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[ The PICPOT project
Motivations for a University Satellite

A training opportunity for students and PhD students

Creating an interdisciplinary team from different departments of
Politecnico

Consolidating the knowledge of the team in the fields of electronic,
aereospace and avionic system design

Assessing the feasibility of building high-reliability satellites with
cheap off-the-shelf components (COTYS)

The examples of several other nanosatelllites developped or under
development in many national and international universities

The intention of building a “constellation of italian satellites”,
together with other five italian universities

PICPOT Engineering Team



[ PICPOT — Politecnico’s nanos The PICPOT project

An Interdepartmental Project

Aereospace Engineering Dept. (DIASP):
Mission Analysis
Mechanical Structure

Energetic Dept. (DENER):
Thermal Analysis

Physics Dept. (DIFIS):
Magnetic Analysis

Electronics Dept. (DELEN):

On-board Electronics

Solar panels and batteries
Electronic Boards

Payload (cameras)
Telecommunication channels
Antennas

Ground station o
PICPOT Engineering Team



The Sponsors

We got support from:

ITEM s.r.l.:
Photocameras for payload

Alenia:
Testing

RF-MD, Analog Devices, Texas Instruments:
Free samples of components

SPIN Electronics:
Backup ground station

PICPOT Engineering Team



PICPOT - Politecnico’s nanosatellite The PICPOT project

Requirements and constraints

University
satellite

Pictures of the

Earth

education

Passive attitude
control

Simple
technological
solutions

Materials and

equipment not
space qualified
COTS

Radiation
Temperature
Vacuum

Satellite

Testing orbit
materials

PICPOT Engineering Team



MISSION AND SYSTEM
OVERVIEW




PICPOT — Politecnico’s nanosatellite

DNEPR LV, the launcher

Mission and System Overview

i " . . . °
Payload zoneinside the standardhead fairing M'SS“)“ Prof'le of Dnepl‘ I_v Carl')’“Ig a I_arge Space()l‘aﬂ
i 3-rd stage motor ignited at full power. R “E p——
! . Beginning of 3-rd stage P
Al \ i " programmed 180 degree turn - - Spacecraft
v | | _‘A At | f‘ ] . Separation,
| | N s 4 T £~ Gas-dynamic Shield  3-rd stage gets off
x = L | v 2-nd stage motor shutdown, Ty Separation the working orbit
iy > 2-nd stage separation "’
) 154 i " = End of 3-rd stage programmed 180° tun
= = "’ X and transfer of 3-rd stage motor
Fairing & to throttied-back operation mode
separation ¥
- - - '
Dnepr LV Basic Characteristics P
y 2-nd stage motor \ -
Total launch weight 210T ignited
Propellant components for all stages amil+heptyl Fairing drop
Number of stages 3 & 2-nd stage drop
Spacecraft injection accuracy (H=300 km): 1-st 5‘?93 )
- for altitude +4.0 km Caibetiey "o:'
- for inclination + 2.4 ang. min. :
- for the right ascension of the ascending node  + 3.0 ang. min.
Orbit inclination 50.5°, 65°, 97.8°
Flight reliability 0.97
Loads affecting the spacecraft:
- maximum axial quasi-static g-load 5
- maximum lateral quasi-static g-load 0.8
- integral level of sound pressure 140 dB 1-st stage drop
1-st stage motor
shutdown
Lifting capacity for circular orbits
4000 4
1-st stage motor ignited
3500 =20.01
1-st stage drop zone -
3000 \ 2-nd stage and fairing
2 2500 c:’ Ejection from silo drop zone
4 2000 e JSCKOSMOTRAS RROPRIETARY,
©
=
1500 e Tl e
e - "
1000
500
0
300 400 500 600 700 800
Altitude, km
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[ Mission and System Overview
Launcher trajectory
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'l
Orbit

Orbit's characteristics:
inclination; 98°

eccentricity: ~0°

height of perigee: 600-800 km

PICPOT Engineering Team
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L] ... Mission and System Overview
Ground track

Satellite ground tracks for five orbits

)

Geometric
horizon

o

Effective
horizon

Eclipse
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SATELLITE
CONFIGURATION




Satellite Configuration

External layout

Main geometrical and mass
characteristics:

shape: cube
size: 130 mm (side)
mass: 2.5 kg

center of gravity (x,y,2):
(-36.54, 66.32, 64.81) mm

principal moments of
Inertia (Ixx, lyy, 1zz):
(0.015, 0.022, 0.022)kg*m
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L] ... Satellite Configuration
Nomenclature

N

Y
I

F2
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Satellite Configuration

Internal layout  [eateres
==hy
. —
Electronic boards
SUBSYSTEMS:
e Structure
o Attitude control Cameras

Power supply
On-board data handling
Communications
Payload

Connections and wirings

PICPOT Engineering Team



MECHANICAL STRUCTURE




Structure

External structure

 Bars and panels screwed together constitute the external
structure

« C-section panels are used for the internal support structure

« All components are manufactured in Aluminium alloy, series
5000 Al-Mg

PICPOT Engineering Team



Structure

Electromagnetic shielding

EMI filters

SCrews

« The Aluminum structure is halodynized to guarantee electrical
conduction against static charges

« Screws are less than 2cm apart, to guarantee shielding at
2.4GHz (highest communication frequency)

« Wiring through the external structure (solar cells and temperature
sensors) are shielded by means of pass-through EMI filters

PICPOT Engineering Team



Structure

Bottom panel

e Two antennas are attached

Cameras at the bottom plate, where
N\ no solar cells are present

Camera « Three holes house camera
lenses |enseS

—  Two kill switches guarantee
l Ll
sich | no power on board until

satellite release
e Two tips are present for
fixing to the launcher

Antennas

Fixing
tip

PICPOT Engineering Team



L auncher Interface

Kill
switch

—

Test
connector

- | Fixing

tip

Structure

The bottom plate has a square
shape with two machined tips

which are used to fix the
satellite to the cylindrical

launcher adapater

The launcher is in charge of
placing PICPOT in orbit, by
releasing the two fixing tips

A 25 pins connector for test

operations is also placed on the

top panel (F5)

Launcher
adapter

PICPOT Engineering Team



ATTITUDE CONTROL
(AOCS)




Attitude Control

Attitude and Orbit Control

PICPOT has no orbit control, as there it has
room on-board for an orbit-correction propeller

Attitude can potentially be controlled without
additional energy, therefore PICPOT only
controls its attitude

PICPOT Engineering Team



Attitude Control

Constraints

Low cost and easy technological solutions

Low pointing accuracy is required for taking
pictures of Europe

- =

Passive attitude control

- .

SOLUTION
Permanent magnets to align the satellite i .
with the Earth magnetic field _ _
_ _ Favourable orientation of
Hysteresis plates as passive dampers to the Earth magnetic field in
minimize oscillations the geographical area of
Europe

PICPOT Engineering Team



] Attitude Control

Passive attitude control

 The magnets are mounted in the inner shell of the s atellite
e Oriented such that bottom panel (where the cameral enses are
installed):
will face the Earth over the northern hemisphere
will face the space over the southern hemisphere

Over Torino

/

Hysteresis plate
78x0.5 mm

Permanent
magnet

PICPOT Engineering Team



Magnets & histeresys plate

Neodymium 27 SH

Hydrogenized Iron (Cioffi)

Characteristic Value
Curie Temperature, T C 310°-340° C
Working Temperature, T w [150°C
Density, r 7.4glcm °
Coercitive Field, H c 0600-10500 Oe
Residual Induction, B 1.2-1.6T
Characteristic Value
Density, r 7.4glcm °
Coercitive Field, H c 4 A/m
Residual Induction, B 1T
Saturation Induction, B S 2.15T
Dumped Energy (cycle) 8.6*10 ® Jlcm

PICPOT Engineering Team
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Attitude Control

Reaction wheel

 Magnets control PICPOT attitude only
about two axes

» To achieve three axes control, a reaction
wheel is mounted on the x-axis

e Itis driven by a MAXON brushless motor

* Attitude control is not autonomous and
requires ground intervention (autonomous
control is not necessary to take pictures of
Europe) A

* The main interest lies in testing the
reaction wheel itself

Maxon EC 32 flat motor data Valu
Power rating [W] 6
Nominal voltage [V] D
No load speed [rpm] 8600
Stall torque [MNm] 20
No load current [mA] 110
Max. continuous current at 5000 rpm [A] 1.03
Rotor inertia [g¥cm 7] 13.9
Weight [g] 32
Ambient temperature range [°C] -40/+100

D
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ELECTRONIC
SUBSYSTEMS




Electronic Subsystems

Environmental Constraints in LEO

Satellites flying in Low Earth Orbit (LEO) have the
following environmental constraints:

Operational temperature (-50°C to +150°C)
Vacuum  outgassing and thermal disipation
Radiations  Single Event Latch-up (SEL)
Radiations  Single Event Up-set (SEU)
Distance (telecommunication)

PICPOT Engineering Team



Electronic Subsystems

HW Design Ciriteria

Design criteria:
Redundancy
Radiation Tolerance
Low Power Consumption
Derating

And shall satisfy a few constraints:
Low power (<< 100mW peak; << 10mW average)
High reliability (expected MTBF > lyear)
High radiation tolerance
Low cost (cameras sponsored by ITEM s.r.l.)

PICPOT Engineering Team



Electronic Subsystems

Components Selections

Components shall have:
Low power consumption
Large radiation sensitivity
Low cost

Solution:
COTS (Commercial-Off-The-Shelf)

Selected for space environment by ASI/ESA (FRAM,
CPLD, FLASH)

PICPOT Engineering Team



Electronic Subsystems

Block Diagram

Power management subsystem

Solar Panels ‘—b PowerSupply P Batteries ‘—b PowerSwitch

ProcA Payload

Housekeeping
processors

Antennas

PICPOT Engineering Team



Electronic Subsystems

Board Functions

Solar Panels convert solar energy into electricity for on-board functions;
they supply about 1W in the average

Power Supply board transforms electrical power from solar panels (2V) to
charge the batteries (7.2V)

Batteries accumulate electrical energy (120kJ) to supply the satellite during
the night

Power Switch regulates the voltage from the batteries to supply all other
electronic subsystems (1.8V, 3.3V, 5V, 12V) and timingly power the other
subsystems on and off

ProcA and ProcB (two processors with replicated functions) acquire
houskeeping data (voltage, currents, temperatures); receive and interpret
telecommands from ground; send telemetry and payload data to ground;

TxRx: RF transmitter and receivers at 435MHz and 2.4GHz (two half-duplex
channels)

Payload : three photocameras with a JPEG compressor and storage for up
to five images; shooting is controlled from ground

PICPOT Engineering Team



POWER SUPPLY




[ ... Power Supply
Solar panels

_— >

filters

EMI ‘

Triple junction GaAs
Solar cells

Model: 04-1198
Electrical Output: 4.9v DC @ 400mA
Dimensions: 2" x 2" x .1"

Availability: In Stock
Price: $300

PICPOT Engineering Team



Rechargeable batteries

Li-P -‘ r Temper.
battery sensor
package

e Ultralife Li-P cells:

e 3,6V /1600mAh,
86x51x4.7mm 3

» 4 Li-P battery packages;
2 cells each in series:

e 7.2V [/ 1600mAh

o Sanyo Ni-Cd cells:

e 1.2V / 850mANh,
size AA

» 2 Ni-Cd battery packages;
6 cells each in series:

e 7.2V [ 850mAh

PICPOT Engineering Team

Power Supply

Ni-Cd 1
battery
package

Temper.
sensor




L] ... Power Supply
Internal layout

Power supply
electronics

] Ni-Cd Battery
package

Li-Po Battery

package
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POWER SUPPLY
ELECTRONICS




Power Supply Electronics

Functions

Charging batteries from solar panels
5 panels: 4.5V,400mA nominal

Energy storage:
4 battery packs: Li-P, 7.2V, 1500mAnh
2 battery packs: Ni-Cd, 7.2V, 900mAh

Housekeeping measurements:
Voltage of solar panels and batteries
Current from solar panels and batteries
Temperature of solar panels and batteries

PICPOT Engineering Team



Power Supply Electronics

Subsystems

Battery chargers from solar panels
Power supply: Hysteretic Switching Boost

Switching mode: PMPPT (Pseudo Maximum Power Point
Tracking)

Selection of battery to be charged (1 out of 6)
Switches for cyclical selection of battery to charge
Charging strategy controlled by housekeeping processors
Handling housekeeping measures
Sensor conditioning
Multiplexed acquisition every minute
Power supply for sensors and conditioning

PICPOT Engineering Team



H -.. Power Supply Electronics
Energetic Flow

solar
panels

converters switches batteries

i
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Power Supply Electronics

Sensors, conditioning and acquisition
Measurements: 5 Rsense
+ 6 voltages (sol. pan. + batt.) T
5 + G currents (sol. pan. + batt.)
5 + © temper. (sol. pan. + batt.)  reence S
1 temperature of the board
Signals supplied to the =
housekeeping processors SNT\\ o
Tree multiplexer to minimize \ - ‘
components and simplify g e -
interfaces: e \— o
ddddddd ) O N [ conamonaren |
1st level: common to both  :=f—y. .Y & ox -
processors =) > - wox L
2nd level: inependent for each F |
processor S
[ TI11
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Power Supply Electronics

Design Constraints

Very low power consumption

Simple circuits; large resistors; low power IC’s
High reliability

Redundancy
Latch-up free

Bipolar circuits; no CMOS

No commercial switching supply was available
compatible with these constraints:

Hysterethic switching was the solution...

PICPOT Engineering Team



] ... Power Supply Electronics
Hysterethic Switching Supply

solar cell Boost switching
battery
=
from
temperature
sensor
switching control

PICPOT Engineering Team



Switching waveforms

Input voltage

Output voltage

MQOS gate voltage

MQOS drain voltage

PICPOT Engineering Team
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Power Supply Electronics

PMPPT tracking circult

Characteristics of solar panels depend on temperature, therefore the
switching thresholds should vary accordingly:

temp. sensor

>
to switching

conditioning

PICPOT Engineering Team



Power Supply Electronics

Switching Performance

@ 500W/m? irradiation:

Switching frequency: 26kHz
Hysteresys window: 120mV
Average charging current: 48mA
Self supply current: <1mA
Average input power: 0.413W
Average output power: 0.383W
Efficiency: 93%

Maximum Power Point depends on solar cell
temperature (PMPPT tracking circuit)

PICPOT Engineering Team



Overall Power Supply Performance

Total stored energy (full charge): 210kJ
Estimated derating for batteries: 60%
Average input power: 1w
Examples:
Beacon, 10W, 5s/60s Duty: 70h
RF Trasmission, 10W, Continuous: 6h
Recharge times:
Efficiency: 90%
Recharge time for each pattery pack:
Li-P: 11h
NiCd: 7h
Total recharge time: 60h

PICPOT Engineering Team
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[ ... Power Supply Electronics
Power Supply - Printed Circuit Board

Switching

Battery switches

Self supply
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Power Supply Electronics

Power Supply — Bottom View & Cables

PICPOT Engineering Team



ON-BOARD DATA
HANDLING (OBDH)




On-board Data Handling

On-board data handling

RX-TX

Five processors on board: Power
1. Housekeeping A: Chipconn 1010 S \

Power
437.478 MHz commun. channel / switch

2. Housekeeping B: Texas Instrument
MSP430

2.440 GHz commun. channel

3. Payload: Analog Devices BlackFINN

image compression & storage
Processor B
4. Timing generators: PIC16F706 +
MSP430, replicating functions Payload
Processor A and B replicate the main
housekeeping satellite functions. Processor A
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On-board Data Handling

Functions and Constraints

On-board data handling processors are required to:
Communicate with ground station (via RF channel)
Acquire telemetry data every minute (50 sensors)
Store telemetry statistics for one orbit (100 min)
Control battery charging strategy

PICPOT Engineering Team



L] ... On-board Data Handling
Architecture and Interactions
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L] ... On-board Data Handling
Anti Latchup Circuit

When supply current is above a threshold,
supply is automatically removed for 0.5s

Differential
current sense Threshold

comparator 0.5s delay

IQ Supply switch

Load

PICPOT Engineering Team



On-board Data Handling

Anti Latchup Waveforms

PICPOT Engineering Team



Sensors Conditioning

Current measurements:

Sense resistor +
differential amplifier

Voltage measurements:
Voltage divider

Temperature measurements:

NTC + Wheatstone bridge
+ differential amplifier

PICPOT Engineering Team
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.-.. On-board Data Handling

Housekeeping - Architecture (chain A)

TX-RX On-board
subsystem communication
Sensor
acquisition
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.-.. On-board Data Handling

Housekeeping Processor A - Prototype

| CPU+RF |

(O A
- D

—

other |
connectors r
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L] ... On-board Data Handling
Housekeeping Processor A - Final

RAM

| CPU+RF |

connectors I\‘
Camera
connectors
Test
connector
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L] ... On-board Data Handling
Housekeeping Processor B - Final

Inter-board RAM

connector
Motor

> connector

Supply Power supply
connector
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On-board Data Handling

Software design

Software shall:
Acquire sensors and store data into FeRAM
Receive and interpret commands from ground
Transmit telemetry/images to ground
Autonomously send telemetry data every minute
Control battery charging
Execute a user-defined program

PICPOT Engineering Team



N ... On-board Data Handling
Software flow diagram
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=
BootSelection & Battery
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N ... On-board Data Handling
Measures & OldCommandExec

-

A 4
+.

\ 4
-‘
hal
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N ... On-board Data Handling
RX & TX & CommandExec & PowerOftf

A 4
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L] ... On-board Data Handling
Design Effort

IIQ 2004 IVQ 2004 1Q 2005 I1Q 2005 Il Q 2005

Giu Lug | Set Ott Nov | Dic Gen | Feb | Mar | Apr Mag | Giu Lug | Ago | Set

Searching
components

Sensors
design

HW
design

SW
design

Assembly &
testing
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PAYLOAD




Payload

Functions and Constraints

Payload processor shall:

When requested from either housekeeping processor
(ProcA or ProcB), acquire one frame from one of the
three CCD cameras

JPEG compression of frame
Storage on non-volatile RAM (FRAM, Flash)

When requested, send JPEG image split into 9 blocks
to either housekeeping processor (ProcA or ProcB)

PICPOT Engineering Team



Cameras

» Three cameras perpendicuar to the interface
plate (FO), which hosts the lenses

* Different focal lengtsh and resolution of 512 rows
X 582 columns

» Cameras are manufactured and offered by ITEM
s.r.l. —Torino

Payload

Camera Focal FOV onthe Resolution on
length ground the ground
T1 3.6 mm 750 km 800 m/pixel
T2 6.0 mm 450 km 500 m/pixel
T3 16.0 mm 170 km 180 m/pixel

PICPOT Engineering Team




Cameras (ITEM s.r.l.)

Camera Focal FOV onthe Resolution on
length ground the ground
T1 3.6 mm 750 km 800 m/pixel
T2 6.0 mm 450 km 500 m/pixel
T3 16.0 mm 170 km 180 m/pixel

PICPOT Engineering Team

Payload



.... Payload
Cameras Internal Layout

S \I Connectors
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.... Payload
Architecture of Payload

FLASH SDRAM SRAM
Memory Memory Memory
Digital Signal
Processor

JTAG | R BF-532 .
Interface .
4 De_coder RS-237
vlee " Interface
TVP5150A

il
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Payload

DSP Blackfin BF-532

el it Hociin  Video port, 8 bits, std. ITU-R
f f f BT.656-4
e Dwa = * Video acquisition via DMA
igna

| Processor T controller onto ext. memory
Ini;?ai@ b q B b 5 Intg[r)f;ce

o : « Synchr. SDRAM controller
v [Toad ] | ! . =221 e Agynch. controller SRAM &
L TVP€>150 _
Interface [* [ r | FLASH memaories

Camera Camera Camera
y : : o 2 HW interfaces: UART, SPI
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Payload

Video Components

F S i « 3 CCD cameras MTV-54C5P;
f f f PAL output; different focal
e g:é.r:g: « o Iengths
e | meeeser oo 3 switches FDC6324L to
intertace [T . il Independently power cameras
e [T TD\\//Ffjsjso . jez2 )« video decoder Texas |
Bkl 1D ~ TVP5150AP compatible with

standard ITU-R BT.656-4
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Memories

FLASH SDRAM SRAM
Memory Memory Memory
f f f
\ 4
Supply |¢ > P > PropB
Interface [?_Ig[tdl Interface
Signal
Processor
iesd 1 > BF-532 < | Hiilken
Interface Interface
l Decoder
v Load Video - RS-232
—Switch TVP5150 "] Interface
Test .
Interface | [ i |
Camera Camera Camera
1 2 S
EN A A

Payload

o 2 Mbyte FLASH for boot and
program code + 5 JPEG
Images

e 8 Mbyte PC100 SDRAM for
temporary DMA buffer, JPEG
compression, and user-
defined program

e 2 Mbyte, 55ns SRAM for
temporary DMA buffer
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FLASH SDRAM SRAM
Memory Memory Memory
A

\ 4

JTAG |
Interface

v

Digital
Signal
Processor
BF-532

A

Load
Switch

A
v

Decoder
Video
TVP5150

%\

RS-232

Camera
il

Camera
2

Camera
3

A

4

A

-
Interface

Payload

Communication channel
(UART) to/from housekeeping
processor ProcA

Communication channel (SPI)
to/from housekeeping
processor ProcB

12V & 3.3V supplies

JTAG for programming and
debug

RS-232 for debug

JTAG & Video signals for Test
connector
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Payload

HW design

PCB design

Electrical design

PICPOT Engineering Team



.... Payload
Payload - Prototype

I Memories

DSP

BlackFinn [ —uo

Connectors I\,< >

PICPOT Engineering Team




l..l Payload
Payload - Final

Clock
generator Memories

DSP
BlackFinn

Inter-board
connector

Camera switches
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Payload

Payload - Performance

Power consumption depends on function:
Pmax = 1.8W during acquisition
Pmin = 630mW during command reception
Execution time and energy consumption:
Image acquisition: 1s  1.8J

JPEG compression, 75% quality, 100Kbyte:
5-6s 3.7J

Energy consumption can be improved by using
iInternal SRAM as cache

PICPOT Engineering Team



Payload

SW functions

Frame acgusition via DMA onto SDRAM &
SRAM from a user-selected camera

De-interlacing & JPEG compression
Image transfer via UART

Xmodem protocol to trasfer data to a PC via
RS-232 (for debug)

Boot from FLASH memory
Driver for FLASH memory
Video Decoder programming via 1°C

PICPOT Engineering Team



Software Design

Aim:
Developping SW satisfying specs but aimed at full
testing of the board too.

—
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Payload SW Flow Chart

Init System

A 4

Read Command

Payload

Acg Photo

Tx Photo

Tx Block Photo

Upload
Progr

Exec
Progr

\ 4

Deep Power Save
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Payload Software

Frame acquisition via DMA onto SDRAM e
SRAM from a ground-selected camera

De-Interleaving and JPEG compression
Splitting image into 9 blocks (3x3)
Image transfer via UART

Xmodem protocol to transfer data to
communication processor via RS-232

Boot from FLASH memory
Video Decoder programming in 1°C

PICPOT Engineering Team



Payload

An acquisition
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Payload

Design Effort

Q4 2004 Q12005 Q22005 Q3 2005

Project ott nov dic gen feb mar apr mag giu lug ago set

Design 4 ——)
HW design I
Prototyping L
HW testing I
Manufacturing ]
SW design

SW developm on eval board
SW prototyping
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COMMUNICATIONS




Antennas

Two independent half-duplex
communication channels (for
redundancy) both working in amateur
frequencies:

437 MHz: double-helical antenna

2.44 GHz : PIFA (Planar Inverted
F Antenna)

Both antennas transmit and receive
using APRS protocol at 9600 bit/s

437 MHz

2.44 GHz

PICPOT Engineering Team
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] ... Communications
Antennas

2.44 GHz

437 MHz

Back view
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Communications

Block diagram TxRx at 437 MHz

Ricetrasmettitore

/ CC1010
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Communications

Block diagram TxRx at 2.4GHz
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Communications

LNA 2.4GHz — Prototype

_ Gain
NFLna=2.5dB GLna=15dB

Overall sensitivity Sensitivity
Sinarcc2a00 = -116dBmM CC2400
S =-101dBm
e g

NFina+cc2400=3.3dB NFcc2400=11dB
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Communications

Power Amplifier 2.4GHz - Prototype

Input signal level Gain
Pin=0dBm GtoT = 34.5dB

Output signal level

Pout = 30dBm

PICPOT Engineering Team



Communications

CC2400 TxRx 2.4GHz - Prototype

Sensitivity

S = -101dBm Data Rate = 10 kbps

Modulation: FSK

Input signal level
Pt=0dBm

PICPOT Engineering Team



Communications

Power Amplifier 435MHz - Prototype

Input signal level
Pin=0dBm

Gain
Gsistema = 34.5dB

Output signal level
Pout = 31dBm

PICPOT Engineering Team



Performance

Communications

Guadagno Guadagno
Nominale Reale
LNA 2.4 GHz 15dB 15dB
PA 2.4 GHz 34.5dB 30.8dB
PA 435 MHz 34.5dB 35.7dB
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L ... Communications
TxRx board - Final

Top view Bottom view
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WIRING




I

Connections & wirings

N

SMA connectors

stackable
connectors

Test cable

\ /)

Wiring

SMA cables
for RF

Flat cable
test connector

SMA RG405
connectors

30 pins
flat cables

50 pins
flat cables
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Connections & wirings
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AND THIS IS PICPOT...




d

This Is the prototype...

And this is the Baby
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L] ... And this is the Baby
... and this is the baby
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d

Hardware

And this is the Baby

Assembling

Final |

| Software
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GROUND STATION




Ground Station

Architecture of Ground Station
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Ground Station

A few components

Antenne
Lato Tx
Rotore
Controllo
rotore
A
Livello alto/basso +/- 3.3
LabJack U 12
Presa corrente
Tensioni di
'y alimentazione
USB
PC LabJack: USB
Controllo rotore Corrente
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Ground Station

LNA for 2.4GHz downlink

PICPOT Engineering Team



L ... Ground Station
Ground antenna 435 MHz

Ground plane

N

~0.75m

O.FS m

Feed point /

N-connector
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] ... Ground Station
Ground antennas

435MHz | 2.4GHz |
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Ground Station

Tipl di feed in banda S

~ 20x20 cm

~30 cm

~18 cm

Elica Andrew Schiera di patch

Mod. 60117-3 2X2cC.p.
G=13 dB, RHC Progettata,
in casa da realizzare

Centro di fase sul piano
Maggiore bloccaggio

Centro di fase ?
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] ... Ground Station
Antenna rotor
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Ground Station

The stand

side view top view

Requires and adapter between stand and rotor
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Ground Station

Overall view

Parabola a 2.4 GHz Elic_a a 435 MHz e
Posizionatore piano di massa

elev/az y

llluminator
parabola trepplede
ca. 2.5 mf.t.
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Ground Station

Overall view — pointing to zenith
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.-.. Ground Station

Ground station on the roof of Politecnico

)

C Montevecchio

.

In futuro?
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Verifying link budget on ground

Politecnico - Sacra San Michele: 25.5 km

Ground Station

h,=250 m; h,=962 m; tratta 17°S rispetto asse edificio.
Presenza di ostacoli su LOS ed in ellissoidi di Fresnel

25.5km 0.23°

DUBBI SULLA
FATTIBILITA

Altre soluzioni:
collina TO?

QUI?

<
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THERMAL ANALYSIS




Thermal analysis

Thermal Analysis

risultati ottenuti con le seguenti caratteristiche:
Facce esterne FO e F5 rivestite (vedere oltre)
Facce interne tutte rivestite (vedere oltre)

Piastra interfaccia con la fresatura di alleggerimento
rivolta verso I'esterno (spessore del pieno, 1cm x lato)

F5 interna senza coperta termica

con le indicazioni che seguono
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Thermal analysis

External Temperatures when Inactive
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Thermal analysis

Internal Temperatures when Inactive
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Thermal analysis

Board Temperatures when Inactive
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Thermal analysis

External Temperatures when Active
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Thermal analysis

Internal Temperatures when Active
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Thermal analysis

Board Temperatures when Active
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Thermal analysis

Thermal Considerations

Electronic boards should use power dissipators (necessary
for RXTX, power supply and power switch)
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Thermal analysis

Dissipators for Electronic Boards
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Thermal analysis

Thermal Considerations

usare ponti termici (es, lamine flessibili, a molla) che
collegano le schede (dissipatori) S0,S1,S2 con le facce
FO,F5

distanziare il piu possibile le schede ( nel modello
matematico, distanza di 11 mm)

Rivolgere possibilmente il lato della scheda S5 che
contiene i componenti che dissipano verso le telecamere

PICPOT Engineering Team



Thermal analysis

Thermal Coatings

per pannelli interni e dissipatori schede :

0 anodizzazione solfo-cromica
In alternativa:
0 Vvernice speciale nera (black paint)

aeroglaze Z306 (elettricamente non conduttiva,
leggerissimo outgassing)

aeroglaze Z307 (elettricamente conduttiva, leggero
outgassing)
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Thermal analysis

Thermal Coatings

non mettere la coperta termica sulla faccia F5 interna

assicurare il miglior collegamento termico possibile tra le
lamine alluminio di impacchettamento batterie e la faccia
FO interna (se possibile, anche con F5)

aste di sostegno schede in materiale conduttivo ( va bene
ferro)
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POSITIONING




Positioning

Possible Applications
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Trend In small satellites launch
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Tracking systems NORAD
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Positioning



Innovation in tracking systems
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GPS In space environment
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Positioning

Galilleo
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The team




The team

Team organization

Ingegneria Sistemistica Aerospaziale Elettronica e Telecomunicazioni Gruppi Vari
Prof. S. Chiesa Prof. L. Reyneri
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[ -.. The team
Sergio Leonardo Dante Del Claudio Sabrina
Chiesa Reyneri Masoero Corso Allia Sansoe Corpino

Mario Nicole Alberto Claudio Marina Nicolo’ Giuseppe
Orefice Viola Vallan Passerone Mondin Antonietti Vecchi

PICPOT Engineering Team




.... The team
The PICPOT team - II

Maurizio Giulia Mauro Marco J. Pierre Federico Gianluca
Tranchero Surani Caule Ceroni Vicquery Friscina Diomante
Del Alessio Giuseppe Guido Angelo Antonio Simone
Giudice Lovisetto Beraldi Pagana Russo Ruocco Slcari
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The team
Simone Sebastiano Luca Raffaella Graziano Stefano Davide
Rapizzi Timperio Toscana Farinetti Cordella Speretta Piazza
Stefania Marco Andrea De Giuseppe Monica
Paralisiti Borri Nigris Benenati Piemontese Daniele -
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Evoluzione dell'ldea

Autunno 2001: domanda all’ ASI per la realizzazione di un
“cluster” (da mettere in orbita insieme) di vari Nano/Pico satelliti
da parte di altrettante Universita Italiane

Estate 2002: concessione di piccolo finanziamento senza
ulteriore seguito

2002-2003: primi studi da parte del Gruppo di Ingegneria
Sistemistica del Politecnico di Torino (ASSET)

Autunno 2003: definizione della configurazione iniziale e lancio
del Programma di sviluppo del modello ingegneristico di

PICPOT

Note that the original aim of the project was merely to develop an engineering
model of a nanosatellite, and to validate it for launch by means of an
appropriate set of tests.

Once this aim was achieved, the possibility to really launch it was linked to
economical aspects, that is, the opportunity to have it launched at a
“symbolical” price, a likely opportunity of university satellites, which have very
small size and weight.
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