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Abstract

The success of a research is highly dependent on the method adopted, especially research related to dangerous and expensive
matters which will certainly require special handling in the development or maintenance steps. One of them is research related
to space technology such as aviation and rocketry technology which is very dependent on the design model of the flying vehicle
and in general will always use simulation to ensure that the entire system being built is carried out safely and can be
implemented properly according to plan. In the development of the flying vehicle prototype, especially the development of the
avionics and flight control system, the vehicle will go through sequential simulation steps from Software in the Loop Simulation
(SILS), Hardware in the Loop Simulation (HILS), and Ready to Fly System (RTFS). In this paper, the simulation steps will be
described with the intention of facilitating integration and testing of each sub-system being developed, testing the control
strategy applied or eliminating bugs if something goes wrong. And in the end, with a series of flying vehicle simulations, it can

be developed quickly, cost-effectively, including saving human resources.

Keywords: software in the loop simulation (SILS); hardware in the loop simulation (HILS); ready to fly system (RTFS)

1. Introduction

The success of a research is highly dependent on the
method adopted in completing the research. In
particular, research related to dangerous matters such as
nuclear will certainly require special handling in the
development, management and maintenance steps, as
was done in the case study of the Democratic Republic
of the Congo [1], about prevention and management of
risks related to radiological and nuclear materials. In
addition, expensive research also often requires indirect
simulation before entering the actual development step.
One of them is that research related to space technology
such as aviation and rocketry will always require the use
of a model or simulation to ensure that the entire system
to be built is categorized as safe and can be
implemented properly according to plan. This has been
widely used in dynamic modeling of sounding rockets
related to wind compensation method [2], or in research
related to modeling the performance, numerical and
experimental anaylsis of liquid rocket motors [3], [4].
Therefore, the development step of a technology related
to Unmanned Aerial Vehicle (UAV) or rocketry must

be developed by simulation in steps up to a prototype or
even success in its flight test. In addition, support for
the development environment / software environment
such as simulation rockets developed using open-source
software for rocket motors made from sugar composite
propellant to measure apogee [5], as well as the
hardware used will be very decisive in the simulation
step and its implementation directly on the hardware
used, as the author himself has done in developing an
autopilot system for UAVs using optimal flight control
system [6].

The development of a flying vehicle such as a UAV or
rocket is built from many scientific fields, such as
aerodynamics, flight dynamics, materials & structures,
propulsion, mechanics & electronics, and others. For
example, KAIST (Korea Advance Institute of Science
and Technology) is in the development of a hybrid
rocket, involving several other companies that are
experts in their field. KAIST Satellite Technology
Research Center itself develops the non-pyrotechnic
recovery system, while the company Naraspace
Technology develops the avionics part of the rocket [7].
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Therefore, it would be a very fatal mistake, when the
development of the vehicle's avionics and flight control
system was carried out in a hurry. This will raise the
level of danger that arises when there is a malfunction
or failure in software or hardware of the vehicle being
developed.

As one example of the flying vehicle discussed in this
paper is the rocket, which is a flying vehicle that moves
6 Degree of Freedom (DOF), meaning that all
translational and rotational motion of the rocket is a
critical point that can result in flight failure if an error
occurs in the sensor reading or program in the rocket
system. This 6DOF condition becomes a reference to
the use of appropriate control strategies in maneuvering
a flying vehicle such as the development of guidance
and control of 2ndstage missile using proportional and
navigation approach [8]. Especially in the development
of a flight control system (FCS) on a guided-missiles, it
is not possible to develop it directly in a flight test, but
must be carried out in steps and completed in a
simulation first. In this research, efforts have been made
in order to achieve success and safety in the
development of a rocket, by conducting simulation
steps that guiding research to be carried out step by step
in order to cut time, costs and human resources.
Hopefully, the sequences and simulations that involve
software, hardware in this paper can become a role in
the development of a flying vehicle, UAV or rocket.

2. Research Methods

In the development of each rocket subsystem, an in-
depth study of the components of the rocket must be
carried out. Simulation is the most important part to
show that each of the sub-systems developed has passed
the ground test through the techniques and tests that
should be carried out. Furthermore, it is also necessary
to carry out integrated testing of all sub-systems, to
ensure that the relationship between the sub-systems is
running well, and that all flight test preparation
procedures have been carried out. This means that the
test parameters in the sub-system and integrated test
scale must be met and in accordance with the planned
parameters. Especially in the development of multi-
stage or guided rockets, it is necessary to add step by
step procedural testing of events that occur during the
flight test later. These testing stages can be carried out
by developing self-made test simulation software or
using simulation software that is already on the market,
such as design, analysis and simulation of a Single
Stage Rocket (Launch Vehicle) using RockSim
software [9].

In developing a rocket avionics system (RAS) and flight
control system (FCS) from a ballistic missile or guided
missile, it must be developed in steps, connected to
flight parameters and mechanical structural conditions
by carrying out several simulation sequences: Software

in the Loop Simulation (SILS); Hardware in the Loop
Simulation (HILS); Ready to Fly System (RTFS); and
Integrated Rocket Test System (IRTS).

Domestic rocket development is fully carried out by
BRIN, National Research and Innovation Agency of
Indonesia (formerly LAPAN, Indonesian National
Institute of Aeronautics and Space) which also adheres
to this method for the avionics and flight controls of the
rocket. However, actually the science of rocket
development consists of many lines of science, from
aerodynamics,  structure, chemistry, mechanics,
electronics and others. BRIN is collaborating with all
relevant research institutions, universities and the
defense industry to jointly develop this rocket to
increase  national resilience and technological
independence, especially rocket technology.

3. Results and Discussions

Before carrying out the simulation steps, it is necessary
to collect all the requirements specifications and
variables that accompany the development of a rocket
or guided missile. Dimensions, aerodynamic variables
and the position of the moving fin (canard) as well as
the control strategy to be used, must be known from the
outset and ready to be involved in the simulation later.

3.1. Software in the Loop Simulation System (SILS)

This SILS is an initial stage that is developed from a
whole series of simulations until the rocket is ready to
launch, as illustrated in the block diagram of Figure 1
(a). The data required at this step is the result of the
design in the form of the dimensions of the rocket and
all of its specifications, such as thrust, burning time,
launch angle, flight time, speed, apogee, down range
and others. For the initial stage of this simulation, it is
assumed that the rocket will only launch ballistically
without being controlled first. At this step, 2 computers
are needed that are connected using the User Datagram
Protocol (UDP) to communicate with each other
(Figure 1 (b)).

The dynamic computer, which functions as a flight
simulator, uses the X-Plane software as a means of
simulating the movement of the entire rocket during
flight. This dynamic computer will show a detailed
view of the rocket's flight dynamics (attitude) and flight
visualization of the surrounding environment in real
time. This will make it easier for researchers or non-
researchers to understand rocket motion and analyze it
for subsequent developments [10]. This X-Plane
software is also equipped with facilities for making
visual models of rockets using the X-Plane Maker. With
it, you can make adjustments to the dimensions of the
fuselage, fixed fins and rocket canards, engine
propulsion settings, control geometry, weights and
balances (Figure 2 (a)), according to the design of the
rocket being developed. The rocket design can be
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implemented in detail in this visual model, so that later
it can produce rocket performance according to the
calculations in the predictions. The use of X-Plane as a
flight simulator has also been carried out in the
development of rocket simulations as in the article on
analysis ballistic flight and Design of Control System
RKX-200TJ Booster [11].

Monitoring

—

UDP

X-Plane
Flight Sim

Q
SlLo
—

Control

Dynamic
Computer

Monitoring
Computer

(a) SILS block diagram

(b) Implementation of SILS

Figure 1. Software in the Loop Simulation System

However, in this case, the X-Plane is analogous to a
black box system which provides output in the form of
attitude and position data, and receives input in the form
of engine throttle data to produce thrust according to the
actual rocket propulsion static test results, as shown in
Figure 2. (b). The X-Plane as black box system needs
attention in future studies. Because the state space
model of the rocket's mathematical prediction results is
definitely not the same as the mathematical model
produced by X-Plane, so the control strategy applied to
it will not be the same as the original rocket later. At
least in the process of using the X-Plane as a flight
simulator, in the early steps of implementing strategy
control such as the Model Predictive Control (MPC),
you can see its responsiveness in controlling the pitch
and yaw of the rocket flying at super-sonic speed.

Attitude and position data are sent via UDP to a
monitoring computer developed using Labview
software. So that the close loop communication
between the dynamic computer and the monitoring
computer can be utilized other than as a rocket avionics
system (RAS), it can also be developed into a rocket
flight control system (FCS) in trajectory correction
missions and even to maneuver rockets in achieving

targets like on guided missile. With another method, X-
Plane as a generator of attitude data and rocket flight
position can be replaced with Matlab. An example of
cooperation between Matlab and Labview in the
development of a simulation system has been carried
out in the development of swing-tracking sliding mode
controller design [12].

Figure 2 (b) illustrates that the rocket's conditions from
launch until touch down again to land or sea in real time
in the form of a display of flight coordinates, also the
data of altitude, range, thrust, acceleration and speed of
the rocket. All of rocket flight data from X-Plane is
displayed in chart form to facilitate analysis and
improvement for further development.

(a) Rocket design using X-Plane Maker

Main Menitoring | MPC | MPC Surming |

f
H

RX-200TC
SIMULATION
CONTROL

§ §EiGEGNEaE

(b) Simulation results monitoring

Figure 2. Rocket visualization model and simulation monitoring
system

3.2. Hardware in the Loop Simulation System (HILS)

The next step after SILS is HILS, namely the
involvement of main controller hardware that will be
used as an avionics and flight control system of the
rocket's itself into the simulation. This means that the
entire process that was previously carried out by the
monitoring computer is transferred to the main
controller of the rocket to ensure that all sensor readings
by the avionics system can be handled properly. As well
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as the application of control strategies of conventional
control strategies such as PID and optimal control
strategies such as Model Predictive Control, Fuzzy
Logic [13], Adaptive Sliding Mode [14] or Robust
Control can be maximally processed in the real main
controller.

In this HILS, the controller computer communicates
with the main controller using shared memory provided
by Labview as development software in this research,
as illustrated in the block diagram of Figure 3 (a). In this
research, the National Instrument product, NI myRIO-
1950 was used as the main controller for the rocket,
because it was sufficient to fulfill the number of 1/0,
analog input, control signals using PWM (Pulse Width
Modulation), TTL serial communication and
communication using other protocols such as 1,C or
SPI. The most interesting specification of myRI10-1950
as main controller is the use of a Xilinx Z-7010 Field
Programmable Gate Array (FPGA) with a processor
speed of 667 MHz, 512MB of nonvolatile memory and
256MB of DDR3 memory. So that it can process a type
of control strategy that is quite complicated and heavy,
such as the optimal control strategy above. This HILS
implementation is as illustrated in Figure 3 (b) which
connects 3 computer units and the main controller
rocket hardware that will be used later.

Control

OBFCS
myRIO

UDP
£l BN

Controller
Computer

Monitoring

X-Plane
Flight Sim

Dynamic
Computer

Monitoring
Computer

(a) HILS block diagram

(b) Implementation of HILS
Figure 3. Hardware in the Loop Simulation System

The HILS method is used by combining high
performance computers [15], [16] to produce detailed
and real time simulations to implementation of system
and control software. Or also applied to the design and
validation of rocket control systems [17] and attitude
control systems [18],[19]. Including, the author also
applies this HILS in controlling the FPV-2600 UAV

using optimal flight strategy control [6] before the
actual flight test.

3.3. Ready to Fly System (RTFS)

After successfully reaching the HILS step, it means that
the simulation phase has been completed, and entering
the RTFS step, where the main controller is ready to be
integrated with other sub-modules such as the Inertial
Navigation System (INS), Power Management System
(PMS), Actuator Control System (ACS) and Data
Communication System (DatComS) to become a
complete ready-to-launch rocket system. Similar efforts
have been made by the authors with system
development from simulation to flight test using UAVs
[20], [21]. In this RTFS step, the rocket avionics system
has been able to communicate with the Ground Control
System (GCS) and display all attitudes and rocket
positions on the GCS monitoring display in real time.
And if later this rocket is intended as a ballistic missile
or guided missile, this RTFS step must also function all
canard fins to respond with the attitude of the rocket in
the form of pitch up or pitch down action and also head
right or left or even a couple of the two types of
movement. This means that the implementation of an
automatic or periodic control strategy based on flight
sequence time is already embedded in the main
controller, as shown in Figure 4 which shows the RAS
and FCS rockets have been integrated and connected by
wiring between subsystems to each other and are ready
to be launched.

Figure 4. Ready to Fly System

In addition to laboratory-scale testing at this RTFS step,
usually RAS and FCS rockets are also tested in their
flying environment conditions. Namely shock test,
vibration test, antenna testing in the anechoic chamber,
distance test to ensure the radio telemetry function and
many other tests required before the flight test so that
the rocket development is successful.

3.4. Integrated Rocket Test System (IRTS)

This system is used to test laboratory-scale rocket
avionics and flight control systems, before the rocket is
launched. Tests using this system are carried out
thoroughly related to the readiness of the rocket in a
procedural step before the launch, techniques for
releasing the umbilical connector (UC), communication
with the GCS and communication links with the
dynamic computer in integrated simulations and others.
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A more detailed review of IRTS will be presented in a
separate paper.

In general, this IRTS is divided into 2 parts, namely
IRTS-F (front) which is in direct contact with the rocket
before it is launched through the umbilical connector,
which is only 20 m from the launcher. Furthermore,
from IRTS-F, the rocket data is relayed directly to
IRTS-M (monitoring) and displays the condition of the
rocket before flying to determine Go or No Go. For
safety purposes, the distance between IRTS-F and
IRTS-M is at least 200 m or more and they are
connected wirelessly at the 5.8 GHz frequency. IRTS-F
provides an external power supply sourced from the
Programmable Power Supply (PPS) to replace the
internal LiPo battery inside the rocket during testing or
before launching which is channeled through the UC.
And through IRTS-M too, UC can be released
wirelessly from the rocket before it is launched.

_@_ PMS

DatComS —— HEEeS

Flight Sim
| uop

Monitonng

LS
LS

Monitoring
Computer

OBFCS

!

Controller ACS

Computer

(a) IRTS block diagram

(b) IRTS hardware

Figure 5. Integrated Rocket Test System

The development of rocket avionics and flight control
systems, IRTS and GCS was carried out using the same
software, namely Labview. With the similarity of the
program, communication and interfacing between
modules can be carried out in steps, quickly and safely.
Meanwhile, the use of X-Plane as a flight simulator can
also be replaced with other similar software such as
Microsoft Simulator, Flight Gear and others, or it can
even be communicated with Matlab using the same
UDP protocol.

A series of simulations involving software and
hardware from the SILS, HILS and RTFS stages as well
as testing using IRTS will greatly assist research in data
communication between sub-systems as well as testing
the right control strategy as a flight control system for
the vehicle being developed. These simulations in
software will be tested for feedback in a close loop
simulation and implemented directly on the hardware
system.

4, Conclusion

The development of rocket avionics and flight control
systems or other flying vehicles such as airplanes or
UAVs can be carried out in stages using the SILS, HILS
methods up to the ready-to-fly RFTS stage. This step
has been implemented quickly and provides confidence
in the readiness of the system safely before flying. This
research can be carried out further by replacing the X-
Plane flight simulator using Matlab Simulink so that the
models created and controlled have the same
mathematical models, so that the controls applied will
be more accurate.

Acknowledgment

This research was funded by a grant from Government
of Republic of Indonesia through the Indonesian
Advanced Research and Innovation Program Batch 1
Year 2022, title the Two Stage Sonda Rocket
Technology Dissemination for the Development of the
RHAN 450 Defence Rocket 100 KM Flying Range
(Grant  No. B-808/I.7.5/FR/6/2022 and B-
9546/111.1/KS.00.00/6/2022). | would also like to thank
my colleagues in Rocket Avionics System Program at
Research Center for Rocket Technology, ORPA, BRIN
and Cohort4 of Doctoral Program of Defense
University of Republic Indonesia for their help both
directly and indirectly.

References

[1] S.N.Kilo and P. H. Nyazungu, “Prevention and Management
of Risks Related to Radiological and Nuclear Materials under
International Nuclear Law: Case Study of the Democratic
Republic of Congo,” Open J. Soc. Sci., vol. 9, no. 4, pp. 380—
412, 2021, doi: https://doi.org/10.4236/jss.2021.94029.

[2] W.Peng, Q. Zhang, T. Yang, and Z. Feng, “A high-precision
dynamic model of a sounding rocket and rapid wind
compensation method research,” Adv. Mech. Eng., vol. 9, no.
7, p. 1687814017713944, Jul. 2017, doi:
10.1177/1687814017713944.

[3]1 M. Naderi, H. Karimi, and L. Guozhu, “Modeling the effect of
reusability on the performance of an existing LPRE,” Acta
Astronaut., vol. 181, pp. 201-216, 2021, doi:
https://doi.org/10.1016/j.actaastro.2020.12.001.

[4] P. Sai Teja, B. Sudhakar, A. D. Dhass, R. Krishna, and M.
Sreenivasan, “Numerical and experimental analysis of
hydroxyl-terminated poly-butadiene solid rocket motor by
using ANSYS,” Mater. Today Proc., vol. 33, pp. 308-314,
2020, doi: https://doi.org/10.1016/j.matpr.2020.04.097.

[5] P. lguniwei, M. Y’au, and S. Okeniyi, “Apogee Measurement
of a Polyvinyl Chloride Rocket Using a Sugar Composite

DOI: https://doi.org/10.29207/resti.v7i4. 4953
Lisensi: Creative Commons Attribution 4.0 International (CC BY 4.0)

795



Herma Yudhi Irwanto, Purnomo Yusgiantoro, Zainal Abidin S., Romie O. Bura
Aris Sarjito, Oka Sudiana, Faisa Lailiyul M
Jurnal RESTI (Rekayasa Sistem dan Teknologi Informasi) Vol.7 No. 4 (2023)

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Propellant and Open Source Computer Rocket Simulation
Software,” Int. J. Sci. Eng. Appl., vol. 7, pp. 303-306, Sep.
2018, doi: 10.7753/1JSEA0709.1011.

H. Y. Irwanto, I. E. Putro, and Saeri, “HILS of FPV-2600 UAV
using MyRI0O-1950 as Optimal Flight Control System,” Int. J.
Adv. Sci. Eng. Inf. Technol., vol. 11, no. 5, pp. 1780-1786,
2021, doi: http://dx.doi.org/10.18517/ijaseit.11.5.11919.

Y. Yun, J. Seo, K. Park, J. Huh, J. Lim, and S. Kwon,
“Integration validation of key components for small sounding
rockets,” Aerosp. Sci. Technol., vol. 100, p. 105823, 2020, doi:
https://doi.org/10.1016/j.ast.2020.105823.

R. A. Dubhri, “Guidance and control of 2nd stage RKX-200EB
missile using proportional navigation approach,” 2020, doi:
https://doi.org/10.1063/5.0060045.

B. L. Okoli, O. S. Sholiyi, and R. O. Durojaye, “Design,
Analysis and Simulation of a Single Stage Rocket (Launch
Vehicle) Using RockSim,” Int. J. Sci. Eng. Appl., vol. 10, no.
4, pp. 34-39, 2021, doi: 10.7753/IJSEA1004.1002.

F. M. Cantri, M. H. Bisri, and H. Y. Irwanto, “Realtime
Simulation for Rocket Using Visual Programming,” in 2022
IEEE 8th Information Technology International Seminar
(ITI1S), 2022, pp. 150-155, doi:
10.1109/IT1S57155.2022.10010182.

H. Haqq, “Analysis Ballistic Flight and Design of Control
System RKX200TJ/Booster at Rocket Booster and Climb
Phases,” J. Teknol. Dirgant., vol. 18, no. 2, pp. 169-178, 2020,
doi: http://dx.doi.org/10.30536/j.jtd.2020.v18.a3438.

A. Sabah Al-Araji, “Development of a Swing-Tracking Sliding
Mode Controller Design for Nonlinear Inverted Pendulum
System via Bees-Slice Genetic Algorithm,” Eng. Technol. J.,
vol. 34, no. 15 pp. 2897-2910, 2016, doi:
10.30684/etj.34.15A.11.

R. Sumathi and M. Usha, “Pitch and Yaw Attitude Control of
a Rocket Engine Using Hybrid Fuzzy- PID Controller,” Open
Autom. Control Syst. J., vol. 6, pp. 29-39, 2014.

H. Li, Y. Zhang, X. Liu, and J. Zhang, “Control System Design
for Guided Rocket Base on Adaptive Sliding Mode Control,”

[15]

[16]

[17]

(18]

(19]

[20]

[21]

in 2020 IEEE International Conference on Information
Technology,Big Data and Artificial Intelligence (ICIBA),
2020, vol. 1, pp. 1462-1465, doi:
10.1109/ICIBA50161.2020.9276913.

Y. Shi, Y. Cheng, and Y. Gao, “A New Generation of
Hardware-in-the-loop Simulation Technology Combined with
High-performance Computers and Digital Twins,” J. Phys.
Conf. Ser., vol. 2218, no. 1, p. 12032, 2022, doi: 10.1088/1742-
6596/2218/1/012032.

P. Sarhadi and S. Yousefpour, “State of the art: hardware in the
loop modeling and simulation with its applications in design,
development and implementation of system and control
software,” Int. J. Dyn. Control, vol. 3, Jan. 2014, doi:
10.1007/s40435-014-0108-3.

T. Li, A. M. Esteban, and S. Zhang, “Enhanced disturbance
rejection control based test rocket control system design and
validation,” ISA Trans., vol. 84, pp. 31-42, 2019, doi:
https://doi.org/10.1016/j.isatra.2018.08.023.

X. Fan, X. Bai, Z. Jiang, L. Liu, and S. Zhang, “Design and
Verification of Attitude Control System for a Boost-Glide
Rocket,” IEEE Access, vol. 9, pp. 136360-136372, 2021, doi:
10.1109/ACCESS.2021.3117704.

Y. Gao, J. Wang, S. Gao, and J. Ding, “A General Integrated
Design and Control Strategy Considering  System
Decomposition With Application to a Rocket Flight Attitude
Control System,” IEEE/ASME Trans. Mechatronics, vol. 25,
no. 6, . 2657-2666, 2020, doi:
10.1109/TMECH.2020.2987853.
H. Y. Irwanto, “Development of autonomous controller system
of high speed UAV from simulation to ready to fly condition,”
J. Phys. Conf. Ser., vol. 962, no. 1, p. 12015, 2018, doi:
10.1088/1742-6596/962/1/012015.

H. Y. Irwanto and E. Artono, “Correlation of Hardware in the
Loop Simulation (HILS) and real control vehicle flight test for
reducing flight failures,” J. Phys. Conf. Ser., vol. 1130, no. 1,
p. 12014, 2018, doi: 10.1088/1742-6596/1130/1/012014.

DOI: https://doi.org/10.29207/resti.v7i4. 4953
Lisensi: Creative Commons Attribution 4.0 International (CC BY 4.0)

796



