Setup

Follow these steps to setup the image browser (also known as picker).

1. Copy the image browser directory on to your computer (e.g. image_browser_v1_1)

a. ftp://ftp.cresis.ku.edu/picker/
2. Copy the geotiff files that you want to use to your computer. The ftp site provides Landsat-7 image mosaics in geotiff format in the GIS_data directory.

3. Modify the run_picker_release.m function in the image browser directory so that the paths point to the locations of the files you downloaded. Typically you need to set:

a. base_path = 'Z:\mdce\mcords2\2011_Greenland_P3\';
i. Location of all the CSARP_* directories that you downloaded

ii. Make sure that all the segment directories that you downloaded are put inside the same CSARP_* directory that you downloaded them from.
b. gis_path = 'V:\GIS_data\';
i. Location of all the geotiff files, if you use the default files from the ftp site and you keep the same directory structure on your computer this is all you need to change.

ii. To point to specific geotiff files, you need to set the geotiff_fns variable. This is a cell array which contains the full file path to each geotiff you want to use.

c. image_browser_path = 'C:\Users\radar\Documents\scripts\image_browser_v1_1\';
i. Path to the image browser directory you downloaded
4. If you plan to use the landmarks tool, you need to set param.landmarks to point to a file that you will store this information.  The landmarks tool lets you tag geographic features in the radar echograms.
5. Run the image browser by typing “run_picker_release” at the Matlab command prompt.
Introduction

Picking data is the process of distinguishing layers of differing dielectric constants in 2-D depth sounder data.  This manual describes how to use the picker to pick layers for ice thickness estimation.

Ice Thickness Estimation

There are only two layers of interest in thickness estimation: the air/ice interface (Surface) and the ice/bottom interface (Bottom). The ice thickness is then determined by taking the difference between these two layers.
Air/Ice Interface (Surface)

The ice surface is automatically picked by the cresis-toolbox process called get_heights. This process creates a quick-look product (a low quality image that is easy/efficient to produce) and then uses that to estimate where the surface return is. This automated pick is used by the synthetic-aperture-radar (SAR) processor in the csarp process. The automated pick is also written to the original layer files so that we do not have to re-pick this layer by hand.  Occasionally, the automated picker makes mistakes and these should be corrected.

Generally, the ice surface is easy to detect because it is usually the first large echo return in the data record. The primary reason why the automated picker fails in recent datasets is related to the transmit/receive (TR) switch. Because the same antennas used for transmission are also used for receiving in some cases, a TR-switch is used to switch the antennas from the transmitter to the receiver. The sequence of events goes like this: 1) the waveform is transmitted, 2) the TR-switch state is changed from the transmitter to the receiver, and 3) the return echoes are received. If the TR-switch does not switch fast enough, the return echoes may arrive back at the radar before the TR-switch is in receive mode. This happens when the aircraft is flying too low to the ground (generally below 1500 ft).
The following three figures show the radar image a) with the surface and surface multiple indicated, b) incorrect surface picked, and c) correct surface picked.
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Figure 1
The correct surface was picked in figure 1c by using the “surface multiple”. Because the wings of the aircraft are large and metallic, when the radar pulse arrives at the aircraft where it is received for the first time, it also reflects off the wings and travels back towards the target. In some conditions this may happen two or three times creating first, second, third, etc multiples of the surface. The surface multiples are exact multiples of the original surface echo.  For example, if the original surface return occurred at 3 microseconds, the first, second, and third surface multiples will occur at 6, 9, and 12 microseconds respectively. Figure 2 shows a clear surface echo and its multiple.
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Figure 2
Ice/Bottom Interface (Bottom)

There are three types of bottoms that we pick:
1) No ice: the bottom is the same as the surface, e.g. the ocean surface or exposed rock
2) Ice shelf: the bottom is the ocean

3) Bed: the bottom is the bedrock/earth
We assume that the attenuation
 through the ocean and the bed is so high that no echoes from within these media are expected. The attenuation through ice is much lower which is why the radar can “see” through it.  However, geophysical conditions, like high temperatures, can make ice also have high attenuation. The ice bottom is often obscured for a number of reasons:

1) Surface multiple mimics ice bottom

2) Transients in the radar system and processing (e.g. switches changing state, end of pulse effects, waveform combination) mimic the ice bottom

3) Passive radiation and system noise, both random, are stronger than the bottom echo

4) Electromagnetic interference is stronger than the bottom echo

5) Clutter
 echoes are stronger than or mimic the bottom return

A number of examples of these are shown in the following sections.

Picker Software Overview
The picker is designed to be run efficiently and utilizes keyboard shortcuts or accelerators extensively. The graphical user interface consists of four windows: Control, Map, Pick, and View. The Control window is shown in Figure 3. The control window functions are:
· Geotiff Selection: Change the background raster image in the Map window or use geodetic coordinates alone with no raster image by selecting “none”.
· Frame Selection: Select a data frame. This updates the current selection in the Map window (data frame is highlighted in red). If the user double clicks a selection, then the selected data frame is loaded into the Pick window.

· Source Selection: Select a source file for the data frame. The radar data is processed in a number of ways, each producing a different output. Each output works best in different situations, so generally we recommend looking at each source when the bed is hard to pick.
· Image Processing: Several basic image processing routines are available to help bring out the layer. “Raw” means no image processing, “Averaged” means that a boxcar filter is applied to the data (currently hard coded to 3 range bins by 10 along-track range-lines or 30 looks), and “Detrended” which is averaged and then the mean power for each range bin is subtracted away (i.e. the underlying trend is removed).  Averaged is the best view for easier to pick layers and Detrended tends to be the best for hard to pick areas, but can be misleading.
· Load Pick: Loads the current data frame into the pick window.

· Load View: Loads the current data frame into the view window.

· Y-Limits (us):  When empty, all available range bins are displayed. Otherwise two numbers are required, and they specify the start and stop y-limits. For example, “0 10” would set the y-limits to 0 and 10 microseconds.

· Picking Tool: Select current pick window tool.
· Layer Select: Selects the layer(s) on which the picking tool will operate.
· Confidence level: This sets the confidence level of any picks that are added by the picking tool. Good = high confidence, Moderate = medium confidence, and Derived = low confidence. Derived is to be used for all picks where you are forced to interpolate over a gap where no echo can be seen or have very low confidence that the correct layer has been picked. Moderate confidence is to be used anytime you are not sure about the pick.

· Save Layer: Save layer for current data frame

· Picking Tool Parameters: These two text boxes are used to pass parameters to the currently picking tool, overriding the defaults which are what is used when the text boxes are empty.

[image: image5.png]) 1: Control [Tk

Pick Contrals

[None

10_segd_14_01
|Data_20100510_seg4_15_01
|Data_20100510_seg4_16_01
|Data_20100510_seg4_17_01
|Data_20100510_seg4_15_01
|Data_20100510_seg4_19_01

Load Pick Load View

Y-Lirits (us)
[oyowse -] [(1) suface -

4 Geotiff Selection

4@ Frame Selection

4@ Source Selection

4@ Image Processing
@ Load in Pick/View Fig

@ Y-limits (e.g. "0 10")

@ Picking Tools




Figure 3. 
The map view, shown in Figure 4, is a plot of all the flight lines for the data frames that can be loaded. The currently selected data frame is in red, the data frame in the pick window is shown in green, and the data frame in the view window is in magenta. There are four primary functions for the Map window:

1) A new data frame can be selected by left-clicking on a flight line.

2) A new data frame can be loaded into the pick window by double clicking on a flight line.

3) The pick and view cursors can be updated by right clicking.
4) By selecting one of the Matlab tools (zoom in, zoom out, hand, etc), you can zoom in to geographic features that can help you interpret the data frame properly.
All picker Map Window functionality is disabled when a Matlab Tool is in use!
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Figure 4
The pick window shows the data frame echogram and is where the user can operate the picking tool. 
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Figure 5
When the picking window is highlighted
, the available functions are listed in Table 1.
Table 1
	General
	Hotkey
	Function

	
	Move Cursor
	Right-button
	Moves the vertical cursor to the location of the click and updates the map display cursor and prints out basic information.

	
	Apply Tool
	Left-button
	Applies the current picking tool

	Tool Select
	Hotkey
	Function

	
	browse
	b
	Left click does nothing.

	
	enter pnt
	e
	Left click enters a manual point in the currently selected layer(s) exactly where the user clicked

	
	max pnt
	m
	Left click enters a manual point in the currently selected layer(s) within ±N range bins of the user click. N is 5 by default but can be changed by entering a new value in the left tool parameter textbox. The range bin selected is the one with the maximum value for the current source/image processing selection.

	
	delete
	d
	Two left clicks define the corners of a region for which all points will be deleted for the currently selected layers.

	
	quality
	q
	Two left clicks define the corners of a region for which all points will have their confidence level updated.

	
	interp
	i
	Two left clicks define the corners of a region for which all manual points will be interpolated for the currently selected layers. Interpolation only updates automated points.

	
	snake
	s
	Two left clicks define the corners of a region to apply the snake layer tool for. Snake only updates automated points. The snake layer tool uses the manual points to guide the layer finding.

	
	max
	Shift-M
	Two left clicks define the corners of a region for which all automated points will be set to the maximum value in the region selected for the currently selected layers.

	Layer Select
	Hotkey
	Function

	
	surface
	1
	Surface layer selected.

	
	bottom
	2
	Bottom layer selected.

	
	both
	3
	Both layers selected.

	Confidence Level
	Hotkey
	Function

	
	Confidence
	Shift-Q
	Cycles through Good, Moderate, and Derived.

	Miscellaneous
	Hotkey
	Function

	
	Save layer
	Shift-S
	Saves the layers for the data frame loaded into the picker.

	
	Show/hide layers
	Spacebar
	Shows or hides the layers

	
	Layer display
	Shift-Spacebar
	Cycles between showing manual/automated and confidence level for the different layers.

	
	Zoom reset
	z,Z
	Resets the zoom to the just loaded view

	
	Move Axis
	Arrows
	Moves the current view window around

	
	Move Axis
	Shift-Arrows
	Moves to the next or previous frame, keeping axis limits

	
	Next/Previous
	n or p
	Moves to the (n)ext or (p)revious frame, resetting the axis limits

	
	Multiple
	Shift-1
	Sets the multiple that is being picked. (1) is normal, (2) is first multiple, (3) is second multiple, etc.

	
	Undo
	u
	Undoes the last picking operation

	
	Flip left/right
	f
	Flips the x axis around. This is useful for comparing pick/view windows.

	
	Reset region
	Escape

Delete

Backspace
	Resets the region selection. Any tools that require two left mouse clicks are selecting a region and this function resets this process.

	
	Dynamic Range
	Home

End

Page-Up

Page-Down
	Home/End move high side of dynamic range

Page-Up/Page-down move low side of dynamic range

	Matlab Tools
	Hotkey
	Function

	
	Zoom in, zoom out, hand, etc
	NA
	All picker Map Window functionality is disabled when Matlab Tools are in use! After using, disable tool by selecting it again.


The view window, figure 6, is the same as the pick window, but is for viewing only (i.e. is like having the browse tool selected).
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Figure 6
Picking Methods: No Ice

When no ice is present we set the surface and bottom to be the same. This is done by selecting both layers (hotkey 3).  An example is shown in Figure 7.
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Figure 7.

Sometimes this transition is not obvious and the raster image in the map display is inaccurate because it is old. The above example of Thwaites Glacier is very clear in the radar data, but the map display is wrong, as shown in Figure 8, because the Landsat-7 imagery was taken before the floating ice tongue disintegrated. Properly dated imagery has to be requested for specific times/regions. In many cases, onboard cameras are available (e.g. the DMS camera for the OIB datasets) and these datasets can be used to determine the start of the ice.
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Figure 8
Picking Methods: Clutter

Clutter, usually from off to the sides on the surface, can sometimes mask the bottom echo. In some cases, it can be deceptive. Figure 9 shows an echogram that originally was picked incorrectly, but has been corrected. The coastline of Antarctica produces a strong and contiguous return that looks like a bed return reaching down to 45 microseconds. Looking at the Landsat-7 imagery for this flight line, we realize this is just the coast line since we are over open ocean.
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Figure 9

Picking Methods: Avoiding Surface Multiple

Occasionally the surface multiple will occur where the bed echo is as shown in Figure 10. The surface multiple can often be identified because it is an exact multiple of the surface. 
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Figure 10
Picking Methods: Avoiding Picking Gaps on Data Frame Edges

A feature has been added to allow picking all the way to the data frame edge (i.e. to the first or last range line in the data frame). To select the first or last range line, click outside the data frame to the left or right.
Picking Methods: Selecting all Range Bins

To apply a tool to all range bins, click above the axis on both clicks.

Picking Methods: Preferred Method for Clear Layers
Set image processing to “Averaged”. Select two manual points, one of the left side of the frame and one on the right side of the frame, and then use the snake method to connect them. Add additional manual points as required and interpolate where snake method fails. Choose the optimal source between MVDR, MVDR/img_01, MVDR/img_02, Standard, Standard/img_01, and Standard/img_02.
Picking Methods: Preferred Method for Hard to See Layers

Set image processing to “Detrended”. Select entire layer using manual points. Interpolate these points. Choose the optimal source between MVDR, MVDR/img_01, MVDR/img_02, Standard, Standard/img_01, and Standard/img_02.

Picking Methods: Other Clues and Suggestions
Save Layers

Be sure to save the layers before moving to another frame. Layers are not saved automatically and an asterisk by the data frame ID use used to indicate that a layer is not saved. Also, when you close the picker it will prompt you if you have not saved all your layers. The best practice is to “Save Layers” by pressing Shift-S or by clicking the button in the Control Window, before moving on to the next data frame. When the layer is saved, this is printed to the screen and you can use this indication as a way to be sure your work is saved.

Deep versus Shallow Returns

In most cases, deep bed returns are usually associated with data collected at the center of the ice sheets and shallow bed returns are expected from regions around the coast. An example of a strong surface multiple is shown below. The image corresponds to a high altitude flight and hence the deeper surface multiple. Use all the information at your disposal when picking: look at surrounding radar data and the raster images.
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Large Jumps in Layers

In most cases, large jumps are not expected. The clutter might be stronger than the signal making you believe that the return from the clutter is actually the bed return. One rule of thumb to follow in such cases is not to expect a high altitude jump in the bed. A 1-us difference in bed corresponds to approximately 90-meters in height.
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Visual Tools

Clutter, low SNR and many other factors contribute to not seeing a proper bed return at times. The dynamic range (color axis or caxis in Matlab) can be changed, the image processing mode can be switched (raw, averaged, detrended), and/or different sources (e.g. MVDR versus Standard) loaded to help in such cases. It is recommended to gather all the information and preview it before picking a hard to pick area. This example shows the standard image and MVDR image for the same data. Then the color axis is changed to make the bed more clearly visible. Note that when the color axis is being changed, the data is not being processed in anyway. 
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Interpolation Errors

A common error is not selecting the region to be large enough to interpolate all the points. An example where the region selected to interpolate the bottom manual points did not go high enough up is shown below.
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Picking Methods: Checklist

Some things to consider while picking:

1. Use the snake interpolator when possible.

2. When using interpolation, make sure to interpolate the points using a sufficiently large bounding box so that all the picks are considered. 

3. Look at each of the processing methods, adjust the dynamic range, and change the image processing mode to identify the best return.

4. Look at the map to see geographic features that could be influencing the return. Be weary of ice shelves that might have grown or shrunk since the imagery was taken. Where boundaries are unclear, obtain appropriate imagery (e.g. DMS, Landsat-7 GLOVIS, etc).

 Before signing off from a frame, please take the following steps. Note that it is usually easier to focus on one step at a time. In other words, check all the surfaces and then come back through and check the bottom, and so on.
1. Make sure the surface is correct. Use the “Y-limits” textbox or zoom with arrow keys to do this – when zoomed out, small errors are undetectable.
2. Make sure the bottom is correct. Use the “Y-limits” textbox or zoom with arrow keys to do this – when zoomed out, small errors are undetectable.
3. Make sure an appropriate quality or confidence level is assigned to both the surface and bed picks. 

4. Make sure the picks go to the edges of the frames. This is most important for the first and last frame of each segment since the frames are overlapped slightly. See section on “Avoiding Picking Gaps on Data Frame Edges”.
5. Quickly scan through all the frames looking for obvious errors with the scales zoomed all the way out.

6. The picking spreadsheet needs to be filled accordingly. Leave notes when you do something unusual to pick the bed or are unsure and you think the frame needs special attention. This helps when others are trying to quality control these picks.

7. Use the cross over analysis to locate errors and fix them.
The picking process ends with two more passes after the original picks are signed off. Currently this is just a second and third pair of eyes looking at the results. The second is more thourough and is performed by the data processing lead and the third is a quick review looking for obvious errors (done by a third party not involved in the picking).

� Attenuation is how much the medium weakens the signal as it travels through the media. If the signal is weakened too much, it will be undetectable.


� Clutter is echoes from targets we are not interested in (e.g. mountains or crevasses off to the side and englacial or buried targets). The radar and processing are designed to reduce clutter, but the process is not perfect.


� Most Windows X-servers fail to properly highlight a window unless you click within the confines of the window (i.e. it is not enough to just click on the title bar or Alt-Tab to the window). Occasionally the first click to highlight a window will be interpreted incorrectly by the X-server and the wrong command will be sent.





