
Remote sensing of the planets - the final frontier

A vast literature and methodology exists in optical and radar astronomy 
that parallels and often exceeds our methods used in remote sensing 

Pluto; New Horizons – LORRI                        Pluto and Charon (one of 3 moons)

Olympus Mons

Why do RS of planets?
Planetary exploration

Scientific curiosity

Existence of water

Search for life-animal/plant

Search for minerals

Future landing sites



https://www.gfd-dennou.org/library/wtp/welcome.htm

https://www.gfd-dennou.org/library/wtp/welcome.htm


Methods and wavelengths used on planetary missions – old table



Hyperspectral     visible-NIR  Reflected solar radiation  Surface             Mars

Methods and wavelengths used on planetary missions (continued)



https://science.nasa.gov/mission/neowise

Wide-field Infrared Survey Explorer (WISE) since Nov 20, 2009 .. 
Succeeded by NEOWISE (2013)  Looking out into space
Detectors at 3.4, 4.6, 12 and 22 microns, chilled to 10 Kelvin

Hubble telescope 1990 
0.1 – 0.8 microns, 535km

James Webb Space Telescope

0.6 – 28 microns, 1.5 million km

Launched Dec 25, 2021

http://www.nasa.gov/mission_pages/WISE/main/index.html


Images of Jupiter

JWST

Hubble



DSCOVR:    Deep Space Climate Observatory - 2015

1 million miles away – ~10km resolution 
– orbiting at ‘Lagrange point’      L1 = gravitational pull

Proposed by Al Gore,1998 to study earth and solar wind

The first satellite orbiting in deep space …..   ‘Goresat’



‘Dark side’ of the Moon crossing Earth from DSCOVR satellite 

Earth Polychromatic Imaging Camera (EPIC)
daily images from EPIC 

http://epic.gsfc.nasa.gov/

http://epic.gsfc.nasa.gov/


1. EPIC: Earth Polychromatic Imaging Camera, 10 bands

2. NISTAR: Radiometer to measure radiance UV-NIR - monitor earth status



SOHO the Solar & Heliospheric Observatory

.. is a project of international collaboration between ESA and NASA to study 
the Sun from its core to the outer corona and the solar wind. 

Nov 18, 2009:    195 nm                              304 nm     (also 171 and 284)

1995, cost €1 billion;  Sensor: Extreme ultraviolet Imaging Telescope (EIT)

Located at sun-earth L1 gravitational orbit

http://soho.nascom.nasa.gov/
http://www.esa.int/
http://www.nasa.gov/


SOHO, the Solar & Heliospheric Observatory

.. is a project of international collaboration between ESA and NASA to study 
the Sun from its core to the outer corona and the solar wind. 

Later images – Nov 19, 2014:    195 nm       304 nm (also 171 and 284)

Daily images:   https://umbra.nascom.nasa.gov/newsite/images.html

http://soho.nascom.nasa.gov/
http://www.esa.int/
http://www.nasa.gov/
https://umbra.nascom.nasa.gov/newsite/images.html


Partial solar eclipse by the Moon

SWAP telescope (Sun Watcher using Active Pixel System detector and Image Processing)

PROBA 1: CHRIS (2001-2020); PROBA 2: 5 instruments, 2 for the Sun

(ESA/Belgium)



Types of Remote Sensing Missions

• Fly-bys

• Orbiters

• Landers /

Rovers

Mariner Missions, 

Mercury and Venus

New Horizons 2007, 

Jupiter and Pluto

LandSat, Earth Mars Reconnaissance Orbiter

Surveyor Lunar Lander, 1966 Mars Rovers, 2003



After Apollo (1972), the Moon was not revisited 
until an unmanned spacecraft, Clementine orbited 
to conduct mapping studies February 19 - April 21, 
1994, using UV/Visible, Near IR, and Lidar

https://www.google.ca/moon/

https://www.google.ca/moon/


Other specialized products include detailed maps the distribution of several chemical 

elements, such as iron (Fe) and titanium (Ti), determined by analyzing reflectance 

variations 750 and 950 nm, where these elements absorb radiation. 



In mid-April 2000, the Terra spacecraft was turned upside down and pointed at the Moon. 
This ASTER image was acquired at that time, showing band 3 (NIR) in grayscale. 



More recent Lunar missions

Right:  China: Chang’e-1 (2007)

Chang’e-3 (2013) soft-landed on moon

Below:  Japan – Kayuga
Launched 2007, impacted on lunar 
surface 2009 (near South Pole)

India: Aug 2023

https://www.cnn

.com/2023/08/2

2/world/chandra

yaan-3-landing-

photos-india-

scn/index.html

https://www.cnn.com/2023/08/22/world/chandrayaan-3-landing-photos-india-scn/index.html
https://www.cnn.com/2023/08/22/world/chandrayaan-3-landing-photos-india-scn/index.html
https://www.cnn.com/2023/08/22/world/chandrayaan-3-landing-photos-india-scn/index.html
https://www.cnn.com/2023/08/22/world/chandrayaan-3-landing-photos-india-scn/index.html
https://www.cnn.com/2023/08/22/world/chandrayaan-3-landing-photos-india-scn/index.html
https://www.cnn.com/2023/08/22/world/chandrayaan-3-landing-photos-india-scn/index.html


http://photojournal.jpl.nasa.gov/index.html

satellite observation links:  Sun 186  Mercury 1315,  Venus 153,  Earth 2578,  Mars 12658, 

Jupiter 1151,  Saturn 3373,  Uranus 61,  Neptune 89,  Dwarf Planets e.g. Pluto 817

http://photojournal.jpl.nasa.gov/index.html


Mercury    Messenger:
Mercury Surface, Space Environment, Geochemistry, & Ranging 

Mercury Dual Imaging System (MDIS) and Mercury Laser Altimeter (MLA)- 15m



Venus

From Magellan

-first imaging device 
launched from 
Shuttle 1989

Planet is Cloud covered 

Radar 100m

Composite colours 
based on elevations



http://www.solarviews.com/eng/venus.htm

http://www.solarviews.com/eng/venus.htm


MOLA - Mars Orbiter Laser Altimeter

MOC - Mars Orbiter Camera

TES - Thermal Emissions

Mars Global Surveyor  (1996) Instruments



DEM resolution in z = 30cm! (N. Pole to S. Pole transect)

https://www.google.ca/mars/ Elevation, Panchromatic, Thermal

https://www.google.ca/mars/


Suspected rock glacier, Mars Orbiter Camera JPL/NASA

Mars Global Surveyor: Mars Orbiter Camera

• Resolution = 1m

• MOC has produced over 250,000 images to 2020



Mars Global Surveyor:
Thermal Emission Spectrometer
Thermal Emission 
Spectrometer

6 to 50 (μm), 

143 bands

Onboard Mars Global 
Surveyor

1996-2006



Mars Express:   High Resolution Stereo Camera
The “hourglass” feature

HRSC, ESA

Mars Express (ESA,2003):  High Resolution Stereo Camera
Resolution 2-10m



Nicholson Crater 
HRSC, ESA 2005

Mars Express:   High Resolution Stereo Camera



Onboard:

• HiRISE - High 
Resolution Imaging 
Science Experiment
(Visible and infrared 
wavelengths)

• CRISM - Compact 
Reconnaissance Imaging 
Spectrometer for Mars

• CTX - Context Imager
Takes low resolution 
overview images for 
geological context

Mars Reconnaissance Orbiter (2005)



Mars Reconnaissance Orbiter: HiRISE

1kmhttp://hirise.lpl.arizona.edu/nea.php

MRO HIGH RESOLUTION IMAGING SCIENCE EXPERIMENT (HIRISE) -1 foot (0.3m)

three bands, 400–600 nm (blue-green), 550–850 nm (red) 800–1,000 nm (near infrared)

2005-

http://hirise.lpl.arizona.edu/nea.php
https://en.wikipedia.org/wiki/Blue
https://en.wikipedia.org/wiki/Green
https://en.wikipedia.org/wiki/Red
https://en.wikipedia.org/wiki/Near_infrared


Compact Reconnaissance Imaging Spectrometer for Mars 
(CRISM) on NASA's Mars Reconnaissance Orbiter (2005) 

CRISM covers wavelengths from 0.362 to 3.92 microns (362 to 3920 nm) at 6.55 
nanometers/channel, to identify a broad range of minerals on the Martian surface. 

False colour infrared: Red = dust, blue = water ice 

Green = polyhdrated sulphate                    



This is a special camera on the Mars Odyssey 
spacecraft (2001). Its main tasks are mapping rock 
mineralogies and detecting heat, which yields 
information on the Martian surface. 

THEMIS is a multi-wavelength camera

5 visible bands: (microns)
0.425, 0.540, 0.654, 0.749, 0.860 microns 

10 thermal infrared bands:
6.78, 7.93, 8.56, 9.35,10.21, 11.04, 11.79, 12.57,14.88

Resolution:
visible images, 59 feet (18 meters) per pixel
infrared images, 328 feet (100 meters) per pixel

http://themis.asu.edu/gallery

Thermal Emission Imaging System (THEMIS) 2001

http://themis.asu.edu/gallery


Mars Exploration Rover Missions 2004https://youtu.be/JUbQM47QXwQ

https://youtu.be/JUbQM47QXwQ


Jupiter- Juno, 2023:                                        Saturn from Cassini probe, 2016           

https://www.missionjuno.swri.edu

Neptune / Uranus from Webb telescope, 2022

https://www.missionjuno.swri.edu/


Pluto; New Horizons – LORRI                        Pluto and Charon (one of 3 moons)

New Horizons Mission 2015
Launched 2006
Alice Ultraviolet sensor and Ralph (‘The Honeymooners’)

Landslides on Charon 

Pluto and Charon 

(moon) pre-2015



http://www.nineplanets.org/

Pluto was named 

in 1930 by 

Venetia Burney 

(1918-2009)

Pluto demoted, 

to dwarf planet

2006

http://www.nineplanets.org/


Enceladus, Moon of 
Saturn, by Cassini 
Orbiter, 2005



Phobos is the larger of the two natural satellites of Mars, the other being Deimos. The two moons were 

discovered in 1877. It is named after Phobos, the Greek god of fear and panic, twin brother of Deimos. 

Mars' two tiny moons – Phobos and Deimos – are the sole survivors of a giant impact on the Red Planet

Radius: 11.267 km

https://www.google.com/search?client=firefox-b-e&sca_esv=584789655&q=phobos+radius&stick=H4sIAAAAAAAAAOPgE-LQz9U3SKkozNLSyk620k8sLinKz8vPrdRPTs1JLS7JTMyJz0_KSk0uscpNTcyLL0pMySwtXsTKW5CRn5RfrADhAwDmBlPZSAAAAA&sa=X&ved=2ahUKEwisqrDivNmCAxUTBzQIHX_JABAQ6BMoAHoECDQQAg


Meteor and Comet Impact Hazards: North American Impact Craters 

Data from Observer's Handbook 2004, Royal Astronomical Society of Canada 

http://astro.wsu.edu/worthey/astro/html/lec-meteor-cc.html

Pingualuit Crater, 

Northern Quebec 

http://earthobservatory.nasa.gov/IOTD

/view.php?id=8472

http://astro.wsu.edu/worthey/astro/html/lec-meteor-cc.html
http://earthobservatory.nasa.gov/IOTD/view.php?id=8472
http://earthobservatory.nasa.gov/IOTD/view.php?id=8472


The crater (diameter 100km) was caused by 

the impact of a 5 kilometer diameter asteroid 

about 215.5 million years ago (Triassic Period)



Exam 2: Nov 30 (10%) 

lecture topics since 

midterm; 10 questions, 

1 mark each

Sample exam question (previous): Solar radiation peaks in the visible (green) wavelengths, while 

terrestrial radiation (emitted by Earth) peaks in the thermal infra-red wavelengths. 

Can you explain why this difference occurs?

Lecture topics for second exam
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