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•• CollectingCollecting ultrasound dataultrasound data
–– Motor Motor devicesdevices ((paperpaper B, C, E)B, C, E)
–– PostitionPostition locatorlocator systems (systems (paperpaper F)F)
–– 2D2D--arraysarrays

•• Important Important factorsfactors
–– AccuracyAccuracy
–– CallibrationCallibration
–– Temporal and spatial Temporal and spatial resolutionresolution
–– CardiacCardiac gatinggating
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•• BuildBuild 3D data volumes:3D data volumes:
•• CardiacCardiac gatinggating
•• ReorganizingReorganizing datadata
•• Temporal and spatial Temporal and spatial resolutionresolution
•• ScanScan conversionconversion
•• InterpolationInterpolation

Reconstruction

Acquisition

Filtering

Visualization

Analysis

•• ReduceReduce image image noisenoise
•• Spatial and temporal Spatial and temporal filteringfiltering
•• StrongStrong filteringfiltering commoncommon for 3D for 3D 

ultrasound ultrasound visualizationvisualization

Reconstruction

Acquisition

Filtering

Visualization

Analysis



Page 3

Reconstruction

Acquisition

Filtering

Visualization

Analysis

Slicing Surface rendering

Volume rendering

3D object model

•• QuantificationQuantification of of physiologicalphysiological parametersparameters
•• VolumeVolume estimation estimation 
•• Estimation of Estimation of regurgitationregurgitation jet jet volumevolume
•• BloodBlood volumevolume flowflow estimation estimation 
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TransvaginalTransvaginal 3D 3D probeprobe

• Specially designed 3D probe
• 7.5 MHz annular array transducer
• Raw digital ultrasound data
• No externally moving parts
• Tilted scanning angle

TiltedTilted scanningscanning angleangle
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3D 3D TransvaginalTransvaginal ultralydultralyd
-- Nasjonalt senter for FostermedisinNasjonalt senter for Fostermedisin
-- IFBT, IDI, NTNUIFBT, IDI, NTNU
-- GE GE VingmedVingmed UltrasoundUltrasound

Rotating
Probe

EagleEyeEagleEyeTMTM

Symmetrically Focusing ArraySymmetrically Focusing Array

• High density of central elements 
for high resolution near imaging

• Larger outer elements for 
high resolution far imaging

• The eagle has similar high density
of retina neurons for sharp focusing
on central objects simultaneous 
with large field of view  
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OwlVisionOwlVisionTMTM

3D 3D visualization visualization softwaresoftware

Crown-rump length 7.5 mm
6 weeks 6 days
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OwlVisionOwlVisionTMTM

3D visualization software3D visualization software

CRL 14.5 mm
80 weeks
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KretzKretz UltrasoundUltrasound
CurvedCurved arrayarray tiltedtilted by stepper motor by stepper motor 

FreeFree--hand probe for 3Dhand probe for 3D
•• Magnetic position sensor Magnetic position sensor 

mounted on probemounted on probe

•• Position data loaded Position data loaded 
directly into scannerdirectly into scanner

•• Digital ultrasound and Digital ultrasound and 
position data transferred position data transferred 
to external PC for post to external PC for post 
processingprocessing
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DynamicDynamic 3D data 3D data acquisitionacquisition
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Freehand tiltingFreehand tilting
• Probe slowly tilted during 10-20 cardiac cycles

• Held end-expiration

• Choosing best acoustic window possible

Sevald Berg
NTNU, Norway

MitralMitral valve valve surfacesurface
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2D matrix array 2D matrix array 
–– electronic steering of beamelectronic steering of beam

•• 3232--192 elements in a 1D 192 elements in a 1D 
arrayarray

•• 32*32 ... 96*96 elements 32*32 ... 96*96 elements 
in a 2D arrayin a 2D array

•• 1000 1000 -- 10000 elements10000 elements
•• CableCable
•• ElectronicsElectronics
•• BeamformerBeamformer

Azimuth

Elevation

64 – 128 array elements

From 1D Array… to 2D Array…

2000 – 3000 array elements

The Cardiac 3D Challenge…

Main Challenges
• Large element count

• Tiny element size…
high electrical impedance
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Transducer ThinningTransducer Thinning
•• Sparse 50 x 50 element Sparse 50 x 50 element 

transducertransducer
•• Every second element used Every second element used 

for transmitter, totally 253: for transmitter, totally 253: 

•• 256 elements for receiver, x,  256 elements for receiver, x,  
found by genetic found by genetic 
optimization:optimization:

–– no overlap with transmitter no overlap with transmitter 
elements to simplify system elements to simplify system 
electronicselectronics

–– optimizes optimizes beamwidthbeamwidth and and 
sidelobessidelobes of ultrasound beamof ultrasound beam

–– 1010358358 different layouts to different layouts to 
search, search, 
(only 10(only 108080 electrons in the electrons in the 
universe!)universe!)

•• Joint work with Joint work with 
IBMT/IBMT/FraunhoferFraunhofer InstitutInstitut

Periodic array (Lockwood et al)

221 Tx, 489 Rx, 57 overlap

Simulations: A. Austeng
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~ 2000
elements

Probe Technology Challenges
• Matrix Transducer
• Advanced Interconnect
• Low-power Micro Electronics
• Thermal Management
• Probe Assembly Architecture

256 System
Channels

Beamformer
Electronics

System Technology Challenges
• 2x Data Acquisition
• 10x Data Processing in Display
• ECG Stitching of Sub-Volumes... 

for Large-Volume Acquisition
• Application Software

2D Matrix
Array

The cardiac 3D challengeThe cardiac 3D challenge

Solved Using Data-reducing Electronics in the Probe Handle 

~ 15 cm

256 System Channels7 Boards, 35 ASICs2000 Transducer Elements

3D 3D UltralydprobeUltralydprobe –– high high techtech
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2D display3D
Rendering

••4D Scanning and Processing4D Scanning and Processing

3D scan
conversion

3D vector
processing

3D Beam-
forming

All steps in Real Time

Slicing Volume 
rendering Navigator

Real time 3D Volume ImagingReal time 3D Volume Imaging

•• No ECG gatingNo ECG gating
•• Volume rendering / orthogonal slicingVolume rendering / orthogonal slicing
•• Volume size: Volume size: ~20 x 80~20 x 80ºº / ~35 x 45/ ~35 x 45ºº

•• Volume rate: 17Volume rate: 17--2525

Standard setup Increased elevation width
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ECG-gated  Data Acquisition 

Full Volume (ECG gated acquisition)Full Volume (ECG gated acquisition)

•• TypicallyTypically acquiredacquired in 4 beatsin 4 beats
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4D LV Volumes4D LV Volumes

•• Chamber quantification basedChamber quantification based
•• on deformable model (on deformable model (TomTecTomTec))

•• Ejection Fraction Ejection Fraction 
•• Regional Wall MotionRegional Wall Motion

Nine equidistant slices
Wall motion assessment

Navigation & Viewing Navigation & Viewing –– 9 Slice9 Slice
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4D Color Imaging (ECG Gated)4D Color Imaging (ECG Gated)

•• Gated from 7 heart beatsGated from 7 heart beats

•• High frame rates High frame rates 
(17(17--35 frames / second)35 frames / second)

•• High Color sensitivityHigh Color sensitivity

•• High Color resolutionHigh Color resolution

•• Parallel slicesParallel slices……
easily identify vena easily identify vena contractacontracta
•• PlanimetryPlanimetry providedprovided

Color 6 Slice ViewColor 6 Slice View
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BiBi--plane Imagingplane Imaging

Parasternal imaging
Tilt of elevation plane

TriTri--plane Imagingplane Imaging

Apical Imaging: 
Three 
simultaneously 
recorded images

All color modes 
supported
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Sanntid 3D ultralyd Sanntid 3D ultralyd -- fosterfoster


