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1. Introduction

This tutorial will walk you through how to localize electrocorticographic electrodes and plot them to a template cortex in conventional talairach coordinates.  

a. What you will need

i. LOC package – downloadable at http://blahblah.edu
ii. Lateral x-rays (jpeg, bitmap, or tiff format works best)

iii. Anterior-Posterior x-rays if your electrodes of interest are in regions of high curvature on the lateral x-ray (frontal, occipital, sub-temporal)
iv. Clinical schematic of electrode locations, or something like it.  In Washington, we currently use something like this:[image: image1.png]



v. Weights associated with each electrode if you wish to plot intensity/activation/colorcode in some way.
vi. MATLAB – This tutorial gives instruction from the command line

2. Obtaining lateral and interhemispheric locations in regions of low lateral x-ray curvature.   get_loc script
a. Put the x-rays of interest in the folder “…\xray,” which must be a subfolder within the same folder as “get_loc.m.”

b. Open MATLAB – all command line entries will be shown in blue courier new font, command line cues will be shown in green courier new font.

c. Make sure that the function “get_loc.m” is in the MATLAB path.  This may be done with the addpath command.  Ex: addpath c:\loc
d. The following demonstration will illustrate how to get the lateral grid locations from example patient 1, grid electrodes 1-40 (included with the package).

i. Input a Matlab command to call the function with the relevant lateral x-ray.  The file extension of the x-ray must be included:
>> electrodes=get_loc('pt1_lat.bmp');
ii. You will be prompted for which hemisphere the desired electrodes are in, reply appropriately:

input r if right hemisphere, l if left hemisphere: r
iii. You will then be prompted for whether the electrodes of concern are inter-hemispheric or lateral, reply appropriately:

Are the electrodes of interest lateral? (press l)

or are they intrahemispheric-medial? (press i)l
iv. Your lateral x-ray will pop-up, prompting you to click on the glabella.  You may click around until you are satisfied that the point shown is indeed at the glabella, at which point, type “y” (as shown here):

[image: image2.png]Define position of Glabella using mouse. Press "y when satisfied





v. Next, you will be prompted to indicate the position of the inion.  You may click around until you are satisfied that the point shown is indeed at the inion, at which point, type “y” (as shown here – it is the new red dot, not the old one):

[image: image3.png]Define position of Inion using mouse. Press "y when satisfied





vi. Now, you will need to indicate the point maximally distant from the inio-glabellar line (shown in red here).  This is done by clicking all along the upper skull table.  When you are happy that you have done so, type “y”. (This distance is calculated automatically.)  If you mess up, you may press “s” to start over.  
[image: image4.png]click on upper inner table of skull many times. it will find max othogonal distance. press y when happy or s to start over.





vii. Next, you must find the anterior-most point along the inner skull table along the y-axis line (it’s the horizontal blue line).  When you are happy that you have done so, type “y”.  Note that if you have an x-ray taken from the left instead of the right side of the head, this will be on the left side of the x-ray, not on the right, as shown here:

[image: image5.png]define y axis on anterior inner table. Press "y" when satisfied.




 

viii. Next, you must find the posterior-most point along the inner skull table along the y-axis line (it’s the horizontal blue line).  When you are happy that you have done so, type “y”.  Note that if you have an x-ray taken from the left instead of the right side of the head, this will be on the right side of the x-ray, not on the left, as shown here:

[image: image6.png]define y axis on posterior inner table. Press "y" when satisfied.





ix. At this point, enter the electrode locations in order.  When you are happy with each location, type “y”.  The number you are on will be displayed at the top.  When an electrode is “anchored” by typing “y”, it will change color from red to green.  Be careful not to press “y” in between electrodes, as it will count the previous electrode twice (if you do this, you can always edit it out from the returned variable). When you have finished entering all of the electrodes, press “d”. [image: image7.png]Define electrode 1 position. Press "y" to keep point. Press "d” if done




 [image: image8.png]Define electrode 2 position. Press "y" to keep point. Press "d” if done.




 [image: image9.png]Define electrode 28 position. Press "y" to keep point. Press “d” if done.




 [image: image10.png]Define electrode 40 position. Press "y" to keep point. Press “d” if done.





x. When you have finished, the electrode locations will be shown to you in 3 ways.  
1. Pictorially:  This will let you eyeball whether everything seems to have gone well. [image: image11.png]



2. Locations will be returned to you in the command and work space in the following two ways:

a. The output variable from the function call, in our case, “electrodes”

b. Output to the command window as follows, where the dots have been added to replace 37 lines of text:

----------------------------------

index number and electrode locations in talairach coordinates

(electrode - x - y - z)

 1       31.029     -22.4405      66.1336

 2      29.8587     -11.2464       64.243

 .

 .

 .

40       48.697      41.7015      12.4435
c. The output file, “XXX_lat_loc” where “XXX” denotes the first three letters of the name of the x-ray.  Here it is named “pt1_lat_loc.”  It will be stored in whatever the current directory is.  It contains 1 variable, “electrodes”, which is the electrode locations in electrodes([electrode number], [x y z])  where x y and z are the normalized talairach coordinates of each electrode.

e. The following demonstration will illustrate how to get the interhemispheric electrode array  locations from example patient 1, inter-hemispheric electrodes 1-16 (included with the package).

i. Follow the directions 2.d.i to 2.d.x with the following exceptions:
1. in 2.d.iii, reply with an “i” instead of an “l” as follows.

Are the electrodes of interest lateral? (press l)

or are they intrahemispheric-medial? (press i)i
2. Click on the appropriate inter-hemispheric electrodes instead of the lateral electrodes.

ii. Various stages should look as follows:
1. The electrodes you would pick would be: [image: image12.png]Define electrode 1 position. Press "y" to keep point. Press "d” if done




 [image: image13.png]Define electrode 5 position. Press "y" to keep point. Press "d” if done




 [image: image14.png]Define electrode 9 position. Press "y" to keep point. Press "d" if done.




 [image: image15.png]Define electrode 16 position. Press "y" to keep point. Press “d” if done.





2. The output picture should look like: [image: image16.png]



3. You should have 16 electrode positions returned along with a file named “pt1_ih_loc” in your current directory.
3. Obtaining other locations: Frontal, Sub-temporal, Occipital, or otherwise: get_loc_aplat script
a. Put the x-rays of interest in the folder “…\xray,” which must be a subfolder within the same folder as “get_loc_aplat.m.”  You will need both lateral and AP x-rays.

b. Open MATLAB – all command line entries will be shown in blue courier new font, command line cues will be shown in green courier new font.

c. Make sure that the function “get_loc_aplat.m” is in the MATLAB path.  This may be done with the addpath command.  Ex: addpath c:\loc
d. The following demonstration will illustrate how to get the lateral grid locations from example patient 2, frontal electrodes 1-8 (included with the package).

i. Input a Matlab command to call the function with the relevant lateral x-ray first, and the AP x-ray second.  The file extension of each x-ray must be included:

>> electrodes=get_loc_aplat('pt2_lat.bmp', ’pt2_ap.bmp’);
ii. You will be prompted to enter whether or not you would like the final positions to be snapped to the template hull grid.  Unless you are identifying non-cortical surface electrodes, this snapping process is desirable.

Snap it to grid? (y/n): y
iii. You will be prompted for which hemisphere the desired electrodes are in, reply appropriately:

input r if right hemisphere, l if left hemisphere: l
iv. Your lateral x-ray will pop-up, prompting you to click on the glabella.  You may click around until you are satisfied that the point shown is indeed at the glabella, at which point, type “y” (as shown here):  [image: image17.png]Define position of Glabella using mouse. Press "y when satisfied





v. Next, you will be prompted to indicate the position of the inion.  You may click around until you are satisfied that the point shown is indeed at the inion, at which point, type “y” (as shown here – it is the new red dot, not the old one): [image: image18.png]Define position of Inion using mouse. Press "y when satisfied





vi. Now, you will need to indicate the point maximally distant from the inio-glabellar line (shown in red here).  This is done by clicking all along the upper skull table.  When you are happy that you have done so, type “y”. (This distance is calculated automatically.)  If you mess up, you may press “s” to start over.  [image: image19.png]click on upper inner table of skull many times. it will find max othogonal distance. press y when happy or s to start over.





vii. Next, you must find the anterior-most point along the inner skull table along the y-axis line (it’s the horizontal blue line).  When you are happy that you have done so, type “y”.  Note that if you have an x-ray taken from the right instead of the left side of the head, this will be on the right side of the x-ray, not on the left, as shown here:[image: image20.png]define y axis on anterior inner table. Press "y" when satisfied.





viii. Next, you must find the posterior-most point along the inner skull table along the y-axis line (it’s the horizontal blue line).  When you are happy that you have done so, type “y”.  Note that if you have an x-ray taken from the right instead of the left side of the head, this will be on the left side of the x-ray, not on the right, as shown here: [image: image21.png]define y axis on posterior inner table. Press "y" when satisfied.





ix. At this point, enter the electrode locations in order.  When you are happy with each location, type “y”.  The number you are on will be displayed at the top.  When an electrode is “anchored” by typing “y”, it will change color from red to green.  Be careful not to press “y” in between electrodes, as it will count the previous electrode twice (if you do this, you can always edit it out from the returned variable). When you have finished entering all of the electrodes, press “d”. [image: image22.png]Define electrode 1 position. Press "y" to keep point. Press "d” if done




 [image: image23.png]Define electrode 2 position. Press "y" to keep point. Pres:




 [image: image24.png]y"to keep point. Press "d" if done





x. Now you must obtain the x coordinates from the AP x-ray.  The AP x-ray will pop up and ask you to identify a well defined landmark on the anatomic right side which has a corresponding well defined landmark on the anatomic left side.  When you have identified such a landmark, press “y”. [image: image25.png]nd an anatomically right (not necessarily right side of figure) sided landmark which has a correspanding left sided one. Press "y" when sat





xi. Next it will ask you to identify the corresponding landmark on the anatomic left side. When you have done so, press “y”. [image: image26.png]Find the corresponding lef sided landmark. Press "y" when satisfied.





xii. A centerline will appear that should bisect the skull.  If this line is off, you have made a serious error in the complementary structure identification and will have to begin again. [image: image27.png]click on (anatomically) lef inner table of skull many times. it willfind max lef distance. press y when happy or s to start over.





xiii. Now you will be asked to click along the anatomic left inner skull table to identify the x-extent.  When you are happy that you have done so, type “y”. (This distance is calculated automatically.)  If you mess up, you may press “s” to start over.  [image: image28.png]click on (anatomically) lef inner table of skull many times. it willfind max lef distance. press y when happy or s to start over.





xiv. At this point, enter the electrode locations in order.  They should be the same electrodes, in the same order, as with the lateral x-ray.  When you are happy with each location, type “y”.  The number you are on will be displayed at the top.  When an electrode is “anchored” by typing “y”, it will change color from red to green.  Be careful not to press “y” in between electrodes, as it will count the previous electrode twice (if you do this, you can always edit it out from the returned variable). When you have finished entering all of the electrodes, press “d”.

xv. When you have finished, the electrode locations will be shown to you in 3 ways.  

1. Pictorially:  This will let you eyeball whether everything seems to have gone well. With these electrodes, you may have to rotate the figure manually to get a view which illustrates this. [image: image29.png]



2. Locations will be returned to you in the command and work space in the following two ways:

a. The output variable from the function call, in our case, “electrodes”

b. Output to the command window as follows:

----------------------------------

index number and electrode locations in talairach coordinates

(electrode - x - y - z)

1     -5.57181      57.6737     -15.2291

2     -5.77787      63.8568      -8.2062

3     -5.01699       66.821      3.04663

4      -5.2256      66.0083      11.8691

5     -7.28856      65.5656      20.4302

6     -8.07392      62.2163      28.5474

7     -9.93739      54.2692      37.7529

8     -12.5737      43.0264      41.6909

c. The output file, “XXX_aplat_loc” where “XXX” denotes the first three letters of the name of the lateral x-ray.  Here it is named “pt2_aplat_loc.”  It will be stored in whatever the current directory is.  It contains 1 variable, “electrodes”, which is the electrode locations in electrodes([electrode number], [x y z])  where x y and z are the normalized talairach coordinates of each electrode.

4. Plotting

a. Locations: loc_plot script

i. To plot simple locations, use the loc_plot script in the form loc_plot(electrodes).  
ii. Example:

>> load('C:\loc\examples\pt1_ih_loc.mat')

>> addpath c:\loc

>> loc_plot(electrodes)

---------------------------------------

to plot on right half brain press 'r'

to plot on left half brain press 'l'

to plot on whole brain press 'w'

r

---------------------------------------

to view from right press 'r'

to view from right press 'l'

l

iii. Which produces the following figure (note that one position is mostly obscured because it is nested within the surface) [image: image30.png]



b. Colored “electrode projections”: color_plot
i. Plots electrode locations of radius (el_rad) as defined within the function.  Default is 2 mm (although, in WA, with the ad-tech electrodes, the exposed radius is 1.15 mm.  It generates a spherical shadow of fixed intensity.
ii. Call as follows, with example weights 1-64, and example locations “pt5_lat_loc”:

>> load('C:\loc\examples\pt5_lat_loc.mat')
>> addpath c:\loc
>> weights=1:64;

>> color_plot(electrodes,weights)

---------------------------------------

to plot on right half brain press 'r'

to plot on left half brain press 'l'

to plot on whole brain press 'w'

l

---------------------------------------

to view from right press 'r'

to view from left press 'l'

l

iii. Which will produce the following figure: [image: image31.png]



c. Spread out activations: gauss_plot
i. gauss_plot creates maps using linearly superimposed Gaussians with standard deviation 7mm.  This can be changed by modifying the variance (std_dev^2) variable “gsp” within the function

ii. example using calculated hand movement weights in an interval-based task:

>> load('C:\loc\examples\pt1_lat_loc.mat')

>> load('C:\loc\examples\pt1_hand_weights.mat')

>> addpath c:\loc

>> gauss_plot(electrodes,weights)

---------------------------------------

to plot on right half brain press 'r'

to plot on left half brain press 'l'

to plot on whole brain press 'w'

r

---------------------------------------

to view from right press 'r'

to view from left press 'l'

r

iii. the image produced is [image: image32.png]



d. Manipulating view of image

i. The image may be viewed from different angles using the view command in spherical angular coordinates.  For example.

1. back: view(0,0) 

2. right: view(90,0)

3. front: view(180,0)

4. left: view(270,0)
5. top: view(0,90)

6. bottom: view(0,-90)

Or any intermediate…

e. Manipulating image lighting

i. The lighting may be manipulated in cartesian coordinates as follows:

l=light;

set(l,'Position',[-1 0 0]) {left}

set(l,'Position',[ 0 0 1])  {top}

f. Plotting locations on top of colored cortices

i. You can map electrodes on top of Gaussian colored cortices, etc by using:
hold on, 
plot3(electrodes(:,1)*1.01,electrodes(:,2)*1.01,electrodes(:,3)*1.01,…

'.','MarkerSize',4,'Color',[1 1 1])
5. Troubleshooting

a. Getting electrode locations

i. Expanding images before getting locations – The program runs by pixels, so if the clicked points appear too large, then the spatial resolution of the mapping process will be weak.  The way around this is to open the xray in an image editor (or paint or something) and scale the image to be larger.  It will initially appear the same in the MATLAB window, but will have higher pixel resolution.
ii. Manually coloring bitmaps to help along way: Sometimes it helps to manually change the properties of the x-rays to keep track of things, etc
1. ie zoom in using imaging program to figure out which strip is which, etc.

2. crossing out irrelevant electrodes

3. Using sharpening tools

4. Expanding canvas and continuing out by hand if back part of skull not shown.

5. This example was used to calculate subtemporal strip locations and keep track of them by color coding.  You can see how it helps by running the localization program with these (pt3 in the xray folder): [image: image33.png]


 [image: image34.png]



iii. Manually changing electrode locations

1. You may manually change the electrode locations within the electrode variable simply interpolating using adjacent electrodes

2. use the “Data Cursor Tool” in the figure window to click the cortical surface and get electrode loations.
b. Using individual cortices generated with MRI, CT scan, or other to plot the brain information onto the brain it came from
i. Put in structure “cortex”: form cortex.vert (vertices) and cortex.tri (faces, defined by index vertices).

ii. Normalize with the following commands to stretch the cortex into normalized talairach space. 

1. cortex.vert(:,1))= cortex.vert(:,1))* 135/(max(cortex.vert(:,1))-min(cortex.vert(:,1)))

2. cortex.vert(:,2))= cortex.vert(:,2))* 171/(max(cortex.vert(:,2))-min(cortex.vert(:,2)))

3. cortex.vert(:,3))= cortex.vert(:,3))* 116/(max(cortex.vert(:,3))-min(cortex.vert(:,3)))

iii. create structures from this for each hemisphere
1. rightbrain: rightbrain.vert and rightbrain.tri

2. rightbrain: rightbrain.vert and rightbrain.tri

iv. create convex hulls to match electrodes to for these three structures using the files gen_hull, gen_hull_r, gen_hull_l

v. place in the template folder, and replace the name of the templates and hull templates in each of the functions to call these structures instead of the template structures used by default  

vi. Please contact me and let me know how it went!!! (kjmiller@u.washington.edu)

6. Further References

