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Optical Gaze Control System to Realize More High-speed Active Vision

Kohei Okumura®, Hiromasa Oku* and Masatoshi Ishikawa*

The purpose of our study is to realize an active vision capable of casting its gaze in any desired direction in ms-

order. It is, however, difficult even if a vision sensor itself is controlled directly by high-speed actuators. Therefore,

we propose a high-speed gaze control subsystem, called “Saccade Mirror.” Using this system and a high-speed vision,

image sequences that each image has different direction of gaze in msorder has been successfully obtained. Measuring

the frequency response of the gaze control, this result has exceeded the preceding study. That is to say, the utility

of our proposal has been ascertained.
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~ = Our Proposal : Saccade Mirror =
{  Pupil Shift Lenses for

Visionsensor | extending the angle of view : Object
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Mirrors for scanning gaze ,

Fig.1 A concept of our proposal: A high-speed gaze control is
realized by mirrors and an angle of view is extended by
Pupil Shift Lenses
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Fig.2 An angle of view in a pinhole camera model

Transferred

Pinhole camera

Actual camera

Fig.3 A pupil shifting using a positive lens
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Fig.4 The optical setup of the prototype system
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Fig.5 A photograph of the Saccade Mirror
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Fig.6 A measurement of the angle of view
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Fig.7 The frequency response in a case of a open loop system;
(A) gain [dB], and (B) phase delay [deg]
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Fig.8 A system setup for examining the settling time
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Fig.9 The experimental result by a data logger; the temporal
change of the instruction voltage, the mirror angle and
the trigger
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Fig.10 The experimental results by a high-speed camera; (A)
a whole subject and (B) the image sequences
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(1) Capture images.
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BaANSD.

FERAEH

HATRy baEE 29 % 2 5

Data logger

PC
k Instruction
I

Mirror angle

~~.

..
N
/U Pan \\fflr

! ~Lorg
%
Images SRR N
‘mages Pt N\ Tilt?
, 'I N, '~ '~ /’
ke s S,
e 7’ e L "~ J
‘\\ K el \)Qﬁ‘s {“~J
N 1
S B
<
<

High-speed Vision

Fig.11 A system setup for target tracking
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(1) Capture image (2) Remove (3)I Binarize to recognize
fixed pattern noise the only object

A s A
| >
(] - D N

- —»>

(4) Calculate
the center of mass

(5) Sean mirrors (6) Observe the target

Fig.12 Tracking algorithm

(2) Remove the fixed pattern noise.

HEE RO TR SN, EE 8y —r 7 4 X (Fixed
pattern noise) &M:INZN—Fo7 = 7RRED /A X 28D K
o THUZOWTFHLSHAT .

FIIMO AR B VESELRRETHoTH, 1 A=Y
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INhxWEER (Dark current) &IES. & L CHEEILIZL Y 7
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(3) Binarize to recognize the only object.
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T, WHEENLAE 2 E LTI SN, F ) =T —
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Iz, y) —{ 0
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(4) Calculate the center of mass.
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DUTFetadzRd. X 3) 2HWT, (p+q) RKOBEIRFE— X
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(6) Observe the target.
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Fig.14 The frequency response in a case of a visual feedback
system; (A) gain [dB], (B) phase delay [deg], and (C)
the method of measuring the phase delay
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(A) 11 [Hz]

(B) 33 [Hz]

Fig.15 Image sequences while the rotating object ((A) 11[Hz], (B) 33 [Hz], and (C)
50 [Hz]) was being tracked; numbers under the images are the elapsed time [ms]
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(A) A ball is falling from a hand.

Ah‘
120

(B) The ball is bouncing against a table.

wOM a IR &

(D) The ball is being hit by a paddle.

Image sequences captured by a high-speed vision. A ball is (A) falling from

a hand, (B) bouncing against a table, (C) going up, and (D) being hit by a
puddle. Numbers in the images are elapsed time [ms]

Angle [deg]

Time [ms]
Fig.17 The gaze angle while the object was being tracked
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Fig.18 The process of developing the Pupil Shift Lenses; (A)
a field Lens: OFF, and (B) a field Lens: ON
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Fig.21 A simulation to determine positions of the mirrors: (A)
Both mirrors are driven for clockwise. (B) Both mirrors
are driven for counterclockwise
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Fig.22 A simulation to determine positions and sizes of the
lenses
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