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Research on high-precision feedback for displacement actuators
in segmented mirror telescopes

- 1,2,3
Xu Yunxia

Lu Qishuai® Yao Fujin®® Han Shuo®*
(1. School of Electronics and Information Engineering, Nanjing University of Information Science and Technology,
Nanjing 210044, China; 2. Nanjing Institute of Astronomical Optics & Technology, Chinese Academy of

Sciences, Nanjing 210042, China; 3. University of Chinese Academy of Sciences,Beijing 100049, China)

Abstract: Aiming at the problems such as the closed encoder protocol of the displacement actuator of the spliced mirror
telescope and the high power consumption and large volume of the existing decoding schemes, a high-precision position
feedback system based on SoC-FPGA technology is proposed to realize the open decoding of the EnDat2. 2 protocol, in
order to meet the requirements of miniaturization, low power consumption and high integration for domestic
substitution. The PS-PL collaborative processing architecture is constructed using the Zynq-7000 platform. The PS end
uses the dual-core Cortex-A9 core to complete system control and communication scheduling. The PL end implements
Manchester codec and CRC-5 verification through hardware logic. Design a driver interface circuit centered on
ADM1485 and ADuM1301 to enhance the anti-interference capability. And the IDELAYE2 module is utilized for
dynamic timing compensation to solve the problem of data phase offset caused by physical link differences. Experiments
show that the position feedback accuracy of the system reaches 368 nm. Large-scale error injection tests demonstrate
that the CRC-5 verification achieves a detection success rate of 99. 99% at a 0. 2% error rate, while the PCB volume is
reduced by approximately 31.6% and the power consumption is lowered by more than 11 times. This solution
successfully realizes high-reliability decoding of the EnDat2. 2 protocol, providing crucial technical support for the
miniaturization, low power consumption and high integration of displacement control systems in China’s astronomical
telescopes and high-precision numerical control equipment. It holds significant engineering application value and
potential for independent promotion. Future work may further optimize algorithms to enhance stability under extreme
conditions.

Keywords: displacement actuator;high-precision position feedback;encoder decoding; EnDat2. 2

0 3| 1 5 365 B i 22 B B 2l 25 PR 1 B I AR
1 5 AR ) i B2 T B T BT T R 0 (A g LR RE L X
ARG G T B B AR AR B R R DR A0 O SEBLR DR R IR MM D OT R . AR D

[}

W H 49 :2025-10-25

¢« 90 o



~

NS
T

ArEE K KB R RS RD RS ERERR

5013 W

Wah EHE O N 10 m 1991 578 B3 5% (keck telescope,
Keck) \EHHAEN 4 m R KX AL HAOLL LG R
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&0 25 m W B RIZE PR B EE (giant Magellan telescope,
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Table 1 Transmission position sequence
G5 B HE 4 3L / bit
1 i B 2545 B o7 0 0 0 1 1 1
2 PEREAFfif X 0 0 1 1 1 0
3 Y A5 B2 I S 0 1 1 1 0 0
4 Y i 25 L S S 4 1 0 0 0 1 1
5 g R R R ) 1 0 1 0 1 0
6 i 1 25 4% B D 3k 0 1 0 1 0 1
7 S i 5 422 s 3R 3 4 1 1 0 0 0 1
8 24 0 B A% i L % B A 8 1 1 1 0 0 0
9 e hih 2 45 B 7 T (EL T B WS A7 ik IX ok % 0 0 1 0 0 1
10 i B 2 15 B S A T IR e S 0 1 1 0 1 1
11 Y 2% 15 S B A T R ik S 1 0 0 1 0 0
12 i TG 8 A% B o7 L O ML h 4 R A 1 0 1 1 0 1
13 i hEh 2 A% B o7 L O 2 ) X 4 4 1 1 0 1 1 0
14 i R 48 12 WL 1 46 4 0 1 0 0 1 0
a2 R (B R o
1302 BERaMHR
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2 FPGA #EQEF#E O@EFi%it

2.1 Zyng-7000 F & 2249i% it
AP it% A Xilinx Zyng-7000 231 SoC 4 2 g i 25 12
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Data transmission mode containing position values and additional information 1 and 2

FIAY S 4 A e SRR R G AN 2 T
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PRI 3 . PS 363 F A% ARM Cortex-A9 LB , 4 i AL
FEHCHE 3 3 = AC [6) 26 3 25 W6 UL AF BUAT 6% 4% (double data
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SDRAMD) ¥ il % 52 BUEE e Ar 5 4 55 1 2 L e i 22 ) e i
A% H 4 O Cinput/output interface, I/O) # O ¥ &
UART.,CAN 45 Tl {5 PS5 o 87 28 58 R 38 H o it
Y2 #% (general interrupt controller, GIC) 28 #y, S 5 H 47
HMEEAE O (serial peripheral interface, SPD M5 #1 Wr 5 4K {4
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He 1% A W (software generated interrupt, SGI) B9 4 56 9% 4%
B,y PL 3| PS 1Y 57 20 350 48 AR A 38 ) 37 L

7€ PL %, SCBL T EnDat2. 2 Ppisl 9 4 2 4 B 0>
A5 S AT R S 2 L CRC-5 4 6 A5E e 0 s I 422 i) AR 25
M. PS il & &0l & R £ 1R 5 2k P i Cadvanced
extensible interface 4 lite, AXI4-Lite) B £k X PL #F47 % 4%
AL E B T AT AP 3R (8 MHz+ 0. 5%0) il /5 8 5K
AL ARSI B[] 2845 55 e 3h B0 A% i A
iR T ) 22 53 15 5 &0l 2 W R g i 5, 84T CRC
2 45 0 IE AR AR 50 B Mk A SOBOIE B T 32 bit B S A S
(first-in first-out, FIFO) Z& #h J55 fil & SPIT 17, CPUO 7&
W iR 55 0 FR bl O R T YT R O A B At i
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I B 7 2R G R IR & 2240 < PS 3 38 5 BUAH 1 (phase-
locked loop, PLL) Az i, 64 MHz £ %t i 4, PL S i i 1R &
12 B0 4 B 8% (mixed-mode clock manager, MMCM) 5t
e B 8 MHz A [ 25 i 4, 2R P I 4§ B A5 o4 2 A K 1) 1
BRERHIAE £0. 5% AW, B A R FH = i K 26
B - F A B B3 3 3 A G o A T R R I e A A S 3 B
[ 25 Ak B2 By BE R O 47 CRC-5 & 50 583k 5 W2 o
FIFO it s 0 50308 1% % 1% 7T 52 Mk 5 1% % B Bt B Cortex-
A9 I R YR OB N A A U R 4% (advanced
extensible interface-direct memory access controller, AXI-
DMAD $4 il i 4 R R 7 » il B 007 A 5 AR B A% (digital
signal processor, DSP) 4b F 2% $0 47 Lb B1)-FR 201 43 5 4l
(proportional-integral-derivative control, PID) 5 il 5% 52 i+

Bl B RGERE AT LU 3R R A5 — MR BRSSO TR S B M R A AR R R BB B
RGP, il 2 55 (W B P K
r___________________________i r--r-r————~—T—TTT—T—TT— T 777~ -i
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2.2 EnDat2.2 RZH#EOEIT

SRS T Ml g AT P A B Y o T O 1F A
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T, 1% B 2 = g U ) b AL AL R e AL
HimTHZ BB FIE .,

W19 ES MBS, R ADuM1301 $(F
B B0 R (MDD , I F #6486 R 23 FPGA M 5 8 2l
B R AR B L B B TR TR AR T 2.5 &V, HRE S Ak
LA R 2.7 ~ 5.5 V, 52 Eif it FPGA (3.3 V

Architecture of the encoder-decoder processor

LVCMOS) 5 RS485 M2k (5 V) W E k. HANH
48 BB L] P PR AP 2R A 55 PLL BEARER , o] g kM (R 5
HESR (<C10 ns) » TR L 0L 40
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3
Fig. 3

0K 2l 45 11 Hg, B i 3

Schematic of the drive interface circuit

¢« 03



o549 % W F

o

=3

2

#OAR

83 g B BLRY . FERLME A NC7SZ125
(BUF2) =& g w17, H A Ae o th FPGA I #5532 8 2 & 4%
il o A IE F I i A 1 5 e B AR A, PR R A T e AR
iy — ARG 0 8 S o 5%l i VG Tk e, D00 57 B R A o BEL
ACZ R L TGEY)WrTHE B 42 . T A 3800 %) 10 MHz~
1 GHz 9Bt 8 35 30 V/m B9 Tl 51 T4,

3 ERBEZRERIT

3.1 FPGA #EOZEREH

SO IS B i R g b s AR S A X L
1B S A% 45 18] ey 2\ T O R 22 B, A B3 T FPGA
i T 2 4% EnDat2. 2 5 [6 # & 47 # O (synchronous
serial interface, SSD W In] M F VML BB F D R4 . &%

RGN B T i 2800 B fE Sl L, AR L T CRC
5557 iR A W B 3 BRSSP T S R 12 W Re
J1. B4 TR RO R ROC SR, 32 W b
PR B | & 2% /4 ISOE B | I das oA B MR 06 A AR AL
DL K FPGA F ¥ 80 By 8 5 8 BB 41 ™ i 4 4
BT 00 O 58 7 T H s B2 00 4R U PE 5 R0 I B P A I e
LT 54 mEaEr Y28 0, 4% EnDat2. 2/SSI
LT &% (TX+/—) W (RX+/—) B #h
(CLK+/—) a4 E 5 & i (ENDERL: L0 R 5
FPGA Wi Z W\ EH M HATH D, EX T HEHES.
8 bit Hihk B4 5 16 bit £ B4k, X E4FS 5IF
T REHE A BT A SR T I 7 AL b TR
K5 R N BOHE 38 T R AT .

/STR /Timer /R6 /IR7 CLK2 CLK /Res EnDat2.2.5 32 B A7 I SSI
Lot L]
=== 7T T """
[ /INT
l -« [ REFGE | | /Ready
DATA—EV : R | | _
R ! RikFHi a8 | Model6
DE | | /CS
- t i —|—>_<—>§llﬂza*}#%§l /WR
TCLK I | ‘
<« AR B BREERY e /RD
I # | ¥
EISZE N 7
DATA RC | | H;J —,—>_<—>I Bl 7383 4
: > BB < o i TR | -
| A
|
:
/ST | | hEE | A [0:15]
ST OKT PIN | | |
- | |
e ___ _I_ ——l [
CRC K5 ‘

Kl 4 EnDat2.2 5 SSI i {35 5

Fig. 4 Diagram of the enDat2. 2 and SSI communication module
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SRR T T B A% i 2 (i s 3C8F 1 Mbps) L 30% &2
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Fig. 6 Test environment for the system debugging phase
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