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Characterization of three-dimensional ultrasonic
anemometer using phase measurement

Do Hyun Park and Yunhae Yeh'

Abstract

Ultrasonic anemometers using pulse envelope detection-based method are standard instruments in most meteorological
studies. In this paper, a new phase measurement method is tried to achieve the enhanced resolution without changing
dimensions. The measurement sensitivity, dynamic range, and measurement speed of the new instrument are 0.2 mm/s,
13.3 m/s, and 13 measurements/sec, respectively. A graphic user interface is added to show the velocity and direction of
the wind with the speed of sound and temperature of the wind in the 3 dimensional space. The new anemometer could
be useful for the measurement of the air speed, the flow of fluids, and even air flow inside the downtown buildings.
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Fig. 1. Principle of wind-speed measurement. Transmitters
(Th, T») and receivers (R, R,) stand opposite to
each other at interval L. #/(t,) is the travel time in
righthand (lefthand) direction. » and u, are the
wind velocity vector and its parallel component to
the sensor.
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Fig. 2. Response of the ultrasonic receiver: (top) driving
pulse train for the transmitter, (bottom) output of
the receiver to the output of transmitter. Time
delay, 1, is calculated by measuring phase delay ¢,
which is measured when the signal is recovered to
its full strength.
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Fig. 3. Diagram of sensor arrangement. Six ultrasonic
sensors are used to measure 3D wind velocity.
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Fig. 4. Waveform of received signal (top) and driving
signal (bottom) for transmitter. Receiver output
grows slowly due to the response time of the
receiver.

AZ ).

AZo] A

Fukp7) 40 kHzY W) A1 0] &85
Tz} Hlaws] Hel Ao, ol HYe FAIAl
o I7HE FElson, 9 HHL FAMAM Y &4
Azoln), 1A FAAA Y] FEAEE 3AH F
EAE o|FE F o9 AME Wzl 7HEA 153t
7] wjitof] BAE HejolH, ol FAMM S 23S

Alxj o] SEAIE w o XA ol A7)17t F7Vsted 478
A7re] Aet Follok FA 20| =getE ¢ &
A 5 Sl

FEA A2de] e FAF357F 4045

A5 83 dB, WAL 90°2 W 289 AlA
Gl 1?‘4&) model ST-203L) 670& AM&-3}3T}.

3.1. st=dlo 7o

F424 A29e 27 59 o] ANHDE 90),
R8N (E 39), 2elT SHIHE THFe

2 Hol7] 93 PCElt LEF)Z 7AHY L, 1
Y 62 SA3RH] EEEE W3l Hojt.

O 62 SAIER| BETAYE 2P R HY
AOZ B2 E deslsld T 3aHd F5E3A S
A3 2E 2S5y AR Ug I 2 248 FYEA
at7] 98] obd 2 HE|EHYME o]&st & 7He]

$A8)29 SN 2L FHEES DAL
gehd $2820) 22e o= FE TGN

B3] Glle) AN Ao ArkE, 7F A
A&} AL o] Ry FAAAY & Z8e I s old=
2 HEIZANE Folo EAH R a8 R 7}

ot

— 444 -



Bl 5 Fa=xH J\]z\ad,q ARALL &=
C 3AYHE Y
Fig. 5. Photograph of the anemometer system. Signal
processing electronics is shown in the left to the
notebook PC.
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Fig. 8. Timing diagram for time-division multiplexing
method. 12.4 ms duration ultrasonic pulse train is
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transmitted (Tx) and received (Rx) signal. The
bottom two traces are the exploded view of the
middle two.
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Fig. 10. Display window for 3D anemometer. Direction
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for the velocity and direction of the wind in the
plane. Vertical parameters are to be shown by the

white pole in the vertical bar in black color.
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