Biomedical Imaging Computer Project #2

Instructor: Dr. Chen (adachen@siu.edu)

TA: Mr. Apuroop Balla (apsballa@gmail.com)

TA’s office hours: Wednesday 2-3 pm

PURPOSE: (1) To read in and display chest phantom x-ray projection images, (2) to present the
X-ray projection images three-dimensionally or as a movie, (3) to simulate tomographic projection

images of a nodule in three-dimensional space.

DUE: All Matlab codes, plots and answers much be turned in on 10 am Monday, November

10th. Please attach your codes (5 points). Total: 20 points.

LOCATION:
Engineering Building:
E 0136 PC lab (main, TA available): Monday, Wednesday, Friday 10-11 am
Due to limited computers, we also reserved E 0230 and E 0237 PC labs for students’ own
usage on: Monday, Wednesday, Friday 11-12 am.

Task 1: Acquire and display projection images of a chest phantom

a. Log in your PC with your SIUC account.

b. Set up a separate folder at your directory. Name your folder as “projs”.

c. Get chest phantom 21 projection images from TA. Each projection image size is 256 x 256
(256 pixels along column direction and 256 pixels along row direction), named
“phantom01”, “phantom02”, through “phantom21” correspondingly.

d. Save those 21 projection images at your folder “projs”.

e. You should have software named “ImageJ” installed on your computer. (If not, please

contact TA.) This is free provided by NIH. You will use it to present your biomedical images.
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f. Open “imagej” software application. Click: File>import->raw...—>phantom01 to open and
display your projection image “phantom0l.raw”.
g. On the pop-up window, select:
Image type “16-bit unsigned”, width “256”, height “256”, offset to first image “0”,
number of images “1”, gap between images “0” bytes
Check “open all files in folder”.
Those inputs are properties of your projection images: unsigned short integer, 256x256

image size. Show all 21 projection images together.

Questions for task 1:

1). Please move your mouse on the phantomO1.raw image. At the bottom of your “imagej”, it
shows the pixel value of each pixel. For example, x=100, y=100, pixel value=399. Please use this
approximate method to check: what is the pixel value when column x=100, row y=150?

2) At the bottom of your projection image display window, there is a sliding bar. When you
display your 21 projection images together, move the sliding bar back and forth. What do you
notice?

Task 2: Transform all your projection images to mimic the clinical environment.

Please refer to your computer project #1 for details on how to open projection images and apply
flip and Logarithm function to them. You can do it one by one in this project or follow the below
steps or use your own methods. Write your flipped and logged files out with new names.

If you use the following codes, you should understand what you will be doing for each step.

For example: you saved your 21 projection images at: C:\johndow\projs\
Set up a new folder named: C:\johndow\projs_fliplog\

Type on your “lab2_yourlastname.m” file:

clear;
colsize=256; rowsize=256; nprojs=21;

for iproj=l:nprojs

it iproj<10

iprojnum=["0" ,num2str(iproj)];
else

iprojnum=num2str(iproj);
end
filename=[C:\johndow\projs\phantom®, iprojnum, " .raw"];
fid=Fopen(filename, "r", "ieece-be");
projimage=fread(fid, [colsize,rowsize], "ushort”);
projimage=transpose(projimage);



maxval=max(max(projimage));
for i=1l:colsize
for j=l:rowsize
proj_Fflip(i,j)=projimage(i,colsize-j+1);
proj_logflip(i,j)=16384/4*1oglO(maxval/proj_Tlip(i,}));
end
end
newproj=transpose(proj_logflip);

it (iproj==10)
middleproj=proj_logflip;
end
outname=["C:\johndow\projs_Tliplog\phantom_ fliplog®,iprojnum,” .raw"];

Ffid=Fopen(outname, "w", "ieee-be");
fwrite(fid,newproj, "ushort®);
fclose(fid);

end

Questions for task 2:

3) Please check your codes. During your logarithm procedure, did you use the uniform same max
value for all projection images, or use different max values for different projection images? (1
point)

Task 3: Display log and flipped projection images and save as a movie.

a. Open your new 21 flipped and logged projection images with Imagej.
b. Select “image”-> “stacks” - “animation options...” >
Choose your speed (frame per second). Typically we can use a value of 1-7 here.
Please play with this small window. You can choose to loop back and forth or not. Check
“start animation”.
c. Goto “File”> “save as”> “AVI...” to save your file as an .avi movie.
d. You can show your .avi movie file with mediaplayer or other software package now.

Questions for task 3:

4). Please move your mouse on the phantom_logfipOl1.raw image. What is the pixel value when
column x=100, row y=150?

5) Move the sliding bar back and forth. What do you notice?

6) When the tube is located at the highest position, does it generate phantom01.raw, or
phantom21.raw? Please give your reasons.

7) Save your movie as an .avi file. Show your movie to TA or instructor. Get TA’s signature for
successfully completing this question on your answer sheet.



(REQUIRED FOR GRADUATE STUDENTS ONLY)
Task 4: Simulate a chest nodule and put it on your middle projection.

a. Check enclosed diagram of tube and nodule’s location. Make sure you understand the
diagram. The position of the nodule is: (x=8cm, y=-4cm, z=10cm).

b. Find your projected center of nodule on the detector in centimeters. (Please note: the
projection image is flipped.)

nodulex=-nodulex;

c. After you calculated px,py,pz in centimeters, change the (px,py,pz) distance into pixel
locations.
pixelsize=0.16; % in cm
shiftx=px/pixelsize; shifty=py/pixelsize;
pixelx=colsize/2+0.5+shiftx; pixely=rowsize/2+0.5-shifty;

Reasons of above codes: pay attention to pixel locations along column and row. For example,
shiftx=-4.5. The total pixels are 256. The pixel location along x axis should be:
pixelx=256/2+0.5+shiftx. shifty=-5.5. The pixel location along y axis should be:
pixely=256/2+0.5-shifty
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d. Round your answer or you can also try neighboring-pixel interpolation. For simplicity, you
can just round at this point.
pixelx=round(pixelx); pixely=round(pixely);

e. use (pixelx, pixely) as your center, simulate a round-shaped nodule with pixel value
attenuation of 800 and put on your middle projection image. You can use the following

codes:
middleproj_addnodule=middleproj;
for i=l:rowsize
for j=1l:colsize
it ((i-pixely)."2+(-pixelx)."2)<(nodule_radius/pixelsize)."2
middleproj_addnodule(i,j)=middleproj(i,j)-800;
if middleproj_addnodule(i,j)<0 middleproj_addnodule(i,j)=1;
end
end
end
end

f.  Show your images with imagesc.

figure, imagesc(middleproj), colormap(gray), title....

figure, imagesc(middleproj_addnoddule), colormap(gray), title....

figure, imagesc(middleproj-middleproj_addnodule), colormap(gray), title....

g. Write your nodule image out, please refer to task 2 for how to write the image out.
Questions for task 4:
8). Please list values of (tubex,tubey,tubez), (px, py, pz). (1.5 point)
9). Please list values of shiftx, shifty, pixelx, pixely. (1.5 point)

10) Does middleproj-middleproj_addnodule represent the nodule you simulated? (1 point)

11). Print your image of middleproj_addnodule, circle the simulated nodule. (2 points)






Parameters

B, A, P three points are located at a straight line
B(tubex, tubey,tubez)
A(nodulex,noduley,nodulez)

P(px,py,pz) on the detector

We assume nodulex=8cm, noduley=-4cm,nodulez=10cm
What are tubex, tubey, tubez?

What ate pz?

How to calculate px,py?

(Tubex-nodulex)/(tubex-px)=(tubey-noduley)/(tubey-py)
=(tubez-nodulez)/(tubez-pz)




