
Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.3
     Für schnelle Web-Anzeige optimieren: Nein
     Piktogramme einbetten: Nein
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 2400 2400 ] dpi
     Papierformat: [ 595 842 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 2400 dpi
     Downsampling für Bilder über: 3600 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Warnen und weiter
Einbetten:
     Immer einbetten: [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Farbe nicht ändern
     Methode: Standard
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Nein
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Ja
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Ja
     DSC-Warnungen protokollieren: Nein
     Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja
     EPS-Info von DSC beibehalten: Ja
     OPI-Kommentare beibehalten: Nein
     Dokumentinfo von DSC beibehalten: Ja

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Warning
     /ParseDSCComments true
     /DoThumbnails false
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize false
     /ParseDSCCommentsForDocInfo true
     /EmitDSCWarnings false
     /CalGrayProfile ()
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue false
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.3
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends true
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo true
     /GrayACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /LeaveColorUnchanged
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 300
     /EndPage -1
     /AutoPositionEPSFiles true
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageResolution 2400
     /AutoFilterGrayImages true
     /AlwaysEmbed [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 300
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 2400 2400 ]
>> setpagedevice



Automatic Targeting Method and Accuracy Study         125

the position of the target is readily transformed from the C-Arm to the robot space.
Several registration methods have been proposed over the years. For example, Taylor
et al. [2, 3] developed a registration method using a corkscrew fiducial object attached
to the robot end-effector. An algorithm was developed to find the 6DOF transforma-
tion from the robot to the C-Arm. This class of algorithms requires image distortion
correction using additional hardware mounted on the C-Arm detector. While these
methods provide good accuracy, the additional hardware required for image de-
warping could impede target identification.

A second approach is to use properties of the perspective projection and perform
the targeting task without explicitly computing the position of the target. Navab and
Loser explored this approach [4]; their method uses visual servoing in two different
views in order to achieve proper instrument orientation. The instrument insertion
depth is computed using cross-ratio invariants. Our group also developed a similar
targeting method [5] moving the needle on a conical trajectory in one C-Arm orienta-
tion and using visual servoing a second C-Arm orientation. Both of these methods
assume that the C-Arm projects 3D lines in 2D lines, which is reasonable as long as
the region of interest is close to the center of the image.

The method reported here is also based on visual servoing and relaxes the non-
distortion assumption. This algorithm is theoretically capable of achieving zero
alignment error. The method was implemented and tested using our AcuBot robot [6].

2   Method

The approach automates the needle superimposition technique manually practiced by
the surgeon by using adaptive visual servoing. The needle alignment requires one
single C-Arm orientation. A lateral view is then used for needle insertion. In the first
C-Arm position the needle point is placed at the skin entry point which is superim-
posed over the target. The needle is then rotated about that point until its head over-
laps it in the image, like in the manual case. This guarantees that the target is on the
needle path. The needle is then inserted under a lateral C-Arm view.

In the initial orientation the x-ray source, the target and the needle tip are collinear
defining the line δ (Fig.,1). The problem at hand is to align the needle along this di-
rection. In image space, the alignment position is identified by the superposition of
the needle head over its point. In control terms this is a set-point regulation task using
a non-calibrated camera with fixed but unknown position and orientation.

2.1    Control Algorithm

The visual servoing problem has been intensively addressed in industrial robotics
since early 80’s as a modality to improve precision in positioning tasks. In general,
visual-servoing uses visual information to control the pose of a robot end-effector [7].
For instance, a standard architecture uses a fixed camera(s) to track the robot end-
effector towards a desired position. Initially, visual-servoing controllers were devel-
oped for cameras with known optic parameters and position. Recently, Hespanha et
al. showed what tasks can be performed with an un-calibrated camera[8] and adaptive
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control methods have been proposed for the un-calibrated visual-servoing of planar
manipulators [9, 10]. The proposed algorithm is an image-based direct visual -
servoing using a fixed un-calibrated X-Ray camera. Compared to the industrial case,
in our surgical case the marker (needle head) moves on a sphere rather than a plane.
However, since the initial orientation of the needle is closed to the desired orientation,
the industrial approach can be modified to serve the new purpose.

Fig. 1. Needle targeting diagram

Control equations may thus be constructed in a similar manner, but due to the par-
ticular trajectory of the marker, the resulting error equations contain nonlinear terms
of joint coordinates, as follows.

The RCS coordinate system (Fig. 1) is conveniently centered at the point of the
needle and aligned with its z axis along the initial direction of the needle. The marker
position in RCS then given by:
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where, l is the length of the needle and ( )Trrr 21=  is the position of the needle

head in the xOy  plane of RCS. The unknown transformation from the RCS to the

image coordinate system (ICS) can be represented by a sequence of rotations

( ) ( ) ( )γβα xyz RRR  followed by a translation ( )Tzyx tttt = , where t defines the

position of the needle tip in ICS. Thus, the marker position in ICS is:

( ) ( ) ( ) tpRRRp r
xyz

c += γβα (2)

Consider ip  the perspective projection of cp on the detector plane and xyt the pro-

jection of the needle tip on the same plane. The needle is aligned with the target if

xy
i tp = , thus the alignment error can be defined as:



Automatic Targeting Method and Accuracy Study         127

;xy
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Taking the time derivative of (3), the error equation becomes:
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and ( )γβ ,,rM a known nonlinear matrix function of known (current needle position)

and unknown parameters (initial position of the needle tip, initial needle orientation).
The needle alignment requirements are met when 0=ε . A feedback controller is used
to stabilize the system (Eq. 4) in the origin for appropriate initial conditions. Assum-
ing that the implementation uses a fast inner loop for the robot velocity control, we
can concentrate on the kinematic problem and generate robot reference veloci-

tiesθ such that the error ε approaches 0.
Since the robot is initially close to the desired position it can be proved that the

matrix M is bounded for all robot positions and the rotation about the z axis induced
by M is small compared to α . A stabilizing control law can then be chosen as:

( ) 20;ˆ~
RKKRKr T

pp
T

zp ∈>=−= εα  ; α̂  an estimated value for α . (5)

Then, the robot reference velocities can be computed as:

( ) rJ
1−

= θθ (6)

where, θ are the RCM joint coordinates, and ( )θJ is the Jacobian of the θ to r
transformation.

Since the visual control loop runs at low frequency (approximately 30Hz), a dis-
crete method was designed for the estimation of α :

( )111 ,ˆˆ −−− −−∠+= kkkkk εεεαα  if 01 ≠−kε  and 1ˆˆ −= kk αα otherwise; (7)

where, kk εα ,ˆ estimated α respectively error at step k and ∠  computes the angle

between the two parameter vectors.
Equations (5), (6) and (7) provide a feedback control law that stabilizes (4) in the

origin which aligns the needle towards the target. The method was successfully im-
plemented using the AcuBot robot.

2.2    The AcuBot

AcuBot comprises two robotic manipulators connected by a 6DOF passive arm. The
base manipulator is a Cartesian stage attached to the operating table through an
adapter. The second manipulator is the PAKY-RCM [11] module. The passive arm
and the Cartesian stage allow for the initial positioning of the robot such that the tip of
the needle is at the skin entry point. The RCM provides the 2 rotational DOF required
for needle orientation; PAKY is a needle driver used once proper orientation is
achieved.
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The manipulator is controlled using an industrial PC computer equipped with a
motion control card “Motion Engineering Inc” PCX-DSP, and a frame grabber Ma-
trox Meteor II. The motion control card is used as a velocity controller for the RCM
robot and receives reference joint velocities from the “visual servo loop”. The visual
servo loop implements the equations (5), (6) and (7). The Matrox Meteor II board and
Matrox Imaging Library are used for image acquisition and processing. In order to
easily recognize the end of the needle in the image, a marker represented by a 5mm
steel ball is attached to the needle. The control was developed and initially tested
using a CCD camera instead of the C-Arm for reducing radiation exposure.

3   Results

A first set of experiments was conducted to test and prove targeting accuracy. A com-
parative study was then designed for assessing the feasibility and usefulness of the
proposed method. A percutaneous procedure (kidney access) was simulated in two
different settings. In the first, automatic alignment was used for needle orientation
whereas in the second the robot was manually driven using a joystick control. Both
the accuracy of needle placement and the alignment time were recorded and used in
the evaluation.

3.1    Automatic Targeting Tests

The algorithm was implemented and initially tested with a CCD camera in place of
the C-Arm. The maximum needle placement error in 50 experiments, measured as the
distance between the point of the needle and the 1mm ball target was 1mm. The con-
vergence of the visual servoing algorithm was also tested for various camera positions
and, initial, orientations of the, needle. Figure 2 shows 6 examples of the, algorithm’s 
convergence by displaying the, trajectory of the needle head towards overlapping
the point of the needle in image coordinates.

Fig. 2.  Visual Servoing Convergence Graph
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A second set of experiments was performed with the C-Arm. AcuBot was attached
to an OR table and an OEC 9800 C-Arm was used as imaging device. Several targets
defined by 1 mm steel balls were placed in different calyces of a kidney phantom
(Percutaneous Kidney Slab, Limbs and Things Inc). The model was manufactured
from silicone rubber with mechanical characteristics similar to the soft tissue.

Fig. 3. Automatic needle alignment tests under x-ray fluoroscopy (left) and video camera guid-
ance (right)

Fig. 3 shows two photographs of the experiments performed,with the x-ray and video
guidance.  In both cases, a trial involved the following steps:
1. Define the target and load the needle in the PAKY driver.
2. Position the C-Arm and choose the entry point; drive the robot using joystick con-

trol until the needle tip is at the desired entry point (overlapped over the target).
3. Automatically align the needle towards the target using the proposed algorithm and

measure the time.
4. Rotate the C-Arm in a lateral position and insert the needle under joystick control.
5. Estimate the precision of needle placement where error was defined as the distance

between the needle tip and the surface of the target ball.

Fig. 4. Needle deployed at 1mm ball target within kidney model
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The results of a series of 25 trials performed under x-ray guidance are presented in
Table 1 and a typical x-ray showing the needle targeting the steel ball is presented in
Fig. 4.

Table 1.  Statistic results of the automatic and joystick guided needle insertion

Automatic
1mm target, 18G needle

25 experiments

Joystick
3mm target, 18G needle

40 experiments
Mean Std. Dev. Mean Std. Dev.

Alignment
time

5.54 s 1.67 s 10.56 s 3.95 s

Accuracy 0.8 mm 0.78 mm 1.03 mm 0.42 mm

3.2    Manual Targeting Tests

Forty trials were performed for the manual tests using the same type of kidney model.
For minimizing the radiation exposure a CCD camera was used instead of the C-Arm.
This was possible since the phantom used was made of translucent silicone rubber. In
this case the targets used were 3 mm balls, because the 1mm used in x-ray were hard
to see with the camera. The balls were inserted in calyces of the kidney model. The
steps of the trial described for the automatic alignment were also followed in this
case; except for step #3 were the subjects used the joystick control to align the needle
towards the target. For each trial, alignment time and precision were recorded as
summarized in Table 1.

These results indicate that even though the target was 3 times smaller the image-
guided automatic procedure is twice times faster and more accurate than the joystick
approach.  This study is the first step in evaluating the performance of the proposed
automatic alignment method. Future research involving animal experiments, will be
needed to evaluate the influence of needle deflection and respiratory motion in tar-
geting accuracy.

4   Conclusion

The paper presents a method for automatic needle placement under C-Arm fluoros-
copy. The proposed algorithm uses a non-calibrated mobile C-Arm, widely available
in the operating rooms, and a minimal marker represented by a steel ball attached to
the head of the needle. The approach is intuitive and familiar to the surgeons being
derived from the manual approach. The method was implemented using a robot pur-
posely designed for image-guided needle procedures. A comparative study of the
automatic versus joystick control of the robot showed an improvement in the proce-
dure time and the accuracy.
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