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1 Deployment View
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The system will be deployed into a modern vehicle with a main computer that is connected to a CAN bus.  The CAN bus is the standard interconnection mechanism used in modern cars for communication between processing elements.  Additionally we assume that the vehicle already has wheel speed sensors and a standard braking system.  The vehicle may also have a set of brake actuator valves.  If not they will be added as a specific part of the Antilock Brake Controller System.  

2 Module Decomposition
To begin we present a view of the architectural pattern.  The view is documented according to the View Template presented in section 12 of this document.

1. Primary Presentation of the View
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2. Element Catalog

2.1. Elements and their Properties

2.1.1. Event Captor:  Listens for external events that will affect or are relevant to the local FSA.  When such events occur the event captor passes a message to the FSA using interface XX.

2.1.2. FSA:  The FSA is exactly that, a finite state automaton.  State machine state changes are triggered by events from the Event Captor (2.1.1)  and the guard conditions for these event changes are internal or are calculated from data gathered from the Passive Interfaces (2.1.3).  If the given transition requires an action, then this is a message sent to the Activities module (2.1.4).

2.1.3. Passive Interfaces:  The Passive Interfaces module contains any passive element.  A passive element is one that provides data but can take no action.

2.1.4. Activities:  The elements of the activities module are the elements that the FSA can control.  

2.2. Relations and their Properties

2.2.1. Event Captor – FSA relation:  The relationship between these two modules is a general association.  The reasoning behind this choice is that the actual relationship will be dependant upon the application or use of the pattern.  In general the Event Captor will send messages to the FSA.

2.2.2. FSA – Passive Interfaces:  The Passive Interfaces module is associated with the FSA module.  The Passive Interfaces module is created solely to provide data.  There is a 1 to n+ correspondence between FSA and Passive Interfaces

2.2.3. FSA – Activities:   The FSA module will call methods provided by the Activities module.  Therefore there is an association between these modules.  There is a 1 to n+ correspondence between FSA and Activities.  

2.2.4. Activities – Passive Interfaces:  Occasionally to complete a task the Activities module may need more data.  This data is provided by the passive interfaces, so there is an association.

2.3. Element Interfaces:  Here a detailed description of the element interfaces does not apply because this is just a pattern.  It is expected that the Event Captor will have an interface to listen for signals over the CAN bus.  The FSA will have an interface to accept messages from the Event Captor.  The Passive Interfaces module will provide an interface to read the data that it collects.  The Activities Module will provide an interface to start and stop the actions that it provides.

3. Context Diagram:  Not applicable

4. Variability Guide:  The main variation point here is in the definition of the FSA.  It is possible that the FSA would be implemented in hardware, or a software FSA could be designed.

5. Architecture Background

5.1. Design Rationale:  This architecture works quite well when the set of events that the event captor listens for is small.  Events are the main triggers of FSA transitions and so the FSA doesn’t scale well to large sets of Events.

5.2. Analysis of Results:  The results of choosing this pattern seem good.  All of the elements that we needed for our system cleanly fit onto the pattern.

5.3. Assumptions

6. Glossary of Terms

7. Other Information

Next we present a component diagram view of the entire architecture.  This view shows the mapping of our system onto the architectural pattern and how the elements of the pattern communicate.

1. Primary Presentation of the View
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2. Element Catalog

2.1. Elements and their Properties
2.1.1. Event Captor:  See Section 3.

2.1.2. ABS Controller:  See Section 9.

2.1.3. Wheel Speed Sensor Controller:  This is the Passive Interfaces module from the architecture pattern.  See Section 6.

2.1.4.  Brake Pressure Valve Controller:  This is the Actions module from the architecture pattern.  See Section 8.

2.1.5. Brake Pressure Valve:  See Section 7.

2.1.6. Wheel Speed Sensor:  See Section 5.

2.1.7. Main Computer:  See Section 10.  

2.2. Relations and their Properties

2.2.1. Event Captor – ABS Controller relation:  Here there is a dependency from the Event Captor to the ABS Controller.  The Event Captor must send messages to the ABS Controller.

2.2.2. ABS Controller – Wheel Speed Sensor Controller:  The Wheel Speed Sensor Controller provides a method that the ABS Controller uses.

2.2.3. ABS Controller – Brake Valve Pressure Controller:   The ABS Controller uses a method that the Brake Pressure Controller provides.  

2.3. Element Interfaces:  All element interfaces are specified in the sections referenced above.

3. Context Diagram:  Not applicable

4. Variability Guide:  Variability is provided by the Event Captor, Brake Pressure Valve Manager, and Wheel Speed Sensor Manager

5. Architecture Background

5.1. Design Rationale:  This architecture works quite well when the set of events that the event captor listens for is small.  Events are the main triggers of FSA transitions and so the FSA doesn’t scale well to large sets of Events.

5.2. Analysis of Results:  The results of choosing this pattern seem good.  All of the elements that we needed for our system cleanly fit onto the pattern.

5.3. Assumptions

6. Glossary of Terms

7. Other Information

Typical Operation

The following sequence diagram shows the typical operation of the brake valve controller system.  In this diagram the system is activated on a brake press and a lock condition is detected on wheel two.  The next time the computer checks wheel two the lock condition is gone so the controller deactivates the pulsation of that wheel’s valve.
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5: receiveSignal(ignition)

4: receiveSignal(Brake Pedal Release)

3: receiveSignal(Brake Pedal Press)

2: receiveSignal(15Mph)

1: receiveSignal(Ignition)

3.9: deactivate(2)

3.8: getWheelSpeed(2)

3.7: getWheelSpeed(1)
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3.5: getWheelSpeed(3)
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3.3: getWheelSpeed(2)

3.2: getWheelSpeed(1)
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3.8.1: Wheel Speed

3.7.1: Wheel Speed

3.6.1: Wheel Speed

3.5.1: Wheel Speed

3.3.1: Wheel Speed

3.2.1: Wheel Speed

In this scenario a normal start occurs and the system begins the

wheelspeed checking loop.  Wheel two is found to be in a skid situation

so a message is sent to the Brake Valve Controller to start modulation

on that wheel's valve.  Modulation continues until the calculations for 

wheel 2 show that the skid condition no longer exists.


3 Event Captor Interface

The Event Captor interface can be seen in this decomposition diagram:
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3.1. Interface Identity
eventCaptor
3.2. Resources Provided

3.2.1. Resource Syntax
void eventListener()
3.2.2. Resource Semantics
Pre: self.isRegistered() = true
void eventListener()
Post: ABSController.signalPending = true

3.2.3. Resource Usage Restrictions
There must be only one instance of the eventCaptor class per system 
3.3. Locally Defined Data Types


	Type
	Definition Location

	ABSController
	Section 9


3.4. Error Handling
The Event Captor listens on the car’s CAN bus for events.  If the event is not recognized it is ignored, and if the event is recognized then it creates a corresponding object of type SuperSignal and returns this to the ABSController.  Thus no error checking is needed.
3.5. Variability Provided
Variability is provided in the eventListener() method to customize the event signatures that the Event Captor listens for.  This allows the Event Captor to be quickly changed to handle the specific events that are relevant to the ABSController on any platform the system is deployed to.

3.6. Quality Attribute Characteristics
The use of an Event Captor greatly enhances modularity, modifiability, and time to market.  Modularity is enhanced by separating the listener from the control algorithm.  Modifiability is enhanced similarly such that only the Event Captor would need modification if a new bus protocol was used.  Time to market is improved by providing a component that can be quickly changed out and configured for a new deployment.
3.7. What the Element Requires
This element requires the car’s CAN bus to support the eventListener() interface.
3.8. Rationale and Design Issues
The Event Captor is the starting point of the system in that to move from the start state in the FSA there must be a signal that is generated by an ignition event.  Therefore the Event Captor must initialize the ABS Controller module.
3.9. Usage Guide
The Event Captor will be initialized by the Main Computer when the vehicle ignition is turned on.

4 Wheel Interface

The following diagram depicts the decomposition of the Wheel Interface:
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4.1. Interface Identity
wheel

4.2. Resources Provided

4.2.1. Resource Syntax
int getWheelNum()
void setWheelNum(int w)

4.2.2. Resource Semantics
Pre: self.wheelNum->isValid() = true
int getWheelNum()
Post: result = wheelNum

Pre: n = 1 | n = 2 | n = 3 | n = 4
void setWheelNum(int n)
Post: self.wheelNum = n
4.2.3. Resource Usage Restrictions
None.
4.3. Locally Defined Data Types
None.
4.4. Error Handling
Wheel relies on the user to ensure that the parameter n is valid.
4.5. Variability Provided
None.
4.6. Quality Attribute Characteristics
None.
4.7. What the Element Requires
No Requirements
4.8. Rationale and Design Issues
Wheel is a simple data type that is used as a standard container for message passing between the ABS Controller, the Wheel Speed Sensor Manager, and the Brake Valve Controller. 
4.9. Usage Guide
The get and set methods are used to get and set the appropriate wheel number.
5 Wheel Speed Sensor Interface

The following diagram decomposes the Wheel Speed Sensor and Wheel Speed Sensor Manager:
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5.1 Interface Identity

WheelSpeed Sensor 

5.2 Resources provided
 
5.2.1 Resource syntax
int getErrorCode()

float getWheelSpeed()

float wheelSpeed

int errorCode

5.2.2 Resource semantics
Pre: self.isValid() = true  

int getErrorCode()

Post: result = errorCode

Pre:  self.isValid() = true

float getWheelSpeed()

Post: Result = self.wheelSpeed

5.2.3 Resource usage restrictions
?? None

5.3 Locally defined data types
None

5.4 Error handling

Whenever an error occurs, the getErrorCode() function is called, which copies the error code into the integer field, errorCode

5.5 Variability provided
None.

5.6 Quality attribute characteristics
None

5.7 What the element requires
Wheel Speed Sensor Manager requires:

None

5.8 Rationale and design issues
The wheel speed sensors are part of the domain.

5.9 Usage guide
The wheel speed sensors are continuously read by the Wheel Speed Sensor Manager. The getWheelSpeed() function in the WheelSpeed Sensor class provides the required wheel speed.
6 Wheel Speed Sensor Manager Interface

See section 5 for a decomposition diagram.
6.1 Interface Identity

Wheel Speed Sensor Manager

6.2 Resources provided
 
6.2.1 Resource syntax

int[] getErrorCodes()

int getWheelSpeed(wheel w)

WheelSpeed Sensor[] sensor_array

boolean failureDetected

int[] errorCodes

6.2.2 Resource semantics
Pre: self.isValid() = true

int[] getErrorCodes()

Post: errorCodes.isValid() = true & result = errorCodes

Pre: w.isValid() = true & self.failureDetected = false

int getWheelSpeed(wheel w)

Post: result = self.s[w]->getWheelSpeed()

6.2.3 Resource usage restrictions
?? The wheel speed sensor manager interface is dependent upon four wheel      

speed sensor objects.

6.3 Locally defined data types
	Type
	Definition Location

	WheelSpeed Sensor[]
	Section 5


6.4 Error handling

Whenever the Wheel Speed Sensor Manager senses an error in the wheel speed sensors, it will read the sensors again. If it comes across an error again, then it will send an error signal to the ABS controller, when the ABS Controller queries the manager.

6.5 Variability provided
The variability is provided in the algorithm used to compute the data from the wheel speed sensor. Even if the wheel speed sensors have to be changed, the ABS Controller need not be changed. 
6.6 Quality attribute characteristics
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. The Wheel Speed sensor manager also increases parallelism by relieving the ABS Controller from the responsibility of sensing the wheel speed sensors. Thus, while the manager is sensing the wheel speed, the ABS Controller is performing some other work.
6.7 What the element requires
Wheel Speed Sensor Manager requires:

None

6.8 Rationale and design issues
The Wheel Speed Sensor Manager is a passive interface provided between the ABS Controller and the wheel speed sensors, passive in the sense that it doesn’t broadcast any information. All it does is supply the requested information when queried. This increases the time to market and definitely parallelism as it relieves the ABS Controller from the task of sensing the wheel speed sensors in order to get the wheel speed.

6.9 Usage guide

The manager is initialized by the ABS Controller, and anytime it requires the wheel speed for a particular wheel, it queries the manager by providing it with the wheel number, i.e. an object of class Wheel. This causes the getWheelSpeed() function of the manager to be called which in turn calls the getWheelSpeed() function of the sensor.

7 Break Pressure Valve Actuator Interface

See section 4 for a decomposition diagram
7.1 Interface Identity

Wheel Speed Sensor Manager

7.2 Resources provided
 
7.2.1 Resource syntax
int getErrorCode()

void pulse()

boolean isActivated

int errorCode

7.2.2 Resource semantics


Pre: self.isValid() = true

int getErrorCode()

Post: result = errorCode

Pre: self.isValid() = true

void pulse()

Post: self.isActivated() = true

7.2.3 Resource usage restrictions
?? None

7.3 Locally defined data types
None

7.4 Error handling
On an error, the getErrorCode() function is called which causes the error code to be returned to the integer element errorCode

7.5 Variability provided
None

7.6 Quality attribute characteristics
None

7.7 What the element requires
None

7.8 Rationale and design issues
None

7.9 Usage guide

On being signaled by the Brake Valve Controller, the Actuator will call the pulse() function and will continue to pulse until it receives a deactivate signal from the Brake Valve Controller. 

8 Break Pressure Valve Controller Interface

See Section 4 for a decomposition diagram.  The following diagram shows the general algorithm for handling a wheel lock:
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This Scenario is carried out any time the calculations

from the wheel speed sensors show that a wheel is skidding.

The pulse message is repeated every 100 msec until

deactivate is received by the Brake Valve Controller.


8.1 Interface Identity

Wheel Speed Sensor Manager

8.2 Resources provided
 
8.2.1 Resource syntax
Break Valve Actuator[] actuator_array

boolean failureDetected

int errorCode  

void deactivate(wheel w)

void getErrorCodes()

void activate(wheel w)

8.2.2 Resource semantics


Pre: ABSController.wheelLockupImminent(w) = false

void deactivate(wheel w)

Post: self.actuator_array[w.setWheelNum()]->isActivated = false

Pre: self.isValid() = true

void getErrorCodes()

Post: errorCodes.isValid() = true & result = errorCodes

Pre: ABSController.wheelLockupImminent(w) = true & failureDetect = false

void activate(wheel w)

Post: self.actuator_array[w.getWheelNum()]->isActivated = true

8.2.3 Resource usage restrictions
?? None

8.3 Locally defined data types
	Type
	Definition Location

	Break Valve Actuator[]
	Section 7


8.4 Error handling

Upon sensing an error the controller is to message the main computer, which in turn will turn on the warning light. This is done using the getErrorCodes() function.

8.5 Variability provided
The variability provided is in the fact that if the system is to be ported to another vehicle, one which is significantly different, we would have to change only the Brake Valve controller software and the messaging interface between the ABS Controller and the Brake Valve Controller. The Brake Valve Controller would not change.

8.6 Quality attribute characteristics
Controlling the brake pressure valves is the activity that the ABS Controller can take control of. By Separating out the activity, we definitely improve modularity.

8.7 What the element requires
Brake Valve Controller requires:

Four Actuators, on which it is dependent.  
8.8 Rationale and design issues
This interface definitely causes a separation in the activities, which improves modularity. Also, portability increases since when ported, we will not have to change the entire Brake valve controller.

8.9 Usage guide

The ABS Controller, when it wants to take control of the break pressure valves, will inform the Break Pressure Controller, which will use activate() in order to activate the valves. This will cause the pulse() function to be called in the brake valve actuator. The brake valve actuator will continue to pulse until it receives the deactivate() signal from the controller. This is called when the ABS controller senses that the wheels are not skidding any further and will signal the controller. 

9 Antilock Brake System Controller Interface

See the diagram at the beginning of section 3 for the decomposition of the Antilock Brake System Controller 

The following diagram shows the algorithm implemented in the ABS Controller:
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9.1. Interface Identity
ABS_Controller

9.2. Resources Provided

9.2.1. Resource Syntax
void receiveSignal(SuperSignal s)
int[] receiveSignal(SuperSignal s)
9.2.2. Resource Semantics
Pre: s.isInstanceOf(SuperSignal) = true
       & s.isInstanceOf(SendErrorCodes) = false
void receiveSignal(SuperSignal s)
Post: self.signalPending = true

Pre: s.isInstanceOf(SendErrorCodes) = true
int[] receiveSignal(SuperSignal s)
Post: result = self.errorCodes -> union(self.bvc->getErrorCodes():
 




           self.wssm-z.getErrorCodes() )

9.2.3. Resource Usage Restrictions
The Event Captor will only call the void receiveSignal(SuperSignal) method and pass it a new instance of the SuperSignal object that represents the signal captured from the bus.  The main computer will call the int[] receiveSignal(SuperSignal) method with the SendErrorCodes signal.  This will cause the ABSController to request the signal codes arrays from the subsystems and return this data to the main computer for inspection from a technician.  The format of the data in these arrays should be published for use by a technician.  The Reset signal can only be generated by a technician and causes the failureDetected and enabled fields to be reset.
9.3. Locally Defined Data Types


	Type
	Definition

	SuperSignal and subclasses
	The definition of these classes can be seen in figure XX.  These classes are simple containers that hold a specific type of event signal

	Brake Valve Controller
	See section 8

	Wheel Speed Sensor Manager
	See section 6


9.4. Error Handling
Since the system is life critical error handling is of high importance to the ABS Controller module.  Each time the system is turned on or the brake pedal is pressed there will be a system test.  This test involves getting error codes from the subsystems and checking them against a set of correct values.  If any of the values are ever incorrect then the system should set enabled to false, errorDetected to true, and generate an error message to the main computer.
9.5. Variability Provided
Variability in the system is provided by the Passive Interface Wheel Speed Sensor Manager and by the Action Brake Valve Controller.  The basic algorithm for the ABS system will not change over time.  Because of this more effort will be put into designing and thoroughly testing the state machine run by the Brake Valve Controller rather than providing variability points.  That said, variability will be introduced as extension points where the thresholds and timing values can be adjusted for a particular platform and deployment.
9.6. Quality Attribute Characteristics
This is a life critical system so availability and correctness are highly important.  By using a state machine we can exhaustively test the ABS controller algorithm.  This is possible because the set of events that cause state transitions are finite.  Likewise the range of values from the Wheel Speed Sensor Manager is bounded, as are the activation rates provided by the Brake Valve Controller.  Availability is also contingent upon performance.  That is, if the real time system cannot perform at an acceptable rate then it is not available.  By running a simple algorithm performance should be high.
9.7. What the Element Requires
This element requires an Event Captor, a Brake Valve Controller, and a Wheel Speed Sensor Manager.
9.8. Rationale and Design Issues
One concern was that the algorithm was able to run fast enough to service all four wheels sequentially.  The requirements document specifies hundreds of times per second as the sensor query rate.  If we assume a rate of 200 times per second then the query rate is 0.002 seconds per wheel.  Then dividing by the four wheels leads to 0.0005 sec or .5 millisecond sampling rate.  Even a slow 1 Mhz processor would be able to provide a 1 microsecond sampling rate, which can easily service the four sensors and handle the overhead of the calculations.
9.9. Usage Guide
The main computer will initialize the Event Captor which will then initialize the ABS Controller and send it the receiveSignal(Ignition) event.  The ABS Controller will self check and then begin performing its functions.
10 Main Computer Interface

See the diagram at the beginning of section 3 for the decomposition of the Main Computer.
10.1. Interface Identity
Main_Computer

10.2. Resources Provided

10.2.1. Resource Syntax
void setFailure(int errorCode)

10.2.2. Resource Semantics
Pre: ABSController.failureDetected = true
void setFailure(int errorCode)
Post: self.ABSController->enabled = false

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 Attribute Characteristics
Not Applicable

10.7. What the Element Requires
The main computer will require nothing from our antilock braking system, however it will send out all signals that it receives from various parts of the car.  These signals are sent out over the vehicle’s CAN bus and read by the Event Captor if the signal is relevant to our system.

10.8. Rationale and Design Issues
None, main computer is inherited from the domain

10.9. Usage Guide
The main computer provides a technician interface that will report error codes as well as allow the technician to issue signals to the vehicle’s systems.  

11 Outline for Interface Description

1.1. Interface Identity

1.2. Resources Provided

1.2.1. Resource Syntax

1.2.2. Resource Semantics

1.2.3. Resource Usage Restrictions

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.  

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

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
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