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FIG. 1 The measured detector strain time-series of the
first detected gravitational wave signal by Advanced LIGO,
GW150914 (Abbott et al., 2016d), as observed in H1 (top)
and L1 (bottom). The times displayed are with respect to
September 14, 2015, 09:50:45 UTC. The shaded regions are
the 90% credible regions for the reconstructed waveforms.
The dark blue comes from a model that does not assume a
particular waveform morphology (template agnostic) and em-
ploys sine-Gaussian wavelets, namely BayesWave, to be de-
scribed below and in Cornish and Littenberg (2015). The cyan
corresponds to the modeled analyses (templated analysis) us-
ing IMRPhenom (Ajith et al., 2007, 2008; Bohé et al., 2016;
Hannam et al., 2014; Husa et al., 2016; Khan et al., 2016; Pan
et al., 2008; Schmidt et al., 2015) and EOBNR (Pan et al.,
2014; Taracchini et al., 2014) template waveforms (to be de-
scribed below). Grey traces represent the data. From Abbott
et al. (2016e); see there for more details.

light (Abbott et al., 2017d).
The goal of this review will be to summarize the state

of parameter estimation for gravitational wave observa-
tions. The review will be dedicated to applications from
the ground based detectors (Advanced LIGO, Advanced
Virgo, KAGRA (Akutsu et al., 2017, 2019; Aso et al.,
2013)). There are numerous studies addressing param-
eter estimation for the Laser Interferometer Space An-
tenna (LISA) (Amaro-Seoane et al., 2017; Babak, 2017),
and pulsar timing (Alam et al., 2021a,b; Hobbs and Dai,
2017). For this review we address only the ground based
detector results, and encourage the reader to also ex-
plore the rich parameter estimation literature for LISA
and pulsar timing. In their first three observation runs
Advanced LIGO and Advanced Virgo have reported the
observations of gravitational waves from ⇠ 50 compact
binary mergers (Abbott et al., 2019b, 2021d). The re-
sults from the second half of the third observing run are
still forthcoming. Parameter estimation routines applied
to these signals have produced results in fundamental
physics, astrophysics and cosmology. We present a re-
view of these methods and results.

II. HISTORY

We present here a review of the history of parame-
ter estimation for gravitational waves. Early papers that

FIG. 2 The source frame component mass parameter pos-
terior probability distributions for the first detected gravi-
tational wave signal by Advanced LIGO, GW150914 (Abbott
et al., 2016d), from Abbott et al. (2016e). The waveform mod-
els are IMRPhenom (blue), and EOBNR (red), with the com-
bined posterior probability distributions (black). The 50%
and 90% credible regions are drawn for the two-dimensional
posterior probability distribution. See Abbott et al. (2016e)
for more details.

addressed the inverse problem of estimating the parame-
ters of gravitational wave signals from ground-based laser
interferometric measurements were predominantly us-
ing maximum-likelihood (ML) based approaches. Davis
(1989) gave a general overview of the statistical theory of
signal detection including the classical theory of hypoth-
esis testing, ML estimation of unknown parameters, non-
linear filtering in signal detection and pre-whitening fil-
ters to handle correlated noise. Gürsel and Tinto (1989)
developed a method to estimate the source direction and
the amplitudes of gravitational wave burst signals from
observations of three detectors assuming white noise us-
ing a least squares approach and optimal filtering with-
out any explicit model for the GW waveform. Echev-
erria (1989) was the first to not only estimate the mass
and angular momentum of a perturbed Kerr black hole
from the emitted gravitational waves but to describe a
method for determining the uncertainty in the parame-
ter estimates. The method is based on Wiener optimal
filtering and determining the parameters that maximize
the signal-to-noise ratio. However, the results were valid
only for a su�ciently large signal-to-noise ratio (SNR)
and provided no guidance for estimating the amplitude
of the signal. ML estimation was used by Królak et al.


