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Abstract

Versatile Video Coding is a new international image compression standard developed to
provide high compression factor compared to previous standards like H.E.V.C,H,264 . VVC
uses various DCT algorithms for image compression & IDCT algorithms for reconstruction,
VVC provides better compression factor at expense of high computational complexity. This
paper presents an approach for hardware implementation of 8X8 DCT,IDCT modules in Design
1, in which a 512x512 pixel image is fed as input to the DCT module and it is retrieved at
IDCT.As VVC implementation utilizes hardware resources at higher expense this paper mainly
focuses on reconstruction off image, reduction of resources especially multipliers .In order to
reduce multipliers count a methodology has been implemented in Design 2[1].To eliminate
multipliers completely a methodology has been implemented in Design 3 through adding and
shifting operations. In order to reduce adders and shifters count a methodology has been
proposed and implemented in Design 4. The proposed methodology reduces 4 stages of shifting
and adding operations to 2 stages with complete elimination of multipliers. All the Designs
implemented in this paper can generate 64 Transformed coefficient per Cycle [2]. The design
implemented in proposed methodology can be utilized in high performance area efficient low
power VVC modules. All the four Designs are simulated and synthesized in Xilinx Vivado
2019.2 shows that the simulation results are same for all the implemented Designs[3]. However
Synthesis reports shows that the Proposed methodology is ideal as the hardware utilization is
low which has been implemented on FPGA (Zed Board).

Keywords:Versatile Video Coding(V.V.C),Discrete Cosine Transform(D.C.T), Inverse Discrete
Cosine Transform(1.D.C.T).

1. Introduction

In order to reduce the utilization of transmission band width, hardware disc space and higher
throughput image compression technique is utilized. Lossy image compression technique is
preferred by JPEG for multimedia transmissions where data loss up to considerable amount can
be tolerated. DCT is a lossy image compression algorithm which is utilized in HEVC,VVC
compression standards[5]. After the application of DCT algorithm on the image the obtained
values are quantized and transmitted. At the receiver end the obtained values are dequantized,
IDCT algorithm is implemented for reconstruction of image. VVC deals with Transform Units
(TU) of size

4x4,8X8,16X16,32X32,64X64 for better compression and faster processing rate where as
HEVC deals with up to 32X32.As TU size increases computational complexity, Hardware
utilization increases.

DCT is a lossy image compression algorithm which can be implemented in the form of matrix
on the input image which is also taken in the same form. Similarly, IDCT is applied for data
retrieval [5].

2- Dimension DCT Equation
Fora N X N Image u(m,n), Forward DCT is defined as
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Where (@)= ir & (k) z%
Inverse DCT (IDCT) is

N-1N-1
B B n(2n+ 1k w(2n+1)
u(mn) = u(k) = 2, ZJ a(k)a(l)d (k1) cos NSy

0=mn=~N-1
Coefficient matrix
N*N cosine transform matrix is given by C = {c(k,n)}
\iT k=00<n<N-1

C(k,n) = 2 cos m(Zn+1)k
N 2N

,1=k=N-1
0=n=N-1

In this paper 3 designs are implemented In Design 1 8X8 DCT is implemented on a 512X512
image and the results obtained are fed as input for 8X8 IDCT. The results obtained are
reconverted to image form. As 8X8 DCT, IDCT are implemented it deals with higher
computational complexity and has large number of multipliers [6]. In hardware implementation
multipliers have significant importance as they occupy more area. It is a specification to
eliminate or to reduce them as much as possible [7].

Design 2 is designed to reduce the multipliers count. As DCT involves two stages of
multiplication for 2 dimensions, similarly IDCT has another 2 stages Design 1 deals with 4
stages of multiplications. In Design 2, two multiplexers are used to reduce the multiplication
stages from 4 to 2[8]. However this method leads to increase the registers count as the outputs
obtained in each stage is stored and assigned to another set of registers in transposed manner for
further processing’s. But the multiplier count is reduced which has higher significance in terms
of hardware reduction. This method is applied for the same input 512X512 image.

Design 3 is designed to eliminate multipliers completely which can be achieved through
adders/subtracters and shifters. Multiplication with Constant values is achieved through
adding/subtracting and shifting operations. This method is similar to Design 1 except for the
complete elimination of multipliers with adders and shifters. However it still deals with 4 stages
of operation has larger number of adders and shifters.

For verification purpose image values stored in a particular location at input side which are
fed to DCT are compared with the outputs at IDCT [6]. The results shows that they are almost
equal. This observation has been made for all the four designs. After synthesis it has been
observed that Multipliers generated in Design 2 are less in number compared to Design 1.
Design 3 has zero (0) multipliers as it is implemented with adding and shifting operations [9].
Proposed methodology which is Design 3 has lesser number of adding and shifting operations
compared to Design 2. With zero multipliers at expense of increased multiplexers and registers it
is the idealized hardware model in the paper.

2. Design/Methods/Modelling
Design 1:

Top level representation of the VVC MODULE (upto DCT, IDCT implementation) is shown in
figure 1
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Fig.1.VVC module (DCT,IDCT level implementation )

8X8 DCT coefficients generated from algorithm are shown in form of variables for simplicity
in equation 1.DCT, IDCT operations are performed using this coefficient matrix.
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Implemented architecture of the DCT module is shown in fig 2
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Fig.2. DCT Module

A 512X512 image shown in figure 3 is the input fed to the DCT module. A program has been
developed in MATLAB to convert this image into pixel values. These pixel values generated
for the entire image is stored in a COE FILE.

Fig.3: Input Image.[11]

A memory IP shown in figure 4 has been generated in VIVADO through Verilog. The COE file
generated is loaded into this Memory IP. This memory is a simple dual port RAM consisting of
2,62,144 input memory locations, each location consisting of an 8-bit data (a pixel). Total
number of bits for the entire image is 512X512X8=20,97,152 bits. At the other end of this dual
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port RAM 512 bits are retrieved using a counter. These 512 bits are portioned and stored in 64
registers each of 8-bit width. These registers are fed as inputs to the DCT module. After
processing 64 outputs have been produced from this 8x8 module per clock cycle. This process
is repeated for entire input image that is for all the generated pixel values.

||+ BRAM_PORTA
||+ BRAaM_PORTB

Fig. 4: Memory IP generated in DCT Module.

IDCT

The outputs obtained from DCT are fed to the IDCT module shown in figure 5. After
intermediate and final processing, the design is simulated, and results obtained are stored in
registers. Using counters entire operation has been controlled. A comparison has been made
between inputs and final outputs with respect to address location (1397) and at particular instant
of counter value that is at particular time period. This comparison shows that they are almost
same with minor differences. These Differences are due to data loss during compression and
reconstruction of image (as it is lossy image compression). The output values obtained for
entire input image are printed in a text file. These values are converted to image form which is
the reconstructed image shown in figure 13. The entire design is synthesized for the observation
of resource utilization.
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Fig.5: IDCT Module

Design 2:

This design and implementation is similar to Design 1 except it uses two multiplexers one at
DCT and other at IDCT in order to reduce four stages of multiplication operations to two stages
of operations which reduces the multipliers count from 1244 (Design 1) to 744(Design
2).However the register count is increased as 64 more registers are used to store intermediate
output values which are fed in transposed manner as input to multiplexer for further
processing[10].

The end results are verified and observed that they are similar to Designl.Block level
representation of implemented architectures of Optimized DCT, IDCT modules are shown in

figures 6,7.
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Fig.6:Optimized DCT Module Fig.7: Optimized IDCT Module
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Design 3:

It is a specification in hardware implementation to reduce or to eliminate multipliers completely
in order to minimize area occupation and power utilization.This can be achieved through
adding/subtracting and shifting operations. The DCT, IDCT coefficients are always constant in
the design.so the input values stored in registers are added/subtracted and shifted according to
coefficients values. This process has been implemented for both DCT, IDCT modules. This
process completely eliminates multipliers but as it is similar to Design 1 which involves 4
stages of operations (2 for DCT,2 for IDCT) leads to utilization of adders, shifters in large
number. In this implementation adding/subtracting and shifting operations has been done on
256 coefficients. However this methodology completely eliminates multipliers. Total multiplier
count is null (0). The entire process of implementation is same as Design 1.

Implemented Architecture of Multiplier less DCT, IDCT modules are shown in figures 8,9.

Adder/ Adder/

INPUTS 7] subtractor zlb}tlr%ctor
& shifter Intemediate stutter
Outputs

DCT Outputs

Fig.8:Multiplierless DCT module
Provide sufficient detail methods to allow the work to be reproduced. Methods already
published should be indicated by a reference: only relevant modifications should be described.

3. Results and Discussion
Output image generated after implementation of DCT, IDCT is shown in figure 9 which is the
reconstructed image

OUTPUT IMAGE

Fig.9: Output image

The input image fed to the DCT module is retrieved at the IDCT module with some distortions.

As it is a lossy image compression technique there is some degradation in the image quality.
However in real time processing applications smoothening algorithms and image restoration
filters are used to overcome these issues.

For verification purpose a 8X8 chunk of input data at a particular input memory location (1397)
is verified with the output chunk of 8X8 data at that instant (with respect to input location) for
all the four Designs. For simple representation the values generated for Design 3 are shown in
Figures 10,11.
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Inputs at address location 1397 are snipped from the XILINX VIVADO tool are shown in
figure 10.
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Fig.10: Input values Fig.11: IDCT Values from Vivado

Generated output values at the IDCT Module are shown in figure 11.
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Synthesis Results

MODULE | DESIGN 1 DESIGN 2

MULTIPLIERS | ADDERS | MULTIPLIERS | ADDERS

DCT 588 64 416 65
IDCT 656 128 328 65
TOTAL 1244 192 744 130
DESIGN 3

MODULE ADDERS Total number of | REGISTERS | MULTIPLIERS

utilized
coefficients

IDCT 496 128 184 0
DCT 360 128 200 0
TOTAL 856 256 384 0

VIVADO SYNTHESIS REPORT
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1.Generated for Design1(DCT,IDCT) is shown in Figure 12
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. Generated for Design 3 is shown in Figure 14
4. Conclusions

A 512X512 image is converted to pixel values is fed as input to DCT module in Design
1 whose outputs are fed to IDCT module. The IDCT outputs are reconstructed into image
form This Process has been implemented for all the Designs. In order to reduce multiplier,
count a methodology has been implemented in Design2 using multiplexers, In order to
eliminate multipliers completely a methodology has been implemented in Design 3 through
Adders and Shifters. To reduce adders and transform coefficients to be shifted a
methodology has been proposed and implemented in Design 4. This proposed module has
been developed on Zed Board and outputs are observed.
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