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Airborne Doppler System Designs for External Urcdynamics Study with Drip-Proof Aperture;
Improvements in Airborne Ultrasound and Millimeter Wave Doppler Systems

Yasuhito Takeuchi
Asahikawa Medical University, Department of Renal and Urologic Surgery
y.takeuchi@ieee.org

Abstract: Along with our continued development of wearable, finger mount Doppler sensor for external
urodynamics study, we have noticed that a drip-proof design for sensor head is inevitable. For our final
prototyping of this device for clinical application we devised several trial designs for such drip-proof aperture
for our Doppler sensors, for airborne ultrasound design and mm-wave electromagnetic wave design. Here we
disclose such designs and each of test results with laboratory phantom splash test. This report is continuing part
of our prior report US2014-28 (6) in this society, and is partly in duplicate.
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Fig.2: Finger mount wearable CW-Doppler sensors used in this study: A: 40KHz ultrasound (4 =8.5mm)
single transducer (T/R common) model, B: same, dual transducer (T/R separated) model, C: K-band
(24GHz, A=12.5mm)) model, D: circuit side of unit C. The highlighted part is MMIC oscillator with
strip-line resonator, the ring at top is rat-race circuit loaded by mixer diodes. Size of D is about 20x20mm.
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Fig.3: K-band microwave (left) and 40KHz ultrasound
. finger mount wearable Doppler units arranged to view
single target with almost same sensing area.
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Fig.4: Doppler signals (left) and their spectra (right) of single urination , 40KHz airborne ultrasound (upper
pair) and K-band microwave (lower pair), taken by the devices shown in fig.3. Horizontal axis span for
about 40 sec., while actual urination about 30 sec. Doppler-shift axes (vertical) are line-of-sight velocity
matched to each other,. In this case velocity span about (zero to) 3m/sec. of running urea speed.
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(b) £e B R EHIE Fig.5: Airborne ultrasound and microwave
(€) U SRl Doppler phantom (mini-fan) used in this study.

Hold (left) and on-service (right) status.
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Fig.6: Scheme of drip proof test.

(1) device under test (Doppler sensor)

(2) Doppler (Doraemon, see fig.5) phantom.
(3) water spray generator, manual activating.
(4) supporting electronics for sensor.
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Fig.7a,b: Straight duct protector: Structure (7a) and receiving
signal strength during 8 times drip exposures. Total length in
time about 20 sec.
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Fig.8a,b (prior page) and 8c (left):

| U-shape 180° bent duct for drip
protection. Scale factor of fig.8¢ is
same as fig.7b.
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Fig.9a,b: Example of drip disaster (b) of unprotected,
transducer (a).
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Fig.10a,b: K-band CW-Doppler unit capsulated in a small plastic
(acrylic) container. It is quite insensitive to drip sticking to
surface (even signal slightly increases. unknown reason).
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