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1. Introduction  
 

 

Space is of important interest for many scientists around the world but 

due to the enormous costs, for decades remained an unaffordable issue 

for many of them. The launching costs are still high now days while the 

use of COTS (Commercial Off The Shelf) components allowed to reduce 

satellite implementation costs. άA CubeSat is a type of miniaturized 

satellite for space researchέ said Wikipedia. One of the most important 

characteristics of a CubeSat is its dimension that allows to be launched 

on the orbit with low costs, taking advantage of free space that can be 

found on the missile of bigger missions or by gathering more 

nanosatellites to divide launching costs. 

Moved by the growing interest of the Universities around the 

globe in space research at affordable costs in 1999 California 

Polytechnic State University and Stanford University developed the 

CubeSat specifications. The main goals of the professors Jordi Puig-

Suari and Bob Twings was to enable the graduate students to be able to 

design, build, test and operate in space a spacecraft with the similar 

capabilities of Sputnik, the very first spacecraft ever launched. The 

CubeSat has become a standard over time and lots of satellites have been 

built following the CubeSat idea.  
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1.1. PicPoT Project 

 

Many Universities around the world have used CubeSat standard since 

then. One of them is Politecnico di Torino, which has realised its first 

nanosatellite named PiCPoT (Piccolo Cubo of Politecnico di Torino). 

This project was 

aimed to build a low 

cost satellite, which 

must fit within tight 

cost constrains for the 

launch and the actual 

satellite hardware. 

The PiCPoT was a 

cube of 130 mm side 

and 2.5 kg of weight 

with the external 

faces made by 

aluminium alloy type 5000AlMn. The main motivations were to give a 

training opportunity for the students and PhD students, create an 

interdisciplinary team from different departments of Politecnico, 

consolidate the knowledge of the team in the fields of electronic, 

aerospace and avionic system design, assessing the feasibility of building 

high-reliability satellites with cheap off-the-shelf components and the 

intention of building a ñconstellation of Italian satellitesò, together with 

other five Italian universities. The mission was transmitting and 

Figure 1 ï PicPot nano-satellite 
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receiving data, shoot photos and test the off-the-shelf components, of 

which was built, in space conditions. The satellite had solar panels (used 

to power the entire system) on five sides of the cube and the sixth side 

was populated with antennas and cameras. This nanosatellite was never 

tested in space because its carrier failed few seconds after the launch. 

 

1.2. Aramis Project 

 

The AraMiS project is a prosecution of the PiCPoT. Itôs main goal is, 

in addition of the first project goals, the modularity. The PiCPoT was 

realised using an ad-hoc view, which didnôt offered the possibility to 

reuse the designs. AraMiS project is thought with the use of independent 

modules, with specific independent functions, perfect interchangeable, 

reusable in other similar projects. Once standard modules are defined, 

they can be assembled into the project according with the specification 

of the mission, resulting in reduced projecting costs and high versatility. 

The main modules, called tiles, in addition of the Inertial Attitude 

Subsystem Tile are the Power Management Tile and Telecommunication 

Tile. 
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1.2.1. Power Management Tile 

 

 

These modules perform different functions, electrical energy 

generation by converting the solar light by means of the solar panels, 

charging this energy into the batteries and distribute it to the other 

systems at suitable parameters. This modules are put on the outside of 

the satellite because of the solar panels presence, which must be 

illuminated by the solar light. The Tiles are independent and managed to 

allow to decide which battery will be charge from which solar panel, in 

order to optimize the system as well as possible( clearly in a specific 

moment very few panels will be illuminated so only them will give 

power in that moment). To do that the power and data bus is used. 

 

1.2.2. Telecommunication Tile 

 

These modules allows the communication between the satellite and 

University Earth station. Uses 2 channels, the firs, on the 437 MHz band, 

is dedicated to the radio amateur and allow them to receive the satellite 

beacon, the second operates on the 2.4 GHz band. The use of two 

channels allows to increase communication system reliability, allowing 

to maintain the communications while one of radio channel is out of 

order.  
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2. 1B21_Inertial_Attitude_Subsystem 

 

The Inertial Attitude 

Subsystem controls the speed, 

direction and the time of 

activity of a reaction wheel to 

generate an angular 

momentum. The mechanical 

details are not subject of this 

thesis so they will be 

presented only superficially. 

Mainly is a brushless motor realised by means of an 3.5ô hard-disk plate, 

modified to allow six neodymium magnets to be radial mounted. Itôs a 

low cost solution that complies the needed proprieties: ultra-thin 4.7-

6mm, light 165-190g and best magnetic and mechanical characteristics 

at this cost. The other elements of this brushless motor are the nine coils 

designed to occupy the minimum space and are 3 mm high and 18 mm 

external diameter 

with an 12 mm 

iron core. There 

are also there 

HALL  sensors 

for the plates 

angular position 

sensing. The Figure 3 ï Reaction wheel assembled view 

Figure 2 ï Alluminum hard-disk plate 
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motor subsystem is completed by the addition of a double row bal 

bearing for an easy rotation of the plate. The assembled view is shown in 

Figure 3 . We can see that the magnetic circuits are closed by the two 

iron rings placed above and below the coils and the magnetic plate. The 

Inertial Attitude Subsystem PCB together with the Outer Plate and the 

Case Body PCBs (all made in FR4 material) complete the motor 

construction. On the Inertial Attitude Subsystem PCB are placed all the 

Subsystem components including the coils and centrally is fixed the 

rotating plates bearing. The Outer Plate is the external part of the 

assembling and, as one face itôs one of the satellite face, it has two solar 

cells mounted on. In the centre, as with Subsystem PCB happens, the 

plates bearing is fixed. The Case Body is placed between the other two 

PCBs and allows the rotating plate movement as has a thickness greater 

than the reactions wheel and centrally has a slot that can easily hold it. 

The exploded assembly can be seen in the Figure 4. 

The brushless motor just presented is driven by the actuator module 

called Reaction 

Wheel Actuator. 

Its function is to 

receive 

commands, and 

by driving the 

coils in specific 

way, to execute 

them. It receive Figure 4 ï Reaction wheel expolded view 
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signals from the motors HALL sensors, which communicate the angular 

position of the rotating plate. In addition of the rotating movement of the 

reaction wheel, the actuator, by means of specific current waveform, also 

generate an perpendicular magnetic field, which in interaction with the 

Earth magnetic field, allow a passive control of the nano-satellite 

attitude. 

The Inertial Attitude Subsystem has also some sensors to complete the 

control system. They are Digital Gyroscopic, Magnetometer and 

temperature sensors. All the system is controlled by a microcontroller 

that receive commands from the data bus and execute them or return 

sensors data to the bus. All these elements will be analysed in detail in 

the next chapters. 

 

 

3. B221_Magnetometer:V1 Module  
 

The 1B221_Magnetometer_V1 module uses the HMC1002 

magnetic sensor for the orientation function. The Honeywell HMC1002 

magnetic sensor is an 2-axis surface mount sensors designed for low 

field magnetic sensing. Its sensitivity runs from tens of micro-gauss to 6 

gauss, being one of the most sensitive and reliable low-field sensor in the 

industry. This sensor is a simple Wheatstone bridge to measure magnetic 

fields and only require a supply voltage for the measurement. Powered, 
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the sensor convert any incident magnetic field in the sensitive axis 

directions to a differential voltage outputs. In addition to the bridge 

circuits, each sensor has two on-chip magnetically coupled straps, the 

offset strap and the set/reset strap. These straps are for incident field 

adjustment and magnetic domain alignment, and eliminate the need for 

external coils positioned around the sensors. The magnetostrictive 

sensors are made of nickel-iron (Permaloy) thin-film deposited on a 

silicon wafer. In a presence of a magnetic field, a change in the bridge 

resistive elements causes a corresponding change in voltage across the 

bridge.  

 

3.1. SET/RESET Straps 

 

Set/Reset 

straps are a spiral 

of metallization 

that couples to 

the sensor 

elementôs easy 

axis 

(perpendicular to 

the sensitive axis 

of the sensor 

die). Each set/reset 

strap has low resistance with a short but high required peak current for 

Figure 5 ï HCM1002 pin configuration 
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reset or set pulses. A set of pulse is defined as a positive pulse current 

entering the S/T+ strap connection. The successful result would be the 

sensor aligned in a forward easy-axis direction so that the sensor bridgeôs 

polarity is a positive slope with positive fields on the sensitive axis 

results in positive voltages across the bridge output connections. A reset 

pulse is defined as a negative pulse current entering the S/R+ strap 

connection. This would align the sensor in the reverse easy-axis, with the 

reverted effect of the set pulse. Typically a reset pulse is sent first, 

followed by a set pulse a few millisecond later. By shoving the magnetic 

domains in complete opposite directions, any prior magnetic 

disturbances are likely to be completely erased by the duet of pulses.  

The reason to perform a set or reset on the sensor are: 1) To 

recover from a strong external magnetic field that likely has re-

magnetized the sensor, 2) to optimize domain for most sensitive 

performance, and 3) to flip the domains for extraction of bridge offset 

under changing temperature condition. In this project all these three 

Figure 6 ï Magneto-Resistive Wheatstone Bridge Elements 
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cases are met due to the presence of the magnetic actuator and the 

difficult thermal  conditions in space medium.  

 

3.2. Magnetometer Schematic 

 

The schematic of the physical implementation of the 

Magnetometer module is shown in the Figure 10. It can be seen the two 

axis sensor amplifiers made with the AD623ARZ single supply 

instrumentation amplifier (in detail in Figure 7). It receives the 

Figure 7 ï Two axis sensor amplifiers 
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Wheatstone bridge output in its differential inputs and outputs a single 

REF5 pin referenced voltage per axis. The gain is set by the resistance 

between pins 1 and 8 and for this project was set to 30 cca. The output 0 

is set to 1.5V(half of the 3V reference source) in order to cover positive 

and negative signal variations. 

The SET strap pulses are given by Q3 which is a double P-MOS 

transistor (Figure 8). When the SET signal is given (note that the SET 

command is active low) the 3V3 source voltage is put on the straps by 

means of the C6, C7 and 1.5 ohms sensors internal resistor which assure 

Figure 8 ï SET/RESET drivers 
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a pulse of  0.7 us cca. C8 and R13 pass base filter ensure that the disturb 

do not propagate on the power line. 

The RESET strap pulses are given by means of Q4, a double N-

MOS transistor. When the RESET signal is given the C6 and C7 are 

discharged and in the S/R+ sensor pins a negative current is injected.  

Another element is the LM4128 precision voltage reference. This 

IC gives an 

accurate voltage 

to the sensors 

internal 

Wheatstone 

bridge. It is 

powered with 5V 

and gives a 4.1V 

reference voltage. 

The circuit can be disabled by pulling down the pin EN. 

Next figure shows the complete Magnetometer schematic. 

 

Figure 9 ï Precision voltage reference 
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 Figure 10 ï Magnetometer_V1 schematic 
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3.2.1. Load Switch 

 

Other last element in the schematic is the 

U_1B121C_Load_Switch_V1 showed in detail in the figure 11. This 

circuit is a high-side MOS switch and its function is to completely 

remove the power to the Magnetometer module if desired. This allows 

the lowest power consumption when the module in off. The enable 

signal is given to the EN pin of the module.  

 

3.3. Harness connection diagram 

 

 

To all blocks were added an intermediate schematic level to allow the 

connection of the module to the harness connector to increase 

readability. The Magnetometer Harness connections are shown in the 

next figure. 

 

Figure 11 ï 1B121C_Load_Switch_V1 
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4. 1B211B_Digital_Gyroscopic_Sensor Module 

 

Figure 12 ï Magnetometer Harness connections 
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 For this module the 

ADIS16080 Analog 

Devices gyroscopic sensor 

was chosen. It uses a 

surface-micromachining 

process to make a 

functionally complete 

angular sensor. The digital data available at the SPI port is proportional 

to the angular rate about the axis that is normal to the top surface of the 

package. It has an internal temperature sensor and the measurement is 

provided through the SPI. This 

measurement is usually used to 

compensations techniques. An 

additional output pin provides a 

precision voltage reference. 

Two digital self-test inputs 

electromechanically excite the 

sensor to test the operation of 

the sensor and the signal 

conditioning circuits. The 

ADIS16080 operates on the 

principle of resonator 

gyroscope. Two polysilicon sensing structures each contain a dither 

frame that is electrostatically driven to resonance. This produces the 

necessary velocity element to generate a Coriolis force while rotating. At 

two of the outer extremes of each frame, orthogonal to the dither motion, 

Figure 14 ï ADIS16080 pin  

configuration 

 

Figure 13 ï Rate sensitive axis 
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are movable fingers that are placed between fixed pickoff fingers to form 

a capacitive pickoff structure that senses Coriolis motion. The resulting 

signal is fed to a series of gain and demodulation stages that produce the 

electrical rate signal output. The rate signal is then converted to a digital 

representation of the output on the SPI pins. The dual-sensor design 

rejects external G forge and vibration. Fabricating the sensor with the 

signal conditioning electronics preserves signal integrity in noisy 

environments. The electrostatic resonator requires 14 V to 16 V for 

operation. Because only 5 V is typically available in most applications, a 

charge pump is included on-chip. After the demodulation stage, there is a 

single-pole, low-pass filter included on-chip that is used to limit high 

frequency artifacts before final amplification. The frequency response is 

dominated by the second low-pass filter, which is set at 40 Hz.  

 

 

4.1. Serial Peripheral Interface (SPI) 

 

The ADIS16080 has an external powering pin for the SPI module 

to simplify interfacing. The SPI port includes four signals: chip 

select(CS ), serial clock (SCLK), data input (DIN) and data output 

(DOUT). The CS  line enables the ADIS16080 SPI port and frames 

each SPI event. When this signal in high, the DOUT lines are high 

impendence state and the signals on DIN and SCLK have no impact on 

operation. A complete data frame contains 16 clock cycles. Because the 
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SPI port operates in full 

duplex mode, it supports 

simultaneous, 16-bit 

receive (DIN) and 

transmit (DOUT) 

functions within the same 

data frame.  

The DIN control 

register provides controls 

for two operational 

settings: the output data 

source and the coding (twos complement vs. offset binary). The DIN 

sequence starts with a 1 for configuration sequences and a 0 for read 

sequences. When this bit is 0, the remaining DIN bits do not change the 

control register and the next sampleôs output data reflects the existing 

configuration. Data loads from the DIN pin into the ADIS16080 on the 

falling edge of SCLK. Once the 16-SCLK sequence is complete, the 

control register is updated and ready for the next read sequence. If a data 

frame has less than 16 SCLK cycles, the control register does not update 

and maintains its previous configuration. The DIN bit definitions which 

have either 0 or 1 assigned to them, are critical for proper operation. 

 

 

 

Figure 15 ï DIN Bit assignments 
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4.2. ADC Conversion 

 

The chip select (CS ) and serial clock (SCLK) lines control the on-

board A/D conversion process. When the chip select line goes low, the 

DOUT line comes out of three-state mode, the track-and-hold goes into 

hold mode, and the ADC samples the analog input at this point. The 

track-and-hold returns to track mode on the 14th falling edge of the 

SCLK line. The serial clock drives the internal ADC conversion clock, 

using its falling edge for control of this process. All 16 SCLK cycles are 

required for a complete conversion. If a data frame has less than 16 

SCLK cycles, the conversion cannot complete and does not update the 

output data for the next data frame cycle. 

 

4.3. Output Data Access 

 

 

 The DOUT sequence starts with two zeros, one that clocks out 

after the falling edge of , and a second one that clocks out on the first 

SCLK falling edge. The next 14 bits, ADD0, ADD1 and the 12 data bits, 

clock out on SCLK falling edges. After the 16th falling edge, the DOUT 

Figure 16 ï Configuration and Read Sequence 
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line moves to a three-state mode. In the following tables the Data Coding 

for different data types are shown: 

  

  

 

4.4. Gyroscope Schematic  

 

 

The Gyroscope schematic is shown in the following Figure. 

Together with the ADIS16080 there are two High-side switches to allow 

the complete power off of the module in case is not used to save energy. 

One switch for the 5V sensor power and the other for the 3.3V SPI 

power, voltage fully compatible with the system data bus. The internal  

Figure 17 - Temperature Data 

Coding, Twos Complement 
 

Figure 18 - Temperature Data 

Coding, Offset Binary 
 

Figure 19 - ADC Data Coding, 

Twos Complement 
 

Figure 20 - ADC Data Coding, 

Offset Binary 
 
































































