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1 Goal of actual phase

- Specification: Presentation Film

- Ground Track Visualization (done with Gpredict)

- Hardware-in-the-Loop (HIL) testing environment with scicos and server

- On-Board-Computer Integration with Control Algorithm

- Visualization of satellite movement in orbit based on scilab simulation data

- Specification of propulsion unit



2 Project Management

2.1 Organisation

1 Satellite Bus

1.1 Satellite Prototype
HIL Testrig

1.2 Ground Station

with direction finder
SDR tracking

2 Payload: Earth surveillance camera

3 Mission Planning

31 Access to space
(Planning: IAP, Operation:

a contractor)

3.2 Operation of the

satellite
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2.2 Working Packages and Time Plan

WP | Working package content Time span, Development | Responsible Status
No. costs environment
(HW, SW)
1 Specification, Cost Analysis. Mar-Apr 2015 | FreeCAD, Master Student | finished
Result: Presentation Film (2 man Gpredict, Fatima Al Chaar
months) OpenSat
2 Hardware-in-the-Loop test rig | May-Aug Scicos, Master Student | Finished
without adaption to board | 2015 (4 man | ubuntu, C | Fatima Al Chaar
computer months) compiler
3 Concept for Propulsion Unit July/August Practical finished
20015 (1 man Student Ibrahim
month) Ghanem
4 Implementation  of  control open
algorithm at On-Board-
Computer and Closed-Loop-
Integration of HIL
5 Visualization of satellite open
movement in orbit based on
scilab simulation data
6 Specification of battery system Practical finished
Student Ibrahim
Ghanem
7 Specification, Design of star Practical Partly
camera and algorithm Student finished
Houssam
Barbara

2.3 Estimated Costs of IAP-SAT (satellite development and the launching)




Satelite Development Cost and Launch Cost

Personnel
Working Package Material Cost Man Month Qualification | Salary/MM | Cost per [Total item
item cost
Camera $40,000 6|Eng $5,000 $30,000 $70,000
Chemical Propulsion
System $50,000 10|Eng $5,000 $50,000 $100,000
Gyroscopes $20,000 10|Eng $5,000 $50,000 $70,000
Accelerometers $20,000 10|Eng $5,000 $50,000 $70,000
Tank for fuel $10,000 S5|Eng $5,000 $25,000 $35,000
Tank for oxygen $10,000 5|Eng $5,000 $25,000 $35,000
Solar panels incuding
battery system $15,000 10|Eng $5,000 $50,000 $65,000
Communication's board $5,000 10|Eng $5,000 $50,000 $55,000
Board Control Computer $10,000 10|Eng $5,000 $50,000 560,000
Antenna system $10,000 10|Eng $5,000 $50,000 $60,000
Integration $10,000 5|Eng $5,000 $25,000 $35,000
Test $10,000 15|Eng $5,000 §75,000 585,000
Launch $1,600,000 55,000 S0 $1,600,000
Ground Station $100,000 $5,000 S0 $100,000
Total Cost $2,440,000
Operational Cost per year
Personnel
Working Package Material Cost Man Month Qualification | Salary/MM | Cost per |Total item
item cost

Maintenance $40,000 12|Eng $5,000 $60,000 $100,000
Ground Station $20,000 36 $3,000| $108,000 $128,000
Total Cost $228,000

Tablel: Costs of development and launching of IAP

With the consideration of the maintenance and operational cost, the total cost of IAP-SAT is

around 2,668,000%. The satellite’s expected life time is at least 5 years.
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3 Basics

3.1 Meteorology

Meteorology is the study of weather, climate, and forces that cause changes in our
environment. It uses math and physics to understand the atmosphere, which is consisted of
layers of gases and moisture surrounding the earth. Most weather takes place in the lowest
level of the atmosphere, known as the troposphere. Within meteorology there are a number
of specialty fields which include climatology, severe storms and tornadoes, tropical cyclones,

hydrology, and agriculture. [23]

Figure 3.1: Meteorological image

Meteorology has application in many diverse fields such as military, transport, agriculture,
construction and energy production. It offers a range of practical applications which make a

major contribution to human safety and the security of air and sea transport.

3.2 Satellite

3.2.1 Definition

A satellite is an object that goes, or orbits, around a larger object, such as a planet. While
there are natural satellites, like the moon, hundreds of man-made satellites also orbit around
the earth (Fig.3.2). [24]

Figure 3.2: Artificial satellite

3.2.2 Orbit

3.2.2.1 Laws of motion

A satellite's orbit is the curved path it follows around earth (Fig.3.3).

7



The basis for classical mechanics Laws of motion (Newton’s laws):

1. Everybody continues in its state of rest or of uniform motion in a straight line

unless it is compelled to change that state by a force impressed upon it.

2. The rate of change of momentum is proportional to the impressed force and is in

the same direction as that force.
Momentum = mass x velocity, so Law (2) becomes F=d (mv)/dt = m dv/dt =ma for constant mass

3. For every action, there is an equal and opposite reaction. [5]

Fonvard Motion

4.7-I-\
Resuliant Path Full or

Gravity

(Orhil)

Figure 3.3: Third law of Newton

3.2.2.2 Laws of gravitation

The force of attraction between any two particles is

e Proportional to their masses

* Inversely proportional to the square of the distance between
them

ie. F= G*nr11*nr12/r2 (treating the masses as points)

Where G = gravitational constant = 6.673 x 10-11 Nm2 /kg2

So, the followed laws explain how a satellite stays in orbit.
Law (1): A satellite would tend to go off in a straight line if no force were applied to it.

Law (2): An attractive force makes the satellite deviate from a straight line and orbit around

earth.
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The Laws of Gravitation:
This attractive force is the gravitational force between the earth and the satellite. Gravity
provides the inward pull that keeps the satellite in orbit. Assuming a circular orbit, the
gravitational force must equal the centripetal force.

m. o%lr = G.m.mg/¥*
Where: v = tangential velocity

r = orbit radius = RE + h (i.e. not the altitude of the

orbit)
RE = radius of Earth

h = altitude of orbit = height above Earth’s surface
m = mass of satellite

mE = mass of Earth

v =\ (GmE/r), so v depends only on the altitude of the orbit (not on the satellite’s mass).

The period of the satellite’s orbit is T=2nr/v = 2rtr/v =2tV ( rs/GmE).

Again, this is only dependent on the altitude, increasing as the orbit’s altitude increases. [24]

Form of orbit:
Kepler’s Laws were based on observations of the motions of planets.

1) All planets travel in elliptical orbits with the Sun is at one focus (Fig. 3.4) —

defines the shape of orbits.

SUN AT ONE

roocus

PATH OF
OREBIT

Figure 3.4: First law of Keppler (elliptical orbit)



2) The radius from the earth to the satellite sweeps out equal areas in equal time

—determines how orbital position varies in time

3) The square of the period of a satellite’s revolution is proportional to the cube

of its semi major axis.

T2= 47'(2 u3/GM; S0 (T1/T2)2= (71/72)3

The pull of gravity is stronger closer to the earth, so a satellite in a low orbit must travel faster

than one in a geostationary orbit (Fig. 3.5). [25]

Polar-Orbiting and Geostationary Satelies

Polar O

LN

L Polar-Ovtiting
y»  Satebie

-

L St TN

Cectalatiosary
Salsire

EThe CORMET Progeam | EUMETRAT ¢ MARA 1 NOAA

Figure 3.5: Third law of Keppler (satellite polar orbiting is faster than geostationary orbiting
because of radius)

3.3 Low earth orbit
The Low Earth Orbit (LEO) is used for the vast majority of satellites. As the names imply,
Low Earth Orbit is relatively low in altitude; the definition of LEO stating that the

altitude range is between 200 and 1200 km above the Earth's surface (Fig. 3.6).

10
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Low Earth Orbet
Miremum Atmosphent
Irfluence

Figure 3.6: Low earth orbit

3.3.1 LEO basics

LEO is still very close to the Earth, especially when compared to other forms of satellite
orbit including geostationary orbit. The low orbit altitude leads to a number of

characteristics:

e Orbit times are much less than for many other forms of orbit. The lower altitude
means higher velocities are required to balance the earth's gravitational field. Typical
velocities are very approximately around 8 km/s, with orbit times sometimes of the
order of 90 minutes.

o Radiation levels are lower than experienced at higher altitudes.

e Less energy is expended placing the satellites in LEO than higher orbits.

e Some speed reduction may be experienced as a result of friction from the low, as a

result of the increasing drag from the presence of gasses at low altitudes. [22]

3.4 Sun synchronous orbit

Sun-synchronous orbit (SS-O) is a special case of the polar orbit. Like a polar orbit, the
satellite travels from the north to the south poles as the earth turns below it (Fig. 3.7). 2]

11



Figure 3.7: Sun synchronous orbit

A Sun-synchronous orbit is a geocentric orbit which combines altitude and inclination in
such a way that an object on that orbit will appear to orbit in the same position, from the

perspective of the Sun, during its orbit around the Earth (Fig. 3.8). [26]

Orbit plane -

Sun !Sun
angle line

The orbit plane rotates The Earth moves

at ~1 degfday due to ' around the Sun
the Earth’s oblateness at ~1 degfday

Figure 3.8: Sun synchronous orbit (conservation of the angle between the sun and the orbit

plane)
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The uniformity of Sun angle is achieved by tuning the inclination to the altitude of the orbit.
The plane of the orbit is not fixed in space relative to the distant stars, but rotates slowly
about the earth's axis. Typical sun-synchronous orbits are about 600-800 km in altitude, with

periods in the 90-100 minutes range, and inclinations of around 98. [26]

)
.y A,
\
! \/ \Z
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/ "4
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Rate of the Earth

Avout the Sun

Figure 3.9: Sun synchronous orbit

Only the solar panels can be redirected to optimize the electric power depending on the

position of the sun (Fig. 3.10).

Flp solar -]

panal by 180° \
£+
/ X
A A
T b P SN Y
" Yaw A
rotation
\-..' wy
~)
\ e & ~ Flip solar

D panel by 180°

Figure 3.10: Sun synchronous orbit (only the solar panels can rotate)

3.5 Meteorological satellite

Meteorological satellite is an artificial satellite that gathers data concerning the earth's
atmosphere and surface in order to aid meteorologists in understanding weather patterns

and producing weather forecasts.

Satellite Meteorology refers to the study of earth's atmosphere and oceans using data
obtained from remote sensing devices flown on board satellites orbiting the earth. Satellite
makes measurements indirectly by sensing electromagnetic radiations coming from the

surfaces below.
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These weather satellites are often placed in a sun-synchronous orbit. These satellites are in
polar orbits. The orbits are designed so that the satellite's orientation is fixed relative to the
sun throughout the year, allowing very accurate weather predictions to be made. Most

meteorological satellites orbit the earth 15 to 16 times per day. [1]

3.5.1 Components of meteorological satellite

A meteorological satellite comprises two parts: satellite bus and payload.

3.5.1.1 Satellite bus (platform): power source, battery, control system,
communication system, thermal protection...

i. Power source

Figure 3.11: Solar panels of the satellite

It is the solar panels in satellite; just like many other machines, satellites also need electrical

power to function.

The sun is a very powerful, clean and convenient source of power, particularly for satellites.
The only thing needed is a means to convert the energy contained in the sun’s radiation —
mainly light and ultraviolet rays — into electrical power. The most efficient way to achieve
this today is by using panels composed of semiconductor photovoltaic cells. ‘Solar panels’, as

they are usually called. [1]

ii. Battery

Figure 3.12: Battery of the satellite

Satellites orbiting the earth pass through a shadow region on the opposite side of the earth
from the sun. Depending on the type of orbit; this can happen just a few times a year or every

few hours. During these so-called ‘eclipses’, the solar panels cannot produce electrical energy

14
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and the satellite would not only be unable to operate, but would also freeze to incredibly
low temperatures (eventually around —270°C) if a backup power source were not available.
Electrical energy therefore has to be stored on board the spacecraft when in sunlight for

consumption during these eclipses.

Batteries are used to store the energy, so that the satellite can continue to work when the Sun

is eclipsed. [1]
iii. Control thermal system

Space is not a friendly environment either. Satellites have to survive temperature variations
of more than 200°C — rather like someone standing in front of a fireplace with a blazing fire

while an air conditioner pumps freezing air onto his back. [1]

Satellites orbiting the earth are subjected to similar extreme temperature variations. The
delicate electronics on man-made satellites would not operate efficiently over this
temperature range, so it is necessary to insulate the satellite from the space environment.
Active thermal control systems such as resistive heaters, thermo-electric coolers, heat pipes...
are critical tools for managing the temperature in localized areas of the satellite. Heating
systems consume valuable electrical power. Cooling systems also consume power and
actually only concentrate thermal energy in a small volume that must still be passively

radiated into space. [21]
iv. Control system (sensors, actuators)

To position itself in space, a satellite has to maneuver using its own small propulsion (e.g
electrical or chemical propulsion). It also has to maintain its orientation, using thrusters and
gyroscopes, otherwise it will tumble along its orbit and its antenna will drift out of alignment
with the earth. [1]

a. Sensors
1) Gyroscope
Gyro Rate Sensors determine the attitude by measuring the rate of rotation of the satellite.
They are located internal to the satellite and work at all points in an orbit. Since they measure
a change instead of absolute attitude, gyroscopes must be used along with other attitude

hardware to obtain full measurements. At least three gyro sensors are used in a satellite. [30]

2) Accelerometer
An accelerometer is a device that measures proper acceleration. The proper acceleration
measured by an accelerometer is not necessarily the coordinate acceleration (rate of change of

velocity). [30]

b. Actuators

Satellite propulsion is characterized in general by its complete integration within the satellite.

Its function is to provide forces in the space to:

15



- position, adjust, and maintain orbits of satellite: used for orbit control
- orient the satellite: used for attitude control

The propulsion is a reaction Jets which produce a control force by the expenditure of mass;
These systems are based on jet propulsion devices that produce thrust by ejecting stored
matter, called the propellant. 28]

Satellite propulsion can be classified according to the source of energy utilized for the ejection

of propellant:

1) Chemical propulsion (based on the principle of converting chemical energy into
kinetic energy of the exhaust gases) uses heat energy produced by a chemical reaction
to generate gases at high temperature and pressure in a combustion chamber. These
hot gases are accelerated through a nozzle and ejected from the system at a high exit

velocity to produce thrust force (Fig. 3.13).

Jet Propulsion
Propellant Motor chamber Nozzle

/‘ \ / P

/( \"\. ‘,"/
Spacecraft movement Exhaust gas jet

Figure 3.13: Chemical propulsion

It uses two separate propellants, a liquid fuel and liquid oxidizer. These are contained in
separate tanks and are mixed only upon injection into the combustion chamber (Fig.
3.13). 14

2) Electrical propulsion uses electric or electromagnetic energy to eject matter at high

velocity to produce thrust force. (4]

3) Hall Effect thrusters

16
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Figure 3.14: Hall Effect propulsion

Hall Effect thrusters have been classed as both electrostatic and electromagnetic propulsion
systems. An electrostatic field accelerates the ions in the propellant stream but that field is, to
a large extent, produced by the actions of plasma electrons interacting with a magnetic field,

giving both classes a claim to the technique.

In Hall Effect thrusters, also referred to as closed drift thrusters, a heavy gas, xenon in most
implementations to date, is ionized and accelerated by an electric field. An electron current
passing through and being impeded by a magnetic field establishes the acceleration field. The
processing electrons in this magnetic field follow a closed drift path, giving rise to one of the
names for this technique. The flow of the drifting electrons, which is perpendicular to both
the applied magnetic field and the current flow in the plasma, is due to the Hall Effect, the
source of the other name for this type of thruster (Fig. 3.14). [15]

v. Communication system

Outside the protection of the Earth’s atmosphere, the level of radiation (UV, X-rays, gamma-
rays and all sorts of energetic particles) is much higher and more destructive than on the
earth. Before they can even begin to operate in space, satellites have to survive the bone-
shaking launch. Then the solar panels have to be opened and antennas, which are often
stowed to take less space in the launcher, deployed before the satellite enters its operational
orbit.

Once in orbit, a satellite usually carries out multiple functions, with different payloads or
instruments. It then sends information to a ground station about the condition of its payload
and its systems, and it receives instructions back from the ground operators. All this has to
work well, with little possibility of recovery, not to mention repair. Apart from very special

cases, there is no way backing. [1]

3.5.1.2 Payload
The main mission is carried out by the primary payload instruments, the imager and the
sounder. The imager is a multichannel instrument that senses infrared and visible reflected
solar energy from the Earth's surface and atmosphere. The sounder provides data for vertical
atmospheric temperature and moisture profiles, surface and cloud top temperature, and

ozone distribution. [3]

The meteorological mission needs an imager (camera) as payload.
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3.6 Example of a meteorological satellite

NOAA (National Oceanic and Atmospheric Administration) is a three-axis stabilized
American spacecraft (Fig. 3.15). It has launched into an 870-km circular, near-polar orbit with
an inclination angle of 98.73° to the Equator. The total orbital period will be approximately
102.14 minutes. The sunlight period will average about 72 minutes, and the Earth shadow
period will average about 30 minutes. Because the Earth rotates, the satellite observes a
different portion of the Earth’s surface during each orbit. The nominal orbit is planned to be
sun-synchronous, and rotates eastward about the Earth’s polar axis 0.986° per day. The
precession keeps the satellite in a constant position with reference to the sun for consistent

illumination throughout the year. [11]

Figure 3.15: NOAA satellite
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3.7 Example: DubaiSat-1 orbit specifications

-

The frame consists of spacecraft (5/C) adaptors. six
longerons, rails, inner ring, inner rods and three decks. Six
longerons are connected to six rails at the bottom. muddle,
and top deck. The inner ring provides structure stiffness and
stability for DMAC payload. Three 5/C adaptors are
connected to the shear brackets and mechanically couple the
satellite and separation adaptor of the launch vehicle (LV),
Dnepr Rocket. Each one of the S/C adaptors has two S/C-
based separation sensors and one LV-based separation
sensor to monitor separation condition between the satellite
and the launch vehicle. The umbilical connector 1s attached
on the lower surface of the bottom deck with its mounting
support bracket. The key system features of DubaiSat-1 are
introduced in Table 1.

Table 1: DubaiSat-1 key system features.

Figure 2: DMAC Mechanical Structure.

The main characteristics of the DMAC are shown in the
following table (Table 2).

Table 2: DMAC main system features.

Parameters Features

Orbit Sun-Synchronons Low Earth Orbit
Nominal Alfitude 680 km

Inchnation 02.13 deg

Mass ~ 200 kg (Bus: 130 kg)
Dimension 1,200 x 1.200 (num) - Hexagonal
Attitude Accuracy 0.2° (Full 3-axis stabilized)

Parameters Features
Spectral Bands Pan: 420-720 nm (the Pan and M35
data are co-Tegistered)
MS51: 420-510 nm (Blue)
MS52: 310-580 mm (Green)
MS3: 600-720 nm (Red)
MS4: T60-890 mm (Near Infrared)
Spatial Resohution 2 3m (Pan), 3m (MS)
Swath Width 20 km
FOR. (Field Of Regard) 720 km (thes provides an event
menitoring capability)
Detectar Charged Coupled Device (CCD)
Cantization 2 bitz
Instrument mass, power, and size 32 kg, = 60 W (max), & 420 nm x
610 mm

3.8 Ground Tracking

19



3.9 Electrostatic Plasma Thrusters

The purpose of this research was finding the best Plasma Thruster for the satellite project in

order to mechanically model a prototype of it.

Electrostatic thrusters are a branch of Plasma Thrusters that uses high voltage electric fields
to accelerate ions out of the propulsion providing thrust. The core principle of this
technology lies in first ionizing the propellant then accelerating it out using an electric field.
Many different propulsion systems under this domain were analyzed and each one’s

adequacy to our project was checked.

¢ Jon Bombardment
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magnets

electron @
gun

negative grid

© electron positive grid

@ neutral propellant atom

@ positive ion

In these types of thrusters Xenon fuel is ionized in a discharge chamber by bombarding it
with electrons using an electron gun. The formed plasma (positively charged gas) diffuses
into a high-voltage electric field formed between 2 charged gridded plates where it is
accelerated to high speeds out of the exhaust. In order to prevent the spacecraft from
acquiring a negative net charge (which will block the system), electrons are injected into the

exiting plasma in order to neutralize it. [1]
The following types of electrostatic thrusters were also analyzed in detail:

¢ Colloid ion

¢ Contact ion

¢ Field Emission (FEEP)

* Microwave or Radiofrequency ion
¢ Plasma separator ion

¢ Radioisotopic ion

 Hall Effect

[1] http://www.daviddarling.info/encyclopedia/E/electronbomthruster.html

3.10 Electromagnetic propulsion systems

Electromagnetic propulsion technology generally consists of 2 steps:
1. Production of plasma in an ionization chamber
2. Accelerating the plasma to the exhaust velocity by electromagnetic forces

Electromagnetic thrusters have higher efficiencies over their electrostatic counterparts. This
is due to the fact that plasma in these thrusters can be brought up to very high temperatures
and densities resulting in the ability to confine and direct this plasma. As a result, higher

exhaust velocities and more economic propellant usage are achieved.

Electromagnetic technology embodies several propulsion systems each using different
techniques and processes. All of these systems were carefully studied and analyzed in order

to choose the best system that mechanically fulfills the IAP-satellite project’s requirements.

* Magnetoplasmadynamic
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This type of thruster consists of a cathode rod centered in the middle and a cylindrical anode
that surrounds the cathode. The high-voltage electric field between the anode and the
cathode ionizes the fuel injected into the system. The positively charged ions complete the
circuit and the resulting current flow induces a magnetic field. The interaction between both
magnetic and electric fields produces a Lorentz force that acts on the plasma and accelerate it
to high speeds.[1]

Other systems were also analyzed:

* Pulsed plasma

* Helicon plasma

* Inductive pulsed plasma

» Electron-cyclotron-resonance

* Variable specific-impulse plasma

[1] http://www.daviddarling.info/encyclopedia/M/MPDthruster.html

3.11 Block Diagrams in Signal and Control Theory

The block diagram modeling may provide control engineers with a better

understanding of the composition and interconnection of the components of a system.

It can be used, together with transfer functions, to describe the cause-effect relationships

throughout the system.
The common elements in block diagrams of most control systems include:

¢ Comparators
* Blocks representing individual component transfer functions, including;:

Input sensor
Output sensor

Actuator
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Controller
e Plant (the component whose variables are to be controlled)
Input or reference signals
Output signals
Disturbance signal

Feedback loops  [17]

3.12 Tools

3.12.1 Scilab/Scicos

The software used in this project is scilab/Scicos (ubuntu version).

Scilab is a free open-source software package for scientific computation. It includes
hundreds of general purpose and specialized functions for numerical computation,
organized in libraries called toolboxes that cover such areas as simulation, optimization,

systems and control, and signal processing. One important Scilab toolbox is Scicos.

Scilab is one of the major open-source alternatives to MATLAB. It is similar enough to

MATLAB, and Scicos is the open source equivalent to Simulink from the MathWorks. [16]

Scicos is a scilab toolbox for modeling and simulating dynamical systems. It is particularly
useful for modeling systems where continuous-time and discrete time components are

disconnected.

The graphic editor of the toolbox Scicos allows the user to describe his dynamic system in a
completely modular way. One of the basic module from which scicos diagram is constructed
is the block. A block in Scicos defines an operation that can evolve continuously or discretely
in time. By interconnecting blocks with links, the user can construct his algorithm. A large
number of mostly used blocks are saved in palettes, these blocks provide elementary

operations needed to construct models diagram. [29]

3.12.2 FreeCAD
Computer-aided design (CAD) (Fig. 3.16) is the use of computer systems to assist in the

creation, modification, analysis, or optimization of a design. CAD software is used to increase
the productivity of the designer, improve the quality of design, improve communications
through documentation, and to create a database for manufacturing. CAD output is often in

the form of electronic files for print, machining, or other manufacturing operations. [9]
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Figure 3.16: Window of FreeCAD
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3.12.2.1 Example CAD model of satellite: Flying Laptop, Stuttgart University,
Germany

Star Tracker

Data Downlink

Fibre Optical Gyro
Magnetometer Assembly

Power Control and
Battery  Distribution Unit

MICS

Reaction Wheel Sun Sensor

Assembly

Transceiver Magnetic

OBC Torquer

3.12.3 Tools for visualization of the ground track of satellites: Gpredict and OpenSat
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GPREDICT: Amateur

2012/01/20 21:40:47

sample N

Prochain: FO-29 ®
dans 21:49

Azimuth :
: -65,26°

Elévation

Slant Range :

Range Rate :
Prochain événement :
SSP Loc. :

Empreinte terrestre :
Altitude :

Vélocité :
Doppler@100M :
Sig. Loss :

Sig. Delay :

Mean Anom. :

Phase Orbite :

Orbit Num. :
Visibilité :

@ ®

178,72°

12431 km
1,871 km/sec
AOS: 2012/01/20 22:39:24
JB82MF
6154 km

822 km

7,441 km/sec
-624 Hz
154,29 dB
41,47 msec
190,63°
268,07°
95535
Daylight

Figure 3.17: Gpredict software

To simulate the satellite around the earth, a specific program is necessary.

We want to take such open source program and adapt it to our specific requirements. We
want to have a program which tracks our satellite (IAP-SAT). The source code of gpredict is

used to make our program.

Gpredict is a real-time satellite tracking and orbit prediction program (Fig. 3.17). A satellite
tracking program is a computer program that predicts the position and velocity of a satellite
at a given time using a mathematical model of the orbit. It can also predict the time of future

passes for a satellite, and provide you with detailed information about each pass. [13]

Gpredict can track an unlimited number of satellites and display their position and other

data in lists, tables, maps, and polar plots (Fig. 3.18).
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GPREDICT: Amateur

Fle Edit Tools Help

iAmut-lM Amateur l

| 2008/09/20 14:37:59

OZ9AEC N

=

®

(¥l AO-16
Azimuth : 167.50°
Elevation ; 40,42*
| Slant Range : 1151 km
Range Rate | -5,072 km/sec
Next Event: LOS: 2008/09/20 14:47:32
SSP Lat, ¢ 48,40°N
SSP Lon. : 11,15°E
[ SSP Loc. © |NSBN)
| Footprint : 6079 km
Altitude ; 800 km
| Velocity :  7.455 km/s
Doppler . 1692 Hz
Sig. Loss : 133,62 dB
| Sig. Delay: 3,84 msec
Mean Anom. : 110.63°
Orbit Phase : 155,58°
Orbit Num. : 97456
Visibility : Daylight

Figure 3.18: Window of Gpredict (list, map and polar plot)

Opensat

It is open source software, which also follows all satellites in the atmosphere, and gives their

ground tracking (Fig. 3.19 and Fig. 3.20), as Gpredict.
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Figure 3.19: Open-Satellite software
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Figure 3.20: Window of OpenSatellite
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4  Simulation of IAP-SAT mission

4.1 Specification of IAP-SAT’s parameters

IAP-SAT is the first Lebanese meteorological satellite. It will be used to take meteorological

data to estimate the state of weather in Lebanon.
This satellite has the same parameters of Dubai-SAT;
It will be placed on a sun-synchronous low earth orbit, on a nominal altitude of 680 Km. [10]

The parameters of this satellite are presented in the following table (Table 2.1):

Parameters Features
Orbits Sun-synchronous Low Earth Orbit
Altitude 680 Km
Inclination 98.13°
Mass 200 Kg (Payload: 50Kg, Bus:150Kg)
Dimension Hexagonal: 1.2x1.2(m)
Attitude Accuracy 0.2°

Table 4.1: Parameters of [AP-SAT

4.2 Description and Modeling of IAP-SAT
This satellite contains, according to its mission:
A camera
Sensors: 3 gyroscopes, 3 accelerometers
Actuators: 4 electrical propulsions (Hall Effect thrusters)
Board of communication
Board computer
Battery
Antenna
3 solar panels

After the specification of IAP-SAT and fixing its parameters, this satellite will be modeled.
The program CAD is used to attain this object (Fig. 2.2).

IAP-SAT has a shape close to that of DubaiSat.

We construct geometrical shapes depending on the shape of the body represented by this
geometric shape, for example: a hexagonal shape represents the body of the satellite, a
rectangular shape represents the computer board; a cylindrical shape represents the antenna.
Then, we approach and we collect all these forms together in a specific manner to obtain the

model of our satellite.
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(a) (b)
Figure 4.1 (a, b, c): Model of IAP-SAT in FreeCAD

4.3 Visualization of the ground track of IAP-SAT

After modeling this satellite, it will be constructed and launched to take the needed
meteorological data. This satellite attains the sun-synchronous low earth orbit, and starts to
turn around the earth. The ground station detects these moves by showing the ground track
for this satellite when it changes its position with the time. We use the OpenSatellite
software to follow the satellite and obtain its ground tracking represented in the next
figures (Fig.2.3 and Fig. 2.4), and we can estimate the position of this satellite which changes

with time, so we obtain the prediction of its ground tracking.

Datum:

Zeitzone:

Breite [
Lange [}

Name: DUBMISAT1 | TLE:

Int. Bezeichnung: 090418 tle-new.bd -
Katalog Nummer: 35682U | Anzahl Satelliten in Datei: 25

Epoche: 921512742038 | Satellit: 12
DCR- 0.0000112
Inklination [*]: 98.1316 Magnitude (n Molczan) mo: kA

RAAN [°]: 109.3607
Exzentrizitat: 0.0010865
AP []: 277.4835

MA [7]: 825127 | Kein Uberflug fiir heute!

MM [U/d]: 14.65981622
Umlauf-Mr. seit dem Start 63

NASA 2Line | Erkldrung | Skizze | Ir. Flares § Auswahl | Konfig| Update | Vorhersage

System-Zeit: 09.09.2075 20228716 UT: 17228716

Figure 4.2: Window of OpenSatellite when DubaiSat is selected

IAP-SAT is not in the atmosphere now, so we try to follow the ground tracking of the closest

satellite; it is Dubaisat.
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Figure 4.3: One complete rotation around the earth

The satellite accomplishes one rotation around the earth in 90 minutes.

After 90 minutes, it takes another position for a new rotation. The difference between the

previous and the next track is shown in the figure 2.4:

(© (d)
Figure 4.4 (a, b, c, d): Ground tracking of DubaiSat

The satellite follows the connected line, and the other line is the previous trajectory of this

satellite before 90 minutes.

The satellite realizes about 16 rotations in the day. All these rotations are shown in the figure
2.5:
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Figure 4.5: All rotations of the satellite around the earth during the day
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5 Presentation Film

5.1 Payload Program

Earth Surveillance to take meteorological data to take meteorological data to monitor and estimate
the energy supply potential of large scale photovoltaic energy plants to control a national

alternative energy supply program.

The satellite shall be based on technology of Turkish Goktiirk and DubaiSat-1

5.2 Presentation Film of MIS
After modeling, specification, prediction of position and tracking the satellite, we make a film of

this mission simulation.
This film contains all results of the first part of the project (specification).

Screenshots of this film are represented in figure 5.1.

A project of
AECENAR Applied Research Center, Ras Nhache
www.aecenar.com
(8 Jlad) (g \ o
2015/1436

w B0 m «fw -

(a)

Figure 5.1 (a, b): Screenshots of the film



6 Hardware-in-the-loop (HIL) Testrig
6.1 HIL system architecture

System architecture:

i Satellite Bus

SESEEEIEEsEESEEEEEEEEENEEES

Satellite Payloadg

Software -Space
: ‘(Scilab /xc Environment
: 8 & -
: == Camera
: - . for
: - 331.,: : meteor
— Sensor images
Actuators Models I
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P «— ! Transmitter
Commands On board computer : :
To (Altitude control)
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loop
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|
Telemetry
Antenna i

HP Simulation server

Position (state variables)
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: HP Laptop
: Ground station Visualization RTL283?
: ' of satellite

position

Figure 6.1: System architecture of the satellite’s function

IAP-SAT is launched; it attains the sun synchronous low earth orbit with a fixed orientation and

starts to turn around the earth.

This satellite changes its orientation and its inclination due to disturbance and perturbation in the

atmosphere. The electronic systems on board a satellite include attitude determination and control,
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communications, command and telemetry, and computer systems. Sensors also refer to the

electronic components on board a satellite.

The most important consideration that must be made in the design process is the environment in

which the satellite systems and components must operate and endure.

One of the most vital roles that electronics and sensors play in the mission and performance of a

satellite is to determine and control its attitude, or how it is orientated in space.

The orientation of a satellite varies depending on the mission. The satellite may need to be
stationary and always pointed at earth, which is the case for a weather satellite. However, it may
also be needed to fix the satellite on a given axis. The attitude determination and control system

ensures the right and correct behavior of the satellite.

Another system which is vital to a satellite is the command and telemetry system, so much in fact,
that it is the first system to be redundant. The communication from the ground to the satellite is
the responsibility of the command system. The telemetry system handles communications from
the satellite to the ground. Signals from ground stations are sent to command the satellite and
precise the task that should be accomplished by the satellite, while telemetry reports back on the

status of those commands including satellite vitals and mission specific data. [27]

6.1.1 Simulation on scilab/scicos

6.1.1.1 Parameters and equations used in the simulation

Equations of motion:

The only force applied on the satellite is the gravitation force: Fgao = (G * Msat * Mcentrat) / R?

. . v{ Gx=Mcentral
Orbital Speed Equation: v = —
. . Gx=Mcentral
The Acceleration Equation: @ = T
Th2 4=

Orbital Period Equation: =
R"3 GsMcentral

With R=6378.14 Km
h= 680 Km
G= 6.67*10"-11 N*m2?*kg?
Meenmat = 5,972 x 1024 kg

So a=7.9958 m/s?, v=7902.705 m/s and T=5071 s= 84.5 min.
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Attitude equals 680 Km

Inclination i is about 98.13"

Initial orientation: Teta(angle with X-axis) =0
Phi (angle with Y-axis) =0
Psi (angle with Z-axis) =0

This means that the initial position of the satellite is on the origin of the reference frame X, Y, Z.

All these parameters are used as inputs and variables in the equations used to simulate the satellite in
scilab/scicos.

6.1.1.2 Modeling of the components of IAP-SAT in Scicos
To simulate our satellite, we have constructed the diagrams of IAP-SAT’s components by referring
to another satellites already simulated. [18]

The models in Scicos are based on the formulas in control engineering (Fig. 6.2).

Each diagram represents an algorithm and they are granted on these formulas. By transforming
the variable (t) presenting in the equations, represented in the blocks, to another variable with the

transfer function, we can obtain a block diagram.

Step Response | Equation f¢
Type b Cokn B 2 Tran inction G(s) | r;,yllu.ilm\m‘

\

R T T T T R L I

Figure 6.2: Formulas in control engineering used in the simulation of [AP-SAT
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I.  Model of gyroscope
Gyroscopes are devices that sense rotation in three-dimensional space without reliance on the

observation of external objects. [12]

Rate gyroscopes, also referred to simply as gyros, do not provide a measure of attitude, but are
commonly used in satellite as they provide a measurement of angular velocity. Fusing the gyro
with attitude measurements provides more accurate attitude estimates than the attitude
measurements alone, with the degree of improvement dependent on a number of factors such as

the sensor sampling frequency, satellite dynamics, and gyro noise characteristics. [14]

Random

generator ’—l_"

noise

i — .‘

—»
>

/0 ——h
(.

[ 1 H o
atttude error ’

Figure 6.3: Diagram of gyroscope (representative of teta angle)

Random
generator

=
=

attitucle error

Figure 6.4: Diagram of gyroscope (representative of phi angle)
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Random
generator
noise

attitude error

Figure 6.5: Diagram of gyroscope (representative of psi angle)

In the figures (Fig. 6.3, and 6.5), the input is the angle (teta with the x-axis, phi with y-axis, psi with
z-axis) . These inputs are passed by attitude error, noise, bias, connected with mathematical
expressions, to measure the final angular speed (how these angles change with time) as output of

gyroscope teta’, phi’, psi’.

[l.  Model of accelerometer
Accelerometer senses any difference in acceleration (non-gravitational accelerations) between the
satellite and the earth, to determine the earth's gravity field from purely gravitational orbit

perturbations. [19]

The main contributions of acceleration typically come from aerodynamic drag and lift, radiation
pressure emanating from the sun and earth, residual linear acceleration caused by any offset
between the sensor and the center of mass of the satellite, structural vibrations of the satellite and

any attitude or obit actuation.

Instantaneous position of the proof-mass is measured by three capacitive sensors which permit a

determination of the acceleration vector. [8]
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Figure 6.7: Diagram of accelerometer (representative of Y position)
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Figure 6.8: Diagram of accelerometer (representative of Z position)

The input of accelerometer (Fig. 6.6-6.8) is: the position of the satellite in the space (x, y, z); this
position is changed depending of the noise, the scale factor, the cross axis sensitivity... to arrive to

the measurement of the real position between the satellite and the earth.

The variation of this position with time can permit to obtain the acceleration vector.

lll.  Model of actuators
Satellites don't have to be adjusted often to maintain their orbits. The orbital of most artificial
satellites degrade over time and are corrected from the ground (most satellites have small

thrusters).

The purpose of a propulsion system is to change the velocity v of a satellite.

However this is more difficult for more massive satellite, therefore designers generally

discuss momentum, mv. The amount of change in momentum is called impulse. So the goal of a

propulsion method in space is to create an impulse. When launching a satellite from earth, a
propulsion method must overcome a higher gravitational pull to provide a positive net
acceleration. In orbit, any additional impulse, even very tiny, will result in a change in the orbit

path.

The rate of change of velocity is called acceleration, and the rate of change of momentum is
called force. To reach a given velocity, one can apply a small acceleration over a long period of
time, or one can apply a large acceleration over a short time. Similarly, one can achieve a given

impulse with a large force over a short time or a small force over a long time. [10]
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Figure 6.9: Diagram of Hall Effect propulsion (first propulsion F1)

As input of the Hall Effect thrusters (Fig.6.9), we have the force (rate of momentum); this input
creates an impulse to reset the satellite in its correct position and the right orientation. The output

of the actuators is the real values of this force after passing by the random generator, noise...

There are 4 actuators, each one has the same diagram, but with F1, F2, F3 and F4 as inputs.

IV. Model of space
As we mentioned above, the most important consideration that must be made in the design process

is the environment in which the satellite systems and components must operate and endure.
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Figure 6.10: Diagram of the space environment
The diagram of the space environment is formed by four diagrams (Fig.6.10):

Diagram representing the positions and angles, another representing system dynamics (attitude

and rate) , one represents the magnetic field and the last represents the sun vector. [¢]
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/ o \
systam dynarics \-.__ rs

magnetic field

Figure 6.11: Diagram of the space environment with details of its components

The details of each related blocks in Fig.6.11, are shown in the next figures:
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Figure 6.12: Diagram of the system dynamics

In the simulation of the system dynamic (Fig.6.12), the inputs are:
momentum and the inertia matrix.

This diagram gives as output the vector of the angular velocity.
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Figure 6.13: Diagram of the sun vector
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In this diagram (Fig. 6.13), we have simulated the sun vector by entering as inputs the position, the

transformation matrix and the MJD (Modified Julian Date). The outputs of this diagram are the

sun position, the sun vector, the albedo loads and the sun intensity.
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Figure 6.14: Diagram of the positions and angles

The diagram of positions and angles (Fig.6.14) has as inputs the magnetic torque, the position
vector and the acceleration.

The outputs of this diagram are the position (X, Y and Z), the angles (teta, phi and psi), the
velocity, the attitude, the attitude error and the disturbance factor.
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Figure 6.15: Diagram of the magnetic field

The magnetic field is simulated by using the transformation matrix as input, and we obtain as

output the magnetic field (Fig.6..15).

V. Integration of diagrams
To simulate our satellite, all this models (model of space, actuators and sensors) will be integrated

to obtain one diagram (Fig. 6.16).

In this diagram, we have integrated the four diagrams of actuators, the diagram of the space
environment and the diagrams of sensors (three diagrams for the gyroscope and three for the

accelerometer).

The sensors measure the values of position and orientation of the satellite from space, and give

them real values.

By passing to the board computer, these values are checked and compared to the correspondent

values.

If these values are not the fixed values to our mission, the corresponding actuators are activated to

reset the satellite in the best situation.
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Figure 6.16: Integration of all diagrams (final model of simulation)
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6.1.1.3 Test of simulation
Now we try to test our simulation, by giving different inputs (forces) to the actuators and see the

difference in the result.
Many cases are experimented.

Case 1:

The first case is to consider that the last propulsion will not function, so the value of F4 will be
zero, and the other forces will take each one the correspondent value to put the satellite on the

requested orientation.
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Figure 6.17: First case of the simulation’s test

Case 2:

The second case is to consider that the input of the second propulsion will be a variable force (a

step function), and the fourth force will also be zero.
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Case 3:

This last case is to consider that it is necessary to activate the first propulsion (value of F1 different

Figure 6.18: Second case of the simulation’s test

to zero), and the others have all the value zero for the force.
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Figure 6.19: Third case of the simulation’s test
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6.2 Linking the software simulation on the server with the OnBoard-Computer

The sensors (gyroscope and accelerometer) take information about position, inclination and

orientation of the satellite from the space environment and send this information to the computer
board.

In the test of simulation (paragraph 6.1.1.3), we have manually changed the inputs of actuators to
assay how the outputs of sensors change with the forces given by the propulsion. But in our

system, this test will be realized automatically, by using the board computer.

This computer board is connected to the actuators. If the needed position and the orientation are

not reached, the actuators are automatically activated to control these parameters.

By the action of the actuators, the space environment has a new position and orientation which are

detected again by the sensors.
With this method, we arrive to control the attitude of the satellite on its orbit.

The modeling of the space environment, the sensors and the actuators is a software simulation
realized with the scilab/scicos software on the HP server (paragraph 2.2.2). But the board computer

is hardware, and it will be connected to this software simulation.

To join this software with the board computer and to attain the real control of the satellite, the

board computer will read the outputs of sensors, to give the inputs for the actuators.

The computer board is activated, and we have connected this board with a screen, as shown in the

figures 6.20, and the board should be connected to the internet.

(a) (b) (c)
Figure 6.20 (a, b, c): Activation of the board computer

The simulation of the sensors, actuators and space environment is done on the HP

server. This HP server will be connected to the same network.
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SBC-6Kx login: arcon
Passuord:

arcon@SBC-6Xx arcond ssh neaco192,168.1. 1

neaed132.168.1.1's password:

Last login: Wed May 13 13:28:11 2015 from 192.168.1.103
(neachserver “19 |

Figure 6.21: Screen appeared after the login to the server

We have to login firstly to the board computer in order to enter to the HP server.

Now all files on the server can be shown on the screen of board computer (Fig.6.22).

" nss-ndns-0.10. tar
ms—pa':;:rds_e A .l—i_ktmbsd—iaas .deb
o oAl
nF'
o l95.exe5 i
., 15. -
openscad_ & oat.sxc o
ow:?é:p.ggﬁ ,ea—xeuﬂ .zip

pluto nmi_fzk

Figure 6.22: Appearance of all files present on the server on the screen of board computer

After this connection, we have to transfer the simulation in scilab/scicos to the board computer of

the satellite by writing a C-code, because the board can’t read the scicos file extension (.zcos).

The C-file will recognize the data in scicos file, and transform it to a format that can be read

by the computer board.

Firstly, we arrive to read the inputs and the outputs of the scicos diagram from a C-binary file, by
using the blocks in the palette of scicos.

Then, a method is necessary method to read this binary file as a txt file to link this software

with the hardware.

Let’s try to apply our method on a simple model simulated using Scicos (Fig.6.23).
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1]

h

To workspace
A[128]

Write to
C binary file

Figure 6.23: Example of a randomly simulation

The first step is to write the output of the file Scicos in a C binary file then to save this output in the

workspace.

In the SciNotes, we write a code to run the simulation automatically (Fig.6.24).

3.sce [fhomefjisasD =1 ) - Scilotes

Ll

.sce X

cd- /home/jisa/Desktop/new
importXcosDiagram (" /home/jisa/Desktop/new/1. zcos")

LOo o o N o T I O TV N O )

12)//first-batch-simulation-with-the.parameters.embedded.-1n-the-diagram
13| xcos_simulate(scs m, 4);

14| quit;

15|

Figure 6.24: code written in SciNotes

A binary file is created after the simulation, see fig.6.25.
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EE B8 & @ & 0 & O

1 Uhome/jisa/Desktop/new/l 2xos) - Xcos

Sl v
W+ H——

a8 @
Write to ¢

"C b fil
Set WRITEC_F block parameters .m:'ye-

Write to C binary File

Input Size 1
Output File Name Foo
q Output Format w—
Buffer Size 1
Swap Mode (0:No, 1:Yes) 0

IO | Cancel

Figure 6.25: Output saved in the C-binary file (foo)

This file is named foo. Second step is to write the C-code (Fig.6.26).

Projects

- »,

< main(): int

Qt v lm C_program #include <stdio.h>
m C program.pro #include <stdlib.h>

Welcoms v @ Sources

<! main.c int main(void)

Edit {

LN printf(“Hello \n");

. system("/home/jisa/Desktop/new/Abed.sh");
printf(“Bye \n"*);
/* read from the file and store in a variable for processing by the program logic*/

"\\ return 0: :
Debug 14 (

)
Projects
Analyze

o=

Figure 6.26: C-code written to integrate the hardware in the loop

In this code, we have a command line which let the program follows the commands written in a

shell file: (System (“/homeljisa/ Desktop/new/Abed.sh”). This shell file is shown in the figure 6.27:
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= Abed.sh x

scilab -f fhome/jisa/Desktop/new/3.sce
echo Opening Scilab Simulation...

sleep 0.25

echo Simulation is Done...

sleep 0.25

echo foo \file is created...

sleep 0.25

cd /home/jisa/Desktop/new

sleep 0.25

echo Directory is Changed to Desktop)/new...
sleep 0.25

echo Converting foo from binary to text...
sleep 0.25

hexdump -v -e '1/4 "%f "' -e'"\n"' <foo> JAYCE
sleep 0.25

echo Converting is completed...

sleep 0.25

echo JAYCE.txt is created...

sleep 0.25

echo Sending File JAYCE.txt to arcom...

\\ you need to install sshpass

sleep 0.25

sshpass -p "arcom" secp -o StrictHostKeyChecking=no /[home/jisafDesktop/newfJAYCE arcom@l92.168.1.100:/home/arcom
sleep 0.25

echo JAYCE.txt is sent...

Figure 6.27: Shell file containing all the steps to integrate the hardware

In this script, we have written all commands which conduct our program:

First command is to run the program scilab. Then, we write the directory of the file .zcos of

simulation (the example file that i will transfer to the board computer) to open it.
The delay between two commands is 0.25s.

When the simulation of the file is done, a binary file foo (Fig.6.28) is created.

foo x

There was a problem opening the file “/home/jisa/Desktop/new/foo”.

The File you opened has some invalid characters. IF you continue editing this file you could corrupt this document.
You can also choose another character encoding and try again. Rekry Edit Anyway Cancel

CharacterEncoding™ Current Locale (UTF-8) «

Figure 6.28: The binary file foo

So we write now in the shell file a command line to transfer this binary file to a txt file. This txt file

is named Jayce (Fig.6.29).
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[ JAYCE x

.000000
.099833
.198669
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.200000
.141120
.041581
-0.058374
-0.157746
-0.255541
-0.350783

2222200 @@@T

Figure 6.29: The txt file Jayce
The final step is to send this txt file from my computer to the OnBoard-Computer. This OnBoard-
Computer is an arcom board.
We write in the shell file a command line (sending File Jayce.txt to arcom).

This board is secured by a password, so we install sshpass (secure shell file), to permit the transfer

without asking the passcode each time.

Then, we have to define the directory of the txt file (Jayce) and the directory on arcom where we

want to send this file.

When we arrive to send the file of sensor’s output to the board computer and take a file as inputs

for the actuators from this board, so we attain the end of the satellite bus simulation.
6.2.1 Helping in building a program that simulates the satellite’s movement in a space
environment

It was to write a program that provides the linkage between the sensors, processor, actuators and
the space environment such that the mediators are text files for every connection between 2

devices.

Unfortunately, the function “Write to output file” was obsolete in the newest Scilab version we

were using (5.5.2) so we had to try another way to provide the linkage.

54



Please note that the recommended version of Scifab is 5.5.2. This page might be outdated.
See the recommended documentation of this function

Scilab manual == xcos > palettes = Sinks palette = WFILE _f

WFILE_f

Write to file

Block Screenshot

Write to
output file

Then we tried the ” Code generation” feature of Xcos in order to transform our control block

diagrams into C code then implement the “C File Processing Functions “ to write inputs/outputs to

a text file.

However we failed to compile the generated standalone code due to linker errors. Even after
intensive research in programming forums and adding linkers for the designated libraries to the

compiler... all the attempts to debug the errors were in vain.

EE Compiler l% Hesuurces] dj]] Compile L-:ug] Qf? Debug] @ Find Hesults] |:|IIISE]

Line File tMeszzage

[Linker erar] undefined reference to “cstbllk_'
[Linker erar] undefined reference to “cstbllk_'
[Linker errar] undefined reference ba “summation’
[Link.er erar] undefined reference o "czcope’
[Linker errar] undefined reference to “cathlk_'
[Link.er error] undefined reference to “csthlk_'
[Linker eror] undefined reference bo “summation’
[Linker eror] undefined reference o “cacope’
[Linker eror] undefined reference o "czcope’
[Linker eror] undefined reference to “catblk_*
[Linker eror] undefined reference to “cstbll_'
[Linker eror] undefined reference to “summation’
[Linker erar] undefined reference to “cacope’

|d returned 1 exit status

6.2.2 Working with shell programs to maintain the feedback system

The work was conducted with the help of a Linux specialist.

A shell scriptis a computer program designed to be run by the UNIX shell in order to execute

designated commands.
The solution which is manifested in the shell script for the feedback system was as follows:

1) write the output of the sensor program in a text file but in binary form (writing the output of the

simulation in binary format is provided by WRITEC_f block in XCos)

2) convert the binary file into float format using the shell command hexdump
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3) send this file to the Arcom board which has an embedded linux operating system and which is

mounted on the satellite

4) execute the C program on the arcom board which processes the sensor data then sends

commands to the actuators.

The first successful prototype for the shell program was the following;:

Abed.sh (~/Desktop/new) - gedit < m ) 4) 11:12AM {%
fi E_ PDpen M mﬂaue |:|

| Abed.sh x

|5 scilab -f fhomefjisa/Desktop/new/3.sce
E echo Opening Scilab Simulation...
sleep 0.25

> echo Simulation is Done...
o W sleep 0.25

echo foo \file is created...

Wil sleep 0.25

é cd [home[jisa/Desktop/new
sleep 0.25
echo Directory is Changed to Desktop)\/new...
sleep 0.25

7/l echo Converting foo from binary to text...

sleep 0.25
hexdump -v -e '1/4 "%f "' -e'"\n"' <foo> JAYCE

sleep 0.25
echo Converting is completed...

sleep 0.25
echo JAYCE.txt is created...
W sleep 0.25
echo Sending File JAYCE.txt to arcom...
\\ you need to install sshpass
sleep 0.25
sshpass -p "arcom”" sep -o StrictHostkeyChecking=no /home/jisa/Desktop/new/JAYCE arcom@192.168.1.100:/home/arcom

sleep 0.25
echo JAYCE.txt is sent...
-

sh» TabWidth: 8 » Ln 24, Col 11 INS

where 3.sce scilab program opens the Xcos simulation and saves the result in binary format to

foo.txt file.

6.3 Receiving meteorological data
This satellite bus is connected to the ground station by the communication system and telemetry,

and the ground station is also connected to the payload of satellite by telemetry.
From the payload system, we obtain image of the meteorological data.

The camera takes photo for the earth’s surface, and sends this data to the ground station as signals.
The ground station receives these signals and decodes it to obtain the represented image of

weather.
For example, let’s see the meteorological satellite NOAA followed by the ground station (Fig. 6.30).

NOAA turns around the earth on a low earth orbit. The prediction of its position in function of

time is shown by the program Gpredict, and it turns under the frequency 137.915.5 MHz:
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N Next: NOAA 18
™ in 05:10:52

=

NOAA 18

Azimuth

Elevation :
Slant Range :
Range Rate :
Next Event :
SSP Loc. :
Footprint :
Altitude :
Velocity :
Doppler@100M :
Sig. Loss :

Sig. Delay :

Mean Anom. :
Orbit Phase :
Orbit Num. :
Visibility :

287712

-47 .44°

10518 km
-3.247 km/sec
AOS: 2015/08/13 11:59:50
PI75VP

6303 km

867 km

7414 km/sec
1083 Hz
152,84 dB
35.08 msec
144.14°
202.70°

52920
Daylight

Figure 6.30: Gpredict following NOAA-SAT

How to receive and read this signal?

We need as hardware:

An antenna to detect the frequency of satellite
A RTL

Our computer

As software:

Zadig
ExtlO_RTL2832
HDSDR program
WXtolmg program

First, we have to plug the USB dongle receiver RTL2832 (Fig.6.31), and to install the driver.
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RTL:

(a) (b)

Figure 6.31 (a, b): The RTL

RTL-SDR is the cheapest method to get into the world of SDR (Software Defined Radio) - method
of receiving (RTL-SDR has no capability to transmit) and processing radio transmission using your
PC. Using it you can receive everything that is transmitted between about 20~2000 MHz

depending on second chip on the device.

In brief it can hear i.e.:

- Ordinary FM radio stations

- Police radio transmissions

- Plane and ship tracking information
- GPS and meteorological satellites

- International Space Station and other space equipment that transmits below 2 GHz

- every other device that you know transmits on these frequencies. [7]
Next we have to download Zadig.

Zadig is a Window application that installs generic USB drivers, such as WinUSB, to help you
access USB devices (Fig. 6.32).
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Device Options Help

= | [ Edit

Driver = WinUSE (v6.1.7500,15335) : More Information
WinUSE (libusbx

JSE ID libush-win32
Install WCID Driver libushk,
WinUSE (Microsoft

wep 2

0 devices found.

Figure 6.32: Installation of Zadig
We searched for devices, to install the driver RTL.

After finding devices, we choose the name of this device, Bulk-In, interface (Interface 0), then we

click reinstall device.

Device Options  Help

Bulk-In, Interface {Interface 0) b Edit

Driver  WinUSB (v6.1.7600.16385) = WinUSB (v6.1.7600.16385) = = RN

WinUSE {libusbx
UseID 0OCCD  00D7 o] libusb-win32

S Reinstall Driver libusbk
WCID =

Driver Installation

.:0:. The driver was installed successfully.

Figure 6.33: Installation for the driver RTL in Zadig

The next step is to download ExtIO_RTL2832. It is a software defined radio program that supports
the ultra-cheap RTL-SDR.

The HDSDR software (Fig.6.34) doesn't communicate with the SDR hardware directly. It
communicates with the SDR radio hardware through an External Input Output Dynamic Link
Library (ExtIO-DLL) file, which is a type of plug-in.

Then, we download the software HDSDR (High Definition Software Defined Radio).
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M# HDSDR [default] version 2062

136800 137000 137200 137400 137600 137300 138200

AV EESET Ve Y SEY L Y R CWY L TDReY LY p——————

e

W0EN1T127 915 5NN

Twne137.915.500 | ExtI0
Squelch S Volume
P AGC Thresh.

S-units

Soundcard [F5]
Bandwidth [F&] N 1000
Options  [F7]

Help | Update [F1]

Full Screen [F11]
Start [F2]
Minimize [F3]

Exit  [F4]

Figure 6.34: HDSDR

Before starting this program, we have to copy ExtlIO_RTL2832.DLL into our HDSDR installation
directory (default=C:\ Program Files (x86) \ HDSDR).

Now, we open HDSDR and select ExtIO_RTL2832.DLL:
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137000

S-units

Squelch

Soundcard [F5]
Bandwidth [F&]
Options  [F7]
Help | Update [F1]

Full Screen [F11]

Start  [F2]

Minimize [F3]

Exit  [F4]

We verify our driver RTL2832, and we fix in HDSDR the request frequency (to receive

137200 137400 137600

ExtIO_RTL2832.DLL v2014.2

— -

Tuner Gain

I Device:

[i1)-RTL2838UHIDI «|  -1.0dB
Direct Sampling:

|Disabled |

Sample Rate:

2.4 Maps -

Buffer Size:

[1kB

1
Tuner AGC
Frequency Comection: RTL AGC

05 ppm Offset Tuning

m

L2 e — Spectrum

1000 2000

Lo —— Spectrum
2

Figure 6.35: Choosing the driver RTL in HDSDR

meteorological data from NOAA satellite, the request frequency is 137.915.5 MHz).

By using an antenna (Fig. 6.36), we can receive a real signal from the NOAA satellite, and visualize

this signal in HDSDR.

Figure 6.36: Antenna multidirectional used in our experience
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We also install the program WXtoIlmg (program which transferred the signal to a meteorological
image). WXtolmg (Fig. 6.37) is a fully automated APT (automatic picture transmission) and
WEFAX (weather fax) weather satellite decoder. The software supports recording, decoding,
editing, and viewing. It supports real-time decoding, map overlays, advanced color enhancements,

3-D image [31]

When we start WXtolmg, it will detect the satellite NOAA, because of fixing its frequency in
HDSDR.

File Satellite Enhancements Options Projection Image Help

Megteosat - —
GOES ¥ Wtolmg: Satellite Pass List - SRR X
s =}
RIERT Lookshead 1 day —
Satellite passes for London, United Kingdom (51°30'N 0°10'W) J

while above 8.0 degrees with & mawimum elevation (ML) over 20.0 degrees
Zrom 2015-08-07 09:00:21 Middle East Daylight Time (2015-08-07 0&:00:21 UTC).

2015-08-07 UTC

Satellite Dir MEL Long UIC Time Duration Freq

NOAA 15 s zeW 1w 9:50 137.6200
HOAA 17 s &ow 11:12 137.5000
NOAR 19 N 212 8:55 137.9125
Noas 19 N ssw
NOAR 18 N 41E
NOAA 15 N 272
HOAA 18 Wo40m
NOAR 15 N sEm
HOAA 17 w61
NOAR 17 N 240

2015-08-08 UTC
Satellize Dir

Local Time  UIC Time Duration Freq

HOAA 13 08-08 03:33:05  00:33:05  10:25 137.812%
NOAR 19 02:13:31  11:34 137.3125
NoaA 18 03:46:32
HOAR 15 04:08:3¢
NoaA 18 05:27:46

K|

o 5
[2015-08-07 06:08 UTC [T [ i Print
| [ [ | [ e T e

(a) (b)
Figure 6.37 (a, b): WXtolmg program
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7  Operation of HIL test rig

7.1 Results of the Simulation in Scicos

7.1.1 Simulation of gyroscope

When we execute the diagrams which represent the simulation of gyroscope, the results are shown

in the next figures (Graph 7.1, 7.2 and 7.3):

teta' oA

T T T T T T T T T T T T T T T T 1
o 1 2 3 4 g ] 7 8 a 10 11 12 13 14 15 16 17 12 19 20 21 22 23 24 25 26 27 28 29 30

Graph 7.1: Variation of teta’ (angle with x-axis) function of time

phi' o

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
s} 1 2 3 4 5 ] 7 B a 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Graph 7.2: Variation of phi’ (angle with Y-axis) function of time
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psi' o4

Graph 7.3: Variation of psi’ (angle with Z-axis) function of time

These graphs represent the simulation of the diagrams represented in the figures (2.8, 2.9, 2.10).

It is obvious that the values of the angles with the X-axis (Y-axis and Z-axis) change, they are not

the same values entered as inputs to these diagrams.

As we see in those graphs, the angle teta (phi, psi) changes to be teta’ (phi’, psi’), after passing by

the bias, the attitude error, the random generator...

7.1.2 Simulation of accelerometer

In this section, we will see the results obtained after executing the diagrams representative of the

accelerometers simulation.

T T T T T T T T T T T T 1
o 1 2 3 4 5 ] 7 : o 10 1 12 12 14 15 18 17 12 19 20 21 22 23 24 25 28 27 28 20 30

Graph 7.4: Variation of the position X with time
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T T T T T T T T T T T T T T 1
a 1 2 3 4 5 ] 7 g8 9 10 1" 12 13 14 15 16 17 12 19 20 3] 2 23 24 25 28 27 - 20 30

Graph 7.5: Variation of the position Y’ with time

T T T T T T T T T T T T T T T T T T T T T T T 1
o 1 2 3 4 5 L 7 8 g 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 28 27 28 20 30

t
Graph 7.6: Variation of the position Z" with time

In these graphs (Graph 7.4, 7.5 and 7.6), we see the variation of the position X’, Y’, Z” with the time
(X', Y and Z’ are the real values of X, Y and Z positions after passing by the diagram of the

accelerometer simualtion that we have already seen them in figures (2.11, 2.12 and 2.13).

7.1.3 Simulation of actuators

The results of the actuators simulation are represented in the next figures.
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F1'

F2'

Graph 7.7: Variation of F1" with time

Graph 7.8: Variation of F2" with time
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Graph 7.9: Variation of F3" with time

R P A B e T R B [ W Y AT
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o] 1 2 3 4 8 -] T 8 ] 10 1" 12 12 14 15 16 7 12 19 20 21 22 23 24 25 26 27 28 20 30

Graph 7.10: Variation of F4" with time

It is clear in the previous graphs (Graph 7.7, 7.8, 7.9 and 7.10), that the values of the forces given to
the propulsion to control the attitude of the satellite; these forces (F’) are also different than the real
values given as inputs because of random generator and others blocks (represented in the

figure2.14). In the four previous graphs, we see the variation of F’ (F1’, F2’, F3’, F4’) with time.

7.1.4 Results of the integration of diagrams

To represent our system, it is necessary to integrate all the previous diagrams to simulate the state

when the satellite is really in the atmosphere.

The results of this simulation (represented in figure 6.16) are the next (graph 7.11, 7.12 and 7.13):
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Graph 7.13: Variation of forces with time
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When the model is executed, all these graphs appear in the same time to represent how the

orientation and the position change with the forces during the time of the simulation.

So we arrive to simulate our satellite by representing all the components of the satellite in scicos,

and by integrating all these models to obtain the representative diagram.

7.1.5 Test of simulation

In this section, we will see the result of the simulation when we change the values of forces.

l. Results of case 1

The first case is the case with the value zero of F4 (figure 6.17).
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Graph 7.15: Variation of position with time
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Graph 7.16: Variation of forces with time

We see a small difference in the graphs of position. We can detect that the variation of Y’ and Z’

with time is different when all the forces have a nonzero value.

This case represents the test when F4 is zero, and F2 is a step function (figure 6.18).

Results of Case 2
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Graph 7.19: Variation of forces with time

We can see clearly the change of the graph of position (Z’ only), and the change in the graphs of
actuators. The graph of the second propulsion is different; it is as a step function with a little

change due to noise and other blocks.

1", Results of case 3

In this case, all the forces have zero as value, exception F1 (Figure 6.19).
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Here the results are different from the other cases. We can see the difference in the graphs of
position (X', Y’ and Z’), and we can see also the difference in the graph of the force F1. This

difference is due to the nonzero value of F1, when all the others value are zero.

So, we can deduce that this simulation is really representative to the state of the satellite. Any
changes in the forces given to the actuators appear in the measurement of the position and the

orientation of the satellite.

7.1.6 Integration of the Hardware-in-the-Loop (HIL) test rig

Now, after finishing the simulation, we should integrate it with the computer board in a closed
loop. The next figure (Fig. 7.1) represents the first result when we run the C-code (this result is the
presence of the txt file, values of the simulation, on the board computer).

Terminal

Hello

Opening Scilab Simulation...

Simulation is Done...

foo file is created...

Directory is Changed to Desktop/new...

Converting foo from binary to text...

Converting is completed...

JAYCE.txt is created...

Sending File JAYCE.txt to arcom...

/home/jisa/Desktop/new/Abed.sh: 21: /home/jisa/Desktop/new/Abed.sh: \: not found
ssh: connect to host 192.168.1.100 port 22: Network is unreachable
lost connection

JAYCE.txt is sent...

Bye

Press <RETURN> to close this window...

Figure 7.1: Results after executing the C-code

When we run the C-code, the file scicos is executed automatically, its output is saved in a C binary

tile (foo); this file is converted to a txt file (Jayce).

Finally, the txt file Jayce is sent to the arcom board, after connecting this board and my computer

to the same network.
The file Jayce.txt is now on the arcom board.

This loop is not done now. Another code is needed to let the board to check the values of position

and orientation, and to regulate the values of forces which will be given to the actuators.

So, we will write a new C-code which read the txt file, compare the values with the requested one

and create an impulse (as values written in txt file).

This txt file (values of forces) will be sending to my computer, where it will be transferred to a

binary file. At the end, the file of simulation .zcos takes its input from this C binary file (Fig. 7.2).

73



o

Read from
C binary file

k. 4

To workspace
A[128]

Write to
C binary file

Figure 7.2: The randomly example with input from a binary file and output to a binary file

So the next task (to be continued) is to write the correct C-code which will create values of forces
depending on the values of position and angles present in this txt file (Jayce) to read. Finally, a

new txt file is created and it contains the real inputs of the file .zcos.

When we find this C-code, the loop will be closed with integration of hardware. Using the same
technique, we can connect the HP server (where the simulation of the satellite’s components is)

with the board computer; by writing the C-codes on the server.

After debugging, we attain the complete simulation of the satellite bus, and we can test this

simulation for a long time.

7.2 Receiving meteorological data

After fixing the frequency to detect the meteorological satellite NOAA in the HDSDR, we can see a

real signal, see figures 7.3 and 7.4:
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Figure 7.4: The signal received in HDSDR then

And after starting WXtoImg, an image will start to appear (Fig. 7.5).
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Figure 7.5 (a, b): Appearance for a meteorological image

This image is not representative (it is all black), because we have used an antenna with

multidirectional detection, so it radiates the same pattern all around the antenna in a complete 360

degrees pattern, therefore a lot of noise are generated and the signal isn’t clear and apparent.

It is necessary to use a directive antenna (Fig 7.6) very high frequency VHF to obtain the request

image.

Figure 7.6: Directive antenna

By using this directive antenna, the image will be as the following image (Fig. 7.7):
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Figure 7.7: The real meteorological image [35]
Also, in this program, by the processing of the image, we arrive to obtain a colored image, so we

can easily estimate the state of weather.

Figure 7.8: The real colored meteorological image [35]

Using the same methodology with the same technics, programs and steps, we arrive to take

meteorological data after launching the IAP-SAT.
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8 Concept for the Propulsion Unit’

8.1 Primitively modeling the chosen Pulsed Plasma Thruster (PPT)

Amongst all the inspected Propulsion systems, PPT was chosen and it had to be designed on
FreeCad.

PPT’s working mechanism was carefully studied and its different components were identified.

The primitive 2D sketch that our design depends on is below.

Schematic layout of a Pulsed
Plasma Thruster

Anode
Spring i
Teflon fuel
block Thrust
Discharge |
capacitor M| Cathode
Spark plug I

The components necessary for the PPT are:

e Parallel anode/cathode plates
e Sparkigniter

e Teflon circular block

e Spring system

e High voltage capacitor

Mechanism: The first step of PPT mechanism is plasma formation. An igniter directed to the solid
fuel bar produces a spark that ablates and sublimates the surface of the propellant forming plasma.
Since the plasma is positively charged, it completes the circuit between the 2 plates. The interaction
between the formed electric and magnetic field produces a Lorentz force that acts on the plasma

and accelerates it out of the exhaust at high speeds.

8.2 Modeling our PPT design in FreeCad

After identifying the different components of our PPT system and taking into consideration its

working mechanism, the propulsion system was modelled on FreeCad.

The following is the FreeCad model of the PPT:

1 From Ibrahim Ghanim, Practical Work at AECENAR Ras Nhache, July/August 2015
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8.2.1 Modelling “fuel continues supplying system”
Most of propulsion systems use fluid fuel which its supply is easily provided by maintaining a
pressure difference between the fuel reservoir and the ionization chamber. However pulsed

plasma thrusters use solid fuel, that’s why its continuous fuel supply was insured by a spring

system mounted on the fuel rod.

The propulsion unit is designed with a cone shaped ending such that its outer nozzle is slightly
larger than the fuel rod and its inner nozzle is smaller than the fuel rode. A compressed spring is
mounted to the end of the fuel rod such that the rod is always under pushing force. When the

igniter produces a spark and the outer surface of the fuel rod gets ablated and sublimated, the
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spring system pushes the rod inward such that it returns to its previous position in the propulsion

unit.
8.2.2 2D projections of important parts of the propulsion system

1) Propulsion unit

2) lIgniter
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9 Concept for Power Supply and Battery

Satellites need electric energy to pursue operation. This energy is acquired from solar power using
solar cells which transform radiation energy into electricity. New developments in solar panel’s
technology have increased the efficiency of such systems to 30%. However the satellite will be
deprived of such source of energy during eclipses, that is when the satellite is passing through the
shadow of the earth. This phenomenon becomes more profound for LEO satellites which pass
through an eclipse every 100 minutes and which the eclipse represents up to 40% of the total cycle
time. In order to provide the continuity of electric energy supply, satellites are equipped with
rechargeable batteries. These batteries simply charge during times when solar energy is available

and discharge during shadow periods.

The first utilized battery in a spacecraft was the silver-zinc battery which provided high energy
density. However because Ag-Zn batteries have low cycle life, they were replace by Ni-Cd
batteries that dominated the space industry for 20 years. After that, various batteries were used
however restrictions and robust standards imposed on batteries used in space industry rendered

many of them obsolete.

Aerospace industry now adopted the lithium-ion-based batteries in its satellite projects since

lithium has:

e High energy density

e High specific energy

e Long cycle life

e Ability to be charged and discharged fast

e Compact shape
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10 Concept for star camera

10.1 Specifications of a Star Camera for CubeSat Applications

The Space Dynamics Laboratory (SDL) has developed a miniature
Star Camera based on its Digital Imaging Space Camera (DISC)
product line. The DISC Star Camera is a science-enabling
technology for missions that require more stringent pointing
knowledge than is currently available on extremely small
satellites. Using a radiation-hardened focal plane, it is able to

detect down to magnitude 6 stars.

STAR TRACKER OPTION

Also available is SDL's DISC Star Tracking Algorithm with a
complete ‘Lost in Space’ solution for each image. The algorithm
computes a quaternion that rotates the bore of each image to the

J2000 inertial coordinate frame of the Hipparcos Star Catalog.

SPECIFICATIONS
POWER <1W

MASS 0.8kg
DIMENSIONS 96 x 96 X 70 mm

FEATURES
» Designed specifically for star imaging
» Sized tofit in a CubeSat
» HAS2 RadHard CMOS FPA
+ 60 mm aperture, 13° FOV
» SpaceWire interface
» High-quality, custom optics

» Optional radiation tolerant version

-
Space Dynamics
@ LABORATORY
Utah State University Research Foundation

1695 North Research Park Way - North Logan, Utah 84341 - Phone 435.713.3400 - www.sdl.usu.edu
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10.2 Design and Prototype of a Star Camera (OPAL)

DISC Camera =Ean Objective Entrance

Mount Lenses Lens Aperture
Bandpass

Filters  Slit
Assembly

\ Holographic

Grating

Prototype OPAL. (Image: Jacob Givens)

High spatial and temporal resolution data on temperatures and winds in the thermo-sphere are
needed by both the space weather and earth climate modeling communities. To address this need,
Space Dynamics Laboratory (SDL) started the Profling Oxygen Emissions of the Thermosphere
(POET) program. POET consists of a series of sensors designed to y on sounding rockets,
CubeSats, or larger platforms, such as IridiumNEXT Sensor-PODS. While each sensor design is
different, they all use characteristics of oxygen optical emissions to measure space weather

properties.

Interferogram Simulation

Wl wing=0

wind =200 m/s
Wind is indicated
by fringe distortion.

L1 xe m : Nne am TR ma
-45° aft view +45° forward view

* 10 mm FPthickness, finess25
* 1.4x beam expansion

* 6.6° FOV (square) Shot-noise simulated
* 630 nm atomic oxygen line @ 500K at each pixel.

* 5 km vertical resolution = 30 pixels

Fig. 2.8: Interferogram simulation.
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Fig. 2.9: SEDI Optics. Left image is unfolded. Right image shows optics to scale, folded
into CubeSat form factor.

paired with a standard CMOS or CCD detector or an electron multiplying charge coupled
device (EMCCD). The EMCCD is preferred due to greater sensitivity and reduced noise
characteristics. The preferred device is CCD97-00 Back Illuminated 2-Phase Electron Mul-
tiplying CCD sensor by e2v Technologies, which is shown in Figure 2.10. A space rated

electronics board for this sensor will be custom built by SDL.

2.3 Could SEDI Replace OPAL?
It is possible to determine temperature from Doppler broadening of known emission
lines. Since SEDI has the sensitivity to measure Doppler shifts, it could also measure

Doppler broadening. Unfortunately, the high spectral sensitivity of SEDI requires a large

Fig. 2.10: Electron Multiplying Charge Coupled Device (EMCCD) by e2v Technologies.
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Fig. 2.12: OPAL in a SensorPODS configuration.
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Fig. 2.13: Measurement areas from different platforms.

constellation will provide spatial and temporal resolution never before possible at a cost
consistent with NASA Edison or similar programs. OPAL will operate from a 3U CubeSat

platform shown in Figure 2.14.
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11 Next working packages

11.1 Master Thesis Tasks to complete the IAP-SAT prototype in 2016 insha Allah

From http://aecenar.com/job-opportunities

Title Keywords Preferred Faculty/ AECENAR
Student Profile Project

Development of a star tracking Electronics IAP-SAT

camera for a meteorological satellite

Integration of GPS and star tracking Electronics IAP-SAT

to multisensor attitude control system

for a meteorological satellite

Development of a PPT propulsion Electronics / Mechanical | IAP-SAT

unit for attitude control for a Engineering

meteorological satellite

Study (including vibration) and Mechanical Engineering IAP-SAT

Planning of bringing a meteorological

satellite into orbit

Development of a  electrical Electronics / Mechanical | IAP-SAT

propulsion unit (Pulsed Plasma
Thruster (PPT)) for attitude control of

a small meteorological satellite

Engineering
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11.2 PhD Tasks concerning the propulsion unit

S AFCENAR

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

Ras Nhache/Batroun
Besmiiioh www _aecenar/institutes fiap

IAP Laboratory at Ras Nhache/Batroun, Lebanon

IAP-SAT is the first Lebanese meteorological satellite. It will be used to take meteorological data to
estimate the state of weather in Lebanon.

In 2015 there was established a hardware-in-loop test rig for IAP-SAT where the space environment was
simulated. One of the next steps shall be the development of an electrical propulsion unit based on
pulsed plasma thruster (PPT) technology. In two PhD theses there shall be investigated the PPT thruster
and its interaction with Van Allen Belt magnetic field.

PhD Thesis:

CFD Simulation of interaction of IAP-SAT PPT with Van Allen magnetic field

Detailed description an working plan:

e Development of appropriate optimized CFD algorithm package able to undergo a fast simulation
of PPT similar magnetic field environments
e Taking Simulation Data for interaction of IAP-SAT PPT with Van Allen Belt magnetic field.

Keywords: Electrical Space Propulsion Units, pulsed plasma thruster (PPT) technology, computational
fluid dynamics.

Contact: Samir Mourad, Email: samir.mourad@aecenar.com, Mobile 4961 76341526
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S AFCENAR
-

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

Ras Nhache/Batroun
Bemuiah www.aecenar/institutes/iap

Vacuum Chamber

Figure 3.4: Working Principle of Figure 3.5: Test of SIMP-LEX
SIMP-LEX|60, 48| propellant feed system([60, 48]

Data Readout at 200MHz
From [Navraz et al 2005} Figure 3. One of the I-MPD Test Facilities

similar project environment at IRS, Stuttgart (
IAP-SAT is the first Lebanese meteorological satellite. It shall be used to take meteorological data to

estimate the state of weather in Lebanon. In 2015 there was established a hardware-in-loop test rig for
IAP-SAT where the space environment was simulated. One of the next steps shall be the development of
an electrical propulsion unit based on pulsed plasma thruster (PPT) technology. In two PhD theses there
shall be investigated the PPT thruster and its interaction with Van Allen Belt magnetic field.

PhD Thesis: Measurement of interaction of IAP-SAT PPT with a laboratory Van Allen belt environment
Detailed description an working plan:

e Development of IAP-PPT unit
e Development of measurement environment
e Taking measurement data

Keywords: Electrical Space Propulsion Units, pulsed plasma thruster (PPT) technology, Van Allen Belt
magnetic field

Contact: Samir Mourad, Email: samir.mourad@aecenar.com, Mobhile: +961 76341526
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Annex1: Master Thesis: Task, Time Plan and Result in Short (Results are
Chapters 4-7 and parts of Ch.2 )

¥ AECENAR

Association for Economical and Technological Cooperation

INSTITUTER
in the Euro-Asian and North-African Region

ASTROPHYSICS

Ras Nhache/Batroun
Bismillah www.aecenar/institutes/iap
12.2.2015

fcsator| Space
Medes| | Environment |-

B T 9
R L S S S -

Simulation Environment In such a way the Graphical User Interface shall be

Master Thesis

Simulation of the system and of the operational flight of IAP-SAT to take meteorological data to monitor and estimate the
energy supply potential of large scale photovoltaic energy plants to control a national alternative energy supply program

Detailed description and working plan

Modeling of actual IAP-SAT hardware and software components in octave 8 weeks
Modeling of IAP-SAT mechanical components with ProE 3 weeks
Integration to a operation flight model and visualization in IAP-ECS environment 3 weeks
Documentation 3 weeks

Keywords: Control of national energy mix programs, large scale photovoltaic plants, meteorological data, Low Earth
Orbit Satellite, Flight Mechanics&Dynamics, Matlab Simulink/Scilab

Contact: Samir Mourad, Email: samir.mourad@aecenar.com, Mobile +961 76341526

2 The master thesis was worked out by Fatima Al Chaar, Student of Energetic Physics at Lebanese
University, Tripoli
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in the Euro-Asian and North-African Region ~
‘ >

Ras Nhache/Batroun
www.aecenar/institutes/iap

L | S Zé 12.22015
FE i o

Bismilich

Simulation Environment In such a way the Graphical User Interface shall be

Master Thesis

simulation of the system and of the operational flight of IAP-SAT to take meteorological data to monitor and estimate the
energy supply potential of large scale photovoltaic energy plants to control a national alternative energy supply program

Detailed description and working plan

Modeling of actual IAP-SAT hardware and software components in octave 8 weeks
Modeling of IAP-SAT mechanical components with ProE 3 weeks
Integration to a operation flight model and visualization in IAP-ECS environment 3 weeks
Documentation 3 weeks
Keywords: Control of national energy mix programs, large scale photovoltaic plants, meteorological data, Low Earth

Orbit Satellite, Flight Mechanics&Dynamics, Matlab Simulink/Scilab
Contact: Samir Mourad, Email: samir.mourad@aecenar.com, Mobile +961 76341526

Figurel: Project proposal
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Metearalogical satz, FreeCAD maodel of IAP-SAT, ground 44164201 4/25/20 I
Ch32 = IAP-5AT Hardware in the loop test in rig (JAP-5A 579201 7A410720 v v
System design of simulated bocks and real HW [4ccel,  5/9/2015  B/3/2015  EEEE——
Implementation: simulated Blocks [e.g Space environme  6/4/2015 7104200 I
Ch.4.2 [=l Documentation film of long enduring SIL test 12120 7423720 p—
[4P-SAT_HIL operation and testing [Full operation inorbi FA2/201 7723420 —

Time Plan of Master Thesis, Last updated April 2015

Figure2
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Result of Master Thesis in short

The task of this project is the simulation of the first Lebanese meteorological satellite IAP-SAT.
This satellite will take photos to the earth and send it to the ground station as signals, where these
images will be decoded in weather data. These data permit to estimate the energy supply potential

for a photovoltaic plant, and then we can monitor this photovoltaic plant.

Our duty during this internship was to build a framework to control the IAP-SAT satellite in a
metrological data collection mission. This framework consists of many steps that are detailed

below: The mission simulation, hardware in the loop, receiving metrological data.
The first step in this project was the mission simulation of IAP-SAT.

We have described in general the meteorological satellite, its task and its components. Then, we
have specified and modeled our satellite by approaching IAP-SAT to DubaiSat in the attitude, the
inclination, the mass and the shape. It has 680 km as attitude, 98.9" as inclination, 200 Kg as mass

and a hexagonal shape.

After, to estimate the status of the ground tracking of IAP-SAT after launching, we have followed
DubaiSat to view its ground tracking. We found that such satellite accomplishes about 16 rotations
around the earth during the day, and we have made a representative film resuming all the results

of this pursuit.
Next step in our project was the hardware in the loop.

We have simulated all the non-present components of the satellite (sensors, actuators and space
environment) as block diagrams in Scilab/Scicos. We have integrated all these diagrams to obtain

one diagram representative of the real state and function of the satellite.

Then, a closed loop was simulated between the sensors that provide the actuators positions and
angles, and the actuators that generate forces to change the attitude and put the satellite on the

orbit again after a possible disturbance based on the data of the sensors.

As perspectives, we got success in writing a C-code which reads the outputs of the simulation
from a C-binary file and transforms them to a txt file. This txt file is sent and read on the computer

board; however, this task remains incomplete and need more investigation.

Therefore, the next task consists of writing a new C-code with the duty of examining these outputs
and sending the request inputs to the diagram of simulation. These inputs are sending as txt file
and should be again transformed to a C-binary file to be read by the simulation. This task must be

more examined and investigated.

Also we got a problem when decoding the signals and transforming them into image, in fact the

obtained image was black.

Therefore, our perspectives include also the part that should be more investigated using a directive
antenna instead of multidirectional one, and certainly, the obtained image will be clear and very

representative to the state of weather with this directive antenna.
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Finally, we have attained our goal and we have gathered all this steps in a framework that arrives
to simulate the mission of IAP-SAT and controls its position using the simulated loop, and at the

end we have arrived to receive meteorological data from NOAA satellite.

We are waiting know to other tasks to be finalized by our colleagues in our team to finish the
simulation part. Then in our perspectives we will try to pass to the application of what we obtain
in this simulation study on the ground truth in order “to make our dream true” and launch the

tirst Lebanese satellite, IAP-SAT with the meteorological mission.
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Annex 2: C code of Control Algorithm at the Board Computer

The next figure represents the first attempt of writing the C-code, which will examine the outputs

of the sensors on the board computer.

This code is written by my colleague, during his master training; however, I have finished my

project before that he accomplished his project.

T 3.sce X read.c X

#include <stdio.h>
#include <stdlib.h>

int main()

float num;
FILE *cfptr;
FILE *fptr;

if ( ( cfptr = fopen( "/home/arcom/JAYCE.txt", "r"})) == NULL) {
printf("file could not be opened. \n");
1

else {
fseek ( cfptr, 10 * sizeof(float), SEEK_SET);

fscanf( cfptr, "%f", &num)
fclose (cfptr);

}

if ( ( fptr = fopen( "/home/arcom/ibra.txt", "w")) == NULL) {
printf("file could not be opened. \n");
}

else {
fprintf(fptr, "%f\n", num);
fclose (fptr);

}

system("PAUSE");
return 0;

}

Figure3: The C-code first trial

A similar code, but more detailed and delicate, will close our loop, and complete this task.

99



Annex 3: Correspondence with Istanbul University concerning partical student

Letter of practicant acceptance 30 June 2015:

W AECENAR
-

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

T.C
istanbul Teknik Universitesi
Makine Fakiiltesi Dekanligi

istanbul Teknik Universitesi Makine Miihendisligi Boliimii 6grencisi ibrahim Ghanem, numarali
030120916"in firmamizda (22.7.2015 — 22.8.2015) tarihleri arasinda, haftada 5 giin, staj yapmasi
uygun gorilmustir.

Bilgilerinize
Saygilanimizla
P (\L ~ \/(,
Samir Mourad, Director
AECENAR Center Lebanon
Ras Nhache, Qubaisi Building, Main Road, District: Batroun — North Lebanon, Lebanon
GH - el gl — gyl plial — ol dase il sl S ge o il
Contact AECENAR Bureau Germany
Samir Mourad, Director Hermann-Treiber-Str. 17, 69123 Heidelberg, Germany
Mobile Lebanon ++961 76 341 526
Mobile Germany ++49 (0)176 93516187 Email:_ info@aecenar.com
Email: samir.mourad@aecenar.com Website: www.aecenar.com
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For practicants report:

I.T.U.
Makina Fakiltesi Fotograf

STAJ DEFTERI

Ogrencinin;

Adi ve Soyadi : lbrahim Ghanem
Numarasi : 030120916
Program/Yariyil : Mechanical engineering / 5

STAJ YAPILAN

KURUMUN ADI : AECENAR
TARIH GUN BOLUM
BOLUM YAPILAN i$
Baslangic Bitis | SAvist |  sorumLUsU
General Acquainting with company’s | 57/7 28/7 2 Samir Mourad
projects

Control Helping in feedback system | 29/7 7/8 8 Samir Mourad
Design PPT FreeCad desgin 10/8 14/8 5 Samir Mourad
Desgin Battery SolidWorks desgin 17/8 21/8 5 Samir Mourad

(Firma Kasesi/Miihrii)

F
/

101



YAPILAN i$:

YAPILAN is: is YERI

KURUMUN ADI : AECENAR

BOLUM : IAP-SAT

STAJYER OGRENCINiN DEGERLENDIRILMESI (is yeri yetkilileri tarafindan doldurulacak)
1: Zayif.........5: Mitkemmel seklinde notlandiriniz.

iS YERINE UYUM

CALISKANLIK

YETERLILIK

KARAR VERME

iS DISIPLINI

TAKIM CALISMASINA YATKINLIK

e el

[, |

DUSUNCE VE ONERILER (VARSA):
alaaiin ) ) e nig pad (JS Al e g 4ie olinlh el (Jee ale asl il
A pdl) salay
6 a8 e Laie aa () dalig

(Firma Kasesi/Miihrii)

Tarih

cenn28./.10..../..2015.....

SORUMNLUMNUN;
ADI ve SOYADI : Samir Mourad
UNVANI : Qubaisi Building, Main Road, Ras Nhache/Batroun, North Lebanon, Lebanon

iMzZASI : ; - e

102




YAPILAN is:

YAPILAN iS: . .
IS YERI
KURUMUN ADI : AECENAR
BOLUM : IAP-SAT

STAJYER OGRENCININ DEGERLENDIRILMESI (is yeri yetkilileri tarafindan doldurulacak)
1: Zayif.........5: Miikemmel seklinde notlandiriniz.

iS YERINE UYUM

CALISKANLIK

YETERLILIK

KARAR VERME

iS DISIPLINI

TAKIM CALISMASINA YATKINLIK

B B0
oo

DUSUNCE VE ONERILER (VARSA):
alaziin o) Al ety pd JS A ety 4ie olindh e lua Jac aile aml
A ) salay
) 8 e Lnie aa o daliy

(Firma Kasesi/Miihrii)

Tarih

e 28./..10..../..2015......

SORUMLUNUMN;

ADI ve SOYADI : Samir Mourad

UNVANI : Qubaisi Building, Main Road, Ras Nhache/Batroun, North Lebanon, Lebanon
IMZASI ~
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