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Digital imaging is now used throughout biological and biomedical research to measure the 

architecture, composition and dynamics of cells, tissues and organisms. The many different 

imaging technologies create data in many different formats. This diversity of data formats 

arises because the creation of common, cross-domain data standards is difficult and the 

pace of innovation challenges the durability of any defined standard and the implementation 

of data stewardship principles such as FAIR (1). The Open Microscopy Environment (OME; 

http://openmicroscopy.org) has therefore developed the OME Data Model, an open, 

extensible specification for imaging metadata, that supports metadata related to an imaging 

experiment, data acquisition and any derived analytic results (2-4). The OME Data Model 

has been implemented in OME-XML so that metadata can be stored and accessed by any 

software. OME-TIFF embeds OME-XML into the header of a TIFF file, making scientific 

imaging metadata accessible to any software that can read the TIFF format. To support the 

usage of OME-XML and OME-TIFF, OME has built Bio-Formats, a Java-based library that 

converts the metadata in proprietary scientific image file formats into the open OME Data 

Model (5). 

  

Bio-Formats is used by many imaging software tools, but because it is written in Java, it has 

not been included in software that controls most imaging systems. We have therefore ported 

all the image file input, output and metadata functions in Bio-Formats to C++, in a project 

called OME Files. OME Files is liberally licensed (BSD) and builds on all major platforms, so 

it can be used by commercial and academic software projects. Example uses include image 

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted November 19, 2016. ; https://doi.org/10.1101/088740doi: bioRxiv preprint 

https://doi.org/10.1101/088740
http://creativecommons.org/licenses/by/4.0/


data acquisition, which may require low level access to the acquisition hardware and 

subsequent writing of the acquired data as OME-TIFF, and image analysis which may 

require the use of C++ libraries such as OpenCV, Eigen or ITK/VTK, using OME-TIFF as the 

file format for the input data and any transformed output data. In both of these examples, 

OME Files will read and write the image data and metadata using OME-XML and OME-TIFF 

to provide interoperability with the wide range of existing software supporting these open 

formats.  The experimental and acquisition metadata may be stored as OME-XML metadata 

when writing at acquisition time, and read during subsequent analysis. 

  

OME Files provides a reference implementation in C++ for the OME-XML imaging metadata 

model and the OME-TIFF image file format (Fig. 1). While OME-TIFF has been adopted by 

many commercial imaging software providers, since their software is usually written in 

languages such as C++ or other native programming language, each has implemented its 

own version of the OME-TIFF readers and writers. OME Files provides a way to minimise 

this divergence, as it is built and tested on all major compilers and operating systems. In 

addition, since large-scale calculations most often use native code, OME Files provides a 

seamless, performant way for these calculations to use OME-TIFF. Finally, OME Files 

makes it much easier to support OME-TIFF usage in emerging computational environments 

like iPython notebooks and to explore the development of next generation file formats using 

containers such as HDF5 to provide scalable access to large and complex image datasets, 

as well as to support n-dimensional datasets (6). 
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Figure Legend 
 
Figure 1.  The image acquisition and analysis workflow, focussing on the software and 

formats that are used. Binary pixel data is combined with experimental and acquisition 

metadata and, the result stored in either proprietary or open OME-TIFF data files. Software 

using OME Files (C++) or Bio-Formats (Java) creates OME-TIFF directly. Alternatively, data 

are written in proprietary or custom formats. OME Files and Bio-Formats, used as libraries 

inside image processing and analysis software, will read and write OME-TIFF files, ensuring 

that the processing results are preserved in an open, accessible format. Bio-Formats can 
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additionally read many proprietary formats, and serves as a way to ensure interoperability 

between closed formats and other software.  It can also be used to convert proprietary 

formats into open, accessible formats such as OME-TIFF. 
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