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Abstract - The discrete Hartley transform is a real-valued 

transform, comparable to the complex Fourier transform, which 

has many applications in disciplines such as pattern recognition, 

signal and image processing. In this paper, a new very large scale 

integration (VLSI) algorithm for an 8-point discrete Hartley 

transform (DHT) is presented, named as Dual group adaptive 

DHT algorithm which can be efficiently implemented on a 

highly modular and parallel VLSI architecture with a regular 

structure and consists of two blocks: a multiplication block and 

an addition/subtraction block. The proposed DHT algorithm may 

be efficiently divided into many parallel components that can be 

run concurrently. Furthermore, the proposed algorithm lends 

itself well to the sharing approach, which may be utilised to 

greatly decrease the hardware complexity of a highly parallel 

VLSI implementation. The proposed architecture employs only 

two multipliers and 36 adders. Using the benefits of the proposed 

algorithm, the number of multipliers has been considerably 

decreased, resulting in a very small number of multipliers when 

compared to the existing algorithms. Furthermore, constant 

multipliers can be effectively implemented in VLSI. As a result, 

the proposed design is an effective solution for space-constrained 

applications. 
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I. INTRODUCTION 

The discrete Hartley transform was first introduced in 1983 [1], 

and the first fast DHT was introduced in 1984 [2]. The Hartley 

transform (DHT) is a real-valued alternative to the discrete 

Fourier transform (DFT) that leads to more efficient computation 

of the DFT as well as other unitary transforms such as cosine and 

sine transforms [3,4]. The DHT computation is extremely 

computationally demanding, necessitating the use of highly 

sophisticated hardware. For its hardware computation, a variety 

of architectures have been proposed, ranging from memory-

based to FPGA to digital signal processors (DSP) [5, 6, 7]. The 

DHT discovers signal and image processing applications such as 

error control coding, adaptive filtering, multi-carrier modulation, 

image classification, image encryption, and image compression 

[8-12]. Since then, ongoing efforts have been made to reduce its 

computational complexity and, as a result, increase the speed of 

computation in software and hardware [13–18].  

There are some quick methods for DHT calculation and some 

techniques for extended DHT computation. There are also 

numerous split-radix methods available for calculating DHT with 

a cheap arithmetic cost. As a result, [19, 20] developed split-

radix algorithms for DHT with minimal arithmetic cost. [21] 

Developed another split-radix technique in which the odd-

indexed transform outputs are calculated indirectly. Due to its 

irregular computational structure and the fact that the butterflies 

change substantially from stage to stage, the conventional split-

radix method is challenging to execute on VLSI. As a result, it is 

important to develop new such algorithms that are appropriate 

for a parallel VLSI system. There are also numerous fast 

recursive methods in the literature, such as those in [22] for 

discrete cosine transform (DCT) and [23] for extended DHT. 

Because DHT is computationally expensive, specialised 

hardware solutions based on VLSI technology are required. 

Systolic arrays are one type of VLSI implementation. There are 

several DHT systolic array implementations and that designs are 

modular and regular, but they rely on pipelining rather than 

parallel processing to provide high-speed computing. Multipliers 

in a VLSI framework use a substantial amount of chip space and 

cause significant delays. To efficiently build multipliers using 

lookup-table-based solutions, one operand must be a constant. If 

one of the operands is constant, all of the partial results can be 

stored in a ROM. The amount of memory words has been 

decreased from 22N to 2N. 

This work proposes a novel DHT algorithm that is ideally suited 

for implementation on a highly parallel and modular architecture. 

The hardware complexity can be considerably decreased by 

using the common constant sharing approach and use the same 

multipliers. The proposed strategy is interesting due to its high 

level of parallelism as well as its use of a modular and regular 

structure. It may also be utilised to achieve low hardware 

complexity by substantially sharing common blocks. This work 

present a simple architecture for DHT that will applicable in area 

constrained applications in which very less number of multipliers 

has been used as compared to the other existing works. 

The remainder of this research report is divided into several 

sections. Section II review the existing works which is related to 

the DHT algorithms. In Section III, describe a novel proposed 

algorithm for calculating an M-point DHT. In Section IV, 

provide an algorithm for an 8-point DHT. Section V will 

describe the new architecture for 8 point DHT, and Section VI 

will conclude the research. 
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II. RELATED WORKS 

This section briefly explains the existing works that has been 

done which is related to DHT algorithms and simple 

architectures. 

Chiper et al. [24] proposed a novel radix-2 fast algorithm for a 

VLSI parallel DHT-III implementation. This method is based on 

a direct recursive decomposition of a DHT-III of length N into 

two DHT-IIIs with length N/2. Aside from a minimal number of 

arithmetic operations, the proposed method features a basic and 

regular structure that makes it well suited for VLSI 

implementation. 

Shu et al. [25] developed a novel fast radix-3 algorithm for 

computing the length-N generalised discrete Hartley transform of 

type II. For length N ≥ 9, the computational complexity of the 

proposed solution is lower than that of the conventional 

approach. The arithmetic operations may be avoided from 19% 

to 29% for N = 3m varying from 9 to 243 and from 17% to 29% 

for N = 3x2m changing from 12 to 384. 

Pyrgas et al. [26] developed an FPGA design for 64-point Two-

Band Fast DHT processing. Because of its streamlined and 

symmetric form, the proposed design is implemented on a highly 

parallel architecture with low hardware complexity. The 

architecture computes the 64-point Two-Band Fast Discrete 

Hartley Transform in 57 clock cycles and can process up to 

103.82 million samples per second at a clock frequency of 92 

MHz. 

Lampros et al. [27] established two flexible FPGA designs for 

32-point Two-Band Fast DHT processing. Because of the 

streamlined, regular, and symmetric structure of the Two-Band 

Fast DHT, the suggested designs are implemented in a highly 

parallel manner with little hardware complexity. The findings of 

the synthesis show that the designs are an efficient alternative for 

area-constrained applications with high operating frequency 

requirements. 

The upcoming section briefly explains about the novel proposed 

algorithm to compute the DHT for area constraint applications. 

III. NOVEL ALGORITHM FOR M-POINT DHT 

The DHT is a linear real-to-real transform with forward and 

inverse DHT transforms that are identical. The DHT transform of 

a set of N real-valued input data 𝑥(0), 𝑥(1), … , 𝑥(𝑀 − 1) is 

defined as follows: 

𝑫𝑴(𝒌) = ∑ 𝒙(𝒎) 𝐜𝐚𝐬 (
𝟐𝝅𝒌𝒎

𝑴
)𝑴−𝟏

𝒎=𝟎       (1) 

Where k =0, 1, 2,…,M – 1 and cas (·) = cos (·) + sin(·) (2) 

The Dual Group Adaptive DHT algorithm is based on splitting 

input data into low-band 𝑥𝑙(𝑚) and high-band 𝒙𝒉(𝒎) values. 

We can construct an N-length DHT by employing a new 

algorithm defined by the following relationships: 

𝒙𝒍(𝒎) =  
𝒙(𝟐𝒎)+𝒙(𝟐𝒎+𝟏)

𝟐
   (3) 

𝒙𝒉(𝒎) =  
𝒙(𝟐𝒎)−𝒙(𝟐𝒎+𝟏)

𝟐
   (4) 

𝑥(2𝑚) =  𝒙𝒍(𝒎) +  𝒙𝒉(𝒎)   (5) 

𝑥(2𝑚 + 1) =  𝒙𝒍(𝒎) − 𝒙𝒉(𝒎)   (6)  

Following the splitting of the dual groups, the core DHT 

transform is applied to the summations and differences in the 

low-band and high-band values of neighbouring samples. This is 

also supported by the characteristics of the trigonometric 

function cas(•). 

𝐷𝑀(𝑘) =  𝐷𝑙(𝑘) + [cos 𝜃 𝐷ℎ(𝑘) + sin 𝜃  𝐷ℎ(−𝑘)]  (7) 

Where 𝜃 =  2𝜋𝑘
𝑀⁄     (8) 

𝐷𝑙(𝑘) =  𝐷𝑀
2⁄

𝑙 (𝑘) +  𝐷𝑀
2⁄

ℎ (𝑘)   (9) 

𝐷ℎ(𝑘) =  𝐷𝑀
2⁄

𝑙 (𝑘) −  𝐷𝑀
2⁄

ℎ (𝑘)   (10) 

and  

𝐷𝑀
2⁄

𝑙 (𝑘) = ∑ 𝒙𝒍(𝒎) 𝐜𝐚𝐬 (
𝟐𝝅𝒌𝒎

𝑴/𝟐
)𝑴 𝟐⁄ −𝟏

𝒎=𝟎     (11) 

𝐷𝑀
2⁄

ℎ (𝑘) = ∑ 𝒙𝒉(𝒎) 𝐜𝐚𝐬 (
𝟐𝝅𝒌𝒎

𝑴/𝟐
)𝑴 𝟐⁄ −𝟏

𝒎=𝟎     (12) 

The DHT coefficients of (7) that are M/2 places away from k are 

calculated as follows: 

𝐷𝑀 (𝑘 +
𝑀

2
) =  𝐷𝑙(𝑘) − [cos 𝜃 𝐷ℎ(𝑘) + sin 𝜃  𝐷ℎ(−𝑘) (13) 

𝐷ℎ(−𝑘) =  𝐷ℎ (
𝑀

2
− 𝑘)     (14) 

The M-point DHT is transformed into, 

𝐷𝑀(𝑘) =  𝐷𝑙(𝑘) + [cos 𝜃 𝐷ℎ(𝑘) + sin 𝜃  𝐷ℎ (
𝑀

2
− 𝑘)] (15) 

𝐷𝑀 (𝑘 +
𝑀

2
) =  𝐷𝑙(𝑘) − [cos 𝜃 𝐷ℎ(𝑘) + sin 𝜃  𝐷ℎ (

𝑀

2
− 𝑘)] (16) 

Where k= 0, 1,…,
𝑀

2
− 1 

The resulting method may be utilised as a Dual Group Adaptive 

Algorithm (DGA), with the number of multipliers considerably 

decreased by sharing the multipliers with the same constant. The 

number of multipliers can be lowered even further by employing 

sub-expression sharing methods and sharing multipliers with the 

same constant. 
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Figure 1: Flow graph of 8-point DHT 

Figure 1 depicts an 8-point Dual Group Adaptive DHT flow 

graph. It is made up of two 4-point Dual Group Adaptive DHTs, 

extremely symmetrical butterflies, and two twiddle factor 

multiplications. There are butterflies that can compute using 

simply addition or subtraction. Their output nodes are 

represented by full or empty cycles. There are butterflies that 

require cosine multiplications before addition and subtraction in 

order to compute. Their output nodes are represented as full 

rectangles or empty rectangles. This implies that the node's two 

inputs should be multiplied by Hartley coefficient before being 

added or subtracted. 

IV. ALGORITHM FOR AN 8-POINT DHT  

8-point DHT is a sequence {xm; m= 0, 1, 2,..,7} is  

𝑫𝟖(𝒌) = ∑ 𝒙(𝒎) 𝐜𝐚𝐬 (
𝟐𝝅𝒌𝒎

𝟖
)𝟕

𝒎=𝟎       (17) 

The 8-point dual group adaptive DHT as given below, 

𝐷8(𝑘) =  𝐷𝑙(𝑘) + [cos 𝜃 𝐷ℎ(𝑘) + sin 𝜃  𝐷ℎ(4 − 𝑘)]  (18) 

𝐷8(𝑘 + 4) =  𝐷𝑙(𝑘) − [cos 𝜃 𝐷ℎ(𝑘) + sin 𝜃  𝐷ℎ(4 − 𝑘)] (19)  
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Where 𝜃 =  2𝜋𝑘
8⁄ , 

𝐷𝑙(𝑘) =  𝐷4
𝑙 (𝑘) + 𝐷4

ℎ(𝑘) 

𝐷ℎ(𝑘) =  𝐷4
𝑙 (𝑘) −  𝐷4

ℎ(𝑘) 

𝐷4
𝑙 (𝑘) = ∑ 𝒙𝒍(𝒎) 𝐜𝐚𝐬 (

𝟐𝝅𝒌𝒎

𝟒
)

𝟑

𝒎=𝟎

   

𝐷4
ℎ(𝑘) = ∑ 𝒙𝒉(𝒎) 𝐜𝐚𝐬 (

𝟐𝝅𝒌𝒎

𝟒
)

𝟑

𝒎=𝟎

   

Where k = 0,1,2,3 and multiplication coefficient will be c0 = 

0.707107. 

The 8 point DHT described below, 

𝐷8(0) =  𝑥0 + 𝑥1 + 𝑥2 + 𝑥3 + 𝑥4 + 𝑥5 + 𝑥6 + 𝑥7 

𝐷8(1) =  𝑥0 + 𝑥1√2 + 𝑥2 − 𝑥4 − 𝑥5√2 − 𝑥6 

𝐷8(2) =  𝑥0 + 𝑥1 − 𝑥2 − 𝑥3 + 𝑥4 + 𝑥5 − 𝑥6 − 𝑥7 

𝐷8(3) =  𝑥0 − 𝑥2 + 𝑥3√2 − 𝑥4 + 𝑥6 − 𝑥7√2 

𝐷8(4) =  𝑥0 − 𝑥1 + 𝑥2 − 𝑥3 + 𝑥4 − 𝑥5 + 𝑥6 − 𝑥7 

𝐷8(5) =  𝑥0 − 𝑥1√2 + 𝑥2 − 𝑥4 + 𝑥5√2 − 𝑥6 

𝐷8(6) =  𝑥0 − 𝑥1 − 𝑥2 + 𝑥3 + 𝑥4 − 𝑥5 − 𝑥6 + 𝑥7 

𝐷8(7) =  𝑥0 − 𝑥2 − 𝑥3√2 − 𝑥4 + 𝑥6 + 𝑥7√2 

The structure is basic, regular, modular, and scalable, making 

software or hardware implementations easier. The structure is 

similar to fast transformations' 'constant geometry.' Constant 

geometry methods avoid the area and time overhead associated 

with multiplexing various registers, which is advantageous in 

high-throughput systems. 

The proposed design which uses 2 multipliers and 36 adders/sub 

tractors. Because multiplying with the same constant "c" and 

sharing the same multiplier reduces the number of multipliers 

even further. 

Computational Complexity: We can simply calculate the amount 

of operations required to compute the dual group M-point fast 

DHT. 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑠

= 2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑠𝑀/2 + 3𝑀 + 𝑀
2⁄

− 8 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛
= 2𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑀/2 + 𝑀 − 4 

V. PROPOSED ARCHITECTURE FOR 8-POINT DHT USING 

DUAL GROUP ADAPTIVE COMPUTATION 

This section provides the simple and compact architecture of 8-

Point DHT using dual group adaptive algorithm. It uses 2 

multipliers and 36 adder/ sub tractor to implement. We chose 

designs with a modest increase in multiplication cost to enhance 

symmetry and resource reusability while keeping multipliers (M) 

and adders (A) to a minimum. In terms of number of 

multiplications, the proposed algorithm beats the existing designs 

mentioned in the related works. However, in terms of hardware 

implementation, our proposed design employs a constant number 

of multipliers and adders regardless of the number of points. 
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Figure 2: Proposed Architecture of 8-Point DHT 

Since the proposed architecture shown in figure 2 have been built 

in a highly parallel and symmetric structure with limited 

hardware resources, taking use of some design approaches such 

as multiplier and addition sharing and some FPGA features such 

as DSP components Furthermore, the proposed designs' high 

parallelism with regular structure necessitates the usage of a 

small number of multiplexers. This is critical for space-

constrained applications such as embedded or ubiquitous 

computing. 

The below tables shows the synthesis results and the comparison 

of the arithmetic complexity of the 8-Point DHT 

 

Table 1: Synthesis Results of the 8-Point Dht 

FPGA device Xilinx Zynq 7z020clg484-1 

Units in Add/ Sub Block 2 

Slice LUTs 491 

Slice Registers 186 

Maximum Frequency 100MHz 

Clock cycle 14 

 

Table 2: Arithmetic Complexity of the Existing Works with the 

Proposed Design. 

Methods Multiplication Additions/ 

Subtraction 

Fast Radix-2 

Algorithm [23] 

10 28 

Dual spilt Radix 

Algorithm [17] 

2 16 

Radix-2 Fast 

Algorithm [24] 

12 23 

Novel VLSI DHT 

algorithm [16] 

2 16 

Two band DHT 

Algorithm[27] 

2 42 

Proposed 

Algorithm 

2 36 

  

VI. CONCLUSION  

This research provides simple architectures for the 8-point dual 

group adaptive DHT computing. Because of the reduced, regular, 

and symmetric structure of the dual group adaptive DHT, the 

suggested designs are implemented in a highly parallel manner 

with little hardware complexity. The proposed design employs 

two multipliers and 36 adders/sub tractors, and it has been 

demonstrated that the proposed architectures are an efficient 

solution for area-constrained applications requiring high 

operating frequencies. 
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