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Design of a multi-element modular automated weather station

Xing Hongyan'? Li Haoqi’
(1. School of Electrical and Energy Engineering, Nantong Institute of Technology,Nantong 226001, China;2. School of Electronic

and Information Engineering, Nanjing University of Information Science and Technology,Nanjing 210044, China)

Abstract: As meteorological observations evolve towards socialization and intelligence, the existing ground-based
automatic weather stations can no longer meet the new demands due to their split design, large volume, high power
consumption, and cost. This paper designs a multi-element modular automatic weather station. This weather station
uses modular composition and digital sensor technology to flexibly observe meteorological elements such as temperature
and humidity, air pressure, particulate matter 2. 5, wind speed, and wind direction. This paper employs a band-pass
filter designed with multi-channel negative feedback circuits to address the severe environmental interference affecting
ultrasonic anemometers. This approach reduces the scale of the ultrasonic signal conditioning circuit and improves the
quality of the ultrasonic pulse signals. Moreover, an adaptive filter algorithm with a sliding window size adjustment
factor is introduced to reduce signal environmental interference. The experimental results show that the digital sensors
used in the designed automatic weather station meet the observation requirements. Specifically, the wind measurement
module has a maximum wind speed error of 14.8% and a maximum wind direction error of 11.78%. These figures
indicate that the new weather station achieves high accuracy in wind measurements and demonstrates stable
performance.
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Fig.1 Modular automatic weather station structure
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Fig. 2 Topological network
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Fig. 6 Ultrasonic drive circuit

T BsF S A T AR R 7 o A 2% AL B 4R 1 B A L T B
SR FH DG C L 3% {8 75 96 R 45 1) BEL T 25 T 1% i 2 09 % 1 BEL
B /N ST T F A e AR A SRR K. VLR
FH R26.R27.R28 Fl R29 M RK/NERA 4.7 kQ., 7 i 4 fg
BUERERFESZR . MEANEESARERES. G5
TEIE A% RS2255 45 il % ¥R AN 8 75 I 0 #2754 O B
HIFEHAE 7 iR,

vCC
RS2255
cs3 1 fo Voo |10 €23
Csa 215 P NN
CS2 3 8 CS1 10 uF
=L X1 X0 =%
—] ENABLE# A[ %}
GND B AGND
AGND

B 7 55 ki i
Fig. 7 Signal gating circuit

S ARSI B R L5 L i % 26 2
TA SIS L {5 5 2 M 2 AT (5
+ 131 -



948 & 2 F o

T # K

A B R B O P I B AR T R A P AR R AT D8 DK
K. B TEMBrHEUE 5 B BR N 40 kHz, Wik, B0t
IR 40 kHz (931 18 08 0 45 o X A I [l 15 5 HEAT
A 2, HC B A O P AN 8] 8 TR

[ R3
- | RS
20pF ke | _L
R1,10kQ}0y 020 pF| 5 GND  lc4 1kQ
—I:I——}]I{z - . Ri | 7
Nl g A 5[ 2>
c3“100nF°° SGM722 g
= 33V

B8 AR 5 TR

Fig. 8 Ultrasonic signal conditioning circuit

R 8 rh, — S K O R 1) 22 AR5 A R IR
R fE— OB MK P R, = 10 kQ.R, = 3.9
kQ.R, =110 kQ.C, = 220 pF.C, =220 pF ., H¥%kh M
S IR e B T AR B2 (D) .

I () = T () +Tc () + 1T (s) D

RIE ACA B EAEIR(2)

U, () —Ux(s)  Us(s)

+ WU,Gs) —U,(s))sC, +

R, R,
U, (s)sC, (2)
TH- Fh PR A R 0 RN HE B, A5 3 2R (3)
U, (s
U, (5)sC, = — ;;;) 3)

196 7 2 (2) 1 (4) i 475 B — S0 I 0K L % 14 £ 336 v
B4 .

U, (s) o
H =575 =
77>< S
R, 1 1 1/C, ) o
(32R1R3+C2R2RS+R3<C2+1 st
4
;H\*’L\ﬁﬁ%:{\fo:
S R, TR,
fo= e RRRC O~ M 178 kHz (5)

AT LU B %07 0 8 B A 09 PO R 5 AR f A9 R
FEARDCHEE . 200 T LU 3 24 % 1 o8 Koo B 59— Y A
ORI 0 I AT LA B2 45 RE 2 O OR MG 8 AL Bk

7R$ f— rE R
A172><R17 5.5 (6)
MR Q -

[(R, +ROR,

T —Z eI A T 200 s, R i R A e
F /IS B0 T8 B 5] A T4 L K Sk SEEL R (R B A K
HEZE BB RS R4 FHEH KA SGM722 4 . Hoik

132 »

RAGECA, R A .

A= — 100 &
R,

JIr A 2 v gk B ) TORAR B A D

A=A XA, =550 )

[ I A 1 AT IR R AR 5 AT RE A Sk 3 46 /M B
PRI 1) AR » A B TR T B v IR B R L SR S HL BHL R6
R7 HE47 73 1 R 32 I S ) WL TR 46 TH B 1. 65V, LA A5
FHAKRHE.,

4 M RE E &

JIT B 18 0 XS S S e N 2 VR R AT I R, P O
ZE 3R PR AR AR A TP A 4 I A TR B Bl R i 4B
R P G S L A (] ) P B DAY T i £ 47 £ I ] 2>
N3 1) £ 4 B IR TR) o AT Tk B A I R e
TE K ST B0 A BE R PE AN I 9 FTR

9 P I e RE AR A RE A ]

Fig. 9 Ultrasonic transducer angle characteristic diagram
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Fig. 10 Schematic diagram of multiple reflection wind measurement

fEise U 7K F J7 ) MO NS KU S VoL R A
25°C [ FR8E Pl P AR AR T B VL R RE AR IR
f A2 S5 T7 160 A 0 W) I IS P 902 7K P ) DX R /)

V., = V,sind (10)



T F A 5 B R A B B A F kR oW

I AN 2R AE AT A W o in 18
N TR S L W
7 MN — Vun - V.+V o Vosind +V (1D i?i}ﬁ »’{%%ﬁﬂ’ﬂﬂﬁ%ﬁ Wn + 1) E%ﬁ
L L L _ 26NN e
[[W*ﬂ*v,,—v*vosine—v W+ 1) —W(n)+M,§e(n D, (19)
A= D K NM I RGE V. Kb p BB RSEG B IGE T % ) F SURCE 1 iR
v L( 11 > (12) BEVT L BRIE CBUE AR v Go BRAF . WA fE S L Rt

2 Myt ) EAT U U 2 05 A BN 55 0 I 220 8 BT 10 5 5 A% 1% I 1] R

MM ER TG LD AR ER RS
FRONT T B A% 0 I ) % 0 A Ak TR S 2 Y I 22 0k TG i
TR B OK . B XTI — [, T TR T 2 S R S
DU XU 3 42 T B ) 1 35 17 0 DR BV, Ko 7 B 119 A2 s
(R XD L L1 RN

BT AS B e T 22 I S R A U I XU D 3 R T I 22
TR T LA B R R AR S DA R S 3 e A )
FE P BETH I 22 S 7 3 T JRURE 27 b, 2 1 A e 7 R d g
Fr R ITES LAY 3 AN BEER B AR IR IR 5, R e AT LA A5
12 AR .

32 B Z R IR R R 19T 90 78 T KU AR 5 B Wi g
(] 2% 7= A s 3 AT B AT ) e A B, O T R AR T A 4R
RS R (R A e g A LMS [ 3E I U Ik 8 kT i
Wb W55 HEATTAL B . AL 5800 LIMS 53356 14 1 A% 5 B Oy
W] 1Y) o o TR A/ U T ¥ A A58 B T 4L o e A 9 R
KM BURAG S RE . A A B RTERE R 0, Ry
BWARE RN s DK EN M = 0M ;.M R
G BRI, 9 1 B 2 5 KU R /N SR s | i i iR
TR TERL ARG DRI LS B, 2, R 0 B
ZVETE A T A R I ) AE B 20 B P A A
X, =[Gz —1D, s —M+D]" ., BE.EXL
B AR T A ) WG ORI 2 R IR AR

HYG) H.
Y(n) =W)X, (13)
LA D] Sl Yn] B3R 2 e[n] A
eln]=D[n]—Y[n] (14)

RGBT R T GO L IR Y AT 2R 2 e ()
Xt —ABFZIAAE Wn 4+ D #E47004k, X (15 frw .,
](n):]\%‘zez(n*i) (15)

T G T G SR JHR BE TR I U R S T B A
THDE D AR 19 R R WG IR

9 Pl 1 M'—1 ,

W A D (e
X1 fas) #HAK 6 53,

G 2 S

W va<ﬁ2 =) =W X —i) ")

(17
2 [ BB ORI ZR 58 RY S M, SR A (00RO
AH L I (18) frR .,

TEYI = [ymrl) sV " 7.’)’(;‘)(12)] ° ?ﬁ}é Jﬁﬁﬂﬁﬁfiﬂeﬁ_
SRR T XS R R Ty B 2 R O A A
I 221 (14 A <08 8 7 38 o R s =2 ) 1) KU R 3R K

L,/ 1 1
o=
v 2 Mg LEN

Viw = L*U<L7i)

2 \tyw twn

[ . . 20
Ve = ;“<7f7
2 Nty tsw>
L,/ 1 1
Vi = 2 (———)
£ 2 <th‘s tsg

FHT 2 2wk oL en o vw s sLws ~Lsw L si s N AHER e BE 4% 68 7
W AGRE RS ], 38 2T, XA~ 75 1] i KU AT 28 B B AT LA
HEY R RV, MR«

V.\'W 7VWS
V., —
Vy _ VA\“W _VES
2 2D
V,=VV, +V,?
a, = arcsinv’;

F S A 110 7 2 4 RE AR A5 2 D — AL I XU R sl (22)
FRi7R .

V2L,
J NS T 221 (L_L)

tNs sn

(22)

2L, 1 1
SR
s tas tsntwe Lew FEEA BT A T] . X AT %
FEWREV, e, 55,

JVQ = VVis + Vi

< W (23)
{(12 = arcsin —— + 45°

1 BB ALBE 2510 0058 52 0y T O
R 10 T S0 D 45 0 R 26 R
B T R T AZE R 55 1 20 LT B o
R AR

Jm“”j£X“mﬁﬁﬁ

) (24)
a; 1 —o X 45

45 50 j‘jﬁﬁ

{w,:1*

+ 133 -



948 & 2 F o

T # K

Ko, IR, 0 = Z—SJ R T

B FT A yave FR A B 15 5 20 RUE TR ]
V=V Xw,+V, X {1 —w,;)
a = yaw + (@ Xw; +ag, X (1—w;))

(25)

5 LIg

51 BRERFESHAERRBREIEXE

TG R R PR A S R TR A P RE R A T S E S G
TR R R FEIR B 3 mV MR 40 kHz (9 IE
SAF T LM —A 10 mv KM 5 5, 0 5 — i 2 %
A A R 8 A F S R A S TR L B . B
SLE AR 11 B,

B 11

555 VA B L g 00 X

Fig. 11 Signal conditioning circuit test diagram
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Table 3 Wind speed and direction measurement results

N A
BRMEGL WIRLEL AR/ RRMEG) B %R
# (mes ') (mes™ ") (mes™ ) () /(%) /()
1 3.1 3. 24 0.14 90 85.7 4.3
2 3.0 3.28 0. 28 45 46.9 1.9
3 3.2 3.12 0.08 30 33.4 3.4
4 4.9 4.77 0.13 90 94. 8 4.8
5 5.1 5. 26 0.16 45 47.2 2.2
6 5.0 5.09 0.09 30 26. 4 3.6
7 10.1 10. 25 0.15 90 93.4 3.4
8 9.9 9.81 0.09 45 47.5 2.5
9 10. 2 10. 13 0.07 30 34.1 4.1
10 14.9 15. 16 0. 26 90 92. 4 2.4
11 15.1 15. 20 0.10 45 48. 1 3.1
12 15.3 15.23 0.07 30 32.7 2.7
13 20. 1 20. 24 0.14 90 46.9 1.9
14 20. 1 20. 29 0.19 45 49. 4 4.4
15 20.0 19.73 0. 27 30 33.9 3.9
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