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A scenario of 8 x 8, 1-D DCT is explained. It uses
simple mathematical equations, and can be realized using
only stages of adders and shifters. Control circuitry is
provided for the adder arrays to keep the adders idle
during the addition of similar data Data Compression
achieved by the design and the power management
measures’ are also explained. Initial results indicate that
compression is achieved in terms of number of adders and
with reduced power. The main advantage of the design is
jts compactness and simpler control circuitry to achieve
low power deslgn.

The paper is organized as follows: Functional and
mathematical description of the proposed method is
described in the section 2. Section 3 gives a detailed
description of the proposed architecture. The method
followed for reducing the number of adders in the adder
array taking into consideration the redundant rows of the
coefficient matrix is given in section 4. A control circuitry
description for the adder arrays is given in section 5. The
results obtained for the proposed architecture and
comparisons with other published results are given in the
section 6. Section 7 provides a conclusion.

2. Functional and mathematical description

2.1. One - dimensional DCT

An 8 x 8 1-D DCT is realized using the proposed
architecture and could be extended to a 2-D DCT, with a
transposition memory in between the two 1-D DCTs. The
basic one-dimensional DCT equation is given as.

@) I 2j+Diz
-2 bl 22

_—_ fori=0
where c(i) = V2
otherwise

2.2, Chen’s algorithm

The first step in realizing the architecture for the 1-D
DCT is to reduce the 8 x 8 coefficient matrix into two 4x4
matrices using Chen’s algorithm [5]. This step divides the
computations of DCT coefficients into even and odd parts
and the process can be used to the advantage of realizing
the low power design. It also achieves the adder array
compression.
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The 8 input pixel values for the 1-D DCT are provided in
2’s complement form. In the above matrix equations, X,
to X7 are the inputs and Y, to Y, are the output DCT
coefficients. A, B, C, D, E, F, G are the fixed coefficients
and ihey are defined as: A = cos (w/4), B = cos (1:38)
C = sin (/8), D = cos (w/16), E = cos (3n/16), F= sin
(3n/16), G = sin (1/16)

2.3. Constant coefficient distribution

By providing the step of even and odd coefficient

division, one can expect a reduction in the complexity of
the circuit. The ¥% in the equations can be taken inside the
matrix. The idea is to separate out the computations and
take advantage of the data redundancy. The fixed

coefficients are also expressed in 2°s complement form.

For any equation of type

i-1
=% PR
1=0

i ®

where P, are fixed values and R, are varying values.

P} can be expressed as

M-l
oM J

g e A B 2 @

B/ =0 0r 1; j=N, NeL... M1, and PV is the LSB and

M is the most significant bit and it is the sign bit. &, can

bedlstnbutedasm[iﬂ Forﬂ1ecaseof1bemg4 Yoanbe -
expressed in matrix notation as.
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Eqn (3) can be reduced to eqn (4) by expressing the fixed
values into 2°s complement form,
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The sparse matrix described in [3] is given in eqn (5)
accounts for the 2’s complement representation of the
binary fixed coefficient matrix. From Y. Y’ is can be

written as;
N N N _N
f R B B Ro
N+ _N+1 .,
B P N R
r={% A ©

Y’ is a Mx1 matrix and can be realized using an adder
network with Ry, Ry, Ry, R; as inputs. Y can then be
obtained form Y’ through a series of shifts and additions

2T

with suitable circuitry for sign bit in place.
For example, Y, which is a DCT coefficient, can now be
expressed as:

Xo+ X7

X1+ Xe
2]

X2+ Xs

X34+ X4

Yo=[4' 4 4 0

Y’y matrix corresponding to the Y, is derived for a
precision of 13 bits for the row matrix in eqn (7). A’ is
now A/2. :

i
1111
1111
0000
0000
X0+ X7
1111 PR
+
Yo={000 0 ®
X2+ X5
1111
X3+ X4
1111 :
0000
1111
000 0
000 0

The Y’, matrix can be realized using an adder array. This
is explained in the adder compression section - section 4.

3. DCT architecture

Figurel shows the block diagram of the proposed
architecture, X, - X are the § input elements and Y, - Y,
are the 8 1-D DCT coefficients. The first set of adders
shown in the block diagram realizes the Chen’s algorithm
by performing the division of computations of DCT
coefficients into even and odd parts. The input bits are
taken to be of 8 bit precision and hence 8 bit adders are
used. The next adder array is arranged according to the
distributed binary coefficient matrix. The second array
has 10 bit adders. The even DCT coefficient additions are
divided into two bit slices of 6 and 4 instead of a single
adder of 10 bits. The dynamic adders used for the purpose
can be disabled using the control signal in accordance
with the clock. The “Same MSB detector® is a control

block and it detects if the 6 most significant bits of the -
inputs to the adder array are same or not. If the inputs to

the adder array have the same most significant 6 bits then
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a control signal is used to disable all the 6 bit adders
within the adder array, where as the 4 bit adders still
continue to add as usual. The arrangement of adders into
6 and 4 bits is taken up considering the statistics of the
image data [4], which suggests that about 70-80 % of
vector elements of the data can be very much closer. The
shift amd add block has a proper 2°s complement circuitry
to take care of the sign bits. It is provided with the inputs
from the second adder array in full. Equal most significant
bits are shifted and appended to the register contents at
the input of the shifters when the 6 bit adders remain idle.
The impact of the 6 bit adders not working for the time

during which the inputs are similar would lead to-

significant power gains.

The second half of the block diagram is for the odd
part of the DCT coefficient generation. One of the
characteristics of this data is that it would be small and is

Same MSB

represented in two’s complement form, The ‘Equal MSB
compare’ block finds out if the seven most significant
input bits to the second adder array are all zeros or all
ones. The adders in this array are divided into 7 and 3 bits
for a 10 bit precision. This is based on the fact that data is
small. Once the equal bit comparator compares the inputs
to the adder, control signals are sent to the 7 bit adders
such that they do not operate and remain idle. The control
signals are produced on the basis of addition of most
significant zeros with most significant zeros and similarly
ones with ones. It does not take care of addition of zeroes
with ones. The data now is written back to the registers at -
the input of the shifters, depending on the type of the
control signal.

detector
%o \ ﬂ—l— » — —P> Y,
X4 '\\ /j"‘ I | o— B e I 0
Xe \\\ /E g R T Rt
Xs + | Adder [ — i Shift | Vs
array and
add
} /7 \ : g )
< 4 \\[\- S R 8
. \>E JEEIEN RE R
Equal MSB
comparator

Figure 1. Block diagram depicting the proposed DCT architecture
with adder arrays and control biocks.
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4. Compression using adders

Adder arrays are realized according to the distribution
of coefficient matrix described in section 2.

4.1. Realization of adder array

A distribution of coefficient matrix can be observed in
the eqn 2.8. The adder array is realized according to the
distribution show in Figure 2.

Ay

Xo+Xz
_ - ——Y(2)
Xi+Xs ————®Y'o(4)
———PY'o(5)
»Y'y(7)
————PY5(10)
XatXs ———>y(11)
——Y"5(12)
Xs+Xs '

Figure 2. Adder array for realizing Y?,.

It can be seen that it requires only three 10 bit adders to
obtain Yo. In the case of the above array, it only requires
one summation of X, to X;. Thus the obtained result of
the summation can be used to get Y’y. The rows with the
Zeros in the matrix need not be considered since they any
how result in a zero summation. Similarly Y’,, Y,
--...¥’7 can also be realized by taking into consideration
the inherent redundancy within the matrix,

4.2, DCT coefficient generation

The block diagrams shown in Figure 3(a) and Figure
3(b) represent the adder arrays realized for obtaining the
odd and even 1-D DCT coefficients respectively. A
precision of 13 bits for the coefficients is considered. The
adders are arranged according to the binary matrices of
the entire even coefficient rows. There exists a lot of
redundancy in the rows of the distributed coefficient
matrix as explained earlier. Totally 7 adders are required
for the generation of 4 even 1-D DCT coefficients. Each

279

adder shown in the figure is in fact a combination of 6 bit
and 4 bit adders. It required a total of 11 adders to realize
the 4 odd DCT coefficients. Each adder in this case is a
combination of 7 bit and 3 bit adders. Whenever the adder
aray receives a control signal saying that the MSB’s are
same, the 6 bit adders are disabled and the shifted data is
forwarded to the registers inputting to the shifters. The
explanation for the working of the proposed control
circuitry is given in the next section. The adder array for
the generation of the odd DCT coefficients is shown in
Fig 3(b). A total number of 26 adders are needed to
realize the DCT coefficients for a precision of 13 bits for
the fixed cosine coefficients. The blocks SMD and EMC
are explained in detail in the next section,

5. Dynamic control of adders

The adders used in realizing the adder arrays are dynamic
adders. Hence the adders work on the initiation of clock.
This concept of dynamic adders is taken to the advantage
of realizing the aim of low power architecture. When a
computation by the adder is not needed, the clock is
turned off for the adder. A control circuitry for this
purpose is realized. There are two parts for the control.
One is termed as “Same MSB Detector (SMD)” and the
other is called “Equal MSB Comparator (EMC)”.

SMD

— Y,
Xo+Xo
At —> v,
Xe+Xs
Xe+Xs el
SR Y

Adder array

Figure 3 (a). Block diagram depicting the adder
array for even DCT coefficient generation
along with control signals.
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_+Y'1

.......’Y's

_bYss

—»Y’;

Figure 3(b). Block diagram depicting the adder
array for odd DCT coefficient generation
along with control signals.

5.1. Same MSB detector

The SMD is designed to produce a control signal to
stop the clock to the 6 bit adders within the adder array
producing the even DCT coefficients, whenever the most
significant 6 bits of the input bits are equal. This will stop
those adders from working; in other words, will stop the
switching of the capacitive nodes.

5.2 Equal MSB comparator

The EMC on the other hand produces control signal to
stop the clock to the 7 bit adders in the array based on
whether the most significant 7 bits are all zeroes or all
ones. When adders receive the corresponding control
signals, their computation is stopped and hence remain
idle which would otherwise be unnecessarily computing.
This reduces the switching activity in the dynamic adders

and would result in saving power. The rest of the adders -

in the amray continue to work normally. The most
significant addition which is not computed by the adders
can be realized by just shifting those bits by one position
to left. The shifted most significant bits are in- tum
provided at the output along with the computed addition
of the remaining least significant bits. The idea of having
the sliced adders and control circuitry is driven by the fact

that most of the inputs to the arrays are closer in
magnitude to each other.

6. Performance evaluation

The proposed architecture is faster when compared to
the other ROM based 1-D DCT designs that are available
today. Since the ROM based distributed arithmetic
realizations work on serial data, they are much slower
compared to the proposed architecture. The overhead
associated with the control circuitry is relatively small and
simple. Reduction in power is obtained because of two

‘counts, one is the reduction in the number of adders used

thereby reducing the number of operations and the other
is the reduction in switching activity of the adders based
on the input data dependency. The adder array is realized
by taking into consideration of the redundancies available
within the distributed coefficient matrix. This results in a
reduced number of adders to realize the array. A total of
26 adders were used to realize the coefficients, whereas
35 adders were used in [3]. A reduction of 91.56% is
achieved in terms of number of adders with respect to
direct implementation and about a 25.7% reduction
compared to [3]. A comparison among the number of
adders needed for proposed architecture with respect to
direct implementation and the architecture in [3] are
shown in Table 1. )

Table 1. Comparison of number of adders required
to realize of the coefficients between the proposed
architecture and other published ones.

Number of | Percentage saving in
R adders | VLSIareaw.rt
PP direct implementation
Direct
implementation 30 e

NEDA 35 88.64 %
Proposed S
approach 26 91.56 %

7. Conclusion

A low power architecture has been proposed for the
implementation of 1-D Discrete Cosine Transform. The

architecture considered the fact that neighboring pixel
values of a vector in image or video data are close to each
other in magnitude. Fixed coefficient matrix distribution -
concept has been used in the architecture. The concept of

-
s
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even and odd grouping of DCT coefficient computations
is used to reduce the number of adders needed. The new
data dependent architecture has reduced the VLSI area by
91.56 % with respect to the direct implementation and
about 257 % with respect to NEDA architecture,
Switching activity of the dynamic adders is controlled
based- on- the input data dependency. A considerable
reduction in power due to reduced number of adders and
reduced switching activity have been achieved,
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