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Dclab is a Python library for the post-measurement analysis of real-time deformability cytometry (RT-DC) datasets.
This is the documentation of dclab version 0.14.0.
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CHAPTER 1

Getting started

1.1 Installation

To install dclab, use one of the following methods:
e from PyPI: pip install dclabfall]
e from sources: pip install .[all]

The extrakey [all] can be omitted if you are not working with the tdms file format or have no need to export to .avi
or .fcs files. Then, the basic installation of dclab depends on the Python packages h5py, numpy, and scipy. In addition,
dclab contains code from OpenCV (computation of moments) and scikit-image (computation of contours) to reduce
the list of dependencies (these libraries are not required by dclab).

If you are working with the outdated tdms file format, you have to specify the extrakey [tdms],i.e. pip install
dclab[tdms] or pip install . [tdms]. This will install the additional libraries nptdms and imageio. You
may also specify the extra key [export], which will install imageio and fcswrite for .avi and .fcs export. As
mentioned above, using [all] will install the dependencies for both.

Note that if you are installing from source or if no binary wheel is available for your platform and Python version,
Cython will be installed to build the required dclab extensions. If this process fails, please request a binary wheel for
your platform (e.g. Windows 64bit) and Python version (e.g. 3.6) by creating a new issue.

1.2 Use cases

If you are a frequent user of RT-DC, you might run into problems that cannot (yet) be addressed with the graphical
user interface Shape-Out. Here is a list of use cases that would motivate an installation of dclab.

* You would like to convert old .tdms-based datasets to the new .rtdc file format, because of enhanced speed in
Shape-Out and reduced disk usage. What you are looking for is the command line program dclab-tdms2rtdc
that comes with dclab. It allows to batch-convert multiple measurements at a time. Note that you should keep
the original .tdms files backed-up somewhere, because there might be future improvements or bug fixes from
which you would like to benefit.



https://pypi.python.org/pypi/dclab
https://github.com/ZellMechanik-Dresden/dclab
http://www.h5py.org/
https://docs.scipy.org/doc/numpy/
https://docs.scipy.org/doc/scipy/reference/
https://opencv.org/
http://scikit-image.org/
http://nptdms.readthedocs.io/en/latest/
https://imageio.github.io/
https://github.com/ZELLMECHANIK-DRESDEN/fcswrite
http://cython.org/
https://github.com/ZellMechanik-Dresden/dclab/issues
https://github.com/ZellMechanik-Dresden/ShapeOut
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* You would like to apply a simple set of filters (e.g. polygon filters that you exported from within Shape-Out)
to every new measurement you take and apply a custom data analysis pipeline to the filtered data. This is a
straight-forward Python coding problem with dclab. After reading the basic usage section below, please have a
look at the polygon filter reference.

* You would like to do advanced statistics or combine your RT-DC analysis with other fancy approaches such as
machine-learning. It would be too laborious to do the analysis in Shape-Out, export the data as text files, and
then open them in your custom Python script. If your initial analysis step with Shape-Out only involves tasks
that can be automated, why not use dclab from the beginning?

* You simulated RT-DC data and plan to import them in Shape-Out for testing. Once you have loaded your data
as a numpy array, you can instantiate an RTDC_Dict class and then use the Export class to create an .rtdc
data file.

If you are still unsure about whether to use dclab or not, you might want to look at the example section. If you need
advice, do not hesitate to create an issue.

1.3 Basic usage

Experimental RT-DC datasets are always loaded with the new_dataset method:

import numpy as np
import dclab

# .tdms file format

ds = dclab.new_dataset ("/path/to/measurement/Online/Ml.tdms")
# .rtdc file format

ds = dclab.new_dataset ("/path/to/measurement/M2.rtdc")

The object returned by new_dataset is always an instance of RTDCBase. To show all available features, use:

print (ds. features)

This will list all scalar features (e.g. “area_um” and “deform”) and all non-scalar features (e.g. “contour” and “im-
age”). Scalar features can be filtered by editing the configuration of ds and calling ds . apply_filter ():

# register filtering operations

amin, amax = ds["area_um"].min(), ds["area_um"].max ()
ds.config["filtering"] ["area_um min"] = (amax + amin) / 2
ds.config["filtering"] ["area_um max"] = amax
ds.apply_filter() # this step is important!

This will update the binary array ds.filter.all which can be used to extract the filtered data:

’area_um_filtered = ds["area um"] [ds.filter.all]

It is also possible to create a hierarchy child of this dataset that only contains the filtered data.

’ds_child = dclab.new_dataset (ds)

The hierarchy child ds_child is dynamic, i.e. when the filters in ds change, then ds_child also changes after
calling ds_child.apply_filter ().

Non-scalar features do not support fancy indexing (i.e. ds["image"] [ds.filter.all] will not work. Use a
for-loop to extract them.

4 Chapter 1. Getting started
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for ii in range(len(ds)):
image = ds["image"] [ii]
mask = ds["mask"][ii]
# this is equivalent to ds["bright_avg"][ii]
bright_avg = np.mean (image [mask])

print ("average brightness of event {}: {:.1f}".format (ii, bright_avg))

If you need more information to get started on your particular problem, you might want to check out the examples
section and the advanced scripting section.

1.3. Basic usage
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CHAPTER 2

Command-line interface

2.1 dclab-condense

Reduce an RT-DC measurement to its scalar-only features. All available ancillary features are computed.

’usage: dclab-condense [-h] INPUT OUTPUT

positional arguments:
e INPUT Input path (.tdms or .rtdc file)

* OUTPUT Output path (.rtdc file)

2.2 dclab-join

Join two or more RT-DC measurements. This will produce one larger .rtdc file. The meta data of the dataset that was
recorded earliest will be used in the output file. Please only join datasets that were recorded in the same measurement

run.

usage: dclab-join [-h] [-o OUTPUT] [INPUT [INPUT ...]]

positional arguments:
e INPUT Input paths (.tdms or .rtdc files)
optional arguments:

e —0, —-output Output path (.rtdc file)
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2.3 dclab-tdms2rtdc

Convert RT-DC .tdms files to the hdf5-based .rtdc file format. Note: Do not delete original .tdms files after conversion.
The conversion might be incomplete.

usage: dclab-tdms2rtdc [-h] [-—-compute—ancillary-features]
[-—include—-initial-empty-image]
TDMS_PATH RTDC_PATH

positional arguments:

e TDMS_PATH Input path (tdms file or folder containing tdms files)

e RTDC_PATH Output path (file or folder), existing data will be overridden
optional arguments:

* ——compute-ancillary-features (disabled by default) Compute features, such as volume or emodulus,
that are otherwise computed on-the-fly. Use this if you want to minimize analysis time in e.g. Shape-Out.
CAUTION: ancillary feature recipes might be subject to change (e.g. if an error is found in the recipe). Disabling
this option maximizes compatibility with future versions and allows to isolate the original data.

e ——include-initial-empty—-image (disabled by default) In old versions of Shape-In, the first image
was sometimes not stored in the resulting .avi file. In dclab, such images are represented as zero-valued images.
Set this option, if you wish to include the first event with empty image data.

2.4 dclab-verify-dataset

Check experimental datasets for completeness. Note that old measurements will most likely fail this verification
step. This program is used to enforce data integrity with future implementations of RT-DC recording software (e.g.
Shape-In).

usage: dclab-verify-dataset [-h] PATH

positional arguments:

* PATH Path to experimental dataset

8 Chapter 2. Command-line interface




CHAPTER 3

Examples

3.1 Plotting isoelastics
This example illustrates how to plot dclab isoelastics by reproducing figure 3 (lower left) of [MMM+17].
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(continued from previous page)

import dclab

# parameters for isoelastics

kwargs = {"coll": "area_unm", # x—axis
"col2": "deform", # y-axis
"channel_width": 20, # [um]
"flow_rate": 0.04, # [ul/s]
"viscosity": 15, # [Pa s]

"add_px_err": False # no pixelation error
}
isos = dclab.isoelastics.get_default ()
analy = isos.get (method="analytical", xxkwargs)
numer = isos.get (method="numerical", xxkwargs)

plt.figure (figsize=(8, 4))
ax = plt.subplot (111, title="elastic sphere isoelasticity lines")
colors = [cm.get_cmap("jet") (x) for x in np.linspace (0, 1, len(analy))]
for aa, nn, cc in zip(analy, numer, colors):

ax.plot (aal:, 0], aal:, 1], color=cc)

ax.plot (nnf[:, 0], nnl:, 1], color=cc, ls=":")
line = mlines.Line2D([], [], color='k', label='analytical')
dotted = mlines.Line2D([], [], color='k', 1s=":", label="'numerical')

ax.legend (handles=[1line, dotted])

ax.set_x1im (50, 240)
ax.set_ylim(0, 0.02)
ax.set_xlabel (dclab.dfn.feature_name2label["area_um"])
ax.set_ylabel (dclab.dfn.feature_name2label["deform"])

plt.tight_layout ()
plt.show ()

10 Chapter 3. Examples



CHAPTER 4

Advanced Usage

This section motivates the design of dclab and highlights useful built-in functionalities.

4.1 Notation

When coding with dclab, you should be aware of the following definitions and design principles.

4.1.1 Events

An event comprises all data recorded for the detection of one object (e.g. cell or bead) in an RT-DC measurement.

4.1.2 Features

A feature is a measurement parameter of an RT-DC measurement. For instance, the feature “index” enumerates
all recorded events, the feature “deform” contains the deformation values of all events. There are scalar features,
i.e. features that assign a single number to an event, and non-scalar features, such as “image” and “contour”. The
following features are supported by dclab:

scalar features description [units]

area_cvx Convex area [px]

area_msd Measured area [px]

area_ratio Porosity (convex to measured area ratio)
area_um Area [pmz]

aspect Aspect ratio of bounding box
bright_avg Brightness average within contour [a.u.]
bright_sd Brightness SD within contour [a.u.]

circ Circularity

deform Deformation

Continued on next page
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Table 1 — continued from previous page

scalar features

description [units]

emodulus Young’s Modulus [kPa]

fl1_area FL-1 area of peak [a.u.]

fl1_dist FL-1 distance between two first peaks [us]
fl1_max FL-1 maximum [a.u.]

fll_max_ctc FL-1 maximum, crosstalk-corrected [a.u.]
fl1_npeaks FL-1 number of peaks

fl1_pos FL-1 position of peak [us]

fl1_width FL-1 width [us]

fl2_area FL-2 area of peak [a.u.]

f12_dist FL-2 distance between two first peaks [us]
fl2_max FL-2 maximum [a.u.]

fl2_max_ctc FL-2 maximum, crosstalk-corrected [a.u.]
f12_npeaks FL-2 number of peaks

f12_pos FL-2 position of peak [us]

fl2_width FL-2 width [ps]

fl3_area FL-3 area of peak [a.u.]

fl3_dist FL-3 distance between two first peaks [us]
fl3_max FL-3 maximum [a.u.]

fl3_max_ctc FL-3 maximum, crosstalk-corrected [a.u.]
f13_npeaks FL-3 number of peaks

f13_pos FL-3 position of peak [us]

f3_width FL-3 width [us]

frame Video frame number

g_force Gravitational force in multiples of g

index Event index

inert_ratio_cvx

Inertia ratio of convex contour

inert_ratio_prnc

Principal inertia ratio of raw contour

inert_ratio_raw

Inertia ratio of raw contour

nevents

Total number of events in the same image

pcl Principal component 1

pc2 Principal component 2

pos_x Position along channel axis [pum]

pos_y Position lateral in channel [um]

size_x Bounding box size x [um]

size_y Bounding box size y [um]

temp Sample Temperature [°C]

temp_amb Ambient Temperature [°C]

tilt Absolute tilt of raw contour

time Event time [s]

userdefO User defined 0

userdef1 User defined 1

userdef2 User defined 2

userdef3 User defined 3

userdef4 User defined 4

userdefS User defined 5

userdef6 User defined 6

userdef7 User defined 7

userdef8 User defined 8

userdef9 User defined 9

Continued on next page
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Table 1 — continued from previous page

scalar features

description [units]

volume

Volume [um°]

non-scalar features

description [units]

contour

Binary event contour image

image Gray scale event image
mask Binary region labeling the event in the image
trace Dictionary of fluorescence traces

Example: deformation vs. area plot

import dclab

plt.show ()

import matplotlib.pylab as plt

ds = dclab.new_dataset ("data/example.rtdc")

ax = plt.subplot (111)

ax.plot (ds["area_um"], ds["deform"], "o", alpha=.2)
ax.set_xlabel (dclab.dfn.feature_name2label["area_um"])
ax.set_ylabel (dclab.dfn.feature_name2label ["deform"])

0.35 A

0.30 A

Deformation

© o o o

= = N N

o w o u
1 1 1 1

0.05 A

0.00 A

150 200
Area [um?]

Example: event image plot

250

300

4.1. Notation
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import matplotlib.pylab as plt

import dclab

ds = dclab.new_dataset ("data/example_video.rtdc")
axl = plt.subplot (211, title="image")

ax2 = plt.subplot (212, title="mask")
axl.imshow(ds["image"][6], cmap="gray")
ax2.imshow (ds["mask"] [6])

image

0 50 100 150 200

4.1.3 Ancillary features
Not all features available in dclab are recorded online during the acquisition of the experimental dataset. Some of

the features are computed offline by dclab, such as “volume” or “emodulus”. These ancillary features are computed
on-the-fly and are made available seamlessly through the same interface.

4.1.4 Filters

A filter can be used to gate events using features. There are min/max filters and 2D polygon filters. The following
table defines the main filtering parameters:

14 Chapter 4. Advanced Usage
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filtering parsed | description [units]

enable filters fbool | Enable filtering

hierarchy parent str Hierarchy parent of the dataset

limit events fint Upper limit for number of filtered events
polygon filters fint1igtPolygon filter indices

remove invalid events fbool | Remove events with inf/nan values

Min/max filters are also defined in the filters section:

filtering explanation

area_um min Exclude events with area [pmz] below this value
area_um max Exclude events with area [pmz] above this value
aspect max Exclude events with an aspect ratio above this value

Example: excluding events with large deformation

import matplotlib.pylab as plt
import dclab
ds = dclab.new_dataset ("data/example.rtdc")

ds.config["filtering"] ["deform max"] = .1
ds.apply_filter ()
dif = ds.filter.all

f, axes = plt.subplots(l, 2, sharex=True, sharey=True)

axes|[0] .plot(ds["area_um"], ds["bright_avg"], "o", alpha=.2)
axes[0].set_title ("unfiltered™)

axes|[1l].plot(ds["area_um"] [dif], ds["bright_avg"][dif], "o", alpha=.2)
axes|[1l].set_title("Deformation <= 0.1")

for ax in axes:
ax.set_xlabel (dclab.dfn. feature_name2label ["area_um"])
ax.set_ylabel (dclab.dfn.feature_name2label["bright_avg"])

plt.tight_layout ()
plt.show ()

Example: excluding random events This is useful if you need to have a (sub-)dataset of a specified size. The down-

sampling is reproducible (the same points are excluded).

import matplotlib.pylab as plt

import dclab

ds = dclab.new_dataset ("data/example.rtdc")
ds.config["filtering"] ["limit events"] = 4000
ds.apply_filter ()

fid = ds.filter.all

ax = plt.subplot (111)

ax.plot (ds["area_um"] [£fid], ds["deform"][fid], "o", alpha=.2)
ax.set_xlabel (dclab.dfn.feature_name2label["areca_um"])
ax.set_ylabel (dclab.dfn.feature_name2label["deform"])
plt.show ()

4.1. Notation

15
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unfiltered Deformation <= 0.1

o W
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4.1.5 Experiment metadata

Every RT-DC measurement has metadata consisting of key-value-pairs. The following are supported:

experiment parsed | description [units]
date str Date of measurement (‘YYYY-MM-DD’)
event count fint Number of recorded events
run index fint Index of measurement run
sample str Measured sample or user-defined reference
time str Start time of measurement (‘HH:MM:SS”)
fluorescence parsed | description [units]
bit depth fint Trace bit depth
channel 1 name str FL1 description
channel 2 name str FL2 description
channel 3 name str FL3 description
channel count fint Number of active channels
channels installed fint Number of available channels
laser 1 lambda float Laser 1 wavelength [nm]
laser 1 power float Laser 1 output power [%]
laser 2 lambda float Laser 2 wavelength [nm]
laser 2 power float Laser 2 output power [%]
laser 3 lambda float Laser 3 wavelength [nm]
laser 3 power float Laser 3 output power [%]
laser count fint Number of active lasers
lasers installed fint Number of available lasers
sample rate float Trace sample rate [Hz]
samples per event fint Samples per event
signal max float Upper voltage detection limit [V]
signal min float | Lower voltage detection limit [V]
trace median fint Rolling median filter size for traces
fmt_tdms parsed | description [units]
video frame offset fint Missing events at beginning of video
imaging parsed | description [units]
flash device str Light source device type (e.g. green LED)
flash duration float | Light source flash duration [ps]
frame rate float Imaging frame rate [Hz]
pixel size float | Pixel size [um]
roi position x float | Image x coordinate on sensor [px]
roi position y float | Imagey coordinate on sensor [px]
roi size X fint Image width [px]
roi size y fint Image height [px]
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online_contour parsed | description [units]

bin area min fint Minium pixel area of binary image event
bin kernel fint Odd ellipse kernel size, binary image morphing
bin threshold fint Binary threshold for avg-bg-corrected image
image blur fint Odd sigma for Gaussian blur (21x21 kernel)
no absdiff fbool | Avoid OpenCV ‘absdiff’ for avg-bg-correction
online_filter parsed | description [units]

area_ratio max float | Maximum porosity

area_ratio min float Minimum porosity

area_ratio soft limit fbool Soft limit, porosity

area_um max float Maximum area [pmz]

area_um min float Minimum area [pmz]

area_um soft limit fbool Soft limit, area [pmz]

aspect max float | Maximum aspect ratio of bounding box
aspect min float Minimum aspect ratio of bounding box
aspect soft limit fbool | Softlimit, aspect ratio of bbox

deform max float Maximum deformation

deform min float Minimum deformation

deform soft limit fbool Soft limit, deformation

fl1_max max float Maximum FL-1 maximum [a.u.]

fll_max min float Minimum FL-1 maximum [a.u.]

fll_max soft limit fbool Soft limit, FL-1 maximum

fl2_max max float Maximum FL-2 maximum [a.u.]

fl2_max min float Minimum FL-2 maximum [a.u.]

fl2_max soft limit fbool Soft limit, FL-2 maximum

fl3_max max float Maximum FL-3 maximum [a.u.]

fl3_max min float Minimum FL-3 maximum [a.u.]

fl3_max soft limit fbool Soft limit, FL-3 maximum

size_x max fint Maximum bounding box size x [um]
size_X min fint Minimum bounding box size x [um]
size_x soft limit fbool Soft limit, bounding box size x

size_y max fint Maximum bounding box size y [um]
size_y min fint Minimum bounding box size y [um]
size_y soft limit fbool Soft limit, bounding box size y

target duration float Target measurement duration [min]

target event count fint Target event count for online gating
setup parsed | description [units]

channel width float Width of microfluidic channel [um]

chip region Icstr | Imaged chip region (channel or reservoir)
flow rate float Flow rate in channel [uL/s]

flow rate sample float Sample flow rate [uL/s]

flow rate sheath float Sheath flow rate [pL/s]

identifier str Unique setup identifier

medium str Medium used

module composition str Comma-separated list of modules used
software version str Acquisition software with version

Example: date and time of a measurement

4.1. Notation
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In [1]: import dclab
In [2]: ds = dclab.new_dataset ("data/example.rtdc")

In [3]: ds.config["experiment"]["date"], ds.config["experiment"] ["time"]
Out[3]: ('2017-07-16', '19:01:36")

4.1.6 Analysis metadata

In addition to metadata, dclab also supports a user-defined analysis configuration which is usually part of a specific
analysis pipeline and thus not considered to be experimental metadata.

calculation parsed | description [units]

crosstalk fi12 float Fluorescence crosstalk, channel 1 to 2
crosstalk fi21 float Fluorescence crosstalk, channel 2 to 1
crosstalk f131 float Fluorescence crosstalk, channel 1 to 3
crosstalk f131 float Fluorescence crosstalk, channel 3 to 1
crosstalk fi32 float Fluorescence crosstalk, channel 2 to 3
crosstalk fi32 float Fluorescence crosstalk, channel 3 to 1
emodulus medium str Medium used (e.g. CellCarrierB, water)
emodulus model Icstr | Model for computing elastic moduli
emodulus temperature float Chip temperature [°C]

emodulus viscosity float | Viscosity [Pa*s] if ‘medium’ unknown

4.2 RT-DC datasets

Knowing and understanding the R7-DC dataset classes is an important prerequisite when working with dclab. They
are all derived from RTDCBase which gives access to feature with a dictionary-like interface, facilitates data export
and filtering, and comes with several convenience methods that are useful for data visualization. RT-DC datasets can be
based on a data file format (RTDC_TDMS and RTDC _HDF'5), created from user-defined dictionaries (RTDC_Dict),
or derived from other RT-DC datasets (RTDC_Hierarchy).

4.2.1 Basic usage

The convenience function dclab.new_dataset () takes care of determining the data file format (tdms or hdfs)
and returns the corresponding derived class.

In [1]: import dclab
In [2]: ds = dclab.new_dataset ("data/example.rtdc")

In [3]: ds. class . name

Out [3]: 'RTDC_HDF5'

Working with other data

It is also possible to load other data into dclab from a dictionary.
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In [4]: data = dict (deform=np.random.rand(100),
: area_um=np.random.rand (100))
In [5]: ds_dict = dclab.new_dataset (data)

In [6]: ds_dict._class__ ._ name_
Out[6]: 'RTDC_Dict'

Using filters

Filters are used to mask e.g. debris or doublets from a dataset.

# Restrict the deformation to 0.15
In [7]: ds.config["filtering"]["deform max"] = .15

# Manually excluding events using array indices is also possible:
# "ds.filter.manual’ is a 1D boolean array of size “len(ds)’

# where "False ' values mean that the events are excluded.

In [8]: ds.filter.manual[[0, 400, 345, 1000]] = False

In [9]: ds.apply_filter()

# The boolean array " ds.filter.all’ represents the applied filter
# and can be used for indexing.

In [10]: ds["deform"].mean (), ds["deform"][ds.filter.all].mean/()
Out[10]: (0.0287258, 0.026486598)

Note that ds.apply_filter () must be called, otherwise ds.filter.all will not be updated.

Creating hierarchies

When applying filtering operations, it is sometimes helpful to use hierarchies for keeping track of the individual
filtering steps.

In [11]: child = dclab.new_dataset (ds)

In [12]: child.config["filtering"] ["area_um max"] = 80
In [13]: grandchild = dclab.new_dataset (child)

In [14]: grandchild.apply_filter()

In [15]: len(ds), len(child), len(grandchild)
Out[15]: (5000, 4933, 4778)

In [16]: ds.filter.all.sum(), child.filter.all.sum(), grandchild.filter.all.sum()
AAVAVNAVN AN NN NANANNANNNNNNN\NOut [16] 2 (4933, 4778, 4778)

Note that calling grandchild.apply_filter () automatically calls child.apply_filter () and ds.
apply_filter (). Also note that, as expected, the size of each hierarchy child is identical to the sum of the
boolean filtering array from its hierarchy parent.

4.2. RT-DC datasets 21
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Scripting goodies

Here are a few useful functionalities for scripting with dclab.

# unique identifier of the RTDCBase instance (not reproducible)
In [17]: ds.identifier
Out[1l7]: 'mm-hdf5_fle7754"'

# reproducible hash of the dataset
In [18]: ds.hash
AN NOut [18] ¢ '8££19£702a236¢bf91e13667e144e722"

# dataset format
In [19]: ds.format
AT DL VNN NN AN\ Out [19] ¢ "hdfS!

# available features
In [20]: ds.features
R N N N N R N R N N R N N N N R N N N N N R N N N N N N R N N N N N N N R N R N R R R N N N R R R R RN
['area_cvx',
'area_msd',
'area_ratio',
'area_um',
'aspect',
'bright_avg',
'bright_sd',
'circ',
'deform',
'frame',
'index',
'inert_ratio_cvx',
'"inert_ratio_raw',
'nevents',
'pos_x",
'pos_y',
'size_x"',
'size_y',
'time']

# test feature availability (success)
In [21]: "area_um" in ds
R S N N N N R N R N R N N N N N N N N N N N N N N N N N N N N N N N N N N R N N N N A R R R AR RN

—True

# test feature availability (failure)
In [22]: "image" in ds
A N N N R N N N R N R N N N N N N N N N N N N N N R N N N N N N N N S N N N N R R R R RN

—False

# accessing a feature and computing its mean

In [23]: ds["area_um"] .mean ()

R R R R N R N N S N N N N N R R R R R R R N N N N N R N N N N N N N R N N R R R RN
—49.728645

# accessing the measurement configuration
In [24]: ds.config.keys ()
R R N N R N R N N N N N N N N R R R R R R N N N N N N N N N N N N N N N N S R R RN

—dlct_Keys ([ fi1ltering , "experiment’, "1lmaglng , -‘online_contour , sSecitdgatinues on nextpage)
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(continued from previous page)

In [25]: ds.config["experiment"]
R N N N S N N N N R N N N N N N N N N N N N N N N N N N N N N N N R N N N N N N N N A R R R AR R RN
{'date': '2017-07-16",

'event count': 5000,

'run index': 1,

'sample': 'docs-data',

"time': '19:01:36"'}

# determine the identifier of the hierarchy parent

In [26]: child.config["filtering"] ["hierarchy parent"]

RN N N N N R R N N N N N N N N N R N N N N N R R N N N N R N N N R N N R N A N N R R R R RN N
— 'mm-hdf5_f1le7754"

4.2.2 Statistics

The statistics module comes with a predefined set of methods to compute simple feature statistics.

In [27]: import dclab
In [28]: ds = dclab.new_dataset ("data/example.rtdc")

In [29]: stats = dclab.statistics.get_statistics(ds,
et features=["deform", "aspect"],
et methods=["Mode", "Mean", "SD"])

In [30]: dict(zip(xstats))

Out [30]:

{'Mode Deformation': 0.016635261,
'Mean Deformation': 0.0287258,
'SD Deformation': 0.028740086,
'Mode Aspect ratio of bounding box': 1.1091421916433233,
'Mean Aspect ratio of bounding box': 1.2719607587337494,
'SD Aspect ratio of bounding box': 0.2523385371130096}

Note that the statistics take into account the applied filters:

In [31]: ds.config["filtering"]["deform max"] = .1
In [32]: ds.apply_filter()

In [33]: stats2 = dclab.statistics.get_statistics(ds,
et features=["deform", "aspect"],
R methods=["Mode", "Mean", "SD"])

In [34]: dict(zip(xstats2))
Out[34]:
{"Mode Deformation': 0.017006295,
'"Mean Deformation': 0.02476519,
'SD Deformation': 0.015638638,
'Mode Aspect ratio of bounding box': 1.1232223188589807,

(continues on next page)
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(continued from previous page)

'Mean Aspect ratio of bounding box': 1.240720618624576,
'SD Aspect ratio of bounding box': 0.15993707940243287}

These are the available statistics methods:

In [35]: dclab.statistics.Statistics.available_methods.keys ()
Out [35]: dict_keys(['Mean', 'Median', 'Mode', 'SD', 'Events', '%-gated', 'Flow rate'])

4.2.3 Export

The RTDCBase class has the attribute RTDCBase . export which allows to export event data to several data file
formats. See export for more information.

In [36]: ds.export.tsv(path="export_example.tsv",
e features=["area_um", "deform"],
e filtered=True,

e override=True)

In [37]: ds.export.hdf5 (path="export_example.rtdc",
e features=["area_um", "aspect", "deform"],
e filtered=True,
e override=True)

Note that data exported as HDFS5 files can be loaded with dclab (reproducing the previously computed statistics -
without filters).

In [38]: ds2 = dclab.new_dataset ("export_example.rtdc")

In [39]: ds2["deform"] .mean ()
Out[39]: 0.02476519

4.3 Scatter plots

For data visualization, dclab comes with predefined kernel density estimators (KDEs) and an event downsampling
module. The functionalities of both modules are made available directly via the RTDCBase class.

4.3.1 KDE scatter plot

The KDE of the events in a 2D scatter plot can be used to colorize events according to event density using the
RTDCBase.get_kde scatter function.

import matplotlib.pylab as plt

import dclab

ds = dclab.new_dataset ("data/example.rtdc")

kde = ds.get_kde_scatter (xax="area_um", yax="deform")

ax = plt.subplot (111, title="scatter plot with {} events".format (len(kde)))
sc = ax.scatter(ds["area_um"], ds["deform"], c=kde, marker=".")

(continues on next page)
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(continued from previous page)

ax.set_xlabel (dclab.dfn.feature_name2label["area um"])
ax.set_ylabel (dclab.dfn.feature_name2label["deform"])
ax.set_x1im(0, 150)

ax.set_ylim(0.01, 0.12)

plt.colorbar (sc, label="kernel density estimate [a.u]")

plt.show ()
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4.3.2 KDE scatter plot with event-density-based downsampling

To reduce the complexity of the plot (e.g. when exporting to scalable vector graphics (.svg)), the plotted events can be
downsampled by removing events from high-event-density regions. The number of events plotted is reduced but the
resulting visualization is almost indistinguishable from the one above.

import matplotlib.pylab as plt

import dclab

ds = dclab.new_dataset ("data/example.rtdc")

xsamp, ysamp = ds.get_downsampled_scatter (xax="area_um", yax="deform",
—downsample=2000)

kde = ds.get_kde_scatter (xax="area_um", yax="deform", positions=(xsamp, ysamp))
ax = plt.subplot (111, title="downsampled to {} events".format (len(kde)))
sc = ax.scatter (xsamp, ysamp, c=kde, marker=".")

(continues on next page)
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(continued from previous page)

ax.set_xlabel (dclab.dfn.feature_name2label["area um"])
ax.set_ylabel (dclab.dfn.feature_name2label["deform"])
ax.set_x1im(0, 150)

ax.set_ylim(0.01, 0.12)

plt.colorbar (sc, label="kernel density estimate [a.u]")

plt.show ()
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4.3.3 KDE estimate on a log-scale

Frequently, data is visualized on logarithmic scales. If the KDE is computed on a linear scale, then the result will
look unaesthetic when plotted on a logarithmic scale. Therefore, the methods get_downsampled scatter,
get_kde_contour,and get_kde_scatter offer the keyword arguments xscale and yscale which can be
set to “log” for prettier plots.

import matplotlib.pylab as plt

import dclab

ds dclab.new_dataset ("data/example.rtdc™)

kde_lin = ds.get_kde_scatter (xax="area_um", yax="deform", yscale="linear")
kde_log = ds.get_kde_scatter (xax="area_ um", yax="deform", yscale="log")

axl = plt.subplot (121, title="KDE with linear y-scale")
scl = axl.scatter(ds["area_um"], ds["deform"], c=kde_lin, marker=".")

(continues on next page)
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plt.subplot (122, title="KDE with logarithmic y-scale")
ax2.scatter(ds["area_um"], ds["deform"], c=kde_log, marker=".")

ax2
sc2

axl.set_ylabel (dclab.dfn.feature_name2label["deform"])
for ax in [axl, ax2]:
ax.set_xlabel (dclab.dfn.feature_name2label["area_um"])
ax.set_x1im (0, 150)
ax.set_ylim(6e-3, 3e-1)
ax.set_yscale("log")

plt.show ()
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4.3.4 Isoelasticity lines

In addition, dclab comes with predefined isoelasticity lines that are commonly used to identify events with similar
elastic moduli. Isoelasticity lines are available via the isoelastics module.

import matplotlib.pylab as plt

import dclab

ds = dclab.new_dataset ("data/example.rtdc")

kde = ds.get_kde_scatter (xax="area_um", yax="deform")

(continues on next page)
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isodef = dclab.isocelastics.get_default ()

iso = isodef.get_with_rtdcbase (method="numerical",
coll="area_um",
col2="deform",
dataset=ds)

ax = plt.subplot (111, title="isocelastics")

for ss in iso:

ax.plot(ss[:, 0], ss[:, 1], color="gray", zorder=l)

sc ax.scatter (ds["area_um"], ds["deform"], c=kde, marker=".", zorder=2)

ax.set_xlabel (dclab.dfn.feature_name2label["area_um"])

ax.set_ylabel (dclab.dfn.feature_name2label ["deform"])

ax.set_x1im (0, 150)

ax.set_ylim(0.01, 0.12)

plt.colorbar (sc, label="kernel density estimate [a.u]")

plt.show ()
isoelastics

0.12 1.4

0.10 - 1.2
El
1.0.©
9
c 0.08 A E
-% 0.8 %
E (O]
5 ] oy
S 0.06 n
=) 0.6 CIcJ
©
]
C
0.04 4 0.4 E
V4

0.2

0.02 A
0.0

0 20 40 60 80 100 120 140

Area [um?]

4.3.5 Contour plot with percentiles

Contour plots are commonly used to compare the kernel density between measurements. Kernel density estimates
(on a grid) for contour plots can be computed with the function RTDCBase. get_kde_contour. In addition, it is
possible to compute contours at data percentiles using dclab. kde contours.get_quantile levels ().
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import matplotlib.pylab as plt

import dclab

ds = dclab.new_dataset ("data/example.rtdc")

X, Y, Z = ds.get_kde_contour (xax="area_um", yax="deform")

7 /= Z.max ()

quantiles = [.1, .5, .75]

levels = dclab.kde_contours.get_qgquantile_levels (density=7,
x=X,
y:YI
xp=ds["area_um"],
yp=ds["deform"],
g=quantiles,

)

ax = plt.subplot (111, title="contour lines")
sc = ax.scatter(ds["area_um"], ds["deform"], c="lightgray", marker=".", zorder=1)
cn ax.contour (X, Y, Z,

levels=levels,

linestyles=["--", "-",  "-"],

colors=["blue", "blue", "darkblue"],

linewidths=[2, 2, 3],

zorder=2)

ax.set_xlabel (dclab.dfn.feature_name2label["area_um"])
ax.set_ylabel (dclab.dfn.feature_name2label["deform"])
ax.set_x1im(0, 150)

ax.set_ylim(0.01, 0.12)

# label contour lines with percentiles

fmt = {}

for 1, g in zip(levels, quantiles):
fmt[1] = "{:.0f}th".format (g~100)

plt.clabel (cn, fmt=fmt)

plt.show ()

Note that you may compute (and plot) the contour lines directly yourself using the function dclab.
kde_contours.find contours_level ().

4.3.6 Polygon filters / Shape-Out

Keep in mind that you can combine your dclab analysis pipeline with Shape-Out. For instance, you can create and
export polygon filters in Shape-Out and then import them in dclab.

import matplotlib.pylab as plt

import dclab

ds = dclab.new_dataset ("data/example.rtdc")

kde = ds.get_kde_scatter (xax="area_um", yax="deform")
# load and apply polygon filter from file

pf = dclab.PolygonFilter (filename="data/example.poly")
ds.polygon_filter_add(pf)

ds.apply_filter()

# valid events

val = ds.filter.all

ax = plt.subplot (111, title="polygon filtering")
ax.scatter(ds["area_um"] [~val], ds["deform"][~val], c="lightgray", marker=".")
sc = ax.scatter(ds["area_um"] [val], ds["deform"] [val], c=kde[val], marker=".")

(continues on next page)
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ax.set_xlabel (dclab.dfn.feature_name2label["area um"])
ax.set_ylabel (dclab.dfn.feature_name2label["deform"])
ax.set_x1im(0, 150)

ax.set_ylim(0.01, 0.12)

plt.colorbar (sc, label="kernel density estimate [a.u]")

plt.show ()
olygon filterin
0.12 polyg g
0.7
0.10 A
0.6 5
S,
0.08 1 2
g 0.5 ¢
B 72
E (O]
o >
L2 0.06 1 0.4 G
@ c
a 9]
©
0.3 2
0.04 =5
V4
0.2
0.02 -

0 20 40 60 80 100 120 140
Area [um?]

4.4 Fluorescence traces

In RT-FDC, fluorescence data are stored alongside the regular image and scalar features. The fluorescence data consist
of the trace data (fluorescence signal over time) and several scalar features (maximum, peak position, peak width,
etc.) for each fluorescence channel. The trace data are stored as raw and median-filtered traces, where median-filtered
means that the raw data is filtered with a rolling median filter.

In [1]: import dclab
In [2]: ds = dclab.new_dataset ("data/example_traces.rtdc")
# list the available traces in the dataset

In [3]: sorted(ds["trace"].keys())
Out[3]: ['fll_median', 'fll_raw', 'fl2_median', 'fl2_raw', 'fl3_median', 'fl3_raw']

(continues on next page)
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# show fluorescence meta data
In [4]: ds.config["fluorescence"]
A N N R R R N R N N N N N N N N N N N N N N R N N N N N N N N R N N N N R N R R AR RN elti

{'bit depth': 16,

'channel 1 name': '525/50"',
'channel 2 name': '593/46"',
'channel 3 name': '700/75"',
'channel count': 3,

'channels installed': 3,
'laser 1 lambda': 488.0,
'laser 1 power': 8.0,
'laser 3 lambda': 640.0,
'laser 3 power': 100.0,
'laser count': 2,
'lasers installed': 3,
'sample rate': 312500.0,

'samples per event': 177,
'signal max': 1.0,
'signal min': -1.0,
'trace median': 0}

Please note that the value of t race median is zero (no median filter applied), which tells us that the values of the
raw and median trace data are identical. The example dataset is an excerpt from the calibration beads dataset, with a
total of three fluorescence channels used.

import matplotlib.pylab as plt
import dclab

ds = dclab.new_dataset ("data/example_traces.rtdc")

# event index to plot

idx = 8

# measuring time

samples = ds.config["fluorescence"] ["samples per event"]
sample_rate = ds.config["fluorescence"] ["sample rate"]

t = np.arange (samples) / sample_rate x leb

fig, axes = plt.subplots(nrows=3, sharex=True, sharey=True)

# fluorescence traces (colors manually chosen to represent filter set)
axes[0] .plot(t, ds["trace"]["fll_median"][idx], color="#16A422",
label=ds.config["fluorescence"] ["channel 1 name"])
axes[1l].plot(t, ds["trace"]["fl2 median"][idx], color="#CE9720",
label=ds.config["fluorescence"] ["channel 2 name"])
axes[2] .plot(t, ds["trace"]["fl13_median"] [idx], color="#CE2026",
label=ds.config["fluorescence"] ["channel 3 name"])

# detected peak widths

axes[0].axvline(ds["fll_pos"][idx] + ds["fll _width"][idx]/2, color="gray"

(d [ 110 ] )
axes|[0].axvline(ds["fll_pos"][idx] — ds["fll _width"][idx]/2, color="gray")
axes[l].axvline(ds["f12_pos"][idx] + ds["fl2_width"][idx]/2, color="gray")
axes[1l].axvline(ds["fl2_pos"] [idx] - ds["le_width"][idx]/Z color="gray")
axes[2].axvline(ds["f13_pos"][idx] + ds["fl3_width"] [idx]/ color="gray")
axes([2].axvline(ds["f13_pos"] [idx] - ds["le_width"][idx]/Z color="gray")

(continues on next page)
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# axes labels
axes[1l] .set_ylabel ("fluorescence intensity [a.u.]")
axes[2] .set_xlabel ("time [ps]")

for ax in axes:
ax.set_x1im (200, 350)
ax.grid()
ax.legend()

plt.show ()
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Please note that the fluorescence traces are stored as integer values and have to be converted to ps using the meta data
stored in ds.config["fluorescence"]. Also, notice how the scalar features are used for plotting the peak
width.
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CHAPTER B

Code reference

5.1 module-level methods

dclab.new_dataset (data, identifier=None)
Initialize a new RT-DC dataset

Parameters
* data — can be one of the following:
— dict
.tdms file
— .rtdc file

subclass of RTDCBase (will create a hierarchy child)

* identifier (str) — A unique identifier for this dataset. If set to None an identifier is
generated.

Returns dataset — A new dataset instance

Return type subclass of dclab. rtdc_dataset.RTDCBase

5.2 global definitions

These definitionas are used throughout the dclab/Shape-In/Shape-Out ecosystem.

5.2.1 configuration

Valid configuration sections and keys are described in: Analysis metadata and Experiment metadata.

dclab.dfn.CFG_ANALYSIS
User-editable configuration for data analysis.
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dclab.dfn.CFG_METADATA
Measurement-specific metadata.

dclab.dfn.config_funcs
Dictionary of dictionaries containing functions to convert input data to the predefined data type

dclab.dfn.config_keys
Dictionary with sections as keys and configuration parameter names as values

dclab.dfn.config types
Dictionary of dictionaries containing the data type of each configuration parameter

5.2.2 features

Features are discussed in more detail in: Features.

dclab.dfn.FEATURES_ SCALAR
Scalar features

dclab.dfn.FEATURES NON_ SCALAR
Non-scalar features

dclab.dfn.feature_names
List of valid feature names

dclab.dfn.feature_labels
List of human-readable labels for each valid feature

dclab.dfn.feature_name2label
Dictionary that maps feature names to feature labels

dclab.dfn.scalar_feature_names
List of valid scalar feature names

5.2.3 parse functions
dclab.parse_funcs. fbool (value)
boolean

dclab.parse_funcs. fint (value)
integer

dclab.parse_funcs. fintlist (alist)
A list of integers

dclab.parse_funcs.lestr (astr)
lower-case string

dclab.parse_funcs.func_types = {<function fbool>: <class 'bool'>, <function fint>: <clas:
maps functions to their expected output types

5.3 RT-DC dataset manipulation

5.3.1 Base class

class dclab.rtdc_dataset.RTDCBase (identifier=None)
RT-DC measurement base class
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Notes

Besides the filter arrays for each data feature, there is a manual boolean filter array RTDCBase.filter.
manual that can be edited by the user - a boolean value of False means that the event is excluded from all

computations.

apply_filter (force=[])
Compute the filters for the dataset

get_downsampled_scatter (xax=’area_um’, yax=’deform’, downsample=0, xscale=’linear’,

yscale="linear’, remove_invalid=False, ret_mask=False)

Downsampling by removing points at dense locations

Parameters

EEINNT3

xax (str) — Identifier for x axis (e.g. “area_um”, “aspect”, “deform”)
yax (str) — Identifier for y axis

downsample (1nt)— Number of points to draw in the down-sampled plot. This number
is either

— >=1: exactly downsample to this number by randomly adding or removing points
— 0: do not perform downsampling

xscale (str) — If set to “log”, take the logarithm of the x-values before performing
downsampling. This is useful when data are are displayed on a log-scale. Defaults to
“linear”.

yscale (str)— See xscale.

remove_invalid (bool) — Remove nan and inf values before downsampling; if set
to True, the actual number of samples returned might be smaller than downsample due to
infinite or nan values (e.g. due to logarithmic scaling).

ret_mask (bool)—If set to True, returns a boolean array of length len(self) where True
values identify the filtered data.

Returns

* xnew, xnew (1d ndarray of lenght N) — Filtered data; N is either identical to downsample
or smaller (if remove_invalid==True)

* mask (1d boolean array of length len(RTDCBase)) — Array for identifying the down-
sampled data points

get_kde_contour (xax=’area_um’, yax="deform’, xacc=None, yacc=None, kde_type="histogram’,

kde_kwargs={}, xscale="linear’, yscale="linear’)

Evaluate the kernel density estimate for contour plots

Parameters

9 ¢

e xax (str)— Identifier for X axis (e.g. “area_um”, “aspect”, “deform”)

e yax (st r) - Identifier for Y axis

* xacc (float)— Contour accuracy in x direction

e yacc (float)— Contour accuracy in y direction

* kde_type (st r)— The KDE method to use

* kde_kwargs (dict)— Additional keyword arguments to the KDE method

5.3. RT-DC dataset manipulation
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* xscale (str)—If set to “log”, take the logarithm of the x-values before comput-
ing the KDE. This is useful when data are are displayed on a log-scale. Defaults to
“linear”.

e yscale (str)— See xscale.
Returns X, Y, Z — The kernel density Z evaluated on a rectangular grid (X,Y).
Return type coordinates

get_kde_scatter (xax=’area_um’, yax=’deform’, positions=None, kde_type="histogram’,

kde_kwargs={}, xscale="linear’, yscale="linear’)
Evaluate the kernel density estimate for scatter plots

Parameters
* xax (str)— Identifier for X axis (e.g. “area_um”, “aspect”, “deform”)
e yax (st r)— Identifier for Y axis

* positions (list of two 1d ndarrays or ndarray of shape
(2, N)) - The positions where the KDE will be computed. Note that the KDE
estimate is computed from the the points that are set in self.filter.all.

* kde_type (st r)— The KDE method to use
* kde_kwargs (dict)— Additional keyword arguments to the KDE method

e xscale (str) —If set to “log”, take the logarithm of the x-values before comput-
ing the KDE. This is useful when data are are displayed on a log-scale. Defaults to
“linear”.

e yscale (str)— See xscale.
Returns density — The kernel density evaluated for the filtered data points.
Return type 1d ndarray

polygon_filter_add (filt)
Associate a Polygon Filter with this instance

Parameters £ilt (int or instance of PolygonFilter) — The polygon filter to add

polygon_filter_rm (filt)
Remove a polygon filter from this instance

Parameters £ilt (int or instance of PolygonFilter) — The polygon filter to remove

config = None
Configuration of the measurement

export = None
Export functionalities; instance of dclab.rtdc_dataset.export.Export.

features
All available features

features_innate
All features excluding ancillary features

filter = None
Filtering functionalities; instance of dclab.rtdc_dataset.filter.Filter.

format = None
Dataset format (derived from class name)
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hash
Reproducible dataset hash (defined by derived classes)

identifier
Unique (unreproducible) identifier

logs = None
Dictionary of log files. Each log file is a list of strings (one string per line).

title = None
Title of the measurement

5.3.2 Dictionary format
class dclab.rtdc_dataset .RTDC_Dict (ddict, *args, **kwargs)
Dictionary-based RT-DC dataset
Parameters

* ddict (dict) — Dictionary with keys from dclab.definitions.feature_names (e.g.

LR RT3

“area_cvx”, “deform”, “image”) with which the class will be instantiated. The config-
uration is set to the default configuration of dclab.

* xargs — Arguments for RTDCBase

* xxkwargs — Keyword arguments for RTDCBase

5.3.3 HDFS5 (.rtdc) format
class dclab.rtdc_dataset .RTDC_HDF5 (hSpath, *args, **kwargs)
HDFS5 file format for RT-DC measurements
Parameters
* h5path (str or pathlib.Path)—Pathto a ‘.tdms’ measurement file.
* xargs — Arguments for RTDCBase
* xxkwargs — Keyword arguments for RTDCBase

path
Path to the experimental HDF5 (.rtdc) file

Type pathlib.Path

static parse_config (h5path)
Parse the RT-DC configuration of an hdf5 file

dclab.rtdc_dataset.fmt_hdf5.MIN_DCLAB_EXPORT_VERSION = '0.3.3.dev2'
rtde files exported with dclab prior to this version are not supported

5.3.4 Hierarchy format

class dclab.rtdc_dataset.RTDC_Hierarchy (hparent, *args, **kwargs)
Hierarchy dataset (filtered from RTDCBase)

A few words on hierarchies: The idea is that a subclass of RTDCBase can use the filtered data of another subclass
of RTDCBase and interpret these data as unfiltered events. This comes in handy e.g. when the percentage of
different subpopulations need to be distinguished without the noise in the original data.
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Children in hierarchies always update their data according to the filtered event data from their parent when
apply_filter is called. This makes it easier to save and load hierarchy children with e.g. Shape-Out and it makes
the handling of hierarchies more intuitive (when the parent changes, the child changes as well).

Parameters
* hparent (instance of RTDCBase) - The hierarchy parent.
* xargs — Arguments for RTDCBase
* xxkwargs — Keyword arguments for RTDCBase

hparent
Hierarchy parent of this instance

Type RTDCBase

5.3.5 TDMS format
class dclab.rtdc_dataset .RTDC_TDMS (tdms_path, *args, **kwargs)
TDMS file format for RT-DC measurements
Parameters
* tdms_path (str or pathlib.Path)—Pathtoa ‘.tdms’ measurement file.
* xargs — Arguments for RTDCBase
* xxkwargs — Keyword arguments for RTDCBase

path
Path to the experimental dataset (main .tdms file)

Type pathlib.Path

dclab.rtdc_dataset.fmt_tdms.get_project_name_from path (path, append_mx=False)
Get the project name from a path.

For a path “/home/peter/hans/HLC12398/online/M1_13.tdms” or For a path
“/home/peter/hans/HLC12398/online/data/M1_13.tdms” or without the “.tdms” file, this will return always
“HLC12398”.

Parameters

* path (str)— path to tdms file
* append_mx (bool) — append measurement number, e.g. “M1”

dclab.rtdc_dataset.fmt_tdms.get_tdms_files (directory)
Recursively find projects based on ‘.tdms’ file endings

Searches the directory recursively and return a sorted list of all found ‘.tdms’ project files, except fluorescence
data trace files which end with _traces.tdms.

5.3.6 config

class dclab.rtdc_dataset.config.Configuration (files=[], cfg={})
Configuration class for RT-DC datasets

This class has a dictionary-like interface to access and set configuration values, e.g.
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cfg = load_from_file("/path/to/config.txt™)
# access the channel width

cfg["setup"] ["channel width"]

# modify the channel width

cfg["setup"] ["channel width"] = 30

Parameters
* files (list of files)—The config files with which to initialize the configuration
* cfg (dict-1ike)— The dictionary with which to initialize the configuration
copy ()
Return copy of current configuration

keys ()
Return the configuration keys (sections)

save (filename)
Save the configuration to a file

tostring (sections=None)
Convert the configuration to its string representation

The optional argument sections allows to export only specific sections of the configuration, i.e. sec-
tions=dclab.dfn.CFG_METADATA will only export configuration data from the original measurement
and no filtering data.

update (newcfg)
Update current config with a dictionary

dclab.rtdc_dataset.config.load from file (cfg_file)

Load the configuration from a file
Parameters cfg_file (st r)— Path to configuration file
Returns cfg — Dictionary with configuration parameters

Return type CaselnsensitiveDict

5.3.7 export

exception dclab.rtdc_dataset.export.NoImageWarning

class dclab.rtdc_dataset.export .Export (rtdc_ds)

Export functionalities for RT-DC datasets

avi (path, filtered=True, override=False)
Exports filtered event images to an avi file

Parameters
* path (str)—Path to a .avi file. The ending .avi is added automatically.

e filtered (bool) — If set to True, only the filtered data (index in ds.filter.all) are
used.

e override (bool) — If set to True, an existing file path will be overridden. If set
to False, raises OSError if path exists.

5.3.
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Notes

Raises OSError if current dataset does not contain image data

fes (path, features, filtered=True, override=False)
Export the data of an RT-DC dataset to an .fcs file

Parameters
e mm(instance of dclab.RTDCBase) - The dataset that will be exported.
e path (str)— Path to an .fcs file. The ending .fcs is added automatically.

* features (list of str) — The features in the resulting .fcs file. These are
strings that are defined in dclab.definitions.scalar_feature_names, e.g. “area_cvx’,

9%

“deform”, “frame”, “fill_max”, “aspect”.

e filtered (bool) — If set to True, only the filtered data (index in ds.filter.all) are
used.

e override (bool) — If set to True, an existing file path will be overridden. If set
to False, raises OSError if path exists.

Notes

Due to incompatibility with the .fcs file format, all events with NaN-valued features are not exported.

hd€£5 (path, features, filtered=True, override=False, compression="gzip’)
Export the data of the current instance to an HDFS file

Parameters
e path (str)—Path to an .rtdc file. The ending .rtdc is added automatically.

e features (1ist of str) - The features in the resulting .rtdc file. These are
strings that are defined in dclab.definitions.feature_names, e.g. “area_cvx”, “deform”,

ELINNT3

“frame”, “fll_max”, “image”.

e filtered (bool) —If set to True, only the filtered data (index in ds.filter.all) are
used.

* override (bool) — If set to True, an existing file path will be overridden. If set
to False, raises OSError if path exists.

* compression (str or None) — Compression method for “contour”, “image”,

CEIT3

and “trace” data as well as logs; one of [None, “lzf”, “gzip”, “szip”].

tsv (path, features, filtered=True, override=False)
Export the data of the current instance to a .tsv