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Abstract—The paper proposes a novel general definition of
coherency among power system devices of any type. The proposed
approach is thus not limited to synchronous machines. With this
aim, the paper shows that coherency can be formally based on
the difference in the complex frequency of the current injections
of any two devices electrically connected to the same grid. The
proposed definition is model-agnostic, making it general and
suitable for modern power systems composed of a heterogeneous
mix of technologies. The paper also provides a systematic
analytical procedure to study the properties that specific device
models must satisfy to be coherent. Time-domain simulations are
conducted in three case studies whose results illustrate the ability
of our definition to evaluate coherency among any type of device.

Index terms— coherency, complex frequency, dynamic ag-
gregation, power system dynamics, transient stability.

I. INTRODUCTION
A. Motivation

Coherency in power systems has been traditionally em-
ployed to refer to a similarity in the dynamic response of
synchronous machines (SMs) following a disturbance. For
decades, coherency has been successfully applied to con-
ventional power systems for a wide range of applications,
primarily in the context of transient stability studies [1]. The
foundations of coherency analysis are challenged in the case
of modern power systems, characterized by the presence of
highly heterogeneous devices that introduce more complex
dynamics, giving rise to a wide variety of technical challenges
[2]. Furthermore, recent revisions to power system stability
definitions [3] have made existing coherency theory and ap-
plications inadequate. This paper aims to address this gap by
revisiting and generalizing the definition of the concept of
coherency among power system devices.

B. Literature review

Early works provided formal definitions of theoretical co-
herency as a mathematical condition between state variables
of the model of SMs, namely, two machines are coherent if
the angular difference between them is constant, also implying
their angular speed is equal [4]. This definition has been cru-
cial for applying the concept of coherency in power systems,
including the aggregation of coherent groups of SMs into a
dynamic equivalent unit, reducing the computational effort
involved [5]-[8], control solutions [9]-[11], and equipment
placement [12]-[15], among other applications [16].
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Given the proliferation of converter-interfaced resources,
recent works have focused on extending the use of coherency
to capture the behavior of these devices and enable their
aggregation. Several examples are on the coherency-based
aggregation of wind turbines (WTs), where early works eval-
uate coherency based on specific internal variables, such as
the WT’s speed [17]-[19]. Later works have improved the
coherency identification methods to suit different WT type
models [20], [21]. The authors in [22] presented a coherency-
based method to equivalence multilevel converters using vir-
tual synchronous generator control, leveraging the fact they
mimic SMs. Finally, notable works use the Koopman opera-
tor for identifying coherency in nonlinear systems, allowing
aggregating full-rated converters based on Koopman mode
analysis [23]-[25].

In the field of signal processing, the coherency between
time-domain signals is often formalized based on the cross-
correlation function [26], while in the frequency domain it
is expressed through spectral density functions [27]. Both
definitions require the knowledge of the signals over a given
finite time period before evaluating coherence between them.
An example is found in [28], where the authors define in-
stantaneous phase coherency and use it for signal extraction
from ambient noise. However, this approach requires using the
Hilbert transform to construct an equivalent analytical signal,
and only uses the instantaneous phase.

Existing literature on coherency analysis is mainly focused
on applying the concept for equivalencing a group of devices
of a certain type or mix. These approaches adapt the definition
of coherency depending on variables specific to the models
under study. Besides, although early noticed, most works do
not take into account the dynamics of the voltage despite
their crucial role for complete coherency [29]. Consequently,
a general definition of coherency that is model-agnostic, easily
measurable, and trackable in the time-domain is still lacking
for power system devices. In this paper we aim at addressing
this gap by presenting a novel definition of coherency precisely
with those features.

C. Contributions

The contributions of the paper are twofold:

o A general definition of coherency among power system
devices, suitable for evaluating the degree of similarity in
the dynamic response of any pair of devices — not only
synchronous machines — connected to the grid.

o A systematic procedure for studying the properties that
device dynamic models must satisfy to be coherent.



D. Paper organization

The remainder of the paper is organized as follows. Sec-
tion II proposes a novel coherency definition and a specific
formulation for transient stability studies. Section III applies
it to common devices to identify specific requirements among
models to achieve coherency. Section IV demonstrates practi-
cal assessment through a series of relevant case studies, and
Section V concludes the paper and outlines future research
opportunities.

II. A NOVEL DEFINITION OF COHERENCY

Our goal is to provide a novel definition of coherency
among power system devices that reflects the degree to which
components of a system present a similar dynamic behavior.
Accordingly, two perfectly coherent devices need not be
distinct entities, since neither contains additional information
beyond what is already known by the other. They are rather
a scaled or shifted manifestation of a unique underlying
dynamic.

In order to achieve this goal, we require our definition to
meet the following guidelines:

« Suitable for evaluating the dynamic behavior of any pair
— or any two clusters — of devices composing the power
system.

o Model-agnostic, making it a generalized property regard-
less of the special features of each device.

« Instantaneous, making it a well-defined property regard-
less of the time period under study.

Considering three-phase balanced power systems, electri-
cal quantities can be conveniently represented using Clarke
vectors, which lie in a two-dimensional (a, ) space with
well-defined magnitude and phase, enabling an instantaneous
definition without the need for a Hilbert transform. Unlike the
definition found in [28], we consider the dynamics of the two
components of the Clarke vectors. As demonstrated later in
Section IV, phase coherency among devices is insufficient to
achieve the points of the list above.

The full dynamics of a Clarke vector can be conveniently
represented using the so-called complex-frequency (CF), orig-
inally introduced in [30]. The CF is a particular case of the
geometric frequency for three-phase systems under balanced
conditions [31]. Without lack of generality and for the sake
of simplicity, our definition is expressed in terms of the CF,
but we remark that it can be broadened using the geometric
frequency to handle higher-dimensional objects, such as multi-
phase systems or unbalanced conditions.

A. General definition

Consider two Clarke vectors in polar coordinates Z(t) =
z(t)e??=® and (t) = y(t) e?9v® representing two devices
composing the power system. The dependency on time is
hereinafter omitted for simplicity. The CF of Z and § is
denoted as 7z and 7y respectively, defined as follows:

B T . B y .
Ne=—+)0c, Tyg==+70y, )
T Yy

where the dot over a quantity denotes its time derivative.

The instantaneous coherency function € between Z and § is
defined as follows:

Note in case T and ¥ are perfectly coherent, 7z = 7y =
éz, ) =0.

What remains is to find which physical quantities  and
y are most meaningful to represent the devices. The answer
to this question depends on the system model. In the section
below, we discuss the typical network model used for transient
stability studies.

o]

(#,9) = 71 — 7y | 2

B. Coherency between shunt-connected devices to an alge-
braic model of the transmission network

In this section, we apply the instantaneous coherency def-
inition given by (2) to a pair of shunt-connected devices in
an algebraic transmission network, i.e., the fast dynamics of
the network are neglected. For this model, the current network
equations in matrix form are:

1=Y .0, 3)

where Y is the admittance matrix of the network, and z and
v are column vectors containing the net current injections and
voltages at every bus of the grid.

In case Y has full-rank', (3) is equivalent to:

v=271, 4)

where Z =Y ' is the impedance matrix of the network.
Taking the h-th equation of (4):

Up = Z Zhik Uk 5 &)
keB
where B is the set of buses of the system.

Let 7,_,; be the current flowing from bus A to an arbitrary
direction j, either towards a neighboring bus or drawn by a
shunt device at h. We multiply the conjugate of 7;,_,; on both
sides of (5) to get the complex power flowing from bus A to
the direction j:

—% — — —x -
Uh—; Oh = Sh—j = E Th—sj Zhk Uk - (6)
keB

The net current injected at k, i.e., 73, can be written as the
sum of the currents injected by every device connected at k:

=Y, (7
deDy

where D, is the set of devices connected at bus k.
Using (7) in (6):

Sh—j = Z Z fzi)j Zhk d - )]

keB deDy,

! Although this condition holds under practical assumptions [32], for theo-
retical cases for which det(Y') = 0, our definition of coherency can still be
evaluated using (2) and a proper choice of Clarke vectors.



We denote by the bus on which device d is connected. For
instance, Vd € Dy, by = k. With this notation, (8) can be
written more compactly as:

Shosj = D Uhsj Zhby Td - €))
deD
We define:
(10)

_ % _ _
5h—>j d--— Zh-)j Zhbd 1d ,

which represents the contribution of device d to the complex
power in bus h towards j.

Equation (9) can therefore be written as the sum of the
individual contributions of all devices in the system:

Sh—j = E Sh—jd -

deD

Y

From (11), 5, q appears as the representative quantity to
evaluate coherency of device d against any other. At this point,
coherency appears to be a property between devices depending
on the location and direction of interest (h — 7). However,
we show below that this is not the case.

Having identified the representative Clarke vectors for eval-
uating coherency, the derivation continues by applying the
general definition (2). Considering two arbitrary devices d;
and ds, the coherency function between them is:

€(Sh—jdy>Sh—jds) = M hosidy = M hojds s (12)
where:
Phosjd=Thoj+Ta- (13)
Therefore:
€(ShsjdrShsjds) = N hsj +Tay = T hosj — May - (14)
Hence:
‘E(ghﬁj 4y Shsjds) = Na, — M'a, - (15)

The result above implies that the coherency function be-
tween two devices is the same regardless of the location (bus
h) and direction (towards j) observed. It is, in turn, only
dependent on the CFs of the current injected at their terminals.

In the remainder of this paper, we work with the model
described in this section and therefore the coherency function
considered is (15), hereinafter denoted simply as € 2. Conse-
quently, devices dy and dy are perfectly coherent if:

fl2=0&0y =0, (16)

Note that the coherency function is always well-defined
for shunt-connected devices, as it does not rely on anything
specific of the device model. In the following section, we
impose (16) on a variety of common power system device
models to study the specific conditions they must satisfy to
be coherent with another instance of the same type. Before
presenting this analysis, we introduce some useful equations
that are direct consequences of (16).

First, (16) implies that the currents satisfy:

n=unk, 17

where k = ke’7 is constant. This condition can be referred
to as the currents being complex-proportional. From (17) it
follows immediately that:

1] =3k (18)

In addition, if the devices are connected to the same bus, it
can be demonstrated that:

51 =359 k", (19)
which, in other words, implies that the complex powers are
also complex-proportional by a factor k*.

III. COHERENCY AMONG SPECIFIC DEVICES

In this section, we present a systematic procedure to study
the conditions that two instances of specific devices must
satisfy to be coherent. The methodology consists of starting
from the set of DAEs comprising a device model, finding the
coherency function using (15), and imposing the condition for
perfect coherency according to (16). The goal is to find the
conditions on their variables and/or parameters required for
coherency. We examine a variety of relevant devices, including
synchronous machines, converters, and loads.

A. Synchronous machines

Consider the lossless classical model of synchronous ma-
chines:

6=y (wy — 1), (20)
Moy = pm — pe — D(wy — 1), (21

along with the algebraic equations:
0=gzh7—E+7, (22)
0:Eexp(—g(5—7r/2))—jeil, (23)
0 - %{Ei*} — Pe (24)

where 7 and ¥ are the net current injected and the voltage
at terminals, respectively. The rest of the symbols have the
usual meanings. We have previously studied this model in
[33], where we found an expression for the CF of the current
injected as follows:

—__ 8 ( — ) +

77 7.7:1:2122 jwr 17 ]Wr.
Consider two instances of SMs denoted using subscripts

1 and 2. The coherency function between them is found

according to (15):

(25)

€1,2 = 7 (wr1 — wr2)+
5 S2 0 (26)
D) (JwrQ - 775) .

o _pv) 02
2 (]C&/’rl 771) ]Jj’d212

!
JZq1

By imposing (16), two perfectly coherent SMs satisfy the
following equation:

S1 — S92 —
w1+ ——5 (M) = Jwr1) = w2+ 5 (M3 — Jwi2) , 27)
Tqr Y Ta2 %2
which poses a condition on the internal behavior of the SMs,
being w, and z/; the key internal variables and key parameters



for coherency, respectively. The effect of the ‘external’ system,
i.e., the rest of the network, is captured on the CF of the
terminal voltage, nv.

In transient conditions, although (27) might be satisfied in
different ways, below we present an intuitive set of conditions
that are sufficient for perfect coherency, which allow us to
deduce some insights about how SMs become coherent. For
instance, the following two conditions imply (27):
wi=wie A = (1 =) = =5 (B —2) . 28

Tar ¥ Taz 2

For simplicity, consider two machines connected at the same
terminal bus. In this situation, 7 = 73, and therefore the
second condition in (28) becomes:

S1 S2
/ 2 = 7 2 (29)
Ta1lt  Tg2 13

Replacing (18) and (19) in (29) yields:

3 ]_C* S !/ 1
= a2 @0
Ty 5k Tao 13 Tgy K
Hence: ,
7 29(t
%2 _ nlo), 31
CCd2 11 11 (to)

Therefore, the ratio between the transient reactances of the
machines shall be equal to the inverse ratio between their
complex current injected. Since the right-hand side is complex,
(31) is only satisfied if the machines have equal power factor.
This also implies that k is actually real, i.e. k = k.

Equation (31) along with the first condition in (27) (w;; =
wro) form a sufficient set of conditions for two SMs connected
at the same bus for being perfectly coherent. While the former
poses a condition on the parameters of the machines, the
latter does so over state variables. However, the latter has also
implications over the parameters of the machine, which can
be derived by taking its time derivative and recalling (21):

Pmi1 — Pel _ Pm2 — Pe2
My Mo

where damping has been neglected for simplicity. Since the
machines are lossless, p. = p = R{v7*}. Therefore p.; can
be written in terms of pes as follows:

Wr1 = Wr2 = y (32)

per = R{v7]} = R{vk} = per = kpez. (33)
Using (33) in (32):
Pm1 — kpeQ — Pm2 — Pe2 ) (34)
My M,
Evaluating (34) at t = tar, Pm1 = Kk pmo:
kpm2 - kpeQ Pm2 — Pe2 M,y

= = —=k. 35
My M, M,y (35

Equations (31) and (35) are the sought set of conditions
on the parameters of two parallel lossless classical SMs to be
perfectly coherent, and can be written together as follows:

M

M,

Zg(to)
Zl(to)

/
Ta1 _

; (36)
Ty2

This analytical result is consistent with classical knowledge
on coherency analysis of SMs. In fact, an equivalent condition
was for example early noticed in [5]. However, the difference
is that we start from a general definition, over which the same
set of conditions is recovered after taking a series of simpli-
fications, yet the definition of coherency itself does not rely
on these simplifications. In turn, (26) is the general coherency
function for a pair of SMs considering their classical model.

B. ZIP Loads

Consider the standard ZIP model of loads as follows:

p = po (kpp + kupv + kypv?) (37)
q = qo (kpq + kiqv + kyqv?) (38)

where k;; € [0,1], i € {p,s,2}, j € {p,q}, such that:
hop + kup + i =1 A g +hug + g =1. (39

1) Constant impedance loads: For a constant impedance
load (Z-load), namely k,, = k,q = 1, the CF of the current
injected by the load is [33]:

n=n", (40)
where 77 is the CF of the terminal voltage.

Consider two instances of Z-loads denoted using subscripts
1 and 2. The coherency function between them is found
according to (15):

(41)

- _ % %
€12 =11 — 7

By imposing (16) we find that two perfectly coherent Z-
loads satisfy the following condition:
=75 (42)
Therefore, the loads are perfectly coherent as long as the
CF of their terminal voltage is equal. In transient conditions,
this is generally not satisfied exactly unless the two loads are
connected at the same terminal bus. However, nearby buses
will tend to be coherent as the voltage tends to be close.
The coherency analysis shows that coherency among Z-loads
is entirely dependent on the network characteristics and the
behavior of ‘the rest of the system’, as there is no constraint
on the load’s internal variables or parameters. This result is in
accordance with their entirely passive nature.
2) Constant power loads: For a constant power load (S-
load), namely ky, = kpq = 1, the CF of the current injected
by the load is [33]:

== (43)
where * denotes the conjugate operator.

Despite the difference in the sign and the conjugate opera-
tion, the same discussion given before for the Z-load applies to
the S-load. In general, coherency among any type of ZIP loads
will depend on the parameters of the grid and the behavior of
the rest of devices. Loads electrically close will tend to behave
coherently given the CF of their terminal voltages will exhibit

a very similar trajectory in transient conditions.



C. Inverter-based resources (IBRs)

Consider a standard IBR model of a controlled voltage
source behind a filter. The modulated signal is m, and Z¢, ¥s
are the output filter series impedance and shunt conductance,
respectively. The set of algebraic equations describing such
model is as follows:

v=¢— zZ(1+ gev) , (44)
€ = M V4co » (45)
5=01". (46)

The CF of the current injected by this device is:

— S _ - —
W:ﬁ(l + 26 9e) (0° =) +1°. (47)

Equation (47) has a very similar structure to the expression
for the classical model of a SM (equation (25)). In fact, the
latter is recovered from the former after replacing z; = jx/,
ye = 0, and n° = jw,. Equation (47) is actually a general
result for any device with an equivalent circuit representation
of a voltage source € behind a series impedance zy and a
shunt admittance ¥ connected at the terminal bus. What
remains to complete the model are specific expressions for
7€, which depend on the internal control loops composing
the dynamic model of the converter. We provide examples for
typical converter models below.

1) Grid-following (GFL) converters: Consider a standard
GFL converter model with a synchronous reference Phase
Locked Loop (SRF-PLL), and PI controllers for the internal
current control loops with fixed references. The set of differ-
ential equations is as follows:

Consider two instances of GFLs denoted using subscripts
1 and 2. The coherency function between them is found
according to (15):

_ my e . . . -
Elo=———+7 (@1 4+ —de—@2)+
mi ma
51 (1 . N —
— — + (a1 +wy) — ”) + 58
Z Z% <m1 .7( ) 771 ( )
So Mo . ~ —
- = — + (a2 +w2) — ”)
%t Z% <m2 ]( ) 772

As evidenced by (58), key variables for coherency between
GFLs are @, namely, the frequency estimation given by the
PLL for synchronization, and the derivatives of m and «,
which, ultimately, depend on the internal current control loops
of the converter. Once again, the effect of the network and the
rest of the system is captured through 7.

2) Grid-forming (GFM) converters: Consider a standard
GFM converter model with a power-frequency droop for syn-
chronization and a PI control loop for the voltage magnitude.
The set of differential equations is as follows:

K
€= Ki(vref - Um) - Tp(vm - U) ) (59)
0 = Qp(wetm — 1), (60)
along with the algebraic equations:
Wegfm = mp(pref - pm) +1, (61)
€ = M Vdco - (62)

For this model, the CF of the internal voltage source is:

. é
n = g +]wgfm . (63)

Consider two instances of GFMs denoted using subscripts
1 and 2. The coherency function between them is found
according to (15):

Z = Ki(Tref — Im) (48)
Tt =7 — T (49)
Tpn = Ki v, (50)
d = Awp, (51)

along with the algebraic equations:

m=2+ Kp(zref - zm) ) (52)
A('upll = Kppnvq + Tpll 5 (53)
w= AWpll + Wret (54)

_ €1 €&
€l2=———%7 (ngml - wgfm2) +
€1 ()
S gt — T ) + (64)
Zf Z% el JWetm1 = 7t
S9 ) —
- = +wam2—n”>
Zf2 13 <€2 & 2

The GFMs coherency function has an analogous structure

T =04+ Jvq =vcos(d — ) + jusin(d — 6), (55)
T=14+ 724 = 1c0s(6 — 0) + 1sin(6 — 9). (56)
For this model, the CF of the internal voltage source is:

=@t ), (57)
m

where m is the magnitude of m, and « its angle in the
converter internal dq coordinates.

to that of GFLs, being now the key variables the magnitude
of the internal voltage e and the internal frequency set by the
converter for the power-synchronization mechanism wefr, .

IV. CASE STUDY

In this section, we evaluate coherency among devices using
two case studies. The first case consists of a single node
where two SMs and a constant impedance load are connected.
This setup is used to study the fundamental concepts and
relationships of coherency between two well-known second-
order model of SMs. The second case involves the IEEE
39-bus system, which has been historically used for study-
ing coherency among SMs. Several methods for identifying



coherent generators have been tested in this system, making
the groups of machines that swing together well-known and
accepted, an ideal feature for a case study to use as a reference
base example. A modified version of this system is also
included, in which some SMs are replaced by GFL and GFM
converters to evaluate coherency across different technologies.
All simulations are performed using the software Dome [34].

A. Two-machine system

A constant impedance load and two second-order syn-
chronous machines (SMs), described in III-A, are connected
in parallel at a single node. Coherency between the SMs is
studied through time-domain simulations for different inertia
constants, transient reactances, and currents, and evaluated
using the coherency condition in (36). Sensitivity is studied
through the parameters « = M;/(M; + M>) and B =
xly, /(zhy + 2!,), assuming initial dispatch proportional to
inertia (M71/My = 11/12), a total inertia My + My = 10
s, total current 721 + 125 = 1 pu, and a total series reactance
xl, + 245 = 0.1 pu. Figure 1 shows the time integral of the
magnitude of the coherency function (2) as a function of a and
(. Each simulation includes a small imbalance perturbation
equivalent to 10% load increase at t = 1 s, removed after 10
ms to restore the initial condition.

0.10
0.08
0.06
0.04
0.02
0.00

S leldt

0.8

0.2

0.2 0.6 0-4
0.8 B

Fig. 1. Two-machine system - Time integral of the magnitude of the coherency
function as a function of « and 3.

Perfect coherency ([ |e|,dt = 0) is observed when o =
1 — B (highlighted with a bold line), consistent with the
condition in (36). In this case, both SMs behave coherently,
and their dynamics can be represented by the states of a single
machine, with their powers being proportional throughout the
simulation. For all other parameter values, power oscillations
arise between the SMs, and the coherency function increases
as « and (3 deviate from the line « =1 — .

B. IEEE 39-Bus system

The system is parametrized and initialized according to
[35]. A time-domain simulation is conducted for a partial
disconnection of 100 MW of load at bus 28 at ¢ = 1 s. The
trajectories of the CF of the current of the SMs are computed
as in [33] and shown in Fig. 2 for a time window following
the event, where the real and imaginary parts of the CF are
denoted as p' and w*, respectively.

A standard average linkage clustering method is imple-
mented using the time integral of the magnitude of the
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Fig. 2. Real (upper panel) and imaginary (lower panel) parts of the CF of
the SM currents.

coherency function (2) as the distance metric. For instance,
in the case of a four-area division, the results are illustrated
in Fig. 3. Generators 2—7 form a coherent group, as do SMs
8 and 10, while SM 1 and 9 remain isolated. These results
are consistent with classical knowledge on this system, very
similar, for example, to the results on [1], [36].

Fig. 3. Resulting coherent groups of SMs for a four-area division. Triangle
(A) and rectangles (M) markings identify the generators replaced by GFL-
IBRs and GFM-IBRs in the next case study.

C. Modified IEEE 39-Bus system

Coherency is evaluated in a modified version of the IEEE
39-Bus system, now composed of an heterogeneous mix of



devices. To do so, some SMs are replaced by IBRs using
the models described in Section III. The generators in Fig.
3 marked with triangles (A) are replaced by GFL-IBRs, and
those marked with rectangles (Hl) by GFM-IBRs, whereas
loads are still considered constant impedances.

SM 01 (x0.3) GFM 9
— SMs2,3,4 e GFLs 5, 7, 8, 10
---- GFM 6
0.2 4
n
3
T f
£ 0.0 1
Q
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SM 01 (x0.3) GFM 9
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o
~
]
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3
S
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|
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Time (s)

Fig. 4. Real (upper panel) and imaginary (lower panel) parts of the CF of
the device currents.

A time-domain simulation is carried out for the same
disturbance as in the previous case. The trajectories of the
CF of the current injected by the devices are shown in Fig. 4.
Focusing on the real part of the CF (p), it is observed that
SMs 2, 3 and 4 oscillate together, while SM 1 remains alone
as in the previous case. Interestingly, the four GFL-IBRs are
coherent, even though they are not necessarily close to each
other in the network (see for example, GFL 5 at bus 34
and GFL 10 at bus 30). These devices tend to follow an
averaged response of the system. Regarding GFM-IBRs, the
one connected at bus 38 (GFM 9) oscillates alone, as do GFM
6. However, the latter tends to be closer to the group of SMs 2,
3 and 4. By observing the imaginary part of the CF (w"), there
is a broader manifestation of coherency across technologies,
since the group of SMs 2, 3 and 4 is coherent with the four
GFLs and GFM 6, while SM1 and GFM 9 remain oscillating
individually.

As our definition is independent from devices’ technology,
coherency analysis can be conducted in the same way as in the
previous example. In particular, for this case study, the same
clustering implementation considering a four-area division in
the modified system gives the following results: SM 1 and
GFM 9 remain isolated, the four GFLs form a coherent group,
as do SMs 2, 3, 4 alongside GFM 6.

The manifestation of coherency among devices proves to
be a combination of two factors: their technology (same-kind
models react similarly to perturbations), and their location

(close devices tend to be coherent). In this example, the former
factor seems to mostly impact p*, and the latter w*. Of course,
further investigation is needed to fully reveal the role of p*
and w’ in terms of the particular information they carry.

V. CONCLUSION

The paper proposes a novel definition of coherency among
power system devices as the difference between the CF of the
net current injected by devices. This definition has various
relevant implications. First, the independence of coherency
from the observer. In other words, if two devices are perfectly
coherent during a transient, they are so from the point of view
of any bus and variable of interest. Then, our definition is
model agnostic, making it suitable for evaluating coherency
among shunt-devices of any kind. It is therefore a general-
ization of coherency of power system devices. In fact, if ap-
plied to synchronous machines under usual assumptions, same
results and conclusions are recovered from those obtained
from conventional coherency analysis. Finally, our definition
is based on electrical variables easily measurable at device
terminals.

In future work, we will exploit the latter feature to develop
online security assessment tools, and for control applications,
e.g., configuring coherency as a control objective. Besides,
we believe our definition is an important step towards a
more general and systematic framework for the aggregation
of an heterogeneous mix of devices, which benefits model
reduction techniques, wide-area control zones identification,
among other applications for modern power systems.
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