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A Bone cutting robot fortotal A Robot to assist femur
knee arthroplasty (TKA) fracture reduction
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To realize a computer-integrated surgical
system ...

Image processing and presentation
Modeling and segmentation
Registration and navigation
Mechanism

Tele-care/tele-surgery and macro-micro
tele-operation
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Integrated surgical system
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« X-ray, CT, MRI (static image)
(resolution: 0.1 mm)

* Endoscope (diameter: 10 mm)

* Forceps (diameter: 10 mm)

* Organ level therapy (mm order)

* Diagnosis and treatment are executed
by a surgeon

« Imaging in the body (micro meter
order)

 Real-time continuous imaging of the
motion and the deformation for an
internal organ and a heart (4D)

* Local and high precision non- and
minimally-invasive cell level target
therapy (micro meter order)

* Integration of diagnosis and
treatment

» Shape analysis to function analysis for imaging

 Capsule type diagnostic and treatment
environment to keep clean, high oxygen density,
low temperature and high pressure around the
patient

» From surgical operation to dosage, regeneration,
diagnosis and prophylaxis using tissue
engineering (organ/vessel, bone, skin and nerve),
nano diagnosis and treatment (nano immunity
diagnosis, gene therapy and DDS)

» Automatic diagnosis and treatment (pathological
diagnosis using medical image. Treatment is
executed automatically.)




Arthroplasty

Conventional MIS

Background

Necessity of computer-integrated surgery

(1) Small incision increases the difficulty

(2) Increase of error for implant position and

posture .-

Computer-integrated surgery for MIS arthroplasty




Requirements for minimally invasive
orthopedic surgery

 Less invasiveness | Precision

« Small incision: less than ’ Sh_ape accuracy of the
100 mm setting plane for the

artificial joint: angle error:
less than 2 deg., position
error: less than 2 mm

K / » Difficulty of the cutting tool

/_( Safety ]_\ @proach /
* No damage to the /—[ EfﬂC'enCy H

surrounding tissues

e Less invasiveness to the
soft tissue and the bone

» No tool breakage « Operation time for bone
cutting is limited within

\ J \1 5 minutes. Yy,




Expectation for a robotic surgery

Robotic Conventional  Minimally
surgery surgery 1 Invasive

! surgery
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2 mm Error

2 deg.



/-axis bone cutting robot

Mechanism (1) C-arm type structure:
S — - Adequate workspace,

ey - Aview for a surgeon

3 rotatlonal axes

- 3 precise translational
axes

- 1 (Z-axis) coarse
translational axis

__ (3) 2 redundant axes:

- MIS

- Minimizing the total
size of the robot

|<_

Gear part  Motor

Block | Ball screw

part

Endmill Motion in axis direction Motion in rotational
direction

Weight reduction using CFRP To increase the safety of the system ...



Planning for the femur (Determination of
the front direction of the femur)

Joint
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Anatomical 5|
axis
Rotational operation is feasible
to determine the anatomical

Load front direction of the femur
surface Y using the feature points
: - A It is possible to change the
Medial epicondyle
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Preoperative CAD system




onfirmation of the alignment for the
femur and the tibia
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System construction

Software

Hardware

(1) Extraction of
bone surface

(2) Characteristic
points

(3) Implant size

Preoperative planning ) Implant position
system (CT-based)

System in an operation room

: . Polaris
S (1) Registration CAD

Eiiifé - ~ (2) Tool path -

o EE T — i Registration

o S —— w generation 9

generation

Post processor :

Intraoperative CAM system

System configuration



Registration

B Infrared coordinate measurement
system was adopted to measure the
position and the posture of the bone. ( %

® Matching of preplanned and
measured points during the surgery

B Position recognition of the bone
cutting machine tool



Point matching registration method

Center of Femoral Head
Medical Epicondyle

Lateral Epicondyle
Intercondylar Notch

Most Deep Point of Groove
Posterior of Intercondylar Notch

Posterior Point of Lateral Condyle
Posterior Point of Medial Condyle

PN R WD =



Point matching registration

Analysis result for “medial epicondyle”:
- Standard deviation (6.10 0.77 0.24)

- Distributed in a line

- Distributed in front and back direction

- No distribution in distal and proximal direction

2nd axis

1-2 plane 1-3 plane 3-2 plane ﬂ

The accuracy of point matching: ~ 1.5 mm, ~ 1.5 deg.



Registration using the surface information




Femur (Front view)
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Surface registration Point matching registration



Femur (Side view)

Surface registration Point matching registration



Surface registration (femur)

Experimental result:

White: (Available surface area) + (Femoral
head) : Residual: 0.52 mm

Green: All surface information (correct
answer): Residual: 0.91 mm

Femoral head distance between two
models: 3.0 mm

Angle error:

 Front and back direction: 0.22 deg.
* Left and right direction: 0.30 deg.

» Around load axis: 0.17 deg.




Toolpath generation (1)

Modeling of knee joint
(1) Measurement of opening area

Opening = %
area zammis

Opening area

Fg'ri "’7"'

: ;4
\é\i/rl;[lr(]er?s?c;nal ;:l "'_ '-' The border of the area is measured as the
‘ 7 . .
optical position . pY 4. points for the opening plane.
sensor : = gV | Regression analysis is used for measured
gt ' data Pi(i=1,.),
. . . . 2
(2) Measurement of obstacles J(a,b,c) = (z; —ax; by, =¢)
oJ oJ oJ
Area which cutting tool should 2 = O’E = 0’8_ =0
not contact (soft tissue, nerves, . ¢
is calculated

vessels, etc.) is measured and
calculated. A plane z = ax + by + ¢ is obtained.




Toolpath generation (2)

Setting plane of UKA

Opening area Opening area Opening area

Approach attitude : ,
Sliced plane /
AR
........ \ \
Center of gravity Cutter location Cutter location
(a) Generation of cutting (b) Generation of cutter (c) Calculation of tool posture

planes location



Control algorism

@ Control around the tool

rotation axis
Cutting tool cover

Part which is not contributing for \

cutting should be covered.

Cutting tool
@ Control along the tool

rotation axis

The covering amount is
determined by the angle

between the cutting tool and the  g: Angle between cutting tool and plane
resection plane:

Cutting plane

o large -> pull
o small -> push

18



Angle control of cutting tool cover

Direction vector a is

defined when the @
rotational angle is O
degree and the
cutting tool is located
at the home position.
_
Angle of the S ——
Attitude of the robot cutting tool cover
- S g
el

(¢) n: Normal vector of the cutting plane

¢ Is controlled to minimize 6 .

m) | ¢ is determined to maximize a-n.

19



Bone cutting experiment using a cadaver

- g N XY




3D measurement

%I‘ééé:hréd data and fhe
abstracted plane




Shape accuracy of the cutting plane

Plane 3786L (TKA) 3833L(UKA) 3833R (UKA) Ave.
Plan |Meas.| Err. | Plan |Meas. | Err. | Plan | Meas. | Err. | €07
1—2 140.0 | 140.1 0.1 0.1
1—3 85.0| 84.1 0.9 0.9
1—4 50.0| 49.5| 0.5 0.5
1—5 5.0 6.1 1.1 1.1
2—3 45.0| 44.2| 0.8 0.8
2—4 90.0| 89.3| 0.7 0.7
2—5 135.01134.0| 1.0 1.0
3—4 135.0 | 133.6 1.41135.0| 135.8| 0.8| 135.0| 134.7| 0.3 |—
3—5 90.0| 89.8| 0.2| 750 758| 08| 750 758| 08|—
4—5 135.0 | 136.6 l 1.61120.0| 119.9 l 0.1] 120.0| 121.1 l 1.1 —»l
Ave. err —




Evaluation of alignment and position accuracy

Overlay of preoperative plan and the measured data
— Calculation of 3D angle and position error

«




Evaluation axis

Femur: Load axis — Distal plane (TKA: 86 deg., Femur: SEA — Posterior
UKA: 90 deg.) plane (0 deg.)

Tibia: Load axis — Proximal plane (90 deg.) Tibia: -

SEA: Surgical Epicondyle Axis




Alignment and position accuracy

(Planed) — (Measured)

Position error [mm]

3786L | 3833L | 3833R | Ave. error
Plane3 (Distal) 1.21 1.18 1.01 1.13
Plane5 (Posterior) 0.42 0.97 1.23 0.87
Tibia 0.60 0.27 0.61 0.49
Average error 0.74 0.81 0.95 0.83
Position precision: 1.0 mm
(Plane) - (Axis) Angle error [deg]
3786L | 3833L | 3833R | Ave. error

(Plane3) - (Load axis) 0.6 1.0 0.9 0.7

(Planeb) - (SEA) 3.3 0.5 0.8 1.7

(Tibia) - (Load axis) 1.0 0.2 0.3 0.5

Average error 1.6 0.6 0.7 1.0

Alignment: 1.0 deg.




Temperature measurement:
Up cutting / down cutting - Experiment -

Result:
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Cutting tool

005 010 015 020 025 0.30

Distance from thermocouple, mm

< Condition >

Cutting speed: 31.4m/min, Feed per tooth: 0.375mm/t

Cutting tool diameter: 10mm, 2 flutes square endmill

(a) Up cutting

¢ 2000
100 0
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(b) Down cutting



Bone structure

Characteristics of the cortical bone

AcCross:
Shear stress is small.

Parallel:
Compress stress is large.
Tensile stress is small.

Transverse:
Shear stress is large.

Anisotropic
3 directions are mixed around the joint part.

Feed dir. Feed drr.
Feed dir. -

Cutting characteristics are
investigated in 3 directions.

Osteon %ﬂﬁj

Osteon Osteon
Across Parallel Transverse



Observation of micro cutting

Cow, cortical bone, wet, depth of cut: 80 micrometer



Cutting characteristics of the cortical bone

Feed dir.
Osteon (T
Depth of cut 40 pm o
] (a) Across
=.'-=|=.=
Feed dr.
Osteon : -t _ :
Depth of cut: 10 um Depth of cut: 40 pm Depth of cut 70 um
(b) Parallel

Transverse

Feed dir.

Osteon

v o ey TETLH N S =" " |5 K AN L Rk A
Depth of cut: 10 um Depth of cut 40 pm Depth of cut: 70 um
(c) Transverse



Proposed cutting method

(1) High efficiency cutting: Utilization of crack propagation by the impact force.
(2) Low temperature cutting: Actual cutting energy reduction by crack generation.
(3) High precision cutting: Surface roughness is increased by reducing the actual

depth of cut.

Workpiece Cutting tool

—

Y

(e) Finish of surface

Cutting direction

B

2

(d) Return of cutting tool

(a) Feed of cutting tool (b) Impact in oblique direction ;

&

Chip

i}

(c) Generation of crack
type chip




Evaluation experiment while varying the

tool feed angle

Shear type Cutting Experiment condition: cutting depth 100 um,

_ feed speed 3mm/s, tool rake angle:20 deg.
chips by compress

(shear) stress

20.0 = € 30— - — 1
=0= Across direction =+ ————"Across direction
[~ —— Parallel direction A — i
> 150 |- == Transverse direction 8 +Para|lel direction
- H N .- T directi
3 B Shear type chip S ") + ransverse direction
q§ 4 /CL\ e
o 10.0 — -~ S 8 —
I~ =Ny T
= - TS E 1.0 |-
O 5o i
: 2
- Crack type chip =
| | | | | | | | Z | | | | | | | | | | |
°%3 15.0 30.0 45.0 §0.0 740 500 095 15.0 30.0 450 6.0 75.0 90.0
Cutting tool feed angle, deg. Cutting tool feed angle, deg.
Crack type cutting Crack type cutting

chips by tensile stress  chips by compress

(shear) stress E Good finished surface roughness

B Cutting resistance could be reduced by was obtained independent of the
generating the crack type cutting chips. tool feed direction.



Finished surface roughness

F
S Experiment condition: cutting depth :100 um,
feed speed: 3 mm/s, tool rake angle: 20 deg.
50.0 —
— é Across direction
£ 4001 {1 Parallel direction
g’ § Transverse direction
¢ 300~ W
-g) N
= B - Good surface roughness
o 20.0f—
8 L
‘= — ¥- é:%
%
10.0 — @
0.0 | | | |
Conventional Tool feed Tool feed Tool feed
cutting direction: direction: direction:

0 deg. 15 deg. 75 deg.



Telesurgery experiment between Japan and Thailand

[Purpose]

— Confirmation of the telesurgery capability
using the conventional network

— Confirmation of the effectiveness of the low
latency CODEC

[Method]

— A cholecystechtomy and a Nissen
fundoplication were performed between
Japan and Thailand (distance: 3,750 km) by

connecting JGN2 on a pig (female, 3-month
old, 30 kg).



Slave manipulator

» Setup easiness was
Increased.

* Size (storing):

1,300 x 900 x 1,750 mm
* Weight: 630 kg

* Degrees of freedom: 33

« 2 forceps arms:
*D.0.f.: 13
* Arm length: 1,350 mm

* Endscope arm:
D.of.:7
* Arm length: 1,190 mm




Forceps arm

Preoperative rough positioning part: 6 d.o.f., fixed by electromagnetic brakes

i . : :'
B | > Preoperative rough

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA . - =W positioning part: 6 d.o.f.
- Vertical axis: V
..... - Horizontal axis: H1, H2,

- Posture axis: P1, P2

Intraoperative positioning

SRR RV | part: 3 d.of
s - Rotational axis: a, 8
- Translational axis: y

Surgical tool part: Multi-axis
bending forceps: 4 d.o.f.

- Rotaional axis: Roll
Surgical tool part: 4 d.o.f. | | - Bending axis: 0, n
positioning part: 3 d.o.f.] |- Grasping axis: Pin




Redundant d.o.f. of the forceps arm

- Preoperative rough - Posture change using the

positioning part: 3 d.o.f. iIntraoperative positioning part

- Redundant d.o.f. jﬁ increases the inserting direction range.
- Intraoperative - The redundant axes avoid the
positioning part: 3 d.o.f. _ interference with the other arms

— Preoperative rough positioning part
— Intraoperative positioning part

s




Endoscope arm

Preoperative rough positioning part: 4 d.o.f.: fixed by electromagnetic brakes

Preoperative rough
positioning part: 4
d.o.f.

- Vertical axis: V

- Horizontal axis: H1,
H2, H3

Intraoperative
positioning part: 3
d.o.f.

- Rotational axis: a, 3
- Translational axis: y

Intraoperative positioning part: 3 d.o.f.




Redundant d.o.f. of the endoscope arm

- Preoperative rough - Posture change using the

positioning part: 3 d.o.f. iIntraoperative positioning part

- Redundant d.o.f. jﬁ increases the inserting direction range.
- Intraoperative - The redundant axes avoid the
positioning part: 3 d.o.f. _ interference with the other arms

— Preoperative rough positioning part
— Intraoperative positioning part

s

Redundant 1 d.o.f.




Trocar position comparison

| Surgi |
gical part  Forceps 2 for
\ — / Forceps 1 for »
Main motion Surgical tool . the assistant
: the assistant 165 mm
range for the right
hand 60 mm
150 ~170 [mm] 250~~300 [mm] 120 mm
85 mm
\ 150~170 ym] Surgical tool
for the right hand
/ 150~170 [mm] EﬂdOSC?pe g
Surgical tool Surgical tool Endoscope
for the left hand . for the left hand "
@ Port position O Port position
Previous Newly developed
slave manipulator slave manipulator
Pig 50 kg 30 kg
Distance between the ports 150~170 mm 80~85 mm
Required time 40 min. 15 min.




Network configuration

Operation site: Surgery site:
Chulalongkorn University Kyushu University
Master Real-time controller . Real-time controller .
manipulator — (VxWorks) — Network switch (VxWorks) Slave manipulator
Control panel ThaiSARN H.264 encoder 1«
(PC) Stereo laparoscope
(R/L composite)
< H.264 decoder — H.264 encoder
Stereo 3D image
monitor generator |
< - H.264 decoder [~ 1 H.264 encoder |« Video camera
Video camera » H.264 d T Audio
) encoder headset
Audio ¢ Screen
headset | H H.264 decoder » .
monitor
Screen
monitor |~ H.264 decoder QGPOP H Volp MB-1000 [« » Speaker/Mic.
Speaker/Mic. « » Volp MB-1000 — Network switch

JGN2 : Japan Gigabit Network2 (30 Mbps was kept in the experiment)
ThaiSARN : Thai Social/Scientific Academic and Research Network

QGPOP : Kyushu GigaPoP Project
KITE : Kyushu University Integrated Information Transmission Environment




Laparoscopic image transmission

- Stereotype laparoscope (LS-101D: SHINKO OPTICAL
CO., LTD.) was adopted in the experiment.

- Left and right images were transmitted independently.
- They were composed into the 3D image at the
operation site.

———= CODEC system

- An extremely low latency CODEC named H.264 was
adopted (WarpVision: NTT Resonant Inc.).

- Total time delay to encode and decode was
approximately 80 ms.

- Necessary bandwidth is 3 Mbps/line for one way.




Bandwidth for information transmission

Robot control signal

Operation Visual information from the laparoscope Surgery
site Visual and auditory information for the site
conference
Transmitted data Bandwidth

From operation site to surgery site:

Robot control signal 6 kbps

Visual and auditory information for the conference 3 Mbps
From surgery site to operation site:

Visual information from the laparoscope (L & R) 6 Mbps

Visual and auditory information for the conference 3 Mbps




Experimental result

Laparoscopic cholecystectomy and laparoscopic Nissen fundoplication
were successfully performed on a pig using the developed system.

e B S Cholecystectomy:
' Total operation time: 84 min.
Time [min] | Contents

0 Start setup

15 Start removing gallbladder
tube

52 Clip gallbladder tube, and
start removing gallbladder

84 Take out gallbladder, and
the end of operation

Nissen fundoplication:
Total operation time: 92 min.

Time [min] | Contents
0 Start setup
15 Start operation

92 End of operation




Time delay for transmitting the control signal

One way transmission time delay for the

control signal was 57.1 ms.

Operation site — Surgery site Time delay
Tokyo — Shizuoka (150km) by ISDN(2B+D) 49.9 ms
Tokyo — Shizuoka by ISDN(23B+D) 17.8 ms
Seoul — Fukuoka(540km) by APII 6.5 ms
Bangkok — Fukuoka (5,400km) by JGN2 62.4 ms
Bangkok — Fukuoka by JGN2 97.1 ms




Time delay for transmitting the visual information

One way transmission time delay for the

visual information was 151.2 ms.

Operation site — Surgery site Time delay
Tokyo — Shizuoka (150km) by ISDN(2B+D) 338.0 ms
Tokyo — Shizuoka by ISDN(23B+D) 392.5 ms
Seoul — Fukuoka (540km) by APII 435.5 ms
Bangkok — Fukuoka (5,400km) by JGN2 Normal 370.0 ms
Bangkok — Fukuoka by JGN2 MPG2 Low latency 270.0 ms
Bangkok — Fukuoka by JGN2 H.264 Low latency 151.2 ms




Time delays that the operator feels

(Sensible time delay for the operator: 278.3 ms)

= (Communication period between the master and slave
manipulators: 20.0 ms)

+ (Time delay for transmitting the position information: 57.1 ms)
+ (Mechanical response time of the slave manipulator: 50.0 ms)
+ (Time delay of the image transmission: 151.2 ms)

Operation site — Surgery site Time delay
Tokyo — Shizuoka (150km) by ISDN(2B+D) 937.9 ms
Tokyo — Shizuoka by ISDN(23B+D) 592.4 ms
Seoul — Fukuoka(540km) 9592.0 ms

Bangkok — Fukuoka (5,400km) MPG2 Low latency 940.0 ms

Bangkok — Fukuoka H.264 Low latency 278.3 ms




Relation between the required time for positioning and
the time delay

50
40|
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o B -

Time required for

positioning s
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Comparison of the visual information quality

Fukuoka-Bangkok Fukuoka-Bangkok
MPG2 low latency H.264 low latency

Time delay 270 ms Time delay 151.2 ms

Block noise was detected. Block noise was not detected.
(January, 2006) (March, 2008)
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Medical system in the future

Communications

satellite

Space station

zz777777]] prIIIIIZZY

/\

Intel'ligent operation
room (doctors and
medical robots)

L

Isolated place/
solitary island

Local
medical
service
difference
correction

Teamwork

+

“

Communications
satellite/high-speed
radio communication
hetwork

Remote surgery,
remote diagnosis

+

O

Emergency
helicopter

Emergency

care

¥ 2

— Ambulance

medical care

Multi-media Int'elligent operation
cockpit room (doctors and
(doctors) medical robots)
T T
| - L
High-speed
network
(giga-/tera-bit
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+ | Public
Data-base network
Multi-media (personal
cockpit (foreign information,
doctors) | medical Elderly persons,
information) babies and
:J‘| pregnant women
Foreign

countries

Home
care




Conclusions

A slave manipulator for the abdominal surgery was
developed. Setup easiness was increased. Distance
between trocars was reduced.

The authors conducted the telesurgery experiment
between Japan and Thailand using a newly developed
robot.

A laparoscopic cholecystectomy and a laparoscopic
Nissen fundoplication were successfully performed on
a pig.

Each operation time was approximately 90 min.

Time delay for visual information transmission was

reduced to 151.2 ms by adopting H.264 low latency
CODEC. Block noise was not detected.

Sensible time delay in the experiment was 278.3 ms (<
300 ms).



Introduction

High Intensity Focused Ultrasound (HIFU)

Water Transducer

Body \ Y. Matsumoto, et. al.
Ultrasound ]
Destruction of stone

part

81997-

High Intensity
Focused Ultrasound s, 1038 clinical trials

Ve, L e

JC HIFU System (in China)

Clinical use



Stone destruction by CCL (cavitation
control lithotripsy) method
PRF (pulse rate frequency): 20 Hz

w i n il
B i

MU

High freq.+Low freq.

J
High freq : 3.8 MHz Low freq.:553 kHz
200 waves 3 waves

Stones is destroyed
=Required to irradiate HIFU to a kidney stone continuously



Problems

Water Transducer

High Intensity
Focused Ultrasound

nd
part

Problem of HIFU

Motion of the affected part by
the respiration

Solution

Compensation of the motion of the
affected part should be required.

Objective -

Establish a control method to
compensate for the motion of the
affected part by respiration

Required accuracy: 1mm




System configuration

[
i _\730 Bel——_ Control signal  Position data
M Irradiation part 7 R D R . (1kHz) (30Hz)
\ W W= XYz s
ater /// | Stage | Controller | <—— | o
Aquarium { R : 2
S g /_ P Trans- | i Pulse g 38
~ Rubber membrgagi : :,11“:\ ducer : generator 5§
7 : 9
Body (Rabbit) | || i [ Utresound |1 [ Uvasouna | | §
. ' oW ; probe : 7| diagnostic device =
Aluminum frame o S L) T ;
", "s0 Testing bench %1 Stone motion tracking  Videosignal
(a) Isometric view (b) Frontview capability (30fps)

] Probe
Transducer

Water

Transducer
Aquarium

Rubber
Membrane

Stone

N
Transducer Probes

Water to secure ultrasound 2 ultrasound probes for
path to the affected part 3 dimensional position data



Interference avoidance between HIFU
and ultrasound probe

Ultrasound Probe 1 Probe 2
orobe sca\n /scan

I Trigger H H H

Delay St

Interference between
HIFU and the ultrasound — E— - -

probe is avoided.

Generate High freq. 2.6 MHz, 50 waves
waveform Low freq. 570 kHz, 3 waves

l.. App m t Iy1 Wihout triger tht rigger ;
st w I

T 0.02ms 31 ms



Constructed system




Problem while tracking a kidney stone on the
ultrasound image

HITACHI & — &t HITACHI
FR:202 ‘080125 16:02:53 FR:202 ‘080125 16:24:11
000/01 05 000/01 05

BG:-1  FOH/2i4/31-2
S50A dTHI-G Contrast-Crd-Low  140mm
»HHI Com Bavz—> Euisws  [usogns Bewme? BEszmsa @b

BG:-1  70MHI2/4/3/-12
S500 dTHI-G Contrast-Crd-Low  140mm
»HHICom Bri7b—  EHISupB Biisuprna Bmwar? DEssmea Qs

Without bubble Tracking failure because of bubble

Image quality decreases
Tracking error because of the tracking errors,
Increase bubbles, and mechanical
oscillations.



Automatic/semi-automatic extraction of

Kidney stone
Kidney store has high Intensity on the ultrasound image, due to

the higher acoustic impedance compared to other tissues.

p

High acoustic impedance
compared to the
neighboring tissues
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Automatic extraction of kidney stone using

intensity histogram

Threshold between kidney stones and tissues is determined
using Rayleigh Curve (model of typical background) at the
input ultrasound image

Peak

Inflection point

Fitted Rayleigh
curve

(model of typical _~»
background)

___—_————

Pixel

HiAs}ogram of input image

- ~
- ~~~
e —

=)

Intensity
Threshold

(Extract higher intensity than this value,
which is candidate of kidney stone)

X=X, —(x—xo)2

Generalized Rayleigh Curve: f(x|o,S,x))=———exp o=
o




Automatic extraction of kidney stone using

acoustic shadow

Find a kidney stone by acoustic shadow (radiated shadow)
behind the kidney stone candidates
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Robust motion track by shape information

Stone motion is tracked robustly using the shape information
even if the stone is partially contaminated by bubbles.

Shape points array
/Corresponding points _

Template Recognized result
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Servoing performance enhancement using
periodical characteristics of kidney motion

_ - Transition of period, amplitude,

Ko, | Oscillation center, Feedback
: ol | Other disturbances |
Kldr.ley Stone _ Desired - Focus
mot'on position - focus r Ultraspund | _»Controller u Robot y >
N device C(s) P(s)
Extend!  Shrink Extend Shrink 100 1k
1 d2i 3 |4 1 2 3 Hz =
. S P-(s)
o N A f
A Periodical Wave form
0 L Inspire =~ Expire . . generation
; K 4 n motion e
> M(s) ) v
Wave form generation algorithm Time delay compensaton  Feedback in slow

moving part

Desired
P(s) u, velocity
M/M "
r

Segmentation Transform to velocity Predict execution timing
data by avg. period data



Servoing performance enhancement by semi-
periodical kidney motion

Input and output of respiratory kidney motion
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* Average error: 0.36 mm

Max. error [mm] 1.99 1.15 « Oscillation was suppressed.

Avg. error [mm] 0.67 0.36

Standard 0.42 0.21

deviation [mm]




Ex vivo servoing and HIFU irradiation

Ultrasound image

EX vivo servoing was realized.

Model stone was set
in the swine kidney
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