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Abstract—This paper presents an algorithm and its implementation
which is well suited for VLSI architecture. The objective of using
DHT i.e. Discrete Hartley Transform Algorithm is to reduce
complexity of VLSI design. With the advent of VLSI designs, 100,000
transistors can be implemented on a single chip. For the designers,
the verification of these circuits was not at all possible on
breadboards. Computer aided design techniques were also came into
existence but again the designers had to do connections manually on
gate level. Then Hardware Description Language (HDL) came into
existence. Hardware description Languages such as Verilog and
VHDL came into existence. With integration of DHT algorithm and
its implementation using Verilog, we hereby try to reduce complexity
of the VLSI circuits. With reduced complexity, ultimately the power
consumption gets reduced and hence area also gets reduced. DHT is
a radix-2 algorithm. It is mainly useful in image and signal
processing. Here, we present a DHT algorithm for length N=8.

Keywords: Discrete Hartley Transfrom (DHT), DHT domain
processing, Discrete Fourier Transform (DFT).

1. INTRODUCTION

Discrete Hartley Transform is a radix-2 algorithm. It is mainly
useful in DSP such as image compression, signal compression,
filter banks [2], signal representations or harmonic analysis
[3]. The main objective behind using DHT is to reduce
complexity of VLSI hardware architecture [1]. Though the
computations with the DHT become intensive but hardware
complexity gets reduced. The reason behind is that the
forward and inverse of DHT is absolutely same except a
scaling factor. Or DHT is its own inverse. Therefore, the same
hardware can be used for both forward and inverse
calculations. In other words, we can say that same number of
adders, multipliers etc is used in both forward and inverse
implementations.

DHT is very similar to Discrete Fourier Transform (DFT). Or
DHT is obtained from DFT. The DFT contains both real and
imaginary parts while DHT has only real parts. The
calculation of imaginary parts is negligible and therefore
complex arithmetic is avoided. In other words, DHT is used as
a replacement of DFT when sequence is real [4], [5].

There are many other ways available with which VLSI
implementations can be performed one of them are systolic
arrays [7]-[9]. But difficultly in using them is that they use
pipelining in particular and not the parallel processing, hence
high-speed processing cannot be achieved.

There are also many spilt radix algorithm available for
computing. And these can be implemented with even low
arithmetic cost [10]-[11]. The disadvantage with classical
spilt-radix algorithm is its irregular computational structure.

Delays in VLSI architecture are mainly introduced by
multipliers, as they consume large portion of chip area. Hence,
to implement multipliers memory based solutions are being
taken into consideration. To implement multipliers with look-
up table based solutions, it is necessary that one operand to be
constant [12]. It is then becomes possible to store all the
results in partial ROM when one of the operand is constant.
And the memory words are reduced from 22~ to 2" [1].

With DHT algorithm, we can implement VVLSI architecture
which will be based on high parallelism. Moreover, by sharing
the multipliers by same constant and using sub-expression
sharing technique, hardware complexity gets reduced [13]-
[14]

1.1 DHT Algorithm

1.1.1 Forward and Inverse DHT

Let N > 4 and N be a power of 2, since it’s a radix-2
algorithm. For any real input sequence such as
{x(@)}i=012....N -1}

DHT (N) is defined by

X (k) = DHT (N) {x(i) }

= T (i) - cos [22T] + sin[24T) )
fork=0,1,2,34......... N-1

Inverse relation is defined as:

X(M)= I3 X () (cos [%7] + i) @
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forn=0,1............ N-1
Also, cas(x) = cos(x) + sin(x)
1.1.2 DHT algorithm for length L=8

Here, we present algorithm for length 8.
X(0)=[(x(0)+x(4))+x(2)+x(6))]+[(x(1)+x(5))+
x(3) +x(7)) ]
X(2)=[(x(0)+x(4))-x(2)+x(6))]+[(x (1) +x(5)) -
x(3) +x(7)) ]
X(4)=[(x0)+x@4))+x(@2)+x(6))]-[(x()+x(5))+
x(3) +x(7)) ]
X(6)=[(x(0)+x(4))-x@2)+x(6))]-[(x(1)+x(5))-
x(3) +x(7)) ]

X(1) =[x (0)-x(4) ]+ [x(2) -x(6) ] + c [(x (1) -x (B)]
X(3)=[x(0)-x(4)]-[x@)-x(6) ] +c[(x@3)-x(7]

X(5) =[x (0)-x(4) ]+ [x(2) -x(6) ] - ¢ [(x (1) -x (8)]

X(7) =[x(0)-x(4)]-[x@)-x(6)]-c[(x@B)-x (7]
With ¢ =\2

We can further reduce the number of multipliers since we are
multiplying with the same constant ‘c’. For the same purpose
we can use same multiplier.

2. HARDWARE FLOW DIAGRAM

The above equations from (3) — (10) can be implemented in
hardware by considering following flow diagram. The block
simply consists of few ADDERs’ and two MULTIPLIER
blocks for multiplication with “c’.

x(0) —

X(0)
X(4)
D
x(1) —=] & X(2)
P O x@)

Figure 1: Hardware Flow Diagram

3. RTL FLOW DIAGRAM

The fig. below shows the synthesis of the block diagram in
form of an RTL, synthesized using XILINX ISE 14.7. All the
blocks are simple adders and subtractors.

Figure 2 RTL Flow Diagram

The above RTL can also be represented as:

dht_eight

.

|
!
h 4
dht_eight

Figure 3 RTL Block Diagram
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4. COMPARISON WITH OTHER ALGORITHMS

Table 1

Radix 2 [13] | Radix 2 [13]* | Radix 2 [11]** DHT
N |M A M A M A M A

8 - - 4 26 2 16
A-Adder

M-Multiplier

With reference to above table it is very clear that architectures
based on DHT algorithm uses less number of multipliers and
adders. Hence, the complexity of VLSI architecture will be
reduced.

5. SIMULATION & RESULTS

Figure 5

6. CONCLUSION

In this paper, a DHT algorithm for highly parallel and regular
VLSI structure is presented for the length N=8. The
application of this algorithm leads to less hardware complexity

and hence power consumption also gets reduced which
remains a major concern while dealing with VLSI circuits.
DHT algorithm implements sub-sharing expression technique
and sharing of multipliers which are having same constants.
DHT is most useful to use in signal processing and image
compression applications.
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