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Introduction to ImageJ software and Digital Imaging Information

Introduction:
I suppose that you are really magnifying the object to create the image – this introduction is quite clear and concise.   Very good description of the microscopes. 
You could use a short description of maps of digitized information aka - bitmaps 

	There are many different types of microscopes that can be used to magnify a certain image, through a variety of techniques. The confocal scanning laser microscope (CSLM) uses a laser light and directs such on the sample, while the atomic force microscope (AFM) probes the sample with an ultra-sharp object. The scanning electron microscope (SEM) focuses a high velocity electron beam on the sample and uses the signals obtained from certain emission volumes from the sample to examine different characteristics of such sample (composition, crystallography, and surface topography for example) (Goldstein et al. 2003). Once the information from the microscopes is processed, it is communicated to the computer through image data, and displayed as an image made up of pixels. 
In this lab, we learned the basics about digital imaging, as well as discovering some of the processing capabilities ImageJ has at its disposal for the processed images from microscopes. For the purposes of this lab report, we will focus on the utilization of ImageJ to process pictures from a Scanning Electron Microscope, supplied by David Neff.
	
Materials and Methods:
….process and analyze digitally recorded micrographs.

	There are a variety of ways one can process the images received from microscopes from their computers. The program ImageJ enables users to easily analyze their images and the version used in this lab (Fiji ImageJ) is downloadable for free. The link to the website can be found in the references below. Perhaps the most innovative element of ImageJ is that it can be added on to by any Internet user, so it is always growing in its capabilities. In the case of the SEM image of the mouse egg, the villi were not actually labeled with gold but rather the entire egg was coated in gold//palladium to prevent charging – I understand the confusion as the optical image of similar sample was labeled with gold particles.
….open source JAVA code can be copied and modified…….

	Two images were used to demonstrate a few abilities of ImageJ. These were both obtained from an SEM, the first of which is an image of a mouse egg with gold labeled villi, the second is an image of spider silk. It is important to note that all images involved in this lab were saved as bitmap images, conserving their pixel information by creating Cartesian maps of these bits of images. After such images were saved, they were dragged into ImageJ and from there they were processed using a variety of techniques, such as calibrating pixels to micrometers, measuring diameters of certain objects, and obtaining a lookup table (LUT). …bits of image data.
I like the word calibrated here but imageJ uses the word ‘scale’ and reserves calibrated to indicate conversion of 8-bit data values (intensities) to real world units

	Using ImageJ:
[image: ]	To start off the lab, an important introduction to how to use ImageJ was held. After downloading ImageJ, one can run the file and open the tool bar. This tool bar is deemed the Developer Menu, and as such has a variety of different tabs, all containing different analyzing tools. This tool bar is shown in Figure 1. Once opened, a file containing the image of interest was opened, and the photo was dragged over to the tool bar. Immediately, the image opened and was ready to be analyzed. By dragging the mouse over the image, the x, y, and z coordinates of the pixels, as well as their intensity values could be seen in the tool bar. In the top left portion of the image itself, the dimensions of the pixels could be found, as well as if the image was an RGB image and its size (in terms of MB). Simple tools on the tool bar include the ability to draw lines and shapes (which are depicted on their respective buttons) as well as being able to zoom in and out (depicted by a magnifying glass). Lines and shapes conventionally known as ROI – region of interest
great


Figure 1. The tool bar of the Fiji ImageJ application. 

	Calibrating an Image:A pixel is a unit of measurement so maybe 
…real world unit of measurement.

	In order to be able to use the many tools of ImageJ, such as making measurements, one must first calibrate their image from pixels to some unit of measurement. For both the SEM images (a mouse egg with gold labeled villi and the spider silk) the pixels were calibrated into micrometers with the same procedure. By clicking on the line button on the ImageJ toolbar, a line was drawn parallel to the scale provided in the image itself. This line was made to the estimated exact length of the scale bar, which is denoted as five micrometers, shown in Figure 2. If struggling with drawing the line with the cursor, a helpful solution is to thicken the line by selecting the edit button, then scroll to options and line width. After drawing the line, the length of the scale bar, the analyze button was selected, then set scale. This brings up a box, also shown in Figure 2, which one can set. The known distance was changed to 5.00 and the unit of length was changed to micrometers. After selecting okay, the image is now calibrated to micrometers. This is highlighted in Figure 3b, with the orange underlining in the top left portion of the image in comparison to Figure 3a orange underlined portion (denoted in pixels).….into which one can…
OR  ….with input fields that allow……
Conventionally, you can write 
Analyze > set scale
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25000 Volt e- beam.  Nice figure legends.  


[bookmark: _Hlk503971315]Figure 2. SEM high resolution image obtained by a 25,000-electron beam that excited secondary electron emissions collected from spiders silk obtained from Rotary Park 2015. This image was modified by David Neff. The set scale chart is shown, indicating the calibration process of changing pixels to micrometers. Note the yellow line is the value of distance in pixels shown.
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Figures 3a (left) and 3b (right). SEM image obtained by a 25,000-electron beam that excited secondary electron emissions collected from a mouse egg with gold labeled villi. These images were obtained from Scanning Electron Microscopy and x-Ray Microanalysis and modified by David Neff (Goldstein 2003). As denoted by the orange line in both images, 3a is in pixels whereas 3b is calibrated into micrometers. These images are from Dr Zhu/D Neff biology/chem dept at Marshall and samples  were prepared through much hard work by me and Dr Zhu.  They are among my favorite of all time  


Measuring Diameter:…….it is possible to measure distances as related to pixel intensities. 

	After an image is calibrated, it is capable of being measured, which is a very useful element of image processing. For this lab, the width of each coil of the SEM image of spider silk shown in Figure 4a, was measured. To start, the line width to be drawn was made larger. This was done by selecting the edit button, scrolling down to options, and then selecting line width. The line width was changed to five. A line was then drawn perpendicular to the diameter of seven coils of the spider silk, which can be seen in Figure 2c. After such line was drawn, the analyze button was selected, then plot profile. A plot of distance (in micrometers) versus Gray Value was obtained, also seen in Figure 4b. In order to determine the diameter, the x value of the first and seventh peak were taken (x = 1.02 and x = 14.25 micrometers respectively). The seventh peak x value was subtracted from the first peak x value, and divided by six (for the peaks in-between). This value gave us the width of each spider silk coil diameter, which came out to be 2.205 micrometers.  You actually have your line crossing 8 total silk strands if you count the 2 half strands at the ends 
Good but 
….gray value represents secondary e- intensity. 
Why change the line width? 

[image: ][image: ]

Figure 4a (left) and 4b (right). 4a shows an SEM high resolution image obtained by a 25,000-electron beam that excited secondary electron emissions collected from spiders silk obtained from Rotary Park 2015. This image was modified by David Neff. The yellow line shown is drawn perpendicular to the length of each coil. 4b is the graph obtained from drawing the line in 4a by Fiji ImageJ. This chart shows distance versus Gray Value, indicating the edge of each coil at the peak (where the bright edges are shown in 4a).………to determine display colors and intensity values ….based on data value  

Obtaining a Lookup Table
A lookup table is essentially a map to determine colors and intensity values of each pixel in an image. Obtaining a lookup table is very simple thanks to the user-friendly ImageJ program. By simply selecting the image button, scrolling down to color, and then selecting show LUT, one can obtain a lookup table. A lookup table obtained from the SEM spider silk image is shown in Figure 5.
[image: ]




What are the axes here?    


 Figure 5. Look-up Table obtained from Fiji ImageJ program. This table is from the SEM image of spider silk, shown in Figures 2 and 4a.  


Results and Discussions:
	This lab was very successful in the aspect of learning how to utilize some of the very important image analyzing tools ImageJ offers. A better understanding of how digital imagining itself was also achieved. The magnification of a digital image is merely dimensions of image space divided by dimensions of object space. A digital image is a map of pixels, and this map can be an 8-bit map, a 24-bit map, or a 32-bit map. A bitmap is the Cartesian map of a pixels, and vary in intensity. In digital terms, each bit is a yes of a no (a zero or a one). Because images are merely maps of data values, coloring is added for presentation. The data itself of each bit does not change, but the display of the bits change. This is why being able to pull up Lookup Tables from ImageJ is so useful, a task that can now be completed after this lab. After obtaining the image and being able to analyze its pixels, one might want to measure structures seen from the microscope. By being able to effectively calibrate the image from pixels to units of measurements (such as micrometers) one can then carry out the task of measuring certain objects within the image using ImageJ. These are both additional useful tools of ImageJ now understood by completely this lab.  As excellent as your intro was written, the results and discussion is pretty bad (I think you will agree if you read it aloud).   It seems that you ran out of time after writing a very good report.   At least some of these figures other that fig. 1 and 2 should probably be in results and discussion section.    Here, your method should be the clicks and results should be the changes in image – no big deal but usually images will be in results.    
With each assigned an intensity based on signal type 
Read aloud 
…….analysis  ………….   



References:
Goldstein, J.; Newbury, D.; Joy, D.; Lyman, C.; Echlin, P.; Lifshin, E.; Sawyer, L.; Michael, J., Scanning Electron Microscopy and X-Ray Microanalysis. 3 ed.; Kluwer Academic/Plenum Publishers: New York, 2003.

Lyman, C.E.; Goldstein, J. et al., Scanning electron microscopy, X-ray microanalysis, and analytical electron microscopy: a laboratory workbook. Plenum Press: New York, 1990.Did you refer to this in the text?  


https://fiji.sc/#downloadA brief description of what these links are is appropriate in the references section


http://science.marshall.edu/dneff/AMR_chm678_2018.html
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