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Abstract 

We present the results of several machine learning (ML)- inspired data fusion algorithms applied to multi-sensory 
nondestructive testing (NDT) data. Our dataset consists of Impact-Echo (IE), Ultrasonic Pulse Echo (US) and 
Ground Penetrating Radar (GPR) data collected on large-scale concrete specimens with built–in simulated 
honeycombing defects. The main objective is to improve the detectability of honeycombs by fusing the information 
from the three different sensors. We describe normalization, feature detection and optimal feature selection. We have 
used unsupervised and supervised ML, i.e., classification and clustering, for data fusion. We demonstrate the 
advantage of data fusion in reducing the false positives up to 10% compared to the best single sensor, thus, 
improving the detectability of the defects. The methods were evaluated on a concrete specimen. The effectiveness of 
the proposed approach was demonstrated on a separate full-scale concrete specimen. The results indicate the 
transportability of the conclusions from one specimen to the other. 
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1 Introduction 

In the recent years nondestructive testing methods in civil engineering developed greatly and 
became commercially available for a broad range of users. Applications in the field of condition 
assessment and structural analysis are promising as they enable precise repair measures and thus 
enhance ecological and economic efficiency drastically. 

It is often necessary to deploy multiple NDT methods in order to achieve a comprehensive and 
reliable assessment [1]. Automated scanner systems facilitate the collection of high quality 
multisensory data [2]. Parallel data acquisition with robotics enables the assessment of 
impressively large test areas [3,4,5]. Data analysis is typically conducted independently for each 
test method by trained NDT personal. The assessment result is eventually achieved by the manual 
comparison of the individual testing results. Thus, the next logical step is to implement effective 
data fusion algorithms for automated data analysis. Improved information quality and a higher 
degree of reliability are the expected outcome [6,7].   

In the presented case study we launched a three-sensor investigation on a large-scale concrete 
specimen with built–in simulated honeycombing defects. Honeycombs are porous volumes in 
concrete consisting mostly of coarse grain aggregates and cement paste. This defect is created 
either from granular convection or sieving of the concrete (at highly reinforced construction 
parts) while pouring it [8]. In the defective areas the concretes density is reduced. This results in a 
decrease load bearing capacity as well as a lower resistance to water penetration. Cracks and 
rebar corrosion may follow.  
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Figure 5. Receiver operating characteristic (ROC) curves for individual features and clustering approaches. Area 
under the curve (AUC) values are noted in the legend. 
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