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rlOW CAN THEY 3=
VIONITORED?

Studying top-of-the-
atmosphere and
bidirectional albedo

Analysing main cloud
features

Analysing " ¢ Investigating land
atmospheric aerosols o surface
and dust characteristics
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SOLUNIONS




TERRA

(Advanced Spaceborne Thermal Emission
and Reflection Radiometer)

(Clouds and the Earth's Radiant Energy
System)

(Moderate-resolution Imaging Spectroradiometer)

MOPITT

CERES

(Measurements of Pollution in the Troposphere)

NASA launched the Earth Observing System's flagship satellite "Terra," named for Earth, on
December 18, 1999 0D
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FLOCK of DOVES SkySat constellation
PLANET LABS Skybox imaging + Google
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Single satellite
with MISR sensor

insufficient for
accurate analyses

low data reliability

Small satellites in
formation flight

faster
and better data

higher data reliability

cheaper mission







WIPROY=N=NTE

1) Off-nadir observation

capability

3) Multiple-perspective and
multi-spectral imagery

2) Enhanced spatial
resolution and revisit time

4) New views for global

environmental monitoring

Angular Information

Enhanced Classification
* Clouds
HORUS €——> * Aerosols
* Land Properties
* BRDF

PLANET
LAB

Spectral Information
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UNIQUENESS

' Synthetic mini - MISR |
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The more “Cast of FALCONS”...the more robust and reliable DATA!
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SENTINEL- 2A




Synihstic
mini = MR

® One Nadit | | ® One Nadir
camera B * One +26,1° off- e One -26,1° off- camera

e One -60° off- nadir camera nadir camera e One +60° off-
nadir camera e One -45,6° off- e One +45,6° off- nadir camera

e One -70,5° off- nadir camera nadir camera e One +70,5° off-
nadir camera nadir camera




Mini = NS
VIEW ANGLES

" « Imagery less distorted
i * Near minimal influence from atmospheric scattering
i « Comparison with other cameras’ imagery
 Optimal base/height ratio
i ~1 N * Indipendent information not distorted by geometric effects

>  Optimal aerosol sensitivity
; AN « Optimal groundtrack distance between A-B cameras/ B-C cameras
o * Uniform scene lengths for high-resolution targeted observations

. « Directionally oriented reflectance variations among many different
N types of clouds are minimized
600 deg » The amount of reflection at each ground point-hemispherical albedo

» Maximal sensitivity to off-nadir effects




mﬂﬂmﬂ >

Mini-MISR will be able to acquire radiometrically and geometrically
calibrated images in four spectral bands at each angle:

Estimation of the size distribution of the aerosol particulates
(blue channel — 443 nm)

Broadband-reflecting properties for albedo features estimation
(green band - 555 nm)




Nling = MR
CANERAS

Cameras Df Cf Bf Af An  Aa Ba Ca Da

Angles 705 60,5 456 261 00 261 456 600 705
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SYSTEN
REQUIRENZNIS

el f B the acquisition of a huge imagery allows improvements
of targeted area in data reliability

Sunliaht and Cloud an optical sensor have limitations in term of diurnal
g sampling - some of them need daylight - and
requirements in terms of cloud fraction statistics

Coverage

LI e) o the central sensor camera has to maintain a nadir-
pointing configuration and the high-gain antenna has to

Control System be accurately pointed to Earth for communications

mini-MISR needs a stable and absolute calibration in
Calibration order to ensure a synergism between the various
sensors operating at the same time
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ORBIT FEATUR=S

SSO - circular

6856.99 km

97.41 deg

Argument of Perigee 68.13 deg

200.00 deg
Shift in True Anomaly 2.32 deg
Mean Lo:?IDSNoIar Time 10:30 am
Orbital Period 94.18 min
Eclipse Time 35.12 min
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VIISSION
SEGNIENTS

. Size 300x100x100 mm

| Weight ~38Kg

0.00789

| 00 SSO (500 Km) - LTAN 10.30 am

COMMUNICATION

* High speed downlink: X-BAND (Simple « Backup downlink: S-BAND
quasi-omnidirectional antenna diagram) (minimizing of data losses)

« High speed uplink: S-BAND » Backup uplink TT&C: UHF

LAUNCH HORUS CubeSats could be launched as part of a larger payload of a nominal launcher, by
SEGMENT an aircraft launcher or by expulsion from an orbitant platform (i.e. ISS)




LINK BUDG=T

Frequency 2.2 GHz 8.4 GHz
Transmitter Power / 4W/ 8.8W/
Total RF Power to Antenna 4.33 dBW 7.8 dBW
Antenna Gain TX/RX & d3é45'7 i ddBB/ 373
Modulation Type BPSK QPSK
Telemetry Eb/No 12.2 dB 10 dB
Requested Telemetry Eb/No 10.7 dB 9.6 dB
System Margin 1.5dB 0.4dB
Data Rate 1 Mbit/s 1.1 Mbit/s
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CUBESAT SUISHSTE
QVERVIEW

OCS * Orbit Control System

« Command & Data-handling
CDHS System

EPS + Electric Power System

« Attitude, Determination and
ADCS Control System

* Telemetry, Tracking & Command
TT8CS
DRAG SAIL FOR CUBESAT DEORBITING




VISSION
LIFETIVNE

 The cubesat will experience a significant decay due to the drag during the period
of mission. We performed an orbit evolution analysis and the mission lifetime
is about 7.25 years with an average daily decay of 18 meters
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ADGCS

 For the «Attitude and Determination Control System» we collaborate with
HYPERION TECHNOLOGIES (iADCS100)

SPECIFICATIONS

Performance
Total momentum storage per axis +/-1.5 to +/- 6.0" mNms
Maximum torque >0.087 mNm
Nominal magnetic moment 0.2 (X,Y), 0.1 (2) Am?
Attitude determination accuracy 30 arcseconds
Pointing accuracy << 1 °
Slew rate >1.52 °/s
Electrical specifications
Min. Typ. Max.

Supply voltage 4.0 5.0° 154 Vv
Bus logic level voltage Referenced to Vsys® Y
Power consumption:

Idle 900° mw

Nominal’ 1400 mWw

Peak?® 2700 45008 mw

HYPERION 2

250 g

TECHNOLOGIES 2.7 W peak




SOLAR PANELS
SIZING

0432m"  Cellsin  Cellsin
48.957 W series:  parallel:
v 4 1
1.55x 3.18 cm

Lulif Ly Cellsin  Cellsin
25.84 W series:  parallel:
v 4 64
1.55x 3.18 cm




DRAG SAIL

» Each cubesat will have on-board a drag sail for deorbiting developed by
NPC Spacemind (Bologna - Italy) ready to be tested on URSA MAIOR
QB50 cubesat

 The sail is made of a special polymeric material that works like a memory
shape or elastic material

NPC

HIW PRODUCTION COMCEIP



U BESAV}
STRUCTYRE

Structural and mass optimizations ™

Integrationicompatibility:

Smart development

constellation



PRELIINARY
RISK ANALYSIS

Stfrati'lzt::e Very low Vibration and structural tests before the design phase
Sensor
calibration Very low Mini-MISR calibration using state-of-the-art techniques
failure
AOCS failure Low HORUSAOCS has already flown in a CubeSat mission
LR d_ata Synchronization between mini-MISR sensors in data
collection Low i
. acquisitions over a targeted area
failure
Downlink Each CubeSat will be provided with an on-board memory
Medium —ranging between 32kB and 8MB - and an additional
data loss
flash memory up to 8GB
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FUTYRE
IMIPROVENENTS
.D Enhancement for the optical sensors:

.! Collaboration with Resource Providers:

» Synergy with other EO operational mission in order to improve the
amount and the quality of data

« Collaboration with research and data design facilities




OUTRENGK
PROGRANNI=

« FACEBOOK e |AC 2016
« TWITTER  AIAA 2016
 YOUTUBE channel  AIDAA 2016
« LA SAPIENZA UNIVERSITY  AMOS 2016
OFFICIAL WEBSITE
LA SAPIENZA
 OFFICAL WEBSITE/BLOG Universit of Rome
« EDUApp

e LECTURES during academic courses of
Aerospace Engineering (BSC) and Space

Scientific papers for journals and Astronautical Engineering (MSC)

about area of space research «  S5Lab Laboratory OPEN DAYS




FUND RARINEG

\[£ <% ¢ CROWDFUNDING
- Kick
Partnership
with local
companies
ACADEMIC SUPPORT
Sponsorship by firms

interested in gaining
social responsability
benefits
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Dr. Pierre-Philippe
Mathieu

Dr. Gordon
Campbell

Prof. Fabrizio
Piergentili

Prof. Fabio
Santoni

ADYISORS

(scientific mentoring and consultation)
European Space Agency - ESRIN
Field of research: Earth Observation Science & Applications

(scientific mentoring and consultation)
European Space Agency - ESRIN
Field of research: Science, Applications and Future Technologies
Department

Assistant professor in Aeronautical Systems at "La Sapienza"
University of Rome
Field of research: Space surveillance — Design and realization of
microsatellites - Space Robotics

Professor in Space Systems at "La Sapienza"
University of Rome
Field of research: Space surveillance - Design and realization of
microsatellites - Space Robotics.
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BSc in Student in BSc in
Aerospace e Aerospace
Engineering Engineering
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Bachelor student Master student in Master student in
in Space Space Space

Engineering Engineering Engineering
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