Describe dynamic range and the effect it has on your images. Also discuss what applications a high and low dynamic range is useful.
Dynamic range is an important preprocessing parameter in ultrasound imaging, which is defined by the range of gray values of an image displayed on the screen (Lee et al. 2015). When an ultrasound is emitted and received, a gray value is assigned to the signal strengths of each echo detected and displayed on the screen accordingly (Zander et al. 2020). It is a knob that is adjustable by the user and is adjusted depending on the intended application (RADY5030 2023).
Dynamic range is expressed and measured in decibels, and is defined by the following equation:
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Imax and Imin are the strongest and weakest intensities. The human eye can only distinguish a dynamic range of 30dB, meaning without the application of this equation, we would be unable to see the low-level soft tissue echoes (Gill 2020).
Applying a low dynamic range to the image will cause very similar shades of grey to be averaged out and displayed as the same shade of grey, resulting in a high contrast image ie. Appearing very ‘black and white’ (Zander et al. 2020). This is particularly useful for imaging hypoechoic structures and organs such as the gallbladder, as it ensures that the organ is well defined with clear boundaries (RADY5030 2023).
A high dynamic range is useful to increase detail in the images by allowing a larger number of shades of grey to be displayed on the screen. This shows more gradual changes in the image, reducing the contrast and making it appear greyer (RADY5030 2023). A high dynamic range is favoured in applications where organs are being assessed for subtle changes. Liver and breast imaging are two areas where high dynamic range is preferred (RADY5030 2023).
Time gain compensation or TGC is a setting used on traditional ultrasound machines to correct for the effects of attenuation. As the ultrasound beam passes through more and more tissue, the signal is attenuated further, resulting in a brighter signal at the top of the image and progressively darkening towards the bottom (RADY5030 2023). A set of sliders corresponding with the segments on the image is used to progressively increase amplification of the signals to create a uniform image from top to bottom (RADY5030 2023).
Without the application of TGC, the dynamic range is approximately 100-150 dB, however using TGC to remove the effects of attenuation, this range is decreased to roughly 60-80 dB (RADY5030 2023). Therefore, by applying time gain compensation, the effects of attenuation have been accounted for in turn reducing the dynamic range of the image displayed (RADY5030 2023).



Questions:
1. How does TGC reduce the dynamic range of the image displayed?
TGC factors in the effects of attenuation and reduces dynamic range
2. A high dynamic range is preferred when imaging ________
a. Muscles
b. Liver
c. Bones
d. Vessels
3. What dynamic range can we see with the naked eye? 30 dB
4. What is the unit for dynamic range? dB
5. A low dynamic range will _______ contrast, a high dynamic range will _______ contrast
a. Increase, reduce
b. Not change, increase
c. Increase, not change
d. reduce, increase
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