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ABSTRACT 

PRISMA (PRecursore IperSpettrale della Missione Applicativa) is an innovative ASI (Agenzia 
Spaziale Italiana) hyperspectral mission for Earth observation. PRISMA is based on a mono-
payload satellite and conceived as a “public good” pre-operational and technology demonstrator 
mission aimed at developing and delivering hyperspectral products and qualifying the 
hyperspectral payload in space. The PRISMA satellite is able to acquire images with a worldwide 
coverage. The payload instrument is based on a pushbroom scanning technique and it is equipped 
with an automatic protection system.The PRISMA satellite is currently scheduled for launch in 
2018. The selected launcher is VEGA. The PRISMA mission will provide information about 
terrestrial and aquatic ecosystems. Standard products (level1 and level 2) will constitute the basic 
products to generate higher level application products. Applications comprise forest, agriculture, 
soil, geology, hydrology, atmospheric characterization and risk management.  
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INTRODUCTION 

In order to detect changes in Earth surface, hyperspectral remote sensing is a powerful tool for 
extracting information in different quantitative and qualitative applications. The wide spectral 
information provided by hyperspectral data allow the identification of spectrally similar materials, 
which enhance the capability of distinguishing various ground objects (1). 

Now-a-days many ground-based and airborne hyperspectral sensors are available, but very few 
spaceborne hyperspectral sensors are available. In the future, hyperspectral satellite mission will 
be increasingly useful for the identification of surface materials in application areas, such as 
geology, vegetation and hydrology. 

PRISMA (Hyperspectral Precursor of the Application Mission) is a future Italian hyperspectral 
mission. PRISMA is a pre-operative mission with the main task to deliver hyperspectral and 
panchromatic images of the Earth from specific individual target. The launch of the PRISMA 
satellite is scheduled for 2018. 

PRISMA hyperspectral sensor, thanks to the possibility to provide a continuous spectral 
measurement across a wide portion of the electromagnetic spectrum, is capable to detect and 
distinguish individual absorption bands in mineral deposits, vegetation and man-made materials (2, 
3). PRISMA shows a good potential for several applications. 

This paper provides an overview of the main characteristics of the PRISMA mission with a specific 
description of the PRISMA space and ground segments and the potential applications using 
PRISMA data. 
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PRISMA MISSION OVERVIEW 

PRISMA is an in-orbit demonstrator of hyperspectral technology. The main objective of the mission 
is to deliver hyperspectral and panchromatic images of the Earth from specific individual targets 
requested by end users. 

According to this aim, the system shall daily provide the image acquisition, the downloading of the 
collected images to ground, the processing of the image data and the delivery of the products to 
the end users. These tasks shall be performed following several rules and assuring a certain level 
of performances.  

The PRISMA Hyperspectral sensor utilizes prisms to obtain the dispersion of incoming radiation on 
a 2-D matrix detector in order to acquire several spectral bands of the same strip on ground. The 
“instantaneous” spectral and spatial (across track) dimensions of the spectral cube are given 
directly by the 2-D detector, while the “temporal” dimension (along track) is given by the satellite 
motion. This image scanning concept is defined as “Pushbroom”. 

The PRISMA system shall allow the imaging of any target within the primary area of interest twice 
within an interval of 7 days. When using a satellite roll capability to meet the PRISMA coverage 
and re-look requirements, the PRISMA satellite is able to perform acquisitions with up to about ± 
20° from nadir (at the satellite, measured at the centre of the swath). 

The PRISMA System is articulated in the following integrated segments:  

 A Space Segment; 

 A Ground Segment; 

 A Launch Segment. 

The PRISMA architecture 

In the figure 1 the mission architecture is presented. 

 

Figure 1 PRISMA Mission Architecture 
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The PRISMA Mission is externally interfaced with: 

· the GPS constellation, used by the space segment for position determination; 

· the “Auxiliary data provider” used by the ground segment to obtain the ground control points 
(GCP) data, the DEM/DTM, the atmospheric features/profile data and the ground truth 
measurements data. 

The Mission is composed by several elements: 

· the System, which comprises the space segment, the ground segment and the launch 
segment; 

· other elements, such as the mission “subject”, which is the area observed by the satellite 
payload, the external assets, which represent the entities, outside the PRISMA system, 
which will have a part to realize the mission like the launch pad, the satellite manufactures, 
the end users; 

· the optional external ground segment which can give support to the mission during the 
LEOP phase. 

The high level mission operational concept can be summarized as follows: 

a) End-users represent the entity, outside the PRISMA system, which make the image order 
and get the system products. They can view, through the catalogue, the available contents 
of the mission archives and place orders for system products (request for new acquisitions 
or processing of available image data). 

b) The acquisition requests will be integrated according to an agreed prioritization policy in the 
mission plan. The latter is used to command the spacecraft in acquiring and downloading 
the desired data, as well as to perform all the needed spacecraft activities to support the 
mission. 

c) Acquired data will be down-linked to reception station, where they will be archived and the 
local catalogue updated. The reception station will have its own reception, archiving, 
cataloguing, processing and delivery functionality for the standard products generated by 
the System. 

d) Standard products will be provided to the requesting users, who may either make use of 
them as received, or use them as inputs to additional application processing. 

The PRISMA operational modes 

The PRISMA mission shall operate in two modes: a primary mode and a secondary mode. The 
primary mode of operation _st he collection of hyperspectral and panchromatic data from specific 
individual targets requested by end users. 

The PRISMA shall support a lower priority background mode of operations, in a secondary 
operational mode, namely background, whereby any system resources not required for servicing 
the primary mode activities can be used to collect, process and distribute hyperspectral and 
panchromatic products from Italy/Europe and other regions. 

Primary area of interest 

The PRISMA Primary Area of Interest (Fig. 2.) shall provide access almost to all the main 
landmasses. It is characterized by the following coordinates: 

- Longitude: in the range 180°W – 180°E 

- Latitude: in the range 70°S – 70°N 
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Figure 2 PRISMA Primary Area of Interest 

SPACE SEGMENT 

The PRISMA Space Segment consists of a single small class satellite, of about 830 kg, placed on 
a sun synchronous Low Earth Orbit (LEO) characterized by the following orbital features: 

 Altitude: 615 km  

 Local Time at Descending Node (LTDN): 10:30 A.M. 

 Repeat cycle of 29 days (430 orbits) 

 Orbital period: ~97 minutes 

 Inclination: 97.851°  

 Average eclipse: ~34 minutes. 

The satellite, that is designed for an operational lifetime of 5 years, is made up of: a Platform, roll of 
greater a Payload, consisting of a Hyperspectral imager and a Panchromatic camera, and a PDHT 
(Payload Data Handling and Transmission) unit, the latter having the tasks to store the acquired 
data in its internal memory and download them to the ground via a dedicated X-band link. 

Platform 

The PRISMA Platform will provide all the resources required by the payload and by the system in 
order to satisfy the mission objectives. The platform will be composed by several subsystems 
briefly explained and presented in the following.  

The on board operative and control functions of the satellite are performed by the On Board Data 
Handling (OBDH) Subsystem, that is in charge of the following main tasks: 

 On board telemetry and telecommand management in accordance with applicable 
international standards 

 Ground generated commands execution 

 Attitude and orbit determination and control 

 Power management 

 Monitoring of main Platform housekeeping parameters 

 Payload monitoring 
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The S band TM/TC subsystem carries out the telecommunications tasks. It is composed by two 
transmitters, two receivers and two antennas. The antennas are located in order to guarantee 
global coverage with every attitude condition. 

The power to the Satellite is provided by fixed solar panels and by two Lithium-Ion battery packs 
which supplies the spacecraft avionics during eclipse periods and during the attitude acquisition 
phase. The electronics to convert and distribute the power to the satellite users is included in the 
Power Control and Distribution Unit (PCDU) and it is managed by the OBDH through dedicated 
application software. 

The Attitude Control Subsystem is made up by software, running on the on board computer, and 
by a set of sensors and actuators. The ACS software is organised in operative states, each of them 
dedicated to the execution of different tasks such as solar pointing acquisition, fine nadir pointing 
for images acquisition etc. The sensors used to satisfy the payload needs are: two star sensors, 
two GPS receivers, each one with two antennas, and two set of gyros. In addition are presents two 
magnetometers, to correctly drive the magnetic actuators, and a set of coarse Sun sensors. Four 
reaction wheels and three redundant magnetic torquers constitute the actuators set of the ACS. 
The algorithms implemented in the ACS SW will process the sensors data in order to apply a 
proper control able to guarantee the required pointing accuracy and stability. The orbit control will 
be guarantee by a simple hydrazine blow-down propulsion subsystem. The initial orbit correction 
and the periodic orbit maintenance will be calculated and planned by the flight dynamics function of 
the SCC (satellite control centre) and translated into a set of time tagged telecommands by the 
MCC (mission control centre) that will be then uploaded to the satellite by the SCC itself. The 
satellite will then timely execute the required attitude manoeuvres and the thrusters firing, 
according to the uploaded command sequence. 

The satellite thermal control is mainly passive and it is realised by placing the most dissipating 
devices on radiating surfaces. A proper radiator sizing and material selection allows to obtain the 
desired temperature ranges. Dedicated thermal control will be implemented for the Li-Ion battery, 
for payload detectors and for the propulsion subsystem. 

The satellite structure (Fig. 3) consists in a frame made of tubes and reinforcing side panels 
(principally shear-resistant). Panels are made up by Aluminium - Aluminium honeycombs and are 
supporting internal sub-systems hardware. Fixed solar panels and supporting structure for 
magnetometers and antennas are mechanically connected to the satellite by a dedicated structure. 

 

Figure 3 PRISMA configuration layout 
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Payload 

The PRISMA Payload is composed by a Hyperspectral Imager able to take images in a continuum 
of spectral bands ranging from 400 to 2500 nm, and a Panchromatic Camera. The two sensors 
(hyperspectral and panchromatic) have been combined in the same payload to perform 
observations based on recognizing the geometric characteristics of the scene and, at the same 
time, determine the chemical-physical characteristics of the targets of interest in the observed 
scene.  

The PRISMA Hyperspectral sensor utilizes prisms to obtain the dispersion of incoming radiation on 
a 2-D matrix detectors so to acquire several spectral bands of the same strip on ground. The 
“instantaneous” spectral and spatial dimension (across track) of the spectral cube are given directly 
by the 2-D detector, while the “temporal” dimension (along track) is given by the satellite motion 
(pushbroom instrument). The Payload is composed of the following three separate assemblies: 

 

 Hyperspectral/PAN Optical Head (OH) (Fig. 4), that collects the incoming radiation through 
a telescope and disperse it through two spectrometers that convert photons to electrons by 
means of appropriate detectors, amplify the electrical signal and convert it into digital 
counts. 

 

Figure 4 Hyperspectral/Panchromatic optical head 

 

 Main Electronics (ME) assembly, based on a redundant sub-assembly architecture, is 
devoted to the control of the instrument and to handle the bit stream representing the 
spectral images up to the interface with the spacecraft transmitter. 

 Sun protection system (SPS), an autonomous system, directly connected to the payload 
ME and independent from the spacecraft, that is meant to activate a recovery reaction in 
case of failure of Attitude and Orbit Control System so to prevent direct sun flux entering 
inside payload main optical channel. 

 

The main payload technical features are summarized in the table 1. 
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Tabelle 1 Payload technical ffeatures  

Swath / FOV 30 km / 2.77° 

GSD 
Hyperspectral: 30 m 

PAN: 5 m 

Spatial Pixels 
Hyperspectral: 1000 

PAN: 6000 

Pixel Size 
Hyperspectral: 30×30 μm 

PAN: 6.5×6.5 μm 

Spectral Range 

VNIR: 400 – 1010 nm 

SWIR: 920 – 2500 nm 

PAN: 400 – 700 nm 

Spectral Sampling 
Interval (SSI) 

≤ 12 nm 

Spectral Width ≤ 12 nm  

 

GROUND SEGMENT 

The PRISMA Ground Segment (GS) will constitute the main system in charge of satellite 
monitoring and control and in charge of payload images acquisition planning and execution upon 
user requests.  
The PRISMA GS consists of a set of components which represent the different control Centres and 
Station devoted to perform the main functions/operations at ground level needed to manage the 
PRISMA mission in terms of serving and processing the user requests; planning and notification 
implemented services; acquired data archiving and dissemination; satellite monitoring and control 
(4). 

The PRISMA GS architecture is shown in the following figure (Fig. 5): The GS is constituted by the 
following subsystems: 

· SCC, Satellite Control Center  

· MCC, Mission Control Center 

· IDHS, Image Data Handling Segment/Center. 
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Figure 5 PRISMA Ground Segment Architecture 

 

The PRISMA GS main funtions 

In supporting the PRISMA mission, the GS main functions will be the following:  

- Satellite tracking and acquisition during the foreseen 4/6 passes per day over the 
TT&C Fucino ground station;  

- TC & TM handling (TM acquisition, processing, display, archiving; TC generation, 
verification and uplink);  

- Satellite orbit determination and propagation, satellite attitude determination, support 
to satellite AOCS on-board operations;  

- Satellite sub-systems and payload monitoring and control, satellite modes of 
operations monitoring and control;  

- Mission planning generation and execution. 

As far as the PRISMA payload is concerned, it will be monitored and controlled like the bus 
satellite sub-systems and payload handling will be grant in accordance with the mission planning 
and the constraints. The PRISMA payload data will be received, locally archived and processed at 
the Payload ground station. 

The GS network infrastructure is constituted by: 

· the Ground Segment Network (GSNET) whose purpose is to interconnect the MCC and 
SCC elements and to provide to the 3rd party entities an off-line access to a Web/File 
Server. 
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· the ASINET, provided by ASI as CFI, to connect the IDHS element and the MCC-SCC 
elements. 

The PRISMA Satellite Control Center (SCC) 

The PRISMA Satellite Control Center, based at Telespazio Fucino Space Center, is in charge of all 
the satellite monitor and control functions, both in nominal and in contingency situations. The SCC 
includes the Satellite Control System (SCS), the Flight Dynamics System (FDS), the S-band TT&C 
Station (TT&C) and the G/S Network (Communication infrastructure connecting the PRISMA G/S 
centers and facilities).  

The SCC main functions are:  

- Satellite telemetry acquisition from TT&C ground station, TM processing, display 
and archiving;  

- Handling of the satellite acquisition automatic procedures;  

- Satellite database handling and maintenance;  

- Satellite sub-systems and payload health monitoring and control through 
housekeeping telemetry processed data presented on alpha-numeric, graphic and 
mimic displays;  

- Real time or time-tagged telecommand preparation, TC uplink to the satellite;  

- Co-ordination with the TT&C ground station for data & voice exchange and with 
reference to program track mode antenna operations and to satellite tracking data 
reception to be processed by FDS;  

- Communication network management.  

The PRISMA Mission Control Center (MCC) 

The PRISMA Mission Control Center, based at Telespazio Fucino Space Center, is mainly in 
charge of mission planning. In particular, MCC is in charge of collecting payload image acquisition 
requests by the users and mission planning generation and check, according to images acquisition 
requests, space and ground constrains. The MCC is composed by a unique subsystem, the 
Mission Planning System (MPS). It is the G/S element responsible for the scheduling of on board 
operations and for coordinating ground activities, performing overall mission planning, allocating 
resources and solving conflicts. Its main objective is to produce a conflict-free plan of activities for 
the near future time span, which achieve the users acquisition requests and optimise system 
performances. 

The Image Data Handling Segment (IDHS) 

The Image Data Handling Segment will coordinate operations between the CNM (Centro 
Nazionale Multimissione), that will receive the data transmitted by the PRISMA satellite on X-Band 
link, and the antenna system for receiving the payload data downloaded by the PRISMA satellite. 

The IDHS is in charge of interface the users for the images already present in the catalogue, 
receive the acquire images from satellite, archive and process level 0, 1 and 2 products, deliver the 
final products to the users.  

The Centro Nazionale Multimissione (CNM) 

The CNM, located in Matera, provides payload data ground segment functionalities for the 
PRISMA mission. In particular, the CNM includes:  

- Data acquisition,  

- Product archiving (0a, 0b, 1 and 2),  

- Product Catalogue,  

- Product order desk and product distribution.  
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The X-band Ground Station 

The X-band Ground Station aims to download the satellite on-board PDHT memory data. This 
entity will be located in Matera.  

LAUNCH SEGMENT 

A “small class” dedicated launcher will be used to directly inject the Satellite in its final orbit. The 
selected baseline is a VEGA single launch using the PLA 937VG payload adapter. 

PRISMA STANDARD PRODUCTS 

The PRISMA system will be able to provide different product levels to the user community (5). 

Level 0 products (L0) 

Level 0 products are: raw data stream with annexed ancillary data. L0 products are only to 
restricted specialized user categories. They are for selected research users. 

The Cloud Coverage Percentage is computed for each generated L0a file containing Earth-
Observation packets. It also produces the Catalogue Metadata for the input L0a Earth Observation 
files, provided with the information about the Cloud Coverage percentage. 

Level 1 products (L1) 

The L1 product is the L0a EO/EOS file transformed into L1 Top-of-Atmosphere radiance file. The 
Level 1 products are radiometrically and geometrically calibrated hyperspectral and panchromatic 
radiance images. The Hierarchical Data Format (HDF5) is L1 standard data storage format. 

L1 processing algorithms are radiance generator (Radiance generation + Flat field correction, Dark 
subtraction Algorithm and Heatlh Check Algorithm) and KDP (Key Data Parameters) updating 
(Radiometric, Spectral and Geometrical). 

In order to proceed with the validation of L1-automatically generated KDP files, the Calibration 
Facility (CF) will allow the Calibration Administrator. It also allows the insertion of new KDP files 
into the CNM Archive.  

The calibration process will be divided into several phases: on-ground calibration phase, 
commissioning phase and on-orbit phase. 

Level 2 products (L2) 

The level 2 products are geolocated and geocoded atmospherically corrected hyperspectral and 
panchromatic images. Level 2 processor takes as input level 1 (hyperspectral and panchromatic) 
products in order to generate, according to user requests, level 2b, 2c and 2d products. The Level 
2 processing may be divided into three main elements: a component providing the atmospheric 
corrections and geolocation coefficients (i.e. 2b products generation), a component providing at-
surface spectral reflectance, including aerosol optical thickness and water vapour map (i.e. 2c 
products generation) and a component performing the geocoding processing (i.e. 2d product 
generation). Level 2 products can be georeferenced with or without ground control points (GCP) 
according to user request and availability.  

 

PRISMA APPLICATIONS  

The PRISMA hyperspectral products will be able to provide useful information for science 
investigation and applications in the fields of Earth Observation, terrestrial and aquatic 
ecosystems, or for natural resource monitoring and management support (6). 

Several fields may benefit from the scientific use of the PRISMA products. PRISMA data will be 
important for supporting new fields of applications according to the needs and demands of users. 
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Vegetation health and stress indicator evaluations and damage assessments can be allowed by 
PRISMA (7, 8, 9, 10, 11, 12)  

Significant improvement in discrimination changes in spatial distribution of individual species 
(forest, rangeland, invasive and crops) and in estimating the accuracy of biochemical and 
biophysical parameters (13, 14, 15, 16) could be provided by PRISMA.  

PRISMA sensor, having a large number of narrow bands, could provide necessary information for 
estimating the cropland biophysical variables such as Leaf Area Index (LAI) (17, 18), Absorbed 
Photosynthetically Active Radiation (FAPAR) and chlorophyll (19, 20) useful to characterize crop 
status and estimate its productivity.  

With respect to instruments of previous generations, PRISMA allows to obtain a more accurate 
estimation of physical, biophysical and chemical processes linked with agricultural management 
and its environmental impact. Therefore, it opens the way to evaluate vegetation stress, nutrient 
stress, moisture stress and crop growth.  

The use of spectral absorption features that can be retrieved from data of PRISMA is suitable to 
discriminate and accurately classify a large variety of minerals and rock types which will improve 
and support many research fields as hydrogeological instability. 

PRISMA, having the possibility of analyzing the SWIR bands, could allow to obtain the spectral 
emissivity and the sub-pixel temperature. Thus, PRISMA could give a large and fast view of 
volcanic area (21). 

Moreover, PRISMA can be used to monitor waste management practice near mines, improve 
significantly the finding of hydrocarbon deposits and provide products related to geobotanical 
anomalies associated with hydrocarbon deposits (22). 

The combination of the spatial and spectral resolution with a high spectral accuracy, also in 
combination with high spatial resolution panchromatic imagery, permits to PRISMA the excellent 
potential to map and characterize urban areas and surroundings (23). 

Hyperspectral data can provide useful information to assess water quality conditions of many water 
aquatic ecosystems, such as classifying the trophic status of lakes and estuaries, characterizing 
algal blooms and assessing ammonia dynamics for wetland treatments, predicting total ammonia 
concentrations by means of the hyperspectral signatures of macrophytes, determining the total 
suspended matter, chlorophyll content and total phosphorus.  

PRISMA will offer the environmental managers and monitoring agencies a great opportunity for the 
observation of coastal, inland and estuarine waters at spatial and temporal scales not possible with 
traditional field measurements or ocean colour satellites. Moreover, these products could 
potentially help in situ sampling planning, indicating the spatial extent of an event observed in 
images. Some results show the potential advantage of PRISMA's full spectra data and high spatial 
resolution for studying complex coastal and inland waters (24, 25).  

CONCLUSIONS 

An overview of the under construction PRISMA mission and its potentialities is shown in this work. 
PRISMA is an Italian hyperspectral mission, fully founded by the Italian Space Agency, scheduled 
for launch in May 2018.  

The remote sensing community will benefit from the PRISMA mission. Great opportunities for 
developing products for a wide range of applications in resources inventory and environmental 
detection will be played by the PRISMA mission. In particular, PRISMA standard products data can 
allow applications ranging from vegetation to geology and from hydrology detection to urban areas 
and hydrology.  
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