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TITLE OF THE INVENTION
COMPUTERISED BOUNDARY ESTIMATION IN MEDICAL IMAGES

BACKGROUND OF THE INVENTION

(é) Field of the invention

The present invention generally relates to medical image processing, an.d more
particularly, is concerned with intraoperative ultrasound scanning using Radial Bas-Relief
(RBR) method for automated prostatectomy which provides a quick and robust extraction
of the prostate boundary from images taken transurethrally or transrectally. In accordance
with the present invention, this method can be employed to outline the prostate boundary
area automatically. The results of the ultrasound image processing serve to automate the
transurethral resection of the prostate.

(b) Description of the prior art

The progress of robotic surgery has become active in the past decade. Inthe 1990s,
many surgical robots were developed and some were tested in clinical trials. The work on
automated prostatectomy, an example of active robotic surgery, has been disclosed in the
article, entitled "Robotic surgery — a first hand experience in TURP", |IEEE Engineering in
Medicine and Biological magazine, 12(1), pp120 - 1'25, March 1993, by Ng Wan Sing,
Davies B. L. et al. Inthe Arﬁcle, it is suggested that transurethral resection of the prostate
is currently the most common method of relieving urinary outflow obstruction. This
procedure involves the introduction of a cutter through the urethra, and extending the cutter
into the prostate, where successive cuts can be performéd to remove the adenoma, which
is the enlargement of the prostate gland. As part of the male aging process, enlargement
of the prostate gland inevitably occurs, which causes obstruction to urinary outflow. The
adenoma is proximal to the verumontanum and it must be removed surgically so as to
relieve the obstruction. A device, known as "SARP"--Surgical Assistant Robot for
Prostatectomy, is employed to perform the automated prostatectomy. SARP is an unusual
example in which a specific safety frame of suitable kinematic configuration is developed
to generate multiple conical or barrel shape cavities in the prostate. Unlike many other
systems, SARP is an active surgical robot. The advantages derived from the robotic
operation of SARP are the positional certainty and time saving. These features are
important in an operation because (i) the oertéinty in position ensures that resections will
not unknowingly be directed into unwanted area, and position certainty is achieved by either
internal or external sensors (Example of internal sensor can be optical encoder mounted
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enl ar genwidhitor display; (2) endoscope display unit; and (3) a bank of switches and a light emitting
diode display. 'In the automated prostatectomy system, in order to let the robot system see
beyond the immediate environment provided by the endoscopic view, the uitrasound
imaging is used intraoperatively with the robot system. The ultrasound probe, either the
transurethral or transrectal type, is advanced to the bladder neck and then retracted
precisely under regular steps. The transverse scans of the prostate are obtained in these
steps. The prostate boundary is marked. The capsule/adenoma boundary, which is the
demarcation between the capsule and the enlarged tissue, lies within the prostate boundary.
The capsule/adenoma boundary touches the prostate boundary anteriorly and is somewhat
away from it posteriorly.

Because the intervals between scans are known and the ultrasound probe axis is
common among them, a 3-dimensio'nal reconstruction can be performed. A 3-dimensional
ultrasound system acquiring and displaying 3-dimensional volume data in real time is
described and illustrated in "Merging Virtual Objects with the Real World: Seeing Ultrasound
Imagery Within the Patient”, by Michael Bajura, Henry Fuchs, and Ryutarou Ohbuchi,
published in Computer Integrated Surgery, edited by R Taylor, published in 1996. This
article discloses (1) algorithms for acquiring and rendering real-time ultrasound data with
known positions and orientations'tr.acked by external sensors, (2) creating a working virtual
environment that acquires and displays 3-dimensional ultrasound data in real time, and (3)
recovering structural information for volume rendering specifically from ultrasound data.
Consequently, cutting strategy can be planned accordingly to maximise resection so that
multiple conical or barrel shape cavities can be generated, leaving behind a definite amount
of adenoma yet sufficient to obtain an acceptable post-operative performance.

Many imaging methods are available that can be assisted by the computer, such as
CT, MRI and ultrasound. Compared to CT and MRI images or photographic images taken
from microscopes, ultrasound images are more difficult to process due to the presence of
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imaging procedure is highly manual and hence laborious. Because the scanriing is done
preoperatively, there is a big difﬁculty in registering pre-and intraoperative data when the
robot is used on a patient. Ultrasound has been used in SARP because of its relatively low
cost, the ease with which it can be easily introduced into the operating room, and because
it has no unfavourable effects on the patient.

The ultrasound image and processing system employed by SARP is the B&K type
1846 scanner equipped with 7 MHz and 5.5 MHz probes. The image system is a diagnostic
scanner and is used in SARP primarily for sizing the prostate. The sizing is accomplished
by successive transverse scans of the prostate taken transrectally preoperatively.
Continuous stacks of transverse scans are reconstructed on the IBM computer to form a 3-
D model of the prostate.

To realise a quick boundary estimate of the prostate, including reconstructing a 3-
dimensional model computationally and subsequent resection planning based on the model,
the inventors of the present invention have tumed away from the conventional pixel by pixel
analysis and by infroduced the method of Radial Bas Relief. Bas Relief is a darkroom
technique used in photography. In the reference, "The step-by-step guide to photography",
New York: Alfred A. Knopf, Inc., by Langford, M, the Bas Relief method used in photography
is disclosed. In accordance with the present invention, the Radial Bas Relief (RBR) method
has been found to be useful in estimating the prostate boundary or, for that matter, other
organs. According to this method, a Bas-relief image is made by superimposing the positive
onto the negative image, slightly out of register, and print the images as one that looks like
low relief sculptures, lighted from one side. The resuiting image will -be simplified into a
pattern of lines and flat tones. This way, edges in the image can be highlighted.

SUMMARY OF THE INVENTION
The present invention is directed to a method of medical image (ultrasound in
particular) processing that satisfies the precise sizing of the prostate (using prostate as an
example). In accordance with the present invention, it also discloses a simple method to
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resectoscope being mounted to said surgical robot, comprises the steps of:

(a) engaging said resectoscope to said robot having being suspended on a
counterbalance gantry at an undisturbed referenced position (called verumontanum);

(b) scanning for prostate on a patient by moving said head axis of said surgical robot
having being mounted with said ultrasound probe;

(c) feeding the scanned images obtained in step (b) into said frame grabber and
digitising said images to provide computational image processing; and

(d) outlining the prostate by said computer.

In accordance with the present invention, the computerized estimation in ultrasound image
using Radial Bas-Relief method comprises further steps of

(a) inverting the ultrasound image of the prostate to obtain an inverted image;

(b) enlarging proportionally said inverted image in an orthogonal direction to obtain-
an enlarged image;

(c) adding said enlarged image of (f) to said ultrasound image obtained in Claim 1
to result a Bas-relief image containing grey level now with edge information enhanced;

(d) binarising said Bas-relief image obtained in (g) to remove the grey level thereof;

(e) dilating and eroding the binarised image of (h) to obtain a smoother outline of the
prostate boundary contour; and

(f) thinning the dilated or eroded image of (i) to provide a skeletonised outline,

whereby the capsule boundary is thus determined from the prostate boundary.

Accordingly, it is an object of the present invention tb provide a method of ultrasound
image processing, wherein the resectoscope for operation and the ultrasound probe for
scanning are carried by the robot so that they share the same reference frame as the robot.

It is another object of the present invention to provide a method of ultrasound image
prbce_ssing for automated prostatectomy, wherein the elaboratéd patient registration (the
matching of pre- and intraoperative data) is avoided by having a common reference for the
imaging system and the robot.

Yet it is another object of the present invention to provide a method of ultrasound
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1illustrates the arrangement of the devices for the computer assisted ultrasound
imaging in accordance with the present invention;

Fig. 2 illustrates a layout of Surgeon Assistant Robot for selected Urological
Disorders in accordance with the present invention;

Fig. 3 illustrates a typical transverse ultrasound scan of the prostate, taken
transrectally in accordance with the present invention;

Fig. 4 illustrates a simple inversion image of Fig. 3 in accordance with the present
invention;

Fig. 5 illustrates a picture obtained by adding the image of Fig. 4 to Fig. 3 in
accordance with the present invention;

Fig. 6 illustrates a binarised image of Fig. 5 in accordance with the present invention;

Fig. 7 illustrates a smoothed image of Fig. 6 by dilation and erosion in accordance
with the present invention; '

Fig. 8 illustrates the image of an extracted capsule boundary in accordance with the
present invention; and '

Fig. 9 illustrates the X-Y coordinates formulation on a typical capsule/adenoma

~ boundary in accordance with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to Fig.1, there is shown a layout of the computer assisted ultrasound
imaging system, which is known as Surgeon Assistant Robot for selected Urological
Disorders, or "SARUD". In accordance with the present invention, the system comprises
a personal computer 10, a mother board equipped with a high speed frame grabber (12)
with hardware implemented image processing functions, such as inversion, addition, and
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the presgpefisRltal or a transurethral probe 20. The ultrasound scanner 18 can be selected Sither
' from the Bruel and Kjoer type 1846 scanner or the Krez Combinson 430. in the preferred
embodiment of the present invention, the robot 16, which is suspended on a
counterbalance, can hold the transrectal ultrasound probe or transurethral ultrasound probe
20. The 4-axis motion controller 14 provides four axes of movement, namely the head
travel axis (a linear axis), a ring axis (rotational), an arch axis (rotational) and a pivot length
drive axis (linear). The axes are mounted on the other in this order. Fig. 2 shows
schematically the layout of the robot 16 in accordance with the present invention. The
transuretheral probe 20 passes through the outersheath of the resectoscope 22, as shown
in Fig. 2. An adaptor (not shown) is used to provide rigid mounting of the resectoscope 22
to the robot 16. A different adaptor (not shown) with an offset from the central axis of the
resectoscope 22, is used for the transrectal probe (not shown). As shown in Fig.'2, when
the reference position (an anatomical landmark called verumontanum) is found
endoscopically and undisturbed, the resectoscope 22 is engaged to the robot 16. The robot
16 is suspended on a counterbalance gantry and a specially designed tool holder is used
for the mounting, Before an operation is performed to a patient, the prostate is scanned
using either the transurethral ultrasound scanning with SARUD or the transrectal ultrasound
scanning with SARUD. Only the head axis of the robot 16 is moved to carry the rest of the
robot arm, including the horizontally mounted ultrasound probe 20 and its adaptor (not
shown) so that a plurality nhumbers of transverse sections of the gland will be scanned,
starting from the bladder neck toward the verumontanum.-

- The length of the prostate, measured from the verumontanum to the bladder neck,
will have been obtained éndoscopically by advancing the head of the robot 16 under the
manual control before the scan takes place. The above method takes advantages of the
too! holder of the robot 16 to mount both the resectoscope 22 for the operation and the
ultrasound probe 20 for scanning, one at a time. The outer sheath of the resectoscope 22
remains in the patient's urethra throughout the scanning and resection procedure. This
ascertains that the image reference axis falls in line with the ring axis and is parallel to the
head axis of the robot 16. As a result of the same axes being used to do resections, no
registration or pre- and intra-operative data is necessary. The scanning is done intra-
operatively and the image reference frame is the same as that of the robot 16.

When scanning is completed, a cutting element (not shown) is introduced and
attached onto the outersheath of the resectoscope 22, without disturbing either the target
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are reconst r utti€inguttant fo reBbe hEtiniebf 4 TURPI$D thafthe patient will not be subjected
to prolonged anaesthesia. Also, the resulting reduction in irrigant absorption will avoid
complications like breathing difficulty and dilution of blood. Furthermore there will also be
less blood loss. To manually outline the capsule boundary, it can be very time consuming,
especially when the surgeon is not experienced in reading sonographs. Depending on the
length of the prostate and the accuracy and resolution required, there can be easily over
ten transverse sections, each of which requires the capsule boundary to be delineated.
Since it is intended that the robot 16 should complete the entire operation in less than 30
minutes, it becomes highly desirable that the scanning sho-uld take not more than 5 to 8
minutes to complete, leaving enough time for resections.

In accordance with the present invention, it is our desire to look for an automated
solution for the outlining task with the help of the computer. A novel variation to a method
called Bas-relief, which is known in the photography technology, is developed that allows
a quick and robust extraction of the prostate boundary from transverse images taken
transurethrally or transrectally. Bas-relief is a proce'ss by which a third dimensional effect
may be added to a print. In order to give a clean picture in the computer memory,
unwanted branches detected along with the desired contour are eliminated. Unavailable
information needed to close the prostate contour will be extrapolated based on scans m the
neighbourhood sections. '

Fig. 3 shdws a typical transverse ultrasound scah of the prostate, taken transrectally.
The prostate boundary is marked with white arrows. The capsule/adenoma boundary,
demarcation between the capsule and the enlarged tissue ("the adenoma") lies within the
prostate boundary. The adenoma is to be removed surgically. As shown in the Figure, it
is obvious that there is an object, eg. stone, of sufficient density at the location marked “X".
Figure 4 shows an inverted image of the ultrasound image of Figure 3. The inverted image
is enlarged proportionally in the orthogonal directions. The enlarged inversion is then added
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the next operation known as skeletonisation, or thinning. Fig. 8 shows the extracted
capsule boundary after thinning. The "dilate" and “"erode" operations, and the
skeletonisation operation can be accomplished by the use of an image processing software
package, such as "Optimas", which is available from Bioscan Inc.
The object marked "X" will generate echoes which crossed out all useful information
in the radial path. This can be seen in Fig. 8 as short branches (sometimes long ones) that
deviate from the desired boundary. Extrapolations and branch-elimination of some kind will
have to be applied so as to obtain the contour as shown in Fig. 9. In addition, the overall
dimensions will have to be scaled down by a suitable amount to compensate for the
enlargement of the inversion. In accordance with the present invention, Radial Bas Relief
can benefit from conventional ways of image preprocessing such as grey level
normalisation, etc (which are pixel by pixel processing within a defined region of interest).
The Radial Bas Relief will also not work without a robotic platform.
It is readily apparent that various changes and modifications may be made to the
method of medical imaging. Such changes and others may be made without departing from
the spirit and scope of the invention which is set forth in the claims appended hereto.
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with the preferred enbodi nent of the GvAiM@nt invention, the present met hod

of ult raqpundAsgé}ﬂ&tggzédo [)oundary estimation in medical images using Radial Bas-Relief
method comprising a surgical robot having a head axis, a computer, a 4-axis motion
controller, an ultrasound scanner, and an ultrasound probe (transurethral or transrectal type)
which passes through the outersheath of a résectoscope being mounted to said surgical
robot, comprising the steps of: (a) scanning for a target organ on a patient by moving said -
head axis of said surgical robot having being mounted with said ultrasound probe; and
characterized in that the scanned images obtained in (b) is fed into said frame grabber, said
images of target organ are then digitised to provide image processing and outlined by said
computer.

2. A computerized boundary estimation in medical images using Radial Bas-Relief method
as set forth in Claim 1, further comprises the steps of |

(a) inverting the medical image of the targét organ to obtain an inverted image;

(b) enlarging proportionally said inverted image in an orthogonal direction to obtain
an enlarged image;

(c) adding said enlarged image of (f) to said medical image obtained in Claim 1 to
result a Bas-relief image containing grey level now with edge information enhanced;

(d) binarising said Bas-relief image obtained in (g) to remove the grey level fhereof;

(e) dilating and eroding the binarised image of (h) to obtain a smoother outline of the
target organ boundary contour; and

(f) thinning the dilated or eroded image of (i) to provide a skeletonised outline.

3. A computerized boundary estimation in medical images using Radial Bas-Relief method
as set forth in Claims 1 or 2, wherein the target organ boundary is outlined by the use of
a light pen on the monitor screen.

4. A computerized boundary estimation in medical images using Radial Bas-Relief method
as set forth in Claims 1 or 2, wherein the target organ boundary is outlined by an automatic
capsule delineation program.

5. A computerized boundary estimation in medical'images using Radial Bas-Relief method
as set forth in Claims 1 or 2, wherein a cutting element is introduced and attached onto the
outersheath of the resectoscope.
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P Ic:or\rluputabonaltima es grloce'ss?ng. éuc% a meth%d is empﬂ:yed to allow a quick and robust

extract of the boundary of interest from transverse images taken transurethrally or
transrectally or otherwise. |

(FIG. 1)
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5. -i.mage processing for automated prostatectony, wherein the tine taken to
captyre and process each scan is short. Yet it is another object of
the present invention to provide a method of ultrasound inmage processing
f or’ aut omat ed prostatec A® setup of the robotic procedure is

greatly sinplified by Vi ng a counterbal ance gantry. : Thesa"ﬂsd
other features, aspectfg, and advantages of the present I nvention -
beconme bette rst god d to the foll owi ng description, appended

cl ai ns, and

14
18
20
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= \__QUICK RELEASE CONTROL CABLES OF THE
‘ | — CABLE CONNECTORS SURGICAL ROBOT
22
1 MAIN
FLEXIBLE CONDUIT HOUSING COMPUTER
THE CABLES FOR ACTIVATING
CLAMPING MECHANISM OF
THE MEDICAL RIG
b O] y
COMMUNICATION |
PATH :
CONDUIT CONNECTED.
TO EARTH MOTION
CONTROLLER
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acconpanyi ng drawi ngs wher e: BRI EF DESCRI PTI ON OF

THE - DRAW NGS Fig. 1 illustrates the arrangenent of the devices for

t he conputer assisted ultrasound imaging in accordance with the present

i nventi on; Fig. 2 illustrates a |ayout of Surgeon Assistant Robot
for selected Urol ogical D sorders in accordance with the present invention;
Fig. 3 illustrates a typical transverse ultrasound scan of the pro i
taken tran h the present invention; Hg 4

illustrate
present in
t he i nmage
Fig. 6ill
present in
dilati on ameeEs

of Fi.g. 3 in accordance with the
strates a picture obtained by addi ng
rdance with the present invention;
of Fig. 5 in accordance with the
strates a snoot hed i mage of Fig. 6 by

FIG. 4

i EET




wi th the present invention; Fig. 8 illustrates the inmage of an
extracted capsul e boundary in accordance with the present invention; and
Fig. 9 illustrates the X-Y coordinates fornulation on a typical
capsul e/ adenoma boundary in accordance with the present invention.: .
DESCRI PTI ON OF THE PREFERR gmig0 to Fig. 1l I&ﬁ?re S
shown a | ayout of the congs i ng systeds ichis
known as Surgeon Assi st ant] i@l D sorders,

"SARUD'. I n accordance wt nd systen1conpr|ses a
personal conmputer 10, a . gh speed frane
grabber (12) wi th hardwar gt functions, such as
i nversion, addition, and '

This Sheet Has Been Replaced

A

THIS SHEET HAS BEEN
REPLACED'




6 scaling, a 4-axis notion.controller 14, a surgical robot 16, an

ul trasound scanner 18, and a transrectal or a transurethral probe 20. The
ul trasound scanner 18 can be selected either fromthe Bruel and Kjoer type
1846 scanner or the Krez Conblnson 430 In the preferred embodi nent of the
present invention, the I Ol e e Qe o0 waiae 2 count er bat ance,
can hold the transrectal al ultra ’ probe
20. The 4-axi s notion cont of novene 'nanely
the head travel axis (a li it i onal ), an arch
axis (rotational) and a pi ). The axes are
nmounted on the other int
of the robot 16 in accordas
transuret heral probe 20 p
22, as shown.

FIG. 7

FIG. 8

____,___;____——___;

Has Been R laced
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in Fig: 2. An adaptor (not shown) is used to provide rigid nounting of the
resect oscope 22 to the robot 16. A different adaptor (not shown) with an
offset fromthe central axis of the resectoscope 22, is used for the
transrectal probe (not shown). As shown in Fig. 2, when the reference
position (an anatom cal |andmark called verunontanun) is found Pi
endoscopi cal |l y and undi sturbed, the resecfoscope 22 is engaged- @i{ bot
16. The robot 16 is suspended on a count€f bal ance gantry and a speC|
designed tool holder is used for the nnuntlng, Before an operationis
performed to a patient, the prostatg HRed using either the
transurethral ultrasound scan i Qe transrectal ultrasound
scanning with SARUD. Only the

16 is noved to carry

the rest of the robot arm AJ f M, regt al | ynounted ul trasound
probe 20 and its adaptor ( | ; ers of
transverse sections of thg gland w frofn t he bl adder
neck toward the verunonta N f_t tattt*measured
fromthe verunmontanumtofthe bl adde i N ned
endoscopi cal |y by advancinggthe g e¥ . §hel manual
control before the scan dcel. 1€ JrE gkes advant ages of

the tool hol der of the rok
operation and the

X — Lateral Interval

O - Entrance Point

This Sheet Has Been Reilaced THIS SHEET HAS BEEN
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ultrasound probe 20 for scanning, one at a tinme. Thepes
resect.oscope 22 remains in the patient's urethra t.hr pag
and resection procedure. This ascertains that the ‘i m§ . :
fall's inline with the ring axis and is parallel to the head axis of
robot 16. As a result of the sane axes being 1e1 1S, r3|
regi stration or. pre- and intra- operatlve dat a sﬁ cahnidhg i s
done intra- operatively and the mage-r—e-feren ame is the SWS t hat

(0]

of the robot 16. en s corrpl eted. a_cutiing—etepent It'i"['
shown) is introduced and attached onto the- out prshRERIAGEMENE SHEEIS Osedbe
22, without disturhing Aither the target 0 Description : paged ..... 0 Dag v
12 O Claim(s) : paged..... to page i

O | '@ Drawing(s) : paged - 5 to paged:
| O Abstract  : paged ... to paged .....

130 1
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7 position or the robot 16 which is mounted sufficiently rigidly in space

u3|ng the count erbal ance gantry and structure. The ul trasound

| mages, . during scanning, are fed into the frame grabber (12) which

digitises themto enabl e conputational inage processing. Every transverse

scan is captured, displayed on the nonitor and stored away even

docunenti ng purposes Al prostate boundary can be] ?Hg SREET HAStB’E&N

surgeon or i . il Ol S and supervi ses he oqngp@@ﬂ

t hrough the i ght pen, or by intiodueAg—arn

aut omati c cs to do the outlining. It is

| nportant t¢ P so that the patient will not be

subj ected t §so, the resulting reduction in

irrigant ab ations like breathing difficulty and
i ' i1l also be | ess blood |oss. To

manual | y oufs PN ¢ It can be very tinme consum ng,
especially : ; sxperienced in readi ng sonographs.
Dependi ng o sta§e and the accuracy and resol ution
required transverse sections, each of which

This Sheet Has Been Replaced

This is the replacement sheet
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Since it is intended that the robot 16 should conplete the entire operation
Fn 1ess than 30 mnutes, it becones highly desirable that the scanning
shoul d.take not nore than 5 to 8 minutes to conplete, |eaving enough tine

for resections. In accordance with the present invenliQQm—it

desire to look for an autqnated solutlon for _the outlini HEKSHEE&HASEEEN\
hel p of the conputer. A ndwetvard-at: a, et i1 e BasﬂﬁelA@ﬁD
which is known in the phot3 echngdh is déuéhnpe owsTa
qui ck and robust extracti g of Fatd . on1transverse i mages
taken transurethrally or process by which a

third di nensional effect der to give a clean

picture in the conputer it _-1;_'-: 26y “ted along with the
desired contour are elim : et »-:fi needed to cl ose the
prostate contour will be gl igpo): Sy & t he nei ghbour hood
secti ons. Fig. 3 sifs ST Lt ; Ml asound scan of the

marked with white
Een the capsul e and

prostate, taken transrectds
arrows. The capsul e/ adenor@'$
the enlarged tissue ("the Bdg§

eet Has Been Replaced

\\I||I\| v o e e
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I s.obvious that there is an object, eg. stone, of sufficient density at the
JJacation marked "X'. Figure 4 shows an inverted image of the ultrasound
i.mage of Figure 3. The inverted inage is enlarged proporti

“orthogonal directions. The enlarged inversion is then addedTHIS HEET A

-8 to the original image. The result of%the addition is sho inHEPQB_’r}__@_&_____
It can be seen in Figure f§ Hes l<-doe~t0 t he

i nversion being |arger ths 5 the result of the
RBR net hod. Using a very | cal l ed _

bi nari sation, the inmage i § the grey level. The

FIG. 7
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bi marised inmage is shown in Figure 6. In order to obtain a snoother outline
of -t-he capsul e contour, the binarised imge is subjected to the so-called
"dilate" and "erode" operations. These operations patch uplittle "hol es"”
in.the contour band (as shown in Fig. 7) to facilitate the next operation
known as skel etonisation, or thinning.sEig. 8 shows the extracted capsul e
boundary after thinning. The "dilate™and "erode" operations, and the

skel et oni sati on operati on can be accomplished by the use of_an.ilnege ]
processi ng software package, such as 'r'Tg)ti mas”, which is aviaTHISHSHEET, WAS BEEN
Bi oscan I nc. The object marked 34X’ will generate echpes WREChATED
crossed out all useful inforngiiOk ifn thg rldal  path. Thi steamr e 3EEN i n
Fig. 8 as short branches (sefret] mgs |l ohg |ones) that deviate fromthe

desi red boundary. Extrapo ati}pn apg branght ¢lli m natj on of sonme kind wil|
have to be applied so as/is0 4Oldt Hi-2 tihelcdnepu aSe SiQWn-in-Eig. 9. In
addition, the overall difensiong W l|l haJe }o|be scalled dowanbx, a suitable
anount to conpensate fof the enfagggqnent yofyt e i nvensi of. at'cor dance
with the present inventjon, Rady ab H m convent i onal
ways of image preprocegsing such &s |grey (|l eyell normal etc (which

are pi xel by pixel processi egeW t hin a | A& ey $cgi @ r)g\st). The

Radi al Bas Relief will @l so not| wor wi't Hou robot i

l _
—->le

FIG. 9
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It is readily apparent that various changes golﬁr:mﬁlD catlons may b%é@éx”é_g

to the nethod of nedical imging. Such chang | POS
wi t hout depdrting fromthe spirit and scope Gﬁy' set
-9- _ CLAIMS 1. A conputerized

forth in the clains appended hereto.

boundary estinmation in nedj s- Relief method
conprising a surgical robo put er equi pped with a
frame grabber, a 4-axis no und scanner, and an

Fig 3
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uktrasound probe (transurethral or transrectal type) which passes through

t he outershea;g of a resectoscope being mounted to said surgical robot
conpr|5|ng‘fhe steps of: (a) engaging said resectoscope to said robot

havi ng- bei ng suspended on a counterbal ance gantry at an undi st urbed

ref erenced position (called verunontanum; and (b) scanning for a target
organ on a patient by noving said head axis of said surgical robot having
bei ng mounted with said ultrasound probe; characterized in that the scanned
| mages obtained in (b) are fed into said frane grabber, said i mages of
target organ are then digj J essing and outlined by
sai d conputer. 2. A lon in nedical imges
usi ng Radi al Bas- Reli ef 1, further conprises
the steps of (c) i the target organ to
obtain an inverted inmage; onally said inverted
I mge in an orthogonal di




obtai-n an enl arged i mage; (e) addi ng said enlarged image of (d) to
sai d nedical. inmage obtained in Claim1l to result a Bas-relief inmge.

containi Ny grey level now with edge information enhanced; ()~
- binarising said Bas-relief inmage obtalned in (e) to remove the grey |evel
t her eof ; (g) dilati i mage of (f) to

contour; and

)vi de a skeletonised
medi cal i mages using

2, wherein the target
n the nonitor screen.

obtain a snoot her outli ne
(h) thinning the dil ated
outline. 3. A conput
Radi al Bas- Relief method
organ boundary is outline

Fig7

Fig 8
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4: :-A conputerized boundary estimation in nedical images using Radial Bas-
Rellef rrethod .as set forth in Cainms 1 or 2, wherein the target organ
boundary 1§ “olt | i ned by an automatic capsul e delineation program 5. A
conput eri zed boundary estinmation in nedical imges using Radial Bas- Relief
method as set forth in Clains 1 or 2, wherein a cutting element is

I ntroduced and attached onto the outer{sheath of the resectoscope.

Adenoma Boundary
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10 6. A conputerized boundary estimation in nedical inmages usi &Bgi %‘3
Bas-Rel i ef nmethod as set forth in Cains 1 or 2, wherein the targ !;

is the prostate. 7. A conputerized boundary estinmation in medical |P0_§
I mages using Radi al Bas-Relief nethod—a2 set forth in Caim3, wherein the
target organ is the prostate. 8. chamsput eri zed boundary estimation in
nmedi cal i nmages using Radial Bas-Relief nethod as set forth in Caim4,
wherein the target organ is the prostate.

1. A computerized boundary estimation in medical images using Radial Bas-
Relief method comprising a surgical robot having a head axis, a computer equipped
with a frame grabber, a 4-axis motion controller, an ultrasound scanner, and an
ultrasound probe (transurethral or transrectal type) which passes through the
outersheath of a resectoscope being mounted to said surgical robot, comprising the
steps of : (a) engaging said resectoscope to said robot having being suspended on
a counterbalance gantry at an undisturbed referenced position (called
verumontanumy); and (b) scanning for a target organ on a patient by moving said
head axis of said surgical robot having being mounted with said ultrasound probe;
characterized 'in that the scanned images obtained in (b) are fed into said frame
grabber, said images of target organ are then digitised to provide image processing
U and outlined by said computer.

2 A computerized boundary estimation in medical images using Radial Bas-
Relief method as set forth in Claim 1, further comprises the steps of
(c) inverting the medical image of the target organ to obtain an inverted
“image;
(d) enlarging proportionally said inverted image in an orthogonal direction to
obtain an enlarged image;
(e) adding said enlarged image of (d) to said medical image obtained in Claim
1 to result a Bas-relief image containing grey level now with edge information
enhanced;
(f) binarising said Bas-relief image obtained in (e) to remove the grey level
thereof,
(g) dilating and eroding the binarised image of (f) to obtain a smoother outline
of the target organ boundary contour; and
(h) thinning the dilated or eroded image of (g) to provide a skeletonised
outline.

3. A computerized boundary estimation in medical images using Radial Bas-
Relief method as set forth in Claims 1 or 2, wherein the target organ boundary is
outlined by the use of a light pen on the monitor screen.

4. A computerized boundary estimation in medical images using Radial Bas-
Relief method as set forth in Claims 1 or 2, wherein the target organ boundary is
outlined by an automatic capsule delineation program.

5. A computerized boundary estimation in medical images using Radial Bas-
Relief method as set forth in Claims 1 or 2, wherein a cutting element is introduced
and attached onto the outersheath of the resectoscope.
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