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Part One: Data Preparation
Step 1: Image Format Conversion
Use the ERDAS software to do image process. The most common processing format is IMG in ERDAS IMAGINE.  The original format for images downloading from USGS is TIFF. Therefore we need change the image format. 

Caution: ERADS System can not recognize the images when their paths are too deep. So please create a folder named “image folder” and put the downloaded image in this folder.
Click “Main | Import/Export”, Select Import, TIFF as type, File as media. 
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Use the Batch processing function: 

1) Click Batch in Import Tiff dialogue window

2) Select Modify Commands Automatically option and Click next in Batch Commands window  

3) Switch to Variable Tab and Click Output, and then Click Set.. 
4) In the Edit Replacement Pattern dialogue window, Change the Pattern by using the function “FileNumber”

For Example: 

c:/juanmin/lt50100291989138xxx02.tar/p10r29b$(Input.FileNumber).img
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5) Click Ok to go back Batch Commands Window, and then click Next
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 to add the rest of all bands and Click Next 
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7) Select “Start Processing Now” option and click Finish to start running batch images’ importing. 

Step 2: Create Multi-band Image by Layer Stack 
No matter what kind of images we order, TM 4-5 or TM ETM+, the images are single-band ones rather than multi-band ones.  Thus analyst need create multi-band Image by using Layer Stack function.  
Main| Image Interpreter| Utilities| Lay Stacker 
Select Unsigned 8 bit as output, Union as the output options 

Check the Ignore Zero in Stats
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Step 3: Image Registration

1. Check  the pair of images geometric shift 
Although USGS has finished initial geometric correction for images we order, there are pixel shift sometimes. Even one pixel shift will lead to quite different results, and sometimes shift situation is obvious and terrible, such as more than 1000 meters. So the measuring shift situation is crucial step. If the results show more than 250 meters, we should require the USGS do geometric correction for us again. Unfortunately, USGS maybe just follow the requirement when the shift is more than 1000 meter. 

Main| Viewer| Geospatial Light Table
Open the high flow image in the view 1. Then open the low flow image in the same view.  After selecting the second one, shift tab to “Raster Options” and uncheck “Clear Display”. Click OK.  
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 “measure” button to open the “Measurement Tool for Viewer #1” window. 

Find a one road intersection point in low image. Right click the “Arrange Layer”, shift the high flow image as top layer.  Choose [image: image11.png]i, Measurement Tool for Viewer #1




 to measure the distance between these two points. 
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2. Image Registration 
In our project, firstly we use the road’s intersection information to check whether there are image shift or not. In the most of time, analyst need do image registration. Thus NLCD image has been used as the reference layer to do image registration
2.1 Geometric Correction Start-Up

Open the low flow image in the viewer window.  

Raster| Geometric Correction| Landsat

Because our analytic images are Landsat images, choose the Landsat geometric Model and click OK. Landsat Model Properties window will display. Choose number 5 as Landsat number when image source is Landsat TM 5, and number 7 as Landsat number when image source is Landsat ETM+. 

Input the DEM file as the elevation file. Check “account for Earth’s curvature” and then keep other default. Click Apply and shut down dialog. The GCP Tool Reference Setup window will be displayed. 
Open NLCD image in the new viewer. 

Select “Existing Viewer” in the GCP Tool Reference Setup window, Click OK and NLCD image. Then Reference Map information window will be displayed. Check whether the parameters are the same as low image or not. Click Ok. 
Notes: Please make sure the projection system of NLCD image is the same as the Landsat image. If not, please project it in ArcGIS before starting image registration.  
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2.2 Select the Ground Control Points (GCPs)
Click [image: image17.png]1. GCP Tool : (Input : p17r35lowall.ime) (Reference : p17r35nlcd.img)




 button for selecting the GCPs. Based on the measurement results, the number of GCPs should be more than 20 when the shift is less than 125 meters., and 35 when the shift is between 125 and 500meters, and 50 when the shift is more than 1000 meters.

There are two critical principles of choosing GCP. One is making GCPs evenly distribution and cover the entire area in whole image scale. The other one is to choose the road intersection as GCPs or mountain peak point rather than turning point in river. 

After selecting GCPs in both images, click the “Solve Geometric Model with Control Points”[image: image18.png]1. GCP Tool : (Input : p17r35lowall.ime) (Reference : p17r35nlcd.img)




  to check RMS errors.
Notes:  We want the individual RMS to be less than 30 meter (1 pixel) and the total RMS to be less than 20 (actually as smaller as possible). If the RMS is too high, try to adjust/delete the GCPs. Start adjusting those with the highest value in the Contrib column. After update GCPs, click [image: image19.png]1. GCP Tool : (Input : p17r35lowall.ime) (Reference : p17r35nlcd.img)




 to check the new situation. 
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2.3 Finish geometric correction model

Click [image: image21.png]Geo Correction Tools




  in Geo Correction Tools window to open the resample window. Enter the output file name, check ignore zero in Stats. Click OK.

After system finishes geometric correction, analyst should save the model for future.  
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 Follow the same steps in the low flow image. Use the NLCD as reference image to correct the high flow image. 
Step 4: Atmospheric Correction (Option)
For most tiles, we don’ necessarily do the atmospheric correction for change detection. Of course, atmospheric correction will decrease the atmospheric effect in the change detection result. But because the complex manipulation, we just do atmospheric correction for few tiles which the difference of atmospheric situations quite largely affect classification’s results. 
Here we just do relevant atmospheric correction rather than absolute atmospheric correction which needs more parameters.  Actually USGS should do absolute atmospheric correction for us. But due to clouds and mist situation, the correction may be not enough for us. 

The goal of this part is to match images from different dates of the same location so that atmospheric effects between dates are minimized.

4.1 Selecting the six regions of interested (ROI) 
Because we just need use band 4 and band 7 for processing, the atmospheric correction can just do for these two bands. 

Selecting the six ROIs, three of them are darkness areas and the others are brightness areas. 

Notes: Atmospheric correction is based on the pair images which have been finished geometric correction.

Use the AOI tools to select ROI in the viewer windows and use the signature editor to get the mean and variance value of these ROIs. Usually, the perfect darkness is water regions rather shadow. And the brightness area is barren area rather than clouds. Don’t select the shadow and clouds as ROIs, because it can not really reflect the true atmospheric situation of images. 

Based on the mean and variance of six ROIs, choose the lowest mean value and smaller variance ROI as the darkness ROI, and the highest mean value and smaller variance ROI as the brightness ROI. 
In the viewer window, AOI| Tools…, click  [image: image24.png]


 to draw polygons which are darkness and brightness.  Classifier | Signature Editor …|
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 to add AOI area into Signature Editor window.  File| report|  

Check Statistics and All Signatures and Click OK.
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4.2 Setup up the atmospheric correction function. 

  Y1= a + bX1
  Y2= a + bX2
Based on this function group, we can get the coefficient value of a and b. 
a =  (Y2* X1-  Y1* X2)/( X1- X2)
b = (Y1 - Y2)/( X1 - X2)
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4.3 Use the Model Maker to create the new band 4 and band 7 in high flow images
Main| Modeler | Model Maker
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                        Part Two: Image processing

[image: image32]
Step 1:  Create a model for “band 4+ band 7”

Model | Model Maker|
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  to display tool palette. Put the parts of model as the picture above.  Double Click the objects and select the images and formula “Band 4+ band 7”. 
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 to run the model

Step Two: Create Hill shade and inverse it 

In our project, we create hill shade by ArcGIS. At the same time, we also can create hill shade and inverse it in ERDAS. The content just shows how to do in ERDAS.
1. DEM data 

1.1 Download DEM
The generation of hill shade is based on DEM information.  Download website is http://seamless.usgs.gov/viewer.htm
1.2  Clip DEM
Method 1:
At first, we have a big DEM file whose areas are bigger than our search target regions. Therefore we need extract DEM of the each tile for the hill shade analysis. Because each tile is not irregular region, we use Mask method to clip DEM.

Main| Image Interpreter| Utilities| Mask 

Choose the original DEM file as the Input File

Choose the tile image which we order from USGS as the Input Mask File

Choose the intersection function as the compute function.

Check the ignore Zero In output Stats and click OK 

 Please look at Figure 5.1.1
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Figure 5.1.1
Method 2:
Create the AOI file to abstract the overlay area.  In the viewer window, AOI| Tools

Click  [image: image38.png]


 to draw polygon feature which is the boundary of the overlay area and save it as ”.aoi” format.
Main| Data Preparation | Subset Image| 
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Put the original component file as the input file. Check “Ignore Zero in Output Stats”. Click AOI to open the file for clipping.  Click OK. 
2. Hill Shade

2.1 Shaded Relief

Main | Image Interpreter | Topographic Analysis| Shaded Relief

Use the tile’s DEM as input 

Check the Ignore Zero in Output Stats

Open the metadata for high flow and low flow image to find which image has the smaller solar elevation angle. Use that image’s solar azimuth and elevation angles to calculate the shaded relief.  
Because when the solar elevation angle is smaller, the sun lights can cast larger shadow regions. Thus analyst should use the smaller one as solar elevation angle parameter. 

[image: image40.png]i/, Shaded Relief
Input DEM: [<img)
P1734deming

Select DEM Laver: [T =~

Quiput Fil: ~img)
P17i34shadedielietmg

¥ e Zera i Outpul Stals)

Coordinate Type:  Subset Defiiio:
 Map ULy 42546000

€ Fie ULY: 425514000

Elevation Units: ~[Meters =~

DEMscde: 10

S |

™ Use Dvellay in Reief?

—
He 1

From Inquire Box

e =

sz =]

Solar Azimuth 2250 El
Solar Elevation: 450 El

Anbientlight 000 =]

el |





2.2 Use the ERDAS Existent Model to inverse the shaded relief
Model | Model Maker|

Click Open  [image: image41.png]. New_Model
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 and go to C:\Program Files\ Leica Geosystems\Geospatial Imaging 9.1\etc\models and click an ERDAS existent model named “inverse.gmd” (Figure: Inverse Model) 
Click input raster and select the hillshade which we create in 2.1 and Click output raster and type the output raster named which you want, such as “inversep17r31hillshade” and check “ignore 0.000” in output raster windows. Finally click Run to create hill shade by inversing shade relief.
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Figure: Inverse Model

Step 3:  Layer Stack and Clip the overlap part
Generate a multi-date composite image combining three bands that will capture and reflect the changes that have occurred over the time period.  For this study, bands 1 was derived from the addition of the high flow image’s band 4 and 7, and band 2 was created from the addition of the low flow image’s band 4 and band 7.  For the third band in the composite image we used a hill shade map derived from the USGS 30 meter DEM.
1. Layer Stack
Main| Interpreter| Utilities | Layer Stack

Input the high flow image’s band 4 + band 7 image, the low flow image’s band 4+band 7 image, hill shade image
Select Union as output option, check ignore zero in stats. 

Click OK
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2. Abstract the overlap part of composite result

2.1 Look at the composite results at View window
Because the two satellite images are not exactly match each other. So we need clip the overlap for analysis. 
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Before Clip 
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After Clip
2.2 Use Subset  Image function to abstract the overlapped part
1. Use AOIs to Draw Polygon for Overlapped Part

Open the original image in the viewer window. Use AOIs to draw polygon for   Overlapped Part and save it as AOI file
2. Use Subset Image function 

DataPrep| Subset Image… 

Input the original image and give the name for output image

Check the Ignore Zero in Output Stats. 

Click the AOI and select the file created by the first step. 

Click OK to start processing.  
Part Three: Image Classification

[image: image1]
[image: image46]
1. Run the first unsupervised classification 
Main| Classifier| Unsupervised Classification 
Input the composite image 

Choose initialize from Statistics option 

Put number 15 as number of classes in Clustering Options

Use 24 as maximum iterations and convergence threshold is 0.990.

Uncheck Classify Zero

Click OK
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2. Merge the classes by Recode function
Because the focus of project is the floodplain, we just want to get below five classes.

0--Background (no data)

1--Non-floodplain (not include the stable water)

2--Possibly Spring Inundated Floodplain

3--Definite Spring Inundated Floodplain

4-- Stable water

Thus, we merge some classes into one class by using recode function 
Main| Interpreter| GIS| Recode
Input the first unsupervised classification results 

Check Ignore Zero in Stats

Click “Setup Recode” to change the new value for merging the different classes 

Click OK
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3. Rerun  the unsupervised classification for confused classes

In some times, there are some classes are mixture classes which are include some floodplain and non-floodplain areas at the same time. For identifying the floodplain in the mixture classes, we need rerun the unsupervised classification. 

Notes: sometimes, analyst needs run more than twice unsupervised classification, if the situation is still complex.  

3.1 Abstract the mixture classes from the composite image
Use the mask function to do this step. Input the composite image as input raster, the first unsupervised classification result as mask file. Click setup recode, and change all the value of mixture classes into 1 and other distinguished classes’ values as 0.

Select intersection function, Check ignore zero in output stats. Click OK   
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3.2 Run the unsupervised classes again for mixture regions
The number of classes is the 4 times as the number of mixture classes. For example, if we have two possible floodplain classes, enter 8 (4*2) as the number of classes for mask image. 

The other parameters are the same in the first unsupervised classification. 

3.3 Merge the second unsupervised classification results into four classes
Use the recode function to finish it the same as the part 2. 

4. Mosaic the twice unsupervised classification results together 
4.1 Record the first unsupervised classification result

Main| Interpreter| GIS| Recode

0 --- Background (No data) and possible floodplain (mixture classes)

1 --- Non- floodplain
4 ---- Stable water

4.2 Record the second unsupervised classification result

0 --- Background (No data) 

1 --- Non- floodplain

2 --- Possible Floodplain

3 ----Definite Floodplain 

4 ---Stable water

4.3 Mosaic the results
Main | Data Preparation | Mosaic Images | Mosaic Tool

Click Edit and then add images, firstly input the unsupervised classification image and secondly input the second unsupervised classification image. 

Click Edit| Set Overlap Function; Click No Cutline Exists

Click Maximum as select function; Click Process| Run Mosaic   
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5. Clouds Contamination 
The shadow casted by clouds will have similar spectral signature in the water. Both water and shadow have low reflectance. Although the hill shade layer can eliminate some errors, the misclassification still will exist if the shadows happen in the flat area which can not detected by topography. Thus we need manually correct these mistakes from visual interpretation.
5.1 Clouds visual interpretation 

Open the flow images which are done by geometric correction.  Use AOIs to draw the polygons for the clouds and shadows in the images. 

The hint for identifying the shadow of clouds is based on whether there is a white object with similar shape as the dark shadow in the neighborhood. 
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5.2 Analysis the Clouds’ and Shades’ Effects
5.2.1 High Flow Image

Clouds’ Shadow:


Non-floodplain                             Possibly Spring Inundated Floodplain

                                                      Definite Spring Inundated Floodplain

Clouds: 


Stable Water                                  Non-floodplain 
5.2.2 Low Flow Image
Clouds: 


Stable Water:                                        Definite Spring Inundated Floodplain 

A. High Altitude Region (Some of regions are covered by snow or ice in high flow image.)

Clouds’ Shadow:


Non-floodplain:                          Stable Water

B. Medium/Low Altitude Region (High Flow image without snow cover)

Clouds Shadow: 


Definitely Spring Inundated Floodplain                         Stable Water

Possibly Spring Inundated Floodplain                            Stable Water

                                         
5.3 Recode the misclassified region
Depending on the analytical results from 5.2 and refer to the high and low flows image, analyst should correct the obvious mistakes by recoding the categories, 
Interpreter| GIS Analysis…| Recode …

Note: Due to the serious clouds situation around the Delaware regions, we pick up more image for analysis in the P14 R33 and P14 R34 two regions.

5.4 Mosaic the corrected region with old results 

Use Mosaic function to replace the old results with the new ones

 DataPrep| Image Mosaic…| Mosaic Tool …

Input the new one and old result

Edit| Select Overlap Function…

For example:

Choose Minimum, if you want to change the definitely spring inundated floodplain into non-floodplain by using the new reclassification regions in the situation of 5.2.1. 
Choose Maximum, if you want to change the definitely spring inundated floodplain into stable water by using the new reclassification regions in the situation of 5.2.2. B.

The overlap function will be different depend on diverse situations. 

6. Compile all the results

There are 53 tiles in the Northeastern Regions. The analysis of images is based on the UTM projection which covers from UTM 16 to UTM 19 zone. 

1) Based on the UTM zones,  images are merged in 4 categories 
ERDAS: DataPrep| Mosaic Images| Mosaic Tool

Step 1: Input all the images located in the same zone
Step 2: Edit| Select Overlap Function| Maximum

Step 3: Process| Run Mosaic

After that, we get the UTM_16.IMG,UTM_17.IMG, UTM_18.IMG and UTM_19.IMG


[image: image55]
2) Project all images into UTM 18 zones

Project UTM 16 to UTM 18

Project UTM 17 to UTM 18

Project UTM 19 to UTM 18

ERDAS| Data Preparation | Reproject Image
For example, select UTM_16.IMG as input file and set the projection as UTM Zone 18. For the detail information, please see the figure below.
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3) Merge four separate regions into one region

ERDAS: DataPrep| Mosaic Images| Mosaic Tool

Step 1: Input four separate regions

Step 2: Edit| Select Overlap Function| Maximum

Step 3: Process| Run Mosaic

4) Because we want to put the final analysis result on the US Albers Projection, but US Albers projection is not available in ERDAS.  Thus the processing need be finished in the ArcGIS and ArcInfo

Precondition: All operations should do it based on the Grid format. Therefore we need change floodplain results from .IMG to .Grd
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Open ArcGIS Software 

ArcToolbox| Data Management Tools| Projections and Transformations | Raster| Project Raster 

We need the coordinate information about the results grid for image registration. This step finishes merge all the grids together and project them into US Albers projection. 
Arc: Describe result090520

5) To emphasize the definite spring inundated floodplain, we need extract the floodplain category. 
Because the dataset is huge, I will suggest the extracting process should be finished in Arcinfo workstation.

Arc: floodplain = setnull (result090520  ne 3, result090520)

There are 0, 1, 2, 3 and 4 five values. The arc command above just changes the value not equal to three to the null value.   

6) Convert the definite spring inundated floodplain grid to polygon. 

ArcGIS| ArcToolbox| Conversion Tools| From Raster| Raster to Polygon 

Appendix Information for Classification
1. Histogram information for each band in overlap part of composite

In the viewer window, Viewer| Utilities| Layer info 

Click Histogram Tab 

Click Print for each layer

The print results will include the distribution of histogram
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2. Statistic Report For Unsupervised Classification Result

Based on our method, the characteristic of floodplain is low value in layer one (band 4+band 7 in high flow) and high value in layer two (band 4+band7 in low flow), median value in hillshade 

Main | Classifier | Signature Editor 
Open the .signature file in Signature Editor Window

File | Report Signature

Check statistics and all signatures and click OK
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3. Other existent river information to assist to identify the classes in unsupervised classification results

----FEMA (Federal Emergency Management Agency)
     100 years floodplain and 500 years floodplain
----NHD (National Hydrology Database)
      Lake, main stream
----NLCD (National Land cover data)  
      Floodplain information from the remote images from NLCD
----NID (National Inventory of Dam)
      Locations of dams in our research area

Except for the NLCD, all of them are vectors. We can overlay them for helping identify classes.
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Map of Classification Result
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