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   Abstract—In this study a low-cost environmental data monitoring system for sounding rocket is 
developed based on Internet of Things (IoT) and several sensors. Rocket sounding can investigate the 
physical and chemical properties of the atmosphere. We propose to build rocket operated by Raspberry 
Pi with low cost monitoring sensors that can provide real-time altitude, pressure, humidity and 
temperature with 0.1 second time interval. Temporal resolution of the low-cost gas sensors is one second, 
therefore, can only be used to monitor the surrounding environment before and during the flight 
operation. Experimental and simulated values are analyzed and compared to understand the atmospheric 
dynamics. This study will help space physics community to develop high altitude sounding rocket. 
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I. INTRODUCTION 

The objective of this work is to assemble a compact small model rocket to monitor environmental data using 
IoT. In this work, the basic challenge of sounding rocket is to deal the dynamic nature of the system. Here the 
nature of the system depends on the type of fuel, atmospheric dynamics at different altitude, weight of the 
payload and parachute. The typical flight duration of sounding rockets to reach the apogee is 2-20 seconds [1]. 
Therefore, sufficient amount of data collection from the low-cost sensors is the challenging part in this research. 
Raspberry Pi (RPi) can overcome the challenges. 

Many agencies from several countries have done scientific experiments, which are popularly called sounding 
rockets [1]. National Aeronautics and Space Administration (NASA) established NASA Sounding Rocket 
Program in 1959 [2]. Recent works on sounding rockets and the references are given [3]-[8]. Model rockets face 
some limitations such as comparatively low range, short span of the mission and limited payload capability. 
High-Altitude Balloons (HAB) [9]-[10] and unmanned aerial vehicles (UAV) commonly known as drones [11] 
have relatively longer mission life. Despite this fact our model rocket is relatively inexpensive to collect 
valuable data which may use in future to develop a sounding rocket. In fact, this project shows that the cost of 
sounding rocket is less expensive than operating HAB and drones. This paper is valuable to the Space Physics 
Community and the atmospheric researcher who regularly deal with the remote-control space weather and 
meteoroidal data. 

In this paper relatively high temporal resolution (i.e., 0.1 sec) low-cost sensors record pressure, altitude and 
temperature. The data are stored in a micro SD card as well as firebase server. Atmospheric data such as 
measuring SO2, NO2, CO2 and CH4 are not collected from the payload due to the limitation of relatively poor 
temporal resolution (e.g., 1 sec) of the sensors. Atmospheric data, therefore, are analysed to monitor the 
surrounding environment around the launch platform and were compared with the data collected from air 
pollutants monitoring agency, such as, Airnow [12] and Bangladesh Meteorological Department (BMD) [13].  

In the section 2, several types of model rockets and rocket engines are discussed. In the section 3-5, work flow 
diagram are shown while testing the model rocket is discussed. Finally, the obtained results are compared with 
the data collected from Open Rocket Simulation Software [26] and conclusions thereafter.    

II. PRELIMINARY WORK 

Basically, apogee of the model rockets depends on the category of the rocket fuel, air drag coefficient, wind 
velocity and gravitational force of the Earth. Model rocket motors generally depends on impulse [16] commonly 
measured in Newton Second (N-s). In this study, Sugar Rocket Engine [15] is prepared for launching the model 
rocket. 

A. Rocket Engine: 
Table 1 shows the types of rocket engine. In this project class E with 40 N-s impulse (popularly known as 
E40) equivalent rocket motor is made in the lab from the mixture of chemical oxidizer (potassium nitrate), 
granulated sugar and clay. Care should be taken to use the potassium nitrate as it is considered as an explosive 
powder. The white mix (Fig. 1) is made by mixing 20 gm grind sugar added with 35 gm of potassium titrate. 
Hard clay is used on both ends of the white mixture to build enough pressure for rocket launching. The fuel is 
kept inside the schedule 40 PVC pipes where the inner diameter is 2.4 cm and the outer diameter is 2.6 cm 
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(Fig. 1). PVC material is ideal for pressure resistor and thermal insulator. 6 mm nozzle were created using the 
7/32" drill bit. The rocket engine is attached with 1-meter-long and 0.5 cm thin wooden rod at the launch 
platform (Fig. 1). Finally, battery-operated remote-control ignition is attached at the end of the nozzle to 
launch the rocket safely from the platform. 

TABLE 1.  Rocket Engine Comparison [23] 

Class Time Impulse [N-s] 

A 1.26-2.50 

B 2.51-5.00 

C 5.01-10.00 

D 10.01-20.00 

E 20.01-40.00 

F 40.01-80.00 

G 80.01-160 

H 160.01-320 

       

                                                             (a)                                                                         (b) 

Fig. 1. (a) Mixing ratio of the Rocket Fuel. (b) Rocket fuel in a launch platform 

B. Design of the Model Rocket 
Model rocket designs normally follow the structure as shown in fig. 2. Fig. 2 (upper terminal) is the  typical 
model rocket design [14]. Fig. 2 (lower terminal) is the simulated rocket design [26] based on our model 
rocket. In this experiment, rocket fuel, recovery system, nose cone, payload, fins for balance purpose are 
used. Inside the payload, several sensors and Raspberry Pi are inserted. PVC is used as a thermal insulator 
to separate the fuel and the payload. Details of the sensors are also discussed in section 4. 
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(a) 

 

(b) 

Fig. 2. (a) Typical model rocket design [14]. (b) Simulated model rocket design. 

III. PARAMETERS TO MEASURE 

To measure a set of parameters during the flight interval is the most challenging part of the study. Without the 
precise time rest of the data cannot be adequately analysed. In this project, Raspberry Pi internal clock ensures 
accuracy of time in 100 ns interval [17]. The expected temporal resolution of the sensors is 0.1 second. 
Therefore, data is collected 0.1 second interval. Though, horizontal position (latitude and longitude) is one of 
the fundamental parameters it is not measured directly from the sensors. Usually the range of the flight not 
exceed 50 meters from the launch site. However, based on the initial and final position of the rocket using 
normal ruler and Global Positioning System (GPS), the range of the trajectory can be calculated. Altitude is 
another important measurement for the sounding rocket project. BMP 180 sensor is ideal to measure altitude 
with an accuracy of 8 cm spatial resolution and 20 ms temporal resolution. Linear velocity and acceleration is 
always an important factor. With the positional (latitudinal and longitudinal) data three-dimensional velocity 
and acceleration can be recovered. In most of the sounding rocket project, attitude (orientation of a rigid body) 
is measured using magnetometer and accelerometer [18]. In this project, the attitude was not measured as 
magnetometer was not readily available. Normal pressure and sea level pressure is collected from DHT 11 
sensor. Horizontal wind speed is one of the important parameters during the operation period. Wind speed can 
be measured using simple cup anemometer [19] consisting of three or four cups, conical or hemispherical in 
shape, mounted symmetrically about a vertical spindle. LiDAR/SoDAR is a sophisticated device to measure 
wind speed. In this study, the wind velocity and directions were obtained from Bangladesh Meteorological 
Department (BMD) [13], NOAA [20] and windy [21]. 

IV. PAYLOAD 

Inside the rocket, Raspberry Pi microprocessor, micro SD card, WiMAX and battery are inserted covered by 
bubble wrap.  

A. Microprocessor  
The microprocessor is the brain of the payload. Rest of the components in the payload are connected to it. 
In this project, RPi 0 W model is used as a microprocessor (Fig. 3). RPi 0W is a lightweight and powerful 
single board computer, running with an operating system Raspbian, a Debian-based Linux operating 
system, which is free and developed for the RPi. The RPi has a built-in wireless LAN, Bluetooth 4.1, 1.0 
GHz single core CPU, 512 MB RAM, mini HDMI and USB On-The-Go ports, micro USB power port and 
40 General Purpose Input/output (GPIO) pins which helps to keep fairly fast computing and processing 
power. The RPi continuously reads parameter data from various sensors based on the corresponding 
connection pins. The RPi also upload the monitored data to the cloud through the Wi-Fi module, and the 
cloud stores the data. 
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                                                         (a)                                                                         (b) 
 

    

                                                                                         (c) 

Fig. 3. (a) RPi without sensors, (b) RPi with sensors, (c) WiMAX 

B. Data Recording and Remote Communication 
For our current design, perception of small, light and availability, the most obvious solution is a micro SD 
card. There is a micro SD card slot in our RPi. 32 GB micro SD card is inserted in RPi 0W to store data. 
Besides, Teletalk WiMAX is used (Fig. 3) to collect the real time data. Using the teletalk internet connection, 
the real time data is transferred into the firebase console. Firebase projects are backed by Google cloud 
platform which is free for the user. The data is stored in json format and can be plotted to analyse the flight 
mission. 

V. OPERATION OF RPI 

Fig. 4 shows the basic operation of the RPi which is popularly known as Internet of Raspberry Things (IoRT). 
BMP 180 and DHT 11 sensors provides temperature, altitude, atmospheric pressure and sea level pressure data. 
Real time data is monitored by the user as well as the data is stored in the micro SD card. 
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Fig. 4. Basic Operation of RPi 

VI. ROCKET SIMULATION 

Rocket simulation is performed with the help of open rocket simulation software (Fig. 5). In the simulation the 
rocket motor, payload, parachutes, dimension of the rocket, material of the rocket, air coefficient, surrounding 
wind speed, latitudinal and longitudinal position of the launch platform were the input parameters. All input 
values are identical of the original flight of the test rocket. The length is 35.4 cm, diameter is 3.3 cm, total mass 
is 291 gm. 

 
Fig. 5. Design of the simulated rocket. Parachute inside the nosecone, payload in the middle, fuel and fin in the back 

Fig. 6 shows the flight simulation graph. The red, green and blue line indicates altitude, velocity and 
acceleration respectively. The apogee, maximum acceleration, maximum velocity is 43.5 m, 69.4 m/s2, 24 m/s 
respectively. The total duration of the flight is 6 seconds. 
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Fig. 6. Fight Simulation Graph 

VII. LAUNCH PROCEDURE 

Before launching the rocket with fuel, the model rocket need to be tested by dropping from the altitude similar 
to apogee calculated from the simulation. The model rocket requires to be airborne. At first, object having equal 
weight of the model rocket is dropped attached with parachute (Fig. 7 (a), Fig. 8 (a)). Simulation is performed 
using Open Rocket Simulation Software to ensure the safe landing. Data from the simulation indicates that 
decent landing velocity of the payload should be less than 7m/s. This ensures the rocket falling from certain 
altitude with the parachute will remain safe. A second drop is then made with the instruments and monitor the 
data (Fig. 7 (b), Fig. 8 (a)). 

                                   

                                                      (a)                                                                  (b) 

Fig. 7. (a) Parachute with dummy payload. (b) Parachute with payload 
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Fig. 8. Free fall test using Parachute at Eastern University Permanent Campus 

Launch site should be flat and clear off any obstacles. For safety reason, minimum distance from the launch 
platform should be 9 meter. 10-meter-long wire is used to connect the ignition with the battery-operated switch. 
The ignition was connected with the nozzle of the fuel. Launch platform must be clear of flammable materials. 
The platform is the made by wooden rigid rod and the angle should be vertical. In this work, ESTES manual is 
followed [24]-[25] to launch the rocket as shown in the table 2. 

TABLE 2.  Rocket Launch Checklist 

1 Select the launch setup 

2 Audible countdown 

3 Check the area is clear 

4 Place rocket on the launch pad 

5 Install the igniter in the rocket motor 

6 Verify the engine is secured 

7 Place the flame-resistant wadding and parachute 

8 Verify the weather condition 

Finally, flight test with the fuel is performed using trial error method. Table 3 shows the summary of the flight 
test. E40 fuel without the payload and parachute were tested for five times (Flight No. 1-5 in the column 1). 
Four tests (flight No. 6-9) were performed with the prototype rocket without payload and parachute. Final test 
(test no. 10) was performed with the payload and parachute.  

TABLE 3.  Summary of the Flight Test 

Flight 
No. 

Rocket Arrangement Flight Status and Flight Path Comments 

1 Rocket Fuel only (Fig. 9 (a)) Fuel comes out comes out, Failed Inappropriate ratio of the 
white mixture 

2 Rocket Fuel only (Fig. 9 (b)) Failed to build up pressure Thin width of the fuel pipe 

3 Rocket Fuel only Failed Position of nozzle 

4 Rocket Fuel only Failed Position of ignition 

5 Rocket Fuel only (Fig. 9 (c)) Failed Selection of clay 

6 Rocket Fuel only (Fig: 10 (a)) 2 m apogee, 500 inclination  20 cm stick stuck between 
fuel and launch platform  

7 Rocket Fuel only (Fig: 10 (b), 
(c)) 

Clockwise wobble with 100 
inclination from vertical axis 

 

8 Rocket Fuel and dummy rocket 
(without payload and 

parachute) (Fig. 11 (a)) 

Helicoidal path (Fig. 11 (c)) Asymmetric shape (Fig. 11 
(a)) 

9 Rocket Fuel and prototype 
rocket (Fig. 12) 

1.5 m apogee. (Fig. 12) Stuck with the launch 
platform (Fig. 12 (a)) 

10 Rocket Fuel with payload and 
parachute   

30 m apogee. Almost straight path 
with 100 inclination from vertical 

axis (Fig. 9(a), 9(b)) 
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                             (a)                                                              (b)                                                     (c) 

Fig. 9. (a) Inappropriate fuel mixture. (b) Thin with of the pipe. (c) Position of the ignition 

   
 

                                                     (a)                                                                                (b) 

 

(c) 

Fig. 10. (a) 20 cm stick stuck between fuel and launch platform. (b and c) Clockwise wobble with 100 inclination from vertical axis. 
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                                                          (a)                                                               (b) 

 

(c) 

Fig. 11. (a) Asymmetric shaped prototype rocket. (b and c) Helical path due to asymmetric shape. 

As shown in the Table 3, first five tests were failed. The possible reasons are the ratio of the white mixture, the 
width of the fuel pipe, selection of clay, position of nozzle and ignition. 

Result obtained from the flight 9 as shown in fig. 12 indicates the test rocket fuel and the stick was stuck with 
the launch platform. Care should be taken on selecting the 1 meter long stick on launch pad. Data collected from 
the flight no. 9 was averaged to 0.2 sec as shown in the table 4. Fig. 12 shows the path details of the flight no. 
10.  At 0.10 sec the test rocket reaches 3 m altitude from the ground with 150 inclinations from the vertical 
position. Small tilt at the beginning creates the angular displacement. At 1.4 sec the test rocket reach at 1.5 
meter altitude from the ground. The surrounding temperature on the flight day (October 25, 2019) was 29oC. 
High pressure and abrupt changes of the temperature raised inside the payload (from 0.4 sec to 2 sec) indicates 
the material between the fuel and payload is not properly thermally insulated and isobaric process was not 
maintained. PVC material is used in flight 10 to overcome the issue. Average temperature and pressure recorded 
in flight no. 10 was 32.48oC and 101.128 Pa with standard deviation of 0.2 and 0.18 respectively.  
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(a)                                                    (b) 

      
(c)                                                (d) 

Fig. 12. (a) Stuck with launch platform. (b) Rocket at 1 second, (c) 1.2 second and (d) 1.4 second. 

TABLE 4.  Data Recovered from Flight 11 

Time (s)  Temperature (C) Pressure (atm) Altitude (m) 

0 29 1.02 0.3 

0.2 29 2.38 0.3 

0.4 29 2.38 0.3 

0.6 60 2.38 0.3 

0.8 60 1.02 0.3 

1 60 1.02 0.45 

1.2 60 1.02 0.6 

1.4 60 1.02 1.5 

1.6 60 1.02 1.4 

1.8 60 1.02 0.6 

2 60 1.02 0 
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In the final test (test no. 10) all the problems were overcome. The test was performed with the parachute and 
payload. At 0.1 sec, the rocket titled to 10o from the vertical axis (Fig. 13 (a)). At 1 sec, the rocket reaches 26 
meters from the ground and the rocket path started to bend. It was found that the stick attached with the fuel was 
not straight. Therefore, due to the kinetic inertia and the bend of the stick, the path of the flight was bended (Fig. 
13 (b) and (c)). The 30 m apogee was recorded at 1.75 sec (Fig. 13). 

       
                                  (a)                                                  (b)                                                (c) 

Fig. 13. (a) Path of the test rocket at 0.5 second, (b) at 1 second and (c) 1.5 second. 

VIII. DATA ANALYSIS 

Fig. 14 shows the flight duration and altitude of the experimental rocket and simulated rocket. Apogee and 
duration of the experimental rocket is lower than the result obtained from simulation.  

 
Fig. 14. Comparison of the simulated (blue) altitude versus the measured (green) altitude profile from the model rocket 

Environmental data was also monitored 75 s before the rocket started to detach from the launch platform (Fig. 
12). Since Potassium nitrate, sugar and clay produces CO, smoke and LPG, MQ-02 gas sensor is used to 
monitor the gases (measured in ppm). The data are collected 0.5 s interval period operated by Arduino UNO 
which can only store in a micro SD card. The data indicates that the density of the CO, smoke and LPG went 
high from 5 s to 14 s, 40 s to 58 s and 70 s to 75 s. This indicates that the burning occurs in three stages before 
deploying.  
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Fig. 12. Measurement of CO, smoke and LPG from MQ-02 Gas sensor before the launch of the rocket 

IX. COST ANALYSIS 

Table 5 shows the price of the equipment used for rocket mission. The rocket fuel (Potassium Nitrate, Sugar, 
PVC pipe and wire) 400 BDT. As on 28 October 2019, 1 dollar is equivalent to 84.67 BDT. Therefore, the 
rocket without the sensor costs $ 4 only. The total cost with the RPi, sensors and related materials to monitor the 
flight and environment takes 6520 BDT or $ 77.04. Typical high-altitude balloon with 8 m diameter with 
sensors costs $206 or 17,500 BDT. A meteorological drone with the sensor costs at least $ 354.46 or 30,000 
BDT. Therefore, this study indicates the sounding rocket is cost effective as well. 

TABLE 4.  Cost of the equipment 

Item Name Quantity Price (BDT) 

Raspberry Pi 1 2250 

Potassium Nitrate 40 gm 200 

Battery 1 1000 

BMP 180, DHT 11, MQ 2 Sensor 1 300 

2.6” PVC Pipe 5” 60 

9 ft Wire 1 100 

WIFI supporter 1 1300 

32 GB SD card 1 650 

HDMI  1 220 

Mini USB to USB 1 100 

USB Hub 1 300 

Sugar 40 gm 40 

TOTAL  6520 

X. CONCLUSION 

Several space borne satellites and land radars regularly monitor space weather [27]-[29]. On 11 May, 2018 
Space-X successfully launched Bangabandhu Satellite-1 at Kennedy Space Center in Florida, USA. However, 
Bangladesh space agencies did not initiate to launch sounding rocket. Launching rocket is one of the challenging 
parts of the research as it involves high cost, cutting edge technology and precise calculation. This work will 
help the government agencies to initiate the sounding rocket project in Bangladesh. In near future, Bangladesh 
will be able to launch sounding rocket and low altitude spacecraft. Synthetic Aperture Radar (SAR) can be 
deployed as a payload in the sounding rocket to monitor flood, deforestation, landslides [30]. 
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