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Abstract

Quarter sample mode interpolation is one of critical
paths of the MPEG-4 decoder Because it has a finite
impulse response(FIR) digital filter which is a
computationally  expensive  process. Normal FIR
architectures are not suitable for this application due to
the set of short input data streams. After reforming a
referenced pure systolic FIR the paper gets an efficient
architecture of quarter sample mode interpolation and
the architecture is suitable for VLSI. Experimental result
shows that the proposed architecture can satisfy MPEG-4
decoder applications.

1. Introduction

The MPEG-4 standard is a standardized framework
for many multimedia applications, such as teleshopping,
teleconferencing, mobile video communication and
interactive because of its high coding efficiency and high
error resilience.

Quarter sample mode interpolation is one of critical
paths of the MPEG-4 decoder, due to its computationally
expensive process. In it, an 8-tap FIR filter is adopted
which is described by
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the filter coefficients as follow:COI1[1..4]=[160, -48, 24, -8].
Quarter sample mode interpolation has two steps.
First, the algorithm calculates the half sample values by
horizontal filtering and subsequent vertical filtering as
described in (1) and (2). Then a; and ¢; are clipped to the
range of [0, 2N*b“-1], where N_bit is the number of bits
per pixel. Secondly if applicable, the quarter sample
values are calculated by the half sample interpolation [1].
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Before quarter sample mode interpolation, for each
block of size m x n in the reference VOP, a reference
block of size (m+l) x (n+l) is read from the
reconstructed and padded reference VOP. Once the
reference pixels have been obtained, the next step is to
mirror the first 3 and the last 3 pixels on each side. FIR
filter then calculates from this extended reference block
in two steps. One is horizontal direction, and the other is
vertical direction. Calculations on vertical direction can
be done in the same way as on horizontal. The length of
the filter’s response M is 8, and if we define the length of
input data stream as N and the number of input data
stream as S such that N = n+7 and S= m+7. Under the
condition of usually n=m=8, the pipeline of common FIR
filters[2][3] have so low efficient that they can not meet
the need for the MPEG-4 decoder. For overcoming this
disadvantage the paper presents a new efficient systolic
architecture of FIR filter, and gets an efficient VLSI
implementation of quarter sample mode interpolation.

This paper is organized as follows. In section 2, the
efficient FIR filter architecture is described in detail. In
section 3, the architecture of quarter sample mode
interpolation is presented. Finally, The experimental
result and conclusion are given in section 4 and 5,
respectively.

2. The efficient FIR filter architecture

A FIR filter may be expressed as:
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2.1. The pure systolic FIR

For efficient VLSI implementation, a pure systolic
FIR is showed in Figure 1. In it, the number of PE is M.
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response h; is stored in PE;. In every other cycle, input
data stream X moves from left to right and output data
stream Y moves from right to left. Architecture of Figure
1 has no global data bus, so this is especially suitable for
VLSI implementation. But in the systolic array, only a
half of PEs work at the same time, so it can’t get high
efficient enough for quarter sample process.
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Figure 1. The pure systolic array for FIR

Figure 2 is the timing chart of the calculation of
Figurel with the length-N input data stream. In Figure 2,
the shaded cycle represents a valid calculation, and
oppositely the white cycle represents an invalid
calculation. So the efficiency of the array can be written
as:

_Mx(N-M+1)_1_M-3/2 6)
Mx(2xN-1) 2 2xN-1
From (6), firstly it can be seen that E is always less
than 1/2, secondly there is an inverse relation between M
and E, and a direct relation between N and E. in quarter
sample mode interpolation, usually N=15 and M=8§, so E
~27.6%. M is more close to N, it makes the array has too
many cycles staying in startup state. And another
problem is both the input data stream X and the output
data stream Y move in every other cycle. So the
architecture of Figure 1 is not much suitable for quarter
sample. We want both the efficiency and the nice VLSI
implementation. The architecture of Figure 1 should
improve.
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Figure 2. The timing chart of the length-N input data
stream calculation

2.2. The new FIR architecture

If defining E in anther way as follow:
~ A+ B+C (7)
Mx(xn-1)

E =1
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Where A, B, C express the white areas in Figure 2 and
_ M (M - ])(8),3 _3M x (M - l)(9),C:M><(N—M) (10).
2 2
From the new definition, we can see that two aspects
mainly effect on E:

First)  Area of C in Figure 2 decreases E because
data stream X inputs in every other cycle, it
makes only a half of PEs work at the same time.

Second) Area of A and B decreases E because A and
B are in the startup state between two different
input data streams. From (8) and (9), A and B is
only decided by M, usually they are not
considered, but if a lot of streams of input data
through the filter and N is close to M, A and B
may decrease E sharply. M/N is more larger and
E is more smaller.

In order to increase the pipeline efficiency, a new

efficient FIR systolic architecture (Figure 3) is gotten
from the below analysis.
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Figure 3. New efficient FIR systolic architecture

Two modifications are made in the architecture of
Figure 1. Firstly, input data stream X is instead of X, and

the data format of X is ..x,x,x x xyxq, Where X;and X;

are come from different original input data stream. X may
input data in each cycle, and correspondingly the output
can be gotten in each cycle too. All the PEs may work at
the same time, the format of an output data stream is

yoy;)ylyiyzyé... , where y, and y; are in different
original output data streams. Area of C disappears and
has no side effect on E.

Secondly, a control signal and another data bus are
added in array of Figure 1 in order to compress area of A.

The relationship of input data between two data bus is:
1o OO RSO U UU U TPURRURIN XX s Xy X X X XX
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Data inputs in port a firstly, and when xy.,; is being
inputted to a the first data x;; for port b inputs. If all data

in a stream through out a, the next stream for a waits or
through immediately decided by N. if N >2Mm -3 then

the next stream inputs its first data to a when x;v_ Vel 18
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being inputted to b, else the first data of next stream

inputs to @ when x;w_ 5 is being inputted to b. the input of

the next stream for b is just like the case of a.

If ¥ > 2Mm -3, the time of first data in the input data

stream JX; for a is:
ti:4><i><(N—M+1) i>0

and for b is:

t;»:2><(2><i+1)><(N—M+l) i>20

an

(12)

Under this condition, after the startup state, all PEs
are busy till the cluster of input date stream through out
the array. And there has distance between successive
input data streams which for the same port. So the

throughput of the array is smaller than the data input.

If N <2M -3, the time of first data in the input data

stream JX; for a is:
t; = 2xix N i>0
and for b is:

t;»:2><i><N+2><(N—M+l) i>20

(13)

(14)

The data through out either a or b continually, and
PEs have idle cycles between successive input data
streams. So the throughput of the data input is smaller

than the array.

The control signal is used to choose a data from a or b
as the processing data of the PE. The logic of the signal is

shown as formula (15)

a ti+M<t<t; + M
sel = '
b

ti+M£l‘<ti+1+M

The efficiency of Figure 3 is:

2M -2+ p
E=1-—-
t+2N -1

where

f{[’LS/ZW/Z |—S/2—| is even
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and S is the number of input data streams.

(15)

(16)

In quarter sample mode interpolation, usually S<12,

so the maximum of E is about 90.6%.

3. The architecture of quarter sample mode

interpolation

The implementation architecture of the quarter sample
mode interpolation is shown in Figure 4. Before the
calculation of the quarter sample mode interpolation of a
size m x n block, a reference block of size (m+1) x (n+1)
is read from the reconstructed and padded reference VOP
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and putted in memory (FIFO a and FIFO b) after
horizontal mirror described above. Then FIR calculates
out the half sample value (half samplel in Figure 4) in
each cycle, and output the current pixel or right pixel of
current (half sample2 in Figure 4). Half samplel and
sample2 are used in half sample interpolation to produce
quarter sample values or horizontal filtering results. If
horizontal filtering results, it should be pass through the
pipeline again in order to get the final results (quarter
sample values).
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Figure 4. The architecture of the quarter sample mode
interpolation

4. Experimental result

After synthesizing using TSMC 0.25um CMOS
1P5M process, the quarter sample mode interpolation
works at 200MHz clock rate, and the total area is about
422502.875000 um® including memory component. The
FIR performance of Figure 1 and Figure 2 shows in
tablel.

Table 1. The FIR performance of Fig. 1 and Fig. 2

AREA(un) CLK (ns)
FIR 1 in 60647.039062 4.81
Figure 1
FIR 2 in 85968.000000 4.84
Figure 2

Quarter sample mode interpolation is time consuming
operation in MPEG-4 decode application. The aim of
high efficiency is to shorten the time of calculation on
this process with low area consumption. After Simulating
FIR1 and FIR2 under two video sequences in Verilog-XL,
the run time is shown in Figure 5. In Figure 5, the FIR2’s
runtime is about one third of the FIR1. This verifies the
above conclusions which efficiency of FIR1 and FIR2 is
27.6% and 90.6%.

5. Conclusions

This paper describes a VLSI implementation of
quarter sample mode interpolation including an efficient
systolic FIR architecture. The quarter sample mode
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interpolation works at 200MHz clock rate, and the total
area of it is about 422502 um?® including memory
component. The maximum efficiency of the FIR is 90.6%,
which is three times of Figure 1. Area of it is about 85968
um®. The design satisfies the MPEG-4 decoder
applications.
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Figure 5. Runtime of FIR1 and FIR2
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