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Abstract

This paper presents a barrier-based event-triggered orbital control scheme using intermittent controlled
thrusts to confine a spacecraft within a narrow orbital radius around an asteroid. This ensures spacecraft
safety and enables normal operation of on-board detection devices. The proposed method allows
sufficient time gap between control impulses, enhancing the responsiveness of the global monitoring
and decision system. Additionally, an adaptive attitude controller is designed to stabilize the spacecraft's
orientation with respect to the Sun, contributing to orbital motion stability. Numerical simulations
validate the reliable performance and robustness of the proposed control strategy.

1. Introduction

In recent years, there has been significant advancement in the number and scope of space missions focused on asteroids.
These missions are driven by the desire to gain valuable insight into the formation of the solar system, as well as the
potential risks associated with asteroid impacts and the abundant resources they hold. An essential phase in asteroid
exploration is the probe closing phase before final landing or impact. One optimal approach during this phase is to
stabilize the probe within the orbital stability zones surrounding the asteroid, such as those identified for asteroid 99942
Apophis [1], or to maintain probe hover in a fixed position or within a narrow area near the asteroid [2]. However, not
all asteroids offer suitable orbital stability zones or hover points due to their irregular shape and uneven mass
distribution. In previous asteroid missions like JAXA's Hayabusa-2 [3], to fully benefit from orbit-fixed location
hovering, the probe had to remain approximately 20 km away from asteroid 25143 Itokawa for most of the time on a
sun-synchronized orbit. It then rapidly decreased its orbital altitude to approach the asteroid for final landing, leaving
limited time for certain mission objectives, such as creating a high-resolution global map of the asteroid [4]. In contrast,
NASA's OSIRIS-Rex mission achieved long-term surrounding orbital operation by maintaining an orbit around
asteroid 101955 Bennu at an altitude below 2 km for several months [5]. To accomplish this, NASA employed a
complex combination of thrusters and dedicated numerous observation devices to monitor the probe's status,
particularly after each utilization of the high-thrust main engines.

The OSIRIS-Rex mission experience highlighted the importance of maintaining the spacecraft's orbital altitude within
a narrow error range for several days. This ensures the consistent functioning of fixed devices required for specific
scientific missions, which will be even more crucial in future missions. For example, continuous monitoring of the
inner structure variation of an impacted asteroid using Synthetic Aperture Radar (SAR), as an extension of the
LICIACube's role in the DART mission [6]. It should be noted that OSIRIS-Rex is equipped with four high-thrust
engines, six medium thrust engines, and a pair of low-thrust engines [5] for orbital motion. In the event of a failure or
suspension of the low-thrust engines, like what occurred in the Hayabusa-1 probe [7], relying solely on thrust engines
becomes necessary to maintain the spacecraft within the desired orbital altitude range for continuous normal operation
of specialized space scientific tasks. While artificial commands can address this issue, the significant distance between
an asteroid and Earth may result in delayed response to real-time state signals. Therefore, the implementation of an
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autonomous guidance, navigation, and control system is preferable, with human engineers monitoring spacecraft states
in a timely manner using various remote sensing methods. It would be particularly advantageous if the spacecraft's
motion after each thrust event could be observed promptly through remote sensing techniques.

One effective method to confine the spacecraft within a narrow distance range from the asteroid is to establish both a
minimum and maximum allowable distance from the asteroid's centre. When the spacecraft approaches the maximum
allowable distance, a thrust is generated in the direction from the spacecraft towards the asteroid's centre to keep the
spacecraft below the maximum orbital height threshold. Conversely, a thrust is applied in the opposite direction to
raise the spacecraft's orbital height if it falls below the minimum allowance. However, careful design of the control
thrust magnitude is necessary, considering the potential issue of actuator saturation, as the maximum control thrust
may not always be sufficient to keep the spacecraft within the allowed barrier. A promising approach to restrict the
probe's motion within a narrow orbital height area is to employ a barrier-function based event-triggered mechanism to
determine when and where to generate the control thrust, as demonstrated in the pioneering work by Ong et al. [8].
The proposed control scheme successfully constrained the spacecraft around the asteroid during a 4-day simulation.
However, several challenges still need to be addressed based on this research:

1. The complexity and physical significance of the triggered mechanism need further clarification. Additionally, the
uneven distribution of time gaps between each triggered thrust remains a challenge. Although the latest preprint
by the same author [9] appears to address this issue, a theoretical explanation is still lacking. A similar situation
arose in spacecraft attitude control, where a high minimum inter-execution time was observed in numerical
simulations [10] without corresponding theoretical explanation. However, this was subsequently addressed by a
specially designed event-triggered mechanism based on the sigmoid function [11], which ensured the high
minimum inter-execution time. Therefore, it would be beneficial to develop an event-triggered control scheme
that guarantees a high minimum inter-event time in this scenario. This scheme should demonstrate its performance
through numerical simulations and provide a theoretical analysis to explain its underlying logic. These challenges
are expected to be tackled in future research.

2. The orbital dynamics function presented in [8] and [9] lacks completeness as it fails to consider the coupled
motion between the self-spinning of the asteroid and the orbital motion of the spacecraft. Additionally, two
significant perturbations were not considered. The first perturbation is the gravity gradient forces, which amount
to approximately 1/30 of the polyhedron gravity as observed in the numerical simulations in this study. The second
perturbation is the solar radiation pressure, which is particularly relevant when dealing with a celestial body with
minimal gravitational forces, such as a small-sized asteroid. Both perturbations constitute non-negligible external
forces that should be considered in future investigations.

3. The above-mentioned missing components in [8] and [9], namely the self-spinning of the asteroid, gravity
gradient forces, and solar radiation pressure, are crucial factors contributing to orbit-attitude coupling in the orbital
motion around an asteroid. The self-spinning of the asteroid becomes entangled with the orbital velocity and the
vector of orbital radius in the orbital dynamics function. Similarly, the gravity gradient force gives rise to gravity
gradient torques in the attitude dynamics function, while the solar radiation pressure introduces corresponding
torques. Therefore, it is essential to consider the attitude motion when designing an orbital control system around
an asteroid, accounting for the coupled motion resulting from the solar radiation pressure and gravity gradient
[12].

Moreover, it has been demonstrated that orbit hovering around an asteroid can be achieved solely through attitude
control [13], underscoring the significant role of attitude motion that cannot be neglected in near-asteroid orbital
motion. Dynamics models for attitude-orbit coupled spacecraft in the vicinity of an asteroid have been established in
[14] and [15], incorporating polyhedron gravitational models that account for gravity gradient and solar radiation
pressure. Due to limitations in human technological capabilities, researchers often have access to rough estimates of
an asteroid's mass and can only obtain its surface's figure with varying luminosity. To represent the asteroid's shape,
the polyhedron method is commonly employed, assuming a homogeneous density distribution. Thus, the polyhedron
method serves as a reliable approach to establishing the gravitational field of an asteroid [16].

Based on the orbit-attitude coupled dynamics system developed from the polyhedron gravitational model of the
asteroid 25143 Itokawa, this paper proposes a novel event-triggered control strategy to maintain the spacecraft within
a narrow safety distance range between the spacecraft and the centre of the asteroid by using only thrusters in orbit-
attitude coupled control, just like the following picture depicts:
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Fig. 1. The distribution of the allowed flying area with upper bound barrier and lower bound barrier

This event-triggered control system is quite different from all the previous control systems proposed in the field of
aerospace engineering, because the event-triggered control system was always designed to cope with a problem called
limited communication existing in the spacecraft with employment of wireless network to transmit signals in the
control system, just like that proposed in [17] in which the control input is continuous but just change on the triggering
instants. By contrast, the aim of event-triggered control in this paper is to ensure the system states within the safety
range, and the control input is intermittent in orbit control in this paper. The orbital motion analysis takes a very vital
part in the design of this event-triggered control scheme, and it can be extended to other cases about the orbit control
and attitude control of spacecraft.

The remainder of this paper is organized as follows: Section 2 develops the orbit-attitude coupled dynamics model in
the vicinity of an asteroid. Section 3 details the theoretical framework of the proposed event-triggered control schemes
with the physical meaning of the barrier-based ETM. Section 4 presents the numerical simulation, highlighting the
performance and robustness of the proposed control strategy. Finally, Section 5 summarizes the findings, discusses
potential future research directions, and concludes the paper.

2. Orbit-attitude coupled dynamics model in the vicinity of an asteroid

In the dynamics system with a spacecraft in the vicinity of an asteroid, the orbit motion of the spacecraft and the
implicit self-spinning of the asteroid is coupled as the following dynamics equation [18] depicts:

mi + 2m(Qr X 1) + m(Qy X (@ X 1)) = mg(r),, + f(r,6) 5y + fopp + T D

where m is the mass of the spacecraft, T is the control input, r = [x ¥ Z]7 is the position vector from the center of
mass of the asteroid to the center of mass of the spacecraft in the asteroid body frame, and @ = [0 0 w]T is the
constant angular velocity vector that depicts the self-spinning of the asteroid. According to JAXA’s exploration [19] ,
the self-spin period of the asteroid 25143 Itokawa is equal to 12.132 hours [20], and thus there exists w; =
0.003596deg/s.

Besides, g(r),, denotes the force due to the polyhedral gravity model of the asteroid. For an asteroid which is in
accordance with the assumption of homogeneity, a rational way to get the polyhedral gravity is to decompose the
surface of an asteroid into several triangular facets approximately with shared edge sides, and therefore an asteroid can
be seen as a composition of several interconnected triangular pyramid [21], which is shown by Fig. 2 as follows:



DOI: 10.13009/EUCASS2023-027

6-DOF ORBIT-ATTITUDE STABILIZATION AROUND AN ASTEROID

200 -

100 -

-100 -

-200 - o
200
200

Fig. 2. A visual polyhedral model of the asteroid 25143 Itokawa with 3688 triangular facets, 1846 triangular vertical
points and 5532 triangular edge sides.

Thus, the gravitational forces exerted on a spacecraft in the vicinity of an asteroid is equal to the composition of the
gravitational forces generated by each triangular pyramid. To determine the positions and directions of every different
edge, and to regulate the shapes of every different triangle, it’s necessary to define a series of vectors as follows [22-
23]

7
/| spacecraft

E1l

Facet F1

Fig. 3. The relative relationships of facets and edges in the polyhedron model

As Fig. 2 demonstrates, each part of the surface of the asteroid can be seen as two triangular facets F1, F2 with one
shared edge side E1E2 and two shared vertices E1 and E2. The following unit vectors are defined to illustrate the
positions and directions of all the facets in the asteroid mass center centered 3-axes coordinated label system: fi;; L
F1andfiy, L F2 are two plane normal unit vectors to illustrate the direction of two near facets. Furthermore, 7., L
E1E2 with 7i,, |l F1 and i, L VP1VP2 with 7i, || F2 are two edge side normal unit vectors to decide the position
and direction of the edge side VP1VP2. Then the following constants are designed to symbolize the different edge
sides and facets:

N, = ﬁflﬁel + ﬁfzﬁez (2)

Moreover, the vector pointed from the spacecraft to a point on a facet is defined as r,, and then the vector pointed
from the spacecraft to the 2 vertical points on the different sides of an edge side is given as r,q, r.,, then the potential
owing to the edge side can be acquired as follows:
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Po = In([|reqll + lIreall + llrell) — InClire |l + ll7ezll = lIrelD) 4

where . is equal to the vector E1E2 in Fig. 2, Define the 3 different unit vectors #,, 4, #£; from the spacecraft to
the 3 vertical points of a triangular facet leads to a factor to symbolize different facet as follows:

(l.)f = Zarctan[?fl . ?fZ X ?f3/(1 + ?fl : ?‘fZ + ?‘fZ . i‘f3 + i‘f3 : i‘fl)] (5)

Then it’s reasonable to get the term g(r),, that represents the gravitational acceleration due to the asteroid under the
premise of polyhedron hypothesis as follows:

g(r)yy = pG Z P,N,r, — Z ws N¢1ys (6)
edge sides facets
where p = 1950 kg/m® is the average density of asteroid 25143 Itokawa in this case [24] and G =
6.6743 X 10711m3 - kg~ - s™2 is the gravitational constant.

Except for g(r), 4, the term f(r, o) 5, represents the gravitational gradient force arising from the interaction between
point mass gravity model of the asteroid and the rigid body model of the spacecraft. According to [22-23], the term
f(r,6),44 is given as follows:

f(r,0)4g = —=3GM[J] + tr(J)/2 — 5@ 3] 7/ lI7 I 7
where M = 3.58 X 10%%kg is the mass of the asteroid 25143 Itokawa [22-23], J denotes the inertia matrix of the

spacecraft, tr(J) is the trace of J, and I5,5 represents an identity matrix. Besides, the SRP force under an ideal
hypothesis model of flat model with continuous maximizing power output is presented as follows [12] :

fsrp = —[2(Cs + Co/3)fys, + (Cy + C A, |PA (8

where Cs, Cq, C, are design parameters regarding the optical characters of the spacecraft, 1y, denotes the normal unit
vector which is orthogonal to the solar panel plane of the spacecraft, and i, denotes the normal unit vector directed
from the spacecraft to the Sun. Besides, P = P,/d?, where P, = 1 X 10'7kg - m - s~ is a constant regarding the SRP,
and d; denotes the distance from the Sun to the spacecraft. To maximize the energy absorption from the sun, the aim
of attitude control in this paper is to align 7is, with n,, and the corresponding attitude dynamics model is
demonstrated as follows:

]d): _wx]w+TSRP+ng+u (9)

where w denotes the angular velocity of the spacecraft under its own body label coordinate system, u denotes the
control torques, and the SRP-induced torque Tggp is shown as follows:

Tspp = Lsgp X maggp = [0 L 0]" X fsgp (10)

where L represents the distance between the spacecraft’s mass center and the forced center of fgzp. Besides, it’s
reasonable to demonstrate the gravity gradient torque T, as follows [22-23]:

Ty = 3GMT™Jr/|Ir|® (11)
Besides, the attitude kinematics model written in the form of quaternion is presented as follows:
4y = (qy + qol3x3) /2,40 = —‘LT: w/?2 (12)

where q, =[91 92 93]" is the vector part of attitude quaternion and g, is the corresponding scalar part.
Furthermore, fszp Can be rewritten as

fsrp = 2(C5 + C4/3)PAq,, (13)
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Equations (1) — (12) illustrate the dynamics model of a spacecraft in the vicinity of an asteroid. It’s observed from
equation (10) that the term fgz, appears in both the orbit dynamics function (1) and the attitude dynamics function
(9). Furthermore, there exists the following equation:

ng = 3GM1"X]T/”T'”5 = _rx]f(r' G)gg[, + tr(])/Z - 5(?'1']1')13)(3]_1 (14)

which implies that there exists orbit-attitude coupling owing to both the SRP and the gravity gradient. Based on the
orbit-attitude coupled dynamics model illustrated in (1 — 12), a barrier-based event-triggered control scheme is
proposed to realize the aim of orbit stabilization with the assistance of attitude stabilization for coupled motions, which
is illustrated in the following section.

3. Barrier-based Event-triggered Control Systems

The control system design can be divided into two distinct parts: orbital control and attitude control. Orbital control
takes on the primary role and utilizes a barrier-based event-triggered mechanism to determine the optimal timing and
location for initiating orbital thruster propulsion. On the other hand, attitude control serves as a supporting component,
addressing the challenges of orbital instability resulting from orbit-attitude coupling in orbital control. Additionally,
the attitude control system ensures Sun-synchronization, which is crucial for the mission's requirements.

3.1 Orbital Control Systems

Confining a spacecraft within a restricted range of distance to the center of the asteroid means the spacecraft must
move within a spherical shell, which is upper bounded by a large sphere barrier with its radius 7,,,,, and lower bounded
by a small sphere barrier with its radius 7,4, just like that demonstrated by Fig. 1. Define ry = (ax + Tmin) /2,
which is an ideal distance from the spacecraft to the center of the asteroid but hard to maintain by using only thrusters.
However, ||r|| = 1, is a good line of demarcation to separate the allowed flying area. It’s viable to design a subtle
event-triggered mechanism by utilizing the properties just opposite beyond and below the orbital radius ry, =
(hnax + Tmin)/ 2, Which is discussed as follows:

Case 1: For the spacecraft orbiting within the upper area bounded by ry < ||7|| < 7,4, there exists the following two
situations:

1. d||r|l/dt < 0, which implies that the altitude of the spacecraft is decreasing. Consider that the spacecraft can
only escape from the upper area with d||r||/dt > 0, no control thrust is needed in this situation.

2. d||r|l/dt > 0, while the expected highest orbital altitude is no higher than the upper limit of the barrier area.
Consider that the gravity of asteroid plays a dominant role in the combined external forces that the spacecraft
suffers, there must exist d?||r||/dt? < 0. Thus, no control thrust is needed in this situation.

3. d]|r|l/dt > 0, while the expected highest orbital altitude may be higher than the upper limit of the barrier
area. In this case the spacecraft may break through the upper limit of the allowed flying area, and the control
thrust must be executed before the off-line occurs.

Case 2: For the spacecraft orbiting within the lower area bounded by r,,,;, < |||l < 7y, there exists the following two
situations:

1. d|lr|l/dt = 0, which implies that the altitude of the spacecraft is increasing. Consider that the spacecraft can
only escape from the lower area with d||r||/dt < 0, no control thrust is needed in this situation.

2. d||r||/dt < 0. Considering that the gravity of asteroid plays a dominant role in the combined external forces
that the spacecraft suffers, the spacecraft is bound to lose its altitude without necessary lift forces.

According to the discussion, the same tendency of some vectors implies just the opposite tendency of off-line risk.
Besides, the orbital radius vector r alone or solo the orbital velocity vector v alone will not be a good choice of entire
event-triggered mechanism, while their product is a good candidate for the event-triggered mechanism. The product
rv demonstrates just the opposite situation beyond and below the mid orbital radius. For the above case 1, rv > 0
implies that the spacecraft is rising, and higher rv > 0 means a stronger tendency that the spacecraft will rise to escape
from the upper limit. By contrast, rv < 0 means the spacecraft is falling and there will be no risk of touching the
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upper limit in case 1. However, for the above case 2, rv > 0 and rv < 0 will bring the signals with just the opposite
meaning about the risk of off-line. All the analysis in this paragraph can be easily recognized by reading the following
Fig. 4:

r 7-v>0 - rise

A

LV

&

v

v <0 - decline

Fig. 4. The relationship between the orbital radius vector r and the orbital velocity vector v

Thus, an additional term that just opposite beyond and below ||r|| = r, is enough to ensure that the event-triggered
mechanism is the same one beyond and below ||r|| = 7, and the event-triggered mechanism is designed as follows:

_(ro=Irll
t, = min WTV"‘ a<0 ,k = 1,2, (15)

where a > 0 is a design parameter, and the orbital range of the spacecraft can be restricted just by tuning the parameter
a. Once the inequation (15) is violated the thrusters will be activated to generate propulsion forces to drive the
spacecraft back to the opposite direction along the direction of orbital radius to ensure the safety of the spacecraft.
Furthermore, it’s reasonable to propose an impulsive orbital control scheme as follows:

_ r 1o — Il
T = Kysgn(ro = [lrlD (o — IITII)mtanh — (16)

0 — Tmin
where K; > 0 is the control gain. If ||z|| = F,, then the controlled thrusts should follow:
r
[l

where F,, > 0 is the maximum output thrust that the thrusters can generate, and the working time length of the thrusters
is set as a short, fixed time length just after the triggering instant. It’s not difficult to promise that such a control system
can keep the spacecraft away from the upper barrier with the help of an event-triggered mechanism (15) designed
properly, which can be verified by corresponding numerical simulation.

17)

T = Fysgn(r, — IIr|D)

3.2 Attitude Control System
The aim of the attitude control system is to ensure attitude stabilization, to further avoid the negative influence in
orbital motion owing to orbit-attitude coupling. Based on the sliding vector s = w + k,q, with k; > 0, the attitude
controller is proposed as follows:

u = —K,s — bTanh (ps) (18)

where K, >0 is the control gain, p>0 is a design parameter, Tanh (ps) =
[tanh(ps,) tanh(ps,) tanh(ps;)]”,and b > 0 is an adaptive term varying with the following equation:

b= c|s|| — c;b (19)
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where ¢, ¢;, b(0) > 0 are design parameters. The performance and robustness of the proposed attitude control system
can be observed from the part of numerical simulation.

4.Numerical Simulation

In this section, a series of numerical simulations are carried out to demonstrate the brilliant performance of the designed
control system. Consider of the characteristics of orbit-attitude coupled motion around an asteroid, a short step size
equal to 0.25s is adopted in the numerical simulation to permit the normal running of the attitude dynamics and control
system, while a relative long-time length of simulation equals to 12000s (200 min) is employed to make sure the
spacecraft can surround the asteroid with an intact circle. Correspondingly, the expected orbital radius ry is set as only
200m to shorten the orbital period of the spacecraft, which means the perturbations from the asteroid and the coupling
effects are magnified significantly compared to the case in a higher orbit, because the radius of the asteroid is close to
150m in corresponding orbital plane. Consider of this dangerous environment of task, the allowable error of orbital
radius is set as only +5m, the orbital radius of the spacecraft is restricted within the range ||r|| € [195,205] . Here, a
reasonable hypothesis of the mission scenario is that the spacecraft takes detection devices to detect the layer with its
orbital radius equal to 80m, the detection mission requires such a working orbital radius so that the devices can send
detection wave and get relative return echo effectively.

For the simplicity, the initial orbital velocity of the spacecraft is selected as

T
GM
vo = 0 0 —_— (2 0)
To

where G = 6.67 X 107N - m? - kg~2,M = 3.58 x 10 % g [24]. The mass of the spacecraft is set as m = 600kg,
and this spacecraft is assumed as a full-actuated spacecraft with thrust supplied in all the 3 directions of the axes of its
own body coordinated label system. The maximum thrust in a single direction is set as 22N, which is equal to that of
the orbital control thrusters fixed in NASA’s OSIRIS-Rex. The orbital control gain is selected as K; = 4, the design
parameter « in the event-triggered mechanism is set as @ = 0.05. Furthermore, the orbital control thrusters are
assumed to work for 50s after each time of triggering. Besides, the inertial matrix of the spacecraft is assumed as

360 O 0
]=[ 0 480 0 lkg-m2 (21)
0 0 480

For the part of attitude dynamics and control, the initial attitude error is assumed as [20 —10 0]"deg, the initial
angular velocity issetas [0 0 0]7deg/s. The attitude control gain is set as K, = 21, with the selected parameter
in sliding-mode term k,; = 0.08. The adaptive parameters are chosen as ¢ = 143,¢; = 2.3 X 1076, p = 22. Moreover,
the area of the solar panel is set as 40m?. The light parameters C,, C4, C, are set as C; = 0.1,C, = 0.1,C, = 0.4,
respectively. The distance from the asteroid to the sun is simplified to be 1AU, and the center divergence for inducing
the SRP torque is set as 0.05m.

According to the selected parameters, the trajectory of the spacecraft can be obtained as follows:

z(m)

x(m)

Fig.5 Orbit Trajectory around the asteroid
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Fig. 5. depicts the trajectory of the spacecraft. It can be observed that the position of the spacecraft varies a lot on the
direction of x-axis, which is shown much clearer by the following Fig. 6. To describe the spacecraft’s position variation
in 3-axes:

200
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wof f \

50t 4 \

Real-time Positions
o
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-100 | 1
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Fig.6 The projection of the position of the spacecraft on 3-axes

Thus, the projection of the trajectory on y-z plane cannot be a constructive figure in this paper. Instead, a direct
description of the orbital radius can reveal the effect of the designed barrier-based orbital control system
straightforwardly, which is shown as follows:
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Fig.7 Orbital Radius

Fig. 7 illustrates the variation of the orbital radius. The orbital radius is constrained within the range ||| € [195,205]
successfully. According to the corresponding numerical experiment based on the same code, if the event-triggered
parameter « is set as a value small enough, then the range of ||7|| can be constrained within a range of error within
0.01m, which reveals the strong ability of the designed event-triggered control scheme in high-precision orbital station
keeping by using impulsive controlled propulsion. Besides, the orbital velocity of the spacecraft on 3 different axes is
demonstrated in Fig. 8. as follows:
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Fig.8 The projections of orbital velocity on 3-axes
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Fig. 8. demonstrates the abrupt variation of orbital velocity clearly, while the variation is caused by the control thrusts
exhibits as follows:
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Fig.9 The control thrusts on 3 axes

It’s observed that the control thrusts are impulsive, with their initial time of propulsion decided by the event-triggered
mechanism.

0.12
Left term
0.1 ~===:Right Term
g 0.08 |
5
O 0.06F
8
3 004}
% 0.02
it
0 S I P i Sy—— R F——
-0.02 - t
0 50 100
Time(min)
Fig.10 Event-triggering conditions
Fig. 10. illustrates the variation of the triggering condition. Once the inequation r"”_Tl:lr”rv + a < 0 is met, the thrusters
will start to generate propulsion to bring the value of ”’”_Tl:lr"rv + a into a high number. The value of ”’"_Tl:lr”rv +a

will decrease slowly relatively in the subsequent time, until it decreases to 0 to trigger the same event-triggered
condition another time. Furthermore, Fig. 11 shows the distribution of the inter-execution time as follows:
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Fig.11 Inter-execution time
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It’s observed that the event-triggered mechanism was triggered 8 times in 200 min, which leaves enough time for the
ground station to transmit signals sent in the form of light. Besides, the effects of attitude stabilization are shown by

Fig. 12-Fig.15. as follows:
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Fig.12 Attitude Control Torques
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Fig.14 Attitude errors depicted in Euler angles
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Note that the unit of time is second in the main figures of Fig. 12-Fig. 15. Nevertheless, small sub-figures inside the
main figures are employed to depict the results of long-term evolution of the system states, and the time unit of these
small subfigures are not seconds but minutes. According to Fig. 12-Fig. 15., the attitude angular velocity and the
attitude errors shown in Euler Angles can converge within a small area around 0. Besides, the influence of orbital
control and orbit-attitude coupling can be observed on Fig. 12. and Fig. 15. with obvious abrupt variations around the
triggering instants, which shows the necessity of employing attitude control in barrier-based event-triggered
impulsive thrusted control around an asteroid.

Conclusions

This paper presents a novel barrier-function-based event-triggered control scheme for effectively constraining the
motion of a spacecraft within a narrow range of orbital radius around an asteroid. It’s very direct for any reader to
recognize the physical meaning of the designed barrier-based event-triggered mechanism, which establish an easy and
reliable barrier for restricting the spacecraft within an area with safety and special requirement of some on-board
scientific devices.

The proposed approach addresses the challenges associated with motion variation and the control of attitude in 6-DOF
orbit-attitude-coupled systems. Through simulation setup and experimental results, the performance and robustness of
the proposed control strategy have been demonstrated. The findings indicate that the proposed approach outperforms
existing methods, providing enhanced efficiency in maintaining the spacecraft within the desired orbital radius range.
The control scheme's ability to optimize the time gaps between thrusts reduces the burden on the remote-sensing
system, enabling timely monitoring and evaluation of the spacecraft's states.

This research contributes to the field of asteroid exploration by offering a comprehensive solution for orbit-attitude
control that considers the specific challenges posed by irregularly shaped asteroids, gravitational gradient torques, solar
radiation pressure and corresponding torques from the perspective of mission scenario, and intermittent working
thrusters with actuator saturation owing to the spacecraft itself. The proposed approach has broader implications for
orbital control and attitude control of spacecraft, highlighting the significance of considering both orbital and attitude
dynamics in mission planning and design.

In summary, the barrier-function-based event-triggered control scheme presented in this paper offers a promising and
effective strategy for maintaining spacecraft within a narrow orbital height range around asteroids by using only
intermittent working thrusters. Further research and development in this area can lead to advancements in considering
continuous low-thrust propulsion with vectored thrust. Otherwise, consider the underactuated spacecraft with
intermittent thrusters in only 1 axis or 2 axes of orbit control, with attitude control to tune its direction before execute
control thrusts under the orbit-attitude coupled dynamics system.
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