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What Is driving innovation in diagnostic ultrasound?
 Advances in array technology

 Dbirth of ultrasonic imaging brought about by discovery of piezoelectricity
« what about current advances in micromachining and circuit printing?
» Advances in high-speed electronics and computing
« what algorithms can we run on data in real time?
« can we also adaptively control the transmit sequence in red time
* Theoretical and computational models
 where do we get new ideas from?
 Emergence of new imaging modalities
« we fuse images of various modalities...can we fuse the modahgenselves?
e can we adapt to the needs of new therapies, e.g. HIFU?
* Practical, economic and social considerations
* Overall trends

. lnsting in your fiture S
2011.11.28.. TAMOP — 4.1.2-08/2/A/IKMR-2009-0006 & 5

_,-_:‘;—_é'h.
New Hun;a,y Developwient Plan



Medical diagnostic systems — Emerging ultrasound apigations

’7 o

378 www.itk.ppke.hu

Advances In array technology

* Invasive ultrasound devices (endoluminal US) such as catheter-basgdsntiar US
have been around for some time and are indicative of the minituamigassible with
ultrasound transducers

o 2-D arrays: finally we have the required quality and spatial ledglvantage over
scanned 1-D scanned array 3-D US: high frame rate, transvense ipfe@ging

* Micromachined ultrasound transducers (MU[I®)ou et al. 2010} including
capacitative (CMUT) transducdfsameset al. 2009} cheap, high-frequency
transducers. CMUTs have high sensitivity (though not necessarily highoutput

* Flexible transducerguljat et al. 2009]promise wearable sensors that surround the
body for ultrasound tomography

* High-frequency transducers (>10MHz) allow high-resolution images torerated

* Acoustic microscopy (>50 MHz) has shown tissue microstructure48® MHz, it can
even show celli_.emoret al. 2004; Weisst al. 2007] This informs scattering models
of tissue that are still being actively developedyle et al. 2009]
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Advances In high-speed electronics and computing

» Digitisers, digital signal processors (DSPs), memory are hagorheaper

 Receive beamforming can now be done in the digital domain and several terabe
formed from one transmissigohlo et al. 2008]

« Since the image algorithm is digitally implemented, the ultrasamading system
becomes a platform for testing new algoritHistoli et al. 2009]

Processors are not only becoming faster: new architecturesigeubed
« MIMO nature of image reconstruction makes parallel computing a haftran

» Graphical processing units (GPUSs) are becoming easier to prograaneaindeed used
in an ultrasound tomography deviéearlandet al. 2008]

* Other architectures, e.g. cell broadband engine are also viablers®intmedical
Imaging[Harris 2007]
» The transition from single-core to many-core computing means ikatat enough to

optimise algorithms around an architecture: ideally, novel algoridihmsid be
designed that exploit the inherent computing strudfoska](e.g. data flow graph)
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Theoretical and computational models

 For several decades, theoretical developments could not be quickigrdabily
implemented and remained firmly in the laboratory (e.g. diffoacibmography)

* Now, arguably, theory is lagging behind the available technology

 Many advanced imaging techniques (synthetic aperture, coded excitdaptiya
imaging), though available to the radar and sonar community for mars; geaustill
largely in the experimental stage for ultrasound

« With more data being collected on the viscoelastic and scatteringieEed tissue,
as well as the effect of disease properties on these pararfsete, e.dVlad et al.
2010), quantitative ultrasound (QUS) will hopefully be developed to the poanitit
can give high-resolution images directly comparable with known parameter
distributions for healthy/diseased tissue

« Fast and accurate simultaneous models such as DEIElet al. 2007]that
complement the widely-used Field Il help the development of bettaging
algorithms[Ellis et al. 2010] as do the availability of customizable imaging
platforms mentioned in the previous slide
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Emergence of new imaging modalities

» Different modalities vary in the physical propestitbey measure and their
technical (penetration depth, resolution) advargage

 Combining two modalities hopefully means “taking thest of both worlds”

What possible combinations are there with ultrasound?

» Acoustooptic§Bossyet al. 2005] Mean free path of tissue ~0.1 mm. Beyond
several millimetres, light is diffuse. However, igpt contrast is achieved at
higher depths by scanning the tissue with ultradamd observing changes in
the diffuse light using an optical interferometer.

o [Opto,photo,thermo]-acoustifisauferet al. 2010]An acoustic shock wave is
generated by thermal absorption of electromagmnati@ation, e.g. laser light.
The time of flight to the receivers gives spatrdbrmation. Again, optical
contrast is provided at depths not possible usimyentional optics.
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Emergence of new modalities

New modalities may involve only acoustics, howesen the physics
transcends classical linear scattering...

(Visco)elastography, e.g. vibroacoustograpkiizad et al. 2008]often involves
shear waves

Harmonic imaging is an established ultrasound mgdablolving the
harmonics of the transmitted ultrasound wave

However, imaging the subharmomiforsberget al. 2000]and broadband
Inertial [Gyongy and Coussios 201m@sponses of bubbles is relatively recent
(although latter method maps bubbles that are rftadavitate for therapeutic
purposes and is therefore not a diagnostic imagiadality)

Many of these modalities are being developed tp h®nitor therapies such
as high intensity focused ultrasond (HIFU) andasitund-induced drug
delivery
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Practical, economic and social considerations

 What turns a continually “emerging” solution intoeothat is actually adopted-

* Four ways a solution/invention will be adopted byoapany:

1. Make it freely available on academic journalgdfails are missing companies may be
reluctant to adopt it (lack know-how, paper mayhmessing over difficulties), or they need
a new twist to be able to patent it and acquirdusiee rights.

2. Patent, license to existing companies. Compareesd to be convinced by papers/demos.
3.  Start-up: will need extensive experience of wagkin a relevant company.
4. Develop it in-house as an employee of the company

* Seemingly attractive solution will fail if not maated well!
* Not only companies, but doctors and patients \slb meed to be convinced

* The solution should be cost-effective and easytegrate into existing
hardware ¢f. DRX technology for X-ray§Gémes 2010]
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Innovation vs inventi()lflarry Mo, personal communication]

* Apple did not invent MP3 player, but iPod outstargdinnovation

« Companies do not mind that they cannot invent dlary: they are happy to
creative an innovative product out of an inventdrose
» license they may need to pay
» to which they may not be able gain exclusive rights
« Companies are keen to form partnerships with acedem

e joint governmental grants
» research group receives modified, “research systamihich to develop invention

e company has early access to technology/discovery

e company is better able to assess system requirsjrardts and business impact: this helps
make an innovation out of an invention
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Overall trend$_arry Mo, personal communication]
e Image reconstruction becoming more software-based

e systems more compact and ubiquitous due to electronic
miniaturization

 rapid growth in “point-of-care applications”. scanner brough
to the patient rather than patient being transported to the
Imaging Department of the hospital
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Some notable diagnostic ultrasound research grour

Basic Radiol Sci Ultrasound Group, Univ Michigduttp://www.ultrasound.med.umich.edu/
Bioacoustics Research Lab, Univ lllinogtp://www.brl.uiuc.edu/

Center for Fast Ultrasound Imaging, Tech Univ Derknattp://www.dtu.dk/centre/cfu

Microelectron Syst Design Lab, Univ Firenptp://www.unifi.it/msdlab/

Photoacoustic Imaging Group, UChttp://www.medphys.ucl.ac.uk/research/mle/

Resource Center for Med Ultrason Transducer Teahy Bouthern Californigattp://bme.usc.edu/UTRC/
Ultrason and Elastographics Lab, Univ Texas)://www.elastography.com

Ultrasound and Elasticity Imaging Laboratory, CohianUniv, http://www.bme.columbia.edu/eekweb/

Ultrasound and Optical Imaging Team, Inst Canceseldech,
http://www.icr.ac.uk/research/research_sectionssyteams/ultrasound_and_optical _imaging_/

Ultrasound Laboratory, Univ Wisconsimitp://www.ultrasound.medphysics.wisc.edu/

NB: Thelist is not exhaustive! Groups investigating image for mation/reconstruction have been favoured over
those investigating image processing/analysis.
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Some notable diagnostic ultrasound companies

Aloka, http://www.aloka.corh

B-K Medical, http://www.bkmed.com/

GE Healthcarehttp://www.gehealthcare.com/euen/ultrasound/
Hitachi Medical Systemsttp://www.hitachi-medical-systems.co.uk/produatstservices/ultrasound.htmi
Medison,http://www.medison.com/
Philips,http://www.healthcare.philips.com/in/products/utband/
Siemenswww.siemensultrasound.com/
Sonomedhttp://www.sonomedinc.com/
Ultrasonix,http://www.ultrasonix.com
Visualsonicshttp://www.visualsonics.com/

Zonare Medical Systembttp://www.zonare.com/

NB: Thelist is not exhaustive!

2011.11.28.. TAMOP — 4.1.2-08/2/A/KMR-2009-0006 12




Medical diagnostic systems — Ultrasound tomography

#d S

378 www.itk.ppke.hu

References

[Alizad et al. 2008]Image features in medical vibro-acoustography: In vitrd ianvivo results

[Bossyet al. 2005] Fusion of conventional ultrasound imaging and acousto-optic sensing
by use of a standard pulsed-ultrasound scanner

[Culjat et al. 2009]Polyimide-based conformal ultrasound transducer array for needle
guidance

[Doyle et al. 2009] Simulation of elastic wave scattering in cells and tissudseat
microscopic level

[Eameset al. 2009]Selectable frequency CMUT with membrane stand-off structures
[Ellis et al. 2007]A spline-based approach for computing spatial impulse responses

[Ellis et al. 2010] Super-resolution image reconstruction using diffuse source models
[Garlandet al. 2008] Parallel computing experiences with CUDA

[Gémes 2010CARESTREAM cookbook: something nice, quickly (in Hungarian).
Presented at the 24th Ultrasound Days in Sopron conference.

[Gydngy and Coussios 201Passive spatial mapping of inertial cavitation during HIFU
exposure

2011.11.28.. TAMOP — 4.1.2-08/2/A/KMR-2009-0006 13




ﬁﬁ Medical diagnostic systems — Ultrasound tomography

#d S

378 www.itk.ppke.hu

References

[Harris 2007]Architecting new dimensions of medical imaging.
http://download.intel.com/design/embedded/medical-solutions/medical_imaging.pd!

[Lauferet al. 2010]Photoacoustic imaging of vascular networks in transgenic mice.
http://www.medphys.ucl.ac.uk/research/mle/pdf files/BIOS2010 JL_ maptkspdf

[Lemoret al. 2004]Mechanical properties of single cells: Measurement possibiliseg
time-resolved scanning acoustic microscopy

[Mo et al. 2008]Compact ultrasound scanner with simultaneous parallel channel data
acquisition capabilities

[Roska]Personal communication

[Tortoli et al. 2009]ULA-OP: an advanced open platform for ultrasound research

[Vlad et al. 2010]An increase in cellular size variance contributes to the ineneas
ultrasound backscatter during cell death

[Weisset al. 2007]Mechanical properties of single cells by high-frequency time-regdolve
acoustic microscopy

[Zhou et al. 2010]Micro-machined high-frequency (80 MHz) PZT thick film linear agray

2011.11.28.. TAMOP — 4.1.2-08/2/A/KMR-2009-0006 14




