© 2026 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained
for all other uses, in any current or future media, including reprinting/republishing this material
for advertising or promotional purposes, creating new collective works, for resale or
redistribution to servers or lists, or reuse of any copyrighted component of this work in other

works.

Digital Object Identifier (DOI): 10.1109/ecce58356.2025.11259510

2025 IEEE Energy Conversion Conference Congress and Exposition (ECCE)
Secondary DC Microgrid Control Through Talkative DC-DC Power Converters
J. Jacobsen, J. M. Placzek and M. Langwasser

Suggested Citation

J. Jacobsen, J. M. Placzek and M. Langwasser, "Secondary DC Microgrid Control Through
Talkative DC-DC Power Converters", 2025 IEEE Energy Conversion Conference Congress and
Exposition (ECCE), 2025, DOI: 10.1109/ecce58356.2025.11259510


http://www.ieee.org/publications_standards/publications/rights/copyrightpolicy.html

Secondary DC Microgrid Control Through Talkative
DC-DC Power Converters

Jakob Jacobsen,
Student Member, IEEE
Chair of Power Electronics
Kiel University
Kiel, Germany
jaja@tf.uni-kiel.de

Abstract—The control of dc microgrids is important to ensure
reliable operation of mission critical applications such as data
centers. Classical primary droop control is beneficial through
its decentralization but suffers of drawbacks such as steady-
state voltage deviation and improper current sharing. In order
to mitigate this, central secondary control is an option. However,
this requires an additional communication architecture. In order
to avoid costly additional communication infrastructure, this
main drawback can be addressed by Talkative Power Conversion
(TPC). TPC provides a communication link without additional
infrastructure by encoding data into the dc-dc converter switch-
ing ripple. This communication link can be used to transmit the
necessary control parameters between converters along the dc
link. In this work, TPC is used to establish a central secondary
dc microgrid control.

Index Terms—DC microgrids, Talkative Power Conversion,
microgrid control

I. INTRODUCTION

DC microgrids become more and more important to connect
distributed sources such as renewable energy sources (RES),
energy storage systems (ESS) and dc loads locally, such as
for example in a data center [1]. Since no global grid variable
exists — the dc voltage cannot be considered constant over
the whole microgrid — the microgrid control becomes more
complex. Droop control is a commonly used dc microgrid
control strategy which relies on local measurements without
additional communication, making it suitable for plug-and-
play operation [2], [3]. It automatically achieves passive power
sharing and can handle load jumps. But there are two main
drawbacks of droop control: Due to the applied droop constant
a steady-state voltage deviation evolves and the power flow
cannot be controlled actively in order to account for chang-
ing system states. I.e. multiple ESSs with different state-of-
charge (SoC) will start discharging and charging into each
other, uselessly circulating energy, upon connection to a droop
controlled grid [4]. It is therefore of higher interest to provide
an information link which enables the sending of commands
and the exchange of data for a flexible dc microgrid control.
In [2] an adaptive droop control is presented to mitigate the
droop induced voltage deviation. Alternatively, new average
and reference voltage operation points are set for each asset
and sent through a low bandwidth communication network [5],
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[6], [7], [8]. However, these communication methods require a
certain infrastructure, hence investments and space (e.g. wire,
optic fiber, or cellular) [9]. To employ such a centralized dc
microgrid control architecture without additional communi-
cation infrastructure, several approaches have been made in
literature. For example in [10] low frequency ripple injection
methods for dc microgrids (acting similar to frequency droop
in ac grids) are proposed. These have a very limited bandwidth
and cannot transmit arbitrary data, since the signal is a quasi
analog, single valued input to a control functionality, not a
digital alphabet decoded by a receiver.

Another option is Talkative Power Conversion (TPC) — a
technique to achieve simultaneous data and power transfer. In
TPC, data is encoded into the intrinsic switching ripple by
modifying the modulation of the microgrid dc-dc converters
[11]. Thus, it opens the possibility of a secondary control to
mitigate the aforementioned drawbacks of droop control and
provides a cheap solution for the low bandwidth transmis-
sion network mentioned in [5]. While keeping the original
primary control, such as droop control or voltage control, the
TPC-communicated parameters can be used to optimize the
reference values of the primary control by a cascaded control
structure. In [12] the applicability of TPC for dc microgrid
control is generally described but not applied to power flow
control.

The main contributions of this paper are:

o to establish an infrastructure-free communication link
between dc microgrid dc-dc converters using TPC

« develop a centralized secondary control for a dc microgrid
using TPC

« mitigate droop control related dc voltage mismatches with
the proposed secondary control

This paper is structured as follows: In Section II the fun-
damentals of dc microgrid control and its state-of-art are
described. Further, cascaded control for microgrids as well
as TPC and its application to communication-based microgrid
control are explained. In Section III the proposed concept of
the dc microgrid secondary control through TPC is introduced.
In Section IV a simulation model is set up, which is validated
by experiments in Section V.
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Fig. 2: Phase-Shift Keying (PSK) modulation and demodula-
tion, based on [13].

II. FUNDAMENTALS

A. DC Microgrid Control

DC microgrid control is often hierarchically structured.
While lower control levels are often decentralized (see Fig.
la) and based solely on local measurements to ensure reliable
operation, higher control levels aiming for optimized dc mi-
crogrid operation require information exchange. A common
decentralized control structure is voltage droop control, in
which the output reference values of each converter are
adjusted locally according to the converter output current and
a fictitious droop resistance.

Uref,droop = Vref,max — Rdroopiout (D

It can be easily seen that the droop resistance Rgroop Causes
a steady-state voltage deviation

Uref,droop 7’é Vref,max~ )

In case of a centralized control scheme (Fig. 1b), the infor-
mation exchange is governed by a central computational unit
connected to all converters through a dedicated communication
channel. The converters send their measurement values to
the control unit and receive the new setpoints in return. In
the following, a centralized secondary control architecture is
realized via TPC, which delivers the set points for the inner
converter control, in order to improve the current sharing and
the steady-state voltage deviation.

B. Talkative Power Conversion

Talkative Power Conversion (TPC) is a power-line-based
communication technique for power electronic converters.
It makes use of the switching ripple originating from the
pulse-width modulation (PWM) [11]. Once the information
is encoded and transmitted, it can be received and decoded
through voltage/current sensing at the receiver’s side. To inject
data into the switching ripple, methods from the field of
communications can be applied, which include:

« pulse position modulation (PPM)

« phase shift keying (PSK)

« frequency shift keying (FSK)

Many variations and combinations of these are possible and
have advantages or disadvantages depending on the application
[13], [14]. For this work, (Frequency Hopping) FH-PSK-TPC
has been selected, as its combination of two carrier frequen-
cies provides a higher communication efficiency compared to
regular FSK and PSK [13]. In FH-PSK one fixed frequency
is used for TPC, while another fixed frequency is employed
for non-communicating converter operation. These frequencies
should be sufficiently different for the generated ripple spectra
to be separated and the TPC process not subject to unnecessary
interference from the currently non-communicating converters.
The PSK-TPC modulation can be seen in Fig. 2a and the
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demodulation by mixing with local oscillators in Fig. 2b. In
the following, a method to achieve dc microgrid control by
TPC is proposed.

III. PROPOSED SECONDARY CONTROL METHOD

In order to mitigate the aforementioned drawbacks of droop
control and centralized secondary control and to combine its
advantages of no additional infrastructure, dc voltage stability
and proper current share, a secondary control scheme based
on a infrastructure-less communication is required. The low
bandwidth communication-based voltage restoration proposed
in [5] improves the fundamental problem of the droop control
by a cascaded control on the secondary level. To mitigate
the droop-caused steady-state voltage deviation, the voltage
reference of the j*" dc-dc converter in a grid with n droop
controlled dc-dc converters is modified.

3)

The corresponding voltage restoration value Av; is determined
as follows.

Uref,j = V0,5 + Avj - Rdroop,jiout,j

“)

With the correction factor k; and the averaged current value

in p.u.
. _ Z:’;L:l ip.u.,m
lavg,j = T (5)

Avj = kjlavg jirated,j

In [5] the transmission of the output current values is done via
an additional communication network. With TPC this approach
can be applied towards a more integrated solution without any
additional communication infrastructure. The control scheme
of every j'" slave converter is therefore modified as shown

primary level is extended by a voltage reference restoration
block on secondary control level. It increases the voltage droop
reference to mitigate the droop steady-state voltage deviation.
Since the required data is very limited compared to classical
communication applications, the low bandwidth of the TPC
is sufficient. The TPC-based low bandwidth communication
channel in a DC microgrid is thus implemented as follows.
One converter in the DC microgrid (without loss of generality
it is assumed to be converter 1 in Fig. 1 c¢)) is considered to
be the central master converter that controls the contribution
of all other slave power converters (as a minimal proof of
concept example only one additional converter is considered)
connected to the microgrid power flow. The secondary control
is established by the following process: The master, converter
1, sends a reference current value for the slave converters (here
converter 2) through TPC using the dc link as a communication
channel to the output terminal of converter 2, as depicted in
Fig. 5a. For the TPC in the talkative dc microgrid a four bit
coding is used as a simple working example, so that integer
values between 0 - (2 — 1) = 15 can be transmitted and
exchanged. For an expected range of currents between 0 A
and 10 A this is sufficient. It should be noted that, due to the
low resolution coding, the actual current value is rounded to
the next integer value. The data is sent in discrete steps. To
clearly recognize a single code word, a prefix bit is added
which yields a five bit code word, as depicted in Fig. 4
[14]. This low resolution has been selected for the proof-of-
concept because it results in messages readily recognizable
by a human being. To transmit more data such as output
voltage, SoC, etc. the message length and data resolution can
be increased as required at a cost of a lower update rate per
value. Since the TPC is realized through FH-PSK, information
bits are coded as phase jumps in the ripple at one fixed
talkative frequency fsy 1, while another fixed frequency fsw 2
is employed for non-communicating converter operation. With
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(c) Converter output currents as well as load current and voltage
at droop control. A steady-state voltage deviation from 48 V (gray

dashed line) can be seen.
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(b) A coded current value of 5 A in the load current of the simulation
model.
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(d) Converter output currents as well as load current and voltage

under TPC based secondary control. The steady-state voltage of 48 V
is reached.

Fig. 5: Simulation model set up and results of a talkative dc microgrid comprising two buck converters.
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(b) Experimental results: DC voltage and converter output currents.
The phase jump in the current ripple of converter 1 can be seen. The
coded current value changes from 4 A to 5 A.
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Fig. 6: Experimental set up and results for different coded current values ious,1 =~ 4 A to ioye,1 = 5 A. The sent bits of two

words are highlighted.

the selected talkative switching frequency fqw, 1 to data rate R
relation
f sw,1 1

R bit ©
one bit is carried by 10 periods of the switching frequency
designed for data transmission. As shown in Fig. 3, converter 2
receives its new current reference value from the TPC decoder
and modifies the power flow.
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IV. SIMULATION MODEL

To validate the aforementioned concept, a simulation model
is set up in PLECS. Two buck converters are connected to a
dc link feeding a resistive load. Both buck converters have
an input voltage of 100V, the dc link nominal voltage is
48 V. The load has a resistance of 5 (2 and therefore consumes

a power of ~ 460 W. The system is shown in Fig. 5a.
Both converters are internally controlled in cascaded closed-
loop through a PI controller for the converter output voltage
and current, respectively. To generate the reference output
voltage, droop control is applied (c.f. Fig. 3). A low-pass
filter is added to suppress any high-order dynamics in the
feedback of the control loops. The filter output inductances
are set to 1.8 mH, the simulated line inductance to 10 uH,
the output capacitances to 470 uF, and the load to 5. The
model is once run in classical droop control mode to create
a benchmark case. Then, an adaptive voltage restoration as
described above in Section VI is applied. The low bandwidth
communication is realized through TPC. Converter 1 sends its
output current value (as integer) along the dc link. Converter



TABLE I: System Parameters

Component Symbol Value
input voltage Vi 100V
load voltage Vioad 48V
load resistor Ricad 5Q
output capacitance Cout 470 uF
dc link capacitance Clc 470 uF
filter inductance L 1.8 mH
line inductance L; 10uH
switching frequency fow1 10kHz
switching frequency fow,2 16 kHz
TPC Communication

bit length Thit 1ms
word length Tw 5ms
bit rate Rp 1kBit/s
Addition for Experiments

duty cycle converter 1 di 0.48
output current reference converter 2 Tref,2 4A

2 receives the value, averages, and restores the voltage based
on this. To communicate this, the aforementioned FH-DPSK
— using different switching frequencies for data transmission
and non-communication — is used . The frequency of converter
1 is set to fsw,1 = 10kHz. The frequency of converter 2
is set t0 fow,2 = 16kHz. In order to simplify the system,
these frequencies remain fixed, as only the master converter
1 sends (continuously) and the slave converter 2 receives.
the system parameters are summarized in Table I. To show
the dynamic capabilities, a load jump to 2.5€2 is applied
at ¢ = 0.98s. It can be seen that classical droop control
creates a significant steady-state voltage deviation, whereas
the TPC-communicated voltage restoration is able to mitigate
this effect. Although the TPC has a constant delay of ~ 5 ms,
no significant effects are occurring in the voltage restoration.
Since the controllers are several magnitudes slower than the
PWM frequency, the TPC signal itself does not affect the
control loops.

V. EXPERIMENTAL VALIDATION

To validate the steady-state behavior of the simulation
model described above, the minimum working example of a dc
microgrid is constructed from two buck converters according
to the parameters in Table I. The experimental setup is shown
in Fig. 6a. Converter 1 operates in open-loop control with
a fixed duty cycle d; of 0.48 and continuously measures
its output current %,y,1. The value is (integer) bit-valued
according to Fig. 4 and transmitted through FH-PSK-TPC
according to Fig. 2a. Converter 2 operates under closed-loop
control with a fixed output value of 4o, 2 = 4 A and receives
the TPC data of converter 1. The results can be seen in Fig.
6b and 6¢. The TPC signal on the dc link is measured by
extracting the voltage ripple from the dc link with a highpass
filter feeding a small signal transformer and can be seen
as the orange graph in the plot of Fig. 6¢. The frequency

and phase of the local oscillator (dark blue graph) for FH-
PSK-TPC demodulation is tuned with a phase-locked loop
(PLL) to synchronize it with the component of the ripple at
fsw,1 generated by the transmitting converter. The mixing i.e.
time domain multiplication result of local oscillator and TPC
ripple is the red graph and the light blue graph is the low-
pass filtered mixing result, which is the desired demodulated
communication signal. The PLL is slow acting and only tracks
the average phase over several seconds, the symbols hence
show up as perturbations of the filtered mixing result. This
is another method of implementing PSK demodulation vs. the
one shown in Fig. 2b. The load voltage as well as the converter
output currents are displayed in Fig. 6b, the demodulated PSK-
TPC signal is visible in Fig. 6¢c. The TPC transferred bits can
also be clearly recognized in the output current of converter
1 in Fig. 6b. The measured and transmitted value is changing
from 4 A to 5 A and the bits are changing accordingly. This
is caused by a measured output current of ~ 4.5 A (compare
with Section IV). The 0 in the colored bit marks the beginning
of a 5-bit code word. Due to the comparably low switching
frequency of fsw 1 = 10kHz, the switching ripple of converter
1 is clearly visible. It can be seen that the TPC induces a
light low frequency ripple into the output voltage which is
corresponding to the sent TPC bits. This dc voltage ripple does
not affect the voltage in general. It can be further seen that
the fqw 2- ripple of converter 2 does not affect the fgy, 1-TPC
and its demodulation. It should be noted that the TPC-PWM
ripple can be detected in both the voltage of the system and
in the current. Both signals can be utilized to demodulate the
TPC signal. Fig. 6b makes the relationship between data rate
R and switching frequency fsw 1 visible. The data rate cannot
exceed the switching frequency, therefore, on the one hand,
higher switching frequencies enable higher data rates. On the
other hand, a higher frequency induces a smaller ripple, which
makes the signal harder to detect. This is a trade-off that
needs to be made, especially with regard to multi-converter
dc microgrids with n instead of 2 talkative converters and
distributed loads, sources, and ESSs.

VI. CONCLUSION

To handle the challenge of dc microgrid control with fluctu-
ating distributed loads, sources, and storages, to achieve stable
operation without constant voltage deviations, and to achieve a
flexible power flow, additional data transfer techniques for the
higher orders of hierarchical control are necessary. This paper
has shown that it is generally possible to use (PSK-) TPC
to transmit control values at the secondary control level to
meet these requirements. A talkative communication channel
from one converter to another sending control parameters has
been established. The demonstrated data rate of 1kBit/s can
be considered as sufficiently high for this purpose. It allows
control parameter updates at a rate of 200 Hz. The results
clearly indicate that a secondary control using low bandwidth
TPC can adjust the local converter setpoints and hence mitigate
dc voltage deviations of the primary droop control.
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