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ABSTRACT

This paper presents the design and speed improvement of Two-Dimensional
Discrete Cosine Transform (2D-DCT) for JPEG Compression using FPGA. The design is the most
computationally intensive core and is the critical part in JPEG Compression. The parallelism has
been employed to improve the speed aiming to support real-time application. The preliminary
result shows that our design has slices utilization of 36%, power consumption of 0.257 W running
at 287 MHz based on Xilinx FPGA XC4VFX12. The compression rate is 369 frame per second
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Latency
Hardware Block ( 1/F x clock cycle)
Naras* Luciano[9]
Color Space Converter 0.128 uS 0.128 uS
2D-DCT 0.081 uS 4.503 uS
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Macro Circuit Used
Multipliers
- 11 x16-bit multiplier 30
- 16 x11-bit multiplier 32
Adders/Subtractors
- 11-bit adder 4
- 11-bit addsub 32
- 11-bit subtractor 4
- 27-bit adder 48
Counters
- 3-bit up counter 1
Registers
- 1-bit register 8
- 11-bit register 32

Comparators

- 3-bit comparator less
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o [ [ !
Tdsunsudraesmstiudagnmuuy JPEG uTdsunsuildlunmsnagou
9 ng; =1 o & 9)091' ax o v A 9
ANugNAoIveItuaeuMItudagilnm FaldduaouiTmsfiuimaunis 2D-DCT dail 14
nan A luiaden 24 Tusunsusraesmsiiudaginmuuy IPEG eonuuylagld Matlab 7.8

o [ » A 9 1 3 1 [ A = [
dsuved lnan l¥lumsnagovazitseandu 2 aIUYBDYC) AD Iﬂil!ﬂﬁuﬂWﬁUU@ﬂzﬂﬂTW

E4
v A

az TUsUnsuMIAIUINTIAT PSNR F¥431002100ANA1UT EINNE AR

Tsunsumstiuoagilaw

function [ img ] = comp( input_f,output f )

% Asmslesrdamsiiau

A o

d I o 4 [ v
%  comp( " ¥olWandesmsiiuda” , " ¥o luantuiinndeninmsiiua ")
- - 0 ' Y Ay A
aa = imread(input_f); 0 awumayagﬂﬂwwwﬁ@@ﬂwﬁuuaﬂ

figure(“Name*, "Input image®);
imshow(aa) ; % waasgilmmneumsiude

quant_multiple = 1; % MMUAMIAIRAUUDIAIAIN Quantization

v Y v
% WATNAAINEIMTUMIMUIUAUNS ID-DCT AN 1

CT = [23170,32138,30274,27246,23170,18205,12540,6393;
23170,27246,12540,-6393,-23170,-32138,-30274,-18205;
23170,18205,-12540,-32138,-23170,6393,30274,27246;
23170,6393,-30274,-18205,23170,27246,-12540,-32138;
23170,-6393,-30274,18205,23170,-27246,-12540,32138;
23170,-18205,-12540,32138,-23170,-6393,30274,-27246;
23170,-27246,12540,6393,-23170,32138,-30274,18205;
23170,-32138,30274,-27246,23170,-18205,12540,-6393;] ;

v v v
% WATNAAINEIUTUMIMUIUAUNT ID-DCT ATIN 2

C = [23170,23170,23170,23170,23170,23170,23170,23170;
32138,27246,18205,6393,-6393,-18205,-27246,-32138;
30274,12540,-12540,-30274,-30274,-12540,12540,30274;
27246,-6393,-32138,-18205,18205,32138,6393,-27246;
23170,-23170,-23170,23170,23170,-23170,-23170,23170;
18205,-32138,6393,27246,-27246,-6393,32138,-18205;
12540,-30274,30274,-12540,-12540,30274,-30274,12540;
6393,-18205,27246,-32138,32138,-27246,18205,-6393;] ;



65

% 1uA3NAIAIN Quantization

DCT_

quantizer = ...

[ 16 11 10 16 24 40 51 61; ...
12 12 14 19 26 58 60 55; ...
14 13 16 24 40 57 69 56; ...
14 17 22 29 51 87 80 62; ...
18 22 37 56 68 109 103 77; ...
24 35 55 64 81 104 113 92; ...
49 64 78 87 103 121 120 101; ...
72 92 95 98 112 100 103 99 ];

% wreex gPUeAgUNIN Hier

for
for

end
end

b = 0:8:504
a = 0:8:504
for y = 1:8 % wlaveyagUnmesnilumaionvuna 8x8

for x = 1:8

input(x,y) = aa(at+x,y+b);

end

end
- 9 Y
Input = double(input); % wiasveyavinaygiu 2 Tridlugiu 10
2 K

buffer = Input*CT; % 2D-DCT YUADUN 1

shift = fix(buffer/65535);

buffer = C*shift; % 2D-DCT YUaUN 2
Big DCT = fix(buffer/65535);

% M13%1 Quantization

DCT_matrix = Floor (Big DCT ...
./ (DCT_quantizer(1:8, 1:8) * quant_multiple) + 0.5);

% sIWdyamstuda

for yl = 1:8
for x1 = 1:8
Output_Big(a+xl,yl+b) = DCT_matrix(x1l,yl);

end
end



% *FEEE AIFUAAININNHIUNITTLOR ***+*

for b = 0:8:504
for a = 0:8:504
for y = 1:8 % uﬂq%’agaaamﬂummaﬂmum 8x8
for x = 1:8
input_dct_big(x,y) = Output_Big(at+x,y+b);
end
end

% 1391 Quantization §oUNSY

IDCT _matrix = input_dct big ...
.* (DCT_quantizer(1:8, 1:8) * quant_multiple);

idct_big = idct2(IDCT_matrix); % N13912D-IDCT

for yl = 1:8 w sveyailudoyagzinm
for x1 = 1:8

Image Big(a+xl,yl+b) = idct big(xl,yl);

end
end
end
end
- - - Y IS a
Image_Big = uint8(Image_Big); % wiasveyarluavgiv 2 vina 8 Ua
- - - v R d‘ 1 = [
imwvrite(Image_Big, output f); % Uuﬂﬂgﬂﬂ1WﬂN1uﬂ1§Uﬂﬂﬂ

imwrite(aa, "input.bmp®);

figure("Name”, "Output image Big");
imshow(Image_Big): % uaaIgnninduMItuga
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Tilsunsumsmuarina PSNR

double sum_diff;
double matrix_sum_diff;

sum_diff = 0;
matrix_sum diff = O;

for y = 1:51
for x =

2
1:512
matrix_sum_diff(x,y) = (aa(x,y) - Image Big(x,y))"2;
sum_diff = sum diff + matrix_sum diff(x,y);
end
end

MSE = sum_diff/(512*512)

RMSE

sqrt(MSE)

PSNR

20*(10g10(255/RMSE))

end
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masnylumslviaan flleines
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dJuaouil 1 gemseenuunluiide 3.2 Inmsldnquuesainsisiuiu 4 nquilowdnds
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aunquueeraen Ilandousedlnaszdamnuilusia lWduny coe  Fwodaldnd vy

9

1 { J @ Y] 1 Y
Tvanamnsidlofines 19 4 ga assazidende 1l

v v
= =

Ja
masiigai 1 1vlase rowo.coe

memory_initialization_radix = 2; /1 Samsdeyaegluglveuavgiu 2
memory_initialization vector = /! %’ayjamm‘ﬁ

0101101010000010 /123170

0111110110001010 /132138

0111011001000010 /130274

0110101001101110 /1 27246

0101101010000010 /123170

0100011100011101 // 18205

0011000011111100 /112540

0001100011111001; // 6393
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v v
= =

a4
masiigai 2 Tlase rowl.coe

memory_initialization_radix = 2; /1 Samsdeyaegluglueuavgiu 2
memory _initialization vector = // %’ay’aﬁwm‘ﬁ

0101101010000010 /123170

0110101001101110 /127246

0011000011111100 // 12540

1110011100000111 //-6393

1010010101111110 //-23170

1000001001110110 //-32138

1000100110111110 //-30274

1011100011100011; //-18205

v '
= =

Ja
mnsiigai 3 Tlase row2.coe

memory_initialization_radix = 2; /1 Samsdeyaegluglveuavgiu 2
memory _initialization vector = / %’ayjamm‘ﬁ

0101101010000010 /123170

0100011100011101 // 18205

1100111100000100 //-12540

1000001001110110 //-32138

1010010101111110 //-23170

0001100011111001 // 6393

0111011001000010 /130274

0110101001101110;

/127246
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ﬁmﬂ‘ﬁﬁ;ﬂﬁ 4"!1/1’5‘]?6 row3.coe

memory_initialization_radix = 2; /1 Samsdeyaegluglueuavgiu 2

memory_initialization_vector = // %’ayjamm‘ﬁ

0101101010000010 /123170

0001100011111001 // 6393

1000100110111110 /1 -30274

1011100011100011 // 18205

0101101010000010 /123170

0110101001101110 /1 27246

1100111100000100 /1 12540

1000001001110110; /1 -32138
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7495 1D-DCT Vunoun 1
) Y
RVATEERYY
I~ 1 a a
X0,X1,X2,X3,X4,X5,.X6,X7 70 (1 UaA1990 1030 111U UU01uATH
9 A 9
doyantlowdiun

A [ a d' 9 1
clk AB tymﬂmmwmmﬂaumqwm

€

%

rst A0 dyaNad M UTIHN( Reset ) 2993

mul_addl, mul_add2, mul _add3, mul_add4 fAip FosdanalFsuainenanmirenu
4

(% Y

Output_add D FYANUHAGNTUDIIIYT 1D-DCT

g 9

k4 v
¥0ad 1AA993 ID-DCT TuADUN 1
architecture Behavioral of DCT_Block is

signal ans_mul_addi,ans_mul_add2,ans_mul_add3,ans_mul_add4
:signed(26 downto 0);

signal sum_add:signed(2¢ downto 0);

signal mul_so,mul_si,mul_s2,mul_s3:signed(io downto 0);

begin

process(Xo,X1,X2,X3,X4,X5,X6,X7,clk, rst)

variable check:std logic:="0";
begin

if(clk =17 and clk"event)then
if(rst = "1")then
if check = "0" then
mul_so <= signed(Xo(10 downto 0))+signed(X710 downto 0));
mul_s1 <= signed(Xi(10 downto 0))+signed(Xs(10 downto 0));
mul_s2 <= signed(X2(10 downto 0))+signed(Xsi10 downto 0);
mul_s3 <= signed(X3(0 downto 0))+signed(X4(10 downto 0));

check = "17;
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else

mul_so <= signed(Xo(i0 downto 0))-signed(X7(10 downto 0));
mul_s1 <= signed(Xi(io0 downto 0))-signed(Xs(10 downto 0));
mul_s2 <= signed(X2(10 downto 0))-signed(Xsio downto 0);
mul_s3 <= signed(X3(i0 downto 0))-signed(X4(10 downto 0));

check := "o0";

end if;
end if;
end if;

end process;
ans_mul_addi <= mul_so*mul_addi;

ans_mul_add2 <= mul_si*mul_add2;
ans_mul_add3 <= mul_s2*mul_add3;
ans_mul_add4 <= mul_s3*mul_add4;

sum_add <= ans_mul_addi+ans_mul_add2+ans_mul_add3+ans_mul_add4;

Output_add(iodownto 0)<= sum_add(2sdownto 16);
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architecture Behavioral of DCT B2 2 is
type multiply is array (o to 3)of signed(26 downto 0);



signal ans_mul_addo,ans_mul_addi,ans_mul_add2>,ans_mul_adds,
ans_mul_subo,ans_mul_subi,ans_mul_subz,ans_mul_sub3multiply;

type cons_dct is array (oto 15 0F signed(isdownto 0);

constant adder_part : cons _dct := (
"0101101010000010",'0111011001000010",
'0101101010000010",''0011000011111100"",
"0101101010000010",''0011000011111100",
""10100101011111210","1000100110111110",
"0101101010000010",'1100111100000100",
""1010010101112110",'0111011001000010",
"0101101010000010",'1000100110111110",
"0101101010000010",'1100111100000100" );

constant sub_part : cons dct := (
"0111110110001010",'0110101001101110",
'0100011100011101",'0001100011111001"",
""0110101001101110","1110011100000111"",
*1000001001110110","1011100011100011"",
0100011100011101",'1000001001110110",
'0001100011111001",'0110101001101110",
'0001100011111001","1011100011100011"",
""0110101001101110",'1000001001110110");

signal add_sO,add_sl,add_s2,add s3,
sub_sO,sub_sl,sub_s2,sub_s3:signed(10 downto 0);
signal sum_addO,sum_addl,sum_add2,sum_add3,
sum_subO,sum_subl,sum_sub2,sum_sub3:signed(26 downto 0);
signal out_addO,out _addl,out_add2,out _add3,
out_subO,out_subl,out sub2,out sub3
:std_logic_vector(26 downto 0);

begin
add_sO <= X0 + X7;
add_sl1 <= X1 + X6;
add_s2 <= X2 + X5;
add_s3 <= X3 + X4;

sub_sO <= X0 - X7;
sub_s1 <= X1 - X6;
sub_s2 <= X2 - X5;
sub_s3 <= X3 - X4;

ans_mul_add0(0) <= add_sO*adder_part(0);
ans_mul_add0(1) <= add_sO*adder_part(1);
ans_mul_add0(2) <= add_sO*adder_part(2);
ans_mul_add0(3) <= add_sO*adder_part(3);

ans_mul_add1(0) <= add_sl*adder_part(4);
ans_mul_addl1(1) <= add_sil*adder_part(5);
ans_mul_add1(2) <= add_sl*adder_part(6);
ans_mul_add1(3) <= add_sl*adder_part(7);

ans_mul_add2(0) <= add_s2*adder_part(8);
ans_mul_add2(1) <= add_s2*adder_part(9);



ans_mul_add2(2)
ans_mul_add2(3)

ans_mul_add3(0)
ans_mul_add3(1)
ans_mul_add3(2)
ans_mul_add3(3)

ans_mul_sub0(0)
ans_mul_sub0(1)
ans_mul_sub0(2)
ans_mul_sub0(3)

ans_mul_sub1(0)
ans_mul_subl1(1)
ans_mul_subl(2)
ans_mul_subl1(3)

ans_mul_sub2(0)
ans_mul_sub2(1)
ans_mul_sub2(2)
ans_mul_sub2(3)

ans_mul_sub3(0)
ans_mul_sub3(1)
ans_mul_sub3(2)
ans_mul_sub3(3)

add_s2*adder_part(10);
add_s2*adder_part(11);

add_s3*adder_part(12);
add_s3*adder_part(13);
add_s3*adder_part(14);
add_s3*adder_part(15);

sub_sO*sub_part(0);
sub_sO0*sub_part(l);
sub_sO*sub_part(2);
sub_sO*sub_part(3);

sub_sl*sub_part(4);
sub_sl*sub_part(5);
sub_sl*sub_part(6);
sub_sl*sub_part(7);

sub_s2*sub_part(8);
sub_s2*sub_part(9);
sub_s2*sub_part(10);
sub_s2*sub_part(1l);

sub_s3*sub_part(12);
sub_s3*sub_part(13);
sub_s3*sub_part(14);
sub_s3*sub_part(15);

sum_addO
sum_addl
sum_add2

sum_add3

sum_subO
sum_subl
sum_sub2
sum_sub3

out_addO
out_addl
out_add2
out_add3
out_subO
out_subl
out_sub2
out_sub3

ans_mul_add0o(0)
ans_mul_add2(0)
ans_mul_addo(1)
ans_mul_add2(1)
ans_mul_addo(2)
ans_mul_add2(2)
ans_mul_addo(3)
ans_mul_add2(3)

ans_mul_sub0(0)
ans_mul_sub2(0)
ans_mul_sub0(1)
ans_mul_sub2(1)
ans_mul_sub0(2)
ans_mul_sub2(2)
ans_mul_sub0(3)
ans_mul_sub2(3)

4+ + A+ +++ o+

+ 4+ + 4+ + + +

+

ans_mul_add1(0) +
ans_mul_add3(0);
ans_mul_add1(1) +
ans_mul_add3(1);
ans_mul_addi(2) +
ans_mul_add3(2);
ans_mul_add1(3) +
ans_mul_add3(3);

ans_mul_subl1(0) +
ans_mul_sub3(0);
ans_mul_subl1(1) +
ans_mul_sub3(1);
ans_mul_subl1(2) +
ans_mul_sub3(2);
ans_mul_subl(3) +
ans_mul_sub3(3);

std_logic_vector(sum_addO);
std_logic_vector(sum_addl);
std_logic_vector(sum_add?);
std_logic_vector(sum_add3);
std_logic_vector(sum_sub0);
std_logic_vector(sum_subl);
std_logic_vector(sum_sub?2);
std_logic_vector(sum_sub3);
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Output_0(10 downto 0) <= out_add0(26
Output_0(11) <= out_add0o(26);
Output_0(12) <= out_add0(26);
Output_0(13) <= out_add0(26);
Output_0(14) <= out_add0(26);
Output_0(15) <= out_add0(26);

Output_2(10 downto 0) <= out_addl(26
Output_2(11) <= out_add1(26);
Output_2(12) <= out_add1(26);
Output_2(13) <= out_addl(26);
Output_2(14) <= out_addl(26);
Output_2(15) <= out_addl(26);

Output_4(10 downto 0) <= out_add2(26
Output_4(11) <= out_add2(26);
Output_4(12) <= out_add2(26);
Output_4(13) <= out_add2(26);
Output_4(14) <= out_add2(26);
Output_4(15) <= out_add2(26);

Output_6(10 downto 0) <= out_add3(26
Output_6(11) <= out_add3(26);
Output_6(12) <= out_add3(26);
Output_6(13) <= out_add3(26);
Output_6(14) <= out_add3(26);
Output_6(15) <= out_add3(26);

Output_1(10 downto 0) <= out_sub0(26
Output_1(11) <= out_sub0(26);
Output_1(12) <= out_sub0(26);
Output_1(13) <= out_sub0(26);
Output_1(14) <= out_sub0(26);
Output_1(15) <= out_sub0(26);

Output_3(10 downto 0) <= out_subl(26
Output_3(11) <= out_subl(26);
Output_3(12) <= out_subl(26);
Output_3(13) <= out_subl(26);
Output_3(14) <= out_subl(26);
Output_3(15) <= out_subl(26);

Output_5(10 downto 0) <= out_sub2(26
Output_5(11) <= out_sub2(26);
Output_5(12) <= out_sub2(26);
Output_5(13) <= out_sub2(26);
Output_5(14) <= out_sub2(26);
Output_5(15) <= out_sub2(26);

Output_7(10 downto 0) <= out_sub3(26
Output_7(11) <= out_sub3(26);
Output_7(12) <= out_sub3(26);
Output_7(13) <= out_sub3(26);
Output_7(14) <= out_sub3(26);
Output_7(15) <= out_sub3(26);

end Behavioral;

downto

downto

downto

downto

downto

downto

downto

downto

16);

16);

16);

16);

16);

16);

16);

16);
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High speed 2D-DCT for JPEG
compression base on FPGAs

Naras Kwantong' , Wannarat Suntiamorntut®, Anant Choksuriwong’

Department of Computer Engineering , Prince of Songkla University
15 Kanjanavanit Road Hadyai District Songkha province 90110 , Thailand

( narasbig@hotmail .com,wannarat@coe.psu.ac.th,ant@coe.psu.ac.th )

Abstract— This paper presents the design and speed
improvement of Two-Dimensional Discrete Cosine
Transform (2D-DCT) for JPEG compression using
FPGA. The design is the most intensive computation
core and is the critical path in JPEG compression.
The parallelism has been employed to improve the
speed aiming to support real-time application. The
preliminary result shows that our design has slides
utilization 47%, power consumption 0.257 W
running at 290 MHz based on Xilinx FPGA
XC4VFX12.

Keywords— 2D-DCT, FPGA, JPEG, compression,
parallel processing

. INTRODUCTION

FPGA has been used to implement DSP
algorithms. Since FPGA can be reconfigured in
hardware, the critical path in some DSP algorithms
will be mapped onto FPGA. Therefore, FPGA can
be used as a co-processing to accelerate the
computational rates.

JPEG (Joint Photographic Experts Group)[1,2]
algorithm was proposed to compress the image
data to save the storage in the system. Discrete
Cosine Transform (DCT) is used in the JPEG
which is the most intensive computation unit.
Normally, JPEG compression has five steps,
colour space conversion, downsampling, 2D-DCT,
quantization and entropy coding.

In this paper presents how to design the JPEG
image compression circuit based on FPGA
architecture. We expect to get a better speed rather
than running the JPEG algorithm on PC. We use
both pipelining and parallel design technique to
increase the performance.

This paper describes JPEG algorithm in
section 2. The implementation of 2D-DCT used
1D-DCT is discussed in section 3. The result and
conclusion present in section 4 and 5, respectively.

Il. JPEG ALGORITHM

JPEG (Joint Photographic Experts Group) is
the image compression algorithm that lossless

resolution. It is the type of image for storage and
the most popular use in internet system because
high resolution, small size and use with various
of bit depth level in colour image. JPEG image
use discrete cosine transform(DCT) technique
change data from time domain to frequency
domain. It represent amplitude of frequency by
coefficient that can reduce significance for
decrease size of image and resolution. Figure 1
shown 5 step JPEG algorithm [3,4].

Y 2D-DCT |—{Quantization

R
N
b
G | RGB to [ch) " o Entropy
P e { Sub-Sampling H 2D-DCT H Quantization }—‘ Enon | PEG Image
A /B
5N

3{ Sub-Sampling H 2D-DCT H Quantization }—.

Figure 1 : JPEG algorithm

e  Colour Space Conversion
This is the first step in JPEG algorithm. It
change RGB to YCbCr that change same as
acknowledgement of human optical nerve This
step change RGB to YCbCr

Y =0.299R + 0.587G + 0.114B
Cb = 128 — 0.168736R + 0.331264G + 0.5B
Cr = 128+0.5R -0.418688G — 0.081312B

where y is luma, cb is blue chroma, cr is red
chroma, R is red colour pixel, G is green colour
pixel, B is blue colour pixel

e  Sub-sampling

In colour image system has 2 component.
There are luminance and chrominance. Normally,
human eyesight cannot split all of chrominance.
So, we can reduce data in chrominance but
human eyesight can split luminance then we
cannot reduce data in luminance [5,6].



2 D Image Pixel

= Centroid of chrominance pixel

D Chrominance pixel

4:2:0

Figure 2 : Sub-sampling (4:2:0)

In figure 2 is sub-sampling 4:2:0 processing
that split data in 2x2 pixel and find the centroid of
chrominance pixel for represent in that 4 pixel

e 2D Discrete Cosine Transform (2D-DCT)

The 2D-DCT is technique use in image
compression that change data from time domain to
frequency domain. It split data same as power
number 2,4,8,16. If spite in large block that is high
performance for compress data but low resolution
of image. So, the standard of JPEG split in 8x8
pixel because the human eyesight has limit of split
the difference image and high performance for
compress data [7].

2D-DCT equation :

F(u,v) =< (W) e (V)Y 3 f(x,y)cos

X=0 y=0

{(2x+1)u;r}os[(2y+l)vzr}
2N 2N

u,v=0,12,..,N-1

\/% foru=0
oc (U) =
\/z foru=1 to N-1
N
Where (x,y) is the position of data input
matrix and (u,v) is the position of output matrix

e  Quantization

This step allow lose some data in process
because it increase the number of same data in 8x8
pixel. The human eyesight good detect low
frequency coefficient of image. Data that transfer
from 2D-DCT pixel low position normalize by low
frequency coefficient and high position pixel
normalize by high frequency coefficient. The
result around high position pixel increase number
of zero. So, it easy for encoder in next step.

Quantization equation :

DCT(i, j)
QuantizationMatrix(i, )

QuantizationValue(i, j) =

From quantization equation the DCT value
divide by quantization matrix that divide value in
the same matrix position
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e Entropy Encoder

In this step order the data that transfer from
quantization in zig-zag pattern the data arrange in
row and the zero number in high position send to
back of row that is easy for encoder. Huffman
code and runlength encoder is the technique use
for entropy encoder. The group of zero number in
high position we can reject and represent by code.
For the other position encode by Huffman
standard.

I11. Implement 2D-DCT use 1D-DCT

For design 2D-DCT equation process in
digital circuit we process use 1D-DCT circuit 2
time. The first send data process in row position
and the second send to 1D-DCT process in
column position [8]. It is shown in figure 3.

Row Position Column Position

| .
ng:st::;:llxg.[ 1D-DCT ]—»[ 1D-DCT ]—;Data Output

Figure 3 : 2D-DCT processing use 1D-DCT
1D-DCT equation :

S(2-co|+1)orow-;z

C=Keco
2e M
K = 1 for row=0
N

CT:K.COS(2~I’OW+1)OCO|07I
2eN
K = 1 for col=0
M

K= |2 for col#0
M

M is number of column.
N is number of row.

Where

From 1D-DCT equation we assign the value
of matrix position and we can get the result the 2
constant matrix. There are C constant matrix and
C' constant transpose matrix.



Constant 1D-DCT matrix

23170 23170 23170 23170 23170 23170 23170 23170 |
32138 27246 18205 6393  -6393 -18205 -27246 -32138
30274 12540 -12540 -30274 -30274 -12540 12540 30274
_|27246  -6393 -32138 -18205 18205 32138 6393 -27246
7123170 -23170 -23170 23170 23170 -23170 -23170 23170
18205 -32138 6393 27246 —-27246 —-6393 32138 -18205
12540 -30274 30274 —-12540 -12540 30274 -30274 12540
6393 —18205 27246 32138 32138 27246 18205 —6393 |
23170 32138 30274 27246 32170 18205 12540 6393 ]
23170 27246 12540  -6393 23170 -32138 -30274 -18205
23170 18205 12540 -32138 -23170 6393 30274 27246
T+ 23170 6393  -30274 -18205 23170 27246 —12540 -32138
T123170  -6393 -30274 18205 23170 -27246 12540 32138
23170 -18205 —12540 32138 -23170 -6393 30274 —27246
23170 —-27246 12540 6393 -23170 32138 -30274 18205
23170 -32138 30274 -27246 23170 18205 12540 -6393 |

We design the 2D-DCT circuit use 1D-DCT
as follow equation

Y =

CeX+C'

1

Where Y is the output of 2D-DCT. X is the

input data.

e 1D-DCT first block look data in row
position
Design this block for 2 matrix 8x8 multiply

and send the result to next block. This block flow
data matrix input in row position and multiply with
1D-DCT constant transpose matrix (C") that as
follow equation

From equation 1

Y=C-Z 2)

Where

Z=X-C' 3)

From equation 2 we design circuit input data
(X) multiply with 1D-DCT constant transpose
matrix

> Zkot07)

DmMO o>

[-32138 -12540 27246 23170 -18205 -30274 6393 23170

Figure 4 : 1D-DCT first block output 1 value
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In figure 4 is 1D-DCT first block for one
output value that design get the input 8 value in
one row position from 8x8 matrix data input send
to add or sub block because in 1D-DCT constant
transpose matrix each column we can group one
from 2 position in same column there are
(0,7),(1,6),(2,5),(3,4). There are same number but
even column number group in positive sign and
odd column number group in negative sign then
we split the constant value for multiply in next
step and use sign for input value for add or sub in
first step.

From the circuit design in figure 4 get one
output value but in 1D-DCT second block
process use 8 value input that is the output from
1D-DCT first block in column position. So, we
design 1D-DCT first block circuit same as figure
4 use parallel processing in 8 circuit. Each circuit
get 8 input value in row position from 8x8 matrix
data input and the output we can get 8 value in
column position for transfer to 1D-DCT second
block follow as figure 5.

Input Row 1 1D-DCT

Input Row 2 1D-DCT

Input Row 3 1D-DCT

—

Input Row 4 1D-DCT
Zo Zo Zo Zp Zu Zs Ze Zy
Input Row 5 1D-DCT
? Zy Zy Zp Zy Zy Iy Ly 2y
Zo Zo Zy Iy Iy Iy Iy Iy
Input Row & S Zy Zy Zy Zy Zy Iy Iy Iy
Za Zy Zo Zy Zy Zys Zy Zy
Input Row 7 1D-DCT Zg Zy Zo Iy Zy Zs Iy Zg
Zo Zg Zo Zg Zg Zs Zes Zg
Zy Zy 2y 2y Zy Zy Zy Z

e

Input Row 8 1D-DCT

Figure 5 : 1D-DCT first block output 8 value

e ID-DCT second block look data in
column position

Matrix input value pass 1D-DCT first block
one clock get the result one column then in 1D-
DCT second block we design get input one
column from first block multiply with all of
column of 1D-DCT constant matrix in one clock
follow as equation 2 and in figure 6 shown the
circuit design.
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T In Figure 7 shown the output of 2D-DCT
GO | _ _ _ process. The output from simulation follow in
z,k ” matrix as
Zg
gggg [419 201 9 -47 -32 -16 -16 -9
il | : ; : -108 -94 9 49 27 6 8 3
Ey O (@ |En [E @ —42 -21 -7 15 16 8 3 2
Za
ﬂ 56 69 7 -26 -10 -5 -4 -3
ED 103 (€201 [EDT03H EDO -34 -21 1 -4 -5 -4
. - . . 3 7 8 3 5
Output 0 Output 2 Output 4 Output 6 _ 16 — 14 8 2 — 5 — 2 1 1
2 -~ 0 -6 -7 -1 2 3 0 0
SO I@OI@O @O o o2
& Sub
Yo €270 Yo sl o Table 1 : Device Utilization Summary —
A A . g . . Z
- < JI 2 5 ° g Logic Utilization Used | Available tion
5k E E E E
R R R
) ® " ® Number of Slices | 2618 5472 47%
=T £Sli
w2 Number of Slice | 5 10944 1%
O O ) O Flip Flops
Output 1 oux_!p:t:z O;;E(S Oul_!p:(7 Number 0f4 input 5035 10944 46%
LUTs
Figure 6 : 1D-DCT second block Number of 4 36 1%
FIFO16/RAMBI6s °
IV. Test and Result Total Power 0257 W

Each 8x8 pixel block has brought into this 2D-
DCT at a time. One matrix data input is computed
to get the result for each column in every clock.
Therefore, we use eight clocks in total get the
output one matrix.

The design is implemented by VHDL and
tested under the ISE Simulator (Xilinx 10.1). We
use Virtex4 family and device number XC4VFX12
to test our 2D-DCT. The matrix 8x8 pixel block is
shown below. All number is represented by sign

Table 1 shows the resource usage of this
design. The circuit uses 47% of slices and the
power consumes 0.257W.

The critical path in circuit is 3.334ns the
maximum frequency is 299.985MHz. The
arithmetic such as ROMs, Multipliers,
Adders/Subtractors, Comparators use the macro
circuit design by FPGA architecture.

Table 2 : Compare with literature review

number [9].

Clock
- - Author | Devi Speed | bk t
For matrix 8x8 that is input value follow as uthor CVICE | Grade | 'ackage | rate
(MHz)
58 45 29 27 24 19 17 20 K. XC4VF 10 SF363 | 29998

62 52 42 41 38 30 22 18 Naras X12

48 47 49 44 40 36 31 25 L. XC2
I -6 FG456 | 182.75

59 78 49 32 28 31 31 31 Pillai V250

98 138 116 78 39 24 25 27

115 160 143 97 48 27 24 21 The comparison is presented in table 2 our
99 137 127 84 42 25 24 20 design gives a good performance having twice
74 95 82 67 40 25 25 19 speed better than the previous design while the

- - area is only 30% larger than the reference design.

V. Conclusion and Future Work
This paper presents the design of 2D-DCT
Circuit that implement for improve speed JPEG
Compression. The design base on FPGA
architecture using parallel processing technique.
For 2D-DCT circuit the output from test
The output is generated as followed bench simulation in figure 7 we can get the




output 1 matrix DCT 64 value finish in 8 clock and
correct follow as 2D-DCT equation.

Colour Space Conversion, Subsampling,
Quantization and Entropy Encoder are the future
works.
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