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1 Introduction

The Anti-Lock Braking system(ABS) is a set of applications which exist to maintain control of a vehicle during braking activities. This version of the architecture does not consider the addition of other systems like Collision Avoidance Systems which need the interaction of the ABS to function effectively. It is not anticipated that the addition of such systems through the requirements document would cause any major revision to the architecture as it exists. 

The architecture attains the qualities prescribed for it in the requirements document. The ABS system is designed to be provide effective performance, reliability, safety standards and meet business goals as to cost and maintainability. This document is volume two in the architecture documentation of the Anti-Lock Braking System. This document provides detailed models of the architectural structures for module of the ABS.

2 System Deployment Overview
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figure 1- system deployment
The ABS System responds to events from the driver brake pedal, vehicle power system wheel sensors and controls the hydraulic modulator and central vehicle CPU through calls provided their interfaces.

3 System Decomposition View

3.1 Module Decomposition View

We begin by considering the basic structure of the system and the interaction of the components. This is the most critical area of the entire system and for this reason we have provided for redundant resources. 
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Figure 2:  Module Decomposition
The basic approach is to isolate behaviors. Structures shown here will be specialized, which potentially leads to fulfillment of major business goals including reduced initial and maintenance costs and prescribed level of performance.

Because of the safety nature of the ABS application, special emphasis is placed on special emphasis is placed on functions designed to detect system faults and ensure that a fail-safe state occurs during faults. These functions were implemented with techniques such as specialized self test and watchdog modules.
3.2 General Usage Guide
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figure 3 - general usage guide

3.3 Major Actors View
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Figure 4 -  major use case 

This view details the interaction of the major actors with the ABS system

3.4 General Braking Algorithm
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figure 5 – General braking algorithm

4 ABS Main Controller Interface

4.1 Interface Identity 


main controller
4.2 Resources provided

4.2.1 Resource Syntax


boolean holdPressure(int wheelnum);


float decreasePressure(int wheelnum);


float increasePressure(int wheelnum);


boolean ABSState();


boolean presentState;


float brakePressure;


float maxPressure;


boolean wheel_1_state;


boolean wheel_2_state;


boolean wheel_3_state;


boolean wheel_4_state;


void setABSState(Boolean setState);

4.2.2 Resource semantics


pre: present_wheelnum_state is true


holdPressure(int wheelnum)


Post: return true if brake pressure is to be maintained.


Pre: brakePressure > 0 and present_wheelnum_state is true


decreasePressure(int wheelnum);


Post: return amount of pressure to be decreased.


Pre: brakePressure < maxPressure and present_wheelnum_state is true

increasePressure(int wheelnum);


Post: return amount of additional pressure to applied


Pre: true


ABSState();


Post: returns true if ABS is enabled

Pre: true


setABSState(boolean setState);


Post: set presentState to setState


Pre: true


setCarState();

Post: sets the value of the variable carOn;

4.2.3 Resource usage restrictions


1. If ABSState() returns false, then no other resource except the Solenoid Valve is available.


2. If holdPressure(int wheelnum) is true then 


    decreasePressure(int wheelnum) and increasePressure(int wheelnum) must return 0 when


    wheelnum is the same and carOn must be true.


3. If decreasePressure(int wheelnum) returns > 0 then 


    increasePressure(int wheelnum) must return 0, holdPressure must be false when


    wheelnum is the same and and carOn must be true.


4. If increasePressure(int wheelnum) returns > 0 then 


    decreasePressure(int wheelnum) must return 0, holdPressure must be false when


    wheelnum is the same and carOn must be true.

4.3 Locally defined data types
none

4.4 Error Handling

Errors are caught by the  fail safe controller module
4.5 Variability provided

none
4.6 Quality Attribute provided

The main controller ensures that the correct amount of pressure is applied to a particular wheel.  It ensures that this is done with the rest of the system in correct state.

4.7 What the element requires

The main controller requires that the “fail safe controller” and the brake pedal sensor provide input as required.

4.8 Rationale and design issues

Since this system is a safety critical application and self checking is crucial, the checking of the system was separated from the main processing element. Major input to the system is also checked outside of the main module. This also assisted in meeting business goals of easy system and business goals of easy and cheap maintainability and low cost.

4.8 Usage Guide
See figure 2 and figure 3
5 Fail Safe Controller Interface

5.1 Interface Identity 


fail safe controller
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Figure 6 - abs state diagram

5.2 Resources provided

5.2.1 Resource Syntax


int wheelNum;


boolean error;


float wheelSpeed;


boolean passTest;

boolean errorStatus();


boolean systemStatus();


float wheelSpeed(int wheelNum);


int wheelNum();


boolean runTest();
5.2.2 Resource semantics


pre: true


errorStatus(int wheelNum);


Post: return true if wheel number wheelNum ABS is disabled

Pre: true

runTest();


Post: return true if ABS passed test

Pre: true

wheelSpeed(wheelNum);


Post: returns wheel speed

Pre: true


wheelNum();


Post: returns wheel number

Pre; true


systemStatus();

Post: returns true if system is activated.


5.2.3 Resource usage restrictions


If errorStatus(int wheelNum) returns true then wheelSpeed(int wheelNum) cannot be invoked 
when wheelNum is the same.

5.3 Locally defined data types
none

5.4 Error Handling

none 
5.5 Variability provided

none
5.6 Quality Attribute provided

The fail safe controller is one of the major players for meeting the safety and performance attributes of the system. It conducts tests on the main controller and indicates whether or not it failed the test. It also receives indications from other interfaces which may indicate errors in other parts of the system and indicates actions to be taken.

5.7 What the element requires

The fail safe controller requires that other interfaces provide input as required.
5.8 Rationale and design issues

Since this system is a safety critical application and self checking is crucial, the checking of the system was separated from the main processing element  and this is the major function of the failsafe controller. Major input to the system is also checked outside of the main module. This also assisted in meeting business goals of easy system and business goals of easy and cheap maintainability and low cost.

5.9 Usage Guide
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Figure 7 – Failsafe controller
6 Sensor signal Conditioning interface

6.1 Interface Identity 


Sensor signal conditioning

6.2 Resources provided

6.2.1 Resource Syntax


int wheel;


boolean error;


float highValue;


float lowValue;


float returnSpeed(int wheel);


boolean errorStatus();


int wheelNum();

6.2.2 Resource semantics


pre: true


errorStatus();

Post: return true if error is values supplied by wheel sensor is out of range.

Pre: true

wheelNum();


Post: returns wheel number being reported on.

Pre: true

returnSpeed(int wheel);


Post: returns wheel speed
6.2.3 Resource usage restrictions

6.3 Locally defined data types
none

6.4 Error Handling

Errors are caught by the  fail safe controller module
6.5 Variability provided

none
6.6 Quality Attribute provided

In keeping with the major attributes of performance and safety, this element ensures that data supplied by the wheel speed interface is within defined boundaries. This helps protect against unmated intrusion into the system by other car systems. It also provides business attributes since in a situation where the wheel sensor has to be changed to a different type, the fail safe controller does not have to be changed, since any change in wheel sensor is handled internally by this element.

6.7 What the element requires

The fail safe controller requires that the wheel speed element provide input as required.
6.8 Rationale and design issues

Since this system is a safety critical application this element was introduced to prevent unwanted intrusion into the system by other car systems. See 6.6.

6.9 Usage Guide
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Figure 8 – Sensor Signal Conditioning
7 Fail Safe Switch interface

7.1 Interface Identity 


Fail Safe Switch

7.2 Resources provided

7.2.1 Resource Syntax


int wheelNum;


boolean error;


int errorCode;


int errorCodeValue();


boolean wheelStatus(wheelNum);


boolean systemStatus();

7.2.2 Resource semantics


pre: true


errorCodeValue();


Post: return true value indicating error code.

Pre: true

wheelStatus(int wheelNum);



Post: returns true if wheel is enabled.

Pre: true

systemStatus();

Post: returns true when system is enabled.
7.2.3 Resource usage restrictions

none

7.3 Locally defined data types

none

7.4 Error Handling

none
7.5 Variability provided

none
7.6 Quality Attribute provided

This element indicates whether errors have occurred at the wheel error or system level and exactly what the errors were, if possible to diagnose.

7.7 What the element requires

Requires that the fail safe controller provide input as required.
7.8 Rationale and design issues

Since this system is a safety critical application this element was introduced to diagnose error codes for logging into the main car CPU and for either shutting down the entire ABS or at specific wheels. It is through this interface that the system or parts of the system can be reset after disabling. See 6.6.

7.9 Usage Guide
[image: image9.png]‘ABS Main Contraller

interface
Fail Safe switch

Error Lamp

Central Vehicle CPU

rwheelNumint
“errorhoolean
verrorCodeiint

venorCoceValueint
rwheelStatus:boolean
+aystemStatus:booiean

|

|

| retum error status
|

Fail safe controller





Figure 9 – Fail safe switch
8 Power Conditioning interface

8.1 Interface Identity 


Power Conditioning

8.2 Resources provided

8.2.1 Resource Syntax


boolean isError;


int upperBound;


int lowerBound;


boolean initialStart;


boolean PowerWithinBound();


boolean returnIsError();


boolean returnInitialStart();

8.2.2 Resource semantics


pre: true


PowerWithinBound();


Post: return true if the power 

Pre: true

returnIsError();



Post: returns true if error in input is detected.

Pre: true

returnInitialStart();

Post: returns true if ignition was turned to put car in on position.
8.2.3 Resource usage restrictions

none

8.3 Locally defined data types

none

8.4 Error Handling

Errors are caught by the  fail safe controller module
8.5 Variability provided

none
8.6 Quality Attribute provided

This element ensures that the power supplied by the car is of a sufficient level to power the ABS system. It also indicates the initial car start for the testing of the ABS system. Contributes to safety and performance attributes of the system.

8.7 What the element requires

Requires that the ignition and power provide input as required.
8.8 Rationale and design issues

This element was introduces to monitor power input to the system to ensure that the ABS system has power of a sufficient level to ensure proper operation.

8.9 Usage Guide
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Figure 10 – Power Conditioning
9 Solenoid Valve interface

9.1 Interface Identity 


Solenoid Valve

9.2 Resources provided

9.2.1 Resource Syntax


float fluidLevel;


void closeValve();


void openValve();


void pumpIntoMainReservoir();




float returnFluidLevel();

9.2.2 Resource semantics


pre: true


void closeValve();


Post: decreases amount of fluid to decrease friction of brake pads against wheel

pre: true


void openValve();


Post: increases amount of fluid to increase friction of brake pads against wheel

Pre: true

pumpIntoMainReservoir();

Post: pumps excess brake fluid into main reservoir.

Pre: true

returnFluidLevel();

Post: returns value of level of braking fluid.
9.2.3 Resource usage restrictions

none

9.3 Locally defined data types

none

9.4 Error Handling

none
9.5 Variability provided

none
9.6 Quality Attribute provided

This is a basic element of the car’s braking system. This element works even when the ABS system is disabled.

9.7 What the element requires

Requires that if the ABS system is disabled, that the manual baking system can still make use of this element for the backup braking system to function.
9.8 Rationale and design issues

This is a basic and necessary part of the car’s braking system. It works whether or not the ABS system is enabled.

9.9 Usage Guide
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Figure 11 – Solenoid Valve
10 Error Lamp interface

10.1 Interface Identity 


Error Lamp

10.2 Resources provided

10.2.1 Resource Syntax


boolean errorLampStatus;


void onLamp();


void offLamp();

10.2.2 Resource semantics


pre: error lamp is off

void onLamp();


Post: error lamp is on

pre: error lamp is on

void offLamp();


Post: error lamp is off
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 provided

Helps satisfy the safety requirement, be informing the driver or repair technician about the status of the system.

10.7 What the element requires

none.

10.8 Rationale and design issues

Necessary so that the actor(driver) is aware that the ABS system is not functioning so that serving is necessary and that he should not expect normal braking action.

10.9 Usage Guide
See figure 2.

11 Central Vehicle CPU interface

11.1 Interface Identity 


Central Car CPU

11.2 Resources provided

11.2.1 Resource Syntax


void resetABSSystem();


void RecordErrorCode(int errorCode);


int getErrorCode();

11.2.2 Resource semantics


pre: ABS system or parts of it is disabled



resetABSSystem();


Post: ABS system is enabled

pre: true

RecordErrorCode(int errorCode);


Post: records error code in central car cache

pre: true

getErrorCode();


Post: returns error code, if there is one recorded.
11.2.3 Resource usage restrictions

none

11.3 Locally defined data types

none

11.4 Error Handling

none
11.5 Variability provided

none
11.6 Quality Attribute provided

Helps satisfy the maintainability requirement, be informing repair technician about exactly what caused the error to occur in the ABS system.

11.7 What the element requires

none.

11.8 Rationale and design issues

Necessary so that the repair technician can go directly to the source of the problem and not have to test every part of the ABS system. Helps reduce costs and improves customer(car owner) satisfaction. 

11.9 Usage Guide
See figure 2.

12 Brake Pedal Sensor interface
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Figure 12 – brake pedal sensor state diagram

12.1 Interface Identity 


Brake Pedal Sensor

12.2 Resources provided

12.2.1 Resource Syntax


float brakePressure;


float returnBrakePressure();



12.2.2 Resource semantics


pre: true



returnBrakePressure();


Post: returns the amount of pressure exerted by the diver on the brake pedal
12.2.3 Resource usage restrictions

none

12.3 Locally defined data types

none

12.4 Error Handling

none
12.5 Variability provided

none
12.6 Quality Attribute provided

Helps satisfy the  performance requirement

12.7 What the element requires

none.

12.8 Rationale and design issues

Necessary for the ABS system to function at all.

12.9 Usage Guide
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Figure 13 – Brake pedal sensor
13 Ignition Power interface

13.1 Interface Identity 


Ignition and Power

13.2 Resources provided

13.2.1 Resource Syntax


boolean carOn;


float powerLevel;


boolean ignitionOn();


void ignitionOn();


void ignitionOff();


float powerLevel();

13.2.2 Resource semantics


pre: carOn is false



boolean ignitionOn();


Post: carOn is set to true

pre: carOn is true



boolean ignitionOff();


Post: carOn is set to false

pre: true

powerLevel();


Post: returns current power leves.

pre: true

ignitionOn();

Post: returns true if ignition is on.
13.2.3 Resource usage restrictions

none

13.3 Locally defined data types

none

13.4 Error Handling

Errors are caught by the  fail safe controller module
13.5 Variability provided

none
13.6 Quality Attribute provided

Indicates that the car has been turned on or off to signal to the ABS system that it should be done likewise.

13.7 What the element requires

none.

13.8 Rationale and design issues

Necessary so that the repair technician can go directly to the source of the problem and not have to test every part of the ABS system. Helps reduce costs and improves customer(car owner) satisfaction. 

13.9 Usage Guide
See figure 2.
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