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Which brings us to a process for model-based systems development
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How do we do model-based systems engineering in this environment?
Like this (waterfall diagram). 
It begins with system requirements, and relies on modeling, simulation and rapid prototype implementation for control law validation and verification.
And results in an executable software specification – that is, a model of the embedded code containing not just the control law, but all of the necessary implementation baggage that goes with it.
So now we have a specification against which the code can be functionally verified. Or, for that matter, we have a specification from which we might automatically generate code using a couple of commercially available tools which – one would hope – would guarantee that the code meets the specification.
Finally, the embedded implementation – that is, the actual strategy operating in the control microprocessor – is verified using hardware-in-the-loop real time simulation. In other words, we have a real-time model of the engine hooked up to the actual powertrain controller and we can verify that a correct implementation before it goes in a car – even before a car is available.
The picture is a simple hardware in the loop system. The control computer is on the left. The powertrain model is running on the computer on the right. Data acquisition and I/O interfaces in between.
The idea is that with verification and validation throughout the process from requirements to embedded code, nobody should be de-bugging software in the car. And code changes shouldn't be bug fixes, but changes because the requirements on the system have changed – which they do quite regularly throughout the development of a new car.
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Does the system work?
Here are some results for a fairly substantial powertrain development program that compare the model-based approach with some historical data.
The historical process being, essentially, write the code, put it in a car and see if it works; if it doesn't – fix it.
On the left is a timing comparison.
And you can see that our model-based process imposes a substantial penalty at the start of the project. It takes about twice as long to get to the first software release.
On the other hand, if you look at the time it takes to get functional software in the car, we can claim almost a 50% reduction in the time required. In fact, the model-based code worked right the first time in the car.
Some more data that show how the system reacts to changes. These are requirements changes or modifications to the hardware that result in changes to the control software, or bugs that show up after the first release. And here again, there's a substantial advantage in time and quality.
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And the embedded software is a lot more than what we generally think of as "controls."
 
Consider a typical control feature. This might be idle speed control, or fuel injector control or something.
 
 
It includes not only the control law, but all the input and output processing, initialization and shut-down routines, diagnostics and failure management.
 
First of all, it will be used in lots of different vehicles, but it might be slightly different from one vehicle line to another, so there will be several versions of it. And different versions may run at different sample rates.
 
Typically there are about 20 inputs and 14 outputs per feature.
 
And there are about 60 features per application, so when you put them all together to run a car, there's about 2000 connections to manage.
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