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1 ABS Architecture Documentation Roadmap
1.1 Introduction

This document describes the architecture used by Team 4 for their anti-lock braking system.  The documentation follows the format defined in [Clements 03].  Its place in the overall documentation scheme is shown in Figure 1.
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Figure 1.  Documentation Roadmap

The anti-lock braking software system is a safety-critical, embedded control system that must communicate with hardware sensors and actuators in a vehicle.  It must be able to meet a hard real time schedule, exhibit reliable fault tolerance and failure detection, and be modifiable to communicate with the hardware of the various vehicles in which it may be installed.
1.2 Contents

This volume, volume 1, provides information that supports the actual architecture model, which is shown in volume 2.

2 ABS System Overview

2.1 History

Increasing safety is of primary importance when designing modern vehicles. This interest is the driving force behind control features such as adaptive cruise control, night vision technology, air bag technology, and anti-lock braking systems. All of these systems exploit embedded software to reduce cost, and allow complex control with respect to a given system.

ABS was first invented and applied in the aircraft industry and then was introduced to the automobile industry in the early 1970's. However, it had not been used popularly until the middle of the 1980's due to technical difficulties and high cost.

A common safety feature of today's automobile is the implementation of an anti-lock braking system.  Although the normal brake system can give instant and efficient braking, it can cause the wheels to be lock up, therefore, the driver cannot steer and would lose control of the car.  If any of the wheels happen to be skidding, the driver must recognize wheel-skid and manually 'pump the brakes' to avoid a skid.  ABS functions in place of the traditional brake system at times of wheel lock-up. The advantage of ABS lies in its ability to allow the driver to retain steering control in order to keep the car moving in the direction that the wheels are turned towards, rather than skidding in the direction of the car's forward momentum. 


2.2 Description

ABS has the classic design of an embedded system. 

· controller. 

· sensor, wheel speed. 

· actuators (valve and ABS reservoir)

ABS functions independently at each wheel. The control unit gets the speed via wheel speed sensors at each wheel in order to calculate the deceleration. If there exists a case of rapid deceleration, ABS will be activated prior to wheel lock-up. Pressure on caliper is released by opening a valve, which interfaces with the wheel cylinder, letting oil flow into a small reservoir. 
 

3 ABS Architecture View Template

We adopt the View Template presented in [Clements 03]. In this section we briefly describe each section in the template. The template is then used in Volume 2 to organize each View Packet.

3.1 View Packet Template Description

3.1.1 Primary presentation

This provides the basic model for this part of the architecture.

3.1.2 Element Catalog

Each element included in a view is described in the element catalog. Each entry in the catalog follows this outline:

3.1.2.1 Properties of the elements

An element may have specific properties that affect the system’s ability to reach desired levels in its quality attributes. For example, an element may have a large negative impact on the performance of the overall system.

3.1.2.2 Relations and their properties

Elements will have relationships with other elements. One element may aggregate another element or it may be a specialization of another element.

3.1.2.3 Element Interfaces

The element’s interface describes its publicly available services. This information is provided using method signatures.

3.1.2.4 Element Behavior

The element’s interface description does not fully describe its behavior. That behavior is described using UML dynamic diagrams.

3.1.3 Context diagram

This presentation places the elements contained in the view packet in the larger context of the overall architecture.
3.1.4 Variability guide

In this section we describe the variations that are possible within this view.

3.1.5 Architecture background

3.1.5.1 Rationale

Provides the decisions made that resulted in the current shape of the architecture.

3.1.5.2 Analysis results

This section provides the data that backs up the decisions.

3.1.5.3 Assumptions

Any basic assumptions that underlie the decisions

3.1.6 Other information

Whatever else we want to say but didn’t think it belonged in a specific section.

3.1.7 Related view packets

View packets surrounding this one at the same level of detail,

view packets that include this view at a higher level, or

view packets that describe additional elements within this view packet.
4 Mapping Between Views
4.1 General mapping

The underlying development paradigm is object-oriented. This leads to an architecture that has both horizontal and vertical dimensions. The vertical dimension corresponds to the specialization relation (such as process, layer). There are several inheritance hierarchies which generally follow the BASEMENT layering scheme. This is a major organizing principle for the definition of components within the system.

The horizontal dimension corresponds to the association relation. This dimension forms the main operational structure of each product. Messages follow the association relation links and, in some cases, exceptions flow back over those relation links.

In our architecture we identify three views.  We identify a process decomposition view, an operational view, and a managerial view.  The process decomposition view divides the ABS system into the 4 process layers described by the BASEMENT architecture and methodology [1].  The operational view describes the inter-process communication and reaction timing across layers.  Finally, the managerial view gives us a cost-benefit view of the architecture as a whole to allow for strategic planning of deployment, personnel usage, etc.
5 Directory

All of the information about the anti-lock braking system, excluding the requirements document, was submitted together in one e-mail on February 26, 2004. The requirements document is available from Dr. McGregor’s website.
6 Architecture Glossary and Acronym List

There is a central Glossary document for the anti-lock braking system. It was submitted with this document.
7 Rationale, Background, and Design Constraints

In this section we document several architecture decisions that have been made and result in the current architecture.

7.1 Business Drivers

The driving business requirements for the anti-lock braking system are described here.  The overall system requirements and the architecture goals derived from these requirements include the following:

7.1.1 System’s Primary Functions (system must be able to)

· Receive on/off signals from the brakes, and use them for engaging and disengaging the ABS system.

· Run a system diagnostic test sequence at ignition and determine if any errors are present in the system.
· Run a basic test each time the on brake signal is captured, and determine if any errors are present.
· Terminate system execution if any failure occurs from either test. The termination shall not affect normal braking behavior of the vehicle.
· Relay information to the automobile's main computer concerning any failures in the system.
· Send a message to the automobile's main computer that will turn on an ABS error light on the driver's console if an error occurs in the system.
· Provide a method for returning the system to working order if a system failure occurs.
· Receive rotational speed data from four wheel speed sensors.
· Calculate rotational deceleration from the wheel speed data, and determine if wheel lock-up is imminent.
· If it's determined that wheel lock-up is imminent, take action to prevent wheel lock-up.
· Disable ABS engagement if the speed of the automobile is below 15 mph, or enable for speeds of 15 mph and above.
7.1.2 Technical System Constraints
· If any errors are present, the system must shut itself off and in so doing not affect normal braking.
· If the system has been shut off (put in a failure state) a service technician must be able to read the messages sent to the main computer from the ABS pertaining to that failure. After the failure has been remedied the technician must then be able to send a reset command to the controller to restore system functionality.

· The ABS must only be able to come engaged if a change of brake(s) state has occurred (only after brake pedal is pressed).
· Each wheel speed sensor will send the speed of the wheel it is monitoring in meters/second.

· When the speed of the automobile is over 15 mph, the ABS must try to prevent wheel lock-up in hard braking situations when lockup may occur. If the ABS determines that wheel lock-up is likely because of a rapid wheel deceleration, it will divert some of the brake fluid into a small reservoir.  Once the ABS observes an acceleration, it will pump brake fluid from the small reservoir back into the main fluid reservoir.

7.1.3 Business Goals (including a product context description with each)
The primary business goals of the Anti-Lock Braking System are to:

· Improve the safety rating of the vehicle: Give more control to a braking vehicle (applies directly to the braking controller’s performance and the overall ability of the system to avoid skidding or sliding)

· Easily allow upgrades or changes: Re-flash memory, new e-prom, new controller board. (Depends on how well the controllers are implemented and the hardware complexity of the system (replacement parts easy to find?)) 

· Reduce Costs: Less moving parts, fewer parts to assemble. (applies to the testing system’s ability to find errors and keep the system running for sustained periods, again the hardware complexity of the system is a factor)

7.1.4 Major Stakeholders
The major stakeholders of this system are the managers of the automobile company that are implementing this product, the technicians that will work on this product in accordance with normal service of the vehicle, and the end-user or driver of the vehicle.

7.1.5 Quality Attribute Goals
· Performance – ABS wheel speed monitoring and brake control must meet a hard real time schedule.

· Availability and Reliability.
· Fault Detection – The system must be able to detect faults correctly and consistently.

· Fault Recovery – The system must be able to at least partially recover from a failure and/or disable itself.

· Modifiability – The system should be easy to modify or be sufficiently modular such that the repair/change of a subsystem (ex: front driver wheel speed sensor) doesn’t necessarily mean the system halts.

· Testability – Errors should present themselves via messages from the tester subsystem, etc.

7.2 BASEMENTTM

For our design of an ABS system we choose to follow the BASEMENT architecture style when faced with a design choice or a decision point [Hansson 97].  The BASEMENT architecture fit our needs because it was fairly flexible, had a layered style that we were comfortable with (strategic control at the top trickling down to hardware (or interface) components), and was a successful system implementation on other automated vehicle control systems (see BASEMENT architecture documentation for more information).  We researched some other event driven systems, but we ultimately rejected following those architecture styles because of their lack of layered control.

BASEMENT was created by the VIA (Vehicle Internal Architecture) research group as a cost effective distributed real-time architecture for use in the automobile industry.  The VIA research project is a part of the Swedish Road Transport Informatics (RTI) program which was supported by the Swedish National Board for Industrial and Technical Development, et. al.  The primary objective of the BASEMENT group was to create an architecture that was flexible enough to meet the demands of the automobile industry, and that could be used as a pilot for future internal vehicle real-time systems (concept was not limited to one component of the car but could be augmented to work for any subsystem that had real-time constraints).

The central properties of the BASEMENT methodology include:

1. The treatment of Software Circuits as transforms between connectors which hold sensor and actuator signals:

· Software Circuits are defined in the BASEMENT methodology as a set of input connectors where data is received, and a set of output connectors where data is produced (we think of a software circuit as a part of a standard process).

· The transforms can then be viewed as a signal flow graph where the execution of transforms is either time driven (our cases) or event driven.

· The signal flow graph can be used to show the execution order of processes (shows real-time schedule, also gives us a more substantial performance measure).

2. Processes composed of software circuits can be organized according to a hierarchy of levels.

· Using levels gives us the opportunity of taking advantage of the layered architecture benefits which include portability and maintainability (details discussed in class, can also help us to meet our availability and reliability quality attribute goals discussed above).

· The suggested level structure for BASEMENT is composed of:

Strategic Control: processes at this level use connector information (sensor and actuator information) to observe and regulate lower level processes

Primary Control: programmed behavior for overall control happens here

Interface and Conditioning: for sensors and actuators, the programmed behaviors for processing and control happens here

Terminator: the physical hardware (sensor and actuator) level

3. Component structure is attained via the use of standard “Connectors” which are used as holding places (“latches”) for signals.

· Connector structure is employed to allow for the definition and inclusion of standard components and/or the use of components from a third-party supplier

BASEMENT was therefore utilized by the group as a model for a layered architecture with a structure that was already proven to be adaptable to the real-time systems in modern automobiles.  It was of particular interest to us because it has an established way of meeting our most important quality attribute goals.  

8 Process for Modifying the Architecture

There are several reasons why the architecture will change. In this section we address the case where a change in requirements occurs.
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Figure 2  Attached Process for Change of Requirement
When a requirement is added or an existing requirement is modified, the impact of that change to the requirements model is determined. The architecture is reviewed to determine whether the current architecture can satisfy the new requirement. If not, then existing elements are examined to determine whether they can satisfy the behaviors. If not, then element(s) are designed with responsibility for the new behavior. Any new element(s) are placed in the context of the other elements.
9 References and Further Reading

For references see the Bibliography document.
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� This is the attached process for the architecture.








