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•  Basics	
  of	
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  measurements	
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Remote	
  Sensing	
  

•  Remote	
  sensing	
  is	
  the	
  acquisi7on	
  of	
  
informa7on	
  about	
  an	
  object	
  or	
  phenomenon	
  
without	
  making	
  physical	
  contact	
  with	
  the	
  
object	
  and	
  thus	
  in	
  contrast	
  to	
  in	
  
situ	
  observa7on.	
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Aerial	
  sensors	
  

Detec6ng,	
  classifying,	
  
measuring	
  objects	
  on	
  Earth	
  

Solid	
  Earth,	
  
oceans,	
  
atmosphere	
  

In	
  modern	
  usage	
  …	
  



Limita6ons	
  of	
  our	
  Eyes	
  as	
  Sensors	
  

•  Sensi7ve	
  to	
  only	
  the	
  visible	
  range	
  of	
  
electromagne7c	
  energy;	
  	
  

•  Viewing	
  perspec7ves	
  dictated	
  by	
  the	
  loca7on	
  
of	
  our	
  bodies;	
  	
  

•  Viewing	
  distance	
  limited	
  

•  Inability	
  to	
  form	
  a	
  las7ng	
  record	
  of	
  what	
  we	
  
view.	
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Humans	
  have	
  con7nuously	
  sought	
  to	
  
develop	
  the	
  technological	
  means	
  to	
  
increase	
  our	
  ability	
  to	
  see	
  and	
  record	
  the	
  
physical	
  proper7es	
  of	
  our	
  environment.	
  	
  

10	
  



11	
  

Camera	
  mounted	
  on	
  a	
  bird	
  for	
  pictures	
  
from	
  behind	
  enemy	
  lines	
  in	
  WWII.	
  

Pigeonparadise.com	
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SeaSat,	
  the	
  first	
  ever	
  civilian	
  spaceborne	
  
imaging	
  radar	
  instrument	
  (SAR)	
  was	
  
launched	
  in	
  1978.	
  	
  

During	
  its	
  brief	
  110-­‐day	
  life6me,	
  SeaSat	
  
collected	
  more	
  informa6on	
  about	
  the	
  
oceans	
  than	
  had	
  been	
  acquired	
  in	
  the	
  
previous	
  100	
  years	
  of	
  shipboard	
  research.	
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Sensors	
  and	
  PlaUorms	
  for	
  	
  
Remote	
  Sensing	
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Examples:	
  Passive	
  Sensor	
  

Photography	
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hYp://en.wikipedia.org/wiki/Photography#mediaviewer/File:Phone_photography.jpg	
  



Examples:	
  Passive	
  Sensor	
  

Infrared	
  Sensor	
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hYp://en.wikipedia.org/wiki/Infrared	
  

Infrared	
  (IR)	
  is	
  invisible	
  radiant	
  energy.	
  	
  Most	
  of	
  the	
  thermal	
  
radia7on	
  emiYed	
  by	
  objects	
  near	
  room	
  temperature	
  is	
  
infrared.	
  



Examples:	
  Passive	
  Sensor	
  

Op7cal	
  Remote	
  Sensing	
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hYp://en.wikipedia.org/wiki/Infrared	
  



Examples:	
  Ac6ve	
  Sensor	
  

Radar	
  (RAdio	
  Detec7on	
  And	
  Ranging)	
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hYp://en.wikipedia.org/wiki/Radar	
  



Examples:	
  Ac6ve	
  Sensor	
  

Radar	
  (RAdio	
  Detec7on	
  And	
  Ranging)	
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Examples:	
  Ac6ve	
  Sensor	
  
LiDAR	
  (Light	
  Detec7on	
  And	
  Ranging)	
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hYp://en.wikipedia.org/wiki/Lidar	
  



Examples:	
  Ac6ve	
  Sensor	
  
LiDAR	
  (Light	
  Detec7on	
  And	
  Ranging)	
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hYp://en.wikipedia.org/wiki/File:Collec7ng_LIDAR_data_over_the_Ganges_and_Brahmaputra_River_Basin.ogg	
  



Remote	
  Sensing	
  PlaUorms	
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Electromagne6c	
  
Spectrum	
  



Electromagne6c	
  Spectrum	
  

Environmental Remote Sensing      
1.  Visible wavelengths                2. Near/mid Infra-Red  
3. Thermal infra-red (Heat)        4. Microwave radar (cloud-free)  
    

Reflected:	
  
EmiYed:	
   25	
  



Atmospheric	
  Windows	
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•  Some	
  types	
  of	
  electromagne7c	
  radia7on	
  easily	
  
pass	
  through	
  the	
  atmosphere,	
  while	
  other	
  types	
  
do	
  not.	
  

•  The	
  ability	
  of	
  the	
  atmosphere	
  to	
  allow	
  radia7on	
  to	
  
pass	
  through	
  it	
  is	
  referred	
  to	
  as	
  its	
  transmissivity,	
  
and	
  varies	
  with	
  the	
  wavelength/type	
  of	
  the	
  
radia7on.	
  

•  The	
  areas	
  of	
  the	
  EM	
  spectrum	
  that	
  are	
  absorbed	
  
by	
  atmospheric	
  gases	
  such	
  as	
  water	
  vapor,	
  carbon	
  
dioxide,	
  and	
  ozone	
  are	
  known	
  as	
  absorp7on	
  
bands.	
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Diagram	
  of	
  atmospheric	
  windows—wavelengths	
  at	
  which	
  
electromagne7c	
  radia7on	
  will	
  penetrate	
  the	
  Earth's	
  
atmosphere.	
  Chemical	
  nota7on	
  (CO2,	
  O3)	
  indicates	
  the	
  gas	
  
responsible	
  for	
  blocking	
  sunlight	
  at	
  a	
  par7cular	
  wavelength.	
  

hYp://earthobservatory.nasa.gov/Features/RemoteSensing/remote_04.php	
  



28	
  

Remote	
  Sensing	
  
Resolu6ons	
  



Spa6al	
  Resolu6on	
  

•  Spa7al	
  resolu7on	
  depends	
  
on	
  the	
  angular	
  cone	
  of	
  
visibility	
  (A)	
  and	
  the	
  
distance	
  from	
  the	
  sensor	
  
to	
  the	
  ground	
  (C).	
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  hYp://www.uprm.edu/biology/profs/chinea/gis/g06/NRC2_3_2_6.pdf	
  



Spa6al	
  Resolu6on	
  

•  Pixel:	
  smallest	
  unit	
  of	
  an	
  image	
  
– Low	
  resolu7on:	
  	
  	
  	
  1	
  km	
  -­‐10	
  km	
  (na7onal)	
  	
  (GOES)	
  	
  

– Medium	
  resolu7on:	
  	
  	
  	
  100	
  -­‐500	
  m	
  (regional)	
  
(MODIS)	
  	
  

– High	
  resolu7on:	
  	
  	
  	
  10-­‐100	
  m	
  	
  (Landsat)	
  	
  	
  
– Very	
  high:	
  	
  	
  	
  1	
  -­‐	
  10	
  m	
  (Local)	
  	
  (Ikonos,	
  Quickbird,	
  
Geoeye)	
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(Jensen,	
  2000)	
  



Temporal	
  Resolu6on	
  

•  Temporal	
  resolu7on	
  is	
  the	
  revisit	
  period,	
  and	
  is	
  the	
  
length	
  of	
  7me	
  for	
  a	
  satellite	
  to	
  complete	
  one	
  en7re	
  
orbit	
  cycle,	
  i.e.	
  start	
  and	
  back	
  to	
  the	
  exact	
  same	
  area	
  
at	
  the	
  same	
  viewing	
  angle.	
  	
  

•  For	
  example,	
  Landsat	
  needs	
  16	
  days,	
  MODIS	
  needs	
  
one	
  day,	
  NEXRAD	
  needs	
  6	
  minutes.	
  

32	
  



Radiometric	
  Resolu6on	
  

•  Sensor’s	
  sensi7vity	
  to	
  the	
  magnitude	
  of	
  the	
  
electromagne7c	
  energy,	
  

•  The	
  finer	
  the	
  radiometric	
  resolu7on	
  of	
  a	
  
sensor,	
  the	
  more	
  sensi7ve	
  it	
  is	
  to	
  detec7ng	
  
small	
  differences	
  in	
  energy	
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35	
  Comparing	
  a	
  2-­‐bit	
  image	
  with	
  an	
  8-­‐bit	
  image	
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Spectral	
  Resolu6on	
  

•  Spectral	
  resolu7on	
  describes	
  the	
  ability	
  of	
  a	
  
sensor	
  to	
  define	
  fine	
  wavelength	
  intervals	
  

•  The	
  finer	
  the	
  spectral	
  resolu7on,	
  the	
  narrower	
  
the	
  wavelength	
  range	
  for	
  a	
  par7cular	
  channel	
  
or	
  band	
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•  Different	
  surface	
  materials	
  absorb	
  and	
  reflect	
  energy	
  
of	
  certain	
  wavelengths	
  of	
  EMR	
  differently	
  

•  One	
  can	
  dis7nguish	
  one	
  surface	
  material	
  from	
  
another	
  by	
  the	
  differences	
  in	
  reflectance.	
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Panchroma6c	
  Imaging	
  Systems	
  

•  The	
  sensor	
  is	
  a	
  single	
  channel	
  detector	
  sensi7ve	
  
to	
  radia7on	
  within	
  a	
  broad	
  wavelength	
  range.	
  	
  

•  If	
  the	
  wavelength	
  range	
  coincide	
  with	
  the	
  visible	
  
range,	
  then	
  the	
  resul7ng	
  image	
  resembles	
  a	
  
"black-­‐and-­‐white"	
  photograph	
  taken	
  from	
  space.	
  	
  

•  The	
  physical	
  quan7ty	
  being	
  measured	
  is	
  the	
  
apparent	
  brightness	
  of	
  the	
  targets.	
  The	
  spectral	
  
informa7on	
  or	
  "colour"	
  of	
  the	
  targets	
  is	
  lost	
  

•  Examples:	
  IKONOS	
  PAN,	
  SPOT	
  HRV-­‐PAN	
  

40	
  



41	
  

Por7on	
  of	
  a	
  1-­‐meter	
  resolu7on	
  panchroma7c	
  image	
  of	
  
Washington,	
  DC	
  produced	
  by	
  the	
  Ikonos	
  

hYps://www.e-­‐educa7on.psu.edu/natureofgeoinfo/c8_p11.html	
  



Mul6spectral	
  Imaging	
  Systems	
  

•  The	
  sensor	
  is	
  a	
  mul7channel	
  detector	
  with	
  a	
  few	
  
spectral	
  bands.	
  	
  

•  Each	
  channel	
  is	
  sensi7ve	
  to	
  radia7on	
  within	
  a	
  
narrow	
  wavelength	
  band.	
  	
  

•  The	
  resul7ng	
  image	
  is	
  a	
  mul7layer	
  image	
  which	
  
contains	
  both	
  the	
  brightness	
  and	
  spectral	
  (colour)	
  
informa7on	
  of	
  the	
  targets	
  being	
  observed.	
  	
  

•  Examples:	
   LANDSAT	
   MSS,	
   LANDSAT	
   TM,	
  
SPOT	
  HRV-­‐XS,	
  IKONOS	
  MS	
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Band	
  Number	
   µm	
   Resolu7on	
  

1	
   0.433–0.453	
   30	
  m	
  

2	
   0.450–0.515	
   30	
  m	
  

3	
   0.525–0.600	
   30	
  m	
  

4	
   0.630–0.680	
   30	
  m	
  

5	
   0.845–0.885	
   30	
  m	
  

6	
   1.560–1.660	
   30	
  m	
  

7	
   2.100–2.300	
   30	
  m	
  

8	
   0.500–0.680	
   15	
  m	
  

9	
   1.360–1.390	
   30	
  m	
  

10	
   10.6-­‐11.2	
   100	
  m	
  

11	
   11.5-­‐12.5	
   100	
  m	
  

LANDSAT 8 
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The	
  Landsat	
  satellites	
  captured	
  
this	
  change	
  in	
  these	
  two	
  false-­‐
color	
  images.	
  Landsat	
  5	
  
acquired	
  the	
  top	
  image	
  on	
  
August	
  6,	
  1986;	
  the	
  lower	
  
image	
  is	
  from	
  Landsat	
  8	
  on	
  
September	
  1,	
  2013.	
  In	
  both	
  
images,	
  urban	
  areas	
  range	
  
from	
  tan	
  in	
  the	
  suburbs	
  to	
  pink	
  
and	
  purple	
  in	
  the	
  most	
  densely	
  
built	
  areas.	
  Plant-­‐covered	
  land	
  
is	
  green,	
  and	
  exposed	
  earth	
  is	
  
tan	
  (like	
  the	
  urban	
  areas).	
  	
  

hYp://landsat.visibleearth.nasa.gov/view.php?id=83987	
  



Superspectral	
  Imaging	
  Systems	
  

•  A	
  superspectral	
  imaging	
  sensor	
  has	
  many	
  
more	
  spectral	
  channels	
  (typically	
  >10)	
  than	
  a	
  
mul7spectral	
  sensor.	
  	
  

•  The	
  bands	
  have	
  narrower	
  bandwidths,	
  
enabling	
  the	
  finer	
  spectral	
  characteris7cs	
  of	
  
the	
  targets	
  to	
  be	
  captured	
  by	
  the	
  sensor.	
  

•  Examples:	
  MODIS,	
  MERIS	
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Spectral	
  Bands	
  of	
  MODIS	
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hYp://modis.gsfc.nasa.gov/gallery/individual.php?db_date=2014-­‐07-­‐14	
  



Hyperspectral	
  Imaging	
  Systems	
  

•  A	
  hyperspectral	
  imaging	
  system	
  is	
  also	
  known	
  as	
  an	
  
"imaging	
  spectrometer".	
  

•  It	
  acquires	
  images	
  in	
  about	
  a	
  hundred	
  or	
  more	
  
con7guous	
  spectral	
  bands.	
  	
  

•  The	
  precise	
  spectral	
  informa7on	
  contained	
  in	
  a	
  
hyperspectral	
  image	
  enables	
  beYer	
  characterisa7on	
  
and	
  iden7fica7on	
  of	
  targets.	
  	
  

•  Hyperspectral	
  images	
  have	
  poten7al	
  applica7ons	
  in	
  
such	
  fields	
  as	
  precision	
  agriculture	
  (e.g.	
  monitoring	
  the	
  
types,	
  health,	
  moisture	
  status	
  and	
  maturity	
  of	
  crops),	
  
coastal	
  management	
  (e.g.	
  monitoring	
  of	
  
phytoplanktons,	
  pollu7on,	
  bathymetry	
  changes).	
  	
  

•  Example:	
  Hyperion	
  on	
  EO1	
  satellite	
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The	
  Hyperion	
  provides	
  a	
  high	
  
resolu7on	
  hyperspectral	
  imager	
  
capable	
  of	
  resolving	
  220	
  spectral	
  
bands	
  (from	
  0.4	
  to	
  2.5	
  µm)	
  with	
  a	
  
30-­‐meter	
  resolu7on.	
  The	
  
instrument	
  can	
  image	
  a	
  7.5	
  km	
  
by	
  100	
  km	
  land	
  area	
  per	
  image,	
  
and	
  provide	
  detailed	
  spectral	
  
mapping	
  across	
  all	
  220	
  channels	
  
with	
  high	
  radiometric	
  accuracy.	
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hYp://earthobservatory.nasa.gov/Features/EO1Tenth/page3.php	
  



Hyperspectral	
  Imaging	
  Systems	
  

•  Applications of hyperspectral imaginery:	
  
–  Atmosphere:	
  water	
  vapor,	
  cloud	
  proper7es,	
  aerosols	
  	
  
–  Ecology:	
  chlorophyll,	
  leaf	
  water,	
  cellulose,	
  pigmemts,	
  lignin	
  	
  
–  Geology:	
  mineral	
  and	
  soil	
  types	
  	
  
–  Coastal	
  Waters:	
  chlorophyll,	
  phytoplankton,	
  dissolved	
  
organic	
  materials,	
  suspended	
  sediments	
  	
  

–  Snow/Ice:	
  snow	
  cover	
  frac7on,	
  grainsize,	
  mel7ng	
  	
  
–  Biomass	
  Burning:	
  subpixel	
  temperatures,	
  smoke	
  	
  
–  Commercial:	
  mineral	
  explora7on,	
  agriculture	
  and	
  forest	
  
produc7on	
  	
  

54	
  



Hyperspectral	
  Imaging	
  Systems	
  

•  Hyperspectral	
  imagery	
  is	
  typically	
  collected	
  (and	
  
represented)	
  as	
  a	
  data	
  cube	
  with	
  spa7al	
  informa7on	
  
collected	
  in	
  the	
  X-­‐Y	
  plane,	
  and	
  spectral	
  informa7on	
  
represented	
  in	
  the	
  Z-­‐direc7on.	
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Spectral	
  Signatures	
  

•  Images	
  taken	
  at	
  different	
  wavelengths	
  
(mul7spectral	
  sensors)	
  can	
  be	
  combined	
  to	
  
make	
  composite	
  images	
  by	
  displaying	
  the	
  
image	
  for	
  each	
  wavelength	
  as	
  red,	
  green,	
  or	
  
blue	
  in	
  the	
  final	
  image.	
  	
  

56	
  



57	
  

hYp://www.classzone.com/books/earth_science/terc/
content/inves7ga7ons/esu101/esu101page07.cfm	
  



58	
  

hYp://www.classzone.com/books/earth_science/terc/
content/inves7ga7ons/esu101/esu101page07.cfm	
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Remote	
  Sensing	
  
Satellites	
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MODIS	
  

•  MODIS	
  =	
  Moderate	
  Resolu7on	
  Imaging	
  
Spectroradiometer	
  

•  Aboard	
  Terra	
  and	
  Aqua	
  satellites,	
  Terra	
  passes	
  
from	
  north	
  to	
  south	
  across	
  the	
  equator	
  in	
  the	
  
morning,	
  while	
  Aqua	
  passes	
  south	
  to	
  north	
  
over	
  the	
  equator	
  in	
  the	
  ayernoon.	
  	
  

•  Terra	
  was	
  launched	
  on	
  December	
  18,	
  1999,	
  
and	
  Aqua	
  was	
  launched	
  on	
  May	
  4,	
  2002.	
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MODIS	
  

•  Terra	
  MODIS	
  and	
  Aqua	
  MODIS	
  are	
  viewing	
  the	
  
en7re	
  Earth's	
  surface	
  every	
  1	
  to	
  2	
  days	
  

•  Acquiring	
  data	
  in	
  36	
  spectral	
  bands,	
  or	
  groups	
  
of	
  wavelengths	
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Fires	
  in	
  Eastern	
  Russia	
  in	
  mid-­‐
July,	
  2012,	
  consuming	
  
thousands	
  of	
  hectares	
  of	
  boreal	
  
forest.	
  	
  

The	
  MODIS	
  flying	
  aboard	
  the	
  
Terra	
  satellite	
  acquired	
  this	
  true-­‐
color	
  image	
  of	
  the	
  ongoing	
  
Russian	
  wildfires	
  on	
  July	
  12,	
  
2012	
  at	
  02:15	
  UTC	
  .	
  

The	
  instrument's	
  thermal	
  
sensors	
  detected	
  heat	
  
signatures	
  in	
  mul7ple	
  loca7ons,	
  
and	
  these	
  appear	
  in	
  red	
  in	
  the	
  
image.	
  When	
  combined	
  with	
  
smoke,	
  such	
  signatures	
  indicate	
  
ac7ve	
  fires.	
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Landsat	
  

•  Since	
  the	
  early	
  1970s,	
  the	
  Landsat	
  program	
  has	
  
collected	
  spectral	
  informa7on	
  from	
  Earth’s	
  
surface,	
  crea7ng	
  a	
  historical	
  archive	
  unmatched	
  
in	
  quality,	
  detail,	
  coverage,	
  and	
  length.	
  	
  

•  Landsat	
  sensors	
  have	
  a	
  moderate	
  spa7al-­‐
resolu7on.	
  This	
  is	
  an	
  important	
  spa7al	
  resolu7on	
  
because	
  it	
  is	
  coarse	
  enough	
  for	
  global	
  coverage,	
  
yet	
  detailed	
  enough	
  to	
  characterize	
  human-­‐scale	
  
processes	
  such	
  as	
  urban	
  growth.	
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The	
  Thema6c	
  Mapper	
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The	
  Mul6spectral	
  Scanner	
  System	
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The	
  Enhanced	
  Thema6c	
  Mapper	
  Plus	
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The	
  Wallow	
  fire	
  began	
  
May	
  29,	
  2011	
  in	
  the	
  
Bear	
  Wallow	
  Wilderness	
  
area	
  located	
  in	
  eastern	
  
Arizona.	
  High	
  winds	
  and	
  
low	
  humidity	
  combined	
  
to	
  turn	
  the	
  the	
  Wallow	
  
Fire	
  into	
  Arizona’s	
  
largest	
  wildfire	
  to	
  date	
  
by	
  June	
  14,	
  2011	
  with	
  
over	
  733	
  square	
  miles	
  
burned.	
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This	
  Landsat	
  5	
  
image	
  was	
  acquired	
  
August	
  7,	
  2011.	
  This	
  
natural	
  colored	
  
image	
  was	
  created	
  
using	
  TM	
  bands	
  3,	
  2	
  
and	
  1.	
  	
  Vancouver	
  
falls	
  on	
  WRS-­‐2	
  Path	
  
47	
  Row	
  26.	
  


