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Abstract—We study a communication framework for nonlinear over the DC bus voltage level through which information-
multibus DC MicroGrids based on a deliberate modification of carrying deviations of the voltage (or, equivalently, powe
the parameters of the primary control and termed power talk. 5.6 "gisseminated throughout the system, and received and

We assess the case in which the information is modulated in d b ther DG its. Th trol f f th
the deviations of reference voltages of the primary control loops processed by other units. € control frequency © €

and show that the outputs of the power talk communication Primary droop controller is typically betweer) — 1000 Hz,
channels can be approximated through linear combinations o which implies that power talk is a narrowband powerline com-

the respective inputs. We show that the coefficients of therlear  mupnication (PLC) solution. It exhibits conceptual simiies
combinations, representing equivalent channel gains, depd on ity other existing low-rate PLC standards for communimati

the virtual resistances of the primary control loops, implying that . SR . . .
they can be modified such that effective received signal-toeise in the AC distribution grids, such as Ripple Carrier, TWACS

ratio (SNR) is increased. On the other hand, we investigatehe ~and Turtle [7], which aI_SQ rely on disturbing the_ (sinusdjda
constraints that power talk incurs on the supplied power deia- voltage wave to transmit information. However, in contitast
tions. We show that these constraints translate into conséints on  these solutions, power talk requires no additional hardwar
the reference voltages and virtual resistances that are ingsed on to generate and process the information signals, as it is

all units in the system. In this regard, we develop an optimiation . . .

approach to find the set of controllable virtual resistancesthat |mplemgnted in the local primary control loop of the power
maximize SNR under the constraints on the supplied power €lectronic converters that connect the DGs to the DC buses.
deviations. Thus, power talk exhibits the self-sustainability featafeéhe

MG paradigm, drawing its reliability from the reliabilityfo
the MG system itself.

MicroGrids (MGs) are localized clusters of small-scale The power talk communication channel shows some chal-
Distributed Generators (DGs) that cover small geographidanging properties that are not commonly encountered in
areas and operate either connected to the main grid orcimmmunication systems: i) non-linear input-output relati
standalone mode [1]. The MG control plane is divided intii) configurations of primary controllers of all communiiag
hierarchy of three levels, comprising the primary, secoyndaunits jointly determine the values of the observed chanoel o
and tertiary control levels[2]. Therimary control enables puts, i.e., voltage/power levels of MG buses, iii) configimas
the basic operation of the system by regulating the eledtriof primary controllers are also jointly subject to congitai
parameters (bus voltage and/or frequency) and keeping theterms of the allowed supplied power deviations, and iv)
supply-demand power balance to guarantee local stabiility. dependence of the channel outputs on the configuration of
implemented in a decentralized manner usingdifo®p control the rest of the system, i.e., distribution line impedanaed a
law [3], [3], relying only on the local measurements of thehe instantaneous values of the loads that change randomly.
controllers. The uppessecondaryand tertiary control levels The previous works[][8]£[12] investigated the performance
optimize the performance of the MG in terms of maximizingf power talk in presence of random load changes, when
the quality of the delivered power under minimal operatiostandard communication techniques, such as line-codidg an
cost, and, in order to operate properly, require exchange pifot-sequence based training are applied. In additidp{12]
local information among the controllers. Recent approachicused on a simple single bus DC MG system where the
suggest to avoid use of external communication systems &ffect of the distribution lines can be ignored and all units
MG control applications, due to related costs, complexigbserve the same output. In this paper we expand the analysis
and reliability issues[]2],[]3]; rather, the existing powlare of power talk in several ways, as elaborated below.
equipment is also used for communicatioh [4]-[6]. o o

In [8] we introducedpower talk- a communication tech- Motivation and Contributions
nigue over the power lines, developed for direct current We assume that a general DC MG witfh buses, where
(DC) MGs and proposed as an alternative to using extermch bus hosts a single droop controlled DG unit operated as
communications for upper layer control. Power talk is an ira voltage source, see Figl 1 (more details on DG operation
band solution that modulates the information into congll are provided in Section I[4A). Denote the DC voltage level of
deviations of the parameters of the primary control loops btisn with v,, and the droop control parameters of the units
the DGs. In this way, a communication channel is induced,, r,, n = 1, ..., N, wherez,, is the reference voltage and
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r, 1S the virtual resistance. We consider a variant of power
talk in which the signaling is done only through the refernc
voltagez,, by modulating it around itominalvalue z?:

Tn =ah +Axy, n=1,...,N, (1)

i.e., Az,,n=1,..,N, are power talk inputs. The power talk
outputs are the deviations of the bus voltaggsaround their
nominal values):

vy =05 +Avy, n=1,..., N, (2)
wherev,, = v, (Az1, ..., Azy) is a non-linear function of the
inputs. This deviations translate into deviations of thépau T
powersp,, around their nominal values;: jec 7T
x n
Dn =Dy +Apy, n=1,..., N, 3) n
wherep,, = pn(Axy,...,Azy) is also a non-linear function Droop-controlled
; ; P ; . Generic Bus Load
of the inputs. Further, in order to maintain the quality oé th Distributed Generator

supplied power, which is one of the main goals of the MG
operation, the variances @p,, should be bounded:

wherer, is the power deviation budget of unit .. single DG, connected to the distribution infrastructumetigh
Under the assumption that the reference voltage deviatiaDso\ver electronic converter. On the primary control letres,

are small compared to their nominal values, in this paper W§erter is configured as a voltage source converter (VSC)

derive the linearized models: [3], [6], regulating the bus voltage using the droop law [2]:

Fig. 1. General architecture of multibus DC MicroGrid.

N
Av, = Zﬁn,mAxma n=1,...,N, (5) Up = Ty — Tplin, n=1,.., N, (7)
m=1 where i,, is the output current, and, and r, are the
a reference voltagand thevirtual resistance(i.e., droop slopg
271 72 2 o .e., X
EAp]] =D i mE[A27]n=1,..,N, (6)  respectively, whose values are subject to control. Theeate

1

3
Il

. . . . voltage z,, corresponds to the rated voltage of the MG [3],
whereh,, ,, = by m(r1, .., 7N) @NAGn 1 = Gn.m(r1,.-,7N),  while the virtual resistance,, is set to enable proportional
i.e., they are functions of virtual resistances, as shown jgad sharing among the DGs. The nominal values of these
Section$T-B and 1I-C. In other words, the resulting lingad parameters, when not using power talk, are denoted with
model is such that the units casontrol the channel gains ;» and 2, corresponding to the nominal bus voltagg.
hy,m through the values of,,, n,m = 1,..., N. Moreover, Each bus also hosts a collection of local loads, modeled by
using [3) and[{6), we show that constraints on the individual resistance", constant current® and constant powed;’
signals Az,, are obtained as solutions of a linear systeomponents connected in parallel, see Eig. 1; the loadsgehan
of inequalities, jointly imposed on droop parameters of athndomly through time. The buses are interconnected throug
units. In Section[Tll we show how to exploit the abovedC distribution lines. The resistance of the line betweesesu
properties to optimize the received SNR of the observationsand m is denoted withr,, ,,,, see Fig[dl: by convention,
of the channel outputs. Specifically, we show that, when tla»%m = oo if n = m or if busesn andm are not directly
output Aw,, is affected by Gaussian noise, the received SNEbnnected. We write:
can be maximized by optimizing the virtual resistanegs 1 1 1\"!
under power deviation budgets,, n = 1,..., N. Finally, in rhus — (? + Z + —) ) (8)
Section[Il[-B, we present an algorithm to obtain the optimal Tm e Tom T
values of the virtual resistances. We conclude by noting th@ denote the equivalent bus-to-the-ground resistanceusf b
the power talk schemes assessed In [€], [9] can be derivedrasncluding the resistive component of the load. All voltage
special instances of the communication framework developeurrents, powers and impedances in DC systems are real
in this paper. numbers[[14].
The physical behavior of the system is governed by the

Il. SYSTEM MODEL Ohm’s and Kirchoff's laws: applying them for the system

A. Signal Model shown in Fig.[0, we obtain the following current balance

Fig.[d depicts the architecture of a bus in a DC MG systeﬁwquat'on for bus: = 1,..., N in steady state [13]:
with N buses, where,, denotes the steady state bus voltage. Tn=Un _ Un | sec dn’ i Z Un — Um 9)
Without loss of generality, we assume that each bus hosts a Tn et ’




which yields: wherek,, > 1 is given with:
1 5 T U e p_ 1 T, £ mo oo
Tb—us’l}n — (E + Z o — Zn)Un + dn = 0 (10) Ky = — 1 + Th m Ty, m . (17)
" meN 2 \/(I—?‘—FZ m_i%c)Q_ﬁ
The unique, physically viable solution tb_{10) is the positi o T n

root; it can be easily verified that the solution is real if th¥Ve introduce the following notation:

droop parameters satisfy the following condition: e input N x 1 vector Ax(t) = [Azi(t), ..., Axn (t)]”,
- o OUtpUtN x 1 vectorAv(t) = [Avi(t), ..., Avux ()]7,
o, > Tn< Ady Z U >7 n=1,..N. (11) » admittance matrix¥ of dimensionN x IV, with entries:

rbus 1
" o = Yien T m=m,
m = 1
e ) n # m7

rn,m

meN

This system of inequalities defines the ranges of allowable
values for the droop control parametets andr,.

Tn,m

« modified admittance matrix¥ in which each diagonal
entry is multiplied by, !, i.e. ¢, = 222,
B. Discrete Time Linear Signal Model . the N x N matrix Y = diag{r,; '}, _, "

We proceed by developing a linearized model for all-to- * the IV x N matrix Y = _{(T%r)_l}nzl,...,N'
all full duplex communication scenario, where all VSC units * the N x N matrixK = diag{sn},_; -
simultaneously transmit and receive data. We assume that &$ing [I8) and the above notation, the linearized inpupout
time is slotted in slots of duratiofis and the units are slot- relation can be compactly written as follows:

synchronizeﬂ. In slot ¢, the reference voltage of VSg is: Av(t) ~ (‘i, FK Y + Y)Y Ax(t) (18)
Tn(t) = ay + Azn(t), n=1,.., N, (12) = HAXx(t). (19)

with Az, (t) being theinput signal. Then, the resulting devi-\we refer to the matrifI as thechannelmatrix of the system.
ation of the bus voltage in sldtcan be written as: Finally, we obtain the following linear model for the noisy

Vn(t) = vy + Av, (1), (13) output observed by VS@:
where Awv,, (t) is the output of the communication channel. - N
VSC n samples the noisy version dfv,, (t) with frequency Atn(t) = Z hn,m A (t) + 20 (1), (20)
fs and uses the average ofs = T's fs samples over the slot . m=1
t to obtain the observatiin whereh,, ,,, is the entry at position, m of the channel matrix;

- it can be shown that, ., > 0, ¥n,m. We conclude by
Atn(t) = A (t) + 2n(D), (14) noting that the resulting linearized power talk communarat

where noisez, () ~ N(0,02) can be modeled as an additivechannel [2D) is an all-to-all full duplex Gaussian Multiple

Gaussian noisé [15]. [16]. Finally, we assume that the laadsAccess Channel [17], provided that the channel coefficients

the system changes randomly with a rate that is much Iowég,m, m =1,..., N, are known.

than the signaling ra‘t(é’g1 and that the signaling is done over The channel coefficientén,m determine how strongly the

a single realization of the load valu@s. input Az, influences the output observed by VSCh,, ., is
Assume that the reference voltage deviatidns, (t), n = afunction of 1) the instantaneous values of all loads, 2)itfee
1,...,N, are small: impedances and 3) the virtual resistances of the VSCs, which
| Az, (t)] |Av, (8] are controllable. Thus, the values of the channel coeffisien
— W <1= < 1. (15) can bemodifiedthrough the virtual resistances:
Under this assumption, we use the first-order Taylor approxi Tn =1, +Ary, n=1,.,N. (21)
mation of [10) around, to obtain the linear model: The optimized values of,,, denoted withr* , is fixed during
vy, v, the transmission and, in general case, is different from the
Avn(t) = DA, (t) Azn(t) + 2;[ DA, (1) Av (1) nominal valuer), i.e., Ar,, # 0. This phenomenon represents
Az (8) me Avn (8) a major difference from standard communication scenahios.
= D%, — 2 + 10,y ===, (16) the rest of the paper we assume that the functional relation

n menN | mm Py (71, -, 7N IS known Vn, m. This assumption implies
knowledge of the impedances of the distribution lines and
1The duration of the time sldfs is set to comply with the control frequency thsavalues of th_e loads, i.e., knOWIedge on the matriées
of the primary controller; its value is typically of the ordef milliseconds to Y andK for given power demand. Such knowledge can be
a“gw the system to establish steady-state. availablea priori (typically, in demand-response scenarios, the
More precisely, the bus voltage is sampled after the sysemshes a |54 values are available through forecast [13]), or it can b
steady state and all transient effects diminish. . . . ca h .
STypically, the average time between consecutive load daksrig MG obtained throth estimation o, Y and K (thIS aspect Is
systems is of the order of several seconds or even mirute{5[2] out of the paper scope).



In the case when the system does not host non-linear loa
i.e., whend;? = 0, Vn, thenk,, = 1,Vn andK = Iy, i.e., it
is equal to theN x N identity matrix. In this case the linear
model [I8) is exact and obtains the form:

Av(t) = (T +Y + Y 'YAx(t) = HAx(t). (22)

irn increase for all n ’»
v Apy V= (AP

AM-H Nl

Remark: From an information-theoretic viewpoint, one car.

actually send additional information godulatingthe virtual : . .
. L. .. Fig. 2. Example of power talk impulses transmitted by unih steady state.
resistances. In addition, the channel can be also optinoized the fyil biue line represents the supply powsr(t) (see eq.[[30)). The red

the reference voltages. Particularly, generalizing thevab dash line is the nominal output powgf, in absence of virtual resistance

nir

icati ita: deviations, i.e.,Ap)y = 0 and AplY(t) = 0. Evidently, when the virtual
communication scheme, we write: resistance is not deviated, then the power deviation buglgets completely
. (t) = 2% + AT, + Az, (1) =T, + Az, (t 23) allocated for the reference voltage power deviatidgs) (¢). The green dash-
n(®) " " n(?) " n(®), (23) dot line is the output power?, +Ap), after virtual resistance modification and
rn(t) =1y + AT, + Arp(t) =T + Arp (). (24) Apl(t) = 0. In this case, part of the power deviation budget is invested

. . _virtual resistance deviations, and the rest, \g72 — (Ap¥)2, is allocated
Assuming thatAz,,(t) and Ar,(t) are small, relative t@,, for power talk signaling. i~ (Ark)

and 7,, respectively, and applying Taylor's expansion we
obtain the following linearized model:
N greater thanl. However, the value of, which appears as a
Avn(®) = 3" (hnmAzm() + GnmAra(t)),  (25) result of linearization, in practice is very close toimplying
' ’ that in most practical cases,, < 1. In fact, from [27), the

m=1
where @, represent the gains on the channel used fFSUMPtions~ 1 is valid as long as the condition:
transmit information through the virtual resistances.ah e bus N 2 L\ .
shown thath, , = (T, s TN, Tl o Try) @Nd Gy = r (Z oo ) > 4d°P (28)
&n,m(T1, ., TN, T1, ..., TN ), I.€., the channel can be optimized n=1""

over both the virtual resistancesd the reference voltages. Inis satisfied. The physical meaning of this condition is that t
this paper, we treat the special case:Alj, = 0, 7, = 2%, Constant power component of the load constitutes negégibl
i.e., the reference voltages are only used for signaling and part of the total bus load.

Ar,(t) = 0, i.e., the virtual resistances are not information-
carrying, and act only as state variables over which the
linearized channel is optimized (for notational conven&n
we omit the overline symbol id\7,, = Ar,).

Input Constraints

Changing the reference voltages and the virtual resistance
of VSC units deviates the supplied power. Thus, we consider
imposing constraints on the inputsr,,, n = 1, ..., NV, in order

Single Bus SystemWe characterize some of the basigo |imit the related power deviations. The output power that
properties of the channel coefficients through a simple cagecC », is supplying to bus: is defined as:
of a single bus systems and note that the same observations (@ — On)
hold for multibus systems. This system is a special case of pp=—" " pn=1,..,N. (29)
the system depicted in Fi@l 1, in which the effects of the Tn )
distribution lines can be neglected and all units are asdunf@uring power talk, the output power,(t) deviates from the

to be connected to a common point and observing the saffdminalp;, as follows:

voltage. In this casd (20) transforms into: pu(t) =P + Ap,(t), n=1,..,N. (30)
N -
. B o We bound the average power deviatidp,, (t) = p,,(t) — p?
Avn(t) = Z:lhmAxm(t) +2n(t), (26)  with respect to the nominal valye :

E[(pn(t) —pﬁ)Q] < 7T72w n=1,.,N, (31)

where the channel coefficients dvtgL = 717*;11 and where:
ZN e wherem,, is thepower deviation budgeatf VSC n.
) (27)

n=1 r,

b= rbUSl (1 + The power deviatiom\p,, (t) can be decomposed as:
2 N oz scc\2 _ 4deP
NORNE Apa(t) = AP+ A1), (32)

K where ApYT is the power deviation due to deviations in
We observe that if the system does not host non-lineée virtual resistancedr,, see [(2IL), whileAp®(¢) are the
constant power load, i.e., ii® = 0 , thenx = 1 and power deviations related to the reference voltage deviatio
the channel coefficients satisfi, = ™S ,' < 1 and Az,(t), n=1,..., N, see[[dR), respectively. In the proposed
Zﬁ;l h, < 1. In this case, expressioh (26) reduces to a forecommunication scheme, the virtual resistances are fixed to
used in earlier works on power talk [8[/[9]. In general, whetheir optimized values, such thaf + ApY is the power
d°® # 0, the above observation is not necessarily true amsdpplied by VSCn in absence of the reference voltage devia-
the channel coefficient, depending on the vaili& can be tions. Afterward, power talk communication through refere




voltage deviations is established around the new powergupp
level. The key aspect here is that the power deviation bound
is defined with respect to the nominal supply leyél, as
formulated in [(31L).

Va  Tac V¢ T vp

T,

This is illustrated in Figl2. Evidently, if the channel gsin i
are not modified through the virtual resistances, i.e., when

Ar, = 0 and ApY = 0, then the available power budget is XB

allocated only for power talk communication through devia-
tions of the reference voltages. However, after optimizimg
channel gains, the available power budget for communigatio Fig. 3. Test DC MicroGrid system.

is reduced, as portion of,, is allocated to deviate the virtual

resistances. This presents a trade-off between the power de

viation “investment” into the deviations of reference @es 4y antage of the property that the channel coefficients ean b
used for communication and in deviations of virtual resis&s 1, gified through the virtual resistances.

used for optimizing channel gains. Sectlad Il shows how to

The system comprises three buses. Budesnd B are
optimize this trade-off for a simple one-way communication . ; .
in order to maximize the received SNR. generation buses that host only VSCs while husis a

. load bus, hosting only remote load. Ba$ is connected to
For ;ma!l Azn(t), n = 1";}"N’ tt}re. first-order Taylor busesA and B through distribution lines. Without loss of
approximation ofp,(t) aroundpj; + Apy is generality, the load comprises constant resistance and non
v N oL linear, constant power component and no constant curradt lo
Apy () = Y GnmArp(t), n=1,..., N, (33) We assume a distance based model for the distribution line

m=1 resistances, where the resistance of the line is propaition
where: ) the line lengthL: r4.c = pLac andrg c = p Lp ¢, Where
: hon i, =2 v m+n p = 0.641Q/km [3], [B], Lac = 0.3km andLg ¢ = 1km.
R T T v B (34)  The nominal reference voltages of the VSCs ate=rh =
™ T, mEnN 400V, the nominal virtual resistances, = % = 0.39 Q. We
Assuming thai£[Az,,] = 0 andE[Az, Az,,] =0, forn,m = assume that the standard deviation of the observation ,noise
1,...,N, we get: see [I4), isy, = 0.01 V [L8].

N
> o ElAz] <ml— (ApY)*, n=1,.,N. (35)
m=1

A. Communication Model

Evidently, all communicating units take part in constragmall Assume that VSCA transmits to VSCB. while VSC B
inputs. Further, usindg_(35) one can formulate a linear m@ogr is silent, i.e.Azp(f) = 0. The vectorsAx(t,) ond Av(®) i

for maximizingE[Az2],n = 1, ..., N, such that the constraintsm) can be written as\x(t) = [Az4(1),0,0]” and Av (¢ ) =

are met. A(t), Avg(t), Ave(t)]T while the channel matrid is

We end this section by noting that the developed Iineéllrven by [36) that is displayed at the bottom of the page,
all-to-all full duplex communication model accommodatés ayhere:

possible communication scenarios such as one-way, two-way oA v
broadcast, multicast and multiple access; they can beyeasil _ 1 rac__ TB.C 37
derived from [[IP) by modifying the respective entries in the 2 \/( va_ | v )2 _ 4dg

input vector Ax(t), depending on whether specific VSCs rac e e
The output observed by VSC B is:

transmit or not.

A’UB( ):hB_,AAxA( )—FZB(t). (38)
Il. CASE STUDY The VSC B employs maximum likelihood detection on the
In this section we focus on the simple case of one_wa%pserved channel output, and the effective received SNR is:
communication between two VSC units in the system depicted h% L E[AZY]
in Fig.[3. The goal of this example is to illustrate how to take SNRp = o2 : (39)
1 1 -1
] e 0 s 10 0 = 0 0 00 0 = 0 0
H= 0 —— — +10 1 0 0 X 0o/+]0 0 0 0o L 0
I L P2 Joo L \|o ¢ o |00 & 0 0 0
ra,c rB,C (TA,C + TB,C)NC el rc



The constraintd(35) on inpukz 4 become:
04 E[AZ]] < 75 — (ApY)%,
054 E[A2%] < 7 — (App)*,

(40)
(41)

from which we obtain the following expression for the re-

ceived SNR:
SNRp = hQB-,A min 7Tx24 B (AP\X)Q 7T]23 B (Ap\/é)Q
B = 3 7 ) 75 .
z AA B,A

(42)

The channel gaing, 4 and h 4 can be obtained front
in (39), after WhichJ)AyA and JJB_’A are calculated fron{(34).
The “investments” in power deviations due to virtual resiste
modifications are calculated as follows:

Apvr _ (I?L - vn)vn _ (SC:; - ’U?L)’U?L n—=A B (43)
n Tn 'f'g 9 ) )
wherew,, is given with [44).
B. SNR Maximization
We rewrite [42) as:
1 .
SNRp = ~3 i {9a(ra,rB),98(ra,78)},  (45)
where the functions
h% .
ga(ra,rp) = == (5 — (Ap)?), (46)
A, A
% 4
gB("’A,TB) = ) - (TrQB - (Ap\g)Q)a (47)
B,A

—— After SNR optimization
—0O— No SNR optimization

100 150
w4 =mp(W)

50 200

Fig. 4. The capacity of the scheme in one-way power talk chiaf@8) for

a given valuehp a4 (ry = 7 = 0.39Q, v% = 50Q, dg; = 2500 W,
i% = 0A).
problem can be formally written as:
max g, (48)
TA,TB
ry <, < n e {A, B}, (50)

wherer"®* is the upper bound of the allowable dynamic range
on the virtual resistances, satisfyirigl(11). In other wopxds
seek the intersection point of the functiong and gp for
which (48) is maximized.

The functionsgs and gg are nonlinear in the virtual
resistances, preventing us from finding a closed form smiuti
to (48). Therefore, we resort to iterative, global optintiza

are introduced for notation convenience. We are intereistedsolver. In this paper, we employ a grid-search in the region
the behavior of the received SNR as function of the virtual rg-s < r, < 792% 7 < rp < 82, using step 00.005Q

sistances over the domaf = {(ra,r5) : ga > 0,95 > 0},
i.e. for pairsr4,rg for which the SNR is positive, which is
equivalent to the conditiondp¥ < 74 and Apl < 7. In
this respect, it can be shown that:

« In order to increase the values of the functigns and
gB, one has to increase, andrp beyond their nominal
values.

for both virtual resistances, to obtairj, 5. Fig.[4 depicts
the capacityCp for given values of the Ioaddg’ and &

of the one-way power talk channdl {38) before/after SNR
maximization, as a function of the power deviation budget
whenmty = mp:

CB = %10g(1+SNRB) (51)

. By investigating the Hessian of the vector functionEvidently, the capacity of the scheme increases as the-avail

[94,98])T with respect to[ra,rp]T, it can be verified
that these functions amoncaveover R.

o Finally, the received SNR is the minimum g@fi andgp,
and is therefore also eoncavefunction overRk.

Due to the concavity of the SNR, optimal combinatiop 7

able power budget increases. However, it is also obvious tha
a significant gain in the information rate can be achieveeraft
optimizing values of the virtual resistances/maximizirng t
received SNR.

IV. CONCLUSION

that maximizes the received SNR subject to the availableln this paper, we focused on power talk for multibus DC

power deviation budgets can be found. The SNR maximizati

MG systems of arbitrary configuration, investigating theeca

In ZL‘n xh, L
A B A B 2__ cp 1 1 1
Uy = T,bus z" n TAtTAC TB+7*B’C+\/(TA+TA’C TB+TBYC) 4dC(TA+7‘AYC+7‘B+7‘B’C+TTC) n— A,B (44)
n . T T T :
™ e W R R
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virtual resistances. Through a case study, we showed howDC converter: verification and analysis,” Proc. of IEEE ISCAS '03
to exploit these properties in order to optimize the virtua| Bangkok, Thailand, May 2003.

it h that effecti SNR i imized d ——, “Effects of switching-time uncertainties on pulsdth-modulated
resistances suc at efrective IS maximized under power converters: modeling and analysi€EfEE Trans. Circuits Syst. |,

constraints on supplied power deviation. Fundam. Theory Applvol. 50, no. 8, pp. 1006-1012, Aug. 2003.
The focus of our future work will be on the general approadﬁﬂ A. El Gamal and Y. -H. Kim Network Information TheoryNew York:

. . Cambridge Univ. Press, 2011.
in which both controllable parameters, reference voltage [1g) s Mazumder, A. Nayfeh, and D. Boroyevich, “Theoretiaad experi-

and virtual resistance,,, are jointly optimized in order to mental investigation of the fast- and slow-scale insttiédi of a DC-DC

maximize the capacity of the derived communication chaginel ~ converter,”IEEE Trans. Power Electronvol. 16, no. 2, pp. 201-216,
. . . . . . Mar. 2001.

The main challenge in this regard is the highly non-linear

relation between the channel output and the inputs, camgist

of reference voltage and virtual resistance deviationss,tfur-

ther investigation is required to develop analyticallyctedole

model.
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