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INTRODUCTION
World War II not only advanced photo interpretation and photogrammetry


Also beginning of rockets and rocket research heralding the space age


German scientists who worked on V1 (buzz bombs) and V2 (at Pennemunde site)
      emigrated after the war to work on U.S. space program

Pictures from space had obvious attraction, although earliest efforts used film


But digital promised marked advantages

· No messy and time-consuming processing

· Numbers can be transmitted instantaneously, so images in real time

DIGITAL SENSING
Like light meter in conventional camera, digital sensor measured reflected light


analog measurement converted to integers or digital numbers (DN)


values of DNs fall in a finite range governed by the sensor


more specifically, digital sensors use simple switches or impulses called bits


each switch / impulse / bit can be off ( = 0 ) or on ( = 1 )



range of possible numbers governed by number of switches or bits




as illustrated, number of possible numbers = 2n  where n is number of bits

· early sensors used 6 bits (0 - 63)

· most commercial sensors use 8 bits (0 - 255)

· although some use 16 bit (65,536) and  24 bit (17 million) sensors

Sensor projects continuum of reflectance onto finite and discrete range of values

IMAGE RESOLUTION
Unlike most digital applications, where resolution is measured in dpi,  


resolution of imagery is defined by the length of a grid cell



greater length means coarser resolution; small length, finer resolution

So unlike conventional air photo, spatial resolution fixed and finite


as illustrated by progressive enlargement of Lake Dunmore image
Early applications used very coarse resolution ― 4 km ― for weather observation and 
  environmental monitoring

What's available now?  


sub-meter resolution, as demonstrated by progressive enlargement of my house
Given increasingly finer resolution, tendency to assume finer is better


graph shows storage space grows geometrically as nominal resolution increases



for an area 16 km (10 miles) square:




30-meter image requires 0.25 mb of space




10 meter image requires 2.5 mb




1 meter image requires 256 mb




0.5 meter image requires 2,000 mb




0.25 image requires over 4,000 mb


best resolution depends on purpose
     (many applications are hindered rather than helped by fine resolution imagery)



weathering and environmental monitoring best served by coarse (e.g., 4 km) imagery



military reconnoitering uses meso-resolution, like 10 m scene of Riyadh
         (before the Gulf War, Iraq purchased imagery from SPOT)



but military intelligence often requires detailed resolution




missiles in Cuba discovered by satellite imagery




so as not to divulge fine-resolution imaging-capability, U2 photos flown




similarly, individuals monitored by satellite imagery in 1980 Iranian hostage crisis

MULTI-SPRECTRAL IMAGERY
Photo-like images across the visible spectrum good for many things
  e.g. monitoring logging of the Amazon rainforest

But digital sensing is not limited to visible spectrum

Laws of black-body radiation (emission curves)


Emission intensity is a function of temperature to the fourth power


Wavelength varies inversely as temperature

Sun emits across a wide spectral range, only a small portion of which is visible light

In same way, colors in the visible range can be diagnostic, 


non-visible radiation can be used to distinguish different types of features



similar in the visible range, conifers and deciduous trees have different IR reflectance
Examples show how different bands can be used for different tasks

· NDVI index (based on red and IR) to monitor vegetation vitality in Bangkok
· NDVI ratios ― greenness maps" ― to monitor change in Africa (movie)
· near and mid-IR to map extent of 1993 flooding along Mississippi
· thermal IR to pinpoint fire origins and hot spots in Yellowstone
· several different bands to map land use in Burlington
While sensors break spectrum into different bands for different applications . . .

several individual bands can be put back together to make a composite
