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Abstract: Optical flow estimation theory has been proposed in the field of machine vision for many
years, but the high computational complexity of the algorithm limits its application in the industrial
field. To meet the real-time requirements, a method was realized by FPGA in this study. To improve
the accuracy of the algorithm and reduce the consumption of hardware resources, the Lucas and Ka-
nade optical flow calculation method was improved. First, a two-level optical flow computation frame-
work was designed to improve the accuracy. To address the problem of insufficient read-write rate of
the external memory, it was proposed that when the image was read, it was sampled and cached to

two spaces at the same time for subsequent computation. Considering the iterative correlation between
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the two levels of optical flow, we designed the data readout order to be stored in external memory.

Then, in this study, a new convolution weight function was designed to reduce the volume of convolu-

tion, which was reduced by 73%, thus saving a lot of hardware resources. Experimental results indi-

cate that the accuracy of the hardware implementation is higher than that of the Lucas and Kanade

method on a PC, and the convolution computation is significantly reduced. This system fulfills the

specified real time constrains of 60 images per second with 1 280X1 024 image resolution.

Key words: two levels optical flow; improved L& K algorithm; real time; Field-Programmable Gate

Array(FPGA)
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Fig. 2 Calculation sequence of two layer optical flow
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Fig. 3 Architecture of two layer optical flow
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Fig.5 Diagram of optical flow calculation unit
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Fig. 9 Comparison of experimental results
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Tab. 2 Comparison of calculation precision

3zt [ 1% AAE/ (%) AEE/ pixel
K31 FPGA  PC FPGA PC
Grove2 9.878 9 29. 37 0.7215 1.83
Yosemite clouds 15.442 5 16.409 6 0.8107 0.862 7
One pixel 6.9086 7.2832 0.2764 0.3053
Rotation 9.3646 9.916 0 0.3077 0.3101

4.3 HEEESHREMNASH

FEAY AT 7 T AR SCHE Y FPGA B
TR ZEA AT LIS 2 /> 60 frame/s A AL BHE
T F2 48 28 Y SE R A B R BEoR . R 3 B T AR
TPk AL VR R IT 5 AR L R G i A1T T HO#.
Diaz. % AR H L&K &L Cobos. % AU

M Aitzol. % AN % B Horn Schunck 8 ¥
(HE& LI Fe v iy 5l 14 SC ik £ 1 17 T 6 i 11
BIEAE FPGA F & ERYSEl A R BLUE LT
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Tab. 3 Comparison of computing speed

Hukw FAGRST ERbE
/(Kpixel « s7') /pixel /(frame* s™!)

SCEJT

L&.K(here described) 76 800 1 280X 1 024 60

L& K(Pyda et al. [10]) 9 875 316 X 256 125
L&K(Wei et al. [11]) 18 000 640480 60
L& K(Diaz et al. [17]) 1776  320X240 24
H&-S(Aitzol et al. [14]) 3 840 256X 256 60
H&S(Cobos et al. [13]) 46 50X 50 19
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Tab.4 Summary of FPGA resource utilization
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