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Linear and Non-Linear Model for Statistical Localization of Landmarks B. Romaniuk, M. Desvignes, M. Revenu, MJ. Deshayes GREYC-CNRS 6072, 6 bd maréchal juin, 14050 CAEN, FRANCE E-mail : {Barbara.Romaniuk,Michel.desvignes}@greyc.ismra.fr Abstract This paper presents and compares 3 methods for the statistical localization of partially occulted landmarks. In many real applications, some information is visible in images and some parts are missing or occulted. These parts are estimated by 3 statistical approaches : a rigid registration, a linear method derived from PCA, which represents spatial relationships, and a non linear model based upon Kernel PCA. Applied to the cephalometric problem, the best method exhibits a mean error of 3.3 mm, which is about 3 times the intra-expert variability.



1. Introduction The goal of orthodontic and orthognatic therapy is to improve the interrelationships among craniofacial tissues. A cephalogram is a two-dimensional X-Ray image of the sagital skull projection [1][2]. It is used to evaluate these relationships. Cephalometric landmarks are bony landmarks and are first located on the radiograph. Distances and angles among these landmarks are compared with normative values to diagnose a patient’s deviation from ideal form and to evaluate craniofacial growth characteristics, skeletal and dental disharmonies. It is also used to evaluate results and stability of various treatment approaches. This task is challenging and has been the subject of previous research [3][11]. Our goal is the realization of a computer vision system to obtain an objective and reproducible cephalometric analysis. Indeed, large inter-expert and intra-expert variability has been noticed [2]. The main source of errors is the precise identification of landmarks. The two main causes are the subjectivity in the interpretation of the landmark definitions and the positional repeatability of human experts. Landmarks are difficult to distinguish on images and interpretation needs a long training time. In a computerized method, the formal descriptions of landmarks used by clinicians are not directly transposable: we then use a statistical approach to provide an initial estimation of landmark positions, using statistical models and training sets. During the past decade, there has been a lot of work in shape based approaches, for segmentation, registration or



identification tasks. In fact, any application where the geometric comparison of objects is required needs a shape analysis. The pioneers of the subject of shape analysis are Kendall [9] and Bookstein [8]. In these works, shape is defined as the remaining information after alignment (rotation, translation, scale) between two objects. In image analysis, Pentland [13] has defined modal analysis and a similar idea has been used by Cootes [10] in the Active Shape Model (ASM) and Active Appearance Model (AAM). They both involve a Principal Component Analysis (PCA) to build a statistical shape model. In this model, the mean object and the variation around this mean position are both represented. AAM was used for cephalometric purpose by Hutton [11] without sufficient accuracy. Other methods related to this problem use elastic registration to align an image with a model. The model can be an image [6], an atlas [5] or a set of landmarks [4]. Elastic registration is a powerful tool based upon physical models such as solid or fluid deformations and includes complex and non linear model. Yet, the variability of the shape is not represented. Some works on Kernel PCA [12] are very close to our method. Briefly, Kernel PCA maps the input data in a Feature Space (F-Space) using a non linear mapping. PCA is performed in the F-Space. The mean shape is given by the eigenvectors corresponding to the largest eigenvalues. In a classification problem, classification is done in the FSpace. In a localization problem, mean shape in the Fspace must be back-projected in the input space. The choice of the mapping and the back projection are difficult problems and are still open issues. In this paper, we present a comparison of 3 methods to localize landmarks and their application to the cephalometric problem. The first method is a simple affine registration, the second method is based upon a linear PCA and the third one is a non linear method close to PCA.



2. Methods In the cephalometric problem, orthodontists have annotated cephalograms with 14 landmarks (cephalometric points) on a training set of radiographs. We also use an a-priori knowledge, which is a common
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knowledge in all cephalometric analysis : there is an unknown spatial relation between the cranial contour and the cephalometric points. The main problem in the cephalometric analysis is to discover this relation. Fortunately, the cranial contour can be automatically detected and extracted from the image [14], and then sampled (16 points). Our training set of points is composed of the 14 cephalometric points and the sampled version of the cranial contour. From this data-set, a mean shape model is computed. To retrieve landmarks on a new image, the cranial contour is detected and sampled, cephalograms are registered and the mean shape model is used to estimate the position. 2.1. Linear affine model The problem is to compute a mean shape from a training set of points. First, all the sets of the training base have to be aligned. Procustes Analysis is a common tool to register two sets. It is a one to one mapping. To avoid this mapping, we have approximated the cranial contour by an ellipse, with the following parameters : xg, yg : center of ellipse, q : angle between first principal axis and Ox, a,b : length of the principal axis. The coordinates of cephalometric points are expressed in the coordinate space defined by the center xg, yg and the vectors a and b along the principal axis of the ellipse. Let Xi=(xi,yi) i Î1..n, be the points of the cranial contour. We can write :



æ xg ö 1 n X g = çç ÷÷ = å X i , è y g ø n i =1 1 n m pq = å ( xi - x g ) p ( y i - y g ) q , n i =1 2 m 11 tan(2 * q ) = . m 02 - m 20



In the previous method, spatial relations between cephalometric points are not examined although they seem to be quite important for the expert. The linear PCA method defined here is an elegant way to take into account spatial relations between landmarks and between landmarks and contour, and can also estimate the unknown part (cephalometric points) of the partially visible or occulted model (cranial contour). Let Xi =(x1i, y1i, x2i, y2i, .. xni, yni) ÎR2n be the locations of the n cephalometric points on the ith cephalogram, Ci be the locations of the m points of the sampled cranial contour on the ith cephalogram, and Ti=(Xi,Ci) the concatenation of Xi and Ci. To compute a model with this training set, the first step is to align all these samples. This is realized with an iterative version of the Procuste analysis. Using PCA, we can write Ti » T + f b where :
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On an unseen image, the cranial contour is detected and is fitted with an ellipse and the 5 parameters xg, yg, q , a and b are computed. The estimated landmarks are then :
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b is a vector of dimension t : b = f T (Ti - T ) . The dimension t of the vector b is the number of eigenvectors with the largest eigenvalues. In classical use
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eigenvectors that explain sufficiently the standard deviation are kept. The vector b of dimension t is a good approximation for the original data set and any set of n+m points can be represented or retrieved with the t (t 























des documents recommandant







[image: alt]





Linear and Nonlinear Loudspeaker Characterization - CiteSeerX 

Jun 25, 2006 - in partial fulfillment of the requirements for the. Degree of ..... the human ear, inter-modulation distortion is the most offensive loudspeaker.










 


[image: alt]





Linear and Nonlinear Loudspeaker Characterization - CiteSeerX 

Jun 25, 2006 - M-Audio quadratic and linear loudspeaker response, MMSE method. ..... may be improved by using the following equation to calculate H(f): (3).










 


[image: alt]





Comparison of linear and nonlinear calibration methods for phase 

Department of Mechanical Engineering. Ottawa, Ontario, Canada ... Department of Systems Design Engineering. Waterloo ... and camera for the higher range of depth, the assumption of linearity based on ...... normal deviates,â€� Ann. Math. Stat.










 


[image: alt]





Nonlinear Model for Viscoelastic Behavior of ... - Research 

Although the mechanical properties of ligament and tendon are well documented in .... chemical potential vector, and n is the amount of substance asso-.










 


[image: alt]





A Nonlinear Model-Based Control Method for 

a control law which utilizes the inherent nonlinearities and hysteresis. To illustrate ... rod axis, moments align in the sense depicted in Fig- ure 2c and signi cant ...










 


[image: alt]





RatSLAM: A Hippocampal Model for Simultaneous Localization and 

systems have a fundamental limitation â€“ they cannot represent and maintain multiple beliefs ..... E. Discussion ... model can perform SLAM, it opens questions in terms of operation of ... Adaptive Behaviour (Animals to Animats6), 2000. [9] M. J. ..










 


[image: alt]





a parafac-based technique for detection and localization ... - CiteSeerX 

Dec 3, 2009 - class capitalizes on the rich scattering properties of a target and mitigates Radar Cross Section (RCS) fluctuations by transmitting linearly ...










 


[image: alt]





A Nonlinear Model-Based Control Method for 

main wall movement is reversible which leads to anhys- teretic (hysteresis free) .... the nonnegative matrix G penalizes large terminal val- ues of the state.










 


[image: alt]





Confidence regions for statistical model based 

In practical applications of shape matching, such a model needs to be .... same prediction algorithm is employed and the predicted shape is compared to ...... CRC, 4th edition, ... European Journal of Operational Research 123: 256â€“270, 2000.










 


[image: alt]





Optical texture and linear perspective as stimuli for slant ... - CiteSeerX 

Flock's theoretical model specifying optical stimuli for slant are discussed. ... their results in the form of regression co- efficients, b, taking ... 1956. 1956. 1959. 1962. B. B. C, D. E. A. B. I. II. A, C. A. NR. Display surfaces. T. T. R. T-R ..










 


[image: alt]





Stability of linear and non- linear systems 

)2s(. 8. 1. C. 2. 3. C. 3. 3. = ++. +. +. = +. +. = +. +. We want to know what value of Kc causes instability, i.e., at least one root of the above equation is positive.










 


[image: alt]





Statistical Reasoning - CiteSeerX 

We use this metaphor to describe the notion that the sea of statistical metadata fills-in the gaps between the islands of Ontologies. Lately there have been some ...










 


[image: alt]





Statistical Shape Model of Legendre Moments with 

tical shape model is built as a result of a learning process based on nonparametric ... method is more related to template matching than to shape learning.










 


[image: alt]





A mathematical and statistical analysis of the curves ... - CiteSeerX 

A Scholander pressure chamber was used to determine xylem water potentials of twigs from the side shoots. After dehydration to the extent that all conductivity ...










 


[image: alt]





Statistical abstraction and model-checking of large heterogeneous 

The core idea of the approach is to conduct some simula- tions of the system and .... clocks of the various components may not progress at the. 2 BIP states for ...










 


[image: alt]





Statistical Abstraction and Model-Checking of Large Heterogeneous 

in two steps (1) we will build a stochastic abstraction for a part of the PTP application between ... 2.1 Qualitative Answer using Statistical Model Checking. The main ..... Encoding the abstract model of timed i/o-automata given in Figure 2 in BIP.










 


[image: alt]





Bayesian selection of multiresponse nonlinear regression model 

The second, a numerical one, uses well-known pure or hybrid MCMC ... Keywords: multiresponse nonlinear regression; Bayesian model selection; expected ...










 


[image: alt]





Statistical Abstraction and Model-Checking of Large Heterogeneous 

in two steps (1) we will build a stochastic abstraction for a part of the PTP application between ..... 40 minutes on a Pentium 4 running under a Linux distribution.










 


[image: alt]





Statistical abstraction and model-checking of large heterogeneous 

problem is in two steps (1) we build a stochastic abstraction for a part of the PTP ..... 3 A stochastic system is a process that evolves over time, and whose evolution can be ...... as bootstrap [13] to better exploit the simulations in gen- erating










 


[image: alt]





Statistical Shape Model of Legendre Moments with 

prior based on a description of the target object shape using Legendre moments. ... is to say, it can handle multi-modal shape distributions, preserve a consistent ...










 


[image: alt]





Integrated semigroup and linear ordinary differential ... - CiteSeerX 

prototype of ordinary differential equation with impulses as follows:.. ... equation introduces the jumps, which make necessary to working on a natural.










 


[image: alt]





Links between nonlinear dynamics and statistical mechanics in a 

Jul 26, 2004 - This biological phenomenon leads to the breaking of ... scribed this highly complicated biomolecule by two chains .... One notes that Tc corre-.










 


[image: alt]





Nonlinear Signal Processing A Statistical Approach 

of Nokia, Dr. Alan Bovik and Dr. Ilya Shmulevich, both of the University of Texas, ..... our signal consists of a single point (N = 1) and ,B is the mean, the pdf of the data .... higher-order statistics become less reliable in impulsive environments










 


[image: alt]





A Time-Frequency Technique for Blind Separation and Localization of 

aration, time delays estimation and localization of several source signals propa- gating in an ... icy Office: IUAP P6/04 (DYSCO, â€œDynamical systems, control and optimizationâ€�, ... entries of the square matrix Y. We will also use a Matlab-type no










 














×
Report Linear and Non-Linear Model for Statistical Localization of ... - CiteSeerX





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



