DAY 3 – assignments and answers
1. 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.

To quantify the differences, calculate the difference between the tif and jpeg image by subtraction (Process > Image Calculator...). Since the differences are minor, you probably need to stretch the contrast to visualize the difference
The JPEG compression algorithm throws away information to reduce the file size. Therefore, the JPEG image differs slightly from the TIF. This is directly shown by subtracting the images.
2. Image Quality
Two images are acquired of a homogeneous fluorescent solution under UV illumination. Ideally, these images acquired under identical circumstances would be identical.
Open the files "UV-Flatfield_40x-02.tif" and "UV-Flatfield_40x-03.tif".
A background image was acquired as well (UV-Flatfield_40x-bg.tif).
Correct both images for background.
Note that you can do the background correction in two ways:
1) Determine the average intensity of the background image by using "Measure". Next, subtract this value from the flatfield images (Process > Math > Subtract...).
2) Subtract the UV-Flatfield_40x-bg.tif image from the flatfield image (Process > Image Calculator...)
Make a quantitative comparison of the flatfield images by dividing them. What would be the result in case of identical images (You can check that by divinding two identical images)? 
In case of identical images, the ratio of the images (the result after dividing) would generate an image with pixel values that are identical across the image (value = 1.00)
Make a histogram of the result. The distribution is centered around unity. What is the cause of the spread in the data?
Due to noise, the two images are not identical. After dividing, the spread around unity is caused by noise.
Apply a filter to both flatfield images (smooth or median) and repeat the procedure. What change do you notice in the histogram?
The filter reduces noise, reducing the spread.
Again for a median filter with a large radius (radius = 10).
The histogram is sharper (less variation).
3. Counting
Open the image "colonies.tif". Find the optimal threshold to calculate the number of colonies.
Calculate the number of colonies (make a binary image from the thresholded image and detection the number of colonies by "particle analysis")
Try to improve the segmentation by applying filters before the thresholding. Does it improve the identification of colonies?
Yes, noise is reduced. The separation between background and fluorescence is improved.
What is the number of colonies that you identified by segmentation? How close is this to manual counting?
Depends on how well you do it!!!
(Steps that can be optimized include; filtering, thresholding and applying watershed)
Why is it difficult (or impossible) to obtain the right amount of colonies by segmentation and particle analysis?
Some colonies are next to each other and difficult to separate. Other colonies have intensities close to the background and it is hard to separate those from background by setting the threshold. The optimal threshold includes as many colonies as possible, but also allows to separate neighboring colonies. This is a trade-off and it is impossible to do better than manual counting in this image. It demonstrates that it is important to start with high quality data (Garbage in = Garbage out).
4. Flatfield Correction
Often, multiple images are acquired for a flatfield correction (=correction for uneven/inhomogeneous illumination), which are subsequently averaged.

Open the three flatfield images (UV-Flatfield_40x-xx.tif), perform a background correction using UV-Flatfield_40x-bg.tif and make an average image. This is the 'illumination correction' image. Save it!

The average image is mad by adding image 1 to image 2. Then add image 3 to the sum of image 1 and 2. The average image is created by dividing by 3 (Process > Math > Divide…)
Open the Objects-illumination-uneven.tif and perform a background correction by subtracting the average background value.

Subtract 109.
Check the histogram (Analyze > Histogram). Correct for uneven illumination by dividing by the 'illumination correction' image. Multiply the image with the maximum of the 'illumination correction' to get realistic values. Check the histogram and notice the difference with the uncorrected file. Convert the image to 8 bit grey scale. Save the corrected file.
Multiple peaks will be visible in the histogram of the uncorrected image. In the histogram of the corrected image, two categories of intensity can be discerned.
5. Intensity analysis
Determine the area and intensity of individual round objects from the corrected image. To do so, perform segmentation (set threshold, make binary) and detection of objects by "particle analysis". The particle analysis function creates a list of ROIs. These ROIs can be used for measurements (on which image do you perform these measurements??)

The measurements are performed on the corrected version of Objects-illumination-uneven (and NOT on the binary image).
Measure both "mean gray value" and "area". Which of the two parameters requires a corrected image?

Area is not affected by uneven illumination. For intensity it is necessary to do a correction.

Two classes of objects were present in the image, dim and light objects (can be judged from the histogram of the corrected image). Do you see two classes in the results window?

Yes!

6. Segmentation for area analysis
For an example outcome see figure 5C of this paper: https://doi.org/10.1371/journal.pone.0193705
