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The Cu-CubeSat is a 2013 B.Sc. graduation project at the Aerospace department, Cairo University. This project is a 

program in the Space System Technology Laboratory (SSTLab) that hosts this project and provides the necessary tools, 

facilities, and testing. The cube-satellite is the second iteration of its kind, and the dedicated team is responsible for 

designing, testing and manufacturing its subsystems separately and integrating them together. The goal of the project is to 

achieve space functionalities by using low-cost components of the shelf (COTS) and utilize novel computing systems.   
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1. Introduction 

 

  CU-CubeSat is the first Egyptian pico-satellite program 

made as a graduation project, hosted by SSTLab. The primary 

goal of the CubeSat program is to provide students the 

opportunity to develop complete satellite systems and perform 

space-based experiments using relatively small and 

inexpensive satellites.  Cube-satellites are 10x10x10 cm in 

size and 1 kg in mass. The required mission to be 

accomplished is to take pictures of Egypt and send them to the 

ground-station located also in Egypt. 

 

  The objective of the Cu-CubeSat is to verify the operational 

efficiency using new types of onboard computers (OBC), such 

as the Raspberry Pi and Android phones that interact with 

amateur radio transceivers when communicating with the 

ground station, a camera with a USB interface as a payload, 

and sensors (Magnetism, solar, and rotation) and 

magneto-torquers for attitude determination and control. 

Low-cost manufacturing methods (Non-CNC) were used to 

create the aluminum structure. The following are details 

regarding each subsystem. 

 

2.  Operation modes and Orbit 

 

2.1  Orbit 

 

  The CU-CubeSat orbital analysis is based on a 650 km, 

sun-synchronous baseline orbit. As such, the CU-CubeSat 

design takes into account the worst-case scenarios for power 

generation and cold thermal conditions (noon-midnight line of 

nodes) as well as hot thermal conditions (dawn-dusk line of 

nodes) expected at the baseline orbit. 

 

  Using Matlab, codes were written to simulate the orbit, 

calculate the eclipse time, obtain the number of times the 

satellite will pass over Egypt, and coverage duration. The 

inclination angle and some orbital parameters that were 

needed to specify the orbit were used in the code. 

 

2.2  Operation modes 

 

  Due to the available solar panel efficiency limitation (As to 

be mentioned later), two modes were made: 

1) Operation (Mission) mode: mission-specific subroutines 

are initiated; the satellite’s orientation is fixed, images are 

captured and stored, and then data is modulated then 

transmitted to the ground station. 

 

2) Idle mode, in which it turns off unneeded subsystem 

electronics drawing power, keeping only the GPS 

receiver and controller switched on to act as a listener for 

being in range above Egypt.  

 

 

3.  Payload 

 

3.1  Requirements 

 

  The mission of the CU-CubeSat is capturing pictures of 

Egypt. The payload is consequently a camera is efficient 

enough (Operation speed, size) to act functionally. It is also 

required to compress the picture to be much easier to be sent 

to the ground station. 

 

3.2  Hardware 

 

  The used camera is a simple webcam of small mass and size 

enough to fit inside the cube-satellite. Its interface with the 

 

Figure 1 Operation Modes. 
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OBC is done through a USB connection, with image capturing 

time of about 2 seconds. It also has a great advantage 

automatically compressing the images, thus no need for 

preprocessing before transmission to a ground station. 

 

4.  Electric Power Subsystem (EPS) 

 

4.1  Design requirements and constraints 

 

  The primary function of the EPS is to provide regulated 

power to all the subsystems. It must be able to switch on/off 

some subsystems as a means of power management 

throughout the whole orbit. 

 

4.2  Hardware 

 

  The EPS consists of: 

1) Two lithium ion batteries 3.7 V, 3500 mAh were used as 

power storage. The idea of using 2 batteries is to use one 

to feed the subsystems with the required power while the 

other is charging. They are used only during periods of 

high power demands or when the satellite in an eclipse 

which is 10% of the whole orbit.  

2) 6 silicon solar arrays 5 V, 1 W each with an efficiency of 

14%, were used to produce power. They are connected in 

parallel. Diodes are used to help in measuring the 

produced voltage from each solar array, as the voltage 

between the diode and solar array is its produced volt 

while from the other side of the diode is the total voltage 

produced by all the solar arrays connected together. 

3) A power distribution circuit was utilized for providing the 

required voltage for each subsystem from the batteries. It 

consists of transistors and relays to switch the power on 

and off the various subsystems according to the mission 

modes. A voltage step-up module was used for the 

components that needed higher voltage. 

4) A Micro-controller (Atmega328) was responsible for 

reading the voltage of the batteries and the output voltage 

of the solar cells, directly giving the commands to switch 

between the batteries depending on capacity, and also 

directly giving the commands to switch on/off 

components. 

  

4.3  Power budget 

 

The following table illustrates power usage: 

 

Table 1.  Power Budget 

Subsystem Power (W) Active time 

(min) 

Energy used 

(WH) 

OBC 3.25 30 5.25 

Communication 3.25 15 0.81 

ADC 2.25 30 1.1 

Payload 0.5 10 0.08 

Average usage per orbit 7.24 

 

   

  Power consumption varies according to its position in orbit 

and operation mode; batteries cannot sustain charge if all the 

subsystems are working altogether throughout the whole orbit. 

Thus, the need for a power-saving mode is realized where 

most subsystems are deactivated when not needed, leaving 

only part of the OBC operating at all times: A small 

microcontroller (watchdog) will be used to monitor battery 

state and location to transition to the mission mode. 

 

5  Attitude Determination and Control subsystem 

(ADCS) 

 

5.1  Design requirements and constraints 

 

  The design requirements on the CU-CubeSat are driven by 

the payload and communication subsystems. It is desired to 

determine and control the attitude of the CubeSat to orient it to 

be subjected to the Earth to take pictures, as well as 

send/receive data with the ground station. When the 

cube-satellite is launched in space, it is rotating in all 

directions with different rates, thus making the ADCS 

responsible for diminishing these rotations as much as 

possible, which is a process called detumbling. The most 

significant constraints are the mass, volume and power 

consumption. 

 

5.2  Attitude Determination 

 

  The used sensors to get the orientation of the cube-satellite 

and its rotation rates are: 

1) Magnetometer (MAG3110) for obtaining the magnetic 

field      intensity and comparing it with the WMM2010 

model. 

2) Solar Cells that would act as sun sensors, which is done 

by subtracting the output voltage from each face and 

subtract it form the opposite one, getting the sun vector 

from body axes. 

3) Gyro in the IMU (MPU6050), to get the angular rates. 

 

  The TRIAD algorithm is used to get the initial angles and 

the Gyro is used to get the angular rates and the angles after 

that by integrating the angular rates measured. 

 

5.3  Attitude Control 

 

  It is required to control the cube-satellite to the needed 

orientation according to the mission, so the produced torque 

from the actuators must exceed the disturbance torques 

experienced during its orbit. Three orthogonal copper coils 

(Magnetorquers) are used as actuators, due to its ease in 

operation and manufacturing, small weight, and no demand 

for moving or deployable parts. 

  

  A controller must be designed to maintain the orientation of 

the satellite at the required one. A PD controller is used to 

control it through the mission. For the detumbling mode a 

B-dot algorithm is used. 
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6  Communication Subsystem 

 

6.1  Requirements and Constraints 

 

  The objective of the communication subsystem is to 

transceive data between onboard module and the ground 

station systems. The data were selected to be Images, Text log 

files and commands. The following table shows the main 

requirements and constrains in the mission: 

 

Table 2: System requirements 

A. Constrains 

Image resolution (320X280) 

Status Text (ASCii) 

Commands Bytes (Bits) 

Communication Window 2-Minuits (out of 8) in two successive 

tracks 

Bit rate 1200 bps 

Power (On-sat) 200 – 1000 mW 

Power (G.S) 50 W 

Antenna Gain (transmitter) 2 dBi (monopole) 

Space loss  -147 dB 

B. Required 

Antenna gain (Receiver) 15dBi (Yagi) 

Communication Interface with 

CD&H  

Analog audio 

Carry frequency  430 MHz 

Bandwidth 44 KHz (audio signals) 

Modulation (TX) FM 

Analog processing (Image) SSTV (Robot-36) 9 Seconds/ Image 

Analog Processing (Bits) AFSK (Bell-48000 bps) 

Control Signal DTMF 

Distance 30 Km (balloon test) & 700 Km 

Number of Images 4 (JPEG) | Managed with payload 

 

According to mission analysis, the following block diagram 

was proposed for the sub-system. 

 

 
Figure 2: System schematic 

 

6.2  Hardware 

 

  Basically, the available hardware was very limited due to 

the market environment in Egypt. As a result, amateur 

handheld radio transceivers were the best available solution. 

They work in the desired radio bands, have low power 

consumption, have reasonable size (fitting in the satellite), and 

are low-cost. However, one of the challenging problems was 

the interfacing with the OBC; the transceivers did not support 

usual interfaces (UART, SPI, I2C… etc.), but only audio input 

and output. In order to make the create data transactions, the 

novel idea of using smart micro-computers encouraged the 

project team to manipulate audio features and software 

packages (As to be explained later). 

 

A sample of the available transceivers in the Egyptian market 

is listed in the following table: 

 

Table 3: Hardware 

Image Name Cost 

($) 

Freq. Dist. Pow. VOX 

 

Motorola 

MT-777 
186 UHF 7 Km 

7.4 V  

300 mAh 
Weak 

 

Motorola 

MJ-270R 
172 UHF 7 Km 

3.4 V 

300 mAh 
Normal 

 

Yaesu 

VX-3R 
215 

UHF/

VHF 
7 Km 

3.7 V 

300 mAh 
High 

 

 

6.3  Implemintation 

 

  The audio interface required a complete data modulation in 

order to generate sound files that could be interpreted by the 

transceivers.  In other words, images, text files and the 

commands should be transformed into sound files. The 

following sections explain the techniques used to perform this 

task. 

 

6.3.1  The Commands and Dual-tone Multi-Frequency 

(DTMF) 

 

  DTMF is a commonly used control technique utilizing the 

original keypad tones in the telephones and mobile phones 

nowadays. This technique is basically sending the tones 

through the audio channel opened between the ground station 

and the cube-satellite, then recognized by a simple decoder 

chip (MT8870). The tone is translated into 4-bit digital signal 

output that is easily interpreted by the OBC, then analyzed and 

a control action is taken accordingly. 
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6.3.2  The Text Log files and the Audio Frequency Shift 

keying (AFSK) 

 

  The satellite requires status monitoring activity which 

includes sensor readings and many performance 

measurements to be collected into a file and being sent to the 

ground station. A Linux-based modulation package, 

Minimodem, is utilized, which permits adjusting the speed of 

transmission through the baud rate. This package accesses file 

binaries and generates an audio signal (Or a file alternatively) 

that is sent to the radio transceiver by means of audio 3.5 mm 

jack and be transmitted directly to the ground station. 

 

 

  The package can send data at a reliable and recommended 

1200 bps, but it is developed to have the ability to produce 

sound signals of higher speeds. 

 

 

6.3.3  The image transmission with Slow Scan Television 

(SSTV) 

 

  Slow Scan TV (SSTV) is a ham radio technique used 

previously in many space and remote applications for sending 

images over radio channels. Basically, it consists of a 

synchronization signal to define the mode of transmission, the 

mode modulation and signals. SSTV has around 70 modes, 

with 5 mostly used : ROBOT 36 and 72, Martin M1 and M2, 

and Scottie S1 and SDX. Those modes are basically 

modulation algorithms which depend on the RGB formats and 

the YCrCb. Each mode depends on creating audio signals 

(tones) with sync signals that could easily be detected at the 

receiving station. The used algorithm is Robot36, which sends 

320x240 images in 36 seconds. Although the received image 

as shown contained some blurriness and scan-line effects, 

transmission time is reduced by audio sampling rate 

manipulation. 

 

Figure 5: Original Vs. Transmitted 

6.4  The final system layout of the system: 

 

 

7.  Command and Data Handling Subsystem (CDH) 

 

7.1  Requirements and constraints 

 

  One of the aims of the project is to implement new 

computing strategies but the flight-tested OBCs are the most 

expensive components in satellites and locally unavailable, 

then there are two strategies that can be implemented: Linux 

micro-computer, and Android smartphone, which are small 

and light enough to fit inside a 1U CU-CubeSat and cheap 

enough for us. 

  The following are the requirements: 

- Autonomous operation. 

- Operating a payload camera 

- Providing necessary interfaces. (i.e. I2C, SPI, A/D… etc.) 

- Sensor readings acquisition. 

- Support for attitude determination and control mechanisms. 

- Real-time system monitoring. 

- Bidirectional communications handling. 

 

7.2  Linux micro-computer 

 

  Recently, small-sized computer chips emerged into the 

consumer market mainly for teaching computing to youth, or 

for engineering projects. One of which is the Raspberry Pi, 

which was utilized in the project. The main significance lies in 

the ultra low-cost, high processing power (With respect to 

flight-qualified computers), and size small enough to fit in a 

1U cube-satellite. Another point of significance is the ability 

Figure 3: Terminal screen shoot 

Figure 6: System Block diagram 

Figure 4: Raspberry Pi and BeagleBoard XM 
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to host Linux OS, thus enabling the use of various 

programming platforms and applications, which originally 

targeted the desktop, on the level of embedded systems. It also 

supports low-level electronic interfaces (Digital IO, UART, 

I
2
C… etc.). The specifications are as follows. 

 

Table 4 Raspberry Pi specifications 

Processor ARM11 CPU, 700 MHz 

Memory 512 Mb of RAM 

Up to 32 Gb SD Card storage 

Size 85.60 x 54 x 18 mm 

Weight 45 gm 

Power 3.5 W: 5 v – 700 mA (350 mA without display output) 

Interfaces USB 

Ethernet 

3.5 mm Audio output 

HDMI/VGA 

Hardware IO: Digital, UART, SPI, I2C  (All are 3.3 v) 

 

7.3  Android smartphones 

 

  Android smartphones, which were used by NASA and 

SSTL, are consumer devices with strong processors, 

integrated sensors, and camera. These “built-in” features are 

significant for usage on cube-satellites. Another point of 

significance, as realized within the project, is the ability to 

host a Linux OS virtually in parallel to Android OS, allowing 

the use of different programming languages and data 

processing packages designed for desktop computers, or 

libraries for programming languages not supported by 

Android. External hardware interactions (i.e. magnetorquers) 

occur over an OTG serial UART connection with a 

micro-controller. 

 

 

 

8  Structure Subsystem 

 

8.1  Requirements and constraints 

 

  The structure subsystem’s goal is to provide the body for 

the CU-CubeSat that can withstand the loads acting on it, 

especially in the launch pod and to make a body that provides 

an easily accessible data and power bus and assembly of the 

components. The restrictions are that the structure should be a 

10x10x10 cm, within a 1 kg total mass with the payload. The 

interior structure must be within 20% of the total mass. 

 

  The suggested materials to be used are the aluminum 7075 

or 6061, but because their unavailability in Egyptian markets, 

another type of aluminum was used with purity and strength 

near to that of the aluminum 6061. 

 

8.2  Interior and Exterior Design 

 

  NX Unigraphics software package was used to design the 

interior and exterior structure and used to make the Finite 

Element Analysis. The mono-block strategy was used to make 

the interior design, because it has less weight than other 

strategies and reduction in tolerance stack-up, which 

demanded CNC manufacturing techniques. Because of the 

high operation costs for related machines, it was manufactured 

by traditional methods, using hand mills and lathe. The mass 

of the interior design is 195 gm which is just 19.5% of the 

total weight. 

 

  The exterior design is the plates that cover the faces of the 

CU-CubeSat. A new method is used by making three covers 

on one aluminum plate and bend it to cover the three faces, so 

the six covers for the faces were made by using just 2 

Aluminum plates as shown. This method reduced the weight 

as the number of fasteners used to fix the six faces became 

less. The mass of the plates is 140 gm. 

 

8.3  Assembly 

 

  All system components needed to be assembled inside the 

structure, so a strategy was required to fit them inside the 

structure, taking into account that the center of gravity ought 

to be on the center of geometry or within 2 cm to make it 

symmetric. This added the challenge of arranging them inside 

the structure to have this constraint fulfilled. Spacers were 

used to separate the PCBs from each other as shown. 

Figure 7: Software system architecture 

Figure 8: Exterior & Interior Design 
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9  Conclusion 

 

  Despite unavailability of resources and funds, satellite 

functionalities and structuring have been implemented within 

a year’s time. Although the satellite is not yet fully space 

qualified, the project provided the capacity building 

experience to its participants; subsystem problem definitions, 

development and testing, and system integration were 

understood clearly and implemented. It is worth mentioning 

that throughout the project, a junior team worked alongside 

the main team members as a means of training for 

participating in the upcoming third iteration of the 

CU-CubeSat. In other words, the next iteration starts where 

the preceding iteration stops, handling all the unresolved 

issues and moving towards a more space qualified product. 
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