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Abstract

Abstract

Recently, the attention in designing small satellites has rapidly grown by European universities,

Politecnico di Torino has adopted several standards and put its effort in developing its own satellite.

AraMis (Architettura Modulare per Satelliti) is the evolution of previous project PiCPot and
consists in the development of nano and pico satellites orbiting in LEO (Low Earth Orbit) for

university purposes.

In particular AraMis aims to build a modular satellite configurable in different shapes in which
each module is independent from the other ones and capable of working in stand-alone mode. The

communication among the elements, known as tiles, takes place through proper buses.

Each module has a specific role and can work alone or together with other modules to improve the
performance of the system. The project is considered as low-cost since it uses COTS components

and exploit the re-usability of different units so reducing design costs.

Object of this thesis is to exploit AraMis standard to develop a femtosatellite (a satellite having a
weight lower than 100g) having features of atypical satellite with in addition some peculiarities.

The ideais to develop a constellation of femtosatellites able to communicate each other, exchange
generic messages, measure the distances inside the constellation and modify the distance according
to the user needs. To start with, we consider a constellation made of two satellites placed opposite

one to the other.

The system has a modular structure, following the AraMis philosophy, and it is made of a
magnetometer, a magnetic actuator, a solenoid and a telecommunication module as main units. It
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has a disk shape, where on a surface there is the RF electronics, on the other one there are solar cells

for supply system, finally the solenoid is placed around the disk.

The magnetometer and magnetic actuator are taken from AraMis project and adapted to the
particular case while the telecommunication module is entirely designed and devel oped customized
for the application. The communication module (named 1B35 Intersatellite_ Communication in the
thesis) isrealized so it can be re-utilized for future works involving a communication between two

identical nodes (placed on different satellites or on the same satellite).

The system is based on CC2510 system on chip provided by Texas Instrument and simpliciTi

protocol for telecommunication. The main reasons are:

* low cost;

* low power consumption;

» custom protocol (simpliciTi), provided by Texas Instrument easy to use;
* RSS! technique integrated,;

* possibility to use 2.4GHz as working frequency;

One of the system purposes is to measure the distance between two satellites, this is achieved
through RF techniques (RSSI) and magnetic techniques (generation and measurement of magnetic
field). Another important issue is to let satellites get closer or separated, the motion is obtained
through attractive and repulsive magnetic force, generated by the actuator and electromagnet (also

used in measurement operations).

In this thesis, we are introducing for the first time a femtosatellite in the AraMis project, so no
particular initial constraints are given. During the thesis several configurations have been
considered and analyzed to find the better solution for the case study. The general structure of the
system is completely described and documented by using UML language, for a particular unit (the

telecommunication unit) we proceed instead with the hardware and software realization.

As results, we have set up the genera structure of the femtosatellite, analyzed several issues and
implemented a good basis for future development. One possible application could be using the

femtosatellites to transport small objects in space environment.

Finally, another important result is the realization of the telecommunication unit, fully implemented
in hardware and software but not tested.
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Introduction

| ntroduction

1.1 AraMis

In this paragraph the general context of the thasda brief description of AraMis standard will

be presented.

1.1.1 Politecnico di Torino and Nanosatellites

In the last years aerospace and satellite marlsegjfeavn in a remarkable way due to the decreasing

in launchers and launches costs used to put te#itestin orbit.

This aspect bring the Politecnico di Torino likéhet universities and companies worldwide to
focus on the implementation of low-cost small d&s. As a consequence different standards were
born like CUBESAT and ARAMIS in order to make eadiee design and development of these

kind of space systems.

Another interesting peculiarity of these univergitpjects is the usage of COTS (Commercial Off

The Shelf) elements, i.e. low-cost components &adnd .
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1.1.2 AraMis standard and specifications

AraMis ( Architettura Modulare per Satelliti) isproject started in 2006 by Politecnico di Torino
which aim to design small satellites with a moduténucture in order to improve the CubSat

standard in which the system is build with an ad-lehitecture.

The satellites are classified basing on the nrasisel following way:

microsatellite : mass between 10 and 100 Kg

nanosatellite: mass between 1 and 10 Kg

picosatellite: mass between 100 g and 1 Kg

femtosatellite: mass lower than 100 g

AraMis is considered as a nanosatellite, its bassbitecture is based on one or more tiles placed
on the outer side of the system so that they dbyp g structural function. Putting together several

tiles a cubic or prismatic shape can be built @asvshin Figure 1.1 andFigure 1.2.

ATAT A 4

Figure 1.1 Possible configurations of an AraMis satellite.
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Figure 1.2 Example of a parallelepiped structure.

The standard modules of AraMis are:

* Power Management Tile - it is used to generatetroband store the energy necessary to
supply the whole system. In particular solar paaeéschosen which supply the system and
charge the batteries through proper circuits. Tdtéebes are used as reserve of energy if the
one coming from the sun would not be enough. Thecttre of the satellite is mainly built
by putting together tiles of this kind, they alssvbe microcontrollers which manage the tile

and communicate with OBC through buses. An examsp@own inFigure 1.3.

* Telecommunication Tile - it has the function ta the satellite communicate with the
ground segment, it manages the information reltddtie attitude control coming from the

Earth and transfer it to the Power Management Tdgserform actuation.

* On Board Computer - it is the module containing phecessor in charge to coordinate the
whole satellite operation. As an example, it makésalculations related to attitude control

and governs the other tiles such that actuatioestakace.
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Figure 1.3 Module with a size of 164 x 165 mm with solar cells.

1.2 FemtoSat

The purpose of this thesis is to realize a uniterf@mtosatellite placed in a constellation of
identical satellites (at least two) able to:

» perform typical operations of a bigger satellite
* let two satellites communicate each other
* measure and control the distance between them.
The system has a modular structure as AraMis stdrsidaygest, in particular it is made of:
» 1B35_Intersatellite_Communcation
 Bk1B221 Magnetometer_Sensor

» Bk1B222_ Magnetic_Torque_Actuator
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* An electromagnet (solenoid)

The first module is used to implement the commuroocsbetween two satellites, the functionalities
of CC2510 System on Chip are exploited to alsogoerfOBC functions. The magnetometer is
used to evaluate the magnetic field around thdlisat@ a distance measurement operation. Finally
the motion of the system is assigned to an actuatot which has as core system the
Bk1B222 Magnetic_Torque_Actuator and an electromagnet. The
1B35 Intersatellite_ Communcation is object of this thesis as well and it will besdebed in the
following chapters. TheBk1B221 Magnetometer Sensor, Bk1B222 Magnetic_Torque Actuator
are taken from the AraMis project and used for tase study so exploiting the concept of
modularity and re-usability. The electromagnet chas described in the paragrayihl

The idea is to design a satellite having a diskshan the inner part will be placed the PCB, arcbun
the disk there will be the coil used to generate rtiagnetic field, on one face there will be solar
cells while the other side will be placed the Ri€wit with the antenna.

In the following picture there is a draft of theustture:

Figure 1.4 - Qualitative representation of the Femtosatellite

There are no particular constraints except the htetigat shall be lower than 100g. Some of free
parameters that will be evaluated and analyzedhduhe design are:
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Minimum/Maximum distance

Satellite dimension

Solenoid dimension

Electrical quantities

All this subjects will be presented in chapifeérl.

1.2.1 Operating Environment

In the design of a space system the designer haseowith several issues related to the particular

environment as space is. Among them we have:

temperature;

pressure;

ionizing radiotion;

terrestrial magnetic fields;

Since the femtosatellite has to deal with magnigid generation and measurement, for sure the

latter issue is very important to be considered.

In fact, once the current flow inside the solenatidgenerates its own dipole which forces the
system align with the terrestrial magnetic fielde \&@dopt a particular technique to eliminate the
contribution of terrestrial magnetic field when weed to isolate the magnetic field generated by
the interlocutor satellite (See chapter ...)

Magnetic field around the Earth is of sum of moamtributions [4], each one having different

origin:
 Main Field, generated by fluid nucleus of the Earth;
» Crustal Field, generated by magnetized rocks of Earth's crust;

 External Field, generated by electrical currents taking place imogphere and
magnetosphere;
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» Field of electromagnetic induction, generated by induced currents in the crust and Isunt

by the external field (it is variable in time);

Among them, the main field generate the 99% of tthtal magnetic field measurable on the
surface. Several studies demonstrates that thid éan be compared (at 95%) with the one
generated by a magnetic dipole centered in thehBarenter and with a misalignment of 11° 30
with respect to the Earth' s rotation axis.

Figure 1.5 - Distribution of terrestrial magnetic field in 2009 [5]

Earth' magnetic field is expressed conventiondilpugh the vector of magnetic inductidh Its
measurement unit is Tesla (T), but in practicalliappons the Gauss (G) is often use which is
equals to 19 T. The absolute value of the magnetic field ontlEsrsurface varies from 0.2 G at
equator to 0.7 G at poles (the intensity distrimuiis shown irFigure 1.5)

As conclusion, we assume possible values for thlel in LEO orbit in the range -0.625 and
0.625G, values used as specification for the magmeter/magnetic torque actuator chosen in this

thesis at design time (see previous chapter)

1.2.2 Managing inter satellite communication

The project started as stand-alone project, thdrnlewhe design procedure was proceeding , the

necessity to design a module dedicated to the conuation between two satellites has born.
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This issue is in common with all projects where ¢benmunication among more nodes has to take
place. Moreover, the two nodes can be placed osahee satellite (inter-board communication) or

different ones.

One example sharing this kind of problem is Arancbproject [1] developed by another student.
We decide to work together in order to design aridtalone” module, re-usable in other projects,

where specifications have been agreed togethef:BB8 Intersatellite_Communication module.

We decide to divide the work into two parts, hardevand software. The first steps of the design
and the description in UML are carried out togetidr software contents are taken from Aram-

Dock thesis while the hardware is developed in tthesis.

1.3 1B35 Intersatellite Communication M odule

1B35 module is used to govern the intersatellit@m@manication in AraMis project.

The communication is based on SimpliciTi protoaadl @n the CC2510 system on chip (SoC), both

provided by Texas Instrument.

CC2510 contains a low-power transceiver, a mianbotler MCU 8051 , 32kB flash
programmable memory, 4kB RAM and works at a fregyeof 2.4 GHz. The extremely reduced
size (6mm x 6mm) and power consumption makes #@réept partner for building nano and femto

satellites.

SimpliciTi is a network protocol used in RF fieMhich requires a very small memory cost (8 kB
maximum of flash and 1kB maximum of RAM). It implents two network topologies: pure peer-
to-peer and star topology. In 1B35 project a pegvder communication is chosen, the software
drivers are based on several calls to an API (lkppbn Programming Interface) interface which
allow the connection during run-time. Sleep mode t® applied to extend the duration of

functioning.

The main idea is to use more than one 1B35 modalbs placed on different satellites in order to
let them communicate each other. For this realensystem can act both as master and slave

depending on the use cases and operations whicdaared out.
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1B35 needs to be configured once by the configui@me of main actors), operation in which the
ID is set. The ID is a necessary reference to cyraddress the messages in the communication
but also to identify the modules between which stagice is measured. In fact, one of main
purposes of 1B35 is to determine the distance v@fipect to another interlocutor node by using
RSSI technique (which derived from Friis theorydmfliciTi protocol has a perfect structure to
accomplish this task since in the body of any lofdnessage there is a field which contains RSSI

value.

1B35 module does not have an on-board system toderthe power supply,it receives power from

other modules.

1.4 UML Language

The design of AraMis has been carried on by uklM. language (Unified Modeling Language)
[2].

The same language is used in this thesis to desatibmodules contained in both FemtoSat and

1B35 projects, in this paragraph there is a binigbduction to the UML language.

UML is a visual language born in 1995 for designsudtware, but it can be optimally adapted to
the description of systems made both of hardwadesaftware. It is based on the representation of
entities involved in the system functioning and ialleractions among them. It offers several

advantages, the most important are:

* Make easier the project understanding, even by lpesyernal to the project, thanks to a
graphical/conceptual representation of the elemémds make the system (components,

subsystems, signals, functions...) starting fromiga level description to a specific one.

* Simplify and improve the description of system fumgalities and the specification
definition providing a common basis in the approachdesigning the units forming the

whole system.

» Make exportable the system building blocks (whioh iadependent form each other) such

that they can be re-used in other projects so imeiging the modularity concept.
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The tool chosen to adopt UML is Visual ParadigmWddL [3] which also provides automatic code

generation.

Among all possible utilities that UML offers, theage three main types of diagrams which have
been used to make the project described in thisighe@ise case diagram, class diagram and

sequence diagram.

1.4.1 Use Case Diagram

The use case diagram describes functionalitiege@repecifications and by what/by who those can
be played. It is the starting point in the systewdsling and contains the following categories of

element:

» Actor - it is a generic entity, an human user, haptsystem or the external environment,
which interacts with the system under design, askon the implementation of one or more
use cases. There can be more than one actor ie aase diagram and is represented as

depicted inFigure 1.6

Actor

Figure 1.6: UML language - Actor.

» Use case - it is a task which the actor ask tosglstem i.e. the objectives of the project. It

can be called directly to the actor or relatedttepuse cases as showrFigure 1.7

Figure 1.7: UML language - Use cases

10
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Relations among actors - there exist several kihdelations, e.g. the generalization in
which the actor A , from which the arrow starts gomints toward actor B, can execute its

use cases and all use cases related to B. InabesA is the generalization of B.
Relations among use cases - in the following saxaengles:
o0 Generalization: similar to the one described fer dlotors;

0 Inclusion: identified by a dashed arrowidure 1.8) with a label <<include>>, it
indicates that the basic use case includes alsadfiens that the included use case

can execute on the system,;

o Extension: Graphically it is similar to the Inclasi but with a label <<extend>> and
indicates that the extended use case is an optionetionality of the basic use case
(Figure 1.9);

<=lnelude>>" =" nciided Use Case

Figure 1.8: UML language - Use caseinclusion

Extension Use Case

Extension Points
Extension Use Case

Figure 1.9: UML language - Use case extension

Association between actor and use case - it istifteh by a straight line and indicates
which actor has the possibility to put in actioeafic use cases i.e. by which actor each use
case is required; one actor is often associatedadie use cases and one uses case can be

associated to more than one actor.

11
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Moreover, it's useful to highlight the possibility add a documentation to each element inside the
UML project. This documentation (containing the neémt description, comments, information
useful for the designer) together with the diagratine software routines and hardware schematics

constitutes the complete description of the project

1.4.2 Class Diagram

The class diagram is madeatfj ects with their associations and it is used to deeplracterize the
system under project by describing all its compdsiemardware, mechanical, software and mixed

(hardware/software).

An object is an entity belonging to the system which intesagith objects of the same system or
other external ones. The interactions among objectslescribed in the sequence diagrams

(illustrated in the next paragraph).

The class is the abstraction (generalization) of an objectctwhrepresents a specific instance (see
Figure 1.10). The attributes and methods (named asperations in the class) are fundamental

features of a class and its instances.

* An attribute is a property of the object and it can be logipalysical, etc e. g. if the object
IS a sensor its attributes can be the sensitinty power consumption. While in software
field the attributes are variables and C languagectures. Each attribute can be
characterized by a type (for examphe for integer type), an initial value, the visibyliand
other specific properties. Another emblematic casthe one in which an attribute is an

instance of another class.

 The methods indicate which operations the object can perfand how this object
interface with the other elements of the systeneyTdre C functions for software objects or
signals (wires) for hardware objects. They candsmaated to a return value (which returns
to the calling object) and to several parameterghwit receives from calling object.

A class diagram illustrates the objects and classea specific hierarchy, connected through
different types of associations. Other than thesodescribed for use cases, there is another

12
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particular example calledomposition, very useful in modular projects to represent fatblgects

made of various son objects.

Utente

+nomie - char®

+cognome - char*

_data nascita - long

-nickname : char*

#password - charf10]

tinseriscilnome - char *, cegnome : char ™) - bool
+ordina{nome - char *, cognome : char *, tipo : byte)
+accessolnickname - char *, password : char [10])  short

Figure 1.10: UML language - Class example

1.4.3 Sequence Diagram

Sequence diagrams describe the carrying out arecperformed by the system i.e. the use cases.
Infact, each of them is split into a set of actiavisch follow to let the use case takes place. Then
the objects ,which make the system, implement gegaiions througimessages containing calls to

methods. Each object can call a method of another(ibit is visible) or its own methods.

The best representation of thisurse of action is the sequence diagram where the messages are
listed in exact timeline through the associatiom @rder number. Each object is related bdetine

in which the time increases if the line is readrfrthe top to the bottom.

There are many other features that describe theabpes in the sequence diagram e.g. to
implement loops, if-then-else constructs, nestegisece diagrams and so on, In Ehgure 1.11 is

presented an example.

13
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-.féis:luﬁ?%&@@fmmipﬁ_éhﬁgﬁﬁ%n(.i-ar-:j Edition(Pelitecnico di Tering, Dip. Eletironica)

LifeLine1  Unita di calcolo LifeLine2 - Tastera LifeLine3 - Display

| 1: gat_value() : float: a |

2 store(value = a, position = 1)

| 3 get_valug() : fioat b

5 show_value{vaiue = result)

==

|
I
4 multiply({faciorA = memoryi1]. factorB =) : hoat result
I
|
|
i
l
i
|
|
B: reset. mem{position = 1) : bool I
|
|
|
|
i

Figure 1.11: UML language -Sequence diagram example

14
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Chapter |1

FemtoSat Specifications, Actors and

Use Cases

FemtoSat is a very small satellite (with a weight lower than 100g) designed to implement typical
operations of bigger satellites with in addition some issues specific for the case study.

In particular, all use cases associated to FemtoSat are divided into the following sets:

. Intersatellite Communication ;
. Distance Measurement
. Distance Control ;

Each of them is shown in the following diagram and refers to several sub-use cases and sub-
diagrams described in the chapter.

15
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Controfler Interlocutor Satellite

Intersatalite Communication

Figure 2.1 FemtoSat main use case diagram

2.1.1 Use Case - Distance M easur ement

One of the main function of FemtoSat is the possibility to measure the distance with respect to
another satellite (named Interlocutor Satellite). Two techniques are exploited:

*  Radio Frequency;
*  Magnetic;

The first oneis based on RSSI technique and it is used for measurements where the satellites are far
away and with a random orientation in the space. This technique cannot be applied if the distance
between them is lower than distance threshold 1;

The second technique is suitable if the distance is not so high, (situation in which the magnetic field
become small and hard to be measured). Magnetic technique cannot be applied if the distance is
greater than distance threshold 2. Furthermore, the two satellites are supposed to be with the two
faces opposite one other.

If it is not the case, one rotation shall be applied in order to align the two systems.

In the range of distances between distance threshold 1, distance threshold 2 both techniques can be
applied.

Through Get Distance Global, the Controller combines both techniques to obtain a better
estimation.

The distance measurement based on radiofrequency technique is implemented in
1B35 Intersatellite_ Communication project.

16
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2.1.2 Use Case - Distance Control

The distance between the two satellites can be also changed according to the Controller needs.

The distance can be measured through magnetic and radiofrequency techniques depending on the
case, while the relative motion of the two system is implemented by using attractive/repulsive
magnetic force generated by two Electromagnets.

Basing on the signa which drives the actuator, we can manage the contribution of Earth magnetic
field and magnetic field generated by Interlocutor Satellite.

We can have the following situation:

*  Magnetic_Actuator_Subsystem driven by a DC signal: only contribution of Earth magnetic
field which produces rotation;

* Magnetic_Actuator_Subsystem s on both satellites driven by a square wave signal with a
50% duty cycle: only contribution of magnetic field generated by Interlocutor Satellite
which produces attraction/repulsion.

 Magnetic_Actuator_Subsystem s driven by generic square wave signa: rotation and
attraction/repulsion combined;

In the thesis only the second case isimplemented, but the project can be easily extended to consider
al previously described functions.

2.1.3 Use Case - I ntersatellite Communication

Another important functionality of FemtoSat is the possibility to exchange messages with an
Interlocutor Satellite.

As anticipated in the Introduction, this need is a common need for al projects in which a
communication between two nodes (placed on the same satellite or on different satellites) is
implemented.

These features are implemented in 1B35_Intersatellite. Communication module, for this reason all
use cases are taken from 1B35_Intersatellite_ Communication project, they are just presented in this
chapter and fully described in the previous chapter.

17
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2.2 FemtoSat TX/RX

The diagram contains all uses cases related to the communication between FemtoSat and the
Interlocutor ~ Satellite.  Since the communication operations are performed by
1B35 Intersatellite Communication module, most of wuse cases are specified in
1B35 Intersatellite_ Communication and then re-used in this diagram.

Caonfigurator

Change Frequency 2 Read Message | |

<<|nclude>>

Cantroller i

]

<<gptional>> :
Change Power :
]

l

i

As

Interiocutor Satelite Interkocutor Node <<Include> ¥ gimplieT| protoscal

- =<|nciude>>
Receive Data

Figure 2.2 - FemtoSat TX/RX use case diagram

2.3 FemtoSat Get Distance RF

The diagram contains all uses cases related to the evaluation of the distance between the FemtoSat
and Interlocutor Node by using radiofrequency techniques.
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Ceantroller

¥

Interlocutor Node

Interlocutor Satellite

Figure 2.3 - Get Distance RF use case diagram

2.4 FemtoSat Get Distance MAG

The diagram contains all uses cases related to the evaluation of the distance between the FemtoSat
and Interlocutor Node by using magnetic techniques.

e, B

_ Estimate Distance RF

c-:lnciude:*; - :
Process Distance MAG

Controller

Interlocutor Node

Figure 2.4 FemtoSat Get Distance MAF use case diagram
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2.4.1 Use Case - Get Distance Global

The Controller combines Estimate Distance RF and Estimate Distance MAG to obtain a better
evauation of the distance between FemtoSat and Interlocutor Satellite.

First it uses Estimate Distance RF, if dist RF > = distance threshold_2 then it consider that value as
better estimation so it stores the result in distance variable. If the two satellites are too far away
magnetic technigues cannot be applied.

If dist RF distance threshold 2 then Controller uses aso Estimate Distance MAG to obtain
dist MAG.

Finally an average between dist_ RF and dist. MAG is stored in global distance variable.

If dist RF distance threshold 1 the dist MAG is stored in global distance variable because the
dist_RF value is meaningless.

2.4.2 Use Case - Estimate Distance MAG

First the Controller uses Measure Distance MAG_MASTER to trigger the distance measurement to
the right Interlocutor Node identified by an ID given by the actor, then starts a loop in which
periodically thevalue of dist MAG and its validity are evaluated by using Get Distance MAG .

When distValid istrue, it indicates avalid measurement and causes the |oop termination.

The Estimate Distance MAG isimplemented by calling the estimateDistanceM AG function.

2.4.3 Use Case - Measure Distance MAG_MASTER

The Controller uses Send Message to send TURN_ON_MAGNET_FORWARD command to the
Interlocutor Satellite identified by an ID given by the actor.

The Interlocutor Satellite then uses Turn ON Magnet Forward Mode to turn on its Electromagnet in
forward mode.

The Controller uses Process Distance MAG to measures the magnetic field generated by the
Interlocutor Satellite and process the value to obtain the distance dist. MAG.

Finally, to stop the procedure, the Controller uses Send Message to sends TURN_OFF MAGNET
command to Interlocutor Satellite which uses Turn OFF Magnet for turning off its Electromagnet.
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The Measure Distance MAG_MASTER is implemented by caling the measureDistaceMAG
function.

2.4.4 Use Case - Measure Distance MAG_SLAVE

The Controller using Read Message receive and interpret TURN_ON_MAGNET_FORWARD
command sent by Interlocutor Satellite then uses Turn ON Magnet Forward Mode to turn on its
Electromagnet in forward mode.

Finally, to stop the procedure, the Controller uses Turn OFF Magnet for turning off its
Electromagnet after having received the corresponding command TURN_OFF_MAGNET from the
Interlocutor Satellite.

2.45 Use Case - Get Distance MAG

The Controller reads the value of distValid, if true, it reads the other attributes of Distance MAG.
The Get Distance MAG use case is implemented by calling the getDistanceM AG function.

distvValid isreset at the beginning of the measurement and set to true at the end of measurement.
All other attributes of Distance MAG are updated at the end of measurement.

2.4.6 Use Case - Process Distance MAG

First the Controller uses Get Magnetic Field to obtain magX and magY values. Then the following
formula[12] shall be manipulated to process those values and evaluate dist. MAG.

MoNcoilI L+ 2x + L—2x
2L /(L +2x)2 +4RZ /(L — 2x)% + 4R?

B(x) = 10*[Gauss]

The vaidity of dist. MAG isindicated by distValid flag.

Process Distance MAG isimplemented by using processDistanceM AG function.

21



Chapter |1

2.4.7 Use Case - Get Magnetic Field

The Controller starts a sequence of operation necessary to measure the magnetic field by calling
getField.

In order to have the correct measurement of the magnetic field, the Voffset shall be evaluated.

First the Controller uses Set Magnetic Sensor HM C1002 after which Vset is read, then it uses Reset
Magnetic Sensor HMC1002 after which Vreset is read.

The Voffset is obtained as average of the last measured voltagesi.e.:

Voffset = (Vset+Vreset)/2

Finally the components of magnetic field (written in the magX, magY parameters) are calculated as
follows:

magX [G]= (MAGN_X-OFFSET_MAGNETIC)[V]/SENS MAGNETIC[V/T]*10"4;

magY [G]= (MAGN_Y-OFFSET_MAGNETIC)[V]/SENS MAGNETIC[V/T]*10"4;
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2.5 FemtoSat Set Distance

The diagram contains all uses cases related to the control of the distance between the FemtoSat and
Interlocutor Node.

Set Distance MAG

Controller

-rfluelﬁde:- > -f-rln-:: n:.ae.:- -
Estimate Distance RF
fc!ncjudc:- > -
Approach MASTER

Figure 2.5 - FemtoSat Set Distance use case diagram

2.5.1 Use Case - Set Distance Global

The Controller will perform al needed operations to set the distance between FemtoSat and
Interlocutor Satellite to distance new value.

First it uses Get Distance Global use case to estimate the actua distance (stored in distance
variable).

If distance > distance new, the two satellites shall get closer, the Approach MASTER use case is
then used by Controller.
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If distance distance new, the two satellites shall separate, the Separate MASTER use case is then
used by Controller.

After an Approach. MASTER/Separate MASTER cycle there is again a Get Distance Global cycle
to measure the updated distance; the algorithm is executed in aloop until the measured distance is
close enough to distance _new (distance - distance_new distance _error).

The Set Distance Global isimplemented by calling setDistanceGlobal function.

2.5.2 Use Case - Set Distance MAG

The Controller will perform al needed operations to set the distance between FemtoSat and
Interlocutor Satellite to distance new value.

First it uses Estimate Distance MAG use case to estimate the actual distance (stored in dist MAG
variable).

If dist MAG > distance _new, the two satellites shall get closer, the Approach MASTER use caseis
then used by Controller.

If dist MAG distance new, the two satellites shall separate, the Separate MASTER use case is
then used by Controller.

After an Approach MASTER/Separate MASTER cycle there is again a Estimate Distance MAG
cycle to measure the updated distance; the algorithm is executed in a loop until the measured
distance is close enough to distance new (dist. MAG - distance new distance error).

The Set Distance MAG isimplemented by calling setDistanceM AG function.

2.5.3 Use Case - Set Distance RF

The Controller will perform al needed operations to set the distance between FemtoSat and
Interlocutor Satellite to distance new value.

First it uses Estimate Distance MAG use case to estimate the actua distance (stored in dist RF
variable).

If dist RF > distance _new, the two satellites shall get closer, the Approach MASTER use case is
then used by Controller.

If dist RF distance new, the two satellites shall separate, the Separate MASTER use case is then
used by Controller.
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After an Approach MASTER/Separate MASTER cycle there is again a Estimate Distance RF
cycle to measure the updated distance; the algorithm is executed in a loop until the measured
distance is close enough to distance new (dist_RF - distance new distance_error).

The Set Distance RF isimplemented by calling setDistanceRF function.

2.5.4 Use Case - Approach_ MASTER

First the Controller uses Set Local Temporal Reference, Set Remote Tempora Reference (related to
the Interlocutor Satellite identified by an ID given by the actor) passing timeReference value to
provide atime reference.

The Controller uses Send Message to send TURN_ON_MAGNET _AC command and 180
(phase),0.5 (duty cycle) as parameters to the Interlocutor Satellite.

The former uses Turn ON Magnet_ AC with a duty cycle of 0.5 and a phase of 0 while the latter
uses Turn ON Magnet AC with a duty cycle of 0.5 and a phase of 180 to turn on their
Electromagnets in a synchronous way with opposite phase.

Both Electromagnets stay on for a certain amount of time (Ton_long) so that the two satellites
approach each other thanks to the attractive magnetic force. After Ton_long time period both the
Controller and Interlocutor Satellite uses Turn OFF Magnet to turn off the Electromagnets.

The two satellites shall stop, so a break cycle is executed i.e. they both use Turn ON Magnet AC
with a duty cycle of 0.5 and a phase of O for a Ton_long time period after which the Turn OFF
Magnet is used.

The use case isimplemented by calling the approach function.

2.5.6 Use Case - Separate MASTER

First the Controller uses Set Local Temporal Reference, Set Remote Temporal Reference (related to
the Interlocutor Satellite identified by an ID given by the actor)passing timeReference value to
provide atime reference.

The Controller uses Send Message to send TURN_ON_MAGNET_AC command and
O(phase),0.5(duty cycle) as parameters to the Interlocutor Satellite.

Both the Controller and Interlocutor Satellite use Turn ON Magnet_ AC with a duty cycle of 0.5 and
aphase of 0 to turn on their Electromagnets in a synchronous way with same phase.
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The Electromagnets stay on for a certain amount of time (Ton_long) so that the two satellites
separate each other thanks to the repulsive magnetic force. After Ton_long time period both the
Controller and Interlocutor Satellite uses Turn OFF Magnet to turn off the Electromagnets.

The two satellites shall stop, so abreak cycle is executed i.e. the Interlocutor Satellite uses Turn ON
Magnet_ACfor Ton_long time period with a duty cycle of 0.5 and a phase of 180, while the
Controller uses Turn ON Magnet_AC for the same time period with a duty cycle of 0.5 and a phase
of 0.

Finally, the Turn OFF Magnet is used.

The use case isimplemented by calling the separate function.
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2.6 FemtoSat M agnetometer Subsystem

All use cases related to the Magnetometer Subsystem.

Reset Magnetic Sensor HMGC 1002

-
e
i

<= |ncludes==

<<|nciude>>

o T S

Set Magnetic Sansor HMC1002

Controller

Figure 2.6 - FemtoSat Magnetometer Subsystem

2.6.1 Use Case - Turn OFF M agnetometer

The Controller turns off the Magnetometer Subsystem by caling turnOFF function of
Magnetometer Sensor SW_Driver.

2.6.2 Use Case - Turn ON Magnetometer

The Controller turns on the Magnetometer Subsystem by calling turnON function of
Magnetometer_Sensor_ SW_Driver.

27



Chapter |1

2.6.3 Use Case - Set Magnetic Sensor HM C1002

The Bk1B221 Magnetometer_Sensor  autonomously starts a set  procedure  for
Magnetometer 2 axis HMC1002 by calling set function.

This operation is necessary for the correct usage of Magnetometer 2 axis HMC1002 (due to its
physical characteristics) and it consists of an impulsive current flowing through the sensor for
Tset_reset in aspecific direction.

2.6.4 Use Case - Reset M agnetic Sensor HM C1002

The Bk1B221 Magnetometer Sensor autonomously starts a reset procedure for
Magnetometer 2 axis HMC1002 by calling resetfunction.

This operation is necessary for the correct usage of Magnetometer 2 axis HMC1002 (due to its
physical characteristics) and it consists of an impulsive current flowing through the sensor for
Tset_reset in a specific direction.
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2.7 FemtoSat M agnetic Actuator

All use cases related to the Magnetic_Actuator Subsystem.

Sat Local Temporal
==
Set Remote Temporal Reference

Controller
=< TBD>>
Synchronize Clocks Turn OFF Magnet

Figure 2.7 - FemtoSat Magneic Actuator use case diagram

2.7.1 Use Case - Set Remote Temporal Reference

The Controller uses Send Message to send SET TIME REFERENCE command and
timeReference as parameter to the Interlocutor Satellite identified by an 1D given by the actor.

The Interlocutor Satellite then uses its own Set Local Temporal Reference passing as parameter the
received value.

The Set Remote Temporal Reference isimplemented by calling setRemoteTimeReference function.

2.7.2 Use Case - Set Local Temporal Reference

The Controller creates the reference signal which is used in the motion operations of FemtoSat i.e.:

e Separate MASTER
*  Approach MASTER

The reference is a periodic signa having a time period specified in timeReference and configurable
with setTimeReference function.

It shall have a period not smaller than CC2510 clock.
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2.7.3UseCase- Turn ON Magnet AC

The Controller turns on the Magnetic_Actuator_Subsystem driving it with an AC current having a
duty cycle and phase reference specified by the actor. The use case is implemented by calling
turnON and passing the desired duty cycle and phase reference as parameter.

2.7.4UseCase- Turn ON Magnet_ DC
It isaparticular case of Turn ON Magnet_AC in which the duty cycle passed as parameter is 1.
The Controller turns on the Magnetic_Actuator_Subsystem driving it with a continuous current.

The use case can be Turn ON Magnet Forward Mode, Turn ON Magnet Reverse Mode depending
on the direction of the current.

2.7.5Use Case- Turn ON Magnet Forward M ode

The Controller turns on the Magnetic_Actuator_Subsystem in forward mode by calling in sequence
setForwardMode and turnON functions of Magnetic_Actuator SW_Driver class.

2.7.6 Use Case - Turn ON Magnet Reverse Mode

The Controller turns on the Magnetic_Actuator_Subsystem in reverse mode by calling in sequence
setReverseMode and turnON functions of Magnetic_Actuator SW_Driver class.

2.7.7 Use Case - Turn OFF Magnet

The Controller turns off the Magnetic Actuator_Subsystem by calling turnOFF function of
Magnetic_Actuator SW_Driver class.
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2.8 FemtoSat Motion. MASTER

The diagram contains all uses cases related to the motion of the FemtoSat and Interlocutor Node
needed to set a proper value of distance.

Here the FemtoSat is the master (it starts the use cases) while Interlocutor Node is the slave (it
collaborates with the FemtoSat to complete the use cases).
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Figure 2.8 - FemtoSat Motion_MASTER

2.9 FemtoSat Motion_SLAVE

The diagram contains all uses cases related to the motion of the FemtoSat and Interlocutor Node
needed to set a proper value of distance.

Here the Interlocutor Node is the master (it starts the use cases) while FemtoSat is the slave (it
collaborates with the Interlocutor Node to compl ete the use cases).
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Figure 2.9 - FemtoSat motion_SLAVE use case diagram

2.9.1 Use Case - Approach_SLAVE

The Controller using Read Message receive and interpret SET_TIME_REFERENCE which triggers
Set Local Temporal Reference use case.

Then the Controller, using again Read Message receive and interpret TURN_ON_MAGNET_AC
command and 0.5,180 as parameters (duty cycle and phase displacement respectively) sent by
Interlocutor Satellite then uses Turn ON Magnet_AC accordingly.

Meantime the Interlocutor Satellite uses Turn ON Magnet AC with 0.5 as duty cycle and O as phase
reference.

The two Electromagnets stay on for a certain amount of time (Ton_long) so that the two satellites
approach each other thanks to the attractive magnetic force. After Ton_long time period both the
Controller and Interlocutor Satellite use Turn OFF Magnet to turn off the Electromagnets.

The two satellites shall stop, so a break cycle is executed i.e. they both use Turn ON Magnet AC
with 0.5 as duty cycle and 180 as phase reference for a Ton_long time period after which the Turn
OFF Magnet is used.
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2.9.2 Use Case - Segparate SLAVE

The Controller using Read Message receive and interpret SET_TIME_REFERENCE which triggers
Set Local Tempora Reference use case.

Then the Controller, using again Read Message receive and interpret TURN_ON_MAGNET_AC
command and 0,0.5 as parameters (phase displacement and duty cycle respectively) sent by
Interlocutor Satellite then uses Turn ON Magnet_ AC accordingly.

Meantime the Interlocutor Satellite uses Turn ON Magnet AC with 0.5 as duty cycle and O as phase
reference.

The two Electromagnets stay on for a certain amount of time (Ton_long) so that the two satellites
separate each other thanks to the repulsive magnetic force. After Ton_long time period both the
Controller and Interlocutor Satellite use Turn OFF Magnet to turn off the Electromagnets.

The two satellites shall stop, so abreak cycle is executed i.e. the Interlocutor Satellite uses Turn ON
Magnet_ AC with 0.5 as duty cycle and O as phase reference for Ton_long time period, while the
Controller uses Turn ON Magnet AC with 0.5 as duty cycle and 180 as phase reference for the
same time period.

Finally, the Turn OFF Magnet is used.
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FemtoSat Design and Analysis

As stated in previous paragraphs, FemtoSat hasdalarostructure following AraMis philosophy
in which both pre-designed blocks and blocks depesfiocustomized for the application are used
together.

In particular we can logically divide the whole ®m into the following units:

* 1B35_Intersatellite_Communication
» Distance Controller
Magnetometer_Subsystem
Magnetic_Actuator_Subsystem
*  Supply Subsystem
The actual implementation of the system is diviohéd hardware and software:

* FemtoSat_ HW

* FemtoSat_ SW
The root classes contains all hardware and softelasses which are described into corresponding
diagrams in the following paragraphs.

1B351_Intersatellite_Communication hardware clasd 1B351S_Intersatellite_Communication
software class with all subclasses are taken frB8b1Intersatellite_Communication project [6].
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Figure 3.1 - FemtoSat main class diagram

3.1 Design choices

We can start the design procedure by fixing thalavie power on-board the satellite. The PCB
dimensions are not specified so one can consid@nedguasi-arbitrary case as starting reference:
9X9 cm.

3.1.1 Source Power

Regardless the actual implementation of supplyesystwe can assume a reasonable solution
adopting solar cells at least for a rough estinmatibthe power available in the system.
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We consider triple junction GaAs solar cells pr@ddby AzurSpace (illustrated iRigure 3.2)

which have the following feature:
* Model: TJ Solar Cell 3G28C;
» Efficiency (1 = 28%));
* Vmax =2.87V,

* Standard dimensions = 80 mm X 40 mm;

Figure 3.2- TJ Solar Cell 3G28C.

In a 9X9 cm PCB we can use two cells having stahdanensions obtaining a total cells surface of
60.35 cmi(Figure 3.3). The power can be estimated by the followingrfofa:

Brax = K * Sup *n * 1

where Ks is the solar constant (1366 iinBup is the solar cells surfaag,is the solar cells

efficiency andnsis the efficiency of regulation circuits (we carsase an efficiency of 90%).
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S

Figure 3.3 - Top sight of the system under design.

The maximum power available in the femtosatelbtéhien estimated as,R= 2.077 W= 2 W with

a voltage supply of about 6 V (if we connect inegtwo solar cells).

Notice that the actual voltage supply depends erchoice of regulation circuit, anyway the values

just derived are a good starting point for the glesind analysis procedures.
3.1.2 Magnetometer and M agnetic Actuator

The magnetometer is a module based on 2 axis HMZ $@@sor , with all signal conditioning
circuits to provide a magnetic field measurememt.eXploit modularity and re-usability which are
the main goals of AraMis project, we choose to adbp magnetometer used in AraMis, the
Bk1B221 Magnetometer_Sensor. The module provideeasarement of the magnetic field along

X,Y axis expressed in Tesla. More details are shiom@Zhapter V.

The electronic module used to drive the electroraagh chosen among the modules available in

the AraMis repository, that is Bk1B222 Magnetic_Jue Actuator.
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The power dissipated byk1B222 Magnetic Torque Actuator is not fixed a priori by the
electronic module, but depends on the voltage suppt on the equivalent resistance made of
solenoid and other resistances as showed in tlsequton of this paragraph.

Let's consider the solenoid as an inductive padsae having two connectors through which it is
connected to the circuit. This circuit (callddiver) has to drive the load such that the current can

flow in both directions (from connector 1 to contee@ and viceversa).

Figure 3.4 - Schematic of an H bridge circuit

The driver will have a typical configuration calledbridge (Figure 3.4) which allows to drive the
solenoid in bidirectional way (thanks to the bridiggpology) and discharge the stored current
through wheeling diodes.

In Figure 3.5 (on the left) we can see how, activating transiQ& and Q3, the current flow from
left to the right in the solenoid while, when Qa1a@4 are closed, it flows in the opposite direction
(Figure 3.5 on the right).
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Figure 3.5 - Current pathsin a H-bridge

In Figure 3.6 is shown the path of the current through the whegetliodes D2 and D4 once all
transistors are interdicted, in case the solenaisl previously driven by transistors Q1 and Q3

al @2
0 Lo
. A D2 s }»

Q4 YF‘ Q3
A ‘> 0
0 ‘L 7% D4 D3N

i
Figure 3.6 - Current flow through wheeling diodes.

On the other hands the current would flow in D1 &#dif the solenoid had been charged through
Q2 and Q4.
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Figure 3.7 - Solenoid charge at constant voltage and discharge

The current and voltage trends are showhigure 3.7 where T is the time in which the solenoid is
driven (charged), following a discharge period assd to be &

In Figure 3.8 is showed the equivalent circuit of the H-bridgpdiogy, for t<T, where Rdson and
Rsol are respectively the resistive contributiohsach MOS in conduction and of the solenoid.

Rds on

A A
VAVAW.

Rsol L

Rds_on

-

Figure 3.8 - Equivalent circuit of a H-bridge topology driving an inductor
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If we call Rtot the equivalent series resistancagaéxito 2Rdson+Rsol, the circuit becomes the one

illustrated inFigure 3.9

RTOT r L

AAN g
LR

Figure 3.9 - Smplified equivalent circuit of a H-bridge topology driving an inductor

The expression of the current for t<T (graphicalypwn inFigure 3.7 ) will be :

—t
I(t £ T) = Lpax — Imaxexp (T_>

r

where hax= VL / Ryor is the maximum current flowing in that circuit and= L/Ryotis the time
constant related to the inductor charging. Now ae evaluate the average current flowing inside

the solenoid in the time interval [0,T] by integnat from time O to time T and dividing by T:

Imax [_Trexp(_T/Tr) + Tr]
T

_ 1 (T
Lrise = Tj I(t)dt = Imax —
0

The equivalent circuit for the discharge (t>T) imigar to the one related to the charge but the
equivalent resistance will ber&® =2R5+Rso , Where R is the resistance of a diode in conduction.
The expression of the current for t>T is:

—t
[(t>T) = Lygcexp <;>

then we have:

[Imax — Lpax€Xp (_T/Tf)] [—Tf exp(—5) + Tf]
T

B 1 5Tf
Irqn = —j I(t > T)dt =
T 0

Having thatr, andrt; are negligible, the average currents which thersmd has to sustain are:

_ A

Imax -

RTOT
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I}au =0

In the following paragraph there is the analysisied out to choose the solenoid.

3.1.3 Solenoid Choice

In order to choose the solenoid parameters diffesenulations are carried out by using some

Matlab routines available iAppendix 1.

Tﬁx,
Bx
e

Figure 3.10 - Solenoid representation

Since there are many variables at stake we nefixl some of them and evaluate the other ones, in

particular we fixed:
» Solenoid orientation (sd&gure 3.10)
* Source Power : 2W
» Solenoid Radius : 5.5cm
* Wire diameter : 0.15mm
The elements that we can change in the simulaticas
* Number of coils
* Number of solenoids

» Type of connection (series/parallel, $eégure 3.11 for more details)
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zH ||

Figure 3.11 - Series connection on the left, parallel connection on theright

The formula for the magnetic field evaluation is:

UoNcoir L+ 2x L—2x

B(x) = +
W= HTvor v ar J@ —2x)% + 4R?

10* [Gauss]

where B is the magnetic field value expressed insSaN is the number of coils, | the current

flowing in the solenoid, L the length of the solehdR the radius of the solenoid, X the distance
from the center of the solenoid.

Since we have to evaluate the distance betweetwtheatellites, in the B function we need to pass
as parameter the distance value adding an offs@thich consider the dimensions of the solenoid
and thickness of HMC1002 sensor as illustrateBigure 3.12. Xy is then calculated as 2a-b (refer
to Figure 3.12 for the notations).

Figure 3.12 - System configuration, X is the distance between the two solenoids center, d is the distance between the two satellites, L

isthe satellite lentgh, b is the thickness of HMC1002 sensor
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Varying the free elements described before, foheamulation we evaluate:
* B(dmin): magnetic field at dmin=1cm;
* B(dmax):magnetic field at dmax=20cm,;
» Voltage supply (having fixed the power supply);
* Current flowing in one solenoid;

* Solenoid length;

Finally, the results are shownTable 3.1

Configuration Geometrical Parameters Electrical Parameters Magnetic Parameters
Number of Connection Wire Radius of | Ncoils [per | Lengthof asingle | Power | Voltage [Current [A] (flowingin|B|d=dmin=1cm | B|d=dmax=20cm
Solenoids diameter [m] | Solenoid [m] | solenoid] Solenoidm] | Source [W] V] one solenoid) (6] [G]

1 1,50E-04 0,055 50 0,008 2 6,01 0,333 1,705 0,033
1 1,50E-04 0,055 100 0,015 2 8,357 0,239 2,163 0,043
1 1,50E-04 0,055 150 0,023 2| 10,176 0,197 2,283 0,048
1 1,50E-04 0,055 200 0,03 2 11,716 0,171 2,223 0,051
1 1,50E-04 0,055 300 0,045 2| 14307 0,14 1,918 0,053
2|Series 1,50E-04 0,055 50 0,008 2 8,357 0,239 2,163 0,043
2|Series 1,50E-04 0,055 100 0,015 2 11,716 0,171 2,223 0,051
2|Series 1,50E-04 0,055 150 0,023 2 14,307 0,14 1918 0,053
2|Parallel 1,50E-04 0,055 50 0,008 2 4,388 0,228 2,059 0,041
2|Parallel 1,50E-04 0,055 100 0,015 2 6,01 0,166 2,174 0,05
2|Parallel 1,50E-04 0,055 150 0,023 2 7,278 0,137 1,885 0,052
4|Parallel 1,50E-04 0,055 50 0,008 2 3,291 0,152 1,985 0,045
4|Parallel 1,50E-04 0,055 75 0,011 2 3,879 0,129 1,769 0,049

Table 3.1 - Smulation results for solenoid choice.

As we can see, considering one solenoid, as thédauaf coils increases (up to 150), the magnetic
field close to the solenoid increases. If the nundfecoils continue to increases from 150 coils on,
the magnetic field in the solenoid proximity becenew while increases the distance at which
there is a magnetic field not negligible.
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Connecting together two or more solenoids in segesieaningless because we have the same

performance as the case of one solenoid (unlegstlenumber of coils is the same).

Considering more solenoids in parallel implies argde in the voltage and current provided by the
supply (having fixed the power), while for the maga behavior there is a degradation of the

performance.

One explanation of this behavior can be that asstiienoids resistance decreases (due to the
increasing of solenoids connected in parallel) ¢batributions of parasitics like Rs and Rdson

become more significant.

As conclusion, after all considerations preavioustbted, the solenoid parameters are chosen and

summarized in the following:

2 Solenoids connected in parallel,

» Total number of coils: 200 (100 per solenoid);

* Total length of solenoids (consequently of thelste: 3cm;

» Solenoid resistance: Rsol=33.7Q6

» Equivalent resistance of the system: Req=180%RBs=0.2), Rds_on =0);
* Voltage supply: 6V,

» Dissipated power : 2W ;

* Current flowing in one solenoid; 1=0.166 A,

* Magnetic field at dmin =1cm : B(dmin)=2.174G ;

* Magnetic field at dmax = 20cm : B(dmax)=0.05G ;
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3.2 Class Diagrams

3.2.1 FemtoSat main class diagram

Class - FemtoSat
Development of a FemtoSat i.e a satellite with gtwvéess than 100g, but having the main features
of a bigger one:

» atleast one battery with related circuits
e atransceiver system to communicates with an lmtatbr Satellite
e an on-board processor
 a system for determination and control of the distawith respect to an Interlocutor
Satellite
Template Parameters: FemtoSat_ID

References

Folder ${Aramis_Progetto}\FemtoSat

Attributes
Signature: driver : FemtoSat_SW

Signature: -distance threshold 1

The threshold under which RF techniques cannot dpdieal to measure the distance between
satellites (Estimate Distance RF use case).

Signature: -distance threshold 2

The threshold under which magnetic techniques @mgplied to measure the distance between
satellites (Estimate Distance MAG use case).

Class - FemtoSat HW
Hardware implementation of FemtoSat.

References

Folder R:\Progetto\FemtoSat

Operations
Signature: DEBUG()
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Debug bus for CC2510. Contains: RESET, DEBUG_DADEBUG_CLOCK, 3V3_SUPPLY.

Signature: MODULE_A()

Class - FemtoSat_ SW
The class contains all the software design of F8aito

Attributes
Signature: -distance : float

The value of the actual distance between Femto8dt Iaterlocutor Satellite. It is the best
estimation obtained as a combination of dist. MA@ dist_RF.

The value is expressed in meters.
Signature: -distance_new : float

The value of the new distance between FemtoSat latgilocutor Satellite provided by the
Controller.

The value is expressed in meters.

Signature: -distance_error : float

The accepted difference between distance and destaew.
The value is expressed in meters.

-distance threshold 1 : float const = 0.11

The threshold under which RF techniques cannot djieal to measure the distance between
satellites (Estimate Distance RF use case).

The value is expressed in meters.

-distance threshold 2 : float const = 0.2

The threshold under which magnetic techniques @mgplied to measure the distance between
satellites (Estimate Distance MAG use case).

The value is expressed in meters.
Signature: -Ton_long : float

The time in which the Magnetic_Actuator_Subsystesegds on the Electromagnet in a motion
operation (Approach_ MASTER, Separate. MASTER).

Signature: -Ton_short : float
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The time in which the Magnetic_Actuator_Subsysteseds on the Electromagnet in a distance
measurement operation (Measure Distance MAG_MASTER)

Signature: -magX : float

Magnetic field component measured along X-axis.

The value is expressed in Gauss.

Signature: -magy : float

Magnetic field component measured along Y-axis.

The value is expressed in Gauss.

Signature: -magAct : Magnetic_Actuator_SW_Driver

An instance of Magnetic_Actuator_SW_Driver

Signature: -magSens : Magnetometer_Sensor_SW_Driver
An instance of Magnetometer_Sensor_SW_Driver
Signature: -distance_ MAG : Distance_ MAG

An instance of Distance_ MAG

Signature: -1B35_driver : 1B351S _Intersatellite_@mmication
An instance of 1B351S_Intersatellite_Communication
Signature: command : Commands

An instance of Commands

Signature: mess : Message

An instance of Message.

In FemtoSat_SW the 1B35_Intersatellite_ Communicatidl be used to send a generic Message to
the Interlocutor Satellite. This means that the sage body is considered as a generic array of
chars to be filled depending on the case.

The basic structure of the message will be:
- a command chosen among Commands, placed inrghéyie;

- one or more parameters, typically float numbeayihg a meaning depending on the type of
command.
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Operations
Signature: init()

Initializes all attributes and calls the initialin functions of the following objects:
- 1B35_driver

- distance_MAG

- magSens

- magAct

Moreover, it sets all attributes to:

- distance = 0.0

- distance_error = 0.0

- distance_new = 0.0

-magX = 0.0

- magY = 0.0

Signature: getDistanceMAG(distance_ MAG : Distanc&GJ : void

Returns the instance of Distance_MAG class comntgiall the following attributes:

o dist MAG
* |ID_MASTER
« ID_SLAVE

* time_MASTER
« time_SLAVE
» distVvalid

The reference of the Distance_MAG is passed asrmea to the function.
Signature: getDistanceGlobal() : float

It implements Get Distance Global use case. Whemligtance estimation is completed it is written
in distanceattribute.

Signature: measureDistaceMAG(distance_MAG : DistaiMAG)

It implements Measure Distance MAG_MASTER use caBee instance of Distance_ MAG
attribute is passed as parameter so that all atiysbcan be set after a distance measurement is
carried out.

Signature: processDistanceMAG(distance_MAG : DistaiMAG)
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It implements Process Distance MAG use case. T$tanoe of Distance_MAG attribute is passed
as parameter so that all attributes can be setaftestance measurement is carried out.

Signature: setDistanceGlobal(dist : float)

It implements Set Distance Global use case. Theevail new distance is passed as parameter.
Signature: setDistanceMAG(dist : float)

It implements Set Distance MAG use case. The valurew distance is passed as parameter.
Signature: setDistanceRF(dist : float)

It implements Set Distance RF use case. The vdloew distance is passed as parameter.
Signature: waitRoutine(waiting_time : float)

The function uses the timer to provide a waitingleyof waiting_time seconds.

Signature: setRemoteTimeReference(timeRefererloat) f

The function used to communicate the value of ltioadReference to Interlocutor Satellite in order
to change the remote reference accordingly.

Signature: prepareMessage()
Signature: interpretCommand()
Signature: estimateDistanceMAG(distance_MAG : Disea MAG)

It implements Estimate Distance MAG use case. Tib@ance of Distance_MAG attribute is passed
as parameter so that all attributes can be setaftestance measurement is carried out.

Signature: approach()
It implements Approach_ MASTER use case.
Signature: separate()

It implements Separate_ MASTER use case.

Class - Distance Controller
The system which allows the satellite to modify titance from the Interlocutor Satellite.

References

File C:\Users\Donato\Desktop\Sistemi ELT per applicazioni spaziali\Final
Project\Report and presentation\Tesina finale.pptx
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Class- Magnetic_Actuator _Subsystem
It is the module which allows the generation of agmetic field for motion and distance
measurement purposes.

It is made of some electronic circuits (Bk1B222 Meiic_Torque_ Actuator) used to drive an
Electromagnet.

Furthermore, there is a software class containilg triver routines which govern
Magnetic_Actuator _Subsystem operations.

Class - Magnetometer _Subsystem
The module which allows the measurement of magrietid around the FemtoSat. It is based on
Bk1B221 Magnetometer_Sensor and a software driMagetometer _Sensor_SW_Driver).

The magnetic field is measured along two directiomagX, magyY) and it is made of both
contributions of Earth and Interlocutor Satellite.

A procedure shall be implemented to isolate therlotutor Satellite field contribution and
eliminate the one of the Earth.

Class - Supply Subsystem
All hardware subsystems and components which peop@wer supply to the FemtoSat.

3.2.2 FemtoSat HW

The diagram contains all hardware classes of FeamtwBich are:

* FemtoSat_ HW

 Bkl1B222_Magnetic_Torque_Actuator

 Bk1B221 Magnetometer_Sensor

* 1B351_Intersatellite_Communication

*  Electromagnet

* Solenoid

 Antenna
The Bk1B222_Magnetic_Torque_Actuator, Bk1B221 Mdgmeter_Sensor are taken from
1B22_Magnetic_Attitude_Subsystem project [7]; tlB881 Intersatellite_Communication is taken
from 1B35_ Intersatellite_Communication project [Bfie last components are designed in the
current project.
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In the root class FemtoSat_ HW, we can see themyierface toward the external environment,
i.e. two modules MODULE_A and DEBUG which can bedior testing purposes.

For more details refers to schematicé&\ppendix V.

I:owl i class}
<<ANA>> <<ANA=>
<< S>> == EW=>
<<Electronic Module>> << Electronic Module>>
Bk1B222_| - Torque_Actuator BkiB221 _Sensor
|-Rsense : Bk1B2321 Rsense -sensor : Magnetometer 2-axs HMC 1002

-raference | LM41Z8AM F-441

<opamp . ADB23 instrumentation OPAMP[2]
-GAIN : float const = 31.303
-OFFSET_MAGNETIC : float const = 1.5
+#MAGN_OFFSET : float const = sensorV_BIAS RELATIVE "reference.REF VOLTAGEGAIN + OA OFFSET|
-POB_MAX : short const = 18
-P_REF MAX : float const = 4 5e-3

-gain : Bk18137A_10x_Differential Voltage Sensor
driver : A3853 PWM Driver
-|_SUPPLY DISABLED :floatconst = 3 236-3

| SUPPLY STDBY : float const= 16.34e-3

|| SUPPLY SLEEP : fisat const = 4.84a-3

|-l_SUPPLY ON_MAX ! float const = coil'V_SUPPLY MAX/coi:COIL_RESISTANCE
-|_SUPPLY ON_MIN : fioat const = coll -V SUPPLY MIN/ooil .COIL_RESISTANCE

+SENS_CURRENT : float const = {Rsense.VALUE * gain.GAIN -PowerCeonsumption_Avg SR : float const = 3.3e-3
+P_SENSE _MAX: float const = Rsense. VALUE®| SUPPLY ON MAX®| SUPPLY ON MAX == HW== -PowerConsumption_Peak SR : float const = TBD
+P_TOT_MAX : float const = P SENSE_MAX ¢ coil: P_MAX FemtoSat_ HW |-PowerConsumption Avg Max : fioat const = (reference REF VOLTAGE reference. REF WVOLTAGE Zisens. .
+CRITICAL PDB : ushort const = {ushortjizoil:V SUPPLY MIN®0.5) |—@»{+DEBUG() ’_thrCmmmgﬂan Peak . float const = PowerConsumption_Peak_SR + PowerConsumption_Avg Max - .
= =Max supply current . float const = 0.0128
<<pin>>+PDBINT() +MODULE_A[) -
+SENS MAGNETIC : float const = {reference REF_VOLTAGE * sensor SENS ° GAIN)

::::: :Z\ﬁgn ’ ’ ’ +SETRESET_PERIOD : short const =600
<<pin>> +AGND() <<pin>> +EN_MAGN{)
<<pin>> +MAGN_X()

|<<pin>> +REF_3V() i
<<pin>>+EN_COIL{} <<pin=> +MAGN_Y(}
<<pin>> +3V3()

<<pin>> +notBRAKE()

<<pin>> +MODE(} <<pin>> +5W()
<<pin>> +PHASE(} << Dfn” +REF_3v()
<<pin>> +notENABLE() <<pin>> +AGND(}
<=pin>>+3ENSE(} <<pin>> +GND(}

<<pin>> +notSET()

<<pin>=> +GOIL1()
<<pin>> +RESET()

|<<pin>=> +COIL2()

M= <<Component>>
EECafiome e 1B351_Intersatellite_C bnsor <<SW>
s<he= = E;:: 5 MODULE_A() M 2_axis_HMC1002
s m— T |*MODULE B() <<pin>= +\oridge (A)}
|-Material const = copper Sol2 : Solenoid +DEBUG() <<pin>> +GND (A))
[-N_coits : int const =100 W’—V‘al.ﬁmt oonst =6 LRF() <<pin=> +0UT + (&)}
L a;'\gg_ :fioat const=15 -R_eq : float const = 18.058 <<Compoanent>> /CC_CPU(} <<pin=> +0UT - (A))
|-Diameter : flaat const = 11 W’-Im:ﬂmt:ﬂ.nz ceHW=> GO <<pin>> +OFFSET + (A))
|-D_wire : floatconst = 0.156 -M_coils : int const = 200 Anienna [<<pin>> + OFFSET - (A)()
|-R_sol : float const = 33.716 -Lc.a@m'fbatccnsh'j ieq max - foat const = 2500 <<pin>>+S/R + A{)
+LEAD1() (Er e TRl OO eI “freq_min . float const = 2400 <<pin>> +8/R - A[)
+LEAD2() HWALL) - in : float const = 0.5 <<pin>> +\bridge (B){}
+GNDY{) -power_input_max const = 500 <<pin>> +GND (B}
-input_impadance ; float const = 50 <<pin>>+0UT + (BY)
[+IN_OUT() <<pin>> +OUT - (BY{)
<<pin>> + OFFSET + (B))
<<pin>> +OFFSET - (B)()
<<pin>> +S/R + B()
<<pin>> +5/R - B()

Figure 3.13 - FemtoSat HW class diagram

Class- Bk1B221 Magnetometer Sensor
The Bk1B221 Magnetometer_Sensor is a 2-axis magsetisor for space applications based on a
Magnetometer_2 axis_ HMC1002 from Honeywell. Thedperbased reading of magnetic field for
each of the two orthogonal axes is converted ioglesended voltage signal for each axis, available
on the MAGN_X and MAGN _Y outputs.

The circuit operates with two supply voltage (38¥) and it requires a reference voltage REF_3V.

The Bk1B221 Magnetometer_Sensor can be disablguilipg down the signal EN_MAGN both
to reduce power consumption and to isolate theiitinc case of faults.
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The two inputs notSET and RESET are used to trighgerso-called set-reset operation of the
magnetic field transducer Magnetometer 2 axis HMX2]10as detailed in the corresponding
datasheet.

References

Ty | Value

pe

Fil R:\Tesi\Tesi Vico AOCS\Tesi Vico\tesNAOCS_MagnetometroHW_080416_Vico.doc
e

Fol | ${Aramis_Progetto)\1B_Subsystem_Elements\1B2_Attitude_and_Orbit_Subsystem\1B22_Magneti
der | c_Attitude Subsystem\1B221 Magnetometer

Attributes
-sensor : Magnetometer 2-axis HMC1002

Biaxial magnetic field sensor.

-reference : LM4128AMF-4V1

Voltage reference which supplies magnetic sensiiugyé.

-opamp : AD623 _instrumentation_ OPAMP[2]

Instrumentation Amplifier used for conditioning @it of magnetometer.

-GAIN : float const = 31.303

Gain of magnetic field components conditioning wits.

-OFFSET MAGNETIC : float const=1.5

Offset of magnetic field components conditioningeuits, applied on opamp REF pins, in V.

+MAGN OFFSET : float const = sensor.V BIAS RELATI¥Eference.REF VOLTAGE*GAIN
+ OA OFFSET

Global offset of magnetometer sensor on both axgsij typical conditions. It depends on sensor
typical offset and conditioning circuit gain andsait.

-PDB MAX : short const = 18

Maximum possible Power Distribution Bus voltage.[V]

-P REF MAX : float const = 4.5e-3

Maximum dissipated power by each voltage divideR&F 3V, in W (see electric scheme in par.
6.1.6). Calculated value.

-PowerConsumption Avg SR : float const = 3.3e-3
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Average power consumption of Set/Reset circuitMnTheoric value. Based on sensor's datasheet
declared value of maximum S/R effective currentrfi@ower supply (1 mA).

-PowerConsumption Peak SR : float const = TBD

Set/Reset circuit peak power consumption, in W.

-PowerConsumption_Avg_Max : float const =
(reference.REF_VOLTAGE*reference.REF_VOLTAGE*2/senR_BRIDGE_MIN) +
(reference.l SUPPLY MAX*PDB_MAX) + 2*(opamp([1].] SRPLY_ MAX*5) +
(2*P_REF_MAX) + PowerConsumption_Avg_SR

Maximum average power consumption of Magnetometms8r block, in W. Calculated from
maximum values declared in components' datasheet.

Contributions to power dissipation are Magnetomeé&teaxis HMC1002, REF02_5V_Reference,
2x AD623_instrumentation_ OPAMP, 2x REF_3V voltageders and Set/Reset circuit.

+PowerConsumption Peak : float const = PowerCondomfPeak SR +
PowerConsumption Avg Max - PowerConsumption Avg SR

Peak power consumption of Magnetometer Sensor biobdk, including Set/Reset contribution ->
PowerConsumption_Peak_SR.

-Max supply current : float const = 0.0128

Maximum supply current of Magnetometer Sensor bigdken enabled) in A. Tested with (model
element not found) voltage = 14 V.

+SENS_MAGNETIC : float const = (reference.REF_VOLGE * sensor.SENS * GAIN)

Sensitivity of conditioned magnetic sensor, in V/T.

+SETRESET PERIOD : short const = 600

The repetition rate of the System SR Magnetomates.,

Operations
Signature: EN_MAGN()

Enables magnetometer, by providing supply to brage opamp. Active high. TTL input.
Signature: MAGN_X()

Output voltage for magnetic field along X-axis.

Output voltage is

OFFSET_MAGNETIC [V] + SENS_MAGNETIC [V/T] * MagnéatField(x) [T]

Signature: MAGN_Y()
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Output voltage for magnetic field along Y-axis.

Output voltage is

OFFSET_MAGNETIC [V] + SENS_MAGNETIC [V/T] * MagnatField(x) [T]
Signature: 3V3()

3.3V supply voltage. Supplies Set/Reset circuit.

Signature: 5V()

5 V supply voltage. Supplies differential OpAmps.

Signature: REF_3V()

3V voltage reference. It feeds a voltage divideroséh output is connected to REF pin of each
ADG623.

Signature: AGND()
Analog ground
Signature: GND()

Power and digital ground.
Signature: notSET()

Triggers a SET pulse on both magnetometer chamieds transitioning from high to low. TTL
input.

Signature: RESET()

Triggers a RESET pulse on both magnetometer chanviegn transitioning from low to high. TTL
input.

Class- Magnetometer 2 axis HM C1002
Transit To: Magnetometer_2_axis_ HMC1002

References

File R:\Progetto\1C_Other_Activities\1C5_Documentation_and_Qualification\1C54_Datasheets\hmc1l
002.pdf

Operations
Signature: Vbridge (A)()
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High stability IN supply voltage of 5V for magnesensor. Connected to REF_5V.
Signature: GND (A)()

IN/OUT analog GND signal

Signature: OUT + (A)()

OUT Differential magnetic signal x-axis
Signature: OUT - (A)()

OUT Differential magnetic signal x-axis
Signature: OFFSET + (A)()

Signature: OFFSET - (A)()

Signature: S/R + A()

IN to SR_A signal from Set/Reset circuit.
Signature: S/R - A()

OUT signal to GND

Signature: Vbridge (B)()

High stability IN supply voltage of 5V for magnesensor. Connected to REF_5V.
Signature: GND (B)()

IN/OUT analog GND signal

Signature: OUT + (B)()

OUT Differential magnetic signal y-axis
Signature: OUT - (B)()

OUT Differential magnetic signal y-axis

Signature: OFFSET + (B)()

Signature: OFFSET - (B)()
Signature: S/R + B()
IN to SR_B signal from Set/Reset circuit.

Signature: S/R - B()
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OUT signal to GND

Class- Bk1B222 Magnetic_Torque Actuator
This is the part of the circuitry that implemenengration of a magnetic momentum to execute a
command of ACTUATE_MAGNETIC.

Template Parameters: coil

References

Ty

pe

Value

Fol | R:\Progetto\1B_Subsystem_Elements\1B2_Attitude_and_Orbit_Subsystem\1B22_Magnetic_Attitu
de de_Subsystem\1B222 Magnetic_Torque_Actuator
r
Fil R:\Tesi\Tesi Vico AOCS\Tesi VicoltesNAOCS_ScelteProgettuali_Ruota d’inerzia_080416_Vico.doc
e

Attributes

-Rsense : Bk1B2221 Rsense

Resistor used to sense coil current.

-gain : Bk1B137A 10x Differential Voltage Sensor

Differential amplifier used for coil current conidihing.

driver : A3953 PWM Driver

-l SUPPLY DISABLED : float const = 3.23e-3

Maximum supply current (A) when disabled. Testedaybe due to faulty switch on PDBINT
voltage.

-| SUPPLY STDBY : float const = 16.34e-3

Maximum supply current (A) when enabled (drivestiandby mode) but not active, tested.

-l SUPPLY SLEEP : float const = 4.94e-3

Maximum supply current (A) when enabled (drivesligep mode) but not active, tested.

-| SUPPLY ON MAX : float const = coil::V SUPPLY MAXoil::COIL RESISTANCE

Maximum supply current (A) when enabled and actoxer all operating conditions.

-I_ SUPPLY_ON_MIN : float const = coil::V_SUPPLY_MIbbil::COIL_RESISTANCE

Minimum supply current (A) when enabled and actoaeer all operating conditions.
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+SENS CURRENT : float const = (Rsense.VALUE * g&AIN)

Sensitivity of SENSE output (conditioned coil cunge in V/A

+P_SENSE_MAX: float const = Rsense.VALUE*I_SUPPIOIN MAX*I_SUPPLY_ON_MAX

Maximum power dissipated by coil current sensirgister.

+P TOT MAX : float const=P SENSE MAX + coil::P MA

Maximum power dissipated by Bk1B222 Magnetic_Torcueuator block.

+CRITICAL PDB : ushort const = (ushort)(coil::V SBPY MIN*0.9)

Critical value of PDB voltage [V]. It is used forrer Supervision Xxx use case.

Operations
Signature: PDBINT)()

IN supply voltage for solenoid.

Signature: 5V()

IN supply voltage for logic part of solenoid driver

Signature: GND()

IN/OUT ground voltage for digital and power signals

Signature: AGND()

IN/OUT analog groung voltage signal

Signature: REF_3V()

IN reference voltage signal necessary to coil drigdimit maximum load current
Signature: EN_COIL()

When high, enables the whole Bk1B222 Magnetic_Terdwtuator block by providing both
power supplies. When low, both power supplies aneaved internally from all analog and digital
circuits, by means of PMOS devices.

Signature: notBRAKE()

IN signal to drive solenoid driver. Active low. ldw, connects coil wires to ground (turns off both
source drivers and turns on both sink drivers)¢laisging the energy previously cumulated into
coil. Used to dynamically brake brush DC motors.

Signature: MODE()

IN signal to drive solenoid driver.
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When ENABLE and BRAKE are high ('1):
- if MODE = "1' driver is in "Sleep Mot&educed power consumption)
- if MODE = "0’ driver is in Standby
When ENABLE='0' and BRAKE="1"
- if MODE ="1' coil is driven in fasturent decay mode
- if MODE ="0'"in slow current decay de(not used)
When BRAKE='0"
- if MODE ="1' coil is discharged in tasurrent decay mode
- if MODE ="0' coll is discharged withioturrent control
Signature: PHASE()

IN signal to drive solenoid driver. It determirasgrent-flow direction. If PHASE="1' colil is driven
forward (current flows from COIL1 output to COIL2 output),PHASE='0" coil is driven reverse
(current flows from COIL2 to COIL1).

Signature: notENABLE()

IN signal to drive solenoid driver. Active low.Ibw, enables coil driving by allowing current flow
into it.

Signature: SENSE()

OUT Current into solenoid signal from driver, caimhed.
Signature: COIL1()

OUT signal to drive the solenoid

Signature: COIL2()

OUT signal to drive the solenoid

Class - Electromagnet
It is the load of the (model element not found) d@nd made of the parallel connection of two
Solenoids.

When a current flows through it, a magnetic fieddproduced having a magnitude and sign in
accordance to the current itself.

The component of the magnetic field that is mednuinigr the case study is the one parallel to the
longitudinal axis of the magnet.

59



Chapter IlI

Concerning the mechanical arrangement, the compoiseplaced with its longitudinal axis
orthogonal with respect to the plane where the R€Band it is fixed on the PCB in the middle of
the magnet, where there are the terminations aftbeSolenoids.

More details are shown in the following picture.

Comments
Current flowing in the magnet
Documentation In order to evaluate the current flowing in the
El ectromagnet (Im an equivalent circuit has to be
consi dered which is nade of a voltage generator (Val)
supplying a resistance nade of the series of R eq,
(rmodel el ement not found) and (nodel el ement not
found) .
This value is useful to evaluate the power
consunption, but to evaluate the nagnetic field
generated, the current flowing in one Sol enoi d shall
be considered (one half of Im.
Author Donato
Date Time 15-lug-2012 9.04.21
Attributes

Signature: Soll : Solenoid
Signature: Sol2 : Solenoid

-Val : float const = 6

Supply voltage (measurement unit: V).

-R eq : float const = 18.058

Equivalent resistance (measurement unit: Ohm).

-Im : float = 0.332

Supply current asked by the Electromagnet (measameonit: A).

-N caoils : int const = 200

Total number of coils.

-Length : float const = 3

Electromagnet length (measurement unit: cm).

-Diameter : float const = 11

Electromagnet diameter (measurement unit: cm).
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Operations
Signature: VAL()

Supply voltage.

The signal is connected to LEAD1 pin of Soll aitAD1 pin of Sol2.
Signature: GND()

Ground.

The signal is connected to LEAD2 pin of Soll andALR pin of Sol2.

Class- Solenoid
Solenoid made of a certain number (N_coils) of wigd of copper wire.

Attributes
-Material const = copper

Constituting material.

-N coils :int const = 100

Total number of coils.

-Length : float const = 1.5

Solenoid length (measurement unit: cm).

-Diameter : float const = 11

Solenoid diameter (measurement unit: cm).

-D wire : float const = 0.15

Wire diameter (measurement unit: mm).

-R sol : float const = 33.716

Solenoid equivalent resistance (measurement@hin).

Operations
Signature: LEAD1()

One lead of the Solenoid.
Signature: LEAD2()

One lead of the Solenoid.
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Class- Antenna
The antenna is designed for 2.45 GHz applicatiansas the datasheet shows, if a proper matching

circuit is inserted between the feeding line anel dntenna, the S1.1 parameter is smaller than -
10dB.

The radiation pattern shows a quasi-isotropic bietay

Comments
Documentation It is available on Digi-key website.
Author S176277
Date Time Jun 20, 2013 5:07:25 PM

References

URL http:\\Wwww.johansontechnology.com\images\stories\ip\rf-
antennas\JTI_Antenna-2450AT18A100_10-03.pdf

Attributes
-freg min : float const = 2400

The measurement is expressed in MHz.

-freq_max : float const = 2500

The measurement is expressed in MHz.

-peak gain : float const = 0.5

The measurement is expressed in dBi.

-power input max const = 500

The measurement is expressed in m\W.

-input impedance : float const = 50

The measurement is expressed in ohm.

Operations
Signature: IN_OUT()
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3.2.3 FemtoSat_ SW

The diagram contains all software classes of FeattdBe main ones are:

FemtoSat SW

1B351S_Intersatellite_Communication

Magnetic_Actuator_SW_Driver

Magnetometer_Sensor_SW_Driver

The 1B351S_Intersatellite_Communication is takeomfr 1B35 Intersatellite_Communication

project [6]; the last components are simplifiedvdrs designed in the current project for pre-
existing blocks Bk1B222_ Magnetic_Torque_Actuatok1B221 Magnetometer_Sensor described
in the hardware section of the chapter.

|D : unsigned char I
[INITIAL_CHANNEL : S-band_channels = CHANNEL_0|
IMODULE : class I

sual Pagnthg it for UML Standdse) EdinnfPaltesmcn o Tamna, Dy Estrreca) [

Figure 3.14 - FemtoSat SW class diagram
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Class - FemtoSat_main
The class of the FemtoSat which contains the main.

Transit From: FemtoSat_main

Attributes
Signature: -femtoSatlS : FemtoSat_SW

An instance of FemtoSat_SW.

Operations
Signature: main()

The function which is called at the FemtoSat boafst

Class- Distance MAG
The class contains all information related to aagise measurement performed with magnetic
techniques.

The measurement value is stored in dist. MAG vagiatther data are stored in the other attributes:

« distValid
« |ID _MASTER
« ID_SLAVE

* time_MASTER
* time_SLAVE

Attributes
Signature: +ID_MASTER : unsigned char

This is the FemtoSat_ID of the FemtoSat master hvhas requested the measurement.

Signature: +ID_SLAVE : unsigned char

This is the FemtoSat_ID of the Interlocutor Nod®/elwhich helps the master in the measurement.
Signature: +dist MAG : float

Signature: +distValid : bool

The flag which indicates if the dist MAG value islid i.e. the measurement is carried out
correctly.

Signature: +time_MASTER : float

This is the time relative to the internal clocktbé FemtoSat, the value is updated at the endeof th
measurement.
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Signature: +time_SLAVE : float

This is the time relative to the internal clocktb& Interlocutor Node, the value is updated at the
end of the measurement.

Operations
Signature: init()

Initialises the attributes of the class to:

 dist MAG =0.0

» distValid =false

e ID_MASTER =0

* ID_SLAVE =0
 time_MASTER =0.0
 time_SLAVE =0.0

Class - Message
Is the set of data that can be exchanged betwee3b 1lBtersatellite_ Communication and
Interlocutor Node.

Attributes
Signature: +preamble_length : unsigned short

Indicates the length of the preamble of the messiuge is to say the length of that part of the
message which contains information about the messeg the real message body.

Signature: +sourcelD : unsigned char

It's the ID of the source of the message. It'slaevahosen among one of the ID present in ID_List.
Signature: +destID : unsigned char

It's the ID of the destination of the messages & value among the ones present in ID_List.
Signature: +message_length : unsigned short

It's the length of the message itself.

Signature: +message_body : unsigned char

This attribute contains the main body of the messag

It can contain

* Distance_RF

 oneof t Commands

* ageneric message
Signature: +message_valid : bool
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It is a flag which specifies if the message isd/ali not.
The variable assumes "true" as value when theae iscoming message and the data are correct.

The variable assumes "false" as value either wherincoming message is read by the OBC (Read
Message use case) so data become obsolete or ataeard corrupted.

It's a boolean value which indicates if the messagerrect or corrupted.

* itsvalueis 1 if message is valid
* itsvalue is O instead when the message is comdupte
Signature: +power : float

This is power_TX. expressed in Watt.

Signature: +frequency : S-band_channels

Indicates the frequency of transmission.

It's one of the values among the ones listed ia&tbchannels

Signature: +RSSI_value : float

Class - Commands

Attributes
Signature: -TURN_ON_MAGNET_FORWARD

Stereotypes: Constant

It is used to trigger Turn ON Magnet Forward Mode case.
The command doesn't involve any parameter.

Signature: -TURN_ON_MAGNET_REVERSE
Stereotypes: Constant

It is used to trigger Turn ON Magnet Reverse Moske case.
The command doesn't involve any parameter.

Signature: -TURN_ON_MAGNET_AC

Stereotypes: Constant

It is used to trigger Turn ON Magnet_AC use case.

The command shall be followed by two float parametéhich are the dutyCycle and
phaseReference.
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Signature: -TURN_OFF_MAGNET

Stereotypes: Constant

It is used to trigger Turn OFF Magnet use case.

The command doesn't involve any parameter.

Signature: -SET_TIME_REFERENCE

Stereotypes: Constant

It is used to trigger Set Remote Temporal Refereiseecase.

The command shall be followed by one float paramatech is timeReference.

Class - Magnetometer _Sensor_ SW_Driver
The software driver to govern Magnetometer_Subaystgerations.

Attributes

Attributes
Signature: -Tset_reset : float

Time period in which current flows through Magneter 2 axis HMC1002 in Set Magnetic
Sensor HMC1002/Reset Magnetic Sensor HMC1002 usescét is measured in us.

Signature: -Vset : float

The voltage read after a Set Magnetic Sensor HME bp@ration.
Signature: -Vreset : float

The voltage read after a Reset Magnetic Sensor HNMZdperation.
Signature: -Voffset : float

The voltage offset evaluated after a Set MagneénsSr HMC1002/ Reset Magnetic Sensor
HMC1002 operation.

Signature: -magX : float

Magnetic field component measured along X-axis
The value is expressed in Gauss.

Signature: -magy : float

Magnetic field component measured along Y-axis.
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The value is expressed in Gauss.

Operations
Signature: init()

It initializes all attributes of the class to:

e Tset reset =0.0;
* Vset =0.0;
* Vreset =0.0;
» Voffset =0.0;
*  magX =0.0;
*  magY =0.0;
Signature: getField(magX : float, magy : float)
Getter method for magX and magy.
Signature: measureField()
The function triggers the field measurement.
Signature: turnON()
The function is used to turns ON the Magnetometas$stem.
Signature: turnOFF()
The function is used to turns ON the Magnetometeins$stem.
Signature: set()
The function triggers a set operation to let Magnedter 2 _axis HMC1002 sensor work properly.

Signature: reset()

The function triggers a reset operation to let Magmeter 2 axis HMC1002 sensor work
properly.

Class- Magnetic_Actuator  SW_Driver
The software driver to govern Magnetic_Actuator_Sugitem operations.

Attributes
Signature: -timeReference : float

It is the time reference period used in motion apen of FemtoSat, it shall not be lower than
CC2510 clock period.

Signature: -phaseReference : float
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The phase displacement with respect to the refersigmal provided by the master satellite. It is O
if the master is FemtoSat, it can have a value éetw0 and 2pi if the master is the Interlocutor
Satellite.

The value is expressed in radiants.

Operations
Signature: turnON(dutyCycle : float, phaseRefererftmat)

It is used to implement both Turn ON Magnet_AC,M@N Magnet_DC use cases basing on the
value of dutyCycle that is passed as parameter.

Another parameter passed to the function is thesglReference with respect to reference signal
generated by the master (FemtoSat or InterlocustelBe depending on the operation that is
running)

Signature: turnOFF()

It is used to turn off the Magnetic_Actuator_Subsgs
Signature: setForwardMode()

It implements Turn ON Magnet Forward Mode use case.
Signature: setReverseMode()

It implements Turn ON Magnet Reverse Mode.
Signature: getTimeReference() : float

Getter method for timeReference.

Signature: setTimeReference(timeReference : ftoat)d

The function set the timeReference.

69



Chapter IlI

3.2.4 Distance Controller

The diagram contains a logical arrangement of hardvand software classes in order to identify
Magnetic_Actuator_Subsystem and Magnetometer_Stdyaysgnits.

[ | [ Magnetic_Actuator ]

T ]
[ool class|

<<ANAZ> <ANA>
<<SW>> <<SW>>
<<Electronic Moduie>> <<Electronic Module>>
Bk1B221 Sensor BK1B222 Magnetic Torgue_Actuator

-Rsense : Bk1B2221 Rsense

|-sensor : Magnetometer 2-axis HMC1002

|-reference | LM412BAMF-4v1

-opamp : AD623_instrumentation_OPAMP{2]

-GAIN ; fioat const = 31.303

-OFFSET MAGNETIC : flat const = 1.5

“MAGN_OFFSET : floal const = sensorV_BIAS RELATIVE REF_VOLTAGE'GAIN + OA OFFSET]|
|-PDB_MAX : short const = 18

P_REF_MAX : float const = 4.56-3

| PowerConsumption_Avg SR : float const = 3.30-3

|-PowerConsumption_Peak_SR  float const = TBD

|-PowerConsumption_Avg Max : fivat const = (reference.REF_VOLTAGE ‘reference. REF_VOLTAGE ‘2/sens...
+PowerC: Peak : float const = PowerC: Peak SR + PowerC: Avg Max-...

l-gain | BK1B137A_10x_Differential_Volage_Sensor
driver : A3953_PWM_Driver

|- SUPPLY DISABLED : fioat const = 3.230-3

-L_SUPPLY STDBY : float const = 16.34e-3

|-L_SUPPLY SLEEP : fioat const= 4643

|-1_SUPPLY DN _MAX : float const = coil:V_SUPPLY MAX/col:COIL_RESISTANCE
l-I_SUPPLY_ON_MIN : fioat const = coll 'V_SUPPLY_MiINjooil:COIL_RESISTANCE
+SENS_GURRENT : floal const = (Rsense.VALUE * gain.GAIN)

+P_SENSE_MAX : float const = Rsense VALUE"|_SUPPLY_ON_MAX|_SUPPLY_ON_MAX
+P_TOT MAX : float const = P_SENSE_MAX + coil:P_MAX

|+CRITICAL_PDB : ushort const = (ushortiicoll:V_SUPPLY_MIN"0.8)

[:Max supply current : fioat const = 0.0128 |<<pin>> + PDBINT()
+SENS MAGNETIC : float const = (raference. REF_VOLTAGE * sensor SENS * GAIN <<pin>> +5V()

+SETRESET_PERIOD : short const = 600 <<pin>> +GND()
<<pin>> + AGND()

<<pin3> +REF_3V()

<<pin>> +EN_COIL(}

[<<pin>> +EN_MAGN()
|<<pin>> +MAGN_X()
<<pin>> +MAGN_Y(}

+ |<<pin>> +notBRAKE()
Zﬁi ‘::(a;:: <<pin>> +MODEI)
<<pin>> +REF_av() <<pin>> +PHASE()
|<<pin>> +AGNDY) << pin>> +nOtENABLE()
|<<pin>> +GND() <<pin>> + SENSE()
|<<pin>> +notSET() <<pin> +COIL1()
<<pin>> +COIL2()
|<<pin>» +RESET()
’ <<Component>> <HW
<cHWs> Elactromagnet
Solenaid Soll : Solenaid
-sensor |-Material const = copper Sol2 : Solencid
Compone: 1-N_coils : int const = 100 |:Val : fioat const =6
««sw,,m» |-Length - float const = 1.5 ['R_eq_ float const = 18.058
" -Dismeter : fioat const = 11 |-im fioat = 0. 332
= mm 2.2ris HNCIO0E I-D_vire - float const = 0.15 T |-N_coils +int const = 200
bl |-R_sol: float consi = 33.716 5 Length : float const =3
|<<pin>> +GND (A}() Feeong | |-Diameter : float const = 11
|<<pin>> +OUT + (AX) B e
[<<pin=>+0UT - (A)) EADS [ A
|<<pin>> +OFFSET # (A)) D{}
[<<pin=> + OFFSET - (A)()

|<<pin=> + SR + A()
|<2pin>> +SIR - Al)}
<<pin>> +Vbridge (B))
|<<pin>> 4 GND (B)()
|<<pin>> 4 OUT + (B))
[<<pin=>+0UT - (B}
|<<pin== +OFFSET + (B}
|<2pin>> +OFFSET - (B)()
[<<pin=> + SR + B()
|<<pin>> +SiR - Bf)

Figure 3.15 - Distance controller class diagram

Class- Magnetic_Actuator _Subsystem
It is the module which allows the generation of agmetic field for motion and distance
measurement purposes.

It is made of some electronic circuits (Bk1B222_Meitic_Torque_Actuator) used to drive an
Electromagnet.

Furthermore, there is a software class containilg triver routines which govern
Magnetic_Actuator_Subsystem operations.
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Class - Magnetometer _Subsystem
The module which allows the measurement of magrietid around the FemtoSat. It is based on
Bk1B221 Magnetometer_Sensor and a software drivagetometer_Sensor_SW_Driver).

The magnetic field is measured along two directiomagX, magyY) and it is made of both
contributions of Earth and Interlocutor Satellite.

A procedure shall be implemented to isolate therlotutor Satellite field contribution and
eliminate the one of the Earth.

3.3 Sequence Diagrams

3.3.1 Get Distance MAG

< SV == =< S>>
: FemtoSat_SW FemtoSat_main : FemtoSat_main
[
|

1: main() |

T
I

|

|

I

ﬁljﬂ 142 init{}

|
2! getDistanceMAG(distance_MAG : Distance MAG"): void I
|
|

Caontroller

3: getDistanceMA G(distance_MAG: Distanve_MAG")

Gated

[ — <_ __________________________

]
]
i
1
]
]
i
4: return distance_M.hG 2.1: return distance_MAG
]
I
1
1
]
! L |
]
i
1
]

the sequence diagram (by the Contraller) or from outside by another sequence

]
This notation indicates that the call to getDistanceMAG() can be done from inside
diagram

Figure 3.16 - Get Distance MAG sequence diagram
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3.3.2 Process Distance MAG

Vsl Pacathgm for UML Stantbard EdionPalgecricn o % Estrerica _
Controiler

1T main ) I

3 1.1 init{)
proce ssDistanceMAG

(distance _MAG:Distan |
ce_MAG*)

>

|
|
|
|
2.1: getField{magX : float&, magy : float&)
2.2: elaborate magX and magy'

|
2! processDistance MAG(distahce_MAG | Distance_MAG")

Gated

5 rdlturn distance_MAG 4: return d’lst#ma_hme

DAL i PR . .« soce: SRR -

Figure 3.17 - Process Distance MAG sequence diagram

3.3.3 Measure Distance MAG_MASTER

IR St ted i i rics Tl = <<HW>>
: 1B351_Intersatelite_Communication

Controler Interiocutor Sateite
2 1: maing)
measureDistancaMA 1.4: init)
Gdislance_MAG:Dist L
ance_MAG")
3. measureDistaceMAG(distance_MAG : Distance_MAG"}
———M

Gated

3.1 prepare the message

3.2: sendMessage(message : Message®)

3.2.1: send message

[This notation indicates thatthe call AG() can Wl 565t rnaiige
insicle the sequsnce diagram (by the Controller) o from outside by anather 'U—'

e
41:ack q(’ ””””””
4110 2k

41110
processDistanceMAG
(distance_MAGDistan  [ref]
ce_MAG*)

Galed
Process Distance MAG

5 return distance_MAG

Gae?

6. prepare the message

7: sendMessage(message : Message®)

7.1: send messqge

Figure 3.18 - Measure Distance MAG_MASTER sequence diagram
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3.3.4 Measure Distance MAG_SLAVE

visual Pamcg i UML Standand Ediion|Pol feien & Taano, Dip. EEEpies >
: 1B351_Intersatellite_Communication

Interlocutor Satellite

1: getMessageValid() : bool

1.1: return false >I

2: receive message

k

2.1: receive message

| g

3: getMessageValid() : bool

3.1: return tue

4: setMessageValid(messageValid : bool*)

5! interpretCommandy( )

5.1: setForwardMode()

5.2 tumON(dutyCycle : float,
phaseReference : float)

6 receive message

| 6.1: receive message

HV

7: getMessageValid() : bool

7.1: return true

8: setMessageValid(messageValid | bool*)

9 interpretCommandy( )

9.1: tumOFF()

Figure 3.19 - Measure Distance MAG_S AVE sequence diagram
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3.3.5 Estimate Distance MAG

Controller |
1: main() l
3 -
estimate DistanceMAG(distance_MAG 1.0 init{) I
‘Distance_MAG*) | ﬁ
: gl 2. estimateDistance MAG(distance_MAG: Distance_MAG")
Gate8 ) o
i
I
1
ref
: [ret]
]
| & DistancelMAG(distance_MAG:Distance_MAG®) Measure Distance MAG_MASTER
1
1 =
! Gajed
1
1
|
1
1
loop
! [tocp)
! [distValid=false]
1 >
| ] 5 wait
1
i
1
: ref ]
1
: & getDistanceMA Gdistance MAG:Distance_MAG")
1
| i
| 4 Get Distance MAG
: 7: return distance_MAG G
1
| i
i Bates
1
1
]
1
i
1
8: return distance_MAG
<
Gated

Figure 3.20 - Estimate Distance MAG sequence diagram
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3.3.6 Get Distance Global

Controller

3: getDistanceGlobal( ) distance

Chapter IlI

1: main{) I

2! init{)

%

4 return dist RF

5: return average between dist_RK and dist MAG

>

)

It refers to "Measure Distance RF" of 1B35_Intersatellite_ C’u'mmunt':at'ru_n"H

I
|
|
[l
|
|
loop i

[dist\ alid=falsa]

[ret)

It refers to "Get Distance RF" of 1B35_Intersatall ifg_cnmmuﬁisgtlinn%

[dist_RF<dist

e S T

ance_threshold]

3]

Measure Distance MA&TMASTE R
|

|

[distvalid
I

=falza]

[ref)

|

|

i

T

|

|
Get Distance MAG

Figure 3.21 - Get Distance Global sequence diagram
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3.3.7 Set Distance MAG

Controller
M I 1: main() I

| ®

|

? 2 init()

3: setDistanceMAG(dist : float) |
loop I
[|dist_MAG-dist_new|<distance _emor]
3.1
estimate DistanceMAG(distance_MAG | ref]
:Distance_ MAG®)
al
Gajed
Estimate Distance MAG
4 return distance_MAG

Gaped

alt)
[dist_ MAG>=distance_new]
]
ref)
Approach MASTER
[dist_MAG<distance_new]
[ ref)

Sepamate_MASTER

—_t B

Figure 3.22 - Set Distance MAG seguence diagram

76



3.3.8 Set Distance RF

Contreller

Chapter IlI

1: maing)

21 init()

3: setDistanceRF(dist : float) |

loop

[|dist_RF-dist_new|<distance_errorj

3

estimate Distance RF(distance RF: Dist

ance_RF®)

4: return distance_RF

P

Galog  |ltrefers to'Estimate Distance RF"
sequence diagram of
1B35_Intersatellite_Communication

Gaped

[dist RF==distance_new]

[ret)

Approach MASTER

[dist RF<distance_new]

[ret)

Separate_MASTER

Figure 3.23 - Set Distance RF sequence diagram
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3.3.9 Set Distance Global

Controller

1: main)

112 init( )

2: setDistanceGlobal( )

J——T—————

loop

[|distance-dist_new|=distance_error]

2.1 getDistanceGlobal( )

Get Distance Global
3: return distance

alt

[distance==distance_new]

[ ref]
3.1: approach > Approach_MASTER

Gatp10

[distance<distance_new]

[ ret]
B.2: separate
Separate_ MASTER

Gatp11

Figure 3.24 - Set Distance Global sequence diagram
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3.3.10 Approach. MASTER

<<HW>>
: 1B351_Intersatelite_Communication

1: main{}

Interlocutor Satellite

1.1z initg)

2.1: selTimeRefore nos(timaRefarencs  floal) :woid

2.2: setRemota TimeReference(timeReference : float)

23: prepare the message

2.4: sendMessage(message : Message”)

2.4.1: send message -

2.4.1.1: send message

41 ack
4.1.1: ack

1

4.1.1.1: prepare the message :
4.1.1.2: sendMessage(mes |

|

|

4sage : Message'}

41.1.2.1: send message

4.1.1.2.1.1: send message

5.1 ack r]<

5.1.1: ack

1.1: tumCHiduly Cycl : floal, pha seReference : floal)

:_‘ 5.1.1.2. waitRoutine{waiting_time : float)

5.1.1.3 WmOFF()

J5.1.1.4: tumON{dutyCycle  float, phaseReference : floal]

:_‘ 5.1.1.5 waitRoutine{waiting_time : float)

5.1.1.6: umOFF()

Figure 3.25 - Approach MASTER sequence diagram
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3.3.11 Separate MASTER

Gatel1

2 separate

Cont

troller

1: mainf)

1.1: init))

-

35

tparate()

3.1: sefTime Reference(fimeReferance : float) : void

a2
3.3: propare the message

34; sendMessage{message

essage’)

4.1.1: ack

3.4.1: send message

<<HW>>
: 1B351_Intersatelite_Communication

41 ack

4..1.1: prepare the message
4.1.1.2: sendMessage{messagh

2 : Message’)

5.1.1: ack

41.1.2.1: send message

Interkocart
»
3.4.1.1: send message
|
4ack
|
1
|
|
|
»

5.1 ack

4.1.1.2.1.1: send message

5.1.1.1: tumON{dutyCycle : float, phaseReferene : float}

:_‘ 51.4.2

5.1.1.3 umOF ()

5.1.1.4: tumON{dutyCycle : float, phaseReference : float)

:_‘ 5115

51.1.6: unOF ()

Figure 3.26 - Separate MASTER sequence diagram
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3.3.12 Approach_Separate SLAVE

1: getMessageValid() : bool

1.1: return falsa

F

u; ] Ex T e |
+18351_|Intersatellite_Communication
Interiocutor Satellite
2
receive message g
-
2.1: receive message
T
receive message -
P

7.1: receive message

b

3: getMessageValid() : bool

1

3.1: return tue

4! setMessage Valid(messageValid : bool™)

B: getMessageVaiid() : bool

5! interpre tCommand|( }

& setTimeReference(timeReference : float) : void

8.1: return true

3: sethessage\alid{messageV alid | bool*)

10 interpretCommand(}

11: tumON{dutyCycle : float, phaseReferance | float)

12; waitRoutine(waiting_time : float)

13: tumOFF()

14: tumON(dutyCycle : float, phaseReference :ﬂo&‘lq

15: waltRoutine{waiting_time : float)

16 im0 FF()

Figure 3.27 - Approach_Separate SLAVE sequence diagram
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3.4 FemtoSat Analysis

3.4.1 Magnetic Force

The Attraction and Repulsion between the satellisethe consequence of Attractive/Repulsive

force due to magnetic field generated by the edetaignets mounted on the two systems.

In order to analyze the dynamics of the system wherelectromagnets are ON it is necessary to

estimate the amplitude of magnetic force.

The solenoids can be seen as cylindrical magmeteeFigure 3.28 more details are shown.

o

e -
- r

H

Figure 3.28 - Cylindrical Magnets configuration, each of them can be associated to an equivalent solenoid

The formulas to be used are the following [11]:

F(X)—%M2R4[i+ L ]
4 X2 (X+2H)? (X+H):?

where:

* M is the magnetization (or magnetic polarization);

* N is the number of magnetic momentum in the volume
* Vs the cylinder's volume

* mis the magnetic momentum of the magnet
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«  Ho=1.256637*1¢ N/A?is the permeability in vacuum

Considering the equivalent solenoid we have:
_NIA _NIA NI [A]
V. AH H Im

where

* N is the number of coils

» |is the current flowing inside the solenoid
* Als the solenoid section

* Vs the solenoid volume

* His the solenoid length

3.4.2 Dynamics Analysis

Since the solenoids are driven by a constant cyries magnetic force varies during motion then
the acceleration varies as well. We can approxirtetenotion as uniformly accelerated in small
intervals. Time law of uniformly accelerated motisn

1 2
x=x0+v0t+§at

v =vy+at
The equations can be rewritten in the followingnior

1
X = Xg +v0t+§tAv

v? = v3 + 2alx

Considering a generic i-th interval and making &xpV; and t we obtain:

v = fviz_l + 2aiAx

Ax

tl' = 1
Vit (i — vi—1)

In Appendix Il there are some Matlab routines tpliement time calculation.
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Chapter |V

1B35 Specifications, Actors and Use

Cases

4.1 Inter Sat Communication

It is the main use case diagram, it contains &l esses related to the communication between the
OBC and Interlocutor Node via the 1B35_IntersatliCommunication.
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Interlocutor Node

‘Configurator

Change Frequency
<<pptional>> ‘Set Communication
hange Power, P tars

Figure 4.1 - InterSat Communication use case diagram

4.1.1 Use Case - Send M essage

The Controller sends data to be transmitted to 1B88rsatellite_Communication which uses Send
Data use case to communicate with Interlocutor Nabntified by an ID specified by the
Controller using set_address function.

The Send Message is implemented by calling thelMessage function.
The use case will create a packet compatible \wighstmpliciTI protocol.

The reliability of the communication is guaranteeyl the reception of an ack. which is then
available to the Controller.

4.1.2 Use Case - Send Data

The 1B35_Intersatellite_Communication sends datmterlocutor Node by means of simpliciTl
protocol and the simpliciTI_API.
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The reliability of the communication is guarantdwcthe reception of an ack (forseen by simpliciTlI
protocol).

The OBC will pass a proper ID as parameter to

sendData function choosing among the ones availabl ID_List basing on the target of
communication.

The OBC will write the value of time_MASTER refarg to its internal clock.

Messages will be sent at a frequency chosen amaergob S-band_channels at programmable
power, up to the the maximum power available andlithave the structure described in simpliciTl
protocol.

Frequency can be set by the Configurator by medrnheo Set Initial Frequency and possibly
changed by the OBC using Change Frequency.

Power can be set by the Configurator by meanseo&#t Initial Power and possibly changed by the
OBC using Change Power.

4.1.3 Use Case - Read M essage

The Controller reads the message provided by 1B®é&rdatellite_Communication using the
function getMessage if it is valid. The messagéhen taken from the message_body. When the
variable message_valid is true (high), it indicatest the message is valid.

4.1.4 Use Case - Read Data

The protocol to issue a command which reads betdBeto 256B of Designer's defined data from
one Slave to the Master, as defined by the Slawiead. Up to 255 Slaves can be addressed
separately. It is the Designer's responsibilitgtsure that data to be read is already availalileein
Slave when the command is issued.

4.1.5 Use Case - Receive Data

The 1B35_Intersatellite_Communication receives datat by an Interlocutor Node by means of
simpliciTI protocol and the simpliciTI_API.
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Messages will be received at a frequency in theggaf.4-2.4835 GHz initially set by the
Configurator by means of the Set Initial Frequenogl then changed by the OBC using Change
Frequency and it will have the structure descrilpesimpliciTl protocol.

When the Message is received, 1B35_Intersatellibeni@unication will use Measure Distance RF
Slave to estimate the distance stored in interaahble dist_RF.

The 1B35_Intersatellite_Communication will writeettvalue of time_SLAVE referring to its
internal clock.

This use case periodically checks if data is rezgiby the Interlocutor Node, removes preamble,
verifies ID and if ID matches then stores it inte internal buffer message_body.

If CRC and length are correct it sets the intefiag message_valid.

The message message body and the flag messagecamllte read by Controller using the Read
Message use case.

Correctness of transmission is granted by an ACK iclwh is sent by
1B35 Intersatellite_ Communication.

4.1.6 Use Case - ConfigurelD

The Configurator set a code, chosen among ID_lasid stores it in ID to identify the
1B35_Intersatellite_Communication involved in atgerations.

4.1.7 Use Case - Set Communication Parameters

The Configurator sets:

modulation scheme,
format,

frequency deviation,
packet format

4.1.8 Use Case - Set Initial Frequency

The Configurator must choose one of the 4 chardedsribed in S-band_channels in the bandwidth
2.4000 - 2.4835 GHz through which the 1B351_latiiite Communication will communicate at
boot (when powered-up and/or reset). The Configurghall set initial frequency by setting
INITIAL_CHANNEL parameter of class 1B351S _Interdhte Communication.
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4.1.9 Use Case - Change Frequency

For any reason (channel occupied, data not arrivang so on...) the Controller can change the
channel in which the 1B351 Intersatellite_ Commutiice are communicating. By calling
change_frequency operation.

4.1.10 Use Case - Set I nitial Power

The Configurator will set the initial power_TX dfe¢ 1B351 Intersatellite_Communication at the
maximum value allowed by calling setPower function.

4.1.11 Use Case - Change Power

Sets the transmitting power of CC2510, as clospaasible to the value of power defined by the
Controller. The actual power will be the smalleslie compatible with the transceiver, possibly not
smaller than power.

Namely, if power is less than the maximum allowalitee actual transmission power will be
smallest value larger than or equal to power.

This use case will start by calling setPower.

The implementation is optional.

4.1.12 Use Case - simpliciT1 protocol

The Tile Processor actor is master, while an AraMi®ds a slave. Addressing is by means of Slave
address per each slave.

The simpliciTI protocol supports the following exts (see the corresponding descriptions):

* Write Data - when the Tile Processor wants tosi@nup to 256B of data to an AraModule;
 Read Data - when the Tile Processor wants toupad 256B of data from an AraModule;

e Command Only - when the Tile Processor wants livetea data-less command to an
AraModule.
Most data transfers contain:
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* 2-24 Bytes Preamble Bytes
2-4 Byte Sync word
* an 8-bit data length field
* a4-Byte Destination Address
* a4-Byte Source Address
* data. Length of data field is (length+1) bytes (bE4B)
 a2-Byte RSSI
* an 16-bit CRC.
e ack/nack (only from Tile Processor to an AraModule)
If an error occurs (either wrong CRC or wrong léngr no memory available, etc.) the an

AraModule sets the (model element not found) flag.

By calling the Get Module Status use case, the Hitcessor can read details on the last error and
clear the (model element not found) flag.

References
Typ Value
e

Folde | ${Aramis_Progetto\1B_Subsystem_Elements\1B4_On-
r Board_Data_Handling_Subsystem\1B45_Subsystem_Serial_Data_Bus\SimpliciTlI

File ${Aramis_Progetto\1B_Subsystem_Elements\1B4_On-
Board_Data_Handling_Subsystem\1B45_ Subsystem_Serial_Data_Bus\SimpliciT\SimpliciTlI
Specification.pdf

File ${Aramis_Progetto\1B_Subsystem_Elements\1B4_On-
Board_Data_Handling_Subsystem\1B45_ Subsystem_Serial_Data_Bus\SimpliciTA\NSWRA221_Si
mpliciTl API.pdf
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4.2 | nter Sat Distance

It contains all use cases needed to evaluate thersatellite distance between
1B35_Intersatellite_Communication and the IntertociNode.

—————————— =
2
Get Distance RF~ 2
T e e e e Read Data
T W I =< ndlda=>
=<Inciud

<<Include=>

Controllar

1
1
|
| Measure Distance RF Slave
1
1
1
1
1

Interlocutor Node

v OBC
ssparametrice> T -
Measurg Distance RF — —~ = S
¥
EW << |nciudass
& Dff-Board Measure Distance RF
v
s

<<|nclude>>

Figure 4.2 - Inter Sat Distance use case diagram

4.2.1 Use Case - Measure Distance RF

First the Controller uses Send Data where a DUMMaésage is sent to the right Interlocutor Node
identified by an ID given by the actor.

Through the RSSI technique, the power of the inognaicknowledgement (expected by simpliciTI
protocol) is measured and then processed by cdalmgrocessDistanceRF function.

The result is stored in the internal memory (digt \Rriable).

The Measure Distance RF is implemented by callwgnteasureDistanceRF function.
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4.2.2 Use Case - Measure Distance RF Save

When the 1B35_Intersatellite_ Communication recetvédessage sent by Interlocutor Node it will
calculate the actual dist RF basing on the value iméoming power_TX through
processDistanceRF.

4.2.3 Use Case - Get Distance RF

The Controller reads the value of distValid, if i), it reads the other attributes of Distance. RF

The Get Distance RF is implemented by calling tegtanceRF function.

4.2.4 Use Case - Estimate Distance RF

First the Controller uses Measure Distance RF iggér the distance measurement to the right
Interlocutor Node identified by an ID given by thetor, then starts a loop in which periodically the
value of dist_RF and its validity are evaluatedusing Get Distance RF .

When distValid is true, it indicates a valid measuent and causes the loop termination.

The Estimate Distance RFis implemented by calligestimateDistanceRF function.
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Chapter V

1B35 Communication Module Design

The general structure of 1B35_Intersatellite_Comication is divided in two parts:

* hardware (1B351_Intersatellite_Communication)
» software (1B351S _Intersatellite_Communication)
which are described in the corresponding diagrantke next paragraphs. Among all objects used

by the software root class, there is an instancEB351_Intersatellite_SW_drivers which contains
the main functions to send/receive data and whidctly interfaces with SimpliciTi API [8].
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Visual Pamnthgrn for UML Stands ) Edinn{Paltecnicn o Taino, Oy Sestiroca |

x x
o) unsigned char | |
TIAL_CHANNEL @ 8-band_channals = CHANNEL 0| << Hipy==
WDULE : class | 1B351_Intersatellite Communication
+MODULE_A()

\ = +MODULE_B()

+DEBUG)
+RF(}

“VCC_CPU()
+GND()

Figure5.1 - 1B35 Intersatellite Communication main class diagram

5.1 Design choices

1B35 module is developed with the main target oplementing an efficient and reliable

intersatellite communication.

Obviously this communication has to be wirelessg aaspecting AraMiS specifications and
philosophy, it should be as light and low-powerpassible. In fact it has to be mounted on a very
small satellite, which can provide a little amowftelectrical power for all of its devices. After
studying and considering many wireless devices @dbcols, our choice fell on CC2510 from

Texas Instruments.

This device is an extremely low power transceivéicl is developed for communicating on the

2.4 GHz frequencies, and offers a series of goadpro
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* Very high sensitivity: -103 dBm at 2.4 kBaud

* Programmable data rate up to 500 kBaud

* Programmable output power up to 1dBm for all supgzbfrequencies
* Frequency range 2400 — 2483.5 MHz

* Low current consumption: RX- 17.1 mA @ 2.4 kBauk-T.6 mA @ -6 dBm output

power

Digital RSSI support

Last two are the most important features, the lomrent consumption because of our need of
power saving, and the RSSI support because ofrthkdim of my thesis.

1B35 module in fact, hasn't only the duty of comneating, but also the one of helping the
satellites calculating their reciprocal distanc&SRtechnique is the best way to do that as we will

see later.

CC2510 transceiver is also a perfect match becdies@s Instruments already developed a

communication protocol based on these devicetheeSimpliciTI protocol.

5.1.1 SimpliciTi Protocol

SimpliciTl protocol is intended to support custontevelopment of wireless end user devices in
environment in which the network support is simghel the customer desires a simple means to do

messaging over air.

The protocol is oriented around application peepder messaging. In most cases the peers are
linked together explicitly. However, simpliciTl paxol will support scenarios in which explicit
linking between pairs of devices is neither neededdesired. The simpliciTl_API provides the

means to initialize the network, link devices, aetid messages.
SimpliciTI layers
SimpliciTlprotocol is organized in 3 layers : Datiak/Physic, Network, and Application.

Application
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This is the only layer that the developer needsif@ement. It is where he develops his application
(to manage sensors for example), and implementsonetcommunication, by using SimpliciTl
network APIs or network applications.

Note that it is in this layer that the developeed® to implement reliable transport if required, as

there is no Transport layer.

— Customer Customer
Fing Link Join
‘ mgl ‘ in ‘ ‘ o:n. Freg 50 ‘ fon
T * v ¥ [ 8 v =
plication
Port 0x071 Fort 0x02 Port OxU3 Port Ox05 Port 0x20 Paort 0x21
> 'Y F Y b | A A
Network NWK
A
Data Link/ \
ala Lin
PHY i
Figure5.2 - SmpliciTl logical layers
Network

This layer manages the Rx and Tx queues and diggmatérames to their destination. The

destination is always an application designated Byrt number.

Network applications are internal peer-to-peer cisjentended to manage network. They work on a
predefined port and are not intended to be usedhbydeveloper (except Ping for debugging

purposes)

Their usage depends on the SimpliciTI device tyjese applications are:
Ping (Port 0x01): to detect the presenca sffecific device.
Link (Port 0x02): to support the link maeagent of two peers.
Join (Port 0x03): to guard entry to thenwk in topologies with APs.

Security (Port 0x04): to change security informatisuch as encryption keys and encryption

context.

Freq (Port 0x05): to perform change chantteinge channel request or echo request.
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Mgmt (Port 0x06): general management pohd used to manage the device.
Source code files for network layer are locatefCiomponents/simpliciti.
Data Link/Physic
This layer may be divided in 2 entities:

BSP (Board Support Package): to abstract the SPIfaderfrom the NWK layer calls that

interactwith the radio (/Components/mrfi);

MRFI (Minimal RF Interface): to encapsulate the diffeses between supported hardware radios,

toward the network layer (/Components/bsp).

SimpliciTlprotocol initialization involves threetages of initialization: board, radio, and stack.
Board initialization (BSP) is deliberately sepadateom the radio and stack initialization. The adi
and stack initialization occur as a result of thm@iciTI initialization call. The board initializgon

is a separate invocation not considered part of SimapliciTl API but it is noted here for

completeness.

The BSP initialization is partitioned out becausstomers may already have a BSP for their target
devices. Making the BSP initialization explicittime SimpliciT| distribution makes it easier to port
to another target.

Board Initialization

SimpliciTl supports a minimal board-specific BSPheT BSP scope includes GPIO pin
configuration for LEDs, switches, and a counteréimased for protocol chores. It also includes SPI

initialization for the dual-chip RF solutions.
Radio I nitialization

Radio registers are populated and the radio isedlat the powered, idle state. Most of the radio
registers are based on exported code from Smart&rkoS The default channel is set with the first

entry in the channel table.
Stack Initialization

All data structures and network applications andialized. In addition the stack issues a Join
request on behalf of the device. The Join requékfail in topologies in which there is no Access

Point. This is expected in this topology and is awoerror condition.
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We will use SimpliciTl protocol to communicate thigh CC2510, this device automatically sends
RSSI value. This value is fundamental for our tgrgad to understand it we need to see the RSSI

technique in details.

5.1.2 RSSl Technique

Received signal strength indicator (RSSI) is a messent of the power present in a received radio

signal.

RSSI is a generic radio receiver technology metsicich is usually invisible to the user of the
device containing the receiver, but is directly wmnoto users of wireless networking of IEEE

802.11 protocol family.

In an IEEE 802.11 system RSSI is the relative xezksignal strength in a wireless environment.
RSSI is an indication of the power level being reeg¢ by the antenna. Therefore, the higher the

RSSI value, the stronger the signal.

This technique is based on Friis equation:

P Gr( A )2
P, G, \4mD
From which we get
A |PG.Gy
4w | P

Now it is clear how things will work: 1B35 Moduleilimplement a communication between the
two interlocutor nodes, and each time a messaggensfrom a node to another, an RSSI value is
present in the message itself. This will grant plessibility of getting the distance between the

nodes, no matter what the content of the message is

Also, our system will store a reference of timadesthe message. This reference is not absolute, it
means that the internal clocks of the nodes doeé&dnto be synchronized, in fact there are two
fields in the message, one contains the time mdeto the clock of the source of the message,
another one contains the time referred to the cloickhe destination; since the message also

contains the IDs of the source and of the destinatt is simple to obtain the time | need to rater

97



Chapter V

The reference of time is important because | coeled to calculate the distance more than once in
a small gap of time, in this case it's unusefutéad a new message because it would need time and
power, and sometimes we can avoid that. In fatteflast message is very near in time, we can
suppose that the node is still in the same posaiahe point where it sent the last message. If we

accept it, we can calculate the distance againowttbommunicating.

5.2 Class Diagrams

5.2.1 -1B35 Intersatellite Communication main class diagram

Class- 1B35 Intersatellite Communication

The system allows the exchange of signals with Ititerlocutor Node. It works either as a
transmitter or a receiver and for this reason & tvao separate signal processing chain (one for
transmission and the other one for reception).e&one section is shared between the two channels,
a half-duplex communication is implemented (trarssoin and reception separated in time and
using the same channel).

In Send Data use case , starting from a digitalisecg, it properly build an analog signal which
travel on the channel (free space in the case study

Similarly, in the Receive Data use case, it takesanalog signal intercepted by the antenna and it
extracts the digital information.

It also provides distance measurement with resjpetitterlocutor Node by using (model element
not found) technique.

Template Parameters: ID

References

Folder ${Aramis_Progetto}\FemtoSat

Attributes
Signature: -driver : 1B351S_ Intersatellite_ Commatian
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Class- 1B351 Intersatellite_ Communication
The class contains all the hardware design of B&51Intersatellite_Communication.

It acts as a slave on both MODULE_A and MODULE_B.

Operations
Signature: MODULE_A()

Signature: MODULE_B()
Signature: DEBUG()
Signature: RF()
Signature: VCC_CPU()

Signature: GND()

Class- 1B351S Intersatellite Communication

It is the core system of the 1B35_Intersatellitem@uwnication, it manages all communications.
Then basing on priorities it takes decisions, goseand coordinates all modules inside the
1B35_Intersatellite_Communication.

Template Parameters: ID, INITIAL_CHANNEL, MODULE

Attributes
-MESSAGE LENGTH MAX : unsigned char const

Message maximum length according to simpliciTl pcol.

Signature: -commands : t_Commands

An instance of t_ Commands class.

Signature: -lastID : unsigned char

Stores the ID of the last Interlocutor Node for gfhthe distance has been measured.
Signature: -power_TX : float

It's the value of power chosen by OBC for curresmh$mission.

It's firstly set by Set Initial Power and then chad by Change Power.

Signature: distance_RF : Distance_RF

Signature: -done : bool =0

Is a flag that tells if the message is still usefuhot.
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It's just 1 bit.
Signature: -message : Message
Signature: +lambda : float

It's the wavelength referred to the transmittinggtrency. The frequency is variable but we can
assume the centerband as 2.4 GHz since the variagitveen a channel and another is relatively
small.

Given this we can approximate the lambda with

lambda =c/f =125 mm

Signature: +Gain : float

Is the gain of the antenna and it is the sameaimsinission and in reception.
It is indicated in the formulas as Gt or Gr.

Its value is set by Configurator.

Operations
Signature: init()

Initializes internal variables, including:
 lastiD =0;

Configures initial frequency of CC2510

Signature: sendMessage(message : Message)

It performs all operations needed to send a messagerough the
1B35_Intersatellite_Communication which writes d@sn ID in sourcelD and the ID of the
Interlocutor Node to whom the message is sentestl®; both ids are chosen among ID_List.

The message has the structure described in Message.
Signature: getMessage(message : Message) : void
Returns the last received message from Interloduibaie.

After the message is received, the 1B351_IntefgateCommunication checks that the destID
inside the message is the same of its own ID

If this is true, basing on preamble_length readspiieamble and verifies that everything is ok.
At last, it reads message_body knowing when to Bjogeading the value message_length.
Once the message is verified to be valid, the valassage_valid is raised to 1.

Signature: getDistanceRF(distance_RF : Distance_RF)
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Returns different parameters related to the distz

» dist_RF is the actual value of distance betweenlB35 Intersatellite_ Communicati and
the Interlocutor Node

* ID_MASTER is the ID of the maste

 ID_SLAVE is the ID of the slav

* power is the value of power of the transmit

* time_MASTER stores the time referring to the internal clockhef mastr

 time_SLAVE stores the time referring to the internal clock tbe slave, it's nc
synchronized with the master clo

Signature: processDistanceRF(RSSI_value : floiddpat

Starting from the value read by (modelment not found) technique it process data,comg
distance and stores it idist_ RF and returns dist_RRalue. This function is called insic
measureDistanceRF

The formula will be

—

p:i IlprGrGr
dm | B

Since we are in open space we can, with an acdeptadrgin of error, consider only the dir
wave in the FRIIS equation:

To be more precise we would have to calculateagt lthe reflections on the saite body and the
diffraction due to the solar panels of the satdlithemselves. (AGGIUNGI MTIV(

Signature: measureDistanceRF(distance RF : Dist&i€

When the Controller calls this function all opevas needed to measure idist RF value start
(Measure Distance RF use case).

Signature: estimateDistanceRF(distance_RF : DistaRE

It combinesmeasureDistancel and getDistanceRFunctions in order to estimate the value
dist RF.
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The measureDistanceRF triggers the measuremerie g#tiDistanceRF read the value in a loop,
until the distValid is true.

Signature: getMessageValid() : bool

Getter method for message_valid

Signature: setMessageValid(messageValid : bool)

Setter method for message_valid

Signature: read_message(message : Message)

Asks through the SPI to read the Message and rdtarmessage_body
Signature: send_ack(ack : Message) : Message

Sends an ACK to certificate that the message is seeceived correctly and all required operations
are completely done.

Signature: check_distValid(distValid : bool)

Checks the value of distValid

Signature: set_distValid(distValid : bool)

Sets distValid high when the measurement is ovérarfollowing conditions:

e ID_MASTER is the same of the 1B351S _Intersatelltemmunication ID
» ID_SLAVE is one among ID_List
* time_MASTER is not to far from actual 1B351S_Intgedlite_ Communication time (less
than 10 minutes
Signature: set_initial_freq() : S-band_channels

Starts the Set Initial Frequency sequence, passt®etlB351S Intersatellite_ Communication the
band among S-band_channels on which the commumicafil take place.

Signature: receive_data(data : Message)
Stores Message data
Signature: change_frequency(channel : S-band_chgnne

This function chooses a value from S-band_channels
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Class- 1B351 Intersatellite SW_drivers
The class contains all the software routines whiokks on simpliciTI protocol.

Attributes
Signature: -dataCorrect : bool

It indicates if there are incoming data and if tlaeg correct.

Signature: +target_freq : S-band_channels

the frequency at which the 1B351_Intersatellite_8ers trie to communicate
Signature: -target_power : float

Is the target power passed by the Controller

Signature: -i : int

An int variable, useful for some cycle

Operations
Signature: init()

Initializes the class and the variables needed@nii

Signature: sendData(mess : Message)

It contains all operations needed to send dataigirehe Send Data use case.
Signature: readData(mess : Message) : unsigned char

Returns the last received data from Interlocutodé&olrhe message has already been verified for
correctness (CRC)

Signature: getDataCorrect() : bool

Getter method for dataCorrect

Signature: setDataCorrect(dataCorrect : bool)
Setter method for dataCorrect

Signature: setFrequency(target_channel : int)

The implementation is optional. The function is dige change the frequency among the ones
available in S-band_channels.

Signature: setPower(power : float)

The function is used to set EIRP of the transmilfesgsage, as close as possible to power ( Change
Power use case). The actual power will be the sstallalue compatible with the transceiver,
possibly not smaller than power.
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Namely, if power is less than the maximum allowalitee actual transmission power will be
smallest value larger than or equal to power.

The implementation is optional.
Signature: receive_data(data : Message)

This function is needed to prepare the 1B35_Inteliga _Communication to the reception of a
packet from the Interlocutor Node.

The 1B351S Intersatellite_ Communication will hawed¢cognize the various parts of the message
(preamble, mess...) and will store them in the erapemory locations for future use.

At the end of the operations, data will be verifiedd a flag dataCorrect will be set through
setDataCorrect in order to allow the sending ohek, that will certify the receiving of the proper
message.

Signature: send_ack(ack : Message) : Message

Sends an ACK to certificate that the message is seeceived correctly and all required operations
are completely done.

Signature: verify_data(data : Message) : bool

Verifies that data are correct by getting sure ttsaCorrect is set high (1).
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5.2.2 -1B351 Intersatellite Communication Hardware

The diagram contains all hardware classes of 1BB&rsatellite_Communication that is:

 1B351_Intersatellite_Communication

+ Bk1B31B1W_OBRF_CC2510

e 1B480_Null_Modem_SPI

1B351_Intersatellite_Communication is the root ssla it is taken from

1B35_Intersatellite_Communication project [6]. Thmodule communicates with external
environment by means of two standard modules deeel for AraMis (MODULE_A,
MODULE_B) and a DEBUG interface. It is important notice that the antenna is an external
element not consider in 1B35_Intersatellite_Comrmatndn design, for this reason there is an RF
pin in the module interface.

Bk1B31B1W_OBRF_CC2510 is taken from 1B31_On_Borte Module project [9], which has
as core component CC2510 system on chip with intiaddsome electronics in order to let the
system work.

1B480_Null_Modem_SPI is taken from 1B48_ Moduleetface [10] which is used to implement
null modem connection to configure 1B35_IntersdtelCommunication as slave.

For more details refers to schematics and PCB kayoppendix V.
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Figure 5.3 - 1B351 Intersatellite Communication Hardware class diagram

Class - Bk1B31B1W_OBRF_CC2510

Transceiver module for 437MHz transmission. It pdeg FSK modulation/demodulation
capabilities for the information bit-stream and lites an external oscillator to achieve low
frequency drift.

It acts as a master on both MODULE_A and MODULE I@&ss

References

y

p

e

F ${Aramis_Progetto)\1B_Subsystem_Elements\1B3_TT&C Telecommunication_Subsystem\1B31
ol | On_Board RF Module\Bk1B31B1 _OBRF 2 4GHz\Bk1B31B1W_OBRF_CC2510

d

er

Operations

Signature: DEBUG()
Debug bus for CC2510. Contains: RESET, DEBUG_DADEBUG_CLOCK, 3V3_SUPPLY.
Signature: MODULE_A()

Signature: MODULE_B()
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Signature: RF()
Signature: VCC_CPU()
Signature: GND()
Class- CC2510

References

File ${1C54_Datasheets}\cc2510f32.pdf

Class- 1B480_Null_Modem_SPI
Null model circuit for SPI interface to connect t&B48 Module_Interfaces which are both master.

It connects with simple wires:

« DO_RX_SOMI of MODULE_A with D1_TX_SIMO of MODULE_B
« D1 _TX_SIMO of MODULE_A with DO_RX_SOMI of MODULE_B
e D4 _CLK of MODULE_A with D4_CLK of MODULE_B.
such that the system connected to MODULE_A can taikh the system connected to

MODULE_B.
One of them shall be configured as master, whieother shall be configured as slave.

References

Folder ${Progetto}\1B_Subsystem_Elements\1B4_On-
Board_Data_Handling_Subsystem\1B48_Module_interface\1B480_Null_Modem_SPI

Operations
Signature: MODULE_A()

Signature: MODULE_B()

Class- 1B48 Module Interface

References
Type Value
File ${Aramis_Progetto\1B_Subsystem_Elements\1B4_On-
Board_Data_Handling_Subsystem\1B48_Module_interface\1B481_Module_Interface\1B481
Module Interface ICD V1_1.doc
Folder ${Aramis_Progetto}\1B_Subsystem_Elements\1B4_On-
Board_Data_Handling_Subsystem\1B48_Module_interface\1B481_Module_Interface
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Class- MC306 - 32768Hz Crystal

References

File ${1C54_Datasheets\MC406-crystal.PDF

Class- FA-128 Crystal

References

File ${1C54_Datasheets}\FA-128_crystal.pdf
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5.2.3-1B351S Intersatellite Communication Software

The diagram contains all software classes of 1B#8&rsatellite_Communication

ITD . unsigned char
IINITIAL_CHANMNEL : S-band_channels = CHANMEL 0

IMODULE : class |

Visual Pamegrn for UML Standad Edion|Paltexmicn di Taino, Oy St

-intersat_drivers

Figure5.4 - 1B351S Intersatellite Communication Software class diagram
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Class- 1B351 Intersatellite SW_drivers
The class contains all the software routines whiokks on simpliciTI protocol.

Attributes
Signature: -dataCorrect : bool

It indicates if there are incoming data and if tlaeg correct.

Signature: +target_freq : S-band_channels

the frequency at which the 1B351_Intersatellite_8ers trie to communicate
Signature: -target_power : float

Is the target power passed by the Controller

Signature: -i : int

An int variable, useful for some cycle

Operations
Signature: init()

Initializes the class and the variables needed@nii

Signature: sendData(mess : Message)

It contains all operations needed to send dataigiréehe Send Data use case.
Signature: readData(mess : Message) : unsigned char

Returns the last received data from Interlocutodé&olrhe message has already been verified for
correctness (CRC)

Signature: getDataCorrect() : bool

Getter method for dataCorrect

Signature: setDataCorrect(dataCorrect : bool)
Setter method for dataCorrect

Signature: setFrequency(target_channel : int)

The implementation is optional. The function is dige change the frequency among the ones
available in S-band_channels.

Signature: setPower(power : float)

The function is used to set EIRP of the transmilfesgsage, as close as possible to power ( Change
Power use case). The actual power will be the sstallalue compatible with the transceiver,
possibly not smaller than power.
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Namely, if power is less than the maximum allowalitee actual transmission power will be
smallest value larger than or equal to power.

The implementation is optional.
Signature: receive_data(data : Message)

This function is needed to prepare the 1B35_Inteliga _Communication to the reception of a
packet from the Interlocutor Node.

The 1B351S Intersatellite_ Communication will hawed¢cognize the various parts of the message
(preamble, mess...) and will store them in the erapemory locations for future use.

At the end of the operations, data will be verifiedd a flag dataCorrect will be set through
setDataCorrect in order to allow the sending ohek, that will certify the receiving of the proper
message.

Signature: send_ack(ack : Message) : Message

Sends an ACK to certificate that the message is seeceived correctly and all required operations
are completely done.

Signature: verify_data(data : Message) : bool

Verifies that data are correct by getting sure ttsaCorrect is set high (1).

Class - Message
Is the set of data that can be exchanged betwee3b 1Btersatellite_Communication and
Interlocutor Node.

Attributes
Signature: +preamble_length : unsigned short

Indicates the length of the preamble of the messinge is to say the length of that part of the
message which contains information about the messay the real message body.

Signature: +sourcelD : unsigned char

It's the ID of the source of the message. It'slaevehosen among one of the ID present in ID_List.
Signature: +destID : unsigned char

It's the ID of the destination of the messages # value among the ones present in ID_List.
Signature: +message_length : unsigned short

It's the length of the message itself.

Signature: +message_body : unsigned char
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This attribute contains the main body of the messag
It can contain

* Distance_RF

* oneof t_ Commands

* ageneric message
Signature: +message_valid : bool

It is a flag which specifies if the message isd/ali not.
The variable assumes "true" as value when theae iscoming message and the data are correct.

The variable assumes "false" as value either whenncoming message is read by the OBC (Read
Message use case) so data become obsolete or atzeard corrupted.

It's a boolean value which indicates if the messagerrect or corrupted.

* itsvalueis 1 if message is valid
» its value is 0 instead when the message is comupte
Signature: +power : float

This is power_TX. expressed in Watt.

Signature: +frequency : S-band_channels

Indicates the frequency of transmission.

It's one of the values among the ones listed imi@tbchannels

Signature: +RSSI_value : float

Class - Distance RF
This class contains information related to distameasurement.

Attributes
Signature: +ID_MASTER : unsigned char

This is the ID of the 1B35_Intersatellite_ Commutima master which has requested the
measurement.

Signature: +ID_SLAVE : unsigned char

This is the ID of the Interlocutor Node slave whishreceiving the (model element not found).
Signature: +dist_RF : float

Contains the last measured distance as defineddasite Distance RF use case.

Unit is meters.
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Initial value shall be 0, which means that no diseahas been measured so far.

Signature: +distValid : bool

The flag which indicates if the dist_RF value ididae. the measurement is carried out correctly.
Signature: +time_MASTER : float

This is the time relative to the internal clocktbé 1B35 _Intersatellite_ Communication expressed
in seconds.

Signature: +time_SLAVE : float
This is the time of the internal clock of the imbeutor Node expressed in seconds.
Signature: +power : float

This is power_TX.

Class-t_Commands
The enumeration contains a list of all possible w@nds and status notification that the
1B35_Intersatellite_Communication can receive.

Attributes
Signature: -DUMMY

Dummy command.
Signature: -ACK

It indicates that the communication is carried without errors.

Class- S-band_channels

Is the enumeration list of all possibles channésemuencies on which the CC2510 can establish a
communication.

Attributes
Signature: -CHANNEL_O : float

This channel refers to channel_3 (see SimpliciTai@tel_Table Information.pdf), has a center
band in 2.4257 GHz. and a bandwidth of 250KHzresponds to the IEEE channel 15

Signature: -CHANNEL 1 : float

This channel refers to channel_103 (see Simpli€hannel_Table_Information.pdf), has a center
band in 2.4508 GHz and a bandwidth of 250KHz.rexponds to the IEEE channel 20
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Signature: -CHANNEL 2 : float

This channel refers to channel_202 (see Simpli€hannel_Table Information.pdf), has a center
band in 2.4755 GHz. and a bandwidth of 250KHzresponds to the IEEE channel 25

Signature: -CHANNEL_3 : float

This channel refers to channel_212 (see Simpli€hannel_Table_Information.pdf), has a center
band in 2.4807 GHz and a bandwidth of 250KHz.rexponds to the IEEE channel 26

Class- 1D _List
The list of all possible IDs that Configurator cassign to 1B35_Intersatellite_Communication and
that 1B35_Intersatellite_Communication can usedtr@ss messages.

Attributes
Signature: -IDO : unsigned char

Signature: -ID1 : unsigned char
Signature: -ID2 : unsigned char
Signature: -ID3 : unsigned char
Signature: -ID4 : unsigned char

Signature: -ID5 : unsigned char
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5.3 Sequence Diagrams

5.3.1 Send Message

The 1B35_Test initializes the 1B351S_Intersatelfiemmunication calling init function, then the
Controller calls the sendMessage function. As altes this, 1B351S _Intersatellite_ Communicatioesis
Send Data use case with Message as payload obmm@wgnication. After data are sent, an ack is retito
1B351S_Intersatellite_Communication and then tot@der.

| eesWes | <<SW>>
: 1B35_Test : 1B3518_Intersatellite_Communication

Controller I
1: main{} |

T
|
1.1: init{) }

2: sendMessage/message | Message®)

>

L*[atﬂ Send Data

|
|
|
|
[ret]
2.1: send_datajMessage)
|
|

Figure 5.5 - Send Message sequence diagram

5.3.2 Send Data

The 1B35 Test initializes the 1B351S _Intersatelf@emmunication calling init function, then
simpliciTI_API is initializes as well. Now the Cantler calls sendData, which causes a call to
send. From here the hardware 1B351 _Intersatell@enr@unication is involved in the sequence and
uses Bk1B31B1W_OBRF_2 4GHz for sending data tdrttezlocutor Node.

When data are received an ack is sent back to B3®11 Intersatellite_ SW_drivers which calls
verify_data function and gives the ack back toGatroller
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1 1835_Test + 18351 _Intersatelite_SW._drivers: . simpliciT)AP| : 1B351_Intersatellita_Communication :Bk1B31B1W_OBRF_2 4GHz
Controller utor Node
1: main{)
,] 1.1; init() i
14 puitimy Add ulong) : t_SimpliciT Il error
| i 1
2 send data
T
Gate1 | 3: sendData(ness : Message®)
|
3.1: send(dest : {lbng, data : byle®, length : byle) : t_FimplicT|_ermor
] 341
| » 3441
3.4.4.1.1: Send Data
3.1.1.12 ack
3.1.1.1.3; ack

|

| 3.1.1.1.3.1: venfy_data(dath : Message’} : bool I

' |

31.9.1.3.2 ack 1

|

|

| |

4 ack I I

B i | |

Gated U | | |

; |
This notation indicates thatthe eall to sendData() from inside the sequence diagram
(bythe Controller) of from outside by another sequence diagram

Figure 5.6 - Send Data sequence diagram

5.3.3 Read M essage

The 1B35_Test initializes the 1B351S _Intersatell@emmunication calling init function, then the
Controller periodically checks the validity of theessage by calling getMessageValid. If
message_valid is true then it calls getMessageB#51S Intersatellite_Communication which
calls setMessageValid as well passing false (paaameter.
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o I% S I..- —
Controller

1 main{}

[ ] 117 init{} |
g g

2 getl'n.-'lessiage"u‘alkj {} : bool

i
alt i
[message valid=true] I
I
3: get Message[rn-esél.age . Message® ) : void
atn retuqln message
- -
4: setl'u'lessage‘ufalid[fnessage‘ufalid ! ool ™)
I
I
l l
I I
| | | |
Figure 5.7 - Read Message sequence diagram
5.3.4 Receive Data

The Interlocutor Node is sending data to Bk1B31BOBRF 2 4GHz. When data are received,
through 1B351_Intersatellite_ Communication, anriigt is launched by simpliciTI_API that sets
high (1) the flag dataCorrect and 1B351 IntersiédelBW _drivers uses receive_data to write data
inside Message.

o Tasna, Dig = HW=> s HW ==
: 1B351_Intersatellite_Communication :Bk1B31B1W_OBRF_2_4GHz

Interlocutor Node

1: Data

1.1.1: Interrupt_service _routine

A

1.1.1.1; setDataComect() r
E 1.1.1.1.1: receive_data()

Figure 5.8 - Receive Data sequence diagram
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5.3.5 Read Data

1B351S_Intersatellite_Communication periodicaliecks on 1B351_Intersatellite_SW_drivers if
dataCorrect is true.

When it is true, reads the data through readDatation and then uses setDataCorrect to set
dataCorrect as false (0).

At last, uses setMessageValid function to set ldgprhessageValid as true (1).

. |
1:
._ma'”[L'. 1.1 init() }
’. 1.1.1: initf)
|
|
|

loop
[while{1)]

2 getDataComect()

D,

[DataCorrect = true] 3: readData()

4: setDataCorrect()

5! setMessage Valid()

REEE—— S S T A

Figure 5.9 - Read Data sequence diagram

5.3.6 Measure Distance RF

The 1B35_Test initializes the 1B351S _Intersatellitemmunication calling init function, then the

Controller can call measureDistanceRF function. 3E8 Intersatellite_ Communication uses Send
Data use case and receives an ack. From the messegjged it can calculate distance with

processDistanceRF function and it calls set_distMahction.
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Controflar
M R |

1: main{) | |

1.1: init() i

3
measureDistance RF{distance_RF
:Distance_RF*) 2: measureDistanceRF{distance RF : Distance_RF*)

Gate

2|1t sendData M -
| i raf ]

Gale! Send Data

4 ack

| Gated
- 4.1: process DistanceRF{RSS|_value : float”) ; float

(by th= Contraller) of fram

agram H

2 set distvalididistvalid : bool)

This notation indicates that the call to measureDistanceRF () j

Figure 5.10 - Measure Distance RF sequence diagram

5.3.7 Get Distance RF

The 1B35 Test initializes the 1B351S _Intersatelf@emmunication calling init function, then
theController is able to ask the distance througfibtanceRF.

At this point 1B351S_Intersatellite_ Communicatioalls check_distValid function to check the
value of distValid. If high (1) returns Distance_RFthe Controller.

Controller |

1 main{) | I
1.1: initf) DI!
| |
| |
| |
| |
2: getDistanceRF(distance_RF.Distance_RF*) 3 getdistanoeRF[distanoe_RF: Distance_RF*) I
: g .
Gate2 i }
i
! |
| I
1
4: raturn distance_RF | 3.1: return distance_RF
Gated

“-—- F——r————————— € - b
H |

1
This notation indicates that the call to getDistanceRF() from
inside the sequence diagram (hy the Contraller) of from
outside by another seguence diagram

Figure5.11 - Get Distance RF sequence diagram
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5.3.8 Estimate Distance RF

Controfler i
. 1: main()
1.1 init() (
2 e
astimate DistanceRF(distance_RF:
DistanceRF*)

{ 3: estimateDistance RF(distance_RF:Distance _RF")

Gate? |
]
'
| ref |
]
'
"
! Measure Distance RF
: 4: measureDistanceRF{distance_RF:Distance_RF*) Gate
]
]
'
'
]
)
| loop
]
| [dist'/alid=false]
|
'
! 5: wait
]
'
'
' rof |
: 6: getDistanceRF(distance _RF Distance_RF*)
'
]
| Gaje2 Get Distance RF
1 7: return distance RF
]
]
1 Gaet
]
]
|
: B return distance_RF
|

Gatef | =

'
1

This notation indicates that the call to estimateDistanceRFE( from"i'nside-the sequence
diagram (by the Controller) of from outside by another sequence diagram

Figure 5.12 - Estimate Distance RF sequence diagram

5.3.9 Set Initial Frequency

The Configurator launches set_initial_freq function

The 1B35_ Test initializes the 1B351S _Intersatell@emmunication calling init function, then the
1B351S_Intersatellite_Communication calls changgdency causing the execution of
SMPL_loctl from simpliciTl_API that updates the r&grs in CC2510.
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1 Pachm for UML Standbad Edin P <<HW=>
: CC2510

Configurator |

‘Eet_initial_freq() : S-band_channels >i 2: main(}

| 3 init()

3.1: change_frequency(channel . S-band_chapnels® = INITIAL_CHANNEL)

3.1.1: SMPL_loctljot) : ioctiObject_t = IDETL_OBJ FREQ, act :
loctlAction_t = IDCTL_ACT _SET, val : voldt = value}: smplStatus_t
1 3.1.1.1: update registers

é’

Figure5.13 - Set initial Freguency sequence diagram

5.3.10 Change Frequency

The 1B35_Test initializes the 1B351S _Intersatell@emmunication calling init function, then the
Controller is able to call change_frequency functwhich causes the call of SMPL_loctl from
simpliciTl_API which updates registers on the Bk1BAW_OBRF_2_4GHz.

<cHW==
Bk1B31B1_OBRF_RX:
Transceivers CC2510

| I
1: main) I I
|

.—1 1,12 init(} b?

2: change_frequéncy{channel : S-band_channels*)

Controller

PL_loctiobj : ioctiObject_t = IOCTL_OBJ_FREQ,
tlaction_t= IOCTL_ACT_SET, val : void® = value)
smpiStatus_t

|
I 1 2.1.1:. update registers
|
I
|

Figure 5.14 - Change Frequency sequence diagram
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Conclusion

This thesis has led to the realization of 1B35_InterSatellite_Communication module for managing

the communi cation between two satellites placed in line of sight.

In particular we realized the project description (fully documented in UML), the software routines,

the schematics up to the PCB layout.

Due to the complexity of the subject, the FemtoSat project was not completed, but a general setting
of the problem is presented. Also in this case the design is carried on by means of UML and

different studies have been done to understand particul ar issues rel ated to the subject:
-Solenoid Choice

-Source power Analysis

-FemtoSat dynamic analysis.

Concerning FemtSat project, thisthesis represent a very good basis for future implementations.
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Appendix |
Solenoid Choice - M atlab Files

|.1 Function magnetic_field 1solenoid

%havi ng fixed sol enoid paraneters, the function evaluate the magnetic field
%gener at ed by one sol enoid at di stance x.

clc
clear all
cl ose all

% **physi cal constant***

ro=1.7241e-8; % Chimrm copper resistivity

u0=4*pi *10"(-7); WT*M Al relative magnetic perneability
% **sol enoi d parameter***

Radi us=0. 055; %nl coil radius

N=300; % unber of coils

L_wi re=2*pi *Radi us*N; %nl solenoid wire length

d w re=0. 15e- 3; %nl solenoid wire dianeter

S wire=(d_wrel/2)"2*pi; % m'2] solenoid wire cross section
R sol=ro*L_wire/S wire; % Chm  sol enoi d resistance

L _sol=d wire*N %nl length of the sol enoid

a=L_sol / 2; % ni

b=2. 5e- 3; % m

x0=2*a- b; %m initial offset considering the thicketness of

t he sol enoid and magnetic sensor

% **power, voltage, current on the sol enoi d***
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P=2; %W nmax power com ng from power generator
Rdson=1

Rs=0. 2;

Req=R_sol +Rdson+Rs;

V=sqrt (Req*P) % V] voltage supplying the sol enoid

| =V/ Req %Al current flowi ng inside one sol enoid

d=0. 01 % nl distance fromthe sol enoid coi

B x_gauss=B(d+x0, |, N, L_sol, Radi us)
d=0. 2 % nl distance fromthe sol enoid coi
B x_gauss=B(d+x0, |, N, L_sol, Radi us)
d=I i nspace(0, 1, 10000);
for (i=1:10000)
y(i)=B(d(i)+x0,1,N,L_sol, Radi us);

end
createfigure(d*100,vy);

| .2 Function magnetic_field 2solenoid

%aving fixed sol enoid paraneters, the function evaluate the magnetic field
Ygenerated by 2 solenoid in serires at distance x.

clc
cl ear al
cl ose al

% **physi cal constant***

ro=1.7241e- 8; % Ohntm copper resistivity

u0=4*pi *10"(-7); WT*M Al relative magnetic perneability
% **sol enoi d paraneter***

Radi us=0. 055; %nl coil radius

N=150; o%munber of coils

L_wi re=2*pi *Radi us*N; %nl solenoid wire length

d w re=0. 15e- 3; %nl solenoid wire dianeter

S wire=(d_wrel/2)"2*pi; % 2] solenoid wire cross section
R sol=ro*L_ wire/S wire; % Ohn] sol enoid resi stance

L _sol=d wire*N %nl length of the sol enoid

a=L_sol; % n

b=2. 5e- 3; 0

x0=2*a- b; %nl initial offset considering the thicketness of

t he sol enoid and nmagnetic sensor

% **power, voltage, current on the sol enoi d***
P=2; %W max power com ng from power generator

Rdson=1
Rs=0. 2;

X1l



Appendix |

Req=R_sol *2+Rdson+Rs;

V=sqgrt (Req*P) % V] voltage supplying the solenoid
| =V/ Req %A current flow ng inside one sol enoid
d=0. 01 %m distance fromthe sol enoid coil

B x_gauss=B(d+x0, |, N2, L_sol *2, Radi us)
d=0. 2 %m distance fromthe sol enoid coil

B x_gauss=B(d+x0, |, N2, L_sol *2, Radi us)

d=I i nspace(0, 1, 1000) ;

for (i=1:1000)
y(i)=B(d(i)+x0,1,N2, L sol*2, Radi us);

end

createfigure(d*100,vy);

| .3 Function solenoid parallel

function [R_sol,Req, V,1,B dm n, B dmax] =
sol enoi d_paral | el _Req(Radi us, N coil, P, N sol)
%JNTI TLED Sunmary of this function goes here
% Detail ed explanation goes here

% **physi cal constant***

ro=1.7241e-8; %4 Chntm copper resistivity

u0=4*pi *10"(-7); W T*m Al relative nagnetic perneability
% **sol enoi d paraneter***

L_wi re=2*pi *Radi us*N_coi | ; %M solenoid wire length

d_wi re=0. 15e- 3; %M solenoid wire dianeter

S wire=(d_wire/2)"2*pi; % 2] solenoid wire cross section
R sol=ro*L_wire/S wire; % Ohnl sol enoi d resi stance

L _sol=d wire*N coil; %nl length of the sol enoid

R sol / N _sol ;

b=2. 5e- 3; % m

x0=2*L_sol *(N_sol / 2) - b; %m initial offset considering

t he thicketness of the sol enoid and nmagnetic sensor

% **power, voltage, current on the sol enoid***

Rdson=1

Rs=0. 2;

Req=R_sol / N_sol +Rdson+Rs;

V=sqgrt (Req*P); % V] voltage supplying the solenoid

| =V/ Req/ N_sol ; %A current flow ng inside one sol enoid
d=0. 01; % nl mninmmdistance consi dered between two
sol enoi ds

B _dm n=B(d+x0, 1, N coil *N_sol,L_sol *N_sol , Radi us);

d=0. 2; % nl mninmmdistance considered between two
sol enoi ds
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B _dmax=B(d+x0, |, N coi |l *N_sol,L_sol *N_sol , Radi us);

d=I i nspace(0, 2, 100000);
for (i=1:100000)
y(i)=B(d(i)+x0,1,N coil*N_sol,L_sol *N _sol, Radi us);
end
d1=fi nd(y<0.2,1)*(2/100000)*100;
d2=fi nd(y<0. 0005, 1) *(2/ 100000) * 100;

%r eat ef i gure(x*100,vy);

end

|.4 Function B

function [B x] = B(x,I,N,L_sol, Radi us)
% he function return the value of magnetic field starting from physi cal
%aranmeter if the sol enoid.

% **physi cal constant***
ro=1.7241e-8; % Chntm copper resistivity
u0=4*pi *10"(-7); WT*M Al relative magnetic perneability

B x=(uO0O*N*I1)/(2*L_sol )*((L_sol +2*x)/sqgrt ((L_sol +2*x) *2+4* Radi us”~2) +(L_sol -
2*x)/sqrt ((L_sol - 2*x) *"2+4* Radi us™2)) *10"4;
end

.5 Function main

clc
clear all
cl ose all

Radi us=0. 055; % m sol endoi d radius
P=2; %W power coming froman ideal source

% N _sol enoi d=1 % unber of sol enoids

%

% N_coi | =50

% [ R _sol, Req, V, 1, B dnm n, B dmax] =sol enoi d_paral | el (Radi us, N coi |, P, N _sol enoi d)
% N coi | =100

% [R_sol, Req, V, 1, B _dm n, B _dmax] =sol enoi d_paral | el (Radi us, N _coi | , P, N_sol enoi d)
% N coi | =150

% [ R _sol, Req, V, 1, B dnm n, B dmax] =sol enoi d_paral | el (Radi us, N coi |, P, N _sol enoi d)
% N_coi | =200

% [R_sol, Req, V, 1, B _dm n, B _dmax] =sol enoi d_paral | el (Radi us, N _coi |, P, N_sol enoi d)
% N _coi | =300

% [R_sol, Req, V, 1, B _dm n, B _dmax] =sol enoi d_paral | el (Radi us, N _coi | , P, N_sol enoi d)

N_sol enoi d=2 % unber of sol enoids

N _coi | =50

[R_sol,Req, V, 1, B dm n, B_dmax] =sol enoi d_paral | el (Radi us, N _coi | , P, N_sol enoi d)
N_coi | =100

[R_sol, Req, V, 1, B dm n, B_dmax] =sol enoi d_paral | el (Radi us, N _coi |, P, N_sol enoi d)
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N _coi | =150

[R_sol,Req, V, 1, B dm n, B_dmax] =sol enoi d_paral | el (Radi us, N _coi | , P, N_sol enoi d)
% N _sol enoi d=4 % unber of sol enoids

%

% N _coi |l =50

% [ R _sol, Req, V, 1, B dnm n, B dmax] =sol enoi d_paral | el (Radi us, N coi |, P, N _sol enoi d)
% N_coi | =75
% [R_sol, Req, V, 1, B dm n, B _dmax] =sol enoi d_paral | el (Radi us, N _coi |, P, N_sol enoi d)
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Appendix ||

FemtoSat Dynamics- Matlab Files

1.1 Function main

clc
cl ear al
cl ose al

% wo exapl es of cal cul ati ons%

ti me_cal cul ation_sat (1, 0.01)
ti me_cal cul ation_sat (0.5,0.01)

ti me_cal cul ation_sat (0.01, 1)
ti me_cal cul ati on_sat (0.01, 0.5)

I1.2 Function time _calculation_sat

function [ T] =tine_calculation_sat( d_start,d_stop )

%t receives the starting distance and the stopping distance (in neter)
%nd returns the time that the satellites need to approach/| eave

u0=4* pi *107(-7) ;
N=150;

| =0. 1731;

H=0. 023;

R=0. 035;
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0. 1;

X_start=d_start/2;
X_stop=d_st op/ 2;

x=l i nspace(x_start, x_stop, 1000);
v=zeros(1, 1000);
del t aX=abs(x_start-x_stop)/1000;

for i=2:1000
F(i)=pi *u0/ 4*(N*1/H"2*RMA* (17 ((2*x(i))"2) +1/ (2*x (1) +2*H) ~2-
2/ (2*x(i)+H) ~2);
a(i)=F(i)/m
v(i)=sqgrt(v(i-1)"2+2*a(i)*deltaX)
t(i)=deltaX (v(i-1)+0.5*(v(i)-v(i-1)));
end

T=sum(t);

end
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Appendix |11

1B35 Design - Softwar e Routines

Class- SPI_Driver

Operations
Signature: init()

Code Body: #include 1B35_main.c

void Initialize_SPI_Driver()

{

/*SPI configuration*/

#define SPly SPI1
#define SPly_GPIO GPIOA
#define SPly_CLK RCC_APB2Periph_SPI1

#define SPly_GPIO_CLK RCC_APB2Periph_GPIOA
#define SPly_SCKPin GPIO_Pin_5
#define SPly_MISOPin  GPIO_Pin_6
#define SPly_MOSIPin ~ GPIO_Pin_7

/* TODO: implement a system of calling one of the following functions basing on cycles
and passing parameters. */

send_message();
processDistanceRF();
return_distance();
read_message();
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measure_distance();
get_distance();
get_ack();
estimate_distance_RF();
set_messageValid();
set_distValid();
check_distValid();

return O;

}

Signature: send_message(mess : char*, destIDsourcelDlengthpreamble_length)

Code Body:

void send_message()

{
if(message != NULL);
{
GPIO_Configuration();
SPI_Configuration();
while(message--)
{
/* Waiting for transmission to end. */
while(SPI_I2S_GetFlagStatus(SPly, SPI_I2S_FLAG_TXE) == RESET)
{
}
/* Writes a byte (bit after bit) inside SPly Transmit Data Register. */
SPI_12S_SendData(SPly, TxBuffer2[TxCounter2++]);
}
RCC_APB2PeriphClockCmd(SPly_GPIO_CLK | RCC_APB2Periph_AFIO, ENABLE);
/* Enables SPly Clock. */
RCC_APB2PeriphClockCmd(SPly_CLK, ENABLE);
}
else
{
}
return O;
}
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/* Here is the function that configures GPIO. */
void GPIO_Configuration(void)

{
/* Here is the configuration of SPI1 Pins Clock, MOSI and MISO as GPIO Ports. */
GPIO_InitStructure.GPIO_Pin = SPly_SCKPin | SPly_MISOPin | SPly_MOSIPin;
GPIO_Init(SPly_GPIO, &GPIO_lInitStructure);

}

/* Here is the function that configures SPI. */
void SPI_Configuration(void)
{
/* Refers to the library stm32f10x_spi.h */
SPI_InitTypeDef SPI_InitStructure;
/* Refers to the library stm32f10x_spi.c */
SPI_StructInit(&SPI_InitStructure);
/* Refers to the library stm32f10x_spi.c */
SPI_I2S_Delnit(SPly);

/* Configures all aspects of SPI defining each of its parameters.

* All the meanings of those values are defined in stm32f10x_spi.h.
*/

SPI_InitStructure.SPI1_Direction = SPI_Direction_2Lines_FullDuplex;
SPI_InitStructure.SPI_Mode = SPI_Mode_Slave;
SPI_InitStructure.SPl_DataSize = SPI_DataSize_8b;
SPI_InitStructure.SPI_CPOL = SPI_CPOL_High;
SPI_InitStructure.SPI_CPHA = SPI_CPHA_2Edge;
SPI_InitStructure.SP1_NSS = SPI_NSS_Soft;
SPI_InitStructure.SPI_FirstBit = SPI_FirstBit_LSB;

/* Configures SPly as SPI with the declared features. */
SPI_Init (SPly, &SPI_InitStructure);

/* Enables SPly. */
SPI_Cmd(SPly, ENABLE);

}

Signature: processDistanceRF(distance : Distance_RF) : float

Code Body:

void processDistanceRF(S-band_channels f)

{
float _pi=3.14;
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float lambda;

float P_t; /* TBD by Configurator */
float P_r; /* TBD by Configurator */
float G_t; /* TBD by Configurator */
float G_r; /* TBD by Configurator */

int ¢ = 300000; /* m/s */
S-band_channels f;

lambda = c/f;

distance_RF.dist_RF = ((lambda/(4* _pi))*((P_t*G_r*G_t)/P_r));

}

Signature: return_distance() : Distance_RF

Code Body:

void return_distance()

{

if(distance.distValid == 1);
{

return DistanceRF=distance;

}

else

return O;

}

Signature: read_message(message : Message)

Code Body:

void read_message()

{

/* the function need to pass all parameters of the struct t_message from the received
message to the local struct*/

message.preamble_length = Message.preamble_length;
message.sourcelD = Message.sourcelD;

message.destID = Message.destID;
message.message_length = Message.message_length;
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message.message_body = Message.message_body;
message.message_valid = Message.message_valid;
message.power = Message.power;
message.frequency = Message.frequency;

return O;

}

Signature: measure_distance(distance : Distance_RF)

Code Body:

void measure_distance()

{

}

Signature: get_distance(ID : unsigned char &) : float

Code Body:

void get_distance()

{

if(distance_RF != NULL);
{
GPIO_Configuration();
SPI_Configuration();
while(distance_RF--)
{
/* Waiting for transmission to end. */
while(SPI_I2S_GetFlagStatus(SPly, SPI_12S_FLAG_RXE) == RESET)

{
}

/* Writes a byte (bit after bit) inside SPly Transmit Data Register. */
SPI_12S_GetData(SPly, RxBuffer2[TxCounter2++]);

}

RCC_APB2PeriphClockCmd(SPly_GPIO_CLK | RCC_APB2Periph_AFIO, ENABLE);
/* Enables SPly Clock. */
RCC_APB2PeriphClockCmd(SPly_CLK, ENABLE);

}

else
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return O;

}

/* Here is the function that configures GPIO. */
void GPIO_Configuration(void)

{
/* Here is the configuration of SPI1 Pins Clock, MOSI and MISO as GPIO Ports. */
GPIO_InitStructure.GPIO_Pin = SPly_SCKPin | SPly_MISOPin | SPly_MOSIPin;
GPIO_Init(SPly_GPIO, &GPIO_lInitStructure);

}

/* Here is the function that configures SPI. */
void SPI_Configuration(void)
{
/* Refers to the library stm32f10x_spi.h */
SPI_InitTypeDef SPI_InitStructure;
/* Refers to the library stm32f10x_spi.c */
SPI_StructInit(&SPI_InitStructure);
/* Refers to the library stm32f10x_spi.c */
SPI_12S_Delnit(SPly);

/* Configures all aspects of SPI defining each of its parameters.

* All the meanings of those values are defined in stm32f10x_spi.h.
*/

SPI_InitStructure.SPl_Direction = SPI_Direction_2Lines_FullDuplex;
SPI_InitStructure.SPI_Mode = SPI_Mode_Slave;
SPI_InitStructure.SPl_DataSize = SPI_DataSize_8b;
SPI_InitStructure.SPI_CPOL = SPI_CPOL_High;
SPI_InitStructure.SPI_CPHA = SPI_CPHA_2Edge;
SPI_InitStructure.SP1_NSS = SPI_NSS_Soft;
SPI_InitStructure.SPI_FirstBit = SPI_FirstBit_LSB;

/* Configures SPly as SPI with the declared features. */
SPI_Init (SPly, &SPI_InitStructure);

/* Enables SPly. */
SPI_Cmd(SPly, ENABLE);

}

Signature: estimate_distance_RF(distance : Distance_RF)
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Code Body:

void estimate_distance_RF()

{

measure_distance(distance);

dist_RF processDistanceRF(distance);

return O;

}

Signature: set_messageValid(messageValid : bool)

Code Body:

void set_messageValid()

{

if(message.message_body !=0)
{
return message.message_body;

}

else

}

Signature: get_messageValid() : bool

Signature: set_distValid(distValid : bool) : bool

Code Body:

void set_distValid()

{

distance.distValid = 1;
return O;
}

Signature: check_distValid(distValid : bool) : bool
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Code Body:

void check_distValid()

{
if(distance.distValid == 1)

{

return distance;

}

else

Class - 1B35 Test

Operations
Signature: main()

Code Body' /***************1535 main C********************/

#include 1B351_Intersat_SW_drivers.h
#include 1B351S_Intersat_communication.h
#include SimpliciTl_API.h

#include SPI_Driver.h

int main (void)

{

typedef unsigned char UCHAR, *PUCHAR,;

typedef struct Distance_RF
{

uchar ID_MASTER;

uchar ID_SLAVE;

float dist_RF;

bool distValid;

float time_MASTER;

float time_SLAVE;

float power;
}t_Distance_RF;

typedef struct Message
{

ushort preamble_length;

XXV
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uchar sourcelD;

uchar destID;

ushort message_length;
uchar message_body;

bool message_valid;

float power;
S-band_channels frequency;
H_Message;

/* ID_List */
uchar enum {ID0=A, ID1=B, ID2=C, ID3 =D, ID4 = E, ID5 = F}
/*S_Band_channels*/

float enum {CHANNEL_O = 2.4257, CHANNEL_1 = 2.4508,
CHANNEL_2 =2.4755, CHANNEL_3 = 2.4807}

Initialize_1B351_Intersat_SW_drivers();
Initialize_1B351S_Intersat_communication();
Initialize_SPI_Driver();

while(1)

{
}

return O;

Class - simpliciTI_API

Operations
Signature: init(myAddress : ulong) : t_SimpliciTl_error

Code Body: BSP_Init();
//SMPL_loctl(IOCTL_OBJ_ADDR, IOCTL_ACT_SET, (addr_t*) &linkToAddr);
//SMPL_Init(sRxCallback);

Signature: send(dest : ulong, data : byte, length : byte) : t_SimpliciTl_error

Signature: status() : t_SimpliciTl_status
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Signature: isDataAvailable(source : ulong) : bool

Signature: getData(data : byte, length : byte) : bool

Signature: set_address(myAddr : ulong)

Signature: SMPL_SendOpt(lid : linkID_t, msg : uint, len : uint, options : txOpt_t) : smplStatus_t

Signature: SMPL_loctl(obj : ioctlObject_t, act : ioctlAction_t, val : void) : smplStatus_t

Class - 1B351 Intersatellite_ SW_drivers

Operations

Signature: init()

Code Body: #include 1B35_main.c

void Initialize_1B351_Intersat_SW_drivers()
{

S-band_channels target_freq = CHANNEL O;

/* TODO: implement a system of calling one of the following functions basing on cycles
and passing parameters. */

sendData();
readData();
getDataCorrect();
setDataCorrect();
setFrequency();
setPower();
receive_data();
send_ack();
verify_data();

return O;

}
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Signature: sendData(mess : Message)

Code Body:

void sendData()

{

}

Signature: readData(mess : Message) : unsigned char

Code Body:

void readData()

{
message.preamble_length = Message.preamble_length;
message.sourcelD = Message.sourcelD;
message.destID = Message.destID;
message.message_length = Message.message_length;
message.message_body = Message.message_body;
message.message_valid = Message.message_valid;
message.power = Message.power;
message.frequency = Message.frequency;

return O;

}

Signature: getDataCorrect() : bool

Code Body:

void getDataCorrect()

{
if(message.message_body !=0)
{
dataCorrect = 1;
}
return O;
}

Signature: setDataCorrect(dataCorrect : bool)

Code Body:

void setDataCorrect()
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{
if(message.message_body !=0)
{
dataCorrect =1;
}
return O;
}

Signature: setFrequency(target_channel : int)

Code Body:

void setFrequency(target_freq)

{
if(frequency = target_freq)
{
message.frequency = target_freq;
}
return O;
}

Signature: setPower(power : float)

Code Body:

void setPower()

{

inti;

if(message.power !=target_power)

{

if(message.power < target_power)

{

message.power = message.power + 0.5 ;
i++;
}

elseif(message.power > target_power)

message.power = message.power - 0.4;
i++;

if(i >= 10)

XXIX




Appendix 11

{
}
else
{
return O;
}

}

else

{

{

return O;

}

Signature: receive_data(data : Message)

Code Body:

void receive_data()

{
if(dataCorrect == 1)
{
message.preamble_length = Message.preamble_length;
message.sourcelD = Message.sourcelD;
message.destID = Message.destID;
message.message_length = Message.message_length;
message.message_body = Message.message_body;
message.message_valid = Message.message_valid;
message.power = Message.power;
message.frequency = Message.frequency;
}
else
{
}

return O;

}

Signature: send_ack(ack : Message) : Message

Code Body:

bool send_ack()
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{

bool ack = 1;

message.message_body = ack;
sendMessage(message);

return O;

}

Signature: verify_data(data : Message) : bool

Code Body:

void verify_data()
{

return message.message_valid;

}

Class - 1B351S Intersatellite_Communication

Operations

Signature: init()

Code Body: #include 1B35_main.c

void Initialize_1B351S_Intersat_communication()

{

t_Commands commands = NULL;
uchar lastID = Z;

float power_TX =0;

t_Distance_RF distance_RF = NULL;
bool done =0;

Message message = NULL;

return O;

}

Signature: sendMessage(message : Message)

Code Body: for(int i=0;i<MESSAGE_LENGTH;i++){
message[il=mess][i];
}

communication.sendData(message);

Signature: getMessage(message : Message) : void
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Code Body:

void getMessage()
{

return message;

}

Signature: getDistanceRF(distance_RF : Distance_RF)

Code Body:

void getDistanceRF()
{

return distance_RF;

}

Signature: processDistanceRF(RSSI_value : float) : float

Code Body:

void processDistanceRF(S-band_channels f)

{

float _pi=3.14;

float lambda;

float P_t; /* TBD by Configurator */
float P_r; /* TBD by Configurator */
float G_t; /* TBD by Configurator */
float G_r; /* TBD by Configurator */

int ¢ = 300000; /* m/s */
S-band_channels f;

lambda = c/f;
distance_RF.dist_RF = ((lambda/(4* _pi))*((P_t*G_r*G_t)/P_r));

}
Signature: measureDistanceRF(distance_RF : Distance_RF)

Code Body: message[0]=commands.DUMMY; //non sono sicuro che gli enumeration funzioni cosi
for (int i=1;i<MESSAGE_LENGTH;i++){

messagel[i]=0;
}

sendData(message);

//dopo aver ricevuto I'ack
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dist=processDistanceRF();
Signature: estimateDistanceRF(distance_RF : Distance_RF)

Code Body:

void estimateDistanceRF()

{

}

Signature: getMessageValid() : bool

Code Body:

void getMessageValid()
{

return message.message_valid;

}

Signature: setMessageValid(messageValid : bool)

Code Body:

void setMessageValid()
{

if(message.message_body != NULL)
{

message.message_valid = 1;

}

else

return O;

}

Signature: read_message(message : Message)

Code Body:

void read_message()

{
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message.preamble_length = Message.preamble_length;
message.sourcelD = Message.sourcelD;

message.destID = Message.destID;
message.message_length = Message.message_length;
message.message_body = Message.message_body;
message.message_valid = Message.message_valid;
message.power = Message.power;

message.frequency = Message.frequency;

return O;

}

Signature: send_ack(ack : Message) : Message

Code Body:

bool send_ack()

{

bool ack = 1;

message.message_body = ack;
sendMessage(message);

return O;

}

Signature: check_distValid(distValid : bool)

Code Body:

void check_distValid()

{
if(distance_RF.distValid == 1)
{
}
else
{
}
return O;
}

Signature: set_distValid(distValid : bool)

Code Body:
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void set_distValid()

{
if(distance_RF.dist_RF !=0)
{
distance_RF.distValid = 1;
}
return O;
}

Signature: set_initial_freq() : S-band_channels

Code Body:

void set_initial_freq()

{
target_freq = CHANNEL O;

return O;

}

Signature: receive_data(data : Message)

Code Body:

void receive_data()

{

if(dataCorrect == 1)
{

message.preamble_length = Message.preamble_length;

message.sourcelD = Message.sourcelD;
message.destID = Message.destID;

message.message_length = Message.message_length;

message.message_body = Message.message_body;
message.message_valid = Message.message_valid;
message.power = Message.power;
message.frequency = Message.frequency;

}

else

XXXV




Appendix 11

return O;

}

Signature: change_frequency(channel : S-band_channels)
Code Body:

void change_frequency()

{

inti;

S-band_channels x;

srand(time(NULL));

i =rand() % 4;

x = CHANNEL_j;

target_freq=1x;

return O;

}
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FemtoSat Design - Hardware

schemes
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