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Outline W

= Medical context
= 2D US probe for 3D imaging
= Needle detection and tracking

= Future work




Contexte médical &W

= Suivi de micro-outils \_ Biopsy

\\ needle ;_f "

e Prélevement ciblé (tumeur) ou non (maladie diffuse)
O aiguille de biopsie
o foie/prostate/sein/thyroide

* Thérapie, aiguille (RF ou micro-ondes) , foie
= Enjeux
e Biopsie du foie:
O prélever au bon endroit, éviter les mauvais diagnostics
O éviter les structures vasculaires, risque d’hémorragie et/ou
dissémination
O limiter les trajets dans le parenchyme hépatiques, risque
de Iésions

“ultrasound
pmb&

* Traitement par aiguille RF

O positionner au bon endroit : traitement complet de la
tumeur plus marge saine

~_ areaof
concern

z
NIVERSIT= D= LYol
= . = 2 0 o ——————————————— |



Biopsie: where is the needle? Y Lt

The radiologist guides (moves) the probe to align the ultrasound plane
with the axis of the needle

2D probe .

Needle

200
250
200

Tissue

350

Real data from 2D ultrasonic image of breast
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Robot and MRI &W

e
The Image-Guided Autonomous Robot (IGAR), which works in
combination with a magnetic resonance imaging (MRI), aims to make
breast biopsies more precise and automated. It has a precision to
insert the needle within about 8 mm.
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Robot Tracking

Frame

Passive
Articulated Arm

Trajectory Guide

A steerable needle robot setup attached to a phantom skull. This robot is
designed for treating brain clots. An ultrasound imaging combined with

a computer model of deformation of brain tissue could be implemented
in future work [J. Burgner, 2013].
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An Ultrasound needle guided devices with a robotic arm attach to
the ultrasound probe (left) and its diagrammatic sketch (right) [L.
Brattain, 2011]
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Different kinds of guide attached to the ultrasound probe
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Contexte médical: biopsie Y Lt

= Sous controle ultrasonore

e non invasif,

* peu couteux

* imagerie temps réel
= Limites actuelles

* Imagerie 2D alors que l'orientation est 3D : nécessite une grande
expertise

e simple visualisation, pas d’aide au geste
= QObjectifs
e imagerie ultrasonore 3D

e aide au geste (segmentation tumeur, détection et suivi aiguille,
indication de trajectoire)

* modification minimale du systeme: pas de systeme de navigation
ou autre dispositif
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Axes de recherche W

2 axes de recherche

= Echographie 3D a partir de sonde matricielle

= Détection et suivi d’aiguille a partir de données
ultrasonores 3D




Ultrasound imaging &W

* Frequency (f) range between 2 and 20 MHz
" |Image is formed by echoes from the scatterers

1D probe Z1, G
—
Transmission (
_
Transducer Reception Scatterers

(piezoelectric elements)

A =c/f Wavelength
C Speed of sound (=1540 m/s in soft tissues)
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= Barrette linéaire 1D

P E LR AR AR

= Matrice 2D
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3D ultrasound imaging

Yl

2D mechanical probe

2D electronic probe
<
SN
=
%
Lateral direction e, .
*% Elevation
2D image 3D image 3D 1mage
: : = 20 to 50 volumes/s
= 20 to 50 images/s = 3D representation .
= Beam steering in space
= Information only = About 1 volumes /s
on slices

* Too many elements
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Principe de I’échographie 3D &W

Un faisceau US balaye un volume 3D

= Balayage manuel

= Balayage mécanique (moteur pas a pas)
e disponible sur les échographes commerciaux
e lent ( de l'ordre de 1 volume / seconde)

= Balayage électronique: sonde matricielle, grand nombre
d’éléments (64x64 = 4096)

e connectique
e pilotage

e matériel a développer




2D array parameters W

2D array of MxN elements Z A /,P

', T P I‘i‘"" f'( l"’ f" 2y

& Jl.vl.y, , ke cov 3
/Ll L L L L L T &, i JJMI

»\) i o o P ,‘Iff"“'l'-"’ - .’" & l‘wl

Zoom on the array ’

o X/ Elevatlon < P

Pitch = w + kerf

Elements aligned
on a regular grid

z
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2D array beam W

= Beam visualization

Unwanted lobes Grating lobes

A

Elevation direction

2D arrays Sidelobes

5

5]

2 Beam at depth D

.e | |

g % Beam profile

® ) O

- Main lobe 'é /\iymme try
=

Useful lobe S
e\ 1 >
0 90

<€
Axial direction or depth|[ cm]

Lateral angle [deg]
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2D array beam &W

Regular positioning

Pitch = w + kerf

‘ Pitch <A/2 to avoid grating lobes

4

Unwanted lobes Grating lobes Small elements
:A / \
3 Huge element Poor
2 number sensitivity
° v v
] . . .
3 Connection Poor imaging
3 challenge properties

v

Useful lobe lobe  Suppressed by apodization in dense array

> Reduced by optimization otherwise

2
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Objectives of the study W

Three main barriers to break down

Reduction of active 3 Reduction of ¢ Suppression of

element: 1024 a 4096 the energy loss grating lobes
256 at most for Energy loss as 40 dB fewer than
easy connection low as possible the main lobe

To suit to current scanners Usual dynamic for echography
To have high volume rate

about 10 volumes/s




lllustration 2D array W

= Dense array

16x64=1024 elements

E R e e 0.8
s
g O A OeOERaBRBER, T O0 0.4 d
S O e e P P 0.2

:::- - ,l :.'-'-.=:-...-:::-'-.'-:-'-"-:-.- -'.:: .--:-;.-;- : -. THUTT R RN | 7

Lateral direction ker W
Hanning apodization £
X X
Carimj fers 3 Simulations with
enfral frequency > FIELD II software

Element number 64x16=1024

- - Jensen et al, 1992
Element dimensions (W) A2 =0.22 mm
Pitch (d) 33/5 = 0.264 mm Jensen, 1996

z
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Edge deactivation W

Edge elements contribute less to the beam ‘ Apodization

Dense array Ellipsoidal array
20% to 30% E:
AAAAAAAA -
02 | :
64x16 array of 1024 elements . 8218 el_emeﬂnts _____
Lateral direction Grating lobes — Dense array
-+ Sparse array
40 mm | o Simulations 8 6 dB -
45 mm g i_ E
50 mm | = : g ol
55 mm |- Field 11 .
60 mm v s
Z Phantom with one Energy loss~0dB =2 ™
scatterer at 50 mm )
-90
-100

0 20 40 60 80
Lateral angle [deg]

T\
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Edge deactivation W

Edge elements contribute less to the beam ‘ Apodization

Dense array
20%1030% %
0.2
64x16 array of 1024 elements 828
. D"’ —Dense array
Lateral direction Gratlng lobes - _10}
40 mm. T Simulations g
45mm T g ST ® 30|
50 mm | = p % o
ol Field 11 g -s0
v £ -60
“ Phantom with one Energy loss~0dB 2
scatterer at 50 mm Not enough 80
Maintained in the rest of the study Other methods ™% _20 40 60 a0

Elevation angle [deg]
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Sparse array &W

Sparse array means an array containing more zeros than any
other value

There are two types of sparse array

* The periodic sparse array

* The random sparse array
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Periodic sparse array

Yl

1 element active out of 2

2 elements active out of 3
TR b oS o s / 232 elements oo oa off B8 68 B8 B 68 B8 oo oo o
I I ESEE EEEEEE S EE R EEEEEEOEEOEBE BEHI'.-'.....'.‘“B&
sssesssssssssssssnssssssssecsens 400 clements SEEEEENEEEEENEENNOEESEE.
E SIS IS F S S EEEEESSES S NS EDEOEEDEE a%g!"’..’.’.".'“uﬁﬁ
e Antanssanusehunnnnnniny — Dense array RN EEEEEE™
E SN EEEEED Emmmn!!m!!mmmmm
= Sparse array .
-23dB  Lateral -234p _ Elevation 13qg ., FAeral 348 Elevation
Grating \ -10dB NF17dB
% -30 ) %Lso\ %‘ g %-30
2 40 2 2 -40 2
5 £ = g
E -60 g-ﬂ E -0 %_50
E 70 E‘Bo E 70l E"m
= -80 T = 80" 5L
80 -80 -0 -80
0% 20 40 e0 80 % 20 40 60 30. 100,540 &0 80 % 20 40 60 8o
Lateral angle [deg] Elevation angle [deg] Lateral angle [deg] Elevation angle [deg]
Element number 232 Grating lobes Grating lobes
e dn =36 dB/-17 dB Element number 20956 4p/ .17 dB
ner OSS
&y - 24 dB/-10 dB Energy loss 13 dB -27dB/-17 dB

=z
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Random sparse array W

256 elements 192 elements
mamulu i o @8 8 sgu Randomly & 3% lanl?n F F.‘.

M .l.l =3 -I ] i E ] . . "
aﬂ N I_ Ir ’ h'i.,| %;E selected 'p r‘l'l " -.-". e .:.': .l'E!:Bn
; : B J"llb . 'I:'.i ‘ — Dense array 5 e . _'._ "‘::';I:: L e T HEN.'"" “nBu
CALE Eﬂ:l'% == Sparse array il T
-20dB  Lateral -20dB  Elevation -26 d]03 Lateral -26 dB0 Elevation
0 , : . : . | | ' | —
sidelobes | 3 | = H&
7 g g D
: s -17 I I
e g 40 g g4 -
- % 5 E 0 B
T = g T
£ : E s E ol
g - 5 g4 ¥
W w0 s W w2 o @ o N m w @ s
’ ? Lateriloangle [c?gg] » 0 2UEIevatigr? angle [?1?99] 8 Lateral angle [deg] v 205|evat.§r? angle [%%g] t
Element number 256 Grating lobes Element number 192 G§2tgl]§/l ;b7 '
Energy loss 20 dB -36dB/-17dB Energy loss 26 dB
= 34 dB/-17 dB & -32.dB/-17 dB

%
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Optimization W

= Active number elements
= Main lobe width
= Level of sidelobes

= Energy loss

Random sparse array

2D array
sparsely filled . . .
Main lobe width at — 6 dB Sidelobes level
Yes
Expected Simulated Stop » Optimized
beam features annealing W conditions sparse array
Ontimizat
! Cost function P 1m1z1a on
Maximum of results

iterations

Algorithm Outputs
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Optimization WM

Optimization =—>» Element number minimization

Trucco’s method Diarra’s method

'] [T ...:l::..-::-.. :::;. ..l. " ] ::. " aee '] 1 W: 0’5}\’ :l.B LI EE s e . :l e eaa '- 1
R AR ] Tow 130 om0 B
e @oes o oeso  geo LT] 1] 0 o"os & RS : . i

235 elements — Trucco method 177 elements

* Diarra method

5 350 = 0
£ Less active elements o
; 300 1 =1 20
2 _\\_\ Reduction of 25% 4
% 250 | =
2 L X -40
LRl - The same beam feature £
=
0 100 200 300 400 500 _600 20 40 60 80
Number of sweeps Steering angle [deg]

= The new version gives at least
the same properties as the reference

= Used in the rest of the study

T\
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New stategies: non-regular arrays &W

Motivation and objectives
* Remove the regular grid in element positioning
— Reduce the grating lobes

— Favor the use wide elements to
» Maximize the array sensitivity (energy)

» Reduce the element number for a given footprint

Two strategies are proposed
= Constant element size and random pitch Non-grid array
* Random element size and pitch
Variable-size array

z
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Non-grid array &W

Constant element size - random pitch

Diarra, IEEE 1US, 2012

Dense array Zoomed picture
= o , ,
é ; pite| , Jker! .
c h f X
ke - | S
9 pitc d &
© \ ! S
[T _2 i CraTs L - - oo Ll n e @ OO
4 6 4 2 0 2 4 6 8 q 3y
o .Lateral direction [mm] Apo dization . W /
Remove perlodlclty. Hanning Pitch=d (d,, d)
Non-grid 2D arra Zoomed picture o
'E' 2 SHERG ZZI:;iffIZIZ"ZZZIZZZZ.ZIZI'":j.II . ...l....um %
.E. ] Iii:’I .-..'.. .=.l.:. . mge -8 -.l-l l.l a 2 1 f)
- WEE;;B:.. . i ] .l‘l...l : .l... '.l u..'. 2 ® a ] d 6’6/
20 Ea.,.;-”';1-':--_-1- _."-_ .-;'i-"'q’i'_ Gl ."_.:- E'F ‘ * dy e
ag; " sns g1 " -'.13-'1 = 4 ] L P : 2
T O . Sy . 088 50 agute faf. a® venmeiioe ([ dy 1 I W
8 6 4 2 0 2 4 6 8 11 dx
Lateral direction [mm] d, )
1
No periodicity mm) no grating lobes No constraints én the pitch Pitch<72_
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Variable-size array WM

Random element size - random pitch

" Increase the randomness in element positioning
. . Diarra, IEEE 1US, 2013
= Considerable reduction of the grating lobes

Non-grid sparse array - Variable-size array

—_— — g I 1
L L e i
c Eﬁmﬂﬁmm”m l.':-.= 1 '.‘. s g hu lll'. e %% 0.6
Q 0r: g g 8 ey a e ay S eay ot B 05
T | agaey gba 0 mUL,EE %l o oG g 0.4
> : ngs gk W 8 gng m 'lmlg
o " gy  afn 5 e Lo . 0.2
W -2t o0 By MENG M. ngatn SAR. B b 0
8 6 4 2 0 2 4 6 8 ¥
Lateral direction [mm]
d, d -« W,
Y w=constant _ : .

L, v woving o plighe
gt d d =varying d =varying I wv
X 2 — Y 3
5 1 W, £ZW, % ... #W, d Wy

2
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Optimized non-grid array W

Optimization =—>» Element number = 256

w=0.5%  Dense array ‘

w=0.7L Optimized non-grid array

[m]
afm 4 0o
"t all fafrw an = 3T oy
P e PP oA I T ...l=...::...l..r:=ﬁ.-l rﬂ?:. =.‘J..,.l.l.=.l )
® n Sn R e e 0
0 dB 828 elements — Dense arra
iray 256 elements
| | " Non-grid array
Lateral Elevation
s, ’ 0dB g 20/ 48 dB
;v: -40} % e
E 28 :53 -60" T
= -89y 2 _gol
100, o . - 5 Qrating lobes

Lateral angle [deg]

-36 dB/-17 dB 0 20 Elevati‘ct% angle [dgg] 80

Energy loss =0 dB - 48 dB/-48 dB  Element number reduction of 69%
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Optimized variable-size array &W

Optimization =—> Element number =256
w= 0.5  Dense array . W=0.6-0.80 Optimized non-grid array

:.?":l.-'i:. .::.'.f. & e g
05 I:"}.- .:.E:: '-'“ .':"':'": ., "'- l:‘l!' 0.5
Rl ...I-'Ir et A

Lt :'.l.-'f.-?d' el

0dB

0

828 elements

— Dense array 0dB 2|56 elemen:s
oy "* Variable-size
% 52 dB array - 51dB :
E 60" %L -~
Z 80 3
= -80r
100 ‘ : : ‘ )
0 = Laterg?angle [deBQCi = Gratlng lobes -1 005 20 _4‘0 60 80
Elevation angle [deg]
-36/-17 dB .
Energy loss = 0 dB _52/-51 dB Element number reduction of 69%
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Comparison of arrays W

Summary of the results

_- s o S
Dense array
sparse array array array

N umber of elements

@D @ wmen

Lateral / Elevation main
lobe width at —6 dB (degree)

Lateral/ Elevation grating- @
—35.6/-17.3 —48/ —48
lobe level (dB)

Energy (dB) 0 Q
Active surface (mm?) 49.5 @

Legend Bestarray
Worst array

0.7/6 0.6/4.6 0.6/ 3.7 0.6/ 3.8

z
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Conclusion/discussion &W

\/

*¢ For fixed beam properties

* The non-grid array provides a reduction of about 20%
(177— 142) compared to the sparse array

» Grating lobes are reduced of 6 dB (39 dB—45 dB) and 21
dB (19 dB—40 dB) 1n lateral and elevation directions

* The energy loss 1s only 8 dB against 15 dB 1n sparse array
¢ For the element number fixed to 256

* The grating lobes reduction i1s 9 dB and 31 dB in lateral
and elevation directions

* The energy loss 1s negligible against 13 dB in sparse array




Outline W

= Medical context
= 2D US probe for 3D imaging
= Needle detection and tracking

= Future work




Suivi d’objet de géométrie linéaire en imagerie ultrasonore 3D &W

= Meéthodes existantes
* Analyse en composantes principales
* Projections

= Nos travaux: ROI-RK method
e RANSAC
e Line filtering
e Region of interest (ROI)
e Kalman filter
e Logiciels développés

= Conclusions perspectives




Hypothéses i

" Objet de géométrie linéaire
e Aiguille de biopsie (1-3 mm) OK

e Electrode + fine (200 um) =>» faible courbure
acceptée

= Objet + échogene que tissu environnant

e Autres structures fortement echogénes

e Aiguille non visible suivant I'angle
d’insonnification




Introduction &W

a. 3D probe, tissue b. 3D volume c. The plane containing
and needle the needle

3D volume from simulated data

z
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ROI-RK method W

= RANSAC algorithm
e Step 1: Thresholding — Reducing the number of voxels

e Step 2: Axis localization — Using RANSAC algorithm to
estimate an approximate position of the needle

e Step 3: Local optimization — Finding a more accurate
solution

e Step 4: Tip localization — Indentifying the tip position of
the tool along the tool axis




RANSAC : seuillage W

= Hypothese : voxels aiguille de grande intensité

" Onlessépare endeuxclasses & ={xecX:I(x)=T}
. Tl Xy = X\ A,

* un apprentissage
e sinon 5% des pixels de + haute intensité

Données
initiales

-

Données
seuillées

-20 20
X [mm]

® Présence de faux positifs dans le tissu environnant.

embre 20 NIVERSITE D= Lol



RANSAC - RANdom SAmple Consensus




RANSAC - RANdom SAmple Consensus




Ransac




ROI-RK method Yl

= ROI definition

e The ROl is a cylinder liked region chosen around the needle position
Xroi =X € 2, [d(X,1(t; A)) < Rgoy §

-- Radius of ROI, d(x,l(t;A)) --Distance from voxel to the estimate axis

R

ROI

= Automatically initialize ROI

A 3D line filter [Frangi et al] is used to enhance the contrast in the 3D
US volume




ROI-RK method &W

= Motion estimation
e Speckle tracking (3D)

e Normalized cross correlation

53 3 X, 1K)~ XX, (4 U, | +Vv,k+w)— X, ]

pUY,W) =
m n p PILLL p
\/ZZZ[XO(I LO-XPY Y XX +u, j+vk+w) - X,
i=1 j=1k=1 i=1 j=1k=1
N dl t - ng;::___l_//‘i__ ______________
eedle tip «——, > ‘;/:
Kernel Region l \ > max(p(u,v, W))

Best fitting region

________________________

Searching Region

2
NIVERSITE D= Lvom



Détection de la pointe &W

e Parcours des donn¢es le long de ’axe
e Recherche d’'un gap important

Intensités le 3 : :
|Ong de |'axe | B ............. *’nr ______________ __________________

s i s
me\/\j/v'gﬂ“\j'”“'““ __________________
___________________________________ ... Gapindiquantla

homrenieemoio o] POSItiON de 2

Intensity along axis Bit)
(53]

-
?electrﬂde =L Em p0|nte

i
0 200 400 © 600 200




Results &W

* Inhomogeneous background

e simulated from real tissue

= simulated needle
e Position of needle
a =0°,30°,60°,90°
B=107°

e Velocity of insertion
Viip =1mm/s

e Intensity from real distribution




Results O’W

= Useful parameters in one volume

Name of parameter

Size of the phantom [mm?3] 50*50*50
Length of needle [mm)] 6~ 25
Radius of needle [mm)] 0.5
Number of planes / volume 55
Number of beams / plane 64
Number of samples / beam 160
Number of trials 20

Table | Simulation parameters of one volume




Results Y

Ground Truth RANSAC ROI-RK

The tool planes found by the two method compared
with ground truth (o0 = 90°, the needle is
perpendicular with the scan plane).

=z
NIVERSITZ D= LYol 48
S e



Future work Ot

X Visible diameter is far bigger than real diameter
in real US image

Pre-processing: deconvolution

X Accurate motion estimation method
Mean shift algorithm

X Clinical software

Manual interaction




Logiciels associés: embarqué sur échographe

= Echographe Ultrasonix

e SDK Porta et Propello

e sonde a balayage mécanique
= |Interface temps réel en ligne

e =1 volume:s . = e
* acquisition !

* traitement
= Affichage
* image courante acquise

e planincident de l'aiguille
e plan perpendiculaire

= Possibilité de fonctionner sans échographe
 données préalablement acquises

z
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Logiciels associés: embarqué sur échographe

[P Propello with RANSAC

Program
Probe
4DC7-3/40

Detect

(" BfRF { €DI

Image courante

Plan interpolé
contenant I’aiguille

Data Selection

B [ RF

Capture Method

* Auto " Manual
Auto Sweep 1
Deg/frm | 0.732° 4| »|
Frm/Vol 67 ﬂLJ
FOV 49.0°

Store Volumes... ‘

Manual Control

Set Motor Start

—
EEEA

Use Auto Sweep pgaameters for
Deg/Frm and Vol

Move Motor

Motor Location

[ Status
Imaging: Stopped FPS 130 VPS 1.9
Volumes: |2 Frames Acquired: B 184 RF

Run | |

Replay Options
Replay sequence

Last volume

Result of localization:

* From Memory " From File

Load sequence

Pos.(en mm): ptl = [0.80,9.41;55.29] pt2 = [16.10,9.68,54.77]

Found: 1 Time= 564ms; Len=13.2; Thresh=191; Pnts=989; Iters=26; Best=-434.0;

Parametres

d’imagerie

InlFrac=43.9 perc.

Echange avec 1’utilisateur
013 s

Parametres RA

B Image
Gain | 42% 4| » |
Depth @ 1S.0cm Llﬁ
Sector | 100% L;{
B-Opt Gen ;JL[
Tx Freq @ S.0MHz ;JL[
Focus Depth | 7.6cm ¢ | » |
Zoom 85% 4|
Map | 4 £ maf
Color Doppler
Gain 26% A
Tx Freq | 2.5MHz 4 | » |
PRF  1.0kHz <« | » |
Persistence 2 ]
Mode Color L]Ll
Tool
Min
length: S.0 JH
Max
radius: 1.0 ]
Threshold

¥ Estimate
Threshold
level:

Max no.
points:

RANSAC

Prob-
ability:

Max

Interval
[ms]:

Threshold Autom.

=T

000N § e v
98.0% Llﬂ
SO0 | o] v
1000 4 L]




Logiciels associés: Matlab

= Chargement de différents types de
données

e Simulations, fantdme, biopsie

= Réglage de parametres simples

) Tool Localization Demonstration

ROl traitée, diametre aiguille [ca <20

Filerame: 3 MSdatadsimul-nonhomBG-distancesloy.mat | re-load

= Lance le traitement

e Affiche résultat e
Depth[mm]
* Temps de calcul cwmmeen 5]

Tool params
|7Max_radius [mm]:
Min_length [mm]

e Précision

Z [rm]

RRRRR
Time [s]
Accuracy [mm]:
Showe 3D Show Slice

i [mra]

z
NIVERSITZ D= LYol
= [EaE———_——_—_—_—__ e N e e e e ]|




Démonstration Matlab




