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1 ABSTRACT

This work demonstrates a generalizable test environment platform that can load multiple algorithms and
automatically run a test-set of X-ray Data from a Radiography Image Database to determine their efficacy
based on various metrics of interest. The output will be text and graphical data communicating performance
such as hit rates, ROC Curves, Proportion correct, and other methods of estimating detection. The platform
can easily integrate algorithms written in various programming languages, providing great flexibility and
allows for the measurement of similar algorithms deployed in different software environments. This platform
has many applications within the Non-Destructive Evaluation Community, including anomaly detection,
feature extraction, and quality assurance.

2 INTRODUCTION

The objective of this work is to develop a generalizable algorithm testbed for Radiography NDE applications.
This effort is a subset of a larger effort called the Open Threat Assessment Platform (OTAP) that is
investigating the development of an open architecture radiography screening prototype in partnership with
several screening technology manufacturers to allow third-party vendors to implement and develop detection,
recognition, and diagnostic algorithms as well as the ability to integrate and deploy specialized or non-
traditional hardware into the screening system. Modularization of the screening system components, both
hardware and software is key to developing an open architecture-based screening system that is dynamic
and fluid in adapting and integrating new technology.

The standard methodology for a algorithm testbed is quite simple. An algorithm, along with metadata
such as a template for execution, is inserted into a specific interface that may also receive input from a
database or other repository, it then executes the algorithm according to the execution template, compares
performance against ground truth data or against another algorithm with similar output, and in turn gener-
ates metrics that describe the performance of the algorithm with respect to that which it is being compared.
Metrics are application-specific and are not necessarily trivial in some fields. In some cases, some testbeds
are closed loop and automatic [11]. In other cases there is a need to coupling of two or more testbeds in order
to modularize more components in the interface [8]. Future versions of the testbed could potentially take
advantage of more complex features, but as a proof of concept, this work will use the standard methodology
of a testbed which is described in work done by LaViola [7].



3 IMPLEMENTATION

The implementation of the testbed was executing using Matlab GUI development [9] as well as allowing
for the rapid implementation of various numerically stable and robust metrics. In addition the ability to
perform function calls to executables written in other languages such as C, C++4, Fortran Java, Python,
and .NET; thereby allowing third-party developers to choose the preferred language to implement their
algorithms. Therefore, provide the ability to let them natively without any need to convert the algorithm
implementation into another language. The ability to test an algorithm in its original form also allows for the
comparison of the same algorithm, implemented in other programming languages, to investigate numerical
stability, execution time, accuracy, etc.

The input to the testbed may vary depending on the desired metric or ouput. Generally, the testbed will
require an image repository, at least one candidate algorithm, and gold standard or ground truth metadata
for metrics where the objective is to measure performance against an absolute truth (i.e. signal present/not
present). For metrics where multiple algorithms are measured against each other but not necessarily against
a known truth or quantity (i.e. raw pixels labeled), the testbed required input would only need the data
repository and the candidate algorithms. As shown in figure 1, the data repository and candidate algorithms
feed into a task execution environment; generally speaking, there may be instances where the image repository
is not in the standard format for the algorithms to operate. One example would be a image repository
consisting of TIFF images [2], where the test algorithms may expect DICOM [10], DICONDE [3], or DICOS
[12] formats which are popular image formats within the medical, non-destructive evaluation, and security
communities, respectively. In these cases, the task execution would pre-process the raw image data (the
repository’s native format), into a standard image format such as DICOS, DICOM, DICONDE, or any
other image format whether common or not; Matlab allows for rapid development of non-traditional image
formats that can be specified by the user as well as conversion to traditional formats such as JPEG [13]
or PNG [1]. Once the images have been converted to the standard format, the candidate algorithms are
then applied to the images. A comparator is then used to measure each algorithm’s output to either the
ground-truth metadata or to the output of the other algorithms. The Detected Signal Information from
the comparator is then compiled into the desired metrics such as false-positive, false-negative, ROC, or any
other desired metrics. Once all the processing is completed, it is visualized to a Graphical User Interface as
well as documented to a text file.
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Figure 1: Algorithm Testbed Flowchart.



4 RESULTS

Figure 4 presents a screen shot of the prototype algorithm testbed. In this manifestation, the user will be
prompted to select a directory locations where the image repository is stored and a directory where the
compiled candidate algorithms reside. Once selected, the user will specify the metrics to perform, in the
current implementation, only 2 metrics can be visualized at any given moment, but future versions will allow
for arbitrary metrics to be selected and visualized. Once all selections have been made, the testbed will
begin the analysis process. The example in figure 4 demonstrates 4 algorithms being compared to each other
on the left side of the GUI and against a ground-truth on the right side of the GUI.
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Figure 2: Screenshot of the Algorithm Testbed

5 CONCLUSIONS

This work has demonstrated a very early prototype of a generalizable algorithm testbed that allows for
algorithms written in different programming languages to be compared in a common environment without
the need to port the algorithm in a different language. The ability to test algorithms of various species will
be crucial to the success of the OTAP effort as the ability to verify and validate performance across different
environments will allow for the open architecture to flourish. The algorithm testbed will provide the ability



to modularly insert algorithms and be able to visualize the performance of each one. Although the main
motivation for this work is for security applications, the testbed could easily extend itself to other medical
and industrial non-destructive evaluation applications such as quality assurance, verification and validation,
anomaly detection, feature extractions, and root-cause analysis.

6 FUTURE WORK

This work has shown there is much potential in a general NDE algorithm testbed albeit much work still needs
to be done. Future work includes implementing a variety of metrics, testing against other image repositories,
and testing on real-world applications. Other work includes the ability to incorporate spectral images from
nascent NDE detector technologies such as the Multix detector that is discussed in Gorecki et. Al [5] as
there exist many preliminary studies that are beginning to investigate these new technologies to improve
performance metrics where many traditional algorithms may directly apply such as those by Wurtz et. al. [14]
and by Blake and Fogelman [4]. Similarly, new approaches in materials identification using non-destructive
evaluation approaches with spectral images such as those proposed by Jimenez et. Al. [6] are performing
estimation tasks that are no longer pixel-based and thus traditional metrics specific to image processing may
not necessarily apply. Although the testbed could potentially benefit Wurtz et. Al., Blake and Fogelman,
and Jimenez et. Al., investigations must be performed to determine the suitable implementation.
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