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CATHETER CALIBRATION USING TEMPLATE MATCHING LINE
INTERPOLATION ALGORITHM

L. Nagy, L. Szilagyi
Department of Control Engineering and Information Technology, Budapest University of
Technology and Economics, Hungary

Abstract- This paper presents a study case of specific angiographic
X-ray image processing, such as quantitative cardiac analysis.
During QCA it isvery important to get precise and accur ate results
because these data are used to make a diagnosis or to plan an
eventual intervention. The two main requests are influenced by
many factors, such as: image resolution, type of the calibration,
algorithm used for contour detection, size of the FOV, other
parameters of the image. The studied calibration method is the one
using catheter size, and it looksto find a general solution for all size
FOVs and catheters. The algorithm can be implemented either on
acquisition systems—in order to allow direct and fast quantification
of the recorded sequences —, or on review stations — in order to
enhance the 2D post-processing functionality.
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|. INTRODUCTION

Generally taken the QCA is a software tool used to examine
the morphology of the vessels. Its basic medical need is to get
different geometrical data: distances and lengths, diameters and
volumes, percentage of stenosys, volume of aneurysm, but in
some cases we can get information on the functional significance
of lesions and artery obstructions. It is applied in many medical
fields: diagnostic imaging, interventional cardiology, clinical
investigation, etc.

Usually the basic features of thistool are: automatic or manual
contour detection, sphere/catheter/grid calibration, stenosys
and/or aneurysm detection and 2D/3D quantification, etc.

As in a multi-step process the errors are cumulative, it is
important for each step to have avery good level of accuracy and
precision. This study is focusing on the calibration step, more
precisely on sub-pixel interpolation of paralel curves
representing the outer diameter of the catheter.

Il. METHODOLOGY

Within QCA, stenosys and aneurysm quantification can be
done either by giving relative values of the examined structures
(ex. percentage of the stenosys related to healthy vessels) or by
giving exact values in millimeters, inches, etc. To be able to
make the correspondence between the image plane and the real
life objects, prior any measurement a calibration is needed. The
result of the calibration will be afactor (calibration factor) which
tells the proportion between the real size of the calibrating object
(in mm) and the size of the calibrating object on the image plane
(inpixels).

The calibration factor (the size of a pixel in mm) depends on
the magnification factor due to the conic projection of the X-ray
system. The magnification factor is the ratio between the distance
from the X-ray source to the Image Intensifier (I1) and the
distance from the X-ray sourceto the artery [4].
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Fig 1. Object space - Image space relation in X-ray imaging

Many type of objects can be used for calibration: ruler or grid
placed on the table, metallic sphere placed on or hold by the
patient and the catheter itself. The best and most precise results
can be achieved by catheter calibration because usualy the
catheter has the same distance from the x-ray source as the
examined vessel or heart. In case of the other methods we can
easily make over- or under estimations.

Principles of the catheter calibration. Generally all calibration
methods include three main steps: (1) geometric edge detection
(finding the approximate contour of the calibrating object), (2)
fine catheter edge interpolation (using a priori knowledge about
the geometry of the calibrating object: parallel curves, circle), (3)
parameter extraction.

(1) Edge detection.

There can be found many edge detection algorithms and many
implementations of them in the bibliography.

Fig 2. Detected contours on an X-ray image
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Some of them are specialized on symmetric curvilinear
structures and are combined with image filtering processes [1],
others are specialized on ridge detection [2] (specific cases of full
or empty catheters). Usually the result of this process can be a
rejection (in case of unsuccessful edge detection in the ROI) or
two sets of pixelsforming the two outer edges of the catheter.

(2) Fineinterpolation of the catheter edges.

The only available information to fine tune the automatically
detected edges are the two sets of data, respectively the
parallelism of the curves.

The goal isto define a method for estimating at sub-pixel level
the mathematical equation of the original edge. To analyze one
set of data (one edge) a parameterized-template matching
algorithm is used [3], applied for lines. The method is based on
the Hough transform that transforms the analyzed data from the
“image space” to the “parameter space”. In our case the image
space is the image itself (x, y coordinates of the pixels), the
parameter space is determined by following 2 coordinates. Q —
the angle between the line and the normal to that line
(represented on the Ox), d — distance of the line from the origin
(represented on the Oy). The transformer equation is quite
simple:

X>x0sQ+y>xsinQ-d=0

For each pixel (marked as part of the detected edge) of the
image space we determine a list of lines that can go trough that
pixel. The number of lines can be selected according to the
desired precision and calculus capacity. (In case of resolution of
1° there will be 180 different lines)
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Fig 3. Family of classesin case of some control points. Each curve represents one
class of lines

In the parameter space there can be identified 2 focal points
where the two set of curves intersect each other. The precise
coordinates of these points can be calculated either by simply
averaging the coordinates of the intersections, or by using a more
complex algorithm that first cuts the extremities then calculates a
weighted average (the weights will be determined according to
the number of lines that intersects in the given point) of the
intersection coordinates.
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For each curve al intersections in a discrete space are

approximated by:

Qij =Q, where min (abd(dist[i][Q]- dist[j][Q]))
d;j = (distfai][Q] +dist[ @]/ 2,
where i=i.N-1, j=(i+1).N,and Q=0.179 .

Simple method:
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The previously calculated values give the (Qu ,day q)

parameters of the two edges. Knowing that normally the two
original lines are paralels, we will try to “paralellise” our lines.
For that we calculate the mean of the two angles and we will use
it as the final parameter for both lines (Q g erq1 » Aoveran )- HaVING
the distances and the angulation we can determine the equation
of the two parallel linesin theimage space.
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(3) Parameter extraction.

Geometrical characteristics are used to measure average
distance between the edges detected at the previous step. This
value and the manually entered catheter diameter size are used to
calculate the calibration factor.

The distance between the two linesis given by:

D= abs(dav_l - dav_2)

The calibration factor is:
C(fr) .

= —— (mm/pixel),
~ g (mmipixel)

calib —

where C(fr) issizein french, 1/3 convertsfrench into mm.



Il. RESULTS

To test the line interpolation algorithm manually generated
correct (straight) and wrong (curved, noisy) test-lines were used.
In all casestheinterpolated lines gave avery good approximation
of the main orientation of the curves.

Further algorithm and calibration tests were performed using
angiographic images generated by GEM S AdvantX LC+ system.
The catheter calibration results were compared with the results
produced by the mentioned acquisition system but the recorded
differencesraised up to 11%.

Asitisshown in Fig. 4, the pixels detected as possible contour
points are marked with sguares, interpolated lines are drawn with
dotted lines, adjusted lines with continuos lines. The dotted lines
are obviously not parallel, but on the portion represented by the
image elements (pixels) are well approximating the lines
represented by them. By paralleling them actually we calculate
the average distance between them.
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Fig 4. Origina pixels, interpolated lines (dotted) and adjusted lines
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IV. DISCUSSION AND CONCLUSION

The verification and validation process is still not completed.
Different weighting methods are analyzed in order to increase
accuracy. Grid phantoms were used to validate the measured
distances. Preliminary error approximations show a maximum
level of 13%.

The presented method seems to give a good estimation evenin
cases when the catheter is not straight and presents a curvature.

In this case the calculated Ta\,_q angles will represent the

averaged direction of the partial tangents to the curve.

An other approach to increase the accuracy of the edge
detection and of the calibration results the algorithm could be
extended to use not just one single image but a set of images
belonging to the same sequence. Data processing using more
than one frame could reduce the noise influence.

REFERENCES

[1] Th. M. Koller, G. Gering, G. Szekely, D. Dettwiler,
"Multiscale Detection of Curvilinear Structures’, Proceedings of
the 17th International Conference — | EEE/EMBS, 1995

[2] J. Brian Subriana-Vilanova, Kah Kay Sung, " Ridge-Detection
for the Perceptual Organization Without Edges’, IEEE Trans.
Biomed. Eng, vol. 39, pp 317-329, April 1992.

[3] Sergiu Nedevschi, "Prelucrarea Imaginilor si recunoasterea
formelor”, Grupul Microinformatica, Cluj-Napoca, 1998

[4] Francisco Sureda, "Stenosis Analysis - Training course”,
internal GEM S document, 1997

[5] Reiber JHC. QCA as of 1998 and the future. Academic
lecture, Toshiba Cardiac Seminar, Atlanta, March 30, 1998



	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


