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Abstract— In this article, a 3D visual coverage problem of
an asteroid by establishing a stereo-visual based sensor from
monocular cameras is considered. The cameras are individu-
ally mounted on two small low-thrust spacecraft, which are
maintained in a tight stereo formation using a nonlinear model
predictive control scheme to maintain an overlapping field-of-
view and a specific baseline distance. The proposed control
algorithm adopts a leader-follower architecture to define the
relative pose between the spacecraft. However, asteroids provide
a challenging environment for such missions deriving from
their slow rotation rate and irregular shape. As such, they
generate a low-order but irregular gravitational field. Paired
with the influence of the solar radiation pressure acting on the
spacecraft, the dynamic environment near the asteroid is highly
perturbed. In addition, gravitational torque generated by the
rotating body is also accounted for as it has a coupling effect
between the orbital and attitude dynamics of the spacecraft.
As a result, this article considers a full-state nonlinear control
approach to plan correction maneuvers to maintain the desired
pose of the spacecraft. The efficacy of the proposed control
scheme is demonstrated within a realistic simulation scenario
where the results are visualized utilizing the GAZEBO simula-
tion environment.

I. INTRODUCTION

Exploring small celestial objects like asteroids and comets
is recently emerging as a challenging trend that is majorly
driven by the scientific exploration and resource utilization
interests. In general, asteroids are know to have a com-
plex dynamic environment with irregular shapes and sizes
and hence, pose a challenging task to accurately navigate
spacecraft around them. Moreover, an asteroid surface is full
of unpredictable and interesting features like craters, rocky,
granular matter, etc., which require to be investigated in
detail before commencing an entry-decent and landing phase
of the mission. Hence, it presents the necessity to generate
a high-fidelity model to provide autonomous navigation
capabilities to the mission. An essential component in these
missions is the generation of a detailed 3-dimensional (3D)
map of the asteroid surface. However, a stereo vision camera
installed on a single spacecraft will not be sufficient to prove
a long visibility range, requiring a very close range operation,
which is practically infeasible due to the minimum safety
distance between the asteroid and the spacecraft. In order to
address this shortcoming, an alternate solution is to construct
a stereo-configuration using two spacecraft each equipped
with simple monocular camera observing the same part of
the asteroid while separated by a specific baseline distance.
While traditionally, asteroid missions are performed using a
large monolithic spacecraft [1]–[3], the space community is
moving towards the use of multiple small spacecraft for such
missions [4], [5]. Thus, in this article a formation control

problem of two small spacecraft to facilitate a stereo-visual
coverage of an asteroid is considered.

Model-based control methods have been actively pursued
in the recent years, such as for the proximity operations
like rendezvous and docking with a platform in space either
stationary or tumbling in a cooperative or in an uncooperative
fashion [6]–[10]. In terms of controlling the spacecraft’s for-
mation flying, Sliding Mode Control (SMC) and its variations
have been successfully implemented [11]–[13]. In [14], an
optimal closed-loop control scheme is presented in conjunc-
tion with an adaptive control in commanding the required
pose of the spacecraft around Earth’s orbit. An adaptive back-
stepping control based autonomous spacecraft rendezvous
and proximity operations is presented in [15], which embeds
the input saturation as well as state constraints as part of the
controller design in a back-stepping framework. However,
few research works related to the application of control
for proximity operations around asteroids, in the context
of formation flying that accounts for full state nonlinear
dynamics, are present [16], [17], a fact that has opened up an
interesting opportunity for the contribution of the proposed
architecture towards this research direction.

The principal contributions of this article can be mentioned
in three parts. Firstly, a novel stereo-vision configuration
with a constant baseline distance is modelled between two
spacecraft that are in a Leader-Follower hierarchy. This
configuration promotes accurate depth perception at long
distances, which otherwise would produce significantly low-
parallax with the use of an industry-standard stereo-camera
on-board a single monolithic spacecraft.

Secondly, the proposed configuration is sustained through
the implementation of a nonlinear model-based predictive
controller that considers full state nonlinear dynamics mod-
elled for both the leader and follower spacecraft. The appli-
cation of the Nonlinear Model Predictive Control (NMPC)
scheme enables an accurate modelling of the overall system
behaviour in the dynamic environment around the asteroid
by considering the irregular gravitational field, the solar
radiation pressure and the disturbing torques acting on the
spacecraft. By also taking into account the coupling between
the rotational and translational states through the disturbing
torque, the system dynamics consist of a detailed behavioural
model. In addition of having a nonlinear system for the
Follower in the asteroid body frame, in order to maintain the
stereo-vision configuration around the asteroid the formation-
baseline distance is modelled relative to the body frame on
the Leader to facilitate an occlusion-free observation by the
spacecraft.
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Thirdly, the work is visualized in the open-source realistic
physics-based 3D simulation GAZEBO environment [18].
Within the context of the article, GAZEBO allows for an
accurate and high-fidelity graphical visualization of the sim-
ulated motion of the spacecraft around the asteroid. In addi-
tion, to verify the concept of stereo-configuration, GAZEBO
supports sensors integration such as that for monocular cam-
era. This creates an comprehensive evaluation framework that
contributes towards validation of the proposed concept. As
such, allowing a rapid deployable visualization framework
for simulated space missions to assist in future work to be
prepared.

The rest of the article is divided into five main Sections,
with Section II introducing the equations of motion govern-
ing the behaviour of the spacecraft, the frames of references
with which motion and behaviour of the spacecraft along
with the acting perturbations have been formulated and the
design of the stereo-vision configuration. Section.III presents
the controller architecture with Section.IV containing the
simulation results and finally, Section.V presents the con-
clusions.

II. EQUATIONS OF MOTION

In this Section, the mathematical representation of the
behaviour of a spacecraft in-proximity to an asteroid is laid
out. The corresponding frames of reference in use and the
related perturbations modelled are also presented.

A. Frames of Reference

The motion of a spacecraft in the proximity of an asteroid
is represented using a set of coordinate systems as it will be
described in the sequel:
• Asteroid-Fixed Inertial Frame The Sun is predomi-

nantly assumed as the fixed center around which the
motion of the bodies is represented. However, for this
work a stationary pseudo-inertial frame is assumed at
the Center-of-Mass (CoM) of the asteroid where the
spacecraft’s motion around the asteroid is considered
to be negligible compared to the asteorid’s. Denoted
by I = {XI ,YI ,ZI} ∈ R3, the inertial frame is presented
in Fig. 1 with the subscript ’I’. The motion of the
spacecraft around the asteroid is viewed in this frame.

• Asteroid Body-Fixed Rotating Frame The body-fixed
reference frame R is shown in Fig.1 as {XR,YR,ZR} ∈
R3 attached to the asteroid’s CoM. The R-frame rotates
around the principal rotation axis (ZR) with an uniform
angular velocity ωa. At the point of initialization, the R
and I frames of reference coincide as depicted in 1

• Spacecraft Body Frame The spacecraft body frame is
attached to the center of mass of the respective space-
craft. Throughout this work, the L-frame is assigned
to the body frame on the Leader and the F-frame
is assigned to the body frame on the Follower. The
body frame for the spacecraft are represented in Fig. 1
with the orthonormal triad as {Lx,Ly,Lz} and {Fx,Fy,Fz}
∈ R3.

• Orbit Reference Frame O-frame representation belong
to R3. The Ox axis is aligned radially outward along
the position vector from the asteroid, the Oz is pointing
towards the orbit normal and the Oy completes the triad.
The O-frame rotates with a periodic angular velocity of
the orbit ωO around the Oz axis.

Fig. 1. Graphical representation of the applicable reference frames.

B. Perturbation Modelling

Gravitational Field model: The asteroid is modelled as
a uniform density, where its shape can be approximated
as a triaxial ellipsoid with its semi-axes being a, b and c
respectively. The rotational axis of the asteroid is aligned to
the maximum moment of inertia, i.e ZR axis with a constant
angular velocity given by ωa as presented in Fig. 2.

Fig. 2. Geometrical representation of a triaxial ellipsoidal asteroid

The gravitational field around the asteroid can be approx-
imated by a dominating gravitational perturbation in second
order and degree spherical harmonics expressed in the R-
frame as [19], [20]:

U20−22 =
µ

r3 C20(1−
3
2

cosδ
2)

+
3µ

r3 C22cosδ
2cos2α +

µ

r
(1)

with
δ = sin−1 z

r
, α = tan−1 y

x
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where Rr = [x y z] is the position of the spacecraft expressed
in R-frame and r = ‖ Rr‖ is the distance of the spacecraft
from the CoM of the asteroid, µ is the asteroid specific
gravitational parameter, C20 and C22 ∈ R are the second
degree and order gravity coefficients of the asteroid and δ

and α , the spherical coordinates of the spacecraft’s position
with respect to the asteroid in R-frame.
Solar Radiation Pressure (SRP): In addition to the irregular
gravity field, another dominant disturbance acceleration is
the effect of solar radiation pressure acting on the exposed
surfaces of the spacecraft that is given as:

aSRP =
(SCrAs/c

Ms/c

) Ir
|| Ir||3

(2)

where S∈R is the solar flux at 1 Au, Cr ∈R the coefficient of
reflectivity of the surface exposed to solar radiation, As/c ∈R
the area of the side exposed and Ms/c is the mass of the
respective spacecraft. For the purpose of the simulation, the
asteroid is assumed to be at the perihelion or closest approach
to the Sun where the spacecraft will experience the highest
perturbation by photonic irradiation. The torque induced by
SRP is ignored in this work.

Gravity Gradient Torque: In addition to the gravitational
pull acting on the spacecraft, it also experiences a disturbing
torque acting on it due to the asymmetric shape of the
spacecraft [21]. This results in a low-order coupling between
translational and rotational dynamics. The gravity gradient
disturbing torque can be represented as [22]:

TD = 3
µ

r3

[
Rr× (Js/c

Rr)
]

(3)

where Js/c ∈ R3×3 is the moment of inertia matrix of the
spacecraft.

C. Translational Dynamics

Since the presented use-case in this article requires the
spacecraft to be in safe proximity to the asteroid, i.e. in
a stable orbit, we operate onward from the assumption
of successful insertion of the spacecraft into the closed
proximity orbit around the asteroid. Hence, the generalized
nonlinear equation of motion of the spacecraft, relative to
the asteroid, in the R frame is given by [20] as:

Rr̈ =−2~ωa× Rṙ+ ~ωa×(~ωa× Rr)+∆U20−22+aSRP+uc (4)

where ∆U20−22 is the perturbing acceleration due to the
gravitational potential and uc ∈ R3 the control acceleration,
with the model uc = F

Ms/c
where F is the thrust commanded

in Newtons (N). The specifications given in Table. II. The
relative positional states for Leader and Follower bear their
respective frame subscript assignment, RrL and RrF as
discussed in subsection II-A.

D. Relative Attitude Kinematics and Dynamics

The pointing profile of the Leader is formulated relative
to the attitude of the orbital frame in order to maintain the

asteroid in the camera bore-sight. The quaternion representa-
tion q can be defined as q ∈ R4 by using Euler’s parameters
with the following convention [23], [24] :

q =
[
qv(1 : 3) qs

]T
Let q′ be the desired quaternion orientation and q be the
current orientation. The relative orientation between q′ and
q, qrel can be expressed as:

qrel = q′⊗q

qrel =


q′4 −q′3 q′2 q′1
q′3 q′4 −q′1 q′2
−q′2 q′1 q′4 q′3
−q′1 −q′2 −q′3 q′4




q1
q2
q3
q4


The general kinematic equation can be written as:

q̇ =
1
2

Ω(ω)q (5)

where,

Ω(ω) =


0 ω3 −ω2 ω1
−ω3 0 ω1 ω2
ω2 −ω1 0 ω3
−ω1 −ω2 −ω3 0


The relative kinematic attitude for Leader is then represented
as:

IqL = IqO
−1⊗ IqL (6)

where OqL forms the relative attitude of the Leader with
respect to the orbital frame, with ’⊗’ the Kronecker product
between the two quaternion representation of rotation, while
this form of notation is applied to all relative kinematic
attitude representations in this article. The general rigid
body rotational dynamics take the form of Euler’s rotational
equation of motion and is given as a three dimensional
representation ω ∈ R3 [24] as:

ω̇ = J−1
s/c(−ω× Js/cω +TD + τ) (7)

where τ is the control torque. The relative attitude dynamics
of the Leader is then written as:

L
ω̇ IL =J−1

s/c(−
L
ωIL× Js/c

L
ωIL +TD) (8)

L
ωIL = L

ωOL +
OCL

T O
ωIO

where LωOL is the relative angular velocity of the Leader
with respect to the orbital frame represented in the Leader-
frame. The rotation matrix OCL

T is obtained from (6) and
is given in (9), while it is used to map the L-frame to the
O-frame and is denoted as:

OCL =

[
q2

1−q2
2−q2

3+q2
4 2(q1q2+q3q4) 2(q1q3−q2q4)

2(q1q2−q3q4) −q2
1+q2

2−q2
3+q2

4 2(q2q3+q1q4)

2(q1q3+q2q4) 2(q2q3−q1q4) −q2
1−q2

2+q2
3+q2

4

]
(9)

Substituting LωIL back in (8) and rearranging the terms, we
combine (5) and (8) to get the complete relative attitude
dynamics for the Leader as:

L
ω̇OL =J−1

s/c(−(
L
ωOL +

OCL
T O

ωIO)×

Js/c(
L
ωOL +

OCL
T O

ωIO)+TD + τ)

− OCL
T O

ωIO

(10)
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Similarly, the Follower’s relative attitude kinematics and
dynamics can be written as:

LqF = IqL
−1⊗ IqF (11)

and

F
ω̇LF = J−1

s/c(−(
F
ωLF + LCF

T L
ωIL)×

Js/c(
F
ωLF + LCF

T L
ωIL)+TD + τ)

− LCF
T L

ωIL

(12)

E. Configuration of Stereo-Vision Formation

Building on the assumption of the triaxial shape of the
asteroid, the stereo configuration can be calculated based
on the inertial position vectors of both spacecraft and the
inertial position of the landmark viewed by the Leader. The
landmark is assumed to lie normal to its viewing plane on the
asteroid surface. The instantaneous radius of the body, Rast is
given as a function of the position of the Leader spacecraft
and the semi-axes of the body itself as:

Rast =
abc√

c2(b2cos2α +a2sin2α)cos2δ +a2b2sin2δ
(13)

where α and δ are the geocentric spherical coordinates of the
Leader respectively. This can be used to find the landmark
position vector ~T , that lies normal to the Leader’s view
plane [25] as:

~T =

Rastcosδcosα

Rastcosδ sinα

Rastsinδ

 (14)

Ultimately, from ~T , IrL and IrF , the viewing angle of the
Follower can be found out using the law of cosines as:

θT = cos−1
~PT L · ~PT F

|| ~PT L|||| ~PT F ||
(15)

where ~PT L and ~PT F are the vectors from the landmark to the
respective spacecraft. Let IqθT be the quaternion equivalent
of the viewing angle, θT given with respect to the inertial
frame required by the Follower spacecraft to additionally
rotate along the body axis. As the attitude of Follower is
designed to be dependent on and follow Leader, the desired
stereo-vision orientation incorporating the viewing angle and
the attitude of Leader can be compounded as:

Iq(L+θT ) =
IqL⊗ IqθT (16)

Now (16) can be used to rewrite the representation of IqL
in (11) and the final form of the relative kinematic attitude
is written as:

L+θTqF = Iq(L+θT )
−1⊗ IqF (17)

Figure 3 provides a graphical representation of the stereo-
scopic configuration that would be achieved by the Follower.

Fig. 3. Stereoscopic configuration to be maintained in the simulation.

III. CONTROLLER ARCHITECTURE

In this Section, the proposed NMPC architecture is ad-
dressed as depicted in Fig. 4. Operating in a perturbed
environment, NMPC proves effective in handling a full state
nonlinear system dynamics to ensure stable performance
within mission parameters at each time step. Availability
of limited fuel, constraints on applicable control inputs and
maintaining defined reference states whilst being able to
execute optimal controls are the main benefits of using an
NMPC for proximity-operations around an asteroid.

Fig. 4. Proposed controller architecture

The reference tracking orbit for the Leader in the inertial
frame is given as:

Irre f =

RL cos(ωOt)
RL sin(ωOt)

0


where RL is the radius of the reference orbit. The proposed
architecture runs on both Leader and Follower with the
hierarchy of the controller defined with the primary reference
orbit and attitude provided to the Leader, which then feeds
its updated states to the Follower. Thus this ensures that the
Follower is entirely dependent on the Leader to maintain the
required stereo configuration. Let x∈R13 be the the complete
state vector of the spacecraft expressed as:

x =
[
r ṙ q ω

]
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then the combined equations of motion for both the transla-
tional (4) and rotational dynamics (5),(7) of the spacecraft
can be represented as:

ẋ(t) = f (x(t),u(t)), (18)

where f is a nonlinear function of the complete state vector
of the spacecraft x ∈ R13 and the control input, u = [uc
τ]∈R6. Considering a sampling time ∆t and discretizing the
above combined equation of motion of the spacecraft (18),
it yields:

ẋk = f (xk,uk) (19)

where xk and uk are the kth discrete update of the spacecraft
state and the control vector respectively. To provide a good
quality surface reconstruction, an important aspect is to
attain smooth successive image frames from both spacecraft.
Thus, the state error formulation, in addition to considering
positional states, takes into account the error in quaternion
and the error in the angular velocity to be maintained. The
applicable cost-function for the spacecraft can then be written
as:

J =
N p

∑
k=1
||ζerr||2Qs + ||uk||2Ru

+ ||uk−uk−1||2R∆u

(20)

where
ζerr = [(rstate− rre f ),δq(1 : 3),δω)]T (21)

Consequently, the optimization problem can be formualted
as,

min
(uk|N p)

J

s.t ẋk = f (xk,uk)

umin ≤ uk ≤ umax

(22)

The state error between the predicted states and the reference
states, ζerr throughout the prediction horizon Np is calculated
for each step. The control uk and smoothing costs ∆u are
calculated throughout the prediction horizon Np. The weights
on the state error Qs, the control action Ru and the smoothing
action R∆u are positive semi-definite matrices. The state-error
of the Leader spacecraft is written as ζ L

err with:

ζ
L
err = [( RrL− ICR

T Irre f ),δqL(1 : 3),δωL)]
T (23)

where, the positional states RrL and Irre f hold its notation
as discussed earlier. As the relative attitude of the Leader
is modelled with the consideration to achieve nadir-pointing
profile through the simulated period i.e. the Leader follows
the attitude as that of the orbital frame, the relative reference
quaternion error qre f is taken to be an identity quaternion to
indicate no difference in rotation. Thus, δqL can be written
as:

δqL = qre f ⊗q∗L (24)

where q∗L represents the conjugate of the relative quaternion
OqL given as:

q∗L = [− OqL(1 : 3) OqL(4)]T

Similarly, the relative reference error in angular velocity ωre f
is taken to be a null three dimensional vector ωre f = [0 0
0]T and δωL can be written as:

δωL = L
ωOL−ωre f (25)

For the Follower, the state-error ζ F
err is given as:

ζ
F
err = [( RrF − ( RrL +

RCL ~dsep),δqF(1 : 3),δωF)] (26)

where RrL is Leader’s updated positional states over the
prediction horizon ~dsep the separation baseline, while δqF
and δωF share similar representation of relative attitude error
given in (24) and (25) to be:

δqF = qre f ⊗q∗F
with q∗F = [− L+δθqF(1 : 3) L+δθqF(4)]T

and δωF to be,

δωF = F
ωLF −ωre f

RCL is the compounded rotation matrix that maps ~dsep in
L-frame to R-frame given as,

RCL = ICR
T · ICL

IV. SIMULATION RESULTS

The simulations are executed in MATLAB, with the
verification of stereo-visual coverage done in the Gazebo
environment using the ROS communication framework. Fur-
thermore, Fmincon was chosen as the solver with Sequential
Quadratic Programming (SQP) method for optimization,
while the number of iterations was capped at 20000.

TABLE I
PHYSICAL PARAMETERS OF RYUGU [26]

Parameter Value Units
Dimensions,[a×b× c] [502×502×438] (m3)

Gravitational parameter, µ 30.01 (m3/s2)
Rotational angular velocity, ωa 2.2867× 10−4 (rad/s)

Oblateness Coefficient, C20 -0.05394
Ellipticity Coefficient, C22 0.00266

Perhelion .963308 AU

To execute the simulated mission profile, an equatorial
reference orbit at 1.0 km from the asteroid’s CoM was
selected. Though, the chosen orbit is not a strong contender
for such a mission, due to half the mission time being spent
in the dark side of the body, it is satisfactory to work in order
to validate the proposed method. The asteroid used in this
simulation is chosen to be the Ryugu asteroid with the shape
model from [26]. The physical parameters of the asteroid
are provided in Table.I along with the spacecraft parameters
in Table.II and the controller specifications in Table.III. The
parameters for the low-thrust propulsion, utilized in the
simulation, is assumed to be similar to the NASA’s NEXT-C
ion thrusters on-board the Double Asteroid Redirection Test
(DART) mission to the binary asteroid system Didymos [27].

Figure 5 shows the simulated orbit followed by both the
spacecraft in stereo-configuration, shown in inertial frame.
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TABLE II
SPACECRAFT PARAMETERS

Parameter Value Units
Dimensions [1.4×1.3×1.1] m3

Mass of Leader 30 kg
Mass of Follower 10 kg

Reflectivity Coefficient 1.1
Thruster Specific Impulse 4190 s

Maximum Thrust 236 mN

TABLE III
CONTROLLER PARAMETERS

Parameter Value Units
Prediction Horizon for Leader 20

Prediction Horizon for Follower 10
Control Horizon 1

Time step 1 s
Number of control inputs 6

Number of state error 9
Weight on positional state error 500
Weight on attitude state error 50

Weight on control inputs 50
Smoothing weight 250

TABLE IV
SIMULATION INITIALIZATION

Parameter Value Units
RrL [1000 0 0]T m
RṙL [0 0 0]T m/s

H ~dsep [0 -50 0]T m
RrF

RrL+ R ~dsep m
RṙF [0 0 0]T m/s
IqL [0.5 0.5 0.5 0.5]
IqF [0 0 0 1]
I~ωL [0.1 -0.02 -0.15] rad/s
I~ωF [0.0 0.0 0.0] rad/s
ωO 3.4907e-04 rad/s

Simulation Time period,Torbit 5 hours(h)

Fig. 5. Simulated Orbit around Ryugu
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Fig. 6. Error in reference tracking along X ,Y and Z axes of the Leader
spacecraft around Ryugu

The controller on-board the Follower spacecraft success-
fully maintains the configuration and moves along with the
Leader simultaneously in presence of the highly perturbed
environment. From 6, it can be seen that the proposed con-
troller methodology maintains the deviation of the Leader-
spacecraft’s orbit within 1m on both the X and Y axes.
From Fig. 7, the desired separation distance of the Follower
spacecraft can be seen maintained throughout the simulated
mission with an initial minor deviation that is projected to
be the cause of the low-order coupling between attitude and
translation dynamics arising as a result of control actions
taken for convergence to desired attitude states after initial-
ization. The response of the attitude tracking error states of
the spacecraft are shown in Fig. 8 and Fig. 9. In Fig. 8, the
error in quaternion attitude after initialization can be seen
converging to desired attitude by the controller with low
overshoot noticed along the δqz for the Follower spacecraft.
From Fig. 9, convergence from initial states to the desired
angular velocities is seen for both Leader and Follower. For
values along δωx and δωy, a similar convergent behaviour
can be noted for the Follower. This is due to the nature
of the modelled relative attitude of the Follower spacecraft.
The error in both quaternion and angular velocity is seen
approaching settled state within 0.01 orbital period. The
response of the corresponding control action is depicted in
Figures. 10 and 11. The behaviour of the controller is seen to
respect the upper and lower thrust limit of 236mN throughout
the simulation period for all 6 Degrees-of-Freedom.

Moreover, Fig. 12 and Fig. 13 present the visualization of
the stereo-configuration using Gazebo. In Fig. 12, the ini-
tialisation behaviour of the stereo-configuration is presented
while in Fig. 13, convergence to the desired configuration
attitude can be seen. A video of the simulation was captured
and can be reached on here

V. CONCLUSIONS AND FUTURE WORK

In this article, the performance of a proposed Nonlinear
Model Predictive Control architecture for stereo-mapping
of asteroids was presented. The aim of the architecture
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Fig. 7. History of desired stereo-baseline distance maintained by the
Follower spacecraft

Fig. 8. Error in desired quaternion attitude for both Leader and Follower
presented over the entire simulation period

Fig. 9. Error in desired angular velocity to be attained around all three
axes for both Leader and Follower spacecraft

Fig. 10. Graphical representation of the control thrust applied for the
stereo-configuration to maintain the desired mapping orbit

Fig. 11. Graphical representation of the control torque applied for the
stereo-configuration to maintain the desired attitude

Fig. 12. Leader and Follower at initialization. The Leader is on the right
and Follower on the left
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Fig. 13. Verification of stereo-configuration with Gazebo.

was to validate and verify the full-state robust model-based
predictive control to maintain the commanded configuration
in the presence of perturbed environment with low-thrust
propulsion on-board in a Leader-Follower hierarchy. Simu-
lation results were presented and later verified using Gazebo
validating the implementation of the suggested architecture.
As the future extension, the image database obtained during
visualization in Gazebo will be further used to perform
surface reconstruction to aid in autonomous vision-based
navigation for rendezvous and landing on asteroid.
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