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Structure of Talk

 Composite Materials research
* Auto windscreen impact research

 Usability analysis in Product Engineering
Design

 Light-Tissue Interaction research
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Composite Materials Research

* No Manisan
Island (Donne
early 17t C)

* Linking the CAD
and CAM islands
creates a whole
greater than the
sum of the parts.
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Thermography in Composite Material Manufacture

Enviroment
5%

Steel Carbon-Fibre

Enviroment

Cutting Tool 5%

5% Workpiece

10%

Cutting Tool
7T
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Tooling for Milling of Composites (PC)

CVD diamond coated end mill

Carbide end Mill,
TiAIN Coated,
Three Flute, 30 ‘

degree helix Polycrystalline herringbone cutter
Diamond PCD

toel E T

Solid carbide router
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Measurement of surface roughness

University of Wales
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Degradation of surface roughness

y =0.0642x + 1.8708

/ R%=0.9471
35

== TiAIN coated cutter

3
/ Herringbone cutter
2.5
=== PCD cutter
y =0.0358x + 1.1565
R*=0.9082
(pm) ’/F /< Carbide router
é‘ =0.0247x+ 1.1176
R>=0.8741

== CVD end mill

1.5 y =0.0172x + 0.9046
. ; =K R?=0.9695
M, L y=0.0072x + 0.847 == Carbide helix cutter

17 —R2=08148——

A —A—""““A« =0.0084x + 0.6712
R*=0.8451
0.5

0 T T T T T 1

0 5 10 15 20 25 30

Cut length in metres
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Waterjet drilling of composites

Water only high pressure (3800 bar)

A face pierce

2mm

Thermograph of delamination produced
by waterjet piercing at high pressure water

Water only only
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Addition of abrasive garnet to water

A face pierce

Water and abrasive pierce
High pressure (379 MPa)
Garmnet grade 120

Abrasive flowrate - 120 g/min
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(a)
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Detection of buried defects in CFRP using Pulsed thermography

Applied heat —

P ———]

Rear surface

(o] (0] (@)

Reflected heat
(Maldague, Beaudoin et al. 2001)
-
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Surface temperature -time plots allow
detection of sub-surface defects

2.0E+01
0.0e+00 1.0e-01 2.0e-01 3.0e-01 4.0e-01 §.0e-01
Time
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Lock-in Thermography to detect
barely V|5|ble damage in CFRP (PA)

3 mm thick :[0°,90°,0°],c.

Secondary

Sample excitation 10Hz,
25 Hz thermal sampling, synced Digital photograph Thermogram after 50 s
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Automotive Windscreen Research

* Two aspects:
— The initial ‘Chip’ creation by stone impact,
investigated through:

« Ballistics experiments

* Time dependent finite element analysis (ABAQUS
EXPLICIT)

— Chip to crack-off
 FEA
e Vibration machine
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Typical Laminated windscreen

Soda-limeglass ——
PVBinterlayer ——— [

Soda-limeglass ———

brittie
failure

e Gorilla glass

failure

sirain
hardening

Stress (&)

alastc

fimii cald drawing

Strain (@)
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Ballistics facility
B i
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Time-of-flight

Target chamber:
-10Cto 50C
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Ballistics experiments

FASTCAM-1024PCI ...

3000 fps Note modes:
143000 sec o St
512x 512 ar

End Circumferential
Bulls-eye

frame : -2596
-00:00:00.865333sec

Photron
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Sometimes no damage for same
conditions! (Weibull and stone geom)

FASTCAM-1024PC] ...
18000 fps

118000 sec

256 x 128

End

frame :-13272

-00:00:00.737333sec
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A typical windscreen chip

Photograph of chip -
~ 5mm across
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The BELRON Resin Injector
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Experimental method

* Stress fields in chipped windscreens
measured (in-vehicle) by photoelasticity prior
to repair

* Windscreens repaired by resin-injection
* Stress fields measured again

* IR thermographicimaging used to map
temperature distributions around chip
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Photoelasticity equipment — schematic
(Stress Photonics GFP 1200)

Medium

Polarimeter here shown
operating in reflection mode
(requiring birefringent coating)
but may also operate in transmission




Max stress reduced by over 75% after Belron repair

ShearMax Van pos 2 zero.dt1

ShearMax Van pos 2 rep.dt1 30/08/2006 10:10:31

~Interrogate || Image Stats | Redraw Color ~Interrogate | Image Stats
0.201 Waoc 2.52 —I v 0.15 Mex: 059

% 23667 mm || Min:1.02E-03 s 17666 mm | Min: B.ESE-03

Yo 1478mm | Avg 0208 Y: 21618 mm | [Avg:0.188

Before repair — max 2.52. MPa

After repair — max 0.59 MPa
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Time-dependent FEA

Ll Y,
y A

b

OMNLY EXTERIOR GLASS
LATER DISPLAYED
FOR CLARITY
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Chip - to — full Crack

Primary causes:

* Mechanical shock
* Transient thermal shock

\
) niversity of Wales




Stress due to 5g impulse on bottom edge
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Thermal shock: fan heater on cold winter’s day

Temperature rise - External temperature @ -10 degC
FORD FOCUS Ghia- LY 07 ERU

80
70
Temperatures at:
60
{ —e— Driver chip exterior
0 t o
T assenger chip exterior
§ 40 Driver chip interior
=
9—; s Passenger chip interior
Z 30
3 \ —*— Inside car
'a_EJ 20
\ —e— Directly above vent
10
0
-10
-20

Time (sec) Passenger chip CRACKS after 4 mins
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HEATER CAUSES TEMPERATURE
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Gaussian heat flux on
interior windscreen

Resulting stress at chip tips

||
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HEATER CAUSES TEMPERATURE
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* Andrew Abrons PhD 1994 :
* Expert system for maintenance planning at

Trostre

* Used well-established method for assessing
user interaction with software environments
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Usability Analysis in Product Engineering design (DG)

Design Factor analysis undertaken for action furniture design
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If a virtual mannequin is used in a

mechanism simulation, the following values

can be obtained:

* The reaction force values at joints for

subsequent finite element analysis.

The strength of actuator required to

operate a motorised version.

* Anindication of the effort required by the
user to operate a manual version.
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Mannequin Based Simulation

* Using the mannequin as a more active part of the simulation
— Driving a manual system with the mannequin
— Applying a‘motor’ at the hip joint during the wall-hugger case study
* The torque required to operate the system is plotted for a number of benchmark
designs
* New Design Brief: Concept designed using FEA and Rigid Body Dynamics but
tested using Usability Analysis

6.00E+04

.

\ﬁ‘ = — Sample Mechanism 1

e e —Mech 2 - Design 19¢ spring assist 01
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Fatigue analysis also undertaken to simulate foot jamming abuse in motorised
system

Lever under
consideration
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Smith-Watson-Topper, Ramberg-
Osgood, But With A Notch Factor

A 10% increase in the notch factor
applied, which affects the applicatic
Neuber’s rule in the cyclic fatigue
calculation
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Usability Analysis of new prototype : statistical survey with
40 people

Initial survey identified Six Design Factors: S1,S2 .... S6, with relative
weightings C1,C2... C6

1. It was easy to start reclining the backrest 6
2. It was easy to finish reclining the backrest U . ZC S
. T 1~
3. You were able to control the reclining i
motion
4. The reclined position was comfortable
5. It was easy to return to the upright position

6. You were able to control the return motion
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A 7 point Likert
questionnaire sampled 40
people’s subjective opinion
on the new prototype
design against competitors

S - 1 i each user's Likert response
' 745  number of responses

Summary of S Values

DF1 DF2 DF3 DF4 DF5 DF6
Chair1 [0.673 0.681 0.722 0.890 0.722 0.747
Chair 2 [0.490 0.471 0.567 0.752 0.645 0.694
Chair 3 [0.641 0.660 0.710 0.845 0.620 0.629
Chair 4 [0.894 0.857 0.870 0.886 0.869 0.869
Chair5 [0.788 0.815 0.865 0.833 0.898 0.873
Chair 6 [0.845 0.840 0.710 0.727 0.672 0.667
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DF1:Ease of starting the reclining
motion

DF2:Ease of completing the reclining
motion

DF3:'Controllability’ of the reclining
motion

DF4:Reclined position comfort
DF5:Ease of returning to the upright
(TV) position

DF6:'Controllability’ of the return
motion.




The usability function is defined as:

U:iga
=1

Where S; (i=1,6) represents the average, normalised Likert response for the i design
factor, and C; (i=1,6) represents the weighting coefficients that control the relative
influence each design factor has on the overall U-value.

The coefficients C; represent the relative weighting or
importance of each design factor, and are determined

using Thurstone’s method of pair-wise
comparisons, as explained by Gescheider
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C, 0.1748
C, 0.0905
C, 0.1961
C. 0.2723
Cs 0.1676
Ce 0.0987




Statistically significant subsets of Prototype chair compared with 5 competitors : DF 1

Statement 1 - Homogenous Subsets for Tukey's B

7.00

6.00

5.00

M Red leather, wooden panelg

4.00 B Red leather

M Black Leather

3.00 ~

Mean Response

2.00

1.00

0.00 - .
1 2 3

Subsets
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Statistically significant subsets of Prototype chair compared with 5 competitors : DF 6
Statement 6 - Mean Subsets for Tamhane's T2

7

6

5
o Prototype
g 4 B Red leather
g W Pink, with Handle
': M Red leather, wooden panelg
g3 H Beige
- M Black leather

2

1

0 2

1 2 3
Subsets
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Usability Analysis to assess Representational modes
of glass concepts (RH)

e Hand drawn sketches
e CAD rendered images
o Rendered static image

o Rendered animated image

o Rendered using HDRI lighting
¢ Non-immersive VR viewed on screen

o VR (interactive) dynamic model using Gouraud

 uBissp jonpoud ayj ul sabejg

shading with material texture
o VR (stereoscopic) dynamic
o Traditional RP techniques
e Hand made “one off” prototype

¢ A novel production technique for glass prototypes using

graphite moulds
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A concept will be assessed on 3 levels of physical and

cognitive interaction:

* Denotative meaning- immediate tangible
response to its physical characteristics, the way it
looks, its form and product recognition.

« Connotative meaning- including the function of
the product, the benefits it holds over a
competitive product.

* Symbolic association-the semantic reactionto a
product, an intangible response to the emotion or
symbolism portrayed by a product (Finn 1985)

However, little is known about the end-user
emotional response to a product concept depicted by
computer based representation compared with
traditional product representations
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A range of virtual and physical prototypes have been investigated for
their ability to convey glass concept design intent. These include:

Sketching

Virtual reality Gouraud shading

Virtual reality Stereoscopic Gouraud shading
Virtual reality photorealistic static render
Virtual reality photorealistic animated render
Stereolithography rapid prototype

Actual glass prototype, derived from digital
design data.
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Sketch representation

Orgzmic sculptura] ornament
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Stereo Gouraud shading

——— iR
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Photorealistic rendering

These images are produced
using
Maya and 3D Studio Max.
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Photorealistic animations

= It is also possible to
create 3D
photorealistic
animations

= The aim is to enhance
understanding of the
product by showing
360° around the
product.

N




Rapid Prototyping

* Using a Stereolithography rapid
prototyping machine we are able
to produce accurate, tangible 3D
models in a short space of time.

 These can then be used to create
silicone mould tools.

* From this we can produce
castings in clear ABS plastic as a
simulation of a glass product.
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CAD-CAM cycle for glass ornament
using graphite moulds

Conceptualised
in ALIAS
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CAD model from which mould is
machined

e

= Computer aided
design model of
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CAM generation of
graphite moulds
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CNC high precision
moulds

Highly polished for
perfect surface finish

Cast in an inert
environment to prevent
graphite oxidization

Argon gas is used to fill a
stainless steel container,
within which the casting




Graphite casting in an
oxygen free kiln
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Graphite casting/slumping in an
oxygen free environment

Above: a solid cast sculptural
organic ornament

made using a 2 part graphite
mould.
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Below: a concept salad bowl developed
for Jorn Uzten with Rodney Bender, slumped using
graphite moulding techniques.




Design Factors considered
covered the following
categories:

* Function

* Aesthetics

 Material choice

* Intended use

 Dimensional considerations

e Contextual circumstance or
positioning

* Product semantics
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N

Statistical analysis

Definition of Usefulness function:

U= icisi

Where S; i=1,4 are the design attributes
— Form
— Function
— Scale
— Material

And C, are the weighting coefficients determined by
Geschieder’s Psychophysical principle.

43 interviewees gave values for S; non-parametric analysis in
SPSS (Kruskal-Wallis and Mann-Whitney tests)
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Typical output from SPSS nicely categorises each Representational
Mode in groups of similar Statistical Significance.

M_1
Tukey B'
Subset for alpha = .05
Group N 1 2 3 4
GOURAUD VIEWING 43 3.42
SKETCH 43 4.65
STEREO VIEWING 43 4.77
RAPID PROTOTYPE 43 5.79
STATIC RENDER 43 6.02
ANIMATED RENDER 43 6.23
GLASS PROTOTY PE 43 6.84

Means for groups in homogeneous subsets are display ed.
a. Uses Harmonic Mean Sample Size = 43.000.
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U b . I .t I . I t I U t
Utzon bowl

Mode of representation Normalised average Usefulness Coefficient

Sketch Aesthetics 0.52
Function 0.5 048
Material 0.5
Scale 0.29

Static render Aesthetics 0.76
Function 0.67 071
Material 0.78
Scale 0.41

Animated render Aesthetics 0.78
Function 0.66 074
Material 0.83
Scale 0.47

Gouraud shaded view Aesthetics 0.35
Function 0.46 032
Material 0.24
Scale 0.38

Stereo view Aesthetics 0.57
Function 0.52 045
Material 0.33
Scale 0.36

Glass prototype Aesthetics 0.95
Function .91
u ct.o 0.9 0G5
Material 0.96
Scale 0.96
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Conclusions from Hypothesis testing

* Animated rendered imagery is considered to be the most Useful
method of representation.

* Physical prototypes score hi?hly on form and scale, but
occasionally low for material and function.

* Handmade glass suffers from lack of dimensional accuracy.
* RP suffers from poor material representation.

 Graphite moulding is considered successful although remains an
experimental process.
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Light Tissue Interaction
(MK, GD, GT, AM, TB)
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Therapeutic Context

* Light-based medical devices for:
— Hair depilation
— PortWine Stains
— Skin rejuvenation
— Acne
— Reduction/elimination of tumours e.g. Photodynamic Therapy (PDT)

Diagnostic Context

* Fluorescence techniques for early detection
of Basal Cell Carcinomas (BCQ)

Philosophical approach

* Fully 3D, arbitrary geometry, taken from scan data
» Solution times for clinical problems ~minutes
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Home-use depilators

D

1

Smoothskin Gold
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&
o - Market drivers
snuall 0l

Note dominance of broad spectrum flashlamp over laser-based devices
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Some Physics:

Turbid tissue can absorb or scatter photons

Oxyhaemoglobin

10+ Absormption

Curve

Melanin

Absorption
Coefficient (cm™)
s
s
0
)

ﬁ
400 500 600 700

Visible Light
Wavelength (nm)
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1
mean free path for absorption collisio

Ma =

1
mean free path for scattering collisions

M=

Oxyhaemoglobin

1000

100 ™~

Extinction Coefficient (cm™T)
(Absorbtion)
/

10

Wavelength (nm)
Best Wavelengths for Hair removal

Best Wavelengths for Vascular lesions
Best Wavelengths for Pigmented lesions




Penetration depth varies with A

Ultraviolet
ABC

Visible

Near Far
infrared infrared
_]Stratum comeum  (Far IR)
]Epvdermis (UV)
Dermis (Visible)
Subcutaneous (Near IR)
' (0 layer
AR
(@ t@i‘,} T
! (=) ~(]) a"[?
4YL‘2."\(§1%14 OO0, i
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Radiation transport in tissue:
Monte-Carlo simulation

- determine photon step size As:

—In(R
AS = (R)
Hy T Hy
Initial photon
trajectory
- determine deflection angle of
scattering O from phase function:
Scattered photon /'
, trajectory o !
1 2 1-¢° '
cos@) = —|1+9° - ; !
(0) 29[ g {1—g+2gR} ] Stepsize Asg |

- determine azimuthal angle of @

scattering @: ¢ = 2nR
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Monte-Carlo simulation (2)

- check for:
-> layer crossing

-> transmission out of tissue w

and update photon position accordingly

* deposit a fraction of photon weight
AW at each interaction site: o@D

_ww Ha
A X

Ut i

- repeat overall process until
photon is terminated

- when all photons have been propagated,
we obtain an array of accumulated weight of

absorbed photons

Volumetric source
term H(x,y,z) in the
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Modelling Strategy

* Step1: Determine the volumetric distribution of photon
deposition by solving Boltzmann'’s Radiative Transfer
Equation

e Step2: Determine the consequent thermal, chemical,
mechanical effects due to photon absorption

* For short pulse durations, metabolic and perfusion
terms can usually be ignored

 If temperatures remain modest, optical properties
remain unchanged so Steady State solution for Step 1
is OK for transient thermal calculations in Step 2.
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Modelling approach

* Two in-house models to solve the radiative transport
equation:
— Monte Carlo (tet mesh, octree decomposition)
— Dual Reciprocity Boundary Element Method (DRBEM)
* Onein-house model to take radiative source terms
and solve for thermal transport:
— Transient Thermal Boundary Element Method (TTBEM)

* On-going collaboration with local medical device
companies, to calibrate computational model
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TODDY: 2D Monte Carlo
MPI + threaded
with FD ADI for temperature calc

7 C:\Toddy\Godfrey MC\109525nmskin3black-24-9-12.txt - teddy 1=l x|
Fie Calaation View Help

= =2 |

Results:  9.53 % photon absorbed in epidermis 61.93% photon backscattered out TODDY BULE Hair
2.30 2% photon absorbed in upper dermis 8.84 2% photon transmitted lower KEDIGNTD{TE 2]]I]9 _2012
1.91 % photon absorbed in bulb 0.03 % photon escaped sample
15.45% photon absorbed in lower dermis
PHOTON ENERGY DEPOSITED PER UNIT YOLUME - EXAGGERATED HORIZONTAL SCALE
log scale
—>
Beam
(30.0 mm)
—>
0
Epir Upper dermis Bulb Lower dermis
[80. (200.0 um]  (2000.0 um) (3000.0 um]
(9.7 percent melan[99.0 percent melanin)
Ready [

[1start -@ ._/1] UH| ﬂﬁaﬂ(bﬁ@z;;;ul

2D model useful in parametric sweep calculations
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TEDDY: 3D Monte Carlo
(MPI, Threaded, CUDA)

 Unstructured tet/tri mesh: Facilitates realistic
organic structures

 Domain decomposition using Octree method

Simple isotropic source test Oblique hair follicle

Prifysgol Cymru 3 filoye o T ] o R - = 3D ]
%Yorindodoewwam Lrawsnew:ia .'\a/(!‘\'&"\’..‘ Lrawsnewra />»\’!{’_\'u‘til/’

University of Wales
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2D Monte-Carlo Case-Study:
Hair removal

Chromophore is Melanin —present in skin and follicle

/ S / / Hair shaft
Epidermis—::.”'x - - !
DY i : N e

A2 o S
\ VA= T y I 7
Dermis— | L %t Oil gland
( B 2 g gl . ‘Q»
) i g 7 ‘ y Y
) i/ | %% 1
/ i & % | .

Subcutaneous-
tissue

Hair follicle

. / -

Sweat gland
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TODDY: 2D Monte Carlo (MPI + threaded)

and ADI for thermal calculation

7 G\Toddy\Godirey MC\109525nmskin3black-24- - 121 ]
File Calalation View Help
=H| &%
Results:  9.53 % photon absorbed in epidermis 61.93% photon backscattered out TODDY BULE Hair
2.30 2% photon absorbed in upper dermis 8.84 2% photon transmitted lower KEDIGNTD{TE 2]]I]9 _2012
1.91 % photon absorbed in bulb 0.03 % photon escaped sample
15.45% photon absorbed in lower dermis
PHOTON ENERGY DEPOSITED PER UNIT YOLUME - EXAGGERATED HORIZONTAL SCALE
log scale
—>
Beam
(30.0 mm)
—>
0
Epir Upper dermis Bulb Lower dermis
[80. (200.0 um]  (2000.0 um) (3000.0 um]
(9.7 percent melan[99.0 percent melanin)
T

Ready

[1start -@ ._/1] UH| ﬂﬁaﬂ(bﬁ@z;;;ul
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Thermal Damage (T>43C)

Photon fluence is high enough for absorbed
photons to heat tissue

* As the temperature rises above 43C, thermally
induced damage can be described by the well-
known Arrhenius damage integral :




The Fitzpatrick Skin tone scale

Skin Tone Chart

| E—
LI YY)

Skin
Type

Challenge: hair removal in darker skin tones
i.e can we maximise follicle temp while keeping skin temp below 43C?
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P tric Stud . [ODDY
Distribution of Spectra Wavelengths of an iPulse IPL
1.805+04
16opr0s | S| S| S| 2| 2| S|F| S| 8| (3|2 & @ &[T 8% T B ET8 =3¢ 5% 23z ¢3
L] o
Light source is flashlamp
(3 (3
with the following pulse
E‘,
shapes:
2 8.00E+03
6.00E+03 \A
400403 \-\ A
Skin i
2.00E+03 J\I‘W/ L Tone 1 25ms PUISC Settlng 1 10 J/cm?
e VY
O,OUF+OOW 420 440 460 430 i(.m 520 540 360 580 600 620 640 660 68D 700 720 740 760 TR0 800 820 840 B0 8E0 900 920 MO o T?)l;]l:’ 15 ms 10ms 15ms Pulse Setting 2 10 J/cm2
Wavelength (nm) NE d . i ~
3]
=~ .
= | skin Pulse Setting 3
2 | Tone3 | 15ms 15 ms 15ms g 8 J/em?
= | Skin i 2
& | Tone 4 17 ms 40 ms 17 ms Pulse Settlng 4 7 Jlem
ki Pulse Setting 5
in
Tones |  20ms 60 ms 20ms 6 J/cm?
Time (ms)
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Follicle (Skin Tone 1)

T

Pulse1
Pulse2
Pulse3
Pulse4
Pulse5

NN NINOWNNONG 1y

WwwwuwbdbhbbdbbdbbbdDdMDdDdobHDhD

450
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500392

For light skin, it’s easy to
damage the follicle while
keeping skin surface undamaged

‘Skin Surface (Skin Tone 1)

100 150 200 250 300 350 400 450 500
Time (ms)




Type 1 skin : after three weekly treatments using Smoothskin IPL device

before 1 month following
treatments
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Case Study -esophageal cancer (AM)

The Clinical Problem —esophageal cancer

* The treatment modalities:
— Photodynamic therapy (PDT)
— Light-induced hyperthermia

* Modelling strategy:

— CT/MRI scan data > STL >Cleanup STL>Surface definition for BEM

— PDT modelled by solving radiative transfer equation plus chemistry
kinetics of PDT process to determine PDT damage dose.

— Hyperthermia modelled by two-step process:
* BEM used for both photon deposition in tissue and thermal damage.

* MPIlimplementation on HPC under Windows Cluster Server
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1.Description of PDT

— Step1: Inject patient with photosensitive chemical , which is
preferentially absorbed in tumour

—

LIGHT
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TUMOR

@ photosensitiser
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O

@

IRRADIATION

INJECTION

X

TRANSFER REACTIONS

O

CLEARANCE

— Step2: irradiate the tumour region with light to activate the

photosensitiser. This generates highly reactive singlet oxygen ('0O,) that
damages local cells.

NECROSIS




PDT treatment involves irradiating the interior wall using a
balloon catheter

The Photodynamic Damage Dose (PDD) at a
given point r in tissue

and specific irradiation wavelength A, is
defined by]:

PDD(t, A,r) = j¢mrp r)O(t, r)dt

where:
¢ (t,A,r) is the fluence rate,
P(t,r) is the photosensitiser concentration,
O(t,r) is the oxygen concentration.
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Hyperthermia

* |rradiate tissue with light source

* Light energy density is higher than in PDT, so
we get tissue heating - photothermal

process.

 Typically irradiate for 45 minutes to maintain
tissue temperature at ~47 Cto induce tissue

Nnecrosis.
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Example results for oesophagus

Obtain CT scan data (DICOM file format) from the Visible Human Project.”!

Convert DICOM files into 3D CAD file format i.e. STL tessellated file
STL file cleaned in FLUENT TGRID, ALIAS
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CT scan derived Esophagus with wall tumour (red).
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PDT damage after 500 seconds

Parameters: A =630nm, /s = 68mW.cm-2 (diode laser / Power = 1.853W)
Photosensitiser concentration 3x higher in tumour compared to normal tissue
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Temperature and thermal damage

Hyperthermia damage determined from well-known Arrhenius damage integral.

TemEeralime: - N Thermal damage - lime
Aurrieerii Clamage inlegre

INTERIOR ILLUMINATION WITH CATHETER AT 1060 nm No:YAG LasER
200= @ 15W ooy 45 waumes & AW To suNTAKR TEMPERATURE &7 47 AT W F A

Prifysgol Cymru —_ : — ; <
%voraﬁﬁoew?’sw [rawsnewid Addysg; Trawsnewid Bywydau
% ¥ University of Wales

e o [ransforming Education; Transforming Lives




3D Case Study: hair removal
3D MC + TTBEM (TB)

* Two homogenous regions: a hair follicle
contained in a block of tissue.
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Radiative results

e

%
e

T

DRBEM 3DMC
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Temperature predictions from TTBEM

N
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Temperature snapshots through central plane

0.015s:
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Case Study : Fluorescence detection

of skin cancers: Collaboration with ZBC
Multicare Ltd, Hilversum (NVdB)

» Keratinocyte skin cancers (KSC), also known
as non-melanoma skin cancers is a
malignancy arising from the keratinocytes of
the skin. KSCs are classified according to the
cells of which they are comprised, such as
basal cell carcinoma (BCC) and squamous
carcinoma.

N




Fluorescence detection of BCCs

PPIX absorbed preferentially
in target generate red
fluorescence

Naturally occurring
proteins generate

aunos )6
siuapidg

autofluorescence
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s:uuap\m uoibal Mo
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==
g»)
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>

Three passes of MC algorithm:
» Deposition of photons from incident 409nm photons
« Emission of fluorescence photons form absorbed PPIX photosensitiser

* Emission of autofluorescence photons from tissue proteins
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Fluorescence detection of BCCs
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Colour image of sBCC PpIX fluorescence

Auto fluorescence Combined fluorescence
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PplIX fluorescence of KSC Autofluorescence of KSC Combined measure

fluorescence of KSC

Combined measure = Autofluorescence

Autofluorescence- fluorescence
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Plots of resulting fluorescence at skin surface due to PPIX, autofluorescence and combined

Effect of target width on fluorescence from autofluorophores
Effect of target width on fluorescence from PpIX

Fluorescence over the skin (A.U.)
Fluorescenceover the skin (A.U.)

Location on the skin {micron)

Effect of target width on combined fluorescence measure values

Combined fluorescence measure over the skin
[AU.)

Location on the skin {micron)
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Future Plans

* Extension to time-dependent Monte Carlo to
model transient fluorescence

* Further hybrid parallelisation schemes
underway (DA)

* Investigation of operator interaction for
cluster interaction, with Qt-based thin client
uploading to Cluster scheduler/manager

* Collaboration with Cyden Ltd (Wales), ZBC
Multicare (Hilversum) on EU project
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