
 

 DEPARTMENT OF THE ARMY EM 1110-2-2907 
 U. S. Army Corps of Engineers 
CECW-EE Washington, D.C. 20314-1000 
 
Engineer Manual 
No. 1110-2-2907  1 October 2003 

Engineering and Design 
REMOTE SENSING 

 
Table of Contents 

 
 
 Subject Paragraph Page 
 
CHAPTER 1 
Introduction to Remote Sensing 
 Purpose of this Manual............................................................................ 1-1 1-1 
 Contents of this Manual .......................................................................... 1-2 1-1 
 
CHAPTER 2 
Principles Of Remote Sensing Systems 
 Introduction ...............................................................................................2-1 2-1 
 Definition of Remote Sensing ...................................................................2-2 2-1 
 Basic Components of Remote Sensing......................................................2-3 2-1 
 Component 1: Electromagnetic Energy Is Emitted  
 From A Source ..........................................................................................2-4 2-2 
 Component 2: Interaction of Electromagnetic Energy with Particles 
 in the Atmosphere .....................................................................................2-5 2-14 
 Component 3: Electromagnetic Energy Interacts with Surface and 
 Near Surface Objects.................................................................................2-6 2-20 
 Component 4: Energy is Detected and Recorded by the Sensor ...............2-7 2-29 
 Aerial Photography....................................................................................2-8 2-42 
 Brief History of Remote Sensing ..............................................................2-9 2-44 
 
CHAPTER 3 
Sensors and Systems 
 Introduction ...............................................................................................3-1 3-1 
 Corps 9—Civil Works Business Practice Areas .......................................3-2 3-2 
 Sensor Data Considerations.......................................................................3-3 3-3 
 Value Added Products...............................................................................3-4 3-7 
 Aerial Photography....................................................................................3-5 3-8 
 Airborne Digital Sensors ...........................................................................3-6 3-8 
 Airborne Geometries .................................................................................3-7 3-9 
 Planning Airborne Acquisitions ................................................................3-8 3-9 
 Bathymetric and Hydrographic Sensors....................................................3-9 310 
 Laser Induced Fluorescence ......................................................................3-10 3-10 
 Airborne Gamma.......................................................................................3-11 3-11 
 Satellite Platforms and Sensors .................................................................3-12 3-11 
 Satellite Orbits...........................................................................................3-13 3-12 



EM 1110-2-2907 
1 October 2003 

 
 Subject Paragraph Page 
 
 Planning Satellite Acquisitions .................................................................3-14 3-13 
 Ground Penetrating Radar Sensors............................................................3-15 3-14 
 Match to the Corps 9—Civil Works Business Practice Areas ..................3-16 3-15 
  
 
CHAPTER 4 
Data Acquisition and Archives 
 Introduction ............................................................................................. 4-1 4-1 
 Specifications for Image Acquisition ..................................................4-2 4-2 
 Satellite Image Licensing ........................................................................ 4-3 4-3 
 Image Archive Search and Cost .............................................................. 4-4 4-3 
 Specifications for Airborne Acquisition.................................................. 4-5 4-6 
 Airborne Image Licensing....................................................................... 4-6 4-7 
 St. Louis District Air-Photo Contracting................................................. 4-7 4-7 
 
CHAPTER 5 
Processing Digital Imagery 
 Introduction ............................................................................................. 5-1 5-1 
 Image Processing Software ..................................................................... 5-2 5-1 
 Metadata .................................................................................................. 5-3 5-1 
 Viewing the Image .................................................................................. 5-4 5-2 
 Band/Color Composite ............................................................................ 5-5 5-2 
 Information About the Image .................................................................. 5-6 5-2 
 Datum...................................................................................................... 5-7 5-2 
 Image Projections .................................................................................... 5-8 5-3 
 Latitude.................................................................................................... 5-9 5-3 
 Longitude ................................................................................................ 5-10 5-4 
 Latitude/Longitude Computer Entry ....................................................... 5-11 5-4 
 Transferring Latitude/Longitude to a Map .............................................. 5-12 5-4 
 Map Projections....................................................................................... 5-13 5-5 
 Rectification ............................................................................................ 5-14 5-6 
 Image to Map Rectification..................................................................... 5-15 5-7 
 Ground Control Points (GCPs)................................................................ 5-16 5-7 
 Positional Error........................................................................................ 5-17 5-7 
 Project Image and Save ........................................................................... 5-18 5-11 
 Image to Image Rectification .................................................................. 5-19 5-12 
 Image Enhancement ................................................................................ 5-20 5-12 
 
CHAPTER 6 
Remote Sensing Applications in USACE 
 Introduction ............................................................................................. 6-1 6-1 
 Case Studies ............................................................................................ 6-2 6-1 
 Case Study 1............................................................................................ 6-3 6-1 
 Case Study 2............................................................................................ 6-4 6-5 
 Case Study 3............................................................................................ 6-5 6-8 
 Case Study 4............................................................................................ 6-6 6-10 
 Case Study 5............................................................................................ 6-7 6-12 
 Case Study 6............................................................................................ 6-8 6-14 

ii 



EM 1110-2-2907 
1 October 2003 

 
 Subject Paragraph Page 

 
Case Study 7............................................................................................ 6-9 6-15 

 Case Study 8............................................................................................ 6-10 6-17 
 Case Study 9............................................................................................ 6-11 6-19 
 Case Study 10.......................................................................................... 6-12 6-22 
 
APPENDIX A 
References 
 
APPENDIX B 
Regions of the Electromagnetic Spectrum and Useful TM Band 
Combinations 
 
APPENDIX C 
Paper Model of the Color Cube/Space 
 
APPENDIX D 
Satellite Sensors 
 
APPENDIX E 
Select Satellite Platforms and Sensors 
 
APPENDIX F 
Airborne Sensors 
 
APPENDIX G 
TEC’s Imagery Office (TIO) SOP 
 
APPENDIX H 
Example Contract - Statement of Work (SOW) 
 
APPENDIX I 
Example Acquisition – Memorandum of Understand (MOU) 
 
GLOSSARY 

 

 iii 



EM 1110-2-2907 
1 October 2003 

 
 

LIST OF TABLES 
 

Table Page 
 2-1 Different scales used to measure object temperature. ................................................ 2-4 
 2-2 Wavelengths of the primary colors of the visible spectrum ....................................... 2-9 
 2-3 Wavelengths of various bands in the microwave range ........................................... 2-10 
 2-4 Properties of radiation scatter and absorption in the atmosphere ............................. 2-18 
 2-5 Digital number value ranges for various bit data ..................................................... 2-30 
 2-6 Landsat Satellites and sensors .................................................................................. 2-35 
 2-7 Minimum image resolution required for various sized objects. ............................... 2-41 
 5-1 Effects of shadowing ................................................................................................ 5-21 
 5-2 Variety in 9-matix kernel filters used in a convolution enhancement ...................... 5-25 
 5-3 Omission and commission accuracy assessment matrix .......................................... 5-34 
 6-1 Detection Matrix for objects at various GSDS........................................................... 6-7 
 6-2 Factors Important in Levee Stability ........................................................................ 6-19 

 
 

LIST OF FIGURES 
 

Figure Page 
 2-1 The satellite remote sensing process .......................................................................... 2-2 
 2-2 Photons are emitted and absorbed by atoms............................................................... 2-3 
 2-3 Propagation of the electromagnetic and magnetic field ............................................. 2-4 
 2-4 Wave morphology ...................................................................................................... 2-5 
 2-5 High and low frequency wavelengths. ....................................................................... 2-5 
 2-6 Wave frequency.......................................................................................................... 2-6 
 2-7 Electromagnetic spectrum .......................................................................................... 2-6 
 2-8 Visible spectrum......................................................................................................... 2-7 
 2-9 Electromagnetic spectrum on a vertical scale............................................................. 2-8 
 2-10 Spectral intensity for different temperatures ............................................................ 2-13 
 2-11 Sun and Earth spectral emission diagram................................................................. 2-14 
 2-12 Various radiation obstacles and scatter paths ........................................................... 2-15 
 2-13 Moon rising in the Earth’s horizon. From the moon showing the Earth rising. ....... 2-16 
 2-14 Non-selective scattering ........................................................................................... 2-17 
 2-15 Atmospheric windows diagram................................................................................ 2-17 
 2-16 Atmospheric windows related to the emitted energy supplied by the sun 
  and the Earth ............................................................................................................ 2-19 

iv 



EM 1110-2-2907 
1 October 2003 

 
Figure .......................................................................................................  Page 
2-17  Absorbed, reflected, and transmitted radiation......................................................... 2-21 
2-18  Specular reflection and diffuse reflection................................................................. 2-23 
 2-19 Diffuse reflection of radiation .................................................................................. 2-23 
 2-20 Spectral reflectance diagram of snow....................................................................... 2-25 
 2-21 Spectral reflectance diagram of healthy vegetation.................................................. 2-25 
 2-22 Spectral reflectance diagram of soil ......................................................................... 2-26 
 2-23 Spectral reflectance diagram of water ...................................................................... 2-26 
 2-24 Spectral reflectance of grass, soil, water, and snow ................................................. 2-27 
 2-25 Reflectance spectra of five soil types ....................................................................... 2-29 
 2-26 Data conversion: Analog to digital........................................................................... 2-30 
 2-27 Raster image ............................................................................................................. 2-32 
 2-28 Brightness levels relative to radiometric resolutions................................................ 2-33 
 2-29 Raster array and accompanying digital number values ............................................ 2-33 
 2-30 Landsat MSS band 5 data ......................................................................................... 2-34 
2-31  Digital numbers identified in each spectral band ..................................................... 2-37 
2-32  Landsat imagery band combinations:  3/2/1, 4/3/2, and 5/4/3.................................. 2-39 
2-33  In this Landsat TM band 4 image, and false color composite .................................. 2-40 
 2-34 Aerial photograph of an agricultural area................................................................. 2-43 
 3-1 Image mosaic with “holidays”.................................................................................... 3-6 
 3-2 Satellite in Geostationary Orbit ................................................................................ 3-12 
 3-3 Satellite Near Polar Orbit ......................................................................................... 3-13 
5-1  True color versus false color composite ..................................................................... 5-2 

 5-2 Geographic projection ................................................................................................ 5-4 
 5-3 A rectified image ........................................................................................................ 5-6 
 5-4 GCP selection display modules ................................................................................ 5-10 
 5-5 Illustration of a llinear stretch................................................................................... 5-12 
 5-6 Example image of a linear contrast stretch............................................................... 5-13 
 5-7 Pixel DN histograms illustrating enhancement stretches ......................................... 5-15 
 5-8 Landsat TM with accompanying image scatter plots ............................................... 5-16 
 5-9 Band 4 image with low-contrast data ....................................................................... 5-17 
 5-10 Landsat image of Denver area .................................................................................. 5-19 
 5-11 Landsat composite of bands 3, 2, 1 .......................................................................... 5-20 
 5-12 Change detection with the use of NDVI................................................................... 5-23 
 5-13 Landsat image and accompanying spectral plot ....................................................... 5-27 
 5-14 Spectral variance between two bands....................................................................... 5-28 
 5-15 Five images of Morro Bay, California...................................................................... 5-30 

 v 



EM 1110-2-2907 
1 October 2003 

 
Figure .......................................................................................................  Page 
5-16  Landsat image and its corresponding thematic map with 17 thematic classes......... 5-29 
 5-17 Training data are selected with a selection tool........................................................ 5-31 
 5-18 Classification training data of 35 landscape classification features ......................... 5-32 
 5-19 Minimum mean distance, parallelepiped, and maximum likelihood........................ 5-33 
 5-20 Unsupervised and supervised classification ............................................................. 5-36 
5-21  Image mosaic............................................................................................................ 5-38 
 5-22 Image mosaic of Western US ................................................................................... 5-39 
 5-23 Image subset ............................................................................................................. 5-40 
 5-24 Digital elevation model (DEM)................................................................................ 5-42 
 5-25 Hyperspectral classification image of the Kissimmee River in Florida ................... 5-43 
 5-26 Atlantic Gulf Stream................................................................................................. 5-44 
 5-27 Radarsat image ......................................................................................................... 5-45 
 5-28 False color composite of forest fire burn.................................................................. 5-48 
5-29  Landsat image with bands 5, 4, 2 (RGB) ................................................................. 5-49 
 5-30 Mining activities in Nevada...................................................................................... 5-49 
 5-31 AVIRIS cryptogamic soil mapping .......................................................................... 5-51 
 5-32 MODIS image of a plankton bloom in the Gulf of Maine ....................................... 5-52 
 5-33 Karst topography in Orlando, Florida....................................................................... 5-53 
 5-34 Landsat image of Mt. Etna eruption ......................................................................... 5-54 
 5-35 Forest Fires in Arizona ............................................................................................. 5-54 
 5-36 Grounded barges in the Mississippi River delta ....................................................... 5-55 
 5-37 Saharan dust storm over the Mediterranean ............................................................. 5-55 
 5-38 Oil Trench Fires in Baghdad .................................................................................... 5-59 
5-39  Mosaic of three Landsat images ............................................................................... 5-57 
 5-40 GIS/remote sensing map........................................................................................... 5-59 
 
 
 

 

vi 




