Ch-7: Pap wng tan so ciia hé thong LTI va thiét ké b loc twong tw

Lecture-14

7.3. BO loc Butterworth
7.4. B0 loc Chebyshev
7.5. Cac phép bién doi tan so



7.2. B0 loc Butterworth

Trén thic té ngwoi ta tim dwoc cdc phép bién doi dé thiét
ké bé loc thong cao, théong ddi, chan ddi dwa vao bé loc
thong thap = Tap trung khdo sdt thiét ké bé loc thong

thap (xem nhw bé loc mau — Prototype Filter)




7.3. BO loc Butterworth

L Dap tng bién do cua bo loc thong thép Butterworth bac n:
|

J(2)”

= Tai tan s6 w,, dap ung bién d6 bang 1/(2)2 hoic -3dB = cong
suat suy giam ' : goi 1a tan s cat, tan s6 3dB hodc tan so %
cong sut

H(w)|=

D Yéeu Cé\lll thiét ké 4 2010g|H(jc0)|; dB
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7.3. Bo loc Butterworth
d Xac dinh bac n cta bo loc va o, theo cac yéu cau thiét ké:
= P9 loi (dB) tai tan s6 o, G(o, )=-10log, |1+ (‘(’;—) }
= P9 loi (dB) tai tan s6 o, G(o,)=-10log, |1 (Z—)2 } > G

p

-Délqi(dB)taitﬁnsémS: G(ms):—lOloglo[H(o";—z) }s

” <1079 1 2 107910 _
— 2” ~G, /10 —~ (Z_;) 2 —G,/10
>10"9"1% 1 10 7 -1

log[(IO_GS“O —1) /(10 %" —1)]
—> In 2
2log(w, /w )
(0]
— P <mw < D

(IO_G‘D/IO _1)1/2}1 — c = (lo—Gs/lo _1)1/211
- s T




7.3. BO loc Butterworth

O Xac dinh ham truyén H(s) bac n:

= Trong thiét ké, ta dung dap tmg chuan hoa (w,=1) nhu sau:

1

o) —
)

= Suy ra H(s) khi biét ham truyén cua dap tng chuan hoa:

s<s/m,
#(s) = = H(s)




7.3. BO loc Butterworth

[ Xac dinh ham truyén bac n cua bo loc chuan hoa:

= Xac dinh cac poles cua b loc chuan hoa:

Ao jo) =

_I_

S=Jjw 1

= FOFS) =G

Cac poles cua #(s)#(-s) phai thoa: §*" = —(j)*"

i (2k-1)

{—1=€_ N 21— (k=)
j=e”



7.3. BO loc Butterworth

Vay cac poles cua #(s)#(-s) la:

I (2 k+n-1)

— 2n
LA Im
J
) o1, )
ox' ¢':x\
:" ymn b
% ES, »—>
-1% ! Re
X X
\‘X..._"__xo" ‘
]

Két luan: n poles ciia %(s):

k=1,2,3,...,2n

J
’Zf(s)",x------,(,~ #(-S)
X X,
x | - X
R PPPT v n/2n'5 1 \
-1 * * Re
X, ' X
‘~~x.-.-:.><-"
]

I D k+n-1)
n .

s, =e? k=1,2,3,...




7.3. BO loc Butterworth

= Ham truyén (s) c6 dang:

#(s) = :

(5 —5)(s—5,)(s—5;)..(s —5,)

I (2 kvn-1)
n .

— 2 —
S, =€ k=1,2,3,....n
S 4 Im
Vi du: xét truong hop n=4 e ]
5, =€/ =—0.3827+ j0.9239 Syl
s, =7 =—0.9239+ j0.3827 - L Re
s, =e”™% =—0.9239— j0.3827 s, %7
s, =" =—0.3827 - j0.9239 Sx ....... -
4




7.3. BO loc Butterworth

1
(s-+03827— j0.9239)(s +0.3827+ j0.9239)(s+0.9239— j0.3827)s+0.9239+ j0.3827)

Hs)=

1
(s> +0.7654s +1)(s” +1.8478s +1)

1
s*+2.6131s° +3.4142s* +2.6131s +1

= #(s)=

= #(s)=

Lam tuong tu ta ¢6 thé tinh duoc cho truong hop bac n bat ky:

1 1
B (s) % +a, " +..+as+1

#(s) =

B_(s): Goi la da thirc Butterworth!!!



7.3. BO loc Butterworth

Coefficients of Butterworth Polynominal B (s)=s"ta_s™!+...+a,;s+1

nooaq a, a, a, as a, a, ag a,
2 141421356

3 2.00000000  2.00000000

4 261312393 341421356  2.61312593

5 323606798 5.23606798  5.23606798  3.23606798

6 3.86370331 T.46410162 9.14162017 746410162 386370331

7 449395921 1009783468 1459179389 14.55179389 1009783468 4.49395921

B 5.12583000 1313707118 2184615097 25.68835503 21.84615097 1313707118 5.12583000

9 575877048 1658171874 3116343748 41.98638573 4198638573 3116343743 1658171874 575877048

—
=

6.30245322 2043172009 4280206107 64.88230627 7423342926 6488230627 42.80206107 20.43172909 §6.39245322



7.3. BO loc Butterworth

Butterworth Polynominal in Factorized Form
" B

s+1

87+ 1.41421356s + 1

(s+1)(s* +s+1)

(s + 0.76536686s + 1)(s* + 1.84775907s + 1)

(s +1)(s* + 0.61803399s + 1)(s? + 1.931803399s + 1)

(8% +0.51763809s + 1)(s® + 1414213565 + 1)(s* + 1.93185165s + 1)

(s +1)(s? + 0.44504187s + 1)(s% + 1.24697960s + 1)(s* + 1.80193774s 4 1)

(s° +0.30018064s + 1)(s* + 1.11114047s + 1)(s® + 1.66293922s + 1)(s* + 1.96157056s + 1)

(s+ 1)(s? +0.347206365 + 1)(s? + s + 1)(s® + 1.53208889s + 1)(s* + 1.87938524s + 1)

(8* +0.31286893s + 1)(s* + 0.90798100s + 1)(s® + 1414213568 + 1)(s* + 1.78201305s + 1)(s* + 1.97537668s + 1)

e
S WD 00 =1 O O e O R




7.3. BO loc Butterworth

[ Cac bude thiét ké bo loc thong thap Butterworth:

Vi du: Thiét ké bé loc théng thap Butterworth théa mén cdc yéu cau
sau: Do loi dai thong (0<w<10) khong nho hon -2dB; do loi dai
chan (w=20) khong vuot qud -20dB

log [(10‘Gs“° 1) /(10 %" - 1)]
2log(w, /)

= Budc 1: Xac dinh n >

= Budc 2: Xac dinh o,
C()p Q)
(IO_GP/IO . 1)1/27/1

< a)c < (IO—GS/IOS_ 1)1/211

= Budc 3: Xac dinh #4(s): dung n (budc 1) tra bang (hodc tinh)

| s<s/m
= Budc 4: Xac dinh H(s):  Z(s) = = H(s)




7.3. BO loc Butterworth

1 102 -1)/(10°% -1
" Budc l: n > og[( )¢ )] =3.701 - chon n=4
2log?2 '

10

W > =10.694
. , . ¢ (100.2 _1)1/8
Buoc 2: 20 —> chon o =11
0, < —————=11.26
(107 -1)

G(w,)=-10log,, [1+ (%)8] - _1.66dB > —2dB

G(w )=-10log,, [1 i (%)8} — _20.8dB < -20dB

1

(s* +0.76536686s +1)(s> +1.84775907s + 1)
1

() +0.76536686 () +11[(+;) +1.84775907 (1) +1]
14641
(s> +8.419035465 +121)(s> +20.325349775 +121)

= Buoc 3: #(s) =

= Budc4: H(s)=

= |H(s)=




7.4. BO loc Chebyshev

O Pap tng bién d6 cua bd loc thong thap Chebyshev:

= Trong thiét ké, ta dung dap tmg chuan hoa (o =1):
1
\/ 1+ &°C(w)

= Vay khi c6 #(s) > H(s) biang cach:

[ #(jo)|=

s<s/m,
#(s) = = H(s)




7.4. BO loc Chebyshev

O Xét dap tng bién d6 cua b loc thong thap chuan hoa Chebyshev :
1

\/1 +&°C*(w)

[ #(jo) =

C (w)= cos(n cos™ a));| o <1
C (w) = cosh (n cosh™ a));| w [> 1
C. (o) 1a mot da thirc thoa tinh chat sau:
C (w)=2wC, (0)-C, _,(w);n =2
co: Co(w)=1va C(w)=0 = C,(0)=20" -1

Mot cach twrong tu ta cé thé tinh dwge bang C, (o)!!!



7.4. BO loc Chebyshev

Chebyshev Polyminals
n C, (o)
0 1
1 w
2 20?2 -1
3 4w - 30
4 8uw*-—8w%2+1
5 16w® — 20w3 + 5w
6 32w% — 48,4 4+ 1802 — 1
7 64w’ — 11205 + 56w3 — 7w
8 128w® — 256w’ + 160w? — 32w2 + 1
9 256w% — 576w7 + 43205 — 12003 + 9w
10 512w19 — 1280w8 + 1120w8 — 400w + 5002 — 1



7.4. BO loc Chebyshev

1

0 Dap tmg bién d6 bo loc Chebyshev: ~ [#(jo) = ]

1+£°C ()

| #(J0)| n=7

------ e T m .- ———
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r=10log,,(1+&7)|(dB)
-r &G, (Butterworth) (dB)




7.4. BO loc Chebyshev

O Xac dinh € va bac(n) ciia bo loc Chebyshev thoa yéu cau thiét ké:

" Xacdinhe: (1), =10log, (I+&”)<r =l <107 1

=Pdlgitaitains6 o: G = —10log,,[1+ Ezan(af’—p)]

"Doloinitinsdo: —101log,,[1+¢°C, (59)]< G,

lo—GS/IO_l 172
zcosh[ncoshl(zz)}z( o ]

1 (1079710 172
= |n 2 cosh‘l(a) T )cosh‘ [ 070 ] ]
S p
\/IO—GS/IO_I
=& =2
cosh[ncosh_l(a)s/a)p)]




7.4. BO loc Chebyshev

[ Xac dinh ham truyén (s) ctia bo loc:

Nguo1 ta tinh dugce cac poles cua #(s) nhu sau:

. — 1
s, = —sin (2k )7
2n
k=1,2,3,....n
le—sinh_1 1—
n E

(2k—-1D)rx

2n

sinh x + jcos cosh x

#(s)

a =sinh x;b = cosh x




7.4. BO loc Chebyshev

K
= #(s)= :
(s —5)(s—5,)...(s=5,)
K K
= |#(s)=—2="—= - n
C(s) s'4a, s +..+as+a,

K, duogc lga chon dé bao dam do loi DC:

-

a, n odd
K =1 a n even
K\/l+52

Pé viéc thiét ké duge don gidn, nguoi ta thanh lap bang C’.(s)
hoic gia tri cia cac poles voi mot so do gon r thwong gap -
Tra bang!!!



7.4. BO loc Chebyshev

Chebyshev Filter Coefﬁc1ents of the Denominator Polynominal

C =s"+a, s" " '+a, ,s" " +...+as+a,
n o a, a, a, a, a, a, a,
1 2.8627752 0.5 dB ripple
2 1.5162026 1.4256245 _
r =0.5dB
3 0.7156938 1.5348954 1.2529130
4 0.3790506 1.0254553 1.7168662 1.1973856
o 0.1789234 0.7525181 1.3095747 1.9373675 1.1724909
6 0.0947626 0.4323669 1.1718613 1.5897635 2.1718446 1.1591761
7 0.0447309 0.2820722 0.7556511 1.6479029 1.8694079 2.4126510 1.1512176
1 1.9652267 1 dB ripple
2 1.1025103 1.0977343 r =1dB
3 04913067 1.2384092 0(.9883412
4 Q.2756276 0.7426194 1.4539248 0.9528114
5 0.1228267 0.5805342 0.9743961 1.6888160 0.9368201
6 0.0689069 0.3070808 0.9393461 1.20214069 1.9308256 0.9282510
7 0.0307066 0.5486192 1.3575440 1.4287930 2.1760778 0.9231223

0.2136712



7.4. Bo loc Chebyshev

Chebyshev Filter Coefficients of the Denominator Polynominal
+..+as+a,

C

n

=] O O b W b

=] O Ut b WO DO

n

a

1.3075603
0.8230604
0.3268901
0.2057651
0.0817225
0.0514413
0.0204228

1.0023773
0.7079478
0.2505943
0.1769869
0.0626391
0.0442467
0.0156621

_ n
=s" +a, s

n—1

a,

0.8038164
1.0221903
0.5167981
0.4593491
0.2102706
0.1660920

0.6448996
0.9283480
0.4047679
0.4079421
0.1634299
0.1461530

n—2

0.7378216
1.2564819
0.6934770
0.7714618
0.3825056

0.5972404
1.1691176
0.548R626
6990977

0.3000167

0.7162150
1.4995433
0.8670149
1.1444390

0.5815799
1.4149874
6906098

1.0518448

a,

2 dB ripple

as

r =2dB

0.7064606

1.7458587 0.7012257
1.0392203 1.9935272

3 dB ripple

0.5744296

1.6628481 0.5706979
0.8314411 1.9115507

r =3dB

g

0.6978929

0.5684201



7.4. BO loc Chebyshev

Chebyshev Filter Poles Locations

n

r =0.5dB

—2.8628
—0.7128 + j1.0040

—0.6265
~0.3132 + j1.0219

—0.1754 + §1.0163
-0.4233 + j0.4209

~0.3623
~0.1120 + j1.0116
—0.2931 + 50.6252

—0.0777 + j1.0085
-0.2121 + ;0.7382
—0.2898 + 70.2702

r =1dB
—1.9652

—0.5489 £ ;0.8951

—0.4942
—0.2471 + j0.9660

—0.1395 + j0.9834
—0.3369 + j0.4073

~0.2895
~0.0895 + j0.9901
~0.2342 + j0.6119

—0.0622 + j0.9934
—0.1699 + j0.7272
~0.2321 + j0.2662

r =2dB
~1.3076
~0.4019 + j0.8133

~0.3689
—0.1845 + j0.9231

~0.1049 + ;0.9580
~0.2532 + j0.3968

—0.2183
—0.0675 £ j0.9735
~0.1766 £ 70.6016

—0.0470 + j0.9817
~0.1283 + j0.7187
~0.1753 + j0.2630

r =3dB
~1.0024
~0.3224 + §0.7772

—0.2986
~—(0.1493 £ 50.9038

~0.0852 + j0.9465
~0.2056 + §0.3920

~0.1775
~0.0549 + j0.9659
~0.1436 + j0.5970

~0.0382 + ;0.9764
~0.1044 + j0.7148
~0.1427 + j0.2616



7.4. BO loc Chebyshev

Chebyshev Filter Poles Locations

n

7

20

10

r =0.5dB

~0.2562

—0.0570 + j1.0064
—0.1597 + j0.8071
—0.2308 + j0.4479

—0.0436 + j1.0050
—0.1242 + j0.8520
—0.1859 + j0.5693
—0.2193 £ 0.1999

—0.1984

~0.0345 + j1.0040
~0.0992 = ;0.8829
—0.1520 = j0.6553
—0.1864 + j0.3487

—0.0279 + j1.0033
—0.0810 + j0.9051
~0.1261 + j0.7183
~0.1589 + j0.4612
~0.1761 + j0.1589

r =1dB

—0.2054

—0.0457 + j0.9953
—0.1281 + j0.7982
—0.1851 = ;0.4429

—0.0350 + 70.9965
—0.0997 + ;0.8447
—0.1492 + j0.5644
—0.1760 + j0.1982

~0.1593

—0.0277 + j0.9972
—0.0797 + j0.8769
—0.1221 + j0.6509
—0.1497 + j0.3463

~0.0224 + §0.9978
~0.1013 + j0.7143
—0.0650 + 50.9001
—~0.1277 + 0.4586
—0.1415 + j0.1580

r =2dB

—0.1553

~0.0346 + j0.9866
—0.0969 + j0.7912
—0.1400 + 70.4391

—0.0265 + §0.9898
~0.0754 + j0.8391
~0.1129 + 50.5607
~0.1332 + j0.1969

~0.1206

~0.0209 + 70.9919
—0.0603 + j0.8723
~0.0924 + j0.6474
—0.1134 + j0.3445

~0.0170 + j0.9935
—0.0767 + j0.7113
—0.0493 + j0.8962
—0.0967 + j0.4567
—0.1072 + j0.1574

r =3dB

—0.1265

—~0.0281 % §0.9827
—0.0789 £ j0.7881
—~0.1140 + j0.4373

—0.0216 + j0.9868
~0.0614 + j0.8365
—0.0920 + j0.5590
—0.1085 + 0.1962

—0.0983

~0.0171 = j0.9896
—0.0491 =+ ;0.8702
—0.0753 % 50.6459
—0.0923 + j0.3437

~0.0138 + j0.9915
—0.0401 =+ ;0.8945
—0.0625 =+ j0.7099
—0.0788 + j0.4558
—0.0873 + j0.1570



7.4. BO loc Chebyshev

O Cac budc thiét ké bo loc thong thap Chebyshev:

Vi du: Thiét ké bé loc théng thap Chebyshev théa mén cdc yéu cdu
sau: r trong dai thong (0<w<10) <2dB, do loi ddi chan (©v=20)

1

-G, /10 _ 1/2
= Budc 1: Xac dinh: n > 10 1)

cosh™
cosh_l(a)s/a)p) E 107" —1

\/1 0-Gs/10 _ 1

= Budc 2: Chon €:
cosh[ncosh (@, /w )]

<e <1071 1




7.4. BO loc Chebyshev

Néu ¢ sao cho r=0.5dB, 1dB, 2dB hoic 3dB - tra bang C’.(s);
néu khong thoa = tinh C’_(s):

_ (2k-1)x
s, = —sin-———sinh x + j cos

k=1,2,3,....n; x =Lsinh™' (1)
C,(s)=(s—s)(s—5,)..(s—5,)

= Budc 3: Xac dinh #4(s): #(s) = K”
C,(s)

a, n odd

(2k 1)” cosh x

-

do
\ \/@ n even
S <5/ @,
= Budc 4: Xac dinh H(s): #(s) = - (S)




7.4. BO loc Chebyshev

) 1/2
= Buoc l: n > 1_ cosh™' 1o- —1 = 2.473 = chon n=3
cosh ' (2) =1

2
= Budc 2: V10 ~1
cosh[3cosh™(2)]
< 0.382 < ¢£<0.764 - chon £=0.764 2 (1)ye5;,=2dB
Trabang: C (s)=s"+0.7378s> +1.0222s + 0.3269

*Buoc3: nodd = K, =a,=0.3269

<e<A10°% -1

0.3269
= #(s) = 3 :
s+ 0.7378s" +1.0222s +0.3269
= Budc 4: H (s) = - 0'3269
(%) +O.7378(%) +1.0222 4+ 0.3269
326.9

= H(s) =
(5) s +7.378s° +102.225 +326.9



7.5. Cac phép bién doi tan so

1 B0 loc thong cao (High-pass Filter):

t [Hyp(jo) | H#(jo) |
1
G -
| High-pass Filter
G, /|
| | > (D
0 o, o
s < T(s) W,
#,(s) =——=H(s) | [[©="7

Vi du 1: Thiét ké b loc théng cao Chebyshev théa mén cdc yéu cau
sau. r trong ddi thong (w=200) <2dB; do loi dai chan (w<100)
G,<-20dB?




7.5. Cac phép bién doi tan so

d B0 loc thong dai (Band-pass Filter): -

Band-pass
Filter
» ()
4 3
. a)pla)pZ a)sl . a)s2 a)pla)p2
(, =min- ; >
a)sl (a)pZ - a)pl) a)SZ (a)p2 - a)pl ) )
2
S (_T(S) S a)pla)p2
P ( ) (a)pZ - _pl)S




7.5. Cac phép bién doi tan so

Vi du 2: Thiét ké bé loc théng dai Chebyshev théa man cdc yéu cau
sau. r trong ddi thong (1000<w=2000) < 1dB; do loi ddi chan
(=450 hoac v=>4000) G, <-20dB?

Vi du 3: Thiét ké b loc thong déi Butterworth théa méan cdc yéu cau
sau: Do loi trong dai thong (1000<w=<2000) >-1dB, do loi dai chan
(=450 hoac v=>4000) G, <-20dB?




7.5. Cac phép bién doi tan so

O B loc chan dii (Band-stop Filter):

4 |Hgs(Jo) | A [ #(Jo)|




7.5. Cac phép bién doi tan so

Vi du 4: Thiét ké bé loc chan dai Butterworth théa man cdc yéu cau
sau: Do loi trong dai chan (100<w<150) <-20dB; do loi ddi thong
(w=<60 hoac w=>260) >-2.2dB?




