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REMOTE SENSING JUMP START

Parts of a remote sensing system

Source of energy (sensor or sun)

Propagation through atmosphere

Interaction with surface

Back through atmosphere

Sensing system

Data download system

Data product

Integration, analysis, derived products

User

Remote sensing systems can be active or passive: active systems put out their own source of energy (a large "flash bulb") whereas passive systems use solar energy reflected from the surface or thermal energy emitted by the surface.  Real active system are radar; passive are radar, IR, and visible

Circular Orbits

Centripetal acceleration = force of gravity

T = 2 (( ( r3 / µ)

µ = earth gravitational constant, 3.968x1014 m3/sec²

r = radius, center of earth to satellite (r earth  6378 km)

i = inclination angle, equatorial plane to orbit

0° always over equator

90° goes over pole

solar orientation: time of ascending (or descending) node, when satellite passes equator

Geosynchronous Orbit

T = 24 hr, solve equation to get 35,786 km above surface

Communications and weather satellites

Only over equator

Poles and high latitudes not covered

Need big telescope for details

Sun-synchronous or Polar Orbiting 

Maintain constant sun to sensor angle

i will be near 90°

Some area near the pole will not be covered (because inclination not 90)

Each orbit steps a certain distance from the last

Want a cycle period (how long to return to coverage of same point)

Adjust altitude, inclination

Consider swath width and viewing geometry/distortion

At reasonable altitudes of several hundred km, T ( 100 minutes

Used by space shuttle, but fairly small inclination (goes nowhere near poles)

Image collection: measure reflected/emitted energy over a particular region on ground in a particular part of the spectrum; tradeoffs with respect to S/N (signal to noise) ratio

Part of the spectrum: passive energy available decreases with wavelength

With minor exceptions, want windows: regions where the EM radiation does not interact with the atmosphere

Exception: sounders which determine properties of atmosphere with depth

Visible: solar energy reflected by the earth's surface.  Daylight only.

Near infrared: solar energy reflected by the earth's surface; really visible.

Mid infrared: a mixture of reflected solar energy (day only) and emitted thermal energy from the earth.

Thermal infrared: heat energy emitted by the earth.  Day or night.

Microwave (or radar): energy emitted by the earth.  The radar portion of the spectrum.  Day or night, can penetrate clouds.

Spectral resolution: Number and size of spectral bands ("colors"); more bands means more data to transmit and process, narrower bands means less energy to detect but ability to see more detail and differentiate surface materials

Spatial resolution: Size of pixel (resolution versus amount of energy available, and storage/transmission levels, uses of data)

Radiometric resolution: Dynamic recording range (meaningful differences, storage increase): n bit data (8 is common); 10-bit (0-1023 for thermal on AVHRR) 

Temporal resolution: how often do you come back to same spot

Computer Image Analysis

Pixel: picture element, digital basic unit (can't blow up any bigger for more information)

Resolution: size of pixel

DN-digital number: average radiance in pixel, created from A-to-D converter in sensor

n-bit data: 2n gradations, from 0 to 2n -1 (8 bit is common)

histogram: number of pixels with each DN

Mean: average

Standard deviation: measure of dispersion

Mode: most commonly occurring

Color and CRTs

RGB color model

True color generally regarded as 256 shades of each

Image display/contrast enhancement

Human eye perceives about 30 shades of gray

Want maximum contrast in area of interest, from entire scene to small subsets

Limit for human eye, and perhaps hardware capabilities

Look at histogram: reflectance value versus number of pixels, From 0 to 2n-1

Want all available colors on screen: faintest returns in black, and brightest in white; often scene does not use full dynamic range available (e.g. vis sensor must be ready for white snow and black basalt, but will not always have them)

Generally use white for strong energy returns and black for low, but there are exceptions: often for sidescan sonar, and always for thermal IR from the weather satellites (so clouds will be white, even though they emit very little heat)

Major choices:

Equal sized color bins

Equal number of pixels per bin

User arbitrary bins

Real materials

( = emissivity 

ratio of radiant exitance / blackbody exitance

range from 1 to 0

can vary with wavelength, viewing direction, polarization, and temperature

Graybody: constant ( for all wavelengths

Selective radiator: ( varies with wavelength

Kirchoff Radiation Law: good absorbers are good emitters 

Atmospheric effects, related to atmospheric path length:

Absorption and scatter will decrease energy reaching sensor, leading to underestimate of temperature

Emission in atmosphere will increase energy reaching sensor, leading to overestimate of temperature

Radiant/brightness temperature (measured by sensor) will be less than true (kinetic) temperature

Two objects with the same radiant temperature can have different kinetic temperatures, and vice versa

Stefan-Boltzmann Law: for ideal black body that totally absorbs and reemits all energy

M =( T4 

M total radiant exitance; ( constant; T in degrees Kelvin

The hotter an object, the more energy it emits

Wien's displacement law: wavelength of most intense emission

lambda max = A / T

A is a constant, so the higher the temperature, the shorter the dominant wavelength

Sun emits about 6000°K, dominant in vis (0.4 - 0.7 µm) 

Earth about 300°K, dominant about 9.7 µm (thermal IR)

3 µm is boundary between dominantly reflected (bounces off, no change in energy) and dominantly emitted (absorbed and then reradiated at longer wavelength energy

Below this is near IR, and above is thermal IR

Real materials

Vegetation: 

peak reflectance in green due to chlorophyl absorption in red and blue; 

stressed plants stop chlorophyl, reflect red, and become yellow (= Red + green)

Peak in near IR (40-50% reflectance)

Water absorption bands at 1.4, 1.9, and 2.7

Soil:

Water absorption bands

Hydroxyl bands for clay soils at 1.4 and 2.2 

Water:

Absorbs in near IR

Visible: suspended matter, solids, surface glint (specular reflection, when surface acts as a mirror?)

Angle of incidence of incoming energy = angle of reflection

Surface roughness at the wavelength of the energy used.  

Rough surfaces reflect more energy; parts of the surface are always oriented to bounce energy back to sensor.

Smooth surface (like mirror) leads to specular reflection, with all energy going in one direction, and nothing to other directions.

Surface interaction with energy (absorb or reflect)

Some satellites:

AVHRR: Advanced Very High Resolution Radiometer, 5 channel (Vis, near IR, mid IR, and two thermal IR) instrument on the NOAA polar orbiters.  1 km resolution at best

CZCS: Coast Zone Color Scanner, experimental sensor that was only source of old data until last year

DMSP: Defense Meteorological Satellite Program, polar orbiters. 1 km resolution at best

EOS: Earth Observation System, NASA system to be launched soon that will have a series of satellites

GEOSAT: US military radar altimeter, later put into scientific orbit

GOES: Geostationary Operational Environmental Satellite—weather loops.  Km resolution.

IKONOS: first successful commercial "spy" satellite.  Went up fall 1999, with 1 m panchromatic, and 4 m color resolution

Landsat: US satellite with 30 m data, seven channels (vis and IR).  New Landsat 7 has a 15 m panchromatic band

SEASAT: experimental radar altimeter from the 1970’s that lasted three months (failure or an ABM test?)

SEAWIFS: recently launched ocean color satellite

SIR: Shuttle Imaging Radar

SPOT: French commercial satellite, 3 channels 20 m data or 1 channel 10 m data

TOPEX/Poseidon: joint US-French radar altimeter

Image analysis Keys

· Shape (Pentagon)

· Size (Barn versus storage shed)

· Pattern (Orchard versus forest)

· Tone/hue (soil drainage, tree type)

· Textures (smooth grass, rough tree tops)

· Shadows (side views and lost detail)

· Site (topographic or geographic location)

· Association (help from what is around it)

