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Assimilation of Physical Chemistry Models
for Lifetime Analysis of Pressure-Sensitive Paint

Wim Ruyten∗

Aerospace Testing Alliance, Arnold Air Force Base, Tennessee 37389-6400

Lifetime analysis techniques from the physical chemistry literature are assimilated for use with lifetime-based,
pressure-sensitive-paint (PSP) measurements. Effects of finite pulse duration and residual fluorescence, typically
avoided in physical chemistry, are included through the use of an excitation response function. Three models are
reviewed and applied to the fluorescence decay of PtTFPP in FIB [Pt(II) mesotetra(pentafluorophenyl)porphine
in fluoro-isopropyl-butyl], which is the current industry standard for large-scale PSP testing in the United States.
These are the discrete exponential model, the Förster decay model, and the maximum entropy model. It is shown how
these models invite the reconstruction of the decay rate distribution of the paint from time-resolved measurements
of the fluorescence response. Results of the analysis suggest that the decay-rate distribution (and hence the lifetime
spectrum) of the paint is bimodal, with each component obeying a linear Stern–Volmer dependence.

Nomenclature
A = area under distribution function, mV/µs
a = decay rate in Förster decay model (FDM), µs−1

ak , aµ = amplitudes in discrete exponential and maximum
entropy models (DEM and MEM), mV/µs

b = Förster correction to decay rate, µs−1/2

C = apparatus constant, mV cm3/µs
E = MEM entropy function
G(x) = auxiliary function for FDM
i = signal index
k, K = index, number of terms in DEM
M = number of discretization elements in MEM
N = number of data points Si

n f = ground-state fluorophore density, cm−3

nγ (γ ) = scaled distribution function with respect
to decay rate, mV

n′
γ (γ ) = distribution function with respect

to decay rate, cm−3 µs
P = air pressure, psf
p(t) = normalized excitation pulse shape
S(t), Si = measured fluorescence signal, mV
Sδ(t) = fluorescence response for delta-function

excitation, mV/µs
S0 = amplitude in FDM, mV/µs
sγ (t; γ ) = excitation response function with respect to γ , µs
T = temperature, ◦F
t , t0 = sampling times, µs
tp , tc = pulse duration and cycle time, µs
γ = fluorescence decay rate in air, µs−1

γk , γµ = fluorescence decay rates in DEM, MEM, µs−1

�γµ = MEM discretization element, µs−1

ε = relative rms fit error, %
κSV = bimolecular quenching constant, µs−1 Kpsf−1

µ = discretization index in MEM
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σi = estimated precision of Si , mV
τ , τ0 = fluorescence lifetimes in air and in vacuum, µs
χ 2 = to-be-minimized quantity in least-squares fit

I. Introduction

O VER the past decade, significant interest has developed in the
use of luminescent paints for aerodynamic testing.1−3 This

is particularly true for the use of pressure-sensitive paints (PSPs),
which rely on oxygen quenching of fluorescence to produce a
pressure-dependent luminescence signal. To lowest order, this pro-
cess is described by a Stern–Volmer (SV) relation that expresses the
fluorescence decay rate γ in terms of the pressure P as

γ ≡ 1/τ = 1/τ0 + κSV P (1)

Here τ is the lifetime in air and τ0 is the lifetime in vacuum. Higher-
order terms are frequently included in Eq. (1), though their origin
is usually not well understood.4−6

In most PSP measurements, neither the decay rate γ nor the life-
time τ is measured directly. Instead, a ratio is formed between im-
ages at wind-off and wind-on conditions when continuous illumina-
tion is used, or between images acquired at separate gates following
the illumination pulse in the case of pulsed illumination. These two
techniques are referred to as intensity-based PSP and lifetime-based
PSP, respectively. In both cases, the signal ratio is expressed as a
function of pressure, by means of a Stern–Volmer-type relation. To
use this relationship as the basis for a pressure measurement, it is
not critical that the nature of the relationship (for example, linear vs
nonlinear) be well understood, as long as a suitable calibration can
be performed. This approach has been fruitful from the early days
of PSP measurements.7,8

A longstanding complication in PSP measurements is that the
signal ratios depend not only on pressure, but also, to a small extent,
on temperature.9−12 Recent work on lifetime-based PSP suggests
that this unwanted temperature dependence can be turned to an
advantage by extending the standard two-gate measurement scheme
to one that employs three or four gates.13−16 This allows two signal
ratios to be formed. Under suitable conditions, this allows both
pressure and temperature (P-T) to be obtained.

Questions remain on how to bring such a P-T measurement
scheme to fruition. However, it is clear that the fluorescence response
of the paint must not be single exponential: Multiple measurements
on a single-exponential decay would merely recover the same γ or τ
in different ways, leaving the P-T ambiguity unresolved. As it turns
out, nonsingle-exponential fluorescence decay of PSPs appears to
be the rule, rather than the exception (see Refs. 9 and 14–16, and
Sec. III of the present paper). Even so, most PSP analysis to date
has been based on single-exponential behavior.17−20 This approach
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falls short if the optimization of a multigate, lifetime-based mea-
surement scheme is to be approached from fundamental principles.
Instead, it is desirable to start out from the known lifetime char-
acteristics of the paint or (in the case of paint development) from
the desired paint characteristics. In particular, it is desirable that
these lifetime characteristics be cast in the form of a mathematical
model that can serve as the basis for optimization of the operational
parameters of a lifetime-based PSP system, for derivation of suit-
able calibration equations and for analysis of PSP measurements in
general. Such lifetime analysis models have been in use for some
time in physical chemistry and associated fields (chemical physics,
analytical chemistry, sol-gel physics, and biophysics). The purpose
of this paper is to assimilate some of these models for use with PSP
(Sec. II) and (in Sec. III) to demonstrate the use of these models
for PtTFPP in FIB [Pt(II) mesotetra(pentafluorophenyl)porphine in
fluoro-isopropyl-butyl], which is the current industry standard for
PSP testing in the U.S.1,12,13,20−22

(Editorial note: This paper is based on Refs. 23 and 24, which
contain a significant amount of additional material.)

II. Lifetime Models from Physical Chemistry
In Sec. II.A, the notion of paint as a microheterogeneous system

is introduced, leading to a general formulation for the response of
such a system to delta-function excitation. In Secs. II.B–II.D, three
specific realizations of this general model are described. Section II.E
deals with the situation in which the width and repetition rate of the
excitation pulse cannot be neglected. Section II.F discusses numeri-
cal aspects of the reconstruction of the lifetime spectrum of the paint
from a time-resolved measurement of the fluorescence signal.

A. Paint as a Microheterogeneous System
A central notion in the description of quenched fluorophore sys-

tems is that not all fluorophore molecules experience the same inter-
action with the quenching species (in the case of current PSPs, this
would be oxygen) and that this heterogeneity exhibits itself on a mi-
croscopic scale.25−29 Such a system can be described by partitioning
the fluorophore density n f with respect to the resulting distribution
of decay rates γ as

n f →
∫ ∞

0

dn f

dγ
dγ ≡

∫ ∞

0

n′
γ (γ ) dγ = n f (2)

That is, n f is replaced by a distribution function n′
γ (γ ) that has n f

as its area. Equivalently, this partitioning can be described with re-
spect to the lifetime τ , where τ ≡ 1/γ (Ref. 23). The fluorescence
response of such a system to delta-function excitation can be ex-
pressed as the Laplace transform

Sδ(t) =
∫ ∞

0

nγ (γ )e−γ t dγ (3)

where nγ (γ ) is the distribution function n′
γ (γ ) from Eq. (2), multi-

plied by a constant:

nγ (γ ) ≡ Cn′
γ (γ ) (4)

The constant C can be written as the product of the area viewed
by the detector, the effective thickness of the sample, the excitation
photon flux at the surface, the optical cross section for excitation,
the quantum efficiency for population of the fluorescing state, the
rate of fluorescence decay, the efficiency of detection of emitted flu-
orescence photons, the detection time, and the number of excitation
pulses over which the signal is integrated.23 Implicit in Eq. (4) is the
assumption that the excitation process is linear. This assumption is
discussed in detail in Ref. 23.

From Eqs. (2–4) it follows that the area under the distribution
nγ (γ ) is given by

A ≡
∫ ∞

0

nγ (γ ) dγ = Sδ(0) = Cn f (5)

Fig. 1 Illustration of DEM decay rate distribution.

Fig. 2 Illustration of FDM decay rate distribution.

This area should be independent of quenching, a principle that might
be paraphrased as “conservation of implied fluorophore density.”

B. Discrete Exponential Model
When a single exponential (with to-be-determined amplitude and

decay rate) fails to produce a satisfactory fit to fluorescence decay
data, it is common practice to add a second, third, and (in rare cases)
a fourth term.9,14,15 This model is known as the discrete exponential
model (DEM) and can be expressed as

Sδ,DEM(t) =
K∑

k = 1

ak exp(−γk t) (6)

The number of components K can be assigned based on an a pri-
ori model (for example, when the components are associated with
different fluorophore molecules), or chosen empirically, to get a sat-
isfactory fit to the data. Figure 1 illustrates the associated decay rate
distribution for the case K = 3. The area under this distribution is
given by

ADEM =
K∑

k = 1

ak (7)

C. Förster Decay Model
If the range of interaction distances between fluorophore

molecules and quenchers is given by a power-law distribution, the
delta-function response of the system can be written as30−33

Sδ,FDM(t) = S0 exp(−at − bt
1
2 ) (8)

where S0 is the peak signal, a is the Stern–Volmer quenching rate
from Eq. (1) with a = γ = 1/τ , and b is a measure of the heterogene-
ity of the quenching process. The exponent 1

2 in Eq. (8) results for
a three-dimensional environment. Exponents 1

3 and 1
6 apply to two

dimensions and one dimension, respectively.33 Sometimes, the ex-
ponent itself is used as a fitting coefficient.34 Of particular interest to
PSP research is work by Draxler et al.31 and Draxler and Lippitsch,32

who found that oxygen-quenching of Ru(dpp) in a series of poly-
mers (i.e., a PSP-like system) could be described better by the Förster
decay model (FDM) from Eq. (8) than by the DEM from Eq. (6).

Taking the inverse Laplace transform of Eq. (8), it follows that
the associated Förster decay rate distribution is given by35

nγ (γ ) = (
4S0

/√
πb2

)
G

(
b
/

2
√

γ − a
)

(9)

where G(x) ≡ x3 exp(−x2) and nγ (γ ) = 0 for γ ≤ a. Figure 2 illus-
trates this distribution, which peaks at γ = a + b2/6, has an ap-
proximate height 0.925S0/b2, and an approximate full width at
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Fig. 3 Illustration of MEM decay rate distribution.

half-maximum given by 0.45b2. The area under this distribution,
defined by Eq. (5), is precisely equal to the amplitude S0, that is,
AFDM = S0.

D. Maximum Entropy Model
A model that is formally equivalent to the DEM is one in which the

decay rate distribution nγ (γ ) is represented by a histogram of pre-
selected decay rates γµ, with bin widths �γµ and to-be-determined
bin areas aµ (Fig. 3).

The delta-function response of such a system can be written as
[compare Eq. (6)]:

Sδ,MEM(t) =
M∑

µ = 1

aµ exp(−γµt) (10)

where M is the number of bins in the histogram. Typical values
of M are in the range 100–200. Fitting Eq. (10) to a measured
fluorescence response is a linear problem (because the γµ values
are preselected) but one that is highly ill conditioned.27,35−37 To
obtain bin areas aµ that are physically realistic (not negative and not
strongly oscillatory), it is necessary to impose a constraint. In the
maximum entropy model (MEM), this constraint is taken to be the
Shannon–Jaynes entropy35−43

E ≡ −
M∑

µ = 1

(
aµ

A

)
ln

(
aµ

A

)
(11)

where A is the actual or estimated area under the distribution, given
by [compare Eq. (7) for the DEM]

AMEM =
M∑

µ = 1

aµ (12)

The discretized values of the distribution function nγ (γ ) are
given, in terms of the bin areas aµ and the bin widths �γµ, by
nγ (γµ) = aµ/�γµ.

E. Excitation Response Function
In physical chemistry, lifetime studies of quenched fluorophore

systems are typically performed using short-pulsed lasers, so that the
assumption of delta-function excitation is satisfied. In PSP studies
this might not be the case [for example, when pulsed light-emitting
diodes (LEDs) are used as the excitation source]. Moreover, to mini-
mize PSP measurement time the optimum pulse repetition frequency
can be such that small amounts of residual fluorescence (from prior
pulses) are tolerated. Both of these complications can be accounted
for by convolving the presumed delta-function response of the paint
[from Eq. (3), (6), (8), or (10)] by the normalized excitation pulse
shape p(t) to arrive at the measured signal S(t), according to

S(t) =
∫ t

−∞
p(t0)Sδ(t − t0) dt0 (13)

The lower limit of the integral is set to −∞ to indicate that the
measured fluorescence response at time t extends over the entire ex-
citation history of the system, including residual fluorescence from
prior pulses.

By combining Eqs. (3) and (13), one can write the signal S(t) as

S(t) =
∫ ∞

0

nγ (γ )sγ (t; γ ) dγ (14)

where sγ (t; γ ) is the excitation response function (ERF) for mono-
exponential decay at a rate γ , given by

sγ (t; γ ) ≡
∫ t

−∞
p(t0)e

−γ (t − t0) dt0 (15)

The ERF can be calculated analytically for simple pulse shapes,
pulse trains, and waveforms, including the case of continuous ex-
citation, with p(t) = 1 and sγ (t; γ ) = 1/γ (Ref. 23). Alternatively,
the ERF must be calculated by numerical convolution if the pulse
shape p(t) is measured experimentally and cannot be described ad-
equately by a simple analytical expression.24

F. Reconstruction of Decay Rate Distribution
from Measured Fluorescence Response

From the foregoing it follows that fitting a measured fluores-
cence response can be interpreted as reconstructing the underlying
distribution of fluorescence decay rates. To do so, assume that the
fluorescence response S(t) has been sampled to yield a set of N val-
ues for Si and that the pulse shape p(t) has been measured, so that
the ERF from Eq. (15) can be calculated for any desired value of γ .
Fitting the preceding lifetime models to the fluorescence response
data can then be cast as a least-squares fitting problem, in which the
quantity

χ 2 ≡
N∑

i = 1

{[
Si − S(fit)

i

]
σi

}2

(16)

is to be minimized. Here S(fit)
i represents the fitted signal value at

point i and σi is the estimated uncertainty for this point, proportional
to the square root of Si if photon shot noise is assumed.

In the case of the DEM and FDM, standard nonlinear regression
can be used to determine optimum values of the fit parameters.44 In
the DEM from Eq. (6), these are the K amplitudes ak and associated
decay rates γk ; in the FDM, these are the parameters S0, a, and b
from Eq. (8). In the case of the MEM, the to-be-minimized quantity
is χ 2 + λE , where χ 2 is given by Eq. (16), E is given by Eq. (11), and
λ is a to-be-determined Lagrange multiplier. Because the number
of to-be-determined bin areas ak in Eq. (10) is typically in the range
100–200, a special algorithm is required.35−43 (The original MEM
algorithm was developed for image reconstruction in astrophysics45

and has since been adapted for lifetime analysis.36)
Years of research in physical chemistry (beginning with a seminal

paper by James and Ware46) have made it clear that it can be difficult
to select, on the basis of the magnitude of fitted residuals alone, the
best model for a particular system. For example, even if the true
dynamics are given by a Förster model, a two-component DEM
can give a good fit to the data.23,31 For this reason, it is desirable
to consider not only the magnitude of the residuals, but also the
behavior of the fitted parameters as a function of quencher density.
This is illustrated in Sec. III.

III. Lifetime Analysis of PtTFPP in FIB
In this section, the theory from Sec. II is applied to fluorescence

decay measurements on the pressure-sensitive paint PtTFPP in FIB,
which was developed at the University of Washington (Ref. 47;
see also following three papers in same issue) and is marketed by
Innovative Scientific Solutions, Inc.

A. Experimental
Painted aluminum coupons were mounted in a calibration cham-

ber in which air pressure and sample temperature were precisely
controlled. Shop air with a specified dew point of −50◦F was used
to avoid complications caused by humidity effects. Samples were
illuminated at a 45-deg angle by a commercial array of blue LEDs
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Fig. 4 Normalized illumination pulse shape.

with peak emission at 465 nm, resulting in excitation of the PtTFPP
Soret band. The illumination level was held constant to better than
1% over the course of the measurements. Fluorescence from the
triplet state, filtered at 650 nm using a 40-nm FWHM custom band-
pass filter with 70% transmission, was measured by a fast pho-
tomultiplier tube (PMT). The observation direction was also at a
45-deg angle to the sample normals, opposite from the incident light
direction.

The LED source was pulsed at 4.95 kHz, giving a train of nearly
square light pulses spaced at 202 µs, each with a duration of ap-
proximately 10 µs. Output from the PMT was sampled at 0.1-µs
intervals from −0.5 µs to about +100 µs relative to the trigger input,
resulting in 1002 samples per curve. Curves were summed over 100
pulses using a digital oscilloscope. Preprocessing of the data was
performed to subtract a baseline value and to determine the precise
start of the optical pulse. Calibrations were carried out over a matrix
of 25 pressures (from 20 to 2100 psf), each at 10 temperatures in
the range 40–120◦F.

Figure 4 shows the measured optical pulse shape p(t), which has
a rise time of about 0.5 µs and is followed by a small-amplitude
tail (0.6% of peak signal) that extends about 13 µs beyond the main
cutoff.

Figure 5 shows the measured fluorescence signal S(t) for several
pressures at room temperature. Data are plotted on both a linear and
a log scale. From the decay part of the fluorescence in Fig. 5b, it
is evident that the fluorescence response is not single exponential.
Close examination of the data at the lowest pressures (i.e., the data
with the longest lifetimes) also reveals the effect of residual fluo-
rescence from pulses prior to the trigger pulse, with a maximum
relative contribution of four percent of the peak signal (see Fig. 3 in
Ref. 24).

B. Data Analysis
All analysis was based on least-squares fitting of the measured

fluorescence response curves, including the excitation phase. Nu-
merical convolution was used to take into account the measured
pulse shape and pulse repetition rate.24 Shot noise was assumed,
with relative weights σi proportional to the square root of the sig-
nals Si . A Levenberg–Marquardt algorithm (with explicit calcula-
tion of derivatives with respect to the fit parameters) was used for
the DEM and FDM models. The MEM algorithm was adapted from
Ref. 43, with some insights gleaned from Refs. 36 and 41. Con-
vergence times for all three models were typically on the order of
several seconds per data set on a 750-MHz Pentium-based proces-
sor. A simple peak-finding algorithm was used to identify peaks in
the MEM distributions and to calculate the partial area fractions
under the peaks relative to the total area under the distribution.

Of the three models tested, MEM consistently produced the best
fit to the data. This is expected because of the large number of ad-
justable parameters. Sample fit residuals, as a percentage of the peak
signal (i.e., the signal at the end of the excitation pulse), are shown in
Fig. 6. Insets also state the average rms fit error ε as a percentage of
the peak signal. Clearly, monoexponential decay (DEM-1) fails to fit
the data. Differences between the two-component DEM (DEM-2),
FDM, and MEM residuals are more subtle, with the MEM residuals
showing the least structure.

a) Linear scale

b) Log scale, decay portion only

Fig. 5 Selected fluorescence response curves for PtTFPP in FIB at
room temperature.

Fig. 6 Fit residuals for data from Fig. 5 for four models.

Figure 7 shows the relative rms error ε vs pressure. As stated,
MEM consistently produces the smallest fit errors. Interestingly, for
most pressures the three-parameter FDM fits produce lower residu-
als than the four-parameter DEM fits.

Representative decay rate distributions for the three models are
shown in Fig. 8. The vertical axis of Fig. 8 has two sets of units:
one for the DEM amplitudes and one for the FDM and MEM distri-
butions. In the FDM case, the spectrum was obtained from Eq. (9)
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Fig. 7 RMS fit residuals as a function of pressure.

Fig. 8 Implied decay rate distribution for data from Fig. 5.

Fig. 9 Areas under distribution function as a function of pressure.

after the data were fitted using Eq. (8). Although the FDM spectrum
has only one peak, the MEM and (of course) two-component DEM
spectra have two. For some data points, a small third peak was found
in the MEM spectrum at small values of γ (Ref. 24). More accurate
measurements will be required to confirm that this third peak is not
an artifact of the measurement and analysis schemes. Likewise, a
three-component DEM fit produced only a marginal improvement
over the two-component DEM, with no consistent placement of the
third peak as a function of pressure. The two-peaked nature of the
MEM spectrum, however, was consistent across all data points, even
in cases in which the two peaks were not fully resolved.24

Figure 9 shows the areas A under the nγ (γ ) distributions as a func-
tion of pressure for the three models. As argued following Eq. (5),
these areas should, ideally, be independent of pressure, a reflection
of the fact that the number of fluorophore molecules that participate
in the excitation process is constant, regardless of quenching. Mild
variations with pressure are found for each of the three models.

Figure 10 shows the FDM parameters a and b from Eq. (8) as
functions of pressure. Note the tendency of a toward negative val-
ues at large pressures. Figure 11 gives both the MEM and DEM
peak positions as functions of pressure. The two sets of peak po-
sitions are in reasonable agreement, both suggesting a linear SV
dependence as expressed by Eq. (1). Fitted values for the SV in-
tercepts and slopes [expressed in the form of the vacuum lifetimes
τ0 and bimolecular quenching constant κSV from Eq. (1)] are listed

Table 1 Fitted Stern–Volmer parameters
for PtTFPP in FIB at 70◦F

Parameter Value Slope, %/◦F

τ
(1)

0 , µs 51 ± 4 Unclear
τ

(2)

0 , µs 21 ± 5 Unclear
κ

(1)

SV , µs−1 Kpsf−1 0.035 ± 0.004 +0.11 ± 0.04
κ

(2)

SV , µs−1 Kpsf−1 0.168 ± 0.015 +0.22 ± 0.02

Fig. 10 Förster parameters a and b as a function of pressure.

Fig. 11 Stern–Volmer diagram with peak positions vs pressure.

in Table 1, which also lists the estimated uncertainties and fitted
temperature sensitivities of these parameters. Finally, Fig. 12 gives
the fractional contributions of the two peaks in the DEM and MEM
distributions to the total area under the distribution. As is the case
in Fig. 11, there is good agreement between the DEM and MEM
results.

C. Interpretation of Results
Despite the fact that the FDM tends to produce better fits to the

data than does the DEM, it does not appear that the FDM is a
physically plausible model for the fluorescence decay of PtTFPP in
FIB. In particular, the dependence of the SV parameter a in Fig. 10
is opposite the rise with pressure that is expected and was found
by Draxler et al. for the oxygen quenching of Ru(dpp) in a series
of polymers.31 Also, unlike what was found by Draxler et al., the
parameter b in Fig. 10 is strongly dependent on quencher density in
the present case.

On the other hand, results of MEM analysis appear to confirm
that a two-component DEM captures the essence of the fluores-
cence decay process correctly, even though the DEM does not ac-
count for nonzero widths of the peaks in the decay rate distribution.
The fact that the MEM produces lower fit residuals than does the
DEM indicates that the widths of the MEM peaks have a physical
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Fig. 12 Peak area fractions associated with Fig. 11.

basis, even though it is known from previous work on MEM that
noise on the data leads to broadening of the peaks in the MEM
reconstruction.39,41

What remains to be explained is why the fractional areas of the
two peaks are a strong function of quencher density. This behavior
has previously been considered nonphysical from the perspective
of a microheterogeneous system, in which each peak is associated
with a particular group of fluorophore molecules.28−31 An alterna-
tive explanation is suggested in Ref. 48, which involves a hereto-
fore unknown intermediate state that appears to play a role in the
fluorescence decay process. More work will be required to verify
the existence of this intermediate state (involving, perhaps, detailed
spatial49 or spectral measurements50) and to see if such an interme-
diate state plays a similar role in other PSP systems.

IV. Conclusions
Three lifetime analysis models from the physical chemistry liter-

ature have been reviewed and applied to the fluorescence decay of
PtTFPP in FIB, which is the current industry standard for large-scale
pressure-sensitive-paint (PSP) testing in the United States. Included
in this analysis are two effects that are typically avoided in physi-
cal chemistry: the finite width of the excitation pulse and residual
fluorescence from prior pulses. Of the three models studied, the
maximum entropy model (MEM) produces the best fit to the data
and suggests strongly that there are two components in the fluores-
cence decay. The associated decay rates and relative contribution
fractions of these two components are also reproduced by a discrete
exponential model (DEM), even though the DEM fit residuals are
larger than those of the MEM. A Förster decay model (FDM) does
not appear to be a plausible physical model for PtTFPP in FIB, even
though it produces lower fit residuals than does the two-component
DEM, and even though it has been advocated as an appropriate
model for a similar system.31

It is anticipated that insights from this work will guide the fur-
ther development of lifetime-based PSP techniques. In particular,
by providing tools for the measurement and modeling of the fluo-
rescence decay dynamics of PSP systems it should become possible
to approach the optimization of lifetime-based PSP measurements
in a fundamental way. This should be of particular interest to current
efforts in which the concept of a two-gate measurement for pressure
only is extended to one that encompasses three or four gates, while
exploiting the nonsingle-exponential fluorescence dynamics of the
paint to measure both pressure and temperature.
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