Erica Mason 3/11/15
Projection Reconstruction Lab
In Lab 2 Part 2.2, you saved projection readout data obtained with manual rotations of the phantom. 
Instructions: Using SE_PROJ_GUI, take and save data of projections along X or Z. Acquire data for projections at 0, 45, 90, 135, & 180 degrees by physically rotating the tube 45 degrees (use the 45 degree markings on the phantom tube for accuracy) between each acquisition. Save these files somewhere you will be able access them for use in a follow-up homework assignment. 

Note that manually rotating the phantom is equivalent to rotating the gradients. Here is the projection diagram from Nishimura for reference.

[image: ]Figure: [Nishimura]

______________________________________________________________________________________

Assignment: [This already exists as Lab Part 3, an at-home extra credit assignment with the recorded signals from parts 2.2 and 2.3 of Lab 2.]
Reconstruct the image from these projection readouts. 
Some helpful MATLAB code snippets:
· back project data across square matrix the size of FOV
back_projected_matrix = ones(N,N)*diag(projection_vector);

· rotating a matrix: 
imrotate(matrix, theta)
where theta is the angle by which you want to rotate it counterclockwise about the matrix’s center

· cropping a matrix: 
A_cropped = A(n1:n2, m1:m2)
where n1 and n2 are the starting and ending rows you want to keep in the cropped matrix, m1 and m2 are the starting and ending columns you want to keep in the cropped matrix.

· transpose one matrix onto another
	combined_projections = previousmatrix_rotated_cropped*diag(new_projection_vector);

· Use axis square and/or axis tight will allow you to shape your FOV properly

· Use colormap gray for grayscale image
 
We have also provided ideal (fake) readout data for testing your code: 
ideal_readout0.mat
ideal_readout45.mat
ideal_reaodut90.mat
ideal_readout135.mat
ideal_readout180.mat
(alternatively can access the same data all in one matrix: ideal_readout.mat, but the data they saved from Lab 2 will be saved individually so I think it is easier to keep the data in the same format for now (at least until they start using PROJRECON_GUI.) 

Solution: imrotateRecon[0,45,90,135,180]_Solution.m

Try your code on both the ideal data and on the the manually rotated data you saved at the end of Lab 2.
______________________________________________________________________________________
In Lecture - Discussion of different ways PR is done? WHAT 
1. back projection (as done in HW assignment)
2. filtered back projection
3. inverse radon transform
4. gridding {possibly...but would likely need 2DFT in order to grasp} 


______________________________________________________________________________________
Lab 3: Projection Reconstruction

Part 1: Generalize your code to 16 projections (or to an arbitrary number of projections). Insert a phantom with 2 or 3 water tubes. Run FID_GUI to center the frequency and load the shims to obtain high SNR. Now, open PROJRECON_GUI. FYI: Data saved from PROJRECON_GUI saves in the format of a single matrix where each projection is saved along different column of the matrix:
          
 [image: ]

To Fourier transform each column and keep the columns distinct, use this MATLAB syntax: imageprojections_columns=fftshift(fft(fftshift(data,1),[],1),1);


In PROJRECON_GUI, check the box so that off-resonance autocorrection is ON. (Leave the checkbox for inverse radon plotting OFF.) Run this GUI for N = 16 projections. Save the data. Use your generalized code to reconstruct this data. 

Solution imrotate reconstruction code: imrotateRecon_Solution.m
A sample N = 16 dataset saved as: radial16projectionsreadout_offrescorrected.mat


Part 2: 
Gradients along the different axes have different sensitivities (this is an anisotropic property inherent in the Medusa console). However, we can use our projections to correct for this. 

There is a user input in PROJRECON_GUI for a gradient sensitivity ratio. Note that it is automatically set to a ratio of 183/255, an experimentally determined value that equalizes the sensitivities of the X and Z gradient strengths. 	Comment by Erica Mason: set ratio to something close to this, but not perfect, so that the image quality is decent but they still have a lot of room to improve on it.

What do you expect to be the artifact if this is set to 1 (i.e. the gradient sensitivities are not corrected for, and are left as inherent in the Medusa console)?

Test this. Set the gradient sensitivity ratio to 1.  Check the box so that off-resonance autocorrection is ON. (Leave the checkbox for inverse radon plotting OFF.) Insert a water tube phantom (phantom 1). Run this GUI for N = 16 projections.  Save data for 16 projections, and reconstruct using your generalized imrotate reconstruction code. Is this the artifact you’d expect? 

How can we use our projections to get a better correction ratio than 183/255? Think about how the gradient strength affects the image. HINT: Use the water tube phantom, and set your number of projections to 2, so you take a projection at 0 degrees and at 90 degrees. Save this data. How can you use these projections to determine the relative sensitivities of the gradient strengths? 


Part 3: Now turn on the plot of the inverse radon transform (checkbox). 
Inverse radon	Comment by Erica Mason: add info about iradon so it's less of a black box? or simply state that it's a black box and they're not expected to understand it?

Explore different aspects of projection reconstruction: 
1. What artifact do you expect to come from off-resonance of the central frequency in a projection reconstruction image? Make sure the checkbox for off-resonance autocorrect is unchecked. Deliberately change your central frequency by 1 or 2 kHz. What happens to the iradon image? 

2. Notice the streaking artifacts. What causes this? What parameter can you easily change to improve this? HINT: try changing the number of projections.
a. What does this change about the acquired data?
b. How does this relate to the Nyquist sampling criterion?

3. What does using more averages do to the image? Try this.

4. Play around with different phantoms (multiple tubes, the star, etc.)
a. Which phantoms need higher number of spokes to create a decent image?
______________________________________________________________________________________
NOTES:

Other things to include???
1. How important is the filtering that happens in iradon? Here is a comparison of iradon reconstructed image vs. imrotate reconstructed image (same data, 16 projections):

imrotate reconstruction:
regular, linear scaling:				log scale:
[image: ][image: ]
iradon reconstruction:
[image: ]

2. SNR ~ Vsqrt(t_ave) - what did we want them to investigate with this??

Other plots that might be useful to incorporate into the GUI?
· sinogram
· 2D filled in k-space {as you would need for a gridding recon}. 
· {Elfar and I talked about plotting k-space data in 2D (i.e. the projections at their respective angles), but I’m realizing that that plot might not be beneficial to them since they aren’t familiar with 2D Fourier transforms. A main goal here is to remove 2DFT from the undergrad labs, right? So this would probably not be a useful plot for this purpose?}

Other tasks: 
· Add PROJRECON_GUI to the GUI buttons panel (Jason)
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