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Fig.1 QTT site and position of anemometer tower. (a)

anemometer tower; (b) QTT antenna.
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Fig.2 Probability distribution of wind speed from April to December 2017 of QTT site. (a) Distribution extracted from the

time series; (b) Cumulative distribution extracted from the time series.
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Fig.3 Wind rose diagram from April to December 2017 of
QTT site

3 ETARMARBBXIETN 5 E

FEAR TSI F B 6 R RE AR ), TN T 4 Ay
HATUN. AEHATN. PR A R e8] g
ST LA 5530 min e A HOT & Sy 5 15
W, TR U2 45 4 AT30 minZE72 h/c A KO
W, TR LR B HH BOFRIRR 2 A o )
O, A BT S LA AE g TR B 37 T 23 ok
Vi, 6 T T DA S AT 25 HO R R
R HTRI TT DALA HE 57 A PR 2 S N 3
32, A ) B B S S LR 4 BT 1, 78 AR
F B S0 B 52 RS A5 TR LA K00 4 2 KT
W BRI R G . T
MO A % R B AR B L T b 54 1
RGAE R HFRRE . PR LA . HAR
EUR A it B OB SRR, R IR T A%,
7 25 47 S B R T B4R 1 T T,
e PR T T SR R ERE  FLHETH4
Ik, EAE ORI A RESLIL. Geit Oy v I K
i S0 80 A N, S SR sk M o
O\ HH S 5% R M B TR T o ) L
AT, AR 15 AN e S 7 2 1 5 4 i
T2, VR R0 WOACHE SR e i T
HA K.

70-4

3.1 HEfEFFRE
22 YU [E) PR A AR A B AR, WP
BI(MA)EAY DL K 5 B4 2P AR 3 Fh. i [ 7
G R A0 IR AL AR AL RPN S
it 512,

(1) ARBEAY

AR [ A JE AR 2 {i XUE (T LS
p/l\ H %’H‘]ﬁf{ﬁxtq,ka e 7xt7p§'€ﬁ£*%- Hrp
pF 7~ TR 24 /8 o 75 2210 7 s P K, i A
1B € 7 51 24 A8 A2 o 2518 I S 1 ek 3. B 2 hp
ARBTY, — M /EAR (p), BU#RERN:

Ty = P18-1 + Qoo+ F QpTip+er, (1)

Reftr, 02, oo & AR, £/ BT 5.
(2) MAR
(W 7 1 £ L M AR T MAV TR {82 8 51,
SR, B BMARLE, T AEMA (g), HH
kRN

(2)

Ty =6 — g1 — - — Hth—q )

K, 01,02, -, 0, 2B RHL
(3) ARMAHKLE
ARMABLRUER 7 41 (1) 24 B A8t sk 2 E A
RGN ) A R A A T Rk, B E] R B A 2
HIAE, A T3 2 e s B 18] P (1) 0 52 %
P, BER T a0 A B ZI 5N RS b s,
ARMA (p, q) F1ERIE A N:

Ty = P124—1 + PaXi_2 +  + ©pXi_p+

Et +915t71 + "'+9q5t7q7 (3)

b, pe @2 B EDAF BT B 4. Mg
= Ofif, ARMA (p, q) B 5645 HAR (p) R, 2p
= Off, ARMA (p, q)BIHAZHMA (g) B2,

3.2 FUMERIAIHE

ARMAR Y ZR RO B {2, } PR IEAS,
IS VI (8] 3 31, R AE 2 i 7 %o B it
ATTRAREE, AT 75 30 FF A B3R 1 KR B[R] 7 51 R
E20] LA H & 3k R A B IES ke, A



63 &

OB T B RIS R R AR R A X I T ik

6 3

ARMAREAFIIN 3 ZLR A AR B b AR e, 22
SR I [8] Fp 2] (S AR PR AN AR, O B IR 250 A1 Ry
PEESRA A, ASCAS T R S BEAT IS4

RORTR" .

@

B, 3% B 0 I (A PP 1 HEAT 22 23 AL BE AN SR 24
PRAEACALEE. (B2 mAREL 2= 7), B &
I 18] 3 51 ) 75 ZE 4 K.

RORTR" -

(b)

. m4-16

B4 REFEAEAFBILA. (a) ERRIGLE; (b)KERIEELA; (o)& 5 RBTLA.

Fig.4 Wind rose diagram of different quarters. (a) Wind rose diagram in summer; (b) Wind rose diagram in autumn; (c¢) Wind

rose diagram in winter.
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Fig.5 Wind speed time series of training set in different quarters. (a) Summer; (b) Autumn; (c) Winter.
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Fig.6 Correlation function of wind speed time series of training set. (a) Autocorrelation function in summer; (b) Partial

autocorrelation function in summer; (c) Autocorrelation function in autumn; (d) Partial autocorrelation function in autumn; (e)

Autocorrelation function in winter; (f) Partial autocorrelation function in winter.
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Fig.8 Optimal order of wind speed prediction model in different quarters. (a) The optimal order of summer ARMA model is
(5,5); (b) The optimal order of autumn ARMA model is (5,4); (c) The optimal order of winter ARMA model is (3,5).
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Fig.9 Residual test of ARMA model in summer. (a) Standardized residual; (b) Residual distribution; (c) Q-Q plot; (d)
Autocorrelation function; (e) Partial autocorrelation function. It can be seen from panel (b) that the model satisfies the normal
distribution of residual test; It can be seen from panel (c) that the residual distribution of the model fits the standard normal
distribution well. The correlation coefficient in the ACF of panel (d) and PACF of panel (e) satisfies the condition of
approaching zero under the 95% confidence interval, indicating that the residual sequence has no obvious correlation and strong

randomness, and the model satisfies the randomness of the residual test.
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Fig. 10 Residual test of ARMA model in autumn: (a) Standardized residual; (b) Residual distribution; (c) Q-Q plot; (d)

Autocorrelation function; (e) Partial autocorrelation function.
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Fig.11 Residual test of ARMA model in winter. (a) Standardized residual; (b) Residual distribution; (¢) Q-Q plot; (d)

Autocorrelation function; (e) Partial autocorrelation function.
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Fig.12 Comparison of prediction data and test data in different quarters. (a) Summer; (b) Autumn; (c) Winter.

70-12




63 &

OB T B RIS R R AR R A X I T ik

6 3

(a) Prediction data of partial wind speed in summer

(b) Prediction data of partial wind speed in autumn

Testdata ~——Prediction data ‘

¢) Prediction data of partial wind speed in winter

14 10 8
13 9 7t
12
1 ~0h
; 10 ; 5 |
Eo <
3 34l
85, g |
57 4l 53
£ 6 éz
= M | F
5 3 :
4 2 r
3 : L L . - 1 L R L 0 . L : L
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Time/min Time/min Time/min

Bl 13 ARFEIZEEERIE o B S5 WU E X E. () B0 00 RGE B, (b) BB RGERTMIE; (o) & 20 KU Fildil .

Fig. 13 Comparison of prediction data and test data in different quarters: (a) Prediction data of partial wind speed in summer;

(b) Prediction data of partial wind speed in autumn; (c) Prediction data of partial wind speed in winter.
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Table 2 The accuracy comparison of wind

prediction between this article and other work

Quarter MAE/(m-s™') RMSE/(m-s™') MAPE

Summer 0.133 0.171 0.305
Autumn 0.162 0.221 0.202
Winter 0.287 0.413 0.254
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(m-s77)
RMSE/
. 0.268 0.384 0.830 1.654
(m-s7)
5 Z5ie
PR LT it sl itk DL BRI ST 0, 4

R A S5 P B 5 P 0 XA 32 ) e 217 R ™ U
A%, e BB — ER A RO& AR 6k I AT T
. AW TR & Ik XS R FI201744—-12 5 K
) B dhs, A 7B AR RE, RIS R R
WGHE X BN . FE LR a0 AN R 2 5
JRGER B (147 R P A5 AN K A0 2, R FHATCHEN
T e AT B B, fe KALRIEAG ST 2, de 23
ST AR ARMAREA, JEHEAT T KU T,
MIBTTRIR T PRI R 2 5 B 406 1 iR
ZE B R, R TN AR A (0 2OR, RE 83 2
R A S5 P B 5 B KA ) K 2 16 0L T )
.

FERRAZACBER (53 )AL, ASHIE TE 3 N7 (K KU



63 & X X

2 6

LIS TR TS L AN G5 ver, A FOUIN ] 4 5
TIIRS FE A IZWTARAIR, DR oA SRR 5 2% Sk kAT
Petk. 4b, AW TR ST 1 s i, SON A
WG 7 52 B R AT AR, TR A PR Pk
SEAERABRA R &, 2t —DIRTHHRE R
RRMF T A~ H AL

41k X7 KGR T AN 2 e 2% H 1Y, el
OO 25 SRR 11 A S ri, B2 5 3 1 el A ) R
FEATIR AR, F& A DR B G S PR B 5 A% R
HE, & B HwH L AL

e

[1] Qian L, Yao R, Sun J H, et al. The Innovation, 2020, 1:
100053

[2] i, AR, SRR, R, 2020, 61: 46

(3] FIR. hEESE: MBS RO, 2014, 44: 783

[4] Gawronski W. IEEE Transactions on Control Systems
Technology, 2007, 15: 276

(5] EMIE, TR, Y, S o RS PIRE RO, 2010,
49: 099515

[6] Duan B'Y, Wang C S. ITAP, 2009, 57: 3409

[7] Zhang J, Huang J, Qiu L L, et al. IAPM, 2015, 57: 46
[8] Gawronski W. Modeling and Control of Antennas and
Telescopes. New York: Springer, 2008, 2008: 31
[9] Ukita N, Ezawa H, Onodera S, et al. SPIE, 2010, 7733:
77331D
[10] Brown B G, Katz R W, Murphy A H. JApMC, 1984, 23:
1184
[11] Poggi P, Muselli M, Notton G, et al. Energy Conversion
and Management, 2003, 44: 3177
[12] T, k%, R4 i A g4, 2005, 25: 32
[13] Cao Z H, Hao J X, Feng L, et al. RAA, 2020, 20: 82
(14] s, IR, 2R B RMEA, 2013, 7: 104
[15] Jung J, Broadwater R P. Renewable and Sustainable En-
ergy Reviews, 2014, 31: 762
[16] Tascikaraoglu A, Uzunoglu M. Renewable and Sustain-
able Energy Reviews, 2014, 34: 243
[17] Akaike H. ITAC, 1974, 19: 716
[18] Schwarz G. AnSta, 1978, 6: 461
[19] Li G, Shi J. ApEn, 2010, 87: 2313
[20] Li G, Shi J, Zhou J Y. Renewable Energy, 2011, 36: 352
[21] Jiang P, Liu Z K. Applied Soft Computing, 2019, 82:
105587
[22] Song J J, Wang J Z, Hai Y L. ApEn, 2018, 215: 643
[23] Zhang Y G, Zhao Y, Kong C H, et al. Energy Conversion
and Management, 2020, 203: 112254

ARMA Model-Based Wind Speed Prediction for Large Radio
Telescope

LI Lin*? XU Qian?>**  WANG Wen-juan® LI Shuai® XUE Song®

WANG Cong-si® HE Fei-long?

(1 School of Physics and Technology, Xinjiang University, Urumqi 830046)
(2 Xingiang Astronomical Observatory, Chinese Academy of Sciences, Urumgqi 830011)
(8 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Urumgqi 830011)
(4 Xingiang Key Laboratory of Radio Astrophysics, Urumgqi 830011)
(5 Key Laboratory of Electronic Equipment Structure Design, Ministry of Education, Xidian University, Xi’an 710071)
(6 University of Chinese Academy of Sciences, Beijing 100049)

LIAN Pei-yuan®

Asstract The Autoregressive Moving Average Model (ARMA) predicts the wind speed around the
telescope to lessen the impact of random and time-varying wind disturbances. This gives the telescope
control system enough movement time to compensate for structural deformation. Combined wind speed
prediction and servo control systems help reduce the pointing jitter caused by wind disturbance when
the antenna performs observation tasks under wind disturbance and improve the pointing accuracy. This
research analyzes the meteorological data, wind speed, and direction collected by the wind measurement
tower at the Xinjiang 110 m aperture radio telescope (QTT) site to obtain the seasonal wind speed
variation. The wind direction of the QTT site is primarily concentrated in the south and north. For
different seasons, the wind direction characteristics are not apparent in summer and autumn and are
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primarily concentrated in the south-southeast direction in winter. For non-stationary wind speed time
series, the proposed model uses the Augmented Dickey-Fuller Test (ADF) and Kwiatkowski-Phillips-
Schmidt-Shin Test (KPSS) to verify the stationarity of wind speed time series in the training set or
observe whether the autocorrelation coefficient decays quickly to zero with the lagged value. Based on
the data characteristics of the wind field at the QTT site, the Akaike information criterion (AIC) and
the Bayesian information criterion (BIC) are used to identify the model order. Through the maximum
likelihood estimation to estimate the model parameters, the model tests the validity of the autoregressive
moving average prediction model of wind speed in different quarters at the QT'T site by analyzing whether
the residual characteristics of the model meet the normal distribution. Three error indexes are selected
to examine the accuracy of prediction model: root means square error (RMSE), mean absolute error
(MAE), and means absolute percent error (MAPE). For the MAE of the model prediction data and the
test data, the MAE of the summer prediction model is 0.133 m-s~!, the MAE of the autumn prediction
model is 0.162 m-s~!, and the MAE of the winter prediction model is 0.287 m-s~!. These results of the
prediction error of the ARMA established based on the wind speed data for different quarters of the QTT
site verify the accuracy and stability, which proves that the ARMA can achieve high prediction accuracy
and reliable effects. The model meets the needs of wind disturbance control of the radio telescope and
provides a systematic scheme for wind speed prediction in practical and necessary data support for the
wind disturbance control of the radio telescope.

Key words telescopes, site testing, methods: data analysis
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