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ABSTRACT: In VLSI implementation the demand for high speed and delay efficient interpolation filters are required
for many applications In a poly-phase based interpolation filter, the input matrix size and coefficient matrix size is
given by (PxM), where P is the up-sampling factor and M =N/P and, N is the filter length. N is kept constant, so that
the input-matrix and the coefficient-matrix resizes only when P changes. In this paper, an analysis of interpolation filter
output computation for multiple up-sampling factors is made and it identifies the redundant partial results and reuses it
there by saving the area. With the help of block formulation mechanism the partial results can be reused for different
up-sampling factors. Using the block formulation mechanism, a parallel multiplier-based reconfigurable architecture is
derived for interpolation filter. Using this architecture it is possible to compute the filter outputs in parallel for multiple
up-sampling factors without using any extra resources. Besides, the proposed structure has significantly less register
complexity. The logic synthesis of this architecture is performed using RC compiler in Cadence for gpdk90nm
technology.

KEYWORDS: Full parallel filter, Interpolation filter, up-sampling factor, reconfigurable.
I.INTRODUCTION

In digital signal processing (DSP) systems to increase the sampling rate digitally interpolators are used. It comprises an
up-sampler and an anti-imaging (Interpolation) filter. Sampling rate of base-band signal can be changed using up
sampler. So that interpolation filter suppress the undesired interference effect resulted [1]. Due to high inter-symbol
interference (ISI) rejection ratio and high bandwidth limitation Pulse shaping filters (PSFs) are used as interpolation
filter. In a base band signal, Interpolation filter have different constraints.

Multi-standard SDR applications involve interpolators with different filter coefficients, filter-lengths and up-sampling
factors to meet the specifications of different communication standards [3]. For example: Universal Mobile
Telecommunication Standard (UMTS) uses interpolators with interpolation factors (4, 8, and 16), and filter lengths (25,
49, 97) respectively when the interpolators are implemented individually in a hardwired circuit. Multi-standard SDR
receiver support different up-sampling factors as well as filter specifications. So reconfigurable finite impulse response
(FIR) filters are used to meet these constraints since reconfigurable FIR filters have deficient hardware realizations and
filter banks for SDR channels. Single rate FIR interpolation filter can be implemented using FIR structure. So that non
availability of any specific design for reconfigurable interpolation filter is not possible. Single rate interpolation filter
requires P times higher the sampling rate than the input sampling frequency and N filter parameters to compute the
output. Where, P is up sampling factor. The previous version is used for channelizer not for effective computing
structure.

An interpolation filter involves an input matrix of size (PxM) where M=N/P; N=filter length; P=up sampling factor.
Depends on up sampling factor, number of sub filters required for reconfigurable interpolation filter for full parallel
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structure. Because of lowest sampling rates in full parallel architecture, number of sub samples remained unused.
Similarly for highest sampling rate, numbers of sub samples are partially utilized to overcome this problem | am
implementing folded architecture instead of full parallel architecture.

11.BLOCK FORMULATION OF INTERPOLATION

Consider a FIR interpolation filter having up-sampling factor p. Let it processes the input block having | input samples.
It will generate the p filter outputs having block size | for every cycle. The k™ cycle filter output computation can be

written as,
Er"fk shp 5% ar1 £0 - - CMLL
v | | sleo sy a1 £0 - - oMLl
.= _ . & o 1)
_‘_‘r"T"lk_ ExY stliner | [eo - - e
[ Er"fk 1 [ s%e sheacr | e o . e ?
v | | sleo sy a1 £0 - - oMLl
_‘_‘r"T"lk_ ExY stliner | [eo - - e
Where,
St = [X(KI= 1 =pi),..., x(kl- I~ pi—p + 1)]" (22)
Y'e = [y(pkl- Ip),....y(pkl- Ip-1)]" (2b)
A. Analysis of Interpolation Filter Block Formulation
Consider filter length, n=8 and 1=4, For p=2, filter output can be written as,
¥k s s% sBen sfis €0 €1 €1 €3 @)
-ik — |slko sl slys  sles ® c) €l €1 €3
¥ sfeo sty sty sfa (S |epcl ez 3
¥r sfeo sf sdkn sk €0 €1 €1 €3
¢i=[h(2i), h(2i+1)] 4)
For p=4, filter output can be written as,
5
v o e do di ©)
vie | — [rleo rlio 2 do di
i rfeg e | < | de d
ly r’e0 'kl do di
Where,
rIk,i = [Slk,zi, 3'k,2i+1]t (6)
di= [Czi,Czi+1]t (6b)
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Rewriting the output in split form as,

yi= Y% YT (7a)
vy = [y(16k - 41), y(16k - 4I-1)]' (7b)
vy = [y(16k - 41-2), y(16k — 41 -3)]" Forl=0,1,2,3 (7c)
Substituting (6) and (7) in (5) we get,
00 ] [s%0 %2  [eo ez
yily sfe1  sls c1 c3
vil sleo sl co c2
vl st sles c1 3 ®
20, | = |2 2. | &
v S%0 57k co c2
vl s1  sik3 c1 c3
vy S0 K2 co c2
v Sl 5k3 c1 c3

By observing (3) and (8), it is clear that for p=2 and p=4, interpolation filter is using same input vectors (s'y;) and
coefficient vectors (c;) to compute the filter output (yi). So the partial results of (8) form the redundant set. We can
reuse the partial results of (3) to get the partial results of (8). However the input vectors and coefficients appear to be at
different locations but they appear in specific pattern. To reuse the partial results, modified block formulation is used.

B. Reconfigurable Interpolation Filter using Modified Block Formulation
In modified block formulation, we use a input vector

[ I
Sk2j+i AS Vk-j,i= Sk,2j+i 9)
Using (9) we can write input vectors as,
R [ I o
V'ko= Sko V1= Sk1 Vk10=Sk2  Vki1,1= Sk3
Substituting (9) in (6) we will get,
v vieo vl co c2 vl vl c1 3
vig | | viko vik1o co c2 viel vl c1 C3
I — o 5 lx’ + ) ) @ (10)
Y VRO V10| T [co c2 Vil V-l Cl1 C3
‘_‘_-’31: 1=31;:|: 1=31;-1:|: co oc2 1-'31::1 1-'31:-1:1 cl1 Cc3
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Similarly, substituting (9) in (8) we will get,

. vieo v co c2

400

v | _ | vike vie & | ©

20 Vo viero | @ | co e (11a)
30y VED Vil co 2

vl vl vl c1 c3

vl | _|viel v c1 €3 (11b)
| = .2 2 &

¥k Vo1 OVR-11 Cl C3

vl Vil Vil c1 c3

So, using modified block formulation the partial results of an interpolation filter for different up-sampling factors can
be reused. Interpolation filter must have minimum filter length to take the use of proposed architecture. The input block
size should be equal to one of its up sampling factor.

Modified block formulation for a filter length, N=16 and block size of 1=4 for up-sampling factor p=2, 4 and 8 are
given below.

a) Forp=2
vieo  vleop co c4
_|veo vl ® co ¢4
vieo  viao| < | co c4
Ve V20 co c4
Wiie vieag c2 6
n vigio vl & |2 <
2. 2 A
Vielo Vieap c2 c6
V10 VK30 c2 cs
- - - C (12)
vl vl c1 s
1i.-"]'L::]_ 1i.-"]'l:_l 1 C1 C5
+ | .2 2 @ )
Vel V21 cl s
1i|-"3L::]_ 1ir'jl:_::]_ Cl C5
vl vlean c3 c7
vig1l  vliesa c3 c7
—I_ 2 2 @ -
Vi1l viesl €3 ¢
Vi1l VRl c3 c7
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111. PROPOSED RECONFIGURABLE INTERPOLATION FILTER ARCHITECTURE
The configurable architecture consist of three units such as i) coefficient selection unit (CSU) ii) input vector
generation unit (VGU) iii) arithmetic unit (AU). CSU unit contains n number of mux’s of depth with j words each.

Where, n is filter length and j is the number of interpolation filters of different co- efficient vector to be realized in the
re-configurable architecture. The required coefficient vector is selected in one cycle from the CSU.

Input Block :{::::-‘ Input Vector Generation Unit ‘

U

> Arithmatic Unit
VAN

Output Output Qutput
Blocks of IF; Blocks of IF; Blocks of IF,

Coefficient
Selection Unit

Fig.1: Proposed Reconfigurable Architecture for Interpolation Filters of different Up-sampling factors
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Fig.2 Internal structure of the vector generation unit (VGU)

The vector generation unit (VGU) takes one input block in each cycle and generates (N/P,) input vectors of size (LP))
each in parallel where P, is the smallest up sampling factor from set of different set of up sampling factors to be
realized by reconfigurable architecture. The internal structure of vector generation unit for set of up sampling factors
{P1=2, P,=4, P3=8} and corresponding filter length is N=16 and block size 1=4 .and it contains (N-1) registers. As
shown in Fig.2.Those unit receives a block of input samples in every cycle and produces 8 data vectors { S xo; Sk1; S k-
107 S k10 Skl Sk20: Skal Sk3o;Skar}; where s ;= [VO k-iij » vt k-iij » V2 k-iij » Ve wij;] and v K-J,i = S 254
{x(4k-1-4j-2i), x(4k-1-4j-2i-1)}
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Fig.3 Structure of the arithmetic unit (AU)

The arithmetic unit (AU) comprised of [(N/pl) =8] multiplier units receives an, [(N/p1-1)=7] adder units (ADU) and
the structure of ADU is shown in figure . For a set of up sampling factors {p1=2; p2=4; p3=8} Filter length N=16 and
block size L=4. Each multiplier unit receives an Lpl point unit vector s,; from the VGU and pl point co-efficient
vector from the coefficient selection unit (CSU) and produce the output as one partial filter output vector Zy_, of size

(N/p1) for 0<=j<=I-1; 0<=j<=pl-1and 0<=m<=Ipl-1.
Cy
h(0) h(1)
B e [ .
Vieo(1) — ! ?
Ve b — a ey by
S| Vo) O] ¢ s ¢ SE—
k0 ‘:I.-,D(U) —l cr? :g » .4 - g:
V(D) G
e S Jo— s
VoD g* g 0 ITISIELTLY
N (@) ®)
Fig.5: (a) Internal structure of multiplier unit (MU). (b) Internal structure of adder-unit (ADU)

The internal structure of first multiplier unit and adder unit is shown in figure 4. The partial vectors (zyo. Zk4), (Zk1, Zks),
(Zw2, Zws), (Zo, Zks), are added in four different ADU's to compute filter output blocks y,*°, vi®*, vi™, wi!*, of if8 and
where and y' = [yo" vty 2 v 3 and y Y ={y(32k-81-4i-2j);y(32k-81-4j-2j-1)} for 0<=I<=3, i=0,1and j=0,1
The output vectors also represents the partial filter output of (if4) and these partial output vectors added in ADU'S and
to obtain complete output vectors(yi” yi') of if4 where (v = [y v i@ yi@ ] and v, ={y(16k-8m-2;j);y(32k-81-
4j-2j-1)} for 0<=I<=3, j=0,1 Similarly the output vectors ( v, yi*) also represents the partial filters output of if 2

added in ADU to obtain complete filter output vector (yi) of IF2 where (Vi=[y’ k. ¥* k, ¥ Y°«] and yi'={y(8k-2l);y(8k-
81-2I-1)} for 0<=I<=3.
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Fig.4 8-bit Modified Vedic Multiplier

Reconfigurable architecture reuses the partial results for parallel computations of filter outputs of different sampling
factor. A different coefficient vector of desired filter is selected from the CSU and given to the arithmetic unit to
perform filter computation in the case when there is need to change filter specifications. This proposed architecture
produces filter output at multiple sampling frequency of an input sampling frequency.

IV. SIMULATION RESULTS

Reconfigurable interpolation filter architecture is designed in Verilog HDL. The simulation results for filter length of 16 and block
size of 4 for three different up-sampling factors i.e. P=2, 4 and 8 is given below.

A A A AR AR AU

L1 L340100210000 Q00B00010000000 L1 1110100140000 00000000 0000000 11111 100110040 000000@100000@ 1111110@0110000 |
1111111011000 (000000 10000000 1141311011000 00000000 10000000 1111 111110110000 000000A0 0000000 LLIALILIONNND
11101001@0000 00Q00001000q0000 1110 110*00 0000090 100000090 1111101!_]0110000g

10300100000 000000 1000000000 L1114 UIUUUUUQUUUUUU ;l][]l][]l][]l] 1110100300000 0000010000000 1111

1111111300000 000000100000000 £1£111111£100008 00a0oat00200a00 1£111111¢100000 0000000 100000000 1111
110100110000 00000000 10000000 L11111]

Fig.6: Simulation result

The logic synthesis of this architecture is performed using RC compiler in Cadence for gpdk 90nm technology. The synthesis results
are shown in table below.

Parameter Filter Power Area No of
Length (mW) (um?) Gates

Existing 16 14.62 12248 1530
Proposed 16 12.77 12119 1498

Table 1: Logical Synthesis results

Copyright to IJAREEIE DOI:10.15662/1JAREEIE.2017.0611028 8096


http://www.ijareeie.com

ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

Electronics and Instrumentation Engineering

(A High Impact Factor, Monthly, Peer Reviewed Journal)
Website: www.ijareeie.com
Vol. 6, Issue 11, November 2017

V.CONCLUSION

In this paper we have analyzed the interpolation filter computations for different up sampling factors by identify and
remove the redundant computations by reusing the partial factors. Modified block formulation technique is used to
share partial results of parallel computation of filter outputs of different up sampling factors. This architecture
computes the interpolation filter outputs for multiple up-sampling factors in parallel. So due to parallel implementation
it is providing high speed response without any extra resources.
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