
  

  

Abstract—Biomedical data visualization is a great challenge 
due to the scale, complexity, and diversity of systems, system 
component interactions and experimental data. Standards for 
interoperable data are a good start to addressing these 
problems, but standardization of visualization technologies is 
an emerging topic. SimpleVisGrid builds on Cancer Biomedical 
Informatics Grid (caBIG) common infrastructure for cancer 
research, and clearly specifies and extends three standard data 
formats for inputs and outputs to grid services: comma-
separated values (CSV), Portable Network Graphics (PNG), 
and Scalable Vector Graphics (SVG). Four prototype 
visualizations are available: 2D array data quality 
visualization, correlation heatmaps between high-dimensional 
data and associated meta-data, feature landscapes, and 
biochemical or semantic network graphs. The services and data 
model are prepared for submission for caBIG Silver-level 
compatibility review and for integration into automated 
research workflows. Making these tools available to caBIG 
developers and ultimately to biomedical researchers can (1) 
help with biomedical communication, discovery, and decision-
making, (2) encourage more research on standardization of 
visualization formats, and (3) improve the efficiency of large 
data transfers across the grid. 

I. INTRODUCTION 
ISUALIZATION of biomedical data encompasses a 
diverse set of domain specialties, computational 

platforms, algorithms, and proposed invariant data 
representations (i.e. symbols or glyphs) [1]. Data 
visualization enables the discovery of underlying patterns 
that may indicate key scientific findings or quality problems 
in the data acquisition step that should be resolved before 
starting analysis. Additionally, many visualizations enhance 
clinical decision-making [2], and may be a critical 
accompaniment to the successful translation of new 
molecular data acquisition techniques to the clinic and the 
advent of personalized medicine. In this paper, we present a 
biomedical visualization classification system that leads us 
to propose three flexible data format standards to improve 
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data portability and interoperability for bioinformatics and 
systems biology.  

A. Popular Visualization Systems 
Visual Statistical Data Analyzer (VISDA) [3] is the first 

visualization tool to become Cancer Biomedical Informatics 
Grid (caBIG) certified. Cytoscape [4, 5] is a general network 
visualization tool that has deservingly received a lot of 
attention in this field. Cytoscape is an open-source 
standalone installation and makes some APIs available for 
other developers, but does not support web-based or grid-
based requests. Haploview [6] is useful for comparisons of 
entire genomes to one another to look for small differences. 
GeneWindow [7] is an interactive Scalable Vector Graphics 
(SVG) interface that enables the user to browse gene 
sequences with a variety of annotation overlays. 
Matrix2PNG [8] is a simple and useful tool for quickly 
converting data stored in a matrix into a heatmap. There are 
some similarities between Matrix2PNG and the BioPNG 
system presented here. The primary difference is that 
BioPNG can be used for data transport. It always treats the 
encoding of data into a PNG as a potential two-way 
interaction, sacrificing some of the visual appeal of the 
graphic for the ability to retrieve the original data using only 
the BioPNG file. 
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Fig. 1.  Organization of biomedical research visualizations into 
classes. The rectangles indicate the class, circles represent visual 
representations, and diamonds represent concrete examples of the 
representations. The choice of whether a visualization is best 
represented by SVG or PNG is primarily one of data density. 
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B. Visualization Classification System 
Attempts have been made to organize visualization efforts 

into classes of functional problems and structural solutions, 
including: graphs, tables, maps, diagrams, networks, and 
icons [9] and matrices, networks and hierarchies [10]. We 
simplify this view for biomedical research by focusing on 
networks, correlations, and matrices (including general 
images and plots) (see Figure 1). This classification system 
is reduced to visualizations of “non-tangible” data (i.e. data 
that does not have a clear physical representation), and 
excludes a whole body of work focused on accurate 
representation of three-dimensional (3D) objects such as 
anatomical visualization and molecular conformation 
visualization. In general, the work of SimpleVisGrid has 
been to focus on the enormous field of two-dimensional 
(2D) data representation for interpreting data analysis 
results, with the minor exceptions of discussing the 
application of BioPNG to “data cubes” and the use of two-
and-a-half-dimensional (2.5D) representation used to view 
feature landscapes. 

C. Data Scale Impedes Interpretation and Transport 
One reason that so many visualization systems for 

bioinformatics and systems biology are designed as 
standalone tools or designed to connect only to local 
databases is the scale of the data. The idea of plugging 
visualizations of such large-scale data as 30,000 genes on a 
microarray, 100,000 proteins in an interaction network, or 
billions of base pairs on a genome into a grid-based 
workflow for multiple-sample comparison has been 
technically infeasible up to this point. One obstacle is that 
interoperability standards such as MAGE-ML [11] or 
BioPAX [12], while extremely useful for passing meta-data 
about experiments around, cannot be extended to raw 
experimental results because the uncompressed text and 
required labels are too bulky. A balance must be found 
between appropriate meta-data to transport in structured 

formats versus bulk data to transport in standard compressed 
formats. A recent move in this direction is MAGE-TAB 
[13], which emphasized the facility of moving data between 
human-readable spreadsheets and machine-readable data 
files as a major usability factor for microarray analysis tools. 

II. IDENTIFICATION OF STANDARD FORMATS 

A. Bio-Portable Network Graphics (BioPNG) 
Portable Network Graphics (PNG) is an open 

specification for image compression. Since images are 
simply representations of 2D data matrices, it is somewhat 
intuitive to think of image formats as candidates for storing 
data in this form. However, we found no examples of 
systems making use of image compression to store non-
image data. There are two reasons for this: (1) general 
compression formats such as ZIP have been the obvious 
choice for compressing general data and (2) image formats 
tend to have limited bit depth and/or lossy compression 
algorithms that meant the data you got out might not match 
the data you put in. In presenting a new community-based 
microarray repository, ArrayWiki [14], we introduced 
BioPNG, a method for converting floating point numbers 
into color channels for storage in a lossless format. This 
format has many advantages over ZIP: (1) it is natively 
supported over HTTP, (2) it is presented easily in browsers 
so the data can be “seen” as it’s received, (3) the 
compression rate compares favorably to ZIP, often 
performing 20-30% better, (4) PNG files do not harbor 
viruses like ZIPs can, (5) meta-data such as scale (x and y 
dimensions) are easily extracted without parsing, and (6) 
PNG files can be split, cropped, and joined efficiently, 
allowing for possibilities of pseudo-random access for large 
datasets. Figure 2 illustrates the trade-offs of different 
BioPNG formats. 

B. Scalable Vector Graphics (SVG) 
SVG as a web standard was approved by the World Wide 

Web Consortium (W3C) in 2003. SVG documents describe 
2D graphics in an efficient way and can preserve the 
underlying scientific data. SVG documents can be annotated 
with custom tags to store the source data used to generate 
the visualization. All SVG documents are zoomable (multi-
scale) interfaces. This means that the resolution of the 
display device (or the available screen space in an integrated 
application) does not affect the readability of the scaled 
representation of the graphic. Finally, SVG documents can 
be programmatically manipulated using the Javascript 
Document Object Model (DOM), providing a means to 
implement animations and innovative interactive interfaces.  

SVG-based bioinformatics tools are becoming more 
common. Some examples are GeneWindow [7], ArrayXPath 
[15], the microbial genome viewer [16], caCORRECT [17] 
and GOMiner [18]. SVG could be the basis for multimodal 
scientific and educational material in the future [19]. SVG 
rendering is provided in Microsoft Internet Explorer 7 by 

 
Fig. 2.  Trade-offs between different BioPNG formats. Encoding a 
value simply requires converting to a binary decimal and splitting the 
resulting string into bit lengths to fit into the color depth required to 
store the data. The images along the bottom are all Gaussian surfaces 
stored at various decimal precision. PHP Source code for BioPNG 
compression and extraction can be found at the url:
 http://arraywiki.bme.gatech.edu/index.php/BioPNG_Source_Code  
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means of an unsupported Adobe SVG Plugin but is natively 
supported in the latest releases of the Mozilla Firefox, Apple 
Safari, Google Chrome and Opera browsers. SVG is 
compatible with Asynchronous JavaScript and XML 
(AJAX) technology. AJAX is a technique for manipulating 
an HTML-based user interface using background browser 
processes without causing the noticeable page refresh of 
classic HTML forms. AJAX has the advantage of being 
similar in look and feel to locally installed software. 
However, AJAX without SVG must rely on reloading of 
server-generated images to improve the interactivity of 
visualizations. 

III. IMPLEMENTATION OF NOVEL VISUALIZATIONS 

A. Feature Landscapes 
Feature landscapes are an example of using the SVG 

format to depict 2.5D visualizations (see Figure 4). 
Although the peaks and the background appear to have 
depth, they are positioned on the graphic using pre-built 
symbols. Each peak symbol contains custom attributes 
providing an ID for the feature and the exact number of 
times it appears in the provided data, as this information 
could never be recovered using only the X,Y location of the 
peak in the graphics file. We have used feature landscapes in 
our research to see if tuning certain parameters in feature 
selection algorithms significantly affects the results. We are 
developing an algorithm for summarizing the similarity 
between the feature lists to be published in a separate paper. 

B. Meta-data Correlations 
High-dimensional, high-throughput data acquisition 

methods have a tendency to suffer from a phenomenon 
called “batch effect.” This is an overall bias applied to the 

data based on the period of time that the data was acquired. 
Batch effects may be caused by environmental factors, 
human error, changes in equipment or changes in lab 
protocols. It is very important to correct these problems 
before data analysis models are built, because the bias can 
become the dominant feature of the data. Our meta-data 
correlation visualization can be used to detect batch effect, 
but can also be used to evaluate experimental design 
problems, such as sudden changes in chip quality, 
inappropriate randomization procedures, and relationships 
between clinical factors that might be useful to exploit when 
analyzing data. 

C. Biochemical Pathway Simulation Results 
Network layout problems frequently arise in biomedical 

visualization. While the problems can be very large, 
requiring a great deal of computational time to render, many 
are small enough to be rendered using simple algorithms. A 
good package for providing flexible and easy-to-learn 
algorithms is GraphViz [20]. Our network layout 
visualization service is a wrapper for GraphViz and provides 
higher-quality SVG documents than those obtained directly 
from GraphViz, including animated buttons to navigate 
among time series data and bezel-curved edges. We support 
many of the standard features of the GraphViz package in 
addition to automatic generation of a PNG file and 
embedding the original source data into the SVG document 
that is returned. In addition to biochemical reactions, the 
network layout service supports the layout of directed 
acyclic graphs (DAGs) like the tree structure used to 
represent relationships between terms in the Gene Ontology. 

IV. SYSTEM DESIGN FOR CABIG CERTIFICATION 
SimpleVisGrid services are based on a UML Model 

constructed in Enterprise Architect. Common Data Elements 
(CDEs) have been identified and semantically annotated 

 
Fig. 3.  Web-based visualization technologies. These have many 
trade-offs between openness, performance, and capabilities. The 
choice of SVG as a standard for SimpleVisGrid was made because of 
unparalleled openness, flexibility for data storage, scripting, and 
availability on mobile platforms like the iPhone. 

 
Fig. 4.  Example of a feature landscape. This data represents results of 
using simple feature selection methods on a public microarray dataset. 
The rendering data format is SVG. Tall, bright peaks were selected 
often by a variety of methods and short dark peaks were selected by 
few methods. Grey regions represent features never selected. Feature 
landscapes may be merged to create other useful comparisons, such as 
comparing one dataset to another dataset. This landscape contains 
~22,000 features total. 
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using the Semantic Integration Workbench (SIW) provided 
by caBIG. Where necessary, new concepts have been 
identified and defined for insertion into the Enterprise 
Vocabulary Services (EVS) ontology for cancer research. 
These practices mean that we can build a submission 
package for Silver-level certification of SimpleVisGrid. 

V. CONCLUSION 
We present SimpleVisGrid, a collection of grid services 

for converting bioinformatics and systems biology data into 
functional visualizations that reveal important patterns 
relevant to the quality and comparability of biological data. 
The data standards used as inputs and outputs to these 
services improve data portability and interoperability by 
providing compression and source data in the visual 
representation. 
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