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Geog 1000 - Lecture 32 

 
Remote Sensing Technology 

http://scholar.ulethbridge.ca/chasmer/classes/ 

Today’s Lecture 
 

1. Camera’s and aerial photography 

2. Multispectral scanning 

3. Thermal imaging 

4. Hyperspectral remote sensing 

5. LiDAR 

6. RADAR 

7. Ground penetrating RADAR 

 

Some applications 

 

 

 

 

Aerial Photogrammetry 

Black and white (often in Near 
Infrared) or colour photography; 
thermal infrared. 
 
 Film based in the past 
 Now digital 
 
Acquired from aircraft 
 
 Has long history starting in 
the 1800s 

Aerial photography perspectives 
Vertical 

Low oblique High Oblique 

http://www.youtube.com/watch?v=zlKVSIoWK1I
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Maps vs. Air Photos 

Map: Objects are planimetrically and geometrically accurate. 

 

 

 

Created using an orthographic projection and constant scale 
 

 

Orthographic  sphere projected 

onto a plane. 

 

As seen from the air, 
no distortion 

Correct geometric shape, size, 
and distance from other 
nearby objects 

Map 

Scale resolution 

Earth’s surface 

Aerial Photographs: Setting up a Survey 

Purpose is for stereoscopy  Looking at 
things in “Stereo” or 3D 

Modern Aerial Photography & LiDAR: UAV’s 

 
 
AIBOTIX: 3D Mapping with Unmanned Airborne Vehicle (UAV)  2 cm resolution, 
georeferenced 

Multi-spectral scanning 
Let’s start with passive remote sensing 

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=M7a1K4rzdvZ7mM&tbnid=xAmDqJbX95on7M:&ved=0CAUQjRw&url=http://www.nrcan.gc.ca/earth-sciences/products-services/satellite-photography-imagery/aerial-photos/about-aerial-photography/891&ei=SLg_Up8qyf-rAeSggPAB&psig=AFQjCNEKUABlcfWzxvdehnK9QLyrmS5NxQ&ust=1379994004022112
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=e3dMz25YC7ZTVM&tbnid=M8DnlqpHrvTR5M:&ved=0CAUQjRw&url=http://www.geog.ucsb.edu/~jeff/115a/lectures/geometry_of_aerial_photographs_notes.html&ei=Nrg_UonoBYuJrQG-z4HIDw&psig=AFQjCNEKUABlcfWzxvdehnK9QLyrmS5NxQ&ust=1379994004022112
http://www.youtube.com/watch?v=MPCuMzbUv38&feature=youtu.be
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Multispectral Scanning 
Bands  Discrete wavelengths that show greatest differences between things 
on Earth  
 

AND are not scattered by atmosphere 
 

Multi-spectral scanning is interested in a few (4-8 or so) *discrete* 
wavelength ranges 

Each “Band” is assigned a RGB display colour 

Example: WorldView-2 Instrument 

 
 

Launched: October 8, 2009  operating at full capability by January 4, 2010. 
 
Very high resolution (1.85 m; 0.46 m - resampled), 9-band commercial satellite 
 
Flying altitude = 770 kms  
 
Revisit time: 1.1 days, collects up to 1 million sq kms per day (!) 
 
Bands include: 
Panchromatic, coastal, blue, green, yellow, red,  
red edge, NIR1 and NIR2 
 
 
 
 
 
 

WorldView-2 Spectral Bands 

 
 

Thermal Imaging 

 
 

Thermal Remote Sensing Emitted thermal infrared (3 to 5 μm and 8 to 14 μm). 
 
 Measure the surface temperature 

 
 Have an internal temperature reference 

 
 Thermal IR cameras have large view area 
because there isn’t much energy from  
longer wavelengths.   
 
 
 
 
 
 
 

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=RJR_lOJ9zm4WEM&tbnid=Mu17LG5S3DP6oM:&ved=0CAUQjRw&url=http://www.geo.unizh.ch/~kaeaeb/glims/glims.html&ei=RYI2UqPOIsmwiQKs0YGgBA&psig=AFQjCNFb-j8Vxith7O624AAqMCTd7wMTOQ&ust=1379390369835843
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Thermal Imaging of thawing permafrost 

 
 

Alyssia Paluck 

Hyperspectral Imaging 

 
 

Similar to multi-spectral, but instead of discrete bands collects data across the 
electromagnetic spectrum. 
 
 Does not collect within discrete bands – may have hundreds of bands 

 
 Data are viewed in an ‘image cube’ 
 
 
 
 
 
 
 

Each feature has a “fingerprint”  spectra 
that characterises that object. 

Hyperspectral Imaging 

 
 

LiDAR 

 
 

LiDAR = Light Detection And Ranging. Dr. Chris Hopkinson will present on LiDAR 
applications on Friday. 
 
Can be Terrestrial, Airborne, Spaceborne 
 
Airborne LiDAR  Active laser scanning 
 
 
 
 
 

http://www.youtube.com/watch?v=0K2li1E5JGk
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Airborne LiDAR: 
Example of Earthquake Zone 

Use of LiDAR for examining earthquake behaviour.  
 
 Before and after picture of earthquake zone (via change detection), Mexicali, 

northern Mexico, April 10th. 
 

 Example: 5 foot escarpment created when part of hill moved up and sideways. 
 

 Further warping 
 

 7 small faults came  
together to create a  
major earthquake. 

Radar 

 
 

RADAR = RAdio Detection And Ranging, 
 
 Active sensor that pulses microwave radiation. 
 
 Antenna emits radiation, some is reflected back 

 
 Energy is timed (speed) and measured = 2D image 

 
RADAR has a transmitter, receiver, antenna and 
recording electronics  
 
Used often for terrain mapping: 
Various wavelengths are used (code letters from WWII) 
 
X-band  airborne reconnaissance 
C-band  research systems, including RADARSAT 
S-band  used on Russian ALMAZ satellite 
L-band  American, Japanese satellites 
P-band  longest wavelengths, experimental, NASA 

Radar 

 
 

Two RADAR images of same field using a C-
band radar (top) and L-band radar (bottom) 
 
 Very different due to ways in which radar 

energy interacts with crops depending on 
wavelength. 

 
 
Radar also emits in different polarization: 

Transmit radiation either horizontally 
polarized (H) or vertically polarized (V) 
 

Radar 

 
 

Transmit radiation either horizontally 
polarized (H) or vertically polarized (V) 
 
Receives in one or the other or both: 
 
HH = horizontal transmit, horizontal receive 
VV = vertical transmit, vertical receive 
HV = horizontal transmit, vertical receive 
VH = vertical transmit, horizontal receive 

http://www.youtube.com/watch?v=BpoE-mwpPT0
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Ground Penetrating Radar 

 
 Emits electromagnetic energy 

in microwave wavelengths. 
 
 Reflected signal detected 

from various objects below 
ground 
 

 Dependent on dielectric 
constant of objects and 
surroundings. 

 

Variable Frequencies: 
 
Higher frequency = better spatial resolution, decreased depth penetration 
Lower frequency = better depth penetration, reduced spatial resolution 
 
Ice = several hundred meters; dry soil = up to 15 m; wet soil = few cms. 

Ground Penetrating Radar 

 
 

Remote Sensing Applications 

 
 

Agriculture:  
 Crop mapping, stress 

assessment… 
 
 
 
 
 
 
 
 
Forestry: 
 Mapping harvested areas, 
deforestation, species 
identification, forest fires… 
 

Remote Sensing Applications 

 
 

Geology:  
 Terrain analysis, structure 

mapping, geologic unit 
mapping 

 
 
 
 
 
 
 
 
Hydrology: 
 Flood delineation, water 
level mapping, soil moisture, 
water quality 
 

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=cKDzvgHEMkmxkM&tbnid=2oqCmZvZ2PsaMM:&ved=0CAUQjRw&url=http://www.cflhd.gov/resources/agm/engApplications/SubsurfaceChartacter/632DetectingUndergroundStorageTanks.cfm&ei=G_RtUoPrM-r72QX7roDYAg&bvm=bv.55123115,d.b2I&psig=AFQjCNFwH4_WGeC4AghnRO0CaTJKeuGPuw&ust=1383024009137698
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=nchbWOhhQ0ZstM&tbnid=ZJZJrCp43b7b_M:&ved=0CAUQjRw&url=http://www.jsg.utexas.edu/news/2011/06/new-map-reveals-giant-fjords-beneath-east-antarctic-ice-sheet/&ei=j_RtUoOeFoPZ2AXZpIDYCw&bvm=bv.55123115,d.b2I&psig=AFQjCNE4ON-EXlmr8K-AzNRxHsMl50iE0A&ust=1383024133267598
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=nchbWOhhQ0ZstM&tbnid=ZJZJrCp43b7b_M:&ved=0CAUQjRw&url=http://news.nationalgeographic.com/news/2010/01/photogalleries/100122-antarctic-ghost-mountains-under-ice-pictures/&ei=f_VtUp3sHKXr2QXLuIDQCA&bvm=bv.55123115,d.b2I&psig=AFQjCNE4ON-EXlmr8K-AzNRxHsMl50iE0A&ust=1383024133267598
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Remote Sensing Applications 

 
 

Ice, snow, glaciers:  
 Ice type, concentration, ice 

motion, ice melt 
 
 
 
 
 
 
 
 
Land cover: 
 Land use change 
(urban/rural), biomass 
mapping, land cover type. 
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University of Lethbridge 
Education and Research   

AMETHYST web site:   http://www.uleth.ca/artsci/amethyst/ 

 

NSERC CREATE Program : 

Collaborative Research and Training Experience 
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University of Lethbridge 
Education and Research   
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University of Lethbridge 
Education and Research   
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University of Lethbridge 

Remote Sensing Faculty - University of Lethbridge 

Professors: 

 Dr. Laura Chasmer – Geography 

 Dr. Craig Coburn - Geography 

 Dr. Albert Cross – Neuroscience 

 Dr. Chris Hopkinson - Geography 

 Dr. Derek Peddle - Geography 

 Dr. Adriana Predoi-Cross - Physics 

 Dr. Karl Staenz – Geography 

Adjunct Faculty: 

 Dr. Ron Hall - Cdn Forestry Service (Geography) 

 Dr. Nadia Rochdi - ATIC (Physics) 

 Dr. Anne Smith - Agriculture Canada (Geography) 

           Dr. Phil Teillet – (Physics) 

 Dr. Jinkai Zhang – ATIC (Geography)   

Education and Research   
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If interested in Remote Sensing…. 

 

www.CRSS-SCT.ca 

 

Contact: derek.peddle@uleth.ca 

 

 


