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Wind vector measurement using dual sensors ultrasonic receiving array
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Abstract: To improve the property of measuring accuracy and noise suppression of the current ultrasonic anemoscope, a measurement
method of wind vector is proposed, which is based on the structure of ultrasonic receiving array with dual sensors. Firstly, a structure of
wind speed and direction measurement system is designed by using the principle of ultrasonic wind measurement. It consists of an
ultrasonic transmitting sensor and two ultrasonic receiving sensors. Then, an ultrasonic time delay estimation algorithm based on the
correlation detection is proposed. The wind speed and direction can be obtained directly via the relation between ultrasonic transmission
time and wind vector. Finally, the feasibility and effectiveness of the proposed method are evaluated by several simulation experiments.
The actual measured data are also utilized through establishing a wind measurement system with dual-sensor ulirasonic array.
Experimental results show that the proposed method has the advantages of simple structure, stable algorithm, low computational
complexity and good noise suppression performance. The practical test experiments show that the maximum relative error of wind speed
measurement is 2. 3% , and the maximum error of wind direction angle measurement is —1. 5°. The technical requirements of wind vector
measuring instrument can be meet basically.
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Fig. 1 Dual sensors ultrasonic receiving array structure

B 1 s 5 S AR IR 0SS, Ab T A — 7K
AR/ v R F D 0,V AV 53 A
e I AL IS 0S, A0S, Jrial i, HEPEE 7 I
A I R B R ] 1 rpoE P I S B B B T = [T Y



230 U #H £ ¥ W

B4

Z3 I Z5H S R T, Y0 KU LI , fE08A% O K S
JEAE 0S, F1 0S, Jr W) L ifE s o v, AHIA], RIMEIRES S,
IS, HWCE R 75 i BT FH s 1) AH 6] LA 2 5 24 A KU Ol
it , S B P 0 A i R 2 2 B R A B v LV Y
R B A U B IR IR T S, RN S, BB ] A AR AR
A PRIt 30 A 0 P S s P A2 i ] B T R X
XL

1.2 REENSFRE

SR JH e 01555 250 X A 75 0 £ 5
W R GHE T Rm N .

x(t) =s(t) +n(t) ()
R s(1) =Be ™ cos(wt + @) Fm RIHES, Hork B i
B ARk AE RS, 0 =2uf HAFER, b iR
PR o AHIRHIAL 0 (0) 227w & S5 S B
M

ZRWF T AER 7 J5 , B 75 2 e oo B B 15 5
A]FIR N

y (1) =s(t —71,) +n(t) (2)
A, 7, BB RESE @ U T o R ) 48R
n,(t) FRESEEE i NI R R

PR P 1 OBURAE TR 7 i 22 WAL R 1) 5 A T T RIS 2
Fisf 368 7 905 81035 R I s ) B R s TR) AR 45, 3400

AT, U

7, =L/V, (3)
ARG BUIS B R IA M TT S, BYSEIR I A A

T =LAV, + V) (4)
FIKFETT S, IEIR A A .

T, =LV, + V) (5)

3 (4) FI(5) AT A AL IR 0S, FI0S, J7 1 1
Y XL S B 53 A

Vi, =L/7, =V, (6)
Ve =L/m, =V, (7)
LT

VSl =Vcos(0 — a/2) (8)
Vs, =Vcos(0 + a/2) (9)

AT A5 WGV FIUE 6 253k
V; + V; = 2V Vs cosa

V= - (10)
sino
Ve = Vs
6 = arctan ! 2 (11)
(VS] + Vsz)tan(a/Z)

it FaR AR, B VORI A 6 B RE S
AR AT S, S, MYAER I ] 7, B2 i 5 I
2, 258 5 R SRRSO x (0) Fly, (o) 2 SER B[] 7,
Ja , MR E T X V XA A 6,

2 REREMNEEESN

2.1 MEERMGITEZE

WG S « (1) SEHMWAFS y, (1) BIHOC R,
A

R, (m)= Elx(t)y(t+7)] = R(7-D) +R, (7 -
D) +R, (1) +R,, (T) (12)
. D FRREFRIERE] ;R (7 - D) Tl T s(t) B9
MICRRELGR, (1 = D) R, (7) R, (7) 3HFR s(1) 5
n(t),s(t) Sn.(t),n(t) 5n(r) BAHLERE

BT s(1) ,n(e) (1) ZHEAFK, X (12) P
J& 3k 0, HIEa(12) ATy .

Rm(7> =R.(7-D) (13)

A2 (13) AT, TSR A G eR RIS AN A W s
5, T LA SEA T S SE A T AT LUK 75 A T A R
T AT 4 i o A T PG

FH A G PRSP 5 T 15

Rm(T) =R (r-D) <R0) (14)

B 7 =Dt R, () BUSRAME, WAl R 5
KAEAAF I LA A, B

D = arngaX[Rx},i(T) ] (15)

[FIE}, AR B Wiener-Khinchin E ¥, HAHX KE 5 5.
TR0 B B Ry LA et )

1 * jor
R, () =£fiw5x}’(w)e’ do (16)

X S, (@) HEIHES (1) SHEBIET y,(1) WEY)

S).yi(w) :1LI£2’]7VE[X((U,T>Y[*((U,T)] (17)

X X(w,T) :J-_T'va(t)eiijdt,Yi(a),T) :J:Tv[y,-(l)efjmdt,

T FnA R,

P AT, SR K BHE 5 S HRIUE 5 1A SC sk B, T
T o SR H Ty 238 e 8 pR K PSR R v A e A 3 R
PR AR L A 48t ] AR R P B AP sl b 2645 4 DG 55
WP R 20 P s
2.2 RERENESEE S

AL AT LASEENGE V R £ 6 7 XK Bt il 3
AR, N eI =G E S vV, BRI &Y
DRI /)N T 7P I A G AU L 18 A% i R SR Ao
AR T 7 R DA SCHR %) IR 0 T b AR A
Ry 5 P U & T R R KR B R RV, R L R
R PRI M T A AN A A s R B, BRI R T
TCEAZ BT P A5 5 o R BT AT I WK 4 55 i



%2

FRIEIR A T UL T A I F M 1) B RO A 231

RAEAE— AR g S o 11 [ 4 TET 1, SRS DA A
SCHFFEIE I, T S B b I 2 [ AR R, — e Rk XU il
HIRE] 60 m/s BRI, PRI AR SCHE Y A 5 1328 38 v LA
JE XU R R K

R, it 1 XU R T B Y B 0 25 4 o] LS B 0 ~ 2
DRI B B0 B, R IRL 1 v R R AT R L T
S,, BFRRK MM O T 0 ~ (7 + a)/2 (3w +
a)/2 ~ 2w JEENI, BT 0S, Jr b SEPR A%
HERRN ARV, 5 K Vs, ZA, S HRAEA(8)
IR

VS] = Veos(0 —a/2) >0,

0<O< (m+a)2B(37+a)/2 <0 <27

¥ v, IRAK (), B, =0 (4) R,

BRI 0T (7 +a)/2 ~ (3w +a)/2
JEFEIPIET, BB AR OS, 5 In) I SE BR 04 4% i 3 358 Ny A P
HV, HRE RV, 22, BEBT AR (8) AT

VSI =Vcos(0 - a/2) <0,

(18)

(m+a)/2 <0< (3w+a)/2 (19)

Wt Ve, IRAZ(4) Tal 0, i 20 (4) )RR 2 T
B, 25 L4587 0~2m RUnl fa BT FE P 75 0 )k
W S, MSER Il a] AR (4) Gi—FoR

IR B X P B B B K T S, L 7 0~ 2 JRLIE)
o B PP 7 D A T S, ISR e g
FAA(S) gi—FKik,

F4b, A (1) KA 1 6 B R —m/2~ /2,
MR KR AL R 0~ 20, FF LA a8 (11) SR A5 XU 1A) £
JFiEE L PR RMATIEIE,

D#r <7 <1, HO0<6 <a/2,00=0,

D) F <t <7, H-m2<60<0,l10=0+m;

) #Hr, >, HO <0 <a/2,6=6+m,

4t >, H-m/2<60<0,W6=0+2m,

3 ZWIWESSMH

P P AE S P A R I 2 2 BR R R A AR Y
SR AESE PR rpRE I — R P 2256 5K (20) % HEAT &
IE, DA v g X g 00 ORG BE , LA R A5 S Brh B R O
AR G U B R

V. =331.4/K (20)
s K Rs il i

PrESes A BSCR T Z RIS L=10 cm,
FEFETTIE A o= 10° , A AT K 200 kHz, 18 B2 6 il
FEB=0.8, KA LUK 2 000, KUK I 1 24 7 AL 1%
2 (root mean square error, RMSE) FIRH

Q R
RMSE=J2)ZIW<q> -y’ (21)

Krfr, Q FRLRUHEGY (q) FRIE g WRE BRI
ST ;0 22 S R B8R o) £ F S B 08

SH 1 ATATHERAESS R, BB V=30 m/s AU
1 60=50° fE{5ME L SNR=5 dB &40 T, #647 20 IR S24:
W I L N 2 3 R, M 2~3 AT LLE
b IR R IR ) 7 140 T2 Sy ol ) 783 30 L e
TR 225N, W P T U A BT AT

60

50 ® M
— — SEFRME
40t
Ej00000000000000000000
iézo

10f

0 e

1 3 5 7 9 11 13 15 17 19

B2 R 2

Fig.2 Measurement results of wind speed
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Fig.3 Measurement results of wind direction
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