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Project Summary:  In the biological sciences, new digital light microscopy technologies have 
transformed the field with unprecedented levels of accessibility, functionality and performance with 

fewer compromises. Despite the great technological advances occurring in the field by commercial 
and academic researchers alike, there still is a fundamental barrier in imaging research that nearly 
every scientist encounters in their imaging workflow: the Proprietary File Format (PFF). PFFs are 
what the majority of software programs use to record images, associated metadata and any 

subsequent image analysis. While there are implemented efforts to create better open microscopy 
formats to help reduce the number of PFFs, it is clear that one universal format for everyone is not 
practical. Rather, the greatest practical need facing the community is not a universal scientific 

imaging format, but rather a universal scientific imaging format converter. With such a system, any 
current or future imaging format can be supported, including conversion from any PFF to any open 
standard. A universal imaging converter would enable a scientist to open a PFF from any imaging 

system and fully parse and analyze the full binary and metadata results without the need for any 
commercial software. Such a converter would not only be of great utility to biologists but also of 
great benefit to instrument developers, who are equally limited by the lack of transparency and 

access of PFFs. Academic and commercial software developers spend significant resources 
implementing support for PFFs, often needing to reverse engineer the file format. Not only is this a 
waste of resources to recapitulate the same reader and converter for every particular software 
instance, but also it also greatly increases the risk for data read and conversion error. We propose to 

develop a robust scientific software element for imaging file format interoperability. This effort that 
we dub “SCIFIO” for “Scientific Image Format Input and Output” would build on our current 
successful “Bio-Formats” efforts to make a file converter for light microscopy in our research domain 

and “harden” these efforts to make a robust interchange library for all of biological microscopy. The 
system will be generalizable, extensible and adaptable to new emerging microscopy types. It will 
also serve as a model for adaptation to other scientific imaging types. 

 
Broader Impacts:  SCIFIO will be developed as a robust software element, both as a library anyone 
can utilize and as a full software tool kit that any developer can easily use to add converter support 

to their application freely. This is important as our target—and thus our impact—is not only on the 
research scientist, but the wider community including researchers from other fields, academic 
software developers, commercial software developers, and educators. We have observed the impact 
of freely available file format converters first-hand, both in expected and unanticipated use cases. 

We expected the widespread use and adoption of Bio-Formats by open source software developers 
and their users; in particular, it was not surprising to see the widespread popularity of Bio-Formats in 
popular analysis packages such as ImageJ. However, we were pleased by the enthusiasm of three 

other user groups: commercial developers, researchers from other fields and educators. Under 
SCIFIO, the support for these communities will be improved resulting in broader use.  
 

Intellectual Merit:  A great practical barrier to collaborative work in imaging is the issue of 
proprietary file formats. One of the most fundamental needs in imaging is being able to open and 
freely share the original pixel information and associated metadata with others using any processing 

software or workflow desired. As a first step towards solving this problem, our group has developed 
and widely deployed the Bio-Formats package for some time now. The great and unanticipated 
massive adoption and positive reception by the biology community has pointed out the great need to 
continue the Bio-Formats project and harden its interface and features under the proposed SCIFIO 

Initiative.  By harnessing the power of a reusable software project like SCIFIO, the community can 
avoid wasting limited resources recapitulating the same image conversion routines. 
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PROJECT DESCRIPTION  
A. Introduction 

Digital imaging is one of the most commonly used tools in all of science. In a wide array of 
disciplines ranging from astronomy and geology to environmental science and biology, digital 
imaging approaches are used to capture dynamic processes in macro and micro scale detail.  In the 
biological sciences, digital light microscopy has transformed the field with unprecedented levels of 
accessibility, functionality and performance with fewer compromises. It is now possible to non-
invasively collect multidimensional datasets of physiologically relevant samples with high temporal 
and spatial resolution. Not only have there been great advances in the hardware and software 
needed to collect digital images, but also in the software tools for analysis, interpretation, storage 
and dissemination of the images. The accessibility of digital microscopy and imaging in general has 
resulted not only in widespread use and adoption but in increased innovation as well, with scientists 
pushing the envelope in developing core technologies in new directions such as hybrid and 
multimodal developments.  

Despite the great technological advances occurring in the field by commercial and academic 
researchers alike, there still is a fundamental barrier in imaging research that nearly every scientist 
encounters in their imaging workflow: the Proprietary File Format (PFF). PFFs are what the majority 
of software programs use to record images and any subsequent image analysis. PFFs are not a new 
problem—they have been around nearly thirty years—but are not merely a historical problem either, 
as the rate at which new PFFs are being created shows no sign of diminishing. There is good 
rationale for why PFFs were originally used, as in the early days of digital imaging, there were no 
standards and companies had to come up with some strategy of preserving the binary data captured. 
Over time the technical complexity of PFFs has increased with more file dimensions and channels 
as well as increasing complexity of the associated metadata, resulting in a corresponding manyfold 
increase in proprietary characteristics.  

The factors that make a file format proprietary normally fall into one or more of the following 
categories: 1) the binary information is stored in a proprietary manner or uses a proprietary 
compression codec; 2) the associated metadata stored in the file is proprietary; and 3) the company 
doesn’t release any specification or documentation for their file format. Further complicating the PFF 
issue is that many companies have historically viewed the PFF as a commercial advantage that 
requires customers to buy proprietary software to open the data and prevents competitors from 
having access to their datasets for commercial gain without explicit permission. Fortunately, with an 
improved understanding of the current scientific landscape and the prevailing need to share data, 
the view of most companies about sharing data and providing access to the PFF has changed. Most 
will allow some sort of parsing of the pixel data and in many cases at least limited viewing of the 
metadata in other programs besides their own commercial software. However, this does not mean 
that companies are not still formulating new PFFs. Despite promising image format standards such 
as DICOM, ICS and TIFF, many companies are introducing new PFFs, with at least five new formats 
emerging each year (1). The reasons for this are many, including: 1) ease of creation and adoption 
by the company; 2) ability to tweak and optimize certain parameters more easily; 3) missing key 
pixel or metadata attributes. While missing key pixel or metadata attributes is less common, it is 
clear that the current standard formats are lacking in support for many advanced features such as 
new modalities like SPIM (2-5) and fluorescence lifetime microscopy (6-8). Despite implemented 
efforts to create better microscopy formats such as OME-TIFF (9) and HDF(10)  it is clear that one 
universal format for everyone is not practical. The greatest practical need facing the community is 
not a universal scientific imaging format, but rather a universal scientific imaging format converter. 
With such a system, any current or future imaging format can be supported, including the ability to 
richly convert from PFFs to open standards.  
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A universal imaging converter would enable a scientist to open a PFF from any imaging system and 
fully parse and analyze the full binary and metadata results without the need for any commercial 
software. Most importantly, this process would entail not only faithful reproduction of the data (it 
would preserve the original pixel and metadata as collected), information would be converted such 
that it can be compared to PFFs from similar types of imaging modalities and instruments. Such an 
imaging converter would not only be of great utility to the biologist but also of great benefit to the 
instrument developer. Instrumentation engineers, whether at a company or academic lab, also get 
equally stymied or frustrated by the lack of transparency and lack of access in PFFs. Academic and 
commercial software developers spend significant resources developing support for PFFs, often 
needing to map the schema for the data and reverse engineer the file format. Not only is it a waste 
of resources to recapitulate the same reader and converter for every particular software instance, 
but it also greatly increases the risk of data read and conversion errors. A universal imaging 
converter would be less prone to these mistakes in released stable form, as it would be vetted by 
many and tested by a large combination of deployment scenarios and file format variants (i.e., all the 
acquisition permutations that the instrument allows). We propose to develop a robust scientific 
software element for imaging file format interoperability. This effort that we dub “SCIFIO” for 
“Scientific Image Format Input and Output” would build on current successful efforts in our lab to 
make a file converter for light microscopy in our research domain and “harden” these efforts to make 
a robust interchange library for all of biological microscopy. The system will be generalizable and 
extensible, so that it can be adapted to other forms of biological imaging, including new and 
emerging types of microscopy.  

B. Background 

In 2005, our lab, the Laboratory for 
Optical and Computational 
Instrumentation (LOCI, 
http://www.loci.wisc.edu/), came to 
the conclusion that useful resources 
were being wasted in our 
collaborative efforts to deal with 
image data reading and conversion. 
In response, we created a core 
library called Bio-Formats to be used 
not only in our in-house image 
visualization software (11) but also 
in larger collaborative software 
projects such as the Open 
Microscopy Environment (OME) (1, 
12, 13). This quickly caught on with 
Bio-Formats being the default library 
for the OME database project, with 
many other programs to quickly 

follow. Bio-Formats is now a widely used project by many software groups and individuals around 
the world (see Figure 1). Our group uses it in our Bio-Formats ImageJ plug-in suite (loci_tools.jar) 
with over 30,000 installs, and over 2,700 installs with the OME OMERO database. Furthermore, Bio-
formats is used directly by over 20 other open source efforts, and 10 commercial parties. Most 
prominent of these commercial relationships has been the highly productive partnership with 
Glencoe Software, which has developed several widely used systems utilizing Bio-Formats to import 
and convert metadata and image data (see letter of support from collaborator and Glencoe CEO, 
Jason Swedlow). These include the ASCB Cell Image Library, the Journal of Cell Biology 
DataViewer, and the Applied Precision and PerkinElmer commercial microscopy platforms.  

Figure 1: Bio-Formats installations around the world. This 
map only includes those who agree to update monitoring and 
those who are using library from ImageJ.  
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Problem Description and Current Status. With the increasing use of digital image capture 
microscopy in the biomedical sciences, it has become a major challenge to locate, view and interpret 
large numbers of images collected in a diversity of formats. Many biological research laboratories 
have a pressing need to archive and annotate vast numbers of images collected by video, laser-
scanning microscopy and other photonic-based imaging techniques. Multidimensional images, such 
as four-dimensional images from multi-focal plane time-lapse recordings, or images from spectral 
and lifetime microscopy, make the challenge even greater. Without careful organization, important 
research data can be difficult or impossible to find, much less visualize and analyze effectively. 
Experimental imaging data is by its very nature heterogeneous and dynamic. The inherent challenge 
is how to capture the diverse, evolving nature of an experiment in data structures, that by their very 
nature are specifically typed and static, for later recall, analysis, and comparison. 

Proprietary file formats. There are over 150 different proprietary file formats used in commercial 
and academic image acquisition software packages for light microscopy (1, 12, 13).  This number 
only increases if electron microscopy, new HCS systems, tissue imaging systems and other new 
modes of imaging modalities are included.  Regardless of the specific application, almost all 
packages store data in their own proprietary file format (PFFs).  Each of these formats includes the 
binary data—the values in the pixels—and the metadata—the data that describes the binary data.  
Metadata includes physical pixel sizes, time stamps, spectral ranges, and any other measurements 
or values that are required to fully define the binary data. It is critical to note that because of the 
heterogeneity of microscope imaging experiments, there is no agreed upon community specification 
for a minimal set of metadata (see below).  Regardless, the binary data and metadata combined 
form the full output of the microscope imaging system, and each software application must contend 
with the diversity of PFFs and continually update its support for changing formats. 
 
Why metadata? A major but oft-ignored challenge in light microscopy is the representation and 
storage of acquired image pixels with associated metadata in a common file format that allows for 
open analysis with a variety of software tools. There are a plethora of available file formats, but most 
of them are proprietary in nature as noted above, limiting their compatibility across different software 
packages, and none of them encapsulate the rich variety of meta-information associated with the 
pixels themselves. When was the experiment performed? Under what conditions? By whom? With 
what hardware configuration (objective lens, illumination system, detectors, filters, etc.) and with 
which settings? Most acquisition systems record some portion of such information, but it is often lost 
when the user must convert between file formats for analysis using different programs. The 
metadata has always been useful to the biologist but as the field has gotten more quantitative (14-
16), shifting from the “Pretty Good Image” collection goal to the need to accurately reproduce an 
experiment on either the same rig or on another imaging system, the need for metadata has become 
paramount. The importance of being able to read, harness and openly share microscopy metadata 
will only increase with the advent of new microscopy modalities such as Fluorescence Lifetime 
Microscopy (17, 18) where the key data itself can be recorded as metadata. Another major factor in 
the increased importance of microscopy metadata is the influence of the Bioinformatics community 
and their efforts to data-mine imaging data. Most traditional importers poorly support metadata and 
many don’t support it at all. 

Why is this an academic project? Despite the popularity of tools like ImageJ and promising new 
packages such as μManager, the vast majority of biological and biomedical microscopy acquisition is 

done with commercial microscopy software. As the software packages are largely developed for 
either the academic or commercial research community as the principal market, it begs the question 
of why the commercial microscopy community has not unified to develop a file converter like Bio-
Formats or a standard file format, much as has been done in other fields such as graphics with the 
Adobe TIFF specification. As many users have been demanding a solution for some time for sharing 
data, you might think that market forces could address this need, resulting in the emergence of a 
standard. This did happen in part with the ICS and DICOM formats and yet these still have not 
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fulfilled the promise of being the interchange file format for microscopy. From our conversations with 
the major vendors, the following reasons have been given:  

• No commercial incentive to develop a totally open standard with freely available tools 
(only to use existing ones, in some cases) 

o Too much work for no immediate financial benefit 
o Easier to develop a proprietary, closed format; no need to write 

documentation explaining it, can change it whenever needed, etc. 
• Marketing advantage to having a new format (“our system is so advanced, we had to 

develop a new format”) 
• Don’t necessarily want their data interoperating with any other software 

• Lack of consensus and communication between companies 
• Data sharing efforts need to be user community led 

 

However, even though this project needed to originate in the academic community, its success has 
required a strong commercial partnership. Our Open Microscopy Environment Consortium already 
includes several companies and at this writing six major imaging companies (Improvision, Perkin-
Elmer, Applied Precision, Zeiss, Olympus, Prairie Technologies) have tools now or in development 
utilizing Bio-Formats. Of particular note is the commercial partnership with Glencoe Software, Inc., 
which has licensed the Bio-Formats project from LOCI and OME for commercial use. Glencoe hired 
one of the LOCI staff who helped in the creation of Bio-Formats, Melissa Linkert. Melissa has 
physical space at LOCI as a visiting LOCI researcher and is in regular contact with both the PI and 
lead LOCI programmer, Curtis Rueden. This close collaboration between LOCI and Glencoe under 
the OME collaborative banner (as detailed in the attached Swedlow Collaboration letter) has resulted 
in great success for Bio-Formats and greatly eased commercial adoption. In dialogues with these 
commercial vendors and others, they all state that the clearest path to widespread adoption and 
implementation is an academic-driven file conversion schema with tools to support it and a method 
that allows companies and end users to easily convert and preserve existing proprietary metadata to 
OME-XML or other standards. Hence, we have strong commercial support for the SCIFIO concept 
from the commercial community, as while the Bio-Formats library is strong from a file format support 
perspective, Glencoe and other companies greatly need the underlying software engineering 
improvements we propose.  

Building by and for the community. Given these requirements, how should an image informatics 
solution be developed and delivered?  It certainly will involve the development, distribution and 
support of software tools that must be acceptable to bench biologists and must also work with all of 
the existing commercial and academic data acquisition, visualization and analysis tools.  Moreover, it 
must support a broad range of imaging approaches, and if at all possible, include the newest 
modalities in light and electron microscopy, support extensions into clinical research familiar with 
microscopy (e.g., histology and pathology), and provide the possibility of extension into modalities 
that do not use visible light (MRI, CT, ultrasound).  Since many commercial image acquisition and 
analysis software packages are already established as critical research tools, all design, 
development, and testing must assume and expect integration and interoperability.  It therefore 
seems prudent to avoid a traditional commercial approach and make this type of effort community-
led, using open source models that are now well defined.  This does not exclude the possibility of 
successful commercial ventures being formed to provide bioimage informatics solutions to the 
experimental biological community, but a community-led, open-source approach will be best placed 
to provide interfaces between all existing academic and commercial applications. 

Delivering on the promise: "standardized file formats" vs. "just put it in a database." In our 
experience, there are a few commonly suggested solutions for biological imaging format 
interchange.  The first is a common, open file format for microscope imaging.  A number of 



SCIFIO: An extensible framework for scientific image interoperability                                   PI: K.W. Eliceiri

specifications for file formats have been presented, including our own (12, 13). Widespread adoption 
of standardized image data formats has been successful in astronomy (FITS), crystallography 
(PDB), and in clinical imaging (DICOM), where either most of the acquisition software is developed 
by scientists or a small number of commercial manufacturers are able to adopt a standard defined 
by the imaging community.  In contrast, biological microscopy is a highly fractured market, with at 
least 40 independent commercial providers.  This situation, combined with rapidly developing 
technical platforms acquiring new kinds of data, has stymied efforts at establishing a commonly used 
data standard.  
 
Against this background, it is worth asking whether defining a standardized format for imaging is at 
all useful and practical.  Standardized file formats and minimum data specifications have the 
advantage of providing a single or—perhaps more realistically—a small number of data structures 
for all in the community to contend with.  Such formats facilitate interoperability, enabling 
visualization and analysis; tools developed in one lab can be used by others.  This capability is an 
important step for collaboration, and allows data exchange: moving a large multi-dimensional file 
from one software application to another, or from one lab or center to another.  However, a file 
format standard alone does not satisfy all data management requirements (e.g., search, query, 
remote access, and collaboration), and thus is not a complete solution.  Nonetheless, the expression 
of a data model in a file format, and especially the development of software that reads and write that 
format, is a useful exercise; it tests the modeling concepts, relationships and requirements (e.g., "if 
an objective lens is specified, should the numerical aperture be mandatory?") and provides a 
relatively easy way for the community to access, use, and comment on the data relationships 
defined by the project.  For these reasons, the OME Consortium has defined the OME-XML format, 
which stores image binary data and metadata in machine- and human-readable XML based on the 
OME data model (12, 13), as well as a derivative file format, OME-TIFF (12, 13), which uses the 
popular TIFF format to store binary image data and OME-XML to store image metadata.  Both 
formats are now in use by a number of academic and commercial entities (1).  One particular 
practical benefit of such formats may be in the final publishing and release of data to the community; 
unlike gene sequence and protein structure data, there is no requirement for release of images 
associated with published results, but the availability of standardized formats may facilitate it.  
 
Utility. PFFs are perhaps the most common informatics challenge faced by bench biologists.  
Despite the OME-XML and OME-TIFF specifications, PFFs will continue to be the dominant source 
of raw image for visualization and analysis applications for many years. Over the years we have 
repeatedly observed software packages reimplement support for the same microscopy formats (i.e., 
ImageJ, MIPAV, BioImageXD, Metamorph, Zeiss Axiovision,  and many others). The vast majority of 
these efforts focus exclusively on adaptation of formats into each program's specific internal data 
model; Bio-Formats, in contrast, unites popular life sciences file formats under a broad, evolving 
data specification provided by the OME Data Model. This distinction is critical: Bio-Formats does not 
adapt data into structures designed for any specific visualization or analysis agenda, but rather 
expresses each format's metadata in an accessible data model built from the ground up to 
encapsulate a wide range of scientifically relevant information.  
 
We know of no other effort within the life sciences with as broad a scope as Bio-Formats. While 
other academic groups out of necessity have developed importers (19-22), none of them offered the 
number of formats or full metadata support, and most importantly no other effort has been structured 
as a standalone library for use with any software package. Bio-Formats distinguishes itself from any 
previous open source or commercial effort with the following key features: 
 
Modularity. The architecture of the Bio-Formats library is split into discrete, reusable components 
that work together but are fundamentally separable. Each file format reader is implemented as a 
separate module extending a common IFormatReader interface; similarly, each file format writer 
module extends a common IFormatWriter interface. Both reader and writer modules utilize the Bio-
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Formats MetadataStore API to work with metadata fields in the OME Data Model. Shared logic for 
encoding and decoding schemes (e.g., JPEG and LZW) are structured as part of the Bio-Formats 
codecs package, so that future readers and writers that need those same algorithms can leverage 
them without reimplementing similar logic or duplicating any code. 
 
When reading data from a dataset, Bio-Formats provides a tiered collection of reader modules for 
extracting or restructuring various types of information from the dataset. For example, a client 
application can instruct Bio-Formats to compute minimum and maximum pixel values using a 
MinMaxCalculator, combine channels with a ChannelMerger, split them with a ChannelSeparator, or 
reorder dimensional axes with a DimensionSwapper. Performing several such operations can be 
accomplished merely by stacking the relevant reader modules one atop the other. 
 
Several auxiliary components are also provided, the most significant being: a caching package for 
intelligent management of image planes in memory when storage requirements for the entire dataset 
would be too great; and a suite of graphical components for common tasks such as presenting the 
user with a file chooser dialog box, or visualizing hierarchical metadata in a tree structure. 
 
Flexibility. Bio-Formats has a flexible metadata API, built in layers over the OME Data Model itself. 
At the lowest level, the OME data model is expressed as an XML schema called OME-XML, which is 
continually revised and expanded to support additional metadata fields. An intermediate layer known 
as the OME-XML Java library is produced using code generation techniques, which provides direct 
access to individual metadata fields in the OME-XML hierarchy. The Bio-Formats metadata API, 
which provides a simplified, flattened version of the OME Data Model for flexible implementation by 
the developer, leverages the OME-XML Java library layer, and is also generated automatically from 
underlying documents to reduce errors in the implementation. 
 
Extensibility. Adding a new metadata field to the data model is done at the lowest level, to the data 
model itself via the OME-XML schema. The supporting code layers—both the OME-XML Java 
library and the Bio-Formats metadata API—are programmatically regenerated to include the 
addition. The only remaining task is to add a small amount of code to each file format reader 
mapping the original data field into the appropriate location within the standardized OME data model. 
 
Though the OME data model specifically targets microscopy data, with some development effort 
(see below), the Bio-Formats model of metadata extensibility is ideal for adaptation to alternative 
data models unrelated to microscopy. By adopting a similar pattern for the new data model, and 
introducing code generation layers corresponding to the new model, the Bio-Formats infrastructure 
could easily support additional branches of multidimensional scientific imaging data and in the future 
will provide significant interoperability between the multiple established data models at points where 
they overlap, by establishing a common base layer between them. 
 
Bio-Formats is written in Java so that the code can execute on a wide variety of target platforms, and 
code and documentation for interfacing Bio-Formats with a number of different tools including 
ImageJ, MATLAB and IDL are available. We provide documentation on how to use Bio-Formats as 
both an end user and as a software developer, including hints on leveraging Bio-Formats from other 
programming environments such as C++, Python, or a command shell. We have successfully 
integrated Bio-Formats with native acquisition software written in C++, using multiple approaches 
including both Ice (http://zeroc.com/ice.html) middleware and direct Java Native Interface integration. 
 
Need for more Extensibility and Generalization in Bio-Formats. Despite the widespread use of 
Bio-Formats, it is clear that the Bio-Formats concept is need of the application of good software 
engineering practice and a “hardening” of its interface. We know this because the widespread use 
has resulted in a mass influx of suggestions and requests that are difficult to achieve with the current 
Bio-Formats paradigm, due to both the practical issue of not having dedicated funding for Bio-



SCIFIO: An extensible framework for scientific image interoperability                                   PI: K.W. Eliceiri

Formats, as well as limitations in how the current library is designed. Based on community feedback, 
it is clear that we need to address three major areas of weakness in Bio-Formats in our new SCIFIO 
approach: 

1. Bio-Formats must be generalized further 
• OME-XML metadata mapping is not enough—need ability to support other schemas 

easily as well 
• Need ability for other communities to easily add their own schema to Bio-Formats 
• Capture and save full metadata at all costs even without an appropriate data model 

2. Need to lower activation barrier for developers to use and support 
• Must address any platform deployment issues, including support for all programming 

languages 
• Must have well defined APIs and examples for every programming use case 
• More careful documentation is needed 

3. Full support for current and emerging data types including: 
• High performance quick import for all file formats 
• Ability to import large tiled images 
• Handle higher-dimensional non-spatial datasets such as Fluorescence Lifetime 

C. Research Design  

Specific Aims.  The SCIFIO project—SCientific Imaging Formats Input and Output—is a 
continuation and generalization of Bio-Formats (http://loci.wisc.edu/software/bio-formats/), a 
software library for reading and writing life sciences image file formats, which has been under 
development for the last six years. Bio-Formats provides a unique service and has become 
extremely popular in the community, but still faces some challenges as it continues to grow and 
mature. Development of SCIFIO will consist of the following specific project aims: 

1. Refactor to enable support for data models beyond light microscopy. Bio-Formats has 
been first and foremost a tool for working with light microscopy image data. Bio-Formats is 
capable of converting information from any supported file format into a standard data model 
called OME-XML. However, this data model was designed with light microscopy in mind, and 
is only limitedly applicable to other types of imaging. As we increasingly add support for file 
formats in other imaging domains, more flexibility is needed with respect to how information 
is standardized. We will improve the modularity of the software by splitting Bio-Formats into 
two parts: 1) the SCIFIO core, with the infrastructure for metadata standardization agnostic 
of any particular data model; and 2) the Bio-Formats extensions to SCIFIO, which will 
provide implementations for proprietary file formats (PFFs) in the light microscopy and 
related domains, including standardization to the OME-XML data model. 
 

2. Integrate more easily with other development environments. One common community 
requirement is to interface with Bio-Formats from non-Java software, particularly C++ code. 
We have developed several ways to interface with Bio-Formats from other software 
packages, but the complexity and number of technical choices needed for such integration 
can be overwhelming to inexperienced developers. As part of the SCIFIO effort, we will take 
our solutions beyond the initial approach, improving the technical resources and 
documentation to create turnkey solutions easier for new developers to use as-is, and we will 
provide clear and concise documentation guiding developers on selecting the best tool for 
their task at hand. 
 

3. Validate and improve performance. We will test the time and space performance of every 
supported file format reader, addressing deficiencies through performance optimization 
techniques. In addition, as part of the SCIFIO refactoring we will monitor emerging data 
formats with expanding space requirements such as whole slide imaging formats, and make 
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any necessary modifications to the core infrastructure to accommodate them. 
 
Discussion. 
Aim 1: Refactor to enable support for data models beyond light microscopy 

Historically, Bio-Formats primary purpose has been to standardize image data from proprietary file 
formats (PFFs) into a common data model(9). The Open Microscopy Environment (OME) 
consortium has created a data model that defines metadata common to light microscopy image 
acquisition, expressed as an XML schema called OME-XML. Bio-Formats possesses the ability to 
generate OME-XML metadata corresponding to any supported PFF. 

However, Bio-Formats's capabilities have begun to expand into scientific imaging domains beyond 
light microscopy, such as electron microscopy, medical imaging and astronomy. As discussed in the 
introduction, it would be impractical to pursue a “one-size-fits-all” solution for scientific imaging as a 
whole. As such, Bio-Formats's current OME-centric approach will be increasingly limiting as we 
continue to add support for file formats from imaging disciplines beyond the scope of the OME data 
model. While we can expand that data model to a certain extent, ultimately SCIFIO will need to 
support standardization into existing and future data models from other disciplines. 

The process of reading a PFF is divided into several steps: 

1. Parse: Read format-specific information from file headers. 
2. Store: Save this information directly into an "original metadata" table, using that format's 

terminology. 
3. Standardize: Translate the information into the standard terminology and structure, storing it 

as OME-XML. 
4. Read: Open the image planes using the parsed metadata (planar offsets and sizes, 

compression settings, etc.). 
 

In principle, there is nothing inherent in this design that limits it to light microscopy. Other data 
models could easily be supported by replacing the standardize step above with a different data 
model translation step. Unfortunately, in the current codebase, each PFF reader is implemented as a 
single class, with no formal API dividing steps 1-3. Hence, standardize is often intertwined with parse 
and store, rather than being strictly divided into its own step of the process. 

We will refactor the core reader interface to explicitly define these steps as individual classes: a 
parser class will be responsible for parsing the file headers, and will store the results into an 
encapsulated info struct class. A OME translator module will then be responsible for standardizing 
the info object into OME-XML metadata. Other types of translator modules for other data models 
would then be straightforward to develop on a format-by-format basis. Further, some metadata fields 
are necessary or at least ubiquitous, such as image dimensions, bit depth and physical image 
resolution (e.g., width and height of a microscopy image in microns). This type of information will be 
standardized by a core translator module, which can be reused by the domain-specific translators, or 
used by itself to preserve only the most critical metadata. Finally, a reader class will take an info 
object as input and read the planes from the associated file(s) on disk. 

As part of this restructuring, we will also update the software's capabilities to fully handle image data 
beyond space and time. Currently, the OME data model is five-dimensional in nature, supporting 
three spatial dimensions (X, Y and Z) as well as time and channels (such as multiple emission 
wavelengths). Various acquisition modalities utilize additional dimensions, and Bio-Formats 
possesses limited support for them, but is somewhat constrained by the OME data model's 
requirement that data ultimately be represented in 5D. While we do plan to improve the OME data 
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model, SCIFIO must also provide a fully N-dimensional backend, without the limitations imposed by 
traditional 5D image acquisition and analysis. 

The end result of this refactoring will be the core SCIFIO library, which will provide the infrastructure 
needed to implement file format readers and writers, and the hooks for translating metadata into 
particular data model standards. SCIFIO will also include reader implementations for open standard 
file formats such as web graphics formats (e.g., PNG, JPEG) and open standards in the field (e.g., 
ICS), including translation to OME-XML. Bio-Formats will become an extension to SCIFIO, providing 
reader implementations for PFFs, particularly those in light microscopy and related domains. This 
increase in modularity will facilitate community-driven development by making it easier to create 
additional file format readers that provide metadata translation to the most relevant data models. 

Aim 2: Integrate more easily with other development environments 

There is a plethora of competing software development environments, with considerations ranging 
from programming languages (Java, Python, Ruby, C, C++, C#, Javascript, PHP) to operating 
systems (Windows, Mac OS X, Linux) to software platforms (web, GNU, .NET) to build systems 
(Autotools, Ant, CMake, Maven) to IDEs (Eclipse, Visual Studio, Xcode). Each project's specific 
requirements will necessarily influence which tools are most appropriate for the job. It is simply not 
possible to choose options that always interoperate well with every other approach. 

However, some choices tend to be more interoperable than others. We developed Bio-Formats in 
Java because it provides an effective balance between performance and cross-platform deployment. 
Java code is compiled once and can be run on any supported operating system, including all 
modern desktop variants. Java features a just-in-time compiler that provides much better 
performance than purely interpreted languages such as Python or Ruby. And Java is one of the 
most popular programming languages, meaning there are many development tools and libraries 
available for reuse, which increases code quality and reduces development time. In short, for 
projects like Bio-Formats, Java is faster than Python and more productive than C++. 

Once such choices are made, the question becomes how best to interoperate with software projects 
that use different technologies. We provide several tools to interface with Bio-Formats from other 
contexts: 

• We have a C++ wrapper library called bfcpp that uses JNI to provide complete access to the 
Bio-Formats interface. We use bfcpp regularly to write OME-TIFF files from our WiscScan 
acquisition software (http://www.loci.wisc.edu/software/wiscscan). XuvTools 
(http://xuvtools.org/) also uses a custom version of bfcpp to read PFFs using Bio-Formats. 

• We have interfaced Bio-Formats with CellProfiler using a Java/Python JNI bridge 
(http://imagejdev.org/2009/11/06/bioformats-cellprofiler). 

• We have exposed Bio-Formats for client-server use using both ZeroC Ice 
(http://www.zeroc.com/ice.html) and our own inter-process solution called JVMLink 
(http://www.loci.wisc.edu/software/jvmlink). 

• We have written code to connect Bio-Formats to other software using Unix-style pipes, such 
as the Insight Toolkit, as well as the original OME server written in Perl. This approach 
invokes Bio-Formats as a separate process on the local machine, passing inputs via 
standard input and/or command line parameters, and receiving output via standard output. 
Surprisingly, in our benchmarks, we found that a pipes-based solution was just as 
performant as an in-process solution using JNI such as bfcpp. 

 

As you can see, there are plenty of ways to use Bio-Formats from other software. The issue is not 
that it cannot be done, but rather that understanding and deploying the best option can be a 
daunting and time-consuming prospect. Hence, as part of the SCIFIO development, we will establish 
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recommended approaches for common situations, further developing and polishing the tools 
described above to provide turnkey solutions needing as little additional development effort as 
possible. We will improve and expand our online documentation so that community developers can 
visit the Bio-Formats web site, download a solution and immediately begin using SCIFIO from their 
own software without needing to understand the inner workings of the integration. Want to call 
SCIFIO from a C++ application? We will provide pre-compiled shared libraries for all major platforms. 
Need to access SCIFIO from a remote machine? We will provide pre-compiled binaries for your 
client's language and platform of choice. Not sure of the best choice? We will provide a clear and 
concise explanation of the different options, with instructions on how to get started quickly. 

To improve integration capabilities with other software, we will perform a thorough review of our 
online documentation, restructuring it and adding more detail to cover known common cases 
including usage of Bio-Formats from native C++ applications as well as calling it from MATLAB and 
ImageJ. We will solicit regular feedback from community collaborators, including the μManager team 

and our commercial partners at Glencoe Software and Prairie Technologies, on what is needed to 
make Bio-Formats as easy to use as possible. We will also improve our continuous integration 
system (Hudson) configuration to provide a wider range of regularly updated binary builds for the 
various Bio-Formats integration solutions. 

Beyond the technical considerations, another hurdle to community adoption is software licensing. 
Bio-Formats is currently distributed under the GNU General Public License (GPL; 
http://www.gnu.org/copyleft/gpl.html), which guarantees certain freedoms but presents a legal barrier 
to integration with existing closed-source code. Hence, for maximum compatibility with other 
software packages, the SCIFIO core will be licensed with the Apache license, a more permissive 
non-“copyleft” license. The Bio-Formats extensions to SCIFIO, including the currently supported 
PFFs, will remain licensed under the GPL. In this way, commercial organizations can use SCIFIO 
without concern that they will be subject to the restrictive terms of the GPL. 

Aim 3: Validate and improve performance 

One criticism we have heard on occasion is that Bio-Formats can be slow. Such statements are 
deceptive, however, as “Bio-Formats” is not really a single program but rather a collection of many 
file format readers. While it is possible that the core Bio-Formats infrastructure might suffer from 
some performance limitation, in our experience the fault usually lies with specific reader 
implementations. Each reader must be individually optimized and tuned for maximum performance. 
Given that we have now coded readers for over a hundred file formats, it is unsurprising that some 
work better than others. 

Broadly speaking, the most effective way to improve performance is to repeatedly eliminate 
bottlenecks in execution. This is a variation of the Pareto principle or “80-20 rule”—80% or more of a 
program's execution time is spent executing 20% or less of the code. A similar principle applies 
when optimizing for space. In the case of Bio-Formats, although we must optimize each file reader 
separately, the same optimization principles still apply on a per-reader basis. 

Thus, as part of the SCIFIO effort, we will test the performance of format readers across the board, 
comparing both time and space requirements with both raw disk access and other software, 
particularly vendor software associated with each format. We will troubleshoot and optimize 
identified problem areas until performance is comparable with other software packages. 

We will prioritize our focus based on the importance of each format in the community, spending 
more time on critical formats such as TIFF and less on rarely used or niche formats. We will seek a 
balance between improving the most-used formats and those with the biggest room for improvement. 
For pragmatic reasons, we will also factor in the development effort needed to realize an 
improvement—for example, we will not necessarily code a custom JPEG library from scratch, even if 
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it would result in the best performance for JPEG-based formats, if doing so would take hundreds of 
man-hours to complete. Ultimately, prioritization of development must be the result of a cost/benefit 
analysis taking all these factors into consideration. 

The fruits of aim 1 above will also benefit performance, in that the info objects will be storable to disk 
to improve subsequent initialization times. That is, once you have parsed a file's metadata once, you 
can avoid repeating that effort and simply read in the information directly the next time you need it. 
This feature will benefit many applications such as the OMERO database, as well as desktop client 
applications. 

Lastly, there are some emerging data formats that push the limits of traditional image data 
representation. For example, whole slide imaging formats may store a compressed image plane with 
more than 100,000 elements in width or height, which can cause problems for software packages 
designed for more modestly sized planes. We will ensure that the SCIFIO architecture supports such 
emerging formats while maintaining reasonable space requirements. 

Software Engineering of SCIFIO. The LOCI software team and collaborators are a professional 
group of experienced computer scientists using established and effective principles to develop 
software. We are a worldwide community of developers, geographically distributed in nature, and are 
well versed in successful remote collaboration to achieve our goals. We have studied and utilize 
programming techniques and paradigms including unit testing, pair programming, and agile 
development methodologies, and we regularly use project management and development tools 
including Git (http://git-scm.org/), Subversion (http://subversion.apache.org/), Trac 
(http://trac.edgewall.org/), Maven (http://maven.apache.org/), Hudson (http://hudson-ci.org/), Eclipse 
(http://www.eclipse.org/) and many others. 

For the past several years, Bio-Formats has been included in the Open Microscopy Environment 
team development cycles, which are groups of six two-week code sprints each that focus on 
achieving pre-scheduled tasks, stories and defects (see 
https://trac.openmicroscopy.org.uk/ome/wiki/OmeroProcess for details). We have weekly sprint 
meetings to keep each other apprised of progress and discuss solutions to any development 
roadblocks. Bio-Formats development has also been relevant to our work on the next generation 
version of ImageJ (http://imagejdev.org/), which has its own similar two-week development periods. 
The lead SCIFIO developer will similarly prioritize development tasks into two-week blocks and meet 
regularly with other developers on related projects. This regular contact and discussion is vital to 
keep the project on course and tackle any issues as soon as they arise. 

Dividing the SCIFIO project's aims into tasks is straightforward. We will initially focus on the technical 
design of the refactoring from single reader classes to modular components (parsers, info structs, 
translators and readers); this design period will likely last 2-4 weeks. We will then select one of the 
simplest PFF implementations to adapt to the new infrastructure, keeping the old interface in place 
but delegating to the relevant portion of the new implementation. Once one PFF is completed, we 
can attempt to convert a very complex PFF, which should identify any remaining issues to address in 
the new design. In this way, we will preserve existing behavior and compatibility as we validate the 
new design and modularize the PFF implementations one by one. Regardless of the complexity of a 
particular PFF implementation, refactoring to the componentized design will likely take only 1-2 days 
per PFF in the more difficult cases, and only a few minutes in the easier cases. 

Need for dedicated funding for SCIFIO by SI
2
:SSE. Bio-Formats has been funded largely as a 

component of other software projects such as providing file format support for CellProfiler, ImageJ or 
OME. In particular, the OME consortium has provided strong support for Bio-Formats through 
funding from the Welcome Trust and commercial funding from Glencoe Software (see Swedlow 
letter) that currently funds the major file format programmer of Bio-Formats. However, all this funding 
is application driven, and is for adding support for specific programs or file format types. This grant 
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will be the first dedicated funding ever for Bio-Formats and in particular will be the first to focus on 
the software engineering of Bio-Formats and stress the architecture of the library and the hardening 
of its interface. Such as grant is only made possible by the SI2: Scientific Software Elements call. 
From discussion with program officials at NSF and other agencies, this SSE call is unique in that it is 
specifically for the development of a robust software element such as what we propose in SCIFIO. 
There is no other funding opportunity we are aware of that would directly fund such an activity, 
despite the great need and potential impact, as most software funding calls are application-specific 
and usually focused on novel algorithmic problems rather than practical ones such as file format 
interoperability. While we are confident that with our partners we can continue to sustain the file 
format reader success we have started, the greater and broader success of SCIFIO is entirely 
dependent on funding from this type of unique call.  

D. Project Team 

Kevin Eliceiri, Director of the Laboratory for Optical and Computational Instrumentation, is the 
Principal Investigator of this grant and will be responsible for overall coordination of the aims and 
proposed research. Kevin Eliceiri is an expert in computer and imaging technology, advanced 
multidimensional biological imaging and is experienced with instrumentation development and 
project management. With Rueden, Eliceiri originated the Bio-Formats project and is lead PI of the 
ImageJDev and co-lead of the Open Microscopy Environment. He is responsible for the direction of 
LOCI, and coordination of all its projects. 

Curtis Rueden is a software engineer who has proven to be extraordinarily talented and productive 
in the design and execution of large software projects including the widely deployed Bio-Formats 
project and ImageJDev and VisBio software projects. Curtis co-created the Bio-Formats project and 
continues to be responsible for the core technology development of Bio-Formats. He has been 
involved with several projects that have necessitated the development of techniques for the fully 
interactive multidimensional rendering of raw microscopy data. Mr. Rueden will serve as senior 
programmer on this grant and ensure that all software is deployed effectively. 

E. Results from Prior NSF Support 
 

The Principal investigator has had had one NSF grant in the last five years: NSF 0959525 (Eliceiri, 
co-PI), Title: MRI-R2: Development of a long wavelength nonlinear optical microscope for 
harmonic and autofluorescence imaging of biological tissues; 01/01/10-01/-1/12; Amount: 
$621,447.  The goal is to build a nonlinear microscopy platform capable of exciting intrinsic and 
extrinsic fluorophores from 680nm to 1300 nm for imaging of biological samples. 
 
F. Timeline and Barometers for Success 

As described above (see “Software Engineering of SCIFIO”), we employ the Trac project 
management tool to facilitate definition and prioritization of tasks. We will create tickets on the Trac 
web site for all aspects of the project, and distribute them according to regular milestones. The 
system provides a timeline view of our efforts including integrated reporting of SCM “changesets” 
and ticket changes, giving the community an easy way to monitor our progress on a daily basis. 
 
The SCIFIO project will help to meet several of the current “5.0” design goals for Bio-Formats, so 
most SCIFIO development tasks will likely be associated with a 5.0 version label. We expect to 
complete aim 1 within 6-9 months, at which point we will make the first official release of SCIFIO. We 
will then pursue aims 2 and 3, with additional regular releases every six months. See Figure 2 below 
for full details on the timeline. 
 
Fortunately, due to the modular nature of the Bio-Formats codebase with each of more than 120 file 
format readers being implemented as its own module, we will be able to work on each format one by 
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one, first to refactor as described in aim 1 above, and then to implement performance improvements 
as described in aim 3. In this way, there will be a “checklist” of formats with regular progress that is 
visible at all times to the community. 
 
The interoperability goals of 
aim 2 will be slightly more 
challenging by comparison, 
but as described in the 
research design discussion 
section above, we will be in 
regular contact with 
interested parties from the 
community including both 
commercial (e.g., Glencoe 
Software, Prairie 
Technologies) and open 
source (e.g., OME, Fiji 
ImageJ and μManager) 

collaborators. Their 
satisfaction with and 
adoption of SCIFIO is 
synonymous with our 
success. There is no doubt 
we will receive plenty of 
community feedback 
throughout the grant period, 
as the community has 
proven to be very helpful 
and responsive in reporting 
bugs and providing sample 
data for testing. Specifically, 
by the end of the grant 
period, we will have turnkey 
solutions for interfacing Bio-
Formats with native code using precompiled binary packages, as well as thorough documentation on 
their usage. These packages will be set up to be maintenance-free, so that they remain up to date 
with SCIFIO and Bio-Formats as their development continues and new formats are added. 
 
Tangible metrics we will use to demonstrate successful completion of goals will include two major 
components: 
 

• Trac milestone reporting of ticket completion per development milestone, including a tally of 
the percentage of file formats that have been converted to the new SCIFIO design, as well 
as the percentage of formats that have been optimized for performance. 

• Performance benchmarks demonstrating improvements resulting from aim 3. This will 
include measurements of performance gains in time and/or space compared to previous 
versions of the code, as well as a comparison with other tools in the community. In addition, 
we will demonstrate that the refactoring from aim 1 enables initialization many times faster 
than before (anticipated >10X speedup in many cases, >100X in some). 

 
 

 

Q1 Populate Trac system with project tasks; 
refactor core interface design (aim 1) 

Q2 Begin refactoring PFF readers (aim 1); begin 
addressing technical weaknesses in Bio-Formats 
cross-environment integration as indicated by the 
community (aim 2) 

Q3 Refactoring of PFF readers completed (aim 1); 
provide pre-compiled binary builds of SCIFIO 
cross-environment integration tools, driven by 
Hudson, for all major platforms (aim 2) 

Year 1 

Q4 Begin performance optimization of PFF readers, 
and set up performance benchmark section of 
SCIFIO web site (aim 3) 

Q1 Begin thorough review of SCIFIO documentation, 
especially developer docs (aim 2) 

Q2 Performance optimization of PFF readers ~25% 
complete (aim 3) 

Q3 Highest-priority documentation tasks (aim 2) 

Year 2 

Q4 Performance optimization of PFF readers ~50% 
complete (aim 3) 

Q1 Continue key documentation tasks (aim 2) 
Q2 Performance optimization of PFF readers ~75% 

complete (aim 3) 
Q3 Address remaining documentation issues (aim 2) 

Year 3 

Q4 Performance optimization of PFF readers 
completed (aim 3) 

Figure 2: Timeline for SCIFIO project goals  
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G. Sustainability Plan and Software License 

Bio-Formats has already enjoyed close to six years of successful use and widespread adoption due 
in large part to sustained development and partnership of developers directly in the LOCI group with 
those from many other groups, most notably Glencoe (see Swedlow letter) and Anne Carpenter’s 
CellProfiler group (see Carpenter letter). Also, many application-specific grants and funding sources 
have and will continue to fuel the additional file format additions and improvements.  While the NSF 
SI2:SEE funding is critical to develop the core engineering improvements of SCIFIO, once 
developed, SCIFIO will be well sustained by its widespread use and development throughout the 
community at large. 

Similar to the decision of which programming language to use, the choice of open source software 
license is complex. After careful review of the options, weighing in our experience with the various 
licenses we currently support and the opinions of our academic and commercial software colleagues, 
we decided to go with the Apache 2 license. We considered other similar permissive licenses such 
as the simplified BSD license, as they also offer maximum compatibility with companies and 
academics alike, and are not viral; i.e., SCIFIO can be included with a commercial closed source 
application (important for maximum use and impact). However, we chose Apache2 due to its legal 
specificity based on our research and feedback from our partners. That said, we are receptive to 
feedback on this issue and will use the license best suited to facilitating scientific inquiry throughout 
the community. 

H. Broader Impact: Biological imaging Researchers and beyond 

Establishing SCIFIO as a universal library for biological image format translation that end-users and 
developers can all use, whether in a favorite application like ImageJ and CellProfiler, a toolkit like 
Matlab or ITK, or a commercial tool such as a acquisition or analysis program, will have great impact 
in the biological sciences. One of the great practical barriers to collaborative work in imaging, is the 
issue of proprietary file formats. There are many challenges in the post acquisition imaging workflow 
of a microscopist: how to save and archive datasets, which parameters to extract for optimal 
analysis, which analysis approach to take and how to track these and record these analyses, and 
how to describe these analysis actions for others. But all these challenges are trumped by the most 
fundamental need of being able to open and freely share the original pixel information and 
associated metadata with others using any processing software or workflow desired. As a first step 
towards solving this problem, our group has developed and widely deployed the Bio-Formats 
package. The great and unanticipated massive adoptive and positive reception by the biology 
community has pointed out not only the great need to continue the Bio-Formats project, but also to 
harden its interface and features.  

In this proposal, the first formal grant that this project has had for the core library development (and 
not just adding formats), SCIFIO will be developed as a robust software element, both as a library 
anyone can utilize and as a full software tool kit that any developer can easily use to add converter 
support to their application freely. This is important, as our target and thus our impact is not only on 
the research scientist, but the wider community including researchers from other fields, academic 
software developers, commercial software developers, and educators. We have observed the impact 
of freely available file formats first-hand, in both expected and unanticipated use cases. We 
expected the widespread use and adoption of Bio-Formats by open source software developers and 
their users. In particular, it was not surprising to see the widespread popularity of Bio-Formats in 
popular freely available analysis packages such as ImageJ. However, we were pleased by the 
enthusiasm of three other user groups: the commercial developers, researchers from other fields 
and educators. Of these, the commercial developer interest is most easily anticipated, as they too 
get frustrated at the myriad formats in the wild—and just like ImageJ, a commercial image-
processing package is expected to support 50 or more formats and all the evolving changes. As our 
work matures, we have seen a steady uptake in companies in adopting Bio-Formats (with admittedly 
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some adoption due to pressure from their user bases). What we had not fully appreciated was the 
interest and need outside the academic and commercial biological research community. 
Researchers from other fields such as computer scientists working on vision research were in great 
need of files to use in their software for basic research and we have seen many of them use Bio-
Formats directly or inside systems that have raw data available such as the JCB viewer (1) and the 
CellProfiler test image repository. Similarly, the educational response has been strong by our own 
informal science efforts such as WormClassroom (23) and other collaborations such as ASCB Cell 
database  and BioQuest. For teaching purposes, educators need access to image data, and found 
the pool of freely available files to be very limited once the restriction of being a common format was 
introduced. Worse still, many of these open files have been stripped down or subsampled for 
dissemination over the web. Educators value Bio-Formats for its ability to freely view image data and 
metadata regardless of original file format. 

What we learned from all this feedback is that PFFs are not a problem for one particular group—they 
are everyone’s problem, and thus a universally, freely available solution is mandated. Much in the 
same way that good dictionaries, translators and other tools have made the world’s language 
barriers less of an issue, we must have the same for imaging formats. The SCIFIO effort will greatly 
broaden the impact, as this more robust and extensible system will not only offer more functionality 
to its current user base but also enjoy wider adoption as its use increases due to new features and 
ease of integration into more software packages. While we are continuing to focus on biological 
imaging formats for this grant period, as the proliferation of PFFs is perhaps most pervasive there, 
we are positioning SCIFIO to be used as a file conversion system for other scientific imaging 
communities. By seeking a general solution to this problem and appropriately vetting the SCIFIO 
solution, we can make great impact and prove the SCIFIO system in a larger context. We have been 
in close contact with our colleagues in other communities (10, 11) such as astronomy, geoscience, 
and biomedical sciences, and it is clear that while they may not have the number of formats and 
types of variants that biological microscopy has, they too have need for file conversion systems. 
SCIFIO and its Bio-Formats extension could lead to the creation of other domain-specific extensions 
such as “Geo-Formats” and “Astro-Formats.” SCIFIO is designed with broad application in mind, to 
be a robust software tool for image interoperability for all types of users and use cases.  

Dissemination and Education Plan. Much of our dissemination and education plan is based on 
making sure the SCIFIO framework is robust and works as designed in the programs that the 
community uses—in particular, open source tools like ImageJ. Based on direct feedback from the 
research and education projects in ours and our collaborators labs, ImageJ is a very popular tool 
with researchers and educators alike, not only because is free and open source, but also due to the 
accessibility of its approach with all analyses and workflows open for examination, comparison and 
adaption. SCIFIO will build on what Bio-Formats has done, and for the user of the current Bio-
Formats package, the changes will be transparent. The SCIFIO library will provide the backend for 
the Bio-Formats extension, and will continue to provide all current functionality plus provide added 
performance and extensibility. SCIFIO will be included with several software packages such as Fiji 
ImageJ, CellProfiler(24) (see letter of collaboration), OME OMERO, and the many other software 
applications that currently use Bio-Formats, as well as new software packages such as ITK and 
VTK(25-27) that could not previously include Bio-Formats directly due to licensing issues. The 
majority of the dissemination and education plan is based on direct download, web support in the 
form of manuals and tutorials, and direct email support with the developers. LOCI and the OME 
consortium have very active email and web support channels and that will continue with the SCIFIO 
project. In addition, we hold yearly workshops on file import and viewing at established meetings 
such as the American Society for Cell Biology meeting and the Marine Biological Laboratory and 
Cold Spring Harbor Laboratory Microscopy courses, where the PI routinely teaches. 
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Data Management Plan for NSF Proposal “SI2-SSE: SCIFIO: An extensible framework for 

scientific image interoperability” 

 

The primary research results of the SCIFIO grant will consist of software and documentation.   

This project does not include the production of scientific data by itself in the classic definition. 

Instead SCIFIO is designed to be a tool to help tackle data management problems in other 
research projects by allowing for full interoperability and translation of image file formats 

including associated metadata. However the project will produce software libraries, source 

code, documentation and sample test data that will need to be stored, backed up and 
disseminated using best software engineering practice as detailed below and in the body of the 

grant.  

 

Source Code and Developer documentation. The SCIFIO interchange tools deliver a 

powerful standard approach to microscopy metadata handling in computer software. But 

technology is constantly becoming more complex—scientists and computer programmers need 

instructions that are clear and concise yet thorough to fully be able to harness our solution. 

Without documentation, the technology's barrier to entry is too much, and people will continue to 

implement their own hodge-podge of incompatible “quick fixes.” 

Knowing the importance of such documentation, LOCI and its overall OME consortium actively 

maintain a number of online resources. The main OME website not only hosts the full OME-

XML specification, but includes thorough explanations of who OME is, what our goals are, why 

there is a need for open standards in microscopy, what we have done, where we are going, 

what our software and file formats consist of, and how to use them. LOCI also maintains an 

OME section of our web site with an explanation of our role within the OME consortium, a 

technical specification for OME-TIFF, sample OME-TIFF data and performance benchmarks, 

and example code for working with OME-TIFF, OME-XML and Bio-Formats. As SCIFIO 

develops we will extend and improve the documentation including use cases for how to use 

SCIFIO from different platforms. All of our source code is managed with source control (CVS 

and Subversion) and accessible from the OME and LOCI web sites via Trac. There is an OME 

developer Wiki that covering many topics in detail. We manage several mailing lists including a 

list for OME users, one for OME developers, and one devoted to LOCI software announcements 

and questions. Lastly, we have launched a dedicated site (http://www.ome-xml.org) specifically 

covering the OME-XML file formats and accompanying software, including Bio-Formats. This 

will all be adapted and improved in the SCIFIO project.  

We will use the Apache2 license for SCIFIO as its an appropriate overall open source license 

structure that will ensure easy user and developer access to the SCIFIO source. Re-use, re-
distribution and production of software derivatives will be continue to be supported,  as will 

commercial use.  The team members are experienced members of the software development 

community.  The final combined licensing terms will be worked out collaboratively by the team in 
consultation with the user community via list servers and meetings. 

  

Portions of the SCIFIO software used (that based on Bio-Formats) are already included in major 
software applications and we expect the rest to also be included as it is developed, ensuring 

continuing availability and wide distribution. 



 
The Eli and Edythe L. Broad Institute 
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To: Kevin Eliceiri, University of Wisconsin - Madison 
 
Dear Kevin,        July 14, 2011 
 
I am eager to collaborate on the work described in your proposal to the NSF,  
“ScIFIO: An extensible framework for scientific image interoperability”. My research group’s 
expertise is in the development of computational methods to extract the richest information 
possible from images. I confirm my commitment and enthusiasm for the following specific 
aspects of the proposal: 
 
1) We will provide continued input and advice on BioFormats from the perspective of 
developers who rely on it for the functioning of our own group’s software, CellProfiler, 
which is launched around the world >200 times per day, has been downloaded >25,000 
times, and has been cited in >300 publications in the five years since its initial release. In 
particular, given the research community that my group represents and serves, we will 
ensure your designs are efficient and high-performing for demanding applications like ours. 
Although many users are processing a few dozen images, we serve a community that often 
processes millions of images. As developers, we are enthusiastic about your planned 
modularity, extensibility, and interoperability improvements as well. 
 
2) We will advise and provide input on emerging biological image formats, particularly those 
from the high-throughput screening domain, but also time-lapse and three-dimensional 
projects. We will serve as a liaison between your team and the community of biologists that 
uses our software, by prioritizing and conveying requests for file formats and metadata 
needed by the community. Although I primarily represent biologists, it is worth noting that 
users from other fields (e.g., materials science, chemistry, engineering) have begun to make 
use of CellProfiler because of its modularity and high-throughput automated features, so 
building upon BioFormats to being serving other scientific communities would benefit our 
growing user base as well. 
 
In 2010, we switched from Matlab/PIL to use BioFormats as the image reader for CellProfiler. 
This relieved a tremendous burden for us, so that we can focus on our areas of expertise, 
image processing and data mining. Because quantitative analysis of images continues to 
grow, in terms of both volume and scientific impact, the research community would benefit 
tremendously from having BioFormats expanded and improved in the ways you’ve outlined, 
to create SciFIO. The end result will be software that will not only be useful for a much 
broader community of biologists, it will also be a better framework for researchers in other 
fields to build on. I am therefore pleased to collaborate with your project team to create this 
valuable resource for the huge community of researchers using imaging techniques.  

Kind regards, 

 
Anne Carpenter, Ph.D., Director of the Imaging Platform & CellProfiler software project 

7 Cambridge Center  

Cambridge, MA 02142 

T 617-714-7750    

www.broadinstitute.org/~anne 
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17th July 2011  
 
 
Kevin W. Eliceiri 
Director, Laboratory for Optical and  
Computational Instrumentation (LOCI) 
1675 Observatory Drive 
Madison, WI 53706 
USA 
 
Dear Kevin, 
 
I am pleased to write this letter of collaboration for your NSF proposal “SCIFIO: 
An extensible framework for scientific image interoperability”.  I understand your 
proposal is in response to the NSF Software Infrastructure for Sustained 
Innovation (SI2) call to develop robust Scientific Software Elements (SSE) that 
address issues of sustainability, manageability, usability and interoperability, 
and will be disseminated into the community as reusable software resources. 
As we discussed you are proposing to build on the Bio-Formats project that 
started in your lab and that is now developed and maintained by the Open 
Microscopy Environment (OME; http://openmicroscopy.org) Consortium.    

Bio-Formats is a tool for interoperability and data exchange that deals with one 
of the most pressing informatics challenge faced by microscopists today: 
proprietary file formats (PFFs). PFFs are ubiquitous in the life sciences and the 
imaging field in general with over 150 PFFs in light microscopy alone. Bio-
Formats addresses the need to parse and convert PFFs to open standards in 
the form of a standalone library that can currently convert over 120 file formats 
to vendor-neutral formats such as ICS and our own OME-XML based TIFF 
(OME-TIFF). The OME development team in my lab, under funding from the 
Wellcome Trust and OME’s commercial Glencoe Software have made 
substantial contributions to Bio-Formats. We have expanded its support to high 
content screening formats, electron microscopy, and most recently, database 
formats like written by PerkinElmer’s Volocity. In my OME development group, 
at least two developers have made significant contributions to Bio-Formats, 
improving support for new file formats and refining the underlying data 
specification (known as the OME Data Model).  By supporting Mellssa Linkert, 
the main Bio-Formats developer since 2007, Glencoe Software’s contribution 
has taken two forms.  First, through its support of the JCB DataViewer and the 
ASCB CELL Library, Ms Linkert has had constant access to new data formats, 
ensuring that Bio-formats is kept up-to-date.  Second, we have supported Ms. 
Linkert’s efforts to add support for multi-threaded applications to Bio-Formats, 
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ensuring that it can contend with demanding data-intensive applications.  All of 
these contributions, while commercially funded, have been contributed to the 
open source, freely available code base.  In our most recent release 
(http://trac.openmicroscopy.org.uk/ome/milestone/OMERO-Beta4.3), the 
Dundee OME team has worked with Ms Linkert to add support for PFFs 
associated with digital pathology.  Perhaps most importantly, through 2009 and 
2010, Ms Linkert and my team embarked on a long-term commitment to 
improve the support for metadata in Bio-Formats and incorporated the Bio-
Formats codebase in our continuous integration system 
(http://hudson.openmicroscopy.org.uk), ensuring that updates to Bio-Formats 
code as always fully tested against the many testing datasets we Through this 
effort, Bio-Formats now provides as complete as possible representation of PFF 
metadata to any application that uses it.   

This commitment to developing Bio-Formats will continue.  My group in Dundee 
is currently funded to extend the metadata support for electron microscopy from 
the UK’s BBSRC.  We have just received a £4.3M (~$7M) grant from the 
Wellcome Trust for further development of OME’s tools, including Bio-Formats.  
One FTE in my group will be dedicated to improving Bio-Formats’ support for 
new modes of imaging.  Another critical aim is the improvement of Bio-Formats’ 
support for native applications to ensure best possible performance and 
memory efficiency. One of the 24 other positions on this award is dedicated to 
your lab for integration of ImageJ2 and OMERO. Thus, your proposed project 
will be another component of an active, ongoing, funded collaboration dedicated 
towards improving, extending and supporting OME’s tools for use by the 
community.   

Under this this new application, you propose to make Bio-Formats a full-fledged 
software development kit that is modular, extensible and high-performance. 
SCIFIO (SCientific Imaging Format Input and Output) will leverage the current 
work of Bio-Formats and provide a robust modular system for pixel and 
metadata conversion of PFFs not only to OME-XML but also other open 
standards. Furthermore, you will develop SCIFIO so that it is modular and 
extensible beyond light microscopy, and will be used as a general and cross-
platform image conversion tool for the scientific community including 
commercial parties. 

This commitment to software development and maintenance has delivered 
value to the scientific community. During the six years of Bio-Formats’ existence 
it has proven to be an important tool for biological image analysis.  We currently 
register >30,000 Bio-Formats installations worldwide, and are aware of its use 
in dozens of software applications. Bio-Formats enjoys a strong relationship 
with its user community—almost all Bio-Formats development is based on 
submissions of data from the user community. Currently, our data repository 
holds over 47,000 datasets and many millions of images,  

I’m pleased to have the opportunity to continue this collaboration on this grant. 
SCIFIO addresses several key developments that we need. Specifically, the 
modularization and performance aims of SCIFIO will be important for our future 
work on OMERO, OME’s data management application platform. Across OME, 
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we are working on increasingly complex metadata formats, including light sheet 
microscopy, fluorescence lifetime imaging, and many more. We are releasing 
support for these extended applications in two stages.  First, we are using 
OME’s StructuredAnnotation system (http://www.ome-
xml.org/wiki/StructuredAnnotations) to add custom fields in the near term. In the 
longer term, we are working more flexible methods of specifying and storing 
data, so that we can easily support a broad range of data types 
(http://www.ome-xml.org/wiki/Resources/112-NDim/Proposal).  This is important 
for our own and the community’s work. SCIFIO will be an important contribution 
to this work and we look forward to collaborating with you on these issues. Our 
groups as part of the OME Consortium have regular meetings, including weekly 
conference calls and yearly developer meetings. We will use the forums to work 
with you to make the SCIFIO system a success.  

I am fully committed to the aims of the grant and look forward to working with 
you on this project.  

 
 

Sincerely, 

 
Jason R Swedlow, PhD 
Professor 

 




