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Real-time processing framework of common-aperture active and

passive hyperspectral 3D imaging
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Abstract: Common-aperture active and passive hyperspectral three-dimensional imaging technology is a new
remote sensing detection method, which combines active LiDAR and passive hyperspectral cameras in a single
framework with shared optical systems. Thus, the difficulty of heterogeneous data registration is reduced, and the
generation of the 3D spectral image by real-time fusion becomes possible. The real-time 3D imaging is
characterized by data-intensiveness and computing-intensiveness, and the software and hardware co-design
framework for system-on-a-programmable-chip provides a feasible solution to it. At present, the hardware/
software partitioning is mostly derived from qualitative and empirical analysis, and it is challenging to achieve a
quantitative and optimal design. A system-on-a-programmable-chip processing framework using a multi-objective
programming model based on object weight was proposed to tackle this problem. In this processing framework,

the graph-theory-based model with Ncut criterion was used to achieve high cohesion and low coupling functional
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modules partitioning. Then, the performances of functional modules with software fulfilment and hardware

fulfilment were thoroughly analyzed and evaluated. Finally, aiming at the design requirement, the proposed multi-

objective programming model was used for the hardware/software partitioning scheme. Two optimal hardware/

software partitioning schemes based on the speed-first criterion or the power-first criterion were solved

quantitatively for different scenarios. The result shows that the speed-first design overperforms an empirical

design with an increase of 43.4% in processing speed, a reduction of 53.5% in power consumption.

Key words: hyperspectral,

programming;  SOPC
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Tab.1 Software performance of functional modules

Subfunction calling

Functional modules Time/s Time rate
Subfunciton Call counts
Rotation matrix calculation MatrixTransCal 666 0.03 0.44%
Geodetic Coordinate calculation GeoCoorCal 266365 3.32 42.95%
Gauss-Kruger projection GaussPrj 243085 1.11 14.30%
Elements of exterior erientation calculation ExtOritCal 3325 0.14 1.76%
Elevation interpolation Altilnterp 1 0.95 12.29%
Collinearity equation solution and fusion FrontPrj 5753553 2.19 28.26
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Tab.2 Hardware/Software performance of functional modules

Functional modules Module LUT FF DSP  BRAM Sqftware ngdware Software Hardware  Speedup
lable time/s time/s power/W power/W rate
Rotation matrix calculation M1 3% 1% 1% 1% 0.034 0.007 1.836 1.351 4.86%
Geodetic coordinate calculation M2 86% 48% 46% 8% 3.32 0.2 2.154 1.739 16.60%
Gauss-Kruger projection M3 36% 46% 56% 14% 1.1 0.05 2.087 1.68 22.00%
Elements of exterior orientation yry 5100 400 379%  19% 0137 0.025 1.975 1.614 5.48%
calculation
Elevation interpolation M5 8% 2% 13% 0 0.95 0.06 1.757 1.372 15.83%
Collinearity equation solutionand \y 5500 1305 oy, 29 2.19 0.19 1.869 1454 11.53%
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Fig.3 Hardware/Software partitioning schemes
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Tab.3 Examples of hardware/software partitioning schemes

Solutions Partitioning code LUT FF DSP BRAM Time/s Power/W Speedup rate
S1 010011 89% 62% 78 10% 1.721 8.003 4.61%
S2 110011 92% 63% 79% 11% 1.694 8.848 4.68%

S3 010000 59% 48% 46% 8% 4.811 6.143 1.65%
S4 100000 3% 1% 1% 1% 7.904 6.073 1.00%
S5 000001 22% 12% 19% 2% 5.731 6.144 1.38

S6 000000 0 0 0 0 7.931 5.228 1.00%

Xt TR e —, I % S1 R A A, B K A bR
filR SRR A L LR Ty R R K Rl ST R R
PRSI0, oA BT T ARM #1000 52 B, B4 %8 5
f) LUT. DSP /i FHik 3] 80% 2647, BE A9 V5452 7843
FIH, THFEL) Sy 8W, Ab R 224k 22.37TMB/s, FHXT T
SRR PN A R 461, XTSI, TR
S2 34 e e i I T GRL o R A S B, S2 AR X T
S1 HFEII 2 1.5%, (H 2 DFESE N2 10.6%. T

T HUBE N, J 5 R BT . AERT N, R
7% S1. S2 PRl 7 AEHTRRME 1y <o s AR R T 6 1 LR
PET, SRA 23 (6] TP AFAE AU

Xt TR, O % S3 MR A, AUR K H Ak
P i B B C R RV RSE A 52 B, AR BT R ARM 55
B, BEUR 7 SR AN D RE R s i ZE AR X AR 7E
7% S6 K AT T AE A ARM SEER, B D #E
AR o AHXT T S6, Jr % S1 B ST T 1.61
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Tab.4 Performance of processing systems

Design scheme Processors Processor numbers Processing rate/MB-s ' Power/W
SOPC ZYNQ-7020 1 chip 22.37 8.003
FPGA+DSP FPGA: XC7K420T DSP: TMS320C6678 FPGA:1 chip DSP:1 chip 15.6 17.2
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Fig.4 Common-aperture active and passive hyperspectral 3D imaging

results (Dan Zhou, Hai Nan Province)
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