Presentation 1 	Student Name
Pre and Post Processing techniques 
including Read Zoom and Write Zoom

Today I will be addressing pre and post processing techniques including read zoom and write zoom. The Preprocessing techniques are: Gain/Power, Selective Enhancement, Pixel Interpolation, Dynamic Range, Time Gain Compensation, Persistence and Write Zoom

As you can see in Figure 1, Pixel Interpolation has an image memory pixel grid with a transducer that has sent out pulses (Wong, 2021). At the end of the grid, the paths of the pulses have disconnected, resulting in a missed pixel between them; those pixels are called interpolation. 
In Figure 2, The interpolation calculation yields a result of 36 as the mean value of the two adjacent pixels (34 and 38). The next step is to input that value in the intervening pixel (Kremkau, 2016).

Dynamic range refers to how the grey scale information is compressed into a usable range for display on the ultrasound monitor (Gibbs et al., 2009).  
The wider the dynamic range, for example, 60dB, the more shades of grey are displayed, giving a softer image, which may be better for visualising subtle differences within and between tissues (Gibbs et al., 2009).
A narrower dynamic range, for example, 40dB, results in a more black-and-white appearance and gives better visualising of the walls of vessels (Gibbs et al., 2009).

TGC adjusts Gain at specific levels along the ultrasound field (Gibbs et al., 2009).
The purpose is to gradually increase the amount of Gain as the depth increases (Gibbs et al., 2009).
Gain Control regulates the overall Gain (Gibbs et al., 2009). 
Increasing the Gain causes all objects in the image to appear brighter; however, this clarifies some tissue borders and affects the image quality (Gibbs et al., 2009). 

These techniques that fall under selective enhancement incorporate modern beamforming, compounding, harmonic imaging, and pulse inversion (Contreras Oritz et al., 2012). 
Modern Beamforming Is to model the ultrasound beam for enhanced propagation to reduce artifacts (Contreras Oritz et al., 2012).
Compounding Combines multiple images to produce a higher-quality image (Contreras Oritz et al., 2012).
Harmonic Imaging The use of the harmonic components that are generated when the sound waves travel through the tissue (Contreras Oritz et al., 2012).
Pulse inversion Analyses the differences between two received echoes resulting from the consecutive transmission of an ultrasound wave and its inverted replica (Contreras Oritz et al., 2012).

Techniques under selective enhancement include modern beamforming, compounding, harmonic imaging, and pulse inversion (Contreras Oritz et al., 2012). 
Modern Beamforming Is to model the ultrasound beam for improved propagation to reduce artifacts (Contreras Oritz et al., 2012).
Compounding Combines multiple images to produce a higher-quality image (Contreras Oritz et al., 2012).

The use of harmonic components produced when sound waves pass through the tissue is known as harmonic imaging (Contreras Oritz et al., 2012).
Pulse inversion Analyses the differences between two received echoes resulting from the consecutive transmission of an ultrasound wave and its inverted replica (Contreras Oritz et al., 2012).

Kremkau (2016) states that Persistence (Frame averaging) 'is the averaging of sequential frames to provide a smoother image appearance and to reduce noise', a similar effect to speckle.

A preprocessing technique called Write Zoom enlarges the image in real-time while attempting to retain pixel density, improving the spatial resolution (Wiafe, 2019).
Read Zoom is a postprocessing technique that relies on stored images and then enlarges the pixel density in that region (Wiafe, 2019). Write Zoom produces better images (Wiafe, 2019).

Examples of postprocessing techniques that fall under algorithmic enhancement are edge enhancement, contrast enhancement and smoothing (Tay et al., 2010). 
Edge enhancement Improves the continuity and contrast of the image by directional filtering (Tay et al., 2010). Directional filtering involves smoothing and sharpening the boundaries between structures (Tay et al., 2010).

Contrast enhancement Improves lesion conspicuity. This is accomplished by non-linearly redistributing the image's greyscale (Tay et al., 2010). This allows for improving the separation of minor or obscured variations in pixel intensity (Tay et al., 2010).
Smoothing Reduces random noise (Tay et al., 2010). It is a 2D averaging technique whereby values in surrounding pixels are used to calculate a new value for the pixel of interest (Tay et al., 2010).

Greyscale mapping is based on the strength of the ultrasound signal. A grey map can adjust each shade of white, grey or black; we can see the effect of using grey mapping in Figure 9, where it has been applied to the same image (Gibbs et al., 2009). 
It is noted that Gray mapping is different to Dynamic Range, which we use in preprocessing, where the number of shades of grey is adjusted overall instead of individually (Gibbs et al., 2009).

Lastly, distance calculations. As shown in Figure 10, the length and width of the anatomy of interest, which in this case is an ovarian follicle, is measured (Gibbs et al., 2009). 
Measurements are essential in ultrasound as they indicate if the anatomy is smaller or larger than expected (Gibbs et al., 2009). It is also important when finding pathologies that they are measured so that when patients have follow-up scans, they can use previous measurements to see if the pathology has grown (Gibbs et al., 2009).


















Quiz

Question 1. What is the difference between dynamic range and gray scale mapping?
Dynamic range is adjusting the gray scale of the image overall whereas gray scale mapping adjust each shade of white gray or black individually. Dynamic range is a preprocessing technique and Gray scale mapping is a postprocessing technique.

Question 2. List as many postprocessing techniques as possible.
	Distance calculations, edge enhancement, Read Zoom, Gray-scale mapping, smoothing, contrast enhancement.

Question 3. Name as many preprocessing techniques as possible.
Gain/power, dynamic range, write zoom, time gain compensation, persistence, pixel interpolation, selective enhancement.

Question 4. What is the difference between write zoom and read zoom?
Write zoom zooms the image live which results in better spatial resolution as it maintains the density of the pixel. Write zoom is a preprocessing technique. 
Read zoom is a postprocessing technique and uses the images that are stored to then enlarge the pixel density of that region.

Question 5. What is the difference between TCG and Gain Control?
Time Gain compensation adjusts at specific levels along the ultrasound field whereas gain control adjusts the overall gain. Gain control does negatively affect the image quality.
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