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Abstract: To address the constraints of hardware cost and onboard data storage in high-resolution aero-
space CMOS cameras for small satellites, a full-pipeline FPGA-based implementation of the JPEG-LS im-
age compression algorithm is proposed. A multicore real-time compression imaging system is integrated
on a single FPGA using a parallel grouping architecture. First, multichannel high-speed image streams
from CMOS detectors are received by the FPGA. Second, the JPEG-LS algorithm is realized using an
eleven-stage pipeline, and the encoding-parameter calculation and context-update modules are structurally
optimized to reduce the critical path. Finally, multiple JPEG-LS compression kernels are employed to
group and compress the multichannel data in parallel. Experimental results indicate that, in the implement-
ed system, the optimized JPEG-LS core achieves a maximum operating frequency of 46 MHz. With the
compression parameter near set to 1, a near-lossless compression ratio exceeding 4 is obtained, and the

peak signal-to-noise ratio (PSNR) of the decompressed images is approximately 50 dB. These results sat-
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isfy the compression-rate and image-quality requirements for remote-sensing imagery, providing a practical

reference for designing high-resolution spaceborne CMOS cameras with integrated image compression.

Key words: image compression; CMOS detector; Field Programmable Gate Array (FPGA) ;

multi-core compression imaging
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Tab.2 Performance comparison of different JPEG-LS algorithms

Method LUT FF BRAM Max pixel freq/MHz Dynamic power/ W
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Tab.4 Comparison of indoor-outdoor shooting compression ratios

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6
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2 639 140 6.562 633557 6.620 599939 6.991 555219 7.554 583693 7.186 518887 8.083
3 488 734  8.582 455496 < 9.208 439342 9.547 379646 11.048 429 581 9.764 346664 11.995
4 399 555 10.450 355903 11.785 347670 12.064 290042 14.461 334717 12.530 269411 15.568
10 224 442 18.690 181364 23.126 174817 23.993 141190 29.706 162935 25.742 136978 30.620
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Tab.5 Comparison of indoor-outdoor PSNR (dB)
Near Test 1 Test 2 Test 3 Test 4 Test 5 Test 6
1 50. 049 2 49.8919 50.018 2 49.954 8 49.965 1 49,9 883
2 45.638 4 45.6109 45.811 2 45.774 0 45.7205 46.0455
3 42.960 6 43.091 2 43.169 4 43.386 4 43.1970 43.8159
4 40. 986 4 41.207 8 41.187 6 41.5323 41.3185 41.9615
10 34.050 4 34.129 4 33.967 7 33.939 2 33.6420 33.696 4
Near=0 Near=3
Near=1 Near=4
Near=2 Near=10

K15

Fig. 15 Decompression effects of different compression parameter
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