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Convolutional neural networks (CNNs) are becoming increasingly important for
detecting defects in 2D image data. However, the output of such models lacks
metric and spatial context. Therefore, the image data can be registered to a three-
dimensional domain through a virtual reference model. A geometry-based feature
matching approach for stereoscopic image pairs is proposed to improve robust-

ness and precision of image registration.

1 Introduction

For many industrial inspection applications, a range
of defect classes (such as cracks, chipping, de-
formations, etc.) need to be detected and quanti-
fied. Convolutional networks (CNNs) provide reli-
able results for image-based defect classification
and segmentation at different scales. However, the
defect information only refers to pixel-based quan-
tities. One possibility for extracting metric informa-
tion from the image-based segmented defects is to
combine calibrated cameras and a virtual 3D ref-
erence model to a holistic model. This approach
requires perfect alignment of the virtual reference
model and does not account for any geometric de-
viations (e.g. due to wear). Therefore, misalignment
similar to the one shown in the Fig. [1] can occur,
leading to blurring in regions with overlapping and
redundant image information. This study proposes
a method to improve alignment by using the refer-
ence model to facilitate the identification of point
correspondences in stereoscopic image pairs.

Fig. 1 Image masked using the virtual reference model.
The detail view highlights a gap between the object con-
tour and the mask, indicating misalignment. A difference
in radius is visible in the top-left corner, resulting from a
geometric deviation.

2 System Calibration

Images are acquired using calibrated cameras, with
intrinsic parameters and lens distortion estimated
using Zhang’s calibration algorithm [1]. Extrinsic

camera parameters are determined through stereo
calibration. An initial estimation of the relative refer-
ence model position is performed using optical track-
ing markers. Fig.[2shows a raycasting scene, where
a single camera image is projected on the virtual ref-
erence model. This results in a colored point cloud.
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Fig. 2 The camera rays are projected using the extrinsic

and intrinsic camera parameters. The color values of the

image pixels are allocated to the corresponding ray-mesh
intersections.

3 Image Registration

3.1 Stereo Camera Sparse Reconstruction

Keypoints are detected in each undistorted image of
the stereoscopic pair using the SURF (Speeded-Up
Robust Features) algorithm [2]. Matched keypoints
are reprojected into the world coordinate system,
resulting in 3D feature points. These 3D keypoints
are subsequently registered to the virtual reference
model using the lterative Closest Point (ICP) algo-
rithm [3]. The resulting transformation is applied to
the reference model.

Each image yields around 30,000 keypoints. Con-
ducting an unconstrained search to find the corre-
sponding point in the stereo image is error-prone.
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Heuristics, including bidirectional matching and a ra-
tio test, are commonly employed to improve robust-
ness. Additionally, this work applies geometric con-
straints derived from system calibration and the ref-
erence geometry to narrow down the search space.

3.2 Deriving Constraints from Geomelry

Since the camera transformation is known, key-
points can be filtered based on their scale and ori-
entation of Haar wavelet responses. By applying the
epipolar equation z'7 Fz = 0, matches found outside
the epipolar line are rejected.

3.3 Raycasting-Based Matching

All keypoints from an image pair are projected on
the reference geometry. The ray-mesh intersections
yield the 3D position of each keypoint. For each
image, a range-limited kNN-search identifies neigh-
bouring points from the corresponding image. A
match is selected after a bidirectional matching and
a ratio test. This procedure is embedded in an itera-
tive process, where the resulting point cloud is reg-
istered on the geometry.

4 Results

For a dataset compromising 30 pairs of stereo im-
ages, the mean distance of all reprojected points to
the reference geometry, as well as the mean num-
ber of matched points is evaluated (refer Fig. [3).
Compared to an unconstrained matching and a con-
ventional geometric filter, the proposed raycasting-
based method reduces the mean distance, while
providing a high number of correspondences.
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Fig. 3 Comparison between three different methods for
keypoint matching.

An exemplary single measurement is depicted in

Fig.[4]
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Fig. 4 Aligned point cloud of reprojected 2D keypoints.

Fig. [ shows an aligned and reprojected image.
Compared to the unregistered approach in Fig.
the edge regions exhibits a better fit. The de-
tail view shows that the quality of fit is deter-
mined be the deviation to the reference geometry.
In future works it could be investigated, whether
the robust point correspondences can be used
to modify the mesh or camera projection to ac-
count for geometric deviations (e.g. due to wear).

Fig. 5 Interpolation of the holistic model from an arbitrary
viewpoint.
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