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i t d tiintroduction
 This paper describes a novel optical acoustic This paper describes a novel optical acoustic 

system for skin characterisation based on its 
elasticity.elasticity.

 A broadband surface acoustic wave (SAW) 
impulses is generated by A focused laser source.p g y

 SAW detected with a optical low coherence 
interferometer.

 The measured SAW velocity dispersion 
spectrum was used to characterise the elasticity 
of the specimen



Laser Ultrasonics

Absorption of Electromagnetic (light) energy into Mechanical 
(acoustic wave) energy

 Laser Generation of Ultrasound
- absorption of optical energy;
- thermal expansion;
- Generation of elastic waves;;

 Widely used in industry
 surface materials and thin films surface materials and thin films



Surface acoustic waves
 Domain by Rayleigh wavey y g

- Low frequency content
Deep penetration;
Substrate layer determines wave velocity;Substrate layer determines wave velocity;
- High frequency
Low penetration;
Surface layer determines wave velocity; 

 Rayleigh wave and elastic properties
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Where E is the Young’s Modulus, v is the 
Poisson’s Ratio, and ρ is density of material 



O l hOur novel approach

G t R l i h b l l Generate Rayleigh wave by laser pulse
 Rich of frequency component, large frequency bandwidth;
 Non contact; Non-contact;
 A line source to increase the sensitivity

 Detect Rayleigh wave by low coherence interferometry
 localize the targeted positions on the sample surface, g p p ,
 Good for skin study and avoid noise;
 OCT imaging system to provide the geometrical structure of 

samples as well as elasticity;



dprocedures

Reference: ' Surface Wave Methods Acquisition, processing and inversion ', Claudio Strobbia, 2002



FE simulation as reference
as references

Computer 
Simulation Part

Experimental 
part

modify
FEM

Agar Phantom Agar PhantomAgar Phantom 
simulation

Agar Phantom 
experiment

Skin simulationSkin simulation



FE Simulation

 Sequential Coupled Analysis ( Thermal mapped to 
mechanic)
- Thermal analysis
- Mechanical analysis

 Advantages
- predict feasibility;predict  feasibility;
- provide guide and reference of experimental work;
- produce detailed information;



Experimental setup
 High energy solid state ~532nm Nd:YAG laser source (Continuum g gy (

Surelite Laser)

 Jade infrared thermal camera to detect thermal effect on sample 
surface to modified the temperature, avoid ablation;

 Fiber Michelson interferometer to detect surface acoustic signals
- Non contact detection
- Broader frequency range
- High spatial and temporal resolution

 Black agar phantom is used in the experiment, both one layer and 
two layers



Low coherence 
interferometry

Nd:YAG Laser

Thermal 
camera

S l

camera

Sample
Computer

Oscilloscope p





Si l ti f Si l l h tSimulation of Single layer agar phantom

Same conditions as the 
experiments:

• The time steps is 0.1ns with 
total of 1ms;

• Laser pulse wavelength 532nm;

• The pulse energy is set at 2.6-
3mJ per pulse with rise time 3ns; 

• Laser beam radius of 0.5mm; 



Thermal CharacterisationThermal Characterisation
Analysis 1: Absorptive laser vs Scattering 
laser

Scattering

laser

Apsorption
laser source (CO2)

Scattering
laser source (Nd:YAG 532)

Contour plots of thermal distribution in the PVA model induced by different laser sources

Properties of different laser source



Thermal Characterisation

Apsorption
laser source (CO2) laser type CO2 ND:YAG532

Energy 1 mJ 5mJ

Pulse Radius 1mm 1mm

Scattering

Pulse Rise 
Time

3ns 3ns

Temperat re 4 859 (K) 1 376(k)Scattering
laser source (Nd:YAG 532)

Temperature 
Rise

4.859 (K) 1.376(k)

Scattering laser source penetrates moreScattering laser source penetrates more 
however generates lower heating



Thermal CharacterisationThermal Characterisation
Analysis 2: Simulation compared with Experiment 
resultresult

Thermal contour plots Thermal timing graph

Laser Type Energy Pulse Risetime Pulse Radius Sample Temperature 

Experiment set-up
Thermal contour plots Thermal timing graph

Rise
Nd: YAG 532 5mJ 3ns 1mm Chicken 1.921 (K)



Thermal CharacterisationThermal Characterisation
Analysis 2: Simulation compared with Experiment 
resultresult

Thermal contour plots Thermal timing graph

Laser Type Energy Pulse Rise 
Time

Pulse Radius Sample Temperature 
Rise

Simulation set-up
Thermal contour plots Thermal timing graph

Time Rise
Nd: YAG

532
5mJ 3ns 1mm PVA 

Phantom
1.375 (K)



FE results – wave propagationp p g

Structural contour plots



predicted displacement  data of 3.5% agar phantom
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Result of experiment

Surface wave signal is on environment vibration



Detected surface wave signal of signal layer agar phantom 
(concentration of 3.5%)(concentration of 3.5%)
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Signal processing – noise control
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Phase velocity curve
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Detected surface wave signal of signal layer agar phantom 
(concentration of 2% agar on 3 5% agar)(concentration of 2% agar on 3.5% agar)
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 Phase velocity curves are no longer a straight line, low frequency 
range indicates the substrate layer while upper layer indicates upperrange indicates the substrate layer while upper layer indicates upper 
layer.



Inversion of experimental data
The relationships between the concentration of agar agar phantom and theThe relationships between the concentration of agar-agar phantom and the 
phase velocity are concluded in table. It indicates the linear relationship between 
different agar concentrations and their phase velocities.

Agar 
concen
tration

Phase 
velocity 
(m/s)

Young’s 
modulus 
(kPa)

tration

2% 7.93±1.56 93±8.24

3.5% 13.08±1.2
2

557±5.04

5% 20 3±1 25 1342±5 295% 20.3±1.25 1342±5.29



Discussion and Future work
 We used a laser line source to generate SAW in We used a laser line-source to generate SAW in 

different agar-agar phantoms with both one layer and 
two layers. The experiments provide very promising 
results.results. 

 As there are no phase velocity dispersion in one layer 
sample and clear phase velocity dispersion in twosample, and clear phase velocity dispersion in two 
layers phantoms. Clear differences of phase velocity 
between different concentration of phantom samples, 
and with the increasing of concentration the phaseand with the increasing of concentration the phase 
velocity is increasing as well, with a linear relationship. 

 The novel combination of Laser Ultrasonics and OCT The novel combination of Laser Ultrasonics and OCT 
system. 


