[bookmark: _GoBack]In short: Use the dev-kit’s G55 as a secondary processor to run the MPL and interface that via SPI to the BEDS board.
Problem Statement
The Invensense ICM-20948 is a 9-DOF sensor with excellent sensor characteristics and a brochure that promises full sensor fusion. However, only part of the sensor fusion is done on the IMU chip, the other part is done using the proprietary Motion Processing Library (MPL). The MPL is unavailable for the PIC32. 
	Only IMU
	Requires MPL

	Gyro + Accel: fusion quaternion
	Gyro + Accel + Mag: full fusion quaternion

	Mag + Accel: tilt compensated heading
	Mag hard iron calibration ** Though we can likely implement that ourselves



There are multiple options for proceeding:
· Continue with current IMU as it is better than before
· Change to an IMU that can provide a full fusion solution
· Add a secondary processor on the Bridge Board to run the MPL separate from the PIC32, likely an MSP430.
Reviewing Another IMU
I reviewed the ST LSM9DS1 and the Bosch BMX160. 
	
	Intended range
	Goal
precision
	Invensense
ICM-20948
	ST
LSM9DS1
	Bosch
BMX160

	BoshAccel
	+/- 16 g
	0.5 mg
	0.488 mg
	0.732 mg
	0.488 mg

	Gyro
	+/- 2000 dps
	62 mdps
	61 mdps
	70 mdps 
	61mdps

	Mag
	+/- 16 gauss
	unspecified
	1.5 mgauss
	0.58 mgauss 
	3 mgauss

	Power
	low
	
	2.65 mW
= 1.8V * 1.47mA
	1.9 mA Eco mode, 3.3 V or 1.8V (3.42mW in 1.8V)
	1.58 mA (1.8V)

	Fusion
	Full 9DOF
	
	MPL
A+G and A+M
MPL does A+G+M and all calls but requires 2nd processor
	MotionFX 
All fusion on PIC32, ST provides binary library 
	BSX, available for Cortex-M3, M4, and M4F
NOT FREE



 While the ST LSM9DS1 bills its software open source, ST’s MotionFX is in a binary library provided by ST. This is free but for non-ST processors, it requires interaction with the ST sales team (I started this process).
The Bosch BMX160 is also a great sensor but its free software doesn’t meet our needs and their non-free software required contacting them for prices (which I did).
Adding a Secondary Processor
The Invensense MPL runs on ARM Cortex-M* based and TI MSP430 processors. Invensense notes:
For example the TI 16-bit MSP430 with the Motion Driver should be limited to 100Hz sampling rate if the MCU is doing the full 9-axis fusion. Anything over 100Hz sampling rate the MSP430 start missing data. Higher end 32-bit MCUs can usually achieve 200Hz sensor fusion if there are no other large computational functionality required in the system. [1]
Thus, MSP430 would give lower sampling rate than a Cortex-M0+.
The MSP430f5528 is used in the MPL example, it has 128k flash, 8k RAM and consumes ~1.2mA at 8MHz.
The Cortex example uses an STM32F40x, an extremely full featured Cortex-M4F. Acc
The same resource [1] gives the specifications for the processor:
Flash and RAM Size : Flash and RAM size is dependent on code optimization, compilers, what features you want to use, and what other components are in your system. In general though, MD6.12 requires you can need reserve the following amount of Flash and RAM. Keep in mind this will only be for the motion driver and not for other possible functionalities.
o 16-bit MCU – 128K and 12K
o 32-bit MCU – 68K and 10K (No Optimization, 64K and 8K with optimization)
Oddly, the example MSP430 processor does not meet these requirements. The MSP430F5257 does so it would be a better choice. It has the same 1.2mA with an 8 MHz clock. 
A Cortex-M0+ like the STM32L071KB is a reasonable 32-bit option with 1.1mA at 8 MHz clock. Note: it has some sleep options that make it attractive to use a higher clock rate so there is more sleeping between calculations.
The dev kit (DK-20948) has a SAMG55, an Atmel/Microchip based Cortex-M4F. It could act as the secondary coprocessor and it has even lower power (0.8mA at 8MHz). Its default software uses the MPL (but not the MotionDriver) and outputs via UART. The firmware can be modified to output via another SPI channel.
The SAM21/22 or SAMD5x lines are even lower power and likely to be similar in development to the SAMG55. This would ease the transition to a less fully-featured processor.
Continuing with the Invensense ICD-20948 As-Is
The other option is to accept that the Invensense sensor is better than was previously available on BEDS and, because it is on the expansion Bridge Board, it may be replaced in the future with other options.
In order to do basic verification of the IMU, we need to construct the PIC32-to-DK20948 system (modifying the dev kit’s firmware to alleviate the its shortcomings). With this we can verify the sensors as well as the accel+gyro fused quaternion and the accel+mag fused heading. We may also write our own hard iron calibration (returning the raw magnetometer readings for offline tilt compensation and heading generation).
If the system can do what it claims, we should discuss if it is worth adding a secondary processor to the Bridge Board as an optional part for future improvement. 
Also, I have contacted the sales team at Invensense to determine if they can make PIC32 MPL.
Summary
If ST can produce a library for the PIC32, we can determine if that is a good path. However, without their fusion library, the STM LSM9DS1 has no appreciable benefit to the system. 
Therefore, to make progress, we must continue with the Invensense ICD-20948. For using an MSP430 or STM32 part, the ICD-20948 alone is a step on the path to a secondary processor devoted to the Invensense proprietary MPL. While there is some work thrown away on the PIC32 with that path, it is relatively minor. 
For using a SAMG55 (or other SAM part, probably), the dev kit’s software could be modified to output the MPL results to the BEDS board. This allows us to verify the sensors and the MPL to a great extent. The existing dev kit software is close to what we need, giving us a path to try it all out.
This increases the complexity of the system, adding another processor with a compiler and debugging methods. However, there were already dev kit software required modification anyway, this change isn’t that different.
Recommendation: Use the MPL on the SAMG55 to make a fused solution, send all the IMU data through the SAMG55 to the BEDS board via SPI.
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