Flexible Small Scale Parallel System

in the Development of a Hybrid Vehicle

Hans Otto Trutmann Computer Engineering and Networks Laboratory TIK Swiss Federal Institute of Technology ETH Gloriastr. 35, CH-8092 Z�rich, Switzerland trutmann@tik.ee.ethz.ch

hot

12.5.97

AbstractIt is common in the development of complex mechanical systems to break up a machine into its components, recombining them later. Often these transformations happen repeatedly in the process and of course the control system experiences these changes along with the mechanical components. In such cases control system design has to take into account two very different modes of operation: components running separately on their own test beds during development on the one hand or united to form the �nal installation on the other hand. Transformations between modes must be straightforward and with as few changes as possible to the control system. To this end a �exible multiprocessor solution that mirrors the machine structure is proposed. Standardized data input and output are supported by software generators easing the task of adapting to ever changing environments. The entire functional program code is generated automatically from speci�cations and �ts into an equally standardized runtime environment. Designers of the mechanical elements work with a dedicated graphical software tool and are thus able to concentrate on their actual problems instead of getting involved with control system details. The concept has been proven in the ETH project HybridIII, targeting the fuel ef�ciency of private vehicles.

Keywords: automotive, distributed system, embedded system, real-time, specification.

1 Introduction

The development of any complex mechanical system suffers from various uncertainties concerning the control system: the number and variety of inputs and outputs is largely unknown as are their data rate requirements. Elements of such systems are likely to be developed by different persons in separate locations. In addition to being operated in composition, they must also run on their own on separate test beds. Transformations between combined and separate modes must be straightforward and with as few changes as possible to the control system hardware and software.

If space restraints and/or energy consumption are an issue, data input and output facilities that are only partly present at the individual test beds must be pooled in the case of the entire installation.

As designers of the mechanical components are by preference computer users who do not like to get involved with control system details more than necessary, their interest concentrates on an easy to use, general purpose environment that permits close attention to the actual development work. This environment can greatly improve the project engineers� performance and must at the same time hide all but the necessary details from access by such a user, also adding invaluable benefits in overall system security.

This complex situation can hardly be handled without the help of efficient tools. Specification methods and corresponding software tools deal with the functional properties and configuration tools help in creating the low-level structure for the peripheral connections. The complete functional code for a particular implementation is generated from specifications automatically. The high level of automation designed into the tools relieves the developers from the tedious chores of mere programming and allows them to devote their attention to the functional issues.

2 Logical Structure

In just the same way as the mechanical system the control system comprises a number of singular, loosely cooperating blocks. These so called clusters form widely autonomous subsystems which are capable of executing complex operations all by themselves. It is only possible to develop and test subsystems separately because the mechanical components belonging together are united within the control system as well. In the same manner clusters also permit hierarchical system decompo-

Flexible Small Scale Parallel System Implementation Structure

hot

12.5.97

2 sition, restraining any direct communication of leaf elements with each other. Input and output devices are located within the scope of a specific cluster, namely the one who controls the mechanical component where said devices are installed.

Figure 1: Logical structure1

Along with the aforementioned working clusters an additional cluster with higher level functionality supervises and coordinates the individual

1

Cluster names refer to Hybrid III described in section 5 subsystems. This representation abstracts completely from lower level functionality, but it is this structure that lies at the heart of what specialized engineer groups use in the development of their respective part of machinery and pertinent control system.

With the star topology it is perfectly possible to set up a partial system without any interface changes to the cluster in question and for any specific test bed installation.

Figure 2: Partial system

3 Implementation Structure

In a functional implementation the cluster partition and interconnections outlined above must be adapted to the features existent in a hardware environment, i.e. the processors and the peripheral interface. Notably the star structure cannot be accomplished for an arbitrary number of working clusters. In the current implementation it is replaced by a double ring, ensuring that all partners can be reached in two ways.

While the logical structure guarantees interface consistency of any partial with the full implementation, assigning separate processor nodes to all the clusters guarantees that performance will equally remain constant in both types of implementation.

It would be costly and inefficient to fit every cluster with its own data input and output mechanism. The supplementary cluster IO, hidden from the logical structure, handles peripheral data input and output for the entire system. This cluster is also included in the ring structure and in addition conveys input data to all the other clusters simultaneously through an efficient hardware broadcast mechanism BC.

Figure 3: Implementation structure

Flexible Small Scale Parallel System Implementation Structure

hot

12.5.97

3

3.1 Cluster Tasks

Global functions (system operating modes, error handling and the like) are controlled by the process

SystemMaster placed above all the others and situated within the cluster ObservationO; this process thus handles all the typically slow activities with reference to the whole installation. At the same time the cluster supervises the overall system communication and is in charge of the interface to the developers� work station as long as it is required.

All the working clusters, i.e. the ones associated with a piece of machinery, contain aSubMaster to execute all the cluster�s local functions. Therefore fast operations remain within the scope of a single cluster where they can make use of locally added resources if necessary.

Sometimes the functional membership contradicts the constructive realities. Because the control system is modeled after the machine construction, all elements are connected with those clusters to which they belong constructively. The imposed structural restrictions require aRemoteService mechanism to make elements accessible to those clusters where they belong functionally.

Along with the above clusters contain an arbitrary number of processes for the actual control functions, by far the bulk of a cluster�s tasks. All these processes are defined and specified by the specialists� teams with a specification tool.

3.2 Processors

Structural flexibility without adverse effects on performance encouraged an implementation with parallel hardware, while a flat architecture offered simpler solutions regarding common resources. A parallel approach was chosen because cluster performance can be adapted to changing needs with additional local processor nodes. Because input and output are handled centrally the equally variable demands there seemed the smaller problem.

The processor nodes are Transputers[2], RISCprocessors with all the facilities needed for a small-scale multiprocessor system. The number of nodes differs from one installation to the other, but the link connections are static.

The possibility of dividing a complex task into individual processes is ideally tailored to our system demands; each task block is controlled by a group of processes on an independent computer, which communicates via links with his partners.

The hardware directly supports communication and process scheduling, so the application can be built directly on top of the hardware without the need for an operating system.

3.3 Communication

The logical star topology forms the base of all communication in the complete system. The ring behaves identically with the aid of various protocols for point-to-point and broadcast connections.

A specialCommunicator process on each cluster handles ring traffic from and to this element and forwards other messages. The ring mechanism is also used for output data and all in all for any kind of traffic in the system.

3.4 Input and Output

Because input and output signals belong to a specific cluster just as the respective sensors and actuators there exists another structural conflict, this time between the logical structure and the realities of the peripheral hardware. Generally these are multichannel devices and it is thus inevitable to distribute the available channels among various clusters. Different speed classes for the input signals make things even more difficult (e.g. 1 kHz,

100 Hz, 10 Hz side by side).

Data input and output are standardized. To balance the work load on the clusterIO and on all the other clusters for that matter, carefully chosen groups of input signals are read at a given point of time. Together with the signals of the highest speed class which are read in every cycle, a selection of signals of the other speed classes is processed. With a large amount of signals and complicated restraints on the hardware accesses automatic generation of the program code from specifications is a necessity.

Inputs occur in fixed intervals (i.e. synchronized), outputs immediately after a cluster has produced a new output value (asynchronously). Still a burst of output values is connected to the preceding group of input values; namely are they located together between two ticks of the input system. If the capacity limit of the arrangement is exceeded, this is no longer the case!

Figure 4: Input and output cycles

An individual cycle begins with the clusterIO acquiring a group of input data. The raw data are filtered and converted to physical units, then forwarded to the working clusters. All clusters receive an identical copy of the newly acquired and converted data simultaneously through the broadcast mechanism. Sometime later, after the working clusters have finished their processing

a