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Ultrasound 

2.1 Transducer Arrays 

2.1.1 Array Transducer 

- An array transducer enables beam deflection and beam shaping 

2.1.2 Construction of a Phased Array 

- Transducer size = active aperture 

- Individual element spacing < λ/2 

- Typically smaller than linear arrays 

- Widely used in applications in which 

there are small acoustic windows 

 

 

 

 

2.1.3 Beam Deflection and Focusing 

- Voltage pulses are applied at slightly different 

times -> focal point can be steered to the 

preferable point. 

- Use a nonlinear delay to simulate an acoustic 

lens. 

 

 

 

 

 

 

 

 

 



2.1.4 Huygens’ Principle 

- From each vibrating particle a spherical wave arises 

- If you put a small delay-time on each element you 

can deflect the wavefront a certain angle 

 

 

 

 

2.1.5 Receiver Beam-forming for Phased Arrays 

 

 

 

 

 

 

 

 

- Echoes from the focal point F reach each element in the array at slightly different times. Each 

signal is delayed by a time specified by the path length from the focal point to the 

transducer. After passing through the delay lines, the signals are now in-phase and so are co-

added to produce the maximum signal. 

2.1.6 Linear Sequential Array 

- Transducer size -> active aperture 

- Element spacing > λ 

- A small number of transducer 

elements are used at a time to produce 

the sound beam. 

- Mostly used for larger acoustic 

windows->abdominal and limb imaging 
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2.1.7 Linear and Curved Array 

 

 

 

 

 

 

 

 

 

Linear array     Curved array 

2.1.8 Multi-dimensional Array 

- A 1.5-dimensional array (left) allows for 

focusing the beam perpendicular to the 

scanning plane. It can focus and deflect in 

one dimension, but can’t deflect in the 

other dimension (only focusing). 

- A 2D array (right) can be used for beam-

forming and beam steering in two 

dimensions. 

 

 

 

 

 

 

 

 

 

 



2.1.9 2D-Array 

- Nyquist: size of elements < λ/2 

otherwise grating lobes develop 

- 5MHz system -> λ/2 = 0.15mm 

- 2-D Array of 10x10mm2 needs 66x66 = 

4356 elements! 

- “Sparse Array”: still > 1000 elements 

- Drawbacks: expensive technique, 

many cables, limited deflection angle 

 

 

2.1.10 Grating Lobes and Delayed Driving Signals 

ΔΦ = mod2π (k Δs) = 

mod2π (k d sin (α)) 

-π ≤ ΔΦ <π k = 2π/λ 

ΔΦ+m2π = k d sin (α) 

m: integer 

ΔΦ: phase difference 

K: wave number 

 

 

 

 More than 1 solution for α exists, if d > λ/2 !   Solutions are represented by grating lobes 

 Phase difference between driving signals determines beam direction 

 

 

 

 

 

 

x-direction: Azimut 

y-direction: Elevation 

Driving signals 



2.1.11 Grating Lobes with Pulsed Excitation 

- The main lobe is what we want 

to produce 

- The grating lobe has a phase 

shift between its single waves of 

360 degrees 

- If you have continuous 

excitation the grating lobe will 

have the same magnitude of 

intensity as the main lobe -> not 

the normal case 

 

2.1.12 Schlieren Picture of Grating Lobes 

- The image will be blurred if the grating lobe waves interfere with the main lobe -> unwanted effect, 

it can be eliminated by decreasing the separation between the elements. 

2.1.13 Annular Array 

- Mechanical beam 

deflection, phasing is 

used for (dynamic) 

focusing. 

- Electronic focus allows 

for variable focal 

distance 

- Used at very high 

frequencies (>20MHz) 

- Fewer elements than a 

linear or phased array 

2.1.14 Sound Field of an Annular Array 

- Same width in all directions 

- Advantage: a circular symmetric sound field is produced 

 

 

 

 



2.2.1 Scanning Modes: A-Mode 

- A-Mode (Amplitude) 

- Acquires a one-dimensional « line 

image » 

- Amplitude of the backscattered echo 

is plotted vs. time 

- Used for pre- and post-operative 

evaluation of corneal transplants         

(Corneal Pachymetry) 

2.2.2 Corneal Pachymetry (Ophthalmology) 

- Use of A-mode scanning to measure 

the corneal thickness of the eye. A 

single line of high frequency 

ultrasound is used, and the one-

dimensional signal plot is shown on 

the right. The doubleheaded arrow 

represents the thickness of the 

cornea. 

2.2.3 M-Mode (Motion) 

- Observe the movement of the 

heart valves; high sampling rate; 

precise display of movement. 

- Acquires a continuous series of A-

mode lines and displays them as a 

function of time.  

- Brightness represents the 

amplitude 

 

 

 

 

 

 

 



2.2.4 B-Mode (Brightness) 

- 2D B-Mode sector scanning 

- Most commonly used procedure in 

clinical diagnosis 

- Produces a two-dimensional image 

through a cross-section of tissue 

 

- Each line in the image is an A-mode line, with the intensity of each echo being represented by the 

brightness on the two-dimensional scan 

2.2.5 Scanning Procedures 

- Compound Scanning: Acquires 

an ultrasound image from 

multiple angles and then 

combines the images together.  

- Advantage of compound 

scanning: Reduces the degree of 

speckle in the image, since the 

pattern of constructive and 

destructive interference 

depends upon the angle of the 

incident ultrasound. 

- For small acoustic windows  

use a small transducer 

 

2.2.6 Speckle Reduction with Compound Imaging 

- Comparison of a carotid artery 

bifurcation acquired using a 

conventional B-mode scan on the left 

and a compound scan with 9 different 

orientations on the right. 

 

 

 

 



2.2.7 3-D Imaging 

- 3-d data acquisition by rotating the probe -> put the 

slices together afterwards 


