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 The can-sized satellite, ScoreSAT satellite is a small communications 

satellite. ScoreSAT helps to develop a platform for finding directions and the 

exact spot where a lack of communications signal occurs, as well as a real-

time visual feed for analysis of communication during and after landing.  

The project focuses on the design of ScoreSAT and provides a real-time 

system for capturing real-time data during descent. The objective of the real-

time system is to improve the accuracy and location of ScoreSAT data 

collection, which can provide pressure, humidity, temperature, altitude, 

latitude, and longitude readings. The main components of this platform are 

the hardware design that comprises the flight controller, GPS module, and 

telemetry kit, the software design, which are Mission Planner, and the real-

time system (RTS). Based on the entire research, the compact design of the 

ScoreSAT and ground station was developed to provide alternative 

meteorological parameter monitoring to complement primary meteorology 

ground observation such as weather station and radiosonde and to enhance 

the reliability of the remote sensing observation for environmental studies 

concerning the factors determining the environment and atmospheric. 
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1. INTRODUCTION 

The SiswaSAT platform is a modern educational concept used to simulate a satellite mission by 

designing, building, testing, and analyzing a miniaturized can-sized satellite. For this purpose, ScoreSAT 

(signal communications by orbiting relay) is named to honor the world’s first purpose-built communications 

satellite. The ScoreSAT is proposed to mimic a real satellite that integrates all the major subsystems such as 

power, sensors, and a communication system, into the can-sized volume to carry out the scientific mission 

and achieve a safe landing back to the ground station.  

ScoreSAT is a nano-scale satellite model that fits into a 325 ml standard soda can, which aims to 

perform various scientific experiments. In this project, it describes how subsystem specifications were 

derived from top-level requirements and how each subsystem will be designed to meet subsystem 

specifications. It also shows how the concept of operations is implemented by the spacecraft. The central 

concept of the proposed design lies in the small, rapid, low-cost, and risk-tolerant engineering approaches 

while trying their best to achieve minimal mission requirements [1]. The obejective of designing the 

ScoreSAT system is to mimics the real satellite system at a small scale to acquire knowledge of space 

engineering and to face the engineering challenges in building a satellite. 

https://creativecommons.org/licenses/by-sa/4.0/
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The ScoreSAT’s primary mission is to measure various vertical profiles of tropospheric 

meteorological parameters such as temperature, humidity, altitude, and pressure, then send the information to 

their ground station for data analysis. Such a mission was proposed to enhance the capability of remote 

sensing and earth obersation, with the aim of monitoring its environment. This mission is an essential 

element in providing long-term and cost-effective monitoring of the earth's resources. Its primary objectives 

are to provide alternative meteorological parameter monitoring (temperature, humidity, pressure, and 

altitude) to complement primary meteorology ground observation such as weather stations and radiosonde 

and to enhance the reliability of the remote sensing observation for environmental studies concerning the 

factors determining the environment and atmospheric [2]. 

In addition to the primary mission, ScoreSAT is also aiming to perform ground landscape imaging 

as a secondary mission to compliment the primary mission and objectives and to reflect various aspects of 

real-world missions. The above missions and objectives of ScoreSAT should be carried out with a low-cost 

financial budget, which inexpensively gathers key engineering and scientific data utilizing small, rapid, low-

cost, and risk-tolerant engineering approaches [3]. The objective of the ScoreSAT project structural system is 

to provide a simple, solid structure that able to survive loads launching. At the same time, it provides an 

easily accessible data and power bus for components debugging and assembly [4]. The ScoreSAT design 

process is based on philosophy of maximizing interior space, while minimizing the cost of the design. This is 

because of the size constraints of the ScoreSAT and small allocated budget. The shape of ScoreSAT is 

essentially a can, with outer dimensions of 11×6.6 cm, with some space clearance above each side of the can. 

Every side of the can is mounted wtih the exterior components such as antenna, data link, and battery.  

The maximum allowable mass of ScoreSAT is 350 g. 

Ground system (GS) is one of the crucial segments in the ScoreSAT as all the data transmitted from 

the spacecraft should be collected, display, and analyses spacecraft telemetry state of health by GS in real-

time. In this proposed design, as the mission requirement does not require two-way communication between 

payloads and GS, for the sake of keeping minimum system complexity, the GS will design in such a way of 

only receiving data from payloads subsystem and process those received data set which consists of altitude, 

locations (latitude, longitude), temperature, humidity, and pressure accordingly [5]. These also include 

ground images captured by an imaging camera on satellite during the descent phase [6]. 

 

 

2. METHOD 

ScoreSAT uses a parachute as a principal unit. This includes at least the following essential 

components: a lightweight parachute, various sensors, a radio receiver, a flight controller, a telemetry kit, 

software for ground positioning system (GPS), and ground station (Mission Planner) [7]. Telemetry and 

ground station system will be illustrated in this section. This section will also address the block diagram and 

flowchart, and the purpose of each component, why it is needed, and what considerations to make when 

selecting that component. 

There are a few steps that need to be carried out to complete this research. This project is divided 

into three sections which are the hardware design, the software design, and the development of a real-time 

system. Primarily, the system design process begins with the hardware design of a ScoreSAT payload and 

assembling of the parachute with ScoreSAT [8]. Secondly, the development of ground control station (GCS) 

to communicate and monitor ScoreSAT [9]. After the connection between ScoreSAT and GCS have been 

established, all the telemetry data are being transferred from the ScoreSAT to GCS. 

ScoreSAT collects the telemetry data such as latitude, longitude, pressure, and other parameters in 

real-time. This process is within a 1-second interval or less [10]. The data will be analyzed. Lastly, the 

project focus on the design of ScoreSAT after the real-time system has been accomplished. The functioning 

process of real-time system (RTS) will be discussed in the next section. 

 

2.1.  Software development 

The operating software is required to run the hardware. This research started with a study on GCS 

and its applications or platforms used to communicate with ScoreSAT [11]. As the Raspberry Pi is used, 

Python programming will be the programming language of this subsystem. Raspberry Pi Foundation 

recommends Python as a language for learners. Python is an interpreted, high-level, general-purpose 

programming language. The development environment will be IDLE. IDLE is Python’s integrated 

development and learning environment. IDLE platform has been with Raspbian for generations as the default 

editor. For the software development, the raw data from ScoreSAT is extracted from GCS. As all ScoreSAT 

information is included in the raw data, it is necessary to filter important data such as pressure, latitude, and 

longitude. 
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2.1.1. Software component and design 

Mission Planner is software selected for this research at the ground station. Mission Planner for the 

ArduPilot APM 2.8 GCS application is a detailed and best-suited navigation control. It can save and load 

autonomous missions into ScoreSAT with a simple click at way-point entry on Google maps. The GCS can 

access and evaluate mission records generated by ScoreSAT in real-time application [12]. The flight 

controller for this project is ArduPilot APM 2.8 which works in conjunction with Mission Planner and is 

suitable for graphical user interface (GUI). Mission Planner is considered as the software for ground stations 

because of its various features [13]. 

ArduPilot has a desktop GCS for mission planning, calibration, and vehicle setup. As shown in 

Figure 1, the flight data screen of Mission Planner shows a Google satellite map indicating the location of 

ScoreSAT and overall status information of the transponder. This is also including a detailed head-up 

display. This features allow the user to turn any fixed, rotary-wing, or multirotor vehicle into a fully 

autonomous vehicle and also capable of performing programmed GPS missions with waypoints. It includes a 

3-axis gyro, accelerometer and a high-performance barometer. The ground station can download and analyze 

mission logs in real-time applications. Finally, as previously stated in the 3DR 915 MHz Radio Telemetry 

Kit, users can also track the vehicle’s status during operation and record the telemetry logs via wireless 

telemetry communication. 

 

 

 
 

Figure 1. Mission Planner in GUI 

 

 

The use of the Raspberry Pi application as another user interface is to view ScoreSAT’s real-time 

data system when it is launched from an altitude of 200 meters. The data comes from Mission Planner when 

MAVLink transferred ScoreSAT data to the ground station [14]. The Raspberry Pi application has been 

selected because it has VNC viewer, which allows the ground station to display the data collected by 

ScoreSAT in a better way. 

 

2.2.  Hardware development 

The signal transmitted from the spacecraft at the ground station will be received by two radio 

communication receiver stations and the meteorological data, consisting of longitude, latitude, acceleration, 

temperature, humidity, and pressure will be received in real-time while descending [15]. The 3DR radio 

telemetry RF receiver operating at the 915 MHz frequency can operate to collect telemetry data and captured 

image files. The hardware design of ScoreSAT is involved in designing the compartment to locate ScoreSAT 

components to match the specification dimension [16]. The initial step is to measure the dimension of each 

sensor and its weight [17]. The distance of the telemetry kit needs to be a measure to ensure the 

communication distance between ScoreSAT and the GCS is still linked. The real-time system (RTS) is the 

key component throughout this research to enhance the system’s precision and location speed for data 

collection [18]. First, connect the ScoreSAT to the ground station software Mission Planner [19]. Once the 

MAVLink IP message is connected, the real-time system transmits online data to GCS. 

ScoreSAT flight operation sequences are divided into several phases to achieve the above-

mentioned mission objectives. At first, ScoreSAT is carrying by a drone to an altitude of 200 m. When the 

drone and ScoreSAT reach the mission height, the ScoreSAT will be released from the drone. The parachute 

will be deployed to control the descent process to ensure the spacecraft is safely land on the ground. During 

the descent process, telemetry and payload data from the sensors on-board will be transmitted to the ground 
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terminal [20]. Such data includes temperature, humidity, altitude, and pressure as well as ground image data 

will be acquired and transmit real-time at the interval of less than 1 sec (1 Hz transmission rate) as per the 

mission requirement. Figure 2 illustrates the general view of flight sequence operation, and explains the 

details of the operation of each stage. 
 

 

 
 

Figure 2. Flight operation sequence of ScoreSAT 
 

 

3. RESULTS AND DISCUSSION 

The design of the ScoreSAT body and components placement was standardized after testing a 

couple of types of prototypes. In order to take a precise reading in the direction of localization, the compass 

analysis was performed. Therefore, all the observations obtained will be dealt separately in the following 

subchapter. 

 

3.1.  Project overview and design 

Four components, which are telemetry data (temperature, pressure, and location), 3DR radio 

telemetry kit (air and ground module), and GCS, primarily involved in the ScoreSAT project overview. First, 

switch on the ScoreSAT that is already connected to the Gaoneng GNB 2S 7.4V 550 mAH Li-Po battery and 

PKCELL Ultra Alkaline 9V 500 mAH battery with a 5 V power supply. During the descent to the GCS using 

the MAV link protocol, telemetry data including altitude, latitude, longitude, temperature, and pressure are 

transmitted in real-time after ScoreSAT is released [21]. The 915 MHz frequency is used for wirelessly 

linking both ScoreSAT and GCS. 

 

3.2.  ScoreSAT and components position design 

In this research, for carrying devices such as flight controller, Raspberry Pi Zero WH, GPS unit, 

3DR radio telemetry package, and other parts, a can-sized body that is 6.6 cm in diameter and 11 cm in 

height cylindrical shell is required [22]. The positioning of the components of the other part must be taken 

into account to maximize the ScoreSAT design so that there is no waste of space on the body. A complete of 

ScoreSAT prototype with all attached parts, as shown in Figure 3. 
 

 

 
 

Figure 3. Generic ground station block diagram 
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The Figure 4 shows the layout of the internal structure of ScoreSAT Spacecraft. In order to ensure 

and protect the position of the components that do not move at launch and rover to the target stage, the first 

cover was layered with transparent tape. In general, the shape of ScoreSAT is a can with external dimensions 

of 11×6.6 cm and some space over each face of the can for mounting external components such as the 

antenna, the data link, and the battery [23]. 

 

 

 
 

Figure 4. The layout of the internal structure of ScoreSAT spacecraft 

 

 

3.3.  Data received of APM 2.8 

The position of the spacecraft is read successfully by attaching the GPS module to APM 2.8 and the 

effectiveness of the ground station in obtaining the spacecraft’s position and health status by APM 2.8 [24]. 

Finally, when it is launched and was flying by a drone when the altitude reached 200 meters and released,  

the real mission is to gather telemetry data from ScoreSAT. The relation between ScoreSAT and the GCS is 

shown in Figure 5 to measure whether the accuracy of data collected is accurate or not [25]. 

During payload assembly, the system testing is being performed at the ground station. Firstly, with a 

baud rate of 57 600 and a USB cable rate of 115 200, the Mission Planner is successfully linked to the 

ArduPilot APM 2.8. Figure 5 shows the Mission Planner which is installed and connected with the 3DR 

telemetry ground module and running in the ground segment laptop. The altitude and the spacecraft position 

of the APM 2.8 can be retrieved at the Mission Planner interface. As it plots the point of the way on the 

Google Map as shown in Figure 6, the GPS module works correctly to locate ScoreSAT. 

 

 

 
 

Figure 5. The reading of telemetry data displayed on Mission Planner software 
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Figure 6. The reading of telemetry data displayed on Mission Planner software 

 

 

3.4.  Data analysis 

The final aspect of the overall mission is data review, where the telemetry data from the ScoreSAT 

spacecraft will be extracted from the memory storage card and compared to the data obtained from the 

ground station for final confirmation of the accuracy of the telemetry data. Data are compared side by side 

from several sensors with the same parameter and statistical analysis will also be carried out. The example of 

the telemetry data from BMP180 compared with the data displayed on the user interface data is shown in 

Figure 7. 
 

 

 
 

Figure 7. The telemetry data from BMP180 

 

 

4. CONCLUSION 

The ScoreSAT and GCS configuration on this can-sized satellite was successfully developed at the 

end of this research and accomplished all the goals. The electrical power subsystem (EPS) will support the 

power demand of camera operation for image capture and image storage in spacecraft memory, based on the 

secondary mission of ScoreSAT. The real-time data from the project would reduce the issue of contact 

signals. The real-time system of ScoreSAT will locate ScoreSAT’s real-time location and transmit 

information such as telemetry pressure. 

Besides, ScoreSAT’s real-time data was obtained and stored in the CSV file format for analysis 

purposes. The data obtained can be analyzed to determine the precise location where there is a lack of a 

contact signal. In addition, accurate data was provided by all sensors and the GPS provided ScoreSAT with a 

reliable and secure position. The nature of the GCS is to help the user track ScoreSAT when the user 

understands the actions of ScoreSAT when it moves. Last but not least, the communication between 

ScoreSAT and GCS has been improved by the changing of components and software used in the system. 
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