Domain Analysis

Antilock Braking System Controller


This document presents the domain research necessary prior to designing an architecture for an antilock brake system controller.  We begin by presenting background domain information and an analysis of the required quality attributes.  Next we present architectural strategies and higher level candidate architectures.  We conclude with a summary of the issues that we must consider when choosing our architecture.
Domain Information

Brakes on a vehicle work best when 85-90%of the vehicle speed is wheel speed, which means that there’s only a 10-15% slip.  When a vehicle’s brakes lock while it is still in motion slip becomes 100% and removes any ability to steer the vehicle.  Antilock breaks are designed to reduce this slippage back to the 10-15% which allows a nexus of control to the driver, and more importantly to allow for the vehicle to reduce it’s speed.

 

An antilock breaking system contains a Hydraulic Control Unit, Anti-lock brake control module, and front and rear anti-lock break sensors.  Here is a walk through of exactly what happens when an ABS system is activated.  Fluid is sent from the brake master cylinder outlet ports to the Hydraulic Control Unit, through four ports and then is fed to the front and rear circuits for each brake.  If the antilock system detects a degree of slippage which indicates that the brake is about to lock it cuts of the fluid valve to that break, preventing anymore fluid from entering.  The antilock module checks the sensor for the wheel again and if the wheel is still decelerating, it reopens the valve until the wheel comes back up to speed, when it returns the valve to its normal condition.  The brake control module monitors the electromechanical components of the system in case of malfunction, in which case the module will inhibit the antilock braking system.  If fluid to the brake master cylinder is lost, the antilock system will be disabled.  

 

The antilock braking system is entirely self-monitoring and performs a self-check every time the vehicle starts and each time the vehicle is driven.  Whenever it reaches 12 mph the ABS control turns on and briefly starts the pump motor as part of the self check.  When the vehicle goes below 12 mph ABS is disabled.

Quality Attributes

The quality of a software system depends upon many things, but correctness is often a large portion of this quality.  The software system for an antilock brake controller must produce the correct output, but being a real-time system it is also burdened by having to do it under tight time constraints.  Thus the chosen architecture must adequately address the actors on the system and be conducive to a system that can do so in a timely manner.  The main actors that we must support are the driver, the multiple velocity sensors, and the brake pressure valves.  Other actors include the support technician and the output devices such as warning lights.
Quality Attributes


From our domain research we have found the following domain attributes to be important.  First, we wish to consider the architectural attributes usability and modifiability.  
· Usability:  The user interface is mostly dictated by the hardware of the automobile.  This includes wheel and vehicle velocity sensors, brake pressure sensors, and output devices such as indicators.

· Modifiability:  If the system is to be deployed in a product line approach then the architecture must accommodate this.  

Next we consider the following system attributes:

· Modifiability:  The system should support modifications such as upgrades and bugfixes by a service technician.  

· Performance:  The system should perform at a real-time level, that is, the system must have the capacity to process all requests as they are made.

· Availability:  As a life-critical brake controller system it must be highly available.
· Security:  This system will not be network-exposed so security is mostly a matter of isolation.  However, the system should be hard for a service technician to damage if improper techniques are used.

Finally these business attributes must be addressed:

· Time to Market:  This system will be an element of the product-line approach and must support this.

· Lifetime of System:  This system is expected to have long lifetime and little to no change once installed.  Scalability is needed only from the product-line aspect, and not an issue once deployed/installed onto a vehicle.

Candidate Architectures
When researching the domain we found an architecture diagram for the vehicle’s hardware and decided to include it here.  This provides information as to the infrastructure that our system will fit into.[image: image1.jpg]Output
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[Volvo]
Next this diagram shows how the various entities are connected to the CAN network.  Again, this is included for domain background.  Here two types of services are modeled, red and blue.  Red services are higher priority than blue.
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[Hansson]
Here is the first candidate architecture.  In this architecture a real-time system client-server model is used.  The clients are the control units and the servers are the system sensors that feed data to the clients.  This may be more accurately described as a producer consumer problem since the control units also produce data needed by other units.
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[TimeSys]
Another approach is a layered architecture.  Here functions are abstracted into layers.  The advantage of this approach is that each layer must only be concerned with neighboring layers.  We might find, though that we cannot guarantee real-time performance if certain layers have larger function sets than others.
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[Axelsson]
This diagram illustrates the cyclic nature of a real-time system.  It is conceivable that this cyclic architecture could apply to an antilock braking system provided the cycle time is small enough.  
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[TimeSys]
If, then, we do decide to exploit the redundant nature of servicing a list of actors then the following diagram illustrates the cyclic architectural pattern that could be used for the system.
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[Bodie]

The Event-Driven System Software Architecture would be another possible candidate architecture because it fits the structure of the Anti-Lock Braking System (ABS) based on the requirement analysis in [Mongiat, J., et. al.].  The ABS has two major events; (1) when the car is turned on a system test is initiated and (2) a system test is initiated when the brakes are applied.  Periodic tasks are necessary to check the wheelspeed sensor for each wheel, and to check the speed of the vehicle.  Priorities are assigned among the various tasks to ensure that critical tasks are completed.  The following diagram illustrates the event-driven architecture pattern.
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[TimeSys]
One further candidate architecture is the state machine architecture pattern used for simple control systems.  In this pattern each component is broken down into a FSA and the whole system exhibits a run-to-completion behavior.  Incoming events trigger actions and state changes.  This architecture works best with simple systems that can be easily modeled by an FSA and it may satisfy some of our requirements for the brake controller system.
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[TimeSys]
Conclusion

In conclusion, when we select our architecture we must keep the quality attributes and system requirements in mind.  Since real-time systems add the burden of nearly instantaneous response for any request or demand placed on the system we are not only after correct answers, but timely generation of these answers.  Without a proper architecture underlying our software we will not be able to provide this.  
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