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Real-time Evolutionary Optimization with Three-ball Model Using FPGA
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Today, the introduction of robots is desired for exploration in unknown environments and investi-
gations of disaster sites. Intelligent robot is required to work in an environment where it is constantly
changing. In our laboratory, we have been studying visual servoing by stereo vision. Then, we are trying
to introduce FPGA for shortening real-time measurement. FPGA stands for “Field Programmable Gate
Array.” It has already been applied in a wide range of fields such as communications, medical care, and
analysis. FPGA can easily change integrated circuits and perform task processing in parallel. This can
be expected to speed up the calculation of goodness of fit and increase the number of GA evolutions.
However, it has not been fully introduced yet. In this report, we report the realization of the calculations

of a three-ball model-based matching by FPGA.
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Fig.1 XILINX’Zynq UltraScale+ MPSoC ZCU104
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Fig.2 FPGA Development Environment

Table 1 xf::Mat Class - Available Data Types

Option Number of bits per Pixel Type
XF_32UC1 32 Unsigned
XF_32FC1 32 Float
XF_325C1 32 Signed
XF_16CU1 16 Unsigned
XF_165C1 16 Signed
XF_8UC4 8 Unsigned
XF_8UC3 8 Unsigned
XF_8UC3 8 Unsigned
XF_8UC1 8 Unsigned
XF_2UC1 2 Unsigned

wordwidth = 8x3x1 (1)

B0 8 v bk B(Blue), &? 8 £ v b G(Green), ik
8ty MIR(Red) #£7. TLTC, UTDFrSI 0% sE
NMNAWSHZET, R, G, BOT—F%HAMD LB TES.

b = rgb&0zff; (2)
= (rgb>>8)&0zff; 3)
r = (rgb>>16)&0xff; (4)
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Fig.3 3-ball model in left image
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Fig.4 Image loading order in stream type
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Fig.5 Flowchart of 3-ball fitness
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Pipeline architecture
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Fig.8 Camera image processing procedure
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Fig.9 Loop unrolling processing
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Fig.10 Left image and right image used in the experi-
ment
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Table 2 Difference in arithmetic processing time in
FPGA depending on the presence or absence of
loop unrolling

Time[ms]
Number of Genes Without With
Loop Unrolling | Loop Unrolling
1 52.0 51.9
2 Failure 107.2
4 Failure 209.7
8 Failure 414.6
16 Failure 824.5
32 Failure 1644.3
40 Failure 2054.2
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