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Abstract

In this paper, a system which can compress and reconstruct the digital image was implemented
using 2 dimensional DWT(Discrete Wavelet Transform). The proposed system consists of the
FPGA board tocompress the image and the application software(S/W) to reconstruct it. First the
FPGA receives the image from A/D converter and compresses the image using wavelet transform.
The compressed data is transferred into the PC using the PCI interface. The compressed image is
reconstructed by an application S/W inside the PC. The image compressor can compress about 60
fields per second, in which the image format was NTSC YCbCr(4:2:2) and the image size was
640%240 pixels per field. The designed hardware mapped into one FPGA occupying 11,120 LAB
(Logic Array Block) and 27,456 ESB(Embedded System Block) in APEX20KC EP20K1000CB652-7.
It globally uses 33MHz clock and the memory control part uses 100MHz.
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Fig. 1. The image-compression system.
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Table 1. Specification of image compressor.

Catagory Specification
Image size 640x240 (field)
Image form NTSC YCbCr(4:2:2)
Compression rate over 40:1
PSNR about 30dB
Nurmber system Pixel:16-bit(9,7), Filter: 10-hit(1,9)

67fleld/sec(33 frame/sec)
4 level
Daubechies (9, 7) filter

Operation performance
The number of lovel
DWT filter

Quantizer linear fixed, exception index
Entropy coder Huffman coding
External Memory 256K~ 16hit SDRAM
A/D Converter Bt329b
Pc interface 32-bit PCT interface(PLXY050)
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Fig. 2. Structure of image compressor.
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Quantizer Generation Step

1. Determine Gamma of each subband

- Calculate Standard Deviation of each subband
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3. Calculate zero bin and bin width of each subband
4. Find quantization index
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Table 2. Hardware Implementation Result.
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PE 12.99% 0 761(21.2%)
ZPE 0% 3,360 416(11.9%)
SSP 0% 0 206(5.92%)
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Fig. 13. Structure of Output Buffering Block.

[sertorvideo] | Frame1 [T Framez [] Frame3 |----{ | FrameN | Endofvideo)

[stert of Frame] | EvenFieta [ | ouaFeid |

[ start ot Fetd | subband Sequence |

[vsso[vse1 | vse2] vse3] vsBa | vsas | vsms | vsB7 | vsas [cesaofcrsBo)

[start ot sutanc N[ Hutfman code |

2 14, 29 AE™RS] 32
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Table 6. FPGA resource usage.

<

ok Nane | o | Creonom
WFB 3078 (8.0%) 8576 (2.6%)
QH 1302 (3.4%) 0 (0%)
Input interface 389 (1.0%) 0 (0%)
Output interface 2438 (6.3%) 0 (0%)
Memory controller 1459 (3.8%) 18880(5.8%)
Block buffer 1335 (3.5%) 0 (0%)
Main controller 124 (0.3%) 0 (0%)
PCI interface 794 (2.1%) 0 (0%)
Other logics 201 (0.5%) 0 (0%)
Total 11120 (29.0%) 27456 (8.4%)
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Fig. 18. Application S/W.
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Table 8. Result of exception index.

Subband # of Exception Index Rate
LH4 25 2.44%
HiA4 16 1.56%
HH4 23 2.25%
LH3 113 2.76%
HL3 117 2.86%
HH3 116 2.83%
LH2 400 2.50%
HL2 337 2.36%
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Fig. 20. Test image.
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