection = 1;

end;

Procedure Ph_n2 ;
var alpha,order : integer;
begin
Menu; order := 2;
alpha:=select.l;
if alpha <> 4 then
plot_ph(alpha,order);

end;

Procedure Ph_n3

Y

var alpha,order : integers;
begin
Menu;order := 3 ;
alpha:=selecti;
if alpha <> 4 then
plot_ph(alpha,order):

end;

Procedure Ph_n4 ;
var alpha,order : integer;
begin
Menu; order := 4;
alpha:=selectl;
if alpha <> 4 then
plot_ph(alpha, order);

end;

Procedure initerr(order,alpha:integer);

var 1i:integer;

(39 )

s_order,s_alpha : string{5] ;
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begin
Rectangle(140,0,660,280);
OutTextxy(40,5, 'PHASE’);
OutTexth(&O,lS,’ERROR’);
OutTextxy(30,25,’(degree)’);
OutTextxy(100,0,’+20 ’);
OutTextxy(100,37,’+15 =’);
OutTextxy(100,77,’+10 -');
OutTextxy(100,117,’ +5 -=');
OutTextxy(100,157,’ 0 =');
OutTextxy(100,197,’ -5 =’);
OutTextxy(100,237,’-10 -’);
OutTextxy(100,277,’-15 =’);
OutTextxy(140,295,’0 ’);
OutTextxy(180,295,'0.2");
OutTextxy(220,295,’0.4%);
OutTextxy(260,295,°0.67);
OutTextxy(300,295,0.8");
OutTex@xy(340,295,’1.0’);
OutTextxy(380,295,%1.2°);
OutTextxy (420,295,°1.4");
OutTextxy(460,295,'1.6");
OutTextxy(500,295,%1.8");
OutTextxy(540,295,%2.0%);
Outtextxy(580,295,%2.2%);'
OutTextxy(620,295,'2.4°);
OutTextxy(660,295,°2.6");
OutTextxy(635,316,’W(RAD/SEC)’):
OutTextxy(220, 325, ’GENERALIZED BESSEL FILTER order alpha’);
str(order,s_order);str(alpha,s_alpha};
OutTextxy(488,325,s_order)7
OutTextxy(551,325,s_alpha);
i:=140;
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vhile i <= 660 dao

begin
line(i,275,1i,280);
i:=i+40 ;

end;

end;

Procedure cal_err(var Elp,Eap,Et : inteéer ;3 Eo,w : real);

var apl,apZ,Ea ‘real ;

begin

Elp := Round(161-(8%*E0));

apl := (2%w)/(0.5393#1.57046);

ap2 := (w#1.57046/0.5393)/(sqr(1.57046)~sqr(w)); .

Ea := (- apl + (2#arctan(ap2)))*180/pi ;
if Ea < -360 then Ea := Ea+360 ;
Eap := Round{160+(8»xabs(Ea)));
if Eap >= 280 then
begin
Et := {Elp + Eap) div 2 ;
if Elp > 280 then Elp := 280;
Eap := 280;
end
else Et := (Elp + Eap) div 2 ;
if Et >= 280 then
Et. := 280 3 v

end; . \

Procedure err2 (var Elp,Eap,Et:inbeger;alpha:integef;w:real);
var al :integer:; '
w21,w22,w23 :real;
Eo : real ; .
begin

al := alpha ;
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if al =1 then
begin
w21 := (w»1,2247/0.61237)/(sqr(1,2247)-sqr(w));
Eo := (-~ w)(0.61237*1.2247) + arctan(wél))*lso/pi;
if Eo < -180 then Eo := Eo + 180 ; .
end
else if al = 2 then
begin
w22 1= (ww3)/(3-sqr(u));
Eo := (- w + arctan(w22))#180/pi;
if Eo < -180 then Eo := Eo + 180 ;
end ‘
else if al = 3 then
begin
w23 = (w#d)/(5-sqr(w));
Eo := (- (w#d/35) + arctan(w22))*180/pi;
if Eo ¢ —180 Lhen Lo @ Eo + 180 3 '
end;
cal _erv(Elp,Eap,EtL,Eo,w);

end;

Procedure err3(var Elp,Eap,Et:integer;alpha:integer;wireail;
var al : integer ; .
w31,w32,w33,w34,w35 : real ;
Eo : real ;
begin
al := alpha ;
if al = 1 then

begin
w3l := w/1,81892;
w33 := (w»2,0306/0.75738)/(sqri2.0306)-sqr(w)):

w32 := w/(0.75738#2.0306);
{ w31l := w/1.2299 ;

— e ey
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w32 := w/(1.25182%0,5879);

w33 := (wx1,25182/0.5879)/(sqr(1.25182)-sqr(w));
w34 := w/(1.32946%1,16005);

w35 := (w#1,32946/1,16005)/(sqr(1.32946)-sqr(w));.

if Eo < 0 then Eo := Eo+180 ;
if Eo < 0 then Eo := Eo+180;}
end

else if al = 2 then

begin

w3l := w/2.32218;

w33 i= (wx2.54154/0.69105)/(sqr(2.54154)-sqr(w));
w32 := w/(2.54154#0,69105);

end

else if al = 3 then

begin
w3l := w/5,10722399 ;
W33 := (w*3.206174821/1.339939393)/(Sqr(é.OZGleSZl)—SqY(W?Q}
W32 = w/(3.206174821%1,339939393);

end;

Eo := (-w31—w32+arctan(w31)+arctan(w33))*180/pi;
if Eo ¢ =180 then Eo := Eo + 180 ;
cal_err(Elp,Eap,Et,Eo,w);

ends

Procedure errd(var Elp,Eap,Et :integer ;5 alphazinteger ; wireal
var al : integer ; '
wOl,w02,wdl,ws2 :'real ;
Eo : real ;
begin
al := alpha ;
if al = 1 then
begin
w0l = w/(2.518640511%0,.526120517 )



w4l := (w*2.518640511/0.526120517)/(sqr(2.518640511)-sqr(w));
w02 1= w/(2.87682518%0.895424241); '
w42 := (w*z.87882518/0.895424241)/(sqr(2.87682518)—sqr(w));
Eo := (- wol + afétan(w41) - w02 + arctan(w42))#*180/pi;
if Eo ¢ -180 then Eo := Eo + 180 ;'
if Eo < 0 then Eo := Eo + 180 3
end
else if al = 2 then
begin
.w01 t= w/(3.023264936*0.521934581);
w4l := (w*3.023264936/0.521934581)7(sqr(3.023264936)-sqr(w));
w/(3.389365793%0,80553828) 5

wo2 :
w42 :

(w*S.389365793/0.80553828)/(sqr(3.389365793)-sqr(w)):
Eo := (- w01l + arctan(wdl) - w02 + arctan(de))*lBO/pi}
if Eo > 0 then Eo := Eo - 180 5

end

else if al = 3 then

begin A
w0l := w/(3.526537257#0.518909176); = T~
Wil 1= (u»3.526537257/0.518909176)/(sqr(3.526537257)-sqr(w));
W02 = w/(3.898364339%0.T4911767);

w42 := (w*3.898364339/0.74911767)/(sqr(3.898364339)—sqr(w));
Eo i= (- w0l + arctan(uwél) - w02 + arctan(wa2))»180/pi;

end;

cal_err(Elp,Eap,Et,E0,w);

end;

Procedure'plot_err( alpha,order:integer );
Var w : reals ‘
al,x1,Elp,Eap,Et : integer ;
n :integers;
begin
w:=0 ; alt=alpha ;
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X1:=140 ; n := order ;
Elp:=0; Eap:=0; Et:=0;
setviewport (0,0, getmaxx, getmaxy, true);
clearviewport;
Repeat

initerr(n,al);

if n = 2 then err2(Elp,Eap,Et,al,w)

else if n = 3 then errS(Elp?Eap,Et,él,w)
else if n = 4 then err4(Elp,Eap,Et,al,w);
putpixel(x1,Elp, 1);
putpixel(x1,Eap,1);
putpixel(x1,Et,1);
X1l:i= X1+1 ;
w:= w+0.005 ;
Until x1=660;
6utTextxy(280,220,’Eap’);
if n = 2 then '
begin
OutTextxy(390,220, ’Et’);
if alpha = 1 then OutTextxy(448,220,’Elp’)
else OutTextxy(483,226,3Elp’); .
end; '
if n = 3 then
begin
OutTextxy (423,220, 'Et’);
if alpha =3 then OutTextxy(520, 100, Elp’)
else OutTextxy(520, 195, Elp’); '
end;
if n = 4 then
begin
OutTextxy (415,220, ’Et?);
OutTextxy(530,175, ’Elp’);



Repeat,

Down_Menu ;

Selection := Select2; .

Case Selection of
2 : Printing;

end;

Until Selection = 1;

end;

Procedure Err_n2 ;

var

alpha,order : integer;

begin

Menu; order:=2;

~ alpha:=selectl;

end

if alpha <> 4 then

plot_err(alpha,order);

Procedure Err_n3 ;

var

alpha,order : integer:

begin

end

A, ¥ e e
—

Menu; order := 3 3
alpha:=selecti1;

if alpha <> 4 then
plot_err(alpha, order);

.
’ i o -

/-"7-'/:“-_ o )

Procedure Err_n4 ;

var alpha,order : integers;

begin

Menu; order := 4 ;

alpha:=selectl;

if alpha <> 4 then

( 46 )
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1.John L. Hilburn , pavid E. Johnson ; " Manual of Active

Filter Design " MCGRAW-HILL BOOK COMPANY "pp 1-14 .





