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Abstract: Physical layer and data link layer specifications for power supply and communication
over power lines from a dc power source to multiple dc loads are specified. Each receiver has its
own physical address and is connected to the transmitter through a pair of power lines in a multi-
drop bus or tree topology. The dc power is sent by the transmitter. This dc power, by electrically
changing the voltage of the wires, corresponds to the communication packets, including the control
command/data for controlling the dc loads and the target address. Power to the dc loads with the
transmitted and voltage-flattened dc power is supplied by each receiver. The control command/
data and addresses from electric signals on the power line is decoded by each receiver, to be
used for the connected dc loads control if the addresses match. The standard is in compliance with
known electromagnetic compatibility (EMC) regulations.

Keywords: DC, dcloads, dc power, dc power line communication, dc power transmission, differential
signal, differential signal communication, high-power differential signal power line communication,
IEEE 2847™, PLC, power line communication
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE
administers the process and establishes rules to promote fairness in the consensus development process, IEEE
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the
use of the material contained in its standards is free from patent infringement. IEEE standards documents are
supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees, and
shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars,
or educational courses, an individual presenting information on IEEE standards shall make it clear that the
presenter’s views should be considered the personal views of that individual rather than the formal position of
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to
provide an instant response to comments, or questions except in those cases where the matter has previously
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
and Interests area of the [IEEE SA myProject system. An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include, both use, by reference, in laws and regulations, use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://www.copyright
.com/. Permission to photocopy portions of any individual standard for educational classroom use can also be
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit [IEEE Xplore or contact IEEE. For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for the standard number
and year of approval to access the web page of the published standard. Errata links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents
IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. IEEE Standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users of IEEE Standards documents are responsible for determining and complying with
all appropriate safety, security, environmental, health, and interference protection practices and all applicable
laws and regulations.
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Introduction

This introduction is not part of IEEE Std 2847-2021, IEEE Standard for DC Power Transmission and Communication
to DC Loads.

This standard defines physical layer and data link layer specifications for power supply and communication
over power lines from a dc power source to multiple dc loads. Each receiver has its own physical address and is
connected to the transmitter through a pair of power lines in a multi-drop bus or tree topology. The transmitter
sends the dc power and the electric signals corresponding to the communication packets, including the control
command/data for controlling the dc loads and the target address, through the power line by electrically
changing the voltage of the wires. Each receiver supplies power to the dc loads with the transmitted and
voltage-flattened dc power. Each receiver decodes the control command/data and address from electric signals
on the power line and uses them for the connected dc load control if the address matches. The relationship
between this standard and known electromagnetic compatibility (EMC) regulations is also addressed.
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IEEE Standard for DC
Power Transmission and
Communication to DC Loads

1. Overview
1.1 Scope

This standard defines physical layer and data link layer specifications of a new power supply and
communication technology over a power line from a dc power source to multiple dc loads with the following
conditions:

— Communication speed is 9600 bps or less.

— DC power source is 50 V or less.

— DC load consumes more than 10 W and less than 2 kW.

— The capacity of one power supply is more than 100 W.

— Each receiver has its own physical address (4 b or more).

— Each receiver is connected to the transmitter through a pair of power line wires of 1 km or less.
— Each receiver is connected to the power line in a multi-drop bus or tree topology.

— The transmitter transmits the dc power and the electric signals in the form of electrically changing
voltage of the wires through the power line to the receivers and the signals are corresponding to the
communication packets that include the control command/data for controlling the dc loads and the
target address.

— Eachreceiver supplies the transmitted and voltage-flattend dc power to the dc loads.

— Each receiver decodes the control command/data and the address from electric signals on the power
line and uses them for the connected dc loads if the address matches.

This standard is for dc power line communication technology given the name high power differential signal
power line communication (HPDS-PLC).

The relationship between this standard and known electromagnetic compatibility (EMC) regulations is also
addressed.
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1.2 Purpose

The purpose of this standard is to define how to supply power and transmit a control command or data through
a power line to the dc loads in an economical and reliable way, such as:

— Light-emitting diode (LED) lighting
— DC motor

— DC actuator

— Battery control device

— DC home electronic appliances from dc power source, such as alternating current (ac) to dc power
conversion device

— Battery
—  Uninterruptible power supply (UPS)
— Energy storage system (ESS)

— Renewable dc power generation device, such as a solar panel
This standard provides the following advantages:

— It enables high noise margin and signal-to-noise (S/N) ratio as well as common mode noise rejection
(to use the line dc voltage totally as signal range).

—  Costs of communication solutions may be reduced or eliminated by adopting simple circuits.

— Cost of controlling LED lighting or dc loads may be reduced by eliminating electrolytic capacitors for
ac to dc conversion that frequently cause failures and shorten the life span of the loads.

— It makes it possible to avoid efficiency problems due to the double conversions of dc—ac—dc in the
power supply process from renewable energy generation.

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equals is required to)."*

The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

'The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe
unavoidable situations.
*The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

IEC 60227:2007, Polyvinyl chloride insulated cables of rated voltages up to and including 450/750V.3

IEC 60445:2017, Basic and safety principles for man-machine interface, marking and identification—
Identification of equipment terminals, conductor terminations and conductors.

Modbus Protocol Specification V1.1b3, Modbus Organization, 26 Apr. 2012.*

TIA-485-A-1998, Electrical characteristics of generators and receivers for use in balanced digital multipoint
systems.’

UM10204, 12C-bus specification and user manual, Rev. 6, NXP Semiconductors N.V., 4 Apr. 2014.

3. Definitions, acronyms, and abbreviations
3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online should be consulted for terms not defined in this clause.®

0-10V: An electronic lighting control signaling system using dc voltage that varies between zero and 10 V as
a control signal.

active rectifier: A device for improving the efficiency of rectification by replacing diodes with actively
controlled switches, such as power metal oxide silicon field effect transistors (MOSFETs) or insulated gate
bipolar transistors (IGBTSs).

big-endian: The order or sequence of bytes of a word of digital data in computer memory in a way that the
most significant byte of a word at the smallest memory address and the least significant byte at the largest.

Buck converter: A a dc/dc power converter that steps down voltage (while stepping up current) from its input
(supply) to its output (load). Syn: step-down converter

busbar: A metallic strip or bar, typically housed inside switchgears, panel boards, or busway enclosures for
local high-current power distribution.

charge-pumping circuit: A kind of dc/dc converter circuit that uses capacitors for energetic charge storage to
raise or lower voltage.

Colpitts oscillator circuit: A circuit for LC oscillators, electronic oscillators that use a combination of one
inductor (L) and two capacitors (C) to produce an oscillation at a certain frequency.

SIEC publications are available from the International Electrotechnical Commission (https://www.iec.ch) and the American National
Standards Institute (https://www.ansi.org/).

“Modbus documents available: https://modbus.org.

STIA publications are available from the Telecommunications Industry Association (https:/www.tiaonline.org/).

SIEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE Account is required for access to the dictionary,

and one can be created at no charge on the dictionary sign-in page. D O c u m e nt s
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common mode noise: The same external noise applied to both adjacent wires for signal transmitting and
never reflected at the signal when the signal uses the difference of voltages between the two wires.

constant current circuit: A circuit that produces a constant value of current regardless of source voltage or
load resistance.

contact resistance: The contribution amount to the total resistance of a system that can be attributed to the
contacting interfaces of electrical leads and connections as opposed to the intrinsic resistance.

dc/dce step-down circuit: A dec/dc power converter that steps down voltage (while stepping up current) from
its dc input (supply) to its dc output (load).

duplex communication: A point-to-point communication system composed of two or more connected parties
or devices that can communicate with one another in both directions.

energy storage system (ESS): A device composed of batteries for storing several kilowatts or more power and
modules that manage the batteries.

full-wave rectifier: A device or circuit that converts the whole of the input waveform to one of constant polarity
(positive or negative) at its output. Full-wave rectification converts both polarities of the input waveform to
pulsating direct current (dc), and yields a higher average output voltage.

gateway: A device or apparatus of a communication network composed of hardware and software that can
interconnect with other communication networks using protocols, and equipment that can access other
systems.

H-bridge: An electronic circuit that switches the polarity of a voltage applied to a load usually used to control
dc motors to run forward or backward.

half-duplex communication (HDX): A communication manner that provides communication in both
directions, but only one direction at a time, not simultaneously in both directions.

Hall effect: The production of a voltage difference (the Hall voltage) across an electrical conductor, transverse
to an electric current in the conductor and to an applied magnetic field perpendicular to the current.

high-power differential signal power line communication (HPDS-PLC): A new power line communication
technology with the following characteristics: The differential value of the voltages of the two-stranded wires
of a power line that transmits dc power has two cases, +V or —V, which are classified into two polarities, (+)
and (—), respectively. When information is mapped to the switching pattern of this differential voltage value
and transmitted remotely, the polarity pattern becomes a communication signal called a differential signal.
The remote receiver decodes the transmission information from the differential signal, and the electricity of
the polarity that is switched is converted into a flat dc through a rectifier circuit and is used as a power source
for the load on the receiver side.

impedance termination: The practice of ending a transmission line with a device that matches the
characteristic impedance of the line for preventing high-speed signals from reflecting off the end of the
transmission line.

inrush current: The maximal instantaneous input current drawn by an electrical device when first turned on.

leakage current: The current that causes the gradual transfer of electrical energy across a boundary normally
viewed as insulating, such as the spontaneous discharge of a charged capacitor, magnetic coupling of
a transformer with other components, or flow of current across a transistor in the “off” state or a reverse-
polarized diode.
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Manchester encoding: A line coding method in which the encoding of each data bit is either low then high, or
high then low, for equal time.

microgrid: A decentralized group of electricity sources and loads that normally operate connected to, and
synchronous with, the traditional wide area synchronous grid (macrogrid), but can also disconnect to “island
mode.”

Modbus: A data communications protocol originally published by Modicon (now Schneider Electric) in 1979
for use with its programmable logic controllers (PLCs).

multi-drop bus (MDB): A computer bus in which all components are connected to the electrical circuit and a
process of arbitration determines which device sends information at any point and the other devices listen for
the data they are intended to receive.

negative feedback: When some function of the output of a system, process, or mechanism is fed back in a
manner that tends to reduce the fluctuations in the output, whether caused by changes in the input or by other
disturbances.

node: A redistribution point or a communication endpoint. The definition of a node depends on the referred
network and protocol layer.

non-volatile random-access memory (NVRAM): Memory that retains data without applied power.

output impedance: The impedance of an electrical network measured to the current flow (impedance),
both static (resistance) and dynamic (reactance), into the load network being connected that is internal to the
electrical source.

payload: The part of transmitted data that is the actual intended message. Headers and metadata are sent only
to enable payload delivery.

polarity: The voltages A and B of the wires of power line are in one of the two cases: A> B or A <B. The
former is (+) polarity and the latter is classified as (—) polarity.

polyswitch: A resettable fuse or polymeric positive temperature coefficient device (PPTC) that is a passive
electronic component used to protect against overcurrent faults in electronic circuits. The device is also known
as a multifuse or polyfuse.

Rds: The resistance between the drain and the source of metal oxide silicon field effect transistor (MOSFET).

rectifier: An electrical device that converts alternating current (ac), which periodically reverses direction, to
direct current (dc), which flows in only one direction.

sensor network: A network that is composed of spatially distributed devices communicating through wireless
radio and cooperatively sensing physical or environmental conditions.

slew rate: The change of voltage or current, or any other electrical quantity, per unit of time.

solder mask: A thin lacquer-like layer of polymer that is usually applied to the copper traces of a printed
circuit board (PCB) for protection against oxidation and prevention of solder bridges from forming between
closely spaced solder pads.

switching pattern of polarity: A changing pattern of the polarity of two wires in promised patterns over time
according to the digital bit 0 or 1 of the data to be transmitted.
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tree topology: A hybrid network topology in which star networks are interconnected via a bus network.

Vee: Voltage between the collector and the emitter of bipolar transistor.

Vds: Voltage between the drain and the source metal oxide silicon field effect transistor (MOSFET).

Vf: The forward bias voltage of diode.

Vgs: Voltage between the gate and the source metal oxide silicon field effect transistor (MOSFET).

voltage drop: The decrease of electrical potential along the path of a current flowing in an electrical circuit.

3.2 Acronyms and abbreviations

ac
ac/dc
ACK
AMI
ARM
bps
CAN
CEMF
CoAP
CRC
de
de/de
DIP
DLLF
DPDH
EMC
EMI
EMS
ESD
ESS
HPDS
HTTP
HVDC
/O
I*)C

IC

alternating current

alternating current/direct current
acknowledge

advanced metering infrastructure
advanced reduced instruction set computer (RISC) machine
bits per second

controller area network
counter-electromotive force
Constrained Application Protocol
cyclic redundancy check

direct current

direct current/direct current

dual in-line package

data link layer frame

dual pole dual through
electromagnetic compatibility
electromagnetic interference
electromagnetic susceptibility
electrostatic discharge

energy storage system
high-power differential signal
Hypertext Transfer Protocol
high-voltage direct current
input/output

inter-integrated circuit

integrated circuit
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ID

Id

IEC
IGBT
IoT

1P

IR

LAN
LED
LPWAN
MCU
MOSFET
MQTT
MSB
NPN
NRZ
NVRAM
OPAMP
PCB
PHY
PLC
PNP
PoC
PoE
PWM
R/C

RC

Rds

RF

RGB
RXD
RZ

S/N ratio
SCL
SDA
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identification
drain current
International Electrotechnical Commission
insulated gate bipolar transistor
Internet of things
Internet Protocol
infrared
local area network
light-emitting diode
low-power wide-area network
microcontroller unit
metal oxide silicon field effect transistor
message queuing telemetry transport
most significant bit
negative-positive-negative
non-return-to-zero
non-volatile random-access memory
operational amplifier
printed circuit board
physical layer
power line communication
positive-negative-positive
power over coaxial
power over ethernet
pulse width modulation
radio/control
random access memory
resistance capacitance
drain-source on-resistance
radio frequency
red, green, and blue
receive data
return-to-zero
signal-to-noise ratio
serial clock

serial data
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SNR signal-to-noise ration

SPI serial peripheral interface

THD total harmonic distortion

TTL transistor-transistor logic

TVS transient voltage suppressor

TXD transmit data

UART universal asynchronous receiver transmitter
UPS uninterruptible power supply

USB universal serial bus

4. General description
4.1 Background

The era of energy alternation has persisted since the electricity debate between Tesla and Edison in the 1880s.
With the recent development of information and communication technology, most current devices are dc-
powered devices, and the technical field of power transmission and distribution is rapidly changing into a dc
power environment, such as high-voltage direct current (HVDC) transmission and distribution according to
the development of power semiconductors. In addition, a paradigm shift is finally taking place from the era
of ac electricity to the era of dc electricity due to the spread of new and renewable energy such as solar power,
leading to peak power demand, the use of batteries and dc storage electricity, and the emergence of electric
vehicles.

However, most devices that use dc power (such as information and communication devices and household
electrical devices) also have a power supply that converts ac to dc in each electric device according to the
environment of the existing ac power supply method, or a dc adaptor that converts ac to dc. In certain facilities
and equipment, an ac to dc converter that converts alternating current into direct current is required, and light-
emitting diode (LED) lighting incorporates this for each ceiling light.

The load electricity used by those devices is direct current. The method of transmitting electricity is also
changing to direct current, a device that converts alternating current to direct current is commonly used, and
electricity can be stored only in the form of direct current. As dc storage means, such as batteries, are spreading,
a dc-friendly power environment is coming. Instead of supplying ac power with the existing indoor wiring and
converting it to dc at the load, power can be supplied through the dc power line under a dc power environment,
or through hybrid indoor wiring that can cover not only ac but also dc power. Automobiles, ships, and aircraft
are powered by batteries, consequently, a new efficient power supply system should be put into consideration.
(Ships use ac wiring for energy efficiency with very-high voltage. However, as HVDC can be introduced
into ships, a new dc power supply system for ships could be a valid topic.) Such being the case, dc power line
communication, which provides such dc power and simultaneously communicates through a dc power supply
line, is necessary.

This standard deals with high-power differential signal power line communication (HPDS-PLC), a technology
for supplying large-capacity dc power and performing power line communication easily with the power line.
It is a power line communication that transmits dc power with high power, and the communication signal
is different from that of the existing communications. In particular, it is a method that is different from the
classical power line communication in which a high-frequency signal is loaded on the existing ac power line
by a capacitor coupling method, or other dc power line communication, such as power over ethernet (PoE). As
it is a new technology, it needs to be established as a standard.
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HPDS-PLC deals with direct current power supply and communication through power lines. The power
supply deals with the electrical specifications of the transmission power, and the communication sets the
rules for address information, communication reliability, and signal generation. Before dealing with these
detailed specifications, this clause provides a brief look at each element of the technology so that anyone
can understand the technical concept of HPDS-PLC and some context, such as the environment under which
HPDS-PLC could be implemented.

In general, communication includes a transmitter, a receiver, a signal, a transmission medium in which
the contents of transmission are electrified as a signal, a means for designating an accurate receiver and
transmitting information thereto, and a means for accurate transmission.

The transmitter of HPDS-PLC includes a physical means that can switch the differential values of the voltages
of two wires of a power line. The signal transmission medium is a power line capable of transmitting power
large enough to supply load power with two or more wires. The signal is a switching pattern of the voltage
difference between the two wires of a power line. The receiver is an object to which power and signals are
transmitted by being electrically connected to two wires indiscriminately to the power line, which is a multi-
drop bus. In order to select from a number of receivers and deliver the desired content to the correct receiver,
the receiver has its own identification address. The transmitter attaches the address to the signal pattern and
transmits it as a differential signal of the transmission medium power line. The receiver interprets the entire
signal only when its own identification address is included, and decodes the content by analyzing the switching
pattern of the transmitted, that is, the differential voltage value pattern (in other words, differential signal).

HPDS-PLC is a power line communication that also supplies power. When a signal is included, the transmitted
power has the switching differential voltage value of the two wires, so its switching voltage levels shall be
flattened and then supplied as load power.

4.2 General description of HPDS-PLC
4.2.1 Basic requirements of HPDS-PLC
4.2.1.1 Electrical and communication requirements specifications

HPDS-PLC is power line communication for power supply and communication at the speed of 9600 b/s (bps)
or lower over power line from a direct current (dc) power source of 50 V or less to multiple de loads (more than
10 W and less than 2 kW for each load and supply capacity more than 100 W of one power transmitter). Each
receiver has its own physical address (1 B or 2 B) and is connected to the transmitter through a pair of power
lines in a multi-drop bus or tree topology.

The transmitter sends the dc power and the electric signals corresponding to the communication packets,
including the control command/data for controlling the dc loads and the target address, through the power line
by electrically changing the voltage of the wires. Each receiver supplies the transmitted and voltage-flattened
dc power to the dc load. Each receiver decodes the control command/data and address from electric signals on
the power line and uses them for the connected dc load control if the address matches. HPDS-PLC considers
compliance to electromagnetic compatibility (EMC) regulations.

4.2.1.2 Functional and economic requirements specifications

Functional and economic HPDS-PLC requirements include the following:

— It should enable an increased noise margin and signal-to-noise (S/N) ratio, and common mode noise
rejection (to use the line dc voltage totally as signal range).

— It should make it possible to eliminate electrolytic capacitors in the installed devices on the ceiling,
which are for ac to dc conversion, but cause frequent failures and shorten the life span of the loads.
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— It should make it possible to avoid efficiency problems due to the double conversions of dc—ac—dc
when it is in the power supply process from renewable energy generation system to end loads.

4.2.2 Determined HPDS-PLC conditions

The HPDS-PLC shall perform power transmission and communication in the form of a non-polar differential
voltage applied to a two-wire power line.

In order to reduce the time when power is disconnected, communication should be performed only in one
direction from the transmitter to the receiver.

The transmitter of power line communication shall have the capacity to supply more than 1 A current to the
loads.

The transmitter of power line communication shall have the capacity to supply more than 100 W of power to
the load side.

The communication speed of the transmitter and receiver shall match each other with a value of 9600 bps or
less.

The transmitter shall maintain a low and stable output impedance of less than 1 Q max.

In the case of transmitting a communication signal, the power cutoff time shall be less than 1% when the
transmission time during the 1-bit signal time is considered as 100%.

The voltage drop occurring between the power input terminal and the output terminal of the transmitter shall
be 1V at most.

There are no specific listed conditions for electromagnetic interference (EMI), but in the process of
implementing this standard, regulations of each country related to EMC, such as FCC Part 15 [B3] in the
United States, CE [B4] in Europe, and KC [B11] in Korea, etc., shall be complied with.

4.2.3 Contents of HPDS-PLC
4.2.3.1 Power transmission and communication

HPDS-PLCisapower line communication that performs both high-power dc power supply and communication
through the same power line. It is a power line communication that uses the differential voltage value pattern
of the two wires of the power line as a signal and supplies the transmitted power to the loads. For a comparison
to other communication technologies, see Annex B.

4.2.3.2 DC power supply and consumption

HPDS-PLC is dc power line communication. Therefore, the supplied power is also dc power, and the
differential signal is also based on the dc signal.

As the dc power source of HPDS-PLC, a dc power supply, called an ac fo dc converter, or a battery shall be
used. In the case of battery, the battery shall be a rechargeable secondary battery with separate charging means,
and a built-in uninterruptible power supply (UPS) or energy storage system (ESS) can be used. The sum of
the maximum driving power of each connected receiver load may exceed the maximum supply power of the
battery or dc power supply, but the instantaneous driving power shall drive the loads so that the maximum
supply power cannot be exceeded.
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4.2.3.3 Transmitter and receiver

The transmitter sends power and communication, and the receiver receives them. The transmitter is connected
to the dc power source and has interface to receive communication data from outside. Receivers are connected
to loads that use the transmitted power. One transmitter and multiple receivers are connected via a power line.

4.2.3.4 Switching of voltage polarity for differential signal

When the voltages of two wires of a dc power line are called A and B for each, the potential difference of
the two wires is positive when A > B or negative when A < B. Two cases are possible, with the former as (+)
polarity and the latter as (=) polarity, then we can define the voltage polarity of the power line. In other words,
it is the same even if the polarity is defined as whether the voltage difference between the two wires is +V or
—V. The polarities of the two states are controlled to switch to each other, and by mapping the binary values 0
and 1 to the switching pattern, this polarity can be used as the basis of the transmission signal.

The polarity can be switched to each other with a circuit including power semiconductor switching devices
or relays. Such switching is usually performed by controlling the gate of the switching semiconductor device
through the output port of the microcontroller. As an example of implementation, refer to Annex A for the
use of an H-bridge circuit using four unidirectional switching devices to obtain high-power differential
signal output. Differential mode output can be obtained by using relays with dual pole dual through (DPDH)
contact, but the switching speed is too slow, therefore this is not practical. A driver integrated circuit (IC) for
communication that produces differential mode output also uses a differential signal and it can supply electric
power to the communication circuit of the receiver. However, it cannot transmit more than 1 A of high power
and therefore cannot be used as a means for this standard.

4.2.3.5 Address and communication data

HPDS-PLC transmits communication data after selecting one of the multiple receivers (regarding the whole
as one object in some cases, which is called broadcasting). Power is transmitted and supplied simultaneously
to all loads of the entire receivers.

In order to control multiple loads independently, the selection of the target receiver shall be included in the
signal, and each receiver has an identification address to be identified by the selection. Depending on whether
to identify the receiver or the load connected to the receiver, it can be divided into a primary address for the
receiver and a secondary address for the load, or the identification of the load can be handled in data separate
from the address. The receiver needs a means to input and store its address.

Transmission data are the content of communication transmitted to each receiver. Transmission data are
usually the content that controls the power usage of load that is connected to the receiver and is supplied
with power through the HPDS-PLC. HPDS-PLC is not intended for transmission of enormous data such
as multimedia streaming data, and does not cover large communication data because it is mainly used for
controlling loads that use power.

4.2.3.6 Topology of connecting receivers to the system

In HPDS-PLC, communication and power supply are achieved by connecting one transmitter and multiple
receivers in parallel to a power line consisting of two or more wires. Since multiple receivers shall be connected
indiscriminately to the power line in the same way, the power line becomes a multi-drop bus, and the receiver
shall be included in the communication network by connecting the receiver’s input terminal with two wires
of the power line at any position. This means that the power receiver is connected to the power line with the
topology of a multi-drop bus. Since HPDS-PLC attempts to communicate at a low communication speed,
impedance termination is unnecessary and is not used.
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4.2.3.7 Rectifier

The dc power transmitted to the receiver is a differential voltage power signal with a pattern in which voltage
polarity switches. In order to supply the power of the final dc load, a rectifier circuit that derives flat dc power
shall be used. Usually, a full-wave rectifier circuit of four diodes is used, but an active rectifier circuit can also
be used to increase power transmission efficiency. Refer to Annex A for an actual implementation example of
the rectifier circuit.

4.2.3.8 DC power load

There is a wide variety of dc power loads connected to the receiver and supplied with power from HPDS-
PLC: LED lighting, dc motors, dc actuators, household electric devices and appliances, and information and
communication appliances. When the driving power of various sensors is supplied by wire instead of battery
in the sensor network, the sensor network nodes also become dc power loads.

4.3 General description of HPDS-PLC environment
4.3.1 DC power source
4.3.1.1 DC power supply

HPDS-PLC is a dc power line communication, but the power environment of an existing home or building is
an ac environment, and to apply HPDS-PLC to this, a dc power supply that converts ac power into real-time
dc power is required. As for the dc power supply, an ac to dc converter using switching devices of power
semiconductors is mainly used.

Since the dc power supply supplies power to the loads of multiple receivers connected to the transmitter, a
failure of the dc power supply causes a problem to the function of the entire load that is connected. To avoid
this, an abundant system that has two or more dc power supplies switch functions to the other when one fails,
and function to indicate the failure should be configured. The power and voltage values shall be marked on the
power output terminal of the dc power supply, and a dc power supply system with a capacity greater than the
required maximum power shall be used.

4.3.1.2 DC power generation and energy storage system (ESS)

For instance, since solar cells that produce de power do not always generate power depending on weather
conditions, it is common to charge and use electric energy in a storage battery. At this time, the storage battery
can be viewed as a kind of ESS. UPS equipment, which requires the use of another storage battery, has a power
storage device even though it has different usages, so it can be used as a dc power source if necessary.

In addition to dec power supplies such as ac to dc converters, which convert commercial ac power into real-
time dc, the HPDS-PLC can use this stored or on-generating dc power as a power source. There is no need to
convert dc power to ac and then convert it back to dc at the load. Therefore, increasing energy efficiency and
avoiding the cost of conversion equipment are the main advantages when HPDS-PLC is adopted to battery,
ESS, or solar cell power generation.

The dc power load connected to the receiver of HPDS-PLC is mentioned in 5.8. In terms of the facility
environment of HPDS-PLC, the dec power load shall be devices that meet the main purpose of use of HPDS-
PLC. They are mainly, but not limited to, the end nodes of efficient load use such as smart grid, energy demand
management, energy demand response, etc.
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4.3.2 Interface to other service layer and other communication systems
4.3.2.1 Introduction

HPDS-PLC is a dc power line communication that is used to control the use of the load connected to the
receiver. Communication is performed according to the signal of the terminal for user or management office, to
the communication terminal from the remote location, or to the sensed value of the sensor network. Therefore,
the intention to manipulate the external user or terminal shall be transmitted to the HPDS-PLC transmitter.
Also, if it is from another type of communication means, there shall be a bridging function that interprets the
meaning of the message.

4.3.2.2 Gateway

The content of input, such as user or management office terminal, is transmitted to HPDS-PLC through
various external communications such as Internet, low-power wide-area network (LPWAN), or other
wireless communications. The HPDS-PLC transmitter shall have means for interfacing with these external
communications or upper layers. HPDS-PLC does not directly implement the external communication or
reception of upper layers, but interfaces through the gateway of the corresponding communication system.
Communication with these gateways is done by RS-485 wired communication, and details are described later
in 6.4.5 (see TIA-485-A-1998).

RS-485 communication performs differential communication with universal asynchronous receiver
transmitter (UART) signals. Because it is half-duplex communication that cannot perform transmission
and reception through one differential line at the same time, communication between the gateway and the
transmitter is achieved by dividing the transmission mode and reception mode.

4.4 Communication with adjacent devices in I2C method

In the case that the HPDS-PLC transmitter is a master and these external communication modules, sensors, or
switch modules are slaves for one HPDS-PLC transmitter, I*C communication (UM10204) shall be selected
because the microcontroller of HPDS-PLC transmitter usually has a I°C port.

4.5 General description of HPDS-PLC system function and architecture
4.5.1 Background

It is necessary to classify the detailed functions of HPDS-PLC and look at the architecture for each function.
Its contents are shown in Figure 1.
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