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Modern solutions for remote sensing of the Earth and near-Earth space from 
unmanned vehicles 

 
Modern:    Due to the accelerated technology development  the content of this 
adjective word changes very fast 
 
Remote Sensing:  Obtaining  the information about the object of interest based on non-
destructive analysis of electromagnetic radiation. 
 
Earth:     Oceans, land,  atmosphere 
 
Near-Earth space:   Means the region of space that includes low-Earth orbit and extends 
out to and includes geo-synchronous orbit  (35 786 km).  (https://www.law.cornell.edu) 

 
Unmanned vehicles:  An uncrewed vehicle or unmanned vehicle is a vehicle without a 
person on board. Uncrewed vehicles can either be remote controlled or remote guided 
vehicles, or they can be autonomous vehicles which are capable of sensing their 
environment and navigating on their own. (https://en.wikipedia.org/wiki/Uncrewed_vehicle) 

https://www.law.cornell.edu/
https://www.law.cornell.edu/
https://en.wikipedia.org/wiki/Uncrewed_vehicle
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UNMANNED 

There are different types of uncrewed vehicles:[1] 
Remote control vehicle (RC), such as radio-controlled cars or radio-controlled aircraft 
Unmanned ground vehicle (UGV), such as the autonomous cars, or unmanned combat vehicles (UCGV) 
Unmanned aerial vehicle (UAV), unmanned aircraft commonly known as "drone" 

Unmanned combat aerial vehicle (UCAV) 
Medium-altitude long-endurance unmanned aerial vehicle (MALE) 
Miniature UAV (SUAV) 
Delivery drone 
Micro air vehicle (MAV) 
Target drone 

Autonomous spaceport drone ship 
Unmanned surface vehicle (USV), also known as "surface drone", for the operation on the surface of the 
water 
Unmanned underwater vehicle (UUV), also known as "underwater drone", for the operation underwater 

Remotely operated underwater vehicle (ROUV) 
Autonomous underwater vehicle (AUV) 

Intervention AUV (IAUV) 
Underwater glider 

Uncrewed spacecraft, both remote controlled ("uncrewed space mission") and autonomous ("robotic 
spacecraft" or "space probe") 

https://en.wikipedia.org/wiki/Uncrewed_vehicle#cite_note-1
https://en.wikipedia.org/wiki/Remote_control_vehicle
https://en.wikipedia.org/wiki/Radio-controlled_car
https://en.wikipedia.org/wiki/Radio-controlled_car
https://en.wikipedia.org/wiki/Radio-controlled_car
https://en.wikipedia.org/wiki/Radio-controlled_aircraft
https://en.wikipedia.org/wiki/Radio-controlled_aircraft
https://en.wikipedia.org/wiki/Radio-controlled_aircraft
https://en.wikipedia.org/wiki/Unmanned_ground_vehicle
https://en.wikipedia.org/wiki/Autonomous_car
https://en.wikipedia.org/wiki/Combat_vehicle
https://en.wikipedia.org/wiki/Unmanned_aerial_vehicle
https://en.wikipedia.org/wiki/Unmanned_combat_aerial_vehicle
https://en.wikipedia.org/wiki/Medium-altitude_long-endurance_unmanned_aerial_vehicle
https://en.wikipedia.org/wiki/Medium-altitude_long-endurance_unmanned_aerial_vehicle
https://en.wikipedia.org/wiki/Medium-altitude_long-endurance_unmanned_aerial_vehicle
https://en.wikipedia.org/wiki/Medium-altitude_long-endurance_unmanned_aerial_vehicle
https://en.wikipedia.org/wiki/Medium-altitude_long-endurance_unmanned_aerial_vehicle
https://en.wikipedia.org/wiki/Miniature_UAV
https://en.wikipedia.org/wiki/Delivery_drone
https://en.wikipedia.org/wiki/Micro_air_vehicle
https://en.wikipedia.org/wiki/Target_drone
https://en.wikipedia.org/wiki/Autonomous_spaceport_drone_ship
https://en.wikipedia.org/wiki/Unmanned_surface_vehicle
https://en.wikipedia.org/wiki/Unmanned_underwater_vehicle
https://en.wikipedia.org/wiki/Remotely_operated_underwater_vehicle
https://en.wikipedia.org/wiki/Autonomous_underwater_vehicle
https://en.wikipedia.org/wiki/Intervention_AUV
https://en.wikipedia.org/wiki/Underwater_glider
https://en.wikipedia.org/wiki/Uncrewed_spacecraft
https://en.wikipedia.org/wiki/Uncrewed_spacecraft
https://en.wikipedia.org/wiki/Uncrewed_spacecraft
https://en.wikipedia.org/wiki/Robotic_spacecraft
https://en.wikipedia.org/wiki/Robotic_spacecraft
https://en.wikipedia.org/wiki/Space_probe


1. Absorption of incoming radiation 
2. Excitation           formation of an e-dipol  
3. Deactivation      photon emission   

 

hn hn 

incoming 
transmitted 

Scattered, reflected  
and transmitted  

radiation  is wavelength  
dependendent due to  
quantum properties of  

the object. 

Opportunity to obtain information about  

the properties of objects  

by means of spectral measurements. 

www.chimica-online.ii 

t 

REMOTE SENSING 

ITNT, 23-27. 05.2022, Samara, Russia 



REMOTE SENSING 

ITNT, 23-27. 05.2022, Samara, Russia 



  
 

ITNT, 23-27. 05.2022, Samara, Russia 

REMOTE SENSING 

Atmosphere                                                           Chemical Composition  

Aerosol loading  
Radiation transfer  

Atmospheric Dynamics  

Ground 
Vegetation 

Food resources 
Biodiversity 

Food resources 
Daily Chlorophyll concentration 

Ocean                                                                                                    Ecosystems 

Ocean color properties 

To predict  future Climate Change  and to adopt the optimal measures  to reduce the 
negative impact  
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Unmanned Vehicles  
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Sentinel-5P 

A single payload instrument: TROPOMI (TROPOspheric Monitoring Instrument). 

Swath width: 2,600 km 
Spatial sampling: 7x7 km2 
Spectral: 4 spectrometers 
2 in UV, 2 in VIS, 2 in NIR, 2 in SWIR) 
the measured earth spectral reflectance. 
Design lifetime: 7 years 
Average power consumption: 155 W 

The main objective of the Copernicus Sentinel-
5P mission is to perform atmospheric 
measurements with high spatio-temporal 
resolution, to be used for air quality, ozone & 
UV radiation, and climate monitoring & 
forecasting. 

The satellite was successfully launched on 13 October 2017 from the Plesetsk cosmodrome in Russia. 
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REMOTE SENSING 

Bouguert-Beer-Lambert law  
(also called the Beer-Lambert-Bouguer law)  

I(l) = Io(l).exp(-s(l).N.L) 

Io(l)  - incoming radiation,  
s(l)  - absorption cross-section 

L,      -  optical path  
Ni     - mean concentration of the absorber. 
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REMOTE SENSING 

Copernicus Sentinel-5P satellite tropospheric NO2 

https://www.esa.int 

Yang Wang et al.   2019  

Ground based  
MAX-DOAS Observations 

Hönninger  et al. 2004   

Space Observations 

Validation 
CINDI-2 campaign 

Jan-Lukas Tirpitz  e al., 2021 

Two aircrafts: 
DO228 D-CFFU aircraft at 6.2km 
FUB Cessna 207T DEAFU at 3.1km. 

Frederik Tack, et al.:  
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The obtaining of representative scientific data can't be achieved without 
 taking special care regarding the characterization of the scientific 
payload.  
 
For this purpose large variety of tests and calibration procedures are 
arried out  during the satellite pre-flight phase in order to simulate space 
conditions and geometry of the foreseen  in-orbit measurements. 
Nevertheless sophisticated equipments are deployed for simulation of the 
space environment, still remain factors which can't be reproduced in the 
laboratory. 
 
 Due to this the pre-flight calibration procedures need to be extended 
after the launch and to  quantify the vicinity of the derived satellite 
geophysical parameters to the same parameters,  but obtained by 
independent measurement manners. In other words, a validation 
procedures should be applied to adjust the used algorithms for data 
processing. These independent means are usually based on either 
different physical methods or exploring different regions of the 
electromagnetic spectrum.  
 
The used instrumentation for the validation procedures can be ground-
based, or installed on aircrafts, ships, balloons or sondes. 

REMOTE SENSING  / Validation 
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Validation is based on the synthesis from various input: 
Generic approach 
•Validation against precise Fiducial Reference Measurements FRM (few points but precise) 
 
•Validation against in-situ measurements (more points less precise) 
 
•Validation against others sources (satellite comparison) 
 
•Validation against Models (data assimilation rejection statistics, integrated model analyses…) 
 
•Validation using Level 3 data: Statistical comparison between various L-3 from various sensors 
constitutes an extremely useful tool (mean, median, sd, bias, RMS…. for selected zones, transects, 
latitudinal bands, seasonal trends… ) for a cross-validation of the products 
 
•Validation using monitoring tools (statistic, trend, QC..Etc.) 

Philippe Goryl  (ESA/ESRIN)   Fiducial Reference Measurement for Cal/Val : 

REMOTE SENSING 
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Dynamic Routing and Coordination of Cluster 
for Unmanned Aerial Vehicle (UAV) Swarms 

REMOTE SENSING 

Ali Abbas et al. 2021 
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Hirokazu Madokoro et al., 2021  

Villa et al.: 2016  

3D  Satellite Data Validation 
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EOSAT       Earth Observation system for small satellites 

EOSAT is a low-cost space project, originally developed by the University of Trieste, Trieste 
Astronomical Observatory, PICOSATS.  
EOSAT will provide different Earth Observation capabilities, with the possibility of choosing the payload 
among a defined set and customise the system. The main instrument, EOPICO, is providing multispectral 
images of areas of interest with a ground resolution of about 30 m, EOSAT represents an enabling 
technology that can support a variety of business opportunities: 
- Observation of agricultural field. By monitoring photosynthesis processes of specific areas the the 
PAR (Photosynthesis Active Region), range 400-700 nm, EOSAT verifies the health of agricultural 
fields and eventually trigger a Drone system to monitor the unhealthy region 
- Observation of coastal regions and rivers. By monitoring dissolved phytoplankton pigments and 
organic material (Colored Dissolved Organic Matter, CDOM), range 350-700 nm, EOSAT observes 
sea colors and verify the effects of human activities, including fishery, shipping 

https://picosats.eu 
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EOSAT - Concept 
 
 
The EOSAT concept includes 4 elements: 
The Space Segment: A small satellite equipped with a multispectral 
remote sensing system and a proper tele-communication system to 
observe fields on Earth (on ground – agricultural fields, or on sea – 
coasts and rivers) 
The Cloud: Directly interfaced with the Space System, collecting all 
data acquired by the satellite, elaboration and distributing them to 
customers. The Cloud will be equipped with machine learning systems 
(AI) that can trigger an alert and as a consequence an automatic action 
of drone systems 
A Drone System: Automatically triggered by the alert system if 
required by the service 
The Ground Segment: The final users and customers. As an example: 
extensive agricultural farmers, ports and local administrators 
The ground system can also feed-back to the Space Segment 

https://picosats.eu 
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BRICSAT 
BRICSAT is a structural solution for building small satellites (CubeSats) 
with highly modular design by means of 3D printing technique. 
 
The innovative production concept allows complete customization of 
the structural layout, with fast delivery time and reduced costs. The 
plastic material at the basis of BRICSAT, furthermore, is lighter than 
standard Aluminium (7075 or 6061) but still performant for aerospace 
applications and compliant to qualification standards. 
 
Structure completely melts during re-entry, thanks to its composition 
based on low melting temperature material, sensibly improving the 
space debris mitigation potential of the system. 

https://picosats.eu 
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EOSAT  
the satellite concept 
● structure 
○ CubeSat 6U 
● two units 
○ service block 
○ instrument block 

● optical system 
diameter, D < 100 mm 
● length < 300 mm 

https://picosats.eu 
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Telecom System – RADIOSAT & BEAMSAT 
 
RADIOSAT Features: 
● Transmitter: K-band (17.8-20.2 GHz), output power 1 W 
● Receiver: Ka-band (27.8-30 GHz), noise figure 2.8 dB. 
● Data-rate up to 100 Mbit/s using the DVB-S2X protocol 
 
BEAMSAT Features: 
● Dual-band horn antenna (for both TX and RX) with 20 dBi gain 
● Orthogonal circular polarizations (LHCP for TX and RHCP for 
RX) 
● Designed for 3U Cubesats platforms, 20 W power 
consumption 

https://picosats.eu 
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optimal CubeSat constellation formed by 
~20 satellites equally distributed into 
two Sun-synchronous orthogonal orbits 

Constellation analysis 
constellation of CubeSats in sun-synchronous orbit at 97° inclination and 400 km altitude 

analysis of five configurations: 
1. 1 satellite 
○ revisit time ~days-weeks 
2. 2 satellites in one plane 
3. 12 satellites in two planes 
4. 24 satellites in two planes 
5. 36 satellites in three planes 
○ over 30 satellites the 
performance reaches a plateau 

https://picosats.eu 
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REMOTE SENSING 

Monitoring of extended  areas under different geometry in a short time. 

The number of the deflection mirrors and their inclinations is selected depending on the scientific goal of the given mission. Here 
we give an example of the proposed optical system, composed by 4 forward and 4 afterward space channels, plus one pointed to 
the nadir: for instance, ±26.1°, ±45.6°, ±60.0°, and ±70.5°. 
Example: Circular satellite orbit , H=800 km, i=90°  
the most external spatial  channels at ±62.67° appears tangent to the Earth's surface. Under this approximation the distance on the 
surface between the centres of +62.67° and -62.67° observed zones is 13927km. The "same" air mass can be probed 9 times within 
a half hour. 
Types of measurements: e.g. limb measurements for detection of minor gases, aerosol and cloud studies, radiation transfer, 
vegetation, etc. 
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Civil Applications 
Military Applications 

https://www.easa.europa.eu 

https://www.wired.com/ 

warontherocks.com 

www.pinterest.it 
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PROAMBIENTE 

Powering Communications User Services Control Systems AI  
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Cameras 

• Wide Area Aerial Imaging 

• 180+ megapixels images 

• Ground & Air systems 

• 6km x 6km area  

• 20 cm resolution 

   ruggedized cameras for   Nano Satellites and UAV Systems  

Constellation of Earth-imaging satellites 
475/525 km orbit,  
~90 min/revolution 
Custom HW/FW  (US Patent #9,357,145) 
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SPECTRAL IMAGING 

Gerrit Polder and Aoife Gowen:  https://doi.org/10.1255/sew.2021.a12 



Color imaging 

SPECTRAL IMAGING 
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Multispectral 

Hyperspectral (imaging spectroscopy)    

SPECTRAL IMAGING 
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- Analisi delle  fotogrammi  in termini spettrali  
 
- Analisi della distribuzione spaziale dei  indici tipo NDVI, EVI, PRI,  
     largamente utilizzati nella agricoltura  
 
- Mappatura dello stato fisiologico e patologie della vegetazione 

 

SPECTRAL IMAGING 
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Single-point spectroscopy    

Photography:                                                  2D   (RGB           or                BW) 

SPECTRAL IMAGING 
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SPECTRAL IMAGING 
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SPECTRAL IMAGING 

Spectarl interval:      450÷880 nm 
FoV:                             20.4 ° x 15.5° 
Observed area: 250 x 190 km2 (@700 km alt.) 

½ U  HS camera  for nano-satellite s and drones 



Broadband Greenness 
Normalized Difference Vegetation Index (NDVI):          NDVI = (NIR – RED) / (NIR + RED 
Simple Ratio Index (SR):                                                     SR = NIR / RED 
Enhanced Vegetation Index (EVI):                                   EVI = 2.5[(NIR – RED) / ((NIR) + (6RED) - (7.5BLUE) + 1)] 
…… 
Narrowband Greenness 
Red Edge Normalized Difference Vegetation Index (NDVI705):    NDVI705 = (750nm - 705nm) / (750nm + 705nm) 
Modified Red Edge Simple Ratio Index (mSR705):                          mSR705 = (750nm - 445nm) / (705nm - 445nm) 
Modified Red Edge Normalized Difference Vegetation Index (mNDVI705): 
Vogelmann Red Edge Indexes (VOG1, VOG2,VOG3): 
Red Edge Position Index (REP): 
 
Light Use Efficiency 
Photochemical Reflectance Index (PRI):                PRI = (531nm - 570nm) / (531nm + 570nm) 
Structure Insensitive Pigment Index (SIPI):           SIPI = (800nm – 445nm) / (800nm – 680nm) 
Red Green Ratio Index (RGR Ratio):                       RGR Ratio = mean(RED) / mean(GREEN) 
 
Dry or Senescent Carbon 
Normalized Difference Lignin Index (NDLI):        NDLI = (log1 1754nm) - (log1 1680nm) / (log1 1754nm) + (log1 1680nm) 

Cellulose Absorption Index (CAI):                         CAI = 0.5(2000nm + 2200nm) - 2100nm 
Plant Senescence Reflectance Index (PSRI):       PSRI = (680nm - 500nm) / 750nm 
 
Leaf Pigment 
Carotenoid Reflectance Index 1 (CRI1):                  CRI1 = (1/510nm) - (1/550nm) 
Carotenoid Reflectance Index 2 (CRI2):                  CRI2 = (1/510nm) - (1/700nm) 
Anthocyanin Reflectance Index 1 (ARI1):               ARI1 = (1/550nm) - (1/700nm) 
Anthocyanin Reflectance Index 2 (ARI2):               ARI2 = 800nm [(1/550nm) - (1/700nm)] 
 
Canopy Water Content 
Water Band Index (WBI):                                        WBI = 900nm / 970nm 
Normalized Difference Water Index (NDWI):      NDWI = (857nm - 1241nm) / (857nm + 1241nm) 
Moisture Stress Index (MSI):                                   MSI = 1599nm / 819nm 
Normalized Difference Infrared Index (NDII):       NDII = (819nm - 1649nm) / (819 + 1649nm) 

SPECTRAL IMAGING  / Indexes 
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NDVI = (NIR-R) / (NIR+R) 
  
NDVI  < 0   possible stress of the vegetation 

NDVI  > ( 0.4  ÷   0.5)  good  vegetation status 

 
Con diversi camere a colori, non calibrati si ottengono diversi valori di NDVI 

Spectarl calibration of Hyperspectarl cameras by means of Integrating Sphere   
     Diameter:        2.0 m 
     Monocromatic uniform output:   0.2 ÷ 10.0 nm 
     Spectarl range: 350 ÷ 2500 nm  

SPECTRAL IMAGING  /Indexes 

The Aim 
Accurate Agriculture 
 
 
Precision Agriculture 
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Innovation 
• LLDPE 
• Asymmetrical 
• Space for instrument  
• Customizable 

Autonomous Surface Vehicle   
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EASY TO USE 

OPEN HW / SW 
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OpenSWAP  SOFTWARE for sensors and navigation controll 

GIS based navigation and mission planning software- 
remote control for sensor and other onboard instruments 
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bottom 

Suspended matter 

Coarse grained 
sediment 

5m 

200 kHz 

High frequency profiles information is 
• High precision depth (bathymetric maps) 
• Water column information 
• Bottom information (reflectivity >> grain size) 
• Fine sediment depocenters 
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SUB-BOTTOM high resolution profile 

Low frequency profiles information is: 
• Stratigraphy 
• Thickness of sediment 
• Geotechnical information 
• Buried bodies (rocks, cables, shipwrecks, etc.) 

bottom 

8
 m

et
er

s 

2-7 kHz 

VALIDATION 

Penetration 
test 
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Some examples 
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Some geophysical instruments 

Lightweight = 20kg    ///    Additional Payload = 40 kg 
ITNT, 23-27. 05.2022, Samara, Russia 
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Many Thanks for Your Kind Attention 
 

For more details:  
                  Ivan Kostadinov                                                       Fabrizio Del Bianco 
i.kostadinov@consorzioproambiente.it               f.delbianco@consorzioproambiente.it  
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