Macro Generator
I. Introduction

This program was created to help the user operate the Pathway microscope easier and more efficiently. It would allow the user to automate some of the tasks such as generating the macro for the microscope as well as alleviate the user from having to look for the targeting sites by hand.
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After starting the program, the user would get a screen of a program like above. The program has a File menu bar that allows the user to specify which application they would like to work with. By going to File and then New, a popup would display like below.
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This popup allows for two options, the first one is Macro Generation, and the second one is Point Picker. Macro Generation(II) would allow the user to work with a already specified data file generated by the point picker. It allows the user to generate macro files for the points. The Point Picker(III) is a tool that can be used to pick the target sites on the image scanned by the scanner.

II. Macro Generator
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This application allows the user to specify the data file and the directory it would generate the macro folder in. If the user would like to create a macro that will do a specific thing for each tissue type, they can specify a macro for each tissue type they would like to do, otherwise, they can specify a macro for All and it would apply the macro in All to all tissue type that wasn’t specify a macro for. In the output folder, the macro generator will output all of the outputted files in the form of data.mac and data_n.xyz where n is the point number. It will also make a copy of the macro and xyz files by copying them to a folder label YYYY-MMM-DD HH.MM.SS (i.e. 2005-Jan-05 11.23.43) and it will be in local time.
III. Point Picker
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The Point Picker has a toolbar, an image map and a site to hold a tree structure that the user will be creating while picking the points.

A. Image Map

The image map is the cyan area with the red window inside. When opening a large image, the image will automatically resize to the size of the image map and the user can user the image map to look at a specific area encompass by the rectangular rubber-band window.
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B. Point Filer

The area will simply be used to display the points being picked by the user with the features such as color and tissue type. When picking points on the image display window, the points will appear in this region in the form of coordinates with respect to the original picture.
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C. Toolbars
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As shown above, the toolbar for the point picker consists of an open button, which allows the user to open a new image to pick points, or to open a saved macro generation project file. Next to that, there is the Save button, which allows the user to save the points as a single data list or as a project file which they can go back later to open and continue working on the same image. Note that the image isn’t actually saved in the image and only the path to the image is save, so the original image would have to be at the original place for the project to save and open successfully. The next two buttons allows the user to rotate an already open image by 90 degree in the directions specify by the button itself.

The next nine buttons consist of choices of color to mark the point the user pick. The colors available are black, white, red, yellow, green, cyan, blue, violet (purplish), and grey. As one of the color choice chosen, the choice is displayed in the text box on the right of the color toolbars. The two text box in the toolbar displays which color is being used and which tissue type we are marking with. Tissue type can only be changed using the hotkeys (l,r,s). The next item on the toolbar is used to create a new folder item under the root folder in the point filing area. The new folder will automatically be named Well and a number follows it. The Sort button will allows the user to sort the pointfiling according to the label given to each of the items. Generate Macro button takes the user straight to the macro generator application by using a temp file. Lastly, there is a text box that keeps a count of the number of points in the pointfiling area.
D. Hot Keys
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When using the Point Picking application, it is probably more convenient to use hot keys to change the specification of the point we’re picking.
1,2,3,4,5,6,7,8,9: By pressing any of these keys on the keyboard, the color text box on the toolbar will display the color that’s chosen.

r,t,i,g,h,l,c,m: Will allow user to specify the tissue type such as Root, Tube, tIp, Grain, Hypocotyl, Leaf, Cotyledon, Meristem.
n: This will allow the user to create a new Well folder in the Point Filing region and the new folder will automatically be selected to file the points in.

Delete: The delete key will only work when the user left click on an item of the point filing area first.

Directional Buttons: These buttons will move the rectangular selection window in the direction the button is pressed. Only one button can be pressed at once.

E. In Action
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IV. Point Picker Internal Working

The Point Picker program works by allowing the user to pick the locations to which the microscope will look at on a 2D image plane. We start by scanning the plate or slice using a slice holder on a scanner. The area of the plate is cropped during scanning of the plate, thus we have an image map of the plate. The user can use the Point Picker program to pick the locations on the image map that he/she wants to visit. The Point Picker will perform a translation on each point picked by the user into the microscope’s coordinate system.


[image: image11]
The Translation parameter is determined by the type of scanner the user used to scan the image map. The Point Picker program translates the Image’s pixel coordinate points the user choose to the Microscope’s coordinate system. The program then embeds the coordinate inside macros that it generates. These Macros will allow the microscope to run and visit the locations the user picked.

The translation parameters are obtained by using a plate with marked interest points and obtain the points’ correspondence on the microscope. We note the pixel coordinate of the points and their correspondence coordinate on the microscope. Most of the time, the Image’s points are linearly related to the Microscope’s points. We can use Linear Regression to obtain the relationship between the two.

Mx = Sx * Ix + Intercept_x

My = Sy * Iy + Intercept_y

Ix and Iy are the x and y pixel coordinate on the image and Mx and My are the microscope’s correspondence point on the microscope’s coordinate system. Sx, Sy, Intercept_x, and Intercept_y can by calculated using Linear Regression on a calculator capable of calculating Linear Regression, or using MATLAB, Mathematica on the computer.

The Point Picker also allows another type of calibration that segments the plate into 48 regions and applies a different translation on each region separately. This method is generally more accurate if the microscope’s camera or stage movement are not linear, but it requires more work in finding the translation for the plate because we would have to perform Linear Regression on points belong to each of the 48 regions separately and note them down so that the Point Picker can use the calibration on each of the regions.

[image: image12.jpg]



When scanning a plate on a flat bed scanner, make sure the plate is tightly slid to the upper right corner of the scanner, and the reference point always lie on the bottom right of the plate.


[image: image13]
***** SPECIFIC TO THE SHARK MICROSCOPE *****
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When using the microscope on the Shark computer, move the joystick(as shown below)  to the top right until the motorized stage stop moving and Set the point to (0,0) using the SimplePCI interface. SimplePCI will set the reference corner to be (0,0).
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V. Setting file
The Settings.txt file holds calibration information about the type of calibration that the user can use. It is placed in the application’s folder eg: c:\dist where generate_mac.exe is placed. To write a new calibration for the Pathway microscope, use the % sign in front of the calibration name, and use $ for the SimplePCI calibration generation. The example below is a sample of a straight linear mapping of the X and Y axis. The numbers are calculated by mapping pixel coordinate to the microscope stage’s coordinate. We simply use a best fit Linear Regression line to map. This can be done on any TI 8x calculator. To obtain the sample below, perform Linear Regression on both the X and Y axis and change the TransXslope, TransXinter, TransYslope, and TransYinter to the value obtained from Linear Regression fit on the TI calculator, while keeping CamCorrXcenter, CamCorrYcenter, CamCorrXAngle, and CamCorrYAngle the same as shown below.

Example:

$Calibration Name
CamCorrXcenter=3039

CamCorrYcenter=2015

CamCorrXAngle=0

CamCorrYAngle=0

TransXslope=10.615317

TransXinter=-40538.622

TransYslope=-10.676252

TransYinter=21955.3773

For the 48 wells calibration, we obtain the Linear Regression for X, and Y for each of the well by computing the transformation for 6 points surrounding the well. The table below depicts How the plate look in point picker after the rotation to the right by 90 degree.

	Ref corner, Well 1
	Well 9
	Well 17
	Well 25
	Well 33
	Well 41

	Well 2
	Well 10
	Well 18
	Well 26
	Well 34
	Well 42

	Well 3
	Well 11
	Well 19
	Well 27
	Well 35
	Well 43

	Well 4
	Well 12
	Well 20
	Well 28
	Well 36
	Well 44

	Well 5
	Well 13
	Well 21
	Well 29
	Well 37
	Well 45

	Well 6
	Well 14
	Well 22
	Well 30
	Well 38
	Well 46

	Well 7
	Well 15
	Well 23
	Well 31
	Well 39
	Well 47

	Well 8
	Well 16
	Well 24
	Well 32
	Well 40
	Well 48


The Linear Regression output for each of the wells would go in a format described below in order. Important*** the “48W”  have to be append to the end of the calibration name in order for the application to recognize it as a 48 wells calibration. Note that xi, and yi are x and y intercept, and xs and ys are x and y slope respectively. Coor is the correlation, which tells you how good the fit is. This value is obtained from the LinReg function on the TI 8x calculator.
Example:

%Calibration Name 48W

::1::

xi=-64389.416                                              
xs=21.1470938

corr=.999999816

yi=41390.1518

ys=-18.666789

corr=-.9955154

::2::

xi=-64392.465

xs=21.1361583

corr=.999997778

yi=43524.7715

ys=-21.396728

corr=-.99998477

.

.

.

.

.

::48::

xi=-64423.641

xs=21.1377328

corr=.999996165

yi=43600.446

ys=-21.462208

corr=-.99998356

VI. Code documentation

The code is written entirely in Python 2.3, wxPython2.4.2.u4, pyserial 2.1, and PIL 1.1.4, all files needed to run source code should be in c:\Apps\python. The code for Mac_Gen program itself should be in c:\projects\macro_shark\MacGen_src_v3.0. To compile the source into executable, open up a command line(cmd) change directory to c:\projects\macro_shark\macgen_src_v3.0, and run this command “python setup.exe py2exe”. The compiled distribution file will be in c:\projects\macro_shark\macgen_src_v3.0\dist. Simply copy all files in that folder to c:\dist and replace all file except Settings.txt.
Canvas.py – perform drawing operation in a small window when we select a small rectangular area within the image map.

Coorconv.py – performs conversion of points picked from pixel coordinate to microscope’s output.
generate_mac.py – the main program, can by run by double clicking on this file.

ImgDispFrame.py – forms a frame for the Canvas.py therefore it is the parent of Canvas.py

ImgMap.py – display the image as a small map and use a resizable selection rectangle to select the area in which the user wants to view.

ImgMod.py – performs simple image processing operation on the image to increase contrast, equalize histogram, etc.

MacroConv.py – parent of Coorconv.py used to display the input file, output folder that the generation will go to.
MC.py, MClist.py, MCStage.py, MCMap.py - are used to control the stage, but we are not using them because SimplePCI is taking care of this for us.

PointFiling.py – child of Pointpicker.py use to sort out the points picked by the user

Point Picker.py – parent of ImgMap.py and Pointfilling.py displays buttons to change tissue type, and color type.
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Plate placed into a plate holder area on the microscope








