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     Doppler controls comprise an entirely separate set of knobs on a sonographic imaging 
system’s control panel. All of the parameters apply to spectral and color Doppler display 
modalities; several apply to power Doppler imaging. While gray-scale (B-mode) controls 
primarily shape how anatomic structures and tissue contrast are displayed, Doppler 
controls specifically govern how hemodynamic information is detected, processed, and 
rendered on the screen. They determine which frequency components are accepted or 
rejected, how velocities are scaled and oriented around the baseline, how strongly signals 
are amplified, and how smooth or detailed the final spectral and color images appear. 
Because these controls interact with one another - gain with filters, scale with baseline 
and Nyquist limit, persistence with temporal resolution - effective use of Doppler in clinical 
practice depends not only on understanding the underlying physics, but also on knowing 
how each control alters the visual and quantitative representation of hemodynamics 
across spectral, color, and power Doppler modalities. 
 
Doppler Gain 
      Doppler gain controls the overall amplitude of the entire dynamic range of signals 
being displayed on a Doppler ultrasound image (duplex or triplex).   Typically, each 
Doppler display modality has its own gain control although, in some software scenarios, 
one gain control knob adjusts all modalities simultaneously.  Overall gain increases or 
decreases the amplitude of the electronic signals entering the receive circuitry of the 
imaging platform.  Unlike 2-D imaging where depth selective gain (TGC/DGC) corrects 
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for acoustic attenuation to create an aesthetically pleasing and diagnostic image, 
correction for unwanted and artifactual components of the Doppler signal is achieved 
primarily with filters.  Overall gain settings should be set to detect the lowest amplitude 
Doppler echoes that are expected to be found in the area of interest; filters and dynamic 
range settings can be set to compress the high end and excessive middle-range 
frequencies that can distort a Doppler display. 
 
Filters 
     Filters are electronic circuits that selectively eliminate unwanted frequency 
components in an electronic signal. Removing unwanted signals enhances those that 
remain.  Electronic filters are found in several locations along the imaging chain to 
improve the efficiency, reliability, and usability of the wide range of signal frequencies 
processed by the receiver.  High-pass filters allow higher-frequency signals to pass but 
attenuate (i.e., reduce the amplitude of) frequencies lower than the filter’s cutoff level. A 
wall filter is a type of high-pass filter that eliminates the lowest-frequency signals 
resulting from tissue, vessel wall, and transducer motion. 
     At the opposite end of the frequency spectrum, low-pass filters allow frequencies 
below a selected cutoff level to pass while attenuating higher frequencies. This effectively 
removes superimposed high-frequency oscillations produced by electronic system noise 
and clutter.  Like noise, clutter is unwanted, spurious electronic garbage that degrades 
the quality of the true signal. In addition to built-in filters, most sonographic imaging 
systems allow the operator to enhance the Doppler display by further filtering out 
frequency components that may be useful in one application but deleterious in others. 
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Baseline 
     The baseline is the line on a spectral or color Doppler display that divides the data into 
positive and negative subsets. In a normalized (not inverted) image display, information 
shown above the baseline represents positive values; information shown below the 
baseline represents negative values. The baseline provides a critical reference point for 
the clinical interpretation of Doppler data because it links the displayed information to 
hemodynamic flow direction—either toward or away from the transducer. 
     The polarity of the signal is, of course, determined by the characteristics of the 
Doppler-shifted echoes returning to the transducer. While the baseline may be shifted up 
or down to accommodate the physical characteristics of a frequency spectrum or to 
enhance color filling on an image, this is purely a display adjustment: the underlying 
polarity of the signals is unaffected. In all cases, information displayed above the baseline 
represents positive Doppler values and information displayed below represents negative 
values. 

 

Scale 
     Scale sets the range of blood flow velocities displayed on a spectral or color Doppler 
sonographic image. In the early days of continuous wave and duplex ultrasound, before 
the advent of fast, inexpensive computer chips with large amounts of memory, Doppler 
data was displayed in the format in which it was received - frequency. The hatch marks 
on the vertical axis of the spectrum represented the frequency of the Doppler shift in 
kilohertz and typically ranged from about 50Hz to 10kHz, conveniently all within the range 
of human hearing. 
     Computer processing changed that. By running the Doppler signal through a 
microprocessor-based circuit that mathematically converts frequency values to velocity 
values using a simple algebraic restatement of the Doppler formula, the output and 
display of both spectral and color Doppler information are now expressed in velocity units 
(meters/second or centimeters/second). 
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     Adjusting the Doppler scale changes the maximum velocity value that can be 
displayed in both color and spectral modes. On many sonographic imaging systems, the 
Doppler scale control adjusts both of these modalities concurrently; however, they may 
be unlinked, in which case separate adjustments must be made. \ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
How baseline adjustment affects the scale display 
     On a Doppler image, the scale defines the total velocity range the system can 
display, while the baseline determines how that range is divided between 
positive and negative values. When the baseline is shifted downward, more of the 
visible scale is allocated to positive velocities and compressing the portion available 
for negative velocities; moving the baseline upward does the opposite. The 
underlying scale setting (maximum velocity, PRF, Nyquist limit) is unchanged by 

Scale, PRF, and the Nyquist Limit (Aliasing) 
     In pulsed Doppler, the maximum velocity that can be displayed 
without aliasing is limited by the pulse repetition frequency (PRF), a 
relationship known as the Nyquist limit. When you increase the Doppler 
scale, the system raises the PRF, which raises the Nyquist limit and 
allows higher velocities to be displayed before aliasing occurs—but often 
at the cost of sensitivity to slower flows and deeper vessels. Lowering 
the scale lowers the PRF, which improves sensitivity to low-velocity flow 
but reduces the Nyquist limit, making aliasing more likely in high-velocity 
regions. 
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baseline adjustment, but the visual distribution of that range above and below zero 
is altered. As a result, two displays can have the same scale yet show very different 
proportions of forward vs reverse flow, purely because the baseline has been 
repositioned. 

 
Invert 
     Invert provides the operator of a sonographic imaging system with the ability to reverse 
the polarity (+/− Doppler-shifted values) of a Doppler signal and its relationship to the 
baseline. In spectral Doppler, the standard display convention prescribes that positive 
values are plotted above the baseline and negative values are plotted below. Similarly, 
the color bar appearing on the screen is normally positioned so that the hue at the top of 
the bar represents positive Doppler-shifted information and the hue at the bottom of the 
bar represents negative Doppler data.      
     Both of these display standards should correlate with the hemodynamic states in the 
human body that are being interrogated: blood flow toward the transducer (positive 
Doppler-shifted) is displayed above the baseline on both spectral and color Doppler 
images, and blood flow away from the transducer (negative Doppler-shifted) is displayed 
below. The invert control allows this visual relationship to be reversed—either for spectral 
and color together or, on some systems, for individual modalities—without changing the 
actual direction of blood flow in the patient, only how that direction is represented on the 
display. 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 



Introduction to Doppler Imaging Controls  

© Jim Baun, 2025  www.sonoscholar.com 6 

Color Persistence 
     Like the 2-D imaging persistence, its color Doppler counterpart helps reduce the visual 
graininess of real-time color flow images and increases their aesthetic quality and 
readability. By holding one or more color Doppler frames in memory and layering 
subsequent frames over them, both spatial and temporal gaps in visual information are 
filled and the display appears smoother and more continuous.  At higher persistence 
settings, the system averages a greater number of prior frames, which reduces random 
color noise and produces a more stable, “solid” depiction of flow, but at the expense of 
temporal resolution; rapid changes in velocity, direction, or flow pattern may appear 
sluggish, smeared, or partially “left behind.” At lower persistence settings, fewer prior 
frames are included in the average, so fast hemodynamic events are displayed more 
accurately in time, but the color image may look grainier and less aesthetically pleasing. 
Optimal persistence settings therefore depend on the clinical task: higher values are often 
useful for demonstrating slow, low-signal flow (e.g., venous flow or low-velocity arterial 
beds), whereas lower values are preferred when evaluating rapidly changing flow (e.g., 
cardiac valves, high-velocity jets, or pulsatile arterial flow) where timing and direction 
changes are critical. 

 
 
 
  

Color Persistence & Temporal Resolution 
     Color persistence and temporal resolution are inversely related in color 
Doppler imaging. When color persistence is increased, the system 
averages more preceding frames with the current one, which smooths the 
color display and reduces random noise, making flow appear more stable 
and continuous. However, this multi-frame averaging lowers temporal 
resolution, because rapid changes in velocity, direction, or flow pattern are 
partially smoothed out and may appear delayed. When persistence is 
reduced, each frame reflects more “real-time” data and less historical 
information, preserving higher temporal resolution but producing a grainier, 
less stable color image. 
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Color Edge Enhancement 
     Similar to its 2-D counterpart, color edge enhancement emphasizes changes in signal 
level across an interface within the color Doppler image. By selectively boosting the 
contrast at locations where color signal amplitude changes abruptly from one pixel to the 
next, the system makes boundaries between different flow regions - such as the edges 
of jets, shear layers, or flow separation zones - appear sharper and more conspicuous. 
At higher edge enhancement settings, color flow borders appear crisper and more 
clearly defined, which can help the observer identify the origin, direction, and spatial 
extent of high-velocity jets or disturbed flow. However, excessive edge enhancement can 
introduce a harsh, “noisy” or artificially busy appearance around flow boundaries and may 
exaggerate small, clinically insignificant variations in the signal. At lower settings, the 
color image appears softer and more natural, with less conspicuous borders but fewer 
artificial edges. As with 2-D edge enhancement, the optimal setting represents a balance 
between improving boundary conspicuity and avoiding overemphasis of minor or 
artifactual signal changes. 
 

Spectral Dynamic Range 
     The dynamic range of a Doppler spectral waveform represents the spread of amplitude 
values that are displayed across the velocity profile. In other words, it determines how 
differences in signal strength between the strongest and weakest Doppler components 
are mapped into shades of gray on the spectrum. At lower spectral dynamic range 
settings, the system compresses this spread of amplitudes so that only the strongest 
portions of the signal are emphasized; the result is a “cleaner” image with a sharp, well-
defined spectral envelope and relatively little internal fill. Weaker components of the 
signal, including low-amplitude velocities and turbulence, are suppressed or may 
disappear entirely.  At higher spectral dynamic range settings, a wider span of 
amplitude values is displayed. This allows weak and intermediate-amplitude signals to 
contribute more visibly to the spectral tracing, which produces a more “filled-in” waveform. 
Turbulence, spectral broadening, and low-level forward or reverse flow components 
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become easier to appreciate, but the envelope may appear thicker and less sharply 
demarcated. In clinical practice, lower dynamic range values are often preferred when 
making precise quantitative measurements (e.g., peak systolic velocity, end-diastolic 
velocity, VTI), whereas higher values are useful when the goal is to visualize the full 
complexity of the flow pattern, including subtle low-amplitude components and disturbed 
or turbulent flow. 
 


