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Servo control system design for square kilometre array radio telescope

ZHANG Qiang, ZHANG Yifan, GENG Xuguang

(The 54™ Research Institute of China Electronic Technology Group Corporation, Shijiazhuang, Hebei 050081, China)

Abstract: To construct the world's largest aperture radio telescope and equip the system with the highest sensitivity and image
resolution, a new control system was developed for the 15-meter offset SKA antenna. A mathematical model was established, and the
control loop algorithm was optimized and corrected to achieve high-precision drive and control of the azimuth, elevation, and feed
indexing systems. Embedded software was used to switch operating modes for automatic tracking of astronomical targets, to improve
the system pointing and tracking accuracy. The hardware and software tests of the system were completed. The result shows that its
servo performance and electromagnetic compatibility meets the SKA observation requirements. Currently, this system is used at the

SKA radio telescope, which will provide some support for astronomical research
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Fig.1 Square kilometer array telescope antenna
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Fig.2 Structure diagram of control system

BRI IR ATEIZ S5 H#% MLC (motion logic control) W, JERZEEHBNMENMI. 2z HlFAE b 2
k%L, MLC B ST BRI HRE B ARIS AT, SE U BT A S EREAE & . RN E TIash RO 2 E 4
B RAEEE . INC iR I RE ] A & R IE S MLC, P24 iE T SERCOS M4k A shas, FIFHiES
Hu A BN TE AL E IR, [ AN a AORTERIR S, FIRHEICR K85 S HENLFPIRESE B . IRahE
BWRERE )5, KRR HONIREIE S, R s KRR 1A H bz

RICUIMERE R, S R SEN 2 ZE I RE SRS H AR EdE, 4261 KA A A A i) 4% s, A

SE RIS 5 32U
2.2 ARG

REIEHIAFIZATIE MLC b, R G5 SCR RS I W E N AR 5 - B0 R R IZ 1T 1 B 3l IR 4%
RS ALy, GERWTE 3 FTon. SKA RERIES| KRG MiEdl i R 2A 4 MR AThRE. EahiE
il PTP/NTP $5Zi Fli FE4% il Thfg

‘ ACU ik E B
| [ |
‘ HEATHE ‘ ‘ B ‘ ‘ PTP/NTP ‘ ‘ R ‘
EN # . i Hi, - % =
ig [ E ) i F b *[L 1z I I l% 15
- | | E i 2 = g o
b B E 5 =

B 3 SKA I %] 4k 164 2 ik 22 M B

Fig.3 Functional diagram of SKA control system
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Fig.4 Working mode and states of control system
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Fig.5 Structural diagram of system control loop
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Fig.6 Photo of Antenna and control system cabinet
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Table 1 Control system test result

SIS N > 3 SRl ME
R H EniilN= A7 HRE PRZE RMS e Em R/ s &ﬁ%k
PID %k 0. 140 0. 057 6. 70 e
0.5 % —
rk g%ﬁ% 0. 002 0. 002 4. 08 =
PID %% 0. 750 1. 690 14. 60 5
10 EETiER
E jf)“jﬁ:ﬁ 0. 150 0.132 11.25 &

B 7 AN TR SR RO R LA R 22 2, AR ZR BRI, SRR St PID Fi 5%, Az A A
AT, MERMERERR GBIE 20%) HEEZA R WA EREE B E, MERESRZE
LRI H, AEBTER AR B 1B, A RCRIIN BN IS, 0.5 BEA 10 FERER AR E I ) 510 e SR EK
R R A P Ik B AT O S H AT R JE . ATCLR R MR R B SR, IR NRE; BIRE. R
SE I 18] 45 Fi AR 22006 A2 L 225K

R T S LRI R AR TR RS FE AT 1 AR, Al P8 S5 S R AT, S SR SR KA A K
(I3 AL RREAT A, K SRS 8 B DT 545 2 0 - 07 60/ 0400 3 73 Sl BEAT ELR, A9 3B R 54, HE L
Wﬁ,%ﬁﬁ%ﬁﬁﬁﬁﬁ%ﬁﬁﬁm,ﬁﬁék%%%mhﬁw§ﬁ32%ﬁﬂ,m&%%%ﬁ%ﬁﬁ

; /I ‘F’ AN //\\_,.___,_--_,_*____..".__.

y ‘
a)0.5 EM#® 4 (PID) b)0.5 B Wr#kiz £ (PID)
i =} s
] il B e 8
\ V/ L TR
c)0.5 Akt & (H &%) d) 0.5 EMiR £ (L A&EH)D
B 7 & %M 3 iX Ao iR £t &
Fig.7 System step response and error curve
4 % IE

frl Az ) R G2 SKA S FEER R SCHERT 43, M4 SKA LRER R MM TR 2, ARG T —85%



B R, RAEWMESR MBI, #E 7. 0. SBieecitn R e Ral SiEm .
BUE TR S T BIE B aR 4 BN AR D) . B A5 AT ST T IR R SRR A
[ WA R R AT TIRAMBIE, $w T RGUHIAR A ANER B L S8 i 1 PRI, (] ARk Re
RGO VRS R 2 SKA W EDSR . HATIZ RS CAER AR S B i Al 7> REHAT SRS LA, KA FIR
R ASCBE T M M J5EN A w5 R G SR BRI R S Bt — € S H M E

HATA RGOSR T B RS WINEAT, MAN 2 & Bm s 240 o F AT 58 2. RRUER
4F SKA wfitik 23 % & RGUHAT RPN, AWife k2 & RGOEFISATIBRIE 8, DA A2 JE 1 2 500 & &
GMMISATIITE R Lehh, R Ak R GEH AR A P S, (P R R SEiatT, fREERSC
ML b A 52 FoAth PR 3 i A4

SE L fik/References:

[1] RUZE, DL L8, 2 1 bR R SO B R X b O R W 5 38 AT [9] R S 3k Ji€,2024,42(4):561-576.
LIU Shuang,SHEN Zhigiang,AN Tao.Establishment and operation of the international scientific regional center
for astronomical mega-facilities[J].Progress in Astronomy,2024,42(4):561-576.

[2] NIEHAUS H.SKAOQ Dish Structure Requirements Specification[R].[S.1.]:SKA observatory,2022.

[3] x4, 73 4k mi, 52 27 4, 45 H FE ¥ 07 2 HL I S H B 070 R R 2 U7 28 v 4B [0, v 1 A DR A R (3
),2025,45(2):88-93.
LIU Jia, WAN Jixiang, WU Chunbang,et al.Design of lunar based square kilometer array radio telescope
antenna[J].Chinese Space Science and Technology,2025,45(2):88-93.

[4] RAHMAT-SAMII Y,HAUPT R.Reflector antenna developments:A perspective on the past,present and
future[J].IEEE Antennas and Propagation Magazine,2015,57(2):85-95.

[5] GAWRONSKI W K.Advanced structural dynamics and active control of structures[J].IEEE Transactions on
Automatic Control,2005.D01:10.1109/TAC.2005.843842.

[6] GAWRONSKI W,SOUCCAR K.Control systems of the large millimeter telescope[J].IEEE Antennas and
Propagation Magazine,2005,47(4):41-49.

[71 GAWRONSKI W.Antenna Linear-Quadratic-Gaussian(LQG) Controllers:Properties,Limits of Performance,and
Tuning Procedure[R].California:Jet Propulsion Laboratory,California Institute of Technology,2004.

[8] 7587, T M B, 25 0 e kR S5 o 2 37 R R TR B A LA A P O] b R 2 R
#,2022.DOI: 10.1360/SSPMA-2022-0121.
YAN Yuefei, WANG Congsi,LI Shuai,et al.Development of large-aperture radio telescopes and applications of
coupled structural-electromagnetic theory[J].Scientia Sinica Physica,Mechanica & Astronomica,2022. DOI:
10.1360/SSPMA-2022-0121.

[9] T KT Js2 ST R S Fis 1) M BE FRURS A 5 5 42 11| 4 M2 [D]. VG %218 %2 1R HE K 72,2023,
ZHANG Kun.Accurate Modelling and Control Compensation of the Pointing Performance of Large Reflector
Antenna[D].Xi’an:Xidian University,2023.

[10] 3 258, Vvl A5 Fl B0 5 ) JI R G 9K )y R L D ] 28 42 1 [9]. R S 4 e 2025,43(2):309-319.
TONG Zichen,XU Qian,XUE Fei.Synchronous control of drive motor of radio telescope servo
system[J].Progress in Astronomy,2025,43(2):309-3109.

(L]0 28 . M R 2 A A R R 2 B P IBOR []. FEBL 5 22 1 2 HT,2020,47(8):52-56.
GUO Xumeng.Servo tracking technology based on compound control of large inertia antenna[J].Electric
Machines & Control Application,2020,47(8):52-56.

[12] £ M = XU X, A0 S ol B e B P A RE AR R G Wik 5 SEBLPLE RALNY 5 K
f4:,2025,42(8):20-27.
WANG Binlan,ZHAO Rushuang,YUE Youling.Design and implementation of remote control system for radio
telescope array[J].Computer Applications and Software,2025,42(8):20-27.

(13T R X SIF. e, 55 R BRI R 2 E PLPAZ A ORI 7T [9]. o 2k L 127, 2021,51(2):149-155.
CHEN Xing,ZHAO Bian,LIU Yabing,et al.Research on active disturbance rejection control technology of deep



space exploration antenna[J].Radio Engineering,2021,51(2):149-155.
[LAVFE A, XS A, T 408, 45 S v B e % K 28 = SO0 I 1 2 0 8 U 92 R [0 b R R 2 B e Ty R
2#,2024.DOI: 10.1360/SSPMA-2023-0246.

BAN You,LIU Yuanjie, WANG Na,et al.Review of measurement methods for the main reflection surface of
radio  telescope  antennas[J].Scientia  Sinica  Physica,Mechanica &  Astronomica,2024.  DOI:
10.1360/SSPMA-2023-0246.

[15] Bk =5 W, B2 Se 2%, ok b, 55 K 7 B2 0 5 4 1) F 2 RS2 DR 3R X R B 1B IE R AT T 0] S R T
£,2024,32(20):3017-3025.
CHEN Baogang,XIA Haojie,ZHANG Jin,et al.Research on factors influencing the pointing accuracy of large
telescopes and the correction model[J].Optics and Precision Engineering,2024,32(20):3017-3025.

[A61FE KA, T R AR, 5K & A BE R ER T P BRI FUBUIR S e B2 0] ML e 1,2023,40(12):1-8.
DU Yonggang, WANG Yulin,ZHANG Wentai.Current research and prospect of high-precision tracking and
pointing technology[J].Journal of Machine Design,2023,40(12):1-8.

LSSV INED Y
POBBIfF: AT LT 589 5 E AR T PURT R FIES FKAE Mg 050081, itk 13833124005
TS AT LR 589 5 E AR U BT R A A FKAR HE4W: 050081, Hii 13833124005



