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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental in liaison with ISQ_also take part in the wark

ISO callaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 10368
Specific purg

This second
revised.

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting:Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

P

[«

rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

vas prepared by Technical Committee ISO/TC 104, Freight“Containers, Subcommittee
ose containers.

edition cancels and replaces the first edition (ISO@0368:1992), which has been techn

jards
s an

atent

5C 2,

ically
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Introduction

In revising this International Standard, material relating to the RCD/Controller interface has been deleted as it
is not relevant to the powerline interface, and the section on data logging formats has been deleted as it is not
used in the industry. Where necessary, other smaller additions, deletions and corrections have been applied.

The

nternational Orgnni72tinn for Standardization (IQO) draws attention tao the fact that it is

claimed that

comg
given
pater

The
and
state
recei

liance with this document may involve the use of a patent concerning the low and high data
in 5.4 and 5.5 respectively. ISO takes no position concerning the evidence, validity-and
t right.

nolder of this patent right has assured ISO that he/she is willing to negotiate licences unde
hon-discriminatory terms and conditions with applicants throughout thepworld. In this

ed by I1SO.) For the low data rate system, information may be obtainedfrom:

Thermo King Corporation,

314
Minn
USA

V 90th Street
bapolis, Minnesota 55420

For the high data rate system, information may be obtainedfrom:

Adap
1505
Suite
Brigh
USA

Atten
rights

rightg.

tive Networks Incorporated
Commonwealth Ave.

30

ton, Massachusetts 02135

tion is drawn to the possibility that some of the elements of this document may be the sub
other than those identified abeve. ISO shall not be held responsible for identifying any or a

rate systems
scope of this

r reasonable
respect, the

ment of the holder of this patent right is registered with 1SO. (The declarations have not yet been

ect of patent
| such patent
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INTERNATIONAL STANDARD

ISO 10368:2006(E)

Freight thermal containers — Remote condition monitoring

1 Scope

This
moni
com
and t

The
avail
desid

The
The s
to all

2 Normative references

The

refergnces, only the edition cited applies. For ufdated references, the latest edition of th

docu

ISO 1

ISO 4
trans

Terms and definitions

oring and control systems employed by one carrier or terminal to interface and com
lying remote communication devices of differing manufacture and configuration used by
erminals.

ata-logging formats and message protocols outlined in this International Standard apply tq
ble data rate transmission techniques. These formats and protocols also apply to all futur
ned to be an ISO International Standard-compatible system.

pberformance requirements for the monitoring, communication and control system are given

ystem compatibility requirements are given in Clause 5. All sections of this International St
implementations, except where specified.

following referenced documents are indispensable for the application of this documen
ment (including any amendments) applies.

496-2:1996, Series 1 freight containers= Specification and testing — Part 2: Thermal cont

mission

e purposes of this-document, the following terms and definitions apply.

711-2, Freight containers — Information related to containers on board vessels — Part 2:

lying central
unicate with
ther carriers

all currently
e techniques

in Clause 4.
andard apply

t. For dated
b referenced

hiners

Telex data

ny complying

NOTE 1 See Figures 1 and 2.

NOTE 2  There are two distinct types of RCD:

— an sRCD (see 3.9); and

— aniRCD (see 3.10).

©I1SO

2006 — All rights reserved
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3.2

central mon
CMCS
system cons

NOTE A
a) operatori
b) an MMU;

c)

3.3

2006(E)

itoring and control system

isting of hardware and software which monitors and controls one or more RCDs
typical system consists of at least:

nterface devices;

and

power line data link equipment, such as an MDCU.

master monjtoring unit

MMU

central procg

remote cond

NOTE It

3.4
multiple dat
MDCU

ssing unit such as a computer which contains specific hardware and software to ‘¢ontrol the
tion monitoring system

s the interface between the human operator and the network.

A rate central control unit

device which forms the link between the MMU and the three-phase“power line bus which contain

individual RQ

NOTE

a central

Internatig

a central

3.5

Ar

Ds
MDCU consists of two components as follows:

control unit capable of receiving and transmitting at\the data rates which meet the requirements
nal Standard; and

control interface.

high data rate remote communications device

HRCD
RCD which t

3.6

ansmits data at a high data.rate, e.g. 19,200 baud

low data rate remote communications device

LRCD
RCD which d

3.7

high data ra
HDCU
device which

3.8

ommunicates data at a low data rate, e.g. 1 200 baud

ke central control unit

links the MMU and the power line network, communicating with the HRCDs

Bntire

5 the

bf this

low data rate central control unit

LDCU
device which

3.9
stand-alone
sRCD

links the MMU and the power line network, communicating with the LRCDs

remote communications device

slave remote communications device RCD which, with limited capabilities, merely monitors a container

refrigeration

NOTE

unit

An sRCD can be either high or low data rate.

© I1SO 2006 — All rights reserved
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integrated remote communications device
iRCD

slave remote RCD which interfaces to a refrigeration unit controller via an EIA R5232-C serial interface and
can control the refrigeration machinery

NOTE An iRCD can be either high or low data rate.

3.11

controller
microprocessor device that monitors and controls the refrigeration machinery

4 |

4.1

This
nece

4.2

4.21

4.21

A sin
one 1

4.21

An M

Performance requirements

General

clause specifies the performance requirements of central monitoring ,and control systems (CMCSs)

ssary for them to interface and communicate with complying remote communications device
Requirements
System components

1 Remote condition monitoring system components

hle remote condition monitoring system consists.of a maximum of one master monitoring un
nultiple data rate central control unit (MDCU).(8ée Figure 1, Configuration A.)

2 MDCU

DCU may include one high data fate central control unit (HDCU) and one low data rate ¢

unit (LDCU). If an HDCU and an LDCU are both present, the single remote condition monit

cons
are j
MDC

4.21

The
Figur
Figun

breferred method of connecting the MMU to the MDCU complex is through a single port
e 1, Configuration A. However, certain expansion paths may require multiple connections
e 1, Configuration B.

4.21

4-) Remote communications devices (HRCDs and LRCDs)

5 (RCDs).

t (MMU) and

entral control
bring system
U and LDCU

sts of a maximum of one MMU "and one MDCU. (See Figure 1, Configuration A. The HDC

bined together by a central.control unit (CCU) interface, and the three components togefher form the
U.

3 MMU/MDCUinterface

as shown in
as shown in

HRCDs and LRCDs shall be able to coexist on the same power line network and not interfere with

simul

4.21

taneous communications with either the HDCU or the LDCU.

.5 MDCU components

An MDCU may consist of either a single HDCU (to communicate with the HRCDs on the network) or a single
LDCU (to communicate with LRCDs on the network). However, all signalling protocols, data-logging formats,
power levels, insertion rates and other physical requirements shall be identical to that which would be used for
a combined system and therefore shall be compatible. Refer to 5.2 and 5.3 for the required protocol and

data-

©I1SO
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4.2.2 Performance function

4221 St

andard message

All RCDs shall respond to a minimum list of standardized enquiries (see 4.2.2.4) and commands with a

standardized

reply or acknowledgement.

422.2 Acknowledgement message

The RCD shall send an acknowledgement message for all commands and enquiries that are received and

understood.

4223 “N

If the RCD i
configuration

ot able” message

of the RCD and the thermal control machinery, it shall respond with a “Not ablé*message.

4224 Required enquiries

42241 (

All RCDs shs

Seneral

Il respond to the following required enquiries given in 4.2.2.4:2.10 4.2.2.4.7.

42242 |

For an integ
alphabetical

entification number

lly refrigerated or thermal container, this shall be the container ISO number comprising a 4-
refix and a 7-digit suffix (including the check digit). Where a demountable marine clip-on (

used, the identification number shall be the MDCU numberin’ISO format.

42243

This respons

orthole container number

e shall be in addition to the identification number for MDCU systems.

42244 Porthole number change

This shall be

4.2.2.4.5 Return air temperature

This shall b

recorded_ in~the form of a positive or negative value, expressed in degrees Celsius tq

decimal placg, withinthe range —30,0 °C to +38,0 °C.

4.2.2.4.6

upply air temperature

recorded in the RCD meémory in alphanumerical format, together with the time of the changg.

This shall be

expressed in the same format as 4.2.2.4.5.

42247 RCD manufacturer and type

5 not capable of executing a command received or of responding to an enquiry-bécause of the

letter
nit is

one

This shall consist of a unique identification number registered and controlled by ISO, and for which
ISO/TC 104 is the registration authority.

© I1SO 2006 — All rights reserved
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HRCD
8 | Hbcu
Master monitoring S LRCD
unit (MMU) =
)
8 LDCU HRCD
" LRCD
Y ~
MDCU i)
83 @
Sa @
RCO
v
CMCS ~L
a) Configuration A
—ILreD HRCD
Master monitoring LRCD
unit (MMU) LRCD
® HRC
®
xCcu L LRCD
Y ~
MDCU ®
83 ®
Sa o
RCO
v
CMCS ~L
b) Configuration B
Components
MMU  master monitoring unit MDCU  multiple data rate central control unit
a3 three-phase power mains HRCD high data rate remote communications device
CCu central control unit LRCD low data rate remote communications device

LDCU low data rate central control unit
HCDU high data rate central control unit
RCD remote communications device

Figure 1 — Remote condition monitoring system components layout

© I1SO 2006 — All rights reserved
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4.2.2.5 Optional standard enquiries

4.2.2.51 General

Other optional enquiries shall be standardized. RCDs and refrigeration machinery so equipped shall respond
to the enquiries given in 4.2.2.5.2 to 4.2.2.5.14. RCDs not so equipped shall respond “Not able” (see 4.2.2.3).

4.2.2.5.2 Operating mode

These include Full cool, Partial or Lower capacity cool, Modulated cool, Fans only or Null mode, Defrost, Heat,

Off.

4.2.2.5.3 et-point temperature

This shall be|expressed in the same format as 4.2.2.4.5.

42254 larms

These inclufle High refrigeration pressure, Temperature out of range, Low-\compressor oil preg
Defrost/Heat/Overheat, Compressor overload, Controller failure, Sensor failure —=‘Return air, Sensor faill

sure,
re —

Supply air, Power off, Amperage draw too high, Amperage draw too low,/Defrost (out of time). (Théere is

capacity for future development, e.g. controlled atmosphere.)

4.2.2.55 Il current alarms

These shall e in sequence of occurrence.

4.2.2.5.6 roduct temperatures

These includg, for example, tank, poultry.

4.2.2.5.7 ata-logger interval

This shall belone digit in half-hour intervals-tip to a maximum of 12 h.

42258 mperage

This shall be|0 to 63,75 A in 0,25 A intervals.

4.2.2.5.9 estination

This may b¢ up te>five alphanumerical digits. If the destination changes, both the old and the cirrrent

destination may be‘declared.

4.2.2.5.10 Port of discharge

This may be up to five alphanumerical digits.
4.2.2.511 Origin
This may be up to five alphanumerical digits.

4.2.2.512 Report results of self-check level 1

These shall be one digit: 0 = Fail, 1 = Pass.

6 © I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=0b4d74709aed15b1de058c3bb1a1a26e

4.2.2

ISO 10368:2006(E)

.5.13 Report results of self-check level n

This shall be in the format of up to 256 ASCII characters, where 7 is a single character between two and nine.

4.2.2

(See
4.2.2

4.2.2

RCD
4.2.2

4.2.2
This
422
The 3
4.2.2
This
422
This
422
This
4.2.2
This
422

This

.5.14 Vessel and voyage designation

ISO 9711-2.)
.6 Commands

6.1 —General

6.9. RCDs not so equipped shall respond “Not able” (see 4.2.2.3).

6.2 Change set-point temperature

Ghall be expressed in the same format as 4.2.2.4.5.

6.3 Initiate self-check level 1

elf-check level 1 shall be initiated.

6.4 Initiate self-check level n

6.5 Change identification number

shall be expressed in the same format as.4.2.2.4.2.

6.6 Change data-logger interval
shall be expressed in the same format as 4.2.2.5.7.
6.7 Set data-logger time and date

shall have the date-expressed in the format year/month/day.

6.8 Change operating mode

shall bée~expressed in the same format as 4.2.2.5.2.

4.2.2

5 and refrigeration machinery if so equipped shall respond to the commands given-in

shall be expressed in the same format as 4.2.2.5.13,;where 7 is in the range two to nine.

.69 Cliange poitliole container number

This shall be expressed in the same format as 4.2.2.4.4.

4.2.2

.7 Indecipherable or unserviceable messages

42262 to

Indecipherable or unserviceable messages shall not cause the RCD or CMCS to “crash” or “hang up”. Also,

failures of an electronic device in any RCD shall not cause the system to “crash” or “hang up”.

©I1SO
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Verification of container identification number

The CMCS, if so equipped, shall verify the container identification number, using the check digit (the seventh
digit of the numerical suffix) and an algorithm selected.

4.2.3 Performance constraints

4.2.31

Power interference

RCDs and CMCSs shall not interfere with the proper functioning of power supply regulating or controlling
devices, such as voltage regulators or protective relaying equipment.

4.2.3.2

CMCSs and
communicati

4233 Sy

All CMCSs s
one CMCS.

Marine device Interference

RCDs, individually or as a system, shall not interfere with standard marine-navigation
pn devices.

Istem size

hall be suitable to coordinate and report on a system of 1 024 RCDs. active at the same tin

4234 S

hour per con

4.2.3.5
The populati

from an ope
system.

4.2.3.6

The MMU/M
6 per minute

4.2.3.7

RCDs shall b

4238 R(

tEt
The MMU/MPCU system shall generate RCD updated status in @ccordance with 4.2.2.4 at least onc

Automatic RCD system list

Identification of new RCDs

Vo¢ltage and frequency requirements

us update

ainer for a system of up to 1 024 containers active:at the same time on one CMCS.

bn or database of RCDs on the CMCS, shall be self-generating. No input to the MMU, wh

rator or from another computer, shall_be necessary to determine the RCDs connected {¢

DCU system shall be designed to identify an average of at least one new container every 1(

e suitable for operating on the voltage systems specified in ISO 1496-2.

CD‘connection

and

e on

B per

ether
that

S, or

The RCD shall be connected on the line side of the refrigeration machinery disconnect or circuit breaker, if
any, so that communication is possible when the refrigeration machinery is switched off. The RCD may have

its own disco

4.2.3.9

4.2.3.9.1

nnect switch for servicing.

Error rates

All CMCSs and RCDs shall be designed to meet the following error rate criteria.

The RCD/MDCU communication system may have two different types of “undetected and uncorrected”
communication errors. An “undetected and uncorrected” communication error is one which is not detected and

corrected wit

hin 5 min after occurrence.

© I1SO 2006 — All rights reserved
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4.2.3.9.2 An error whereby an RCD executes a command which was not commanded by the MMU shall
not occur more often than one time in 25 x 108 messages (i.e. any power line disturbance which the receiver
interprets as a message), or more often than once in 10 years for each CMCS, whichever is greater.

4.2.3.9.3 An error whereby a CMCS misinterprets a message (i.e. any power line disturbance which the
receiver interprets as a message) shall not occur more often than one time in 25 x 10% messages.

5 System compatibility requirements

5.1 General

This flause specifies the interface requirements for communications protocol, data-logging formLts, message
definftions, and physical requirements for low data rate and high data rate (CU and CD) systems.

5.2 | Communications protocol

5.2.1| General

Each[remote condition monitoring system has three interface areas as follows (see Figure 2):
— MMU to MDCU interface;

— MDCU to RCD interface;

— RCD to refrigeration machinery controller interface.

Master Container
monitoring MREM xRCD Controller
unit (MMU)

MDCU lnterface MDEU/REO Interface RCD/Controller

(Seed:2.1) (See 5.2.2,5.2.3, 5.5 and 5.5) Interface (See 5.2.4)

Figure 2 — Remote condition monitoring — Communications interfaces

5.2.2| C(MMU to MDCU communications

5.2.2.1 General

This subclause, in part, defines the communications protocol to be used when the MDCU is implemented as a
discrete system component which is separate from the MMU architecture. The requirements given in this
subclause do not preclude the use of bus-based open architecture MDCU applications where the EIA
R5232-C is not appropriate.

The MMU communicates with the MDCU via a full duplex EIA RS232-C serial interface. The baud rate shall
be at least twice the baud rate of the fastest RCD in the system. A typical communications baud rate is
4 800 baud. Each character transferred requires 1 start bit (low logic level), 8 data bits, and 1 stop bit (high
logic level). The minimum time delay required between packets is one character time. This, therefore, restricts
deadtime between any 2 bytes in a packet to less than one character delay.

© I1SO 2006 — All rights reserved 9
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The messages for succeeding interfaces are embedded in the formats of earlier stages (see Figure 3). These
messages may be intended for action by the MDCU only. These messages are described fully in 5.2.2.2. If the
message contains embedded data intended for an RCD, the format is as described in 5.2.2.4. Similarly,
embedded data intended for the refrigeration machinery is described in 4.2.5.2.1 and 4.2.2.6.1. Note that the
field length, in bytes, is also defined in Figure 3.

SYNC | grx | Packet | 1 ok No.| xmittype| Data | CRC
(optional) length

No. of
bytes 1 2 1 1 2

! 1 2

A Address Delay ® [Reply length @ [ Packet | (See 5.2.2 and 5.2.3)

Roufing byte T
Message Data ? 2 variable field
type
bit
'/ Mask bit @

Key
1 interactivd

/

Vi

8 bits | 8 bits

1 and 2 commands only

2 device conmands only

a8  Mask bit

The informat

Ny

il

quals 1 if there is a change in the field.or 0 if there is no change.

Figure'3\— Message format overview

on transfer format from the MMU to the MCDU is as shown in Figure 4.

SYNC STX Packet Task No. | Xmit type Data CRC
(optional) length
No. of
byfes 1 2 1 1 2

Figure 4 — Information transfer format from the MMU to the MDCU

The information transfer format returned to the MMU from the MDCU is as shown in Figure 5.

SYNC STX Packet Task No. | Xmit type Data CRC
(optional) length

No. of

bytes 1 2 1 1 2

10

Figure 5 — Information transfer format returned to the MMU from the MDCU
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The fields in Figures 4 and 5 are defined as follows:

— SYNC — An optional synchronization field. It may be any number of bytes, the contents of which are 16H.
The MDCU strips all SYNC characters from the start.

— STX — Delimits the start of a valid message. It indicates that the next 2 bytes are the packet length.

— Packet length — A 2-byte unsigned integer which gives the packet length in bytes not including the SYNC,
STX or CRC fields. It is transmitted high byte followed by low byte.

— Task No. — A 1-byte number assigned to the job before transmission to the MDCU. It is not used by the
DCU and 1s defined by the application. The MDCTU reply contains the same value In in]s field. Task
umbers shall be assigned sequentially by the MMU from 0 to 254 and then resume at-0.”Task number
55 is reserved for the MDCU reset command.

— Xmit type — A 1-byte command directing the MDCU as to the type of processing wHich is to be
erformed on the data. The assignments are discussed in 5.2.2.2.

— [bata — Variable length data field in which the contents are dependent.onh the type of mégssage to be
rocessed. The contents are defined in 5.2.2.2 and 5.2.2.3 for each apprepriate command.

— (CRC-A 16 bit error check field generated by using the CRC-16 poélynomial:
X106+ x15 + x2 + 1
The optional SYNC characters are not included in the GRC calculation.

5.2.2|12 MMU to MDCU transmit command types

5.2.2|121 General
Ther¢ are two groups of commands whigh-are sent to the MDCU: those directed to the MDCU for internal

procgssing only and those to be transferred over the power line. The former group is given in Tlable 1, while
the Idtter group is given in Table 2. An explanation of each command follows.

5.2.2|12.2 MDCU directed command types

5.2.2|12.2.1 General

This group of commands requires processing within the MDCU, i.e. the power line communicatiohs network is
not gccessed. The' commands currently supported by the MDCU are given in Table 1 and |explained in
5.2.2|2.2.2t05.2.2.2.2.4.

Tablet—MBGU-int on-di I I

Command Value
DCU reset 20H
MDCU parameters 22H
MDCU status 23H
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5.2.2.2.2.2

MDCU reset command

Upon request, the MDCU shall perform its internal diagnostics and initialize with default parameters. Any data
associated with this command shall be ignored. Since the MDCU is reset, the initial status condition with
default parameters shall be returned to the MMU as defined in 5.2.2.2.2.3. Task number 255 will be used in

the reply.

5.22.2.2.3

MDCU parameters command

The MDCU parameters command loads the MDCU with information passed in the data field portion of the
command. A data field containing more than 15 bytes will cause the MDCU to ignore the command. The

parameters {
are prefixed

First byte tra

— Parame
MDCU.

— Parame

parameter is ignored by the MDCU.

— Paramefer 3 — The MMU handshaking flag byte between the MDCUW and MMU is changed. Each

discusss

— Bit7—
the MML
MMU). T

— Bit6-0

— Parame
power |
minimun
setting,
lost.

— Lparamgter 6 — The maximum./size of the packets (or blocks) to be transferred on the power |

changed
substitu
availabl
or 80H)

— Lparamgter 7=="The number of retransmissions to be attempted for a given job on the power |
changeq.

D De I0aded are defined below. Note that the parameters used 10r the low data rate systen|

ith an L while the parameters used for the high data rate system only are prefixed with an-H.

hsmitted:

er 0 — Test status byte is a read-only location and, therefore, this parametér,is ignored b

er 1-2 — MDCU software version/subversion is a read-only location and, therefore

d below.

This is MDCU external UART CTS status (MMU communications). This bit is always receiv
J in the active, or logic on, state since the UART isxin the CTS mode (i.e. communicating wi
his bit is a read-only bit; the MMU cannot set/reset it.

- Although accessible to the MMU, at presentit is not used by the MDCU.
er 4-5 — Change is available for buffer size high (4) and low (5) bytes. It decreases/exy

h/maximum value is used. A value of zero, or a value received which is equivalent to the pre
etains the previous setting. If:a‘change in the buffer size is performed, all jobs within queu

. If received largerthan the available buffer size setting (described above), that value w
d. A value of~zero retains the previous setting (unless that setting is greater than the
buffer size){t-is'recommended that the packet size not be set greater than its default valug
Linless the.power line message timeout settings within the MDCU are changed accordingly.

only

y the

this

bit is

bd by

h the

ands

ne buffers. If the new size i§ below/above the MDCU’s minimum/maximum valug, its

vious
e are

ne is
ill be
new
(128

ne is

— Lparameter 8 — The counter indicating the number of retries which have been performed on the power
line is changed.

— Lparameter 9 — The counter indicating the number of successful normal polls which required one retry
on the power line is changed.

— Lparameter [0 — The counter indicating the number of successful normal polls which required two retries
on the power line is changed.

— Parameter 11 — The time delay base value used within an interactive command (5.2.2.2.3.4 and
5.2.2.2.3.9) that is required between the MDCU transmission of data to an RCD and the interactive poll
used to obtain a response from the RCD is changed. Each count provides a 0,1 s incremental delay.

12
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— Parameter 12-14 — This is presently undefined. The information will be copied into the status buffer as
received. Since the first 3 bytes of the status buffer are read-only locations, any data field containing less
than 3 bytes will not change any parameters in the MDCU status buffer. Also, Parameter 4-5 is 2 bytes in
length and a byte count which transfers only one of these bytes will not update this parameter.
Regardless of whether any parameters were changed, the MDCU reply will return the current status value
to the MMU in a general valid type reply, as defined in 5.2.2.3.2.

5.2.2.2.2.4 MDCU status command

The MDCU status command simply requests the MDCU to reply with its present status value. Any data
associated with this command is ignored. The definition of this status buffer corresponds to the assignments

discussed in 5.2.2.2. 2.3 (MDCU parameters command), or as defined in 5.2.2.3.Z.
5.2.2|12.3 MDCU power line command types
5.2.2{2.3.1 General
This group of commands requires communication with RCDs over the power-line communicatipns network.
The ¢ommands currently supported by the MDCU are given in Table 2. The-format of the power line is given
in54.2.3.
Table 2 — MDCU power line directed-command types
Command Value

RCD poll 30H

RCD xmit1 31H

RCD xmit2 32H

RCD interactived 33H

RCD interactive2 34H

RCD map 35H

REDinteractive poll 36H

Device poll 40H

Device xmit1 41H

Device xmit2 42H

Device interactive1 43H

Device interactive2 44H

Device map 45H

Device interactive poll 46H

Extended device poll 47H

In all power line communication commands, the first byte of the data field is the routing byte. The routing
byte’s identification is derived from the original RCD map response (see 5.2.2.2.3.7) and is used by the MDCU
to route the message to the proper data rate modem. Bits 7-6 define routing information for the low data rate
RCDs and high data rate RCDs as described in Table 3. The remaining bits (5-0) are defined in the
appropriate low or high data rate subclauses, 5.2.3 and 5.2.4 respectively.
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Table 3 — Routing byte data rate bit assignments

Bits 7-6 Definition
00 lllegal
01 ISO LRCD
10 ISO HRCD
11 Reserved

The routing [pyte 15 aiways folftowed by an t1-byte ASCirRCD network address. 1wo address fiefdp are
reserved for ppecial use in the RCDs. A universal address consisting of all ASCII Os, or all 30H, is reeoghized
by all RCDs|(i.e. a broadcast address) while a field containing nine ASCII Os followed by two ASECH??s, or
nine 30Hs pglus two 3IHs, is an address substituted in an RCD containing an invalid personal address| The
command ormessage type, routing byte and RCD network address are called the power liné-prefix and|shall
comprise AJCII alphanumeric characters. This provides certainty for distinguishing these prefix chargcters
from control gharacters.
5.2.2.2.3.2 RCD poll command
The RCD po]l command requests the status buffer from the selected RCD, the data field sent to the MDCU
from the MMJJ contains the routing byte followed by the 11-byte ASCII RCD.network address, i.e.
Data field to MDCU = Routing byte/address
A valid reply [from the MDCU contains the routing byte/address and the RCD status buffer in the data field of a
general valid|type reply (see 5.2.2.3.2), i.e.
Data field from MDCU valid = Routing byte/address .+ RCD status values
The RCD stgtus buffer contains the information defined below. Note that the status bytes used for the low data
rate system pnly are prefixed with an L while the" status bytes used for the high data rate system only are
prefixed with|an H.
First byte trapsmitted:
— StatusO |— RCD status is written’during initialisation of the RCD. A bit which is set indicates that an|error
condition occurred during the-particular test, as shown in Table 4. This is a read-only location.
Table 4 — RCD status state bit definitions
Bit RCD state
RGD type status:
T Set=integrated RED
Reset - Stand-alone RCD
6 Datalog initialization incomplete
5 Reserved
4 RCD tests had an error:
3 Internal RAM error
2 External RAM error
1 Non-volatile memory error
0 Program check sum error
14 © 1SO 2006 — All rights reserved
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Status 1-2 — RCD software version (1) and subversion (2) status is a read-only location.

Status 3 — This is the handshake byte, used by the host to reset internal RCD buffers and also to prevent
data tearing when multiple transfers of a particular buffer are obtained. Each bit is discussed below.

Bit 7 — This is the RCD external UART CTS status (controller communications for the iRCD and external
portable data collection computer for the sRCD). Set active indicates a logic one when the UART is in the
CTS mode, i.e. currently capable of transfers. This bit is a read-only bit, the MMU cannot set/reset it.

Bit 6 — This is the RCD device status buffer status. Set active indicates that the buffer contains
information available to the MMU. The MMU may reset this status by transmitting logic zero in this bit

sSition, whnile a 10gic one will not change the burier s state.

10

it 5— This is the RCD device response buffer status. Set active indicates that-the by
i
position, while a logic one will not change the buffer’'s state. Note that a bufferiin-the proq
Ibaded by the controller (iRCD) will not abort the transmission.

Bit 4 — This is the RCD device datalog buffer status. Set active indicates that the bu
information available to the MMU. The MMU may reset this status by {ransmitting logic z4

position, while a logic one will not change the buffer’'s state. Note that a buffer in the prod
I

baded by the controller (iRCD) will not abort the transmission.

it 3 — This is the RCD response buffer status. Set active, indicates that the buffer contain
vailable to the MMU.

it 2— For an sRCD only, this is the RCD external“portable data collection computer bu
pplicable. Set active to a logic one when either the external serial channel UART receive o

ffer contains

hformation available to the MMU. The MMU may reset this status by transmitting: logic z¢ro in this bit

ess of being

ffer contains
ro in this bit
ess of being

5 information

ffer status, if
the transmit

uffer contains valid information. This information is not exchanged on the power line communications
etwork. This bit can be reset by the MMU, but the serial channel communications are not affected.

it 1 — This is at present undefined.
it 0 — This is the RCD data-logger buffer update handshake bit. The RCD sets this bit whenever the
CD has updated its internalkkdata-logger buffer. The MMU resets the bit prior to transfer and checks it
fter the transfer is complete, thus providing a means to check possible data tearing of the byffer.

tatus 4-5 — This is the_available power line buffer size high (4) and low (5) bytes.

the RCD on
set at 128 or

status 6 — This indicates the maximum size for any data packet (or block) transmitted by
e power line_network. This number will never exceed the available buffer size. Its default is
OH.

status>7*— This indicates the number of attempts the RCD will perform for a particular jgb in which it
ceived an invalid response on the power line from the MDCU. The default is set at 02.

Lstatus 8 — This indicates the number of retries required on the power line. Rollover OFFH to OOH will
not occur. It can be reset using the RCD parameters command, as described in 5.2.2.4.3.

Status 9 — This indicates the current baud rate the iRCD is communicating with the controller. For the
sRCD, this indicates the current baud rate the device is communicating with an external device, if
applicable. The corresponding baud rates are given in Table 5.

Status 10 — This indicates the maximum baud rate the iRCD can communicate with the controller. For
the sRCD, this indicates the maximum baud rate the device can communicate with an external device, if
applicable. The corresponding baud rates are given in Table 5.
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Status 11-12

Data typ
Data for
Example

Status 3 — Nlanufacturer Code: Assigned by ISO, Carrier\Fransicold — type “1”, type “0” reserved [rest

to numeric (n

Data typ
Data for
Example

Status 14 —
characters):

Data typ
Data for
Example

Reserved va

0000H
FFOOH

2006(E)

Table 5 — Baud rate definitions

RT New baud rate
00 Default rate
01 75 baud
02 110 baud
03 300 baud
04 600 baud
05 1200 baud
06 2 400 baud
07 4 800 baud
08 9 600 baud
09 19,2 kilobaud
10 38,4 kilobaud
11 67,2 kilobaud
12 100 kilobaud

— Controller Software Version:

€. unsigned integer
mat: stored as a 2 byte value in BCD (binary coded de¢imal) format
:rev 5117 =01010001 00010111

on alpha) characters]:

e: unsigned byte
mat: stored as an unsigned one byte,value
: 1 =00000001

Manufacturer Type Indjcator: Assigned by manufacturer (restricted to numeric (non

e: unsigned byte
mat: stored as an‘unsigned one-byte value
: 82 =01010040

ues: Thefollowing values shall be reserved for ISO use:

O00OFFH

A

g

ricted

Ipha)

FFFFh

5.2.2.2.3.3

RCD xmit1 and xmit2 commands

The RCD xmit1 and xmit2 command transfers text data to a selected RCD slave. The xmit1 versus xmit 2
selection defines the method of transfer on the power line and is further described for the appropriate low data
rate or high data rate modem (5.2.3 and 5.2.4 respectively). From the point of view of the MMU, these process
differences are invisible, except for the time of response. The data field sent to the MDCU from the MMU
contains the routing byte followed by the 11-byte ASCIlI RCD network address. The information following this
address is the text data, or message, to be given to the selected RCD, i.e.:

Data field to MDCU = Routing byte/address + RCD message

16
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The RCD message field is discussed in 5.2.2.4. Inscribed in it is a subcommand which the RCD evaluates and
processes accordingly. If this subcommand requires a response from the RCD, the RCD buffers it in an RCD
response buffer. An RCD interactive poll command (as described in 5.2.2.2.3.6) is then used to obtain this
buffered response. These xmit commands, however, only return a general valid type reply (see 5.2.2.3.2) from
the MDCU to the MMU after the MDCU receives the proper acknowledgement of transfer from the slave RCD.

The r

outing byte/address are returned in the data field of this reply, i.e.:

Data field from MDCU valid = Routing byte/address

522234 RCD Interactive1 and interactive2 commands
The RTD inferaciiveT and interactiveZ commands transier text data to a selected RCD slave In exactly the
samg way as the RCD xmit commands described in 5.2.2.2.3.3. As with the xmit commands;\th¢ interactive1

versy
apprd
MMU
provi
acco
subc
differ

returming a valid reply to the MMU when the MDCU receives a proper acknowledgement from th

for th
witho
data

[

In the
incre
desc
interg
interg
amol
requi
nega

5.2.2

The |
an R
acqu
proce
comn
netw
RCD
subfi

s interactive2 selection defines the method of transfer on the power line and is further des
priate low data rate or high data rate modem (5.2.3 and 5.2.4 respectively). From the'point
, these process differences are invisible, except for the time of response. The~interactiv
je the RCD with a subcommand inscribed in the text data, which the RCD-gevaluates ar
dingly. (The RCD processes the interactive commands in the same way as‘\the xmit comn
bmmand requires a response from the RCD, the RCD buffers it in(an RCD response
ence between the RCD xmit and interactive commands occurs here in‘the MDCU processir

e transfer of text data, the MDCU queues an RCD interactive pell command, as described i
ut intervention from the MMU. A time delay later, as specified)by a byte in the interactive
field, this interactive poll is sent to the RCD. Thus the data field sent to the MDCU is:

Data field to MDCU = Routing byte/address + Response délay + RCD message

above data field, the response delay is a 1-byte value. Each count of this value causes an
mental delay, calculated as this number times the'base value established in the MDCU Para
ibed in 5.2.2.2.2.3, between the completion\of the interactive command and the transm
ctive poll. The response of the RCD to(this poll is then returned to the MMU as the
ctive command and, therefore, its formiat is as given in 5.2.2.2.3.6. This reply will be depe
nt of RCD processing required foruthe RCD message subcommand. Note that subco
fing RCD responses should not use an interactive command since the interactive poll wo
ive acknowledgement from the\RCD (i.e. no response buffer will be available).

2.3.5 RCD map command

RCD map commandbroadcasts a polling message from the MDCU requesting, with varying
CD device to returh its network address. The purpose of this command is to log in, or ma
red or unpolled.RCDs on the power line network. Since the mapping technique uses g
ss on the \network, the format of the data field from the MMU to the MDCU is similg
hands described in 5.2.2.2.3.3 and 5.2.2.2.3.7, i.e. the routing byte followed by the 11-byte
brk address. However, being a broadcast type of message transfer, it cannot simply seleg

byAusing a unique individual network address. Instead, the 11-byte ASCII field is broke

Cribed for the
bf view of the
e commands
d processes
ands.) If this

buffer. The
g. Instead of
e slave RCD
N 5.2.2.2.3.6,
command’s

approximate
meter11 byte
ission of the
reply for the
ndent on the
mmands not
Ild receive a

probabilities,
p, any newly
polling-type
r to the poll
ASCII RCD
t a particular
n into ASCII
f this field is

blds) supplying all RCDs on the power line network with a mapping strategy. The format g

shown'in Figure 6.

Unused HRCD
destination
address

Alpha network
address

Map

Shift variable
subcommand

Type repeat

Destination
address
individual

No. of

bytes 2

2

©I1SO

Figure 6 — Format of RCD map command
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The fields in Figure 6 are defined as follows:

Alpha network address — This is comprise of 4-byte ASCII characters defining an RCD alpha portion
(usually denoting the container operator) of the RCD network address on the power line network. All
RCDs recognize the map command by using the universal address, or four ASCII Os, or 30H, 30H, 30H,
30H.

Type repeat — This is a 3-byte check field filled with a map command (045H). The device map command
value is used instead of the RCD map command to allow an alphanumeric value to reside in the normally

numeric polling field.

— Map sul —This | =
procedure in the mapping strategy. These procedures, and their associated values, are given belew!

— Unused [HRCD destination address — This is a 2-byte hexadecimal field which provides an‘HRCD v
network |address. Only the HRCD(s) responding to the map command use this address. This field is
only when the alpha network address specifies the universal address, i.e. four ASCH Os, or 30H,
30H, 30H.

— Destinatjon address individual — This is a 2-byte hexadecimal field which ‘prevides an HRCD v
network|address. Only the HRCD responding to the map command uses. this address. This fi
present pnly when the map address specifies an individual 11-byte address.

— Shift va

iable — This is the upper nibble of the byte and shall be 1111 B. The lower nibble conts

Ssing

vith a
used
30H,

ith a
pld is

ins a

number from 0 to 15 which indicates the number of bits to mask from an RCD’s 16-bit random numlper (0

will projide a 1111111111111111 B bit mask, while 15 will,provide 0000000000000001 B). An
which obtains a value of zero by performing the logical AND(of this mask with the 16-bit random ny
will attempt to return its network address provided that its.internal respond to map flag is set (see bg
Thus, this shift variable provides the mapping strategy. with the capabilities of adjusting the range, of
of the eXpected number of RCD responding.

RCD
mber
low).
size,

data

An RCD will|not accept a map command unless the alpha network address characters match those ¢f the

particular R¢GD or the universal addness. This provides for selection of different classes of RCDs usin
same data rgte and thus the samerouting byte. When accepted, the RCD decodes the map subcomma
perform different strategies of-theé mapping sequence. These subcommands are listed in Table 6. Any
value received by the RGD.in the subcommand will force the RCD to ignore the command. Each
addressed wjll perform the‘map function received regardless of the respond to map state. Only after exeq
of the map flinction dées'the RCD check the respond to map state. If a map response is indicated, the
performs thel logical’AND of the shift variable mask with its 16-bit random number. A value of zero will
the RCD to return its network address.

g the
nd to
other
RCD
ution
RCD
allow

Table 6 — Map subcommand definitions

Subcommand Ascll HEX RCD process
value value
Initiate new map 49 Sets its resp'ond tg map flag, generate a new 16 bit random, and set
up a new shift variable.
General new map G 47 Generate a new 16 bit random and set up a new shift variable.
Change shift map 5 53 Set up a new shift variable.
Decrement map D 44 SDhei;:trement its random (variable rollover will occur) and set up a new
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An RCD will set its internal respond to map flag in one of three ways:

a) The RCD starts a power-up sequence, either by initially being turned on, or by an internal dead-man reset
occurrence by an RCD directed reset command from the MMU device (see 5.2.2.4).

b) The RCD has not received an individually addressed command within 1 h.

c) The RCD receives an initialize map subcommand (defined above).

The flag is reset each time the RCD receives an individually addressed command. At this time the RCD
initiates the 1 h timer discussed in b) above.

When the MDCU receives a network address from the RCD, it returns a general valid type reply (see

522
mess

[

5.2.2

The

an R
caus
for th

[

The {
the H
nega
If, ho|
reply
i.e.:

|

Oncs
allow

5.2.2

3.2) to the MMU with the data field containing this RCD network address following the/m
age it used, i.e.:

Data field from MDCU value = Routing byte/map information + RCD network address

2.3.6 RCD interactive poll command

RCD interactive poll command is used to retrieve information from an RCD after the RCD h

bd the RCD to buffer a response (see 5.2.3.2). The format of the data field from the MMU
e interactive poll is exactly the same as that of a normal poll comimand, i.e.:

Data field to MDCU = Routing byte/address

ime between the xmit and interactive poll is the responsibility of the MMU, and shall be en
CD to process and buffer its response. If an RED “response buffer does not contain i
ive acknowledge (see 5.2.2.2.3.5) is returned from the RCD to the MDCU, and consequent|
wever, the RCD has buffered information, this information is returned to the MMU via a gene
(see 5.2.2.3.2) with this information preceded\in the data field by the network tag and the R

Data field from MDCU valid = Routing.byte/address + RCD message

ng another RCD xmit or interaetive command to be accepted by the RCD.

2.3.7 Device polrcommand

The glevice poll command Tequests the quick status buffer of the controller which is attached to

iRCD
routir

[

A va

or the internal{quick status of the sRCD. The data field sent to the MDCU from the MMU
g byte followed-by the 11-byte ASCII RCD network address and the expected reply length, i

Data field\to' MDCU = Routing byte/address

d_reply from the MDCU contains the routing byte/address and the controller (iRCD) or int

quick

Ap command

Bs been sent

CD xmit 1 or xmit2 command (see 5.2.2.2.3.3) in which its subcommand in the RCD njessage field

o the MDCU

ugh to allow
formation, a
to the MMU.
ral valid type
CD’s address,

the RCD transfers this buffered. data, it resets (and thus empties) its RCD response byffer, thereby

the selected
contains the
e..

prnal (sSRCD)

status buffer in the data field of a general valid type reply (see 5.2.2.3.2), i.e.:

Data field to MDCU valid = Routing byte/address + Quick status

For an iRCD, an image of the controller quick status buffer is contained within the iRCD and updated
approximately every 30 s. For both the iRCD and the sRCD, the reply format of the data field of this message
is presented in Figure 7.

5.2.2.2.3.8 Device xmit1 and xmit2 commands

The device xmit1 and xmit2 commands transfer text data to a selected RCD slave. The xmit1 versus xmit2
selection defines the method of transfer on the power line and is further described for the appropriate low data
rate or high data rate modem (5.2.3 and 5.2.4 respectively). From the point of view of the MMU, these process
differences are invisible, except for the time of response.

© IS0 2006 — Al rights reserved 19


https://standardsiso.com/api/?name=0b4d74709aed15b1de058c3bb1a1a26e

ISO 10368:2006(E)

Alarm indicators

Recent defrost indicators
/ First bit transmitted

Alarm flags RMode Return air Supply air Set-point g
I|I|I|I|I|I|I|I|I|I\I~| I|II|I|I|I|I|I I|I|I|I|I|II|I|I|I|I|I
20 bits 3 |14 bits 12 bits 12 bits 12 bits
| Byte 7 | Byte 6 | Byte 5 | Byte 4 | Byte 3 | Byte 2 | Byte 1 | Byte 0 |

Contents | No. of bits Re;;)rll:)tiiton Range Offset Notes

Set-point -125°C

Supply-air 12 0,05°C to =125°C 0<-125°C: FEE > 7975 °C

Return air 75°C

Contents No. of bits Indicated condition Bit value

Mode 4 Cool max. EHERERE

(16 possible | Cool reduced EHERERE :\
states) Modulation [ 1 [ 1 [ 1 Firsthit
transmitted

Fan reduction [1T1 11 ]xa7]
Heat reduced [1 171 Fa 1]
Heat max. [1 ]V T1]
Alarm shutdown LSt J1 1]
Power off [T 117111
Humidity | | | | |
7 states undefined | | | | |

R 1 Recent defrost

Alarm 3 Change in primary alarms [1 Jo]o]

indicator Change in.extended alarms ““

Alarm flags 20 Powe up HIRNNNNRNNRNRRNNNNRD
gensor failure HIRNNNNRNERNNRNNNNGE
High evaporator temperature (TTTTLLLTTTTLITTT I ]
High head HINNRNRNRNRRERRCEEN
Evaporator fan motor HINNRNRNRNRNNRNTNEEY
Condenser fan motor HINNRNRNRNRNRCENEEY
Compressor HINIRNRNRNRNCNRNEEY
Defrost termin. on time limit | | | | | | | | | | | | |1| | | | | | | |
Temperature out of range IINNRNRNRNRCERNNNEEY

Low pressure

Low compressor oil pressure
Pump down termin. on time limit
Charge

Microprocessor faulty

Alarms reset

Fuse (control)

HINNRNRNRNERERERNEEY
IINIRNRNRCENNRNRNEEY
IINNRNRNCNENEREREEEY
HIRNNNNCNNRNNRNNNEED
HIRNNNCRNNRNNRENNEED
HIRNRCNRNERNERNNNEED
HIRNUNNRNERNRRENNEED

20

Figure 7 — Device poll (total 8 bytes or 64 bits)
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The data field sent to the MDCU from the MMU contains the routing byte followed by the byte ASCII RCD
network address. The information following this address is the text data, or message, to be given to the
selected iRCD for transfer to the controller, or the selected sRCD for device input/output processing, i.e.:

Data field to MDCU = Routing byte/address + Device message

This device message field is discussed in 5.2.2.6. Inscribed in it is a subcommand which the RCD evaluates
and processes accordingly. If this subcommand requires a response from the controller (iRCD) or the
input/output function (sRCD), the RCD buffers it in a device response buffer. A device interactive poll
command, as described in 5.2.2.2.3.11, is then used to obtain this buffered response. These xmit commands,
however, only return a general valid type reply (see 5.2.2.3.2) from the MDCU to the MMU after the MDCU

recei
MDC|
byte/

5.2.2

[

ROCD (thic Al
o

nranar ~nl trancfar n
K

{+
T

jication of the

awlaedacmeaentic an 1n
T oL Cwicagererrsar

JU/RCD transfer and has no bearing on, for instance, the iRCD/controller transfer status)
pddress are returned in the data field of this reply, i.e.:

o thao nowdedacmant ~f from tha
Co T PTopPTT atKmowIiCcOge e ot artoteT ot t1c

Data field to MDCU = Routing byte/address

12.3.9 Device interactive1 and interactive2 commands

The dlevice interactive1 and interactive2 commands transfer text data to a Selected RCD slave i

samg
versuy
apprq
MMU
provi
acco
subc
buffe
the d

way as the device xmit commands described in 5.2.2.2.3.8. As with-the xmit commands, th
s interactive2 selection defines the method of transfer on the power line and is further des
priate low data rate or high data rate modem (5.2.3 and 5.2.4<tespectively). From the point
, these process differences are invisible, except for the time of response. The interactiv
je the RCD with a subcommand inscribed in the text data, which the RCD evaluates ar
dingly. (The RCD processes the interactive commands 'in the same way as the xmit comn
bmmand requires a response from the controller (iIRCD) or the input/output function (sRG
s it in an RCD response buffer. The difference between the device xmit and interactive co
ifference between the RCD commands described in 5.2.2.2.3.3 and 5.2.2.2.3.4, occur

The routing

h exactly the
b interactive
tribed for the
bf view of the
b commands
d processes
ands.) If this
D), the RCD
mands, like
here in the

MDC|
ackn
comn

a byt
to the

U processing. Instead of returning a valid\reply to the MMU when the MDCU receiles a proper
bwledgement from the RCD for the transfer of text data, the MDCU queues a device inferactive poll
hand, as described in 5.2.2.2.3.11, without intervention from the MMU. A time delay later, a4 specified by
b in the interactive command’s datafield, this interactive poll is sent to the RCD. Thus the data field sent
MDCU is:

[Data field from MDCU valid =Routing byte/address + Response delay + Device message

In the
incre
desc
interg
interg
RCD
respd
ackn

above data field, theresponse delay is a 1-byte value. Each count of this value causes an|approximate
mental delay, calculated as this number times the base value established in the MDCU Pargmeter 1 byte
ibed in 5.2.2.2.2(3; between the completion of the interactive command and the transmiission of the
ctive poll. The\response of the RCD to this poll is then returned to the MMU as the freply for the
ctive command and, therefore, its format is as given in 5.2.2.2.3.6. This reply will be depgndent on the
processing' required for the device message subcommand. Subcommands not requiring device
nses should not use an interactive command since the interactive poll would receivg¢ a negative
pwledgement from the RCD (i.e. no response buffer will be available).

5.2.2.2.3.10 Device map command

The device map command is indistinguishable from the RCD map command (see 5.2.2.2.3.5).

5.2.2.2.3.11 Device interactive poll command

The device interactive poll command is used to retrieve information from an RCD after the RCD has been sent
a device xmit1 or xmit2 command (see 5.2.2.2.3.8) in which its subcommand in the data field required the
iRCD to buffer a controller response or the sRCD to buffer a device input/output process (see 5.2.2.6). The
format of the data field from the MMU to the MDCU for the interactive poll is exactly the same as that of a
normal poll command, i.e.:

Data field to MDCU = Routing byte/address
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The time between the xmit and interactive poll is the responsibility of the MMU, and shall be enough to allow
the RCD to process and buffer its response. If the RCD’s device response buffer does not contain information,
a negative acknowledge (see 5.2.2.2.3.5) is returned from the RCD to the MDCU and consequently to the
MMU. If, however, the RCD has buffered information, this information is returned to the MMU via a general
valid type reply (see 5.2.2.3.2) with this information preceded in the data field by the routing byte/address, i.e.:

Data field to MDCU valid = Routing byte/address + Message

Once the RCD transfers this buffered data, it resets (and thus empties) its device response buffer, thereby
allowing another device xmit or interactive to be accepted by the slave RCD. (Note that the RCD’s device
response buffer is independent of the RCD’s RCD response buffer discussed in 5.2.2.3.6.)

5.2.2.24 |

5.2.2.2.41

The purpose
The current
information fi
of informatio
sensors ang
performance

5.2.2.24.2

A configural]
controller in
version alloy
atmosphere,

architecture as well.

In order to n
return and a
items shall b
The length o

LDR systems.

5.2.2.24.3

The Enhanc¢d device poll message will supplement the current device poll message. It shall not impa

current devid

5.2.2.24.4

The Enhanc

Extended device poll

General

of this International Standard is to propose the architecture for an enhanced device poll mes
device poll command is defined in 5.2.2.2.3.7. This command allows-the" retrieval of li

h common in today’s refrigeration units, including USDA, humidity and controlled atmos
their set-points. Implementation of this architecture will improve both the content
of the polling process by providing access to all relevant data in‘@ne message.

Background

le version of a type of enhanced device poll wasmplemented on the Carrier Microl
early 1998 (rev 5109) and is currently being used\by several remote monitoring vendors.
vs the user to select individual data items of*“sets” of data (USDAs, humidity, cont
etc.) by sending a bit array to the controller:xMultiple sensor resolutions are supported i

naintain a structure similar to the cufrent device poll, all current data items (set-point, st
arms) shall be consistent with respect to position and offset within the response packet. Al
e included in the response packet in a fixed format. Individual data items shall not be selec
f the response packet is such-that it may be supported with one message on either the HI

Backward compatibility

e poll in any_ manner and therefore be backward compatible to existing systems.

Message Architecture

bd-device poll as shown in Figure 8 and Table 7 shall be assigned a command value of

sage.
Mmited

om the refrigeration unit’s controller. The proposed enhanced device poll-will enable the retrieval

bhere
and

nk 2i
This
rolled
N this

pply,
data
able.
DR or

ot the

47H

(reference s

ection 5.2.2.2.3, lable 2 "MDCU power line directed command types™ of this Interna

Standard). The current device poll command has a value of 40H.

NOTE

22

The 47H command is currently not used and is assigned as the next available value in the table.
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# 12 12 12 4 1 3 20 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Bits
P | Set- |Supply |Return |Oper- |Recent |Alarm |Alarms | US us Cargo [Humid-| Humid- [02 COo2 N2 CO2 02 Future | Future | Future
a | point ating |Defrost |indi- flags DA DA ity ity concen-|concen-|concen-| set- set- |exp- |exp- |exp-
r mode cators 1 2 set- tration |[tration |[tration | point point |ansion|ansion| ansion
a point
m
e
t
e
r
N | See See See See See See See See See See See See See See See See See See See | See | See
o gure [ T IguTe [ FIguTe[ T igurg T Igure T Igure [ TIgure | 1apie [ Tapie | Tapfe | Tape [ Tape| T1ape Tapte[—Tapfe [ Tapfe | Tape [~ Tape [ Jable | Table| Table
t 7 7, 7, 7, 7, 7, 7, 1 1 1 1 1 1 1 1 1 1 1 1 1 1
e | 1p3 103 103 103 103 103 103
s | 68 68 68 68 68 68 68
Figure 8 — Enhanced device poll — Field definitions (total 29 bytes,or 232 bits
Table 7 — Data format definitions
Contents # Bits | Res/Bit Range Offset Notes
Supgly 12 0,05C -125C to 75C -125C 0<=-125C; FFF>=79,75C
Retufn 12 0,05C -125C to 75C -125C 0<=-125C; FFF>=79,75C
Set-fgoint 12 0,05C -125C to 75C ~125C 0<=-125C; FFF>=79,75C
USDA1 12 0,05C -125C to 75C -125C 0<=-125C; FFF>=79,75C
USDA2 12 0,05C -125C to 75C -125C 0<=-125C; FFF>=79,75C
USDA3 12 0,05C -125€ 10 75C -125C 0<=-125C; FFF>=79,75C
Cargp 12 0,05C ~125C to 75C -125C 0<=-125C; FFF>=79,75C
Humldity (sensor) 12 0,025 % 0-100 % 0% 000 =0 %, FAO = 100 %, FAOQ > FFF reserved
Humdity 12 | 0625% | 0-100% 0%  |000=0 %, FAO = 100 %, FAO > FFF reserved
(set-point)
O, concentration 12 0,025 % 0-100 % 0 % 000 =0 %, FAO = 100 %, FAQ > FFF reserved
CO, koncentration 12 0,025 % 0-100 % 0% 000 =0 %, FAO =100 %, FAO > FFF reserved
N, cancentration 12 0,025 % 0-100 % 0% 000 =0 %, FAO =100 %, FAO > FFF reserved
CO,, pet-point 12 0,025 % 0-100 % 0% 000 =0 %, FAO =100 %, FAO > FFF reserved
O, s¢t-point 12 0,025 % 0-100 % 0% 000 =0 %, FAO =100 %, FAO > FFF reserved
Futute 12
Future 12
Future 12
5.2.2.3 MDCU to MMU reply command types
5.2.2.31 General

The reply types from the MDCU to the MMU convey the success/failure status of the jobs processed by the
MDCU, and are presented in Table 8 and explained in 5.2.2.3.2 to0 5.2.2.3.6.

© I1SO 2006 — All rights reserved
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Table 8 — MDCU reply types

MDCU reply
General valid 20H
MDCU reset 27H
General invalid 28H
Invalid NAK on power line 29H
Invalid no response on power line 2AH

5.2.23.2 (
The general

specified by
reply only wi
buffer is sim
default paran
this status by
while the sta

First byte tra

Status0

error condition occurred during the particular test, as shown_ in“Table 9. Since this is a read-only loc

the errof

Status14

Status-3
prevent

General valid reply

valid reply from the MDCU to the MMU is used to indicate that the job, or command-requeste
the task number, was executed without error. Commands directed for MDCU"interrogatiol
h the MDCU status buffer. (The format in which the MDCU reset command\will return the s
lar to that for the other MDCU interrogation commands with the exceptionythat it will conta
neters, and that the reply type and task number will be as described in 6:2.2.3.3.) The definit
ffer is given below. The status bytes used for the low data rate systeém only are prefixed with
us bytes used for the high data rate system only are prefixed with an’H.

nsmitted:
— MDCU status is written during initialization of the MDCU. A bit which is set indicates th

status cannot be reset by the MMU.

Table 9 — MDCU status state bit definitions

Bit MDCU state

7-5 Reserved

RCD tests had an error:
Internal RAM error
External RAM error

EEPROM (NOVRAM) error

4
3
2
1
0 Program check sum error

? — MDCUrsoftware version (1) and subversion (2) status is a read-only location.

— This.is a handshake byte, used by the MMU to reset internal MDCU buffers and a
data. tearing when multiple transfers of a particular buffer are obtained. Each bit is disct

d, as
n will
tatus
n the
on of
anlL

at an
ation,

S0 to
ssed

below.

the MMU). This bit is a read-only bit, the MMU cannot set/reset it.

Status4-

Bit6-0 — This is at present undefined.

5 — This includes available power line buffer size high (4) and low (5) bytes.

Bit7 — This is MDCU UART OTS status (MMU communications the OTS mode (i.e. communicating with

LStatus6 — This indicates the maximum size for any data packet (or block) transmitted by the MDCU on

the power line network. This number will never exceed the available buffer size. Its default is set at 128 or

80H.

24
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LStatus7 — This indicates the number of attempts the MDCU will perform for a particular jo

received an invalid response on the power line from the RCD. The default is set at 02.

b in which it

LStatus8 — This indicates the number of retries required on the power line. Rollover OFFH to OOH will
not occur. It can be reset using the MDCU parameters command, as described in 5.2.2.2.2.3.

LStatus9 — This indicates the number of successful normal polls which required one retry

on the power

line. Rollover OFFH to OOH will not occur. It can be reset using the MDCU parameters command, as

described in 5.2.2.2.2.3.

LStatus10 — This indicates the number of successful normal polls which required two r
OWer line. Rollover
s described in 5.2.2.2.2.3.

tatus11 — This indicates the time delay base value used within an interactive command (5.

.2.2.2.3.9) that is required between the MDCU transmission of data to an RCD¢and the in

sed to obtain a response from the RCD. Each count provides a 0,1 s incremental delay.

q

\

btatus12-14 — This is at present undefined.

mand and, therefore, are discussed within the subclause relevantio each specific command.

3.3 MDCU reset reply

returns the MDCU status buffer as described in 5:2.2.3.2. The status buffer, however, wi

be the default reset task number, or 255 (OFFR)/ (Therefore, since the MDCU may be reset
ention via its deadman feature, this task number should be reserved for this function only,
MU/MDCU interactions.)

3.4 General invalid reply

general invalid reply from theMDCU to the MMU is used to indicate that the job, or commar

A

mplete jobs on the power line (as described in 5.2.2.3.5 and 5.2.2.3.6), this reply is used for g

parameie

MDCU reset reply is a special case of the general valid reply for MDCU interrogated comm

U default parameters since the MDCU has undergone a hardware reset. The task number

etries on the
s command,

P.2.2.3.4 and
teractive poll

N the specific

ands since it
| contain the
returned will
without MMU
and not used

d requested,

ecified by the task number,-eould not be completed. Unlike the special negative replies us¢d to indicate

non-specific

genefal purpose negativereply. Examples of its use are as follows:

a) Unrecognized cammand type received by the MDCU;

b) inhvalid packet length received by the MDCU;

c) o respohse from a mapping request. This is used instead of a no response reply to distinguish a map

As with all negative replies, no data field is associated with the reply.

5.2.2.3.5

Invalid NAK on power line reply

e power line

The invalid NAK reply indicates the unsuccessful completion of a job, or command requested, as specified by
the task number. This job was intended for power line interactions. The attempts to complete the job failed
such that, although the RCD responded to the MDCU at least once (retries included), invalid information was
received by the MDCU. In most cases, the MDCU received negative acknowledges indicating that the RCD
did not have valid information to return to the MDCU or that an RCD buffer was not currently available to
receive the information from the MDCU. As with all negative replies, no data field is associated with the reply.
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5.2.2.3.6 Invalid no response on power line reply

The invalid no response reply indicates the unsuccessful completion of a job, or command requested, as
specified by the task number. This job was intended for power line interactions. The attempts to complete the
job failed such that no response from the RCD was received by the MDCU even though all retries were
attempted. The timeout period for each command type is dependent on which data rate modem is being
accessed on the power line and is, therefore, described for the appropriate low data rate or high data rate
modem (5.2.3 and 5.2.4 respectively). In most cases this indicates the absence of the addressed RCD on the
power line. As with all negative replies, no data field is associated with the reply.

5.2.2.4 RCD directed power line commands

5.2.2.41 General

This group qf commands requires communications with RCD devices over the power line communications
network. Thgse commands are buried in the data field of an MMU/MDCU message and areqdéciphered hy the
RCD. The fgrmat of this portion of the MMU/MDCU data field is referred to as the RCD\message. Th¢ first
byte of the RCD message field is the RCD command. Those commands at present supported by the RCPD are
given in Table 10, and each is described below in its respective subclause. Table 10-also indicates whether or
not the RCD| will buffer data in its RCD response buffer on acceptance of each. command. The bytes which
follow the command in the message, if required, are discussed for each command‘in the respective subcjause.
Both types of RCD, the RCD and the sRCD, process these RCD directed commands similarly.

Table 10 — RCD directed command’types

RCD command Value Buffering
RCD reset 20H No
RCD parameters write 22H Yes
RCD address/set-point read 24H Yes
RCD address write 26H Yes
RCD set-point write 28H Yes
RCD RAM absolute-address read 30H Yes
RCD RAM voldtile offset address read 32H Yes
RCD RAM-battery offset address read 34H Yes
RCD_RAM datalog offset address read 36H Yes
RCDRAM absolute address write 40H Yes
RCD RAM offset address write 42H Yes
RCD RAM battery offset address write 44H Yes
RCD RANI datalog offSet address write Z6H Yes

Since processing of the RCD message occurs after accepting the information from the MDCU over the power
line, the RCD acknowledge, or acceptance, of the network command occurs at the network level and not at
the RCD message level. For example, an RCD may accept a command from the MDCU with an invalid RCD
message type for the RCD. Any processing of a message after such acceptance from the MDCU, even for a
valid message type which the RCD finds illegal, will be ignored by the RCD. An RCD will not accept a valid
RCD network command only if its RCD response buffer already contains data waiting to be returned to the
MDCU from a previous RCD network command.
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5.2.2.4.2 RCD reset command

The RCD reset command shall cause the RCD to initialize itself in the same way as if a power-up sequence
was performed. The RCD will perform its internal diagnostics and initialize with default parameters. Any data
associated with this command will be ignored. Since the RCD is reset, no data response is buffered in the
RCD response buffer.

5.2.2.43 RCD parameters command

The RCD parameters read command loads the RCD status buffer with information passed in the message
following this parameter's command byte. Since the RCD status buffer is only 15 bytes in length, a message
contdining more than 15 byies of information will cause the RCD 1o ignore the command. The pfarameters to
be lopded are defined below. The parameters used for the low data rate system only are prefided with an L
whilelthe parameters used for the high data rate system only are prefixed with an H.

First pyte transmitted:

— [ParameterO — Test status byte is a read-only location and, therefore, this'parameter is ighored by the
CD.

— [parameterl-2 — RCD software version/subversion is a read-only location and, therefore, this|parameter is
ipnored by the RCD.

— [Parameter3 — The MMU handshaking flag byte is changed. This byte is used by the MMU to reset
internal RCD buffers and also to prevent data tearing when multiple transfers of a particular buffer are
btained. Each bit is discussed below.

— Bit7 — This is for an iRCD only, the UART OTS status (controller communications). Active is|set to a logic
ne when the UART is in the OTS mode that.is>Currently capable of transfers. This bit is a read-only bit;
e MMU cannot set/reset it.

— Bit6 — This is the RCD device status- buffer status. Set active indicates that the buffer contains
information available to the MMU. The"MMU may reset this status by transmitting logic zg¢ro in this bit
losition, while a logic one does not\change the buffer’s state.

itSs — This is the RCD device response buffer status. Set active indicates that the buffer contains
information available to the,;MMU. The MMU may reset this status by transmitting logic zgro in this bit
position, while a logic ene-will not change the buffer’s state. For an iRCD, a buffer in the pro¢ess of being
Ipaded by the controllerdoes not abort the transmission.

— Bit4 — This isSthe RCD device datalog buffer status. Set active indicates that the buffer contains
information available to the MMU. The MMU may reset this status by transmitting logic zgro in this bit
position, while a logic one will not change the buffer’s state. For an iRCD, a buffer in the pro¢ess of being
Ipaded bysthe controller does not abort the transmission.

it3-— This is the RCD response buffer status. Set active indicates that the buffer containg information
aitable—te his—bit-cannot-berese y-this—command-since—this—commanc witt-actually buffer

this status here.

— Bit2 — For a sRCD only, this is the RCD external portable data collection computer buffer status, if
applicable. Set active to a logic one when either the external serial channel UART receive or the transmit
buffer contains valid information. This information is not exchanged on the power line communications
network. This bit can be reset by the MMU, but the serial channel communications are not affected.

— Bit1 — This is at present undefined.
— Bit0 — This is the RCD data-logger buffer update handshake bit. The RCD sets this bit whenever the

RCD has updated its internal data-logger buffer. The MMU resets the bit prior to transfer and checks it
after the transfer is complete, thus providing a means to check possible data tearing of the buffer.
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— Parameter4-5 — Available buffer size high (4) and low (5) bytes are changed. Power line buffers are
decreased/expanded. Zero indicates no change. If the new size is below/above the RCD’s
minimum/maximum value, its minimum/maximum value is used.

— LParameter6 — The maximum size of the data packets (or blocks) to be transferred on the power line is
changed. If received larger than the available buffer size setting (described above), that value will be
substituted. A value of zero will retain the previous setting (unless that setting is greater than the new
available buffer size). It is recommended that the packet size not be set greater than its default value
(128 or 80H) unless the message timeout settings within the RCD are changed accordingly.

— LParameter7 — The number of retransmissions to be attempted for a given job on the power line is
changed-

— LParamegter8 — The counter indicating the number of retries which have been performed on.the gower
line is changed.

— LParamegter9 — The current baud rate at which the iRCD is communicating with the controller is chapged.
If this reguested rate is greater than the iRCD maximum rate given in LParameter10; this maximunp rate
is substituted. The corresponding baud rates are given in Table 5. For an sRCD_communicating with an
externalldevice (if applicable), this is a read-only location.

— Lparamgter10 — Maximum baud rate the iRCD can communicate with(the controller or the sRCI) can
commurlicate with an external device, if applicable. The corresponding baud rates are given in Taple 5.
This is g read-only location.

— Bytes 11-14 — These are at present undefined.

Since the firgt 3 bytes of the status buffer are read-only locatians, any data field containing less than 3 pytes
will not change any parameters in the RCD status buffer.:Also, Parameter4-5 is 2 bytes in length and g byte
count which [transfers only one of these bytes will not update this parameter. Regardless of whethef any
parameters Were changed, once the RCD has accepted to process the information, the RCD will place the
new status bpffer into the RCD response buffer following the RCD status change reply byte (see 5.2.2.5.2).

5.2.2.4.4 RCD address/set-point read command
The RCD address/set-point read command loads the RCD response buffer with the RCD address/settpoint
read reply byte (see 5.2.2.5.3) followed by the present contents of the RCD’s non-volatile memory dIvice,
which contains the 11-byte RCD.'network address plus the 4-byte RCD set-point (5.2.2.4.6). If an ipvalid
address is rgsident in the RCD’s, non-volatile memory device (i.e. this information’s check sum is found [to be
erroneous), the universal error address of nine ASCII Os followed by two ASCII Is, or nine 30Hs plus twd 3IHs,
will be buffered. Since infgrmation is not required for this read command, any data received by the RC[} with
this commangd will be ignored.

5.2.2.4.5 RCD address change command

The RCD address—changeco \ation
passed in the message following these address change command bytes Slnce an RCD network address is
11 ASCII bytes in length, a message containing more than 11 bytes of information, or information received
that is not ASCIlI numerics/alphanumerics, will cause the RCD to ignore the command. The RCD will also
ignore the command if it has been addressed with the universal address and the initial address enable device
jumper removed.

Regardless of whether any bytes within the address field were changed, once the RCD has accepted to
process the information, the RCD will place the new 11-byte network address into the RCD response buffer
following the RCD address change reply byte (see 5.2.2.5.4). The interactive commands should not be used
when changing an RCD address while addressing that RCD with its individual address since the interactive
poll command queued by the MDCU to obtain the RCD response buffer will contain the old or newly invalid
RCD address.

28 © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=0b4d74709aed15b1de058c3bb1a1a26e

ISO 10368:2006(E)

5.2.2.4.6 RCD set-point change command

The RCD set-point change command changes the assigned set-point values of the particular RCD with
information passed in the message following this set-point change command byte. This set-point information
consists of 4 bytes which are stored in a non-volatile memory device. At present, this information is not
defined and, therefore, not used by the RCD. Since there are 4 bytes, only an information field of between 1
and 4 bytes will be processed by the RCD. Any other number of bytes received will cause the RCD to ignore
the command.

Regardless of whether any bytes within the set-point field were changed, once the RCD has accepted to
process the information, the RCD will place the number of set-point bytes transferred into the RCD response

buffe fnllnwing the RCD set-point r‘hnngp rpply hytp (Qpp K225 R)
5.2.2|14.7 RCD RAM read commands
The RCD read commands place a specified number of bytes in the RCD response budfer. Eithe

or ar
these

offset starting address of these data is also specified. Starting addresses~are calculate
commands specifically as an offset from the first location of its designated\buffer. Absolu
be considered as a calculated offset address from an OOOOH baselocation. The a
sses is hardware specific and is outside the scope of this International‘Standard.

Acceps to the data-logger buffer while it is being updated is not allowed."Fhe RCD will not transfq
information to its Internal RCD response buffer. Therefore, a NAK willbe returned to the MDCU w
retrieve this information. Since the MMU communication and data-logging updates are indeper
more| blocks of data may be affected during an update. The transfer lockout ensures that if the M
contiguous block of the data-logger, this will not result in ‘data tearing. However, if the MMU
variolis portions of the data-logger, another lockout is reqtired. A bit in the RCD status buffer (
and $.2.2.5.2) is used, in conjunction with the MMU, to\provide an interlock. The MMU should
prior o obtaining multiple block area transfers and, when the transfers are completed, should che
remajn unchanged. The RCD will set this bit when it updates any portion, or multiple por
data-Jogger. An update which requires data in distinctly different areas of the data-logger (i.e. blo
and the block affected by those pointers) canbe accessed with confidence by the MMU.

The RCD does not perform address chiecking on any given location and, therefore, it is the res
the MMU to provide an existing area of memory. (Support peripherals on the RCD, such as an ex

essage field to RCD & Command + Start address + Byte count

above, the 16-bit'parameters are passed high byte followed by low byte. The RCD will n
hand if the number of bytes in the messages does not equal five or the total length requeste
is greater than the RCD response buffer.

Oncs
into t

byte

the RED 'has accepted to process the information, the RCD will place the number of byt
he RCD response buffer following the RCD RAM read reply byte, the starting address paran
count (see 5.2.2.4.6).

an absolute
for each of
addressing
Esignment  of

r the datalog
hen trying to
dent, one or
MU obtains a
shall obtain
see 5.2.2.4.3
reset this bit
ck that it has
tions, of the
ck O pointers

ponsibility of
ternal UART,
parameters,

bt accept the
d by the byte

ps requested
heter and the

5.2.2.4.8 RCD RAM write commands

The RCD write commands place a specified number of bytes in RCD memory. Either the absolute or the offset
starting location for placing these data is also specified. Starting addresses are calculated for each of these
commands specifically as an offset from the first location of its designated buffer. Residences of these buffers
are hardware specific and, therefore, outside the scope of this International Standard. All of these write
commands except, possibly, some defined non-volatile memory, have the potential of destroying internal RCD
processing procedures and, therefore, are not allowed unless the initial address enable device jumper is
inserted. Since most of these writes are performed with the initial address enable device jumper inserted, the
RCD does not perform address checking on any of these given locations and, therefore, it is the responsibility
of the MMU to provide an existing area of memory. (Support peripherals on the RCD, such as external UART,
which may be memory mapped, are also accessible.) The non-volatile memory write which may be reserved
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to store input data directly from the MMU, however, may be performed during system execution and thus its
range of address to be written shall be checked. If any byte to be transferred is outside this usable external
range of memory, the command is aborted. The starting address and byte count are 16-bit parameters,
passed in that order, following the RAM write command. The data to be written follows this information, i.e.:

Message field to RCD = Command + Start address + Byte count + Data

In the above, the 16-bit parameters are passed high byte followed by low byte. The RCD will not accept the
command if the number of bytes in the message is not greater than five. Also, the RCD will not accept the
command if the byte count does not match the number of data bytes received. Since the power line buffers
are variable, dependent on their setting in their status buffers (see 5.2.2.4.3), the size of the message is
limited.

Once the RAD has accepted to process information, the RCD will place the RCD RAM write reply byte; plong
with the starfing address parameter and the byte count received, in the RCD response buffer toinforfn the
MMU that the¢ transfer has been accepted (see 5.2.2.5.7).

5.2.2.5 RCD directed power line slave replies

5.2.2.51 eneral

The RCD message reply types from the RCD to the MDCU convey the successful status of a previpusly
accepted R(QD message command received by the RCD. This reply has béen buffered in the RCD resfonse
buffer and shall be retrieved before the RCD can accept another RCD miessage. The buffer is retrieved psing
an RCD intgractive poll command (see 5.2.2.2.3.6), either exclusively:from the MMU, or inclusively via an
RCD interactivel or RCD interactive2 command (see 5.2.2.2.3.4). The’RCD returns the buffered data in text
block packetg over the power line communications network to the MDCU. The first byte of this RCD megsage
field is the RCD reply type. The reply types currently supported by the RCD are given in Table 11, and edch is
described bglow in its respective subclause. Note that the:reply has the same value as its correspohding
command presented in 5.2.2.4 with the least significant bit set. The bytes which follow the reply type in the
message arg discussed for each reply in the respective(subclause.

Table 11 — RCD directed slave reply types

RCDreply Value
RCD status change 23H
RGD address/set-point read 25H
RGD address change 27H
RCB, set-point change 29H
RCD RAM absolute address read 31H
RCD RAM offset address read 33H
RCD RAM battery offset address read 35H
RCD RAM datalog offset address read 37H
RCD RAM absolute address write 41 H
RCD RAM offset address write 43H
RCD RAM battery offset address write 45H
RCD RAM datalog offset address write 47H

On receipt of the RCD text message from the RCD, the MDCU will forward the information to the MMU. This is
returned in the data field of a general valid reply (see 5.2.2.3.2), preceded by the RCD routing byte/address of
the RCD interactive poll command. The full data field to the MMU is, therefore:

Data field to MMU = Routing byte/address + Reply command + RCD message data
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The individual replies discussed below, however, will be in terms of the RCD message field, which is in
relation to the RCD/MDCU transfer. The information received at the MMU will have the routing byte/address
added.

5.2.2.5.2 RCD status change reply

The information returned to the MDCU from the RCD following an RCD parameters command (see 5.2.2.4.3)
contains the RCD status. This information is transferred from the RCD status buffer to the RCD response
buffer immediately after the parameters are changed in the status buffer. Therefore, the delay in retrieving this
reply is proportional to the age of the valid data (but obviously this relates only to those bytes being updated in
RCD processing). Except for this aging of buffered data, the information returned is the same as that returned
by th
other
the rg

slight difference between the two responses is that this reply precedes the status buffer inf )rmatlon with

ply type byte, i.e.:

Message field to MDCU = Reply command + RCD status

5.2.2|5.3 RCD address/set-point read reply

The i
522
store
imme

nformation returned to the MDCU from the RCD following an RCD address/set-point read cg
4.4) contains the 11-byte RCD network address followed by the RCD set-point bytes, all
d in an RCD non-volatile memory device. This information is transferred to the RCD res
diately after the command is accepted. This 15-byte ASCI) information is returned tq

mmand (see
of which are
ponse buffer

the MDCU

precgded by the reply type byte, i.e.:

Message field to MDCU = Reply command + RCD network address + RCD set-point

5.2.2|5.4 RCD address change reply
The

5.2.2
non-

been

nformation returned to the MDCU from the RCD following an RCD address change command (see
4.5) contains the newly accepted RCD network address. This information is transferred fiom the RCD
olatile memory device to the RCD response buffer immediately after the non-volatile memory device has
updated. This 11-byte ASCII inforfnation is returned to the MDCU preceded by the reply type byte, i.e.:

Message field to MDCU Replyszeommand + RCD’s new network address

5.2.2|5.5 RCD set-point.change reply
The

5.2.2
non-

been

nformation returned-to the MDCU from the RCD following an RCD set-point change command (see
4.6) contains, the) newly accepted set-point byte or bytes. This information is transferred fjom the RCD
olatile memory device to the RCD response buffer immediately after the non-volatile memory device has
updated/The 1 to 4 bytes of information are returned to the MDCU preceded by the reply type byte, i.e.:

Message field to MDCU = Reply command + RCD’s new set-point data

5.2.25.6 RCD RAM read replies

The information returned to the MDCU from the RCD following an RCD RAM read command (see 5.2.2.4.7)
contains the reply type byte, the starting or offset address and byte count received in the request, and the
corresponding number of bytes of text data requested. The starting address and byte count are both 16-bit
parameters and are returned as verification that the text data requested is that returned. Thus, the format of

the RCD reply is:
Message field to MDCU = Reply command + Starting address + Byte count + Data

In the above, the starting or offset address and byte count are transferred high byte followed by low byte, and
the number of data bytes is given by the byte count.
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5.2.2.5.7 RCD RAM write replies

The information returned to the MDCU from the RCD following an RCD RAM write command (see 5.2.2.4.8)
contains the reply type byte and the starting or offset address and byte count received in the request. The
starting address and byte count are both 16-bit parameters, transferred high byte followed by low byte.
Although the write command does not require the RCD to return actual text data, this reply is nevertheless

used as a verification of the next data written into RCD memory. Thus, the format of the RCD reply is:

Message field to MDCU = Reply command + Starting address + Byte count

5.2.2.6

Device directed power line commands

This group g
with RCD de|
data field of
slightly, how|
sRCD’s inpu
as a device 1

Device 1

In the above
of bytes the

plus the nuni
so that an iF
intended sp¢g
with only a

characters p

f commands, like the RCD directed commands discussed in 5.2.2.4, requires communic4
vices over the power line communications network. Similarly, these commands are buried

an MDCU/MMU message and are deciphered by the RCD. Processing of the commands ¢
bver, since this set of commands is used to interact directly with an iRCD’s (controller g

tions
n the
iffers
r the

/output functions. Therefore, the format of this portion of the MDCU/MMU data,field is referfed to

nessage. The device message structure is given as:
nessage to MDCU = Return byte count + Device command + Data field

the return byte count is a 2-byte value (high byte first) which provides the RCD with the ny

MMU will expect in the reply. This value is equivalent to the reply type byte count (which is
ber of data bytes in the reply message. The return byte count is passed in the device meg
RCD does not have to fully decipher the contents of thesdevice message, i.e. this messa
cifically for the controller. By providing this count, the iRCD interacts correctly with the con
general knowledge of the overall RCD to controller”protocol. The RCD provides the S
eceding the Device command + Data field and fallows this with the proper CRC characters

mber
one)
sage
ge is
roller
YNC
Df the

nitted
d. To
, the
per of
jnore
t util-
roller,
reply
ands
after
f the
RCD
ng of

protocol. It also checks, with simple masking, that the proper reply type is received for a given transrn
device comnpand. The particular device command and its\ associated data field need not be deciphere
imitate the RCD/controller's format, the message strlicture of the sRCD will be the same. Thereforg
device messfage will also contain the same information. Since the sRCD may only support a limited num
controller furjctions, those functions not supported-by an sRCD are simply not utilized (an sRCD will i
any received field which is not supported and return zeros in any field in a return message which is ng
ized). Since processing is internal to the sSRED and does not require a communications medium to a con
the sRCD al$o checks that the return byte\Count is the expected number of bytes to be returned in the
message. If pot, the sRCD should ignore-the device command. The sRCD will process the device comn
which it supports as does the controller (see 5.4). Since processing of the device message occurs
information from they;MDCU over the power line, the RCD acknowledge, or acceptance,

network command occurs at the*network level and not at the device message level. For example, an
may accept a command from the MDCU with an invalid device message type for the RCD. Any process
a message dfter such acceptance from the MDCU, even for a valid message type which the RCD finds iljegal,
will be ignored by the"RCD. An RCD will not accept a valid device network command only if its device
response buffer already contains data waiting to be returned to the MDCU from a previous network comnand.

5.2.2.7

De¢vice directed power line slave replies

The device message reply types from the RCD to the MDCU convey the successful status of a previously
accepted device message command received by the RCD. This reply has been buffered in the device
response buffer and shall be retrieved before the RCD can accept another device message. (This buffer can
be reset using the RCD parameters command, see 5.2.2.4.3.) The buffer is retrieved using a device
interactive poll command (see 5.2.2.2.3.11), either exclusively from the MMU, or inclusively via a device
interactive1 or device interactive2 command (see 5.2.2.2.3.9). The RCD returns the buffered data in text block
packets over the power line communications network to the MDCU.

The first byte of this device message field is the device reply type. It should be noted that the reply has the
same value as its corresponding command with the most significant bit (7) set. The bytes which follow this
reply type constitute the data field of the reply message and are defined in 5.4.
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On receipt of the device message text from the RCD, the MDCU will forward the information to the MMU. This
is returned in the data field of a general valid reply (see 5.2.2.2.3.2), preceded by the RCD routing
byte/address of the device interactive poll command. The full data field to the MMU is therefore:

Data field to MMU = Routing byte/address + Reply command + Data field

5.2.3

5.2.3.

MDCU to LRCD communications

1 General

The physical requirements of LDCU communications with the slave LRCDs are described in 5.5. This serial

com
(initig
statio
statio
comn
contr

5.2.3

5.2.3

hunications system consists of a single control station, called an LDCU, which initiates call
| master device) to interrogate a multiple tributary stations environment (slave devices):.

ns are called LRCDs. Control of mastership is transferred to a selected tributary device‘whg
n requests information. The information is returned to the control station only, i.e. @ig tributa
hunications are allowed. Completion of the transfer returns control of mastership back

bl station.

2 LDCU power line communications components

21 General

Ther¢ are four basic components available to the transmission_function on the power line. Thes

prear
by th
prese

5.2.3

The

trans
devid
trans
one |
recei
to les

5.2.3

5.2.3

Ten
comn

tions followed by 10 or more logic_one-bits and is required to synchronize communicati
es on the power line. This provides.a unique sequence of bits which is illegal for normg
fers since each byte transferred contains a start bit (low logic level) followed by a maximum
its. The occurrence of this sequence shall force re-synchronization (at any instance within
ing slave devices on the power line. Thus, the deadtime between any two bytes in a transfe

s than one-half bit length(

2.3 Communications control characters

231 General

ASCIl.eemmunications control characters are reserved to provide control func
hunications. These characters are given in Table 10 and described in 5.2.3.2.3.210 5.2.3.2.3

transactions
The tributary
n the control
y-to-tributary
o the LDCU

e include the

hble, the communications control characters, the prefix and the data. All transmissions shall be initiated

e preamble and shall contain some type of control character(s). A prefix or data field may gr may not be
nt in a transmission.

2.2 Preamble

breamble delimits the start of a valid méssage. It consists of a variable number (minimun of three) of

bns between
| information
of nine logic
A transfer) of
I is restricted

ions during
L11.
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Table 12 — Network control characters

Control HEX Definition
character value
SOH 2 01 Start of heading
STX 02 Start of text
ETX?@ 03 End of text
EOT 04 End of transmission
ETB @ 17 End of transmission block (packet) in a multiple data block transfer
ENQ 05 Enquiry
Acknowledgements:
ACK @ 30 or 31 30H = ACKO
31H = ACKI
NA 15 Negative acknowledge
SYNC 16 Synchronous idle
DLE 10 Data link escape
@ | Control function is provided only when preceded by a DLE control character”(termed a control character
seqgyience).
5.2.3.2.3.2 SOH (Start of heading)

The DLE S(

portion of a fransfer to delimit the start of a message heading. This heading consists of addressing or rg

information.

5.2.3.2.3.3

There are tw
optional hea
function of t
information f

The second
signals the b
character se
multiple bloc

The text port]
in its entirety

H control character sequence is transmitted byithe master device at the beginning of the

['he heading may or may not be present for-a data portion of a transfer.

STX (Start of text)

b ways in which the DLE STX control character sequence is used. The first condition is whe
der and its corresponding, DLE SOH control character sequence are used. In this cas
he DLE STX control character sequence is used as a delimiter which terminates the h
eld and signals the beginning of the test information portion of the data transfer (see 5.2.3.2.

eginning of the(text information portion of the data transfer. In both cases, the DLE STX ¢
juence is always used to indicate the start of the transfer of text information in either a sin
transfer,

on of\a-transfer is a sequence of characters which is to be treated as an entity and is transr
to_the ultimate destination. The DLE STX shall always be present in the data portion of

data
uting

n the
b the
pader
3.2).

condition occursywhen the optional header is not present. In this case, the DLE STX simply

bntrol
jle or

nitted
h text

lock

transfer, alth
transfer.

5.23.2.34

\ugh it may not appear inthe first hlnr\l((e) when header information is included in a mnlfipln

ETX (End of text)

The DLE ETX control character sequence is transmitted by the master device at the end of the data portion of
a transfer to terminate the transfer of information which contains one or more blocks of heading, if present,
and text. A block of information which transfers a single heading and text block, or a single text block (i.e. all of
the information is transferred in a single block), is terminated by this control sequence.

34
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5.2.3.2.3.5 EOT (End of transmission)

The EOT control character is transmitted by the master device (or by the LDCU control station to re-establish
control of the power line network) to terminate a transmission that may have contained one or more blocks of
texts and any associated heading. The EOT shall immediately follow a preamble, i.e. no prefix or other control
may precede it. Detection of the EOT control requires all tributary stations to return to their receive mode, thus
allowing the LDCU control station to become the master, or only device capable of initiating a transmission.

5.2.3.2.3.6 ETB (End of transmission block)

The DLE ETB control character sequence is transmitted by the master device at the end of the data portion of
a trafister 1o terminaie a Sequence of characters for any block except the 1ast of a multiple block fransfer. This
blocH transfer started with the DLE SOH or DLE STX control character sequence.

5.2.312.3.7 ENQ (Enquiry)

to a tributary
B transfer to

The EENQ control character is transmitted by the LDCU control station to initiate a polling session
statign. It is also transmitted by a master device to request a slave device receiving a dat
retra

prefix
recei
insta
block

5.2.3

The I
the t
respq
follow
ackn
ackn
ackn
sequ

5.2.3
The |

inforr
recei

smit its previous ACK/NAK sequence. In these cases, the ENQ control-'character is preq
. A DLE ENQ control character sequence within a data block portion of a transfer sig
ing slave device that the transmitting master device is aborting the data heading/text trg
hce, the receiving slave device should discard the block and return a NAK response to the
transfer.

2.3.8 ACK (Acknowledgement)
DLE ACK control character sequence is transmitted\by a slave device to acknowledge the a
fibutary station addressed by the prefix’ENQ-control character sequence within a sele
nse handshaking procedure (see 3.2.2.2). The’ tributary station will acknowledge with an
ed by a 30H). A DLE ACK control character sequence is also transmitted by a sla
bwledge the receipt of a block of information in the data portion of a transfer. The
pwledged with an ACKI (DLE followed" by a 31H), while successive blocks of heading/
pwledged with subsequently alternating ACKO and ACKI. In all cases, the DLE ACK con
ence is preceded by the prefix.

2.39 NAK (Negative acknowledge)

NAK control charactet-is'transmitted by a slave device to acknowledge negatively the receipt
hation in the data-portion of a transfer. The transmitting device of the block transfer (

eded by the
nifies to the
nsfer. In this
aborted data

cceptance of
ction with a
ACKO (DLE
e device to
first block is
xt data are

fol character

of a block of
and thus the

ing device of 4his"NAK control sequence) may either retransmit the previous block of ipformation or

termipate the transfer with an EOT control sequence. The NAK control character is always pre¢eded by the
prefiy.

5.2.3|2.3410 SYNC (Synchronous idle)

The SYNCT control character is reserved as a ume-ill. _character during periods in_a_synchronous

communications system when no other characters are available for transmission. Since the power line
communications medium is asynchronous, this control character is not required and should cause the
receiving slave device to abort reception of the present information packet.

5.2.3.2.3.11 DLE (Data link escape)

The DLE control character is used to distinguish a small number of characters as either control or data. A DLE
character shall precede an SOH, STX, ETX, ETB and ACK character to allow these characters to perform as
control characters. A DLE character preceding another DLE character indicates a single DLE data character.
Thus, a single DLE character in a sequence of characters indicates that the character to follow provides a
control function, while two DLE characters in sequence require the removal of one in the data block and the
use of the second as a data character. The DLE sequence will only be found in the data portion of a transfer
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and is termed “DLE stuffing’. Thus, a single DLE character followed by an indistinguishable control character
in a data portion of a transfer shall cause the receiving device to abort the reception of the data.

5.2.3.2.4  Prefix

The prefix is a string of 13 ASCII alphanumeric characters (this ensures that these prefix characters can be
distinguished from the communications control characters specified in 5.2.3.2.3). The prefix is arranged in the
following format:

Message type/Routing byte/Network address

The prefix ig always followed by a conftrol character or a control character sequence. The prefix fields are
defined as follows:

— Messagg type — ASCII select control byte. Directs which type of transfer is being requested.by the UDCU
control station (see Table 13).

— Routing| byte — ASCIl routing byte. Selects a particular LDCU requested. modification orn the

commurjications medium which the responding LRCD will use. The definition pf'the bits for the low data
rate network is given in Table 13.

Table 13 — Low data rate routing byte definitions

7 6 5 4 3 2 1 0

Modem type | Standard specific

01 0=1S0 00 =1 200 baud
01 = Reserved
10 = Reserved

Burst rate capability of the LRCD taken from Tdble 5
with offset of + 4

11 = Maximum burst

01 1=MFG Manufacturer specific' modifications

— Network|{address — 11 byte ASCl-characters defining the address of (a) tributary station(s) on the gower
line network. The bytes are categorized as the container ISO number with a 4-byte alpha field followgd by
two 3-byte numeric fields\(numeric1 and numeric2) and a 1-byte check digit. A universal adfress
consisting of all ASCII @s,-or all 30H, is recognized by all LRCDs (i.e. a broadcast address) while g field
containimg nine ASCH_Os" followed by an ASCII | and another ASCII 0, or nine 30Hs plus 31H plus|30H,
is an aqdress substituted in an LRCD containing an invalid personal address. Response to the |[initial
transfer pstablishment requiring a prefix (such as ACK or NAK) will return the same information.

5.2.3.2.5 ata

The data portion of a transfer consists of the information to be exchanged between two devices (master to
slave) on the power line network. Control character sequences are used to initiate and terminate various
portions of the information transfer. A transfer of information may be subdivided into multiple blocks, or
packets, and transferred. The structure of a block is as shown in Figure 9.

Start of Start of End of
Header Header text Text data .

Figure 9 — Block structure
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The data fields in Figure 9 are defined as follows:

5.2.3|3

5.2.3

Cominunications between the-LBCU control station and LRCD tributary stations are always in

Start of header — A DLE SOH control character sequence which is present if a header field is to be

included in the data block.

Header — Variable length field consisting of addressing or routing information. This information is
transferred in raw data form and requires DLE stuffing. A heading may or may not be present. A header
shall be followed by text data in a transfer. However, (a) block(s) in a multiple block transfer may contain

only header information, but shall be followed by text data information.

Start of text — A DLE STX control character sequence which is present if a text data field is to be

included in the data block. If only a header is transferred in a particular block of a multiple b

lock transfer,

IS Tield WIII not be present.

ext — Variable length field consisting of the information required to be transferred-\fron
evice to a slave device on the power line network. This information is transferred in/raw d
quires DLE stuffing. The contents are dependent on the type of message 10 be pra
ontents of this field are described in 5.2.2.

nd of data— A DLE ETX or DLE ETB control character sequence used to terminate th
ortion of a data transfer. The DLE ETB is used to terminate a data sequence of characters
xcept the last of a multiple block transfer. The DLE ETX is used tocterminate the transfer g
vhich contains one or more blocks of heading, if present, and text_This includes a block g
vhich transfers a single heading and text block, or a single text.bldck (i.e. all the information
ih a single block).

CRC — A 16-bit error check field generated by using the*CRC-16 polynomial. The CRC
started by the DLE SOH control sequence or, if not present, the DLE STX sequence. It is t
¢ither the DLE ETX or the DLE ETB control sequence: The DLE included in any control seqy
of the DLE characters used for DLE stuffing, is not included in the generation. The SOH ch
included in the generation either. The STX character is included only if a header, and, there
¢ontrol character, is present. The ETX or ETB-character is also included in the calculation.

Power line communications sessions

3.1 General

n the master
ata form and
cessed. The

b information
for any block
f information
f information
s transferred

jeneration is
brminated by
ence, or one
bracter is not
ore, an SOH

tiated by the

LDCU. A session begins with the LDCU having a master status and none of the tributary stations|having slave
statug. The LDCU masterinitiates power line communication by various methods as determined by the
mesgage type field. The.message types available at present for power line communications |are given in
Tablg 14.
Table 14 — Prefix message types
Network command Transaction
Poll The control station polls a particular tributary station to receive
bdb;b ;I IfUI LI Idt;Ul I
Xmit1 Xmit data from the control station to a particular tributary
station using fast select.
Xmit2 Xmit data from the control station to a particular tributary
station using selection with response.
Interactive1 Xmit1 then, after a delay, interactive poll the same tributary
station to receive response.
interactive2 Xmit2 then, after a delay, interactive poll the same tributary
station to receive response.
Map Map tributary stations on the network.
Interactive poll The control station polls a particular tributary station to receive
information from a previous Xmit.
© I1SO 2006 — All rights reserved 37


https://standardsiso.com/api/?name=0b4d74709aed15b1de058c3bb1a1a26e

ISO 10368:2006(E)

The LDCU control station only relinquishes mastership to a tributary station, and thus can obtain information,
following the transmission of a polling sequence (poll, map or interactive poll, although the interactive1 and
interactive2 use an embedded interactive poll sequence). The xmit sequences (including those embedded in
the interactive1 and interactive2 sequences) only transfer information to a tributary station and do not there-
fore relinquish mastership.

The 1 or 2 in xmit and interactive indicates the type of LDCU/LRCD handshaking select sequence used to
transmit the data. The 1 indicates a fast select sequence, while the 2 indicates a selection with response
sequence. The fast select method of transfer simply sends the data to the addressed LRCD tributary station
along with the addressing information (i.e. a prefix preceding the first block of data without the ENQ control

character). T

followed by g

is transferred
the time of rg

The type of
interactive,
instance, a ¢
xmit power li
to the MMU.
the LRCD w
buffer would

9

J

came from the command or the request for the buffered response. Passing,this status onto the MMU

not determin
came from th

The data p
accomplishe
the slave de
prefix/contro
control sequ
character se
If all data ha
sequence, re
at any insta
transfer.

The LDCU s
periods are

accumulativg
preamble/EQ
LDCU to reg
given in Tabl

he selection with response initia (i.e. a prefix

sponse.

power line command processing, e.g. select with response versus fast select.or xmit v
hould be carefully selected to coincide with the handling of the LRCD/device” messagg. For
pmmand not required to buffer, and therefore not to return any data to the LDEU, should uge the
he command so that the LDCU may respond with the LRCD’s acknowledge/nacknowledge(reply
If an interactive power line command that did not require the LRCD to_ buffer a response wag sent,
buld reply with an ACK or a NAK. Then when the LDCU requested the buffered responsg, the
be empty and the LRCD would reply with a NAK. The MMU would not know whether the| NAK
vould
edge

rsus

e whether the LRCD had accepted the command or not, i.€.)whether the negative acknow|
e first (interactive) or second (interactive poll) command.

prtion of the transfer session, which comprises the information discussed in 5.2.3.2
I similarly in all message types. A block of information is transferred from the master dev
vice. An unsuccessful reception of the information will cause the slave device to return a
character sequence, thus allowing the masterdevice either to retransmit or to abort with an
ence. A successful reception by the slave device will return the proper ACK prefix/c
luence, thus allowing the master device to-transmit the next data block of information, if req
ve been transmitted, the master device terminates the interaction with an EOT control cha
turning mastership to the LDCU cadntrol station. Also, a master device may abort the data tre
nce by transmitting a DLE ENQ,control character sequence within a data block portion

5, is
ce to
NAK
EOT
bntrol
Jired.
acter
nsfer
of a

time
s not

hall provide a timeout or waiting period for each expected response from the LRCD. These
ised for each retry, i.e./the timeout shall occur for each transaction on the power line; it
over all the refries”of a single command. A timeout will require the LRCD to transmit a
T control sequence onto the power line network to abort all network processes and to allofv the
bin mastership’~The timeout period for each command type, and its expected response type¢, are
e 15.

Table 15 — Power line timeout variables

38

LDCU’s expected LRCD

Command type response

Timeout period

Poll
Xmit

0,68 s
0,68s
0,68s
4,50 s
0,60 s

Poll data

Acknowledge

Interactive Acknowledge

Interactive poll Message

Map Map data
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5.23.3.2 Poll

The poll message session allows the LDCU control station to obtain basic information from an RCD tributary
station. The LDCU will address the LRCD by transmitting the prefix immediately followed by an ENQ control
character. Mastership is assumed by the addressed LRCD and text data are transmitted to the LDCU. (If a
broadcast network address is used to select a tributary station, all stations will attempt to respond.) An
example showing the flow of information is presented in Figure 10. This example assumes no DLE
SOH/header fields (which, if present, would occur between the preamble and DLE STX in line 2). Also, a
single block contains all the text data to be transferred. An invalid reception by the LDCU from line 2 would
have resulted in a preamble/prefix/NAK transfer by the LDCU in line 3. The LRCD would then retry the
transmission of line 2 or terminate the session with line 4.

LDCU LRCD
Preamble/prefix/lENQ
1> >
Preamble/DLE STX/text block. DLE ETX/CRC %
Preamble/prefix'DLE ACK1
3> >
< Preamble/EOT <4

Figure 10 — Poll session transfer diagram

5.2.313.3 Xmit

The xmit1 message session transfers text data from~the LDCU control station to a selected LRCD tributary
statign using the fast select process. This fast select method of transfer simply sends the text data to the
addrgssed LRCD tributary station along with the addressing information, i.e. a prefix is transmifted (and not
followed by an ENQ control character) immediately preceding the first block of data. Since th¢ LRCD only
receiyes data, it never obtains mastershipof the power line. An example showing the flow of information is
presgnted in Figure 11. Note that the negative acknowledgement by the LRCD in line 4 requires|the LDCU to
repegt line 3 in line 5. The acknowledgement for line 5 remains the same (ACKO) as would have|been sent in
line 3.

LDCY LRCD

1> Preamble/prefix/DLE STX/text packet/DLE ETB/CRC S

< Preamble/prefix/DLE ACK1 <
3> Preamble/prefix/DLE STX/text packet DLE ETB/CRC
P Preamble/prefix/NAK “a
5> Repeat line 3 S
Preamble/prefix'DLE ACKO

< <6
. Preamble/prefix/DLE STX/text packet/DLE ETX/CRC

> >
< Preamble/prefix'DLE ACK1 <8
9> Preamble/EOT >

Figure 11 — Xmit1 session transfer diagram
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5.2.3.3.4 Xmit2

The xmit2 message session transfers text data from the LDCU control station to a selected LRCD tributary
device using the selection with response process. This selection with response method of transfer initially
selects an LRCD using a polling process (prefix followed by an ENQ character). Once the tributary station
acknowledges its selection, the block(s) of data is(are) transferred. Since the LRCD only receives data, it
never obtains mastership of the power line. An example showing the flow of information is presented in
Figure 12.

5.2.3.3.5 Interactive1

control statign then provides a delay before initiating an interactive poll session (see 5.2.3.3.8) to the’same
tributary stafion to obtain information requested and buffered from the xmit1 session. The LDCU cpntrol
station is fre¢ to communicate with other tributary stations during the delay period between the,xmit1 session
and interactiye poll session to this tributary station. The flow of information is thus a dual function and can be
exemplified jy Figure 11 followed by Figure 15.

The interactcljxm message transier initiates an xmit1l message transier session (see 5.2.3.3.3). The 1DCU

5.2.3.3.6 Interactive2

The interactive2 message transfer initiates an xmit2 message transfer session)(see 5.2.3.3.4). The UDCU
control statign then provides a delay before initiating an interactive poll session (see 5.2.3.3.8) to the pame
tributary stafion to obtain information requested and buffered from theyxmit2 session. The LDCU cpntrol
station is fre¢ to communicate with other tributary stations during the delay period between the xmit2 session
and interactiye poll session to this tributary station. The flow of information is thus a dual function and can be
exemplified jy Figure 12 followed by Figure 15.

LDCU LRCD

1> Preamble/prefix/ENQ S
< Preamble/prefix'DLE ACKO <
3> Preamble/prefix/DLE STX/text packet DLE ETB/CRC

< Preamble/prefix/DLE ACK1 <4
55 Pteamble/prefix/DLE STX/text packet DLE ETB/CRC

Preamble/prefix/DLE ACKO
< <6
; Preamble/prefix/DLE STX/text packet/DLE ETX/CRC
> >

< Preamble/prefix'DLE ACK1 <8
9> Preamble/EOT >

Figure 12 — Xmit2 session transfer diagram

52.3.3.7 Map

The map message session broadcasts a polling session from the LDCU control station requesting, with
varying probabilities, an LRCD tributary station to return its routing byte/network address. The purpose of this
command is to log in, or map, any newly acquired or unpolled LRCDs on the power line network.
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Since this mapping technique uses a polling type session on the network, the format of the information
transmitted from the LDCU is similar to the poll message session described in 5.2.3.3.2, i.e. a prefix followed
by the ENQ control character. However, since it is a broadcast type of message, it cannot simply select a
particular LRCD tributary slave by using a unique individual network address. Instead, the 11-byte ASCII
network address field described in 5.2.3.2.4 is broken into ASCII subfields supplying all LRCDs on the power
line network with a mapping strategy (as defined in 5.2.3.2.3.5). An individual LRCD selected by this mapping
strategy obtains mastership of the power line network and transmits a text data block containing its unique
routing byte/network address to the LDCU. Since, however, this type of broadcast technique inherently
suggests the possibility of selecting more than one tributary station, multiple masters may temporarily drive
the power line communications medium. This results in an indistinguishable reception in the LDCU slave unit.
In this instance, the LDCU slave transmits an EOT control character sequence to regain master status rather

ning-the NA j A distingui issi ign indicates a

¢ prefix/control
character sequence. Examples of the flow of information for an identified and an unidentiffed map are
presgnted in Figure 13 and Figure 14 respectively. The information in the text data block will contain the
individual LRCD 12 byte ASCII routing byte/network address.

LDCU LRCD
1> Preamble/map prefix ENQ S
Preamble/DLE STX/text block/DLEETX/CRC <
3> Preamble/prefix/DLE.ACK1 .
< Preamble/EOT <4

Figure 13 — Identified map session transfer diagram

LDCU LRCD
1> Preamble/map prefixxENQ >
< Error transmission or no response <2
3> Timeout, Preamble/EOT S

Figure 14 — Unidentified map session transfer diagram

5.2.3.3.8 Interactive poll

The interactive poll message session is used by the LDCU control station to retrieve information from an
LRCD tributary station after the LRCD has been sent an xmit1 or xmit2 message session (see 5.2.3.3.3 and
5.2.3.3.4 respectively) containing information which required the LRCD to buffer response information. This
process is executed in the same manner as the poll message session of 5.2.3.3.2. The LDCU will address the
LRCD by transmitting the prefix immediately followed by an ENQ control character. Mastership is assumed by
the addressed LRCD and the buffered text data are transmitted to the LDCU. An example of the flow of
information is presented in Figure 15.
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LDCU LRCD
1> Preamble/prefix/ENQ >

<  Preamble/DLE STX/text packet DLE ETB/CRC <2

3> Preamble/prefix'DLE ACK1 >

< Preamble/DLE STX/text packet DLE ETB/CRC <4

5> Preamble/prefix/DLE ACKO S

< Preamble/DLE STX/text packet/DLE ETB/CRC <6

7> Preamble/prefix'DLE ACK1

< Preamble/EOT <8

>

Figure 15 — Interactive poll session transfer diagram

5.2.4 MDCU to HRCD communications

5241 General

The physical|requirements and low level data link protocol fof HDCU communications with the slave HR(QDs is
described in[5.5. Two basic types of communication are\'possible between an HDCU and an HRCD:| data
packet exchanges (see 5.5.9.3 and 5.5.9.4) and contfol exchanges (see 5.5.9.5). Data packet exchanges
transfer infoqmation from a logically higher layer inxan MMU/HDCU or controller/HRCD to its peer layer|in an
HRCD/contrgller or HDCU/MMU; control exchanges are used by an HDCU to grant an HRCD temporary
access to th¢ power line network to perform a‘data packet exchange. Control of the power line networl then
returns to thg HDCU.

5.24.2 HDCU(HRCD power line conimunications components)

5.24.21 eneral

The fields trgnsferred for both’a data packet exchange and a control exchange are discussed in 5.2.4.2.2 and
5.2.4.2.3. The actual forinat of the transfer over the power line, including the low level data link control Bytes,
is detailed in|5.5.

5.24.2.2 ata‘packet exchange

5.24.2.2.1 General

The actual data transferred during a data packet exchange contain three components: the data packet header,
the data field to be transferred, and the packet check sum field:

| Header Data | Check sum

The protocol governing the exchange is as described in 5.5.9.3 and 5.5.3.
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524222 Data packet header

The data packet header contains the fields required for transfer of the data packet to the designated
destination. They are as follows:

|  Destination address |  Source address |  Packet length

— Destination address — A 2-byte network address in the range 0000 to FFFE (hexadecimal) selecting a
unique HRCD (0001 to EFFE) or the HDCU (0000). Address 0000 is reserved for the HDCU address and
address FFF (hexadecimal) is reserved for the broadcast address. Addresses are assigned to the HRCDs
by the HDCU during the login procedure. The HDCU maintains an internal lookup table associating each
11-byte ASCII RCD address (Container ID) on the power line network with a unique destination address.

— $ource address — The unique 2-byte network address in the range 0000 to FFEE-(hexadecimal)
gpecifying the transmitting HRCD (0001 to FFFE) or HDCU (0000).

— Racket length — A 2-byte unsigned integer which gives the length of the data field:

5.2.4{2.2.3 Data field

The ¢ata field contains the information to be transferred to the destination HRCD or HDCU. The [format of the
data field is as follows:

I Message type I Routing byte I Network address |  Data |

— Message type — A 1-byte command directing what type ofstransfer is being requested by the MMU and
¢orresponding to the MMU/MDCU xmit type command listed in Table 2.

— [RRouting byte — ASCII routing byte defined as shown"in Figure 16.

— INetwork address — 11-byte ASCII characters*defining the address of (an) RCD(s) on the power line
etwork, i.e. the container ISO number as,déefined in 4.2.2.4.2.

— [bata — Variable length data field for.which the contents are dependent on the type of mgssage to be
rocessed. The contents are definédjin 5.2.2.4.

7 6 5 4 3 2 1 0

Modern type,
10 = ISO High+data rate

<+————— Notdefined —

Figure 16 — Routing byte definition

5.2.4|12:2.4 Packet check sum field

The packet check sum field contains an 8-bit exclusive-or check sum of all data packet header and data fields
used in addition to the (32, 8) ECO and EDC encoding (see Table 17) used on each byte of all the data packet
header and data fields.

5.24.225 Control exchange

The HDCU uses a control exchange to grant an HRCD temporary access to the power line network to perform
a data packet exchange. Control of the power line network then returns to the HDCU. The header field
consists of the destination address only. The data field is empty.

| Header datal | Destination address

The protocol governing the exchange is as described in 5.5.9.5.
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5.24.3

5.24.31

General

HDCU/HRCD communications

Communications between the HDCU and HRCDs are always initiated by the HDCU. The HDCU uses the
message type field to determine the type of session. The 14 message types available are grouped into five
different categories as given in Table 16.

Table 16 — Message types

bssage types

Transactions

RCD/device poll The HDCU uses a data packet exchange to request basic information.) It fgllows
with a control exchange to retrieve the requested information.

RCD/device ¥mit1/2 The HDCU uses a data packet exchange to transmit data to an-RCD/controller.

RCD/device ipteractive1/2 RCD/device xmit1/2 then, after a delay, the HDCU uses'a. control exchange to
retrieve the RCD/controller response.

RCD/device rhap The HDCU uses a broadcast data packet exchange,"a data packet exchangé and

a control exchange to log in new RCDs on the pawer line network.

RCD/device ipteractive poll

previous RCD/device xmit1/2.

The HDCU uses a packet exchange to_trapsmit this request to the HRQD. It
follows with a control exchange to retrieve” information from an HRCD frpm a

52432 |

The RCD/de
The HDCU (
HRCD'’s resj
presented in

52433 |
The RCD/de
packet exchd

it in the HR
response. Ar

52434 |

The RCD/de

Figure 17.

Lo Tl

RCD/device poll

RCD/device xmit1/2

RCD/device interactive1/2

I dlo H

Vice poll message session allows the HDEU to request basic information from a selected HRCD.
ses a data packet exchange to transmif this request to the HRCD. The HDCU then retrievgs the
onse to this request using a controhexchange. An example showing the flow of informatfon is

vice xmit1/2 message'session transfers data from the HDCU to a selected HRCD using 4 data
nge. The data can be’a message requiring an HRCD response, in which case the HRCD bffers
CD response buffer. An interactive poll (see 5.2.4.3.6) is then used to retrieve this buffered
example shewing the flow of information is presented in Figure 18.

ViCe,interactive1/2 message session initiates an xmit1/2 message transfer session (see 5.2.4.3.3)

to a selecte

44

rnM\cvu. 111 =_ILIUU ichi IllitidtUD d bUIItIU: U)\bhdllgc (DUU 52436) tU thc 2dlTT HRCD d ter a
time delay as specified in the response delay field of the interactive1/2 command (see 5.2.2.2.3.4) to retrieve
the information requested and buffered from the xmit1/2 session. The HDCU is free to communicate with other
HRCDs during the delay period between the xmit1/2 session and the control exchange to this HRCD. An
example of the flow of information is presented in Figure 19.
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HDCU <<<<< Data packet exchange >>>>> HRCD

| CONNECT |———————— >
< | CONNACck |

| CONTOd | ———————~— >
< | CONNACcK |

| CONTEvent | ——————= >
< | ACK |

| CONTOdd | ———————— >
< | ACK |

| CONTEvent | ——————= >
T e e e H-ONGATK

<<<<< Control exchange >>>>>

| PASSControl | ————= >
D — | LONGACK |
| PASSControlHandshake | ————= >

The HRCD accepts control from the HDCU and transmits its response to the HDCU

< | CONNECT |
| CONNAck |-——————— >
<= PCONTOdd |
IACK ———————= >
<= | CONTEven |
|ACK | —————=+—— >
I
I
< | CONTOdd |
| LONGACK | -~~—————— >
s | RETURNCo ntrol |

Figure 17.—.RCD device poll session transfer diagram

HDCU <<<<< Data packet exchange >>>>> HRCD

| CONNECT |-———————— >
< | CONNAck |
| CONTOdd | -———————— >
P LCONNAck |
| CONTEvent | ———————= >
<~ I ACK
| CONTOdd | -———————— >
<~ I ACK I
| CONTEvent | ———————= >
I
I
< | LONGACK |

Figure 18 — RCD/device xmit1/2 session transfer diagram
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HDCU HRCD

Xmit1/2 command

Delay (defined by MMU)

<<<<< Control exchange >>>>>

I PASSControl |———= >
= | LONGACK |
| PASSControlHandshake | ————= >

The HRCD accepts control from the HDCU and transmits its response to the HBCU

S — | CONNECT |
I CONNAcK |-——————— >
< | CONTOdd |
IACK ———————— >
<~ I ACKI
IACK | ————————= >
I
I
< | CONTOdd/Even |
| CONNAcK |-———————— <
<~ | RETURNCo ntrol |

Figure 19 — RCD/device interactive1/2 session transfer diagram

5.2.4.3.5 RCD/device map

The RCD/deyice map message session)broadcasts an MMU-originated map command from the HDCU, lsing
a broadcast data packet exchang€ as defined in 5.5.9.4, requesting, with varying probabilities, an HRED to
respond. The purpose of this comimand is to log in, or map, any newly acquired or unpolled HRCDs on the
power line network. Since it.is”a broadcast type of message, it cannot simply select a particular HRGD by
using a unique individual network address. Instead, the 11-byte ASCII network address field described in
5.2.4.2.2.3 ig broken inte,,ASCII subfields supplying all HRCDs on the power line network with a mapping
strategy (as|defined. n)5.2.2.2.3.5). An “unused” 2-byte network address is included for use by a|(the)
responding HRCD(S):"A (the) responding HRCD(s) will use this “unused” 2-byte network address for 20 §. The
HDCU then attempts to send a command, e.g. a device poll or an RCD poll, using a data packet exchange
addressed t@ this 2-byte network address, with the container ID set to the universal address. This type of
broadcast technique, however, suggesis the possibility ol more than one HRCD attempliing to receive this
command. If the HDCU does not successfully complete this data packet exchange, the HDCU replies to the
MDCU with the appropriate reply type (described in 5.2.2.3). A successful data packet exchange indicates that
a single HRCD has mapped onto the system and thus the HDCU grants temporary access to the power line
network to this HRCD via a control exchange. The HRCD accepts temporary control and transmits its 11-byte
ASCII network address to the HDCU via a data packet exchange and refreshes its 20 s timer. The login
sequence is completed when the HRCD receives an individually addressed command with its actual container
ID within 20 s. An example showing the flow of information for a successful map is shown in Figure 20.

The assignment of a new 2-byte RCD network address to a specific RCD with a known 11-byte address can
be used to minimize mapping response collisions. This case can address RCDs which have dropped off-line
owing to power loss or lack of interrogation within the previous hour.
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5.2.4.3.6 RCD/device interactive poll

The RCD/device interactive poll message session is used by the HDCU to retrieve information from an HRCD
after the HRCD has been sent an xmit1/2 message session (see 5.2.4.3.3) which required the HRCD to buffer
response information. This process is executed in the same manner as the poll message session of 5.2.4.3.2.
The HDCU uses a data packet exchange to transmit this request to the HRCD. The HDCU then retrieves the
HRCD’s buffered response using a control exchange. For an example of the flow of information, see Figure 17.

<<<<< Map brodcast data packef exchange >>>>>
BRDHdr 00 ——————— >
BRDHdr 01 ——————— >
BRDHdr 02 ——————— >
BRDHdr 03 ——————— >
BRDHdr 04 ——————— >
BRDHdr 05 ——————— >
BRDHdr 06 ——————— >
BRDHdr 07 ——————— >
ICONTOddl—————=% -
ICONTOddl—————= —
ICONTOddl———=5+——>
ICONTOddl—— & ——— —
ICONTEvenls——————= >
ICONTEvenl——————= >
ICONTEven——————= >
ICONTEven| ———————= >
ICONTOdd|—————— —
ICONTOdd|—————— —
ICONTOdd|—————— —
ICONTOdd|—————— —
ICONTEven|——————= >
ICONTEven|——————- >
ICONTEven|—————- >
ICONTEven|——————= >
Figure 20 — RCD/device map session transfer diagram (continued)
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The HDCU broadcasts the MMLI-originated map command. The 2-byte unused HRCD destination address or
destination address individual included in the map command is used by an HRCD that responds to the map.

Source address = DCU address. Data consist of 1-byte for the message type, 1-byte for the routing byte, and
the 11-byte ASCII RCD network address. The optional 2-byte destination address individual is included when
the 11-byte ASCII RCD network address specifies an individual container ID. The exchange is sent as

The HDC
destinatio
11-byte AS
the HDCU

Destination

Data is thd

HDCU us
address i

Destination

specified in 5.5.9.3
<<<<< Data packet exchange >>>>>

ICONNECTI

FCONNATKT
ICONTOddI
IACKI
ICONTEvenl
ILONGACcKI

n address/destination address individual address included in the previous map command. T

to determine whether an HRCD responded to the previous map comimand and if so the HR
returns its container ID.

address = Unused I-IRCD destination address/destination address individual from previous
broadcast data packet.

Source address = HDCU address.

command using the 11-byte ASCII universal address of 30H 30H 30H 30H followed by 7-di
ASCII digits (30H 39H).

<<<<< Control exchange >>>>>

I PASSControl | ~=——————————
< | LONGACcK |
| PASSControlHandshake | ———————= >

hdividual address inclUded in the previous map command to retrieve the HRCD's container |

broadcast data packet.

Figure 20 — RCD/device map session transfer diagram (continued)

es a control exchange/ addressed to the 2-byte unused HRCD destination address/destinatiq

) sends a command, e.g. a device poll or an RCD poll, addressed to the 2-byte’'unused HR¢GD

he

C1l RCD network address used in this command is the universal container address. It is used by

CD

map

its

n
D.

address = Unused HRCD destination address/destination address individual from previous fnap
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<<<<< Data packet exchange >>>>>

The HRCD accepts control from the HDCU and transmits its 11-byte ASCIlI RCD networK addr

Dat3g

Deistination address ="Newly mapped HRCD destination address individual from previous map

<~ | CONNECT |
| CONNAck -—————————= >
<« | CONTOdd |
IACK|———————————— = >
<~ | CONTEvent |
IACK|———————————— = >
|
|
<~ | CONTOdd/Event |
HONGACkH—————————= i
<~ | RETURNCO ntrol |

HDCU.

Destination address = HDCU address.

is the response to the command used in the previous data packet exchange which includes
container ID.

<<<<< Data packet exchange >>>>>

| CONNECT |———=¢=———— —
<=5 | CONNACK |
I CONTOdd | —=——————— —
< I ACK |
| CONTEvent|————————= >

I

I
S | LONGACK |

The MMU/HDCU must send. an’individually addressed command to the HRCD with its contai
complete the login procedure.

Source address = HDCU address.

Data is thesxcommand using the 11-byte ASCII RCD network address retri eved from the previ
sequence.

ess to the

Source address = Unused HRCD destination address previous map-broadcast data packet.

the HRCD's

her ID to

ous map

<<<<< End of map session >>>>>

Figure 20 — RCD/device map session transfer diagram
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5.3 MMU/Device communications
5.3.1 Headers

5.3.1.1 General

Headers are entered using the data log write message. The data field consists of a 1-byte control word and
3-byte preamble followed by text fields. Each field is a string of variable length using standard ASCII
characters separated with AA in hex and padded with AA in hex to a combined length of 128 bytes. The
recording device shall interpret the control word and place the header, as transmitted, into its storage area.

531.2 Header fields
A header contains the following fields in the order given:
1) Cortainer
2) Vessel voyage
3) Origin
4) Shipper
5) Tenpperature set-point
6) Air ¢xchange setting
7) Humidity set-point
8) Opsgrator
9) Date
10) Time
11) Proguct
12) Intefmediate destination
13) Fingl destination
14) Bodking

15) Comments.

5.31.3 Header field sizes

Each field in the header shall be less than 13 characters. The total number of characters in a header, not
including the control word and preamble, shall equal 124. The last byte shall be hex AA.

5.3.2 Other MMU/Device messages

The pass-through or manufacturer specific method shall be described.
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Low data rate physical requirements — LDCU to LRCD

Frequency

The power line signals will be sent at 55 kHz with a variation of £ 2 % (i.e. in the range 53,9 kHz to 56,1 kHz).

5.4.2

Modulation method

The messages shall be frequency shift keyed (FSK). Each character transferred requires one start bit (low
logic level), eight data bits and one stop bit (high logic level). A packet transfer includes a start preamble of
three transitions followed by 10 logic one bits. This preamble restricts the deadtime between any two bytes in

a pad
5.4.3

The ¢

5.4.4

The
impe

5.4.5

The
three

5.4.6

The rfeceiver sensitivity shall be 1 mV rms at 55'kHz + 10 kHz.

5.4.7

The s

5.4.8

The 1

5.4.9

The s

ket to be less than one-half bit length.

Baud rate

ommunications shall be sent at 1 200 baud or 1 200 bits/s.

Transmission mode

signals shall be sent half duplex. The signals shall be transmitted at 6 V rms maximur
Hance of (15 +j15) Q.

Injection mode

njection mode of the signal shall be “voltage injection], the difference being signal levels
phases and the ground.

Receiver sensitivity

Non-transmission Impedance

ignal shall be transmitted over-lines with impedance levels of less than 3 k Q at 55 kHz.
Bit synchronization

hessages sent shall be asynchronous.
Carrier-setup time

ignal'setup time shall be 10 ms.

n into a line

between the

5.41

0—Out-of-bamd-fittering for HBR compatibitity

The out-of-band power spectrum shall not exceed 2 mV rms from 130 kHz to 400 kHz and shall not exceed
the linear plot shown in Figure 21 of decibel volts against frequency from 180 mV rms at 70 kHz to 2 mV rms
at 130 kHz as measured into an 18 ~ resistive load in any 10 kHz bandwidth.
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