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Abstract

In practice, understanding the spatial relationships
between the surfaces of an object, can significantly im-
prove the performance of object recognition systems.
In this paper we propose a novel framework to rec-
ognize objects in pictures taken from arbitrary view-
points. The idea is to maintain the frontal views of the
major faces of objects in a global flat map. Then an un-
folding warping technique is used to change the pose
of the query object in the test view so that all visible
surfaces of the object can be observed from a frontal
viewpoint, improving the handling of serious occlu-
sions and large viewpoint changes. We demonstrate
the effectiveness of our approach through analysis of
recognition trials of complex objects with comparison
to popular methods.

1. Introduction

Object recognition from 2D images is a heavely-
researched problem in the study of both human and
machine vision. One of the challenges for automatic
object recognition systems is that the same object may
appear differently, depending on viewpoints, lighting
conditions, and other environmental factors. A possi-
ble solution is to match a test image against an explic-
itly represented 3D geometric model [4]. While ex-
plicit models provide powerful geometric constraints,
generating the explicit geometric model is typically a
difficult and time-consuming process.

An alternative way to solve the above problem is to
employ the appearance-based object recognition meth-
ods which are intuitive and robust. Rothganger et
al. [7] imposed the multiple view geometry constraint
on potential matching patches and stitched matches
found in successive images into a global 3D affine
model of the object. Selinger et al. [6] proposed as-
sembling the local features within a loose global con-
text and combining the evidences from different view-
points based on the feature frequency distribution over
the entire database in a Baﬁesian framework. Ferrari
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between the primitives and views.

Despite impressive results, the multi-view ap-
proaches have some limitations which restrict their ap-
plication in realistic scenes. Firstly, those approaches
usually require storing a large number of views for
each object [8] or limiting the range of admissible
viewpoints [1]. Moreover, they need accurate view-
point and pose detection for the query object in the
test image. Unfortunately, detecting a large number
of correct correspondences is one of the most difficult
problems in object recognition. Although there have
been some efforts (e.g. [7]) to improve the detection
of initial correspondences, correct viewpoint detection
is still limited by the number of model views and the
object’s pose in the test image. In addition, since most
model features may appear multiple times in the train-
ing dataset, the inherent redundancy makes the multi-
view recognition extremely inefficient.

This paper presents a novel framework to recognize
objects in images taken from arbitrary viewpoints. The
basic idea is to represent the model within a global
compact view, called a flat map, so that the query ob-
ject can be compared with the model from the frontal
views. In this way, the projective distortions of its side
faces can be reduced, resulting in better detection of
promising features (see Fig. 3). Finally, we present
a recognition system which can handle objects com-
posed of planar surfaces such as boxes and cars.

2. Object Modeling Using Global Flat Map

One way to generate a global flat view for a 3D ob-
jectis to use the Map Projection (MP) approach, which
allows one to represent curved surface on a flat surface
(e.g.the earth map). However, MP is not adequate for
recognition due to the introduced spatial distortion in
the resulting map. If the object has a cylindrical or
conic shape, the unfolded map of the object’s surface
can be constructed through the context mosaicing ap-
proach [3].

In our case, we take several model views for each
model object. These model views can be divided into
two classes. The first class consists of the snapshots of
the major faces of the object. These frontal views ac-
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Figure 4. Recognition results for boxes. Blue cir-
cle, red star and green cross indicate correct, error and
non-class result respectively.

image using each model map and determined matches
between the model and test image. The model flat map
which gave the shortest distance was selected as the
match. The recognition results are shown in Fig. 4,
where the blue circles represent the correct classifica-
tions and the red stars indicate errors. Since the fi-
nal correspondences in our approach are strictly qual-
ified by geometrical constraint (homography), there
may be some test images with no sufficient and accu-
rate matches for meaningful homography estimation.
Those cases are put into the non-class category and are
indicated with the green cross in Fig. 4. The statistics
in Table 1 show that our scheme performs very well in
this box database and gives a significant improvement
over the SIFT-based matches.

Another dataset tested in our experiments consisted
of 17 car objects. Figure 5 shows some of the model
flat maps generated for the those cars. The test dataset
contained 205 images taken under different situations.
Note that most of the cars have two side faces that
were similar, or exactly the same in appearance. This
is a serious problem for appearance-based matching
techniques because a given feature may have multiple
matches. Thanks to the homography refinement tech-
nique, our algorithm can select the accurate matches
on the correct faces and provide a substantial improve-
ment in the matching performance.

For this car experiment, the direct recognition rate
with SIFT matches is only 18.4%, due to the large de-
formation and complex appearances of the objects in
the dataset. The proposed method provided a more
accurate rate of 65.3% with the help of the unfold-
ing warping technique, which compensates for the oc-
clusions with the global model map, and reduces the
effects of repeatability using the context information.
Currently, our algorithm is implemented in interpreted
Matlab on a Pentium IV, 1.5GHz PC. A single pairwise
matching, including the feature matching, homogra-
phy estimation, and computation of matching cost, on
average approximately takes 40 seconds.

Figure 5. Samples of car model maps.

6. Conclusions

We have proposed a novel framework for automatic
object recognition. The major advantage of the pro-
posed system is that the frontal views of the major
aspects of training objects are stored and combined
into a flat map, so multi-view object recognition can
be posed as a simple patch mapping problem. Spa-
tial context and topological features can thus be ap-
plied for more robust recognition. The training data in
our approach consists of only 2D maps, leading to an
efficient system compared to existing multi-view ap-
proaches. As the experiments show, the proposed ap-
proach can significantly improve the handling of large
changes of viewpoints and performs well in solving
challenging cases.
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