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Multirate Dap: The process of signal atk Jdifferent
So.mplrnq rtes ‘in Airfferent parkts of a Stisﬁem s

called wulkirate du'ca-‘tal Signal pProcessing.

Topics: .
— Decimation

— Tnterpolation

- 5ompl-'nq rate conversion

— Iroplementation of \So.mpl-'nq rate conversron.

SO.mP"'nC] rate conversron:
The process of COnuerI:c'n? One \Sa.nnpl«'n.? rate to
anokher Sampl:nzi S called sompl.-nci rate conversion
“There oare Lwo types of 50mp):m3 rote conversion:
1- Decimation ’(down 60mp|~‘nq)
Q: :['nl»,e:polol—:or\ (op 6ompl.‘n<%)
)- Decimation:
Decimation s

the process of decreo.sfmi SOmpl-'
rate by o foctor Vs 3

> (n) *ﬁ@*—; 4 = %(rD)

F'qr Down sampler

ﬂ?

Ex-
Determine decimation of .ﬂonowrmﬂ Sequence b"d a
Pactor of & and 3.
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[
2 lry) =

icn) < zil L"J 5)4131 l' Lh 53

T
‘-‘ (m= x(2n )

IF n=0=3 Y©)= x(c)= |
ITf NI YY) =D =5
LE N2 =) Y == 3

T =3 4R =x(e)=4%
TE n=4 = ‘1(4) = ) =

Aqd= §1,8,3,85
/T\

D2 P ,4,8,%,3,2,4,8]
1\

‘-d(n') = SR

by o= i‘l;:l',L&é

$1,4,%,35,4,3,2,4,54

é“;k’ Case-\=- [FOr decimation Ffactor D"""J

Y =x(2n)

Fiqe Rlok of ()

TherefOre, down Sampler sequence can be obtained b7
SQ\ecl::nq e\lef'-l Du" Sample of ip Lequence:

case-2+ EFO" decimalion factor D::%]

303

xZn) Fim=x(3n)

[.Se\ed: every a'd swplﬂ
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dnterpolation (OP sampler) =

= e o
i d—p
=2L(n) 4 = :c(%)

Fqr OP sampler

b‘—‘ a factor of & ond 2.
2 = §4,3,5,%]
case-\:- [For Interpolation -factor I::J

Given,

X = {L/;\,s, 5,74 =

“The process of .'ncreasa‘mi SOnnpl-'nza rate by a Sfactor

Determine Interpolakion Sequence for the 4’0“0007!7.:? Sequence

0= =(2)
Tf N=0 = Y©) =)= 4

—EL—e Fq: Plok of xtn)
£Ur) Yr) = a{L’-

T n=6= YY(e) = x(2) = F

<YM §4,0,3,0,5,0,%)
T

If Nl = Q) :1(0.5):0 ‘1('*)1\ 3

FF Nz Y2 wa) = " &

T¢ n=3 = Yi3) =x(1r8)z o [3

3 nTh =D qa) = 1) =5 g L

TE N5 =D Y® = x(2-8)=0 B Rosrgion,  grigEmaTESTIOL

P, BB oy
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Therefore, OP sampler sequence con be Obtained by
o_dd"f\q (I-l) Zeros m belween the samples of 'r[p
éequence'

Case-2r- D?Or Interpolation factor, I:3]

)
A(N) S (1) ra s

3

Here, T =3

S No Cf Zeros b0 bLe added in blw Ehe
Sequences z T
=" R
=

o g 24,0,0, 3,00,5,0, 0, 45

D Applications of Mulkioke Signal  processing :
- Sub-band Cod-'nci in  Speech processing

g :Ifmoﬁe Cornpre 550N

3. Narrow jband FIR&L TIR filkers for various OPP'-'éaLfof\s
4. Dota  loqqers

5. D.'ci:ta\ audio 6tdsl:ems

€: Video processing

Advcml:o.qes of Mulkirate sfqnal procests-'n?;

|- Reduckion n number of computations

& Reduction in memary  fequirement

3. Reduction in order o+ the é«asl:em

4. Reduction in -finite word le.nq!:h effecls
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- Expression for  decimation process:
SRS T T e P i
! An&:a\:asn? NI ;
SrD (er) Decimation VA ! ?m)
' filter : L
i |
: htr) Down Sampler :'

Decimation System  cons

folowed b"l down  Sampler-
[ow pass filter band |

a\so awvoids o.\.'as:ncz effeck.

ST i S L - e

Fiqr Decimation System

sk of  low pass filter

f‘(?

imits  the ilp Su'czna.l x(n) and

|
|

=) Ol of Filter
JJ 6 l & Wwn)
ot 23 8§ 9 1© D n—\’
[=0-3)
Dli—0
R1D) V (nD) e
| | I
. =3 Pn) ; Perody
FQ: Internal operation J ’ ’ ’ ] Pulse ha:::dc '
of down tampler C123456 %89 10 1 1a 5
’ l = \,N(n): \,(n)‘Pé\'
[ |, e 2
ou.ahs,x-Qan , —%VT}
Dowon ler
l l = olp, ¥y(n)
_l ' S
ol 3‘&061!9!0:1 12 T
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Lz L
P B ¥s D
LPF 3 -
C ~
il b 4. Yem) = & (mb)
&mphhq AASEE T mP|e‘-
freq = Fy freq of
LPr= Fx
2D

Pfter decimalion process, Foags £
2D

Relative -frequency wrrto B s

WO A

3 _3-:"E> R
P

ié_“:(é_
Fx /(20

&
L"mo.x — D

TO avoid o.l:a:,:nq foe effect, the cut-off —Freq_uencc-‘ of LPF
i

WOmar T™MuSt be less than or equal ko 5 € Pmax £

P The frequency response of LPF or onti-aliosing piker is:

N

[H(wg): 15 0f w2z

O 3 Otherwise
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- TThe response of LPF is:
D) = M) ¥ h(n)

-~ f X (k) h(n=k)

K=-<0
— Output of down Sampler is:
4 = V(MDY= \§(mD) P(mb) = ¥(mD)

hr)
— pF 2

Y= VD)= X(mD) * h(n)

Yim) = >3 h(K): X(mD-k

K=~-ed

—ﬂ'\e above e:x.PTQSSTOn re,presenl:s Etrre domain equo_hron

for down SOmPler,

r For frequency  domain:

of -
ziqemy = yz) = = H0m)-z
Hi==-ob
: g o
= i Y (mD) Zm
= f_ GCM) ; o [v:-from Lime Scaling
P ey PVOPeILtjj .
22 e Wi/ PLM)
2> Ve P 2 @ _sL.j
¥ i 9o e | Gom)

Plrm) 6 @ periodic impulse Erain With perioa ‘D', g4

the DFS representation of POm) s qQiven by
- J2Tmk -
Pl = SE e B —@ [ CK=§CwnsmLﬂ

)J 2oe) L 9Dy




E;x.Ce.pt ak keg, remcun:ncz terms  procduces olas.ncz

effect buk

L. \:1(:.3) = ~‘3 X L%} H (%

L
D

L _RERL. _ _ & ] - TR Y . T Y N Ty
On Subsk?hukiaq eq-@ in eq-@, we bhave
e 1 J2TTmk %
Y@= I vem| LS T JmP
rm--—ob D k=0
R o0 -3k, 2
L g ._.‘..%:’. [Z_ \)C"‘)[E'.D';/j
ﬁ —g-mvop D k:o g
D~ —32TTk y;
= = _‘[_)Z:ZV[QD°ZD [ Yisi= 2] (m)ﬁj
k=0
s Bl S [ (@) = ZV("“’ 2 j
2
—
{2 . L, il e %
:_Sii%e ) B o piry e
‘ D = xtod* her)
£ R e
i = Y(=z) = X(z)- H(ZBJ
D=1 "errk —-J).TTk R
% \ J
5‘/(&"):-5'?: g ) ( . P )}
k=o
D-)
30 = (e 2wk J(W@-21k)
W 021
( D - X e D ) ;i e D
D-)
S5 (w)s L x( -2m<> W- zrrk>
D -

it Wl be eliminated by the low pass fiter.




J—Y

L RERE. _ _

P —

-TAeNY

- TN Y - T Y

5-5

Relative frequency

i =
<9

1

oy

l

p—

\

W, wrto
1

W - D_WE“,,,_&
9 Fy
M, &, o 260, :
Fl

Bat Ouhput -'ﬁreq ueJ"iCJj of dce,on *So'mplﬁr 'S

Fx

eq, D

|
W, D

= wxb

Sl

Filter (5=

ylet the Spectrum range of HP S:ﬁfﬂixkl Oél‘-"x)’:

Fx
5)

F'T;

H (D) =

oK ol

= W

= -T.pzw,nz

vl4

-
= ~Tr£ w5, 0477
:aETr_z_. LBy £

E’. 03,_1 :"‘,xé_]
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11 Ty -y - Ty SRR L LA
o ! {
\<— | x (o))
__?.‘. a T?' - 9 |
: A : ‘
| !
] - |
| ! ! T |H(us:>] |
| ' < !
) : A : !
: I ' :
o { | =<olpot LPF
; ; l\l (“51)]
RS 4 : >
A S T o
. R
i L |
= \ | | '
: | : | l\/(w'ﬁ))
] '
. :
—1r! : : 3 = >
| i “4
! i : i q
| | [ i y
' | ! :
—DExpression for Interpolation:
Yon)

LPF
x(n) OP Sampler \9(m)=’§zn&: :m‘i:
P V| Rpa, T e

h(rm)
FQ: Interpolation Syjstem

Le!: x(M) be the input 5:'(3«1] Wikh -frequenc7 rcm?e

C L - P

Cutput of o.nl:.'imacirnca filter,

YO = 90m)* hom)
o
= 3" (k) h(m-K)

K=+~-oD
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) = k{é = () b m-k)

Pep\ace k by kT

Ylm) = £ gc(k)'hcm’k’r_)

K= ~cP

TThe above equation Tleprebenks time domain expression

for output of interpbDlation Scjstem.

“The Output of up SQmpler, \90m) - ::c(—':%);m:O,tl;IlI,fltI---v
O @ Otherwise

o0 - rn
Z Y(m). z

I

Z 3_\7("")5 =N (R)Y

™
rn:-°° Lﬂb n:f
od —rm mMm=nX
m
e Z XCI + Z If rmo==ob,9N = —oa
== { m= 0, N= o2
<" x| [ Vs X A(eET
— & [ s -t
xX(m) 2 | 20 Rk e
mz=—ob ' replace n 1
- od &
od % V(z) = == -xlm) 2™
e . ':L(m)LZ Miz=od
= o

WD = wi(2S)

Jed
Fo'- Freqt‘ehctd response) put Z = e 7 | \
= ‘ _Z Spectrum
o) WOy )T - by ==
N o M R =
seagm) G| TRerTEe
=X e l

Sl = (D) | 50

The above equalion rfepresents the —ﬁreq_uena‘
domain fepresentation o+t 3nEefpolaJ:-’on Sjstem.
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Frequency forqe caleulotion for ey &

WKT, relative —frequency tSy w-rrko B, s

d
el - 2N Fmay
L
L‘
5;m:|OJ‘|L‘J W, = 2T Fax
Fx

But Output Of sampler frequency, Wy=TFR

= | 2T0Fmax  _ L(:_rrr—‘mm)
(_.3.1 O
- e - =
—_— = &
| Wy
i o I

] WkT, Input signal -Frequencgj T'O-néie_ 5z «ML W, 2T
i 1

= s FeTE .
1 o o4 1 qu(..enCtJ ra'\?e
= = 2 u% B Qlcwtation for ‘s .
E = T = 2p d
s T The ro.nae of 9%y 15 : - a2

= The -frequency response of anti-imaging filter or
Low pass -filter i5 Given by:

H(“’w): = -Fr;r'fw’£¥

(&3 Obhertoiee ~eme
where | "C 8 scaltncx —foctor.

For rormalization, put C=T
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%C)_Lﬂ:_&t': Spectcum  of a_nﬁ:-.'lagiincj Filter is:

Yoy = [extayzy s FewaeT

O : Otherwise

E-’ from €equakion's .® &@]

GO ERVIGOE NS
= Y(2) = V(z)- H(2)
= YCEM"):\/(é:"a") H(e‘;“:‘

= VCus..l) = V(9y) H(y ]

ﬁ.YCUSLf) = )(C‘A"lr)’c

—r

g

/ *ﬂl
y : (_a?l

= : g i
-

+ 1
T

|

|

: ' =2 OIP; of up sampler
- - [V teeg) < [ x(eoy |
T v

S

e

\61

= | nesy)

-~
-

LD,’

=1 —

—

T i 3

| | ' )
| /° =3 | vty
v )

I ! :

N

i
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DSQ.mEI:nci rate conversion By non-integer factor (or)

Qal:.’o_qo.l Nnumber I|D =

1

- e e R e o e 0 —— e wm e & e -

A - RE =
1 -~ - - \ ' .' .' l. !
', J uPSampler Ang; .mo_gan? Jal Ah':.a' as ey Dow?e,' :
(! P TR, | Filker gry | Filter f:% i R
Fe | =N by a ’ -
~ = Sy T 5o e W DN L £ L L N S Pe vy e
|
’ TIrterpolabion Decimation
LFrequmCL‘ response of Anl;.’.'mo.cd n Filter:
¥
) = &y =L 9z I
Ha( ) T Leve 5
O : Otherwite @
- Frequency  response of Ant:al-‘asrnci Filter:
30
Hy (e = ') TBiwey &
0 Otherwise
> The cascaded Feﬁpené Frquencz_‘ feSponse of low pass

filker:

[r——

H(= ) €3 Oﬁ,“v]ém.‘n(

e T
D"’ ®
0 . otherwise

T = =
s % Oélw‘,]émm(-}s—l'—f ‘z— 7: chal
O 5 Okhercwiste O'E ':’f,i
f—‘-'—°-----“——--~"""‘—“‘-----“""" -"‘"’
} ' ‘ !
: NS @) | Doen : 90m)
____1_4 upsampler 3 LPF 3 ¢ pler ——r——
2ln) | ¢ e s R=TIF, Ty=T6
e L

D Output  of upsampler:

o e § sel Y sies LB 35 e ree e ©)
© . Otherwise
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Le 3

WKT,

Replace 'k’ by kT,

where,

S Yo = S x

— Output of LpPF:

W(L) = V(D) * h(L)

= "9l k=i

kKo—eb

L

on SUbSI:u'(:u&-'nc? eq-@ in

D e = I x(E)h (k)

K=~o0

y W(R) = i (k) h(4-kT) — &

k=~od

— Oukpul: of down&omple.r:

H90m) = w(MD)

- i X (k- hCmD—kI)_@E—' Frorn eq-@j

k:-oo

%Qj—h:k *—'@

On Subs (:?l:u.t:-'nca e_q_ua.l:-'On -®

(128)-7) b o~ (L21-n) I]

£ ~(Fry i rFysend]

N=—ed

ob

™MD

™D - Lh—-‘ wl =m™mD, MOdulo I = CMD)I

e >

we bhave

Lr___\é produces lo.rcaes}: Fnbe_gau present in'r

above equation, we have

in eqQ-@), we have

(mo)
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Jfﬂm): = 1(!.%_]””)"[("\0)_:7*”: —@

nN=—acd

[he akove €apression represents Eime domain equation

for Cconversion -facktor T,
D

— OUEPul: of down Sampler bpec&rur*n% .Cd.'recl: result ~from
Decimation i-e, dowﬁsdmplej

7o) = ) 5X(B) oz ey e min(m TR)

O 5 Okherwise

———

BT, adpr

[#y=pea

D, oz |"’VD]£W’(‘!

5 Determine sampling rate conversion by a -factor of 5
3

—gOr Lhe —fonow:nc% Seq'uence:
x(M = { 3, l,z,zﬁ

- Given, X(n) :i?g, r,zAQ
&2 5
Factor B =3
. e BB
B = 3
UPSa.mpI
er
W 3 LPF Down (o
xry | TS |ow=x(ss Sampler|3 Y(m)
' —_—

= &, =D[o I Lminfg 1)

LT,

)

b ——
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‘f’
¥
ll — X(n)
o 1 2 3 ot
4
3 5 — OIP of upsample-
‘ (Add (8-1) zero's
]# 1 N bho Samples)
1 2 34 5 6389 10n 1213 14 (5
- /’-14
—0lp of LPF
L] by
~?€lte()
e \618Ql0|ll2l3'4 15
I ’ S olr of down
s SO.rnpler(er,g‘
(o] B B v 5 Dth «5ClmP)e
1€y BrdMPle
of Seq_uence)

-3 Find Decimated and

S?q nal , X)) =
ﬁ case-1 -

¥

For decimation factor, D=2

N
~tr) | i = x(an)

S = §3,6,89,-2,-13
SYo =33, 8,-24

—2 )
; 3
s oYeo) = x(0) ‘
G = YD) s S o 1 |8 —n
4D = x(4) ¢

inker Polated SQ%UQP[S of fol Iow-’n7

i% 6,8,9,"=2 “5 Wwith  -factors 2,3,4,
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For decimation -factor, D=3:

o163 l 13 Yin) = xl3n)

A= §3,6,8,9,-2,-1§
J) = o) (o) =3
Oy = xS =9

& Yen) = $3,94

EFor decimation Hactor, D=4

A= 13,6,8,9,-2,-15
o) = Hito¥=3

Q0 = xB) =2

L) = }3,-29
Case-():

For Interpolation factor, T=2:

Az §3,6,8,9,-2,-13
'*ﬁé)‘-](o):‘i(o) =3

9D ==x(-5):=0

tor Inkerpolation factor, I =3:

2 A
~ () ‘P 1\1 =38

—_—

>

— =
ik 15 a( ) 2(2)

‘-‘CJ"):QCQ,):B
"a(.\) :::(,(0-5): (@] ta(_c_,) == (2:%)=0
Hd=x=6 Y(=2D=9

Y3 =x(a-8)=0

L4y =13,0,6,0,8,0,9, 0, =2,0,-1}

M = __}> :x(_%>

q
9n)
S
o I —3N
3] ()
I —

Y= 2@ =-2
Y@= x(s)=0
(o) zx(6)= -]
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2imyi= $8,6, 852,15

to he
@-\);2 Zero's Que x inserted blw values o qet Y(n) sequence,

2 \j(n): %310301 6,0, 0, 8; 0, 0, q) o, 0, 2,0, c, _lj

For  interpdation factor, T=4:

-———i\ ey —
) T'L'q ‘30\1:1(%)

2n) = 13,6,8,9,-2, “14

) ) l:o.bc
(4—1 =3 Zexo's axe xinserted blw values Eo ?eh tan) $&luence:

& ‘-3(n):§3,o,o,o, 6,0,0,0,8,0,0,0,9,0,0,0 -2.0.0,0 ~l§
) ’ 2 a3 a 4 2

3| Consider a Sequence :1(_n):an-UCn)

(1) Determine the Spectrum of Lhe Signal

(D TThe éfcl‘nal s opplied to a decimator that feduces

b~3 a Soampling factor of 5. Draw the olp speck rum .

(i) The 6-’63na1 s opplied tO a interpolator Ehat increases
by A Sfactor of '2" Determine Lhe OlP Speckrum.

Gv) Show that bthe spectrum in part .._:"_, 4 Simply ~fourier
Eransform of (k).

3 Given, x(n)= a”-uetn)
K
"%_ WkT,
Zi'i(n)s = axip)g M= ety X(e9)
Nnz-ob
N 9 -n = {10535: f. an)oin
2§.°~ ‘“("),ZI =2 D:utn) 3 Nz-eo
— oo 5
Mt Zio.”.uCn)E{: S- auwn) M
n=-c0

. T Y 1 T Y - T Y -




LT TY

- Y - T Y - T Y
e -N
= 2 altd= 4
Nn=0o P S ol P LT 0 N i
=0
Eva) = \al -
= 2 Ca-ll) = (-r)
o =l 3 |rl‘-ﬂ
T o
'
= N

< ian’ wn) =2 g

& z{a".um)j ol Zzo. : ,qi"Ll
> )%
= Izl>a

YX ()= <Z
z-Q

con
For —f—requena-‘ domain, puk Z-= e:ue
39
) e
o (-
Jud
e -a

COSI+ jo&inad

= x(s) = COLW+isiNtd -~ QA
CoSLO+i35iIndd

=) 1"“‘5)) ‘Iw_a)us:me
]cOsa..9+Js:nc8\

= ‘(cosw-o.)+ss"m8)

J cos"cb +4ired

J (cosw -a)®+ &in*ed
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= |xts

At
=0 =) ]xo.m]

B=T D Ixted) =

1

J (cosw-a)s sind

—

J:os‘ca —2Qcosd +T+ 5Tr%d

—

) @ 2acosd+

\

J 1ta*-2acosd

,[ l+a*-2n S(l- )‘ -
t
\)'*Q‘-la(,,—g) J) +ad —J’ia =
! S
| = ,'l+aﬁ.
— e ]
\ \+a‘-zaL-J-§) 1+a*+lz
|
= | = |
J wa-2a() Y rti2a (+a)y
!
\r-*a m("‘}_) e
) B I
JHa-za(o) J Ele ke
= |
J I+ —20.(5) ""O.)-E-O.

-

14> -20

) )

—
—
-

; (r-a)> :

I+
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- T Y T T Y - 7 T Y - T
R X
T * T 4
F"QE- chin?hude .SEecl-.rum
W
&
22N x(ﬂ):an-u(n)d- J’Z >\‘(n): I(M)
HO) ==xln) = a u2n)
o0 5 FqQ: Decimator
Z{Ymi= = Yrm-2
N-—c
tin)=Y13 NS
% 2N e an -N
== ZiO. u(’-h)}: 2 [a u(zn)]z o, ®enco
N=--oc0
S u@m):i > 2n>0
= T8 ~N = n>0
= Z[a (lﬂz 012ncs0
nN-oO E¥NLO
_ e Qz.n - Dun)=S1:ns0
= o NLOo
=
2. ~| R . ]
nz.;o CCLZ ) [-ﬁi—_brn: = 5,",4']
) 2N
i C%—)
nTo
|
) -
z,




- T Y

- T Y

S35

o

9=0 = | xwn) = i l

(!

= & )(CZ') = é ZZ 5
QU
2

Z=cx
SDla?l4z

= (2] sat
For frequéney domadn, Bk = ;3

Xz
o.\z_l

Jud
X J o e
=5 Xi{e®) = .
b 7
= x(&tﬁ) s COSLO+ J&Tm e

[de YN *Jsfnca _al

=) ]xu‘“’))

CosuLa+ ) 5Tnad

(coses -a2) +isind

| coswd+5sin®)

.-
-—

(o8- +38ind |
|
J Ccosd-dY+8sirns

J cos’@ -2 deoen ot sinZs
|

J14+o% 2o

rl

—_
-—

F*a"’-ch(_.) \1 V4t -20> |-
0= % S |xed) = = = )
1+at - Lﬁ) J |__—.+d-t_ﬁan.

e |

Jwa 2P0y Jirak
3= ———=§ \xuo)] =

-
=

‘E =) \ x(cb)]

)
J |+o."-za"(‘}1—i) ;‘*d'-rJEa"

a).

[:2) = Jey
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(M=x(0
Gtven, '::L(n)-_-o.n-u(n) — 1\2_ ‘___.‘an)g 1(2_)
XM =auw)

. " n
‘d(n): :((—2—:): Qz-u D::

239ml= 2= Jem-z"

N -0

F-‘q F In Ecrpololor
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N=-obd
= e .3
— n - L .
zia u(g) e ol x):2 )E:u(m:’t;ng_o
=f,o;n/_o
o2 Ny -n
=5 o ()% w(Eyems >0
NzO _,3“20
B e %
. R
T—ZCO./?-Z" "O'I-’Zo
Nn=O L = Nnso
- Ys -1\ o — )
R 2 [ e 1

= a"?->
i /
2
Wy ot . |e-]2
z-a’> ’ z,
Sa”| 22
=) 2>|a”
For -frequenc-.ﬂ domain, put Z = e
X(’ e:“e) = e3u9
0 _ a2

3% () COSWI+ 35N

COSO+86ined - al2

COSWI+ J56ined
= \XCL.S)\ b (c.oscs—a'b-) +Jsindd
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= \x(us)\ - :
o
J cofiI-2 cosd e 4o 4 eivics
|
{xcw)] = -
| +a-2cosq >
Akl
W0 2 |xwk -

J ta-2q'%2
{l S xcesy)s '
\1 R eR] L) Jua Ea”

::)\)l(w)\: : A -

\) |+Q."20.'/z(°> ,; |+a
|
r+a 2 /ZLJ_) "*C’-*J—a/‘z

D=1 = \xcw)] = ‘ = — : — T
\\ \+o,-.2a"2(—i) J'\+a+2a‘/)_ l+a

|
w= 5T \txcm] -

!
Em‘za\"(‘é) JiranEa’

W= 3T |
':3 \x(w)) =
5_\:3_——(03 JHa
W= ‘:!-_T'__!: |X(h’)) - : R = :
G

J\+a 24 ‘Iz(_> Jl+a alz J'*mm

hq;‘ﬂ':é]x(cs)) == : = l

Jra-2-na2  [Jitara =z
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In past(e) , €quaticn Sfor output Speckrum 5 Qiven b'?’
)

l‘/(cﬁ)) =

J 1+ -2_o.\b‘cosu3

OTFT %u(h)ﬁ =S % (- e“‘f’" S

>DTFT§1L )3 h'-Z— 'x( -jcagn‘ n 18}
NG

> (™ “)2:] g

N--ed

t

ot N)s ~Je9n
2 o . e ks
nTo
oo | T\
lo eow)

=3 (@ 3
]
|
I- o2

_—

e.m’

rr
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5ol

Spectrum -

n-uln) |

r¥in) = ;

o,

A

T3

FQ: Interpolater

13

F'Q+ Decimator

2[M) = 0lm)

—

X(n)=rin) ¥ (M= z(_,gn)

Obtained btd Sclcd;fh? every
Dth sample of N puk
Sequence~ Shown in -fiq (k)

S The interpolated ramp
sequence_ can be obtained

by inserting  kwo Zero's
between every OO  Successive,
So_rnpl.‘nq instanks Shown
in fiq(c)-

T ira-2a"2cosws

From equatiorns 4@
We can s0u that Specttum n Pask-iii) is simply FT of A[3),
Define a foump 5eQuerm ond Skekeck S

decimation vesion with a facter ¢ 3 and draw the

The ramp sequence s denoted as rin) and de-fined as

for n>0
€lsewhere

S
o= (%)

SThe decimated Sequerce cay he 109G @) Fq+ Ramp Sequence

- TNy . TNy - TN Y -
__e's
P
= l‘/(c.S)) _[ COSLa+ J5ined
Cosed+ §6imed-a'l2
= |vew) = —&

;nl»_erpo!al;.‘on and

AL = )

l

i
G-
54
&1
3
24

-

"I]

Wiié‘}ssi

—nN
N
G
e | I
L' -
3
Z S S h
| -
" 2 —3n
10"3:’6)':'.“ (Y- Decirmated ramp Sequence.
N\
¢t
Sl
4+
21
2
!

»

' —nN
FiQ#c): Interpobled ramp Seguence
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‘.'r__om;t_ﬁpecw:mamrz =8
4 £ | F '

orm  Hhe -?:czure_o{ decimalor, Ym) = x(3n)

:Bn.u(sn)
w -
Z190Y = ¥(2) = 2= o)z
nz-ed
ol -4 -
= 2= sn-ulzn)-2
3 N=—ed
od
= > amQ) X
n-=o
= 5 3an i
n=0 ’
3 £ “‘L-,)h

1

o

Nt
r—""\
|-
._:.-—!

s B 5
@

B .
@

For frequenkcy domain, put zze™?

= (). BeT
Ce‘"‘s—'?

The mO.QrsIl:ude Spectreamn Y(d) of olp Sequence Y(n) g

o] = — —

G-Beastd+2co8 29

AL wd=o, \\/(ca)]:‘?'h-: o0
J6-g+2
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S 3 . : :
Ab 923 | yug)) = —2 — = S-iais
JZ-QCOSE‘*ICOSA('?
AL Bz |yes) = 3 = 1.5
l 6-gcos (L) +2c052(X)
At tﬁ:?{f'@ \l‘/(u&)) X 3 = o0-8%9
J G-Qms&'r} +2.ao52-(-8-,_-::)
At =T = lyes| = R = 0-35
J 6-8cosTi+ 26217
Al L6=§.g-_—,3 ]\/(09)) & ’ = 0-8319
J&-8cos (5T w2does(2T)
At w:%r—_—_—; \‘/(w)\ g 3 ] , ‘ = 18
J 6-8cos (M) 28 2( 21T)
At =3Il =S i, U . = 5L
\}z- Q 605(3‘%") +2co8 @)
AL e 2T =) |‘/(u‘5)) = 3 | .zeo

J 6-%cos 2TT+ 2 cos 4 IT

\y(tm] 0

+4
M- -

w

3

|
(S

:‘
vl
5

o

3

A
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For .Freq’ue,nccj
’% VL 4&9) iy

|y ()

Output Spectrm of Interpolator:

From the -f'ﬁwe of unLe_rpo)aEOr V(n)- 'x( )

24t = V(@) = = 4

The macztnitude

At 9T 0, \Y((ﬁ)]

=g

ny -z
Nn=-ed
0 .~ ﬂ) -~
g A u(—é‘ z
No —ed
1 ) AN
- o u(.i- BN
2 n-o
oo oy
:—13—22. n()Z
nzo
o0 =
- % Z_n-z”

§ed
domain, put Z= e
At

> (&-1)"

Specl:rum () of olp sequence qer) 75.J
|

_—

2 Jo-gros+2008209
_._._-—- 0o
2l e-g+2
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At B TTF-'—?]W.US))): %—
' J——-Scosg.}')-rzmsz(lr)

T | L
=3 =
Ak B=3TS |ves)
AL 9= T D|yed))= L
At =3T3 |y = 3

AL woz 3T |yed)|= -5
po B

: P T )

JZ-—Q cosU") +2.C0$2-(Tr)
i 78 m(_%" )+zcos:(_—g§

- > = 0083
) 6-8cosTT+ > cos2 ()

= @09

J = 009
Jogeos(5T)+ zcosz(sw)
! = ode
o Jée-2 cc_>$(3§)+ 2cosn.(3.’f._")

At = 3T ) |y = L - e =0-56
o .
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AL B zvﬁ\y(w)):éo = 0
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4
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'JSHO(D that a cAscaded dewn sampler (D) ond up Sampler (1)

1 T Y T T Y - T Y - TN Y

5- |3

e rnterchancaeable onhd when T & D ase co-primes~ €or the

-?ollow-’nca Sequence, «~(n) = { b B2 =Bl S 2,9, @0 s 3
oP .
Down Sampler  sample, CO-prime = G-¢:p of g
' [ EWO Peurn
e m il
Axn) | X (r) Y,(n) gt
233 (y
- 4 X
Le‘: D=2 and =3 (.Ohere, @2 (L
“these are Co-primed  numbers. CoFime z
~n) = i b B2, ™ Sl 2 8, B s

Output Of down Sampler g

)S.Se!ec#: eve_ud Dth Sample
& of iIP Sequence

rxa(n):z r,2,4,2,8,.---- g,

Output ©f OP Ssampler i4:
adding (T-1) Zetos in bjw

4,m= 2 1,8,8,3 06,k 0,0,%,

O, o, 8, "‘““"‘§ _@

on '_‘_[’n&ercho.nci.'na af above cascaded Circuik, the

obtained
resulbant circuibt xis Qs shown below:

Samples of ilp Sequence

oP Down
Sampler

y Sampler
T3 L2 S
x({ :tum) , 95 (")

Output Of SodN  Soampler i5:

'IUM): { |,O, O, 3) 0,0, 2) 0,0, -5) 0,0, ‘HJ 6,0, - L O'OJ‘2 J
Q,0,%1,0,0,8, OJO_,Q"’&
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Output o0f doen Sampler 52
on') Ol '''' S -—@

O,
Ldz(,n): 5'10,0)9-» 0,0, 4.
From equations @ &E&

Lj, (m) = \Z';_C.n)

Tf D and I are co-primes, bhen cascaded cennetion

o Aown Sampler and ap sampler cap ke ?nberc:homabblec

Case-IT- CLel: D=2& T =4 ey D&I are not co-pn‘mes)
deeor sampler UP Sampler

e l/ 2 3 T 4y 4 5
() Hen) 4 |(ﬁ)

':L(l'\): 3." 312I—5) L"Jh'ln‘)q‘t Saq) ..... 5

Output O0f down SLampler:

:(dCh):i ‘)2) 4, 218' """" %
Cutput of OP Sampler:
"J,(n):{l)o,o,o,)-, O)O_,O, L") O,O)o,l) O)0,0,g, """ S‘@

Interchanqing  the above cascaded eer blocks, bhen we

have bthe circait as s follows:
VP Sampler Aowon $umpler

> —
T g Ly J, Dan)

xX(n)

Ouhpul: of UP SLompler:
lutn) = i " 0,0, O, 3) anaol 2) 0,0,0, -5/ 0,0,0, 4; ..OJOJ OJ
=l; 0.0,6,2,; 0,0, 0%, 0,0,0,8,0,009
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Cutput O0f down Sampler:

From equations @43 | Film) F aln)

dowon Sampler and up Sarapler are not Inte:chancaeo_ble.

-:)SO.MP\InCi rake conversion lex agjjphose decomos:t.‘on:
In polyphase decomposition, the NP arcder filker S
decormposed intO L Sub-sections and they ase ananged

n pcual\el-

There are ktwo types of poly phase decompost},.‘on;
I- FIR polyphase decomposition.
Q- TIR polyphase decomposition:

olyphase decomposition of FIR  -fiiters (or) Systems:
|2 P Sy A

Tgpe-IT  decomposikion:

“The Ltransfer —function of FIR Seystem i qiven by
N=l

H{D) = 2= hen) 27
no

Mol
= >— 2z bh(n)
n=o

- ~2 & Ly
2% ko) 4 Z‘hC")+Z ~(2) + z3hca)*z.- h(&)

1

¢ T
FTD h(8)+ TER@ZhE) + Zoh(g) 2 HDt

03 "Decompose the above equation - ey H(EZ) into

Two seckions’

2 Z - 34 ;6 8 B

S HE _(:7fhco)+ 2 he2) + ha) +Z2°h(e)t 2 hid)+- )

ot 3 55 =% el s s
(i\h( D+ Z2 k(342 h(8)+2 R(3) + 2 h@+ -1)

‘dlch‘): i')ol 34 O) 2) O) ‘5.: o) L"; OJ -'J OJ 2) OJ ?/ O) g) O.;Q""j

S WWhen D&T are nNot co-primes, then Cascaded blocks of

5-18

—

&
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S W= (Z°h(o) ¢ P2 ha) + 22 Wa)+ ZOR8) + 2@ -eme )
+ .2"‘(2°h0) + ToR(3) + S4B+ iéh(?)+igh(9)#'--£)
= i 2 | )_.2 -3 ~lr
_[(Z") h(o)+ (% 5h(z) +(=z ) h(4) _,_le) h(é)Jrsz)Mg)‘“ j
o] o1 & - ~ ‘
+ 7 ‘[@1)°h(0+Lzl) h(3) +(2>) h(5) H2)hE) +Lzzﬂ‘(q)4,,__l

= Hld s o) 4 & [E,(f)]
where,
2\0 R - -3 -
Eolz®) = (22) (@) () ) +(22) hea)+ () hee) + @3- ---

% — | =2 =3 -
E.() = @2V ) + &) he) + (&) hesy +(Z2)r+ 2T hmyes

=y YY) _ s - s
>) ;L’z)‘ x Eslz)a z‘LE,(z )]

S ¥ = {6+ 7' [66)f x ()

() Eo(z») \—ag-k;)—e (=)
= |

Z ‘x(z)

E, (z’) —

(i) Decompose  the H(z) [eqa)] into Ehree Sections:

H@{fh@ + Z23hd)+ ZOh(e) + ZTh(@ 47" +
P2 R+ THRa) + 2 Th(3)+ L Thtie) s o= ]]
+ [Z2h2) + Z2h(5)+ Z8h8) + T k) + - o= ]

ee——
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5-19
Ly (2= [hee) + Z2ha) + ZOhte) + ZTh@ys -]
E [z h)+ Zoha)+ T8n(3)+ 2T nt1o) + - J
[z h(2)+ S3hes)+ 2T on(8)+ 2 h(ll)-& ----- J

5/ = [C23>°"(°) NOOY (23Sh(e) o (B s J
¥ (2
-‘rzb‘[@?’)h( )+(23) h(Q) Cz3) h3)+ (z3) R10)+ - -~ - J

[(Za) h2)+ Lz’S) h(5) CZB) h(g) + (z%) h(ll)+ j
= Y& - g () + 2 [g (13);[ e, [52(23):'
X (=)

=3 \/Lz) = {EOCZ3> + Z‘l [51(13>J + 2—2 [_Ez 623)] ﬁ x(z)

% (2)

EOCZ%) ey Y (Z. )

\

l

GC:) 'S;m;b'r'"l if H(2) 78 decomposed into ‘U no of

Lections Ehen

MDD g (24Pl (f)+ a2+ el 12 - £ &)
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DY) = Ealzh) +% x(2)+ 2 E,@D)x(2) + 27 £y &) x(2)

P S " E.CL-')EL_&ZL) ¥ (2)
R 1 e l) |
st J
S, (ZL)A
Z.‘ E)_(ZL) |

E &)
S,

FiqQ+ Type-T Decomposition Of Poly-phase FIR filters

P Iype-II  decomposition of poly-phase FIR filters;

TL s modified transposed form of Type-T

decomposftu‘on of FIR -filters.
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5-20

g

«|"The transfer —function of FIR -filter e

*(z) \ e Eo(2") “-'_L

- e

Problem:

=3 _ i £ o
H{D= 08402740127 0373 40:52%0-85 75+ 06-3 2% 6.05 H04q 3 8
Perform Poh-a-pho_Se decomposition Po: H(Z) into:
@) 2 Sections .

(k) 3 sections
(c) 4 SLections

(&) Decompose the qiven 1‘_‘2) intd  two sections:

—

= HLz):[o"& 1012 % 05214 0:32%+0:49 is_]
—\[o.z '+ 0373 0-852° o8 1‘}_]
:(o-% 4 0-1240-57% 403 7% 049 ig:\
4 z“[o-z+o-az"2+o-%5il’+ 082 J
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D HE) :[o.e(z")°+ o@D '+ o5 @134-» o1 (zlf%r o-467(zz)‘ﬂ
$24 Lo-ztz‘)i 03 le)—l'* ©-85 Ll’:)”z-'— O'%Lzl)bgj
SR = Eo(2) 4 7:‘[5 le):‘
X (2
:3 \,Cz) - i EOCZZ) =r 2‘\ [E‘(21)]3 X(z)
o = = o3 \
where, Eo(z?) = 0-8@® + o1(2?) " 0'5@1)i 03 (@*) +okq @1)4

E\LZ") = 0O (,21)0-0- 03 @25"" 0-85 LZLY)_T" o-8 (-‘22)_3

(2 ]

y(2)

@3 Decompog,:tron of H(z) into 2 Seckions:

WKT,

-\ -2 =3 &
W= 08022 +0°1Z -fo-%z-l»o-":zlf

40851+ 0-32% 027 404378
ONn decomposing the abpove H(2) equation nto 3 seckions

we have
H(2D) = Co-g K o'3i34 o3 i€’>+ (0-2 Z'v o8t 108 1—4)
+ (o) T34 6857 2+0 49 %)
'—(0'3*0'31-3*' oL e Y+ z“‘(o-n.+ 05234+0:2356)

+ 22( 01 +085 L2+ 0°49 x8)
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524

—

. N o - K
= H()= {0'8 [23}6\* o 3(232) el @?) l] +7 [0'2(13) i 0-5@3)1—0°8 (za)_J
- i"[ orl (13)°+ 0-85@3)-\+ 049 Lzs)-i{
= ol s E|C13> + 22 €2(22)
where, Eq(23) = o~s(z3)°+ o-3 (33)-‘+ o3 (z”)‘z

£ (23
€>(23)

L)

02 (23 + o5 Lz3'§—\+ o8 @)

o-\(zﬂo-» 0'35 @3)-‘+ o0-49 (za)“2

= Y& z E& LZB)"’ - NEDE 218, (2Y)
X (2 .

= Y2 = iEo(Z?’> +7e, (=Y L E C13>j *(2)

x(2D

€& (2% Y(2)

E(z2) |

Ex(2 3) |
——

(€) Decomposition of H(2) into &4-sections:

—_——

= =¥ - - - o X -
kT, H(13=o-%+o-2z'+o-|1 40-323+o-52 1’40-8525-;0426-00-81.’10-&':223

On deComposing the akove H(2) eqQuation into 4 -Sections,
toe have
H@= (08 + o8z 0:4q78) + (0-27 '+ 0:8857 ™)

4 (0122409379 + (03734 0877 7)
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HD { 0.8+ o-5540:497 ® )42 (o2 +orgsZ™)
+ 52 (o-t +0-% z”“) + 2“3( o3+ 0 37:“)

= (0-8 (z‘*)o-f °'5Ll")—‘+ o-49 QZ"yl) +2 (o 2 (24)% 0-65 @“Y')

4T (2+ o (1‘*)-‘> : 7:3( o3(24)+ o8 (z‘*)“)

—

()
- ~2
| wohere, EOLZL*) - 0% (z‘f}°+ 0-5 (') 'y 009 (%)

- =8
\/LZ) _ Eo (ZL,() > 1—\ €| (ZL‘> 4 2 E) (21*) + Z E3 (ZL')

Ei(M) = o-z@‘*}o-r 055 (24)
Ez(zl") - o) @‘*304- o-?(l"\_'

Ex(z") = o3 24+ o8 Cll’>_‘

D V@D = i Eolz™) + '€, D+ 2 £ (2% + T3¢, CZL‘)S X(z)

O e

< \
e a————

_—a\ﬂ
£l

= Ea ()
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/.--a’rhe transfer funckion ©f IIR -filter H(z) - 1+o.qz!

| -0-3 77!

Perform pPolyphase decompostiony of H(z) inko

(@) 2 Seckions
(k) &4 Seckions

w
o

8

Note -

The Lransfer —v‘-’unch-'on Of T IR Hfilter:

M= 2o G

M"O

|+ mez’"‘

m= |

@) Decomposition of H(z) into 2 Seckions:

= 2 H(z)
H(Z) = l+0-9Z" o e ! Stardard *orm for
. - | 4+003 ) 2 Sections is:

HED = Eo(z?) + L', (22)

- - -
140:Q2 ' 4032 + 0-6372

— —

l— o472

1+ 2 (1-6)+0re3 L%

-
—

|-o0-4qQZ7 >

(l +06372)+ 165"

|—0-4972

"

|+0-6372 1-6Z
+

) -0-4q 72 | —o4Qy=

\+o63z>

-\
+ &= '-A-b—@
| —o-4qL> \_‘ ~o-4qz7% ]

= |+oe3 ngl 4 ! O
I - 0-4q(z)" 1 -0 HLK‘)

WKT, standara Jorm  for

1

Folyphase decomposi tion  -for
M) = Eo(x)+7'E (&) —@

Lo gections ise
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On ComPCZl:ﬁ(? equation @ and equation(®) , We
Con Say that equation @ represents H() for polyphase

decomposed Fform Of two teckons

oif
Y2 . aseea) o P e
*(2) 1 - 0-49(2%)™ | - o9 (2"

= Y(&) = )Il1+0-63 b_z}" S -
{l-O-Qq @1')~l R (\-o.qq‘@1)~! X(:L)

E'o(.z’) Ci Cl")
) &
e \+<>-(;=\,@33W Y(z
| —o-wa(2)™!

]

1-6 J

\-ot.q(-,g\"

UD) Decc:mPos:Uon of H(z2) into 4 sections:

Hzy = 1409 | 1100327
| -o3)

| +0-3 71

. 1+0QF +o-37 '+ 06372

| —o-L,qz""
a

1+ 2'(e) +o0-63 %>

-

\—ouqr>
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=\ xS -2
+ |- +0-63Z o
= H(2): = I+ 1-62 +0- o 0 az

\1-o-4Qz2 \+0-49 72

VN 'Yo63% *ohqz + o 18z3+ oaosaz"‘

Y=

| i evsmerE

| 416 + 12 2034 z3+o30832

-

| —o24600 7Y

_G+0-3g34) + ' (1°6) + T20-12) + 23 (o384)

Etandard ":0"*’ of Poh-dpho..se decompo!: tion OF H(z) into

4y Sections s q:vm by :
H(D = Eo@)+ T E (28 + T265(24) + 23 E32%) —@
On cOmpo::nci QQuoifons @ Q@J eq@;on-@ S Said to

be a pok‘pkase decomposed H(Z) into 4 Seckions.
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Standard  form  ©f  polyphase decornposition of H(Z) s Qiven
by B = B2+ E @D+ g, 72(22) + E3 23(2%) —
compasing  equations O & @)

w2) 140:384 (2%)
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L 0384 R 2
1 —o2y 24)" 1+o-1z +02%2
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The ttonsfer funchion of B = | _soz 40372

Pesform  polyphase “decomnposition oFf H(z) into:

k) &L Secktions
(@) Decomposition of H(Z) into 2 Seckions:
Standard  H(z) equakion -for 2 sections is:
H(z)= Eolz®)+ 7' g (22)
H(=2) = €, (22) -2 E,(22)
S  Epllz®) = [H (2) + H(~L)J

7 () = e EH(?J ~H (D)
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(b) Decomposition of H(Z) into 4 Seckions:

-2 i 8 %
H(@)= | 2Ho4z 40122 % 6-6%'-0-06Tr0-14E %006 Tt
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Identities of Multi-rate Q_.'c]:ﬁgl signal  processing:

" l Ym=a,x(nD)
E D —D ’—9
ar) D _ T aum) ‘LD ::Cno) Y (m=a,2(nd)

3 ‘\ 1 -
a, I |
edL) /q':th) 1 J(m=a :c(—”— —3 P
: x X 1(%‘) ‘j(n):a,'x(.”_)
— I >Q."‘n"‘] l,D

~l/D [ —

S Q,’x.(nD)

Il
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Q, 'ln(nD)

‘1(n):tl,i,(nt>)‘
T lenD) A (n) p 1 4(nD)
. o
' ERQ) 1 Y, (D)
a, () 0
: 2 (n) ar>- L P a'i'<;)
(n

L__ — ‘ 1_4

Q,x, (-"i—

5 Lo — . I
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£ :i.(—n‘)_;i ! aal) y = - ;Tii—% Zhlj.___ 3
q0n) x(") | wUn)
-2 B)__“‘dPhQ&’— decompasition of decimator:
—3 LPF Bl
X (2) L | 7(D ,

HED Fiq: Decimator | ;
ket H(») is decomposed into 'L Sub-Seckions, then
poly-phase decompasition of H(z) is Shawn below:
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be drawn as

x(2)

\

$L Eo(z) |

e’
S ‘

E(2)

AdL = Ex(z)

S . 9

?) EL2(2)

———/“——J/_L_“ ELal®)

Fqr Poly-phase decomposition of

» POlyphase - Interpolator:

N TS e NS

X () ’

H(z)
F"‘i:— Interpolator

Decirmator

Lsing Ebak identity, the above representation wn also

Y(z)
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Lsing  the one of the identities, the above representation
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= Multi-stafe 7mp\e.rnentat?CD_n for sompling fate Convertion:

case-\=
Sam—.

Mu\EZ—SEacze implementation &? dec"mcu:or:‘

_Sewe . SRR e =
' \ \ \ ! !
— o, H—! ; T !
u(,,;’l (D = Ao} :.E(: P (r) = \LD)_ Fo ! \ 2 JLD.L T Ff
s I — R, | ey DN Dot R
Where, (5 =Dy By~ -De
Cose-2 -
Mu.\!;-'-SLo.Cie implementation of inter Polator:
Stage-) Stoge->2 SO
r»--—j-——:--,r——"-“ Ty ,__-,_?‘i"_f-_--?
__—14 1\1 H( " | ‘ -.\ ‘ »
()| Une, s 1,&: % 1 hatr) T & """ ‘;’5 11, "40\)‘7%
@ 11a
e T |

where, T=T)-Ty...-n- 2 7

=p Filter specificakions of LPF:

frequency
The practical rresponse Of  Low pass ~filter is:

! Transition !
B AL =Normalized
Transition

Bowrdwia b
R Fs‘ FP__

2 1 85 F'."Pl-lisomplnﬂ

|
|
I
|
I
|
'

Fp Fs —3?
where, $p -Passband Tipple, § - stophand ripple
fp - Pass band -Prequenu‘ , Fg-S&tophand -fmquencs‘
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Order Lor) lengkh  of Priker is, N= ~lolog (Spbe)~23
-+
4.6 (04)
'ﬂF"ll:er specifications for each sbo.cae:
> Pass band Ripple, 3': ﬁ
P T
where, I iS5 the nNnumper o+ ~S£acie5
Fiei
> Stop  band Ripple = F; - Etop-/:‘:é 5
there, i=1,2,3,.-+---- T
= Pass bond = 02 FLFs
F_Sl»_op = Ec‘qe 4reclgenc'-‘ of transition bond
o _ -
N. = Order or lenql:h Of the = lo 'OC](SP65) 3_”

friker IA-G(Aﬂ')

Tmplement single stage and two Stage decimator Hfor the
_?ollow'nnci Specificakionss -

5amp\:nci rate of IIP 5.'cina| = 20,000HZ
Decimator -factor, D=100

Pass band = © to 4O0HEZ

“Transition band = 40 ko 50RZ

Pass band Ripple= o-ol

Stop band Ripple = 0-002

50\
—

..Sincil_e .Si:acag_v @leml:auon .

Faz 20kH JDRNE“L‘OO. ‘

o (&) z F11= 20,000 |
100

=200H2Z
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Passband ripple (8p) =0-0l
Stopband  tipple (8s) =o0-002

Passhand edcae

-Ftequ,encxd - FP =4OHZ
fpoer T
Edcﬂe frequency of

Transition band =k =S0oHZ

s Af- Ts-Fp
Fins

Fo
_ S50-40
N '}_03“03

Al = ©:0005 WZ |

- LenCZth L(_)r\ order Of _r;”:e,) RlE -lo |o¢] (5955)- 13 »
14-6 (AF)

o loc][(o'ot)(o-ooz)] -13
= .+

146 (0-0008)

]N < 4ésﬂ

S No: of mult?pltccu:-'ons Per sSecond = MS
D

/

4LH68FX 30K
|NaYa)

931400

-~

[l
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Two SI:OCie implementation:
el T g RSl L e = =3 o e e e e - -y
| D‘ Y : g_ '
d(ﬂ). LPF i : I\ :
‘ = LPF s T
o= | (N) [P0 ‘[‘50 (F.:_Eg| L 4ok 12 U F
20kHy > Ny 3 Y
B A S :__5'-—----'5‘;‘3""” " —4o00HZ
xS e-3 50 e-2 2=
Eaci - 4ooHZE —200H2

Note:

Desqn of skage-1 Decimator:
—_ —— while 7mp!emchuri7 n

two stage, we can
toke D,-25 &B,:4
(CNDy:20 &4 Dy @S
O Witk But I-ng,?n
mMind, bthe H?"e,s& no.
musk ke in 1% Skqu,Q

Pass boana ripple = SP‘ = %_.

where, T =Number of .sbacies 3 |

1
5P - ._.ES
=
:Qac,l_ o . rmust be in

= 00| o [alle'eY

2__ ll'\d _Sto%o

Stop bonad tipple = 55 - 0002

Passhand edqe frequency, Fp=40OHZ

WkT, StOp bana s ci:ven as: F."'Fstora £ F4 il
2 E:; ronges,
D -Faop cr2 fo - Femian

v 4
But, Foiap = edqe frequency of qiven Lransition band
= s50HZ

s, 5k0P bond = Loo —-80 £F<4 "_;5“2

= 3B0L FLIokHE
W
ik (5 Qiven that
—W'\Ouﬁhx the edcze -Frequencx‘ of Lkransition kand {4 ESOHZJ
but bre ranqe o# Stopband s —from 3850HZ to lokHz.
freq of broansition band

£

2 ki = 4oM2 o 3sovz [7F
Transition band 40 o [ =startking Pt of Stop band]

p & Ll
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_—\o\oq (eroosx0:002) ~13

\L,.G,(o-ol 55)

N, = 16449

D NO* 0f mulkiplicaktion$ per Second - N'-Fo

DI

16449 x 20k
50

_

— 6£5,799.9 pess
Design of Stage-2 Decimator:

Pass band apple | éF:: SP (@lle]]

—

= - 0005
by = 0O

Stop boand fipple, 8¢ = 002
Passband edqe """EQuEnC'-‘ = Fp=40HZ
Edcie frequency of Jiven transition band =T, = 50HZ

stop band = F;- Faop £ F£ F_;_u

= By - By Feeop £

n

—

%
e =

= 200- 50 £ F£ fooHz

A

(!

\SOoHZE £ F £ 200H2

- Ty Y - T Y
Vs-EE
o6 = of - Fs-Fp . 350-40
t=1 Fo I 20k
= 3loHz . 00155 Wg
20k
- Lenci&h (or) owder of filley ~1o 109 (Spss) —13
- sl-_o_cae— 1 N = +
¢ \4-6 (A‘rl)

)
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5-3o
%
Bak tiansition band is Qiven as
Lo EO SOHZ: Hence band edcae_
-Freq'uanc‘.tz Shoula be btaken QS S50HZ
inStead  of 150HZ.
r t
- SEOP band = SO HZ £ FZ 200H2 | Sotz 200H 2
s~ Transition band =40HZ Lo SoMz
Fe-F 50 - 4o
DL, - SR o BebT SR
< F iy F,
. So-40
4400
— 0025 HZz
——)Lenczl:h (or) Order of filtet . 16169 (5p 85) -13
2 sl:o.cie-;_ . e + |
e 4.6 (DFa)
=& 0005 02)—13
14-6(0-028)
= F4.Q3 M2
. Nl-“
-S> No- of wmultiplicaktions Per &€cond = Y
e F4-93 x a8% L4oo
2.

= 94Q326 14994

' \Eiplicotions No- Oof
s o Total No of wmultip it A
Per t2c In cascaded slm R Y 5"1¢ie-.1 per Medkipiications

Ses Per sec Fnékﬁe—#
= £5,399-9 + 34726 14994
= 0393.9
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50%

Overal) Ienqth (o) Order

of the -filker N+ (Max D) +D,

3493
= 164-49+( ¥A9ex50)+2

- F49eEe459 23914-99

Des.CJn one-staclg & Two-Skage  interpolator O rmeeb the

fono w.‘nq specifications:

T==20
Pass band: 0 <4 F£ Qo

Transition band: o 4 F £ 100
Input Scm»,;umca mte = \OkHz
Ripples: éP:léz i 55-_.53

§>_"_‘<2l_€ stacxe implementations of decimator:
het D=T=20 i .

%2 () e
Fo:\OkHZ LPF lokHz ‘L 20
F\.‘ . lo,000
20
= S500HZ

Pass band ripple (SP): [52: 00|
ctopband Tipple (8¢) = |53 = 0:00]

Passhand ed?e *Ffeq«.s.ena‘ ~Fp=Gonz
EdGIe -freq_ucnc1 of bansition band=Ff,= 100 HE

Apz Fs-Fp 1
Fine

- loo-Q6
lok
o

- —

“ 1ok

Af = O-cOlsmy o

"
)

OHZ

Fe=looM2
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~1010q (8ps) ~13
14-6 (0f)

— hength (©r) order of filker, N =

_“‘0 'OCJCo-OIxo-ooD -
= -+ |
14-6 (0-001)

LPF

N = 2535~2.\ am) [m=
—1\—']-—1 7

— NO* of wult: pl.co.t ions per Second = NL:O FR: Decimation 5 -

_ 2535-2X 0K
20

:'1,2.6?;623-.2

5Tﬂ<3|e, 5 Lo.Cae nterpolator:

To c\e5cln nterpolator, in’.k.‘am‘ designed decimator and
khen transposed decimator Systemn produce ts  nterpolater

5'1 ke

The branspoted form of decimation &im is;
LPF
— 1

Fn'q; InLe]polCltor SVSAEM

A N=2535

](ﬂ) '1 N )

_IEL)Q %égcae interpolator:

O desrcﬂn two stoge interpolator, initially  destgn
decimator and then bErorsposed  decimator éslsee.m
produces interpolator St‘stem-

, D=20 = D|Q = 2x10 = D=2, Dy=lo-

< S - e

Pl e L T
':'_";\m} LPF ! : LPF N | Y
. 2’ p - 10 C”
Fozbomzi. (N oxvz \L "F,:‘_e_g \ _ (N2) | Skug J/ j i _—‘?'7 )
‘ ——
RS s mm - ek gy W T - L
= QQe-2 = 2K.s00H2
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De-S‘iﬂ of Skacae,-i Decimator:

Pass -bana ripple = SP': —f’—rﬁs

where, IT=no: of 5l:ac3es:2
O
= fsp|: élE :~—§—’-: o-005

Stop band tipple, 8¢ = 0-00 |

Passband edqe frequency, Fp = ToHZ
Fe=Fitap L F

I~
-n
L

k[ V|

KT, Stopband is Qiven Qs:
= F~Fatap & F2

But Foppnp = €dqe frequency of trasition band

Fe = looHZ

stop band = S000- 100 £ Fo lc;k

= 4900 £ F£ BoooHZ

-

|’ Tans Lon
1 m'd

< Transition bapd = QoHE £F £ 4 Tkhz

' atop

Ny: __’_Er_s*F L 4’———‘&"(—:’0

Fo lok
= 0481
LS Lerqpth (0N order of £riter ~1olog (8p8e)-13
- - + )

: N
1 M | Al ’ 4 6(ah)

_~lo1eq (o6rco8x or001) -13

+

144-6 (0481

\ N, = 6-69
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%Ssbaﬁd eﬁe —-Ffe_quenc'ﬂ 4 Fp = oWz

Stopband = F«'—;—FSLOPI_‘. Fe E:s

2

= FPo-Faap 2 F L __.Fi"

= B -Fatep £€F £ E

=2

Buk & FS&OP; Transition band edcze 4fequer‘c~1

5-32.
1+ No' of \Liplicaks - Nt
> rultiplications  per second = L
R A-6qx ok
T
= 33,450
Desfan of stage-2 Secimator:
R‘sSbond PP, SP‘: —ég- = OO0 where, I=> mpresents twp
°% 4 stages
Stop bard rpple, $¢= G001

“Transition band = GoHZ £F £looHZ

A-f' = FS‘FP - 00 -0

= 0002
Fe
—) LEnc%Hw or order &t filkers _1o loq (8p 6¢) I3
n Stage-2, N, VTR

B -lo loca (o'oosxo-oot)-l_a

V- 5(0-0029

Ny = 13302

-~ IOOHZ
S Stor band = 500MZ -'00HZE £ F £ 5k | Trorsitien |
2= TN\ borst
~ LOOWE L F £ 5.5KkuZ | {Tﬁd—x
s Skopbond freq = 100MZ LF £ 2-8kHz O R
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D
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-

lo

| : \ —“—-\ g
TN=669 1T.l2 . Ny=133
AU | | AR
{ | (| ,
fe oo ol e o v o o o o e R el b s s e
5t%e-i stﬁﬁe -2

Fq: Two SAge decimator System

12302 x lok

o l) 3?0}2'5 '7‘

~

{

Jo : VS”

I Fa=5c0H2
\

The \:mnsPosed form of above decimator System jg:

. l
— TlO ‘ N =13%02 [ > T’- 3
() | |
|
. — L
5"-0(:‘-'.1 SEOQC-Z_ .
.

F-q-jwo ?_5"38 Interpolator ;S'as:_t_e_m
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