School of Computer Science Carnegie Mellon University Pittsburgh, Pennsylvania 15213

An Integral Approach to Free-form

Object Modeling

H.Y. Shum M. Hebert K. Ikeuchi R. Reddy

May, 1995 CMU-CS-95-135

This research is partially sponsored by the Advanced Research Projects Agency under the Department of the Army, Army Research Office under grant number DAAH04-94-G-0006, and partially supported by NSF under Contract IRI-9224521. The views and conclusions contained in this document are those of the authors and should not be interpreted as representing the official policies or endorsements, either expressed or implied, of the Department of the Army, or the U.S. government.

Keywords: 3D object modeling, free-form object modeling, multiple view merging, principal component analysis, resampling.

Abstract

This paper presents a new approach to free-form object modeling from multiple range images. In most conventional approaches, successive views are registered sequentially. In contrast to the sequential approaches, we propose an integral approach which reconstructs statistically optimal object models by simultaneously aggregating all data from multiple views into a weighted least-squares (WLS) formulation. The integral approach has two components. First, a global resampling algorithm constructs partial representations of the object from individual views so that correspondence can be established among different views. The global resampling algorithm is based on the spherical attribute image (SAI) previously introduced in the context of object representation and recognition. Second, a weighted least square algorithm integrates resampled partial representations of multiple views, using the technique of principal component analysis with missing data (PCAMD). Experiments using synthetic data and real range images show that our approach is robust against noise and mismatch. In addition, the results show that our integral approach is insensitive to the order in which views are incorporated in the model.