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(1 °�'fi�ÑfÆ�/fbL�(P 830046)

(2 -ýÑfb°�)�ðL�(P 830011)

(3 -ýÑfb�5)�Í¹��¤L�(P 830011)

(4 °��5)Si�Í¹��¤L�(P 830011)

(5 ��5PÑ�'f5PÅ�Ó�¾¡Y²èÍ¹��¤�� 710071)

(6 -ýÑfb'f�¬ 100049)X� �ù'ã��Ø'ý�5�Ü\)¿×0�Ǒ:ÊöØÎp�î�, )(êÞRÑ¨sG!��K�Ü\h�Î�, �M¡�Î�Ó�ØbÏ, �ö:�Ü\:
§6ûß��³�gLö�eMNÎpqÍ. ú�°�Gð110 mã�h�ï¨�5�Ü\(QiTai Telescope, QTT)ð�Î:pny�, �Çd`áoÆ���ö¯áoÆ�¨Æ!�6!, )(�'<6Õ0¡!�Âp, ��!��îy'åÀ�êÞRÑ¨sG!��	H'. �Ç¡�
�
��KpnÆKÕpnOî�0�K!��¾�, �
sGÝùïî:0.133 m · s−1,Ë
sGÝùïî:0.162 m · s−1, ¬
sGÝùïî:0.287 m · s−1. tSe�, ú�QTTð�
�
�Î�pnúË�êÞRÑ¨sG!��Kïî��, á³�5�Ü\Îp§6ûß��B, ý:'ã��5�Ü\Îp§6��Å�pn/�.s.Í �Ü\, °:KÕ, ¹Õ: pn��-þ�{÷: P112; �.�Æ�: A

1 ��'�Í�b)¿w	Ø�Ê��â_�y¹,«�Û�(��5)��ñz¢KI�ß[1]. Ǒ���â¢K�R�b���ûw�IÑf�v�ñe, ��Û�e�Ø)¿��Ê��¨�, :d���'ã���Gå\�µ[2]. F/)¿ã��'�ü�)¿â_Ø�, Î�ù)¿��¾��ú�
Û;��B. ���ýs�ú �°�Gð110mã�h�ï¨�5�Ü\(QiTai Telescope, QTT),:á³Ñfî��B, Svå\��:115 GHzö,��¾��¾01.5′′(0.000416◦)[3]. ù�'ã�)¿��, vå\����2)¯�-, b4Í��Îp�)î�ïêI¯�}wü���¾��M�î�, $v/w	Ǒ:'�öØ'�Îp, /¯
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63w ) � f ¥ 6��}w-�
B�î�K�[4–5].ý��¸�f�òÏÑ°Îpù)¿��¾��qÍ. ��5PÑ�'fDuanIº)(p<��ù7.3 m)¿Øb�w���ïîÛL�v,�0)¿ðÒ:0◦ö, ¹Mt×0Y}�w��ïî:0.0001◦, S)¿×020 m · s−1�Y�Î}ö,v��ïî�':0.0135◦ [6]. �ýý¶*)��Çù)¿:
ûßú!, �Îp¨\:rp�éÛL��, Ñ°SsGÎ�:3.47 m · s−1ö, ��hÀK034 m)¿���ïî:0.00048◦, 70 m)¿���ïî:0.0013◦ [7–8]. å,ýË)�ð�vÎ�10 m)¿��ïî, �0(10 m · s−1�Î��,

10 m)¿���ïî¾00.00047◦ [9].:MNÎpù)¿���qÍ, ý��f���Ç()¿i��:)¿Ó����:�IKµMN)¿Ó�Øb, ���Ç��:
§6hå�:§6ûß�Ò'[9]åÊ)(ú�e�I¹ÕMNÎpù)¿���qÍ. }6�()¿iýMNÎpù)¿�qÍ, F6\)¿i�P��86�Í�5Áâ�MN)¿5'ý. �)¿i6\����Å¾�Ǒã��'�%g� , Å�(��ã�)¿. :
§6e�ý/�ùY�}wü��)¿Øb�/¨. ù�öØ�Î}qÍ, )(Î�K�M�0\(()¿
�Î�, :§6ûß�¡��gL��³�ö�, Mý�}0MN)¿(Îp�gLÂKû¡öÎ}wü�����¨.(Î�K�ß, BrownI[10])(êÞR!�
(Autoregressive, AR)�Q�*s���0:�Î:pn�^Ø¯s3'�<�^s3', Ç(BØb��Æ�ÛL�ú!�K. Ç(AR (2)!�,

PoggiI[11]ùÕýÑ�0:�Î�pnÛL�ÿ�Æ�K, Ó�hÆ, AR (2)!�ý��}0
°�ËǑ�, Í Î:pn�ß¡y'. �ÆI[12]Ç(êÞRÑ¨sG!�(Autoregressive Moving Av-

erage Model, ARMA)ùÎ�ÛL�K, Ô���KÎ���EÎ����y'. �vÍ¹sè�U�(ö�Ǒ�!�!ßÎ�Ǒ�, �vw	Î��,y�, =¡Ù�!�ý�Ê0Î�K, F(�E�K-, v¡	�(Uì�KÆe�Á!���K'ý. så
�(Ñ¨êÞR!��v�Í¹/!

�(­�pn
�<Ñý�, �^!��Ký�.,�våQTTð��Î��K:î�, �ÇÇÆQTTð�Î:pn��ð�Î:y�, v�
�
��Î:pn��:­�Æ�KÕÆ. �Çù
�
�­�ÆpnÛLú!, s(­�Æpns3'À��!��6�Âp0¡��îÀ��ú�
, úËARMA!�ÛLÎ�K, ·Öð�Î��K<, ÆKÕ<Ô�¡��K¾�.

2 ð�Îy'��
QTTð�M�°��	ê»ÞGð¿J*�Gó³PQ, ð�wÔ�1730–1830 m, M��)q����W��2 km����1.5 km�Ûb¯q�ébÆ0[3]. ð�y�/Æ0�WØ��N, �§/=î(110 mæó�-[9³7, Ûh���qSwÔØ��:1860–2250 m. ð��òú�*

60 mØ�¯�ÎT, ð�0b�KÎT�Mn�þ1�:, þ-¿F��:ß:QTTð�í:, F:KÎTMn, T:QTTMn[13].

þ 1 QTT�5�Ü\ÆKÎTMn. (a)KÎT; (b) QTT)¿.

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

anemometer tower; (b) QTT antenna.ÎTpnÇÆ¾��ì2D�ðâÎ�Î� �h�CR3000®�ÇÆh, ÎTÇÆ��:Ï��1!, ÇÆö�:1 s[13], Ù7	g��ö���ÇÆ�°U�Îpn��ð�Î:�ö�Ǒ�,
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63w N 3I: ú�êÞRÑ¨sG!��'ã�)¿Î��K¹Õ 6�åö�Ǒ��+§�åǑ�ûß��òL:hèáo. �v�(pn:(QTTð�)(KÎTÇÆ�2017t4–12�10 mØ��Îpn. �Çù4–

12�Î�ö�Ǒ�-
�Î�ú°�����,

�ú�þ2�:ð�Î�����þåÊþ3�:Î�Î�«pþ. (þ2Î�����þ-ïå�ú(2017t4–12�ð�Î�Æ-(1–8 m · s−1���.

þ 2 ð�2017t4–12�Î�����þ. (a)ö�Ǒ�-�Ö���; (b)ö�Ǒ�-�Ö�/ï��.

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.(þ3Î�Î�«pþ-, Ï*Gb��¹�h:Î�è9�KÎT�Î�, Gb

��p�ãh
�Î�. ��
W¹��Gbpn>:,
W¹�0–2 m · s−1Î��`ö��:6%, 2–4 m ·

s−1Î��`ö��:2%, 4–6 m · s−1Î��`ö��:1.5%, 6–8 m · s−1Î��`ö��:1%, 8–

10 m · s−1�10–12 m · s−1Î��`ö�G��1%.Îþ3Î�Î�«pþØïå�úQTTð�Î(�W�W��W���4*Î�ú°��, �ØÎ�(�WÎ�ú°�!�Ø.:Âßð�Îpn(
�
��î�, ,�v
	g ßÛ
��s4�5�6�:�
, 7�8�9�:Ë
, 10�11�12�:¬
, �03*
��Î«pþ, �þ4�:. Î3*
��Î«pþï�úÎ��Æ-�W��$*Î�, ø��W��Î,(��Î-4–6 m · s−1Î��`ö���, F'�
6 m · s−1�Î��Æ-�W�Î. �Ë$*
�Î�Î�y�Ø�v
Æ>, ¬
ð��Î��Æ-(�WOW¹�, '�6 m · s−1�Î�ú,
ú°.

3*
��Î«pþùÔe�, QTTð��Î:pnw	Æ>
�î�, �	g
�
�pnúË
�Î�K!�.
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/

þ 3 ð�2017t4–12�Î�Î�«pþ
Fig. 3 Wind rose diagram from April to December 2017 of

QTT site

3 ú�ARMA!��Î��K¹Õ9n�K�ö�:�
�, Î�Kï�:�í��K�í��K�-��K����K[14–15].��Mà��ó30 minæó��K�I:�í��K, �í��K�/��M30 minó72 hæó��K, ���Mà)�ph�p���KðK:-��K, ���K/åt:�KUM. ù��Ü\e�, í��KïåÙ�Ü\ÂKû¡�Ä���Â�, �í��KïåÙ�Ü\:
§6���epn, :§6ûß��¨:��ÖgLö�, (Î\(0�Ü\ö��ÿ��t. å�epn�{Î�K;��ìi�¹Õ�ß¡¹Õ. i�¹Õ��epn�8:�Íi�ÏðÏ, �ì0b0�y���aáo�0h�Ù����iI0�áo. v�¹/
�Ç��VÎ�òpn, ��Q��a�0�I
Bi�Ï, ï·��¾n�-���K<,:¹/��úË¾n�0�!�, �¡�_A�
B, ��©��Mïý�°. ß¡¹Õ�/�Î:�òpn\:�epn, �Ç�Ö�òpn-��e�ú �sû�úß¡!�, Î�ù�e�Î�ÛL�K. v�¹/
�QÎ�§��
Bi�Ç�, ¡��U[16]. E,�vÇ(ß¡¹Õ�K�í�Î�.

3.1 ö�Ǒ�!�Ïxö�Ǒ�!��ì: êÞR!��Ñ¨sG(MA)!�åÊêÞRÑ¨sG!�3Í. ö�Ǒ�!��ú!e¤;��ì!�6!¨Æ�Âp0¡ÆÊ­.

(1) AR!�
AR!��ú,�ó/SMÎ�<xtïå�Ç

p*ê«�Ç»<xt−1, xt−2, · · · , xt−peãÊ. v-
ph:�KSM<�����òe�, å!�G�Ǒ�SM</Ç»<�¿'ýp. 6p:p�AR!�, �,°\AR (p), pfh¾�::

xt = ϕ1xt−1 + ϕ2xt−2 + · · ·+ ϕpxt−p + εt , (1)�-ϕ1, ϕ2, · · · , ϕp/êÞRûp, εt/}jðǑ�.

(2) MA!�}jð�¿'Ä����MA!�G¾Ǒ�,�8e�, 6p:q�MA!�, °\MA (q), vpfh¾�::

xt = εt − θ1εt−1 − · · · − θqεt−q , (2)�-, θ1, θ2, · · · , θq/Ñ¨sGûp.

(3) ARMA!�
ARMA!�G¾Ǒ��SM<1vÇ»<�ûßjð�Ç»<¿'Ä���, sö�Ǒ��SM<, v
ÅÖ³�Ç»��y�ö����òpn, ØÖ³�SM�Ç»ö;�eûß-�jð.

ARMA (p, q)�pfh¾�::

xt = ϕ1xt−1 + ϕ2xt−2 + · · ·+ ϕpxt−p+

εt + θ1εt−1 + · · ·+ θqεt−q , (3)v-, p�q�+:êÞR6p�Ñ¨sG6p. Sq

= 0ö, ARMA (p, q)!�lØ:AR (p)!�; Sp

= 0ö, ARMA (p, q)!�lØ:MA (q)!�.

3.2 �K!���ú
ARMA!��BÎ�pn{xt}:s3�
��öG<�ö�Ǒ�, àd(ú!KM��ùpnÛL���, Î��0&��B�Î�ö�Ǒ�. 1þ2ïå�úð��Î�
w	
���y', F
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ARMA!��K;�/)(Î�pn�øs', �BÎ�ö�Ǒ��ú,y'
Ø, ùv
���y'�B
%<, ,�
�ùÎ�pnÛL
��� �, ÙÌê��ùö�Ǒ�ÛLî����öG<�Æ���. F�è�
ýÇ�î�, &��ü�ö�Ǒ��¹î�'.

þ 4 
�
��Î�Î�«pþ. (a)�
Î«pþ; (b)Ë
Î«pþ; (c)¬
Î«pþ.

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.

(1)Î�ö�Ǒ�����:�Á�KH�, ,�v�Ï*
�Î�ö�Ǒ��:95%�­�Æ�5%�KÕÆ. s)(�*
�2052 h�Î�pn�K108 h�Î�pn,6Æ��KpnÆKÕÆpnÛLùÔ�Á. 3*
�­�ÆÎ�pn�þ5�:, ­�ÆÎ�ö�Ǒ��êøsýp�Oêøsýp�þ6�:, v-êøsýp(Autocorrelation Function, ACF)/h:SMö;�p<ÆÇ»ö;�p<K��øs��, �ì�¥��¥�øs'áo; Oêøs
ýp(Partial Autocorrelation Function, PACF)/h:SMö;�p<ÆÇ»ö;�p<��¥øs��. øsýp-êøsûpǑÞÆ<�� Å�pÏ:ö�ö�Ǒ�/s3Ǒ�, ÍK/^s3Ǒ�. 1�ARMA!��Bö�Ǒ�pnÅ{s3, àd,�v)(ADF (Augment-

ed Dickey-Fuller Test)À��KPSS (Kwiatkowski-

Phillips-Schmidt-Shin Test)À�IUM9À�¹Õn�­�ÆÎ�ö�Ǒ��s3', êøsýp-øsûp/&pÏ:ö_ïå\:$­ö�Ǒ
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63w ) � f ¥ 6��/&s3��n, ïåÆUM9À�s3'�¹Õø��Á, � s3'À��Æn'.þ6-êøsûp¡	Ǒ�ÞÆ<Å�pÏó0, àdïå$�åöǑpn^�^s3Ǒ�, ��ù­�ÆpnÛL�6î�, î�l�:∆xt =

xt+1 − xt, î�ÆÏ*
�Îpnö�Ǒ��êøsýp�Oêøsýp�þ7�:. ïå�0Ï*
�êøsûpǑ�ÞÆ<� �ëpÏó0, $­3*
�Î�ö�Ǒ�^�s3Ǒ�, E�
�ÛLî�.

þ 5 
�
��­�ÆÎ�ö�Ǒ�þ. (a)�
; (b)Ë
; (c)¬
.

Fig. 5 Wind speed time series of training set in different quarters. (a) Summer; (b) Autumn; (c) Winter.

(2)!�Æ+!�Æ+�ì{+$­Æ6p	Ö, �8�ÇÎ�pn-øsýp�êøs'ÛL!�{+$­, F�Eö�Ǒ�pnw	�:�Ǒ:', Ǒ�-�Ǒ:ú°�8<â¨Î�ü�øsûp�*>'
Æ>, �å8)(Æ�ýpÛL!�6p	Ö. 8(�Æ�ýp/ú�áoº�d`áoÆ�(Akaike Information Criterion,

AIC)[17]��ö¯áoÆ�(Bayesian Information

Criterion, BIC)[18], �Ç��l�¡�Ï*!�
�AIC<�BIC<:

AIC(p, q) =
−2 lnL+ 2r

N

≈ ln
�
σ̂2
w

�
+ r

2

N
+

constant , (4)

BIC(p, q) = ln
�
σ̂2
w

�
+ r

lnN

N
, (5)�-, L/!��<6ýp, N/Ǒ����, w/jðïî�Âp, σ̂2

w/jðïî��'<60¡, r

= p + q + 1h:!�-�0¡Âp�pî. AIC�
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BICÆ��h¾�G1$yÄ�, ,1yh:!��ß���, �,!��6!�'v<��; ,2yh:ùÇ�Âp�éZ, !�6!�'v<�'.ù�Íïý�!�, w	��<�AIC�BICs:�È	��!�, Ï*
��
�6p�K!��
AIC�BIC<�þ8�:, Ï*p�<P�p<ù

�
�6p�AIC�BIC<K�, åp<Ó����Æ!����, Î�n��K!��6p. v-�
�s�K!�:ARMA (5,5), Ë
��s�K!�:ARMA (5,4), ¬
��s�K!�:
ARMA (3,5).

þ 6 ­�ÆÎ�ö�Ǒ�øsýp. (a)�
êøsýp; (b)�
Oêøsýp; (c)Ë
êøsýp; (d)Ë
Oêøsýp; (e)¬
êøsýp;

(f) ¬
Oêøsýp.

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.

(3)!�Âp0¡!�6!n�Æ, ïå9nÎ�ö�Ǒ�x1 ,

x2, · · · , xtÛLÂp0¡, �0ϕ1, ϕ2, · · · , ϕp�ε1,

ε2, · · · , εq�0¡<. 8(�0¡¹Õ�: é0¡����X0¡��'<60¡. é0¡/©7,é�ø���ºéøI, �ÇBã¹�Ä�0*åÂ
p�0¡, ù�ARMA!���, é0¡¡�
B�àÕ�0��0¡. ���X0¡ú�ïîs¹������0Âp0¡<, Sö�Ǒ�pnpî�'ö, �(���Ë<ù�È�Âp0¡qÍ
', pî��ö, Ç(àaö���X��'<6ÛLÂp0¡. �'<60¡�Ç	Ö!�Âp
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63w ) � f ¥ 6���<6ýp�'�, <6ýp/!�Âp�ýp, ãh�ö�Ǒ�<ú°�ïý'. ,�v)(
estimateýpù3*
��6�!�ÛL�'<60¡, �+�0å�!�:

summer:

xt = 0.703xt−1 + 0.835xt−2 − 0.132xt−3−

0.555xt−4 + 0.144xt−5 − 1.117εt−1−

0.688εt−2 + 0.531εt−3 + 0.613εt−4−

0.338εt−5 + εt , (6)

autumn:

xt = −0.369xt−1 + 1.053xt−2 + 0.550xt−3−

0.355xt−4 − 0.023xt−5 − 0.015εt−1−

1.341εt−2 − 0.271εt−3 + 0.654εt−4 + εt , (7)

winter:

xt = 0.803xt−1 + 0.848xt−2 − 0.658xt−3−

1.141εt−1 − 0.705εt−2 + 0.981εt−3−

0.109εt−4 − 0.027εt−5 + εt . (8)
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þ 7 î�Æ­�ÆÎ�ö�Ǒ�øsýp. (a)�
êøsýp; (b)�
Oêøsýp; (c)Ë
êøsýp; (d)Ë
Oêøsýp; (e)¬
êøsýp; (f) ¬
Oêøsýp.

Fig. 7 Correlation function of wind speed time series of training set after difference. (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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(a) The optimal order of the summer ARMA model is (5,5)

MA order

1

2

3

4

5

A
R

 o
rd

e
r

5.225x105

5.224x105

5.223x105

5.219x105

5.217x105

5.215x105

5.215x105

5.223x105

5.217x105

5.219x105

5.216x105

5.216x105

5.221x105

5.216x105

5.216x105

5.219x105

5.215x105

5.22x105

5.221x105

5.216x105

5.216x105

5.215x105

5.23x105

5.227x105

5.226x105

5.216

5.218

5.22

5.222

5.224

5.226

5.228

105

Value

MA order

1

2

3

4

5

A
R

 o
rd

e
r

3.323x105

3.32x105

3.318x105

3.316x105

3.321x105

3.313x105

3.312x105

3.312x105

3.312x105

3.317x105

3.312x105

3.311x105

3.309x105

3.308x105

3.314x105

3.312x105

3.308x105

3.312x105

3.308x105

3.313x105

3.312x105

3.308x105

3.308x105

3.311x105

3.332x105

(c) The optimal order of the winter ARMA model is (3,5)

3.31

3.315

3.32

3.325

3.33

105

Value

MA order

1

2

3

4

5

A
R

 o
rd

e
r

5.025x105

5.022x105

5.02x105

5.02x105

5.024x105

5.019x105

5.019x105

5.019x105

5.019x105

5.02x105

5.019x105

5.019x105

5.019x105

5.019x105

5.019x105

5.019x105

5.019x105

5.018x105

5.018x105

5.019x105

5.019x105

5.019x105
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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).

(4)!�Ê­À�ÏÇ6!¨Æ�Âp0¡�0�!�, ��ÛL�î��. ����Ó��î, ��Í°Ûe
“¨Æ-0¡-Ê­”�A�. ù��î��, �î
����À��Ç$­�¹þ��Mp-�Mp
(Quantile-Quantile, Q-Q)þ-!���î��Æ�Æ
����ß���e�°; �îǑ:'À��Ç$­7,êøsýp�Oêøsýp-øsûp/&á³*>e�°.

þ9U°��
ARMA!���îÀ�, þ9

(a)/ù�
!��îÛL�Æ���, �0�öG<�¹î:���Æ��îǑ�; þ9 (b)/ù�Æ��îǑ�B��î�p<��, ��H°
���, �Æá³�îÀ��
���; þ9 (c)-ïå�úãh!��î���AW�Æãh�Æ
����Z¿ß�H��}, !�á³�îÀ��
���; þ9 (d)êøsýp�þ9 (e)Oêøsýp-, ¹h:ù�ÞÆ<�êøsûp�Oêø
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þ 9 �
ARMA!��îÀ�. (a)�Æ��î; (b)�î��; (c) Q-Qþ; (d)êøsýp; (e)Oêøsýp. Îþ(b)-ïå�ú!�á³�îÀ��
���; Îþ(c)-ïå�ú!���î��ß��Æ
����H��};þ(d)êøsýp�þ(e)Oêøsýp-øsûp(95%ná:��á³�Ñ�ö�aö,�Æ�îǑ�àÆ>øs'�Ǒ:':,!�á³�îÀ��Ǒ:'.

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.

4 �KÓ�Ê��)(�ú�
�
�ARMA!�ÛL�K, Ùú95%ná:��0�Kpn. þ12>:�3*
���K<ÆKÕ<�ùÔþ, þ-pr¿ãh­�Æpn, ¹¿ãhKÕÆpn, Ñ¿ãh!��K<, ï�ARMA!�ý��}�KÎ�. þ13	
Ö3*
�è��K<ÆKÕ<, ¹¿:KÕ<, Ñ¿:�K<, ý�p�ú�K<ÆKÕ<�;���, ÁÆ,�vúË�
�
�ARMA!�ý��}ß���<, �K¾��Ø. F!�ù�¹��<�KØ
�Æn, ØX(��ïî, �K_X(��ÞÆ°a.
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ARMA!��îÀ�. (a)�Æ��î; (b)�î��; (c) Q-Qþ; (d)êøsýp; (e)Oêøsýp.

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.:�ÏÔ��K¾�, �(G¹9ïî(Root

Mean Square Error, RMSE)�sGÝùïî(Mean

Absolute Error, MAE)ÆsGÝù~�ïî(Mean

Absolute Percentage Error, MAPE)aÏ�K<ÆKÕ<K�Oî, Ù3*��Ö<��ãh�K¾��Ø, Öì«�Û(�Î��K�ß[19–20]. v�I��:

RMSE =

ÊPN

i=1 (yi − ŷi)
2

N
, (9)

MAE =
1

N

NX
i=1

|yi − ŷi| , (10)

MAPE =
1

N

NX
i=1

����yi − ŷi

yi

���� , (11)

�-yi�ŷi�+h:,iö;Î�ÂK<��K<.,�H�K30 minÎ�pn, �v e­�Æ��K��*30 min�Î�pn, ÏÇ�!Ú¨�K, Î��°108 hÎ�pn�K. 1�ïîǑö�/ï, �ìÑ°4 hÆ�Kpnïî�', ù�Ü\§6gLö�e�, 4 h�hý�á³, àd	é3*
��KM4 hÎ��K<ÆKÕ<�OîaÏ!�¾�, Ó��h1�:.Î
�
�ARMA!��KH�e�, �
sGÝùïî��, sGÝù~�ïî�', Ù/1��
�KÕÆM4 h�sGÎ��¬
�Ë
�.tSe�, 3*
��KH��:¥Ñ, Ë
Î��K¾��Ø.
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ARMA!��îÀ�. (a)�Æ��î; (b)�î��; (c) Q-Qþ; (d)êøsýp; (e)Oêøsýp.

Fig. 11 Residual test of ARMA model in winter. (a) Standardized residual; (b) Residual distribution; (c) Q-Q plot; (d)

Autocorrelation function; (e) Partial autocorrelation function.

þ 12 
�
���K<ÆKÕ<�ùÔ. (a)�
; (b)Ë
; (c)¬
.

Fig. 12 Comparison of prediction data and test data in different quarters. (a) Summer; (b) Autumn; (c) Winter.
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(a) Prediction data of partial wind speed in summer
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(b) Prediction data of partial wind speed in autumn
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��è��K<ÆKÕ<�ùÔ. (a)�
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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.h 1 
�
�ARMA!��KH�
Table 1 Prediction effect of ARMA model in

different quarters

Quarter MAE/(m · s−1) RMSE/(m · s−1) MAPE

Summer 0.133 0.171 0.305

Autumn 0.162 0.221 0.202

Winter 0.287 0.413 0.254:Ô�,�Î��K¾���£, �,�3*
�!�ïî<ÖsG, v	Ö3Ç�.�Î��K¾�\:Â�. v-JiangI[21]ùq�ì±�Î5:�Î�ÛL��K, SongI[22]ù-ý�Î5:�Î�í��KÛL��v, ZhangI[23]ù�íY�Î5:�Î�ÛL��K, å
�.-Î��K¾�Æ,�Î��K¾��h2�:. ïå�ú,�Î��K�sGÝùïî�G¹9ïîG��å
�.. ,��Î��K!�w	�����'. (ö�:�
, 4 h���Î�Kpný�:�5�Ü\§6ûß�¨:���³��gLö�, v�ý�ü�5�Ü\(dµö�ÂKû¡���. E,�vú�
�
�Î�pnúË�
ARMA!�ý��}0�Kð�Î�, :�5�Ü\��Îp§6��Å�pn/�.

h 2 ,�Î��K¾�ÆvÖ�.-Î��K¾�Ô�
Table 2 The accuracy comparison of wind

prediction between this article and other work

Proposed

model

Jiang

et al.[21]
Song

et al.[22]
Zhang

et al.[23]

MAE/

(m · s−1)
0.194 0.335 0.608 1.166

RMSE/

(m · s−1)
0.268 0.384 0.830 1.654

5 ÓºÎàv�G'�â¨'åÊǑ:'Iy¹, Ù'ã��5�Ü\��Îp§6e�&e%û��, K
Ù�¾��	H��/ùð�Î:ÛL�K. ,�v9nð�ÎTÇÆ02017t4−12�Î�Î�pn, ���ð�Î:y�, Ñ°
�
�Î�Î�	�'î�. (dú�
�Çù
�
�Î�pn�s3'À��pn��, )(AICÆ�n�!�6p, �'<6Õ0�!�Âp, �ÈúË�
�
��ARMA!�, vÛL�Î��K,ÎG¹9ïî�sGÝùïîÆsGÝù~�ïî�<e�, Î��KÖ��}�H�, ý�á³'ã��5�Ü\�Îp§6('�pÅµ���(.(Î�Ø��'��¹�, ,�vúË�Î�
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ARMA Model-Based Wind Speed Prediction for Large Radio

Telescope

LI Lin1,2 XU Qian2,3,4 WANG Wen-juan5 LI Shuai5 XUE Song5 LIAN Pei-yuan5

WANG Cong-si5 HE Fei-long2,6

(1 School of Physics and Technology, Xinjiang University, Urumqi 830046)
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(3 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Urumqi 830011)

(4 Xinjiang Key Laboratory of Radio Astrophysics, Urumqi 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)

ABSTRACT 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 QTT 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−1, the MAE of the autumn prediction
model is 0.162 m · s−1, and the MAE of the winter prediction model is 0.287 m · s−1. 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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