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Summary: 
This work aims to predict the relative position of non-overlapping image pairs consisting of a moving 
and a fixed image. For this purpose, a modified VGG16 convolutional neural network is proposed. The 
network is trained on a large dataset with microtopographic measurement data of different materials and 
processing methods. The proposed method shows a high prediction accuracy on the test data and the 
potential for developing non-overlap registration algorithms. 
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Background 
Optical measurement methods are an essential 
tool in the research and development of tech-
nical components. They allow for a fast, accu-
rate, and non-damaging acquisition of the com-
ponent’s micro-topography and its subsequent 
characterization [1]. Measuring with a high lat-
eral resolution, e. g. being able to resolve small 
structures, leads to a significant decrease in the 
field of view and, therefore, the statistical signifi-
cance of the characterization based on a single 
measurement. A solution to this problem is given 
by image registration. It is a widely used tool to 
find the geometric relation between multiple 
measurements to unify them into a single coor-
dinate system. Use cases range from consumer 
tech, like generating panoramic photographs, to 
metrological use cases. Here they enable cap-
turing surfaces with a high spatial resolution and 
a large spatial extent simultaneously.  
Motivation and Objective 
Traditionally, intensity- and feature-based regis-
tration algorithms have been used, with the latter 
still widely used today [2]. However, these tradi-
tional approaches are often lacking with today's 
requirements. In recent years deep learning and 
convolutional neural networks have achieved im-
pressive results in many disciplines concerning 
computer vision or audio and text processing. 
Learning-based approaches have also shown 
promising results in image registration, where 
they often outperform traditional methods [3]. 
However, if the images to be acquired do not 
have any shared visual content, i.e., if they do 
not overlap, both classical and learning-based 
approaches cannot be used [4]. Therefore, this 
work aims to investigate a method to find the ge-
ometric correspondence of an image pair if they 

do not overlap or even if there is a gap. This 
problem is simplified by limiting the registration 
to a classification problem of nine classes, e. g. 
a center image and its 8-connected neighbors. 
The problem shows similarities with the jigsaw 
puzzle problem [5]. However, no inference can 
be made based on the image's shape. In addi-
tion, the images are not directly adjacent to each 
other but have gaps.  

Methods and Data 
In order to estimate the relative position of two 
images, a VGG16 Net with batch normalization 
is modified and trained in a supervised manner. 
The VGG Net is a convolutional neural network 
introduced by Simonyan and Zisserman [6]. The 
architecture is shown in Fig. 1. The input layer 
consists of the image pair. It is followed by a fea-
ture extractor, e. g. alternating convolutional and 
pooling layers. 

 
Fig. 1. Architecture of the modified VGG16 Net. 

The extractor is followed by a classificator, con-
sisting of three fully connected layers with 
25088, 4096, and 9 neurons, respectively. The 
network outputs the estimated class, e. g. the po-
sition of the moving image in relation to the fixed 
image (the center image). The cross-entropy 
loss, and the Adam optimizer were used with a 
batch size of eight. The learning rate was sched-
uled with an initial value of 0.0001, patience of 5 
epochs, and a decay factor of 0.1. Each input 
pair consist of a moving and a fixed image. The 
fixed image is always the center image (class 
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C5), while the moving image is either an image 
patch from the 8-connected neighbors or the 
center patch (classes C1-C9). These nine 
patches are cropped from microtopographic 
measurements of different surfaces, see Fig. 2.  

 
Fig. 2. Cropping of the nine patches from a micro-
scopic image (5x magnification) of a horizontally 
milled Nickel alloy surface with Ra=6,3 µm and Rz=32 
µm. 

In total, surfaces with 23 different processing 
methods were measured. Many processing 
methods were manufactured with different 
roughnesses, for example, Ra=0.55 µm, 1.0 µm, 
1.6 µm, 3.0 µm, 6.0 µm, and 10 µm for flat 
ground specimens. Tab. 1 shows five exemplary 
processing methods from the dataset. 
Tab. 1: Examples of materials and processes used 
in the dataset. 

Material Manufacturing Process 

Al2O3 Thermal Spraying 

Nickel Alloy Flat lapping 

Nickel Alloy Polishing 

Nickel Alloy Spark erosion 

Rubber Foam 
The images were acquired using the two confo-
cal laser scanning microscopes (CLSM) 
Keyence VK-X210 & Keyence VK-X3000. Ob-
jective lenses with 2.5x, 5x, 10x, 20x and 50x 
magnification were used. The sensors of both 
microscopes have a resolution of 1024x768 px. 
Each measurement contains a 2.5D height map, 
a laser-intensity image, an RGB image, and a 
combination of the latter two. For this work, com-
bined laser-intensity-RGB images were used. In 
total, 55.210 measurements were taken. From 
these measurements, 306.603 patches were 
cropped and used for training, 101.826 patches 
for validating, and 102.735 for testing the net-
work. The patches have a size of 256x256 px. 
From each patch, 240x240 px are randomly 
cropped, so there is a gap between 0 px and 45 
px or 0-18% of the patches' side length. 

Results 
Fig 3. shows the result after 50 epochs of train-
ing. It can be seen that the mean accuracy for 
the validation set is 97.35% and 96.85 % for the 
test set, respectively. The highest accuracy was 
achieved for the center class. This result is in 
line with the expectation, as there is no move-
ment between the fixed and moving image in 
this case. The other classes are predicted with 
an accuracy between 95.48 % and 97.31%. 

 
Fig. 3. Percentage of correct predictions on the test 
dataset for each class. 

Conclusion 
This work shows that learning-based algorithms 
can be used to predict the relative position be-
tween two images. The predictions have very 
high accuracy and are robust for many surface 
types and gaps between the images. The results 
offer much potential for future work in which, for 
example, the prediction of homographies for 
non-overlapping images could be investigated. 
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