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Overview

• Introduction, history, how did it all

started

•Past hyperspectral missions

• (Near-)Future hyperspectral missions

•Conclusions



„The acquisition of images in hundreds of contiguous, registered, spectral 

bands such that for each pixel a radiance spectrum can be derived“

(Goetz et al., 1985)

Imaging spectrometry/spectroscopy



Hyperspectral vs. multispectral

• a change in technology that is like going from black-and-white 
to color television

• Multispectrometers—measure discreet wavelengths of light. 
It is as if your eyes could only see red and blue light; you 
could tell much about the world based on how much red and 
how much blue you saw, but your vision would have gaps in 
the green tones. A hyperspectral instrument corrects this 
color blindness by measuring many more wavelengths of 
light.

• Hyperspectral sensors measure reflected light like many 
other satellites, but since it is recording hundreds
wavelengths, it can detect the fingerprints of the materials 
on Earth’s surface.

https://earthobservatory.nasa.gov/Features/EO1Tenth/page3.php

https://earthobservatory.nasa.gov/Features/EO1Tenth/page3.php


When and how did it started

A.F.H. Goetz / Remote Sensing of Environment 113 (2009) S5–S16

• After the launch of Landsat-1 (ERTS-1, 1972) it turn out that to be able to 

interpret the image colors properly,  in-situ surface samples need to be

interpreted properly

• First portable reflectance spectrometer (PFRS) covering 0.4-2.5 µm 

spectral range (Goetz, 1975)

The MSS was in effect a low resolution reflectance spectrometer, albeit with only 4 

spectral bands, but providing information beyond the range of human vision



When and how did it started
• prime motivation for the development of imaging spectrometry was 

mineralogical mapping of surface soils and outcrops 

• SMIR (shuttle multispectral infrared radiometr) developed at JPL 

(1981):

• to test the feasibility of direct mineral identification from Earth orbit

• 10 spectral bands over VNIR/SWIR

A.F.H. Goetz / Remote Sensing of Environment 113 (2009) S5–S16



When and how did it started
Airborne imaging spectrometer (AIS, 1979):

The best data were acquired in the fixed grating position 

covering the 2.03–2.32 μm wavelength region

A.F.H. Goetz / Remote Sensing of Environment 113 (2009) S5–S16

Cuprite site, Nevada, USA

• The mineral identification

successful, 

• in particular the buddingtonite

identification - gold pathfinder

mineral - got the attention of the

Media - greater interest within 

NASA to pursue further sensor 

development



Platforms
• Proximal/close-range sensing

1970s



Platforms

Jackish et al. 2018

• Orbital

• Aerial

• Unmanned aerial

vehicles (UAVs)



Past operational missions: EO-1 Hyperion

• Launch date: 21 November 2000 (NASA) 

• Mission duration: planned (1 year), reality (over 16 

years)

• Band #, Range: Vis, NIR, SWIR

(200 bands), 400-2,400 µm

• Resolution: 0.03 km

• Swath / Extent: 7.5 km

• Data Download:

• http://eo1.gsfc.nasa.gov/

EO-1

http://eo1.gsfc.nasa.gov/


Chris Proba
Compact High Resolution Imaging Spectrometer (CHRIS): 

• Launched aboard ESA's Proba-1 satellite on 22 October 2001, 

• Mission duration: 16 years 7 months 10 days

CHRIS provides 19 spectral bands (fully programmable) in 
the VNIR range (400 - 1050 nm) at a GSD (Ground Sampling 
Distance) of 17 m. 

• objective was the collection of BRDF (Bidirectional Reflectance 
Distribution Function) data for a better understanding of 
spectral reflectances.

• Flexible – Re-designing spectral configuration and spatial 
resolution

Data are available online upon registration



CHRIS and EO-1 Hyperion

• Both were technology demonstrators. 

• Hyperion and CHRIS collected data, but 

only rarely and not with anything near 

global coverage. 

• Both sensors were plagued by poor data 

quality but they were, and are, the best 

what was available



Current need

• The final need is for a hyperspectral imager in orbit that 

can produce images of the sufficient quality and 

resolution that is radiometrically stable (e.g., AVIRIS, 

HyMap)

• Aerial HS: it isn't logistically feasible to conduct seasonal 

time-series studies for more than a few sites

• The dynamic changes/pehnomenas image data over

time sequence are needed

• The technology exists but it is a matter of money and 

priority to implement such a mission 



EnMAP

• EnMAP is a next-generation German satellite program (an approved 

program as of March 2006). The program started the C phase in August 

2008.

• To provide high-spectral resolution observations of biophysical, 

biochemical and geochemical variables in the spectral range of 420-

2450 nm in continuous bands of 10-40 nm width, sampled at 5 to 20 

nm intervals. The GSD (Ground Sampling Distance) will be 30 m.

characterization and parameter extraction of rock/soil targets, 

vegetation, and inland and coastal waters on a global scale.

Launch data: 2019(?)



PRISMA

66 bands

171 bands

PRISMA (Hyperspectral Precursor of the Application 

Mission, Italian Space Agency (ASI) is an Earth 

Observation system with innovative, electro-optical 

instrumentation that combines a hyperspectral 

sensor with a medium-resolution panchromatic 

camera.

The advantages of this combination are that in 

addition to the usual capability of observation based 

on recognising the geometric characteristics of 

the scene there are hyperspectral sensors which 

determine the chemical-physical composition of 

the objects present on the scene.

This offers the scientific community and users many 

applications in the field of environmental monitoring, 

resource management, crop classification, pollution 

control and other things. In addition, there may be 

other applications in the field of National Security.

Launch data: 2018



• Posponed after 2022

• no one can guarantee a program will be 

progress to launch.



Sentinel-10

Sentinels Expansion (2025-2030): It is assumed that the 

following Sentinels could emerge as result of the users’ 

consultation process and following a gap analysis: 

• Sentinel-7: an anthropogenic CO2 monitoring mission 

• Sentinel-8: a Thermal Infrared Imager (companion to 

Sentinel-2 C/D)

• Sentinel-9: declined into two components: 

• S-9 ICE: Enhanced Ice and Snow Continuity mission

• S-9 HEO: Polar Weather Payload on a Highly 

Elliptical Orbit 

• Sentinel-10: a Hyper-spectral mission



Conclusions

• Times are becoming mature for an operational use of hyper-

spectral technology 

• Rich experience with airborne hyperspectral sensors routinely

used: HyMAP, APEX,  CASI/SASI, HYPER… but 

spatial/temporal coverage is inherently limited 

• The technology exists but it is a matter of money and priority 

to implement such a mission.

• New hyper-spectral missions are under development, 

• for launch soon - PRISMA (ASI, 2018), ENMAP (DLR, 2019),  

HISUI on ALOS-3 (JAXA, 2019) - expected to provide better

radiometric performance than CHRIS and Hyperion. 

• Shalom operational in early 2020ies, hopefully we will see

HyspIRI in orbit after 2022
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