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1. Introduction
MBARI has developed an autonomous oceanographic coastal profiling float (more at https://www.mbari.org/coastal-profiling-float/ ) that has been working relatively well for the last several years.  The existing software is written in C# using the .NET Micro Framework and the Visual Studio IDE. In order to move this technology to the greater oceanographic research community outside of MBARI and for a variety of other reasons, we are going to rewrite the code in C/C++.  MBARI works with a very small engineering staff and engaging an outside, qualified consultant(s) for this of work makes great sense.  The goal for this work is for the consultant to provide a well-engineered VisualGDB (VGDB) “foundation” solution including a test framework and static analysis tools focusing on the basic framework and peripheral drivers.  The idea is for the foundation solution to provide an architecture and most of the classes need to implement the full CPF functionality.  Adding the additional code to provide all the required CPF functionality should be mostly a matter of extending the existing functionality without have the re-write very little (or none) of the delivered code. 

The current plan for this work consists of 2 steps.  The first step is a review of the work done to date refactoring the existing C# software into C/C++.  The second step is turning the current code into well-engineered VGDB solution including a test framework and static analysis tools.  Some introductory information is provided below.  Work packages for the first 2 steps along with deliverable are described in some detail.  If these 2 steps go well, as we expect, there are some examples of additional work packages that we may wish to pursue in the future. 

It is worth stating up front that while we have a working Visual Studio C# solution and experience with C/C++ we are open to the consultant’s suggestions in any area where improvements can be made.  Furthermore, everything in the statement of work is up for discussion.

2. Background
2.1. Hardware
Currently, the target processor for the C/C++ app is a STM32H7A3.  There are a variety of reasons why I’ve chosen this MCU and it would be worth reviewing this decision during the design review. The existing C# app runs on a GHI G400S SOM (https://docs.ghielectronics.com/hardware/netmf/g400s.html ) with an Atmel SAM9X35 running at 400 MHz (which is probably much more processor than we really need). The G400S does have 64+ MB of SRAM and 4MB of flash and we take advantage of a significant amount of this.  We are in the process of developing a custom STM32H7A3 based SOM with external SRAM, flash and a uSD card that will eventually be the target hardware.  While this SOM is being developed, we have been using STM32H7A3 Nucleo boards and/or STM32H7B3 Discovery boards as needed.
For information, the CPF currently has 6X UART connected devices, 2X spare UART ports, 3X core I2C devices and 9X secondary I2C devices.  Most of the UART devices are connected to native UARTs on the MCU but the existing hardware also includes additional I2C UARTs. All 12X I2C devices are multiplexed onto one microcontroller I2C port. There is also a uSD card on a 4 bit wide SDIO port.  The new code should take advantage of the additional native UARTs, I2C and SPI ports available on the STM32H7A3.
2.2. Software
The current C# app uses a non-blocking state machine with minimal interrupt service routines for asynchronous device communications.  There are 3 basic types of classes: states, devices and peripherals.  The basic states for the CPF are SMNotRunning, initializePlatform, initializeMission, preMissionDelay, recovery, initProfile, findNeutral, descend, park, anchor, startCPMode, deanchor, ascend, stopCPMode, surfaceOps and quit. Each state inherits basic functionality from StateBase.  Each device is basically an external piece of hardware e.g. Iridium modem, motor controller, microSD card or scientific instrument, that interfaces to the CPF app via a standard microcontroller peripheral e.g. UART, I2C and possibly SPI in the future.  As an example, the most important scientific instrument is a Seabird 41 CTD (conductivity, depth, temperature).  In the C# code, there is a singleton CTD class that provides the functionality required to control the CTD and this class inherits a UART class.

3. Software Engineering guidelines	Comment by Phillip Johnston: Based on your summary above, it appears you use inheritance. Do you have any specific inheritance guidelines you want to mention? Do you use abstract base classes to define interfaces, for example?
The highest priority goal is to provide robust, well tested code that can run on an autonomous platform for years at a time.  The second highest priority goal is to provide code that is easily understandable and maintainable by MBARI engineers upon delivery and also years down the road.  We are very pragmatic in our approach to software engineering and development and are happy to do whatever makes sense but we’ve found that appropriate design guidelines can help. The following are just examples of the kind of design guidelines we’d like to formalize.

3.1. Code should not require an expert understanding of C/C++.
3.2. Classes, methods and variable should use very descriptive names.  Use verbs in method names to describe the action being performed e.g., checkForStuckPressure, logEngrMsg, isQEmpty.
3.3. RAII should be used where ever it makes sense.
3.4. Dynamic memory allocation e.g., new, should only be used during initialization	Comment by Phillip Johnston: Noted. My own implementation style will likely lend to not using dynamic memory in this situation within the drivers themselves. (caller-supplied memory notwithstanding)
3.5. My personal order of preference is std::array, string, std::vector, c-style arrays	Comment by Phillip Johnston: By string, you mean std::string or C strings?

Also, you might be interested in the Embedded Template Library, which I often use on microcontroller projects. This library provides many valuables types and tools, but what I mostly end up using it for is static-memory alternatives for the STL types that use dynamic memory. For example, etl::vector provides a std::vector equivalent that lets you pre-allocate a fixed upper bound of memory. There are also state machine and message passing constructs within the ETL, in case you don’t want to spin your own.
3.6. Encapsulation is important.  For example, peripheral drivers shouldn’t care what device they’re connected to and visa-versa.	Comment by Phillip Johnston: I think I agree, but I want to check my understanding of your intent:

If I have a GPS receiver driver, it should be able to work with any I2C peripheral device in the system, not a specific hard-coded I2C peripheral. 

Is my understanding correct?

4. Work Packages (WPs)
WP 1. Review of existing code
I’ve been developing a small C/C++ prototype of our existing C# code with the hope of improving my knowledge of C/C++ and prototyping the critical parts of the existing code.  I’ve used a STM32H7A3 Nucleo board and a STM32H7B3 Discovery board for this work.  This first WP would review this prototype with the intent of 1) introducing the consultant to the existing software design and 2) identify ways to improve the design.

 In addition, I have a working stand-alone project that implements a UART with DMA and character match.  And another working stand-alone project that implements a FatFs on a uSD card plugged into the Arduino connector on the Nucleo board.  I have not been able to get these program to work together.  Both of these programs and the more complete prototype project are available to the consultant.

Deliverables: 
a. List of changes to MBARI prototype.  If an entirely new approach is needed, that’s fine too.  This can be a combination of comments in the code, a document with more extensive explanations, architecture diagrams, etc.
b. An approach for unit testing and some examples of the kind of unit tests we should be developing.
c. Suggestions for how to integrate static analysis and potentially and example of running an appropriate static analysis tool on the existing C/C++ code.

WP 2. Initial project development
The goal of this WP is to develop a complete VGDB project that implements a well engineering state machine architecture with a few states and IO to one or maybe 2 simple IO devices.  The idea is this project will serve as the foundation for our future work with the hope that most of the required classes are in place and just need to be extended to cover additional IO and the additional states required to operate the CPY.  	Comment by Phillip Johnston: Can we enumerate what these are? (it seems you have further down)
The GPS receiver + RTC?
Alternatively, with two GPS receivers we could design the application such that there is one GPS receiver hooked up to both UART and I2C for demonstration/acceptance purposes.

Deliverables:
A VGDB project with the following
a. FATfs working on a uSD card
b. 1 DMA UART ideally with the STM32H7A3 character match and/or idle timeout IRQ.
I can provide the same UART GPS receiver we’re currently using in the CPF.
c. 1 real time clock (RTC) 
It would be great to implement this in a very simple case that looks something like the way we’d use it in our app.	Comment by Phillip Johnston: Is there an example of this in the C# example code? 

Or is the interface that you implement here a suitable example? https://bitbucket.org/Gene_M/cpfdiscoh7b3/src/master/CPF/mcuRealTimeClock.cpp

Or do you have something else in mind when you say “implement in a very simple case that looks something like the way we’d use it in our app”?
d. An I2C interface, maybe DMA or interrupt?	Comment by Phillip Johnston: Is there a reason you would not want a DMA/interrupt driven driver here? I would just bake that in from the start if that’s your end goal.
The same GPS receiver I describe in b. above also has a I2C interface.
e. A test framework like CPPuTest, with several example tests
f. An example of what might make sense for static analysis.

The following are example of work packages we may want to consider in the future.
WP 3. More UART Drivers
Add a UART driver for every available UART port so we can test what happens when all the UART devices are communicating.  Looping back TX and RX will probably be fine for this WP.	Comment by Phillip Johnston: By this, do you mean UART drivers to interface with the microcontroller’s UART peripherals, or do you drivers for the off-processor peripherals that are hooked up to the processor’s UARTs?
WP 4. I2C Drivers 	Comment by Phillip Johnston: Just want to confirm the same question as above, but with I2C instead of UART

I ask these two questions because the work involved in creating an I2C driver class that supports all of the onboard I2C processor peripherals should be achievable with the right structuring in the first approach, and could be folded into that project rather than tacked on separately. Same goes for the UART.
This is basically the same task as WP3 for the I2C peripherals.  We can provide the details of the I2C devices at the beginning of the work.   
WP 5. External RAM
WP 6. External Flash
WP 7. Watchdog







