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Abstract: To solve the problem of large data volume and high transmission bandwidth requirement of
snapshot mosaic hyperspectral images, the latest CCSDS 123. 0-B-2 multispectral/hyperspectral lossless
and near-lossless compression international standard is adopted to realize the FPGA-based lossless and
near-lossless compression of snapshot mosaic hyperspectral images. By improving the BIP (Band-Inter-
leaved Pixels) sequencing algorithm, a snapshot mosaic hyperspectral sample can be dynamically pro-

cessed per clock cycle to 11 times higher of data throughput, and the problems of pipelining and paralleliza-
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tion difficulties and slow processing speed in the FPGA hardware implementation of snapshot mosaic hy-
perspectral image compression of this international standard have been effectively solved. The experimen-
tal results show that the overall logic resource usage of the implemented compressor is less than 10% after
the layout and wiring of the FPGA on Xilinx XC7Z020CL.G-4 platform, and the compression of a hyper-
spectral image can be completed in about 22 ms under 100 MHz system clock, with lossless compression
performance between 2. 66~4. 30 bits/samples and the performance near-lossless compression is between
1. 01~3. 70 bits/samples, which can meet the application requirements of snapshot mosaic hyperspectral
imaging technology in wireless handheld and unmanned airborne fields.

Key words: hyperspectral image compression; snapshot mosaic hyperspectral imaging; CCSDS 123. 0-B-

2; FPGA implementation
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R4 Ha=160,EHEBAETIRIERIERE
Tab.4 When a.=16, the near-lossless compression per-

formance of the compressor (bits/sample)

. Multiple o
reError  Riverl Grassl ) Red jujubel
materiall
2 3.6969 3.608 2.8708 2.6395

4 2.7243 2.8786  2.1171 2.047

8 1.828 1.8207  1.3874 1.4382
16 1.3616 1.3409  1.0897 1.0844
32 1.176 3 1.1289  1.0203 1.0191
64 1.1448 1.0135 1.0135 1.009 6
127 1.1438 1.0129 1.0129 1.008 1

M T AT LUE R 40 a1 3 JC 5 R 4 P RE
Q"JT 1~3. 70 bits/sample 2 [a] , it & T JC 61 J% 45
ERE . [HOR I JCH e 4 1k e A v R DL T
T%E"Jﬁﬁfgﬁﬁ%’ft?%ﬁ@o & 16 R 1A ] e 4 %
BN ER A k.

6,r=2 (b)a,

(©) a=16, =16

(d) a=16, r=32 (€) a=16, r.=64 (H) a=16, r=127
P16 AN [R] B ER 4071 A4k
Fig. 16 Loss of detail under different settings

4.3.2 PSNR® %

PSNR J& ffif & A 1 F 45 85 0k B AR i o
WS 5, 8 5 Ok UE PSNR E 80/ 1 45 15 1 18114
BB 2% . BRI A = (4) R, Horp
MSE R¥ )52 L e b9 .

RS T 3R TR v i R A A
T A9 A X % 22 A BR 1 1 4 Ak B A9 PSNR i
il M DR 2 1 BR Y 38, PSNR L% Hi 0/
F W] CCSDS 123. 0-B-2 #5 i 3 JC 1 1 48 15 RE /Y
1 R 2 AR HO AR

Fx5 Ha=160 , AEAELFHEE THPSNRE
Tab.5> When a.=16, PSNR under different compression

settings
reError Riverl Grassl Multip.Ie e
teriall
2 21.5355 26.2553 28.864 7
6 21.5425 26.2417 28.8100
8 21.544 0 26.2270 28.8020
12 21.5459 26.194 2 28.790 6
16 21.544 8 26.154 3 28.7534
24 21.5000 26.056 5 28.7858
32 21.470 2 25.958 3 28.640 2
48 21.426 2 25.9010 28.577 8
64 21.4071 25.9015 28.5152
80 21.3785 25.8293 28.501 2
96 21.376 9 25.764 1 28.363 2
112 21.374 0 25.7451 28.3990
128 21.3634 25.7310 28.420 6

4.3.3 SAMK

SA FI R FRAE WA 55 06 3% B 2 16 3 1 46
ARLPE 19 T o i ) ) I o /DN TR Y 3 AR B
E LA () PR

Zx ¥

SA=cos '—=—1—— (5)

B17 %5 T PR f&%ﬁr—uﬁﬁ KR SA 1
A o LT AT B R R U 25 B R Y
RSASE R, TR 4 FRAS SR ik PG B0 6 3 A AR
JEE 25 3% W T TG 45 s 45 2 e R e T 3 v v Ol
T AR AL OGS4 B O HLBE A 4 vk fE A 4
T, X BB IR BOR @ 2%
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Fig. 17 Test results of spectral angle
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