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Abstract: Aiming at the accurate identification of wind speed and direction in the natural environment
wind speed and direction two-parameter sensor detection system was designed by ultrasonic principle.
ultrasonic wave is generated in the system and the ultrasonic transducer with frequency 213 kHz is used.
ultrasonic sensor uses the ultrasonic phase difference method to measure the wind speed and direction.

measurement principle and calculation method of the two-dimensional phase difference method are elaborated.
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method is verified by Lissajous curve. Feasibility. Replacing complex analog circuits with the same digital chip in

the system improves sensor integration . The test results in the bellows show that the signal is processed by the

phase-detection circuit and compared with ZRQF platinum resistance wire type wind speed sensor to verify the

processing speed and accuracy. The designed ultrasonic wind speed and direction test system in the gas flow

direction detection and environment monitoring and other aspects have practical and effective detection
environmental monitoring.
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Tab.1 Sensor working state
1 2 3 4
° 1 1 0 1
0 1 1 1
1 1 1 0
o 1 0 1 1
DA 0~ 3.3V
213 kHz ADG1334 9 o
218 kHz 10 kHz ADGI1334A
-0.25~0.25V ADG1334
-5~5V 20
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Tab.2 Ultrasonic sensor measurement data /(m/s)
1 2 3 4 5 6
/ 10. 39 11.73 3.27 2.49 1.78 1.92
/ 9.37 10. 83 2.73 2.46 1.90 1.96
/ 7.87 9. 06 1.65 1.20 0.62 0.40
/ 8.70 9. 84 3.42 2.01 2.27 0.74
/ 8.54 9. 49 2.42 2.59 1.33 0. 65
/ 6.97 7.27 1. 81 1.28 0.62 0.12
3 ZRQF
Tab.3 ZRQF platinum resistance wire wind speed
sensor measurement data /(m/s)
1 2 3 4 5 6
/ 10.13  10.68 3.09 2.63 2.03 2.01
/ 9.54 11. 14 2.89 2.60 2.02 1.98
/ 8.01 9.13 1. 61 1.23 0. 65 0.51
/ 8. 64 9.75 3.41 1.95 2.12 0. 81
/ 8. 60 9. 61 2.51 2.50 1.35 0.59
/ 7.04 7.30 1.92 1.35 0.62 0.15
18
4. 48% 9.83% » 10%
o 19
5.72% -
ZRQF
10% o
12+ - AR
m ZRQF &A%
10 -

KU/ (m/s)
)

4L
2L
1 2 3 4 5 6
R A s

17
Fig. 17 Comparison of measurement results

when wind speed is maximum
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Fig. 18 Comparison of measurement results
when wind speed is minimum
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Fig. 19 Wind direction measurement
environment diagram
4
Tab.4 Wind direction measurement data  /( °)
0 45 135 180 225 270 315 0
1.5 46.2 134.6 182.1 228.4 272.6 315.3 358.1
5
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0 213 kHz
0. 004 7 ms
0.019 ms
14 cm 340 m/s
1. 67 ms
o ZRQF
10%
10%
1 . ATS
J. 2016 30( 12) : 1949.

ZHU C H ZHANG Q WANG J P et al. Research on Fault Diag—
nosis and Yaw Control System Based on ATS Wind Turbine J .
Instrumentation 2016 30

Electronic  Measurement  and

(12) :1949.

2019 8( 15) :234.
ZHAO Jianbo. Power Quality Control Measures for Gridconnected
Technology of Wind Power Generation J . Electronic Technology
and Software Engineering 2019 8( 15) :234.

I 2005 24(11):15.
ZHENG Haonan CHEN Zhenzhen SHI Peiying et al. Research
on Gas Flow Velocity and Flow Direction Sensor and Its Tempera—
ture Compensation J . Sensor Technology 2005 24( 11) : 15.
Fluent  LSTM
I 2019 36
(7) :90.
REN Xiaohua CHEN Xiao GUO Yan. Fluent and LSTM Neural
Network Based Shadow Effect Compensation for Ultrasonic Ane—
mometer J . Computer Applications and Software 2019 36(7) :
90.
. I 2018
49(8) :99.
ZHOU Haikun. Wind Speed Sensor Based on Pitot Tube Principle
J . Coal Mine Safety 2018 49 (8):99.

J. 2017 38( 12) :2945.

XING Hongyan WU Hongjun XU Wei et al. Research on Three
— dimensional Ultrasonic Transducer Wind Measurement Array
J . Journal of Instrumentation 2017 38( 12) :2945.

A. ST. MARINOV E. BEKOV V. C. VALCHEV . PVDF
Based Wind Direction and Speed Sensor for Weather Assessment
Relevant to Renewable Energy Generation C // 15th Interna—

tional Power Electronics and Motion Control Conference FEPE-

12

13

15

19

20

PEMC 2012 ECCE Europe Novi Sad = Serbia.
BUCCI G CIANCETTA F FIORUCCI E et al. A Low-cost Ultra—
sonic Wind Speed and Direction Measurement System C // In-
strumentation and ~ Measurement Conference
2013:505.
XIE K WANK K. Measurement of Wind Speed and Direction with
Ultrasonic Sensor Using FPGA ] . Energy Procedia 2011:837.

. J.

2015 34(10) : 110.

ZHANG Dongming CAO Xiaozhong MA Shangchang. Two — di-
mensional Ultrasonic Anemometer Design J .
osystems 2015 34(10) : 110.

Technology

Sensors and Micr—

] 2012 33(11) :2422.
CHEN Jian SUN Xiaoying LIN Lin et al. A High-precision Ul-
trasonic Arrival Time Detection Method ] .

2012 33( 11) :2422.

Instrumentation

ARM + CPLD
J. 2012 31(6) :101.
WU Zongling YAN Lianshan ZENG Debing
High Precision Ultrasonic Anemometer Based on ARM + CPLD
J . Sensors and Microsystems 2012 31(6) : 101.
STM32
J. 2017 36(7) :133.
CHU Hang ZHAO Jiajia. Design of Ultrasonic Anemometer for

et al. Design of

Wind Speed Measurement Based on STM32 ] Automation
Technology and Applications 2017 36(7) : 133.
. DSP
J. 2012 31(6) :101.

LIU Runbo LI Yujun HE Xiaoliang et al. Design of an Ultra—
sonic Wind Direction Detector Based on DSP J . Sensors and Mi—

crosystems 2012 31(6) : 101.

J . 2016 21(4) :46.
LI Chunyu DING Xibo ZOU Yifeng. Phase Difference Method
for Three — dimensional Ultrasonic Wind Speed Measurement J .

Journal of Harbin University of Technology 2016 21(4) : 46.

J. 2013 34(4) :786.

WANG Guofeng ZHAO Yongsheng FAN Yunsheng. Research
on the Error Compensation Algorithm for Wind Speed and Wind
Direction Measurement J . Instrumentation 2013 34(4) :786.

J. 2012 32(5) :0523003 -5.
YAN Bin YUAN Weizheng QIAO Dayong et al. A New Type of
Resonant MEMS Scanning and Its Lissaju Graphics Display J .
Optics 2012 32(5) : 0523003.

. J .
2012(2) : 16.
WANG Zhi SHE Danni. Low-requency Power Amplifyyer Based
on Microcontroller J . Instrumentation Technology 2012(2) : 16.
. 64
J. 2019 32(7):1110.

ZHANG Jinyu XING Hongyan FENG Maoyan. 64 — channel De—
tection System for Permafrost Temperature on Qinghai — Tibet Plat-
eau J . Journal of Sensing Technology 2019 32(7) :1110.

. J .

2016 43(12):51.
LIU Zhiqgiang.
Goniometry J .
(12) :51.

Application of Frequency Doubling Technology on
Measurement and Testing Technology 2016 43



