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Study of the Ground—Aerial Cooperative Unmanned Systems
Applications for the Exploration of Mars

WANG Tao

(School of Intelligent Engineering Systems, Sun Yet—sen University, Guangzhou 510006, China)

Abstract: Unmanned spacecraft landing on Mars to carry out complex exploration missions has become a research
hotspot of international deep space exploration. Firstly, looking forward to the development trend of land air cooperative
unmanned system, the research status of unmanned system technology and application in the field of land air cooperation
are summarized. Then, the ground and atmospheric environment conditions of Mars are discussed, and the research of
ground Rover and rotor UAV system used for Mars exploration is comprehensively reviewed , with emphasis on the research
of land air autonomous cooperative unmanned system for Mars exploration technology development trend. The summary
shows that in the future, developing and strengthening the capability of land and air intelligent cooperation of unmanned
system is helpful to improve the execution efficiency of planetary exploration mission and enhance the survival support
ability of unmanned systems.
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Fig. 1 Opportunity’s view of Martian ground texture
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Fig. 2 Curiosity’s view of Martian dune after crossing it
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Fig. 3 Yutu2’s view of the Moon’s Mare Imbrium region
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Fig. 4  Spirit recorded temperatures’ change in 90 days
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Table 1  The statistics of launched rovers on Mars
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Research Progress and Application Analysis of Distributed Space System

DONG Yong', ZHANG Zhibin®>, LI Xinhong’, LI Weijie', ZHANG Guohui’

(1. Beijing Institute of Space System Engineering, Beijing 100094, China;
2. Space Engineering University, Beijing 101416, China)

Abstract: In recent years, the exploration of multiple spacecraft synchronous operation has become a hot topic at
home and abroad, which promotes the research and development of distributed space systems, including constellation,
satellite train, formation, cluster, separated satellite system and federal satellite system. Firstly, the development status of
distributed satellite system is studied, and typical distributed space systems such as satellite chain, Beidou satellite
navigation system, Blackjack program, F6 network and ONION program are introduced. Secondly, the advantages and
disadvantages of the distributed space systems compared with the traditional single satellite applications are analyzed, and
the application prospect of the new distributed space system is explored. Finally, according to the development status and
future development trend of the distributed space system, it is useful to focus on the development of satellite autonomous
operation technology, laser communication technology, and pay attention to improve the computing capacity of satellite
processing unit.

Key words: Distributed Space System; Federal Satellites; Fractionated Satellites; Constellations; Spacecraft
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Fusion Path Planning of Planetary Vehicle Autonomous Detection

GUO Jifeng, YU Xiaoqgiang, ZHENG Hongxing, YAN Peng
(Harbin Institute of Technology, Harbin 150001, China)

Abstract: In the process of planetary vehicle autonomous detection on the planet surface, path planning technology,
as an important part of its autonomous decision—making system, is a necessary technology for planetary vehicles to carry
out independent inspection and detection safely and efficiently. Aiming at the path planning problem of planetary vehicle
autonomous detection, a fusion path planning method combining global and local planning is proposed. Firstly, the
comprehensive smoothness map is generated based on the digital elevation model of the planet surface, and then a fusion
path planning method is proposed. The A* algorithm heuristic function is improved based on the comprehensive
smoothness information to guide the algorithm to generate the global optimal path. Then the dynamic window approach is
applied to real-time path planning to generate a smooth path that meets the constraints of planetary vehicle capability. The
simulation results show that the fusion path planning algorithm proposed can ensure that the path is feasible based on the
global optimal detection path, improve the success and reliability of planetary exploration missions, and provide technical
support for more complete and efficient autonomous planetary exploration missions.

Key words: Planetary Exploration; Comprehensive Smoothness Map; A* Algorithm; Dynamic Window Method;

Fusion Path Planning
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On-Orbit Servicing Mission Planning Method Using Grid Coding Based
Differential Evolutionary

SHI Renhe', BAOYIN Hexi', LONG Teng**, WEI Zhao™*
(1. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China;
2. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China
3. Key Laboratory of Dynamics and Control of Flight Vehicle, Ministry of Education, Beijing 100081, China;)

Abstract: Focusing on the one—to—one on—orbit servicing problem of satellites in coplanar circle orbits, an on—orbit
servicing mission planning method using grid coding based differential evolutionary is developed. Firstly, considering the
velocity increment and transfer time, a two—level mission planning framework is established using Hohmann transfer.
Then, a novel grid coding based differential evolutionary method is proposed. In this approach, the feasible mission
planning matrix is rapidly generated based on the notion of sequential local enumeration, and a discretized grid coding
based differential mutation operation is tailored to efficiently explore the design space, which is able to effectively solve the
on—orbit servicing mission planning problem. The on—orbit servicing mission planning example illustrates that the proposed
method can find feasible mission planning results. Furthermore, the computation cost of the proposed method is saved by
about 90% , which illustrates the effectiveness and practicality of the proposed method.

Key words: On-orbit Servicing; Mission Planning; Grid Coding; Differential Evolutionary; Hohmann Transfer
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Fig. 1  On-orbit servicing mission planning framework
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Table 1 Initial orbital elements of the service satellites and target satellites

TEZR HUA AL TAA PLEHREL

JIR55 B 1 [8378.14 km, 0, 60°, 60°, 55°, 0°] Mg A 11 [8378.14 km, 0, 60°, 60°, 55°, 300°]
k55 2 [8378.14 km, 0, 60°, 60°, 55°, 30°] k55 AL 12 [8378.14 km, 0, 60°, 60°, 55°, 330°]
k55 53 [8378.14 km, 0, 60°, 60°, 55°, 60°] Hbra 1 [8678.14 km, 0, 60°, 60°, 55°, 0°]
M5 74 [8378.14 km, 0, 60°, 60°, 55°, 90°] AR 2 [8678.14 km, 0, 60°, 60°, 55°, 45°]
k55 &5 [8378.14 km, 0, 60°, 60°, 55°, 120°] AR 3 [8678.14 km, 0, 60°, 60°, 55°, 90°|
55 F 6 [8378.14 km, 0, 60°, 60°, 55°, 150°] Hbrkt4 [8678.14 km, 0, 60°, 60°, 55°, 135°]
fikess B 7 [8378.14 km, 0, 60°, 60°, 55°, 180°] HbrALs [8678.14 km, 0, 60°, 60°, 55°, 180°]
[ & =% [8378.14 km, 0, 60°, 60°, 55°, 2107 HrE 6 [8678.14 km, 0, 60°, 60°, 55°, 225°]
g5 59 [8378.14 km, 0, 60°, 60°, 55°, 240°] ER7NV [8678.14 km, 0, 60°, 60°, 55°, 270°]
%5 AL 10 [8378.14 km, 0, 60°, 60°, 55°, 270°] FbrE 8 [8678.14 km, 0, 60°, 60°, 55°, 315°]
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Table 2 Results of mission planning

(G BB ES R (mes) ASHIL R [ /s
IR45 B 10-AFr A1 116.9 40225.0
Miess AL 2-HbrAL 2 120.9 8161.2
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Finite—Time Orbit—Attitude Coupled Control for Leader—Follower
Spacecraft Formation Based on Twistors

WANG Chenxi', ZHANG Bo’, BAI Junqiang’
(1. China Academy of Launch Vehicle Technology, Beijing 100076, China;

2. Unmanned System Research Institute, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: For the coupled orbit-attitude control problem of six—degree—of—freedom (6-DOF) leader—follower
spacecraft formation, the relative orbit and attitude motion between the spacecraft is described by twistors in a unified
form, which can simplify 6-DOF controller design for the formation. Then a finite—time controller is proposed for the
twistor dynamic system. Firstly, some coordinate systems are defined, and the relative orbit-attitude coupled motion
equations of the formation spacecraft described by twistors are given. Secondly, a terminal sliding surface under the twistor
framework is proposed, which provides the basis for the design of the finite—time control law. Thirdly, based on the
proposed terminal sliding surface, a finite—time 6-=DOF orbit-attitude coupled control law is developed, and the finite—
time convergence of which is proved via Lyapunov analysis. Finally, the effectiveness of the proposed algorithm is
demonstrated by numerical simulations. The development of twistor based orbit—attitude coupling formation control laws is
much more straightforward than conventional design, and the control law bears less computation burden than the dual
quaternion—based control law.

Key words: Spacecraft; 6-DOF Formation; Formation Control; Twistor; Finite=Time Control; Orbit—Attitude

Coupled Control
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Attitude Takeover of Combined Spacecraft Based on Super—Twisting
Disturbance Observer

LV Yueyong', QIN Tanghao', ZHANG Wei', FANG Hui’
(1. Harbin Institute of Technology, Harbin 150001, Chinaj;
2. Shanghai Aerospace Control Technology Institute, Shanghai 201100, China)

Abstract: The attitude takeover control of the combined spacecraft after the servicing spacecraft capturing non—
cooperative target is the key issue of on—orbit service. A super—twisting disturbance observer based feedforward
compensation attitude control scheme is proposed. Firstly, considering the non—cooperative characteristics of the target
such as unknown mass parameters and uncertain counter capability, the attitude dynamics data—driven model of the
combined spacecraft is proposed based on the principle of space attitude consistency. Then, treating the torque transmitted
from the target through the manipulator as the generalized disturbance of the servicing spacecraft, a super—twisting
disturbance observer with adaptive gains is designed to converge the observation of the generalized disturbance in finite—
time. Furthermore, a feedforward compensation attitude takeover control scheme based on the adaptive super—twisting
disturbance observer is proposed. Finally, the effectiveness of the proposed method is verified by numerical simulation.
Adaptive gain of observer enables the system to quickly and accurately estimate the generalized disturbance while ensuring
the stable convergence. The control performance of the system can be further improved by feedforward compensation.

Key words: Combined Spacecraft; Super—twisting Disturbance Observer; Feedforward Compensation Control; At-

titude Takeover; Adaptive Algorithm
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Configuration Design Optimization of Electric Thrusters in Failure
Mode for Orbit Station—Keeping

CHEN Yujun', WEI Zhao™’, LONG Teng*’, SHI Renhe®

(1. Institute of Telecommunication and Navigation Satellites, China Academy of Space Technology, Beijing 100094, Chinaj;
2. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
3. Key Laboratory of Dynamics and Control of Flight Vehicle, Ministry of Education, Beijing 100081, China;
4. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract: To further improve the station—keeping efficiency of geostationary Earth orbit satellites in failure mode , an
electric thruster configuration design optimization scheme in failure mode is proposed. First, in view of the low—thrust
feature of electric thrusters, the electric thruster station—keeping model in failure mode is established. Then considering
the station—keeping accuracy constraint, the electric thruster configuration design optimization model is established to
minimize the station—keeping fuel consumption, and the electric thruster installation position, firing right ascensions, and
firing durations are set as design variables. The genetic algorithm and sequential quadratic programming are used for
optimization solving. Finally, the electric thruster configuration design optimization of a geostationary Earth orbit satellite
in failure mode is conducted for simulation verification. And the optimization results indicate that the station—keeping fuel
consumption of the optimized configuration is decreased by 41.9% compared with that of the initial configuration, which
demonstrates the effectiveness and practicability of the proposed electric thruster configuration design optimization scheme
in failure mode.
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Progress of On—Orbit Autonomous Measurement for Spacecraft
Structure Deformation

LUO Wei', CAO Junhao', LU Zixiao’, LI Honglang®, LI Weijie’
(1. School of optics and electronic information, Huazhong University of Science and Technology, Wuhan 430074, China;
2. National Center for Nanoscience and Technology, Beijing 100190, China;
3. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Monitoring the structural deformation is of great significance for ensuring the reliability of the spacecraft.
The progress of autonomous measurement in spacecraft structural deformation is briefly introduced. The requirements of in—
orbit spacecraft structure thermal deformation, spacecraft structure health monitoring and satellite antenna deploying are
elaborated. Several common deformation measurement methods such as resistance strain gauge and digital photographic
method are introduced and the defects of these methods are pointed out in the field of spacecraft structural deformation
measurement. The composition and working principle of fiber Brage grating (FBG) deformation measurement system are
described in detail, the advantages and disadvantages of fiber Bragg grating sensors are introduced, and their functions in
the field of spacecraft structural deformation measurement are explained. Some suggestions on the research direction of
using FBG to measure the structural deformation of spacecraft are given in view of problems and shortcomings of fiber
Bragg grating at present. The review shows that monitoring the structural deformation by fiber gratings is an effective
method at this stage. But other methods should also be developed to meet future needs.

Key words: Spacecraft; Structure Deformation; Strain Sensor; FBG Sensor; Satellite Antenna
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Asteroid Physical Parameters Estimating Method Based on Orbit Dynamics

LUO Yan', QIN Tong’, QIAO Dong'

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Department of Precision Instrument, Tsinghua University, Beijing 100084, China)

Abstract: Estimating the physical parameters of an asteroid is the primary scientific goal of the asteroid exploration
mission. For the application of unmanned system in the field of deep space exploration, the asteroid physical parameters
estimating method based on proximity dynamics is investigated. The problem of perceiving asteroid physical parameters is
transformed into the problem of dynamic parameters estimation. Firstly, the spherical harmonic coefficient model of the
gravitational field of irregular—shaped asteroid gravity is used to establish the orbit dynamic model of the double detector
flying around the asteroid. Secondly, the system model of estimating asteroid gravity and self-rotation parameters is
established based on the distance measurement information between the two spacecraft. Then, the sequential measurement
information is processed to obtain the optimal estimation of gravity model parameters, rotation speed, and orbits of
explorers. Finally, the effectiveness of the proposed method is verified by numerical simulation. The analysis shows that,
using inter—satellite range measurements, the explorers’ orbits can be accurately determined in the irregular gravity field,
and the high—order gravity of the asteroid, and the self~rotation speed can be recovered.

Key words: Asteroid Exploration; Gravity Parameters; Self-rotation Parameters; Dynamics Estimation; Inter—

satellite Measurement
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