30k MM e M TR Vol.30 No.2
2022 4 1 A Optics and Precision Engineering Jan. 2022

XEHS 1004-924X(2022)02-0170-08

Ko —SFRHERBEINREBZFPGA
B4R FIZIT

xR, E KU, AcEL BBA, xEE, AR
(1. FERFKR KAELFHTIRE WEF R, F4 K& 130033;
2. FER¥K AREEREMNELELEZ .47 10010D

WE R — ST RS IR TR I 55, 5 s o0 B AL E 4 3000 TARI 30K, ) T4 48 FPGA 4t
L F RN BT M3 RO 22 FPGA T R G T o Hovb, 248 FPGA 45 3111 I8 45 5050 (W ) RD ~F B AL B 45 2 g
H A ST o B B R M | J2EE FPGA AR T AR WAL Y B LA A, B T3 sl e i ) A0 43 4 1 O
e, TE TR R AR R AT AR TR R T LA AR A A S D i e AL IR Sl A AR LA TR 3B e 5 IR, R ] — 5 IR SR AR 7E IR
KBEOL TR Ay MIOLTE B AT AT 55 FA B 48 A AT 48 4 ek e [R) v R FE I Ak a1 42 FPGA 31 )
Tt < i A% B I RE L 0 O 10 0 AL AE AT 55 BORS 0 AT HHRAT 55 o S0 90 45 SR 26 U« 0 A5 L AL 3 B IE T Bisf ) O 112 2 mis 5 B )
SPRSIUREEE 9 1. 25 s SEER T AR AT AR S AT R T AR IS T R AL

% 8 W RBLFPGA; T A Rk W& E R R

RESFES TP394. 1; TH691.9  X#KFRIREG:A  dei:10. 37188/OPE. 20223002. 0170

Design of Tianwen-1 high-resolution camera anti-fuse FPGA
software system

ZHANG Bowei', WANG Dong'’, HE Yunfeng', YAN Dejie', GUAN Hainan', WU Fanlu'*

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,
Changchun 130033, China;
2. Key Laboratory of Lunar and Deep Space Exploration, Chinese Academy of Sciences,
Beijing 100101, China)

* Corresponding author, E-mail:wangd @ciomp. ac. cn

Abstract: In the context of deep-space exploration, such as the Tianwen-1 mission, reliability over a long
working time is an essential requirement for the main control unit of the high-resolution camera. To im-
prove the anti-single event effect and reliability of the master FPGA, an anti-fuse FPGA is used for the
software system design. Functions such as focusing unit control, time code punctuality, and time correc-
tion, managed by the master FPGA, are safety-critical items. To improve the robustness of the software,
the main control FPGA design employs a two-division control method based on the acceleration and decel-

eration curve for the optical-mechanical structure of the focusing mechanism. A stepper motor driver is
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used to match the focusing speed and avoid the resonance frequency of the mechanism, for the focusing

mechanism to run smoothly; at the same time, when the Tianwen-1 surround is in the ring fire section,

the high-resolution camera needs to perform shooting tasks by following delayed commands, creating a re-

quirement for highly accurate timing. Thus, the master control FPGA design must ensure time code punc-

tuality and timing function such that the high-resolution camera accurately executes the shooting task. The

experimental results show that the movement time of the focusing mechanism is 112. 2 ms and the accura-

cy of time keeping is 1. 25 s. The design satisfies the requirements of a stable operation of the focusing unit

and reliable timing.

Key words: anti-fuse FPGA ; stepper motor; acceleration and deceleration curve; star time management
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Fig. 2 Main control interface expansion logic FPGA operating environment diagram
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Fig. 3 System overall functional block diagram
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Fig.4 System overall functional block diagram
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Tab.2 Mass of the lifted block under different currents

and different speeds

R/ A AP (] /s ESXeL/ B S PN
0.18 0.003 125 350
0.18 0.006 25 550
0.18 0.012 5 600
0.18 0.025 650
0.18 0.05 650
0.18 0.1 650
0.44 0.003 125 1250
0.44 0.006 25 1400
0.44 0.0125 1450
0.44 0.025 1450
0.44 0.05 1450
0.44 0.1 1500
0.56 0.003 125 1 400
0.56 0.006 25 1550
0.56 0.0125 1650
0.56 0.025 1650
0.56 0.05 1650
0.56 0.1 1700
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Fig. 10 Motor torque frequency characteristic curve
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