Orbits, Angles and Resolution

Important angles


Zenith (theta)


Nadir (180-theta)


Elevation (90-theta)


Scan angle, Angular field of view (scan angle*2)


Azimuth angle

Spatial resolution and resolving power


Define resolving power or resolution



The ability to perceive two adjacent objects as being distinct




A function of many things





Size





Distance





Sensor characteristics





Object shape





Object color





Contrast characteristics





Dwell time – how long you can look at an object


Angular resolving power



The key is the angle



Only angle is “constant” (its not really, it can change with contrast, etc.)



Minimum resolvable distance will change with distance from sensor


The radian system of angular measurement



1 rad is the angle subtended by an arc which is the same length as the radius




So for 1 rad, L = r




This is convenient because the angle (in rads) is simply the ratio of L / r





i.e. if you know the distances, you know the angle!





If L is half of r, then the angle is 0.5 rad





If L is one quarter of r, then the angle is 0.25 rad


Calculation of angular resolving power



Use the eye as an example of a remote sensing system




It’s like a satellite sensor in important ways





Lens for focusing





Array of detectors




Optical systems have an inherent resolving power determined by their optics




Resolving power is a function of receptor cell size and image distance (from lens)





(Don't confuse r with the radius of the eye. r is the distance between the point where the two light rays converge on the lens and the receptor.  In a circle, these lines converge at the center, which defines the radius.  In our eye they converge at the edge of the circle, where our lens is.)


Equation for IFOV [IFOV(rad) =L / r]



The smaller the IFOV ( the higher the resolution




IFOV is a relative measure because its an angle, not a length




The angle relates the size of an object to its resolving distance



For an average person:




Receptor cell=4 µm (this is L)




Image distance within eye = 20,000 µm (this is r)




IFOV = L/r = 4/20,000 = 0.0002 rad = 0.2 mrad


Show how image distance is proportional to object distance



How big must L’ be to resolve at a distance of 30 m?




IFOV = L’/r’




L’ = IFOV • r’




L’ = 30 m • 0.0002 = 0.006 m = 0.6 cm



How does IFOV come into play when we’re looking at something?


Calculate IFOV for student’s eyes




IFOV(rad) = L mm/5000 mm





For L = 0.71 mm, IFOV = 0.142 mrad





For L = 0.83 mm, IFOV = 0.166 mrad





For L = 1.00 mm, IFOV = 0.200 mrad





For L = 1.25 mm, IFOV = 0.250 mrad





For L = 1.67 mm, IFOV = 0.334 mrad



Repeat calculation of IFOV for a lower contrast target


Use IFOV and satellite height to calculate size (L) of the ground resolution cell (pixel size)



Use SeaWiFS as an example (The IFOV for SeaWiFS is 1.6 mrad, its altitude is 705 km)




Solving for L, use the equation:




IFOV = L/r




1.6 mrad = L/705 km




0.0016 rad = L/705 km




L = 1.13 km

Spectral resolution


Bandwidth

Scanning satellite systems


Scan angle


Angular field of view = 2 • scan angle



Calculation of ground swath width from angular field of view




An example from SeaWiFS





ground swath width = 2 • r • tan(scan angle)





Altitude = 705 m





Scan angle = 58.3°, tan(58.3°) = 1.62





ground swath width = 2 • 705 • 1.62 = 2282 km



How big are pixels at nadir? 



(L=IFOV • r) = 0.0016 rad • 705 km = 1.13 km



How big are pixels at swath edge?



r = altitude/cos(scan angle)




r = 705 km/cos(58.3°) = 705km/0.525 = 1341 km




Pixel size (L) = IFOV • r




L = 0.0016 rad • 1341 km = 2.15 km


Cross-track scanning systems



What is the dwell time for a cross track scanner?




(= scan rate per line/# cells per line) 




What do you need to know?





Satellite speed for SeaWiFS (distance traveled/orbit time)






Distance traveled = 2 • pi • r = 2 • pi • (6378+705) km







=44,503 km






Orbit time = 99 minutes






=449.5 km/min





Width of scan line (1.13 km for SeaWiFS)





Time per scan line = 1.13 km/449.5 km/min = 0.0025 min





Time per pixel






 = (2282 km/swath)/(1.64 km/pixel) = 1391 pixels






 = 0.0025 min/(1391 pixels) = 1.08e-4 sec/pixel


What about other scanning systems?


Along track (push broom)



Have multiple detectors



Longer dwell time (cell dimension/satellite velocity)




At the same ground speed, cross track scanners sample 2000x more pixels

Attributes 
Cross-track 
Along-track

Angular field of view
Wider
Narrower

Mechanical system
Complex
Simple

Optical system
Simple
Complex

Dwell time
Shorter
Longer


Side scanning systems (active)



Similar to cross-track systems

Resolution and data quality ultimately related to signal strength


What determines signal strength?



Energy flux



Altitude



Spectral bandwidth of detector



IFOV



Dwell time

Multi-spectral systems

Orbits


Geostationary, geosynchronous (GOES)


Sun-synchronous



Polar orbiting



Repeat times - SeaWiFS 1-day




Crosses equator at noon + 20 min on descending orbit



Orbits at a 99° angle.  Why?




The earth moves 2755 km each orbit (40073 km/24 hr = 2755 km/99 min)




The orbit is angled to bring swaths closer together to prevent big gaps.





The larger the angle, the more the swaths overlap





At an angle of 180°, satellite would orbit the equator and swaths overlap completely

Getting the data from the satellite to the ground


Ground stations


On board recording capability
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