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Design and Application of Fault Detection Method for Wind

Direction Sensors Based on Observation Data

LIU Ying WANG Haijun LI Zhonghua

Hubei Meteorological Information and Technological Support Centre, Wuhan 430074

Abstract: When the automatic weather station instrument malfunctions or its operating performance de-
clines, special equipment for maintenance and calibration is often used, but it is more difficult for routine
maintenance of the wind observation instruments installed at the height of more than ten meters or dozens
of meters. In order to improve maintenance capabilities, for the wind observation instruments this paper
puts forward fault detection method for wind direction sensors based on the observation data. Using the
observation data of hourly extreme maximum wind direction and instantaneous wind direction from 2420
automatic weather stations in China, during 2009—2011 and based on the coding theory of Gray code disk
of wind direction sensors, we design the fault detection method of Gray code for wind direction sensors.
Through quality control on the national wind observation data, and the simulation of wind direction chan-
ges caused by the faulty of Gray code, we assess the impact of the Gray code failure. The analysis results
show that: (1) By using the observation data of hourly extreme maximum wind direction and instantaneous
wind direction, Gray code failure can be detected. (2) Throughout the country, the automatic weather sta-

tions seeing faults on the bits from 2 to 7 of the Gray code, takes up the proportion of 0. 4% —0.8%. The
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occurrence proportion of the first bit of Gray code failure is 2. 6 %. (3) Gray code failure impacts the quali-

ty of wind observation data, and even causes the distribution of the wind direction frequency completely

distorted, especially the fault of Gray code bit from 4 to 7.

Key words: automatic weather station, wind direction, quality control, Gray code, fault
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Table 1 The range of wind direction loss in case of Gray code faulty
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Fig. 1 The extreme maximum wind direction

interval ratio by ten days at Nanyang Station from

the 1st dekad January to the last dekad December 2009
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Table 2 The precentage of extreme maximum
wind direction interval average ratio in the

range of 0.3—0.7 from 2009 to 2011 (unit; %)
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Fig. 2 Frequency distribution of the wind direction interval ratio of 0.2 (a) and 0.3 (b)
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Table 3 The precentage of dekad wind direction interval
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code faulte from 2009 to 2011
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Fig. 3 Hourly distribution of extreme maximum wind direction and instantaneous wind direction

(a) extreme maximum wind direction at Danyang, (b) instantaneous wind direction at Danyang,

(¢) extreme maximum wind direction at Xingcheng, (d) instantaneous wind direction at Xingcheng

(e) extreme maximum wind direction at Shuozhou, (f) instantaneous wind direction at Shuozhou
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Table 5 Precentages for instantaneous wind direction interval ratio and 2 min average wind direction interval ratio

less than 0. 05 when the dekad extreme maximum wind direction interval ratio is less than 0. 05 from 2009 to 2011 (unit: %)
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Fig. 4 Distributions of hourly wind direction and dekad wind direction interval ratio at Yiyuan Station in 2009

(a) extreme maximum wind direction, (b) instantaneous wind direction, (¢) 2 min average wind direction,

(d) 10 min average wind direction, (e) extreme maximum wind direction,

(f) distribution of dekad wind direction interval ratio distribution
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Fig. 5 Distribution of extreme maximum wind direction frequencies before and

after the fault of Gray code at Wuhan Station in 2009

(a) observation, (b) —(h) simulation data of the fault of Gray code bit from 1 to 7
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Table 6 The extreme maximum wind direction at Wugqia Station, Xinjiang in 2009
A4y 1 2 3 4 5 6 7 8 9 10 11 12
- Mg R/
RURIIUR(ER 62.6 92.9 29.6 94. 8 88. 6 104. 6 94.5 110. 2 153.0 176. 1 109. 7 69.0
D 61.5 91.4 27.7 93.3 87.9 103.2 93.4 108. 1 150. 5 174.5 108. 4 68.5
D, 62.0 92.2 29.1 89.1 87.4 103. 8 93.1 111.2 152. 8 174. 8 108. 7 68.2
D3 60.5 89. 6 25.1 83.2 83.7 104.1 92.3 107.2 147.5 170. 6 106. 4 66. 2
D, 61.1 97. 4 42.9 101.1 91.2 104.7 98.5 116. 2 11.4 171.0 107.9 66. 7
Ds 37.6 24.6 179.2 1.2 17.4 64.4 40. 4 19.2 164. 2 21.3 85.1 33.2
Ds 160. 3 165.1 175.3 173. 6 154.7 143.7 149. 4 169. 4 0.7 178.0 159. 2 152.1
Dy 100. 5 87.9 93.6 88. 4 89.0 81.3 86. 8 85.8 92.0 78.1 82.2 98. 6
DR o o 22
RUURIUE(=R 7.0 8.8 6.8 9.0 7.8 8.5 8.7 8.8 7.4 7.3 8.5 7.1
Dy 7.0 8.8 6.8 9.0 7.8 8.5 8.7 8.8 7.4 7.3 8.5 7.1
D 7.0 8.8 6.8 7.8 7.8 8.5 8.7 8.7 7.4 7.3 8.5 7.1
Ds 6.9 7.4 6.8 7.9 7.8 8.5 8.7 8.7 7.5 7.3 8.5 7.0
Dy 6.8 8.9 6.7 9.0 9.1 8.6 8.8 8.6 7.1 7.5 8.7 7.1
Ds 7.5 8.0 8.3 8.4 8.0 5.4 7.1 7.9 8.3 8.0 4.9 7.7
Ds 5.6 5.4 5.2 5.1 5.6 6.2 5.9 5.1 5.1 5.3 5.8 6.0
Dy 5.2 5.1 5.2 5.0 5.0 4.9 4.9 4.9 5.2 5.1 5.1 5.2
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Fig. 6 Hourly distribution extreme maximum wind

direction at Dafang Station, Guizhou in 2010

TR

FIFH 4 2009—2011 4F 3 4F 2420 4 EH K 4%
F XU ) Rk Xof JRU T A e DX ) PN 5 O 1 5 00 R AT T
. g5 .

(1) i) 28 B Al R DR g JRL 1] R B s XU K 11
JR Iy R TG 0 XL i) 2 A 1 A B R RIS O
A I X[ R g e 2

(2) WE Ny 2~7 {32 BB 19 65 0 78
S F BB Ry 0. 4 %6 ~0. 8% . {H A% T 5 55 — 37 )
IR A B 1 L Bk 2.6 06 oo R H EAE R O
Y B il R LU AR 1 2

(3) i A AEL A T A R R S O 1 0 R
AT 85 X e R 1] A v 22 5 S B 08 DN A 22 S R
R 2 R RO TR O B DU L I Bl 2R R

2% Uk

A, £ IC, W8T 2007, v [E T 2 XU AR BE U (9 B 23 AR AR R AE. M
R 2R CH AR BL AR »43(3) - 280-291.

ARG Tk L BT 58 2012, B Bl SOGR I B0 S BT 5 I 55
BB S S B 4. 38(3) :371-376.

X7 57 B 2006, B 3Gk X 1) R 1% Ik 85 1 22 18 5 RGHE T
. AROK SO 2 1:2-5.

B LV, 25 T AL 1997, -3 KU g 315 0 Tk RO . mRARA 16
(1):94-98.

T % A& A 4. 2007, A B4 05 SE i ER 3 TR
il vk B HR L A4 33(10) :102-109.

T B UL, RN 4. 20060 B RS [ S A ST
il 7 ik AR . R % 32(3) :107-112.

Wi 2R AL T . 2010, XU B 7R I 1 R I D it
B A BT RBRK ST PR AR 5 2:86-89.

WAL, 25 30, 1990, = S 3 550 XL ol 4 o 22 7 ¥R B LA BT
G284, 1(3) :324-330.

JAET /L 2009, B Bl G0l XURE I 5 5 i 3 2 R Ak B
LK HANAR - 3:26-28.

DeGaetano A T. 1997. A quality-control routine for hourly wind ob-
servations. J Atmos Oceanic Technol,14;: 308-317.

Jiménez, P A, Gonzdlez-Rouco J F, Navarro J, et al. 2010. Quality
assurance of surface wind observations from automated weather

stations. J Atmos Oceanic Technol, 27:1101-1122.



