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1. Intro and motivation to Phasor analysis for Fluorescence Lifetime Imaging 
Microscopy (FLIM)

i. The Phasor approach for FLIM: fundamentals and properties

2. PhasorPy: an open-source Python-based library for phasor analysis of FLIM and HSI

3. Phasor approach applications:

i. Metabolism

ii. SHG/THG

4. Conclusions and perspectives
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Aims (R+D+i): Our mission is to provide unrestricted access to state-of-the-art optical microscopy 
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researchers with comprehensive services and cutting-edge tools. Our imaging scientific experts is 
committed to promote scientific discoveries by delivering top-tier resources and relentless technical 
support.

Training and dissemination. 

Å Annual Workshop in Advanced 
Microscopy.
Å Course Fundamentals in 
Optical Microscopy 
Å Train-The-Trainers
Å Thematic webinars/seminars.
Å1st experience fellowships

Services: state-of-the-art 
instruments and tools.

Å1o1 microscopy training.
ÅBasic & advanced bioimage 
analysis.
ÅSample preparation AP.
ÅBioimaging experiment 
preparation & execution.

Biological driven project.

ÅCellular water dynamics and 
biomolecular condensates.
ÅMetabolic imaging and  
autofluorescence.
ÅNovel Biosensors.
ÅPhasor plots.
ÅCollaborations

Technology-driven research.

ÅFLIM, HSI, and FCS techniques.
Å2P-intravital imaging.
ÅDeep tissue with DIVER
ÅFiber-based metabolic imager.
ÅSpectral Phasor NIRs
ÅSoftware and methods for 
HSI/FLIM, PhasorPy

Imaging Scientist́s team



https://www.picoquant.com/applications/category/life-science/time-resolved-fluorescence

Fluorescencelifetime imagingMicroscopy(FLIM) Hyperspectral imaging(HSI)

https://zeiss-campus.magnet.fsu.edu/articles/spectralimaging/introduction.html

What is FLIM and HSI?

https://www.picoquant.com/applications/category/life-science/time-resolved-fluorescence
https://zeiss-campus.magnet.fsu.edu/articles/spectralimaging/introduction.html


Why bother with FLIM? 

ÅFluorescence Lifetime (t) is a very characteristic 

property of a fluorophore.

ÅLifetime is independent of concentration.

ÅMany factors could affect the fluorescence lifetime:

Å Ions, pH, hydrophobic properties, oxygen concentration, 

molecular binding, and molecular interaction by energy 

transfer.

ÅThe lifetime can be used as a contrast. Dyes having 

the same fluorescent color could eventually have 

different lifetimes. 

ÅSo, lifetime it has very valuable information to 

interrogate on in vivo imaging.

Membrane Dynamics
by Nile red
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Diaz & Malacrida MMB, vol. 2564,
https://doi.org/10.1007/978-1-0716-2667-2_3,

Why are all people not using FLIM/HSI rather than intensity?
Challenges for FLIM/HSI measurements 

FLIM

ÅEach pixel can have multiple species ς decays are often complicated.

ÅBiological samples ς limited exposure time.

ÅDead time of detection (100-200 msec/pixel) ς total  ~500-1000 

photons/pixel

ÅDifficult to distinguish mono-exponential and double-exponential 

decays

ÅFitting and resolution of component at each pixel  (time-consuming, 

fitting is slow)

ÅInterpretation is complex and difficult requires experience (only for 

experts)

ÅLeica SP8 FALCON/Stellaris, Picoquant-Luminosa, AlbaSTED ISShas 

an integrated FLIM commercial microscope.



The phasor plots: is new space.
An ideal tool for expertise-less FLIM user. 

ÅFormal definition:
o Fourier transformation of the time 

or frequency domain data in the 
real and imaginary component.

o Calculating the G and S 

o (Weber definition, 1981)

o Phasor introduction by Jameson et 
al 1984

S = Si fi Mi sin f
G = Si fi Mi cosf
tan f= S/G
M2 = S2 + G2

tan j=  (Si fi Mi sin j)
(Si fi Mi cosj)
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Time domainFrequency domain

Advantages:
o No knowledge a priori

o Simple rules 

o No fitting (model-less)

Diaz & Malacrida MMB, vol. 2564,
https://doi.org/10.1007/978-1-0716-2667-2_3,



The phasor plots: The beginning of it uses for FLIM



Phasor plots
The rules (learning a new language)

Ranjit, Malacridaet al. NatProtocols. 2018

Reciprocity principle ς Direct visualization

Fluorescenceintensity image Phasorplot
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The phasor plots: But, how do you do it?
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Slide Alexander Vallmitjana



Phasor plot math: 
Finding the weights of the pure components on the phasor plot

Slidefrom Alexander Vallmitjana

Ranjit, Malacrida et al. MRT. 2018
Ranjit, Malacrida et al. J. Biophotonics. 2018
Vallmitjana et al. Methods Appl Fluoresc. 2020



Can we find the fractions of any number of components by simply adding more 
harmonics?

Slidefrom Alexander VallmitjanaDefinetivelynot!



PhasorPy
an open-source Python library for the analysis of fluorescence 
lifetime and hyperspectral images using the phasor approach

phasorpy.org

http://www.phasorpy.org/
https://www.phasorpy.org/


Software for phasor analysis

Å Desktop app
 Free SimFCS, HySP
 Open-source FLUTE, FLIMPA, FLIMfit, Instant-FLIM-Analysis
 Commercial LAS X, SPCImage, Luminosa, VistaVision, EzTime, FLIM Studio 

ÅPlugins
 ImageJ Spectral Phasor, Time Gated Phasor, FLIMJ
 Napari Napari-flim-phasor-plotter, Napari-phasors, Napari-live-flim

ÅNotebooks
 Python PhasorIdentifier 
 R Phasor plots for dummies

ÅLibraries
 C FLIMLib, tttrlib
 Java FLIMLib
 Matlab PAM
 Python FLIMLib, FLIM_tools, PhasorPy

SimFCS
by Enrico 
Gratton



Funding

Develop Python library

ÅViable replacement for 
SimFCS phasor analysis

ÅBased on sound software engineering principles

open-source, version control,
testing, documentation,
automation

ÅFeatures
FLIM and spectral imaging,
file format readers,
phasor plots, histograms, cursors,
FRET, pH, pK calculators, absolute concentration, 
multidimensional phasor plot, n-unmixing (blind), 
cluster, segmentation.

Build community

ÅCollaborative development

ÅPermissive open-source license (MIT)

ÅInclusive: non-programmers, 
companies

ÅIntegrate with scientific Python 
ecosystem

ÅContribute to third-party libraries

ÅSupport: GitHub issues

ÅDisseminate: website,
tutorials, workshops

Essential Open 
Source

Software for 
Science

chanzuckerberg.com/eoss/proposals/phasorpy-a-python-library-for-phasor-analysis-of-flim-and-spectral-imaging

https://chanzuckerberg.com/eoss/proposals/phasorpy-a-python-library-for-phasor-analysis-of-flim-and-spectral-imaging
https://chanzuckerberg.com/eoss/proposals/phasorpy-a-python-library-for-phasor-analysis-of-flim-and-spectral-imaging


Current team

Leonel Malacrida 1,2

ÅPrincipal investigator

ÅProject lead

Bruno Pannunzio 1,2

ÅPostdoctoral researcher

ÅFluorescence lifetime imaging

Bruno Schüty 1

ÅGraduate student

ÅSpectral imaging

Christoph Gohlke 3

ÅPart-time software engineer

ÅProject infrastructure

ÅFile formats

Michelle Digman 3

ÅCo-Principal Investigator

1 Institut Pasteur de Montevideo
2 Universidad de la República

3 University of California, Irvine



Project infrastructure

ÅWebsite phasorpy.org

ÅGitHub organization github.com/phasorpy

ÅGitHub repository for source code github.com/phasorpy/phasorpy

ÅZenodo community for other files zenodo.org/communities/phasorpy

ÅPython package index pypi.org/project/phasorpy

ÅDocumentation phasorpy.org/docs/stable
ÅTutorials
ÅAPI reference
ÅContributor guide
ÅCode of conduct

ÅAutomation
ÅCode style formatting
ÅContinuous integration testing
ÅBuild and publish documentation from source code to website
ÅBuild and release package to PyPI.org

ÅPlanned: Discussion forum

Enables open, collaborative software development following sound engineering principles

http://www.phasorpy.org/
https://github.com/phasorpy
https://github.com/phasorpy/phasorpy
https://zenodo.org/communities/phasorpy
https://pypi.org/project/phasorpy
http://www.phasorpy.org/docs/stable


Contributions welcome

Contributing guide
Åphasorpy.org/docs/stable/contributing

Questions, Suggestions, Bug reports
Ågithub.com/phasorpy/phasorpy/issues

Share data files 
Åzenodo.org/communities/phasorpy

Code, Documentation, Tutorials
Å±ƛŀ άǇǳƭƭ ǊŜǉǳŜǎǘǎέ

Ågithub.com/phasorpy/phasorpy/pulls

ÅRequirements: type annotations, code formatting, docstrings, documentation, 
automated tests, test coverage, code review

GitHub.com

Zenodo.org

Contributing 
guide

http://www.phasorpy.org/docs/stable/contributing
https://github.com/phasorpy/phasorpy/issues
https://zenodo.org/communities/phasorpy
https://www.phasorpy.org/docs/stable/contributing/


Requirements

Familiarity with

ÅPhasor approach

ÅImage processing

ÅArray programming

ÅPython

Operating system

ÅWindows

ÅLinux

ÅmacOS

Hardware

Å Intel/AMD64

Å Apple/ARM64

Python

ÅCPython 3.10 ς 3.13

Libraries

Ånumpy

Åmatplotlib

Åscipy

Åpooch

Åclick

Åxarray

Åtifffile

Åptufile

Ålfdfiles

Åsdtfile

ʙ ÐÉÐ ÉÎÓÔÁÌÌ ÐÈÁÓÏÒÐÙǁÁÌÌǂ



75 Functions and methods

ÐÈÁÓÏÒ ÌÉÆÅÔÉÍÅʍÆÒÁÃÔÉÏÎʍÆÒÏÍʍÁÍÐÌÉÔÕÄÅƗ ÌÉÆÅÔÉÍÅʍÆÒÁÃÔÉÏÎʍÔÏʍÁÍÐÌÉÔÕÄÅƗ 
ÌÉÆÅÔÉÍÅʍÆÒÏÍʍÆÒÅÑÕÅÎÃÙƗ ÌÉÆÅÔÉÍÅʍÔÏʍÆÒÅÑÕÅÎÃÙƗ ÌÉÆÅÔÉÍÅʍÔÏʍÓÉÇÎÁÌƗ ÐÈÁÓÏÒʍÁÔʍÈÁÒÍÏÎÉÃƗ 
ÐÈÁÓÏÒʍÃÁÌÉÂÒÁÔÅƗ ÐÈÁÓÏÒʍÃÅÎÔÅÒƗ ÐÈÁÓÏÒʍÄÉÖÉÄÅƗ ÐÈÁÓÏÒʍÆÉÌÔÅÒƗ 
ÐÈÁÓÏÒʍÆÒÏÍʍÁÐÐÁÒÅÎÔʍÌÉÆÅÔÉÍÅƗ ÐÈÁÓÏÒʍÆÒÏÍʍÆÒÅÔʍÁÃÃÅÐÔÏÒƗ ÐÈÁÓÏÒʍÆÒÏÍʍÆÒÅÔʍÄÏÎÏÒƗ 
ÐÈÁÓÏÒʍÆÒÏÍʍÌÉÆÅÔÉÍÅƗ ÐÈÁÓÏÒʍÆÒÏÍʍÐÏÌÁÒƗ ÐÈÁÓÏÒʍÆÒÏÍʍÓÉÇÎÁÌƗ ÐÈÁÓÏÒʍÍÕÌÔÉÐÌÙƗ 
ÐÈÁÓÏÒʍÓÅÍÉÃÉÒÃÌÅƗ ÐÈÁÓÏÒʍÔÈÒÅÓÈÏÌÄƗ ÐÈÁÓÏÒʍÔÏʍÁÐÐÁÒÅÎÔʍÌÉÆÅÔÉÍÅƗ ÐÈÁÓÏÒʍÔÏʍÃÏÍÐÌÅØƗ 
ÐÈÁÓÏÒʍÔÏʍÐÏÌÁÒƗ ÐÈÁÓÏÒʍÔÏʍÐÒÉÎÃÉÐÁÌʍÐÌÁÎÅƗ ÐÈÁÓÏÒʍÔÏʍÓÉÇÎÁÌƗ ÐÈÁÓÏÒʍÔÒÁÎÓÆÏÒÍƗ 
ÐÏÌÁÒʍÆÒÏÍʍÁÐÐÁÒÅÎÔʍÌÉÆÅÔÉÍÅƗ ÐÏÌÁÒʍÆÒÏÍʍÒÅÆÅÒÅÎÃÅƗ ÐÏÌÁÒʍÆÒÏÍʍÒÅÆÅÒÅÎÃÅʍÐÈÁÓÏÒƗ 
ÐÏÌÁÒʍÔÏʍÁÐÐÁÒÅÎÔʍÌÉÆÅÔÉÍÅ

ÐÌÏÔ0ÈÁÓÏÒ0ÌÏÔƗ 0ÈÁÓÏÒ0ÌÏÔƚÃÉÒÃÌÅƗ 0ÈÁÓÏÒ0ÌÏÔƚÃÏÍÐÏÎÅÎÔÓƗ 0ÈÁÓÏÒ0ÌÏÔƚÃÏÎÔÏÕÒƗ 
0ÈÁÓÏÒ0ÌÏÔƚÃÕÒÓÏÒƗ 0ÈÁÓÏÒ0ÌÏÔƚÈÉÓÔʧÄƗ 0ÈÁÓÏÒ0ÌÏÔƚÌÉÎÅƗ 0ÈÁÓÏÒ0ÌÏÔƚÐÌÏÔƗ 
0ÈÁÓÏÒ0ÌÏÔƚÐÏÌÁÒʍÃÕÒÓÏÒƗ 0ÈÁÓÏÒ0ÌÏÔƚÐÏÌÁÒʍÇÒÉÄƗ 0ÈÁÓÏÒ0ÌÏÔƚÓÁÖÅƗ 0ÈÁÓÏÒ0ÌÏÔƚÓÅÍÉÃÉÒÃÌÅƗ 
0ÈÁÓÏÒ0ÌÏÔƚÓÈÏ×Ɨ 0ÈÁÓÏÒ0ÌÏÔ&ÒÅÔƗ ÐÌÏÔʍÐÈÁÓÏÒƗ ÐÌÏÔʍÐÈÁÓÏÒʍÉÍÁÇÅƗ ÐÌÏÔʍÐÏÌÁÒʍÆÒÅÑÕÅÎÃÙƗ 
ÐÌÏÔʍÓÉÇÎÁÌʍÉÍÁÇÅ

ÉÏ ÐÈÁÓÏÒʍÆÒÏÍʍÏÍÅÔÉÆÆƗ ÐÈÁÓÏÒʍÆÒÏÍʍÓÉÍÆÃÓʍÒÅÆÅÒÅÎÃÅÄƗ ÐÈÁÓÏÒʍÔÏʍÏÍÅÔÉÆÆƗ 
ÐÈÁÓÏÒʍÔÏʍÓÉÍÆÃÓʍÒÅÆÅÒÅÎÃÅÄƗ ÒÅÁÄʍÂʫʩƗ ÒÅÁÄʍÂÈƗ ÒÅÁÄʍÂÈÚƗ ÒÅÁÄʍÆÂÄƗ ÒÅÁÄʍÆÌÉÆƗ ÒÅÁÄʍÉÆÌÉƗ 
ÒÅÁÄʍÌÓÍƗ ÒÅÁÄʍÐÔÕƗ ÒÅÁÄʍÓÄÔƗ ÒÅÁÄʍÚʫʩ

ÃÕÒÓÏÒÓ ÍÁÓËʍÆÒÏÍʍÃÉÒÃÕÌÁÒʍÃÕÒÓÏÒƗ ÍÁÓËʍÆÒÏÍʍÅÌÌÉÐÔÉÃʍÃÕÒÓÏÒƗ ÍÁÓËʍÆÒÏÍʍÐÏÌÁÒʍÃÕÒÓÏÒƗ 
ÐÓÅÕÄÏʍÃÏÌÏÒ

ÃÏÍÐÏÎÅÎÔÓ ÇÒÁÐÈÉÃÁÌʍÃÏÍÐÏÎÅÎÔʍÁÎÁÌÙÓÉÓƗ Ô×ÏʍÆÒÁÃÔÉÏÎÓʍÆÒÏÍʍÐÈÁÓÏÒ

ƛ ÁÎÓÃÏÍÂÅʍÔÒÁÎÓÆÏÒÍÁÔÉÏÎƗ ÁÎÓÃÏÍÂÅʍÔÒÁÎÓÆÏÒÍÁÔÉÏÎʍÉÎÖÅÒÓÅƗ ÎÕÍÂÅÒʍÔÈÒÅÁÄÓƗ ×ÁÖÅÌÅÎÇÔÈʧÒÇÂƗ 
ÆÅÔÃÈƗ ÖÅÒÓÉÏÎÓ



Entities

calibrate, threshold,
reduce, filter,
ƳǳƭǘƛǇƭȅΣ ŘƛǾƛŘŜΣ Χ

Polar Coordinates
phase and modulation

File
read/write :
OME-TIFF

R64
read only:
PTU, SDT, 
[{aΣ Χ

Signal
hyperspectral
time-domain

frequency-domain

Apparent Single
Lifetimes

from phase and modulation

Lifetimes, FRET
fractional intensities

preexponential amplitudes

Phasor Plot
scatter

histogram
contours

Image Plot
composite

Component
unmixing

Phasor
Coordinates

real (G)
imag (S)
mean

multi-harmonic
any-dimensional

functions

Cursor,
Mask

constructs that
represents specific
pieces of data under

construction



API Reference

Documentation for all public
ÅModules

ÅFunctions

ÅClasses

ÅMethods

ÅConstants

Includes
ÅFunction signature

ÅLink to source code

ÅParameter types and description

ÅReturn types and description

ÅCross-links

ÅNotes, math

ÅLiterature references

ÅExamples

phasorpy.org/docs/stable/api

https://www.phasorpy.org/docs/stable/api/


Tutorials

1. Introduction to PhasorPy

2. LFD Workshop FLIM Tutorial

3. Phasor coordinates from lifetimes

4. Synthesize signals from lifetimes

5. Förster Resonance Energy Transfer

6. Multi-harmonic phasor coordinates

7. Cursors

8. Phasor plot

9. Component analysis

10.Principal component analysis

11.Benchmark phasor_from_signal

ÅPlanned: problem-oriented how-to 
guides

phasorpy.org/docs/stable/tutorials

https://www.phasorpy.org/docs/stable/tutorials/


read_ptu
Read signal from PicoQuant PTU files 

˲˲˲ ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÉÏ ÉÍÐÏÒÔ ÒÅÁÄʍÐÔÕ

˲˲˲ ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÄÁÔÁÓÅÔÓ ÉÍÐÏÒÔ ÆÅÔÃÈ

˲˲˲ ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÐÌÏÔ ÉÍÐÏÒÔ ÐÌÏÔʍÓÉÇÎÁÌʍÉÍÁÇÅ

˲˲˲ ÔÃÓÐÃʍÈÉÓÔÏÇÒÁÍ ˮ  ÒÅÁÄʍÐÔÕƽ

ƚƚƚ     ÆÅÔÃÈƽʎÈÁÚÅÌÎÕÔʍ&,)-ʍÓÉÎÇÌÅʍÉÍÁÇÅƚÐÔÕʎƾƗ ÃÈÁÎÎÅÌˮʣƗ ÆÒÁÍÅˮƜʦƗ ËÅÅÐÄÉÍÓ&ˮÁÌÓÅ

ƚƚƚ ƾ

˱ØÁÒÒÁÙƚ$ÁÔÁ!ÒÒÁÙ ƽ9ƙ ʧʪʫƗ 8ƙ ʧʪʫƗ (ƙ ʦʨʧƾ˲ 3ÉÚÅƙ ʦʬ-" 

ÁÒÒÁÙƽǁǁǁƛǂǂǂƗ ÄÔÙÐÅˮÕÉÎÔʦʫƾ

#ÏÏÒÄÉÎÁÔÅÓƙ

ǉ 9        ƽ9ƾ ÆÌÏÁÔʫʩ ʧË" ʣƚʣ ʦƚʩʫʨÅƜʣʬ ʧƚʮʧʬÅƜʣʬ ƚƚƚ ʨƚʬʦʬÅƜʣʪ ʨƚʬʨʦÅƜʣʪ

ǉ 8        ƽ8ƾ ÆÌÏÁÔʫʩ ʧË" ʣƚʣ ʦƚʩʫʨÅƜʣʬ ʧƚʮʧʬÅƜʣʬ ƚƚƚ ʨƚʬʦʬÅƜʣʪ ʨƚʬʨʦÅƜʣʪ

ǉ (        ƽ(ƾ ÆÌÏÁÔʫʩ ʦË" ʣƚʣ ʮƚʫʮʬÅƜʦʦ ʦƚʮʨʮÅƜʦʣ ƚƚƚ ʦƚʧʫʦÅƜʣʭ ʦƚʧʬÅƜʣʭ

!ÔÔÒÉÂÕÔÅÓƙ

ÆÒÅÑÕÅÎÃÙƙ      ʬʭƚʣʧ

˲˲˲ ÐÌÏÔʍÓÉÇÎÁÌʍÉÍÁÇÅƽÔÃÓÐÃʍÈÉÓÔÏÇÒÁÍƾ

Other supported formats
Å SimFCS R64, REF, B64, Z64, BHZ, B&H
Å Becker & Hickl SDT
Å FLIMbox FBD
Å ISS IFLI
Å Zeiss LSM

Based on the ptufile library
github.com/cgohlke/ptufile

https://github.com/cgohlke/ptufile


phasor_from_signal
Calculate phasor coordinates from signal (lifetime or hyperspectral)

˲˲˲ ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÐÈÁÓÏÒ ÉÍÐÏÒÔ ÐÈÁÓÏÒʍÆÒÏÍʍÓÉÇÎÁÌ

˲˲˲ ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÐÌÏÔ ÉÍÐÏÒÔ ÐÌÏÔʍÐÈÁÓÏÒʍÉÍÁÇÅ

˲˲˲ ÍÅÁÎƗ ÒÅÁÌƗ ÉÍÁÇ ˮ  ÐÈÁÓÏÒʍÆÒÏÍʍÓÉÇÎÁÌƽ

ƚƚƚ     ÔÃÓÐÃʍÈÉÓÔÏÇÒÁÍƗ ÁØÉÓˮƜʦƗ ÈÁÒÍÏÎÉÃˮʦƗ ÕÓÅʍÆÆÔ&ˮÁÌÓÅ

ƚƚƚ ƾ

˲˲˲ ÐÌÏÔʍÐÈÁÓÏÒʍÉÍÁÇÅƽÍÅÁÎƗ ÒÅÁÌƗ ÉÍÁÇƾ

˲˲˲ ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÐÈÁÓÏÒ ÉÍÐÏÒÔ ÐÈÁÓÏÒʍÔÒÁÎÓÆÏÒÍ

˲˲˲ ÒÅÁÌƗ ÉÍÁÇ ˮ  ÐÈÁÓÏÒʍÔÒÁÎÓÆÏÒÍƽÒÅÁÌƗ ÉÍÁÇƗ ƜʣƚʪƗ ʦƚʣƾ



PhasorPlot
Plot phasor coordinates using matplotlib

˲˲˲ ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÐÌÏÔ ÉÍÐÏÒÔ 0ÈÁÓÏÒ0ÌÏÔ

˲˲˲ ÐÈÁÓÏÒÐÌÏÔ ˮ  0ÈÁÓÏÒ0ÌÏÔƽÆÒÅÑÕÅÎÃÙˮʬʭƚʣʧƾ

˲˲˲ ÐÈÁÓÏÒÐÌÏÔƚÈÉÓÔʧÄƽÒÅÁÌƗ ÉÍÁÇƗ ÃÍÉÎˮʦʣƗ ÃÍÁÐˮʎ"ÌÕÅÓʎƾ

˲˲˲ ÐÈÁÓÏÒÐÌÏÔƚÓÈÏ×ƽƾ

PhasorPlot methods
Å hist2d
Å plot
Å contour
Å semicircle
Å cursor
Å components
Å save
Å show
ÅΧ



phasor_to/from_ometiff
Store phasor coordinates in OME-TIFF file

˲˲˲ ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÉÏ ÉÍÐÏÒÔ ÐÈÁÓÏÒʍÔÏʍÏÍÅÔÉÆÆƗ ÐÈÁÓÏÒʍÆÒÏÍʍÏÍÅÔÉÆÆ

˲˲˲ ÐÈÁÓÏÒʍÔÏʍÏÍÅÔÉÆÆƽ

ƚƚƚ     ʎÈÁÚÅÌÎÕÔʍ&,)-ʍÓÉÎÇÌÅʍÉÍÁÇÅƚÏÍÅƚÔÉÆʎƗ ÍÅÁÎƗ ÒÅÁÌƗ ÉÍÁÇƗ ÆÒÅÑÕÅÎÃÙˮʬʭƚʣʧ

ƚƚƚ ƾ

˲˲˲ ÍÅÁÎƗ ÒÅÁÌƗ ÉÍÁÇƗ ÁÔÔÒÓ ˮ  ÐÈÁÓÏÒʍÆÒÏÍʍÏÍÅÔÉÆÆƽ

ƚƚƚ     ʎÈÁÚÅÌÎÕÔʍ&,)-ʍÓÉÎÇÌÅʍÉÍÁÇÅƚÏÍÅƚÔÉÆʎ

ƚƚƚ ƾ

˲˲˲ ÁÔÔÒÓǁʎÆÒÅÑÕÅÎÃÙʎǂ

ʬʭƚʣʧ

OME-TIFF
Å Open standard
Å Multi -dimensional TZCYX
Å Multi -series
Å Compatible with Bio-Formats, ImageJ, 

tifffile, and many commercial software



phasor_from_lifetime
Calculate phasor coordinates from lifetime distributions 

˲˲˲ ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÐÈÁÓÏÒ ÉÍÐÏÒÔ ÐÈÁÓÏÒʍÆÒÏÍʍÓÉÇÎÁÌ

˲˲˲ ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÐÌÏÔ ÉÍÐÏÒÔ ÐÌÏÔʍÐÈÁÓÏÒ

˲˲˲ ÒÅÁÌƗ ÉÍÁÇ ˮ  ÐÈÁÓÏÒʍÆÒÏÍʍÌÉÆÅÔÉÍÅƽ

ƚƚƚ     ÆÒÅÑÕÅÎÃÙˮʭʣƚʣ

ƚƚƚ     ÌÉÆÅÔÉÍÅÓˮǁʩƚʣƗ ʦƚʣǂƗ

ƚƚƚ     ÆÒÁÃÔÉÏÎÓˮǁǁʦƗ ʣǂƗ ǁʣƚʧʪƗ ʣƚʬʪǂƗ ǁʣƚʪƗ ʣƚʪǂƗ ǁʣƚʬʪƗ ʣƚʧʪǂƗ ǁʣƗ ʦǂǂ

ƚƚƚ ƾ

˲˲˲ ÐÌÏÔʍÐÈÁÓÏÒƽÒÅÁÌƗ ÉÍÁÇƗ ÌÉÎÅÓÔÙÌÅˮʎƜʎƗ ÆÒÅÑÕÅÎÃÙˮʭʣƚʣƾ



FRET model
Förster Resonance Energy Transfer

ÆÒÏÍ ÐÈÁÓÏÒÐÙƚÐÌÏÔ ÉÍÐÏÒÔ 0ÈÁÓÏÒ0ÌÏÔ&ÒÅÔ

0ÈÁÓÏÒ0ÌÏÔ&ÒÅÔƽ
    ÆÒÅÑÕÅÎÃÙˮʫʣƚʣƗ
    ÄÏÎÏÒʍÌÉÆÅÔÉÍÅʩˮƚʧƗ
    ÁÃÃÅÐÔÏÒʍÌÉÆÅÔÉÍÅʨˮƚʣƗ
    ÆÒÅÔʍÅÆÆÉÃÉÅÎÃÙʣˮƚʪƗ
    ÄÏÎÏÒʍÆÒÅÔÉÎÇʣˮƚʮƗ
    ÄÏÎÏÒʍÂÌÅÅÄÔÈÒÏÕÇÈʣˮƚʦƗ
    ÁÃÃÅÐÔÏÒʍÂÌÅÅÄÔÈÒÏÕÇÈʣˮƚʦƗ
    ÁÃÃÅÐÔÏÒʍÂÁÃËÇÒÏÕÎÄʣˮƚʦƗ
    ÄÏÎÏÒʍÂÁÃËÇÒÏÕÎÄʣˮƚʦƗ
    ÂÁÃËÇÒÏÕÎÄʍÒÅÁÌʣˮƚʪƗ
    ÂÁÃËÇÒÏÕÎÄʍÉÍÁÇʣˮƚʧ
ƾƚÓÈÏ×ƽƾ

ʙ ÐÙÔÈÏÎ ƜÍ ÐÈÁÓÏÒÐÙ ÆÒÅÔ
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Phasor plots with a GIU ς Napari plugin for Phasor analysis  FLIM and HSI

2022 to 2023

Marcelo Zoccoler

Physics of Life 
(PoL), TU-Dresden

Bruno Pannunzio 

Institut Pasteur de Montevideo

Facultad de Medicina, Udelar. https://www.napari-
hub.org/plugins/napari-

phasors

https://scholar.google.com/citations?view_op=view_org&hl=pt-BR&org=5395365938585914344
https://www.napari-hub.org/plugins/napari-phasors
https://www.napari-hub.org/plugins/napari-phasors
https://www.napari-hub.org/plugins/napari-phasors


FLIM is cool and useful tool for quantitative biology

rdcu.be/dZqtr

https://t.co/2IM9iwXcCN


Phasor plots are spreading fast

Malacrida L. 
Nat. Methods 

2023

Vallmitjana et al MAF 2022
Ma et al BOE 2016

Phasor plots and the future of spectral and lifetime imaging.



Applications using the DIVER microscope
Rat lung autofluorescence (NADH)

Dvornikov, Malacrida, Gratton. Methods Protoc. 2019

FLIM-2P excitation= 740 nm

Intensityimages

Pseudocolorimage



Applications using the DIVER microscope
Second Harmonic Generation (SHG) Imaging

SHG images of Urea crystals between  
2 mm thick scattering silicone slices

Intensity ratio 

DIVER/ epi = 750

(increases with

imaging depth)

100mm

SHG is preferably
forward directed

Generated by specific structures lacking center of symmetry.
Not involve absorption. 
Label-free signal.

SHG in biological tissue: collagen (collagen fibers), myosin (muscle, nerve)

Fibrosis in mouse kidney (UUO model) 

diseased normal Separating Collagens by SHG and FLIM

Collagen I Collagen III

lexc 740 nm; SHG 370 nmSlide from  Alexander Dvornikov-UCI



Applications using the DIVER microscope
Third Harmonic Generation (THG) Imaging

THG is forward directed

Generated on interface between dramatic index of refraction change.

THG in biological tissue: lipid droplets, cell membranes ,etc.

lexc 1040 nm; 
THG 347 nmSlide from  Alexander Dvornikov-UCI

Dvornikov, Malacrida, Gratton. Methods Protoc. 2019



o Many of the obstacles in FLIM & HSI data analysis are removed, no fitting required.

o The accuracy of lifetime determination is improved. Full quantitative approach.

o The speed of data analysis is reduced to almost instantaneous for an entire image or 

stacks (z, time, tiles).

o Unmixing from multiple fluorescent species in a blind way (non-previous knowledge). Up 

to three using the first harmonic, more components with n-harmonic.

Future directions

General conclusions and future of Phasor approach

Malacrida, Ranjit et al. 
AnnuRevBiophys. 2021

ω.  

Malacrida L. 
Nature Methods 2023

MRI-Phasors-Deep Learning (F. Astudillo) Phasor-NIRs(M. Lopassio) HSI_Flamingo-SPIM (L. Malacrida)
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