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1 Introduction


The Anti-lock Braking System (ABS) is a set of interfaced mechanical components that function together as an event driven system. This version of the architecture provides a detailed view of the system. It may become more complex as the change cases in the requirements model are planned and implemented.


The architecture attains the qualities prescribed for it in the requirements document. The system operates sufficiently fast to provide the anti-lock braking in cars. The components described in this architecture have been included from realistic examples so that the functions of the ABS system are easily understandable and deployable.

This document provides detailed models of the architectural structures for the ABS system.
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2 System Deployment Overview

The following node illustrates the deployment overview of the anti-local braking system.

The anti-lock braking system interacts with the car’s physical components like wheel speed sensors, brake valve, main computer and the error lamp located on the driver display panel. Components like speed sensors, brake valve and main computer are understood to be already part of the car’s systems. From the deployment view, we can see the ABS controller receiving signal inputs and calculating if the ABS needs to be deployed. If so it activates and deactivates the brake valve till the car comes to a safe stop.  It also cooperates with main computer to pass on error information and for resetting the ABS control system.
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     Figure 1-Deployment Diagram for ABS System
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3 ABS Module Decomposition View

In this section we describe the basic structure of an anti-lock braking system. The modules shown here will be shown with different views to provide an understanding of the anti-lock braking system. 

In Figure 1 we showed the ABS components that constituted the architecture of the system. In

Figure 2 we show the interface of that component as the top-level interface of the system.

That interface is defined in section 5. Figure 2 also shows the other major interfaces that are at the first level of decomposition within the ABS Interface. Each of these is defined in sections later in this document.
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3.1 Component View
We present a component decomposition view of our ABS architecture. This view will present each software component and their relationship with one another. 
3.1.1 Primary presentation
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                      Fig 2 ABS Module Decomposition view
3.1.2 Element Catalog

3.1.2.1 Elements and their properties

ABS Controller: This acts as a container class for major components of ABS. 
ABS Manager: The ABS Manager acts as a high level dispatcher, which responds to external signals such as brake pedal on, brake pedal off, ignition on, ignition off, system reset. It first runs ignition test and brake test on receiving corresponding signals. If any error is reported by the Tester, then it goes to the error state and comes out of the error state only after receiving reset signal from the main computer interface. If no error is reported, then the following action are performed. 
It calculates the system speed i.e. the upper bound of wheel speed from all the 4 wheel sensors. It also signals the Wheel monitors to become active as soon as it senses the brake on signal or signals it to be idle if car speed is less than 15 m/h or if an error condition has occurred.

Wheel Monitors: 

The wheel monitors encapsulates the information of per wheel such as current speed, previous speed, current acceleration and the control logic to respond to the rapid deceleration through the valve controller class.

Tester: 
This element is invoked by ABS Manager module. It has one function for running brakeTest and other for running ignitionTest. The corresponding test function runs and reports any error found in its test process back to the ABS Manager. If no error is found it return true.

Wheel Speed Sensor:

There are 4 instances of wheel speed sensors. This element interacts with the corresponding wheel speed sensor to get the wheel speed and provides an access method through which other elements (Wheel monitor) can get the wheel speed.
Brake Valve Controller:
Again there are 4 instances of Brake Valve controller. This element models the logic operation to be performed at brake valves to reduce skidding. It provides interfaces to increase/decrease pressure at the brake valve.
Error lamp:

Error lamp helps to indicate the driver about the state of ABS system. If on, then it means an error has occurred in the ABS system and it is disabled temporarily. 

This element in the overall system handles signaling this lamp to turn on or off.

Ignition interface: This interface relays signals (ignition on or ignition off) to the ABS controller (to be precise ABS manager). It uses an Event handler to catch and relay the signal.
Brake interface: This interface relays signals (brake on or brake off) to the ABS controller (to be precise ABS manager). It uses an Event handler to catch and relay the signal.

Main Computer interface:

This interface provides functions to log errors on to the main computer and also to relay the reset signal, sent by technician, from the main computer back to the ABS controller.

3.1.2 Relations 

ABS controller and brake/ignition interfaces:

The brake/ignition interfaces needs to send their signal to ABS controller so that the ABS controller can take corresponding actions.

ABS Manager and Wheel Monitor:


The ABS Manager should signal the wheel monitors as to when they should start to monitor the wheel speed and calculate rapid deceleration and when they should remain idle. 
Wheel Monitor and Brake Valve controller:


When the Wheel Monitor detects a rapid deceleration, it uses the method provided by Brake Valve controller to increase/decrease pressure in the valve so as to prevent the wheel from locking up.

ABS Manager and Error Lamp:


When ABS Manager detects an error through testing, it uses the method provided in ErrorLamp to switch on the error light.

3.1.3 Context diagram

None
3.1.4 Variability guide

The variability is provided by using interfaces to communicate the external signals to the ABS controller.
Wheel Monitors and Valve controllers present further variability to the system, by providing the system to include more wheels or valves in the future. 

3.1.5 Architecture background

3.1.5.1 Rationale
This architecture has a smooth flow of events. Each action is performed when an event occurs.  

3.1.5.2 Analysis results

This architecture is very simple to implement as well as maintainable. Any number of wheels or valves can be monitored. It satisfies the requirements provided in the requirement analysis document totally and efficiently.

3.1.5.3 Assumptions
None

3.1.6 Glossary

ABS – Anti-lock Braking systems
3.1.7 Other information

None
3.2 Operation:

3.2.1 Start sequence

The following sequence diagram shows the typical operation that takes place when the car is started and the runignitionTest fails. If the runignitionTest is a pass then the ABSmanager will wait for a Brake pedal ON signal from the Brake interface.
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Fig 3 Start sequence 
3.2.2 Brake sequence:
The following diagram shows a sequence of action that takes place when a brake pedal is pressed. Here we assume that the runbrakeTest is passed.
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Fig 4 brake apply sequence
3.3 Class diagram
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Fig 5 Class Diagram
3.4 Activity diagram
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Fig 6 Activity Diagram
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4 WheelSpeedSensor Interface

4.1 Interface Identity

WheelSpeedSensor 

4.2 Resources provided

4.2.1 Resource syntax

WheelSpeedsensor (int no)

real getSpeed ()
4.2.2 Resource semantics

pre: true

WheelSpeedSensor (int no)

Post: wheelNo =no;

pre: true

real getSpeed()

post: return speed

4.2.3 Resource usage restrictions

The wheelNo should be unique with regard to other instances of Wheel speed Sensor class.

4.3 Locally defined data types

      None
4.4 Error handling

It is up to the designer/customer to make sure that wheelNo is unique and valid.

4.5 Variability provided

Variability is provided in terms of number of wheel speed sensors. This class can support any increase in the sensor. An extra instance of this class in ABSManager is all that is needed.
4.6 Quality attributes characteristics

This interface provides the extensibility attribute to the system. Whenever the speed sensor or the number of wheels monitored is changed, only this interface needs to be changed.
4.7 What the element requires

None
4.8 Rationale and design issues

It is a very simple interface which returns the current speed of the wheel.

4.9 Usage guide
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                                      Fig 7: State diagram of WheelSpeedSensor 
Above is the state diagram for this interface. It has one state Get speed and when returnSpeed() is called it returns the current wheel speed.
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5 WheelMonitor Interface

5.1 Interface Identity

WheelMonitor
5.2 Resources provided

5.2.1 Resource syntax

WheelMonitor (int no)  : void

startMonitor () : real

stopMonitor  () : void

updateMonitor () : real

calcAccl(): real

calcSpeed () : real

5.2.2 Resource semantics

pre: true

WheelMonitor (int no)

Post: wheelNo =no;

pre: true

real startMonitor()

post: Initiates active monitoring and returns the values of curSpeed.

pre: true

real updateMonitor()

post: calculates curAccl, returns the value of curSpeed

pre: Active monitoring

real stopMonitor ()

post: stop active monitoring

pre: true

real calcAccl ()

post: returns the value of calcAccl

pre: true

real calcSpeed ()

post: returns the value of curSpeed

5.2.3 Resource usage restrictions

      The wheelNo should be unique with regard to other instances of Wheel Monitor class.

5.3 Locally defined data types

WheelSpeedSensor          Refer Section 4.1
BrakeValveController      Refer Section 7.1
5.4 Error handling

It is up to the designer/customer to make sure that wheelNo is unique and valid.

5.5 Variability provided

Whenever a speed sensor is changed, there is no need for changing the WheelMonitor since it uses the WheelSpeedSensor interface to capture the wheel speed from the speed sensors.
5.6 Quality attributes characteristics

This interface helps in improving the performance of the ABS system. It shares some of the burden of ABS manager. For instance it calculates the acceleration variable and makes the decision to control the brake valves. This allows the ABS manager to check for the <15 mph condition.
5.7 What the element requires

WheelMonitor requires:

Instances of WheelSpeedSensor and BrakeValveController class

5.8 Rationale and design issues

The WheelMonitor interface provides easy methods through which active monitoring of wheel sensors can be controlled. It also decides whether rapid deceleration has occurred or not, based on which the valve controllers are activated. This interface separates the rapid deceleration checking from acceleration (>15m/h) checking.
5.9 Usage guide

Wheel Monitor is invoked by ABS Manager. It first calls startMonitor() function which returns the curSpeed as returned by invoking the returnSpeed() function of WheelSpeedSensor. When the updateMonitor() function is called it sets the prevSpeed=curSpeed  and gets the new value of wheel speed by calling returnSpeed() function. It then calculates the current acceleration by (curSpeed – prevSpeed) / timeinterval. If the current acceleration is lesser than the deceleration threshold, then it invokes decrease pressure of BrakeValveController class. If it is higher than the deceleration threshold, then it invokes increase pressure of BrakeValveController. 
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6 ABSManager Interface
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       Fig 8: ABSManager Class
6.1 Interface Identity

ABSManager

6.2 Resources provided

6.2.1 Resource syntax

real calcVehicleSpeed()

void managerUpdate ()

void setError ()
void wait()

6.2.2 Resource semantics

pre: true

calcVehicleSpeed ()

Post: sets self.currentSpeed to be upper bound of speeds on all wheels.

Pre: brakeOn = true
managerUpdate () 

post: WheelMonitor.updateMonitor() = true
pre: true

real setTestPass ()

post: sets self.testPass value to true.
pre:  true
void  wait()

post: 

6.2.3 Resource usage restrictions

None
6.3 Locally defined data types

WheelMonitor 




See section 5.1   

6.4 Error handling

When an error condition is returned by the test module it will set the testPass value to false.
6.5 Variability provided

6.6 Quality attribute characteristics

The ABSManager is a very important component of ABS system. It is responsible for managing all the four wheel monitors and also decides when to monitor the wheels. It directly affects the performance and reliability characteristics of the ABS system. 
6.7 What the element requires

ABSManager requires:

4 instances of WheelMonitor Class 
6.8 Rationale and design issues

The ABSManager is separated from the WheelMonitor so as to make a master which controls the WheelMonitor. Since the monitoring job should be done only when the brake pedal is pressed, this gives us a nice way to control monitoring. It  receives curSpeed from all the four wheels and sets the carSpeed to the upper bound of the curSpeed. If it less than 15 m/h than it will decide against monitoring. 
6.9 Usage guide 
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Fig 9: state diagram of ABSManager
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7 BrakeValveController Interface

7.1 Interface Identity

BrakeValveController
7.2 Resources provided

7.2.1 Resource syntax

ValveControl(int no.)

void increasePressure ()

void decreasePressure ()

7.2.2 Resource semantics

pre: true

ValveControl (int no.)

Post: self.wheelNo = no.

Pre: self.isOpen =false

void increasePressure()

post: self.isOpen = true

Pre: self.isOpen = true

void decreasePressure()

post: self.isOpen = false

7.2.3 Resource usage restrictions

   The wheelNo should be unique with regard to other instances of BrakeValveController class.

7.3 Locally defined data types

      None.

7.4 Error handling

7.5 Variability provided

Variability is provided in terms of brake valve. We can add any number of brake valves in the future.
7.6 Quality attribute characteristics

None
7.7 What the element requires

None
7.8 Rationale and design issues

None
7.9 Usage guide

State diagram for BrakeValveController Interface.




Fig 10: State Diagram for BrakeValveController 

8 ExternalSignal Interface

8.1 Interface Identity

ExternalSignal

8.2 Resources provided

8.2.1 Resource syntax

void powerOn()

void powerOff()

void brakeOn()

void brakeoff()

8.2.2 Resource semantics

pre: true

void powerOn()

Post: Signals the ABSManager class

pre: true

void powerOff()

Post: Signals the ABSManager class

pre: true

void brakeOn()

Post: Signals the ABSManager class

pre: true

void brakeOff()

Post: Signals the ABSManager class

8.2.3 Resource usage restrictions

   This interface specifies abstract concepts. It shouldn’t be used as such.
8.3 Locally defined data types

      None.

8.4 Error handling

      None.

8.5 Variability provided

There is no variability at this level.
8.6 Quality attributes characteristics

None

8.7 What the element requires

These elements requires external signal from the brake and ignition sensors.
8.8 Rationale and design issues

This definition fills an important domain role. It captures the external signals, through which ABS is activated/deactivated.

8.9 Usage guide



       Fig 11: state diagram of brake class
                    Fig 12: state diagram of ignition class
9. ErrorLamp Interface

9.1 Interface Identity

ErrorLamp

9.2 Resources provided

9.2.1 Resource syntax

void turnOn()

void turnOff()

9.2.2 Resource semantics

pre: ABSController.testPass = true
void turnOn()

Post: isOn = true

pre: true

void turnOff()

Post: isOn = false

9.2.3 Resource usage restrictions

This interface is used only through ABSManager class after checking testPass variable.
9.3 Locally defined data types

      None

9.4 Error handling

      None
9.5 Variability provided

      None

9.6 Quality attributes characteristics

     None

9.7 What the element requires

   None
9.8 Rationale and design issues

9.9 Usage guide






Fig 13: state diagram of ErrorLamp
10. MainComputer Interface

10.1 Interface Identity

MainComputer

10.2 Resources provided

10.2.1 Resource syntax

void logFailure()

void resetABS()

10.2.2 Resource semantics

pre:  ABSController.testPass = false

void  logFailure()

post: true
pre: true

void resetABS()

Post: ABSController.testPass = true
10.2.3 Resource usage restrictions

    None

10.3 Locally defined data types

     None

10.4 Error handling

      None

10.5 Variability provided

      None

10.6 Quality attributes characteristics

     None

10.7 What the element requires

   None
10.8 Rationale and design issues

      None
10.9 Usage guide

When the  technician presses the reset button, the signal is relayed through the maincomputer and caught by the MainComputer interface inside the ABS system.

When a error occurs the ABSManager calls the logFailure() to report error log to the main computer.

11 Outline for Interface Description

1.1. Interface Identity
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1.2.1. Resource Syntax

1.2.2. Resource Semantics
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1.3. Locally Defined Data Types

1.4. Exception Definitions

1.5. Variability Provided

1.6. Quality Attribute Characteristics

1.7. Element Requirements

1.8. Rationale and Design Issues

1.9. Usage Guide

12 View Template

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