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Abstract

To monitor a photovoltaic plant, it is important to estimate the energy supply potential
for this plant, so it is important to estimate the state of weather.

To attain this object, a meteorological satellite is used to take meteorological data from
the earth.

The simulation of this satellite, named IAP-SAT, is the task of this project.

First, we have described, specified, modeled in FreeCAD and tracked the similar of IAP-
SAT, DubaiSAT, to estimate the ground tracking of IAP-SAT after launching.

Afterward, we have simulated the main parts of IAP-SAT in Scilab/Scicos as block
diagrams. After this simulation, we have tried to integrate the hardware, computer
board, in the loop with the software simulation using a C code, and we have won to send
the output of the simulation file to this board computer.

Finally, we have used a Software Defined Radio with a driver RTL-SDR and an antenna to
receive data from a meteorological satellite really presented in the atmosphere (NOAA).
We have arrived to receive signals from NOAA, and we have decoded this data in the

program WXtolmg to obtain the representative weather image.

Keywords: meteorology; simulation; satellite; ground tracking; computer board;

hardware in the loop, signal; weather image.
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Introduction

The limited amount of fossil energy is a real and common problem around the world.
One can solves this big problem by using renewable energy such as the
construction of photovoltaic power plants.

Indeed, many factors intervene in the power potential of these plants, which can increase
its productivity and efficiency or decrease it. The most important factor is the weather
conditions (meteorological data) and the photovoltaic plant can be considered as most highly
dependent on this factor.

So to obtain a high efficiency for the photovoltaic plant, a good knowledge of the weather

state and metrological data is primordial and essential. This knowledge will be available by

using a satellite called “metrological satellite” that can estimate the energy supply potential

and provide us with all the metrological data in order to monitor and control a program for

photovoltaic energy.

Many studies have been done on the subject of controlling and monitoring a photovoltaic

plant supply and treat many factors [32, 33, 34). However our objective is to simulate a

metrological satellite for the first time in Lebanon and collect metrological data in order to

proceed using them to control a photovoltaic energy program.

The IAP-SAT, is the first Lebanese satellite that is specified to take this meteorological data.
Our duty during this internship is to focus on the simulation of the IAP-SAT, in order to make
it specific for the mission of collecting metrological data.

As we said many previous study investigated this subject, but many questions remains open:
What is a meteorological satellite (description, specification and modeling) and how does it
function? How will be its ground tracking after launching? How to integrate the hardware
(computer board of satellite) in the loop with the software simulation? Can we receive real
signals (meteorological images) from the satellite after launching?

We guide this study to address this question and you will find the answers next in this

manuscript.



Working plan

In chapter 1, we search and look for information about a meteorological satellite in general.
In chapter 2, we specify and model our satellite, and we also use the programs Gpredict and
Opensat to predict and visualize the ground tracking of the satellite. The second part in
chapter 2 is hardware in the loop. After realizing the simulation of IAP-SAT’s components, we
integrate this software simulation with the computer board of the satellite (hardware).
Then, we try to take meteorological data from an existent satellite, and transform it to an
image of weather.

Chapter 3 is dedicated for the explication and the discussion of all results obtained during

our project.

Finally, we will end in chapter 4 by a small conclusion and we present our perspectives.



1. Basics

1.1. 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]

l!
e
Figure 1.1: 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.

1.2. Satellite

1.2.1.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.1.2). 24]



Figure 1.2: Artificial satellite

1.2.2.0rbit

1.2.2.1. Laws of motion

A satellite's orbit is the curved path it follows around earth (Fig.1.3).
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]

Forvard Motion

|
Resultant Pt I;“' D
» .

(Orhil)

Figure 1.3: Third law of Newton



1.2.2.2.  Laws of gravitation

The force of attraction between any two particles is
® Proportional to their masses
e Inversely proportional to the square of the distance between

them

i.e. F= G*m1*m2/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.

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. v2/r = G.m.mE/rz
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 = 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 = 2ntr/v = 2n v (rg/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. 1.4) >

defines the shape of orbits.

SUN AT ONE
rFoous

Figure 1.4: 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= 4n2 a3/GI\/I; o) (T1/T2)2= (r1/r2)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. 1.5). [25]

Polar-Orbiting and Geostationary Satelites

~ v’.'

Gecatathosary
Satsirs

£ The COBMET Proguens | EVMALTRAT ( MABA | FOA

Figure 1.5: Third law of Keppler (satellite polar orbiting is faster than geostationary orbiting because of radius)



1.3. 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.
1.6).

Low Earth Orbe
Miremum Atmosphent

Irfluence

Figure 1.6: Low earth orbit

1.3.1.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]



1.4. 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. 1.7). 2

Figure 1.7: 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. 1.8). 26]

Orbit plane -

Sun !Sun
angle line

Sun Sun
liney angle

The orbit plane rotates Y The Earth moves
at ~1 degf/day due to ” around the Sun
the Earth’s oblateness at ~1 degfday

Figure 1.8: Sun synchronous orbit (conservation of the angle between the sun and the orbit plane)

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]


http://en.wikipedia.org/wiki/Geocentric_orbit
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Figure 1.9: Sun synchronous orbit

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

position of the sun (Fig. 1.10).
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Figure 1.10: Sun synchronous orbit (only the solar panels can rotate)

1.5. 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.



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]

1.5.1.Components of meteorological satellite

A meteorological satellite comprises two parts: satellite bus and payload.
I.  Satellite bus (platform): power source, battery, control system, communication
system, thermal protection...

i Power source

Figure 1.11: 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 1.12: Battery of the satellite
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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 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

11



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:

- 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. 23]

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. 1.13).

12
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Figure 1.13: 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. 1.13). (4]

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

velocity to produce thrust force. (4]

3) Hall Effect thrusters

Figure 1.14: 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
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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. 1.14). [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]

II.  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.

1.6. Example of a meteorological satellite

NOAA (National Oceanic and Atmospheric Administration) is a three-axis stabilized American
spacecraft (Fig. 1.15). 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
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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]

ENSS

Figure 1.15: NOAA satellite

1.7. Tools

1.7.1.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
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number of mostly used blocks are saved in palettes, these blocks provide elementary

operations needed to construct models diagram. [29)

1.7.2.Signals and blocks diagram

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:
eComparators
* Blocks representing individual component transfer functions, including:
Input sensor
Output sensor
Actuator
Controller
e Plant (the component whose variables are to be controlled)
Input or reference signals
Output signals
Disturbance signal

Feedback loops  [17]

1.7.3.FreeCAD

Computer-aided design (CAD) (Fig. 1.16) 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. [g]
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Figure 1.16: Window of FreeCAD

1.7.4.Gpredict and OpenSat

GPREDICT: Amateur
2012/01/20 21:40:47

sample N Prochain: FO29 0 AO-27
= = dans 21:49

Doppler@100M

s

Azimuth :
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Slant Range :
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Prochain événement :

SSPLoc. :
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| | [ | \ | Altitude :
| \ | Vélocité :
1 -624 Hz
Sig. Loss :

Sig. Delay :

Mean Anom. :

- Phase Orbite :
Orbit Num. :

Visibilité :

Dimension

178,72°

-65,26°

12431 km

1,871 km/sec

AOS: 2012/01/20 22:39:24
JB82MF

6154km

822 km

7,441 km/sec

154,29 dB
41,47 msec
190,63°
268,07°
95535
Daylight

Figure 1.17: Gpredict software

To simulate the satellite around the earth, a specific program is necessary.
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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. 1.17). 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. 1.18).

GPREDICT: Amateur

fle Edit Tools Help

Amsat-144| Amateur

2008/09/20 14:37:59 ®®

OZ9AEC N Next: AD-27 ¥} 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)
wi { { \ | \e Footprint: 6079 km
Altitude ;800 km
Velocity : 7.455 km/s)
T | 1692 Hz

Doppler :
Sig. Loss : 133,62 dB
. Sig. Delay | 3,84 msec
AD-16- Mean Anom. ; 110.63"
Orbit Phase : 155,58"
Orbit Num. : 97456
Visibility : Daylight

Figure 1.18: 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. 1.19 and Fig. 1.20), as Gpredict.
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Figure 1.19: Open-Satellite software
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Zeitzone:

Ort:

Figure 1.20: Window of OpenSatellite
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2. Contribution

2.1. IAP-SAT mission simulation

2.1.1.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 2.1: Parameters of IAP-SAT

2.1.2. 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
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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.

(b)

Figure 2.1 (a, b, c): Model of IAP-SAT in FreeCAD

2.1.3.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.
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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.

Open-Satellite

DUBAISAT 1
090418
356820

9215.12742938
0.0000112
98.1316
109.3607
0.0010865
277.4835

MA [ 825127
WM [Urd]: 14.65981622
Umlauf-Nr. seit dem Start 63

Int. Bezeichnung:
Katalog Nummer:
Epoche:

DCR:

Inklination [*]:
RAAN []:
Exzentrizitat:

AP []:

TLE: Suche Satelit ...

He-new.bd -
Anzahl Satelliten in Datei: 25

Satellit: 12 Info Magnitude
12 DUBAISAT 1 v

Magnitude (n. Molczan) m0: kKA.

Kein Uberflug fiir heute!

NASA 2Line | Erkddrung | Skizze | Ir. Flares

System-Zeit: 09.09.201520:26:16

Auswahl | Konfig | Update | Vorhersage

UT: 172816

Figure 2.2: 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.

Figure 2.3: One complete rotation around the earth
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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:

Figure 2.4 (a, b, ¢, 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 2.5: All rotations of the satellite around the earth during the day
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2.2. IAP-SAT Hardware in the loop

2.2.1.HIL system architecture
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System architecture:
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Figure 2.6: System architecture of the satellite’s function
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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.
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The electronic systems on board a satellite include attitude determination and control,
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]

2.2.2. Simulation on scilab/scicos

2.2.2.1. Parameters and equations used in the simulation

Equations of motion:

The only force applied on the satellite is the gravitation force: F,.,, = (G * M. * Mcenva) / R

GxMcentral

Orbital Speed Equation: v = \/T
. . G*Mcentral
The Acceleration Equation: a = T
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TA2  4xm"2
R"3 o GxMcentral

Orbital Period Equation:

With R= 6378.14 Km
h= 680 Km
G= 6.67*10"-11 N*m?*kg™
Meentral = 5,972 x 10724 kg
So  a=7.9958 m/s’, v=7902.705 m/s and T=5071 s= 84.5 min.

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.

2.2.2.2. Modeling of the components of satellite in Scicos

To simulate our satellite, we have constructed the diagrams of IAP-SAT’s components by
referring to another satellites already simulated. [13]

The models in Scicos are based on the formulas in control engineering (Fig. 2.8).

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.
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Figure 2.7: Formulas in control engineering used in the simulation of IAP-SAT

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]
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Figure 2.8: Diagram of gyroscope (representative of teta angle)
‘ T
Random
generator T
L1y
{ /1_, “phi*

attitucle error

Figure 2.9: Diagram of gyroscope (representative of phi angle)
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Figure 2.10: Diagram of gyroscope (representative of psi angle)

In the figures (Fig. 2.8, Fig. 2.9 and Fig. 2.10), 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’.

Il.  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.
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Instantaneous position of the proof-mass is measured by three capacitive sensors which

permit a determination of the acceleration vector. [g]

Random
generator

Expilession:
Bias

\c;::ﬁ':::

ross axis
sensitivity

ki

scale factor

Figure 2.11: Diagram of accelerometer (representative of X position)
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Figure 2.12: Diagram of accelerometer (representative of Y position)
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Figure 2.13: Diagram of accelerometer (representative of Z position)

The input of accelerometer (Fig. 2.11, Fig. 2.12 and Fig. 2.13) 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.
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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]

P r
1
_Euvslon

(=07 sinduz ]

Figure 2.14: Diagram of Hall Effect propulsion (first propulsion F1)

As input of the Hall Effect thrusters (Fig. 2.14), 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.
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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.

— {1 ) x
l1 -
Fr 2 ) v
{3 ) z
F2 j—
? 4 ) teta
Jopni
(4
_ \ si
Fa P
S )
. A

space environment

Figure 2.15: Diagram of the space environment

The diagram of the space environment is formed by four diagrams (Fig. 2.16):
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.
[6]
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Figure 2.16: Diagram of the space environment with details of its components

The details of each related blocks in Fig. 2.16, are shown in the next figures:

a- System dynamics

I
orgue
{ >—>{ PD H Trig function

angular momentum

—— angular velocity

=J'
pX
’sr

inertia matrix

Figure 2.17: Diagram of the system dynamic

In the simulation of the system dynamic (Fig. 2.17), the inputs are: the torque, the angular
momentum and the inertia matrix.
This diagram gives as output the vector of the angular velocity.

b- Sun vector
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Figure 2.18: Diagram of the sun vector

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 2.19: Diagram of the positions and angles
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The diagram of positions and angles (Fig. 2.19) 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.

d- Magnetic field
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Figure 2.20: Diagram of the magnetic field

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

output the magnetic field (Fig. 2.20).

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. 2.21).
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Figure 2.21: Integration of all diagrams (final model of simulation)

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.

2.2.2.3.  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.
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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.

(<)

¥
S T

Figure 2.22: 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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Figure 2.23: Seco

different to zero), and the others have all the value zero for the force.

nd case of the simulation’s test

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

Figure 2.24: Third case of the simulation’s test
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2.2.3. Linking the software simulation with the hardware board

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 2.2.2.3), 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 2.25, and the board should be connected to the internet.
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(b) (c)

Figure 2.25 (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.

SBC-GKx login: arcom
Passuord:

arcon@SBC-GXx arcond ssh neae0192,166.1. 1
neaed192,168.1.1s passuord:

Last login: Wed May 13 13:28:11 2015 from 132.168.1.103
(neacdserver “19 |

Figure 2.26: 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. 2.27).

nss-nd : tar

ms-pn':;::ﬂil: 0.1. 1-1_kfreebsd- 1386.deb
old

UpenF(!ﬂH

Figure 2.27: Appearance of all files present on the server on the screen of board computer
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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. 2.28).

]

k 4

To workspace
A[128]

Write to
C binary file

Figure 2.28: 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. 2.29).
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3.sce [fhomefjisafDesktopin

(]

.sce ¥

O~ oUW

Figure 2.29: code written in SciNotes

A binary file is created after the simulation, see fig. 2.30.

BB & ® =S R N /OO [

1 Uhomesjisa/Desktop/new/l 2xos) - Xcos

Set WRITEC_F block parameters
Write to C binary file

Input Size

= Output File Name Foo
" Output Format
Buffer Size 1
Swap Mode (0:No, 1:Yes o

OK Cancel

Figure 2.30: Output saved in the C-binary file (foo)
This file is named foo.

Second step is to write the C-code (Fig. 2.31).
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Projects L X € % main.c =~ main():int * # Line:14,Col:1 B X

¥ i C_program #include <stdio.h>
|2 C_program.pro #include <stdlib.h>
+ [i@ Sources
& main.c int main(void)
{
printf(*Hello \n");
systen(" /home/jisa/Desktop/new/abed, sh");
printf(*Bye \n"};
/* read from the file and store in a variable for processing by the program logict/
return 8;
Debug 14 {
)
projects
Analyze
e
Help
Open Documents * B X
main.c
(sl o ate ) 1ssues JF) search Results JEY Application output JEY compile output I QML/Js Console JIE =

Figure 2.31: 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 (“/home/jisa/Desktop/new/Abed.sh”).

This shell file is shown in the figure 2.32:

£ Abed.sh x

scilab -f fhomefjisafDesktop/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 fhome/jisafDesktop/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" scp -o StrictHostKeyChecking=no fhome/jisa/Desktop/new/JAYCE arcom@192.168.1.100:/home/arcom
sleep 0.25

echo JAYCE.txt is sent...

Figure 2.32: Shell files containing all the steps to integrate the hardware
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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. 2.33) is created.

foo x

There was a problem opening the Ffile “/home fjisa/Desktop/new/foo”.

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

CharscterEncoding Current Locale (UTF-8) v

L>A@> P*=

HI

Figure 2.33: 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. 2.34).
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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

o000 T

Figure 2.34: The txt file Jayce

The final step is to send this txt file from my computer to the computer board.

This board 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.
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2.3. 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.
2.35).

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:

IAP N Next: NOAA 18 ¥} NOAA18

in 05:10:52 _
Azimuth : 87.71°
Elevation : -47.44°
Slant Range : 10518 km
Range Rate : -3.247 km/sec
Next Event : AOS: 2015/08/13 11:59:50
SSP Loc. : PI75VP
Footprint : 6303 km
Altitude : 867 km
W ] | E Velocity : 7.414 km/sec
X Doppler@100M : 1083 Hz
Sig. Loss : 152.84 dB
Sig. Delay : 35.08 msec
Mean Anom. : 144.14°
Orbit Phase : 202.70°
Orbit Num. : 52920
Visibility : Daylight

S

Figure 2.35: Gpredict following NOAA-SAT

How to receive and read this signal?
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We need as hardware:
e An antenna to detect the frequency of satellite
e ARTL
e Our computer
As software:
e Zadig
e ExtlO_RTL2832
e HDSDR program
e WXtolmg program
First, we have to plug the USB dongle receiver RTL2832 (Fig. 2.36), and to install the driver.

RTL:

(a) (b)
Figure 2.36 (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
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- 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. 2.37).

Device Options Help

x| [ TEdi

Driver ) WinUSB (v6.1.7600.16385) = More Information
WinUSE {libusbx

USE ID libusb-win32
Install WCID Driver - libLishbk
WiInlISE (Microsoft

wcm 2

0 devices found.

Figure2.37: Installation of Zadig
We search all 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.
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Device Options  Help

Bulk-In, Interface (Interface 0) - | Edit

Driver  WinUSE (v6.1.7600.16385) @ WinUSB (vé.1.7600.16385) = R
WinUSE (libusb:x

UssInp 0QCCD  0OD7 00 libush-win32

Reinstall Driver ‘T libusbi

wcin 2

Driver Installation

[o:. The driver was installed successfully.

Figure 2.38: Installation for the driver RTL in Zadig

The next step is to download ExtlO_RTL2832. It is a software defined radio program that
supports the ultra-cheap RTL-SDR.

The HDSDR software (Fig. 2.39) doesn't communicate with the SDR hardware directly. It
communicates with the SDR radio hardware through an External Input Output Dynamic Link
Library (ExtlO-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 262

137000 137200 137400 137500 137800

@bD137.915.500

Tune137.915.500 fewo

S-units

Squelch a
Thresh.

Soundcard [F5]
Bandwidth [F6]
Options  [F7]
Help { Update [F1]
Full Sereen [F11]
Start  [F2]
Minimize [F3]

Exit  [F4]

1000

Figure 2.39: HDSDR

Before starting this program, we have to copy ExtlO _RTL2832.DLL into our HDSDR

installation directory (default=C:\Program Files (x86)\HDSDR).
Now, we open HDSDR and select ExtlO_RTL2832.DLL:
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137000 137200 137400 137500 137800 0 38200 138400

| ExtIO_RTL2832.DLL v2014.2

Device Tuner Gain
[(1)-RTL2838UHIDI »| 1048
Direct Sampling

S-units | Disabled A |

Squelch —
Sample Rate:
2.4 Msps -
Buffer Size:

1kB
Bandwidth [F&] |7 - 1000

Soundcard [F5]

Options  [F7]
Tuner AGC

Help ! Update [F1
EPTIPGENH) Frequency Comection: RTL AGC

Full Screen [F11] 0= ppm Dffsat Ti
= et Tuning

Start  [F2]
Minimize [F3]

Exit  [F4]

Figure 2.40: Choosing the driver RTL in HDSDR
We verify our driver RTL2832, and we fix in HDSDR the request frequency (to receive
meteorological data from NOAA satellite, the request frequency is 137.915.5 MHz).
By using an antenna (Fig. 2.41), we can receive a real signal from the NOAA satellite, and

visualize this signal in HDSDR.

Figure 2.41: Antenna multidirectional used in our experience
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We also install the program WXtolmg (program which transferred the signal to a

meteorological image).

WXtolmg (Fig. 2.42) 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.

o v Autodetect APT

Meteosat
GOES
GMS
MISAT

kil

F Enhancements Options Projection Image Help

‘2015708707 06:08 UTC

File Satellte Enhancements Options Projection Image Help

2015-08-07 UTC
Satellite Dir MEL Long

HOAR 15 s zaW  1ew
NOAR 17 ER &
Noa2 19 N 21E
HOAR 13 w w
NOAR 18 N 41z 11
NoA2 15 N 27E 1sE
NOAR 18 N 40W 120
NoA2 15 N seW  eW
HOAR 17 RS-
NOAR 17 N 24w 19

2015-08-08 UTC
Satellize Dir

above &.0 degrees with = mawimum elevation (MEL) over eg
-08-07 09:00:21 Middle Zast Daylight Time (2015-08-07 06:00:%

Local Time

HOAR 13 H 08-08 03:33:08

NOAR 19 s 08-08 05:13:31

Noaz 18 s €= &£ 08-08 06

HOAR 15 s 37 12E 08-08 07

NOAR 18 s zaWw 17 08-08 08:27:46
[l

—
I3 Wxtolmg: Satellite Pass List =NAEl X

Lookahead  1day —
ses for London, United Kingdom (51°30'N 0°10°W) |

20.0 d

rees

[ Imapersare ays out-of-date for NOAA 18...

Figure 2.42 (a, b): WXtolmg program

(b)
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3. Results and discussion

3.1. 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.

Screenshots of this film are represented in figure 3.1.

A project of
AECENAR Applied Research Center, Ras Nhache
www.aecenar.com
(01 Jla) g\ tlaiad

2015/1436

« 0o m «fr ow

(b)

Figure 3.1 (a, b): Screenshots of the film

3.2. Results of hardware in the loop

3.2.1.Results of the simulation in Scicos

3.2.1.1.  Simulation of gyroscope

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

shown in the next figures (Graph 3.1, 3.2 and 3.3):
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teta' oA

phi' o

Graph 3.1: Variation of teta’ (angle with x-axis) function of time

Graph 3.2: Variation of phi’ (angle with Y-axis) function of time
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psi' o4

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
0 1 2 3 4 5 B 7 8 a 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 20 30

Graph 3.3: 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...

3.2.1.2. Simulation of accelerometer

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

the accelerometers simulation.
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Graph 3.4: Variation of the position X' with time

Graph 3.5: Variation of the position Y' with time
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Graph 3.6: Variation of the position Z' with time

In these graphs (Graph 3.4, 3.5 and 3.6), 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).

3.2.1.3. Simulation of actuators

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

B A I Ve AT A A AN AN A A AV AR AP A M e A,

Graph 3.7: Variation of F1' with time
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F2'

F3'

Graph 3.8: Variation of F2' with time

Graph 3.9: Variation of F3' with time
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Fa 0 A A Vo A A A A AN AN A YA AT A WA M,

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
1] 1 2 3 4 5 ] 7 =) a 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25 26 27 28 20 30

Graph 3.10: Variation of F4' with time

It is clear in the previous graphs (Graph 3.7, 3.8, 3.9 and 3.10), 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.

3.2.1.4.  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 2.21) are the next (graph 3.11, 3.12 and
3.13):

62



raphic window number 20122

# Graphic window number 20150 % Graphic window number 20178

I File Tools Edit ?
B 0|0V @ B & o e
%4 15— 15 -
104 10 10+
5 5 5
teta n—“wv “h ‘ “‘ il phi’ UJN Ww W “ Hw “ psi* nwMWWMWW Mw
5 5 5
-10 o 104 BUE
-15 T T T 18 T T T T 1a T T T T T T T T T T T T
o 2 4 8 8 o 2 4 8 I o 2 4 [} Bl 10 12 14 18 18 20 22 24
t
Graph 3.11: Variation of the angles with time
% Graphic window number 20095 % Graphic window number 20031 % Graphic windaw number 20063 . R =NEEn X
File Teels Edit ? File Tools Edit ? | [File Teols Edit ?
B EQ TV O A = ) % ®a [V O
154 15 15 5
10 10 107,M’l|1|||m!‘“‘|\ulllm1'||ml'|“’i‘wﬂ
5] 5 5]
X' o4 yl o Z' o]
5] 5] 5
-10 104 104
18 T T T T 1 T T T T -18 T T T T T T T T T T T T T T 1
0 2 4 & 8 0o 2 4 & 8 oz 4 & 8B 10 12 14 {8 18 20 22 24 28 28 30
|

Graph 3.12: Variation of the position with time
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Graph 3.13: Variation of forces with time

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.

3.2.1.5. Test of simulation

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

I.  Results of case 1

The first case is the case with the value zero of F4 (figure 2.22).
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Graph 3.16: Variation of forces with time
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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.

Il.  Results of Case 2

This case represents the test when F4 is zero, and F2 is a step function (figure 2.23).

r 1
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Graph 3.18: Variation of angles with time
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Graph 3.19: 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 2.24).
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Graph 3.22: Variation of forces with time

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.
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3.2.2.Integration of the Hardware in the loop

Now, after finishing the simulation, we should integrate it with the computer board in a
closed loop.
The next figure (Fig. 3.2) 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 1is created...

Sending File JAYCE.txt to arcom...

/home/jisa/Desktop/new/Abed.sh: 21: fhome/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...

=
7~
B
A

Figure 3.2: 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 file (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).
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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.

3.3).

(]

Read from
C binary file

Y

To workspace
A[128]

Write to
C binary file

Figure 3.3: 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 technic, 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.

70



3.3. Receiving meteorological data

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

see a real signal, see figures 3.4 and 3.5:

- ——
Mt HDSDR [default] version 2,62
——

137000 137200 137400 137600 137800

o®@0137.915.500

Tune'?':"_’ 9'5 E'j"?

Soundeard [F5]
Bandwidth [F&]
Options  [F7]
Help | Update [F1]
Full Screen [F11]

( )
Minimize [F3]

Exit  [F4]

1000

138200

Figure 3.4: the first appearance of signal in HDSDR
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Figure 3.5: The signal received in HDSDR then

And after starting WXtolmg, an image will start to appear (Fig. 3.6).

g ST, qEEGE e —
File Satellite Enhancements Options Projection Image Help

Recording (unprocessed data showr)... Jh_\-_
mage’
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[Recording from 05:54:25 UTC... [ | 4% s0% | [Recording from 05:54:25 UTC... [ N 50z |

(a) (b)

Figure 3.6 (a, b): Appearance for a meteorological image

72



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 3.7) very high frequency VHF to obtain the

request image.

Figure 3.7: Directive antenna

By using this directive antenna, the image will be as the following image (Fig. 3.8):

Figure 3.8: The real meteorological image
[35]
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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 3.9: 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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4. Conclusion

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.
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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.

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 first Lebanese satellite, IAP-SAT with the meteorological mission.
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Annex1

The project is represented in this paper:

= AECENAR

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

Ras Nhache/Batroun
8ismilich www.aecenar/institutes/iap

q'l: 3L( \ g Zé 12.2.2015

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 itor and 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

3 weeks

Documentation

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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The workbench of this project is represented in the next figure.
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Annex 2

Costs of IAP-SAT

We try in this paragraph to estimate the costs of IAP-SAT, taking into account the cost of the

satellite development and the launching cost.
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Satelite Development Cost and Launch Cost

Personnel
Working Package Material Cost Man Month Qualification | Salary/MM | Costper |Total item
item cost
Camera $40,000 6|Eng $5,000 $30,000 $70,000
Chemical Propulsion
System 550,000 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 5|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 $50,000 565,000
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 $50,000 560,000
Integration $10,000 5|Eng $5,000 $25,000 $35,000
Test $10,000 15|Eng $5,000 §75,000 $85,000
Launch $1,600,000 $5,000 S0 $1,600,000
Ground Station $100,000 55,000 S0 $100,000
Total Cost $2,440,000
Operational Cost per year
Personnel
Working Package Material Cost Man Month Qualification | Salary/MM | Costper |Total item
item cost

Maintenance 540,000 12|Eng $5,000 $60,000 $100,000
Ground Station $20,000 36 $3,000| $108,000 $128,000
Total Cost $228,000

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

around 2,668,00085.

Tablel: Costs of development and launching of IAP

In the other hand, the satellite’s expected life time is at least 5 years.

Annex 3

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, | have finished my

project before that he accomplished his project.
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= 3.s5ce 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");
}

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

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

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

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

}

system("PAUSE");
return 9;

1

Figure3: The C-code first trial

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

83



