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[bookmark: _Toc78180930][bookmark: _Toc78554069]cFS Definition 
cFS is a platform by NASA that is used and can be reused for software applications and framework. Its architecture depends on three forms that are combined in order to make the system reusable for any NASA flight projects. The three aspects of cFS’s architecture are a dynamic run-time environment, layered software, and a based design component. This architecture provides the underlying infrastructure and hosts a run-time environment for a specific application development in order to make the flight development easy and simple. Also, it simplifies the maintenance of the flight system because changing the components while development or in flight is possible without any need for restarting the system.  This system is a cost savings one. The architecture of cFS could reduce project schedule and deploying high quality flight software time, make software reuse easier, simplify flight software sustaining, and provide common tools and standards between NASA and Goddard’s mission. 
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[bookmark: _Toc78180931][bookmark: _Toc78554070]cFS Layers and Components 
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[bookmark: _Toc78016248]Figure 1: Layers of cFS
Explanation on the above three layers and components: 
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[bookmark: _Toc78554071]File structure of the cFE folder 
The downloaded folder of cFS has the following content as mentioned above
[image: ]
The subfolder modules has the below subfolders also including the core services (in green color as in the below architecture block diagram)
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[bookmark: _Toc78016249]Figure 2: cFS architecture
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[bookmark: _Toc78016250]Figure 3: cFS platforms 




[bookmark: _Toc78554074]Installing cFS on Raspberry Pi Model 3 b+ 

In order to compile the cFS on Raspberry Pi using a build system based on the CMake build tool. We did not use the standard Makefile based build system because it will be removed and thus cFS will only support the Cmake system. 
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[bookmark: _Toc78016251]Figure 4: Raspberry Pi Model 3 b+
After connecting the Raspberry Pi to the peripherals to put it on usage, we should install CMake on the Linux system by the below command in Linux: 
$ sudo apt-get install cmake
Then, to download the cFS folder from GitHub, we use the below command in Linux :
$ git clone https://github.com/nasa/cfe.git
Now, we have the cFS folder that requires some additional folders to be downloaded in it. To do so, we used the below commands: 
$ git submodule init
$ git submodule update 
To build the cFS using CMake build system, we have to prepare the system by using the following command: 
$ make prep 
Then, installing the build system by: 
$ make install 
Finally, to run the cFS on Linux, we use the below two commands:
$ cd build/exe/cpu1
$ sudo ./core-cpu1 
If everything went okay, then putting the core flight system on Raspberry was successfully done. To stop it from running, press control-c. 
We have the system compiled and run on the raspberry pi, now we created a program to read the data from the x-ray sensor and display it as output. So, two c files were created one is called x-ray and the other is the main file. These two files are shown below: 
[image: Graphical user interface, text, application, email
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Figure 5: C program for reading data
       Another way for creating two seperate files is to create a header file (.h) that contains the function declaration and to be included in both files xRay.c and mainXRay.c. Note that for testing purposes, the input that should be taken from the arduino or xray sensor is assumed to be 5.0 however, it should be Serial.read() that is taken from the arduino. 
Now, when runing the cFS, in order to have this additional program also compiled and run, this program should be added to the Makefile. Makefile is a file that facilitate compiling the program, specially with multiple main files. This allows compiling all the files at once. So, in order to add our program to the Makefile, the following changes were applied. 
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[bookmark: _Toc78554076]Mechanical Overview 
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[bookmark: _Toc78016252]Figure 6: 3D Model of ComSat

[bookmark: _Toc78554077][bookmark: _Toc78016235]System Design (Hardware & Software) 

One of the applications we want the cFS to work on is the X-Ray sensor and detector. The specific architecture for this application along with the core flight system is shown in the below diagram. 
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Figure 7: System Design
Legend: 
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[bookmark: _Toc78016254]Figure 8: TT&C overview
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[bookmark: _Toc78016255]Figure 9: physical overview

[bookmark: _Toc78554081]How communication  is done 
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[bookmark: _Toc78016253]Figure 10: Communication and TT&C

[bookmark: _Toc78554082]X-Ray Detector Amplifier 
      This project will present the design and implementation of an X-ray detector system that is based on low-cost PIN diodes (BPW34).  General procedure of designing the preamplifier and shaping amplifier will be presented as well as the practical approach to implement this system. 
       Typically, the PIN diodes (detectors) have low-voltage input signal and have to be amplified via an extremely low-noise preamplifier. The preamplifier acts as a first stage in a chain of amplifiers that has very sensitive characteristics. Then, a shaping amplifier is used to make a reasonable signal shape that has the shape of a tail which can be processed and interpreted by a microcontroller. An ADC will then be used to transform these analog quantities to digital. Figure 10 below shows the overall process of converting input charges from a detector into digital readable signal proportional to input charges.
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[bookmark: _Ref75595930]Figure 11. Silicon Detector Amplification Stages
There are mainly 3 types of preamplifiers and are listed below. However, we are just interested in charge-sensitive preamplifiers which are the type used for charge detector applications. 
· Voltage-sensitive preamplifier.
· Current-sensitive preamplifier.
· Charge-sensitive preamplifier.
1.1 [bookmark: _Toc78554083]Charge Amplifier 
As mentioned before, the PIN diode, when used to detect X-rays, outputs a very weak charge pulse having a pulse width of several tens of nano seconds. Since the detector is can be modeled as a capacitive device, its impedance is high and the preamplifier should be designed according to this criterion. For these applications, an integrator amplifier (using capacitor feedback) is used since it has high impedance, integrates weak charge pulses and converts them to voltage pulses ready for further amplification.
The first stage of charge amplifier (preamplifier) is usually a low-noise FET and its open loop gain must be set high in a way that the second amplification stage is not influenced by the detector capacitance. 
When X rays strike into the detector, signal charges Qs are generated with an amplitude proportional to the particle energy. These signal charges are all integrated in the feedback capacitance Cf (since it can be approximated that the current entering the op amp is equal 0) and then a pulse output eout(t) is generated. 
[image: Diagram
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	In general, the following characteristics are required for the design of a good X ray charge amplifier:
· High gain
· Low noise (Excellent signal-to-noise ratio)
· Excellent integration linearity 
· High speed rise time
· High temperature stability

[bookmark: _Toc78554084]Gain 
The gain of charge amplifier is given in 2 ways; amplifier gain alone or the gain for detector/amplifier together. Amplifier gain (Gc) which is also referred to charge gain is given as:
	
	
	(1)


	The charge fall time of the amplifier can be determined by the feedback resistance and capacitor. 
Amplifier with detector gain can be referred to as sensitivity (Rs). Sensitivity is expressed as output voltage mV per one MeV of energy particle irradiated onto the detector. The amplitude of the signal charge obtained with a semiconductor detector is determined by the input particle energy such as X-rays and also by the material of the semiconductor. 
	
	
	(2)


	Where,  is the particle energy (MeV),  is the elementary charge ( C), and  is the energy required to create one electron/hole pair.  For silicon,  varies between 3.62 eV and 3.71 eV. From equations (1) and (2), amplifier’s sensitivity can be written as:
	
	
	(3)


	 Noises:
      Noises in charge amplifiers come generally from 3 sources: Thermal noise of first-stage FET, shot noise caused by the gate current of the first stage FET and dark current of the detector, and thermal noise caused by the feedback resistance. The noise of the first-stage FET is given as:
	
	
	(4)


     Where, K is Boltzmann constant, T is the absolute temperature in Kalvin, and  is the mutual conductance of first-stage FET. The second noise source, shot noises, can be expressed as:
	
	
	(5)


     Where, q is the elementary charge,  is the gate leakage current of first-stage FET, and  is the dark current of the detector. The third and final source of noises can be presented as:
	
	
	(6)


     Where, Rf is the feedback resistance. From equations (4), (5), and (6), the total noise of a charge amplifier can be written as:
	
	
	(7)


      The first term is constant over the entire frequency range and amplified by the noise gain () determined by the input capacitance. The second term component is constant regardless the input capacitance but it decreases with the frequency.

[bookmark: _Toc78554085]Experiments 
[bookmark: _Toc78180936][bookmark: _Toc78554086]Experiment 1: I-V characteristics of BPW34 diode: (28-6-2021)
The I-V characteristics of a photodiode are studied with the same manner of an ordinary diode. The diode is studied under reverse voltage of 12 V to ensure its ionization and with a 100 ohms resistor to measure the current across it using an oscilloscope. A flash light from the phone is used as luminance input.  
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[bookmark: _Toc78180937][bookmark: _Toc78554087]Experiment 2: Preamplifier Design: (28-6-2021)
This experiment uses an ordinary feedback integrator circuit with pulling down the non-inverting pin of the op amp. The charge op amp fall time is approximated to be 23.5 micro-seconds (5 pF * 4.7 M). 
[image: ][image: Diagram, schematic

Description automatically generated]
[image: A picture containing text, indoor, microwave, oven

Description automatically generated][image: A picture containing text, green, indoor, display

Description automatically generated]
However, the output is constant (left figure) no matter how much light is presented at the photodiodes.  After some modifications, a 10-pF capacitor is mounted between the photodiodes and the operational amplifier and it can be seen from the right figure above a nearly charging and discharging signal shape. (FAILED)

[bookmark: _Toc78180938][bookmark: _Toc78554088]Experiment 3: Preamplifier Design: (29-6-2021)
Another experiment was done by presenting a bias voltage for the photo diodes by connecting a voltage divider network into the non-inverting operational amplifier pin. The output can still be seen as very noisy. (FAILED)
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[bookmark: _Toc78180939][bookmark: _Toc78554089]Conclusion: Preamplifier Design: (2-7-2021)

The previous experiments gave unsatisfactory results due to several reasons, such as:
· A JFET transistor should be used at the output of the detector with low capacitance junction to collect the charges from the detector. JFET transistor suggestions can be: 2N4416, 2SK152, 2N6550.
[image: Diagram, schematic
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· Another operational amplifier with JFET input should be used such as TLE2072 or OPA324.

[bookmark: _Toc78554090]Monitoring (6-7-2021)

Another approach was taken in order to monitor the energy received by the photodiodes. The photodiodes in this experiment were dealt with as current sources. A resistor is connected to the reverse diodes in order to get a voltage image of the current. An Arduino Uno is used to read the voltage coming from the photo diodes through its analog pin A0 which will be then converted into current.
[image: Diagram, schematic
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The nominal voltage, when the diodes are exposed to normal room lights, was approximately 750 mV. When an external light source (phone flashlight) is exposed to the diode array at a distance of approximately 8 cm, the voltage rises to 1780 mV. A complimentary filter is used to filter out measurement noises which has the following form: 
	
	
	(8)


Where,  is a wheighing constant between 0 and 1 which prefers one variable over the other, where it was chosen as 0.8. The current is calculated by dividing the output voltage by the load resistance of 10 k ohms. 
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     The light intensity, at this stage, can be calculated from the current graphs given by the datasheet of the BPW34 photodiodes. It is noteworthy that there are 4 diodes connected in parallel so the current is added.



[bookmark: _Toc78554091]Testing X-Ray Sensor with X-Ray Source 
[bookmark: _Toc78554092]X-RAY SOURCE OVERVIEW 
     The x-ray source consists of a vacuum tube including a tungsten filament covered with a metal cathode (preferably tungsten) and a copper (or any element having an atomic number between 20 and 80). A high potential electric source is applied between the anode and the cathode that will result in electrons being accelerated from cathode to anode. Once the electrons hit the anode at high speed, x-rays are generated. The basic requirements used for building the x-ray test stand are:
	Parameter
	Value

	Vacuum pump pressure
	600 torr

	Anode to cathode voltage
	48 KV

	Filament voltage
	24 DCV

	Cathode Material
	Aluminum

	Anode Material 
	Copper

	Container
	Glass

	Container dimensions
	30 cm length and 6 cm diameter


	
      Where a pressure of 760 torr represents 0% air inside the tube or 100 % vacuum. The used vacuum pump has a rating of 600 torr which is  or approximately 79% of vacuum. 
[image: ]
     The cathode filament that is used to generate a cloud of electrons is nothing but a bulb light filament that is heated up by a DC voltage of 24 V (12 V didn’t work) which will generate 200 mA of DC current passing through the filament. 
[image: ]
     The anode used is a copper rod from Air conditioners. Tungsten anode is much preferred but it is not available. Numerous support screws are used to fix the anode in place. The supports used for the anode are also used to pump the air outside the glass contained. 
[image: ]          [image: ]
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[bookmark: _Toc78554093]	THE GLASS CONTAINER:
[bookmark: _Toc78554094] Experiment 1
     At first, a cubic-shape glass container was designed to have a cubic-shape of 40x6x8 cm in dimensions. Once everything is fixed in place, the vacuum pump is ON 
[image: ]     [image: ]

[bookmark: _Toc78554095]Experiment 2
 (
Vacuum Pump Input
) (
Copper Anode
) (
Cathode + Filament
)     A circular-shaped glass container is now used with a thickness of 3 mm. Everything is fixed in place using silicone. 
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[bookmark: _Toc78554096]COCKROFT-WALTON VOLTAGE MULTIPLIER:
	 There are many uses of high voltage DC power supply. High DC voltage is mainly used in the industries where the requirement of high dc power is necessary. High DC voltage power is widely used in research work in the field of applied physics and for testing purpose in industries. High voltage is used for dielectric and insulation testing of electrical equipment at power frequency. There are many applications of High voltage DC power in electrical engineering such as electron microscope, x-ray, electrostatic precipitators, particle accelerator, etc. Dielectric behavior of electrical equipment can be tested by giving high voltage DC supply as a input to them, where the surviving capacity of equipment can be tested at all conditions. The voltage given to the equipment should be greater than the normal DC voltage to find out equipment’s sustaining capability of voltage and decide the voltage margin for the particular equipment.
The circuit Cockcroft Walton generator or voltage multiplier is an electric circuit which generates DC power at high voltage. This circuit was discovered much earlier by Heinrich Greinacher in 1919. The circuit got named after the British and Irish physicist Jhon Douglas Walton and Earnest Thomson Walton, who first used this circuit in 1932 to power their particle accelerator.
The main importance is given on designing of Cockcroft Walton Generator circuit, and its hardware implementation. It is a two stages voltage multiplier circuit having 220V AC as an input supply and 48 kV DC as an output voltage. The entire work is categories into two main stages. First stage deals with generation of high DC voltage using multiplier circuit and second stage deals with conversion of high DC voltage into standard pulse. Then, a hardware implemented of circuit is done in the laboratory.
[bookmark: _Toc78554097]	VOLTAGE MULTIPLIER CIRCUIT:
As the name suggests, the Cockcroft-Walton is a voltage multiplier circuit which has a multiplication factor of two. A voltage multiplier is an electrical circuit that converts low AC voltage into high DC voltage. It is made of a voltage multiplier ladder network of capacitors and diodes to generate high voltages.
 (
C1
~
4: Capacitor
D1
~
4: Diode
) (
Output
)[image: ]
Figure 12. Basic voltage multiplier circuit of 2 stages
     The above circuit shows a basic multiplier circuit which consist of two half-wave rectifier circuits. Through addition of second diode and capacitor, we can increase its output voltage.  When the sinusoidal input voltage is positive capacitor C1 charges through diode D1 and when sinusoidal input voltage is negative, capacitor C2 charges through diode D2. The DC output voltage across the final stage presented by equation 1, below. 
	
	
	(1)


Where, n represents the number of stages, where each stage consists of two diodes and two capacitors as shown figure 1 above.
[bookmark: _Toc78554098]DESIGN CRITERIA:
The design criteria describe the selection of different elements. This includes selection of number of stages for required output, selection of capacitors, selection of diodes.
[bookmark: _Toc78554099]Number of Stages Selection:
In order to get a desired output level, the number of stages in Cockroft-Walton voltage multiplier circuit should be selected. Therefore, the selection of stages should be accordance with required output voltage, and the voltage drop till last stage. In this work, the voltage drop is too small according to output voltage.
The number of stages is given in equation 2 below in equation (2).
	
	
	(2)


Where:
	        n= Number of stages
	         = Output Voltage
	        = Voltage drop till last stage
	        = Input peak voltage
[bookmark: _Toc78554100]Capacitors Selection:
Generally, the size of capacitors used in the Cockroft0-Walton multiplier circuit is directly proportional to frequency of its input voltage. For the frequency of 50 Hz, the selected capacitor is 100pF 30KV (code: 101k 30KV), as shown in figure 2 below. Therefore, it is better to select the capacitor of voltage rating twice (approximately) that of input voltage. In other word, the capacitor should voltage rating of 2 Vmax, where Vmax is the input voltage. 
[image: ]
Figure 13. Capacitor 101k 30KV
Therefore, for high voltage stage, capacitor pins should be good isolated for any potential electric arc. As shown in figure 3 below.
[image: ][image: ]
Figure 14. Capacitor Isolated pins
[bookmark: _Toc78554101]Diodes Selection:
Selection of diode depends upon maximum reverse voltage across the diode (peak reverse voltage). For safety purpose, the required diode should have 2 Vmax as voltage rating. The selected diode is 2CLG30KV/0.5A, as shown figure 4. Where the voltage rating of this diode is 30 KV and current rating is 0.5 Ampere.
[image: ]
Figure 15. 2CLG30KV/0.5A


[bookmark: _Toc78554102]Step-up Transformer:
In order to obtain 48KV as an output voltage from 220 V of input voltage, a step-up transformer 220/12KV 30 mA has been used, as shown in figure below. In this condition, the considered input voltage of Cockroft-Walton Voltage multiplier is 12KV. In other word, Vmax=12KV.
[image: ]
Figure 16. 220/12kv 30 mA
[bookmark: _Toc78554103]CIRCUIT DESIGN:
The circuit below has been built via EasyEDA.
[image: ]
Figure 17. Circuit Design
[bookmark: _Toc78554104]High Voltage Generation SIMULATION:
[bookmark: _Toc78554105]Circuit:
[image: ]
Figure 18. Generation of High DC voltage via LTspice Simulink
Figure 7 shows the simulation circuit of the Cockcroft-Walton voltage multiplier. Table 1 below shows the ratings for circuit parameters used for simulation.
Table 1. Circuit Parameter
	Parameter
	Rating

	Input voltage
	12 KV

	Input frequency
	50 Hz

	Capacitor
	100pF 30Kv

	Diode breakdown
	30KV



[bookmark: _Toc78554106][image: ]Results:
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[bookmark: _Toc78554107]High Voltage Generation HARDWARE:
[bookmark: _Toc78554108]Assembly:
[image: ]
Figure 19. Front Side Circuit
 (
Silicon for better isolation
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Figure 20. Back Side Circuit
[bookmark: _Toc78554109]Results:
 (
Electric Arc
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[bookmark: _Toc78554110]Testing Procedure 
(audio)
[bookmark: _Toc78554111]Experiments and Results 
     After testing the above mentioned experiments in the third chapter (X-Ray Source), the following results were obtained: 
[image: ]
Figure 21: Experimental results
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You can find the full vidoe on the following link: 
 https://drive.google.com/file/d/1ftpkXedKj8o95gi0vmIOGuOIiWHcSMjj/view?usp=drivesdk
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«  Abstraction library layer, composed of:

*  Operating System Abstraction Layer (OSAL): small software library that isolates the flight software from the real

time operating system

*  Platform Support Package (PSP): software that is needed to adapt the cFE core to a particular processor architecture
«  CFE core layer, composed of:

* Executive Services (ES): manages cFE core and cFS applications

« Event Services (EVS): provides an interface for sending asynchronous debug, informational, or error message telemetry

* Software Bus (SB): provides a portable inter-application message service

« ‘Table Services (TBL): manages all cFS table images

+  Time Services (TIME): manages spacecraft internal time and distributes tone signal to querying applications
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*  Mission and cF$ application layers: composed of reusable and mission-specific applications. NASA has currently 13 cFS
applications distributed as open-source (NASA 2017) that implement common spacecraft functionality. Additionally, a
new mission has to define and implement its mission-specific functionalities by means of cFS applications.
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#include <stdio.h>

#include "headerXray h*

float funcl(float in):

int main(){
//float in = Serial.read(): //reading from arduino
float in = 5.0; // assuning that its already read
//from arduino
printf(’the output

float out = funcl(in):
printf(" out);
return 0;

¥
//the belov is the xRay.c file that contains the function

float funcl(float input){
float output:

cutput=input:
return output:

¥
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? Electrical Power System (EPS)

The ISIS Electrical Power System (iEPS) is the second-generation compact power system for
nanosatellites, ideal for 1U up to 3U CubeSats. The system leverages wide bandgap
semiconductor technologies, implementing GaN-FETs to improve solar power conversion
1s1s iEps Electrical Power  ETfiCIENCY and performance. It is equipped with an integrated heater, hardware-based
system Maximum Power Point Tracking (MPPT) and hardware voltage and over-current protection.
The iEPS provides 3.3V and 5 V regulated buses, as well as an unregulated bus. An add-on
Wendor daughter board allows additional configurations to suitably power the system and payload
e instruments.
Power systems Type A (2-cell battery pack): 4,600 EUR
‘Compact single PC/104 form factor board solution
FRAM based MCUs for improved radiation tolerance
Hardware voltage, over-current protection and hardware-based
maximum power point tracking
Designed for low (idle) power consumption

Solar Panel interface utilizes GaN-FETs.
Allows customizations through mountable daughter-board

Power delivered 20W @ 5V over 4 channels
Energy storage 6300mAh/22.5Wh (Type A)

5/12/2021 AS-COMSAT, Jan-Feb 2021 27
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TT&C Subystem — On-Board Part

ISIS VHF uplink/UHF downlink transceiver

The ISIS VHF uplink/UHF downlink transceiver is a full
duplex communication system for CubeSat TT&C
applications. The radio can operate in commercial and
amateur bands of the VHF/UHF frequency spectrum. It
is low power, low mass, and highly configurable,
offering the flexibility of changing data rates and
frequencies in flight. This radio is tailored for CubeSat
missions and cross-compatible with other subsystems
such as onboard computers and antenna systems.
Flight proven since 2016.

Availability: 8 - 12 weeks

Vendor: |SISPACE
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