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Abstract. We present Localizer, a freely available and open source software package that implements the com-
putational data processing inherent to several types of superresolution fluorescence imaging, such as localization
(PALM/STORM/GSDIM) and fluctuation imaging (SOFI/pcSOFI). Localizer delivers high accuracy and performance
and comes with a fully featured and easy-to-use graphical user interface but is also designed to be integrated in
higher-level analysis environments. Due to its modular design, Localizer can be readily extended with new algo-
rithms as they become available, while maintaining the same interface and performance. We provide front-ends for
running Localizer from Igor Pro, Matlab, or as a stand-alone program. We show that Localizer performs favorably
when compared with two existing superresolution packages, and to our knowledge is the only freely available
implementation of SOFI/pcSOFI microscopy. By dramatically improving the analysis performance and ensuring
the easy addition of current and future enhancements, Localizer strongly improves the usability of superresolution
imaging in a variety of biomedical studies. © 2012 Society of Photo-Optical Instrumentation Engineers (SPIE). [DOI: 10.1117/1.JBO.17.12
.126008]
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1 Introduction
Any biological system adapts and survives through a multitude
of interactions and reactions. Fluorescence imaging has become
one of the major avenues for analyzing the many molecular and
cellular events underlying these processes. However, even
though most fluorophores can be used as molecular labels,
the direct observation of the molecular length scale, using opti-
cal microscopy, is precluded due to the diffraction of light. To
circumvent this inherent limit, a number of techniques have
recently been developed that provide far-field fluorescence
microscopy with a fundamentally unlimited spatial resolution.
These “superresolution” approaches are capable of painting
the picture of life with an unprecedented level of detail.1

Techniques such as the localization microscopies [e.g., photo-
activation localization microscopy (PALM),2,3 stochastic optical
reconstruction microscopy (STORM),4 and ground-state
depletion imaging (GSDIM)5] and fluctuation microscopy [super-
resolution optical fluctuation imaging (SOFI)6 and photochromic
stochastic optical fluctuation imaging (pcSOFI)7] can be per-
formed with what is essentially a standard optical microscope.
Despite this apparent accessibility and increasing availability
of commercial implementations, superresolution microscopy
remains a technology in development, rather than one being rou-
tinely applied. A significant consideration for any group planning
a superresolution experiment is the data analysis. There are a
handful of good programs and algorithms that are freely available

for superresolution analysis. However, to our knowledge, none of
the existing packages offer a complete analytical environment for
both localization analysis and fluctuation analysis, with a choice
of algorithms for each. Furthermore, to the best of our knowledge,
there is no existing software that provides a modular, customiz-
able program that can be readily tailored to the needs of the indi-
vidual user.

Here, we present Localizer,8 an open-source program for
implementing superresolution localization analysis (PALM,
STORM, dSTORM) and fluctuation analysis (SOFI/pcSOFI).
Localizer has been developed to serve two purposes: to be a
robust, accurate and precise tool for superresolution microscopy
and also to be an adaptable and maintainable platform for those
labs that need to customize their analysis or aim to develop new
applications for superresolution microscopy.

2 Results and Discussion
Experiments based on localization or fluctuations can
fundamentally be divided into three distinct phases tailored to
the specific question that the user aims to address (Fig. 1):

1. the acquisition of fluorescence images

2. the computational reduction of the acquired images to
a much smaller dataset (i.e., a list of localized positions
or computed images)

3. the post-processing of this smaller dataset.

Step 1 necessitates the recording of hundreds or thousands of
fluorescence images using standard wide-field fluorescence
microscopy, for both stochastic optical fluctuation imaging
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and the superresolution techniques based on the localization
of individual emitters. Localizer has been designed to rapidly
and accurately implement Step 2 for both the localization and
fluctuation microscopies, directly processing long input data
sequences (movies) according to user-specified settings and out-
putting a set of localized positions or one or more computed
images. Localizer can be run from within Igor Pro (for which
an intuitive graphical user interface has been developed) or
Matlab, such that Step 3, the post-processing and subsequent
analysis of data, can be readily achieved from within the same
software environment. As an alternative, Localizer can be run as
a stand-alone program from the command line. In addition, the
software was designed to be portable across platforms or soft-
ware packages.

By virtue of its crucial role in the analytical process, the soft-
ware used to process superresolution data can have a significant
impact on the conclusions that can be drawn from an experi-
ment: Inaccuracies, artifacts, or suboptimal performance will
effectively contaminate the downstream analyses and images.
Hence, of primary concern to us, was the development of a
robust analytical tool. To evaluate the performance and accuracy
of Localizer, we set out to compare the program with other
software packages. However, this comparison was impossible
for the SOFI analysis since we were unable to find other freely
available implementations. For localization microscopy we
compared the program with two freely available packages:
rapidSTORM,9 a stand-alone program for Windows and
Linux, and QuickPALM,10 a plug-in for the ImageJ microscopy
analysis platform. Since the absolute positions of the emitters
are unknown in actual imaging data, we generated three simu-
lated datasets, in which we attempted to model the imaging
process as closely as possible. This includes the use of a
non-Gaussian point spread function calculated using vectorial
optics, non-correlated background photons, as well as the effects
of electron-multiplied CCD (EMCCD) amplification and read-
out. We considered three different scenarios: an “easy” dataset,
with very bright emitters on a uniform background, a dataset
generated under conditions of low signal-to-noise and uniform
background, and a dataset with low signal-to-noise and a non-
uniform background [Fig. 2(a)–2(c)]. To illustrate the modular-
ity of Localizer, we ran the software using two localization
algorithms: the default, involving non-weighted least-squares
fitting of a Gaussian function, and Gaussian mask estimation
(GME).11 In all cases, we performed a best-effort optimization

of the analysis in each program, without consulting the actual
emitter locations.

We quantified the performance of each analysis using three
different parameters: the accuracy, the recall (the fraction of
simulated emitters that was recovered), and the error rate (the
fraction of reported emitters that was spurious). Finally, we also
compared the time required to perform the complete analysis.
The results are summarized in Fig. 2.

Predictably, we found that all programs performed well on
the “easy” dataset [Fig. 2(e)]. QuickPALM performed slightly
worse than both Localizer and rapidSTORM in every respect,
while rapidSTORM provided a slightly better localization accu-
racy, possibly due to its default of fixed-width Gaussian fitting.
Under conditions of low signal-to-noise Fig. 2(f)], QuickPALM
effectively fails to provide useful data, though rapidSTORM and
Localizer continue to yield comparable performance. However,
for very low signal-to-noise ratios we found that rapidSTORM
provided somewhat better segmentation compared to the default
GLRT algorithm12 in Localizer. Finally, under conditions of low
signal-to-noise and non-uniform background [Fig. 2(g)], which
can occur when imaging different cellular compartments, such
as the cytosol and nucleus, we find that Localizer yields better
results. Here, the modularity of Localizer also plays an impor-
tant role in ensuring the software’s performance. Whilst more
emitters were localized using the GME fitting than the default
non-linear least-squares fitting, the GME fitting also results in a
significantly greater fraction of false positives (around 10%)
compared with the default fitting (negligible). Here, the data
analysis is sufficiently demanding that optimization of not only
the fitting parameters, but the fitting algorithm is necessary to
obtain a reliable superresolution image.

Figure 3 shows some examples of the output of Localizer,
produced using both fluctuation and localization microscopy.
Figure 3(a) shows SOFI and average images taken from a
movie 400 frames in length of fragments of a T7 phage
DNA molecule stained using a DNA intercalating dye and
imaged under conditions that allow reversible binding of the
dye (YOYO-1).13 Figure 3(b) shows PALM data acquired on
a fixed HeLa cell stained using Dendra2 targeted to the plasma
membrane using the LyN targeting motif. Additional examples
of images resulting from the application of Localizer can be
found in the literature.7,14–16

One of our main concerns in developing Localizer was to
ensure that it is analytically flexible yet retains the properties

Fig. 1 Schematic overview of a superresolution localization or SOFI analysis. The acquired images are first reduced to a smaller dataset by performing
fluorophore localization or cumulant analysis. This reduced dataset is then used for further experiment-specific processing. The size of the arrows
denotes the relative amount of data that is transferred. The exterior boxes indicate the capabilities available in Localizer itself and in the combination of
Localizer and the included Igor Pro graphical interface.
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of being modifiable and expandable with minimal effort. Such
properties are critical in superresolution microscopy, where the
field of research is at an evolutionary stage, and the algorithms
that form the foundations of these techniques are still under
development. Furthermore, as with standard fluorescence
microscopy, the range of applications and diversity of samples
can be vast. As we have shown with our simple, simulated data,
the quality of the raw data that is input to the analysis software
can significantly impact the ability of a given program or algo-
rithm to produce a reliable, or complete, superresolution image.
For example, consistent with previous reports,17 we have shown
that there is significant variability in the performance of the
localization algorithms. The optimal choice or combination
of choices of algorithms depends not only on their intrinsic abil-
ities but also on the measurement conditions and desired ana-
lysis. Thus, in our opinion, the modularity of Localizer is not

merely an “added extra” but rather a critical component of
any software that is to be widely employed for producing super-
resolution images.

As written, Localizer offers a number of options for both
optimal segmentation (particle detection) and optimal particle
localization. This choice of thresholding and localization algo-
rithms can be either made within the Igor Pro GUI or by chan-
ging a single argument in the Matlab, Igor Pro, or other bridges.
Furthermore, since the Localizer code is composed as a series of
modules, new algorithms can be readily incorporated in the pro-
gram without modifying the existing code. A tutorial on how to
expand or adapt Localizer is supplied along with the source
code.

Localizer is written in the C++ programming language,
which allows it to combine high performance with the ability
to run on any computer platform, without requiring specific
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Fig. 2 Comparison of Localizer with other freely-available analysis packages. (a)–(c) Example simulated images for high signal-to-noise (a), low
signal-to-noise (b), and low signal-to-noise with non-uniform background (c). (d) Time required to analyze 500 images with high signal-to-noise.
(e)–(g) Performance of each software package under the conditions shown in (a)–(c) (RMSD refers to the root mean square localization deviation).
Two different localization algorithms implemented in Localizer were included (2D Gauss fitting and GME) in the comparison.
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software. Creating new bindings (to run Localizer from within
software other than Matlab or Igor Pro) requires only the addi-
tion of small code segments specific to that environment, and
does not require modifications to the core code of Localizer,
which is shared across all implementations. Like the core
program itself, the bridges and interface are all available as free
and open source software (GPL license).

3 Conclusion
In conclusion, we have presented Localizer, a software package
for accurate and fast analysis of superresolution measurements,
including localization (PALM/STORM/GSDIM) and SOFI/
pcSOFI microscopy. Localizer delivers high accuracy and per-
formance and comes with a fully featured and easy-to-use
graphical interface but is also designed to be integrated in
higher-level analysis environments. Due to its modular design,
Localizer can be readily extended with new algorithms as they
become available, while maintaining the same interface and per-
formance. We provide front-ends for running Localizer from
Igor Pro, Matlab, or as a stand-alone program. We find that
Localizer performs favorably when compared with two existing
superresolution packages, QuickPALM and RapidSTORM, and
to our knowledge is the only freely available implementation of
SOFI/pcSOFI microscopy. By dramatically improving the ana-
lysis performance and ensuring the easy addition of current and
future enhancements, Localizer strongly improves the usability
of superresolution imaging in a variety of biomedical settings.
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