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PZT

Needs to transition to 
lead-free piezoelectric 

material

Traditional NDT arrays are lead-
based, rigid & typically operate 

between 1 to 10 MHz 

Phase & frequency modulated signals

Novosound array is lead-
free, flexible & high 
frequency (20 MHz)

Ultrasonic Imaging

Time domain illustration of the modulated signals used for excitation. They 
possessed the same amplitude and duration.

Full Matrix Capture (FMC) & Total Focusing Method (TFM)
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FMC illustration for a 6-element array

Example of imaging plane (x-z) 
highlighted in blue

T𝑎𝑟𝑔𝑒𝑡

64-el, 1 mm pitch, 20-
MHz array

Imaging evaluation: Golay (phase) vs Chirp (frequency)

Golay offers higher SNR 
(>2.5 dB) compared to 

chirp and better imaging 
quality (less artifacts).

Non-planar surface geometry specimen 

Pulse (SDH1)  Golay (SDH1) Pulse (SDH2) Golay (SDH2) Pulse (SDH3) Golay (SDH3)

1. The imaging performance evaluation results showed that the Golay case provided better imaging quality with 
higher SNR, when compared to the frequency modulated chirp case.

2. Improved defect detection observed when using the phase-modulated Golay signals compared to traditional 
pulse excitation. 

3. General outlook: chirp scheme only requires one transmission, while Golay requires two transmissions, 
which introduces motion-dependent decoding errors. 
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Signal excitation trade-off in ultrasound imaging

Less energy 
• Poor penetration
• Good axial resolution

More energy
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• Poor axial resolution

Single cycle Multiple cycles

Lead-free alternatives to lead-based materials are required to meet the 
Restriction of Hazardous Substances (RoHS) [1] regulation set by the EU, similar 

policies in China, Japan, as well as to address environmental concerns. 
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This work compares imaging performance between phase & 
frequency coded excitation signals for thick non-planar specimens. 

20 MHz, 1 μs phase-modulated Golay 
A [1, 1, 1, -1] (tri-level representation). 

14-26 MHz, 1 μs, 60% Tukey 
windowed frequency-modulated chirp.

The received signals were compressed via convolution 
with a matched filter, a time-reversed excitation pulse, 

and then summed for the Golay case. 

A complete set of A-scans is 
generated by all possible Tx/Rx 

combinations.

Each pixel is determined by summing path-
compensated amplitudes across the Tx/Rx pair set.

The Golay-based TFM allows all targets to be detected, with target 3 possessing an SNR of 16.17 dB. 
In comparison, with the standard pulse excitation (1 cycle) case only targets 1 & 2 were detected.
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Principle for sub-aperture selection [3]

Meaningful signal 
contribution to the 

TFM image.
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SDH2

SDH3

Chirp: 25.76 dB Golay: 28.53 dB 

Schematics of the acquisition setup


	Slide 1

