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Optical Flow Detection via Complex-sinusoidally Modulated Imaging
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and Its Realization with Correlation Image Sensor

SHIGERU ANDO,! DaBr WEI'! and PAuL MASUREL!

This paper describes a novel, exact, and algebraic solution for optical flow estimation based
on the optical flow partial differential equation (PDE). The conventional methods based on
the PDE use numerical evaluation of spatio-temporal differentials, which has been really an
unmanageable source of error. The proposed method use weighted time-integrals of inci-
dent light as the measurement quantities, and also obtain an exact algebraic equation by the
weighted integral of the PDE. It is featured as: 1) single frame is sufficient and no temporal
differentiation is needed, 2) free from inherent velocity limit due to temporal differentiation,
and 3) aperture problem can be significantly reduced.
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Fig.1 Single-phase correlation pixel circuit using MOS
transistors.  Photo-diode current is devided by
Q1, Q2 according to reference voltages Vi, Vo and
accumulated by capacitors. The charges are read
out once a frame and reset for the consective accu-

mulation.
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(a) pixel circuit

(b) pixel layout (c) chip photograph
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Fig.2 The circuit, pixel layout, and chip photograph of

64 x 64 pixel three-phase correlation image sensor.
In the pixel layout, the center is the multiplier tran-
sistors, left and right side of it is the read-out tran-
sistors, bottom right is the photo-diode, and the
other is the accumulation capacitors.
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Fig.3 Lock-in camera using 3PCIS. The three correlation

outputs are A/D-converted and transferred to a PC
via the USB.
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(c) horizontally moving toy (w =2m/T)

(d) vertically moving toy (w =2m/T)
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Fig.4 Examples of phase stamp imaging. From left to right of each, intensity

image, correlation amplitude image, and correpation phase image.
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(a) rotating dots

(b) moving toy
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Fig.6 Results of optical flow detection for Fig.4 (a) and (c).
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Fig.5 Point spread functions (a) and spatial frequency
characterisitics (b) in motion direction by means of

complex sinusoidally modulated imaging.
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