
Topic 4: Lectures 6,7,8 

Doppler Ultrasound

Ultrasound 

Bioinstrumentation



The Doppler Effect

 Christian Doppler 

described the change in 

wave frequency because 

of motion of 

source/receiver



Doppler Application Example 

 Speed control on highways



Exact Doppler Model Derivation

 Fixed target (v=0)

 Transmitted signal is sinusoidal 



Exact Doppler Model Derivation

 Central limit theorem



Exact Doppler Model Derivation

 Assume reflection process is linear



Exact Doppler Model Derivation

 Slowly moving point target



Exact Doppler Model Derivation



Exact Doppler Model Derivation

 For velocities of interest

Then,

Hence,



Exact Doppler Model Derivation

 Target velocity has two effects:

 Compression or stretching of the complex envelope 

 Shift in carrier frequency

 In the famous Doppler shift equation, we ignore the 

first effect

 Describes modes close to CW Doppler

 May lead to errors when we deviate from ideal sinusoidal 

excitation

 Particularly important source of error for PW Doppler



Optimum Doppler Receiver 

 Known Doppler Shift

 Unknown Doppler Shift



RBCs in Ultrasound Imaging

 Hardly visible in ultrasound images

 Scattering because of its very small size



Scattering from Blood



Doppler Shift from Moving Blood



Estimation of Pressure in Vessels



Continuity Equation to Assess Flow 



Continuous Wave Doppler 



Doppler Power Spectrum Model

 Central Limit theorem

 Signals from RBCs add up to Gaussian distribution



Doppler Power Spectrum Model



Doppler Spectrogram



Frequency vs. Time Resolution 

Trade-Off



Clutter Noise 



Pulsed Wave (PW) Doppler



PW Doppler Signal Model



PW Doppler 2D Signal Model



Aliasing in PW Doppler



Aliasing Example: Subclavian Artery



Comparison of Doppler Technologies



Color Flow Imaging (CFI)



CFI Technology History



Color Flow Imaging (CFI) Chain



Clutter Filtering



Clutter Filter Design



Data Acquisition in CFI



CFI Interleaved Packet Acquisition



Packet / Ensemble Size in CFI



SNR Considerations



Doppler Signal Model



Doppler Parameter Estimation



Time Domain Formulation



Autocorrelation Method



Properties of Autocorrelation Method



Cross-Correlation Method



Properties of Cross-Correlation 

Method



Autocorrelation vs. Cross-Correlation



Doppler Velocity Estimation 

Limitations



Patient Safety in Doppler Ultrasound



Next Lecture

 New Ultrasound Imaging System Design Trends


