
Anti-lock Brake System

Architecture

Documentation

Team 5

February 2004

Table of Contents



1 Contents 2

2. List of Figures 3

2 AGM System Overview 4
3 AGM Architecture View Template 5
4 Mapping Between Views 7
5 Rationale, Background, and Design 8
5.1 Display and Data separation 8
5.1.1 Process Controller 8
5.1.2 An Alternative 9
5.1.3 Analysis 10
6 System Objectives 11

7. Business Case 15
8. Process for Modifying the Architecture 16
List of Figures

Figure 1:Process controller 8

Figure 2: Blackboard Architecture 9
Figure 6 - Attached Process for Change of

Requirement 16
ABS System Overview

Team 5 is building a system to assist drivers in maintaining control and stability of the car during emergency braking.

2.1 History

Traditionally, conventional brakes do not allow for steerability in an emergency braking situation because of wheel lock-up. When a driver applies the brakes, the braking force (which decelerates the car) and the cornering force on each wheel, interact against each other. The tire is pulled in the direction of the overall force, which is the result of these two forces. In extreme braking conditions, the braking force will overcome all other forces and cause one or more wheels to lock up. This results in a complete loss of cornering forces in the locked wheels. A system is necessary to assist drivers in these circumstances.
2.2 Description

The anti-lock braking system is a safety mechanism designed to prevent skidding and help drivers maintain steering control during an emergency stopping situation in which wheel lock up can occur. The purpose of ABS is to provide controlled stopping by maintaining maximum tire to road friction and also allow steering control while braking. With ABS, four wheelspeed sensors (one for each wheel) detect rapid deceleration and thus detect wheel lockup. 

By means of its digital controller and hydraulic fluid, ABS in effect pumps the brakes as much as 15 times per second. The driver is then able to maintain steering control because the tires continue to rotate without sliding. The system can selectively pump only the tires that are slipping, maintaining maximum brake pressure on the rest of the tires. To ensure a high level of safety, ABS has the ability to check itself for errors and turn off when it determines a fault, leaving normal braking unaffected. This is accomplished by redundant processors which can perform error checking on each other and various components in the system. When an error is detected, ABS stores the error code in memory, allowing for more efficient repairs.

3 AGM 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

In general, we are using UML to document the architecture. In UML there are static diagrams that describe definitional units, such as classes, and dynamic diagrams that describe operational units such as objects. Any operational unit that is used must correspond to a definitional unit. Therefore, there is a general mapping from dynamic diagrams to static diagrams.

5. Rationale, Background, and Design Constraints

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

5.1 Display and Data separation

The architecture chosen to implement this system is the Process Controller architecture. The central (main) controller receives information from different sensors, analyses this information and precipitates some action. 
5.1.1 Process Controller
The system gains input from sensors and based on these inputs and stored values in the ROM, calculates or presents information for either further control of the system(shutdown or deactivation of system in case of error) or action on the hydraulic pressure modulator. The main focus of such an architecture is that there is a main controller which controls all actions of the system. Because of the safety-related nature of the ABS application, special emphasis is placed on functions designed to detect system faults and ensure that a fail-safe state occurs during faults. These functions are implemented with specialized self test and watchdog modules. 
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Figure 1:Process controller
5.1.2 An Alternative

An Alternative architecture considered was the blackboard architecture. Control of the system is driven entirely by the state if the blackboard and not by directly by signals which may be updating the state of the blackboard. This architecture is suited for systems which must share data. The ABS does not have components which must share the same data, so this architecture was discarded. An example is shown below:







Figure 2: Blackboard Architecture
5.1.3 Analysis

Advantages and disadvantages of each design are shown below:

Table 1 comparison:

	
	Advantages
	Disadvantages



	Process Controller
	Easier to detect failure of the system.
Immediate action possible in event of a failure.

	Constant monitoring of input values necessary.


	Black Board


	Ability to share data.


	More difficult to detect system failure.
Main processor is not automatically informed of the state of the system




After reviewing the table, the team decided to implement the process controller architecture for the ABS system. The main reason given, was that the nature if the system means that the ability to detect a system fault promptly and deal with fault is of the highest priority. The ability to share data was given a very low priority.
6. System Objectives
System Objectives:

National Highway Traffic Safety Administration(NHTSA) defines an ABS as a portion of a service brake system that automatically controls the degree of rotational wheel slip during braking  by:
• Sensing the rate of angular wheel rotation.

• Transmitting signals regarding the rate of wheel rotation to one or more devices, which interpret these signals and generate responsive controlling output signals.

• Transmitting those signals to one or more devices which adjust braking forces in response to the signals.

According to the NHTSA:

An ABS consists of several key components: electronic control unit (ECU), wheel speed sensors, modulator valves, and exciter rings. Here’s how these components work together:

1. Wheel speed sensors constantly monitor and send electrical pulses to the ECU at a rate proportional to the wheel speed.

2. When the pulse rates indicate impending wheel lockup, the ECU signals the modulator valve(s) to reduce and/or hold the brake application pressure to the wheel(s) in question.

3. The ECU then adjusts pressure, seeking one which gives maximum braking without risking wheel lockup.

4. When the ECU acts to modulate the brake pressure, it will also (on most vehicles) turn off the retarder (if so equipped) until the risk of lockup is over.

5. The ECU continually checks itself for proper operation. If it detects a malfunction/failure in the electrical/electronic system, it will shut down that part of the ABS affected by the problem—or the entire ABS—depending upon the system and the problem. When this happens, the ABS malfunction lamp lights.

The ABS system is a safety system designed to provide controlled stopping by maintaining maximum tire to road friction and also allow steering control while braking and also to work in conjunction with the collision-avoidance system to prevent collision due to incapacity or in-attention of the driver. What is unclear is whether or not a signal from the collision avoidance system can be overridden by the driver. We assume that the driver can override the collision avoidance system by turning it off so that no signal would be received by the ABS system only when the car is stopped, so that if the collision avoidance system is on and send signals to the ABS system to apply brakes, the driver cannot override those signals by taking the CA system off. 

The wheel-lockup prevention part of the ABS system works in conjunction with wheel sensors which are located on each wheel. With ABS, the four wheelspeed sensors (one for each wheel) detect rapid deceleration and thus detect wheel lockup. By means of its digital controller and hydraulic fluid, ABS pumps the brakes as much as 10 times per second. The driver is then able to maintain steering control because the tires continue to rotate without sliding. The system can selectively pump only the tires that are slipping, maintaining maximum brake pressure on the rest of the tires. This means that the brakes on the wheels with good traction can be used to the fullest possible amount, even if other wheels lose traction.

To ensure a high level of safety, ABS has the ability to check itself for errors and turn itself off when it determines a fault, leaving normal braking unaffected. This is accomplished by redundant processors which can perform error checking on each other and various components in the system. When an error is detected, ABS stores the error code in memory which alerts the repair technician as to the source of the problem. 

Constraints to the anti-lock braking system include the following:

1. The wheelspeed sensor gives input to the controller. Rapid deceleration causes the ABS system to start. The system must check for skidding hundreds of times a second. If one wheel is decelerating faster than the others, lockup can be caught before it happens.

The system must control a value that interfaces with the wheel cylinders. It results in 'pump-ing' of the brakes, as much as 10 times per second.

2. The collision avoidance system gives input to the controller. This allows the vehicle to decelerate to prevent a collision.

2.  This relieving of pressure within the wheel cylinder can be accomplished by diverting some of the fluid into a small reservoir.

3. The ABS must re-pump this reservoir's fluid back into the main fluid reservoir.

4. When the vehicle is initially started, the ABS goes through a test sequence.

5. The ABS system must do self-checking whenever the brake is applied.

6. For both 4 and 5 the ABS system evaluates itself, and must inform the driver of the failure of the system, and turn itself off, leaving normal braking unaffected.

7. a) The sensing technology used for obtaining context needs to be dependable. This means

both accurate and available in a timely manner.

8. The antilock braking system must sense 

a) whether the driver is currently trying to brake

b) whether or not the wheel is currently‘‘locked’’ under braking.

The adaptive element of the system involves detecting when the wheel is locked and then decreasing braking force until the wheel is no longer locked. Once the wheel is no longer

locked (and the situated context is still that of braking) further braking force is applied to the wheel.

Architecture Drivers:

1. Source of Stimulus – Start of engine.

  Response – Self-checking

2. Source of Stimulus – Brake applied

 Response - 

a. self-check

b. calculate amount of braking required based on brake pressure applied and wheel speed.

c. Controller signals the modulator valve(s) to reduce and/or hold the brake application pressure to the wheel(s) in question
     3. Source of Stimulus – Lock-up detected 



Response: Controller signals the modulator valve(s) to reduce and/or hold the brake 


application pressure to the wheel(s) in question.


4. Source of Stimulus - System Failure: 

Response: shut down that part of the ABS affected by the problem—or the entire ABS—depending upon the system and the problem

Response: Inform driver using ABS malfunction LED lamp.

5. Source of Stimulus: Collision-avoidance system

Response: Calculate amount of braking required based on current speed, 

and signal received from CAS.

7. Business Case
Most useful features:

1. Cheap to make/buy

2. Easy to repair

3. Reliable

4. Excellent performance.

5. Does not affect the overall performance of the car.

Business Goals

1. Enhancing the safety of the vehicle.

2. Enhance reputation of product(in this case the car in which it is installed)

3. Should be cheap.

Stakeholders:

1. Development Team for ABS system

2. Development and implementation team for vehicle

3. Vehicle passengers

4. Employees of both companies

5. Legislative bodies.

6. Insurance companies

7. Company(both ABS and Car) Shareholders

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 7 - Attached Process for Change of Requirement 
1 This is the attached process for the architecture.

2. Courtesy John McGregor  http://www.cs.clemson.edu/~johnmc/productLines/example/adVol1.pdf pg 15
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.
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