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1.

SCOPE:

This document specifies a multipoint, digital, serial interface that incorporates other interface standards
such as EIA-485 and the nine bit interrupt mode of many microcontrollers. Standardized interfaces are
critical to the development of an "open" HUMS architecture.

EIA-485

3. PROTOCOL BA$ICS AND DEFINITIONS:

3.1

3.2

3.21

B

Electrical and

The electrical
EIA-485.

Referencing a

All HUMS Adv4g
referenced usir]
Rotorcraft Indu
types of addres
well as a globa
address, can b
command. Tw
1. The Master |

addresses shal| be fixed. Submaster shall not change its address once it has tak

bus.

APPLICABLE DOCUMENTS:

lanced Digital Multipoint Systems”, Electronics Industries Associa

iming Characteristics:

nd timing characteristics of this serial interface_shall comply with t

Device:

nced Multipoint Interface Specification (HAMIS) compliant devices
g an 8-bit addressing system...(This specification was originally d¢
5try Technology Associationy(RITA) and is also known as RHAMIS
ses used. Each devicesshall respond to its own unique address (|
address. Devices may also respond to one or more "group" addr
b used by a systemrdesigner to have multiple devices respond to 2
p of the 256 available addresses are reserved by this specification
Bus Controller.should always be Address 1. The user shall assign

TABLE 1 - Reserved Addresses

for Use in
ion, April 1983

nose described by

shall be

bveloped by the

) There are three

bcal address), as

esses. The group
common

as shown in Table
submasters. All

en control over the

Address Device
0 Global
1 Bus Master

Global Address: An address recognized by all devices. The global address is used for the
exchange of global data and commands. No response shall ever be given to globally addressed

command. A

s shown in Table 1, the global address is always 0.
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3.2.2

3.2.3

3.3

3.4

3.5

3.6

3.7

Group Address: An address recognized by multiple devices. The group address is used for the
exchange of group data and commands such as group triggers. No client device shall ever
respond on the bus to a group address. Groups are intended to be used for synchronized

sampling of s

mart sensors therefore:

* Most Line Replaceable Units (LRUs) will not be part of a group

» Master will
* Submaster
* Not all devi

Specificatio

Local Addres
exchange of
recommende
Speed:
The bus shall o

Bit Order:

not be part of a group
will not be part of a group

>

5: An address recognized by a single device. The local address i
jata and commands between two specific devices. Responses ar|
d for locally addressed commands.

perate at 1 Megabaud.

The least significant bit shall always travel firstthrough the interface.

Bus Control:

Only one devic
sends comman
this time it is re
in the "Time-ou
Error Detection

Error detection
document.

Device Types:

e shall have controkofithe data interface at any given time. This c
ds out and expects/a response within a designated time. If no res|
[erred to as adtime-out. Time-outs and the system response to tim
s" sectionof‘this document.

and Resending:

isthandled at the message level and is defined in the "Status Mess

res Teed to beableto bepartof agroupimordertobecomptiantyith this

5 used for the
B allowed and

pbntrolling device
ponse is given in
e-outs are defined

hge" section of this

All devices shall be one of the following types: (1) Master, (2) Submaster, or (3) Slave.
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3.71

3.7.2

3.7.3

3.8 Relationships:

3.8.1

3.8.2

Master Device: The functions and features of the Master Device:

Is also referred to as the bus master controller
Is responsible for initializing the bus at startup and is the initial bus controller at startup

Sends the initial commands and re-synchronizes the bus in the case of a "Bus Master Time-out”
There is only one Master Device on a bus
Can act as (1) a bus controller or as (2) a client, if it passes control to a submaster
Master Device shall not be required to respond, on the bus, to incoming messages

Submaster D
control to poll
bus master a
controller or g
client.

Slave Device
data on the b

as a bus client.

Any two device
two relationshig

Command R¢
collection tas
from the outs
relationship s
than one sla\f
devices in a g
commander i

bvice: A submaster is any device that is not a master device hut'n
other submasters or slaves. A submaster, when in control of the
which time the master shall function as a submaster. This-device
lient. When a submaster is not in control of the bus it shall respor

Any device that never needs to be a bus controller. This device g
Is when commanded by a master or submaster device. This deV

—

s are the command relationship and query relationship.

blationship: The command relationship exists for the purpose of si
s.
de world to other\devices such as masters or submasters. In the
ave devices shall never have bus control and can only perform or
e task exists for a device it shall be given an address per slave tas
ommand relationship, one is the commander and the other is the
5 eitheria master or a submaster.

nay need bus

us, may query the
can act as a bus
d as a slave or

ends and receives
ce will always act

s that are communicating shall do so in one of two established relationships. These

mple data

In the command-relationship, certain devices (slaves) exist simply to supply data

command
e task. If more
k. Of the two
slave. The

Query Relatiq

nship: The query relationship exists in the case where a device njay need to take

control of the bus in order to carry out its task. There are two devices in a query relationship a
commander and a submaster. The commander is either a master or a submaster. A submaster
cannot pass control to a different submaster but only back to the master.

4. PROTOCOL PROCEDURES:

Communication between any two devices shall follow one of the procedures specified below.
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41

Command Relationship Procedures:

There are four types of command relationship procedures, they are:

» Global Acquire - Prepare, Acquire, Poll
» Group Acquire - Acquire, Poll
» Local Acquire — Acquire, Poll
* Fetch

Each of the abgve procedures (Global Acquire, Group Acquire, Local Acquire;an
different overhe
respond on the
transmitted frorm the Master or from the Slave, i.e. at no time should the Master be
an error conditi

411

4111

41.1.2

41.1.3

Global Acquite: The global acquire command relationship procedure is carried
devices that ¢
of its ability tg

Prepare: T
"Prepare to
commande
error code ¢
manufactur
of this docu

Acquire: The second step js'the "Acquire” command. The "Acquire" commar

globally, by
is no ackno
acquire the
following th

bus to Global or Group commands. Command Source: nétall co

bn to a slave or sub-master.

re "smart" enough to handle a prepare statement. This method is
check a sensor before it is polled.

ne first step in this command relationship is the preparation. In the
Acquire Data" command shall be_sent individually to each device
" wants to receive data. The receiving device shall respond to this|
pr an acknowledgment. Errofs in a device or transmission will be g
b's discretion using standard or device specific error messages as
ment.

the commander;-so that all prepared devices will collect data at the

first datum)is device specific and will be referenced to the time wh
b "To, Address" in the message, is received.

Poll: The |4

st’step in the Commanding cycle is the device polling. In this stef

d Fetch) has

ad requirements and different levels of complexity. The devices should never

mmands will be
required to report

out for slave
preferred because

preparation step a
from which the
command with an
ealt with at the
described in 5.1.1

d shall be sent
same time. There

Wwledgmentto-this command due to its global nature. The time it takes for a device to

en the stop bit,

the polling

command shall be sequentially sent to each slave device that contains data for collection. The
device will return either the acquired data or an error code as defined by the device vendor.

4.1.2 Group Acquire: The group acquire command relationship eliminates the “Prepare” step and

replaces it with a “Group Addressed Acquire” step. This procedure works by issuing an acquire
command to a group address. All devices belonging to the addressed group will respond to this
command by acquiring data. The acquired data is then collected by individually polling each

device using their local addresses. Group addresses shall be assigned by the system designer.
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41.21

41.2.2

Acquire: In the first step, an "Acquire" command is sent from the master or submaster device to
the slave device(s). The "Acquire" command will be addressed to a specific group, as

designated by the system designer. The details of the "Acquire" command are discussed later in
this document. None of the devices addressed by this command shall respond to the "Acquire"
command. The time it takes for a device to acquire the first datum is device specific and will be
referenced to the time when the stop bit, following the "To Address" in the message, is received.

Poll: The second, and last step in the group acquire commanding cycle is the device polling. In

the poll stegmwmmmmw—mmmm
data for collection. The device will return either the acquired data or an error’g

the device

4.1.3 Local Acquirs

4.1.31

41.3.2

command" cd
group of devi

Acquire: In

endor.

: The local acquire command is similar to the group acquire excep
mmands a single device, whereas, the "group acquire command" ¢
Ces.

the first step, an "Acquire" command is sent.from the master or st

the slave dgvice. The "Acquire" command will be addressed to a specific dev

the "Acquirg
"Acquire" c
and will be

received.

Poll: The s
the poll stej
collection.

device vend

414 Fetch: The"

simple slave
or an error m

4.2 Query Relation

" command are discussed later in this document. There is no res
pbmmand. The time it takes for a deyice to acquire the first datumi
eferenced to the time when the stop bit, following the "To Address"

econd, and last step in thelocal acquire commanding cycle is the
p the polling command.shall be sent to the slave device that contai
The device will return either the acquired data or an error code, as
or.

Fetch" command relationship consists of one step and is used for
Hevices, (The fetch command is sent to a slave device that respon
PSsage

5hip Procedure:

vice that contains
ode, as defined by

t the "local acquire
ommands a whole

bmaster device to
ice. The details of
ponse to an

5 device specific
in the message, is

fevice polling. In
ns data for
defined by the

nterrogating very
ds with either data

The query relationship exists for the case where a device may need to be the bus controller in order
to carry out its task. There are two devices in a query relationship a commander and a submaster.
The commander is either a master or a submaster.
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4.2.1 Commanding the Submaster: Any command to the submaster shall require the submaster to
process and/or retrieve information before responding to the request, otherwise it shall be a slave.
All commands shall be executed in the following order:

+ the submaster shall receive its command and then respond with (1) an acknowledge or (2)
resend,

» once the command is acknowledged the master shall relinquish bus control to the submaster by
issuing the "Control Pass" command as defined in 5.8 of this document, and

* the submagterfimatty tesponds-tothe " "comntrot pass* commmand-withramacknmowledgment or an

error.

4.2.2 Submaster Operation: The submaster operates as a commander after réceiving|control of the bus.
It can establigh other relationships, command or query, before relinquishing confrol of the bus back
to its commander. The bus master shall monitor activity on the bus.”If the bus is idle for longer
than the "Bug Master Time-out" time, the bus master will regain control of the buis by issuing the
"Resynchronize" command. If the submaster has nothing to Send, but is not ready to relinquish
control of the|bus, it must generate bus activity or it will leese control of the bus]| The submaster
can generate|bus activity, and keep control of the bus, by issuing a global "Dummy" command.
The Dummy message is defined in 5.2 of this document.

4.2.2.1 Relinquishing Bus Control: Once the submaster has completed its assigned task, it shall provide
a response [to the query that was initiated by the master. The format of this regponse is based on

the originaljcommand sent by the master- After sending its data the submaster shall relinquish
bus control|back to the master using-the "Control Pass" command.

5. COMMAND MESSAGES:

These are the si¥teen industrystandard commands that are reserved for use by this specification.
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5.1

TABLE 2 - Industry Standard Commands

Command Command Type Command Description
Bus Client Status
Bus Client Data Message without Acknowledge

Bus Client

Data Message with Acknowledge

Bus Controller

Prepare (Master/Siave Relationship)

Bus Controller

Acquire (Master/Slave Relationship)

Bus Controller

Poll {Master/Slave Relationship)

BusControtter

RBus Controller

Control Pass (Master/SubMaster RelationsHip)

RBus Controller Resynchronize

Bus Controiler Reserved

[
[
[
|

Bus Controller Reserved

Reserved

Reserved

Reserved

alalolRiDa| e~ |o|sjwN(a|o

Reserved

Status Messag

This message i
A status messa
possible status
below. The ren
in the particulaf

%4

S sent in response to a command and indicates the status of the d
ge will have one data byte that identifies the status type by "Status
codes, the first 16 are specific to this interface specification and ar
naining 240 status codes-(16 - 255) are for device specific status a
device specification

estination device.

Code." Of the 256
b given in the table
nd shall be defined
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TABLE 3 - HAMIS Specific Status Codes

Status Code Status Description

0 No Error

1 Resend Message

2 Resend Entire Message Set

3 Not Ready

4 Device does not Support Command

5 Device Malfunction

6 Reserved

7 Reserved

8 Reserved

9 Reserved

10 Reserved

11 __Reserved

12 Reserved

13 Reserved

14 ___Reserved

15 Reserved

5.1 (Continued):
The command pehavior:
TABLE 4
Bus Controller Command sent to Bus Client
Command: Stgtus Each slave device Response — statug Command
followed with Statys Word

The device shdll net-réspond to error-laden messages or commands it does not Understand. If a
device does n; understand the message it should be quiet.

If the message required a response the Master will time out and then issue the same command and
address again.

5.1.1 No Error: This shall be sent to acknowledge that the command or data was received with no
errors.

5.1.2 Resend Message: This error shall be sent if the message had some recognizable error such as a
checksum or byte count error.

5.1.3 Resend Entire Message Set: This error shall be sent if there was an error with the data sequence
for long data strings made up of multiple messages.

-10 -
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5.1.4

and cannot return data at this time.

5.1.5

support this command.

5.1.6

5.2 Data Message

The "Data Mespgage without Acknowledge" command shall be used when youwa

Without Acknowledge:

Not Ready: This error message shall be sent if the device is busy gathering or calculating data

Device Does Not Support Command: This error message shall be sent if the device does not

Device Malfunction: This error message shall be sent if the device knows that it is malfunctioning.

without the recgiving device acknowledging the transfer. This reduces overhead

nt to transfer data
bnd increases the

data throughput of the interface. This command can be used with no datazas a "qummy message."
5.3 Data Message With Acknowledge:

The "Data Mesgage with Acknowledge" command shall be used-when you want t¢ transfer data and

have the receiVing device acknowledge receipt of the data
5.4 Prepare (for Master/Slave Relationship Only):

This command|(shall ready the slave device to buffer data. It is used to "wake" thé¢ device up and

allows the masier to verify the device's operability. This command shall contain no data bytes.

The command pehavior (reference 4.1.4.1):

TABLE 5

Bus Controller Command sent to Bus Client

Command: “prepare to Each siave device from which | « No response

acquire data” commander wants to receive | «  Any error in a flevice or

data transmission — t¢ be handled
per manufacturd's discretion

5.5 Acquire (for Master/Slave Relationship Only):

This command can be addressed globally, to a group, or locally to command data to be acquired.
The three different uses of the acquire command are described in Section 4 of this document. There
is no response to this command. Data can then be collected from the sensor(s) with the "poll"
command. The "Acquire" command shall contain no data bytes. The format of the returned data will
be defined in the particular device specification.

The command

behavior (reference 4.1.1.2, 4.1.2.1, and 4.1.3.1):

-11 -
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TABLE 6

Bus Controller

Command sent to

Bus Client

Command: Acquire

all Prepared devices

No response

5.6 Poll (for Master/Slave Relationship Only):

These comman des are sent to each slave device inrli\/irhlally, r\nmmanrlir\g them to return acquired

data. The format of the returned data will be defined in the particular device specification.

The command pehavior (reference 4.1.1.3, 4.1.2.2, and 4.1.3.2):

TABLE 7

Bus Controlle1r

Command sent {o

Bus Client

Command: Polling

sequentially to each slave
device that contains data for
collection

+ Responds with Data
Message

+ If an error then it responds
with the Status Command
followed by the gtatus word

5.7 Fetch (for Master/Slave Relationship Only):

This command(is sent to each slave device individually, requesting them to acquire and return data.

The format of the returned data.will be defined in the particular device specificatign.

The command pehavior/(reference 4.1.4):

TABLE 8

Bus Controll

Command-sentto—————Bus-Glient————

Command: Fetch

Slave devices

» device takes one data point
and responds with Data
Message w/o Ack Command

+ If an error then it responds
with the Status Command
followed by the status word

-12 -
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5.8 Control Pass (for Master/Submaster Relationship Only):

This command shall pass control of the bus from the master bus controller to a submaster or from a
submaster back to the master bus controller. This command shall contain no data bytes.

The command behavior (reference 4.2):

TABLE 9
| ]
Bus Controller Command sent to Target submastef or master
Command: Coptrol Pass Submaster or master Response ~Acknpwledge
Command

5.9 Resynchronize|(for Master/Slave Relationship Only):

This command|is sent globally by the bus master to reestablish bus control. The pus master will
issue the "Resynchronize" command in response to a*Bus Master Time-out." This command shall

contain no datg bytes.
The command pehavior (reference 4.2.2):

TABLE 10

Bus Controller Command sent to Bus Client

Command: Regynchronize | Slave devices + No response
¢ Device will at least reset their

bus interface
e If slaves they will do a
complete devicel reset

-13-
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6. MESSAGE AND FRAME FORMATS:

6.1

6.2

Message Formats:

There shall only be one message format. This message format can consist of 5 to 4037 frames, with
each frame containing 11 bits. The only required frames shall be the "To Address", "Command",
"From Address", “Num. Of Data Frames”, and "Checksum" frames in that order. Any "Data" frames
would fit between the "Num. Of Data Frames " and "Checksum" frames. There can be zero to 4032
"Data" frames irasingte messagefmoretham 4032 dataframes mustbesent, multiple messages
can be put toggther to make an infinitely long string of data frames. In sending.lohg strings the
sequencing bit jof the "Num. of data frames" frame shall be used as specified.in 6(2.4.

TABLE 11
Byte Frame
1 To Address
2 Command
3 From Address
4 Number of Data Frames
. Data
N+5 Chetksum

N ='rumber of data bytes

It is recommenged that each complete group of frames that make up a message be preceded by an
11-bit idle pattgrn. An idle pattern-is the only way to insure that the receivers are pynchronized with
the beginning df a new message. Otherwise, glitches or other errors will not be r¢solvable until the
idle pattern "regets" the receivers. The idle pattern must be 11 consecutive high bits (tri-state
condition). Thg return message from a client back to the bus controller can immediately follow the
outgoing comnjand ffom the bus controller without an idle pattern.

For large data tra : re HUM system
timing requwements are met The slave dewce should never be aIIowed to increase the size of a
data message. The master should control the data “sent” from a slave and when it is transmitted.

Frame Formats:

Messages are composed of the six 11-bit frames defined below. The first bit in every 11-bit frame
shall be a start bit. The tenth bit is the address bit. The address bit of the "To Address" frame shall
be set to "1". The address bit of all other frame formats shall be set to "0". The final bit of all 11-bit
frames shall be the stop bit.
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