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1.1 View Catalogue
The following views are presented in Volume 2 of the ABS Architecture Description

	View
	Section
	Page

	Deployment
	1
	5

	Architecture Pattern Decomposition
	2
	6

	System Architecture Component Diagram
	2
	8

	Typical Operation Sequence Diagram
	2
	10

	Event Captor / ABS Controller / Main Computer Decomposition
	3
	11

	Brake Valve Actuator / Brake Valve Controller
	4
	13

	Wheel Speed Sensor / Wheel Speed Sensor Manager Decompositon
	5
	15

	Brake Valve Actuator Activation Sequence Diagram
	8
	21

	ABS Controller State Diagram
	9
	24


1.2 View Template

The following template is used to present and fully describe each view of our architecture.  

1. Primary Presentation of the View
2. Element Catalog

2.1. Elements and their Properties

2.2. Relations and their Properties

2.3. Element Interfaces

2.3.1. Interface Identity

2.3.2. Resources Provided

2.3.2.1. Resource Syntax

2.3.2.2. Resource Semantics

2.3.2.3. Resource Usage Restrictions

2.3.3. Locally Defined Data Types

2.3.4. Exception Definitions

2.3.5. Variability Provided

2.3.6. Quality Attribute Characteristics

2.3.7. Element Requirements

2.3.8. Rationale and Design Issues

2.3.9. Usage Guide

3. Context Diagram

4. Variability Guide

5. Architecture Background

5.1. Design Rationale

5.2. Analysis of Results

5.3. Assumptions

6. Glossary of Terms

7. Other Information
2.1 System Overview

From the requirements document, the “primary motivation of ABS is to increase the driver's ability to control the direction of the vehicle under hard braking conditions.”  Because the stakes are high when one loses control of a vehicle, the ABS system is life-critical.  As a life-critical system our architecture must meet all of the requirements and do so accurately and with as close to 100% availability as possible.
The software system for an antilock brake controller must also produce the correct output, but being a real-time system it is also burdened by having to do it under tight time constraints.  Thus the chosen architecture must adequately address the actors on the system and be conducive to a system that can do so in a timely manner.  The main actors that we must support are the driver, the multiple velocity sensors, and the brake pressure valves.  Other actors include the support technician and the output devices such as warning lights.

Quality Attributes


From our domain research we have found the following domain attributes to be important.  First, we wish to consider the architectural attributes usability and modifiability.  

· Usability:  The user interface is mostly dictated by the hardware of the automobile.  This includes wheel and vehicle velocity sensors, brake pressure sensors, and output devices such as indicators.

· Modifiability:  If the system is to be deployed in a product line approach then the architecture must accommodate this.  Furthermore, the system must tolerate the replacement of an electrical component.
Next we consider the following system attributes:

· Modifiability:  The system should support modifications such as upgrades and bugfixes by a service technician.  

· Performance:  The system should perform at a real-time level, that is, the system must have the capacity to process all requests as they are made.

· Availability:  As a life-critical brake controller system it must be highly available.

· Security:  This system will not be network-exposed so security is mostly a matter of isolation.  However, the system should be hard for a service technician to damage if improper techniques are used.

Finally these business attributes must be addressed:

· Time to Market:  This system will be an element of the product-line approach and must support this.

· Lifetime of System:  This system is expected to have long lifetime and little to no change once installed.  Scalability is needed only from the product-line aspect, 
and not an issue once deployed/installed onto a vehicle.
2.2 Mapping Between the Views
In general the views are presented in UML.  The various types of diagrams used include Class, Component, Sequence, State Chart, and Deployment.  The Class, Component, and Deployment diagrams describe the static structure of our system while the Sequence and State Chart diagrams serve to illustrate the dynamic performance or algorithms of the system.  

All of the views serve to add information to the general architectural decomposition, presented in Volume 2 on page 8.  It is worth note that most of the modules shown in that diagram will run on separate processors.  For instance, the main computer is a separate functional unit from the ABS Controller.  Likewise, the Brake Valve Controller will typically be a separate unit from the ABS Controller, and each Brake Valve Actuator is also independent.
2.3 List of Elements and Where they Appear 
All elements are fully documented in Volume 2 of the Antilock Brake Control System Architecture Documentation.  
2.4 Project Glossary

ABS – Antilock Braking System

Activity – A function or system element that the control FSA has control over
Brake Valve Actuator – The physical component that controls brake fluid pressure




   for a given wheel

Brake Valve Controller – The component that manages all brake valve actuators

CAN – Controller Area Network

Event Captor – An event listener

FSA – Finite State Automaton

Passive Interface – A system element that provides information

Wheel Speed Sensor – A physical component that reports the speed of a given wheel

Wheel Speed Sensor Manager – The system component that manages the wheel speed





    sensors

3.1 Rationale
In this section we explain why we made the decisions that we made and how our architecture satisfies the requirements generated from the domain analysis.  This includes a discussion of the architectural pattern that we chose to follow and how our system maps onto that pattern.  We conclude by explaining why our architecture meets the requirements for the Antilock Brake Control System.
After researching the domain and creating a list of candidate architectures we narrowed our focus to two patterns.  One was a purely event-driven pattern and the other a state-machine pattern.  We chose the state machine pattern as it is particularly well suited to small real time control systems.  This pattern requires four main components:  An Event Captor, a FSA, a set of Activities, and a set of Passive Interfaces.  In the pattern the Event Captor acts as an interrupt handler receiving events from a foreign source.  The FSA is the actual state machine or controller.  The set of Activities represent functions that the FSA can control or influence.  The set of Passive Interfaces are those actors in the architecture which simply generate or provide information.

We feel that this pattern is well-suited and conducive to a real-time control system.  The key to effective use of this pattern is reducing the control algorithm to a single finite state automaton, which we have done.  The pattern, then, allows for the separation of concerns regarding input events and output events as well as the data that is needed for decision making.

Our Event Captor listens on the car’s CAN bus for signals from the ECU.  It sends messages to the FSA when it captures a signal that affects our system.  One such signal is a brake press event, another would be ignition shut off.  This design enhances Modularity as it separates the FSA from the car’s bus, and modifiability is improved by isolating the FSA from the signaling protocol used on the bus.  If the protocol changes only the small Event Captor algorithm would need changing.  
Our Passive Interface is the Wheel Speed Sensor Manager.  This component of the system is passive in that it does not broadcast information; it only supplies the requested information when queried.  The manager enhances time to market by being able to convert the output from any number of wheel speed sensor types to an input that is meaningful to the FSA.  That is, the manager’s responsibility is to allow for various types of sensors to be used so long as the output they provide can be converted into a format that is acceptable.  If the manager detects an erroneous reading from any of the wheel speed sensors it will try to read the sensor again.  If on the second attempt there is still an error then an error code will be returned to the FSA the next time the FSA queries the manager.
From the pattern the set of Activities is the set of things that the FSA can control, the actions that it can perform.  In our case the only activity is the control of the brake pressure valves so the Brake Pressure Valve Control component is the only activity.  It is worth note that though we have to turn on the warning light in the event of a problem the warning light controller is not an activity.  As specified in the requirements document upon sensing an error the controller is to message the main computer, which in turn will turn on the warning light.  Again by separating out the activities we improve modularity.  To port our system to another vehicle, even one that is substantially different we would only need to change the Brake Pressure Valve Controller software, the messaging interface between the FSA and the Brake Pressure Valve Controller would remain the same.  
Finally the control FSA is the heart of the architecture.  The core of the FSA is a state machine that runs the control algorithm.  The only external causes of state change are the few events that the Event Captor listens for.  Internal causes for state change are the following timing events:  the 100 msec interval between each valve adjustment, the 10 msec polling interval for each wheel speed sensor, if any one of the wheels is in a skid condition, an error condition is detected, or a technician reset is detected.

