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ABSTRACT
This work demonstrates the feasibility of usage of a sliding mode controller in the case of orbital
payload deployers. The proposed control law suggested herein allows for disturbance rejection
during the payload deployment phase, as well as provide a basis for angular rate tracking pur-
poses. The stability of the control law is determined by Lyapunov theory, and realistic spacecraft
simulations have been created to verify the robustness in the presence of disturbances as well as
the general tracking capabilities.

Keywords: Sliding mode control; Attitude control; Oribtal payload deployer

1 Introduction
Sliding mode control (SMC) has been introduced as a form of variable-structure control method since

the 1960s [1] and has been studied in multiple disciplines, including space applications. This approach
to control provides wanted features, such as fast response of dynamics, and low-to-no sensitivity towards
uncertainties in plant modelling as well as towards external sources of disturbances. In general, SMC is a
nonlinear control technique whose objective is driving a system towards a sliding condition, i.e. to slide
on a phase-space defined surface. Such a control law is inherently discontinuous in time, as it switches
between different control structures in accordance with the system’s state with respect to the sliding
surface. This discontinuity is obvious when referring to the output of the control law, and rapid switches
are termed as "chattering". Despite the above drawbacks, studies of SMC applications in space include
attitude control [2, 3], position and attitude control [4–6], and even extend to flexible structures [7–9].

Some of the characteristics of the SMC approach can be beneficial to the case of orbital payload
deployers, namely the fast response times and the insensitivity towards plant uncertainties, which are a
prerequisite when dealing with variable inertial properties that are changing within a small timeframe as
is the case when the payload is separated from the body of the deployer spacecraft. Moreover, In this
study the deploying mechanism is treated like a spring-release mechanism, where the payload will be
thrusted away from the spacecraft body by pre-compressed springs which would impact a reaction force
and thus a disturbance torque to the carrier craft. Since the mechanics of the release mechanism, as well
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as the payload mass, are a priori known then this reaction force can be modelled and therefore bound. In
this work, a control law is formulated under the pretense of a matching condition, that is driven by the
upper limit of the bounded expected reaction torque during deployment.

Throughout the body of this work, system identification will be performed towards properly identi-
fying the appropriate system dynamics, a sliding mode control law will be proposed by taking advantage
of the matched uncertainty approach, and its stability will be proven by means of Lyapunov theory. To
verify that such a control law actually performs as expected a simulation has been set up so as to emulate
both realistic inputs to the controller from spacecraft sensors which will be sampled and discontinuous
in time, as well as one possible solution to the control allocation problem is presented which takes into
account the real spacecraft actuation capabilities, which the controller is unaware of.

2 System identification
Despite operating in space, and depending upon their altitude, spacecraft do experience various

disturbances; from atmospheric drag to solar radiation pressure and the gravity gradient, there is an
abundance of factors that would perturbe both their orbital as well as their attitude dynamics. While
some of these effects have even been tried as possible control schemes, e.g. by trying to control the attitude
by manipulating drag [10] or drag and gravity gradient [11], when accurate attitude maneuvering or
orbital station-keeping is required on-board actuators that can provide thrusts and torques are employed.

In this work, the focus will be on spacecraft attitude control under extreme perturbations (i.e., payload
deployment as compared to the aforementioned factors), and as far as the dynamics of the spacecraft are
concerned they are modelled by the typical rigid body dynamics’ equations:

𝐼 ¤̄𝜔 = −(𝜔̄ × 𝐼𝜔̄) + 𝑀̄ (1)

where I is the moment of inertia tensor, 𝜔 is the angular velocity in the body frame, 𝑀̄ is the total
torque applied to the body. As for the orbital dynamics, a simple model is used:

𝑚 ¥̄𝑟 = −∇̄𝑈 (2)

where 𝑚 is the spacecraft mass, 𝑟 is the position vector in ECI frame, and 𝑈 is the gravitational
potential expressed in the same frame.

Supposing that 𝐼 = 𝑑𝑖𝑎𝑔( [𝐼𝑥 , 𝐼𝑦, 𝐼𝑧]) for the sake of convenience, then (1) can be decomposed as
follows:

𝐼𝑥 ¤𝜔𝑥 = (𝐼𝑦 − 𝐼𝑧)𝜔𝑧𝜔𝑦 + 𝑀𝑥

𝐼𝑦 ¤𝜔𝑦 = (𝐼𝑧 − 𝐼𝑥)𝜔𝑥𝜔𝑧 + 𝑀𝑦

𝐼𝑧 ¤𝜔𝑧 = (𝐼𝑥 − 𝐼𝑦)𝜔𝑥𝜔𝑦 + 𝑀𝑦

(3)

For simulation and control purposes it helps to define a state vector 𝑥 = [𝜔𝑥 , 𝜔𝑦, 𝜔𝑧]𝑇 and this way
eq. (3) becomes

𝑑

𝑑𝑡


𝜔𝑥

𝜔𝑦

𝜔𝑧

 =

𝐼−1
𝑥 𝑀𝑥 + 𝐼−1

𝑥 (𝐼𝑦 − 𝐼𝑧)𝜔𝑦𝜔𝑧

𝐼−1
𝑦 𝑀𝑦 + 𝐼−1

𝑦 (𝐼𝑧 − 𝐼𝑥)𝜔𝑥𝜔𝑧

𝐼−1
𝑧 𝑀𝑧 + 𝐼−1

𝑧 (𝐼𝑥 − 𝐼𝑦)𝜔𝑥𝜔𝑦

 = 𝐼−1


𝑀𝑥

𝑀𝑦

𝑀𝑧

 + 𝐼−1


𝐼−1
𝑥 (𝐼𝑦 − 𝐼𝑧)𝜔𝑦𝜔𝑧

𝐼−1
𝑦 (𝐼𝑧 − 𝐼𝑥)𝜔𝑥𝜔𝑧

𝐼−1
𝑧 (𝐼𝑥 − 𝐼𝑦)𝜔𝑥𝜔𝑦

 (4)
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3 Controller design

3.1 Control law
Eq (4) can be thought to describe an uncertain system of the form

¤𝑥(𝑡) = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡) + 𝑓 (𝑥, 𝑢) (5)

where the function 𝑓 : R × R𝑛 × R𝑚 −→ R𝑚 represents either uncertainty or non-linear behaviour in
the system. If furthermore it holds that

𝑓 (𝑡, 𝑥, 𝑢) = 𝐵 𝑓 (𝑡, 𝑥, 𝑢) (6)

where again 𝑓 : R × R𝑛 × R𝑚 −→ R𝑚, and is not known but satisfies

| | 𝑓 (𝑡, 𝑥, 𝑢) | | <= 𝑘 | |𝑢 | | + 𝑔(𝑡, 𝑥) (7)

where 𝑘 is known and constrained to 1 > 𝑘 >= 0, and 𝑔(𝑡, 𝑥) is a known function, then 𝑓 is said to
satisfy the matching condition.

A control law with two parts (one linear and one non-linear) for the system represented in (4), given
the matching condition constraints, is as follows

𝑢(𝑡) = 𝑢𝐿 (𝑡) + 𝑢𝑁𝐿 (𝑡) (8)

For the linear part, the following expression can be used, where Φ is any possible stable design
matrix.

𝑢𝐿 (𝑡) = −(𝑆𝐵)−1(𝑆𝐴 −Φ𝑆)𝑥(𝑡) (9)

The non-linear part may be defined as follows:

𝑢𝑁𝐿 (𝑡) = −𝜌(𝑆𝐵)−1 𝑃𝜎(𝑡)
| |𝑃𝜎(𝑡) | | (10)

where 𝜌 is a function of time and/or state, and 𝑃 ∈ R𝑚×𝑚 is a symmetric and positive definite matrix
that satisfies the Lyapunov equation

𝑃Φ +Φ𝑇𝑃 + 𝐼 = 0 (11)

For the scalar function 𝜌, any function can be used that satisfies the following, so it bounds the
uncertain term 𝑓 (𝑡, 𝑥, 𝑢)

𝜌(𝑡, 𝑥) >= ∥𝑆𝐵∥(𝑘 ∥𝑢𝐿 ∥ + 𝑔(𝑡, 𝑥)) + 𝛾

1 − 𝑘 ∥𝑆𝐵∥∥(𝑆𝐵)−1∥
(12)

where 𝛾 > 0 is a design parameter of the controller.

Proof of the bounding action can be shown from (12) as follows:
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𝜌(𝑡, 𝑥) >= ∥𝑆𝐵∥(𝑘 ∥𝑢𝐿 ∥ + 𝑔(𝑡, 𝑥)) + 𝛾 + 𝑘 ∥𝑆𝐵∥∥(𝑆𝐵)−1∥𝜌(𝑡, 𝑥)
>= ∥𝑆𝐵∥(𝑘 ∥𝑢𝐿 ∥ + 𝑔(𝑡, 𝑥) + 𝑘 ∥(𝑆𝐵)−1∥𝜌(𝑡, 𝑥)) + 𝛾

>= ∥𝑆𝐵∥(𝑘 ∥𝑢∥ + 𝑔(𝑡, 𝑥) + 𝛾

>= ∥𝑆𝐵∥∥ 𝑓 (𝑡, 𝑥, 𝑢)∥ + 𝛾

(13)

It is thus proven by (13) that 𝜌(𝑡, 𝑥) is greater than the matched uncertainty that appears in (6)

3.2 Stability
If the devised control law (8) as described by eqs. (9), (10) is substituted in (4), the dynamics of the

sliding variables 𝜎 = 𝑆𝑥 become as follows:

¤𝜎(𝑡) = (𝑆𝐴)𝑥(𝑡) + (𝑆𝐵)𝑢 + (𝑆𝐵) 𝑓 (𝑡, 𝑥, 𝑢)

= Φ𝜎 − 𝜌(𝑡, 𝑥) 𝑃𝜎

∥𝑃𝜎∥ + (𝑆𝐵) 𝑓 (𝑡, 𝑥, 𝑢)
(14)

Choosing a Lyapunov candidate function such as 𝑉 = 𝜎𝑇𝑃𝜎 stability can be guaranteed as follows:

¤𝑉 = 𝜎𝑇 (𝑃Φ +Φ𝑇𝑃)𝜎 − 2𝜌∥𝑃𝜎∥ + 2𝜎𝑇𝑃(𝑆𝐵) 𝑓
≤ 𝜎𝑇 (𝑃Φ +Φ𝑇𝑃)𝜎 − 2𝜌∥𝑃𝜎∥ + 2∥𝑃𝜎∥∥(𝑆𝐵)∥∥ 𝑓 ∥
= −𝜎𝑇𝜎 − 2∥𝑃𝜎∥(𝜌 − ∥𝑆𝐵∥∥ 𝑓 ∥)
≤ −𝜎𝑇𝜎 − 2𝛾∥𝑃𝜎∥
≤ 0

(15)

Thus, the stability of the proposed control law as constructed is proven and once the sliding phase is
reached the 𝜎-dynamics are independent of the uncertainty.

3.3 Application to spacecraft dynamics
Considering (4), we augment the system with sliding variables to get

¤𝑥 = 𝐵𝑢 + 𝐵 𝑓 (𝑥)

=


1
𝐼𝑥

0 0
0 1

𝐼𝑦
0

0 0 1
𝐼𝑧



𝑀𝑥

𝑀𝑦

𝑀𝑧

 +


1
𝐼𝑥

0 0
0 1

𝐼𝑦
0

0 0 1
𝐼𝑧



(𝐼𝑦 − 𝐼𝑧)𝑥2𝑥3

(𝐼𝑧 − 𝐼𝑥)𝑥1𝑥2

(𝐼𝑥 − 𝐼𝑦)𝑥1𝑥2


𝜎 = 𝑆𝑥

(16)

where 𝜎 is the vector of sliding variables and 𝑓 (𝑥) represents the inherent non-linearities of the
system, while satisfying the matching condition.

As discussed in (8) the proposed control law in this case is

𝑢 = (𝑆𝐵)−1(Φ𝑆)𝑥 − 𝜌(𝑆𝐵)−1 𝑃𝜎

∥𝑃𝜎∥ (17)

and to verify stability, 𝑆 can be chosen as 𝑆 = 𝑑𝑖𝑎𝑔( [𝐼𝑥 , 𝐼𝑦, 𝐼𝑧]) from where it follows that 𝑆𝐵 = 𝐼3×3.
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By making a choice of Φ = −1
2 𝐼3×3 the solution of the Lyapunov equation (11) yields 𝑃 = 𝐼3×3 as

well. Using the same Lyapunov candidate function as stated before, 𝑉 = 𝜎𝑇𝑃𝜎 , it follows that

¤𝑉 ≤ ∥𝜎∥2 − 2𝛾∥𝑃𝜎∥ < 2𝛾∥𝜎∥ = 2𝛾
√
𝑉 < 0 (18)

where 𝛾 = 𝜌 − 𝑐 > 0. Therefore the control law proposed here guarantess that the sliding surface
will be reached in finite time, which guarantees that the 𝑥-dynamics reach zero in finite time.

The sign function 𝑠𝑔𝑛(𝑥) = 𝑥
∥𝑥∥ which is used throughout the non-linear part of the control law

is discontinuous and thus makes the whole control law discontinuous. This effect can be mitigated by
switching to a different function that serves an equivalent purpose such as 𝑡𝑎𝑛ℎ(𝑥), or by approximating
the sign function as

𝑠𝑖𝑔𝑛(𝑥) = 𝑥

∥𝑥∥ + 𝜖
(19)

where 𝜖 > 0 and 𝜖 << 1

4 Control allocation
Control allocation refers to the problem of dividing the control input demanded by a controller to

the available actuators in the system, and appears when simulating a controlled, overactuated system.
However, given that the control law discussed in the previous section is designed to produce torques as
outputs, there is a need to translate these torque demands to spacecraft systems actuation. In this work it
is presumed that gas thrusters are available, which are able to provide fixed amounts of thrust in all three
primary axes directions in the spacecraft’s body frame, as well as the negative directions of these axes,
for a total of 6 thrusters.

In order to solve the thruster allocation problem, first a representation of the thrust capabilities of the
spacecraft is crafted as follows: a 3 × 𝑁 matrix is constructed, where 𝑁 is the total number of available
thrusters, and whose 𝑖-th column represents the torque vector that the 𝑖-th thruster would exert to the
spacecraft body, if fired. Supposing available thrusters in both positive and negative directions of the
primary axes, of the same thrust magnitude, A can be defined as follows:

𝐴 =


1 0 0 −1 0 0
0 1 0 0 −1 0
0 0 1 0 0 −1

 (20)

The first step in the proposed solution is to check that the dimensions of the span of its columns,
i.e. the rank of the matrix. If it holds that 𝑟𝑎𝑛𝑘 (𝐴) = 3, then there exists a linear combination of
the vectors represented as matrix columns that will generate any possible vector in R3. Further checks
should be performed to verify that there exists a solution for every 𝑏 ∈ R3 of the problem 𝐴𝑥 = 𝑏̄ where
0 ≤ 𝑥, i.e. if positive combinations of the vectors represented as columns of A still span the R3 vector
space [12]. In any case, in the definition given in (20) this is trivial to prove. After defining the 𝐴 matrix,
then the iterative approach of linear least squares is used to solve the system of equations via following
optimisation problem:

𝑚𝑖𝑛∥𝐴𝑥 − 𝑏̄∥
𝑠.𝑡. 0 ≤ 𝑥

(21)
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This optimisation, given that ∥𝐴𝑥 − 𝑏̄∥ −→ 0, produces a vector 𝑥 which represents the (nonnegative)
percentage of torque required by each of the available thrusters, so that when all the individual torques
are combined they will generate the total torque 𝑏̄. However, since an upper bound for 𝑥 is not defined,
there is a possibility for some 𝑥𝑖 > 1. To mitigate this problem this vector is scaled by a factor of 𝑚𝑎𝑥(𝑥𝑖)
in such a case, thus producing a vector 𝑥 such that:

𝑥 =

{
𝑥

𝑚𝑎𝑥(𝑥𝑖) 𝑚𝑎𝑥(𝑥𝑖) > 1
𝑥 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

(22)

By the definition of 𝑥, it follows that

𝐴𝑥 = 𝜆𝑏̄, 𝜆 ∈ (0, 1] (23)

The procedure outlined above produces a vector 𝑥 of feasible torque percentages (0 ≤ 𝑥𝑖 ≤ 1 ) to be
commanded to each thruster, given the spacecraft’s particular thruster configuration. Nevertheless, as is
easily deductible from (23), in cases where the feasible output is scaled, it remains parallel to the initial
target vector 𝑏̄. Given the on-off nature of gas thrusters, in order to accommodate cases where 𝑥𝑖 ∉ {0, 1}
a pulse-width modulation (PWM) technique is used. Given the spacecraft’s nonzero moments of inertia
around its principal axes, its body will act as a low-pass filter to thruster pulses given a high enough pulse
frequency. To generate the PWM signals for each thruster, we define a function 𝑓𝑃𝑊𝑀 (𝑥, 𝑡) as follows:

𝑓𝑃𝑊𝑀 (𝑥, 𝑡) =
{

1, 1
𝑇
𝑚𝑜𝑑 (𝑡, 𝑇) < 𝑥

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
(24)

where 1
𝑇

is the frequency of the PWM carrier. Then, a function 𝑓𝑃𝑊𝑀 (𝑥, 𝑡) can be defined as follows:

𝑓𝑃𝑊𝑀 =

[
𝑓𝑃𝑊𝑀 (𝑥1, 𝑡) 𝑓𝑃𝑊𝑀 (𝑥2, 𝑡)... 𝑓𝑃𝑊𝑀 (𝑥𝑁 , 𝑡)

]𝑇
(25)

And thus, the technique outlined in this subsection allows one to use the expression 𝐴 𝑓𝑃𝑊𝑀 = 𝑀̄ in
the dynamics equation (4).

5 Simulation results

5.1 Preliminaries
For simulation purposes of the above, a spacecraft with 𝐼 = 𝑑𝑖𝑎𝑔( [100, 55, 60]) is used along with a

constant 𝜌 parameter appropriately selected. Furthermore, to enhance the realism of the simulation, the
state vector of the spacecraft dynamics is sampled at a constant rate of 10Hz and is then fed back to the
controller in order to mimic intermittent readings from onboard sensors.

Given that the thrusters are mechanical systems with a finite response time, one extra step towards a
realistic simulation is to imitate this inertia in their actuation. To this end, all PWM inputs to the thrusters
are being passed to a simple low-pass filter block before being handed over to the dynamics block. The
transfer function used for this is as follows:

𝐺 (𝑠) = 𝜔0
𝑠 + 𝜔0

(26)
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where the value of 𝜔0 can be chosen so the filter corresponds better to response rates of a particular
thruster model.

The effect that this filter has on thruster actuation is twofold; it limits the actuation speed so it is not
instantaneous, and it hinders the ability of the thrusters to respond to pulses with either too low or too
high of a duty cycle percentage.

Fig. 1 PWM signal generation

In Figure 1 the PWM generating function is verified with a simple duty cycle ramp as input, and a
selected PWM frequency of 3Hz. The reader can notice that the output of this function is discontinuous
and if used as is would presume immediate response from the thrusters.

Fig. 2 Raw PWM vs Filtered thruster actuation

In Figure 2 the smoothing effect of the low-pass filter can be seen. For small duty cycle values
(ie. around 𝑡 = 0-1s) the response of the attenuated actuators prevents them from achieving a fully on
state, whereas on high duty cycle values (ie. around 𝑡 = 9-10s) the opposite is true and the actuators are
prevented from completely turning off.
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5.2 Stability of dynamics
To verify the stability of the dynamics under the proposed control law, the simulated spacecraft is

set to have an initial arbitrary set of angular rates and the controller is driving the dynamics to zero in
finite time. Sampling frequency for state variables is set to 10𝐻𝑧, and the PWM frequency is defined at
5𝐻𝑧, and 𝜌 = 2

Fig. 3 Dynamics stability

In Figure 3 we can see that despite the intermittent state updates and the PWM affecting the angular
rates in discrete steps, the proposed control law manages to stabilise the dynamics in finite time. The
control effort, translated to actuator inputs, can be seen in Figure 4. The steady-state error which is present
after the stabilisation (𝑡 > 7𝑠) is due to the filtering action of the low-pass stage that prevents small duty
cycles from being translated to actual pulses. The discontinuity in the slope of the thruster curves can be
attributed to the sampling rate that is being used to feed the controller with state information.

Fig. 4 Thruster duty cycles
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Leaving the simulation as defined previously, control performance under different values of 𝜌 are
shown in Figure 5, Figure 6. As was expected by Equation 10 and shown by simulation results in Figure 7,
different values of 𝜌 affect the performance of the control law by means of affecting the demanded torques
the control law outputs. While this approach may be used to alleviate the steady-state error, in the zoomed
part of Figure 6 it is evident that this induces chattering when combined with the "dead-band" that is
produced by the low-pass filtering of the PWM signals. The chattering is evident in Figure 8, in which it
it shown that opposing thrusters being fired sequentially while the spacecraft is near stabilisation and the
demanded torques fall within the actuation dead-band.

Fig. 5 Dynamics stability at 𝜌 = 0.5

Fig. 6 Dynamics stability at 𝜌 = 0.1

Thus, an optimal value of 𝜌 may be chosen so as to minimise the steady-state error while avoiding
the introduction of control chattering for a given system.

5.3 Performance under disturbance
Continuing with the performance trials, leaving the simulation parameters unchanged and with an

optimal value of 𝜌 selected through trial and error for the particular system, a disturbance torque is

9Except where otherwise noted, content of this paper is licensed under
a Creative Commons Attribution 4.0 International License.

The reproduction and distribution with attribution of the entire paper or of individual
pages, in electronic or printed form, including some materials under non-CC-BY 4.0
licenses is hereby granted by the respective copyright owners.



Fig. 7 Performance under different 𝜌 values

Fig. 8 Chattering effect / competing thrusters at 𝜌 = 0.1

introduced in the spacecraft’s dynamics. In the payload deployment case, this disturbance would occur
when the spring-release mechanisms are actuated and the payload is pushed away from the carrier
spacecraft. To simulate this effect, a randomised disturbance torque is injected that is 10𝑥 the magnitude
of the total thrust available by the actuators. The disturbance is enveloped by a gaussian function with
minimal spread (𝜎 = 0.1) to mimic the almost instantly rising and subsequently rapidly declining torque
impacted on the spacecraft. After the disturbance injection, the inertia tensor is changed to 0.9𝐼0 to reflect
the result of mass being ejected, while the control law remains unchanged. The pertinent results are
shown Figure 9 and Figure 10, in which the control law shows the capability of handling the disturbance
and stabilising the spacecraft.

5.4 Attitude tracking
Given the robust performance of the controller for tracking the nonlinear dynamics of attitude, such

a control law might be used in a two-stage overall control architecture for attitude tracking. To this end,
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Fig. 9 Angular rates under disturbance

Fig. 10 Thruster duty cycles under disturbance

an attitude reference of Euler angles is created emulating a spacecraft in a low eccentricity orbit, which
would imply tracking a sinusoidal reference for attitude.

For a proof of concept, a simple PID controller was used to determine the attitude error and generate
angular rates which are in turn fed to the sliding mode controller for tracking. An arbitrary initial
attitude error is selected, and the disturbance is injected at an appropriate time after the initial error
dynamics stabilisation. The tracking performance of the compound controller is presented in Figure 11
and Figure 12.

As can be seen in Figure 11, a compound-control approach can handle the tracking of attitude angles
given a reference and still show enough robustness against sudden external disturbances. However, by
taking a look at Figure 12, the reader can identify a potential problem in the continuous usage of thrusters.
Given the premise of this simulation this isn’t required, since the requirement is for tracking of relatively
constant angular rates.
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Fig. 11 Compound tracking controller - Error dynamics

Fig. 12 Compound tracking controller - Thruster actuation

6 Conclusions
In this work, the feasibility of using a first order sliding mode control law, designed under the

matched uncertainty principle, for stabilising the dynamics of a spacecraft has been proven theoretically
by means of Lyapunov theory, and demonstrated with a realistic model of spacecraft dynamics, actuation
and control. The control law used herein is not constrained by linearisations about operating points, and
the stability of the controller has been verified in the presence of external disturbances, which would
manifest in the case of orbital payload deployment by means of reaction torques on the carrier spacecraft.
The tune-ability of such a controller’s response and the change in the performance characteristics has
been shown with varying selection of design-time parameters.

Moreover, given the good performance of angular rate tracking by the sliding mode controller, a
proof-of-concept second simulation with a compound controller has been set up to demonstrate the
possibilities of attitude tracking. This approach would require further investigation, in particular crafting
a control law that takes into consideration both attitude angles and rates as a reference, in order to
minimise chattering of the system actuators when target attitude has been reached given requirements
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of tracking low frequency rates. Additionally, inclusion of other types of actuators in the model (e.g.,
reaction wheels) and implementation of an appropriate control allocation strategy depending on error
magnitude would be highly beneficial in this case.

Apart from the already mentioned points, future work on this subject would include incorporating
control elements regarding orbital dynamics and station keeping, or general orbital maneuvering situa-
tions. The extendability of the proposed SMC law might prove to be difficult without resorting to higher
order controllers, but this will be determined on a case-by-case basis depending upon new results.
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