PicoQuanNnT

Lifetime-Fitting Using the Rapid Reconvolution Model

Introduction

This tutorial shows step-by-step, how to use the Multi-Exponential Reconvolution fitting model with correction
for rapidFLIM. This new approach allows better fitting for data acquired with rapidFLIM capable hardware with
count-rates way beyond classical pile up limit.

For the principle of rapidFLIM - recording, check the application note available here: Application Note: rapidFLIM.

Here in detail the FLIM analysis of SymPhoTime 64 is used to perform a lifetime fit and how to extract and read
the results. A mixture of Dragon Green and Nile Red fluorescent microspheres were imaged with more than
three frames per second. Tutorials workspace can be downloaded from
https://figshare.com/s/4957fcfa684daef86c23.

Step-by-Step Tutorial

Select a file and start the analysis

¢ Start SymPhoTime 64 software (This tutorial uses version 2.5).
e Open the “Tutorials” workspace via File -» Open Workspace from the main menu.

Response:
The files of this workspace are displayed in the workspace panel on the left side of the main window.

¢ Highlight the file MicroBeads.ptu by a single mouse click.

¢ Select the “Analysis” tab and in there, open the “Imaging” drop-down menu.

Note:
The drop-down menu can be opened and closed by clicking on the grey button on the left side of the header of
the drop down menu:

e Start the FLIM analysis by clicking on “Start”.

FLIM

A FLIM analysis. Select an
image TTTR file and press
‘Start’.
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https://www.picoquant.com/dl_technotes/AppNote_rapidFLIM_HiRes.pdf
https://figshare.com/s/4957fcfa684daef86c23

Response:
The FLIM analysis is applied to the data file. Thereby, a new Window opens:
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The window contains five different sections:

1: Setting panel

Imaging analysis options can be defined in this section.

2: Fast FLIM image

The FLIM preview image displayed in a false color scale. The brightness encodes the intensity, while the color
encodes the average “Fast FLIM” lifetime, i.e. the mean arrival times of the photons after the laser pulse. When
not defined otherwise, intensity and color scale stretch from minimum to maximum. As the mean arrival time of
the background photons in the areas where no fluorescence is detected, is randomly spread over the TCSPC
window, the mean photon arrival time of the dark background is usually very long (with an average up to 1/2 of
the TCSPC window), which makes the color scale loaded by default sometimes unsuited for displaying the
lifetime contrast in the actual sample. In this case, the scale can be adapted.

3: Fluorescence Lifetime Histogram

Here the frequency of photon counts corresponding to the individual mean lifetimes is plotted. The settings of
the plot can be adapted using the controls on the right of the plot. The histogram is photon weighted.

4: Decay Fitting Parameters

Here the lifetime fitting model can be selected. Fitting is then applied to the lifetime graph(s) on the lower
center (TCSPC histogram).

5: TCSPC Decay window

By default, this set shows the TCSPC histogram of all photons in the image in green (= dataset 0) and the TCSPC
histogram of a single pixel in grey (= dataset 1). In red an estimation of the instrument response function (=IRF)
is shown. The IRF reconstruction is deducted from the rising edge of the TCSPC histogram.

¢ To enhance the lifetime contrast, adapt the color scale by typing the limit values for the Fast Lifetime
color scale. Additionally set the lifetime range for histogram on the right hand.
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https://www.tcspc.org/doku.php/glossary:fast_flim
https://www.tcspc.org/doku.php/glossary:tcspc
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¢ Set Proper Detection Channel, in this case 3, and press “Calculate FastFLIM".
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Response:

FLIM Preview image will get updated. You may need to adapt the contrast again. Optimize contrast by adapting

“Min"” and “Max” values.

Select ROIs
¢ On top left, under Region of Interest, check “Use ROI” box and click on “ROI from Threshold”.

B Region of Interest

M Use ROI | LoadROIs
ROI: of= Hew Remove |[_] Show All

Response:

A large window with three sections will appear, where you can set a threshold for an image analysis visually.
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Note:

Left to right: Preview FLIM Image, Intensity Histogram and Lifetime Histogram. For any ROI you can set each of
these parameters individually. There are two ways to define the new threshold. You can use the edit-box at the
lower side to type the threshold and press enter to check the result or use cursor keys or mouse wheel to
increase/decrease the value. Another option is using the blue vertical bars on the sides of the intensity or
lifetime histograms; click and drag the bars to set the threshold.

¢ First adapt the contrast by setting the Number of Events [Cnts] in brightest pixel and Fast Lifetime color

code. This will help you to select your ROI or threshold easier.

. Set Thresholds and press OK
Pixels selected: 11567/73500 (16%)
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¢ As a next step try to distinguish compartments of your specimen in FLIM image by setting the intensity or
lifetime thresholds. For instance select the area with higher intensity by dragging the indicator bars.
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¢ Or try different lifetime range:
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oK. Cancel Lower Threshald (Int): = Upper Threshald (Int): = Seti Lower Threshold (LT): = Upper Threshold (LT): = Set

¢ Click OK to select it as the first Region of Interest.

Response:
You will see ROI 0 on the top left window and an extra gray decay on bottom right under Fit. Lifetime histogram
and the preview FLIM image remains as it has been selected in last step.
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¢ In order to select an additional ROI, click on “New” ROI. The software gives sequential order numbers to
your ROIs, so here ROI 1. The whole preview image will appear again. Define intensity and lifetime

thresholds to select your new ROI.
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¢ As an example here an area with longer lifetime is selected.
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¢ When you are satisfied with your selection, press “OK".

Response:
Corresponding decays with gray color will appear under Overall Decay curve.
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Note:

Intentionally for this tutorial, the image was recorded at very high count rates using fast TCSPC electronics. We
must consider distortion of the decay due to limited pulse pair resolution of the photon detector; Even the best
detector cannot deliver infinitely narrow output pulses. At increasing count rates there is an increasing
likelihood that two or more such detector pulses will overlap and merge into one. The counting and timing
system can then no longer resolve the individual photon events and counts them as only one. Since the highest
likelihood of such overlapping pulses exists at the peak of the decay curve, immediately upon excitation, one
sees statistically more frequent loss of early photon counts rather than the late ones. As a consequence, the
measured decay curve is increasingly rounded at its peak followed with a few *“bumps™". In order to exclude
this detector artifacts for data analysis, rapid Reconvolution correction model estimates the loss probability in
each channel and incorporates it into the fitting model.
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Select the fitting model and determine start parameters

¢ On bottom left, in the “Decay Fitting” window, select the “rapidReconvolution” model. In the decay drop
down list you will see the selected ROIs as well.

LR Paramater Profiles

Fitting Model: ' rapidRecanvolution - Help
Decay: I~
Cverall Decay

IRF: | Import |ipycel (1.1

Model Paramete

¢ Start with ROI 0 and only one component (monoexponential) fit. Press “Initial Fit” (marked in orange).

Region of Interest + [beads-Exc485nm32MHz11 ptu Channels: 3 )Gray @ Rainbow () RGB Lifetime Histogram
M se 01 B o ClmAe | 44
ROL: of] Mew || Remove |[JShowau . 40
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l Save Defaults l l Restore Defaults l 0.0l
Export Binary 3 4 5 8 ’
m Profiles | Lifetime [ns]
Fitting Model. | rapidReconvolution [=]| Heto | B Apply Limits to All Curves Number of Photons: 153450, Selected: 153447 (100%)
Decay: ROIO lz‘ Lower Boundary: = Upper Boundary: 4968 ns '%{ [ Reset Range
IRF: [ Import | Calculated IRF =] : [ Calculated RS
10 Overall Decay
Model Parameters:  n l:% A Pixel (1,1)
- ShowAll || Export as ASCIl |[ Export to Clipboard | - 103 - - zg:z
Parameter [@froio vl 5 M Fitted Curve
MumCyclesMCnts] 0.1886 B Z 102
[Aryiens] 0,9779 B 2
Period[ns] 50,0000 = =0
IRFCenter[ns] 1,4260 =3
[ kems) 5802019 2] v 100 i |
1 [ns] [ Limits 2570£0031 |2 v " ] LT L
Bkgroec(Cnts] [ Limits 04860052 5~ é 10 [\ LE\ A;s: 4,775
Shiftire[ns] [ Limits 200322 £0,0076 |2 v & i o e —— >
Bkgrire[Cnts] [ Limits 17 £47 v 4 v L
H
186.0 £2.8 =
1 [KCnts] dod - 0 % 8 12 16 20 24 26 32 36 40 43 48
] D » Time [ns]
| clear |[mitishfit|[ Fit | Fitan | x=[  4775] 7 ]
Response:

A single exponential fit is performed. In the TCSPC window, the fit is displayed as a black line. Below, the
residuals (= difference between raw data and fit values) are displayed. Fit values appear in the fitting table.
Check the fitting curve, residuals and X2.

For explanation about the fitting model and the used equations, click on the “Help” button next to the selected
model. This opens a help window containing the fitting equation and the explanation of the different
parameters.

o |f the fitted curve is not overlaid not so well with the decay curve, like in this case, increase the “Model
Parameters” to n = 2. Again, click on “Initial fit".

© PicoQuant GmbH 8/12



i Parameter Profiles | ‘ ‘ Lifetime [ns]

Fitting Model: | rapidRecanvolution E[ Help | [ Apply Limits to All Curves Mumber of Photons: 15450, Selected: 159447 (100%)
Decay ROI 0 =] Lower Boundary- = Upper Boundary ‘ 49,68 ns %{ [ Reset Range ]
i I
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. ShowAll || Export as ASCIl | Export to Clipboard | 10 ™ ROIO
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Aruise[ns] 0.9779 =] g
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Time [ns]
| Clear |[imitiahFit|[ Fir [ Fian | de=[  1288] [, —
Response:

The fit quality increases. In the residual window, the values spread randomly around 0. The calculated fitting
values are reasonable. The yx?-value got improved.

Note:

Usually, a good fit will be evaluated by residuals evenly distributed around zero and x? approaches one.
However in such cases with systematic errors, one should not insist on getting ideal x2- or residual values. The
systematic distortions will introduce a slight systematic error in the fitted parameters, which will be negligible
for exponentials that have a lifetime longer than the time constant of the systematic errors.

¢ Try last two steps with the ROI 1.

Parameter Profiles ‘ ‘ ‘ Lifetime [ns]
* Fitting Model: | rapidRecomvolution (=] Help | B Apply Limits to All Curves Number of Photans: 263639; Selected: 263628 (100%)
: Decay: ROl E‘ Lower Boundary: = Upper Boundary: | 49,76 ns I%{ [ Reset Range ]
. po—
IRF: [ Import | Calculated IRF [ Remove ﬂ; i —
Model Parameters:  n [ 1] [refora Overall Decay
= ‘ Pixel (1,1)
. ShowAll. || Fxport as ASCI || Fxport to Clippoard | 10 —— ROID
Parameter [&roi1 -] 2 —\H\““ I ROT 1
= o | Fitted Curve
IRFCenter[ns] 16130 5 10
A1 [KCnts] 6101 = s %M
= 5
[t [ns] [ Limits | 458040035 2] v 20 Mg 1 00 g
Bkgroec[Cnts] | Limits 22:13 v Ll ' LY
Shiftire[ns] Limits 0.009£0.006 [5]v J
= = 0 || B | N .
Bkgrirr[Cnts] | Limits 26114 = v 10 I
4
[ [kCmts] 348,031 g1 ,\ [ Residuals
sum[kChts] 348,031 2 obbn TP ST R U | e e S e v e P e e e ey e LR p——— e b e, LocalXsl23 BUx:
2 Py A L Lo B Lt B L | R ea PR b T W arof AR i
|Asum[kCnts] 6101 - "\
2 10
[Tavinifns] 4,580 £ 0,035 — 7 ¥ |
= +rmemonc N 0 4 12 16 20 24 28 32 36 40 44 48
Time [ns]
| clear |[initiabfit]  Fit |[ Fiean | e=[ 3s02] —

¢ Again a monoexponential fitting function is not sufficient. Therefore, we carry on with two components.

* Fitting Model- | rapidReconvolution =] Hep ] [ Apply Limits to All Curves Number of Photons- 267448; Selected: 267437 (100%)
* Decay: ROI1 E Lower Boundary: = Upper Boundary: 4976 ns I%{ l Reset Range
i n
" IRF: Calculated IRF emove
l oot H e El . 10¢ ﬂ, [ Calculated IRF
Model Parameters:  n -2 [=] IRF far all Overall Decay-
= Pixel (1,1)
. ShowAll || Export as ASCIl |[ Export to Clipboard | 10 Tl ROI0
Parameter ‘@ ROI 1 v« £ \—‘ [ ROT 1
= o (M Fitted Curve
IRFCenterfns] 1.6130 = =
A kCnts]  [Limits ] 568020062 | v| | 2 fina S
3
Az [kCnts] 320£046 2| | 8 MMWM :
= <10 " PR
[t [ns] [ Limits 172020021 [ v i
t2[ns) [ Limits | 048240072 2 v
Bkgro=s[Cnts] [ Limits 200£016 [ v 10“4 l L B & N T
|~ >
Shiftire[ns] [ Limits 0046900028 |2 v o 4 L L ST A LTS PR O VT P TR \ e \-W
Bgrire[Cnts] | Limits 0,000 £0,000 3 g bﬂ" = b e R A " VP VT RREL Y T v‘ ¥ W A7 ] | Localx2=1,993
11 [KCnts] 336024 - o Y
12 [kCnts] 200+32 = % -10)
7 ST 5 4 12 16 20 24 28 32 36 40 44 48 £
Time [ns]
Clear |[Iniiabiibl| Fit || Fitan | 2= 1904 7 —
Response:

The fitting quality gets better, although there is still a bit of deviation in the residuals after the IRF in the decay
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window. This however can be explained as a systematic error. Nevertheless we can test it with three

components.
L
Fitting Model \rap\dRecﬂnvn\utmn E[ Help ¥ Apply Limits to All Curves Number of Photons: 267448; Selected: 267437 (100%)
| Decay: ROIM E Lower Boundary: = Upper Boundary: 49,76 ns I%{ [ Reset Range
* IRF- amove i Il
RF: [ impont_||Calculated RF =] Remowe o 1 M Colculored ”-
Model Parameters:  n -3 [=] IRF for all Overall Decay—
=2 Pixel (1,1)
5 ShowAll || Export asASCIL |[ Export to Clipboard | 10 —— ROI0
Parameter [&roi B —~—— : Fonn
= o itted Curve
IRFCenter[ns] 16130 = 0 e
A1 [kCnts] Limits 6480£0071 = v % MM
=] I
AzkCnts] [ Limits 548415 =02 Pttt 1 L
Az [kCnts] Limits 551115 = 4
Ti[ns] [ Limits | 45100019 = v
t2[ns] [ Limits | 1020£0013 2 v 10“*| | o BRI | N ||
ry 1
Ta[ns] [ Limits | 10100013 [ v 3 4 B Residuals
Skgroec(Crts] | Limits 3502011 =] « g 0 f\ﬂ M M PRI (YO s bband bl ot ) p b, o dle it Mgk A \..‘ Local X2 = 1,568
QrDec| 5 3 -~ & v “[J s | B L S R R TP R R Y u] T W A1 W T RrT
ShiftirF[ns] Limits 0.0482£0.0024 [ « - -4
Bkgrire[Cnts] [ Limits 00000000 5 |- % " !
3 B S 0 4 12 20 2_4 28 32 36 40 44 48 E
Time [ns] .
| Clear |[imitishig]| Fit |[ Fran | =]  1ses] ‘ .[

Response:

At the first glance the fit does not look significantly better. With closer look in fitting table, you see a third
comportment appears with a negative amplitude which physically is impossible. That means a fit with two
components gives the best result. As it was the same for both ROIs, we can now apply this model on both ROIs

by “Fit All".

If you wanted to measure the lifetime of the beads, you have reached your goal, can save the results and finish
the analysis at this step.

Perform a pixel-by-pixel Fit and save results

¢ If you are also interested in other information e.g. the spread of the mean lifetime from pixel to pixel for

similar beads, you can proceed the following way:

¢ Get back to “Decay Fitting” window. Select ROI 0, fix the lifetimes by unchecking them in the fit table, as
well as the IRF background and IRF Fit.
¢ One the single pixel level, the background can be neglected, and the parameter “Backgroudn Decay” can
be fixed to 0 in this example.
e Set constraints for A1 and A2, so they cannot become negative.

(R | Export 25 ASCI

|| Export to Clipboard |

Parameater ]@F‘.ﬂl 0 v
Apuise[ns] 0,9277 0
Period[ns] 50,0000 =
IRFCenter[ns] —

A [kCnls Limits
Az [kCnts]

-

sty [ Cnts)

103}

102}

H

¢ and press “FLIM fit".

MifE
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B Region of Interest

¥ Use ROI Load ROIs

- beads-Exc485nm32MHz11.ptu Channels: 3

(C)Gray @ Rainbow (_) RGB
Y

Lifetime Histogram

| Evants[Crts] [+ ]| = Active 110 ::Iau]_Av_lnt,
- 1
ROI: 0 New Remove |[ ] Show Al
[ o] I J A S T =)
ROI from threshold i
Oun [ 5] Mua | 0[] o
tau_Av_Int[ns] [+ ¥ Active
80
- o M T2
Binning: TCSPC Binning: | none & Min 20 ;v H Max 58 ;v z
Set Time Gate: = 60
[] Optimized Rainbow =]
— 50
[] Smoothing 5
Select Data Channels: 8 40|
] 20 IE { o
Calculate FastFLIM || FLIM Fit 30
20
0
[ Save Defaults ] [ Restare Defaults l ol b,
Export Binary E| 2 3 4 5 6
BEEWGETEY Parameter Profiles | Lifetime [ns]
Fitting Madel: | rapidReconvolution (=] Hep ] M Aoply Limits to All Curves Number of Photans- 158140: Selected: 159138 (100%)
Decay: Lower Boundary: Upper Boundary: 4976ns [=] | ReselRange
B .
RF: I nt || Calculated IRF Remaove .
l mpor. | ] , [ Calculated Ri~
Viodel Parameters: n = IRF for all 10 Overall Decay~
Pixel (1,1)
& ShewAll || Export asASCIl || Export to Clipboard | 10 I ROTO
Parameter ‘@ ROI 0 vl g ROI1
Apuise[ns] 09277 = oS [ Fitted Curve
=] 2z 102
Period[ns] 50,0000 = =
= 2
IRFCenter[ns] 1,6130 = £
AilkCats] [ Limits ] 390013 A v = ‘
Az[kCnts] 3720£0064 = v ]
= 0L L]
Tilns 30000027 e 10 51 B 118 14| e || B
T2[ns] 08940056 7] g 4 [ Residuals
= Local X2 = 1,290
Blgroec[Cnts] [ Limits 0,000£0,000 [ 2 0 e ral
Shiftire[ns] Limits 0,0110+0,0013 5| v -
Bkgrire[Cnts] | Limits 7£12 S =
3 . 5 0 12 16 20 24 28 32 36 40 44 48 il
Time [ns 1
Clear |[imtiahiit|| Fit || Fitan | x=[ 1200 [ns] | IT\[
Response:

The image and the histogram will get updated. The rainbow scale contains now the fitted, intensity weighted
mean lifetime, instead of the “fast Lifetime”, based on the photon arrival time only. The Histogram on the right

of the image contains now the photon weighted distribution of the intensity-weighted mean lifetime. The

distributions for lifetime component 1 and lifetime component 2 appear as bars, as these parameters have been

fixed in the pixel-by-pixel fit. Now you can save the analysis by clicking “save results”.

Save Defaults

Restore Defaults

Response:

The result file with default name of “FLIM.pqres” will appear on the list on the left hand.

¢ Repeat these steps for ROI 1. Fix lifetimes and press “FLIM Fit”.
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s i35 ExcABanm3ZNHz 1 ptu Channals: 3 ) Gray @ Rainbow () RGB Lifetime Histogram
_ ‘ Events[Cnts] [+ | #a Active [ tau_Av_ind
RO [ 1 Mew || Remowe |[IShowal 180 = 1)
ROI from threshold [ | LRE)
i 1] e EE BT
tawpcpe  [-] 140
@
Binning: = TCSPC Binning: | none E -ITﬂIE g 120
Set Time Gate: i Vin a %  Max d 3|
[] Optimized Rainbow =] 100
Select Data Channels: [] Smoothing 2 80
10 20 3FE o
o
| caloulats FastFLim || FLIM Fit 60,
40
| )| | "
Save Defaults Restore Defaults n Iﬂ\'
0
SxpoBnesy 0 1 2 3 4 5 8 7
VAT Parameter Profiles Lifetime [ns]
Fitting Model: rapidReconvolution El Help [¥ Apply Limits to All Curves Number of Photons: 234022; Selected: 234011 (100%)
Jecay: ROIM E‘ Lower Boundary: mg Upper Boundary: 49,76 ns l%{ [ Reset Range
— = o
RF: | Import | Calculated IRF Remoave &
l e H E“ 104 M Calculated IR
. =] e — =
Vodel Parameters:  n ﬂ or @ g‘\:;a(\l [;;ca
& ShawAll. | [ Export as ASCIl || Export to Clipboard | 108 ROIO
Parameter ‘@ ROI 1 v g I ROT 1
Aputse[ns] 0,9277 = o 102 M Fitted Curve
Periodns] 50,0000 = 2
= c
IRFCenter([ns] 1,6130 = £
Ai[kCnts] [ Limits ] 520£014 = v =101
Az [kCnts] Limits 340+0,83 P v
T [ns] [Limits | 47100035 [ 100
e vassor 1 |5 Y A4 L T
Bkgroec[Crts] [ Limits 0,000+0,000 |25 T 0w ."‘V P Local X2 = 2,163
ry 0,
Shiftirr[ns] Limits 0.0489 £ 00031 [ v - 5 V
Bkgrirr[Cnts] | Limits 91+66 =1 = % 10|
E o N 0 4 8 12 16 20 24 28 32 36 40 44 448 -

Time [ns]

Clear | [Initishfit | Fit || Firan | x=] 2183 [,

¢ If you compare the result image after the fit with the fast lifetime image above, you will see that the

lifetime distribution of the lifetime within a single bead is much more uniform, as effects due to
background as well as decay distortions causes by the high countrate have been corrected for.

¢ If you want to export the lifetime distribution, open the context menu via right mouse click, when the

mouse pointer is over the lifetime distribution graph.
* Press “Save Result”. The old result file is not overwritten, but a new result-file is created.

¢ Use a two slow clicks on FLIM result files (.pgres) to rename them properly.
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