Day 1 - Introduction -  ImageJ basics
After starting ImageJ or FIJI you should see the program layout similar to that shown below. The top row shows a number of menu items and the bottom row a number of icons for specific operations. At the bottom there is a status bar present with information.
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For certain operations ImageJ can work with shortcut keys, in this tutorial we used the Windows notation, for Mac the command key needs to be used instead of the CTRL key.

Open and close images 

Digital images obtained from microscopes come in many different formats. Standard formats include tif, gif, png bmp and jpeg. However, each brand of microscope in general has developed their own standard, and these files not only contain the images but also meta data, the latter in most cases is not present in standard image formats. 
a. Open the image Nucleus.tif using the menu File > Open (or CTRL-O). You will see a grayscale image of cells of which only the nucleus is labeled. The title of the window shows the name of the file. The title can be changed by using Image -> Rename.
b. Close the window by using the cross, File->Close or CTRL-W, for the latter two you need to be sure that the window of the image is active. 

c. Using the menu for opening files requires many mouse clicks, now try to open the same image by dragging it from the folder onto the status bar at the bottom left. While dragging the status bar will display << Drag and Drop >>. 

Zoom and pan:

By using the operations zooming and panning you can inspect the image in more detail.

a. Open the image HeLa-Actin.tif and select the Zoom tool by clicking on the magnifying glass icon. 

b. Now Zoom-in by using left mouse button or use the ‘+’ key. And Zoom-out using right mouse button or use the ‘-‘ key. While holding the CTRL-key you can also zoom in and out with your mouse wheel.
c. Double-click the magnifying glass to reset the zoom factor to 1, which will yield the original size of the image.

d. If the image is larger than the window, i.e. when using a high zoom factor two blue squares will appear in the top left corner indicating which part of the image you are currently looking at. After you zoom in, you can select the Pan tool by clicking on the hand icon. By holding the left-mouse button and dragging you can pan the image. While in zoom mode you can also pan by holding the space bar and drag with the left mouse button.
Duplicate and crop images or regions

a. It is often useful to duplicate an image before you start processing or analysis. Open the image Nucleus.tif and apply Image > Duplicate, or use CTRL-SHIFT-D. You will see a dialogue that allows you to choose a title, which will help you to keep track of the different images (under Window all currently open images are listed).
b. You can also select or duplicate a specific region in the image. Choose the rectangle tool by clicking the rectangle icon. Create a rectangle around a nucleus by holding the left mouse button and dragging. After drawing you can change the size of the rectangle by dragging the white squares; you can position the rectangle by clicking inside the rectangle and dragging. You can use duplicate to make a duplication of the selected region.
c. Select another nucleus in the original image and now apply Image > Crop, or use CTRL-SHIFT-X. The original image will be cropped to the selected region.
Note: By clicking outside the selection region you will automatically deselect the previous selection region. Under the menu item Edit –> Selections more operations can be found that apply to selection regions.
Pixel counts and image types
When an image is acquired using a microscope it will be stored as a bit map. A bitmap consists of an array of pixels. Depending on the detector or camera used light is converted into a number of counts; the number of counts in each pixel is a quantitative measure of the amount of light or intensity that was collected at that point.  

a. Open the HeLa-Actin.tif image again, you will notice that there is extra information printed just above the image. For this image you should see 512x512 pixels; 8-bit. The first two numbers correspond to the width and height of the image, the third number is the so-called bit-depth.
b. Now move the mouse around in the image and check the status bar of FIJI. It will display and update the current position and number of counts at that position. This is a quick way of inspecting pixel values in the image. If you zoom at the highest possible zoom, you will see that the image consists of squares, these are the image pixels.
c. The bit-depth of this image is 8, which means that we can only store a fixed number of discrete grey scale levels. The minimum level is 0 and the maximum value can be calculated from 28-1 = 255 counts, this is called the dynamic range. The distribution of grey scale values can be visualized using a histogram; Use Analyze –> Histogram, or CTRL-H to plot a histogram. Now activate the “live” button on the histogram window. Select a rectangular region in the image and move the rectangle around using the mouse and look at the histogram.
d. In ImageJ you can easily convert the bit-depth of the image into another one. Open the image Nucleus-16bit.tif and convert the 16-bit image to 8-bit using Image -> Type -> 8-bit. Check the pixel values using the mouse and the histogram. What happened to the file size? If you would convert back to 16-bit, would you restore the same image? 
Day 1 - Assignments

1. Intensity Values

Open the image "Illusion-Whites_illusion" in ImageJ or FIJI. By visual inspection, are the grey-levels of the rectangles under A & B similar?

Move the pointer over the different rectangles, and note the grey levels (can be found in the main window). Are they equal?

2. Display

The images "Hela-Nucleus-treated" and "Hela-Nucleus-untreated" were acquired with identical settings. The drug treated cells have a different level of fluorescence.

Open both images. Use the pointer to estimate whether the intensities are similar?

Scale the images, using "Image > Adjust > Brightness/Contrast. . ." setting such that the levels can be compared side-by-side. To exactly set the min and max levels for display, use the "set" button. Which sample has more fluorescence?

2b. Display

Adjusting the brightness/contrast can be used to make 'dark' objects appear brighter.

Open "invisible-message.tif"

Use the 'Brightness/Contrast' function of ImageJ to display all the information in the image.

3. Image and File size

Suppose you have an image of 100x100 pixels, 8bit

Calculate the size in bytes (8bit = 1 byte)?

Create an image with FIJI/ImageJ of 100x100 pixels, 8bit

Save the file (file format "Raw") and check file size in bytes (To achieve this, locate the file on your harddrive. In Mac OS use Cmd-I in the Apple Finder or "Get Info". In windows use "properties" of "Eigenschappen" in the File Explorer).

To open a raw image use "File > Import > Raw...". Before opening you need to fill in the dimensions (width, height, grey levels). Why?

Can you open a raw 100x100 image as a 80x125 image? Why does it work?

Save the 100x100 pixel image with file format "Tiff" and check file size.

Is there any information in the tiff image beyond the pixel values?

Create a new image of 100x100 pixels, 16bit

What will be the size in bytes (8bit = 1 byte).

Save the file (file format "Raw") and check file size.

For time lapse imaging a representative experiment would have 200 images of 1000x1000 pixels, 16 bit. What will be the file size? You can make a new file with 200 images by setting the number of slices to 200 and check your calculation.

4. Length Measurements

Open the image "Line-length". Estimate which line is longer? Measure the length and answer again (Measure by drawing a line and determining its lenght via "Analyze > Measure").

Open the image "Dot-sizes". Estimate which of the middle dots is larger? Measure and note the diameter and answer again.

What is the unit of the length? 

Use "Analyze > Tools > Scale bar" to add a scale bar. Does the size of the scale bar fit with your measurement?

Open the image "Hela-Nucleus-treated" and measure the diameter of a nucleus with the line tool.

Next, use a profile plot (Analyze > Plot Profile) of a straight line to estimate the diameter of a nucleus. Is there an advantage of using the profile plot rather than measuring the diameter in the original image?

5. Image Formats

The JPEG and TIF file format are different file formats for saving images. The TIF format is lossless, while JPEG uses an algorithm that reduces information to compress the images. The JPEG algorithm works best on photographs of realistic scenes with smooth transitions between color.

-Load the image "mTurquoise-Tubulin-8bit.tif", save it as jpeg-image and load the saved jpeg image.

Compare the size of both files (both are 8bit files). Which file is larger?

Zoom in and compare the two images. Measure and compare the intensity in the two images. Do you see differences?
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