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Abstract—Rocket flight tests invariably serve a purpose, one
of which involves area monitoring or aerial photography.
Consequently, the rocket necessitates the installation of a
camera that remains consistently oriented toward the Earth's
surface throughout its trajectory. Thus, ensuring the rocket's
stability and preventing any rotation becomes imperative. To
achieve this, the Onboard Attitude Determination Control
System (OADCS) was researched and developed, fully
controlled by NI myRIO with Labview as the programming
language, ensures the rocket's attitude control and maintains a
rolling angle of 0 degrees during flight. The MyRIO oversees the
retrieval of attitude and position data from the X-Plane flight
simulator, offering feedback through actuator control. The
development of the OADCS proceeded incrementally through
stages utilizing the Software in the Loop Simulation (SILS) and
Hardware in the Loop Simulation (HILS) techniques, to ensure
the verification of the system's functionality before its
application to the rocket for real flight testing. In the OADCS
control scheme, Model Predictive Control (MPC) is chosen, and
it is compared with a PID controller to serve as a benchmark for
processing speed. Because the rocket's flight time is short and its
speeds of up to Mach 4. The simulation results indicate that
MPC can halt the rocket's rotation 12 times more rapidly than
PID control. Additionally, the MPC's ability to maintain a zero-
degree rotation can persist throughout the rocket's flight time.
Employing SILS and HILS enhances the OADCS rocket
development process by incorporating MPC, which holds
promise for application in real rockets.

Keywords—Hardware in the Loop Simulation; Hardware in
the Loop Simulation; Model Predictive Control; OnBoard Attitude
Determination Control System.

L INTRODUCTION

The intensive development of sounding rockets by the
Indonesian National Institute of Aeronautics and Space
(LAPAN) dates back to the '90s, predating its affiliation with
BRIN. This ongoing effort serves the purpose of advancing
aerospace technology and space exploration [1]-[3],
involving interdisciplinary research in areas such as vehicle
design, structure, propellant (solid rocket fuel), rocket motor,
electronic systems, and ground stations. The development of
this sounding rocket started from a small rocket of 70 mm
caliber to the largest currently 450 mm, which is equipped
with an avionics/electronics and flight control system as
generally applied to various sounding rocket missions [4]-[7],

encompassing the main on-board control unit, control scheme
and actuator, power module and management [8], [9], pulse
code modulation (PCM) module to organize the transmission
of communication data, radio telemetry system [10], [11],
and utilization of wrapped around micro strip antenna [12]-
[14], are several scientific disciplines connected to this
research.

Sounding rockets typically carry a payload and a health
monitoring system (HMS) [15]-[17] or avionics system upon
launch. Certain rocket payloads frequently feature cameras
for specific missions [18]-[21], including observing the
separation process between the payload and the rocket,
particularly in multi-stage rocket scenarios. Additionally,
there are rockets designated to carry cameras that capture
flight visuals from the rocket's perspective or maintain a
constant view of the Earth's surface. Therefore, it is
imperative to guarantee the rocket's stability for this purpose,
as any rotation of the rocket could adversely affect the clarity
of the captured images or videos.

To overcome the above challenges, considerable efforts
have been invested in the development of an OnBoard
Attitude Determination Control System (OADCS) [22]-[24],
as carried out in several researches concerning rocket
trajectory correction and control. The OADCS can take
various forms, including the release of a mass object as a
YoYo despin device, a geomagnetic field sensors assembly
(GA), and a sun angle sensor, as demonstrated in Japan's
JAXA/ISAS sounding rocket (Fig. 1 (a)). Alternatively, the
OADCS may involve a gyro inertial sensor with an extended
Kalman Filter, as seen in the S-250-30 configuration [25],
[26]. This paper will explore a similar methodology,
examining the progress of the HTTP-3S sounding rocket
(depicted in Fig. 1 (b)), as well as the successful
implementation of OADCS in Taiwan using the National
Instrument module as the main controller. Typically,
sounding rockets come with OADCS serving as an avionics
system, similar to what Taiwan possesses. However, this
research integrates avionics and flight control systems to
prevent rocket rotation and maintain the camera's Earth-
oriented orientation, employing Model Predictive Control
(MPC) as a control strategy.

50

Journal Web site: http://journal.umy.ac.id/index.php/jrc

Journal Email: jrc@umy.ac.id



Journal of Robotics and Control (JRC)

ISSN: 2715-5072 534

Rocket development inherently entails considerable risks
and costs. Therefore, it is essential to engage in research
stages that include simulations at every developmental phase
to minimize the risk of critical errors during the rocket's
manufacturing process. Historically, such simulations and
procedures utilizing Software in the Loop Simulation (SILS)
and Hardware in the Loop Simulation (HILS) were
predominantly conducted using Matlab/Simulink [27]-[29].
However, Matlab's application to HILS and embedded
hardware directly used for rocket operations presents many
challenges, necessitating the adoption of alternative hardware
and software solutions.

(b)
Fig. 1. Sounding rocket: (a) Japan's S-520-29; and (b) Taiwan's HTTP-3S

In addition to devising the appropriate control scheme for
the rocket mission, careful consideration must be given to the
selection and utilization of the primary onboard controller
unit during the developmental phase. Factors such as ease of
programming, universal connectivity to support peripheral
devices, and simulation with various robust control strategies
and connection capabilities should be prioritized.
Incorporating the NI (National Instrument) module, which
relies on FPGA (Field Programmable Gate Array) technology
[30]-[32], alongside the XSense Inertial Navigation System
(INS) and a range of other sensors, is aimed at addressing the
requirements of rocket avionics and flight control systems.
This integration caters to the diverse complexities of
disturbances encountered during rocket flight, including
velocity, shock, gravitational forces, atmospheric pressure,
and more.

This research focuses on constructing a real-time
Onboard Attitude Determination and Control System
(OADCS), fully governed by the NI myRIO module and
programmed in LabView. The objective is to enhance the
development of the sounding rocket, particularly its avionics
system, by simulating real-time OADCS operations to
stabilize the rocket's orientation, ensuring that the camera
payload consistently faces downward toward the Earth. The
utilization of the NI myRIO module with its LabView as the
main controller of the OADCS equipped with INS as well as
a function of the rocket avionics and flight control system
represents a new insight, which has not been fully
documented in the literature.

The OADCS development, encompassing both software
and hardware, is set to advance incrementally through SILS
and HILS stages, incorporating appropriate control strategies.
The objective is to fulfill the mission goal of sustaining the
rocket's camera orientation towards Earth throughout the
flight. Additionally, the aim is to establish and implement the
complete OADCS system equipped with MPC control
strategy, alongside connectivity to all supporting peripheral
systems, onto a physical rocket.

1I. METHODS

As outlined earlier, the research and development of
rocket technology entail substantial costs, risks, time
commitments, and the involvement of numerous skilled
professionals. It is imperative to conduct thorough and
focused research to prevent undesirable outcomes during
flight testing. Among the areas requiring meticulous research
is the avionics and flight control system, which significantly
contributes to the success of rocket development missions.
Every stage and procedure, including Software In-the-Loop
Simulation (SILS) extensively employed across various
scientific domains [33]-[35], Hardware In-the-Loop
Simulation (HILS) utilized to simulate cost-related concerns
and high-risk scenarios [36]-[39], and the deployment of the
Ready to Flight System (RTFS) as the subsequent phase, all
necessitate flawless sequential execution, involves testing the
application of MPC control strategies to achieve mission
objectives.

A. OnBoard Attitude Determination Control System

The complete control of this Onboard Attitude
Determination and Control System (OADCS) will be
facilitated by the main control unit, utilizing the NI myRIO-
1950. This controller is based on the FPGA Xilinx Zynq-7010
and ARM Cortex A9 processor, boasting a speed of 667
MHz, 512 MB of nonvolatile memory, and 256 MB of DDR3
memory. It is also outfitted with 8 analog inputs, 4 analog
outputs, and 32 I/O lines. The myRIO module proves
instrumental in managing the entire flight process, from
liftoff to touchdown on Earth, and is adept at controlling the
rocket's rotation, even employing memory-intensive
algorithms like the Model Predictive Control (MPC).

Fig. 2 illustrates the operational concept of the OADCS,
comprising the myRIO module and programmed in
LabView, supported by the power system and electrical
sensors for attitude and position detection, serving as input
for the controller. This input undergoes processing to
ascertain the rocket's trajectory and flight position through
the canard actuator system, with all flight data transmitted via
telemetry. Additionally, imagery or video footage captured
by the camera is transmitted through this telemetry channel.
It is pertinent to mention that this simulation exclusively
addresses the rocket's attitude adjustment, achieved through
canard control to maintain the camera's downward-facing
orientation. Further details regarding the electrical and power
systems, telemetry, and camera functionalities will be
addressed separately.
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Fig. 2. OADCS block diagram which is fully controlled by NI myRIO
module and LabView as the programming language

B. Modelling and Flight Simulator

One of the pivotal stages in the research and development
of rockets involves simulation [40]. In this context, a flight
simulator software capable of closely emulating real flight
dynamics is indispensable. Additionally, this software should
offer a User Datagram Protocol (UDP) connection, enabling
data transmission to and from other software components for
control program execution. Consequently, X-Plane version
10.51 was selected as the flight simulator environment,
paired with LabView version 2018 as the control program,
given its extensive utilization as a simulation tool in
laboratory research endeavors [41]-[43]. The X-Plane,
serving as a 'black box' vehicle model, offers comprehensive
real-time output concerning attitude and positional data
during flight, enabling its direct integration into the closed-
loop control program by Labview in this simulation.

Subsequently, utilizing the LAPAN-developed single-
stage sounding rocket as the basis for this simulation, a
corresponding single-stage rocket model was constructed
within X-Plane (refer to Fig. 3), with an extra canard
appended to manage the rocket's rotation, as illustrated in Fig.
4 (a).

Utilizing X-Plane Maker which is part of X-Plane [44]-
[46], we crafted the rocket's fuselage and nose cone in
accordance with the original design, as shown in Fig. 3. The
tube's diameter and length, along with the nose cone's shape,
were fashioned using the fuselage tool (Fig. 3 (a) and (b)),
while the tail fin and canard were sculpted using the wings or
misc wings tool (Fig. 3 (c)). Engine specifications, including
thrust and propellant properties, were configured within the
engine specs section.

Furthermore, adjustments to the control canard and
determination of the center of gravity were made, delineated
within the control geometry and weight and balance
parameters. While X-Plane Maker serves as a representative
tool for creating intricate rocket models suitable for
simulation purposes, it is not tailored for production
applications.

Please note that this paper exclusively focuses on the
development of the Onboard Attitude Determination and
Control System (OADCS) and the corresponding control
scheme, omitting in-depth discussions on aerodynamics,
structural aspects, or the rocket motor. Consequently, we
proceed under the assumption that the rocket design adheres

to an ideal configuration and maintains perfect stability
during flight. Furthermore, our objective is to replicate the
simulation as closely as possible to the actual flight test of the
rocket. This entails selecting the LAPAN launch facility in
Pameungpeuk, Garut as the launch site and programming the
rocket's trajectory southward, mirroring the real flight test
trajectory, utilizing the WED (WorldEditor) software, as
depicted in Fig. 4 (b).
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Fig. 3. Rocket modelling by X-Plane Maker
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(b)

Fig. 4. The rocket model, augmented with an extra canard for managing the
rocket's rotation, and the simulation

C. Software in the Loop Simulation (SILS)

The initial phase of this simulation involves
implementing the Software In-the-Loop Simulation (SILS) as
in block diagram Fig. 5 (a). This is achieved by establishing
a UDP connection (operating at a S0Hz data rate) between the
Dynamic Computer (X-Plane is installed on this computer
equipped with high specifications optimized for rendering
within the simulation) and the Monitorng Computer (contains
LabView), with the respective IP addresses configured for the
designated ports for mutual communication. The closed-loop
system operates by X-Plane providing attitude and positional
data to LabView, which in turn processes this data to generate
control signals for the canard, subsequently transmitting them
back to X-Plane.

In this setup, Labview serves two main functions: firstly,
it presents comprehensive flight data encompassing position,
longitude, latitude, altitude, downrange, as well as rocket
attitude parameters such as thrust, speed, and acceleration,
illustrated in Fig. 5 (b), flight data from liftoff to touchdown
is both displayed and logged in the Ground Control Station
(GCS). Secondly, it generates control commands utilizing the
Model Predictive Control (MPC) scheme to counteract rocket
spin and ensure the camera maintains a downward-facing
orientation toward the Earth. Throughout this Software In-
the-Loop Simulation, it is imperative to verify that all
components operate according to plan.

D. Hardware in the Loop Simulation (HILS)

Following the successful execution of the SILS, we
proceeded to the Hardware In-the-Loop Simulation (HILS)
stage which has been widely used by researchers in their
laboratories [47]-[50]. In this HILS, the physical controller
hardware has been incorporated for subsequent utilization as
a rocket avionics and flight control system, specifically the
NI myRIO. The programming aspect was segmented into two

parts: one part manages communication with X-Plane, while
the other part oversees the onboard rocket controller. Both
parts are interconnected via shared memory, as illustrated in
Fig. 6 (a).

Monitoring

X-Plane
Flight Sim

M Mosinaing | W |

ROCKET
SIMULATION
CONTROL
xeum

ot

(b) SILS monitoring

Fig. 5. SILS diagram and rocket simulation control window

HILS

Monitoring

UbP UDP
< -

X-Plane
Flight Sim

(b) Real time simulation in HILS

Fig. 6. HILS diagram and its simulation

The HILS configuration comprises the myRIO as the
controller and two computers: a dynamic computer
responsible for rendering the flight simulation via X-Plane
and a controller computer that acts as an intermediary
between the dynamic computer and myRIO. Additionally, the
controller computer serves as a monitoring platform,
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presenting real-time test data. This implies that during the
HILS stage, the main controller intended for use in the
subsequent real flight test is directly engaged, functioning as
both an avionics system and flight control system within the
simulation (Fig. 6 (b)). The next stage, Ready to Flight
System (RTFS) will not be described in this paper because it
requires integration of the OADCS into the rocket body along
with other components, thus requiring a separate test
procedure.

E. Control Strategy

Rockets represent flying vehicles with six degrees of
freedom (6-DOF) [51]-[53], enabling unhindered motion
across three axes of translation and three axes of rotation.
Although PID is a conventional control strategy extensively
employed across diverse industries, its practical application
poses challenges in the realm of developing avionics and
flight control systems for rockets, particularly those operating
within a 6-DOF environment at speeds reaching up to Mach
4. The intricate nature of Proportional, Integral, and
Derivative (PID) elements, typically requiring precise
fractional adjustments, renders them impractical as
controllers for rockets in flight.

In contrast, modern control strategies such as robustness
or optimal control offer promising alternatives for managing
the Onboard Attitude Determination and Control System
(OADCS) of rockets. Among these, Model Predictive
Control (MPC) emerges as a viable option for controlling
rockets during flight. MPC boasts several advantages over
PID, including superior constraint handling, optimization of
control actions to approach target values, simplified control
parameter adjustments using integer values, and the
capability to manage multivariable control scenarios.

MPC is founded upon multivariable control principles
(Fig. 7), specifically tailored for multi-input multi-output
(MIMO) systems, by incorporating constraints on either input
or output variables. Aligned with the rocket control model, it
is segregated into Lateral control (involving two inputs,
aileron, and rudder, affecting roll and yaw dynamics) and
Longitudinal control (with one input, elevator, governing
pitch dynamics during flight). However, this study prioritizes
the examination of roll dynamics.

Incorporating PID Control and MPC into the OADCS,
which utilizes an NI myRIO main controller, is relatively
straightforward with LabVIEW, as both functionalities are
supported by the provided functions.
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Fig. 7. MPC working principle [54]

I11. RESULT AND DISCUSSION

Following the step-by-step approach outlined earlier,
which involves simulation using SILS and direct hardware
integration through HILS, the rocket flight simulation in this
research was conducted by comparing two control strategies:
PID and MPC. As previously mentioned, the simulated
rocket in this research if there is no interference is assumed
to be ideal and perfectly stable (no roll, pitch and yaw),
designed for an 18-second burnout period with a maximum
speed of up to 4.07 Mach Number (4985.93 km/h). The
stability of a rocket is affected by various factors. Internally,
these factors include the placement and dimensions of the
fins, the center of gravity, rocket mass and the thrust
generated by the rocket. Externally, factors such as drag,
weather conditions and gusts of wind (wind turbulence) can
also impact the rocket's trajectory, causing deviations. The
rear fin primarily serves for stabilization, while the front fin
(canard) facilitates maneuvering. Moreover, misalignment of
the fins during rocket fabrication can lead to unwanted
rolling. The rocket has been engineered to maximize stability,
ensuring minimal rolling throughout its 230-second flight
time.

Therefore, for the purpose of this paper, a spinning
disturbance was intentionally introduced between T+2 and
T+8 during the flight, achieved by triggering a 0.02-degree
deflection of the canard, resulting in the rocket spinning up to
48 degrees. Following T+8 in the flight, the control program
initiates an attempt to halt the roll.

A. Conventional PID Control

Initially, the program to halt the spinning was executed
using conventional PID control methods [55-58], starting
from T+8 and continuing until T+20 during the flight. Under
these conditions, the PID gains were configured as follows:
P=7; I= 0.7; and D= 0.001. The output signal undergoes
testing with two distinct division factors to discern its PID
sensitivity: divided by 5 and divided by 10. The outcomes are
depicted in Fig. 8.

ROLL (DEG)

TIME (SEC)

Fig. 8. Stop spinning using PID control

The PID output divided by 5 (illustrated by the blue line)
exhibits rapid roll increase over time, reaching a peak around
10 seconds (T+10). Subsequently, the OADCS gradually
reduces the roll, ultimately stabilizing it at 0 degrees within
83 seconds. Notably, the graph displays fluctuations between
20 seconds and 83 seconds before reaching 0 degrees. After
83 seconds, the graph fluctuates within negative values,
returning to positive values after 134 seconds (T+134).
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In contrast, the PID output divided by 10 (represented by
the red line) yields a more consistent outcome: even after 132
seconds following the initiation of the control program, the
roll remains considerably distant from 0 degrees. Based on
these findings, it is evident that reducing the division factor
below 5 might expedite the attainment of 0 degrees, albeit
with pronounced oscillations. Such performance in a real
flight scenario could render the rocket unstable and
unsuitable for camera applications. Conversely, increasing
the division factor beyond 10 would significantly prolong the
time required to reach 0 degrees. Consequently, it was
decided not to pursue further iterations and to explore
alternative approaches instead.

B. Model Predictive Control (MPC)

The primary focus of this paper does not center on rocket
modeling. Utilizing a design developed by the aerodynamic
and flight dynamics team, a stable rocket is produced.
Parameters such as rocket dimensions, thrust, fin
configuration, center of gravity, and others are then inputted
into X-Plane according to the guidelines outlined in point
IL.B. Conversely, due to X-Plane's 'black box' nature in this
simulation, lacking a concrete mathematical model, it cannot
be directly applied to real rockets intended for physical flights
in the future. Hence, this paper predominantly highlights
feedback control as a response to the rocket's attitude in X-
Plane within the hardware utilized. Therefore, the model
employed in this Model Predictive Control (MPC) is
deliberately simplified, and even so, the outcomes are still
juxtaposed with those obtained using PID.

Model Predictive Control (MPC) represents a modern
optimal control methodology wherein predictive algorithms
formulate control signals. As its name implies, these output
signals are fine-tuned through optimization, utilizing
forecasts of the plant's state in the subsequent time step. This
leverages the process model to anticipate the future dynamics
of the controlled system [59]-[62]. While MPC typically
necessitates a mathematical model of the system (state-
space), for the purpose of halting the spinning in this paper,
we employ a basic state-space model as an illustrative
example.

x_(k+1)=[093]x_k+[1]uk €))
Vi = [1]x + [0]uy (2)

To validate formulas (1) and (2), we utilized a sample
program built in LabView, namely 'CDX MPC Base Case
with Model Mismatch'. The program employs the following
parameter settings:

e Prediction horizon for the MPC controller parameter set
to 10, with a control horizon of 2.

e Output error weighting set to 0.11528.
e Control action changing weighting adjusted to 10.
e Model gain difference set to 0.172946.

e The closed-loop response is depicted in Fig. 9,
demonstrating a smoother curve with minimal ripple
compared to the default value.

Subsequently, the optimized parameters outlined above
are incorporated into the MPC configuration within the
Rocket Simulation Control, scheduled to activate after T+8
seconds into the flight. The simulation outcome, displayed in
Fig. 10, illustrates the effectiveness of the MPC algorithm in
halting the rocket's spinning motion (green line).

Combining the stop-spinning simulation outcomes using
MPC with the PID results, as depicted in Fig. 10, reveals a
notable contrast. The MPC algorithm swiftly mitigated the
rocket's roll from 48 degrees to 0 degrees within a mere 11
seconds following the activation of MPC control, marking a
remarkable improvement compared to the PID results. This
reduction occurred approximately 12 times faster than with
PID control. Moreover, the MPC maintained the roll at 0
degrees for the remainder of the flight until touchdown at
T+230 seconds.
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Fig. 9. MPC parameter settings and close loop program results
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Fig. 10. OADCS simulation by MPC and PID
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C. Discussion

Both PID and MPC control strategies underwent rigorous
testing in the Hardware In-the-Loop Simulation (HILS),
directly engaging the myRIO hardware slated for flight
testing. This comprehensive testing confirms the efficacy of
the Onboard Attitude Determination and Control System
(OADCS) main controller when implementing MPC,
successfully mitigating.

In the realm of actual rocket development, an accurate
mathematical model is imperative for ensuring that MPC can
adeptly address all rocket attitudes. Hence, conducting
further comprehensive research on potential rocket models,
possibly developed using Matlab/Simulink and integrated
with MPC in Labview, followed by validation through direct
flight tests, gain significance and leading to novel challenges
on the future. At the very least, in this research, MPC has
been successfully embedded in the OADCS main processor
by utilizing NI myRIO, demonstrating its capability to
effectively mitigate the rocket's rotation according to the
mission in this research.

Iv. CONCLUSION

The implementation of rocket Onboard Attitude
Determination and Control System (OADCS) for single-
stage rocket management using NI myRIO as the main
controller has demonstrated its ability to effectively address
all demands of the rocket's avionic and flight control system.
Through the developmental phases, including Software in the
Loop simulation (SILS) and Hardware in the Loop simulation
(HILS), significant progress has been made toward achieving
OADCS objectives. These simulations have also streamlined
to the pre-launch development of sounding rocket. In this
research, the performance of MPC significantly surpassed
that of the PID controller, achieving almost a 12-fold
improvement in stopping the rocket's spinning motion.
Furthermore, our discoveries affirm that the OADCS
simulation, employing the MPC control scheme, effectively
halts the rocket's rotational movement promptly and sustains
stability until touchdown, thereby validating the
comprehensive suitability of the software and hardware
development of the OADCS for rocket camera payload
applications, ensuring continuous earth-facing orientation.
Moving forward, this research has the potential for
advancement by utilizing Matlab/Simulink as the provider for
the rocket model instead of X-Plane. This would involve
integrating Matlab/Simulink with the OADCS, which is
equipped with MPC in Labview, along with all sensors,
peripherals, power management, and data communication
systems. Such integration aims to yield more realistic
outcomes for missions involving the utilization of cameras on
real rockets.
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