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High-Speed Focusing Vision: Coupling of Image Processing System
with Tunable Optics without Speed Bottleneck

Hiromasa Oku*!, Takahiko Ishikawa*? and Masatoshi Ishikawa*!

Imaging optics is essential for a robot vision to acquire images, since it projects the image of remote object to
its imager. In particular, dynamic control of imaging optics has been desired because it enables vision to measure
new information, such as depth of scene, that single robot vision with static optics cannot obtain. Conventional
imaging optics, however, takes around one second to change its optical property. Thus, measurement frequency of
sensing method using dynamic control of optics was limited by the slow response. In this paper, high-speed focusing
vision, that is composed of high-speed vision and high-speed imaging optics based on a Dynamorph Lens (DML),
is proposed. DML is a liquid variable-focus lens that can dynamically focus by morphing liquid-liquid interface in
millisecond order. Since both high-speed vision and high-speed imaging optics have millisecond response time, it
can change its focus and zoom ratio almost every frame. High-speed focus-switch experiment in 2 [ms] was observed
using a developed prototype. High-speed autofocusing in 15.8 [ms] by capturing and processing 14-images at differ-
ent focal position, and continuous focusing on quickly moving object by switching focal position in every 5 [ms] were
successfully demonstrated to validate the high-speed focusing vision.
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Fig.1 Cross-sectional figure of the structure and focusing mech-

anism of dynamorph lens. nj, na: refractive indices of
respective liquid. In this figure, n1 > ng is assumed
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Fig.2 Schematic figure of a liquid drop (W) on a flat substrate
(S). Atmosphere (O) may be gas or liquid
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Fig.3 Photograph of the prototype of dynamorph lens

Table 1 Specifications of the dynamorph lens prototype

3 [mm]

24 [mm]

Ultra pure water
Poly-dimethyl-siloxane (PDMS)
5,000 [centistokes (cSt)]

1.33

1.40

Lens aperture

Deformable plate diameter
Liquid 1

Liquid 2

Kinematic viscosity (PDMS)
Refractive index (water)
Refractive index (PDMS)

NEH% Fig. 3 1IR3, BEHL O/ S 7% FIE OB I AN’
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VT FaT— T ETL Y ADESEE R TS, A
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UBHTEE na = 1.40) M2, KETHIUE, ZhoidbE
PERLLOTHYYWEZRETHELTE LTI L0
ETHDHH, PDMS OILE (0.975[g/cm®]) &, HikolbE
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&Y, 7 Faz—5 OEMESIZBIT ARSI AHTEET
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TGN T v — b RfER B L CRIEL, i HECBIEL
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Fig.4 Refractive power versus PZT actuator displacement

Table 2 Resolution of the dynamorph lens prototype

Focal length [mm)]

Resolution [lp/mm]

22.67 19.66
82.49 45.18
194.1 54.23
—274.6 64.07
—110.3 58.53
—65.11 53.81
—42.55 56.51
—31.27 57.47
DML Beam Splitter  Macro Lens 1
k/ﬁifl/ﬁb\\\‘ A
) E U High-Speed
Object Relay Lens
PZT Vision

-

Macro Lens 2

_{ High-Speed

Camera

Desired Position, Captured |
PZT AMP PC aplured 'mage
Position

Fig.5 System connection and imaging optics configuration of
the developed high-speed focusing vision. PZT: PZT ac-
tuator, PZT AMP: driver of the PZT, PC: computer for
control
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(a) Captured Images 5 mm

(e) Height

1V

] (b) PZT Desired Position

E ] (c) PZT Position

(d) Focus Measure

(d-1) Top of the Condenser

(d-2) Surface of the Substrate

-2 -1 0 1

Time [ms]

Fig.6 Step response of the developed high-speed focusing vision system
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HAFEIIERP SO M) FEFICHEY L CRET 5 £ 1I08E
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3.2 XTI+ —HAETY 3 L ONFEENBRETIE
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Ne—EDOBP O — B E PR LRI ZR LD DT, =
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RS EMEOZLE ERNIORT 72012, a7 v L
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(d-2) & LORL7:. AR E VI EWRIC R W22 Rk %
KB, BEOEAEVITEHNIEEZRLTVE. L&D, K
A750.5[ms] 720 FTlRI LT U —EHEICAEL TV 575,
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R L oEmE T+ —H AV a VEHOWTEERY — 7 4+ —
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F—=b T+ =D AFEO—2L LT, FO2 T A MEF]
HLTT74=hv 7 24TH)a Y FITAMNERD S [21]. a3
b A NEE, WEREGEMET BRSSP S EBOG Y R
LEMEICBITAGEOT L NI A NP —FEL b He AHEM
LT 2 FHT, HRENFREDHHED TV 7 O
RPMSERTCEE LTHHESN TV L FETHL. ZO5MF
T, MEICLE > THRORZFVENLTCLE)ZOAT L
FIZEBPHEAIELL, 7774 7TIZHENTHI LR EL
EROMDOZEMAFRNAT=DICHEELS S D720, T bTA
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av b AMNETIIMREGEMEORS) & Hlf & % 85URAT
I WEENH DY, BAFEOWEEEMERIEILENZDIIF — b
T A —NADET E TIN5 L) HERH ), El
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Fig.7 High-speed autofocusing of surface of bread boad
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Fig.8 Result of high-speed focus tracking experiment
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Fig.9 Image sequences when (a) the focus tracking control was
off, and (b) the focus tracking control was on
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