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Introduction
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In deep space communication framework, compression for Anal S1S Huffman (4-bit)* 308 300 177
o . o caa® y Rice (n=8,J=18) 338 330 56
reducing the bandwidth/time for transmitting data to the (header red) 336 33E =
ground is to be performed losslessly. Three compression Compression Ratio = Number of bits in the original Ric(eh(elr;1 =8 Ige;)lfi) 42 42 o8
algorlthn.\s kn.o.wn for their efflf:l.ency of compression, | image/Number of bits in the compressed image Ric(eh(er; ;eiﬁ;ejd): 3) gg ;ﬂ Zj
hardware .S|mpI|C|ty and error.resﬂlence (recovery from bit - Rice (n = 16, J = 16) 1130 1130 75
changing) are Huffman, Rice (on CCSDS 121.0-B-1 Compression Ratio of 8-bit Images (header red) 1152 1136 75
. 4 _ Exp-Golomb (8-bit 354 346 72
standard ) and Exp-Golomb are considered for the = Huiman x iceBp-Goloms e Satomb (16-bi% s S 5
quantitative comparison. For on-board (satellite) o 3
implementation other parameters of paramount B Circuit Estimated Power Dissipation (mW)
. 8 Huffman (4-bit)* 215.25
importance are component use and power. = Rice (n =8, J =8) 172.77
o (header red) 176.87
05 I I I I Rice (n =8, J = 16) 181.20
Goal of this study: implement and evaluate Huffman, Rice 5 (header_red) 177.28
. . boat cameraman  fingerprint house lena fits1 Rice (n — 16’ J — 8) 19331
and Exp-Golomb methods for on-board image compression. (header red) 189 76
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e Exp-Golomb (16-bit) 190.11
= Test images include benchmark and astronomical g o
“ 04 (3
images with 8-bit and 16-bit data resolution. 0 COnC IUS]On

* Hardware implementation of each algorithm done in ot cameraman fingerpint house  lera fis1
Verilog and programmed to FPGA.
* Huffman circuit includes histogram calculation, sorting,

= Rice coding exhibits the best performance in terms of
compression ratio for both 8-bit and 16-bit images.

. . Error Resilience 1s assessed bv the number of = Huffman and Rice are both error resilient for 8-bit and
codeword length calculation, and canonical tree ) . yH , .. ,
construction corrupted pixels in the decoded image. 16-bit astronomical image, respectively.
: . : * = Header redundancy on Rice coding slightl
= Rice circuit based on CCSDS 121.0-B-1 standard with 8- Average Percentage of Corrupted Pixels . q }17 8 SUsHty
] : : : improved error resilience.
bit and 16-bit data along with block size of 8 and 16. 28.0% 26.2% P , ,
i : 26.0% 230%  242% = For block size of 8, Rice encoder uses fewer components
" Repetition code added to the header of Rice code. o 200 han the Exn-Golomb bod d
= Exp-Golomb circuit uses Rice’s preprocessor and LUTs & 200% than the Lxp-t>olomb method does.
P PP ' e = = The simplicity of Exp-Golomb implementation results in
" Software implementation done in C++ & MATLAB to S 10.0% mBest mWorst , T
1ssess decoded data with or without errors S Lo 104% the least power consumption among the circuits.
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: : . So% - 55n = Huffman coding for the given alphabet size is impractical
= Errors introduced using random number generator. o 3 7 3 8’ 3 19 , ,
= Quartus II provides data for the components usage and oo for hardware implementation.
P P S = Ri der circuit with block size of ides th
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est solution.
Huffman Encoder = QOverall, CCSDS 121.0-B-1 augmented by the repetetaion
etttz | Sorting Length comiat | | ot Need to protect the Rice block header from errors code of the header and block size of 8 offers the best
Cireut cret B B balance among the circuit configurations.
Average % of Corrupted Pixels by 16-bit Rice Coding
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