
Remote Sensing Of Titan

- Lifting The Veil On The Origins Of Life?

Dr. Graeme Awcock PhD CEng MIET FHEA 

Honorary School Fellow of the School of Applied Sciences,

University of Brighton

G.J.Awcock@gmail.com

mailto:G.J.Awcock@gmail.com


Remote Sensing of Titan; -
Lifting The Veil On The Origins of Life?

• Huygen’s 1655 discovery of Titan was surely aided by its prodigious size

Introduction



Remote Sensing of Titan; -
Lifting The Veil On The Origins of Life?

• Huygen’s 1655 discovery of Titan was surely aided by its prodigious size

• But Kuiper’s 1944 discovery of methane in its thick N2 atmosphere led 

planetary scientists to speculate about atmospheric abiogenesis at Titan

Introduction



Remote Sensing of Titan; -
Lifting The Veil On The Origins of Life?

• Huygen’s 1655 discovery of Titan was surely aided by its prodigious size

• But Kuiper’s 1944 discovery of methane in its thick N2 atmosphere led 

planetary scientists to speculate about atmospheric abiogenesis at Titan

• Exploration of Titan was made a critical science objective of Voyager probes

Introduction



Titan Was Designated A PRIME OBJECTIVE For Voyager Mission

Carl Sagan 

(voiceover); 
Astronomer, 

Planetary 

Scientist,

Astrophysicist 

and Cosmologist

John Casani; 
Voyager Project 

Manager

Jim Bell;
Author of 

“Interstellar Age”

Source: BBC4 Storyville strand; “The Farthest: Voyager’s Interstellar Journey”; https://www.bbc.co.uk/programmes/b09gvnty; Last shown 2019.

Also on Screenbound Pictures DVD as: “The Farthest (Extended Theatrical Version)”, released 2017.

https://www.bbc.co.uk/programmes/b09gvnty
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… BUT, Titan’s Atmosphere Was Impenetrable To Voyager 1’s Cameras…

Jim Bell;
Author of 

“Interstellar Age”

Larry 

Soderblom; 
Voyager Imaging 

Science Team 

(Astrogeologist)
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… but Radio Science saved the day & fully validated the mission objective!

• Eventually, NASA/ESA/ISA plot collaborative return to Saturnian System

• Cassini-Huygens orbiter and probe combination blasted off in 1997

→ Aiming to penetrate ‘the veil’ of Titan’s smog of ‘THOLIN’ organics…
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After The Voyager Imaging Disappointment, Cassini-Huygen’s Instrument 
Package Was Carefully Considered For The Study of Titan…

Source: BBC Horizon strand; “Saturn: Lord of the Rings”; https://www.bbc.co.uk/programmes/p00607tg; 2004-5 Season.

Larry Esposito;
Principal 

Investigator, 

Cassini 

Ultraviolet 

Imaging 

Spectrometer 

(UVIS) Jack 

Fortune; 
Narrator

https://www.bbc.co.uk/programmes/p00607tg
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ISS Has Twin 1kx1k CCD Cameras Sensitive From Near-UV To Near-IR, 
Including 938 nm, Which Confers Some Smog Penetration Ability…

Source: BBC Horizon strand; “Saturn: Lord of the Rings”; https://www.bbc.co.uk/programmes/p00607tg; 2004-5 Season.

Jack Fortune; 
Narrator

Caroline 

Porco;
Team Leader, 

Cassini Imaging 

Science 

Subsystem (ISS)

https://www.bbc.co.uk/programmes/p00607tg
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The Active-Sensing, Synthetic Aperture Radar (Ku-Band; ʎ = 2.18 cm), 
Could Penetrate Thick Atmospheres With Ease...

Source: BBC Horizon strand; “Saturn: Lord of the Rings”; https://www.bbc.co.uk/programmes/p00607tg; 2004-5 Season.

Jack Fortune; 
Narrator

https://www.bbc.co.uk/programmes/p00607tg
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VIMS Scans From 0.35 μm (Near-UV) To 5.1 μm (Mid-IR) In 352 Bands & 
Delivers A 2-D Map Of Spectral Responses…

Source: BBC Horizon strand; “Saturn: Lord of the Rings”; https://www.bbc.co.uk/programmes/p00607tg; 2004-5 Season.

Jack Fortune; 
Narrator

Bob Brown;
Team Leader, 

Cassini Visual 

and Infrared 

Mapping 

Spectrometer 

(VIMS)

https://www.bbc.co.uk/programmes/p00607tg
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ESA’s Huygens Probe Was Designed To Enter Titan’s Atmosphere And 
Make Measurements All The Way Down To The Surface…

Source: BBC Horizon strand; “Saturn: Lord of the Rings”; https://www.bbc.co.uk/programmes/p00607tg; 2004-5 Season.

Jack Fortune; 
Narrator

John Zarnecki;
Principal 

Investigator, 

Huygens Surface 

Science Package 

(SSP)

https://www.bbc.co.uk/programmes/p00607tg
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On Christmas Day, 2004, The Huygens Probe Was Released;
- On A Ballistic Trajectory To Enter Titan’s Atmosphere…

Source: Yesterday Channel; “Secrets of the Solar System; Episode 7; - Saturn”; https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001; 2019. 

Animation of Huygens's trajectory from 25 December 2004 to 14 January 2005, https://upload.wikimedia.org/wikipedia/commons/7/72/Animation_of_Huygens_trajectory.gif

Jim Al-Khalili; 
Narrator

Earl Maize;
Cassini-Huygens 

Programme 

Manager

Julie Webster;
Cassini 

Spacecraft 

Operations Team 

Manager

https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001
https://upload.wikimedia.org/wikipedia/commons/7/72/Animation_of_Huygens_trajectory.gif
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Recommended Reading: The Saturn System Through The Eyes Of Cassini; eBook & https://en.wikipedia.org/wiki/Titan_(moon); & https://solarsystem.nasa.gov/missions/cassini/science/titan/

&  Lorenz, R (2017). NASA/ESA/ASI Cassini-Huygens, Haynes ISBN 9781785211119 : Recommended Viewing: http://sci.esa.int/cassini-huygens/39218-huygens-descent-to-titan-surface/
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https://www.nasa.gov/sites/default/files/atoms/files/the_saturn_system.pdf
https://en.wikipedia.org/wiki/Titan_(moon)
https://solarsystem.nasa.gov/missions/cassini/science/titan/
http://sci.esa.int/cassini-huygens/39218-huygens-descent-to-titan-surface/


After Coasting For 20 Days Huygens Entered Titan’s Atmosphere At
6000 ms-1, But 5 ms-1 Was Required To Land Safely On The Surface…

Source: Yesterday Channel; “Secrets of the Solar System; Episode 7; - Saturn”; https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001; 2019.

Manish Patel;
Planetary 

Scientist

Earl Maize;
Cassini-Huygens 

Programme 

Manager

Olivier 

Witasse;
ESA Planetary 

Scientist

Jim Al-Khalili; 
Narrator

https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001
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The Probe’s Descent Took 150 Mins; - Longer Than Expected, But Huygen’s
Batteries Lasted 72 Mins On The Surface, Despite -180°C Temperature!

Source: Yesterday Channel; “Secrets of the Solar System; Episode 7; - Saturn”; https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001; 2019. 

Erich Karkoschka, Lunar and Planetary Lab, DISR team, University of Arizona; https://sci.esa.int/web/cassini-huygens/-/39218-huygens-descent-to-titan-surface; 2015

Elizabeth ‘Zibi’ 

Turtle;
Principal 

Investigator of 

Dragonfly Mission

David 

Harrington;
Narrator of final 

descent 

ANIMATION, 

created by 

University of 

Arizona team 

responsible for 

the Descent 

Imager / Spectral 

Radiometer 

(DISR) 

instrument, which 

captured the 

images seen

https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001
https://sci.esa.int/web/cassini-huygens/-/39218-huygens-descent-to-titan-surface
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The Legacy Of Liquid Was Clearly Evident On The Surface Of Titan, 
Although The Probe Did Not Encounter ANY Liquid At The Landing Site…

Source: BBC, The Sky At Night; “Unveiling Titan”; https://www.bbc.co.uk/iplayer/episode/p00f8xfz/the-sky-at-night-unveiling-titan; Broadcast 7 Feb 2005. 

Michelle 

Dougherty;
Magnetometer 

Team Leader, 

Cassini Orbiter

John Zarnecki;
Principal 

Investigator, 

Huygens Surface 

Science Package

https://www.bbc.co.uk/iplayer/episode/p00f8xfz/the-sky-at-night-unveiling-titan
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Cassini Radar Swaths (Monochrome) Overlaying VIMS Image Map (RGB);
- Cylindrical Projection

Huygens 

Landing Site
Lat; 10.6°S 

Long; 192.3°W

Cassini radar 
Monochrome; 

ʎ=2.18 cm

VIMS spectral 

mapping;
R; ʎ=5 μm

G; ʎ=2 μm

B; ʎ=1.3 μm

The very ‘radar 

dark’ patches in 

NW are the 

three major 

liquid ‘seas’ on 

Titan, viz;

Punga Mare, 

Kraken Mare & 

Ligeia Mare

Source: The Planetary Society, Bruce Murray Space Image Library, Maps of Titan with place names;

https://planetary.s3.amazonaws.com/assets/images/6-saturn/2017/20171025_Titan_comp_VIMSimage.pdf; Last accessed 1 Dec 2022. 

https://planetary.s3.amazonaws.com/assets/images/6-saturn/2017/20171025_Titan_comp_VIMSimage.pdf
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&  Lorenz, R (2017). NASA/ESA/ASI Cassini-Huygens, Haynes ISBN 9781785211119 : Recommended Viewing: http://sci.esa.int/cassini-huygens/39218-huygens-descent-to-titan-surface/
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• NIR-filtered ISS penetrates atmosphere to map seas & lakes in North…
…and has observed relatively rare cloud development; Note Ligeia Mare…

• 2.5 hr descent went well; - MOST data sent to Cassini, despite glitch…

…it landed on dry ‘riverbed’, & monitored -180°C environment for 72 mins

- Cassini-Huygens was instrumented to penetrate atmosphere
• CCD-based wide- & narrow-angle cameras, with 938 nm NIR filter (ISS)

• Cassini (Ku-band, synthetic aperture;  = 2.18 cm) radar (RADAR)
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Credits 1; - Speakers to camera
(in order of first appearance)

‘critical science objective of Voyager’; BBC4 Storyville strand; “The Farthest: Voyager’s Interstellar 

Journey”; https://www.bbc.co.uk/programmes/b09gvnty; Last shown 2019

Carl Saga (Voiceover) Astrophysicist, Astronomer, Cosmologist, Scientist

John Casani Voyager Project Manager

Jim Bell Author of ‘Interstellar Age’

‘camera were defeated by ‘smog’; BBC4 Storyville strand; “The Farthest: Voyager’s Interstellar 

Journey”; https://www.bbc.co.uk/programmes/b09gvnty; Last shown 2019

Jim Bell Author of ‘Interstellar Age’

Larry Soderblom Voyager Imaging Science Team (Astrogeologist)

‘Cassini-Huygens was instrumented to penetrate atmosphere’; BBC Horizon strand; “Saturn: Lord 

of the Rings”; https://www.bbc.co.uk/programmes/p00607tg; 2004-5 Season

Larry Esposito Principal Investigator, Cassini UVIS Instrument

Jack Fortune (Narrator) Narrator; Horizon; ‘Lord Of The Rings’

‘ISS’; BBC Horizon strand; “Saturn: Lord of the Rings”; 

https://www.bbc.co.uk/programmes/p00607tg; 2004-5 Season

Jack Fortune Narrator ; Horizon; ‘Lord Of The Rings’

Carolyn Porco ISS Team Leader, Cassini

https://www.bbc.co.uk/programmes/b09gvnty
https://www.bbc.co.uk/programmes/b09gvnty
https://www.bbc.co.uk/programmes/p00607tg
https://www.bbc.co.uk/programmes/p00607tg


Credits 2; - Speakers to camera
(in order of first appearance)

‘RADAR’; BBC Horizon strand; “Saturn: Lord of the Rings”; 

https://www.bbc.co.uk/programmes/p00607tg; 2004-5 Season

Jack Fortune Narrator ; Horizon; ‘Lord Of The Rings’

‘VIMS’; BBC Horizon strand; “Saturn: Lord of the Rings”; 

https://www.bbc.co.uk/programmes/p00607tg; 2004-5 Season

Jack Fortune Narrator ; Horizon; ‘Lord Of The Rings’

Bob Brown VIMS Team Leader, Cassini

‘VIMS’; BBC Horizon strand; “Saturn: Lord of the Rings”; 

https://www.bbc.co.uk/programmes/p00607tg; 2004-5 Season

Jack Fortune Narrator ; Horizon; ‘Lord Of The Rings’

John Zarnecki Principal Investigator, Huygens Surface Science Package

‘Huygens departed Cassini’; Yesterday Channel; “Secrets of the Solar System; Episode 7; -

Saturn”; https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-

online/6166352070001; 2019

Animation of Huygens's trajectory from 25 December 2004 to 14 January 2005, 

https://upload.wikimedia.org/wikipedia/commons/7/72/Animation_of_Huygens_trajectory.gif

Jim Al-Khalili (Narrator) Narrator; Secrets Of The Solar System; ‘Saturn’

Earl Maize Cassini-Huygens Program Manager

Julie Webster Cassini Spacecraft Operations Team Manager

https://www.bbc.co.uk/programmes/p00607tg
https://www.bbc.co.uk/programmes/p00607tg
https://www.bbc.co.uk/programmes/p00607tg
https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001
https://upload.wikimedia.org/wikipedia/commons/7/72/Animation_of_Huygens_trajectory.gif


Credits 3; - Speakers to camera
(in order of first appearance)

‘heatshields and ‘chutes’; Yesterday Channel; “Secrets of the Solar System; Episode 7; - Saturn”; 

https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001; 2019 

Manish Patel Planetary Scientist

Earl Maize Cassini-Huygens Program Manager

Olivier Witasse ESA Planetary Scientist

Jim Al-Khalili (Narrator) Narrator; Secrets Of The Solar System; ‘Saturn’

‘descent’ ; Yesterday Channel; “Secrets of the Solar System; Episode 7; - Saturn”; 

https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001; 2019 

Erich Karkoschka, Lunar and Planetary Lab, DISR team, University of Arizona; 

https://sci.esa.int/web/cassini-huygens/-/39218-huygens-descent-to-titan-surface; 2015

Elizabeth ‘Zibi’ Turtle Planetary Scientist

David Harrington (Narrator) University of Arizona Huygens Lander final descent animation

‘encountered no liquid’; BBC, The Sky At Night; “Unveiling Titan”; 

https://www.bbc.co.uk/iplayer/episode/p00f8xfz/the-sky-at-night-unveiling-titan; 7 Feb 2005

Michelle Dougherty Magnetometer Team Leader, Cassini

John Zarnecki Principal Investigator, Huygens Surface Science Package

Patrick Moore (Silent observer)

https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001
https://uktvplay.uktv.co.uk/shows/secrets-of-the-solar-system/watch-online/6166352070001
https://sci.esa.int/web/cassini-huygens/-/39218-huygens-descent-to-titan-surface
https://www.bbc.co.uk/iplayer/episode/p00f8xfz/the-sky-at-night-unveiling-titan


Thank You For Your Attention!

Any questions?


	Default Section
	Slide 1: Remote Sensing Of Titan 
	Slide 2: Remote Sensing of Titan; - Lifting The Veil On The Origins of Life?
	Slide 3: Remote Sensing of Titan; - Lifting The Veil On The Origins of Life?
	Slide 4: Remote Sensing of Titan; - Lifting The Veil On The Origins of Life?
	Slide 5: Titan Was Designated A PRIME OBJECTIVE For Voyager Mission
	Slide 6: Remote Sensing of Titan; - Lifting The Veil On The Origins of Life?
	Slide 7: Remote Sensing of Titan; - Lifting The Veil On The Origins of Life?
	Slide 8: … BUT, Titan’s Atmosphere Was Impenetrable To Voyager 1’s Cameras…
	Slide 9: Remote Sensing of Titan; - Lifting The Veil On The Origins of Life?
	Slide 10: Remote Sensing of Titan; - Lifting The Veil On The Origins of Life?
	Slide 11: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 12: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 13: After The Voyager Imaging Disappointment, Cassini-Huygen’s Instrument Package Was Carefully Considered For The Study of Titan…
	Slide 14: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 15: ISS Has Twin 1kx1k CCD Cameras Sensitive From Near-UV To Near-IR, Including 938 nm, Which Confers Some Smog Penetration Ability…
	Slide 16: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 17: The Active-Sensing, Synthetic Aperture Radar (Ku-Band; ʎ = 2.18 cm), Could Penetrate Thick Atmospheres With Ease...
	Slide 18: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 19: VIMS Scans From 0.35 μm (Near-UV) To 5.1 μm (Mid-IR) In 352 Bands & Delivers A 2-D Map Of Spectral Responses…
	Slide 20: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 21: ESA’s Huygens Probe Was Designed To Enter Titan’s Atmosphere And Make Measurements All The Way Down To The Surface…
	Slide 22: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 23: On Christmas Day, 2004, The Huygens Probe Was Released; - On A Ballistic Trajectory To Enter Titan’s Atmosphere…
	Slide 24: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 25: After Coasting For 20 Days Huygens Entered Titan’s Atmosphere At 6000 ms-1, But 5 ms-1 Was Required To Land Safely On The Surface…
	Slide 26: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 27: The Probe’s Descent Took 150 Mins; - Longer Than Expected, But Huygen’s Batteries Lasted 72 Mins On The Surface, Despite -180°C Temperature!
	Slide 28: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 29: The Legacy Of Liquid Was Clearly Evident On The Surface Of Titan, Although The Probe Did Not Encounter ANY Liquid At The Landing Site…
	Slide 30: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 31: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 32: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 33: Cassini Radar Swaths (Monochrome) Overlaying VIMS Image Map (RGB); - Cylindrical Projection
	Slide 34: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 35: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 36: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 37: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan
	Slide 38: Cassini-Huygens Mission Aims To Draw Back The Veil on Titan

	Untitled Section
	Slide 39: Credits 1; - Speakers to camera (in order of first appearance)
	Slide 40: Credits 2; - Speakers to camera (in order of first appearance)
	Slide 41: Credits 3; - Speakers to camera (in order of first appearance)
	Slide 42: Thank You For Your Attention!


