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Satellite Remote Sensing
• Advantages:
– Provide synoptic view (observation of large areas in a
single frame)
– Fine detail
– Systematic, repetitive coverage

• The use:
– Creating and maintaining a worldwide cartographic
infrastructure
– Monitoring changes in many broad‐scale environmental
issues that the world faces today

Satellite Remote Sensing
• The 1st Earth observation satellite: TIROS
(Television and Infrared Observation Satellite)
• Launched: April 1960
• Type: experimental weather sattelite
• The use: to monitor cloud patterns

LANDSAT ORIGINS
• Landsat ((“land
land satellite
satellite”)) was designed in
the 1960s and launched in 1972.
• The first satellite tailored specifically for
broad‐scale observation of the Earth’s land
areas.
• It was created to accomplish for land
resource studies what meteorological
satellites had accomplished for meteorology
and climatology

Landsat Origins
• Sensors in early Landsat:
– Return beam videcon (RBV)
A camera‐like instrument designed to provide high spatial
resolution and geometric accuracy,
accuracy but lower spectral and
radiometric detail

– Multispectral scanner subsystem (MSS)
Designed to provide finer detail concerning spectral
characteristics of the Earth, but less positional accuracy

• Because technical difficulties restricted RBV
operation, the MSS soon became the
primaryy Landsat sensor.
p

Landsat Origin
• Second generation Landsat sensors:
– Thematic mapper (TM)
A more sophisticated version of the MSS

– Advanced version TM (ETM+)
Satellite

Launched

End of Service

Principal sensors

Landsat 1

23 July 1972

6 January 1978

MSS, RBV

Landsat 2

22 January 1975

25 January 1982

MSS, RBV

Landsat 3

5 March 1978

3 March 1983

MSS, RBV

Landsat 4

16 July 1982

Transmission of TM data failed in
August 1993

TM, MSS

Landsat 5

1 March 1984

Landsat 6

5 October 1993

Lost at launch

ETM

Landsat 7

15 April 1999

Malfunction of TM Scan Line
Corrector has limited quality of
imagery since May 2003

ETM+

TM, MSS

Satellite Orbits
• Assumed normal orbits,
orbits ii.e.
e Earth’s
Earth s
gravitational field is spherical
• In fact
fact, satellites follow perturbed orbits,
orbits due
to
– In
I partt to
t distortion
di t ti off th
the Earth’s
E th’ gravitational
it ti
l
field by the Earth’s oblate shape (flattened at the
poles and bulging at the equator)
poles,
– In part to lunar and solar gravity, tides, solar wind,
and other influences

Satellite Orbits
• Terminology:
– Apogee, A: the point farthest from the Earth
– Perigee,
g , P: the point
p
closest to the Earth
– Ascending node, AN: the point where the
satellites crosses the equator moving south to
north
– Descending node, DN: the point where the
satellite crosses the equator passing north to
south
– Inclination (i): the angle that the satellite track
forms w.r.t. the equator at the DN

Satellite Orbits

Satellite Orbits
• The time required for a satellite to complete
one orbit increases with altitude
• At an altitude of about 36,000 km, a satellite
has the same period as the Earth’s surface Æ
ggeostationaryy orbit
• Geostationary orbits are ideal for
meteorological or communication satellites
• All remotely sensed images acquired uniform
illumination

Satellite Orbits
•
•
•

Sun‐synchronous orbits are designed to reduce one important source of
variation in illumination that caused by differences in time of day
The hour angle (h) describes the difference in longitude between a point of
interest and that of the direct solar beam
A satellite placed in a sun‐synchronous orbit will observed each part of the
Earth within its view at the same local sun time each day

h = ⎡⎣( GMT − 12.0 ) ×15⎤⎦ − longitude

The Landsat System
• Landsat passed over the same place on the
Earth to produce repetitive coverage

The Landsat System
•

As a function of the Earth’s rotation on its axis from west to east, each
successive north‐to‐south pass of the Landsat platform was offset to the
westt by
b 2,875
2 875 km
k att the
th equator
t

Support Subsystems
• Support
pp subsystems,
y
units that are necessaryy to
maintain proper operation of the sensors
• The altitude control subsystem (ACS) maintained
orientation of the satellite w.r.t
w r t the Earth
Earth’ss surface
and w.r.t the orbital path
• The orbit adjust subsystem (OAS) maintained the
orbital
bit l path
th within
ithi specified
ifi d parameters
t after
ft th
the
initial orbit was attained
• The p
power subsystem
y
supplied
pp
electrical p
power
required to operate all satellite systems by means of
two solar array panels and eight batteries

Support Subsystems
• Thermal control subsystem controlled the
temperatures of satellite components by means of
heaters, passive radiators (to dissipate excess heat),
and insulation
• Communications and data‐handling subsystem
provided microwave communications with grounds
stations for transmitting data from the sensors,
commands to satellite subsystems,
subsystems and information
regarding satellite status and location

Return Beam Vidicon
• RBV camera system
y
ggenerated high‐resolution
g
television‐like images of the Earth’s surface
• It provided three spectral channels, in the green, red,
and
d near infrared,
f
d to replicate
l
the
h information
f
conveyed by color infrared film
• RBV was designed to provide a camera‐like
camera like
perspective, using a shutter, and a electronic record
of the image projected into the focal plane, to
provide an image that could be used to analyze aerial
photographs acquired at aircraft altitude

Return Beam Vidicon
• Landsat scene taken from RBV

Multispectral Scanner Subsystem
•

MSS is a scanning instrument utilizing a flat oscillating mirror to scan from
west to east to produce a ground swath of 185 km perpendicular to the
orbital track

Multispectral Scanner Subsystem
• Instantaneous field of view (IFOV) of a scanning instrument
can be informally defined as the ground area viewed by the
sensor at a given instant of time
• The nominal IFOV for the MSS is 79 m x 79 m
• For the MSS instruments onboard Landsat 1 and 2, the four
spectral channels were located in the green, red, and infrared
portions of the spectrum:
–
–
–
–

Band 1: 0.5 – 0.6 μm (green)
Band 2: 0.6 – 0.7 μm (red)
B d3
Band
3: 0
0.7
7 – 0.8
0 8 μm (near
(
infrared)
i f
d)
Band 1: 0.8 – 1.1 μm (near infrared)

• The Landsat 3 MSS included an additional band in the far
infrared from 10.4 to 12.6 μm

Multispectral Scanner Subsystem

Multispectral Scanner Subsystem
Images
•

•

•

MSS scene is defined as an
image representing a ground
area approx. 185 km in the east‐
west (across‐track) direction,
and 178 km in the north‐south
(along‐track) direction
The across track dimension is
defined by the side‐to‐side
motion of the MSS
The along‐track dimension is
defined by the forward motion
of the satellite along its orbital
path

Multispectral Scanner Subsystem
Images
• MSS scene is an array of pixel values (in each of four
bands) consisting of about 2,400 lines, each
composed of 3,240 pixels
• Although centerpoints of scenes acquired at the
same location at different times are intended to
register with each other, there is often in fact a
noticeable shift from one date to another (known as
the temporal registration problem) in ground
locations of center points due to uncorrected drift in
the orbit

Image Format
• MSS data are available in several image
g formats that
have been subjected to different forms of processing
to adjust for geometric and radiometric errors
• In its initiall form
f
ad
digitall satellite
ll image consists off a
rectangular array of pixels in each of four bands.
• In this format no compensation has been made for
the combined effects of spacecraft movement and
rotation of the Earth as the sensor acquires the
image (this kind of error is known as skew)

Image Format
•

Each of the spectral channels of a multispectral image forms a separate image,
each emphasizing landscape features that reflects specific portions of the
spectrum

BAND 2

BAND 4

Image Format
•

Annotation block
– Date
– Format center and ground nadir give, in degrees and minutes of
latitude and longitude, the ground location of the center point of the
image
g
– Sun angle and sun elevation designate, in degrees, the solar elevation
(above the horizon) and the azimuth of the solar beam from the true
north at the center of the image
g
– Scene ID, a unique number that specifies the scene and band

Worldwide Reference System
• WRS: a concise designation of nominal center points
of Landsat scenes
• WRS is used to index Landsat scenes byy location
• The reference system is based upon a coordinate
system
y
in which there are 233 north‐south p
paths
corresponding to orbital tracks of the satellite, and
119 rows representing latitudinal center lines of
Landsat
d scenes

Worldwide Reference System
•

The combination of a path number and a row number uniquely identifies
a nominal scene center

Landsat Thematic Mapper
• TM is an upgraded MSS
• TM was based upon the same principles as
the MSS,
MSS but had a more complex design
• MSS has four spectral regions but TM has
seven spectrall b
bands
d

Landsat Thematic Mapper
TM band 3

Landsat Thematic Mapper
TM band 4

Orbit and Ground Coverage: Landsats
4 and
d5
•
•
•

Landsat 4 and 5 were placed into orbits resembling those of earlier Landsats
Landsats 4 and later required a new WRS indexing system for labeling paths and
rows
Row designations remained the same as before, but a new system of numbering
paths
th was required.
i d IIn allll there
th
233 paths
th and
d 248 rows, with
ith row 60 positioned
iti
d att
the equator

Current Satellite Systems
• Three families of satellite:
– Landsat‐like systems, designed for acquisition of rather
broad geographic coverage at moderate levels of detail
– Satellite observation systems designed to acquire very‐
broad‐scale images at coarse resolutions
– Satellite systems provide fine detail for small regions,
regions to
acquire imagery that might assist in urban planning, or
design of highway or pipeline routes

SPOT
• SPOT – Le Systeme pour ll’Observation
Observation de la
Terre (Earth Observation System) began
operation in 1986
1986, with the launch of SPOT 1
• SPOT 2 was launched in Jan 1990
• SPOT 3 was llaunched
h d iin SSep 1993
• SPOT 4 was launched in Mar 1998
• SPOT 5 was launched in May 2002

SPOT 1, 2, 3
• The SPOT bus is the basic satellite vehicle,
designed to be compatible with a variety of
sensors

SPOT 1, 2, 3
• Sensors: high
g resolution visible (HRV)
(
)
• HRV uses pushbroom scanning, based upon CCD
p
in two modes:
• HRV can be operated
– Panchromatic (PN) mode, the sensor is sensitive across a
broad spectral band from 0.51 to 0.73 μm. Coarse spectral
resolution but fine spatial resolution
– Multispectral (XS) configuration, senses three spectral
regions:
• B
Band
d1
1: 0
0.5
5 – 0.59
0 59 μm (green)
(
)
• Band 2: 0.61 – 0.68 μm (red; chlorophyll absorption)
• Band 3: 0.79 – 0.89 μm (near infrared; atmospheric penetration)

SPOT 1, 2, 3
• W
W.r.t
r t sensor geometry,
geometry each of the HRV
instruments can be positioned in either of two
configurations:
– Nadir viewing: both sensors are oriented in a
manner that provides coverage of adjacent ground
segments
–O
Off‐nadir
ad viewing
e g iss poss
possible
b e by pointing
po
g thee HRV
field of view as much as 27° relative to the vertical
in 45 steps of 0.6° each in a plane perpendicular to
the orbital path

SPOT 1, 2, 3

SPOT 4 and 5
• Principal feature: high‐resolution
high resolution visible and
infrared (HRVIR), a modification of the HRV,
addition of mid‐infrared
mid infrared band (1
(1.58
58‐1
1.75
75 μm)
• Designed to provide capabilities for geological
reconnaissance for vegetation surveys
reconnaissance,
surveys, and
for snow cover

SPOT 4 and 5
• SPOT 4 carries two identical HRVIR instruments, each with the
ability to point 27° to either side of the ground track,
providing a capability to acquire data within 1 460‐km swath
for repeat coverage or stereo
• SPOT 5 carries an upgraded version of the HRVIR, which
acquires data at either 2.5‐m or 5‐m resolution and provide a
capability for along‐track
along track stereo imagery.
• The new instrument, the high‐resolution geometrical (HRG),
has the flexibility to acquire data using the same bands and
resolutions as the SPOT 4 HRVIR,
HRVIR thereby providing continuity
with earlier systems

SPOT 4 and 5

India Remote Sensing
• India began to develop multispectral RS
programs in the style of the Landsat system
• Two India RS satellite were in service:
– IRS‐1A, launched in 1988
– IRS‐1B,
IRS 1B launched
l
h d in
i 1991

• Carried the LISS‐I and LISS‐II pushbroom
sensors

India Remote Sensing
• These instruments collect data in four bands:
–
–
–
–

Blue, 0.45 – 0.52 μm
Green, 0.52 – 0.59 μm
Red, 0.62 – 0.68 μm
Near infrared, 0.77 – 0.86 μm

• LISS III instrument was designed for the IRS‐1C and
IRS 1‐D, launched in 1995 and 1997 respectively
• LISS III plus short‐wave infrared, 1.55 – 1.70 μm

AVHRR
• Advanced very
very‐high‐resolution
high resolution radiometer (AVHRR) is a
scanning system carried on NOAA’s polar orbiting
environmental satellite
• The spectral channels:
–
–
–
–
–

Band 1: 0.58‐0.68 μm (red; matches TM Band 3)
Band 2: 0.725‐1.1 μm (NIR; matches TM Band 4)
Band 3: 3.55‐3.93 μm (mid‐infrared)
Band 4: 10.3‐11.3 μm (thermal infrared)
Band 5: 11.5‐12.5 μm (thermal infrared)

SeaWiFS
• Sea‐viewingg wide field of view sensor (Orbview
(
2),
)
launched in August 1997
• Designed to observe the Earth’s oceans
• The instrument was designed by NASA‐Goddard
NASA Goddard
Space Flight Center, and was built and is operated by
ORBIMAGE
• SeaWiFS’s primary mission is to observe ocean color
• The color of the ocean surface is sensitive to changes
in abudance and types of marine phytoplankton
phytoplankton,
which indicate the rate that marine oganisms
convert solar energy into biomass

SeaWiFS
• SeaWiFS data also contribute to studies of
meteorology, climatology, and oceanography
• Spectral channels:
Band 1: 0.402‐0.422 μm (blue; yellow pigment/phytoplankton)
Band 2: 0.433‐0.453 μm (blue; chlorophyll)
Band 3: 0
0.480‐0.5
480 0 5 μm (blue
(blue‐green;
green; chlorophyll)
Band 4: 0.5‐0.52 μm (green; chlorophyll)
Band 5: 0.545‐0.565 μm (red; yellow pigment/phytoplankton)
Band 6: 0
0.660‐0.68
660 0 68 μm (red; chlorophyll)
Band 7: 0.745‐0.785 μm (NIR; land water contact, atmospheric correction,
vegetation)
– Band 8: 0
0.845‐0.885
845 0 885 μm (NIR; land water contact
contact, atmospheric correction
correction,
vegetation)

–
–
–
–
–
–
–

Vegetation
• SPOT 4 and SPOT 5 each carry an auxiliary
sensor, the VEGETATION (VGT) instrument, a
joint project of several European nations
• VGT is a wide‐angle radiometer designed for
high radiometric sensitivity and broad areal
coverage to detect changes in spectral
responses of vegetated surfaces

Vegetation
• Spectral
p
bands:
–
–
–
–

Band 1: 0.45‐0.50 μm (blue)
Band 2: 0.61‐0.68 μm (red)
Band 3: 0.79‐0.89 μm (NIR)
Band 4: 1.58‐1.75 μm (mid‐IR)

• VEGETATION concurrently provides data in two
modes:
– In direct (regional observation) mode, VGT provides a
resolution of 1 km at nadir
– In recording (worldwide observation) mode, each pixel
corresponds to four of the 1‐km
km pixels, aggregated by
onboard processing

IKONOS
• The IKONOS satellite system (named from the Greek
word for “image”), launched in September 1999, is
operated by ORBIMAGE, Dulles, Virginia, under the
brand name GeoEye
• In multispectral mode, it provides imagery at 4 m
spatial resolution in four spectral bands:
–
–
–
–

Band 1: 0.45‐0.52 μm (blue)
Band
d 2:
2 0.52‐0.60
0 2 0 60 μm (green)
(
)
Band 3: 0.63‐0.69 μm (red)
Band 4: 0.76‐0.90
0 76 0 90 μm (NIR)

IKONOS
•

IKONOS panchromatic
scene
and its detail

OrbView 3
• OrbView 3 is operated by ORBIMAGE
• Provides 1‐m resolution in panchromatic band
and 4
4‐m
m resolution in four multispectral
bands:
– Band
B d 1:
1 0.45‐0.52
0 45 0 52 μm
– Band 2: 0.52‐0.60 μm
– Band
d 3: 0.625‐0.695 μm
– Band 4: 0.76‐0.90 μm

QuickBird
• In October 2001, DigitalGlobe, Inc. launched
Quickbird, a satellite tailored tp acquire fine‐detail
imagery using a panchromatic band with detail at 61‐
cm resolution and four multispectral bands with
2.44‐m detail:
–
–
–
–
–

Band 1: 0.45‐0.52 μm (blue)
Band 2: 0.52‐0.60 μm (green)
Band 3: 0.63‐0.69
0 63 0 69 μm (red)
Band 4: 0.76‐0.890 μm (NIR)
Band 4: 0.76
0.76‐0.890
0.890 μm (panchromatic)

Computer Searches
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