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STANDARD FOCUSED ULTRASOUND IMAGING USES A LINE-
BY-LINE IMAGE FORMATION APPROACH



Un réseau de transducteur permet de focaliser 
un faisceau ultrasonore
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FOCUSED WAVES ARE USED IN TRANSMIT
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ΣBEAMFORMING

ELECTRONIC FOCUSING IS USED IN RECEIVE
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IMAGES ARE ACQUIRED LINE BY LINE

FRAME RATE IS 
EQUAL TO 

APPROXIMATELY 
50 FPS



MEMORY

SOFTWARE BEAMFORMER

ULTRAFAST ULTRASOUND IMAGING INSONIFIES THE ENTIRE FIELD OF 
VIEW IN TRANSMIT AND USES SOFTWARE-BASED FOCUSING IN RECEIVE

FRAME RATE IS 
EQUAL TO 

APPROXIMATELY 
5000 FPS
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REMOTE, QUANTITATIVE PALPATION USING SHEAR-WAVE 
IMAGING

M. Fink, M. Tanter, Physics Today, 2010
J. Bercoff, M. Tanter, M. Fink. IEEE TUFFC., 2004
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A 30-ms experiment !!

Ultrafast US



THE MECHANICAL PROPERTIES MEASURED BY SHEAR-WAVE IMAGING CAN BE 
USED IN CANCER DIAGNOSIS

ÅFreehand

ÅQuantitative

ÅOperator independent

c (ms-1)

Tanter M, Bercoff J, Athanasiou A, et al. UMB, 2008
Fernandez-Sanchez M.E. et al, Nature, 2015.



ULTRAFAST ULTRASOUND IMAGING REACHED THE CLINIC IN LARGE PART DUE 
TO THE EXPONENTIAL GROWTH OF COMPUTATIONAL POWER

1996 2003 
2007

2009

20 minutes60 minutes

6 seconds
0,2 second

160 employees
>1000 systems sold in 50 countries

Current clinical applications: 
Breast cancer
Liver cancer & fibrosis staging
Arterial rigidity
Thyroid Nodules
Transplanted kidney
Tendon elasticity
Musculoskeletal
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ULTRAFAST DOPPLER IMAGING: ULTRAFAST IMAGING CAN BE USED TO 
INCREASE THE AMOUNT OF DATA ACQUIRED TO IMPROVE SENSITIVITY
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E. Macé, et al., Nature Methods, July 2011



Demené et al., NeuroImage, 2015



VERY HIGH SENSITIVITY ALLOWS FOR FUNCTION IMAGING:
BLOOD VOLUME RESPONSE DURING SEIZURES

E. Macé et al., Nature Methods, 2011



ULTRASOUND SUPERLOCALIZATION MICROSCOPY: 
BREAKING THE DIFFRACTION LIMIT TO ENHANCE RESOLUTION

Object 1

Object 2

Resulting image



ULTRASOUND SUPERLOCALIZATION MICROSCOPY: 
BREAKING THE DIFFRACTION LIMIT TO ENHANCE RESOLUTION



Errico et al., Nature, 2015



Errico et al., Nature, 2015



Errico et al., Nature, 2015

Ultrasound Superlocalization
Microscopy

- Resolution < 10 microns
- Access to deep structures
- Large-dynamic-range 

quantification of blood
velocities



3D Ultrafast ultrasound prototype with a 2-D array probe
1024 fully programmable channels in emission
512 simultaneous channels in receive (1024 muliplexed channels)

Vermon

Provost et al., PMB, 2014.

3D ULTRAFAST ULTRASOUND IMAGING: 
DEVELOPMENT OF NOVEL ELECTRONICS

32 elements

32 elements
3 MHz
1024 elements
0.3-mm pitch

Vermon



Provost, et al., PMB, 2014.
Provost et al., IEEE TUFFC, 2015
Gennisson et al., IEEE TUFFC, 2015

2D MODES CAN BE GENERALIZED TO 3D DIRECTLY

3D ULTRAFAST DOPPLER IMAGING 3D ULTRASENSITIVE DOPPLER IMAGING 3D SHEAR-WAVE IMAGING



A large number of interactions with human tissues

Ultrasound is able to :

image small structures 

see blood flow motion, temperature and elasticity changes, é

shear, palpate, stress tissues (acoustic radiation force)

heat tissues mildy or up to necrosis

break mechanically tissues (lithotripsy and histotripsy)

sonoporate drugs into tissues

accelerate healing (bone healing)

release drugs locally with a mm spatial control

permeabilize barriers reversibly (opening of blood brain barrier)

inhibit/stimulate neurons (acoustic neuromodulation)

activate genetically labelled neurons (Sonogenetics)

THE ONLY WAVE IN NATURE WITH A SUBMILLIMETRIC WAVELENGTH PROPAGATING DEEP INTO 
ORGANS WITHOUT LOSING COHERENCE
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