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ABSTRACT 
 
 

Reducing rocket launch costs has a huge impact on our society, mainly by reducing 
the cost of satellites positioning and geolocation technologies. One way to reduce this 
cost is to have more efficient and robust launch control systems and more low-cost 
studies projects that can test different control approaches and help spread the 
knowledge needed to understand the industry challenges. To do that, this project 
studies a gain scheduling approach based on LQR technique to control a vertical 
launch model rocket. 
 
To validate the system before the launch, several simulations were run using Matlab, 
Simulink, OpenRocket and Autocad CFD. After the system was validated, the control 
technology was incorporated into a rocket model and field tested.  
 
The results in the simulated tests were very promising, reaching a reduction of the 
attitude angle error of 99.2%. For the real launch the results were not as promising, 
and technical difficulties in the ignition system prevented optimal testing of the control 
system. However, the test platform itself was validated, having a flight as expected for 
the case without on-board electronics, and for the case with the electronics assembled, 
the collection of data demonstrated the system's control capacity. 
 
A technique that combines LQR with gain scheduling has shown to be very promising 
to improve the effectiveness of rocket launching, however it is worth mentioning that 
this type of technique requires a minimally in-depth study of the system dynamics. For 
the physical launch system some improvements need to be made, the system needs 
to be lighter and have more power to perform flights that can actually be significant for 
the control tests, in addition to improving the reliability of the ignition system with 3 
engines in cluster. 
 
 
 
Keywords: Gain Scheduling. Attitude Rocket Control System. Simulink. Arduino. 
Rocket Physical Modeling. 
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1 Introduction 

The aerospace industry has grown rapidly due private sector investments 

in the last decade and an important issue that arises in this scenario is to reduce 

spending on launching with controlling rockets, as shown by Jones (2018), the 

approximate launch cost in USD for a Nasa Space Shuttle (1981) was $61,700/Kg, for 

Ariane 5G Rocket (1996) was $13,100/kg  and more recently for SpaceX Falcon 9 

(2010) $2,700/Kg, revealing a trend of a exponential cost reduction in the sector. As 

Petrov (1977) shown, the control system has a fundamental impact on energy 

efficiency due to a large expenditure of energy to put the rocket at the right angle for 

the mission. Bearing  this  in  mind  and  as  a  way  to  participate  in  this  technical-

scientific  crash, the development of a robust control system to correct the rocket's 

trajectory has an enormous value. 

 

 

2 Methodology 

The dynamics involved in a rocket launch is highly complex, validating the 

effectiveness of a control system only with numerical simulation cannot be ideal. 

Therefore, a miniature prototype of a rocket was developed to be a physical test 

platform. The prototype has onboard electronics to change the positioning of the 

canards according to closed-loop control system that uses MPU5060 ,accelerometer 

and gyroscope sensor, to measure how this variation changes the rocket's attack 

angle. 

 

 

 

 

 

         Figure 1. Nasa’s definition of Attack angles.  

Source: https://www.grc.nasa.gov/www/k-12/rocket/rotations.html (2021) 

https://www.grc.nasa.gov/www/k-12/rocket/rotations.html
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The angles that were analyzed was Pitch and Yaw, excluding  Roll because 

it has little impact on the trajectory, see Figure 1. To design the control system, due 

the cost and risk involved in real launching, a simplified physical model that uses real 

values of the prototype previously measured or simulated with Autodesk CFD or 

OpenRocket was adopted. A dynamics simulation and system control was 

development using Matlab's Simulink tool. 

Once the simulated results were promising, the system was taken for testing 

on the physical platform in the field as a way to validate the model and the control 

system. 

 

3 Rocket Design Evolution 

3.1 Proof of Concept 

A primary proof of concept for the prototype rocket was used, together with 

a simple stabilizer platform shown below, in Figure 2. The Arduino-based system uses 

MPU5060 sensor to track the angles and 4 servo motors to try to correct the platform 

tilt. As a test, small disturbances were generated with pushes. With a simple PID 

control approach the system seemed coherent and the angle measure was realistic to 

indicate that electronic design was promising for the project.   

 

 

 

 

 

 

 

Figure 2. Stabilizer platform test. 
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3.2 Structural Design 

The main part of the structural project is the nose cone, where the 

electronics and control fins were fixed. At first moment, a large diameter was designed 

for the nose cone as we can see in Figure 3. That is because the Arduino fixation is 

easier that way. As we will see in the sequel, mass is a big issue for this kind of system. 

So the structural design was optimized to be as lighter as possible. Our system uses 

an Arduino Uno like controller  board called BlackBoard by Robocore. It has the same 

measure that original Arduino. Therefore the design was modified to have a diameter 

close to 53 mm.  

 

 

 

 

 

Figure 3. First nose cone design. 

The first assembly, Figure 4, was made in Autodesk Inventor software. The 

idea was to use carbon-fiber for the structural material, because it is a widely used 

material in the aerospace industry, because it is light and also because of our previous 

experience with this material.  

 

 

 

 

 

Figure 4. Carbon-Fiber based design. 
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As a test for the manufacturing process, the nose cone was made with carbon-

fiber, Figure 5. The results were not promising, as the surface of the piece had many 

imperfections and weak spots, making it impossible to assemble the electronics. 

Moreover, the process was very expensive and laborious. So just the fins and canards, 

as these geometries are simpler, be kept with the material intended. 

 

 

 

 

Figure 5. Nose cone carbon-fiber based result 

For the body the material chosen was cardboard, more specifically a postal tube 

with dimensions of 60mm X 600mm, because it is cheap, accessible, easy to work 

with, it is light and the dimensions was compatible with whole project. For the nose 

Polyethylene terephthalate was chosen, as this kind of material is present in common 

plastic bottles that already have enough aerodynamic shape for the nose cone. Figure 

6 shows the first design assembled. Some issues were identified, as the difficult to 

guarantee the perfect angulation of canards and onboard electronic fixation, 

considering the aerodynamic these elements have to be perfect symmetrical and easily 

aligned. 

 

 

 

 

 

 

Figure 6. First version assembled system. 
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To solve these problems that emerged in the first assembly, 3D printing 

technology was employed, as it was easier to fabricate intricated and complex parts 

with a sufficient precision considering the equipment's limitations. Another fundamental 

part of the system is the engine fitting part. From our simulations we have an idea of 

the final mass, which is approximately 0.6 Kg. In order to use commercial engines for 

rocket models, we will need at less 3 engines to have thrust enough to make the rocket 

fly, so 3D print parts were used for the engine support too, Figure 7.  

 

 

 

 

Figure 7. Assembly with 3D print parts. 

3.3 Canards and Fins Design. 

For the design of fins and canards, the proportions studied by ALLEN (2001) 

were used, where experimental data of aerodynamic coefficients are presented. As a 

first drawing, we considered the proportions studied for Mach = 0.6. However, for this 

project some changes were necessary, so to validate the adaptations were used 

simulations that will be shown in section 4.2. In Figure 8 we can see the final 

dimensions. 

 

 

 

 

Figure 8. Canards and Fins final dimensions. 



13 

3.4 Onboard System 

The core of the onboard system is a board based on Arduino called 

BlackBoard Uno - v1.0 Figure 9, that uses an NCP1117 regulator to supply 5V to the 

circuit together with the FTDI converter, instead of Arduino Uno's ATmega16U2 

converter, the board achieved better performance for delivery current. With that 

performance the system does not need an external alimentation, or an external voltage 

regulator, that is normally needed to drive the servo motors, making the hole system 

light and simple.  

 

 

 

 

Figure 9. BlackBoard Uno - v1.0 

The system needs a battery that can deliver enough peak current to drive 

the 4 servo motors at the same time. As the servo motor chosen was model SG90, the 

maximum current per motor is 250 mA. So, for 4 servo motor the battery need to 

delivery 4 x 250 mA, 1A of peck current. The battery chosen was a 7.4 V Li-Ion Battery, 

Figure 10, with maximum discharge current of 2.0 A, and  total capacity of 2600 mAh 

or 2,6 h in operation with maximum current required, more than enough for flight tests 

of approximately 10 seconds. 

 

 

 

 

Figure 10. 7.4 V Li-Ion Battery 
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The schematic with all the compounds is presented in Figure 11. The sensor 

used was a MPU6050, the data was collect to a Micro SD card using a Micro SDcard 

Module, all the compounds was assembled in a Robocore shield, Figure 12. 

 

 

 

 

 

 

 

 

    Figure 11. Schematic of the connections between the components of the circuit 

 

 

 

 

 

 

Figure 12. Routed shield for the compounds  

The final onboard system assembled, Figure 13,  uses the 3D print structure 

to position all the 4 servo motors and the sensor in the right angle for the project. 
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Figure 13. Final onboard system assembled  

3.5 Engine Sizing Process 

Once an estimate of the rocket's final mass was computed with OpenRocket 

software, it was possible to start sizing the engines. The two category chosen was B6-

4, Figure 14,  and C6-5. As Marchi, C. H. (2010) show, the first letter is thrust category, 

the fist number is the average thrust and the last number is the time do explode the 

parachute  charge. The estimated mass is 0.6 kg, the B category give us approximately 

12 N of maximum thrust and the C category 15 N, using 3 of them, we have for B6-4 

36 N of maximum thrust with average 18 N, and for C6-5, 45 N of maximum thrust and 

average of 18 N. The Figure 15 shows the characteristic curve for a commercial model 

rocket engine. All engines were supplied by the project sponsor, Bandeirantes 

company. 

 

 

 

 

 

 

                  Figure 14. B6-4 model rocket engines from BANDEIRANTES  
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Figure 15. Thrust Force curve of a C6-5 model rocket engine. 

3.6 Final Design 

The final design of the rocket underwent one last change. Due to the 

excessive mass of the electronics, approximately 0.160 Kg, the center of mass was 

too far from the geometric center. To solve that, the electronics were repositioned in a 

new short cylinder now separate the nose cone for the control system, Figure 16. All 

the blueprints of the project are available in the attachments section.  

 

 

 

 

 

Figure 16. Final Inventor Simulated Assembly  

To lauch this rocket, three more devices are necessary. First the parachute, 

made with a garbage bag, with 90 cm of diameter can carry approximately 332g, more 

than twice the mass of the onboard system. The parachute is opened when the 

remaining charge from the engines is activated, once airborne it uses the air drop 

resistance to stop the acceleration and thus reduce potential damage to the rocket's 

control systems. 
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Second the ignition system, Figure 17, that was designed to use for 9V 

common batteries, but as some launches failed the battery was replaced by a 

motorcycle battery with 12V and 1.5 Ah. 

 

 

 

 

Figure 17. Ignition System  

The other necessary device is the launch platform. A simple one was made 

using PVC tubes putting the rocket in an angle of 80 degrees. The rocket was named 

as Outlier,  the final version with the launch platform is shown in Figure 18. 

 

 

 

 

 

 

 

         Figure 18. The Rocket Prototype named Outlier in its launch platform. 

 

4 Physical Modeling 

4.1 Differential Equations 

To study the dynamics of the model rocket a physical model compatible with 

the launch vehicle need to be developed. Figure 29 shows a simple model of the forces 
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that are relevant for rocket, assuming a simple model with small angles based on Wie 

(2008) work,  and not considering the wind velocity, as the difficult to measure this in 

real test. 

 

 

 

 

 

 

 

 

 

 

 

       Figure 19. A one angle simplified model of a controlled canard configuration rocket.  

Now equating the rocket forces and assuming that for small angles we have 

𝑠𝑖𝑛 𝜃 ≈ 𝜃 and 𝑐𝑜𝑠 𝜃 ≈ 1 –
𝜃

2
≈  1  as a result of taking the first terms of the Taylor 

expansion about 0.  

Thus for the forces, using newton's first law: 

𝑚
ⅆ𝑉

ⅆ𝑡
= (𝑇 − 𝐷) − 𝑚𝑔                                     (1) 

𝑚
ⅆ2𝑍

ⅆ𝑡2
= −(𝑇 − 𝐷)𝜃 − 𝑁𝛼 + 𝐴𝛿                      (2) 

ⅆ2𝜃

ⅆ𝑡2
= 𝑀𝛼𝛼 +𝑀𝛿𝛿                                          (3) 

V 

X 

Z 

x 

D 

mg 

T 

𝛿 

𝜃 
𝛾 

N 

A 

Cp 

Cg 

𝛼 
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Where    𝛼 = 𝜃 + 𝛾                                                   (4) 

And  𝛾 =
𝑍̇

𝑉
                                                  (5) 

 Where A = 
1

2
𝜌𝑉2𝐴𝑐𝐶𝑐 and N = 

1

2
𝜌𝑉2𝐴𝑓𝐶𝑓, V is the rocket velocity, that will 

change with temporal dependency, as it will become clearer in the section 4.2, m is the 

rocket mass 0.6 kg, g is gravitational acceleration approximately 9.81 m/s², T is 

average thrust, as was chosen for the system 3 C6-5 engines, approximately 18 N, D 

is the drag force, 𝑀𝛼 and  𝑀𝛿 are the aerodynamics coefficients defined as below. 

 

𝑀𝛼 =
𝑥𝐶𝑃
𝐼𝑦

1

2
𝜌𝑉2𝐴𝑓𝐶𝑓     (6) 

 𝑎𝑛𝑑  𝑀𝛿 =
𝑥𝑎
𝐼𝑦

1

2
𝜌𝑉2𝐴𝑐𝐶𝑐    (7)  

 

Where 𝐴𝑓 = 450𝑥10−4 𝑚2 is the superficial area,  𝐶𝑓  =  0.85  is its axial drag 

coefficient, similarly 𝐴𝑐 = 30𝑥10−4 𝑚2  𝑎𝑛𝑑 𝐶𝑐 =  0.33 for the canards. 𝐼𝑦 is longitudinal 

moment of inertia and assuming ρ ≈ 1,2 kg/m for air density.  

4.2 Aerodynamics Simulation  

To find the values shown above two simulations was necessary, first using 

OpenRocket, Niskanen (2013), was estimated the aerodynamics characteristics of a 

generic rocket with the same weight, dimensions and compounds as shown in Figure 

21. With the simulation all the rocket trajectory can be observed, the program also 

returns very accurate estimative to Cp (pressure center), Cg (gravity center),  

𝐼𝑦 (longitudinal moment),velocity, apogees, average drag force axial and drag 

coefficient. To validated the simulation precision  was measure in the real rocket Cg 

too, the simulated value is 42 cm, Figure 20, and in the real rocket the measure, finding 

a equilibrium spot, was 41.7 cm.  
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Figure 20. OpenRocket simulation Setup. 

 

 

 

 

 

Figure 21. OpenRocket Altitude, velocity and acceleration curve  . 

However the core of the project it is not a common element, the canards 

have a unique design to assembly in the servo motors, so to estimate  𝐶𝑐, we used the 

project made in Autodesk Inventor and exported to Autodesk CFD. This software can 

simulate the effect of a flow of air in to the canard. To find  𝐶𝑐 we considered a wind 

velocity 7 m/s, and  with the force result of Ft = 0.015 N using the relation 𝐹𝑡 =

 
1

2
𝜌𝑉2𝐴𝑐𝐶𝑐, 𝐶𝑐 was estimated 0.33, Figure 22. 

 

                             Figure 22. CFD Autodesk simulation for 7m/s wind into the canard 



21 

5 Control Model Development 

 

5.1 Theoretical Development 

To model the control systems, some aspects need to be considered. In 

classical control approaches, such as PID control design, the system uses only one 

input and one output (SISO). As the system is a multiple-input-multiple-output (MIMO) 

another method must be used. The Linear Quadratic Regulator (LQR) was chosen as 

an optimal controller for the project. It uses feedback of states and can determined the 

gains associated with states by solving an algebraic Riccati equation. The quadratic 

performance index of the regulator problem penalizes non-zero states and controls, 

usually yielding a state feedback control law that provides good closed-loop 

performance, as shown with more detailed explanation in Anderson (2007). 

In general, a continuous linear system in time can be written as: 

𝑥̇ = 𝐴𝑥 + 𝐵𝑢           (8) 

By LQR optimization, the functional cost is given by 

𝐽 = ∫(𝑥𝑇𝑄𝑥 + 𝑢𝑇𝑅𝑢) 𝑑𝑢

∞

0

      (9) 

The feedback control law that minimizes the cost value is  

𝑢 = −𝑅−1𝐵𝑇𝑃𝑥              (10) 

The Ricatti equation that needs to be solved is : 

𝐴𝑇𝑃 + 𝑃𝐴 − 𝑃𝐵𝑅−1𝐵𝑇𝑃 + 𝑄 = 0            (11) 

 

The state-space model for the model rocket can be written combining equations (2), 

(3), and (4) as: 

𝑑

𝑑𝑡
[
𝜃
𝜃̇
𝛼
] =

[
 
 
 
 
0 1 0
0 0 𝑀𝛼

−
𝑔
𝑣⁄ 1 −(

1
2𝜌𝑉𝐴𝑓𝐶𝑓

𝑚
+
𝑉̇

𝑉
)]
 
 
 
 

[
𝜃
𝜃̇
𝛼
] + [

0
𝑀𝛿

1

2
𝜌𝑉𝐴𝑐𝐶𝑐 ∕ 𝑚

]𝛿       (12) 
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The above equation has velocity dependency to solve, as we see in Figure 

21 the velocity is not constant and just averaging does not seem very accurate. To 

solve this, another technique need to be used, Gain Scheduling, a common control 

technique for non-linear systems used when a single gain cannot provide the required 

performance and stability for the plant. 

Basically equation (8) now is given by: 

𝑥̇ = 𝐴(𝑉)𝑥 + 𝐵(𝑉)𝑢           (13) 

 

And we can transform that in N linearly independent systems 

                   

{
 
 

 
 
𝑥̇ = 𝐴(𝑣0)𝑥 + 𝐵(𝑣0)𝑢

𝑥̇ = 𝐴(𝑣1)𝑥 + 𝐵(𝑣1)𝑢
.
.
.

𝑥̇ = 𝐴(𝑣𝑁)𝑥 + 𝐵(𝑣𝑁)𝑢

         LQR treatment   =>          

{
 
 

 
 
𝑢 = −𝑘0𝑥
𝑢 = −𝑘1𝑥

.

.

.
𝑢 = −𝑘𝑁𝑥

           (14) 

 

Where 𝑘𝑖 are the gain for each velocity range. The range was chosen based 

on the simulations results in OpenRocket software previously mentioned. The intention 

is just to show the strategy used for a more general and more rigorous approach of 

gain scheduling see Khalil (2012).  

 

 

5.2 MATLAB & Simulink Simulation 

 

In Table 1, are shown the results of the MATLAB LQR solver, MathWorks 

(2021),  for Q = [0.1 0 0] and R = 1, that was the best configuration tried. We considered 

velocity in range of 2.5 m/s from 0 to 25 m/s. With this information a block diagram 

environment was used, in Simulink, to simulate the control system behavior. Note that 

the K3 is very small and as 𝛼 is an indirect measure i.e has a high experimental error, 

can be disregard its influences for the final control aproach. 
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i V range [m/s]   V [m/s] K1 K2 K3 

1 0 - 2.5 1.25 0.1902 1.1734 0.0074 

2 2.5 - 5 3.75 0.1998 1.2442 0.0225 

3 5 - 7.5 6.25 0.2103 1.3111 0.0366 

4 7.5 - 10 8.75 0.2205 1.3691 0.0488 

5 10 - 12.5 11.25 0.2299 1.4165 0.0585 

6 12.5 - 15 13.75 0.2383 1.4538 0.0656 

7 15 - 17.5 16.25 0.2457 1.4825 0.0705 

8 17.5 - 20 18.75 0.2523 1.5044 0.0735 

9 20 - 22.5 21.23 0.2581 1.5209 0.075 

10 22.5 - 25 23.75 0.2633 1.5334 0.0754 
 

                             Table 1. LQR gain scheduling results 

 

The general block diagram is shown in Figure 23, where the input is 

characteristic thrust curve of 3 C6-5 engines and a random disturbances signal and 

the dynamic of the rocket and reaction of the control system is the output.  

 

 

                              Figure 23. Simulink general block diagram 

For x velocity was taken equation (1) and use constant, integrator and gain 

boxes to simulate the dynamic, Figure 24. 
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 Figure 24. X Velocity subsystem block diagram 

In Figure 25, is shown the block diagram of  𝜃̇, using equation (3), (6) and 

(7), where 𝐴𝑎 =  
1

2
𝜌𝐴𝑓𝐶𝑓 , 𝐴𝑑 =  

1

2
𝜌𝐴𝑐𝐶𝑐, 𝐾𝑎 =

𝑥𝐶𝑃

𝐼𝑦
 and 𝐾𝑑 =

𝑥𝐶𝑃

𝐼𝑦
, Figure 26 shown the 

z velocity behavior translated in a block diagram too.   

 

 

 

 

 

 

 

 

Figure 25. 𝜃̇  subsystem block diagram 

 

 

 

 

 

 

 

 

 

                     Figure 26. Z velocity subsystem block diagram 
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The gain scheduling block is shown in Figure 27, the 𝜃̇ and 𝜃 input control 

blocks are analog based on switching K constants tracking the X velocity. 

 

 

   Figure 27. Gain scheduling control implementation subsystem 

 

 

 

 

6 Results and Conclusions 

 

6.1 Simulation Results 

The previously commented model was simulated using a wind random 

disturbance between 0.5 to -0.5 radians, approximately 28º. With this disturbance the 

results with no control systems can be see below, Figures 28 and 29. The maximum 

angle in the trajectory was -2 radians, and the rocket deviated from the vertical 

trajectory by about 20 meters. As we can see in Figure 30, the Simulink simulations is 

very close to the OpenRocket simulations, Figure 21, the apogee occur in 

approximately 60 meters. 
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       Figure 28. Rocket trajectory in Simulink simulation without control system 

 

 

 

 

 

 

 

Figure 29. Rocket angle variation in Simulink simulation without control system 

 

 

 

 

 

 

 

  

Figure 30. Rocket Simulink simulation X-axis behavior 

X
 

Z 
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With the system in closed-loop the results of LQR gain scheduling approach 

can be seen in Figure 31. The X-Z representation shows a huge improvement of the 

rocket trajectory , the maximum error for the vertical launching was only 1.6 meters, a 

92% percent error in Z-exis improvement. For the angles the results are promising too, 

as shown in Figure 31 that the maximum angle is in order of 0.015 radians, or 0.57º 

that is an improvement about 99.2%. Due to the great results achieved, the control 

system is validated and can be tested in a real environment. 

 

 

 

 

 

 

 

 

 

 

Figure 31. Rocket trajectory in Simulink simulation with control system in closed-loop 

 

 

 

 

 

 

 

 

 

 

           Figure 32. Rocket angle variation in Simulink simulation with control system in closed-loop 

Z 

X
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6.2 Experimental Results 

 

First to test the system was launched the Outlier rocket without the onboard 

electronic, that because of the high risk to damage in a real launch. The ignition system 

and the engines had some troubles, because of the need to perform the ignition of 3 

engines synchronized. 

Figure 33 shows the first successful launch without the onboard electronic 

system. In the test all the systems work as expect. All 3 engines started, the rocket 

flew very well and the parachute system works in the right time protecting the nose 

cone. This test validated structural and aerodynamics design and the ignition system 

as well. 

 

 

 

 

 

 

 

 

 

 

Figure 33. Rocket launch test without the onboard electronics. 

After the success of the launch without electronics, the next step was test with 

the electronic and with the control system in closed-loop, for this the attached Arduino’s 

C code was used. Some issues emerges of this configurations, with the electronics not 

only the total weight was increased but also the weight layout, the assembly was made 

thinking of minimizing the effect, but it was noticed a tendency of inclination much 

bigger comparing the assembly without the electronics. 

Another important issue was the ignition system, as explained above the 3 

engines cluster system presents technical difficulties in synchronizing, and 

unfortunately, in the tests with the electronics, this issue prevented the 3 engines from 

being activated at the same time, with only launches with 2/3 of the planned thrust 

capacity. 
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Even with the aforementioned problems, it was possible to collect data from the 

first few seconds of launch, Figure 34, where the control managed to act as planned. 

With this data we can validate the test platform and the potential of the control system. 

 

 

 

 

 

 

 

 

 

 

Figure 35. Rocket launch test with the onboard electronics. 

The final results can be seen in figures 35 and 36. Note that mostly for Yaw 

angle the control performed accurately, that can prove the potential of the system, even 

for small lack of time in the launch. 

 

 

 

 

 

 

 

 

Figure 36. Yaw angle launch data for first 0.1 s. 
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Figure 37. Pitch angle launch data for first 0.1 s. 

 

6.3 Conclusion 

 

This project had in its development several phases of the creating and designing 

process for a test platform used in a engineering control system. As the simulations 

and physical tests shows, the rocket design is statically and dynamically stable, the 

control strategy is promising and could be improved. As an initial development work, 

the project fulfilled the proposal, making clear the technical challenges faced when 

building a control system for launching rockets. 

For future projects some issues need to be considered, the design needs to be 

lighter, using a tight control system that take up less space, like a Arduino nano or 

Raspberry Pi Pico based. The rocket's mass distribution needs to be better planned to 

prevent unwanted launch pitches. The ignition system needs to be better structured so 

that it does not fail for clustered engines. The engines need to have more power, this 

increases flight time and allows the system to act more efficiently. 
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ATTACHMENTS 

 

 

 

 

Arduino Code: 
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