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JPEG Image Compression
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Software to FPGA

64 pixels x 8 bits/pixel = 256 bits

256 bits / 32 bits/stream = 16 stream

Input = buffer]i] + buffer[i+1] << 8 + buffer[i+2] << 16 + buffer[i+3] << 24
Decode the 32 bits data in HW

HW waits for 16 write states, then go to the next state - computing DCT
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DCT with Loeffler Algorithm

Loeffler Algorithm
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Canonical signed digit (CSD) representation

y(k) = w(k)Z;x(n)cos(% 2n - 1)(k - 1)): k=12...N, w(k) = {\/_

CSD

e  Signed representation containing the
fewest number of nonzero bits

e  Effective way to carry out constant
multiplier for DCT.

e  Number of additions and subtractions will
be minimized.

e Identified common elements in CSD
constant coefficients and shared required
resource
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TABLE I

E-POINT DCT FIXED COEFFICIENT REPRESENTATION

Real value | Decimal || Natural binary | Partial products CSD Partial products
cosiZ 106 01101010 4 +0-0+040 4
sin = 71 01000111 4 0+00+00- 3
cos % 126 01111110 6 +00000-0 2
sin L 25 00011001 3 0040-00+ 3
cos? 49 00110001 3 0+0-000+ 3
sin = 118 01110110 5 +000-0-0 3
V(2 181 10110101 5 +0-0-04+0+ 5
Total Partial products 30 23

[1]M. Jridi and A. Alfalou,




RTL Block Diagram for DCT-1 and DCT-2

Stage 1 Stage 2 Stage 3 Stage 4

8 pixels * 14 bits 8 pixels * 20 bits

CLK




RTL Block Diagram for DCT-2
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Table 2: Modified Normalization Matrix For Hardware Simplification

16 16 16 16 32 64 64 64
16 16 16 16 32 64 64 64
16 16 16 32 32 64 64 64
16 16 32 32 32 64 64 64
32 32 32 64 128 128 128 128
64 64 64 64 128 128 128 128
128 128 128 128 128 128 128 128
128 128 128 128 128 128 128 128

The step where we actually throw away data.

Reduce most of the less important high frequency DCT coefficients to zero,
Lower numbers in the upper left direction and large numbers in the lower right direction
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Zigzag Scan Order

° Obtain the one-dimensional vectors with a lot of consecutive zeroes



RLC (Run Length Encoding )
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Run represents the number of previous consecutive zeros.
Category represents the bit value length of non-zero value.
End with EOB when last bits are O..




DC Huffman Encoding

Algorithm:

> dc_diff =dc_current -dc_previous

> dc_diff_length = getCategory(dc_diff)

> dc_codeword = dc_lookup_table(dc_diff)

> register_line = register_line + (ac_codeword << category) + dc_diff
Quantized

Data
—| dc_previous
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AC Huffman Encoding

Algorithm:
> ac_diff_length = getCategory(bit_value)
> ac_codeword = ac_lookup_table()
> register_line = register_line + (ac_codeword << category) + bit_value

ac_codeword

>

A

getCategory bit value

dc_codeword

register_line :dc_codeword_length




Bit Stream Compression

Algorithm:
> |nitialized a 1024-bit length register_line,
> While (there is data):
m register_line = (register_line << data_length) + data;
m total line_size += data_length




Compressed Data to Software

Algorithm:
> register_line << register_length,
> do:
m data_back = register_line[1023:991]
m Register_line << 32 bits
> while(data !=0)
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Result

1. DCT input: 2. DCT output:

3.Quantization output:

'|npu1:= OL,I'E[JLJ'E=

start
Input:Block:1 -@g6 102 133 55 @0 15 30 -37 -61 & 8 3 2 0 0 0
106, 8, @, 168, @, 77, @, B8, 75 52 15 44 31 35 1547 w534 4 3 0 2 0 0 0 0

. -3 -118  -44  -44 40 23 51  -25 o 7 2 -l 1 0 0 0
i@, &, 9, @, 0, B, 8, @, 12 g8 .78 97 20 53 3L _14 0 0 0 0 0 0 0 0
les, 8, 8, &, B, B, 8, 8, 82 -15 29 -38 6 -48 -14 -59 ¢ &8 & B 8 B 8 D
188, 266, 8, 6, 8, 8, 8, 32, 43 16 -7 -18 -35 -40 -36 -48 P2 2 3 2 7 2 32
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5. RLC output:

4. Zigzag output:

Columns 1 through 22
[} 4 o] 3 8 3 o] -7
Columns 23 through 44

o] o] o] 1 o] o] o] o] o]
Columns 45 through 64

o] o] o] o] o] o] o] o] o]

DC:-61-> (14) -> 111000001
AC: (0, 6)->(0,3,6)->(100,110)->38 100110 , _
(0, 4)->(0,3.4)->(100,100)->36 100100 6. Bitstream output:
(1, 3)->(1.2,3)->(11011,11)->111 1101111 Start
(0, 8)->(0,4.8)->(1011,1000)->184 10111000 Input:Block:1
(0’ 3)_>(0,2’3)_>(01,11)_>7 0111 lae, @, @, lee, @, 77, @, B8,

(1,-7)->(1,3,000)->(1111001,000)->968 11110010000

(1,2)->(1,2,2)->(11011,10)->110 1101110 188, 208, @, 8, @, 8, 8, 32,

(1,-2)->(1,2,2)->(11011,01)->109 1101101 100, B, 6, 0, 6, 6, 0, 0,

(0,2)->(0,2,2)->(01,10)->6 0110 189, 8, 8, @, 8, 8, 8, O,

(0,2)->(0,2,2)->(01,10)->6 0110 gt g

(2,-1)->(2,1,0)->(11100,0)->56 111000 R R T R S R

(7,1)->(7,1,1)->(11111010,1)->501 111110101 Output:

(0’0)_>(1010)_>10 1010 1110486081616081181601686118111118111606611111116681066116111611681101681166118111668111114816116818

180, 8, @, @, 8, 8, 8, @,
68, 8, 8, 8, 8, @, 8, @,
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