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Medical Intervention

Research Thrusts

e Ablative Therapy

e Biopsy Guidance

e External Beam Radiatio
Therapy

» Robotic Prostatectomy

e Partial Nephrectomy

"§in

¢ Advanced Ultrasound Imaging
(Photoacoustic, Thermal, and Elasticity)

e Co-Robotic Ultrasound
Imaging

e Ultrasonically Smart Tools
(smart catheter, needles, and probe)

¢ Ultrasound for Stimulation
and Treatment

VedicaiiBliraSeundNoRimacingiancinievention
Collzloorziion (MUSIC) Raseziren Ezigarziiony

Medical Intervention

Research Thrusts

e Ablative Therapy

* Biopsy Guidance

¢ External Beam Radiatio
Therapy

¢ Robotic Prostatectomy

e Partial Nephrectomy

"§in

¢ Advanced Ultrasound Imaging
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¢ Co-Robotic Ultrasound
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e Ultrasonically Smart Tools
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¢ Ultrasound for Stimulation
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allenges on ultrasound imaging:
Limited image quality and field of view
= Limited reproducibility

= High user dependency

‘ = Work related musculoskeletal pain (MSP) affect
63 - 91% of sonographers

Scans/ Month

% Respondents

Figure 3 Bar graphs conparing the prevalence of musculoskeleal pains (MSP) with the

i o Yo o i e Robotic Ultrasound Solution

Smith A. C., et al., J Am Soc Echocardiog, 1997.
Coffin C., Reports in Medical Imaging, 2014.
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The Robotiq sensor

The connector

Advanced Co-robotic
Ultrasound Imaging
Framework

The probe holder

The force sensor

The ultrasound probe

Conventional B-mode image
(single pose) STRATUS image
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4. Without distort or complicate
current procedure

The proposed co-robotic system is

composed of:

» 6-axis robotic arm

= 6 DOF force/torque sensor

= Detachable handheld US device
with 1 DOF load cell

= Ultrasound (US) probe

6 DOF Robotiq FT-150
force/torque sensor

Handheld US device

Ultrasonix US
linear array probe

1 DOF Honeywell
Model 31 load cell

6-axes robots arm
(Universal Robots, UR5,

Co~ragoare Ultrzisolsiel lnsleie)isie)

SY/SIEMdEMBERGCASENZA(TEEhanE)

Open
Robet P E= Deaconnect
- Urmsond P 150 168 1 145 | Connectto US
® Virteal Foture Lt
» | oo Recont Pah
@ Beaton) O Latersity) Fx Robat
= Stay o Peet (T)
Suyealie  Stey u Pest ) -
SuymPune SaPPumF)  Oevelmg
PamsRot  SaPPare(l) pmwive
Martan Ov
Red Bar: Contact Force
Blue Bar: User’s force
Contact Force » O 01 2wo
2
1
- |
] L) w0 s » s 0 » «




Co-ragatie Ulirzisetisiel Inrizlefinle

SYSIEMIUEMBEICESERSNIROLOUE)

v
Gaver 8
izt
Vi it
S
L R e —— o futa

tre By Pown T

Sayon e iy Poee )

Sy P AP Pl ) O e
Paneefnt SePMn(l] | i
Caetam 10

Red Bar: Contact Force
Blue Bar: User’s force
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Compliant mode
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Case 1: Freehand scanning Case 2: Freehand scanning with contact force feedback

Case 3: Co-robotic scanning with no constraint Case 4: Co-robotic scanning with constraint
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Case 2: Freehand scanning with contact force feedback
Case 3: Co-robotic scanning with no constraint

Case 4: Co-robotic scanning with constraint
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§

Attenuation _ %o
coefficient =

"""""" tA * Probe aperture is the only parameter we can
manage to increase if the region of interest is
in deep region.
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0

B-mode Image
(Deep region)
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equence

Aperture Size

B-mode Image
(Deep region)

\

\
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2N

0

Decide initial position
Determine trajectory
for multiple poses scanning
Generate virtual fixture (VF)
from robot arm

Sonographer moves
ultrasound probe
by following VF

Data Collections

Synthetic aperture
beamformer

Decide initial position

Determine trajectory
for multiple poses scanning

Robot arm moves
ultrasound probe

Data Collections

Synthetic aperture
beamformer

I Display B-mode image I

I Display B-mode image I

Co-robotic
virtual fixture

Auto-pilot
scanning mode
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Tracking base frame

B;
BB,
B; S Tracked rigid-body frame
Pose j j X

Pose i I

Motion to move from posei to j

Ultrasound /magefmme{ A orp; B] = Bi XMX_]'
Translational Motion
orp;

M -1
B; = BX[O X~

_ [RBi RBiRXtM + tsi]
O1x3 1

Target frame
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Definition of motion
M=X"B'B;X
Single

T
=10
2 m
6 & 10 12 14 16 18 20
Lateral (mm)
Three poses Five poses

99

o E o
E mm :: m“
22 202
< 103 =
2 4 2 4

6 g 10 12 14 16 18 20 6 g 10 12 14 16 18 20
Lateral (mm) Lateral (mm)

J.A. Jensen and N. B. Svendsen, “Calculation of pressure fields from arbitrarily shaped, apodized, and excited ultrasound transducers”, IEEE Trans.
Ultrason., Ferroelec., Freq. Contr., 39, pp. 262-267,1992.
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Five poses with error

10 12
Distance (mm)

» Simulated point source from five poses with error. Rotational error in X was
0.7 degree, and rotational and translational error in £was 0.1 degree and 0.1
mm, respectively.
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+ Therefore, the effect can vary for the same magnitude of errors.

+ 18 different Xs are computed, and Mean, Worst, and Best case are shown.
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Mean case

Ratational error in X (deeree)
Rotational error in X (degree)
Ratational error in X (deeree)

04 06 08 : F 04 06 08 : . 04 06
Precision in B (mm) Precision in B (mm) Precision in B (mm)

Improvement of pixel compared to single pose

i Mean case i Worst case , Best case
g o i o i
£ 15 BT BT
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Improvement of pixel compared to single pose (normalized)
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unit =mm

10 20 30 40 50 10 20 30 40 50

10 20 30 40 50
Single pose 19.5 mm motion 36 mm motion
5 15 25 35 45 55
-12
-13
Scanning path =
Z .15
g6
R B O
» .. -‘~1—--A~--‘,—-r-‘-‘--ﬁ‘»g*-“~‘

Aperture extension (nm)

--o- STrAtUS  ——Single
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Robotic encoder

+ A Robotiq FT 150 sensor is used to measure the force and torque applied by
the user while manipulating the probe.

* The measurements from the FT 150 are then translated into robot joint velocity
commands, allowing for compliance or admittance control of the robot.

24
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Virtual Fixture Scenarios

1. Stayon aline

2. Stay on a plane

3. Stay on a plane (1DOF rotation)
4. Keep contact force

25
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20
40
60

80 80

-

100 100

120

120 =
20 40 60 80 100 120 140 160 180 200 220 20 40 60 80

100 120 140 160 180 200 220

Left: Single pose B-mode ultrasound image of general US phantom.
Right: STRATUS images synthesized in the range of 60 mm motion data; field-of-view

expanded by 65.5 mm.

Single STRATUS: 60 mm
FWHM (mm) 3.87 2.37
Contrast (dB) -7.14 -10.67
SNR (dB) 25.01 29.35
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Single Pose

STRATUS
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sides of the medium.

w

2% -
iy e
A Ring transducer
R W Prager, et al. “Three Dimensional

Ultrasound Imaging" Journal of Eng. In
Medicine, 2009.

Tomographic image

Li et al, An improved automatic TOF
picker for US tomography, 2009.
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SECONUERIOIOWPE

Co-fooaiie Ulirzigetinlel Termlee)rzl 0y
Progieiis Celnloss
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Progiziia Calnosr

Mold for patient specific
US friendly phantom

US friendly phantom
containing prostate

Scanning the ex-vivo prostate
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Co-rogaiie Ut

A New Robotic Ultrasound System for Tracking
a Catheter with an Active Piezoelectric Element

Qianli Ma, Joshua Davis, Alexis Cheng, Gregory Chirikjian, Emad Boctor

Laboratory for Computational Sensing and Robotics
The Johns Hopkins University
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Ca-raggile Ylirsisalriel Celirlgigi Traicinle):
Prigtezicoligie Rarrlaia TraeK Noje ¢
nlatgzlcalsiic Mernoig Treiekine) Aggrazsicn)
[ ] [ J
Stereocamera
*— P 7
Optical ¢
=, ©
Piezoelectric |
element (p)
Catheter |
Multiple photoacoustic spots are projected onto the
surface of the patient body, generating an acoustic Photoacoustic active layer placed on top of pig
signal due to the photoacoustic effect. A stereo during in vivo experiment. Mean Reconstruction
camera and PZT element can simultaneously Precision (2.59 mm), Estimated Accuracy (8.69 mm).
capture data related to these spots.
Alexis Cheng, Younsu Kim, Yuttana Itsarachaiyot, Haichong K. Zhang, Clifford R. Weiss, Russell H. Taylor, Emad M. Boctor,
"Photoacoustic-based catheter tracking: simulation, phantom, and in vivo studies," J. Med. Imag. 5(2) 021223 (27 March 2018)
36
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Medical Intervention

e Ablative Therapy
e Biopsy Guidance

e External Beam Radiatio
Therapy

» Robotic Prostatectomy

e Partial Nephrectomy

"§in

Research Thrusts

e Advanced Ultrasound Imaging
(Photoacoustic, Thermal, and Elasticity)

¢ Co-Robotic Ultrasound
Imaging

e Ultrasonically Smart Tools
(smart catheter, needles, and probe)

¢ Ultrasound for Stimulation
and Treatment
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Driving pulse
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* Application example: Interventional HIFU element identification
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10114113
L14-5W/60-GEN-General 5:38:15PM

Har-Res
Freq 5.0M
Depth 4.0cm
Sector 100%
Gain 56%
FrRate Med
FPS 20Hz
Dyn 65dB
Persist 2
Map 4
Chroma 0
Power 0

A

Clarity High
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Collzigorziiion (MYUSIC) Raseziien Lelgorziiory

Medical Intervention

Research Thrusts

e Ablative Therapy
* Biopsy Guidance
¢ External Beam Radiation

Therapy

¢ Robotic Prostatectomy

e Partial Nephrectomy

e Advanced Ultrasound Imaging
(Photoacoustic, Thermal, and Elasticity)

¢ Co-Robotic Ultrasound
Imaging

e Ultrasonically Smart Tools
(smart catheter, needles, and probe)

¢ Ultrasound for Stimulation
and Treatment
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Prgiozicousie lrzlefine) for Prosizite Ceinleer

Medical Intervention

e Ablative Therapy

e Biopsy Guidance

¢ Robotic Prostatectomy
e Partial Nephrectomy

Advanced US Imaging

« Elasticity Imaging

e Thermal Imaging

e Prostate Cancer Imaging« * Photoacoustic Imaging

e HIFU
e Computer Vision

 Robotics/Tracking/Sensorless
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C C Cy

Positive -tumor
after uptake of

pixshark.com

endogenous targeted agent
absorbe‘ -

ber of 4 PA reference spectrum
LS OIS U number of absorbers
(measurement)
Min ||PA — CS||? |

Multispectral PA imaging + targeted contrast agent + spectral un-mixing algorithm

Concentration map Concentration map of
of endogenous contrast agent
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Water tank
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Ultrasound + Photoacoustic (PA) Imaging Fluorescence (FL) Imaging

Pre-injection Post-injection: 2 hr Post-injection: 24 hr Post-injection: 2 hr

Ultrasound

Photoacoustic (PA)
780 nm

Post-injection: 24 hr

PA Decomposed
IRDye800CW

Superposed
Ultrasound + PA
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0 min, 00 sec -
R m.*’, b
-

Yo

Baseline (vsp+, p1z,)

Sacrum

Pudendal

nerve
(S2,83.84)

Normalized

Pelvic
splanchnic
nerves

(52,53.54)
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Research Laboratary

Laparoscopic mmm——

tool approach ¢ ‘\\
] Direct VSD %,

dissipation port "y
¥

Operator

7/
Stimulation
port

\
\
1
1
I
!

233" Fluorescence ’
0 camera port ,

4
/ b

B S Nerve
Dissif t1%o t
£ pﬁa‘ 3. systems

N ; “White light Fluorescence

Dissection of colon adhesions

Posterior approach with dissection of the seminal
vesicles ~2:47

Dissection of the anterior abdominal wall~10:50 Time pOiI’It Completing

Opening of the endopelvic fascia and dissection of e)_(posur_e of pro_state c_apSUIed
the periprostatic fat with periprostatic fascia

Suture of the
dorsal venous complex

Preservation of neurovascular
bundles during left sided dissection

Dissection of the left posterior pedicle ~33:20

Apical and urethral dissection ~49:01

Evaluation of nerve sparing wit ProPep
electrodes ~54:14
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(500 ms exposure, ~2 fps)
1-mM IR780 solution with Saline Stimulation
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Electrical pulses
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Time [ms]
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MUSIC

Coherent
fiber bundle

Pr: prostate; Pn: penis; RCN
ICP: intracavernos pressure

: right cavernous nerve; RCC: right corpus cavernosum

FL imaging module

camera
(800mm)

’

Stimulation module

Electrical
stimulator

ICP measurement
system

| ZS R ———
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Research Laboratary

A B
White light Fluorescence

a————y

timulating 5
electrodes
Prostate
~

Preliminary in vivo results on
nerve localization on rat
prostate:

Inter:sity [az.u.]

Time fmin]

C (A) White light and FL images;
(B) Evolution of FL intensity during
3 ) )
] g > stimulation. The gradual
g § @ decrease is due to photo-
- £ 5:3 bleaching;
a = 5 (C)Subtracted images between
© e § indicators, and its fusion on FL
&  H images.
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E s 3
g = =
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eboctor@jhmi.edu

Lab Homepage:
https://musiic.lcsr.jhu.edu
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