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Space Shuttle Re-entry 

•  It’s fast! (~18,000 mph or 26,000 ft/sec)   
•  It’s hot! (peak temperatures ~2,000-3,000 deg F)  
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Success Criteria:   
To obtain spatially 
resolved infrared 
imagery that will 
provide a 
quantified surface 
temperature map 
of the Shuttle 
during hypersonic 
re-entry 



What is an Infrared Camera? 

Similar to a common camera that 
forms an image using visible light, 
an infrared camera is a device that 
forms an image using infrared 
radiation 

False color thermal image 
of a hot air balloon 
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Why Do We Want to Image the Shuttle with 
Infrared Cameras? 

Break up of Shuttle 
Columbia over Texas 

Memorial outside NASA 
Langley Research 
Center 

February 1st 2003 



7

Did foam strike wing 
leading edge? 



What are the Implications of Damage? 
Inability to accurately predict thermal environments has design 

and operational impacts including potential loss of vehicle/crew… 
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STS-114 (2005):  Shuttle required repair 
in orbit  because of uncertainties in our 
ability to predict surface temperatures 
increases from damage 



9 

Shuttle at high altitudes 
Mach 24 – Mach 9 

Disturbed (turbulent) 
Flow increases 
surface temperature 

Shuttle at low altitudes 
Mach 9 – landing or 
rough surface 

Wind tunnel thermal 
images.  Red is hotter… 

Laminar Flow Turbulent Flow 



The IR Sensor “Challenge” Sensor 
Characterization 

Pre-HYTHIRM 
Cast Glance legacy 
analog system 
Insufficient dynamic 
range and low 
signal-to-noise 

LI900 Shuttle tile array 

Aerial photo 

Sensor response 
quantified at Sandia Solar 
Tower tests (2008) 
Recommendation: 
Upgrade to 12 bit digital 
NIR sensor 

2005 
STS-121 



Sensor Improvements Sensor 
Upgrades 

Sensor upgrade 
implemented (2009) 
 Wider dynamic range 
 Improved Signal to Noise 
Ratio (SNR) 
 Controls for setting 
integration time 

2005 
STS-121 

Manuf. Model
Pixel size X 
(um)

Pixel size 
Y (um) # Pixels X # Pixels Y

Frame 
Rate (fps)

Bits per 
pixel

Cohu 2122 5.5 6.4 768 494 30 8

Prosilica GC1380H 6.5 6.5 1360 1024 30-84 12

Hardware and software upgrades 



Calibration 
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  Radiometric (black bodies; stars) Radiance vs sensor response @ 
integration times  
  Spatial (pin hole; stars; laser) characterization of image blurring 
  Spectral (filters and spectral lamp) losses thru optical system 

Cast Glance 
Sensor 

Calibration 

Sirius NIR 
image 



Pre-Flight Sensor Configuration 
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Radiance 
Modeling 

Increasing exposure time 

Less blurring but… 
low signal/noise (S/N) 

Higher S/N but… 
more blurring & saturation 

20 ms 0.2 ms 

Simulation of real sensor response 
(resolution, atmospheric effects, 
dynamic range and integration time) 



The Mission Operations 
“Challenge” 

 Navy NP-3D Orion 

Cast Glance Personnel & 
VX-30 Squadron 

Virtual Simulations 
Historical Ground-tracks 

Kennedy or Edwards? 

A Hurricane in 
the Pacific! 

Spaceflight 
Meteorology 

Group 

Rain in FL? 

HYTHIRM Mission 
Operations Team 



Directing the Show… 



Unprocessed 
NIR imagery 

Long range Near closest approach Receding… 
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KSC Landing Opportunities for 3-28-09 

KSC 202 

KSC 201 

Navy P-3 Cast Glance 
data collection point 
~Mach 8.5  

Mach 9 

Roll 
Reversal 

Development of asymmetric boundary layer transition 

Turbulence Turbulence Relaminarization 



Image Acquisition from the 
Navy P-3 Aircraft 



Orbiter Surface Temperature (deg F)   
from Radiometric Calibration 
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Thermal data collection 

2-D processed 
data 

3-D mapping 
Comparison to 
modeling Tools 

Making Our Design Tools Better 

Ground to flight 
extrapolation 



Navy Water Survival Training! 



Flying on the P-3! 



Front Page News! 



Lots of Public Interest! 



The Last Flight of Endeavour 
STS-134  June 1, 2011  
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Future Vision… 



Public Out Reach – NASA EDGE 

What does mustard 
have to do with 

HYTHIRM? 





Click to return to previous slide 



Imaging: 
BH-300 (shown) and BH-340 

Telemetry: 
BH-341 

  Imaging: 
 Visual, NIR, SWIR, MWIR, Spectral 
 210” NIR, 160” color, 80” NIR, 15” SWIR, 80” high speed DV, 40” NIR,  aft 
MWIR 

 Telemetry: 
 BH-340, 341 have identical phased array telemetry antennas 
 Beam steered (port side); 120 deg az, 80 deg elev 
 Receive in S-band, 2.2 to 2.4 GHz; line of site 
 Can demodulate and record SOQPSK (Space-X requirement 350kbps) 
 Can be reconfigured for imaging + telemetry (non optimal config for imaging) 



Ground optical system: 
MARS (2010) 

Ground optical system 
MARS (2012) 

Airborne optical system: 
Cast Glance (2011) 

Primary Assets Used for Imaging Shuttle 


