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1 ABS Architecture Documentation Roadmap

1.1 Introduction

This document describes the overall architecture of an Anti-Lock Braking System (ABS) for automobiles. The documentation follows the format defined in [Clements 03]. Its place in the overall documentation scheme is shown in Figure 1.

Figure 1- Documentation Roadmap

[image: image1.png]Automobiles

Requrements

Business

ig/_’ Architecture
Bibliography Glossary Miscellaneous

R dowments

‘The anownoints from the dependent documentto the document
upon wich it depends A two-headed armow indicaes mutual dependence.




Automobiles have as many as 100 microprocessors participating in an intra-car network. The anti-lock braking system (ABS) is an especially critical system that requires inputs from other sensors. The ABS is a four-wheel system that prevents wheel lock-up by automatically modulating the brake pressure during an emergency stop . By preventing the wheels from locking, it enables the driver to maintain steering control and to stop in the shortest possible distance under most conditions.
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

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 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. A quick test sequence checks all the components of the system. If ever the test sequence fails, the normal brake system is in control. Although the normal brake system can give instant and efficient braking, it can cause the wheels to be lock up; therefore, the driver can not 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. 

 2.1 History

ABS was first invented and applied in the aircraft industry and then was introduced to automobile industry in the early 1970's. An anti-lock braking system (known as ABS, from the German name "Anti blockier system" given to it by its inventors at Bosch) is a system on motor vehicles which prevents the wheels from locking while braking. [21] The purpose of this is twofold: to allow the driver to maintain steering control and to shorten braking distances. The first antilock systems were developed for automobiles by Bosch, becoming available in 1978. They first appeared in trucks and German limousines from Mercedes-Benz. Systems were later introduced on motorcycles. The antilock brake controller is also known as the CAB (controller antilock brake). 

2.2 Description

ABS functions independently at each wheel. Upon a non-skidding braking situation, the anti-lock braking system will not be engaged, and conventional braking shall be performed. Once the controller detects that skidding is imminent, or the wheel speed is approaching zero rapidly, the ABS will start to remove brake fluid to alleviate braking pressure just enough to prevent skidding, and then provide braking pressure by replacing the fluid once the 'skidding' is removed. This pulsing on reducing and adding pressure will continue as long as the system detects the skidding scenario. The driver will not be responsible for any action other than steering, and applying the brakes; no manual pumping is necessary. 
The ABS uses the information from the wheel speed sensors to determine if wheel lock-up is imminent. The determination of wheel lock-up is accomplished by taking the derivative of the wheel speed and then testing against a threshold. This calculation is done for each wheel hundreds of times per second. The control unit gets the speed via wheel speed sensors at each wheel in order to calculate the deceleration. If a rapid deceleration occurs, 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. Anti-lock brakes function well on wet paved surfaces and icy or packed snow-covered roads. Stopping times will be longer on gravel or fresh snow, although operators will not experience the dangerous lockup of wheels and loss of steering control usually associated with conventional braking. 

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
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. All operational units must correspond to a definitional unit. Therefore, there is a general mapping from dynamic diagrams to static diagrams. 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. There are several inheritance hierarchies. 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.

5 Directory
All of the information about the ABS system and the requirement specification is accessible from the link - http://www.cs.clemson.edu/~johnmc/courses/cpsc875/projects/ABSRequirements.html
6 Architecture Glossary and Acronym List

ABS :  Anti-Lock Braking 

ABS Master Controller: a microcomputer that functions as the "brain" of the ABS. 
ABS Error Lamp: This is an indicator on the driver's console that is illuminated upon an ABS failure.

Brake Valve Control: This class implements the rate of brake application.

Diagnostics: This class implements the status test of the ABS each time the engine is ignited or the brakes are applied.

Wheel Speed Sensor: a magnetic sensor that uses trigger wheel rotation to produce a weak alternating current.

Wheel Monitor: calculates the acceleration and monitors updates by checking for idle or active status of the wheels.

ABS Manager: calculates the speed, signals the wheel monitor to perform updates, schedules waits and detects the on/off status for ignition and brakes.

Brake Sensor: a sensor that detects if the brake has been pressed or released.

Ignition Sensor: a sensor that signals when the ignition is on or off.

Main Computer : The central chip that runs on an embedded OS inside the automobile.

Ignition Test : A test that is engaged each time that the car is turned on.
Brake Test : A test that is engaged each time that the brake is applied

A detailed glossary of terms for the ABS domain can be found at the link below-
http://www.fmcsa.dot.gov/pdfs/fhwa_abs.pdf
7 Rationales, Background, and Design

Constraints

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

The primary business objectives of the Anti-lock Braking System (ABS) are –
1. Improved Safety system: Control of braking vehicle 

(Increase safety and allow the driver of the vehicle to maintain steering control at maximum brake force in a skidding braking situation)
2. Allow easy upgrades: Re-flash memory, new e-prom, and new controller board. 

(Use embedded micro-controller software allows for software upgrades in the future)
3. Reduce design and maintenance costs: Less moving parts, fewer parts to assemble. 

(Exploit embedded software to reduce redesign cost, and allow complex controls; Implement the control system into software to reduce moving parts, which reduces repair and assembly costs.)

The main desired quality attributes of the system are –

Performance – ABS should sense speed changes and effectively perform real time brake control

Reliability - The system should be reliable in skidding situations and recover from failures

Modifiability –The system parts should be replaceable and easy to modify, if needed.

Extensibility – System should be extensible with future software and controllers.

Testability –The system should provide appropriate error messages during all diagnostics.

7.1 Control and Data separation

We use the Event-based architecture for the ABS system. This approach allows for separation of the state of the system from the external physical car components and the wheel speed computation. The alternative architecture we have considered is more monolithic that does not have a high degree of separation between the controller and the external sensors.
7.1.1 Event-based Architecture
Several architectural approaches were identified. Candidate architectures include Event-driven architecture pattern, Process-Control architecture and State-transition architectural pattern. The Event-based architecture was identified as the most suitable one by the architecture group. 

The architecture model selected for the anti-lock braking system is an Event-based Architecture. Other architectures were also considered but event-based architecture seemed the most appropriate architecture based on the requirement of the anti-lock braking system.
In an event-based style, components communicate by sending and receiving event messages. A component generates a message to inform another component of an event occurrence. After receiving the notification, the receiver may initiate a new process or stop an already initiated process. Such model guarantees a high compositionality and re-configurability of the software architecture.

The proposed ABS control system is essentially made of 3 components – wheel monitor, ABS Manager and the ABS controller. Every wheel has a wheel monitor associated with it. In order to aggregate the responses from all the four wheels and help in decision making, a separate manager has been included. The ABS Manager listens for events from the ignition sensor, brake sensor and the diagnostics module. It sends notifications to the wheel monitor. By providing a separate manager module, we are able to disassociate the ABS Manager functions from the real monitoring of the wheels. The manager does not need to know how many wheel monitors are there. In future if we need to add a new wheel to the vehicle, this will not affect the behavior of the manager. Also wheel monitor is separated from the wheel sensor. This allows us to separate the wheel speed measurement from the associated calculation. Also, we do not need to know the way the wheel speed is calculated. A separate ABS controller class stores essential information needed for the functioning of both wheel monitor and ABS Manager.

A module for the diagnostics allows us to simplify the testing process. If we wish to change the testing procedure in future, it is possible by just changing the interface without ever knowing what happens internally behind that interface at the hardware level.
The architecture for the Anti-lock Braking System will handle key processes and provide for communication among individual modules with suitable interfaces and responses. These include -
- System Testing during “car on” and “brakes applied” state to check for errors

- Returning ABS to working order after failure

- Monitoring the state of the brakes

- Receive information from the Wheel speed Sensors

- Analyze the Data from the Wheel speed Sensors

- Provide Wheel Lock-Up Prevention for speeds over 15mph

In this architecture all the physical components (e.g. sensors) are accessed by the corresponding modules through interfaces. The ABS Controller signals the diagnostic module to start the test modules. At the same time ABS controller sends signal to the Wheel sensor module to get the wheel speed and imminent lock state. The ABS is engaged only if the speed of the wheel sensor module returns a wheel speed >15m/h.  Meanwhile the diagnostic modules runs the tests, and if any error detected will be reported to the computer main memory and sends a disable signal back to the ABS controller. 

A repair technician will then access the failure log from the automobile’s main computer and will send a reset signal back to the ABS controller.

If the tests goes well then ABS will be engaged given that the speed of the vehicle is more than 15 m/h and a wheel lock up is imminent.

Figure 2- Event-based Architecture
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 (source: http://www-2.cs.cmu.edu/afs/cs/project/tinker-arch/www/html/Tutorial_Slides/Soft_Arch/base.031.html)
7.1.2 An Alternative – State Transition architecture

An alternative architecture was proposed as we started to develop the ABS system. 
We considered the state-transition based architecture as an alternative to our proposed architecture. After a detailed analysis, the state-transition based architecture was found to be reasonable but not sufficiently good. Even a trivial system has an enormous number of transition states and system evolution is difficult with such architecture. Since the ABS is supposed to act on events like brakes press, brake release, valve press, valve release, diagnostic test success or failure, we felt event-based architecture will be more appropriate for portraying the system in an abstract manner. Also, any possible future events which may arise due to architecture modification can be easily incorporated into the existing system.
7.1.3 Analysis


The features, advantages and disadvantages of each design proposed in Section 7.1.1 and 7.1.2 are shown below.
Event-based architecture (implicit invocation)

· “listeners” register interest in and associate methods with events

· the system invokes all registered methods implicitly


Component interfaces are methods and events


Two types of connectors

· Invocation is either explicit or implicit in response to events


Style invariants

· “announcers” are unaware of their events’ effects, if any

· no assumption about processing in response to events

Advantages

· Component reuse is highly possible
· Loosely coupled independent components

· System evolution (both at system construction-time and run-time)

Disadvantages

· Components relinquish computation control to the system

· Multiple component(s) will respond to an event

· Order of responses may vary
· Analysis via pre-and post-conditions is difficult
State-transition architecture

Advantages:

· Components represent (sets of) system states

· Connectors are (sets of) named state transitions

Disadvantages

· Even trivial systems have enormous state spaces

· Evolution of architecture becomes difficult

7.2 Usability of the product

The National Highway Traffic Safety Administration (NHTSA) requires that ABSs be installed on commercial vehicles [22] and issues guidelines for both installation and use of ABS systems.
The primary motivation of ABS is to increase the driver's ability to control the direction of the vehicle under hard braking conditions. This translates into a decrease in serious accidents that are related to loss of vehicle during hard braking situations. This also translates into an attractive selling point for auto-makers. The secondary motivation falls under manufacturing and repair costs. Using embedded micro-controller software allows for software upgrades in the future, if needed. This is extremely beneficial in controlling upgrade and minimizing re-design costs. Implementing the control system into software reduces moving parts reduces repair and assembly costs. 

This means that the following factors [6] are of key importance:

• Cost. The total life-cycle cost should be kept to a minimum, to increase the profitability of both the manufacturer and the customer.
• Safety. The ABS should minimize the risks both to the persons traveling in it and to the surrounding traffic.

• Availability. The ABS should be available to the driver at all times when driving the car
• Information. The driver and technician should have access to all the information they need about the ABS for maintenance, repair and upgrades.

Although there are many other requirements, these are perhaps the ones that mostly affect the electronic embedded systems like ABS system.

The design of the ABS for automobiles is not fully constrained by usability studies and guidelines. Since the ABS is an internal part of an automobile system, we have chosen to use guidelines from that domain. 
To improve the usability of ABS, we need more interactive automobile designs as described in the link - http://www.jnd.org/dn.mss/InteractDsgnAutos.html. This gives the ability to interface with the main computer to perform easily accessible operations such as “Reset” or “Test”

Other related usability guidelines for general domains can be found at the link below-

http://www.usabilityviews.com/nng_by_date.html
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