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New federal directive requires archival 
datasets for all published figures 

¨  Directive from White House Office of Science and 
Technology Policy (OSTP) to federal funding 
agencies requires storage and access of digital 
data from all non-classified sponsored research 

¨  Department of Energy has developed a Public 
Access Plan, as have other federal agencies such as 
NSF 

¨  I won’t argue about the merits of this directive.  If 
you want to gripe about it, then go elsewhere 
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https://www.whitehouse.gov/sites/default/files/microsites/
ostp/ostp_public_access_memo_2013.pdf 
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February 22, 2013 
 
 
MEMORANDUM FOR THE HEADS OF EXECUTIVE DEPARTMENTS AND AGENCIES 
 
FROM: John P. Holdren 

Director  
 
SUBJECT:   Increasing Access to the Results of Federally Funded Scientific Research 
 
1. Policy Principles 

 
The Administration is committed to ensuring that, to the greatest extent and with the fewest 
constraints possible and consistent with law and the objectives set out below, the direct results of 
federally funded scientific research are made available to and useful for the public, industry, and 
the scientific community. Such results include peer-reviewed publications and digital data.   
 
Scientific research supported by the Federal Government catalyzes innovative breakthroughs that 
drive our economy. The results of that research become the grist for new insights and are assets 
for progress in areas such as health, energy, the environment, agriculture, and national security. 
 
Access to digital data sets resulting from federally funded research allows companies to focus 
resources and efforts on understanding and exploiting discoveries. For example, open weather 
data underpins the forecasting industry, and making genome sequences publicly available has 
spawned many biotechnology innovations. In addition, wider availability of peer-reviewed 
publications and scientific data in digital formats will create innovative economic markets for 
services related to curation, preservation, analysis, and visualization. Policies that mobilize these 
publications and data for re-use through preservation and broader public access also maximize 
the impact and accountability of the Federal research investment. These policies will accelerate 
scientific breakthroughs and innovation, promote entrepreneurship, and enhance economic 
growth and job creation.  
 
The Administration also recognizes that publishers provide valuable services, including the 
coordination of peer review, that are essential for ensuring the high quality and integrity of many 
scholarly publications. It is critical that these services continue to be made available. It is also 
important that Federal policy not adversely affect opportunities for researchers who are not 
funded by the Federal Government to disseminate any analysis or results of their research.  
 
To achieve the Administration’s commitment to increase access to federally funded published 
research and digital scientific data, Federal agencies investing in research and development must 
have clear and coordinated policies for increasing such access. 
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d) Encourage public-private collaboration to: 

 
i) maximize the potential for interoperability between public and private platforms and 

creative reuse to enhance value to all stakeholders,  
 
ii) avoid unnecessary duplication of existing mechanisms,  
 
iii) maximize the impact of the Federal research investment, and 

 
iv) otherwise assist with implementation of the agency plan; 

 
e) Ensure that attribution to authors, journals, and original publishers is maintained; and 
 
f) Ensure that publications and metadata are stored in an archival solution that:  

 
i) provides for long-term preservation and access to the content without charge, 

 
ii) uses standards, widely available and, to the extent possible, nonproprietary archival 

formats for text and associated content (e.g., images, video, supporting data), 
 

iii) provides access for persons with disabilities consistent with Section 508 of the 
Rehabilitation Act of 1973,1 and  

 
iv) enables integration and interoperability with other Federal public access archival 

solutions and other appropriate archives.   
 
Repositories could be maintained by the Federal agency funding the research, through an 
arrangement with other Federal agencies, or through other parties working in partnership with 
the agency including, but not limited to, scholarly and professional associations, publishers and 
libraries.  
 
 
 4. Objectives for Public Access to Scientific Data in Digital Formats  
 
To the extent feasible and consistent with applicable law and policy2; agency mission; resource 
constraints; U.S. national, homeland, and economic security; and the objectives listed below, 
digitally formatted scientific data resulting from unclassified research supported wholly or in part 

                                                            
1 Section 508 Of The Rehabilitation Act, as amended, available at: 
https://www.section508.gov/index.cfm?fuseAction=1998Amend 

2 These policies include, but are not limited to OMB Circular A-130, Management of Federal Information 
Resources, available at: http://www.whitehouse.gov/omb/circulars_a130_a130trans4 
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by Federal funding should be stored and publicly accessible to search, retrieve, and analyze. For 
purposes of this memorandum, data is defined, consistent with OMB circular A-110, as the 
digital recorded factual material commonly accepted in the scientific community as necessary to 
validate research findings including data sets used to support scholarly publications, but does not 
include laboratory notebooks, preliminary analyses, drafts of scientific papers, plans for future 
research, peer review reports, communications with colleagues, or physical objects, such as 
laboratory specimens. Each agency’s public access plan shall: 
 

a) Maximize access, by the general public and without charge, to digitally formatted 
scientific data created with Federal funds, while: 
 
i) protecting confidentiality and personal privacy,  

 
ii) recognizing proprietary interests, business confidential information, and intellectual 

property rights and avoiding significant negative impact on intellectual property 
rights, innovation, and U.S. competitiveness, and 

 
iii) preserving the balance between the relative value of long-term preservation and 

access and the associated cost and administrative burden;  
 

b) Ensure that all extramural researchers receiving Federal grants and contracts for scientific 
research and intramural researchers develop data management plans, as appropriate, 
describing how they will provide for long-term preservation of, and access to, scientific 
data in digital formats resulting from federally funded research, or explaining why long-
term preservation and access cannot be justified;  

 
c) Allow the inclusion of appropriate costs for data management and access in proposals for 

Federal funding for scientific research;  
 

d) Ensure appropriate evaluation of the merits of submitted data management plans; 
 

e) Include mechanisms to ensure that intramural and extramural researchers comply with 
data management plans and policies; 

 
f) Promote the deposit of data in publicly accessible databases, where appropriate and 

available; 
 

g) Encourage cooperation with the private sector to improve data access and compatibility, 
including through the formation of public-private partnerships with foundations and other 
research funding organizations;  

 
h) Develop approaches for identifying and providing appropriate attribution to scientific 

data sets that are made available under the plan; 
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http://www.energy.gov/sites/prod/files/2014/08/f18/
DOE_Public_Access%20Plan_FINAL.pdf 
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DMPs should describe whether and how data generated in the course of the proposed research will be 
shared and preserved and, at a minimum, describe how data sharing and preservation will enable 
validation of results, or how results could be validated if data are not shared or preserved.  

DMPs should provide a plan for making all research data displayed in publications resulting from the 
proposed research open, machine-readable, and digitally accessible to the public at the time of 
publication.  This includes data that are displayed in charts, figures, images, etc. In addition, the 
underlying digital research data used to generate the displayed data should be made as accessible as 
possible to the public in accordance with the principles stated above. The published article should 
indicate how these data can be accessed.   Individual research offices will encourage researchers to 
deposit data in existing community or institutional repositories or to submit these data to the article 
publisher as supplemental information. 

DMPs should consult and reference available information about data management resources to be used 
in the course of the proposed research.  

DMPs must protect confidentiality, personal privacy, Personally Identifiable Information, and U.S. 
national, homeland, and economic security; recognize proprietary interests, business confidential 
information, and intellectual property rights; avoid significant negative impact on innovation and U.S. 
competitiveness; and otherwise be consistent with all applicable laws, regulations, and DOE orders and 
policies. 

The merits of the DMPs will be evaluated.  This evaluation will take into account the relative values of 
long-term preservation and access and the associated cost and administrative burden.  Additional 
requirements and review criteria for the DMP may be identified by the sponsoring Office, program, sub-
program, or in the solicitation. 

In instances where the Department intends to collect digital data resulting from the supported research, 
additional requirements for data management may be necessary to ensure the Department meets the 
requirements of the Open Data Policy6.  For elements of the Department for which the collection of 
researcher data is not already practiced, DOE will consult with its research communities through public 
forums such as Federal Advisory Committee Meetings and public announcements to identify which 
research data are appropriate for the DOE to collect or otherwise include in the public listing of agency 
data required by the Open Data Policy, and suitable mechanisms for doing so. 

The Office of Energy Efficiency and Renewable Energy (EERE) will include detailed requirements to 
ensure specific research data are submitted to the Open Energy Information Platform (OpenEI), a 
centralized and secure resource for publicly accessible energy data managed by the National Renewable 

                                                           
6 “Open Data Policy—Managing Information as an Asset” (M-13-13) 
(http://www.whitehouse.gov/sites/default/files/omb/memoranda/2013/m-13-13.pdf) accompanying Executive 
Order ”Making Open and Machine Readable the New Default for Government Information” 
(http://www.whitehouse.gov/the-press-office/2013/05/09/executive-order-making-open-and-machine-readable-
new-default-government-)  
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HDF5 file format chosen for data 
archive format at MIT PSFC 

¨  HDF5 file format is an open, machine readable, 
cross platform standard 

¨  HDF5 supported by many commonly used computing 
environments (MATLAB, IDL, Python, FORTRAN, C…) 

¨  Format allows storage of data (e.g. x,y points) and 
attributes (e.g. labels, colors) within a single file 

¨  Manually creating HDF5 file for each figure will 
change established user workflow dramatically 
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Problem: How to create HDF5 file 
without changing workflow? 

¨  MATLAB *.fig file contains all the data and 
metadata to reproduce the figure 

¨  Users often save a *.fig file so it can be modified 
later (e.g. change symbol shapes) 

¨  If you have access to a *.fig file, it would be much 
more convenient to export the *.fig file to HDF5 
rather than access all the raw data from storage, 
re-analyze it, then manually save each data trace 
to HDF5 file after the fact 
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Solution: export_fig.m script 
converts MATLAB *.fig file to HDF5 

¨  Simple, easy to operate script 
¨  Less than 1 second to process most figures 
¨  No need to find your old code, re-run analysis, etc.  

Just locate the *.fig file and go 
¨  The script creates HDF5 file without any user input 
¨  Example usage for file ‘example1.fig’: 

>> export_fig(‘example1’) 
¨  Stores attributes: line style, line width, color, marker 

shape, legend name, x-label, y-label, z-label, title 
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Example: simple figure 
HDF5 example9.h5  

Group '/'  

    Group '/Plot1'  

        Attributes: 

            'XLabel1':  '\theta [rad]' 

            'YLabel1':  'Voltage [V]' 

        Group '/Plot1/Data1'  

            Attributes: 

                'StructPath':  's.hgS_070000.children(1).children(1).properties' 

                'Color [r g b]':  0.000000 0.447000 0.741000  

            Dataset 'XData'  

                Size:  1x100 

                MaxSize:  1x100 

                Datatype:   H5T_IEEE_F64LE (double) 

                ChunkSize:  [] 

                Filters:  none 

                FillValue:  0.000000 

            Dataset 'YData'  

                Size:  1x100 

                MaxSize:  1x100 

                Datatype:   H5T_IEEE_F64LE (double) 

                ChunkSize:  [] 

                Filters:  none 

                FillValue:  0.000000 
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Example: 2-D color plot 
HDF5 example3.h5  

Group '/'  

    Group '/Plot1'  

        Attributes: 

            'XLabel1':  '\theta' 

            'YLabel1':  '\phi' 

        Group '/Plot1/Data1'  

            Attributes: 

                'StructPath':  's.hgS_070000.children.children(1).properties' 

            Dataset 'XData'  

                Size:  1x100 

                MaxSize:  1x100 

                Datatype:   H5T_IEEE_F64LE (double) 

                ChunkSize:  [] 

                Filters:  none 

                FillValue:  0.000000 

            Dataset 'YData'  

                Size:  1x101 

                MaxSize:  1x101 

                Datatype:   H5T_IEEE_F64LE (double) 

                ChunkSize:  [] 

                Filters:  none 

                FillValue:  0.000000 

            Dataset 'ZData'  

                Size:  101x100 

                MaxSize:  101x100 

                Datatype:   H5T_IEEE_F64LE (double) 

                ChunkSize:  [] 

                Filters:  none 

                FillValue:  0.000000 
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Example: multiple curves on plot 
HDF5 example4.h5  

Group '/'  

    Group '/Plot1'  

        Attributes: 

            'XLabel1':  'Phase [\circ]' 

            'YLabel1':  'Volts [V]' 

        Group '/Plot1/Data1’ 

 'DisplayName':  'tan' 

           … 

        Group '/Plot1/Data2’  

  'DisplayName':  'cot' 

            … 

        Group '/Plot1/Data3’  

 'DisplayName':  'sin' 

            … 

        Group '/Plot1/Data4’  

 'DisplayName':  'cos' 

           … 
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Example: multiple subplots 
HDF5 example6.h5  

Group '/'  

    Group '/Plot1'  

        Attributes: 

            'YLabel1':  'P_{LH} [kW]' 

            'Title1':  '1140225019' 

        Group '/Plot1/Data1'  

            … 

    Group '/Plot2'  

        Attributes: 

            'YLabel1':  '[10^{20} m^{-3}]' 

        Group '/Plot2/Data1'  

           … 

    Group '/Plot3'  

        Attributes: 

            'YLabel1':  'V_{loop} [V]' 

        Group '/Plot3/Data1'  

           … 

    Group '/Plot4'  

        Attributes: 

            'YLabel1':  'I_p [MA]' 

            'XLabel1':  'Time [s]' 

        Group '/Plot4/Data1'  

            … 
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Example: two y-axes 
HDF5 example12.h5  

Group '/'  

    Group '/Plot1'  

        Attributes: 

            'YLabel1':  'Slow Decay' 

            'XLabel1':  'Time (\musec)' 

            'Title1':  'Multiple Decay Rates' 

        Group '/Plot1/Data1'  

            Attributes: 

                'StructPath':  's.hgS_070000.children(1).children(1).properties' 

                'LineStyle':  '--' 

                'Color [r g b]':  0.000000 0.000000 1.000000  

           … 

    Group '/Plot2'  

        Attributes: 

            'YLabel1':  'Fast Decay' 

        Group '/Plot2/Data1'  

            Attributes: 

                'StructPath':  's.hgS_070000.children(2).children(1).properties' 

                'LineStyle':  '-.' 

                'Color [r g b]':  0.000000 0.500000 0.000000  

           … 
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Example: errorbars 
HDF5 example2.h5  

Group '/'  

    Group '/Plot1'  

        Attributes: 

            'XLabel1':  'time [s]' 

            'YLabel1':  'position [mm]' 

        Group '/Plot1/Data1'  

            Attributes: 

               … 

                'Color [r g b]':  0.000000 0.000000 1.000000  

            Dataset 'LData'  

                … 

            Dataset 'UData'  

                … 

            Dataset 'XData'  

                … 

            Dataset 'YData'  

                … 

        Group '/Plot1/Data2'  

            Attributes: 

                ’… 

                'Color [r g b]':  0.000000 0.500000 0.000000  

            Dataset 'LData'  

               … 

            Dataset 'UData'  

                … 

            Dataset 'XData'  

                … 

            Dataset 'YData'  

                … 
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Example: quiver plot 

HDF5 example13.h5  
Group '/'  
    Group '/Plot1'  
        Group '/Plot1/Data1'  
            Attributes: 
                'StructPath':  's.hgS_070000.children.children.properties' 
                'Color [r g b]':  0.000000 0.447000 0.741000  
            Dataset 'UData'  
                ... 
            Dataset 'VData'  
                ... 
            Dataset 'XData'  
                ... 
            Dataset 'YData'  
                ... 
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Changes to figure outside of 
MATLAB not reflected in HDF5 file 

¨  Attributes (labels, units, colors, symbols, etc) come 
directly from the *.fig file, not the final *.pdf 

¨  Users sometimes modify figures in other software 
(e.g. Adobe Illustrator) 

¨  Any changes made outside MATLAB will not be 
reflected in the HDF5 file 

¨  HDF5 file can be edited manually in this case, but 
this is tedious and time consuming 

¨  Best usage is to generate publication quality figure 
fully within MATLAB 
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Technique should be applicable to 
Python, perhaps other languages 

¨  Storage of data within figure data structure similar 
between MATLAB and Python matplotlib 

¨  Should be possible to write a similar script for 
Python, but I’m not doing it 

¨  Happy to share my source code and discuss 
approach with whomever wants to work on the 
Python implementation 
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Script available to download from 
MATLAB file exchange  

¨  File ID: #59937 
¨  https://www.mathworks.com/matlabcentral/

fileexchange/59937-export-fig-figname- 
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