


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AP 52

STITLE('WORD TO ASCII CONVERSION')
/**********************************************i*****
* This routine converts a fixed point word in mem- *
* ory into a 4 digit plus 1 decimal ASCII display- *
* able number. Zero blanking is included. *
******************************_**********************/
1 DECSREPSMCDULE: i
Do;

N
e

DECSREP:
Procedure  (SCURCE,TARGET) public ;

3 2 Peclore (SCURCE,TARGET) address;
4 2 Neclare ANSWR(S5) byte;
5 2 Declare (DISPLAY based TARGET) (5) byte;
3 2 Declare NUMBER based SOURCE structure (
ELEMENT. a2ddress );
7 2 Declare N byte;
2 Declare CALC(5) address;
/* Initialize */
9 2 Do n=# to 4;
1¢ 3 ANSWR(n)='@";
11 3 end;
12 2 CALC(@)=NUMBER.ELEMENT;
/* Convert to ASCII */
13 2 Do n=1 to 5;
14 3 CALC(n)=CALC(n-1)/1¢; .
15 3 ANSWR (5-n)=(CALC(n-1) mod 1@) + 3¢H;
15 2 enc;
/* Perform zero blanking */
17 2 Do n=¢ to 3;
18 2 If ANSWR(N)<>'¢!
then n=4;
-2c 3 else ANSWR(n)="' ';
21 3 end;
/* Format with decimal point */
22 2 Call move (4,.ANSWR,TARGET);
23 2 DISPLAY (4)="'.";
24 2 DISPLAY (5)=ANSWR(4);
25 2 end DECSREP;
26 1 end DECSREPSMODULE;

MODULE INFORMATION:

CODE AREA SIZE = (FPEEH 238D
VARIABLE AREA SIZE = €@14H 20D
MAXIMUM STACK SIZE = @fFf4H 4D

40 LINES READ
¢ PROGRAM ERROR(S)
END OF PL/M-8(3 COMPILATION

"~ 13-76 ‘ ’ AFN-01831A
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INTRODUCTION TO THE
DISTRIBUTED CONTROL MODULES

Overview

Intel’s Distributed Control Module (iDCM) products provide building blocks for construction of real-
time distributed control systems based on the BITBUS™ interconnect. This new serial bus architec-
ture addresses many of the limitations inherent in traditional connection methods. For instance, future
system cost reductions are limited in systems based on parallel bus structures due to their electrical
and mechanical characteristics. Other traditional connection methods such as current loops and RS
232 C do not provide sufficient performance or flexibility for complex industrial control applications.
In addition, although there are numerous industry standards for connecting microprocessors, the
MULTIBUS® and the STD-bus for example, there is no standard connection for microcontrollers. The
BITBUS interconnect (Table 1) combines existing standards with new standard interfaces to provide
the optimal solution for difficult distributed control problems.

The iDCM products combine hardware and software for use in applications that would benefit most
from employing distributed architectures. Applications such as robotics, process control, data acquisi-
tion and control, and environmental control are a few examples.

Table 1. Standard BITBUSTM Interfaces

Interface Specification
Electrical RS485
Cable 10-conductor flat ribbon or 1 to 2
' wire twisted pair ’ »
Back-plane connector 64-pin Standard DIN
End-cable connector ' 3M #3446-1302 female
Control-board form-factor Single-height, Double-depth
Eurocard
Data Linkicontrol _ Synchronous Data-link Control
Data transfer rate 62.5K baud, 375K baud and
2.4M baud
Message formats Compatible with iRMX 51 format
command/response/status
Common command sequences Integral Remote Access and
Control (RAC) function
"Operating systems S/W drivers for iRMX 86, 88,
286R and ISIS (for iPDS only)

Benefits of Distributed Architectures

Distributed architectures are intrinsically more reliable than centralized architectures. In a centralized
control system a central controller failure results in a system-wide failure. Distributed systems can
be configured to prevent this. Also, distributed systems are more cost effective and more easily
modified. For instance, performance improvements in centralized systems are expensive and do not
concentrate improvements in the areas where they are needed most. In distributed systems, only
the specific parts of the system that require enhancement need be modified. Most importantly, con-
trol systems based on distributed architectures have less difficulty responding to the external environ-
ment because they have less to manage.
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The BITBUS™ Interconnect

The BITBUS interconnect is a serial bus optimized for high speed transfer of short control messages
in a hierarchical system. In order to provide an easy to use high performance serial interconnect,
transparent to the applications programmer, high-level interfaces are specified. These interfaces in-
clude: the message structure and protocol for a multitasking environment, and a set of high-level
commands for remote 1/O access and application task control. As with traditional bus specifications,
the electrical and data protocol levels have been defined.

The BITBUS interconnect supports up to 250 nodes and three bit rates dependent on application
performance requirements. Different BITBUS segments may support different bit rates.

A Slmple and Reliable Solutlon

The BITBUS architecture supphes the system desrgner with a simple and reliable foundation. Some
key features of this architecture are: defined high-level interfaces that provide all communication and
user program management, the reliable SDLC protocol, power-up diagnostics, standard industrial
packaging, compact software and hardware provided in the high performance 12MHz 8044 micro-
controller, and a board-level integrated solution. In addition, complex, expensive, and awkward con-
nection problems are no longer a factor because the BITBUS interconnect is a serial bus requiring
a simple twisted wire pair.

Open Systems — An Answer to Obsolescence

Intel’s Open Systems philosophy requires systems be open to: future VLSI, all levels of integration,
- third party suppliers, and special requirements. In order to facilitate this design strategy, the BITBUS
interconnect was developed as a standard microcontroller interface. The same benefits realized by
users of Intel’s MULTIBUS architecture will be realized by users of the BITBUS architecture — the
ability to exploit VLSI technology without having to pay premiums for new system design, multiple
supply sources, wide product selections, and competitive prices.

The Open Systems phllosophy characterizes the iDCM product line. Dlstrlbuted Control Modules
are compatible (open) at three levels of integration: components, boards, and systems. This multilevel
approach enables OEM’s to adapt to new business envrronments and opportunities as VLSI
technology evolves.

Distributed Control Modules

The iDCM product line consists of both software and hardware products: the iRMX™ 51 Executive,
iRMX 510 Support Package, iSBX™ 344 BITBUS MULTIMODULE™ Board, and the iRCB 44/10
BITBUS Remote Controller Board. All iDCM hardware products include integral firmware to imple-
ment the high-level BITBUS interfaces: message formats, command sequences, and operating
system environments. .

iRMXm 51 Executive

‘The iRMX 51 Executive is a compact, easy to use, software tool for development and |mplementa-
tion of appllcatlons built on the high performance 8-bit family of 8051 microcontrollers. A pre-con-
figured version of the Executive is included in firmware of the two iDCM hardware products. During
run-time, some of the services provided by this event driven Executive are: task scheduling, inter-
rupt handling, and message passing. Streamlined code, the simple user interface and modular design
of the iRMX 51 Executive enhance system reliability. '
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|ntel® iDCM Introduction

iRMX™ 510 iDCM Support Package

The iRMX 510 iDCM Support Package provides the software development and run-time support for
BITBUS systems. Also included are the software interfaces for other operating systems: iRMX 86,
iRMX 286R, iRMX 88, and the iPDS ISIS. These software interfaces ease integration of a BITBUS
system into MULTIBUS or iPDS environments.

iSBX™ 344 BITBUS™ MULTIMODULE™ Board

The iSBX 344 board facilitates expansion of MULTIBUS and iPDS systems via the BITBUS inter-
connect. This board is the iDCM hardware interface. MULTIBUS system capabilities can be expanded
to include low-cost remote control using the iISBX 344 MULTIMODULE board and the iRMX 510 iDCM
Support Package. Also, BITBUS system capabilities can be expanded using this board with user
supplied software. The iSBX 344 board’s integral firmware reduces application development time,
ensures real time response, eases system integration, and lowers system cost.

iRCB 44/10 BITBUS™ Remote Controller Board

The iRCB 44/10 BITBUS Remote Controller module is a low-end, single-board computer with 24 lines
of parallel I/O. The board has a single-high Eurocard form factor with a DIN connector for increased
reliablity and integration with standard industrial packaging. One iSBX I/0 Expansion connector will
accommodate one of many iISBX MULTIMODULE Boards for I/O expansion. Also, sockets for re-
peaters are provided for extending the BITBUS interconnect beyond the length limits of one BITBUS
segment. This board lowers distributed system cost via the BITBUS interconnect support and the
same integral firmware provided on the iSBX 344 BITBUS Controller MULTIMODULE board.

- Expanding a MULTIBUS® System with Distributed Control Modules

An example of how a MULTIBUS system can be expanded with iDCM Modules is shown in Figures
1 and 2. Figure 1 shows a basic MULTIBUS system: processor board, memory module, and I/O con-
troller. Figure 2 illustrates the expanded system. Some advantages of the expanded system follow:
The burden on the central processor has been reduced, thereby increasing overall system perfor-
mance. System cost reduction is realized because the BITBUS architecture removes the necessity
of adding expensive centralized systems to handle increased performance demands. Also, the
BITBUS architecture enables implementation of a more efficient and flexible system that is insensitive
to the addition of more nodes, or changes in node job functions.

A
170 * +
CPU
Lre]  [ieo]
4M RAM Vo
PLUSECC | CONTROLLER

Y ' Y Y
< MULTIBUS® SYSTEMBUS >

Figure 1. Basic MULTIBUS® System
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™ T0
B BITBUS™ INTERCONNECT % o
N A = > Bireus™
) ) " NODES
24 LINES
Y
BITBUS ™™
s
™ CUSTO
BOARD REMOTE : \ Brraus'*""
{SBX™ CONTROLLER BOARD
8088 MEMORY ,
PLUS BCC | vo
%M RAM CONTROLLER
Y \ y ,
< - MULTIBUS® SYSTEM BUS >

Figure 2. MULTIBUS® System Expanded with BITBUS™ Interconnect and Distributed Control Modules

Summary

This overview has introduced the attributes and advantages of the BITBUS interconnect and Distrib-
uted Control Modules. Initial iDCM products (the iRMX 51 Executive, the iRMX 510 iDCM Support
Package, iSBX 344 BITBUS Controller MULTIMODULE and iRCB 44/10 BITBUS Remote Controller
boards) are intended to allow rapid assimilation of this new technology. Data sheets describing the
individual iDCM products are included in the next section of this document. The final section presents
the BITBUS Specification (supported by the iDCM products).
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BITBUS™ Remote Controller Board
= High performance 12 MHz 8044 m 2 28-pin JEDEC memory sites for
controller user’s control functions
m Integral firmware including the m Low cost I/O expansion with 8-bit
iRMX™ 51 Executive optomized for iISBX™ connector

real-time control m Programmable control/monitoring

m Full BITBUS™ support capability of 24 1/0O lines
m Standard industrial packaging: m Power up diagnostics increase
Eurocard, DIN connector reliability

The iRCB 44/10 BITBUS™ Remote Controller Board, is an intelligent real-time controller and a re-
mote I/O expansion device. Based on the highly integrated 8044 component (an 8 bit 8051 microcontroller
and an intelligent SDLC controller on one chip) the iRCB 44/10 board provides high performance
control capability at low cost. Incorporating complete BITBUS support, the iRCB 44/10 board and the
other members of Intel’s Distributed Control Modules (iDCM) family expand Intel’s OEM microcom-
puter system capabilities to include distributed real-time control. Like all members of the iDCM family,
the iRCB 44/10 board includes many features that make it well suited for industrial control applica-
tions such as: data acquisition and monitoring, process control, robotics, and machine control.

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No other Circuit Patent Licenses

are implied.

JULY 1984
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OPERATING ENVIRONMENT
Intel’s Distributed Control Modules (iDCM) pro-

duct family contains the building blocks to imple- -

ment real-time distributed control applications.
The iDCM family incorporates the BITBUS inter-
connect to provide standard high speed serial
communication between microcontrollers. The
two iDCM hardware products, the iSBX 344 BIT-
BUS controller MULTIMODULE™ board and the
iRCB 44/10 BITBUS Remote Controller Board,
.communicate in an iDCM system via the BITBUS
interconnect as shown in Figure 1.

The iRCB 44/10 board can be used as an intelli-
gent remote controller or an 1/0O expansion device.
When performing as an intelligent controller the
iRCB 44/10 board not only monitors the status of
multiple process points, but it can execute varied
user supplied control algorithms. When function-
ing as an /O expansion device, the iRCB 44/10
board simply collects data from multiple I/O ports
and transmits this information via the BITBUS or
iSBX bus interface to the system controller for
analysis or updating purposes:.

As a member of the iDCM product line the iRCB
44/10 board fully supports the BITBUS microcon-
troller interconnect. Typically, the iRCB 44/10
board would be a node in a BITBUS system. The
iRCB 44/10 board could be part of a master or
slave node. (The BITBUS system supports a
multidrop configuration: one master, many slaves.)

ARCHITECTURE

Figure 2 illustrates the major functional blocks of
the iRCB 44/10 board: iDCM controller, memory,
BITBUS microcontroller interconnect, parallel
1/0, iISBX expansion, initialization and diagnostic
logic.

iDCM Controller

The heart of the iRCB 44/10 board’s controlling
and communication capability is the highly inte-
grated 12 MHz 8044 microcontroller. The 8044
consists of the advanced 8-bit 8051 microcon-
troller and a SDLC controller called the Serial
Interface Unit (SIU). This dual processor archi-
tecture allows complex control and high speed
communication functions to be realized cost
effectively.

Another essential part of the iDCM controller is
the integral firmware that resides on-chip to im-
plement the BITBUS interface. In the operating
environment of the iRCB 44/10 board, the 8044’s

- SIU acts as a SDLC controller which offloads the

on-chip 8051 microcontroller of communication
tasks; freeing the 8051 to concentrate on real-
time control.

The iDCM controller (8044 microcontroller and
on-chip firmware) provides, in one package, a
simple user interface, and high performance
communications and control capabilities to effi-
ciently and economlcally build a complex control
system.

@
iRCB44/10 =~~~ — §_ — -
BOARD SIGNAL
CONDITIONING
. BOARD
-

TO OTHER
BITBUS™ NODES
INDUSTRIAL BITBUS™
~ — _ _CHASSIS _ INTERCONNECT #2
N
VS~ _____ 1. > isBX™aNALOG iSBX™ 344
| T - | BOARD BOARD
| | |
§ |
: ~ iRCB 44/10 iRCB™
N BOARD 44/10
BOARD

~——————>

P> <€

-sax"* 344

BITBUS™ INTERCONNECT #1

iSBC* 86/30

TO OTHER
BITBUS™
NODES

310 SUPERMICRO /

)
]

<:—> ==

Figure 1. iDCM Operating Environment

14-6



intel”

iRCB 44/10

Memory

The iRCB 44/10 board memory consists of two
sections: internal and external. Internal memory
is located in the on-chip memory of the iDCM
controller. The iRMX 51 Executive and the re-
maining iDCM controller firmware ration this
resource. However, eight bytes of bit addressable
internal memory are reserved for the user. Am-

memory sizes by placing the proper jumpers at
system initialization. The most flexible configura-
tion option provides the user with access to the
code site for program download or upload. This
feature ensures expansion of an existing system
is easily accomodated.

Table 1. Supported Memory Devices

ple space is reserved for user programs and data
in the iRCB 44/10 board external memory. DEVICE DATA SITE | CODE SITE
Two 28 pin JEDEC sites comprise the iRCB 44/10 4K x 8-64K x 8 NO YES
board external memory. One site has been ded- ~ EPROM/ROM
icated for data, the other for code. Table 1 lists 2K x 8-32K x 8 YES YES
the supported memory devices for each site. In- SRAM
tel’'s 2764, 27128, and 2817A are a few ex- oK x 8-16K x 8 NO YES
amples. The user may choose one of two NVRAMX i E2):3ROM :
memory configurations and specify different an
iSBX™1/0
iSBX™1/0
EXPANSION
)
INITIALIZATION
AND -
DIAGNOSTIC |
LOGIC
OFF CHIP MEMORY
<31 28 PIN DATA SITE
28 PIN CODE SITE
24 LINES
PARALLEL €
1/0
iDCM CONTROLLER
A
A
BITBUS™
BUFFERS
BITBUS;"
< REPEATERS
(OPTIONAL)
]
e l
BITBUS™INTERCONNECT
@t?»
REPEATED BITBUS™

INTERCONNECT

Figure 2. iRCB™ 44/10 Block Diagram
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BITBUS™ Microcontroller Interconnect

The iRCB 44/10 board serial interface fully sup-
ports the BITBUS microcontroller interconnect.
The BITBUS interconnect is a serial bus optimized
for control applications. The bus supports both
synchronous and self-clocked modes of opera-
tion. These modes of operation are selectable
dependent on application requirements as are
the transmission speeds. Table 2 shows the differ-
ent combinations of modes of operation, transmis-
sion speeds, and distances. The SDLC protocol,
BITBUS message format, and compatibility with
Intel’s other software and hardware products com-
prise the remainder of the BITBUS architecture.
These features contribute to BITBUS system reli-
ability and usefulness as a microcontroller inter-
connect.

The BITBUS connection consists of one or two
differential pair(s) of wires. The serial (BITBUS)
interface of the iRCB 44/10 board consists of : a
half-duplex RS 485 tranceiver, an optional BIT-

BUS repeater and an optional clock source for

the synchronous mode of operation.

Parallel 1/0

In order to provide an optimal parallel I/O inter-
face for control applications, the iRCB 44/10 board
supports 24 software programmable parallel I/O
lines. This feature supplies the flexibility and
simplicity required for control and data acquisi-
tion systems. Sixteen of these lines are fully pro-
grammable as inputs or outputs, with loopback,
on a bit by bit basis so that bit set, reset, and
toggle operations are streamlined. The remaining
eight lines are dedicated as inputs. Figure 3 de-
picts the general I/O port structure.

The parallel 1/O lines can be manipulated by
using the Remote Access and Control (RAC)
function (in iDCM controller firmware) from a
supervisory node or locally by a user program.

The user program can also access the RAC func-
tion or directly operate the 1/O lines. Input, out-
put, mixed — input and output, and bit operations
are possible simply by reading or writing a par-
ticular port.

iSBX™ Expansion

One iSBX I/O expansion connector is provided
on the iRCB 44/10 board. This connector can be
used to extend the I/O capability of the board. In
addition to specialized and custom designed
iSBX boards, a full line of compatible high speed,
8-bit expansion MULTIMODULE boards, both sin-
gle and double wide, are available from Intel. The
only incompatible modules are those that require
the MWAIT* signal or DMA operation. A few of
Intel’s iRCB 44/10 board compatible iSBX MULTI-
MODULE boards include: parallel I/O, serial I/O,
BITBUS expansion, |IEEE 488 GPIB, analog in-
put, analog output, and magnetic bubble.

With the iSBX 344 BITBUS Controller MULTI-
MODULE board and user supplied software, the
iRCB 44/10 board can act as an intelligent BIT-
BUS repeater facilitating the transition between
two. BITBUS segments operating at different
speeds.

Initalization and Diagnostic Logic

Like the other members of Intel’s Distributed
Control Modules (iDCM) product line, the iRCB
44/10 board includes many features which make
it well suited for industrial control applications.
Power up diagnostics is just one of these features.
Diagnostics simplify system startup considerably,
by immediately indicating an iDCM controller or
external bus failure. The LEDs used for power up
diagnostics are available for user diagnostics
after power up as well to further contribute to
reliable operation of the system.

Initial iRCB 44/10 board parameters are set by
positioning jumpers. The jumpers determine the

Table 2. Modes of Operation

Speed Maximum Distance Maximum # Nodes © Maximum #
Between Repeaters
Kb/s M/t Between Repeaters Repeaters
Synchronous 2400 30/100 28 0
375 300/1000 28 2
If
Self Clocked 62.5 1200/4000 28 10
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BITBUS mode of operation: synchronous, self
clocked, transmission speed, and address of the
iRCB 44/10 board in the BITBUS system. This
minimizes the number of spare boards to be
stocked for multiple nodes, decreasing stocking
inventory and cost.

INTEGRAL FIRMWARE

The iRCB 44/10 board contains resident firmware
located in the iDCM Controller. The on-chip firm-
ware consists of: a pre-configured iRMX 51 Ex-
ecutive for user program development; a Remote
Access and Control (RAC) function that enables
user communication and control of different micro-

controllers and 1/O points; a communications -

gateway to connect the BITBUS interconnect,
iSBX bus, and iRMX 51 tasks; and power up di-
agnostics.

The iRMX 51 Executlve is an event-driven soft-
ware manager that can respond to the needs of
multiple tasks. This real-time multitasking ex-
ecutive provides: task management, timing, in-
terrupt handling, and message passing services.
Table 3 shows the iRMX 51 user interfaces. Both
the Executive and the communications gateway
allow for the addition of up to seven user tasks
at each node while making BITBUS operations
transparent.

The Remote Access and Control Functlon isa

special purpose task that allows the user to trans-

Table 3. iRMX™ 51 [nterfaces

COMMAND

DESCRIPTION

RQ SEND MESSAGE

Sends a message (a command from the BITBUS master, a response from
a slave, or a simple message between tasks on the same BITBUS compo-
nent) to another task.

RQ WAIT Waits for an interrupt, and event time-out, a message, or any combination

’ of the three.

RQ CREATE TASK Causes a new sequence of code to be run as an iRMX 51 task with a specmc
function identification code and priority.

RQ DELETE TASK Stops the specified task and removes it from all execution lists.

RQ ALLOCATE Allocates a fixed-length buffer from the on-chip, scratch-pad RAM for gen-
eral use, or, in BITBUS applications, for a BITBUS message buffer.

RQ DEALLOCATE Returns an on-chip buffer to the system. )

RQ SET INTERVAL

Set the time interval to be used as a separate event-timer for the task.

RQ ENABLE INTERRUPT

Allow external interrupts to signal the microcontroller.

RQ DISSABLE INTERRUPT

Stops all external interrupts from signalling the microcontroller.

RQ GET FUNCTION ID .

Provides a list of the 8 function identification codes representing the tasks
currently operating on the microcontroller.

RESET* +5V

DATA
BUS ——@—
BIT

WR*
RD*

1/0 PORT PIN

OPEN
COLLECTOR
D Q ———l >0

Ml
RS

Figure 3. I/0 Port Structure
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fer commands and program variables to remote
BITBUS controllers, obtain the status of a remote
I/O line(s), or reverse the state of a remote 1/0
line. Table 4 provides a complete listing of the
RAC services. No user code need be written to
use this function. Power up tests provide a quick
diagnostic service..

The services provided by the iRCB 44/10 board
integral firmware simplify the development and
implementation of complex real-time control ap-
plication systems. All iDCM hardware products

contain integral firmware thus supplying the user

with a total system solution.

INDUSTRIAL PACKAGING

The iRCB 44/10 form factor is a single high,
220mm deep Eurocard as shown in Figure 4. The
Eurocard form factor supports most standard in-
dustrial packaging schemes as well as Intel’s

MULTIBUS® Il packaging scheme. The Eurocard
form factor specifies reliable DIN connectors. A
standard 64 pin connector is included on the iRCB
44/10 board.

DEVELOPMENT ENVIRONMENT

Intel provides a complete development environ-
ment for the iRCB 44/10 board. Software develop-
ment support consists of: the 8051 Software De-
velopment Package, and the iRMX 510 iDCM
Support Package. The 8051 Software Develop-
ment Package provides the RL 51 Linker and
Relocator Program, and ASM 51. PL/M 51 is also
available. The iRMX 510 Support Package in-
cludes the iDCM Controller firmware files on
diskette, as well as iRMX 51 libraries. Hardware

“tools consist of the In-Circuit Emulator (ICE-44),

Intel’s Portable Development System (iPDS with
EMV-44), and Intellec Series |l or Il Development
Systems.

Table 4. RAC Services

COMMAND

DESCRIPTION

READ /0 Read external I/O location. Return result in reply message.
WRITE I/O Write byte to external I/O location.

UPDATE 1/O Write byte to, then read byte from external I/O location. Return result

in reply message. '

OR I/0 OR data with contents of external I/O location. Return OR’d value.
AND I/0 AND data with contents of external I/O location. Return AND'd value.
XOR /O XOR data with contents of external I/O location. Return XOR’d

value.

READ INTERNAL MEMORY

Read contents of internal memory location. Return result m reply
message.

WRITE INTERNAL MEMORY

Write data to internal memory location.

DOWNLOAD EXTERNAL MEMORY

Write data starting at external memory location.

UPLOAD EXTERNAL MEMORY Read data starting at external memory location. Return result in
) reply message. )
GET FUNCTIONS Provides a list of the 8 function identification codes representing
) the tasks currently operating on the microcontroller.
CREATE TASK Causes a new sequence of code to be run as in the iRMX 51 inter-
face. )
DELETE TASK Stops the specified task and removes it from all execution lists as
in the iRMX 51 interface.
RAC PROTECT Suspends or resumes RAC Services.
RESET DEVICE Returns device software to original state at initialization.
NOTES: ‘ ’ :

Internal memory locations are included in the 192 bytes of data RAM provided in the microcontroller. External memory refers memory outside the

microcontroller — the 28-pin sockets of the iSBX 344 module and the iRCB 44/10 board. Each RAC Access Function may refer to 1, 2, 3, 4, 5, or 6
individual I/0 or memory locations in a single command.
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lq——_———d =220mm ———

8.65 inches

- h=23.93inches
100mm

L&
»|

w=13.77 mm
.5421n.

Figure 4. Eurocard Single High Form Factor

SPECIFICATIONS
Word Size

Instruction — 8 bit
Data — 8 bit

Processor Clock 12 MHz

Instruction Execution Times
1 usec 60% instructions
2 usec 40% instructions
4 usec Multiply & Divide

Memory Capacity/Addressing
iDCM Controller — 64 K

Address Range
Option 1 Option 2

External

Memory 4

Data 0000H-7FFFH  0000H-7FFFH
- Code 1000H-O0FFFFH 8000H-OFFEFH

Internal

Memory

Code 0000H-OFFFH  0000H-OFFFH

I/0 Capacity

iSBX MULTIMODULE™ board — one single or
doublewide not requiring MWAIT* or DMA
24 Digital Lines Programmable Parallel 1/0

Interrupt Sources

Two external — iSBX /O Expansion bus sources
or other sources.
BITBUS Microcontroller Interconnect.

Terminations

Sockets provided on board for 4 Watt 5% Car-
bon type resistors. Resistor value to match -
characteristic impedance of cable as closely as
possible — 120 ohms or greater.

Repeaters

Sockets provided on board — Devices 75174
and 75175 _ :

Connector Options
10 Pin Plug

Flat Cable — 3M 3473-6010, TB Ansley 609-
1001M, or equal

Discrete Wire — BERG 65846-007, ITT Cannon
121-7326-105, or equal

DIN Connector Plug

Flat Cable — GW Elco 00-8259-096-84-124,
Robinson Nugent RNE-IDC64C-TG30, or equal
Discrete Wire — ITT Cannon G06 M36 P3
BDBL-004 GW Elco 60 8257 3017, or equal
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iDCM Controller I/0 Addressing

FUNCTION ADDRESS READ WRITE BIT
PORT A FFCOH v v
PORT B FFC1H v
PORT C FFC2H v v
- MCSO FF80H-FF87H v v
FFO0O0, FFO1
MSC1 : FF88H-FF8F v v
LED #1 90H v v v
- LED #2 : 91H" v v v
RDY/NE* B4H v v v
NODE ADDRESS ~ FFFFH v
CONFIGURATION FFFEH v
OPTO 92H v v v
OPT1 93H v v v
INTO ) B2H v v
INT1 B3H v v

10.Pin Repeater Connector Pin Out

PIN SIGNAL

+12V
+12V
GND
GND
DATA*
DATA
.DCLK*/RTS*
DCLK/RTS
RGND
RGND

© 0O N O~ WON =

-
o
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iRCB 44/10 Pin Out

DIN Connector

DIN PIN & SOCKET DIN PIN & SOCKET .
PIN # PIN # FUNCTION PIN # PIN # FUNCTION

1a GND 1c GND
2a +5V 2c +5V

3a DATA 3c DATA*

4a DLCK/RT 4c DLCK*/RTS*

5a 1. EXTINT 5c RGND
6a 3 PB7 6c 2 GND
7a 5 PB6 7c -4 GND
8a 7 PB5 8c 6 GND
9a -9 PB4 9c 8 GND
10a S, PB3 ‘ 10c 10 GND
11a 13 PB2 11c 12 GND
12a 15 - PB1 12¢ 14 GND
13a . 17 PBO 13c 16 GND
14a 19 PC3 14c 18 GND
- 15a 21 PC2 15¢ 20 GND
16a 23 PC1 16c 22 GND
17a 25 PCO 17¢ 24 GND
18a 27 PC4 18¢c 26 GND
19a 29 PC5 19¢ 28 GND
20a 31 PC6 . 20c 30 “GND
21a 33 PC7 21c 32 GND
22a 35 PA7 22¢ 34 GND
23a 37 PA6 23¢ 36 GND
24a 39 PA5 24c 38 GND
25a 41 PA4 25¢ 40 GND
26a 43 PA3 26c - 42 GND
27a 45 PA2 27¢ 44 GND
28a 47 PA1 28¢c - 46 GND
20a 49 PAO 29¢ 48 GND
30a +12V 30c -12V
31a +5V 31c . +5V
32a GND 32¢ GND
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Electrical Characteristics
Interfaces

iSBX 1/0 expansion bus — supports the stan-
dard I/0 Expansion Bus Specification with com-
pliance level D8/8F

Memory Sites — Both code and data sites sup-

port the electrical Universal Memory Site specifi- -

-cation

.BITBUS™ Interconnect — The iRCB 44/10 Re-
mote Controller Board supports the BITBUS
Specification as follows:

Fully supported synchronous mode at 2.4

Mbits/second and self clocked mode for 375 -

_kbits/second and 62.5 kbits/second.

The iRCB 44/10 Remote Controller Board pre-
sents one standard load to the BITBUS bus with-
out repeaters, with repeaters two standard loads
Message length of 18 bytes supported

RAC Function support as shown in Table 4

. Parallel I/0 — See the Table 5 for Electrical Spec-
ifications of the interface.

‘Power Requirements

.9A at +5V +5% iRCB 44/10 board only —
memory, repeater, or iSBX board NOT included .

- Physical Characteristics

Single high, 220mm deep Eurocard Form.Factor
Dimensions

Width — 13.77 mm (.542 in) maximum compo-
nent height

Height — 100 mm (3.93 in)
Depth — 220 mm (8.65 in)
Weight — 169 gm (6 ounces)

Environmental Characteristics

Operating Temperature — 0°C to 55°C at 200
Linear Feet/Minute Air Velocity

- Humidity — 90% non-condensing

Reference Manual (NOT Supplied)

146312 — Guide to Usmg the Distributed Con-
trol Modules

-Table 5. Parallel I/0 Electrical Specification

PARAMETER CONDITION -MIN MAX UNITS
VOL |°|_=\16 mA : 0.5 \")
VOH 'OH =-2mA 2.4 ) \)
Vin 2.0 70 v SV
ViL -1.0 0.8 Vv
I ViL=0.5V 60 mA
[ Viu =logic high .0 mA -
I o Vy=7V -22 mA

Ordering Information
Part Number Description

iRCB 44/10 BITBUS Remote Controller
board
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| iSBX™ 344
BITBUS™ CONTROLLER MULTIMODULE™ BOARD

m High performance 12MHz 8044 m 2 28-pin JEDEC memory sites for
controller user’s control functions

m Low cost, double-wide iSBX™

m Integral firmware including the BITBUS™ expansion MULTIMODULE™

iRMX™ 51 Executive optomized for

real-time control applications board )
m Power up diagnostics increase
m Full BITBUS™ support reliablity

The iISBX™ 344 BITBUS™ Controller MULTIMODULE™ board is the BITBUS gateway to all Intel products
that support the iSBX I/O Expansion Interface. Based on the highly integrated 8044 component (an 8 bit
8051 microcontroller and an SDLC controller on one chip) the iSBX 344 MULTIMODULE board extends the
capability of other microprocessors via the BITBUS interconnect. With the other members of Intel’s Distri-
buted Control Modules (iDCM) family, the iISBX 344 MULTIMODULE board expands Intel’s OEM microcom-
puter system capabilities to include distributed real-time control. Like all members of the iDCM family, the
iSBX 344 MULTIMODULE board includes many features that make it well suited for industrial control appli-
cations such as: data acquisition and monitoring, process control, robotics, and machine control.

InleI.leptgalion Assumes No Responsibility for the Use of Any.Circuitry Other Than Circuitry Embodied in an Intel Product. No other Circuit Patent Licenses
are implied. .

JULY 1984
14-15
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OPERATING ENVIRONMENT

Intel’s Distributed Control Modules (iDCM) product
family contains the building blocks to implement

real-time distributed control applications. The iDCM

family incorporates the BITBUS interconnect to pro-
vide standard high speed serial communication
between microcontrollers. The two iDCM hardware
products, the iSBX 344 MULTIMODULE board
and the iRCB 44/10 BITBUS Remote Controller
Board, communicate in'an iDCM system via the
BITBUS interconnect as shown in Figure 1.

As a member of the iDCM product line the iISBX
344 MULTIMODULE board fully supports the
BITBUS microcontroller interconnect. Typically,
the iSBX 344 MULTIMODULE board would be
part of a node (master or slave) on the BITBUS
interconnect in an iDCM system. As shown in
Figure 2 the iSBX 344 MULTIMODULE board
plugs into any iSBC® board with an iSBX connector.

The iSBX 344 MULTIMODULE board is the hard-

ware interface between Intel’s MULTIBUS® and

iPDS™ ISIS environment and the BITBUS envir-
onment. With this interface the user can harness
the capabilities of other Intel microprocessors eg:
80286, 80186, 8086 in a BITBUS/iDCM system
or extend an existing MULTIBUS or iPDS ISIS-
based system with the iDCM family.

MULTIBUS® and iPDS™ I/O Expansion

Typically, MULTIBUS iSBC boards have a max-
imum of two iSBX I/O expansion connectors.
These connectors facilitate addition of one or two
iSBX I/O MULTIMODULE boards with varying
numbers of I/O lines. The iSBX 344 MULT-
IMODULE board increases the number of 1/O
lines that can be accommodated by a MULTIBUS
system by at least an order of magnitude. The

~ iSBX 344 MULTIMODULE board extends the I/O

of Intel’s Personal Development System (iPDS)
or other systems products in a similar manner.

Extending BITBUS™/iDCM System
Processing Capability

The iISBX 344 MULTIMODULE board allows util-
ization of other processors in a BITBUS/iDCM
system to accomodate particular application re-
quirements. The MULTIMODULE board is com-
patible with any iSBX connector so that any
board having a compatible connector can poten-
tially enhance system performance. Intel’s iRMX
510 iDCM Support Package provides the software
interface required for a variety of iISBC boards.
The iSBC 186/03, 86/30, 286/10, and 188/48
boards are a few examples. Custom configura-
tions are also possible with user customized
software.

INDUSTRIAL
CHASSIS

BOARD

TO OTHER
BITBUS™ NODES

iSBX™ ANALOG

BITBUS™
INTERCONNECT #2

iSBX™ 344

OARD -

iRCB

i —
iRCB44/10 “ = —4— — S ~ - 80
BOARD  gighaL
CONDITIONING
S~ /

iSBX™ 344
BOARD

BITBUS™ INTERCONNECT #1

———>
TO OTHER
BITBUS™

. NODES

31OSUPERMICRO

~— 5 #L o i
]

iSBC*® 86/30
BOA

Figure 1. iDCM Operating Environment
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iSBX™ 344

MULTIMODULE™
BOARD

iSBX™ 344
MULTIMODULE™
BOARD

iSBC* HOST BOARD

/

isBx™

%‘/ CONNECTOR

Figure 2. iISBX™ 344 Installation
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ARCHITECTURE

Figure 3 illustrates the major functional blocks of
the iSBX 344 MULTIMODULE board : iDCM con-
troller, memory, BITBUS microcontroller inter-
connect, Byte FIFO interface, initialization and
diagnostic logic. .

: iSBX™ :

1/0 EXPANSION BUS

|

BYTE FIFO
INTERFACE
A
MEMORY
INITIALIZ.
& DIAGNOSTIC  |<—><—> S%%'\Nsne
LOGIC
28 PIN
CODE SITE
Y
iDCM CONTROLLER
BITBUS™
BUFFERS

)

- e —
BITBUS™ INTERCONNECT

Figure 3. iSBX™ 344 Block Diagram

iDCM Controller

The heart of the iISBX 344 MULTIMODULE board’s
controlling and communication capability is the
highly integrated 12 MHz 8044 microcontroller.
The 8044 consists of the advanced 8-bit, 8051
microcontroller and a SDLC controller called the
Serial Interface Unit (SIU). This dual processor
architecture allows complex control and high
speed communication to be realized cost effec-
tively.

Another essential part of the iDCM controller is
the integral firmware that resides on-chip to

implement the BITBUS interface. In the operat-

ing environment of the iISBX 344 MULTIMODULE
board, the 8044’s SIU acts as a SDLC controller
which offloads the on-chip 8051 microcontrolier
of communication tasks; freeing the 8051 to con-
centrate on real-time control. :

The iDCM controller (8044 microcontroller and
on-chip firmware) provides, in one package, a
simple user interface, and high performance
communications and control capabilities to effi-
ciently and economically build a complex control
system.

Memory

" The iSBX 344 MULTIMODULE board memory

consists of two sections: internal and external. In-
ternal memory is located in the on-chip memory
of the iDCM controller. The iRMX 51 Executive
and the remaining iDCM controller firmware
ration this resource. However, eight bytes of bit
addressable internal memory are reserved for
the user. Ample space is reserved for user pro-
grams and data in the iISBX 344 MULTIMODULE
board external memory.

Two 28 pin JEDEC sites comprise the iSBX 344
MULTIMODULE board external memory. One
site has been dedicated for data; the other for
code. Table 1 lists the supported memory devices
for each site. Intel’s 2764, 27128, and 2817A are
a few examples. The user may choose one of two
memory configurations and specify different

~-memory sizes by placing the proper jumpers at

system initialization. The most flexible configura-
tion option provides the user with access to the
code site for program download or upload. This
feature ensures expansion of an existing system
is easily accomodated. For example, the addition
of another conveyor to a material handling system
would require adding another controller or con-
trollers and changes to existing applications code
and addition of new code.

* Table 1. Supported Memory Device$

DEVICE DATA SITE | CODE SITE
4K x 8-64K x 8 NO YES
EPROM/ROM
2K x 8-32K x 8 YES YES

SRAM
2K x 8-16K x 8 NO YES
NVRAM and E2PROM|-
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BITBUS™ Microcontroller Interconnect

The iSBX 344 MULTIMODULE board fully sup-
ports the BITBUS microcontroller interconnect.
The BITBUS interconnect is a serial bus optimized
for control applications. The interconnect supports
both synchronous and self-clocked modes of
operation. These modes of operation are select-
able dependent on application requirements as
are the transmission rates. Table 2 shows dif-
ferent combinations of modes. of operations,
transmission rates, and distances. The SDLC
protocol, BITBUS message format, and compat-
ibility with Intel’s other software and hardware
products comprise the remainder of this estab-
lished architecture. These features contribute to
BITBUS reliability and usefulness as a microcon-
troller interconnect.

The BITBUS connection consists of one or two
differential pair(s) of wires. The BITBUS interface
of the iISBX 344 MULTIMODULE board consists
of a half-duplex RS 485 tranceiver and an op-
tional clock source for the synchronous mode of
operation.

Byte FIFO Interface

The Byte FIFO Interface on the iISBX 344 MULT-
IMODULE board implements the required hard-
ware buffering between the iDCM controller and
an extension. An extension is defined as a device
attached to the iISBX I/0O expansion interface on
the iSBX 344 MULTIMODULE board. In an iDCM
system, an example of an extension is an iSBC
86/30 board which may be considered the host
board in a MULTIBUS system. When used with
the software handlers in the iRMX 510 iDCM
Support Package, implementation of this inter-
face is complete.

For particular applications, the user may wish to
develop a custom software interface to the exten-
sion or host board. On the iSBX 344 MULTI-
MODULE board side of the interface the iDCM

Table 2. BITBUS™ Microcontroller Interconnect Modes of Operation

firmware automatically accepts messages for the
FIFO. No user code is required increasing the
time available for application system development.

" The Byte FIFO supports both byte and message

transfer protocol in hardware via three register
ports: data, command, and status. The extension
side supports polled, interrupt, and limited DMA
modes of operation (e.g. 80186 type DMA con-
trollers).

Initalization and Diagnostic Logic

Like the other members of Intel's Distributed
Control Modules (iDCM) product line, the iSBX
344 MULTIMODULE board includes many fea-
tures which make it well suited for industrial
control applications. Power up diagnostics is just
one of these features. Diagnostics simplify system
startup considerably, by immediately indicating
an iDCM controller or external bus failure. The
LEDs used for power up diagnostics are avail-
able for user diagnostics after power up as well
as to further contribute to reliable operation of the
system.

Initial iISBX 344 MULTIMODULE board parameters
are set by positioning jumpers. The jumpers de-
termine the BITBUS mode of operation: syn-
chronous, self-clocked, transmission rate, and
address of the iISBX module in the BITBUS system.
This minimizes the number of spare boards to be
stocked for multiple nodes, decreasing stocking
inventory and cost.

INTEGRAL FIRMWARE

The iSBX BITBUS Controller MULTIMODULE
board contains resident firmware located in the
iDCM Controller. The on-chip firmware consists
of: a pre-configured iRMX 51 Executive for user
program development; a Remote Access and
Control (RAC) function that enables user com-
munication and control of different microcontrollers
and I/O points; a communications gateway to

Speed g;’x::nmnglsetg?;‘: Maximum # Nodes - Maximum #
Kb/s M /ﬂp Between Repeaters Repeaters
Synchronous 2400 30/100 28 0
375 300/1000 28 2
locked -
Self Clocke 62.5 1200/4000 28 : 10
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connect the BITBUS interconnect, iSBX bus, and
iRMX 51 Executive tasks; and power up dlagnos-
tics.

The iRMX 51 Executive is an event-driven soft-
ware manager that can respond to the needs of
multiple tasks. This real-time multitasking ex-
ecutive provides: task management, timing, in-
terrupt handling, and message passing services.
Table 3 shows the iRMX 51 user interfaces. Both
the executive and the communications gateway
allow for the addition of up to seven user tasks
at each node while making BITBUS operations
- transparent.

The Remote Access and Control Functlon isa
" special purpose task that allows the user to trans-
fer commands and program variables to remote
BITBUS controllers, obtain the status of a remote
I/O line(s), or reverse the state of a remote 1/0
line. Table 4 provides a complete listing of the
RAC services. No user code need be written to
use this function. Power up tests provide a quick
~ diagnostic service.

The services provided by the iISBX 344 MULT-
IMODULE board integral firmware simplify the
development and implementation of complex
real-time control application systems. All iDCM
hardware products contain integral firmware thus
supplying the user with a total system solution .

DEVELOPMENT ENVIRONMENT

Intel provides a complete development environ-
ment for the iISBX 344 MULTIMODULE board.
Software development support consists of : the
8051 Software Development Package, and the
iRMX 510 iDCM Support Package. The 8051
Software Development Package provides the RL
51 Linker and Relocator Program, and ASM 51.
PL/M 51 is also available. The iRMX 510 Support
Package includes the iDCM Controller firmware
files on diskette as well as iRMX 51 libraries.
Hardware tools consist of the IN-Circuit Emula-
tor (ICE-44), Intel’s Portable Development Sys-
tem (iPDS with EMV-44), and Intellec Series Il or
Il Development Systems.

Table 3. iRMX™ 51 Interfaces

COMMAND

DESCRIPTION

RQ SEND MESSAGE Sends a message (a command from the BITBUS master, a response from
a slave, or a simple message between tasks on the same BITBUS compo-
nent) to.another task.

RQ WAIT Waits for an interrupt, and event time-out, a message or any combination
of the three.

| RQ CREATE TASK Causes a new sequence of code to be run as an iRMX 51 task with a specific

function identification code and priority.

RQ DELETE TASK Stops the specified task and removes it from all execution lists.

RQ ALLOCATE Allocates a fixed-length buffer from the on-chip, scratch-pad RAM for gen-
eral use, or, in BITBUS applications, for a BITBUS message buffer.

RQ DEALLOCATE Returns an on-chip buffer to the system. '

RQ SET INTERVAL

-Set the time interval to be used as a separate event-timer for the task.

RQ ENABLE INTERRUPT

Allow external interrupts to signal the microcontroller.

RQ DISSABLE INTERRUPT

Stops all external interrupts from signaling the microcontroller.

RQ GET FUNCTION ID

Provides a list of the 8 function identification codes representing the tasks
currently operating on the microcontroller.
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Table 4. RAC Services

COMMAND DESCRIPTION

READ 1/0 Read external I/O location. Return result in reply message.
WRITE I/O Write byte to external 1/O location.

UPDATE I/O Write byte to, then read byte from external I/O location. Return result

in reply message.

OR /0 OR data with contents of external I/O location. Return OR’d value.
AND 1/0 AND data with contents of external /O location. Return AND'd value.
XOR 1/O0 XOR data with-contents of external 1/O location. Return XOR’d

value.

READ INTERNAL MEMORY

Read contents of internal memory location. Return result in reply
message.

WRITE INTERNAL MEMORY

Write data to internal memory location.

DOWNLOAD EXTERNAL MEMORY

Write data starting at external memory location.

UPLOAD EXTERNAL MEMORY

Read data starting at external memory location. Return result in
reply message. :

GET FUNCTIONS Provides a list of the 8 function identification codes representing
the tasks currently operating on the microcontroller.

CREATE TASK Causes a new sequence of code to be run as in the iRMX™ 51
interface.

DELETE TASK Stops the specified task and removes it from all execution lists as
in the iIRMX™ 51 interface.

RAC PROTECT Suspends or resumes RAC Services.

RESET DEVICE Returns device software to original state at initialization.

NOTES:

Internal memory locations are included in the 192 bytes of data RAM provided in the microcontroller. External memory refers memory outside the
microcontroller — the 28-pin sockets of the iSBX 344 module and the iRCB 44/10 board. Each RAC Access Function may referto 1, 2, 3, 4, 5, or 6

individual I/O or memory locations in a single command.

SPECIFICATIONS

Word Size

Instruction — 8 bit
Data — 8 bit

Processor Clock 12 MHz

Instruction Execution Times
1 usec 60% instructions
2 usec 40% instructions
4 usec Multiply & Divide

Memory Capacity/Addressing
iDCM Controller — 64 K

Address Range

Option'1 Option 2
External
Memory
Data 0000H-7FFFH  0000H-7FFFH
Code 1000H-OFFFFH 8000H-OFFEFH
Internal
Memory
Code 0000H-OFFFH  0000H-OFFFH
Terminations

Sockets provided on board for ¥4 Watt 5% Car-
bon type resistors. Resistor value to match
characteristic impedance of cable as closely as
possible — 120 ohms or greater.
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iDCM Controller (8044 + firmware) 1/O Addressing as viewed from the 8044

FUNCTION ADDRESS READ WRITE | BIT COMMENTS
Data FFOOH v v
Command FFO1H v v Write sets command to exten-
sion — Read clears command
from extension
Status
-RFNF* B3H v v Also INT1 Input
-TFNE* B2H v v Also INTO Input
-TCMD* 92H v v
LED #1 90H v v v
LED #2 91H v v v
RDY/NE* B4H v v v
Node Address FFFFH v
Confjguration FFFEH v

iSBX™ 344 MULTIMODULE™ board 1/0 Addfessing as viewed from the
iSBX™ 344 MULTIMODULE™ board

NOTES:

1. Base is determined by MCSO* on extension device

Interrupt/DMA Lines
INTERFACE
SIGNAL LOCATION OPTION
RINT MDRQ/MINTO INT
TINT MINT1 INT
RCMI OPTO INT OR DMA
RDRQ MDRQ/MINTO DMA
TDRQ MINT1 DMA

REGISTER FUNCTION ADDRESS COMMENTS
Data " Base Read/Write
Command f Base + 1 Write sets command from
extension
Read clears command to
extension
Status Base+2 Read Only

Status Register Interface
7 6 5 4 3 2 1 0

E2E

EE N

14-22
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Connector Options

10 Pin Plug

Flat Cable — 3M 3473-6010, TB Ansley 609-
1001M, or equal

Discrete Wire — BERG 65846-007, ITT Cannon
121-7326-105, or equal

Pin Out

PIN SIGNAL

+12V
+12V
GND
GND
DATA*
DATA
DCLK*/RTS*
DCLK/RTS
RGND

© O NGB WN =

Y
o

RGND

Electrical Characteristics
Interfaces

iSBX™ I/0 expansion bus — supports the stan-
dard /O Expansion Bus Specification with com-
pliance level D8

Memory Sites — Both code and data sntes sup-
port the electrical Universal Memory Site
specification

BITBUS™ Interconnect — The iSBX 344 MULTI-
MODULE board supports the BITBUS Specifica-
tion as follows:

Fully supported synchronous mode at 2.4
Mbits/sec and self clocked mode for 375
kbits/sec and 62.5 kbits/sec

The iSBX 344 MULTIMODULE board presents
one standard load to the BITBUS bus

Message length of 18 bytes supported
RAC Function support as shown in Table 4

Power Requirements

.9A at +5V + 5% iSBX™ 344 MULTIMODULE™
board only — memory NOT included

Physical Characteristics

Double-wide iSBX™ MULTIMODULE™ Form
Factor

Dimensions

Height — 10.16 mm (0.4 in) maximum com-
ponent height

Width — 63.5 mm (2.50 in)

Depth — 190.5 mm (7.50 in)

Welght — 113 gm (4 ounces)

Envirqnmental Characteristics

" Operating Temperature — 0°C to 55°C at 200
- Linear Feet/Minute Air Velocity .

Humidity — 90% non-condensing

Reference Manual (NOT Supplied)

146312 — Guide to Using the Distributed Con-
trol Modules

Ordering Information

Part Number Description

iSBX 344 BITBUS Controller
MULTIMODULE board
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APPLICATION NOTE

The BITBUS" Interconnect:
From Flight Simulation To
Process Control, It Simplifies

Distributed Intelligence
By Shanker Munshani, Richard McAlister
and Peter MacWilliams

large portion of microcontroller applications demand
distributed modes of operation. Physically, this distri-
bution can stretch from a few meters to several kilometers.
The environment of operation varies from a very peaceful
electrical environment to a very variable industrialized
environment. ’

To accommodate changing application needs and tech-
nological advances, designers need a flexible interconnect
for such systems that causes minimal impact to perform-
ance. Compatibility and the implementation of standards
are key. Adhering to a standard has several advantages: de-
signers of equipment need not waste time defining and test-
ing their own standard, and end-users are more comfortable
if the manufacturer has followed an industry standard. At
the same time, another important feature is the capability
of handling reliable communication activity without impacting
CPU performance.

Intel’'s Distributed Control Modules (DCM) family accom-
plishes such goals for distributed applications. DCM defines
an interconnect architecture and consists of:

The BITBUS interconnect - Interconnect serial control bus

iSBX™ 344 -BITBUS controller multimodule board

iRCB 44/10-BITBUS remote controller board

iRMX™ 51- Real-time multitasking executive

iRMX™ 510-DCM support package

8044AH-8-bit microcontroller with' on-chip serial
communication support

This application note will explain the structure and function
of the BITBUS interconnect and explore its use in aircraft
simulation and chemical process control.

The BITBUS Interconnect: Rationale and Structure

To connect microcontrollers in a distributed application,
two common approaches involve either building a custom
interface and a custom cabling mechanism, or using other
interfaces such as RS 232.

Yet, custom interfaces are faced with several disadvantages.
They are generally very expensive, and a designer must
design an interface in addition to designing the system.
They also lack flexibility. For example, it is often impossible
to add more input/output connections to a custom inter-
face once it is implemented. Finally, custom interfaces pose
problems for the end-user: they require considerable sup-
port; the cabling is generally cumbersome and slow; the
distance over which they can be used is usually quite

limited and their reliability may not be sufficient. Inter-
faces such as RS 232 are not an ideal alternative, either,
because of the large amount of software support and
cabling required.

The BITBUS interconnect avoids many of these problems.
The BITBUS specification defines the data link protocol,
message structure, protocol for a multitasking environment
and a set of high-level commands for remote I/0O access
and application task control. This makes it very convenient
to write high-level software interfaces. The BITBUS inter-
connect’s high-level of definition means that the interface
requirements can be implemented in silicon with minimal
real estate at a low cost. This in turn reduces the com-
plexity level.

The BITBUS in its simplest form is a pair of twisted wires.
The BITBUS operates in a half duplex mode and can be
used either in point-to-point operation or in a muiti-drop
environment. Figure 1 illustrates these two forms of con-
nection. The BITBUS -architecture supports a subset of the
Synchronous Data Link Control (SDLC) protocol. :

Point-To-Point

BITBUS

Master Stave

Muttidrop Network

14-25

Stave 1

Figure 1.

There are three main objectives to be considered when
using the BITBUS interconnect: speed of operation, dis-
tance over which communications has to take place, and
number of nodes in the network. The BITBUS has two modes
to.meet these objectives: synchronous and self-clocked.

Synchronous mode .

The synchronous mode is used for high speed operation.
The distance over which this mode can be used is limited
to 30 meters, and the number of modes in this set-up is
restricted to 28 nodes. The speed of transmission in this
mode is between 500 Kbits/sec to 2.4 Mbits/sec. To use
this mode of operation, two pairs of twisted wires are
required. One pair is used for the differential data clock
signal (DCLK), while the other is used for the differential
data signal (DATA). Figure 2 shows a typical synchronous
mode interconnect. )

Self-Clocked mode
In the self-clocked mode, as the name suggests, the clock
is embedded in the data stream. In its simplest form, the

280072-001



intel

AP-224

Masier Station 90
DOLK OATACLOCKPAR
(Data Clock)
Data DATA PAR
Data DOLK Oata DCLK Oata DCLK
Siave Siave Suave
Station #1 Station #2 Station 927
Figure 2. Sy Mode N rk

self-clocked mode requires just one pair of twisted wires.
The speeds of operation in the self-clocked mode are 62.5
Kbits/sec and 375 Kbits/sec. The maximum distance of
operation at 62.5 Kbits/sec is 1200 meters, and at 375
Kbits/sec is 300 meters. The maximum number of nodes
in either case is 28. The self-clocked mode can be used
to transmit over longer distances and to support more
nodes by the use of repeaters. This, however, requires the
use of an additional twisted pair of cables. This pair is used
for Request To Send (RTS), which is the differential signal
for transceiver control. The maximum number of repeaters
allowed at 62.5 Kbits/sec are 10 and at 375 Kbits/sec are 2.
Hence, at 62.5 Kbits/sec the distance over which the BIT-
BUS link can be used is 13.2 kilometers, or 8.25 miles. The
distance between the first node and the first repeater, the
distance between two adjacent repeaters, and the distance
between the last repeater and the last node are all called a
segment. The maximum number of nodes permitted in any
segment:is 28, and the maximum number of nodes permit-
ted in all the segments combined is 250. Figure 3 shows a
self-clocked mode interconnect.

Magter Station #0 Repester Station .
SATS ATS Pair
Data Pair —s
Data MData. ata Pair
I I o * ’
Data MData
Repeator
Stave Station
Station #1
SATS SData
Data ATS
Data
Pair Slave
ATS Station #3
Pair
Data
RTS Slave
Station #2
MRTS MData
Repeater
Station
SRTS_SOsta
- RTS Data Pair
Pair .
Figure 3. Self-Clocked Mode |

The functions of the other parts of the BITBUS interconnect
are described below:

iSBX 344 The iSBX 344 is a BITBUS controller muitimodule
board. This board can be used as either a master.or a slave
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node in a BITBUS environment. This board has an iSBX
connector and can be mounted bn any iSBC board which
has an iSBX connector and operates under any one of the
following operating systems: iRMX 86, iRMX 286, iRMX 88,
and ISIS-IPDS™ (Personal Development System). When the
iSBX 344 muitimodule board is used as a master node it
is called a master extension, and when it is used as a slave
node it is called a slave extension.

iRCB 44/10 The iRCB 44/10 board is a stand-alone BITBUS
node. Unlike the iSBX 344 board, this board does not
need a base board upon which to operate. The iRCB 44/10
board has a Eurocard single high-form factor and can be
used as a stand-alone board. This board has 8 dedicated
input lines and 16 programmable input/output lines.
iRMX 51 The iRMX 51 is a real-time, multitasking executive
designed to monitor and control real-time events. A pre-
configured version of the iRMX 51 Executive implements
the BITBUS message format and provides all iRMX 51
facilities: task management, interrupt handling, and message
passing.

iRMX 510 The iRMX 510 is a package of software aids to
interface MULTIBUS® and iPDS ISIS systems to BITBUS
systems in both run-time and development environments.
It provides a simple software interface for iRMX 86, 88, 286
and iPDS ISIS operating systems compatibility. It provides

" a means for inexpensive remote control and communica-

tion in MULTIBUS-based systems.

8044AH The 8044AH with the DCM firmware provides the
basic BITBUS interface. The 8044AH integrates a high per-
formance 8-bit microcontroller, the Intel 8051 core, with an
intelligent/high performance serial communication con-
troller, called the Serial Interface Unit. The on-chip ROM
can be used for the DCM firmware.

- By virtue of these products, support for the BITBUS inter-

connect comes at various levels. The 8044AH chip with
the DCM firmware provides the designer with the facility
to integrate the BITBUS into the system at the very lowest
level. Alternatively, the iSBX 344 muitimodule board with
an iSBX connector can be plugged into a system design
at the highest level. Since the BITBUS interconnect is
intelligent, it is capable of handling reliable communica-
tion activity with minimal interaction with the host processor.

Setting up a BITBUS Network

Figure 4 shows a typical BITBUS network. iPDS, Intel's
Personal Development System, can be used as a master
station to control the BITBUS network. The iPDS is a stand-
alone development system with a CRT, a keyboard and a
5-1/4" floppy disk drive. The iSBX 344 board can act as a
master extension on the iPDS base-processor board. This
master station is capable of controlling up to 249 slave
stations in a multi-drop fashion. The iSBX 344 is numbered
as station #0 and is connected via the BITBUS to station
1, which is an iRCB 44/10 board. The BITBUS is then used
to connect to slave station number 2, which is another
iRCB 44/10 board. From here the BITBUS is routed to an
iSBX 344 board mounted on an iSBC 86/30 board, a
MULTIBUS-based board. This is termed as station #4. (Note
there is no station #3; the station numbering does not have
to follow a sequential order). The BITBUS then routes over
to station #9, an iSBX 344 board on an iRCB 44/10 board.
After this the BITBUS travels to another iRCB 44/10 board,
station #10. From here the BITBUS goes to station #15,
which is an iRCB 44/10 board with an analog multimodule
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board. Thus, there is one master station number 0, and
six slave stations with the following numbers: 1, 2, 4, 9,
10, 15.

Master Station 40
wos |5 BTBUS
System
Saion 44
Station #1 Station #2
138X 344
IRCB 44710 IACB 44710 188G 86730
64 Strand
Flat Cadle

o emeus
T
' Station 99
'

aiog 1

Station #15 [JBoard H Station #10
I
1RCB 44/10 H IRCB 44110
]
I 1c
1 '
L '
———a
Figure 4.

If the distance from station 0 to 15 is less than 30 meters,
this network can operate in either the synchronous mode
or self-clocked mode. Assume the distance between sta-
tions 0 and 10 to be 200 meters, between stations 10 and
15 to be 250 meters and the speed required for the oper-
ation of the network to be 375 Kbit/sec. Since the maxi-

mum distance of a segment at 375 Kbits/sec is 300 meters,

a repeater must be placed in the network. Since the iRCB
44/10 has on-board repeaters, station 10 could serve the
function of a repeater. If this is the case, the BITBUS route
then follows the _direction of ABCD, as opposed to AD, as
was the case in the previous example. Station 10 exists as
a slave station and also as a repeater. Thus, the network
has two segments, each less than 300 meters long. As a re-
sult, the network will work in asynchronous mode at 375
Kbits/s. It should be noted that stub lengths play an important
role in a multi-drop network. Stub length is the distance
from the drop point on the network to the node. Care should
be taken to keep this as small as possible.

Creating a Task '
Each individual station is now set up as an individual node:
Since each BITBUS interconnect is an intelligent node,
each node has its own tasks. Each station can have up to
eight tasks. The Remote Access and Control (RAC) task is

designated as task 0, so there can be seven more user-’

defined tasks. Using the same set-up as in figure 4, assume
station 1 has only task 0 and no other user-defined tasks.

This station could be used to perform any of the RAC

Access or Control functions. A simple example could be
to write a set of 1's to an output port and then flip this value
to 0's. This could be achieved by using the EXT__10__Write
RAC function to write a set of 1's to an output port and
then using the EXT__0I_XOR function to flip these bits.
If an iCS 920 Digital Signal Conditioning board is con-
nected to the output port of the iRCB 44/10 board, the
LEDs (Light-Emitting Diodes) on that port of the iCS 920
board will turn on and off. If this task is run at a station,
this will cause the LEDs to flash continuously. This demon-
strates the simplicity of the 1/O capabilities.

) Destination—task—id:
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Message Structure The iRMX 51 Executive allows tasks to
interface with one another via a simple message-passing
facility.

Link: is a 2-byte field used by the exec-

utive.

Message__Length: is a byte value specifying the num-
ber of bytes in the message. This
is 7 bytes of header information plus
the number of bytes of user data.
The maximum message size is con-
figurable. .

is. a bit that determines whether
this is an order message (=0) or a
reply to a message (=1). If it is an
order, the nucleus will use the con-
sumer address as the destination.
If it is a reply it will use the pro-
ducer address as the destination.

Message_Type:

is a bit value which. indicates wheth-

* er the sending task of an order mes-
sage is located on an extension (=1)
or on a device (=0).

Src_ext:

Dest_ext: is a bit value which indicates wheth-
er the receiving task of an order
message is located on an extension-

(=1) or on a device (=0).

is a bit field used during BITBUS
transfer for tracking the message.
Trk is set to 0 before sending an
order message.

Trk:

Station—address: For messages delivered locally (on
the same chip), this field is 0. For
messages delivered over a parallel
interface only, this field is OFFH.
For order types of messages, to be
delivered from a master device or
its extension to a slave device or
its extension, this field is the SDLC
station address of the slave device.

is a byte value containing the task
i.d. for the message originator. Upon
reply, this value is interpreted as
the reply destination.

Source—task—id:

is a byte value containing the task
i.d. for the message destination.
Upon reply, this value is'interpreted
as the reply source.

is a byte field which is available for
use by the sending and receiving
tasks. It can be used for sending
command or reply information. This
field has pre-defined functions when
communicating with the RAC func-
tion.

Command/response:

is a user-defined field following the
7 bytes of message header informa-
tion. For messages destined for the
RAC task, this area has a fixed
structure.

Message—information:
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Considering the example mentioned above to flash LEDs,
the message sent and received would be (in Hex):

Message Sent .00 .00 0B 40 01 00 OC C2 FF CO FF
Message Received XX XX 0B CO 01 00 00 C2 FF CO FF
00 00

The first'two bytes are the Lmk fleld This field is reserved.
The next byte specifies the message length, which is 7
bytes of header information plus 4 bytes of user-defined
message. Therefore the total message length is 11 bytes
(i.e., OBH). .

In the next byte, the first bit is set to 0 to indicate an order
type and the second bit is set to 1, since the order message
resides on an extension (the iSBX 344 is on an extension).
The third bit is set to 0, since the task which receives the
order message resides on a device (iRCB 44/10). The fourth
bit is always set to zero before sénding a message. The last
four bits are reserved and 'set to.0’s. This byte in binary is
then equal to 01000000, i.e., 40H. In the received message
the only field changed is the first bit, because now this bit
is a reply and hence changes to 1. The received byte in
binary is therefore equal to'11000000, i.e., COH.

The next byte defines the siave station address. Since the
slave station address was 1, this field and its reply field
are both 01.

The next.byte is broken into two nibbles. Since the send-
ing ‘task and the receiving tasks were both RAC tasks
(Task 0), this field is 00. (Note: this is not strictly the case
for extensions).

Since the RAC order message has been generated, this
field selects the RAC service for that message. The EXT_
10_-XOR:RAC functionhas the value OCH. Thus the value
at the ports defined will be Exclusive-ORed.

The last four bytes of the message follow the following for-
mat: address byte, followed by the data byte, followed by
the address byte, and so on. The first byte (C2H) defines
the address of the output port. The next byte (FFH) is the
value written to this port (C2H). The next byte (COH) is
the address of another output port, followed by the byte
value (FFH) written to this port (COH). The received mes-
sage has the same value in this field during the write opera-
tion. When the value is XOR the data field values change
to OOH.

An Aircraft Application

Flight simulation uses the capabilities of the BITBUS inter-
connect. Figure 5 shows an implementation for flight simu-
lation. As the figure demonstrates, flight simulation can be
broken down into a block diagram level consisting of six
sections, namely:

1) Pitch: This section is responsible for the verhcal move-
ments of the aircraft. The inputs required for this section
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iRM" 510 or -Custom I
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Handlers . . 5 )
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@ .44/10 ‘44710
@ 4——— /O Lines ————w»
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Figure 5.
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are pitch trim rate, elevator stick force, true angle, pitch
rate, normal acceleration, pitch autopilot tie-in, and roll
rate. The outputs of this section are: control stick steering
and input to the actuators.

2) Roll: The Roll section is responsible for the rolling move-
ment of the aircraft about its belly. The inputs required for
this section are: roll trim, aileron stick force, roll rate, roll
autopilot tie-in, and input from yaw axis. The outputs of
this section are the modified roll rate, input to the yaw
section, and input for the actuators.

3) Yaw: This section is responsible for the horizontal move-
ments of the aircraft. The inputs for the yaw section are:
yaw trim, rudder pedal force, yaw rate, lateral acceleration -
and yaw axis. The outputs of this section are input to.the
aileron rudder interconnect and input to the actuators.

4) Trailing Edge Flap: The trailing edge flap section is re-
sponsible for the drag on the aircraft, mainly during take-
off and landing. The inputs to this section are: trailing edge
flap command, and transonic flap. The output of this section
is input to the actuators.

5) Aileron Rudder Interconnect: When an aircraft rolls, its
center of gravity shifts. Therefore, a force is required to
counteract the gravitational force in order to keep the air-
craft stable. This is achieved by the Aileron Rudder Inter-
connect. The inputs for this section are input from the pitch
and turn coordination. The output of this section is input
to the yaw section.

6) Actuators: Actuators are basically transducers which

constantly monitor the aircraft. Their inputs are the various
forces and factors currently acting on the aircraft and their
outputs are the command signals for the next. position of
the aircraft.

In this example, Intel's 310 system is used as the master
station. This is achieved by plugging an iSBX 344 board
onto the iSBC 86/30 board inside the 310 system. The
iSBX 344 board provides the BITBUS interconnect. Each
section of the aircraft block diagram is controlled via an
iRCB 44/10 board. (Depending on the device used to take
the measurements and the accuracy desired, several iRCB
44/10s could be used in one section.) With this simple
insertion, the BITBUS can be used to monitor each section.
The actuators are also connected via the BITBUS, providing
the control mechanism.

The BITBUS model monitors sections in the following
manner: Each node (iIRCB 44/10) has several tasks (a max-
imum of 8) residing on it. These tasks monitor the various
parameters in each section. I/0 ports on the iRCB 44/10
can be used to read the value of the different parameters
in each section. They then perform the necessary compu-
tation and return the output parameters of that section to
the master node. For example, in the “Pitch section”, there
would be a task to read the input port which is connected
to a sensor monitoring the pitch trim rate. Similarly, there
would be a task to compute the output of the. pitch sec-
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tion and either write this value to an output port which
controls a transducer, or send this value to the master so
as to be used as an input to the actuators. In this manner,
the BITBUS interconnect controls all-the:input and output
parameters in each of the sections.

An iSBC 186/78 board is tied into the BITBUS network-via
an iSBX 344 board. The iSBC 186/78 board is a graphics
controller board. The iSBX 344 board is just another node.
in the BITBUS network, and it helps in conveying the mes-
sage from the master node to the iSBC 186/78 board. The
master node sends messages to the iSBC 186/78 to dis-
play the simulations of the aircraft. The iSBC 186/87 then
presents a graphical display on a CRT. .

The BITBUS interconnect is defined to provide a high speed
serial control bus for hierarchical systems. In many instances
there are several slow devices or devices that do not need
prime attention from the master node in a BITBUS network.
This is a good reason to use the hierarchical facility of the
BITBUS interconnect. In this example, the iSBX 344 multi-
module residing on the iRCB 44/10 board uses this hier-
archical interconnect. This iRCB 44/10 is now the master
node for the four nodes that control the printer, the plotter,
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Figure 6.
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the temperature sensor,.and the humidity.sensdr. The

.. plotter logs the position of the aircraft at one minute inter-

vals and the printer records the weather conditions every
three minutes..The temperature and humidity sensors are
tied into the 1/0 ports of the iRCB 44/10 nodes. These
slave nodes continuously monitor the readings, and at the
end of every 3-minute duration find the average value. These
average values are then-sent'to the hierarchical master
node, which in turn sends these values to the printer to
log the values. The hierarchical master at the end of every
minute receives the aircraft’s position information from the
main master and feeds this information to the plotter.

The BITBUS Apprbach to Process Control
Process control is another example where distributed intel-
ligence is important. Figure 6 shows a simple process

-control flow. In this example, three chemicals, namely ‘X',

‘Y’ and ‘Z', are used to produce a product ‘XYZ'. A 310 sys-
tem is the master node. A slave node, in this case, an iRCB
44/10 board, is tied to each chemical unit at the start of
the process. The /0O capabilities of this node control the
flow of the chemical from the storage tank and the level
of the chemical in the heating tank. Once the chemical
reaches the required level in the heating tank, this node
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also closes the storage tank valve. After closing this valve,
this node then turns the heater on in the tank and controls
its temperature. At the end of the heating period, it opens
the valve to the next tank.

Another node at the Agitate tank monitors the activities of
this tank. This node controls the flow of the chemicals into
the tank, the temperature of the chemicals, and the speed
of the agitation motor.

Another node controls all the Blend, Cool and Dump stages.
In the blend tank, the node controls the speed, tempera-
ture and the flow into and out of the tank. In the cooling
tank, temperature and flow are controlled. The dump tank
control monitors the level of the final product in this tank.
If it reaches a near-full stage, it sends a message to the
master station which then either stops the process momen-
tarily or else diverts the action onto another dump tank.
The BITBUS network then goes on to control the assembly
line by controlling the bottling process and the packaging
process. The same network is also used to log the pack-
aged product information-onto a line printer. Another node
could be used to control a high-speed printer which would
print labels with the batch number, the date of manufacture
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and the expiration date. If desired, an iSBX 344 node could
be connected to an iSBC 186/78 board, which would run
a color monitor in a supervisor's office, giving the super-
visor a pictorial view of the entire manufacturing line. The
BITBUS set up could also accommodate operators having
a node at their benches to do any form of human inter-
action that is desired.

Conclusion

The BITBUS interconnect is capable of handling reliable
communication activity without impacting CPU perform-
ance. It is a low-cost, high-performance approach that is
easy to use. It does not require expensive cabling or special
cables. It provides intelligent I/0 capabilities. It has several
speeds of operation in two modes and can be used over
long distances at comparable speeds. The flexibility of the
BITBUS interconnect makes it very attractive, since more
slave nodes can be added with minimal effort. It is intended
to be an important tool in an industrial environment, and, by
virtue of its open architecture and standardized implemen-
tation, to continue to be of use as application needs evolve
over time.
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Bitous promises 1o
standardize control

With a quartet of software and hardware modules, distributed
control becomes much easier in the manufacturing environment.

The world of control systems is a rather confused
one currently. Though the system designer has
several excellent tools trying to meet the rigorous
real-time requirements demanded by today’s control
applications and tomorrow’ factory-automation
desires, he is still put off by the lack of
communications standards. Networks like Ethernet
and IEEE-supported ones for token ring and bus
find a niche in the manufacturing environment but
do not specifically address problems residing in the

Mark C. Budzineld, Si. Technical Marketing Engineer
imel Corp.

5200 NE Elam Young Pkwy

Hillsboro, Ore. 97123

Systems & SoftwareeJuly 1984

control process. What is needed is a network that
meets the needs of the control process and data com.

However, the Bitbus serial-network architecture
represents a flexible solution to this problem (see
“Specifications shoot for a flexible standard”). With
just a simple twisted-pair, Bitbus may be configured
in a multidrop set up with hardware- and software-
interconnect modules and defined protocol support.
The bus ranges from 30 meters to 10 kilometers in
maximum length with speeds of 2.4 Mbaud to 62.5
kbaud, respectively; up to 250 nodes are possible
with Bitbus (Fig. 1).

The key behind this standard is in the silicon of the
8044 microcontroller, which integrates an 8051

‘microcontroller and a serial interface unit that
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Bitbus architecture

arbitrates control and interface functions, respec-

tively. The 8051 can run closely to its 12-MHz clock

rate because many babysitting functions, which in
other systems are controlled by the main processor,
are coordinated by the serial interface unit. Because
the 8051 microcontroller will be placed locally at
each control point, real-time control and task
execution is now possible—a‘goal unattainable with
more commonly used distributed architectures.

Control problems. Typically in control systems, it
is desirable for a host computer to communicate
with microcontrollers at remote locations. Bus-
arbitration schemes like carrier-sense, multiple-
access with collision detection are useful for local
networks in many applications but are not suited for
or even needed in the industrial environment. The
overhead embedded in bus contention may thus be
eliminated through a master-slave relationship
between the host and remote microcontrollers—the
master simply polls all of the microcontrollers.

‘There are a few applications that address the
master-slave model: data acquisition, factory
automation, and process control. Data acquisition
usually deals with large amounts of input, and the
input sites tend to have a limited amount of
intelligence. Host-to-remote microcontoller trans-
actions occur quickly so-that all nodes may be polled
often. The host computer can compile the required
information and respond to the slave nodes with the
appropriate acknowledgments or signals.

Factory automation requires more substantial
remote intelligence, but a host computer still
maintains overall system control. Readouts from
1/O devices are generally dependent upon the
conditions of their peers. For instance, a conveyer

1. The typical system configuration of Bitbus comprises
iRMX 510 or custom parallel interface handlers, several
iRCB 44/10 boards, a iSBX 344 board, and firmware
_containing the iRMX 51 executive. Bitbus links all these
elements into a communicating muiltidrop network.
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parallel interface
handlers

- g
g c
* Application K] §
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1DCM controller
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==
ISBC 86/30
310 board
Supermicro
system
Sy & July 1984

belt’s speed is directly dependent on inputs from
sensor devices located on the belt. As a result,
communication must be both fast and reliable.

A process-control application usually involves the
same peer interdependence as factory automation,
but more wiring and local communications are
required. Input devices can affect linked output
devices without host intervention because a control
system essentially resides at each remote node. The
host acts as the system’s global watchdog. Thus,
communication must be fast, reliable, and cover
significant distances.

Generally, control messages are short, concise
statements that can be encoded 'in a few bytes.
Remote controllers just idle until stimulated by the
host that is controlling the system. The control
message lets a microcontroller influence a process.

Data-acquisition messages originate differently.
The host polls each microcontroller to send back
temperature, pressure, or whatever type of
information that it wants to examine. Again, the
reply data can usually be encoded into a few bytes.

Because there may be many I/O points in a
system, it is desirable to poll all of the microcon-
trollers as quickly as possible. For instance, process
control would require more frequent polling than an
environmental control. system.

Transmission considerations. Transmitting and
collating this data is not a trivial matter. Parallel
buses provide the needed bandwidth but at a high -
price. In addition, the number of slots in a backplane
is always limited. Serial buses are cheaper but suffer
from the fact that RS-232-C is just a connection
standard, not a protocol, and can offer only point-
to-point communications.

The control environment presents fairly specific
requirements to the more global field of data
communications. Master-slave relationships, short
messages, and many I/O points are typical of
control systems. Unfortunately, there is no standard
method available to bring all these elements
together.

Bitbus  arrives. Bitbus’s architecture addresses
many of these problems. At the physical level, RS-
485 is utilized. This is a superset of the more popular
RS-422 and provides multidrop support over a
twisted pair. Logical states 0 and 1 are derived from
the voltage across the pair. Any noise will raise the
absolute' potential, but the differential voltage
potential will remain constant throughout the bus
thus making the line fairly noise resistant. RS-485 is
used instead of RS-422 because it allows more nodes
over a given distance. Bitbus networks support 32
nodes in each 1200-m segment.

The data-link level is supported by a subset of
IBM’s synchronous-data-link-control (SDLC)
protocol, which is well-suited for the control
environment. First, it provides a header field for
addressing the remote nodes in a system. Second, it
provides excellent reliability through its cyclic-
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redundancy-check algorithm—the probability of
passing an erroneous bit is less than 107°. Third, it
provides frame-for-frame reliability by keeping
track of outstanding frames, as well as maintaining
an acknowledge mechanism. The protocol is well-
accepted throughout the data-communications
field, thus contributing to a potential standardiza-
tion for control applications.

Most common data-communications packages,
particularly those in the microcontroller area, end
their support at this level. The Bitbus architecture
goes an additional step and establishes end-to-end
communications through a defined message header
and efficient routing. The message header contains
information that routes the message to the correct

Central
control

( Factory local network (Data highway) 3

Work-cell
controller

End-effector
interface standard

Servo-motor
control standard

Work-cell
controller

Numerical

controller Robot

Servo motors
I

2. Bitbus’s architecture is quite useful in the factory
where it can be used to link dissimilar devices like robots,
programmable controllers, and vision systems. Because
all the interface levels—from the physical to- the
protocol—are defined, interconnection is easy and
straightforward.

controller

node and in turn to the correct process running at
that node. Message length is specified so that
dynamic structures can be used to create messages.
Maximum message size is currently 18 bytes and
includes the header information.

Only 4 bytes out of the initial 18 are used for the
message header. Because control applications
require only short message lengths, typically, the
header-field requirement does not weaken the
network.

Bitbus is set up so that the master node keeps
track of outstanding order messages that have to be
polled. Thus, when an order is sent to a slave node, a
reply is guaranteed in a subsequent poll. There are
no wasted polls, which adds to system efficiency.

Distributed control modules. A quartet of
software and hardware components support Bitbus
communication and are called distributed control
modules (DCMs). The two board-level products are
the iSBX 344 and iRCB 44/10. The software
components comprise the iRMX 51 real-time

Systems & SoftwareeJuly 1984

multitasking executive and the iRMX 510 Bitbus
utility package.

The 344 is a single-height, double-wide multi-
module board designed to interface with a Multibus-
compatible central-processing-unit board. The
44/ 10 remote controller board serves by itself as a
good solution for a stand-alone controller node in a
system. Twenty-four lines of I/ O are provided from
the board in addition to Bitbus communications
capabilities. Both boards are based on the 8044
microcontroller, which is composed ofan 8051 CPU
and a serial-interface unit; they provide 64-kbytes of
both data and instruction memory. The software is
provided on both boards in the form of precon-
figured firmware.

Designing a control system with these modules is
very straightforward. Initially a host computer must
be selected. For instance, the Intel system 310
running the iRMX 86 operating system is a good
choice. It is easily implemented into a Bitbus system
by adding just one iISBX 344 board.

The heart of the entire DCM scheme is the real-
time control provided by the microcontroller. The

' iRMX 51 operating system offers an environment

where eight tasks can run on the same microcon-
troller. It is an interrupt-driven executive that
utilizes a convenient interface through system calls.
It supports the Bitbus message format, allowing easy
implementation into a distributed control system.
Also, it is included as part of the firmware available
with the DCM board-level products.

The iRMX 51 executive is an excellent develop-
ment tool. The functions that have to be explicitly
coded can be greatly reduced by making system
calls. Once the system is up and running, the
executive handles all interrupts, context switching,
message passing, buffer management, and timer
management transparently.

Real-time support is another characteristic of the
iRMX 86 operating system, which is run at the host.
A Bitbus driver runs under the operating system,

3. The heart of the Bitbus specification is the 8044
microcontroller. It combines the 8051 microprocessor
and a serial interface unit on one chip so that interface
demands and control needs are separated. This
arrangement leads to quicker response times. -

, o
H t
: 1
Serial ! 8051 CPU 1o
interface |
unit H Dual-
-access
B RAM Timers Interrupts
fec N
EH
O Single 40-pin dip 0
- Bitbus H Control
processor : processor
:
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which allows message passing across the iSBX
interface and on down the Bitbus network. This
allows 8051 messages to be transmitted to and from
the iRMX 86 host conveniently.

Routing operations. The 4-byte message header
has the routing and control information that travels
with every message. The first byte represents the
length of the transmitted message. This overhead
byte quickly pays for itself when smaller messages

are transmitted—statically defined space is not.

wasted.

The next field provides a level of routing
information. Four flags are set: message type, source
extended, destination extended, and track bit.
Message type specifies whether the message is going
from master to slave or vice versa. Source- and
destination-extended bits allow a level of routing
across another bus interface (the iSBX bus, in the
DCM case). If a non-Bitbus interface is required in
the system, the extended bit is set so it is clear that
the message has to be routed across another
interface. The track bit is used to keep messages
going forward across multiple-extended interfaces.

The third byte in the header specifies the station

Specifications shoot
for a flexible standard

Though bus and network products for industrial
applications abound, few if any can claim to be
inexpensive and sufficiently defined so that any two
implementations of such a product can be linked easily.
But with Bitbus, everything from the electrical interface
to the operating system is specified. As a result,
compatibility between dissimilar products adopting the
standard is ensured. Manufacturers such as Mitsubishi,
Westinghouse, and Unimation have already expressed
support for this specification.

The Bitbus interconnect method was developed to
use a range of industry-standard approaches for
simplicity of design and use. The Bitbus physical
connection uses inexpensive twisted-pair wiring (2 pairs
and 10-conductor flat ribbon are also specified) and the
RS-485-compatible electrical characteristics. Besides
the SDLC protocol, Intel's open-system software
interfaces for the iSBX, Bitbus drivers, and intertask
message passing are included. This setup is easy to
configure and extremely flexible.

For instance, the interconnect provides for three
different data-transfer rates and three maximum
distances. The highest speed is 2.4 Mbaud over a four-
wire cable over a maximum distance of 30 meters for up
to 28 Bitbus nodes. Next comes 375 kbaud on two-wire
cable, with a maximum distance of 300 meters between
up totwo repeaters. A third speed, 62.5 kbaud, permits a
two-wire cable length of 1,200 meters between
repeaters, with up to 10 repeaters between nodes. Up to
28 Bitbus nodes may be connected between repeaters
in the latter two modes.

Systems & SoftwareeJuly 1984

address, which is the SDLC address, of the
destination node. The fourth byte identifies the 8051
sending and receiving task. Under the iRMX 51
executive there are up to eight tasks running on the
microcontroller.

The routing strategy is directly related to the
defined message format. First, a node is specified to
receive a message. A task is then sent a message from
the node and, if necessary, an extended interface is
configured. If the message is an order, it will go to
the destination task; if it is a reply, it will come back
to the appropriate task at the master.

IRMX 51 interfacing. Interfacing with the 51
executive is quite easy. The executive is small,
having only 12 system calls. Available functions
include, send message; wait-on-message, timeouts,
interrupts, or intervals to end; allocate buffer space
to place a pending message; create and delete tasks
dynamically set intervals; and disable interrupts.

In sending a message, a structure is created that is
compiled with the Bitbus message format; a pointer
is passed to it via the “send message” system call. All
routing is handled by the system in conjunction with
the DCM software. The wait system call is very
much like the “go-to-sleep” call found in other
executives. The task waits for a specific event to.
occur; it “wakes up” once the event happens.Task
priorities are such that no tasks of equal or less
priority than the running task can preempt it. Thus,
if a task is waiting on a message and also is of highest
priority, it will run immediately upon receiving the
message.

Allocate system calls permit a user to easily send
messages across the Bitbus network. Upon
allocating a buffer for the message, it is simply
sent—the system expects to see it in the buffer and
then sends the message. Create-and-delete-task
system calls provide the system with the capability to
ring up code during runtime. In addition, a task may
be deleted during runtime in response to a condition |
like an error. -

The iRM X 51 executive is designed to run on 8044
processors as well as 8051s. As a result, firmware is
provided in the board-level products to handle
communication over the Bitbus network trans-
parently. When a communication interrupt occurs,
the DCM code flags it and sends a message across
either the Bitbus or the iSBX bus. Since Bitbus
accommodates the iRMX 51 executive, the task is
straightforward. The DCM software is implemented
as Task 0 under the iRMX operating system.

In addition, the DCM code provides a user
interface (destination Task 0) that can send
redefined messages. These messages allow reading
and writing to certain memory locations. The I/O
locations on the iRCB 44/10 board are memory-
mapped in these same locations. Thus the I/ O ports
of a remote controller can be accessed without
writing any code at that node.

In addition, a task may be created at a remote
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location through the same interface. This feature lets
task code be downloaded to a remote node and be
created in real time from the master node. The task
can later be deleted from the master by sending a
similar message to Task 0.

Though the software flexibility contributes much
to the desirability of Bitbus, the 8044 microcontroller
(Fig. 3) is the heart of the system. It consists of an
8051 microcontroller with an SDLC controller,
which share a dual-port RAM area. The 8051
section controls processes without the overhead of
communications responsibilities. The SDLC
controller or the serial interface unit (SIU), can
generate frame acknowledgments, maintain frame-
sequence counters, and other such things in
hardware without the assistance of the main
processor.

Because of this splitting of chores, Bitbus speed is
relatively high. The slave end never has to interrupt
the processor unless it has a valid message for input.
All negative acknowledgments are transparent to
the 8051 portion of the chip.

Message buffers, task stack space, iRMX 5l
variables, and register banks sit in the dual-port
RAM area, which is 192 bytes—sufficient for most

Systems & SoftwareeJuly 1984

applications. The system is optimized to a certain
extent so that when an interrupt occurs, no context
switch to off-chip RAM takes place unless the
running task is preempted. If a running task
continues to run after an interrupt occurs, there is no
context switch to external memory.

IRCB 44/10 interfacing. The iRCB 44/10 boards
have a single-width Eurocard form-factor with a 64- -
pin DIN connector. Power, ground signals, the
Bitbus interface, and 24 1/O lines are physically
connected to the DIN plug. The I/O lines are not
optically isolated or conditioned in any fashion but
provide simple binary Os and Is. To interface the 1/ O
lines with real-world devices requires an intermediate
interface like an optical isolator. Analog signaling is
possible when an iSBX multimodule board is
included.

The beauty of the I/O-line setup is not the direct-
indirect interface to real devices, but their co-
location with the controller board and their
memory-mapped addressing that can be accessed
from both the remote node as well as the host.
Because the board is designed to stand alone, no
backplane is necessary.

Development of application code may proceed -
with either assembly language or PL/M 51, which s
a more sophisticated high-level language.O
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INTELS BITBUS
MIGROGONTROLLER
INTERGONNEGT

A Modern Method of Robot Communication

In February 1984, Intel introduced a new
bus communication architecture aimed at
enhancing microcontroller-based applica-
tions. This article describes Intel’s
Bitbus—an interconnect scheme specifical-
ly designed to match the needs of high-
performance, cost-conscious microcon-
troller applications. The Bitbus, along with
the. accompanying Distributed Control
Module (iDCM™) family, provides the
latest steps toward making the best use of
VLSI technology in control applications.

BITBUS USES

Microcontrollers are a driving force in
modernizing mechanical and electrical
systems. They have replaced relays, wheels,
and gears in applications ranging from
automated manufacturing to process con-
trol. By incorporating at least one micro-
controller, the total system cost of most
control-oriented applications can be
lowered while improving performance and
leaving room for useful options. However,
without an industry-wide standard on
which to.rely, most microcontroller applica-
tions lack a simple connection to other
microcontrollers and control equipment.

Through advances in silicon technology,
control systems have already made many
evolutionary changes. Early systems relied
on relay sequencers and simple alarm indi-
cators. The PDP-8™ from Digital Equip-
ment Corp. provided the first commonly
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Peter I. Wolochow
Intel Corporation

5200 NE Elam Young Parkway
Hillsboro, OR 97124

used tool for coordinating many real-time
controls. Microprocessors provided a sim-
ple way to reduce computer costs, but did
not change system architectures until stan-
dard buses became popular. Industry stan-
dard bus architectures such as the Multi-
bus® and STD-Bus™ have allowed de-
signers to divide control tasks between
many processors while taking advantage of
standard modules from many vendors.

Microcontrollers have paved the road for
the next step—distributed control. Most
control-oriented systems distribute control
functions to minimize system cost while im-
proving system performance, responsive-
ness, and reliability. There are several ways
to distribute control: a parallel bus struc-
ture, a simple set of control signals on in-
dividual control lines, a serial communica-
tions link, or custom technology. Each of
these solutions requires considerable de-
sign effort, and often results in a perfor-
mance-limiting interconnect matched to
current applications but ill-suited for ex-
pansion or connection to a different con-
trol system.

Applications best suited for the Bitbus
interconnect include robotics, numerically-
controlled machines, process control,
security systems, environmental control,
and other distributed control and data col-
lection systems. These applications typical-
ly use multiple controllers to physically
distribute control, to improve system per-
formance and reliability, and to reduce

14-39

total system and maintenance cost. Ex-
isting data networks such as Ethernet,
Token Bus, and various custom technol-
ogies are useful for transferring large data
blocks at high speed, but also at a relatively
high cost. What is still missing is a low-
cost bus for local control environments.
Combining the strengths of existing hard-
ware and protocol standards with complete
firmware and software support, the Bitbus
interconnect provides a simple, standard
technology for connecting distributed
controllers.

BITBUS CONFIGURATIONS

The Bitbus microcontroller interconnect
can connect a single master controller to
a number of local or remote slave con-
trollers. A multidrop configuration con-
nects controllers (8044s) to a common bus.
The single-chip 8044 microcontroller con-
tains two functional elements: an 8051 pro-
cessor and an SDLC Serial Interface Unit
(SIU). The onboard processor contains 4
Kbytes of read-only memory, 192 bytes of
read/write memory, clock, timers, interrupt
controller, and memory expansion bus. In
Bitbus applications, the read-only memory
is filled with special firmware routines that
support the message-passing protocol, in-
teract with user application tasks, and per-
form a series of power-up self-diagnostics.

Integral firmware allows each Bitbus con-
troller to act as either a master or slave.
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Every member of the 8044 family is programmed for Bitbus operation by including the
iRMX 51 Executive and one system task, called the Remote Access and Control (RAC)
function. The system task, responsible for managing the interface, provides a number of
utilities to ensure that all Bitbus controllers can communicate with each other. The utilities
also allow a master node to interact with slave controllers without having to write any
8051 code. The RAC function provides ten commands that let a remote master access
local resource and status information and five commands specifically designed for intelligent
remote control. Tables 3 and 4 describe the available access and control RAC functions.

The control functions can be used for higher-level utilities. For example, the Bitbus
master can determine the existence of a special service task at a remote slave, and download
programs depending on high-level system requi ts or enviror tal infl es such
as service options or power failures. This test-and-program function could be accomplish-
ed by sending a GET_FUNCTION__IDS command and sending a group of
WRITE_EXTERNAL__MEMORY messages to download an appropriate program, and
then starting the program by sending a CREATE__TASK command.

Table 3. Remote Access and Control (RAC) Access Functions

COMMAND OPERATION

READ 1/0 Read external I/O location. Return result in rep-
ly message.

WRITE 1/0 Write byte to external 1/O location.

UPDATE /0 Write byte to, then read byte from external /O

: location. Return result in reply message.

OR 10 . OR data with contents of external 1/0 location.
Return ORd value.

AND 10 AND data with contents of external /O locaton.
Return ANDd value.

XOR. /0 XOR data with contents of external l/O location.
Return XORd value.

READ INTERNAL MEMORY Read contents of internal memory location.
Return result in reply message.

WRITE INTERNAL MEMORY Write data to internal memory location.

DOWNLOAD EXTERNAL MEMORY Write data starting at external memory location.

UPLOAD EXTERNAL MEMORY Read data starting at external memory location.
Return result in reply message.

NOTES:

Internal memory locations are included in the 192 bytes of data read/write memory provided in the microcon-
troller. External memory refers memory outside the microcontroller—the 28-pin sockets of the ISBX 344 module
and the iRCB 44/10 board. Each RAC Access Function may refer to 1. 2. 3. 4. 5 or 6 individual I/O or memory
locations in a single command.

Table 4. RAC Control Functions
COMMAND OPERATION

GET FUNCTION IDS Execute iRMX 51 GET FUNCTION IDS command. Return
. resulting list in reply message.

CREATE TASK Execute iRMX 51 CREATE TASK command using the
specified Task Descriptor. Return resulting status in reply
message.

DELETE TASK Execute iRMS 51 DELETE TASK primitive using specified

’ Task Identification. Return resulting status in reply message.

RAC PROTECT Suspend or Resume Remote Access types of service. Return
resulting status in reply message.

RESET STATION Jump to initial code reset address NO REPLY IS

" RETURNED.

ROBOTICS AGE june 1984
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master and slave starts with an exchange
of U-frames to synchronize the frame se-
quence counters and other controls. The
data exchange is accomplished with the I-
frame and S-frame. The Iframe contains
data for a slave or a response from a slave.
S-frames are used to acknowledge data
receipt or to poll a slave for data.

Bitbus Messages. The user data contained
in the I-frames conform to a standard. Bit-
bus message format. All messages contain
a five-byte header describing the source
and destination, along with other status
and control information. Messages sent to,
or from, the standard Bitbus firmware (see
the RAC Function Commands text box)
may also contain special information to
perform common /O operations. Up-to 13
user data bytes may be transmitted at one
time.

Bitbus controllers require each message
to be answered—not just acknowledged.
The SIU provides an SDLC acknowledge-
ment for each message. Only the applica-
tion task to which the message is sent can

. send a meaningful reply. The Bitbus master

enforces this rule by continuing to poll a
slave for its reply to each transmitted
message. Separating the replies and
acknowledgements helps give Bitbus
systems additional performance by freeing
the control link while a reply is generated.

Figure 1 shows how several overlapping
conversations can occur between the Bit-
bus master and slaves. The Bitbus master
maximizes throughput by taking advantage
of each slave’s SIU ability to immediately
acknowledge a message, without interrupt-
ing the 8051 processor. This removes the
need to tie up the bus while waiting for the
slave to calculate a response. The master
can send commands to a controller and
come back for the response later.

Bitbus traffic patterns and rules reflect
the primary Bitbus purpose—control. The
master controls all message traffic and in-
itiates all messages. Slaves answer each
message with either an immediate acknowl-
edgement to confirm correct recognition,
or with a response message associated with
a previously received command. Whereas
many SDLC-based systems suffer from
large and unpredictable delays between a
poll and a slave’s acknowledgement, Bit-
bus slave controllers use the SIU to send
an immediate answer. Because the re-
sponse time is always short and predicta-
ble, no Bitbus bandwidth is wasted.
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The masterlslave relationship can be
changed in real time. This provides a sim-
ple method for allowing backup master
controllers. For example, you could pro-
gram a backup master to wait for a poll
from the primary master every second. If
the master missed several polls, the backup
could take control and switch itself from
a slave to a master.

TRANSFER PROTOCOL AND MESSAGE FORMAT

The Bitbus interconnect is based on the
SDLC (IBM's Synchronous Data Link Con-
trol) standard supported by the 8044.
SDLC is commonly used by many vendors
concerned about data integrity and inter-
face standards. Since the SDLC protocol
has limited overhead and a built-in data
security and acknowledgement protocol,
it is ideally suited for reliable transmission
of short, control-oriented messages. To en-
sure a workable standard interface between
Bitbus systems, additional protocol stan-
dards are included in the published Bit-
bus specifications.

The 8044 Bitbus microcontroller sup-
ports a large subset of the standard SDLC
protocol. The 8044 manages SDLC traf-
fic in Auto and Non-Auto modes with a
minimum of interruption to the 8051 half
of the microcontroller. In Auto mode (used
by all Bitbus slaves), all SDLC functions
are managed automatically with minimal
effect on controller performance. In the
Non-Auto mode (used by the Bitbus
master), the controller can initiate
transmissions and polls to slaves as well as
process parts of the protocol not managed
by the SIU (such as responding directly to
each message and checking other status
conditions). The 8044 component
automatically manages all SDLC frame
control, sequencing, and transmission pro-
cedures. In Bitbus applications, the 8044
also provides the message formats and se-
quence checks needed to guarantee prop-
er delivery of critical control signals.

SDLC Protocol. SDLC is a bit-oriented
data-link control protocol that defines a
specific structure for each type of data and
control exchange. As shown in table 1,

each transmission type (I-frame, S-frame,

and U-frame) is divided into identifiable
fields. Each field contains one or more
bytes of data and/or control information to
accomplish the corresponding function.

Normal transmission between an SDLC

ROBOTICS AGE June 1984

Transmission Modes

The Bitbus operates in either of two transmission modes: synchronous or self-clocking.
In the synchronous mode. an external clock provides a data clock to transmit data at
rates between 375 K and 2.4 M bits per second. In the self-clocking mode, the clock
is derived from transition in the data using the NRZI (Non-Return to Zero, Inverted) en-
coding technique. Characteristics of cach mode are shown below:

Synchronous Mode:
2.4 bits per second with external clock
Maximum of 30 m distance

Maximum of 28 Bitbus nodes . DATA
SERIAL DATA ————4 DATA* }DATA PAIR
TRANSCEIVER
CONTROL F

DCLK
SERIAL DATA > }DATA CLOCK

cLOCK DCLK* PAIR

ON BOARD

TRANSMIT . Lo

CLOCK Figure 3. Synchronous

SOURCE receiver/transmitter configuration.

Self-Clocking Mode:

375K bits per second NRZI encoding:
Maximum of 300 m between repeaters (total limit 900 m)
Maximum of 28 Bitbus nodes between repeaters (limit 250)
Maximum of 2 repeaters between the master and any slave

62.5K bits per second NRZI encoding:
Maximum of 1200 m between repeaters (total limit 4800 km)
Maximum of 28 Bitbus nodes between repeaters (limit 250)
Maximum of 10 repeaters between the master and any slave

DATA
SERIAL DATA DATA* DATA PAIR
TRANSCEIVER

CONTROL

RTS
Figure 4. Typical Self-Clocking . TRANSCEIVER
receiverltransmitter configuration. RTS CONTROL PAIR
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Table 1. Synchronous Data Link Control (SDLC) Frame Formats.

FRAME-TYPE FORMAT FUNCTION
I-frame F A C—user data—FCS F Information Transfer
S-frame FACFCSF Supervisory Control
U-frame FACFCSF Receiver/Transmitter Synchronization
NOTES:

'F" refers to the SDLC Flag byte: ‘A’ refers to the slave station's address: 'C’ refers to the control field identifying
the frame-type and other control parameters; 'FCS’ refers to the frame check sequence (a 16-bit CRC calculated
on all frame contents except the flags)

ta 'a
—o o —l

e e s T [

Command messages sent by the master to the identified slave.
A A=
Acknowledgements made by identified slave to message from master.
An=
Acknowledgement made by the master to a message from a slave.

Ri...R,=
Response message sent by identified slave to the master. The master acknowledges these
responses with the next appropriate poll or command to the identified slave.

Pi...P,=
Poll sent by the master to identified slave asking for response message.

Time taken to acknowledge a message or poll from the master.

Figuye 1. Typical overlapping conversations possible with the Bitbus communications protocol.

Table 2. iRMX 51 Commands
COMMAND FUNCTION
RQ SEND MESSAGE Sends a message (a command from the BITBUS
master, a response from a slave, or a simple. message

between tasks on the same BITBUS component) to
another task.

RQ WAIT Waits for an interrupt, an event time-out, a message, or
’ any combination of the three.

RQ CREATE TASK Causes a new sequence of code to be run as an iRMX
51 task with a specific Function Identification Code.

RQ DELETE TASK Stops the specified task and removes it from all execu-
tion lists.

RQ ALLOCATE Allocates a fixed-length buffer from the internal 8044
RAM for use as a BITBUS message buffer.

RQ DEALLOCATE Returns a BITBUS message buffer to the system.

RQ GET FUNCTION ID Provides a list of the 8 function identification codes

representing the tasks currently operating on the
microcontroller.

RQ SET INTERVAL Set the time interval to be used as a separate event-
timer for the task.

RQ ENABLE INTERRUPT Allow external interrupts to signal the microcontroller.

RQ DISABLE INTERRUPT Stops all external interrupts from signalling the

microcontroller.

ROBOTICS AGE June 1984
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Bitbus Message Passing. Messages are an
integral part of any control-oriented ap-
plication. Intel's entire Digital Control
Module family supports the passing of
short control commands, responses to
these commands, and status information.
A small executive program provides multi-
ple tasking capability so that messages can
be managed on a task-by-task basis. All Bit-
bus components and boards offer the
same, simple, message-based interface to
user applications that produce and act on
control information in small messages. By
using standard messages, 8044 tasks can
perform I/O operations such as inverting
a single 1/0 bit at a distant Bitbus node,
without specially coded communications or
bus management software.

BITBUS SPECIFICATIONS

The Bitbus hardware and software inter-
faces were selected to match distributed
control requirements while conforming to
established standards supportable with cur-
rently available electrical interfaces, cables,
and operating systems. However, since
some applications require different elec-
trical and mechanical interfaces, the Bit-
bus connectors and bus interfaces provide
additional signals such as power, RTS,
DLCK, etc. By using these additional
signals, other extensions such as simple
fiber-optic communication links and op-
tical isolators can easily be adapted to stan-
dard Bitbus connectors.

The Bitbus software interfaces also pro-
vide extra customization “hooks." For ex-
ample, the Function ID Codes and the
ability to create new tasks dynamically
allow application tasks to take advantage
of standard Bitbus services in custom—
even proprietary—fashions. To assist in
typical and custom designs, a complete Bit-
bus specification has been published which
identifies all facets of Bitbus design.

The Bitbus uses the RS-485 interface as
the physical link between controllers. The
RS-485 electrical interface is an accepted
variation of the common RS-422 interface
that allows longer cable segments with

. more multidrop connections. Repeater sta-

tions make it possible to link concentrated
control stations with additional remote
data collection points. Repeaters are not
supported in the Synchronous Mode.
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Although the Bitbus interconnect is designed as a simple two-wire microcontroller in-
terconnect, it can also be distributed over a backplane. The iRCB 44/10 Remote Con-
troller Board uses a single-wide, 220 mm-deep, Eurocard format and DIN connectors as
interface to power, other controllers, and 1/0. Table 5 defines the pin-out of the 64-pin

DIN connector which facilitates board insertion and maintenance: all /O and bus con-

nections are on the same connector. The connections are compatible with the standard
Intel parallel port adopted by many other vendors. The power pins are compatible with
standard Eurocard designations except for the +12 V provided for the possible use of
iSBX modules mounted on Bitbus controller boards.

Since the power and Bitbus connections occupy only a small number (14) of the backplane
pins, many custom functions can be implemented on iRCB-type modules. Each module
can include a controller and dedicated 1/O circuitry designed for a particular application.
The iDCM Controller manages all the Bitbus interface and provides the on-chip 8051

controller for local control.

Table 5. Eurocard Connector Pin-Out

DIN PIN & SOCKET

DIN PIN & SOCKET

PIN # PIN # FUNCTION PIN # PIN # FUNCTION
1c GND 1a GND
2c . +5V 2a +5V
3c DATA* 3a DATA
4c DLCK"/RTS"* 4a DLCK/RTS
5c RGND 5a 1 EXTINT
6c 2 GND 6a 3 PB7
7c - 4 . GND 7a 5 PB6
8c 6 GND 8a 7 PB5
9c 8 GND 9a 9 PB4
10c 10 GND 10a 1 PB3
11c 12 GND Na 13 PB2
12c 14 GND 12a 15 PB1
13c 16 GND 13a 17 PBO
14c 18 GND 14a 19 PC3
15¢c 20 GND 15a 21" PC2
16c 22 GND 16a 23 PC1
17c 24 GND 17a 25 PCO
18c 26 GND 18a 27 PC4
19c 28 GND 19a 29 PC5

20c 30 GND 20a 31 PCé
21c 32 GND 21a 33 PC7
22c 34 GND 22a 35 PA7
23c 36 GND 23a 37 PA6
24c 38 GND 24a 39 PAS
25¢ 40 GND 25a 4 PA4
26¢c 42 GND 26a 43 PA3
27c 44 GND 27a 45 PA2
28c 46 GND 28a 47 PA1
29c 48 GND 29a 49 PAO
30c -12v 30a +12v
3ic +5V 31a . +8V
32c GND 32a GND

INITIAL BITBUS PRODUCTS

The Bitbus microcontroller interconnect
is supported by a number of new products.
Using a preprogrammed 8044 called the
iDCM Controller, the following products
provide firmware, additional software, and
flexible board-level support for distributed
control applications. System-level con-
trollers can- take advantage of these
modules to extend their I/0 into the Bit-
bus realm. Component-level solutions can
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make use of the iDCM Controller, or use
the software to configure unique solutions
that are still compatible with different Bit-
bus systems.

iRMX 51 Real-Time Executive. The Bitbus
firmware is based on a new member of In-
tel's iRMX RealTime Operating System
family, the iRMX 51 Executive, a very small
multitasking executive that supports up to
eight user tasks on any of the 8051 family
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of processors (8051, 8031, 8044, 8744,
8751, etc.). The Executive provides the
basic utilities for users to create and main-
tain tasks, manage interrupts and time in-
tervals, and pass messages between local
and remote tasks. Table 2 shows all ten
available commands.

The primary operation of the Executive
centers around its ability to send messages
between tasks residing on the same
microcontroller ox on another one. As the
supporting system for Bitbus firmware, the
Executive has been optimized to transfer
messages with a minimum of delay. As a
general-purpose, real-time executive, it
directly supports user tasks located in
memory. The first task (task 0) is reserved
for a system task, called the RAC function
that performs all Bitbus-related functons
and provides some user, application-level
services.

iRMX 510 DCM Support Package. The
package contains software utilities to assist
8044 users in implementing Bitbus-based
applications. They include software drivers
for interfacing Intel's iRMX 86, 88, 286R,
and iPDS ISIS operating systems to Bit-
bus boards and components. Remote 1/0
points, from a high-level task, may be con-
trolled using the supplied drivers just as
though they were attached directly to the
master processor. The 510 package also in-
cludes developmental aids, such as a col-
lection of literal definitions and a copy of
the Bitbus firmware for use with in-circuit
emulators, like the ICE-44, for Intel
development systems. )

iSBX 344 Bitbus Expansion Module. The
module is an 8044-based, double-wide
iSBX module, having two 28-pin memory
expansion sockets, for driving distributed
control systems as either masters or slaves.
One socket is equipped with 2 Kbytes of
user-accessible memory that is expandable
to 8 Kbytes. The other socket may house
an additional 64 Kbytes. Users may take
advantage of the 8044’ features to off-load
control and polling functions from the
base-board unit.

iRCB 44/10 Bitibus Controller Multi-
module. The remote controller board is an
8044-based single-wide Eurocard form-
factor board providing the standard Bitbus
interface, memory expansion sockets, and
clock-support circuitry found on the iSBX
344 Module. It also provides an expansion
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The Bitbus microcontroller interconnect is well suited for a number of different robot .
applications. Figure 2 shows a typical robot workstation that includes a machine tool,
two robots, a conveyer belt, and a central work-cell controller. The hierarchy of devices
shown reflects the recent factory automation trend of connecting more machines to cen-
tral accounting and control systems. One standard interface (labelled A) at the face-plate
of each robot lets users select end-effectors from a variety of sources while maintaining
a common control interface to the robot controller. The other standard interface (labelled
B) ensures a coordinated work-cell by providing a way to connect robots, conveyers, etc. .
to the same work-cell controller with a simple and standard control interface.

CONVEYER
CONTROL

ROBOT 6 BITBUS™

INTERCONNECT

1/0 CONTROL -—->

————— MULTIBUS®
SYSTEM BUS

WORK-CEL

L ™
| conTroLLER BiTBus

INTERCONNECT

TO ROBOTS / SENSORS

“N---MuLTIBUS®
SYSTEM BUS

Figure 2. The Bitbus microcontroller interconnect is well suited for a number of different robot applica-
tions. Typical robot workstations include a machine tool, two robots, a conveyer belt, and a central work-cell

cont . One stand

d'interface (labelled A) at the face-plate of each robot lets users select end-effectors

from a variety of sources while maintaining a common control interface to the robot controller. The other
standard interface (labelled B) ensures a coordinated work-cell by providing a way to connect robots, con-
veyers, etc. to the same work-cell controller with a simple and standard control interface.

connector, and 24 lines of bit-program-
“mable 1/0. Connection is made by either
a standard 10-pin connector or Eurocard
64-pin DIN connector. The iRCB 44/10
form-factor was selected to allow multiple
concentrations of controllers.

_ DESIGNING A FLEXIBLE BITBUS ROBOT

Board and chip level modules can simplify
many of the control problems inherent in
robot architectures. High-speed - central
processors are necessary to manipulate
positional coordinates and direct individual
motor controllers to proper attitudes.
Figure 2 shows the Bitbus approach to
distributing the control while providing for
future " expansion and performance
enhancements. In this example, the
Multibus-based robot controller contains
the iSBC 286/10 single board computer,
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an iSBC 012CX memory expansion board,
an iSBC 186/03 single board computer,
and two iSBX 344 Bitbus expansion
modules. Each board performs a particular
system function. The robot drive elec-
tronics are housed in a separate Eurocard
housing mounted within the robot base.
Bitbus connections link the robot con-
troller to the robot, teaching pendant, and
work-cell controller. An RS-232 interface
is provided to support communication with
existing display and control equipment.

Robot Controller. The iAPX 286/287-
based computer board provides high-speed
computational power ‘to control overall
robot motion. Simple high-level commands
can be sent over the iSBX connector with-
out regard to their eventual destination
because no special software is needed to
drive the robot link. The Bitbus controller
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will automatically send the command to
the appropriate control node, ensure prop-
er transmission, and continue polling the
slave (interleaved with other commands)
until an adequate response is relayed back
to the base-board processor. If the com-

~ puter board uses a multitasking operating

system, message traffic can be maintained
while the processor is calculating new posi-
tion information and interacting with the
RS-232 link and other processors.

Robot Drive Electronics. A collection of
iRCB-style boards in the base of the robot
provides servomotor control and sensory
feedback to the robot controller. The
custom servomotor drive card provides
maximum flexibility for each axial motor.
Each axial motor control card contains an
iDCM Controller that maintains the Bitbus
link to the master while performing all the
required loop-control calculations. The
card also contains inputs for individual
limit sensors to maintain desired safety
margins. The board is also capable of driv-
ing up to 24 auxilliary connections in end-
effectors and other peripherals.

The number of degrees of freedom may
be increased by adding another axial con-
trol-card. The Bitbus interface to the robot
controller makes it possible to enhance,
change, and substitute different robots
without having to change hardware or soft-
ware in the master controller.

CONCLUSION

The Bitbus microcontroller interconnect
provides a method of connecting con-
trollers in distributed control applications.
By means of standard interfaces and
specification of new and useful hardware
and software interfaces, the Bitbus inter-
connect can link together many intelligent
parts of industrial work-cells, distributed
motor and device control, data acquisition,
and distributed process control systems.
Looking for a standard interconnect,
Westinghouse, Unimation, Yasakawa Elec-
tric, Mitsubishi Electric, and other well-
known industrial control vendors have
already turned to the Bitbus as a possible
means to remove the final obstacle preven-
ting proper  synchronization' of high-
performance distributed control systems.
Using a standard interconnect allows
previously isolated controllers to interact
with other parts of a distributed control
system—even when those parts are from
many different vendors.
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iMBX 100/110/120/130
MULTIBUS® EXCHANGE
HARDWARE SUBSCRIPTION SERVICE

s Monthly product updates = Available for iSBC,™ and iSBX™

i products
= History of Engineering Change Orders

= Customized to the subscriber’s selec- m Available for SYP 310
tion of Intel®board level products
\ m Hardware Reference Manual
= Ancillary Notes clarifying and correct- Revisions for Subscription
ing product documentation Products

The Intel MULTIBUS EXCHANGE hardware subscription service consists of a monthly update publication
which provides summary descriptions of Engineering Change Orders that alert and inform subscribers of
all the latest developments and/or improvements applicable to their Intel board level products. This timely
service allows user to closely track product changes and, by evaluating or implementing these changes,
to take advantage of technological and product developments.

The ing are " of Intel C ion and may be used only to describe Intel products: Intel, CREDIT, Index, Insite, Intellec, Library M
MULTIBUS, PROMPT, UPI, xScope, Promware, MCS, ICE, IRMX, iSBC, iSBX, MULTIMODULE, and iCS. Intel Corporati no
other than circuitry embodied in an Intel product. No other circuit patent licenses are implied.

©INTEL CORPORATION, 1981 October 1981
15-1 Order Number: 210276-001

for the use of any circuih:y
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iIMBX 100/110/120

PRODUCTS

The MULTIBUS EXCHANGE hardware subscription
service supports Intel manufactured Single Board Com-
puter, Industrial Control Series and MULTIMODULE
products. Users canisubscribe to any combination of
over 60 products.

NEW SUBSCRIBERS

New subscribers receive a history for each subscribed-to
product and a handsome notebook in which future up-
dates may be orderly stored.

MONTHLY UPDATES

Each month MULTIBUS EXCHANGE subscribers
receive an update containing summaries of
Engineering Change Orders and documentation
clarification articles relating to each subscribed-
to product. Each change description includes the
change made, the rationale behind the change,
and the user's alternatives concerning updating
his product. Subscribers receive the monthly up-
date even if no changes have occured to their pro-
ducts.

In addition, subscribers will receive one new copy of
any revised or rewritten subscription product Hard-
ware Reference Manuals in the month immediately
following their publication. Hardware Reference
Manual revisions incorporate change notices and cor-
rect all previously known manual errors.

ORDERS

Orders for the MULTIBUS EXCHANGE are a com-
bination of a base (iMBX 100) order, plus orders for
each product to be included (iMBX 110s and/or
iMBX 120s). For each MULTIBUS board, power
supply, or chassis, an iMBX 110 is ordered. For
each MULTIMODULE board, an iMBX 120 is
ordered.

CHARGES

For an annual subscription fee, subscribers
receive twelve monthly updates. All new subscrib-
ers will also receive a history for each subscribed-
to product at no extra charge. For additional
specified charges, subscribers can purchase the
associated documentation and parts kits listed in
the MULTIBUS EXCHANGE updates.

ORDERING INFORMATION

Part Number
MBX 100

Description

Base order for the MULTIBUS
EXCHANGE hardware
subsc‘iption service for one
year

MULTIBUS EXCHANGE
subscription covering one
MULTIBUS board, power sup-
ply or chassis for one year

MULTIBUS EXCHANGE
subscription covering one
MULTIMODULE board for one
year

MBX 110

MBX 120
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INSITE™ USER’S PROGRAM LIBRARY

= Programs for 8048, 8051, 8080/8085, n Diskettes, Paper Tapes, and Listings
and 8086/8087/8088 Processors Available for Library Programs
= Accepted Program Submittals Entitle = Program Library Catalog Offering
You to a Free Membership or Free Hundreds of Programs
Program Package = Updates of New Programs Sent During
= Worldwide Offices to Serve You Subscription Period

Insite, Intel’s Software Index and Technology Exchange Library, is a varied collection of programs and
routines that have been written by users of Intel microcomputers, single-board computers, and develop-
ment systems. This expanding library of programs covers a broad range of software tools that includes
monitors, conversion routines, peripheral drivers, translators, math packages, and even games. As a
library member, you can acquire a copy of any program within the library on any of its available types of
media. By taking advantage of the availability of existing library programs, numerous hours of coding and
debugging time can be saved and routine or redundant programming operations can be eliminated. The
Insite Program Library also serves as a learning tool for individuals unfamiliar with assembly or hlgh -level
languages associated with Intel’s family of microcomputers.

Membership. Membership in Insite is available on an annual basis. Intel customers may become
members through an accepted program contribution or paid membership fee.

Program Submittals. The Insite Library is built on program submittals contributed by users.
Customers are encouraged to submit their programs. (Details and forms are available through the Insite
Library.) For each accepted program, submittors will receive a choice of up to three free programs (for a maximum
value of $300), or free membership with Insite for one year.

Program Library Service. DISKETTES, SOURCE LISTINGS, OR PAPER TAPES are available for every
program in Insite. Diskettes are available on single or double density 8” or |PDS 5v%4". Membership is required to
purchase programs.

Insite™ Program Library Catalog. Each member will be sent the Program Library Catalog consisting
of an abstract for each program indicating the function of the routme, required hardware and software,
and memory requirements.

Insite members will be updated with abstracts of new programs submitted to the Library during the sub-
scription period. For catalog and yearly subscription fee please refer to the Intel OEM Price List or contact
the nearest Insite or Intel Sales Office. .

INSITE OFFICES ARE WORLDWIDE, WITH FIVE LOCATIONS TO SERVE YOU:

NORTH AMERICA THE ORIENT

Intel Corporation Intel Japan K.K.

3065 Bowers Avenue . 5-6 Tohkohdai, Toyosato-cho, )

Santa Clara, California 95051. Tsukuba-gun, Ibaraki, 300-26, Japan

ATTN: Insite User's Program Library ATTN: Insite User’s Program Library

Telephone: 408-987-8080 Telephone: 029747-8511

EUROPE
Intel Corporation S.A.R.L. Intel Semiconductor GmbH Intel Corporation (U.K.) Ltd.
5 Place de la Balance Seidlstrasse 27 Pipers Way
Silic 223 8000 Muenchen 2 Swindon SN3 LRJ
94528 Rungis Cedex, France West Germany . Wiltshire, England
ATTN: Insite User's Program Library ATTN: Insite User’s Program Library . ' , .
Telephone: 0687-22-21 Telephone: 089-5389-1 ¢TTN‘ Insite User's Program Library
; elephone: 0793-488-388
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SUBMITTAL REQUIREMENTS
Programs submitted for Insite review must follow the guidelines listed below:

Programs must be written in a language capable of compilation and assembly by the currently-supported
version of an Intel standard compiler/assembler. Accepted languages are documented in the following
manuals available through Intel’s Literature Department.

— BASIC-80 Reference Manual, Order No. 980758

— iCIS-COBOL Language Reference Manual, Order No. 980927

— FORTRAN-80 Programming Manual, Order No. 980481

— FORTRAN-86 User's Guide, Order No. 121570

— Pascal-80 User's Guide, Order No. 981015

— Pascal-86 User's Guide, Order No. 121539

— PL/M-80 Programming Manual, Order No. 980268

—'PL/M-86 Programming Manual, Order No. 980466

— MCS-48 and UPI-41A Assembly Language Manual, Order No. 980255

— MCS-86 Macro Assembly Language Reference Manual, Order No. 121703

— 8080/8085 Assembly Language Programming Manual, Order No. 980940

— 8086/8087/8088 Macro Assembly Language Reference Manual for 80/85 Based Development System,
Order No. 121623

— 8086/8087/8088 Macro Assembly Language Reference Manual for 80/86 Based Development System,
Order No. 121703

— 8089 Assembly Language Reference Manual, Order No. 980255

— Microsoft BASIC Compiler Reference Manual, Order No. 121805

— Microsoft BASIC-80 Reference Manual, Order No. 121806

— Microsoft BASIC Reference Book, Order No. 121857

— Microsoft FORTRAN-80 Reference Manual, Order No. 121798

— Microsoft FORTRAN-80 User's Manual, Order No. 121799

— Microsoft M/Sort Reference Manual, Order No. 121809

— Microsoft Utility Software Manual, Order No. 121797

A well-documented source code furnished on an ISIS-formatted 8" diskette, CP/M-formatted 8" diskette, PDS 5 V4"
diskette, or ASClI-coded paper tape.

A source listing of the program must be included. This must be the output listing of a compilation or an
assembly. No consideration will be given to incomplete programs or duplications of programs already in
the Library.

A link and locate listing.

A demonstration program which assures the validity of the contributed program must be included. This
must show the accurate operation of the program. .

A complete 'submittal form.

Licensed software or copyrighted material must be accompanied by a written release from the appro-
priate, authorized person.
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Processor

Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

Output

Results

INSITE™ USER’S PROGRAM LIBRARY
SUBMITTAL FORM

O 8048 (18051 (1 8080/8085 (1 8086/8087/8088 [1 Other
Indicate the MDS series model the program was created on by checking the appropri-
ate box, and identify other MDS series models the program may be compatible with.

Registers Modified: Programmer:
RAM Required: Company:
ROM Required: Address:
Maximum Subroutine Nesting Level: : " City:
Assembler/Compiler Used: State:
Programming Language: Telephone:
ACKNOWLEDGEMENT AND AGREEMENT
To the best of my knowledge, | have the right to contribute this program material without g any ]
of prop y or of other p or I am ing this ona

nonobligatory basis to the Insite User’s Library for inclusion in its program library, and | agree that the Library may use, duplicate, modify,
publish, and sell the program material without obligation or liability of any kind. The Insite User's Library may publish my name and address, as
the contributor, to facilitate user inquiries pertaining to this program material.

Date
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INSITE™ USER’S PROGRAM LIBRARY

MEMBERSHIP FORM

I WISH TO BECOME A MEMBER OF INSITE. ENCLOSED IS:

0 CHECK/MONEY ORDER
O PURCHASE ORDER
O PROGRAM SUBMITTAL

MEMBER NAME:

COMPANY:

ADDRESS:

TELEPHONE:

REFER TO THE INSITE PRICE LIST FOR ANNUAL MEMBERSHIP FEE.

RETURN COMPLETED FORM TO THE NEAREST INSITE OFFICE:

NORTH AMERICA THE ORIENT
Intel Corporation Intel Japan K.K.
3065 Bowers Avenue 5-6 Tohkohdai, Toyosato-cho,
Santa Clara, California 95051 Tsukuba-gun, Ibaraki, 300-26, Japan
ATTN: Insite User’s Program Library ATTN: Insite User's Program Library
Telephone: 408-987-8080 Telephone: 029747-8511
i EUROPE
Intel Corporation S.A.R.L. Intel Semiconductor GmbH Intel Corporation (U.K.) Ltd.
5 Place de la Balance Seidlstrasse 27 Pipers Way
Silic 223 ~ 8000 Muenchen 2 Swindon SN3 LRJ
94528 Rungis Cedex, France West Germany Wiltshire, England
ATTN: Insite User's Program Library ATTN: Insite User’s Program Library . : , .
Telephone: 0687-22-21 Telephone: 089-5389-1 /Tf::':ﬁ e e gram Library
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iRUG DESCRIPTION

iRUG is the Intel iIRMX™ 86 User’s Group. It is a non-profit group chartered to establish a forum for users of the iRMX
86 Operating System and to promote and encourage development of iRMX 86 based software.

iRUG membership is free to licensed iRMX 86 Operating System users and to their employees. Benefits of member-
ship include: access to the user’s library of iRMX software tools and utilities; membership in local and national chap-
ters; access to the group bulletin board; receipt of quarterly national newsletters; synopsis of software problem reports
(SPRs) submitted by members; opportunity to present papers and conduct workshops; invitations to seminars devot-
ed to the use of Intel products.

The user’s library, maintained by iRUG, contains software programs written and submitted by members and Intel
employees. Programs available range from file or directory manipulation commands and terminal attribute selec-
tion utilities to dynamic logon, background job facilities and basic communication utilities.

Programs in the library are available through a telephone dial-up service.

Local and national iRUG chapters provide a forum for members to meet other iRMX Operating System, users in an
informal setting. At local meetings and the annual international seminar, members can discuss their ideas, share their
experiences and techniques, and give feedback to Intel for future improvements and features of the iRMX 86 Operat-
ing System. The meetings also showcase new products offered by Intel and other developments in iRMX based soft-
ware supplied by other companies.

iRUG sponsors a Special Interest Group (SIG) on the CompuServe Information Service. The SIG offers two features,
message facilities and an online conference facility. The message facility (buttetin board) allows members to leave and -
receive messages from other members. These might include problems and solutions regarding the iRMX 86 Operat-
ing System or new techniques to be shared. The online conference facility allows users to hold scheduled meetings
on any topic. Whatever information a member types at his/her terminal will be displayed at all terminals logged into
the conference facility.

“Human Interface” in iRUG’s quarterly national newsletter in the United States. It serves as a supplement to chapter
meetings by providing: library listings, informtion on the latest releases of products running on the iRMX 86 Operating
System; officer messages; member SPRs; release and update plans for the iRMX Operating System; and member ar-
ticles.

If you are interested in becoming a member of iRUG or desire further information contact the Intel iRUG liason.
Terri Huggett
5200 N.E. Elam Young Parkway
Hillsboro, OR 97123
Mailstop HF2-2-352
(503) 640-7123
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