
Today’s lecture will cover

• Terms often used in image processing

– Physical variables in remote sensing

• Fundamental concepts

– Resolutions

– Images
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Terms and Functions in DIPA
• Important Terms

– Spatial Resolution

– Radiometric Resolution

– Temporal Resolution

– Spectral Resolution

• Processing
– Radiometric Correction

– Geometric Correction

– Display & Enhancement

– Information Extraction
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Spatial Resolution

• The IFOV is the angular cone of 
visibility of one detector in the 
sensor (A) and determines the 
area on the Earth's surface 
which is "seen" from a given 
altitude at one particular moment 
in time (B). The size of the area 
viewed (i.e. pixel size) is 
determined by multiplying the 
IFOV by the distance from the 
ground to the sensor (C).

IFOV for one 

detector

Resulting 

pixel size



Fall 2015 GEO 827 – Digital Image Processing and Analysis

Spatial resolution and pixel 

size are related.  The question 

remains:

The finer the resolution the 

better an image is?

Coarse or low resolution

Fine or high resolution
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Radiometric Resolution
• The radiometric resolution of an imaging system describes 

its ability to discriminate very slight differences in energy 
The finer the radiometric resolution of a sensor, the more 
sensitive it is to detecting small differences in reflected or 
emitted energy.  

• The maximum number of brightness levels available 
depends on the number of bits used in representing the 
energy recorded. Thus, if a sensor used 8 bits to record 
the data, there would be 28 = 256 digital values available, 
ranging from 0 to 255. However, if only 4 bits were used, 
then only 24 = 16 values ranging from 0 to 15 would be 
available.
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Radiometric Resolution

• 4 bit 24 =       16 gray levels

• 6 bit 26 =       64 gray levels

• 8 bit 28 =     256 gray levels (byte)

• 10 bit 210 =   1024 gray levels

• 11 bit 211 =   2048 gray levels

• 12 bit 212 =   4096 gray levels

• 14 bit 214 = 16384 gray levels

• 16 bit 216 = 65563 gray levels (2 bytes) 

Exercise 01: When you save a file or a picture, you can choose the the 

resolution or type of format. Use Erdas Imagine software to find out the 

differences in bytes and their value ranges among a) single char, b) unsigned 

char, c) float, d) double float, etc. 



Radiometric Resolution & Pixels
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 Pixels – Picture 

Element: 

Representing the 

brightness of each 

area with an 

integer value or 

digital number or 

DN.
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Radiometric Resolution

2 bit image 8 bit image



Temporal Resolution
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• Refers to the length of time it takes for a satellite to 
complete one entire orbit cycle. However, due to 
possible overlaps of adjacent swaths, the repeat 
cycle may change.

• If a satellite has a pointing capability, the temporal 
resolution could be higher.



Temporal Resolution
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 Orbit – Circular, Near-Polar, 

Sun-Synchronous



Temporal Resolution
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 Orbit – Swath Width = 185 km (Landsat)



Temporal Resolution
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 Orbit – Repeat cycle = 16 days

Note that adjacent path to the 

west is imaged 7 days later
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AVHRR
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Spectral Resolution
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• Describes the ability of a sensor to define fine wavelength 
intervals. The finer the spectral resolution, the narrower the 
wavelength range for a particular channel or band. 

0 

0.2 

0.4 

0.6 

0.8 
S

p
ec

tr
al

 r
ef

le
ct

an
ce

s

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

Wavelength(um)

EO-1 Hyperion

Landsat 7 ETM+
EO-1 ALI



Fall 2015 GEO 827 – Digital Image Processing and Analysis

https://landsat.usgs.gov/ldcm_vs_previous.php

“Atmospheric windows”
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http://landsat.gsfc.nasa.gov/wp-content/uploads/2015/06/Landsat.v.Sentinel-2.png

“Atmospheric windows”
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Credits: Dr. C. Biradar, http://www.slideshare.net/ICARDA/hsad-geoinformatics
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Spectral Resolution

• Questions:
– Is a finer spectral resolution better than a coarser 

resolution image?

– S/N?

– Redundancy?

– Processing time and disk space required?

– Scaling?

Exercises 02: Write a paragraph about your research 
questions and then discuss the ideal resolutions (spatial, 
radiometric and temporal). Be sure to include your 
justification.
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Summary

• These terms are used frequently

• There are confusions, even among the 
“experts”

– e.g.  High resolution? What is your definition of 
high spatial resolution, sub meters, 10s meters, 
kms, or 10s kms? Check out AVHRR, MODIS and 
Landsat sensors and study their resolutions

• Temporal resolution is the same thing!
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Radiometry
• Lambertian Surface

– A Lambertian surface provides uniform diffusion of the 
incident radiation such that its radiance is the same in 
all directions from which it can be measured.
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A surface radiating equally at 

0°and at 60°.

Since, by the cosine law, a 

radiance detector sees twice 

as much surface area in the 

same solid angle for the 

60° case, the average 

radiance must be half the 

magnitude of the radiance in 

the 0° case.



System Radiometric Correction

Landsat Example
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Digital Numbers  Radiance

• DNs
– Typical range: 0-255, 

depending the 
radiometric resolution of 
a sensor

– Unitless

– Often arbitrarily scaled

– May vary from image to 
image

• Radiance
– Range varies greatly

– Unit (w/m2/sr or 
mw/m2/sr)

– Consistent from day to 
day or space to space or 
image to image

– Not normalized for 
illumination, i.e. vary 
with illumination 
conditions, BRDF, and 
substrate conditions.
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Digital Numbers  Radiance

l – wavelength

a – gain

b – offset 

min255/min)max( LDNLLL  ll

llll ba  DNL

Fall 2015 GEO 827 – Digital Image Processing and Analysis



Digital Numbers  Radiance

Table 1. ETM+ Spectral Radiance Range

watts/(meter squared * ster * µm)

Band Number Low Gain High Gain

LMIN LMAX LMIN LMAX

1 -6.2 293.7 -6.2 191.6

2 -6.4 300.9 -6.4 196.5

3 -5.0 234.4 -5.0 152.9

4 -5.1 241.1 -5.1 157.4

5 -1.0 47.57 -1.0 31.06

6 0.0 17.04 3.2 12.65

7 -0.35 16.54 -0.35 10.80

8 -4.7 243.1 -4.7 158.3
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Radiance  TOA Reflectance
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*

• Assuming there is no 
atmospheric effect 
(equivalent to say that we consider 
reflectance at the top of the 
atmosphere)

• Reflectance *

• Irradiance is Esun
and  is to take into 
account the solid 
angle (steradian, sr).

• Then we have a TOA 
reflectance

where d is sun-earth distance 
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Solar irradiance, Esun

ETM+ Solar Spectral Irradiances

Band watts/(meter squared * µm)

1 1970.000

2 1843.000

3 1555.000

4 1047.000

5 227.100

7 80.530

8 1368.000

Fall 2015 GEO 827 – Digital Image Processing and Analysis



Sun-Earth distance, d

• http://www.fourmilab.ch/cgi-bin/uncgi/Solar/action?sys=-Si

Earth-Sun Distance in Astronomical Units

DOY Distance DOY Distance DOY Distance DOY
Distanc

e
DOY Distance

1 .9832 74 .9945 152 1.0140 227 1.0128 305 .9925

15 .9836 91 .9993 166 1.0158 242 1.0092 319 .9892

32 .9853 106 1.0033 182 1.0167 258 1.0057 335 .9860

46 .9878 121 1.0076 196 1.0165 274 1.0011 349 .9843

60 .9909 135 1.0109 213 1.0149 288 .9972 365 .9833
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Data sources
• Register and create username/psswrd @

https://urs.earthdata.nasa.gov/
• NASA REVERB ECHO:  

http://reverb.echo.nasa.gov

Most MODIS data products and other EOS
https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table

Landsat and terrestrial data
• USGS Earth explorer:

http://earthexplorer.usgs.gov/

• USGS GLOVIS:
http://glovis.usgs.gov/
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