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Abstract

Nearly half of the world’s machine tools were manufactured in the
US in 1980. Today, the US market share has fallen to 10%. Domes-
tic machine tool manufacturers are no longer competing effectively
with their European and Asian counterparts. NIST is meeting this
challenge by developing the Enhanced Machine Controller (EMC).
The EMC is being developed to test generic interfaces and demon-
strate the benefits of an open architecture for machine tools. The
EMC will demonstrate how to reduce life cycle costs of controllers,
improve performance and accelerate the incremental integration of
new technology. This paper will describe the EMC architecture and
the plans for its implementation.

1. Introduction

It has long been recognized that system architecture plays a major role in sys-
tems integration. The research community, for example, is very diverse in its ap-
proach to general architectures. Saridis was the first to suggest the use of intelligent
control [1] while Brooks took quite a different approach with the subsumption ar-
chitecture [2]. More recently, Miller has taken a more pragmatic approach in devel-
oping robot control systems [3]. Architectures have also been developed for specif-
ic domains. In the area of vehicle control, Lowrie describes the Autonomous Land
Vehicle project [4] and Shafer reports on a mobile robot project [5]. Robot archi-
tectures include the work by Khatib [6] and Khosla [7].

The role of architecture in systems has been a focus within NIST since the mid
1970s when Barbera implemented the first version of the Real-time Control System
(RCS) [8]. A slightly modified version of this architecture was using in the early
1980s as the basis for the Automated Manufacturing Research Facility (AMREF) [9].
Since then, RCS has been used as the basis for many projects including the Army
Field Materiel Handling (FMR) Robot [10], the Multiple Autonomous Undersea
Vehicle (MAUV) project [11], the Flight Telerobotic Servicer [12], a coal mining
project [13], a remotely driven vehicle [14], and others.

Architecture has recently played a role in the development of machine tool con-
trollers. Martin Marietta produced the Specification for an Open System Architec-
ture Standard (SOSAS) for the Next Generation Controller project [15]. Recently,
several commercial controller vendors have adopted the open architecture ap-
proach.

The problems associated with machine tool controllers can be grouped into two
classes, excessive cost and lack of openness. High cost 1s manifested through initial
insertion cost of the technology, training, and maintenance, as well as the lack of



volume to justify investment. Lack of openness prevents the sophisticated user from
modifying the control system to suit the application.

2. Project Goal

Given the two underlying problems of excessive cost and lack of system open-
ness, NIST has embarked upon the development of the Enhanced Machine Control-
ler. The goals of the project are to:

* Reduce life-cycle cost to users of machine tool controllers by providing
public domain open system software.

* Demonstrate the open system on machines for two user groups: retrofit and
high-end.

The EMC will initially focus on controllers for metal removal machines such as
mills, lathes, grinding machines, and lasers. However, there is fundamentally little
difference between the EMC and other controllers, such as robot controllers, and
eventually the EMC will be used in other domains.

3. Technical Approach

NIST will develop the EMC and demonstrate how machine tool builders, inte-
grators and users can:

« Construct a baseline controller using an initial set of components, which
are described in the next section

* Extend the initial set of components with new ones

* Modify the controller to handle new applications or integrate new
technology

* Access low-level functions and data
* Improve machine diagnostics
* Communicate with other factory systems

The Host Machine Executive (HME) provides the basic machine tool controller
functionality. The HME can be any combination of software and hardware, depend-
ing on budget and performance desired. The ability to scale the design will be dem-
onstrated through two types of implementations. One is aimed at the retrofit com-
munity where the goal is to put a new controller on an old machine, and thereby en-
hance its capabilities. The second implementation is aimed at the high-end users
who need to integrate controllers onto new machines for challenging applications.
The HME configuration toolkit will be created late in the project to automate essen-
tial administrative and configuration operations.

Throughout the course of the project, NIST intends to use a consortium of ma-
chine tool builders, machine tool users, and controller builders for advice and
project direction,



4. Architecture Description

As shown in Figure 1, the HME forms the central part of the controller and per-
forms all of the basic functions. An Application Programming Interface (API) is de-
veloped for each of the basic functions. The API represents the most generic inter-
face between the system kernel and the basic function so that functionally equiva-
lent modules can be configured into a system. For example, one of several possible
trajectory generators may be chosen for a specific controller depending on the ac-
curacy desired. The HME includes both the APIs and an instantiation of each basic
function.The user can keep the default instantiation of the function or substitute an-
other if so desired. Furthermore, modules may be implemented using any combina-
tion of software or hardware, so long as they satisfy the APL

Not ail of the basic functions of the controller need to operate with the same cy-
cle time. Figure 2 illustrates a hierarchy which shows the relationship between the
rates required for the basic components. Each level in the hierarchy represents
roughly an order of magnitude difference in the required execution rate of a module.
The Workstation Planning and Workstation Management modules do not typically
reside within the machine tool controller. They simply illustrate the relationship be-
tween the machine tool and the factory in which it works. The Plan interpreter ac-
cepts a part plan, e.g., RS-274D, BCL, NCL, etc., and coordinates the continuous
and discrete activities. Following the continuous leg, the output from plan interpre-
tation produces commands for the trajectory generation module, e.g., GO1, GO2,
etc., which are sent to servo control where any number of algorithms could be exe-
cuted, e.g., 3rd order subinterpolation for a PID loop. On the PLC side, the discrete
input/output module decomposes input commands in a similar fashion and eventu-
ally sends commands through the discrete equivalent of a servo control for actions
such as fluid on/off, tool changes, spindle on/off, etc. The operator interface allows
human interaction at any level of the hierarchy. One can modify the execution of
the part plan, such as changing the feed rate. However, it is also possible to interact
with the hierarchy at a much higher level, selecting the next part program for the
machine tool, for example.

5. Conclusion

The expected benefits include reducing the life-cycle cost of controller imple-
mentations, improving the competitiveness of the U.S. machine tool industry, cre-
ating a market for controller subsystem entreprencurs, and developing controller
specifications that can be used for DoD procurement actions.

System architecture has been shown repeatedly at NIST and elsewhere to be a
critical element in all systems, including machine tool controllers. The EMC em-
bodies the experience gathered from 15 years of research at NIST as well as the
work of many other projects, such as the Next Generation Controller project. This
paper has described the EMC architecture, a plan to implement the architecture, and
the benefits derived from using it as the basis of machine tool controller.
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Figure 1. Host Machine Executive controller
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Figure 2. Baseline EMC hierarchy




