


Basic System Design and key technology challenges

• Cameras
– HDTV
– Ultra-High Definition
– 8K
– 360° field-of-regard
– Radiation Tolerance

• Pixel pitch appears to be critical factor

• Compression
– MPEG-4 h.264
– HEVC h.265
– Latency

• Intelligent Systems
– Situational awareness
– Spacecraft integrity
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Cameras for Deep Space Applications

• Resolution
– High Definition Television  

• 1280 x 720 or 1080 x 1920
• Progressive scan preferred

– Ultra-High definition
• 2160 x 3840
• Progressive Scan
• Multiple frame rates of 25, 30, 50 and 60 are most common

– 8K!
• Being used already by Japanese Broadcaster NHK

– Higher resolution allows for broad field-of-view to be used with little to no loss of detail
• Could extract HD from wide field-of-view to create virtual pan/tilt/zoom

– But more pixels means more data to compress and higher bandwidth for streaming and file transfers
• Mitigate with better, more efficient compression

• Environment
– Radiation

• Ionizing radiation causes dead pixels
• CMOS performs better than CCD 
• Very inconsistent experience with commercial cameras 
• Best to assume replacement every 12-18 months vs. trying to rad harden cameras
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360° Field- of -Regard Camera systems

6

• Pan/Tilt systems for use in space are very bulky, heavy and 
expensive

• Still limited with only one field-of-view at a time
• Would not allow tracking of object in real-time

• New camera systems are available with a 360° field-of-regard with 
no moving parts

• Would allow selected field-of-view by stitching imagery from 
up to three cameras at a time

• Could allow multiple fields-of-view simultaneously from the 
same camera system

• Dramatically reduces the mass required and should reduce 
the # of cameras needed to cover a large area

• Challenges
• Real-time stitching requires high-performance Graphics 

Processing Units (GPU)
• Placement of the stitching GPU system may need to be 

inside the vehicle, which means the live output of the 360°
camera system would require up to a 12 Gbps link 

• Protecting the camera system from radiation damage
• Containing the camera system for vacuum and thermal while 

still providing the 360° field-of-regard
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