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Abstract — The amount of image data in a slide scanner
image is usually in the giga-pixel range, inducing challenges
for image analysis and visualization. At the same time, in
order to maximize the information gained in these experi-
ments and integrate expert knowledge with quantitative
measurements, it is crucial to maintain the connection be-
tween high-resolution per-cell and per-region metrics with
lower resolution relational metrics. We present a free and
open-source framework for full resolution image analysis of
large images, e.g. slide scanner data, with the possibility of
visual examination and interaction at multiple resolutions.
The interface enables seamless zooming and panning, with
the option to toggle multiple layers, such as segmentation
masks and classification results, on or off. We make use of
the strength and flexibility of existing state-of-the-art open-
source software for visualization, creating resolution pyra-
mids, image registration and image analysis.

Keywords—multi-scale image analysis, slide scanner data,
open source

I.  INTRODUCTION AND BACKGROUND

Digital imaging in pathology is currently experiencing
exponential growth and expansion catalyzed by more
advanced imaging hardware and computational pro-
cessing techniques. Thin slices of tissue mounted on glass
slides can be digitized at near the optical resolution limits
of light in only a few minutes’ time [5], [6]. Novel stain-
ing techniques [4], [15] and molecular detection methods
[31, [7], [9], [16] make it possible to record the localiza-
tion of many types of biomedical processes by fluores-
cence and bright-field microscopy in parallel.

Modern signal processing algorithms make it possible
extract rich localized information visualizing spatial het-
erogeneity of gene and protein expression, cell morphol-
ogy, localized relational patterns and tissue structures.
Digital imaging using slide scanners thus has the poten-
tial to integrate traditional histopathological staining ap-
proaches and expert visual examination with advanced
digital image metrics and advanced staining protocols,
providing unique spatially resolved information of tissue
samples at multiple resolutions.

The amount of image data in a slide scanner image is
usually in the giga-pixel range, inducing challenges for
image analysis and visualization. At the same time, in
order to maximize the information gained in these exper-
iments and integrate expert knowledge with quantitative
measurements, it is crucial to maintain the connection

between high-resolution per-cell and per-region metrics
with lower resolution relational metrics. This is a severe
limitation for existing analysis software (commercial as
well as free and open-source) as few can handle analysis
of full giga-pixel data. Several commercial systems
providing multi-resolution sample viewing with image
processing are starting to appear (some examples include
Definiens, Indicalab, Visisopharm, Aperio). However,
every tissue type, combination of biomarker, and disease
process will pose unique analytical questions, meaning
that customized solutions will be needed. Commercial
solutions are also difficult to share between research labs,
limiting reproducibility and comparison of research re-
sults. We believe there is a need for free and open-source
tools for handling this giga-pixel challenge.

Rather than implementing analysis algorithms and met-
rics from scratch, we make use of the strength and flexi-
bility of existing state-of-the-art open-source software for
the image analysis, benefitting from the interoperability
between primarily CellProfiler [A] for single-cell metrics
Fiji [C] and Image J [E] for image filtering, image seg-
mentation and feature extraction, and llastik [D] for tex-
ture-based classification based on machine learning.
However, performing high-resolution image analysis on
large slide-scanner images using these software packages
is limited on today’s desktop computers due to memory
limitations. At the same time, we would like to visualize
the results of the analysis in the context of the full tissue
slide so that for example phenotypic variations at the sub-
cellular level can be related to lower-resolution structures
such as vessels, ducts, or tumors in the tissue. Here we
present a free and open-source framework for visual ex-
amination at multiple resolutions with the option to tog-
gle results on or off, such as segmentation masks, classi-
fication results, and tissue morphology measurements,
using a map view with seamless zooming and panning
capabilities, allowing for fast navigation between a full-
tissue view and high-resolution sub-cellular observations.
The interface also enables visual/manual selection of re-
gions of interest, target discovery, and understanding of
novel spatial relationships within the tissue environment.

Il.  OVERVIEW

Initially we split the image into smaller tiles that are
more suitable for high-throughput analysis using existing
software. We register images from multiple imaging mo-
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dalities/staining cycles and keeping track of the coordi-
nates of the tiles. Thereafter we analyze the data and pre-
sent analysis results in the form of color-coded maps
and/or coordinates for specific signals. Using the same
approach as is currently widely available for viewing
maps of the world overlaid with different kinds of labels
and imaging modalities we can display the results of the
analysis on the original, full-size image at multiple reso-
lutions.

I1l.  ANALYSIS FRAMEWORK

The input slide scanner images, which in our applica-
tion are about 30000x40000 pixels large, are divided into
tiles forming a resolution pyramid (see Fig. 1) using
VIPS [H], a free image processing system that is de-
signed to handle large images (images larger than the
amount of RAM you have available ).

Fig. 1.

Illustration of the work flow. The input images are split into
tiles, that are used for both image analysis and visualization/interaction.
The output from the image analysis can be viewed as overlay and
annotations in the viewer.

Optionally fully- or semi-automated registration of im-
ages from different staining cycles and/or imaging modal-
ities can be applied, using Elastix [B] or a manual seg-
mentation tool we created based on OpenSeadragon [G]
(see Fig. 2). In the image analysis pipeline a local fine
registration is also used [14].

The image analysis is performed on the tiles separately
and resulting regions of interest are put together to a reso-
lution pyramid using a Python [I] script. When selecting
the tile size there is a trade-off between speed when
zooming and panning, and suitability for image analysis.
The smaller the tiles, the faster zooming and panning, but
also more edge artifacts in the image analysis. In our case
tile sizes in the range 1000 to 2000 pixels seem to be
suitable. We are using tiles without overlap, but both the

tiling and visualization tools are able to handle overlap.
In case of overlap we only need to make sure that from
the image analysis pipeline handles the overlapping tiles
in a consistent manner.

Fig. 2. Manual selection of control points for semi-automated image
registration in the OpenSeadragon interface. Left is the reference image
(zoomed) and right is the floating image. The user marks at least three
pairs of corresponding points in the two images. Using those points as
input a transformation is computed and applied.

IV. IMAGE ANALYSIS

In our application we have used the CellProfiler [A]
image analysis software, which is a free and open-source
software designed for high-throughput image-based ex-
periments. The CellProfiler pipeline can be run in head-
less mode using a Python command, which makes it pos-
sible to start the image analysis process from a web
browser interface. Batch processing using a computer
cluster is also possible.

V. DATA ANALYSIS AND MAPPING

The end goal is to enable statistical analysis as well as
visual presentation of quantitative image analysis results.
We therefore translate feature measurements (classifica-
tion outputs, relational information etc.) to color-coded
maps representing regions with similar features. Our ap-
plications include in situ sequencing of RNA [9], and we
therefore also use methods for translating measurements
of localized molecular markers to a format suitable for
multi-resolution viewing.

VI.  VISUALIZATION AND DATA EXPLORATION

The visualization is again based on OpenSeadragon [G]
that allows us to efficiently zoom and pan data, and tog-
gle on and off different imaging modalities and analysis
results in multiple combinations of overlays. The viewing
tool also incorporates manual drawing of regions of inter-
est for further data exploration (see Fig. 3).

Manual selection of regions of interest opens up a new
way of exploring the heterogeneity of tissue data. Data
exploration integrates the expert’s knowledge with quan-
titative measurements and can reveal e.g. differences in
gene expression within tumors and in the surrounding
stromal compartment.



Fig. 3. Manual delineation of region of interest in the
OpenSeadragon interface. The region of interest will be used for further
analysis.

VII. CONCLUSION

We have presented a framework that enables explora-
tion of different approaches for tissue analysis and makes
the quantitative analysis readily compatible with visual
analysis, bridging the gap between histopathology and
advanced digital image analysis in a user-friendly, free
and open-source environment incorporating existing
tools. We believe this will leverage progress by ease of
methods dissemination, shared development environ-
ments and reproducible science. The framework can of
course also be applicable to many other types of large-
scale 2D image data, and is not limited to slide-scanner
data.
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LIST OF USED TOOLS

[A] CellProfiler - a free and open-source software designed for high-
throughput image analysis [2], [8]. http://cellprofiler.org/

[B] Elastix - a toolbox for rigid and nonrigid registration of images.
http://elastix.isi.uu.nl/

[C] Fiji - Fiji is a distribution of ImageJ (and ImageJ2) together with
Java, Java3D and a lot of plugins [11]. http://fiji.sc/Fiji

[D] lastik - a simple, user-friendly tool for image classification and
segmentation [13]. http://www.ilastik.org/

[E] Image J - a public domain Java based image processing program
[1], [12]. http://rsbweb.nih.gov/ij/index.html

[F] JavaScript - an interpreted computer programming language and a
part of web browsers.
https://developer.mozilla.org/en-US/docs/Web/JavaScript

[G] OpenSeadragon - An open-source, web-based viewer for

zoomable images, implemented in  pure JavaScript.
http:/openseadragon.github.io/

[H] PhP - a server-side scripting language designed for web
development but also used as a general-purpose programming
language. http://php.net/

[I] Python - a widely used general-purpose, high-level programming
language. http://python.org/

[J] VIPS - an open source image processing software package that is
designed to handle large images, and works with multi-core
processors [10].

http://www.vips.ecs.soton.ac.uk/index.php?title=VIPS
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