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Agenda NN B
Part 1: Motion Sensors Overview
Part 2: Movement and Orientation
hour 1 Part 3: Introduction to Sensor Fusion
Part 4: Freescale Sensor Fusion Toolbox
Part 5: Lab #1  Play with fusion options
Break
hour 2 Part 6: Freescale Sensor Fusion Library
Break
Part 7: Lab #2  Build the embedded firmware
hour 3 Part 8: Optional Lab #3 Make some changes
Part 9: Odds & Ends and Wrap-up
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Freescale Sensors Overview
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Sensor Portfolio

Automotive, industrial, medical and consumer absolute and

Pressure differential sensors

Flow, comfort management, HVAC, medical, engine control

Consumer and industrial low-g sensors and tilt sensors

YL CICIl Automotive medium- and high-g crash sensors

Vehicle stability, airbag, vibration monitor, tilt alignment

Consumer and industrial magnetic field sensor and 3D

(EGRISI (Sl compass.

Sensing

Gyroscope

Orientation alignment, proximity detection, magnetic switch

Consumer and industrial angular rate sensors and 6/9-DOF
IMU

Automotive roll sensor and IMU

Stabilization, motion and gesture HMI, inertial navigation, gaming

Consumer and industrial MCU and sensor integrated platforms
Automotive tire pressure monitoring system

systems Smart sensors, ti-tamper, fault
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Kinetis Microcontrollers Family

Kinetis Microcontrallers (MCUs) consist of multiple hardware- and software-compatible ARM® Corlex®-M0+ and -M4-based MCU series
with exceptional low-power performance, scalabilty and feature integration.

Performance and
Integration
Contex-Md-based MCUs

Freescale Microcontrollers Overview
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Ultra-Low Power
Cortex-MO+-based MCUs

5V | Robust
Cortex-M0+-based MCUs

Automotive
Cortex-M0+-based MCUs

Motor Control and
Power Conversion
Cartex-MO+/M4 cores

Metrology
Cortex-M0+ core

Wireless Connectivity
Contex-M0+/M4 cores

Miniature chip-scale
packages

World's smallest ARM-based
MCUs
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Kinetis Microcontrollers Freedom Boards K64F / K24F
), : -, Wekcome Paulo (Sign Ov | "= | G Locations | Engishe
World’s Broadest ARM Cortex-M Portfolio > ikl
§ = freescale Paramatnc Setecior (B0 ‘Search keyword/part numbes
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£ High-performance ARM
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‘and MO+ MCU families with implementations.
class-leading sub-1 GHz and
2.4 GHz RF transceivers R a
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Integration
Leading Performance - Low Power - Scalability - Industrial-grade reliability & temp
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Freedom Board K22F
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FRDM-K22F Freescale Freedom Development Platform for

::":f?é’: i ] . P [ QpriOned ko Superset board for the
=1 following devices

K64 K22FN512
K22FN256

K22FN128

e KO2FN128

Kinetis Design Studio (KDS
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Learn more at: sescale.c @ - - -
(coming Aprl 2014) Kinetis IDE Options (www.freescale.com/kide)

Kinetis Design Studio Featured IDE:
. Atollic TrueSTUDIO Keil Micracontroller Development Kit
No-cost integrated Product Features Professional ECLIPSE/GNU based IDE with a MISRA-C Specifically designed for microcontroller applications,
o checker, code complexity analysis and source code and use, yet powerful enough for the most
development environment Afree of charge and uniimited IDE for Kinetis review fatures demanding embedded applicaions
(IDE) for Kinetis MCUs MCUs Advanced RTOS-aware debuggerwith ARM CIC++ buid toolchain and Exccuion Profler and
tracing, Performance Analyzer enable highly optimized programs
. A basic IDE that offers robust editing, compiling fault analyzer. Dual-core and. - Complete Code Coverage information about your
Eclipse and GCC-based IDE and debugging Strong supportfor software engineering, workfiow program's execttion
for C/C++ editing, compiling Based on Eclipse, GCC, GDB and other open management team collaboration and improved software
i y ! : Quaity. 1AR Embedded Workhench
and debugging source technologies A bowertul and reliabie IDE dosigned ¢ usowitn
Green Hils MULTL powerful and reliable IDE designed for ease of use wi
Includes Processor Expert with Kinetis SDK AA®.  Complete & imegrated software and hardvare OIAR  ciming compieropimsaion o Sre and pesc
————— integration e tiils emironmentwih advanced mulicore debugger SYSTEMS "
Host operating systems SoriwARe . Indusiry first TimeMachine trace debugging & profiler dedicated versions available with functional safety
£ ~ o c -, perating sy : EEMBC cerified top performing C/C++ compilers. certficaton
58 g £ I > Windows 7/8 . Solution Supportfor mult-core, low power debugging, trace,
e 3 =k - y
£3 T 5 8 : Linux (Ubuntu, Redhat, Centos)
= £ = £ ) Kinefis Design Studio
Sc g 2 3 freescale Mac 0S X c e fastest way to get started with Kinetis MCUs.
58 Kinetis Support for SEGGER, P&E and Open environment (IDE) for Kinetis MCUs Online project management and build tools
&2 [ Torer ety Design Studo SDA/CMSIS-DAP debugger targets Ecltse a0 GCC-based DE o CIC-+ g, compiig installaton required; option to export o traditional IDEs
g&| o i and debugging Includes comprehensive set o drivers, stacks and
Support for Eclipse plug-ins including RTOS- middleware with a large community of developers.

=h E&\‘ZM - awareness (i.e. MQX, FreeRTOS)
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Processor Exper
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Kinetis IDE Comparison
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Austin Marathon — Freescale Survey

+ 74% use wearables to train

+ 88% of people surveyed said they rely
on wearables for motivation similar to a
coach

+ 78% believe wearables give them
a competitive edge

- 88% plan to use fitness wearables
in the future

-
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Smart Watches Available NOW
Full Feature OS Function Specific OS

& neguag

I'm Watch
Shanda Pebble Basis Martian  Impulse
a Watches
Samsung Sony Metawatch Garmin Kreyos Cuckoo
Bambook Galaxy Gear Smartwatch2
Aframe Digital ~ Samsung ~ Motorola  Casio
ACTV

‘.
z
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Wearable Market Forecast

2017 unit S
forecast

Fastest growing market over the next
five years in both units and revenue
Sources: IHS Research, ABI Research, Credit Suisse Equity Research, Berg Insight, Juniper
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\Wearable Market: Seamentation

Categories

Vertical

Sports & Heart Rate Monitors
Pedometers, Activity Monitors
Smart Sport Glasses

Smart Clothing

Sleep Monitors.

Emotional Measurements

CGM (Continuous Glucose Monitoring )
ECG Monitoring

Pulse Oximetry

Blood Pressure Monitors

Drug Delivery (Insulin Pumps)
Wearable Patches (ECG, HRM, SpO2)

Smart Watches

Augmented Reality Headsets
Smart Glasses

Wearable Imaging Devices
Hand-worn Terminals
Augmented Reality Headsets
Smart Clothing

Fitness &
Wellness

Healthcare &
Medical

Infotainment

Industrial &
Military

ol
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Wearables is Not Just Smart Watches...

T> 0 < B

Wearable Ring Headset Running Nymi, Heart-rate Based Kiwi Wearables —
Scanner Voice Password Personal Tracker

e
B ——)

Fitness/

= 7 Activity Monitors

0 M

Headset Angel - first open Bone Conduction Virtual Reality
sensor for health and Bluetooth headset cap Headset
Computer fitness
Y
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Wearable Market: Diverse Usage Models

Head: Neck / Chest / Arm:
- Augmented reality « Fitness & health
= Navigation " monitoring
- In-view notifications r 4 = calories
= Email/text (view & edit) = Pedometer
- Web browsing = Heartrate
- Photography = Blood pressure
= 505/ Emergency
; = Location tracking
Wrist:
- Notifications v v
« calling (place/answer)
- Fitness & health v
monitoring Leg / Ankle:
= Mavigation / Location & v * Fitness & health
= Photography monitoring
= Calories
= Pedometer
= Heart rate
v L J * Blood pressure
= Location tracking
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WearAble Reference Platform enabled by Freescale

r creating wearable devices by &
ees developers to focu
dlfferenllaled fealures

Connectivity

09:30 .
Usability

Maximizing Battery Life

Miniaturization

e
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WNsAFP

3.l oz
58l 3
Wearable Reference Platform sl 28
gE| 8
BATTERY SINGLE o S
CELLLIPO
(500mAh) “TOUCH INTERFACE
T T
f I
oo
Main Board PCB target size: POWER [osortPl 11 contron || coniron |
38mmx 14 mm iy o
[— — SadsAccEERO | |8
[ — = 3-axis MAGNETO 28
i FxosE700cQ o
°Z
MICROUSB o b MX 6SL oz
ARN © Gt A3 28
2
MEMORY DoRy  APRS Proce: ar | oTene W-LAN/ S
LPDDR2 + eMMC U Ammd BLUETOOTH4.0 @
Newooe e solo soio |- Murata LBEH17YSHC

HUB SENSOR

MCU - Kinetis KL16 2
AR Cortex o~ g
ap
o
°Z
o2
MOTION SENSING g 8
Daughter Board PCB target size: PEDOMETER WIRELESS 3
42 mm x 42 mm ness CHARGING
(165 x1.65) BUTTON1 BUTTON2
e
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Remote Patient Monitoring: Freescale Sensors Proposal

What is this?
Proactive and preventative approach to
healthcare using sensors that effectively
monitor patients

Variants
Smart Band-Aid
Sensor connectivity
ECG with acceleration monitoring
Movement monitoring
Gait monitoring
Pendant “I've fallen and | cant get up...”
Medical tablet

ol
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Remote Patient Monitoring: Freescale Sensors Proposal

Enabled by Freescale Accelerometers, Gyroscopes, Sensing Platforms, Magnetic
Sensors and Touch Sensors

MMA9553L accelerometer/32 bit processor is the intelligent pedometer platform
FX1.C95000 accelerometer/32 bit processor as a sensor hub and datalogger

MAG3110 magnetometer and MMA8491 3 axis accelerometer combined in the
FX0S8700, for orientation, motion, vibration, shock, fall, g-force, etc. are present

MPL3115A digital pressure
sensor for altimetry

MPR121 for touch sensing
FXAS21002 gyroscope
provides the stability needed

for a drift free readings; when
talking accelerometer think gyroscope
00,
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Smart Watches Available NOW — SONY SWR10
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Smart Watches Available NOW — SONY SWR10

09/12/2014 - 10/12/2014 ' 16/12/2014 - 17/12/2014
08:00 08:00
06:07 hora(s) - 07:24 hora(s) *
0030

22857

&l ' 2

o8 a2 orar

Abaixo da meta -01:53 hora(s) Abaixo da meta -36 min
M Sono profundo 02:04 hora(s) M sono profundo 02:07 hora(s)
M sono leve 04:03 hora(s) M sono leve 05:17 hora(s)
Acordado 46 min Acordado 31 min
-
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Smart Watches Available NOW — SONY SWR10

£ Lifelog ®

0

569 15 du dezembro
2014 4
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Smart Watches Available in the future — SONY SWR30

(N
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Smart Watches Available in the future — SONY SWR50
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Smart Watches Available in the future — SONY SWR50
s <
Ty _ SONY

S xssapets SMERWELCHISESIVRS.

P68 rated Water Protected

Voice, fouch 45 Grams

O e
On/off/wake up key
AUl * Block
3.:‘.’2.'.“&!3‘;.2’ 2 days ° ! Yellow

1.2 cHz quad V4.0 Bluetooth
ARM AT processor NEC, Miero USB

SmartWatch 3 s optimised
for devices running on 512 msRam
Android 4.3 and later 4GB eMMC

Accelerometer

-
z

-
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Alessandro’s arm in the future Wearebles in the future - http://youtu.be/-nVhBXuK-El

- a» <

VTGV TITITI G
PROXIMITY SENSOR LONG RANGE
ACCE EROMETER
- PICO-PROECTOR -
MEMORY CARD + ROM

WEFI COMPONENT '
LD

SNAP BUTTON l
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\) WCT-5WI1COILTX — EVALUATION BOARD

Take Charge. Anywhere.

oy e

i (e

Wireless Charger

Freescale is redefining wireless charging.

- -
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WCT-5W1COILTX — EVALUATION BOARD \)
WCT-5W1COILTX Single-Coil Wireless Charger Block Diagram

i

I Power Stage J

T W

Inverter Control Demodulation GPIO

Wireless Charging IC

Energy Harvesting

[[] Freescale Technology | Optional

2
z“freescale” ... =
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Energy Harvesting - Concept

Wireless sensor node

-~ freescale”

[ measurement :
£

‘::;*e _',

DT series etc.

y

Sensor
-
Harvester l ‘ ‘ PMIC ' ‘ ‘ /| RF
Mcu !
: Capacitor —
Capacitor Battery
S — -
Harvesting Storage, Convert the stable energy Consuming
Energy Energy
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Energy Harvesting — Energy sources
=
g (cutdoor Light) e
“raTDK: CIIXYS
, GKH10-001 efc...
BCS463089 KXOB22-xx et micropelt:
el =\
Panasonic H THRIVE
1
- |
TR P— ETMP 0.5V etc (( ,)
I - o
Pecell fture:  NFC Antenna =
P i
A‘ b - V20W ete.
DSC xxx efc... KSP-F12-x0e etc

[ Wifi Antenna
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Energy Harvesting - Application
Network — Mobile,
Tablet, PC
= Light 4 -
= Vibration . or
* Radio Wave
()
* Peltier MB39C811
« Solar Cells ] ) (Buck) Sensor ) ZigBee GP
* Piezoelectric
. MB39C831 Mcu Bluetooth LE
aciomagnetc (Boost) Moy 2.4GH2,020MHz
Power Generation PMIC Sensing RF
&CPU
- -
~ ~—
Power Generation part Control & Wireless part
*“freescale’ ... I a7
Energy Harvesting — Power behavior
m Power behavior 51mw

¥ Run Power

¥ Run time

v Standby Power
v Standby time

(3V,17mA)

Initiali
zation

3mwW
(3V,1mA)
47ms " 4ms  4ms  3ms 2ms
W-s= 141ul 48u) 72ul] 153u] 24ul =438ulj

-
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Part 1: Motion Sensors Overview
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Some Sensors are Physical, Some are “Virtual”

Sensor Type Physical / Virtual

Accelerometer With gravity Physical
Linear Acceleration ‘Without gravity Virtual
Gravity Virtual
Magnetic Field Uncalibrated Physical
Magnetic Field Calibrated Virtual
Gyroscope Uncalibrated Physical
Gyroscope Calibrated Virtual
Orientation Rotation Matrix Virtual
Orientation Azimuth, pitch, roll and Virtual
rotation matrix
Ambient Temperature Physical
Light Physical
Pressure Physical
Proximity Physical
Relative Humidity Physical

items in red are not supported by Freescale sensors.

-
z
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Freescale, escale logo, Altivec, C-E
Processor Expert, QorlQ, Qori SafeAssu

Airfast, BeeKit, BeeStack € is, Layers

EST, CodeWarrior, ColdFire, ColdFire+, C-Ware, tf
1e SafeAssure logo, StarCore, Symphony and VortiQa
pe, MagniV, MXC, Platform in a P

Engine, F Pl



12/19/2014 11:25:38 AM

Some Sensors are Physical, Some are “Virtual”

Sensor Type Physical / Virtual

Rotation Vector 9-axis Virtual
Game Rotation Vector Accel/gyro only Virtual
Geomagnetic Rotation Vector Accel/mag only Virtual
Significant Motion Virtual
Step Detector Virtual
Step Counter Virtual

The list above summarizes sensors & sensor fusion components that might be
expected components for modern operating systems.

All but the last 4 listed are supported by Android 4.3. KitKat offers support for the
last four.

Other OS s continue to evolve in a similar fashion.
The possible list of sensors and types of sensor fusion is virtually unlimited.

e
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In this workshop...

Because Sensor Fusion is an extremely broad topic, this course
focuses on some specific examples:

Magnetic calibration

Electronic compass

Virtual gyro

Compute orientation

Compute linear acceleration sans gravity
Sensors used include: Accelerometer + Magnetometer + Gyro
For today s session, we are ignoring: vibration analysis, gesture
detection, contextual awareness, navigation / location, auto crash
detection, auto stability control, etc.

e
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Sensor Strengths & Weaknesses

Accelerometer Inexpensive Measures the sum of gravity and
Extremely low power acceleration. We need them
Very linear separate.

Very low noise

Magnetometer The only sensor that can orient Subject to magnetic interference
itself with regard to North Not spatially constant
Insensitive to linear acceleration

Gyro Relatively independent of linear Power hog
acceleration Long startup time
Can be used to gyro-compensate Zero rate offset drifts over time
the magnetometer

Pressure Sensor The only stand-alone sensor that Not well understood
can give an indication of altitude A relative measurement
Subject to many interferences and
environmental factors

e
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An Accelerometer Measures Linear Acceleration plus
Gravity

An accelerometer by itself is a 3 axis system

When any axis is vertical, we cannot +Z
detect rotation about that axis

+X
Accelerometer

+Y

e
P
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What do we mean: Accelerometers measure linear
acceleration plus gravity?

When horizontal, and at rest: When horizontal, and

X=0 accelerating at 1g in the direction
Y=0 of the arrow:
Z=1g X=1g

Y=0

Z=1g

-
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Adding a gyroscope

This 6 axis system is known as an
Inertial Measurement Unit or IMU
This is a Right Hand System (RHR)

+Z

z +X
Accelerometer

Gyro

+Y

Yy

A 3-axis gyroscope measures angular velocity about each of the 3 axes.

-
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Adding a magnetometer

This 9 axis system is known as a magnetic, angular rate & gravity (MARG) sensor
Add a processor and you have an attitude & heading reference system (AHRS)

+Z=up

z +X = East
Accelerometer
Gyro

Magnetometer

Y= ENU

y

A 3-axis magnetometer gives you the X/Y/Z components of the magnetic field.

freescale E——)
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As an aside...

==

@u.a prp——r— TR [ s s =

BB by e Tone @0 0

st Comp Vortical Comp_ Total Fieid
GEl-w AR

oete Deciaation tnctination o
ChEl-w) o i-u) Intensty
or-oe00 3w 10 10 23,3965 of

Shamgeiye | XE BT ETYS

BT e Sizoar

horizontal intensity = 23.4nT

In Grapevine Texas, during the week of FTF2014, almost 2/3 of
the earth’s magnetic field is directed DOWN

-
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As an aside...

horizontal intensity = 23.4mT 107 120" g0° o 60' 120" 180"

In Grapevine Texas, during the week of FTF2014, almost 2/3 of
the earth’s magnetic field is directed DOWN

.,
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Adding a pressure sensor

Thisis a 10 axis system

+Z=up

‘ +X = East
Accelerometer
Gyro

Magnetometer
Pressure

ENU

Pressure is a scalar (versus vector) quantity

.,

= “freescale’ Exematuse | 51

Pressure can give you an estimate of altitude

Altitude = K1 X (1 - (P/P0)K?)
K1 =44330.77 meters
K2 =0.190263 (unitless)
PO = 101325 Pascals

-
-
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Notice this is a log scale... (think in dB, ok???)

Typical Sensor Power in mW
100000

14500

9500
10000

14375 100

6625
. 10
:
£
g 1512
H
e 100
m I I
1
12 5H1 LP mqu P 12 SHz 400Hz Mag Pedometer Pressuve Hybrid Mag  Gyro  Gyro RUN.
Vhceel . standby
Hz)
- This chartwas created 2013, you can expect numbers1o decrease over ime.
.
P .
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Gyro Ready to active = 2/ODR + 10ms (now, think linear)

Typical Sensor Power in mW
16000
14500

14000
12000 Notice that the magnetometer
currents are approximately 5X to 6X
10000 the accelerometer currents 9500

8000
6000
4000
2000

a8 6625 1100

234
20 100 . 1512 .
° = — =

12.5HzLP 400HzLP 12.5Hz 400Hz Mag Pedometer Pressure HybridMag Gyro  Gyro RUN
Acc only e Mag (1Hz)  +Accel  Standby
(200H2)

Powerinmw.
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Some observations

Accelerometers are the most power efficient motion sensor you ll
find

They often include motion detection circuits use those to power
the system up/down for idle periods

Accelerometers are low power because they are usually passive

devices. The proof mass moves only when the device is in motion.

Gyros have continuously moving proof masses, requiring much
higher currents to keep them in motion

TMR1-based magnetic sensors are arranged in a Wheatstone
bridge formation requiring DC biases

Another good sensor to gate others is an ambient light sensor
1TMR = Tunneling MagnetoResistive

-
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Typical “Minimum” Sensor Complements / Application

X

Portrait/landscape, tap detect, fall
detection

Pedometry, vibration analysis, tiltmeter X

OO

nt and Orientation

-
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eCompass, pointing/remote control, X X
augmented/virtual reality
Virtual gyro X X
Gyro-compensated eCompass X X X
Activity monitors X X
X X
Motion capture X X X
3D mapping & localization X X X X
Image stabilization, gesture recognition X X
e
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Movement

Any movement from point A to point B can be decomposed into a translation
plus optional rotation

~-=Z NN
P NN
TAZpaz SRR
FaZ=5- NN
B NN
J-CcLZ NN
d=g4z \'\r\ttl
B s NN NN
T3ZE2ZC NN
. ~ 1 - > b~
EELSEo SN
>
<

<<

v

We need at least 6 degrees of freedom (DOF) to describe a
movement in 3 dimensions: X, Y, Z F, ,

-
-
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Frames of Reference

Most systems use a Cartesian frame of reference, but which one?

+Y = East
+X = North
*Z=0p NED
+X = East +Z = Down
+Y = North
ENU Aeronautics uses NED
Windows 8 and Android use ENU
=
> “freescale” ...
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There can be multiple, concurrent, frames of reference

Up
Body or Device Reference Frame

East

Earth Frame
North ¢—m—— ||

The device orientation can be defined as the rotation necessary !0 ¥
map the global frame of reference into alignment with the body
frame of reference (or vice versa).

e
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There are multiple representations for rotation

Options are:
Euler Angles intuitive (roll, pitch & yaw), but subject to gimbal lock
Rotation Matrices rotation as a matrix multiplication
Axis / Angle easy to understand, difficult to use
Quaternions  similar to axis/angle, with a theoretical background that
makes them useful

Ereescale sensor fusion libraries support all forms

Euler Angle lllustration

source: hitp:/fen wikipedia.orghwiki/File:Euler2a.gif

e
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Part 3: Introduction to Sensor Fusion

e
P

freescale ermatse | 62

What is Sensor Fusion?

Sensor fusion encompasses a variety of
techniques which:

Trade off strengths and weaknesses of the various
sensors to compute something more than can be
calculated using the individual sensors;

Improve the quality and noise level of computed
results by taking advantage of:
Known data redundancies between sensors

Knowledge of system transfer functions, dynamic
behavior and/or expected motion

-
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Learn more at: www.freescale.com/sensorfusion @

Freescale Sensor Fusion Library

Full featured sensor fusion
@ library, including the award
winning e-compass software

Product Features
Functionality
3-axis, 2-axis heading, 6-axis
eCompass,6-axis indirect Kalman
filter, 3-axis relative rotation, and 9-
axis indirect Kalman filter

Fully open source, eliminating
proprietary constraints,
increasing flexibility, and
decreasing time-to-market Programmable sampling, fusion

rates, and frame of reference,
Included projects

Kinetis K20, KL25Z, KL26Z, KL46Z,

Customer Appli ion

& ® c
%§ s 2 and K64F Freedom boards
=H % % Use of Freescale Multi sensor
@y E z boards
CodeWarrior and Kinetis Design
Studio

Additional commercial support and
services available

.
= freescale —

Sensor Fusion Data Flow for Consumer Devices

Sensor Hub Functions

[y

hiowsand | _ ___________ - Pressure
pass filtering

shake event

FoR [ hinowrband |
3-Axis Acc H s H Trim | ettt | Acc,y.
s FoR . [ hinowrband |
im
mappint | pass fltering [ o
[ hinowrband |
compensation pass filtering By
FoR = Frame of Reference Mapping H
Calculate H
L o ———— Rotationmarix

hard/soft iron
parameters

= | Kaiman ——— Quaterion

| Filteror [  Geometric

| simiar || computations

H P ———— Tilt-compensatedmag
= L] heading

= ———— orientation( ., . )

Sensor Fusion

ol
> “freescale’ ... @

11



|
y

P

Magnetic Calibration

Soft Iron in fixed spatial relationship to Hard Iron (permanent magnet) in fixed
the sensor distorts the measured field. spatial relationship to the sensor adds an
The sphere is distorted into an ellipsoid. ~ offset.

>~ ldeal -~ * Measured

Both are linear effects?, and can be reversed — if you know what you are doing!

+ Assuming there is no magnetic hysteresis present

freescale

12/19/2014 11:25:38 AM

Freescale Magnetic Calibration Library

Now bundled into the sensor fusion
library
4 and 7 and now 10 element solvers are
available in source form
As a virtual sensor in Freescale s Intelligent
Sensing Framework (ISF)

Freescale s eCompass software received the
Electronic Products Magazine 2012 Product of
the Year Award.

freescale’ " 7

Magnetic Calibration Variations

Sy S2 Sz Bo - Vi

= W,
Bo=WiB,-V) [ s [l sl | - v
where: S3 Ss. S Bpx \/,

B,  Calibrated magnetic vector

W Inverse Soft Iron Matrix

B,  Physical magnetic measurement
Hard Iron Offset Vector

The 4-element calibration computes V., Vi, and V, hard iron offsets plus magnitude of the geomagnetic
vector . W= identity matrix

The 7-element calibration also computes sy, s, and s;. Off diagonal components of W are 0.

wi=ls oo
0 |s | 0
0 0 | s
Orintation Matices.docx
The 10-element calibration computes all elements of W-%, including s,, S, and sg ) Quaternions.doex
W=l s s | s
s, | sa | ss Everyone uses the same equation.
s | ss | S The magic is in how you compute the coefficients.
=~ freescale

Electronic Compass

Once you have performed magnetic calibration, computing magnetic
north is easy using cross products b

axb|/
a

A = accelerometer reading

Step 1: East, = B, XA

Step 2: Normalize East = East,, / |East,|
Step 3: Normalize Up = A/ |A|

Step 4: Magnetic North = A X East Eastey

North

See getRotationMatrix function at:

http://developer.android.com/reference/android/hardware/SensorManager.html

freescale’

eCompass — Virtual Gyro

freescale 0

Virtual Gyro

If you calculate orientation from accel + mag, computing outputs for a virtual
gyro is easy:

angular rates = the time derivative of orientation

For rotation of fixed reference frame relative to body frame (equivalent to a gyro
output), we have:

Small signal rotation matrix = R = ReR Ry

[0 [ To.
ARIAT =dRRRYAT= [ D [ 0 [0 ]=(1/ 1) (RusRT-10) =
[, 0,0 |

D/F 46 % Wy, - W,
DyF 46 % Weu-Way
D:F 46 % W -We,

$( E (6 (% 7 ( "
(o Eetier | G(S (16 s «

freescale’ sise | 7
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eCompass — Virtual Gyro

CIRGUIT CELLAR

AUGUST 2012
ISSUE 265
REPRINT

EMBEDDED DEVELOPMENT

Electronic Compass:
Tilt Compensation
& Calibration ki

by Mark Pedley (USA)

eCompass

Build and Calibrate a Tilt-Compensating
Electronic Compass

A modern smartphone contains a built-in electronic compass (eCompass). How
does the tilt compensation work, and how Is the eCompass calibrated for the
magnetic interference from the circult board? This article describes how you can
use the d

developed for the smartphane market to add a tilt-compensated eCompass to
your own microcontroller project for less than $5.

AXY
W

freescale” ...

Sensor intertace board

Compass Pointing Dirsction

eCompass - Virtual Gyro

USB interface board

Sensor daughter board with
MMAB451 accelerometer
‘and MAG3110 magnetometer

Figure 1. PCB assembly  Sensors EVKS

Xtrinsic Sensing Development Tools

k2

=,

> freescale’ ...

Orientation

Orientation can be thought of as a rotation from some standard reference (usually
the global frame).

For a set of sensors at rest, orientation can be considered to be the 3D rotation
necessary to map magnetic north into calibrated magnetic field reading and gravity
to measured accelerometer reading.

0 0

B=RM |B, A=RM |go
B 1

z ~ gravity in the ENU?
frame of reference

magnetic north in the ENU

frame of reference. Byisthe — a
horizontal component of the

earth field, B, is the vertical.

= accelerometer reading (in gravities) at rest
= measured magnetic field after calibration
Bl = magnitude of the earth field
RM = rotation matrix = orientation
ENU = X=East, Y=North, Z=Up

P 1 Use [0, 0, 1JTWindows 8. Use [0, 0, -1]7 for Android.

freescale” ...
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eCompass — Virtual Gyro

1.4 Software architecture
Compass Pointing

\Direm\m
Rollg
-

wagastometer | 5,

SmartFIFQ

Calibration
Aigorithms

Acceleromerer |6,

Fitch 6, Roll ¢

W calibration

or Yaw
Fea:

Calibration
wiv

AXY
W
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Pitch &

eCompass — Virtual Gyro

~Orientation and Virtual Gyro

e I
eot EEM g« e

rocn HEEIE v O v
S wEE D X

N

@ sudtract
"
FitEror%

Fiaa Magnitee ot [ICCHI
incinaton (seo)  [ESEIN

(deg) Ratodogs)  ts vector |

Taking it up a notch

The MagCal / eCompass example is nice because it can be
explicitly calculated

Other systems can be much more complex

If we can model a system as a set of state variables, then we can
use a Kalman filter to separate noise from desired system behavior
A Kalman filter essentially does a linear regression between
measured and expected system response.

Results can be proved to be optimum in a least-squares sense.

-
-
p<
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6-Axis Accel + Gyro Indirect Kalman Filter

linear orientation error

accelerometer

signal | Accelerometer-

Based Inclination
Model

. orientation
Kalman Filter gyro offset
magnetic disturbance

Gyro-Based
Inciination Model

signal
gyro offset, orientation error

This algorithm has no sense of magnetic north

The output orientation may drift about the gravity vector as a
result of uncorrected gyro gain errors

e

freescale” ...
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9-axis accel + mag + gyro Indirect Kalman Filter

linear lion, orientation error

accelerometer
signal

Accelerometer-
Based Inclination
Model

ayro offset,
orientation error

orientation
Kalman Filter gyro offset
magnetic disturbance

linear acceleration

Inclination
Model

Magnetometer-
Based Inclination
Model

magnetometer
signal

orientation error

e

freescale’ ...
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Part 4: Freescale Sensor Fusion Toolbox

AXY
W

freescale’ ... «

Computing information is only
half the puzzle.

You have to do something with it.
Enter

AXY
W

freescale’ ...

The Freescale Sensor Fusion Toolbox

Embedded board running Bluetooth Module

the Freescale Sensor
Fusion Library for Kinetis i

Sensor output datais fused using
Freescale-developed code running on
Kinetis, and then beamed to a PC or
Android device, where it drives the GUI

Phone/tablet running the Freescale
Sensor Fusion Toolbox for Android

-
z

freescale” ... @«
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The Freescale Sensor Fusion Toolbox

Provides visualization functions for the fusion library

Allows you to experiment with different sensor/algorithm choices
Gives you access to raw sensor data

Allows you to log sensor and fusion data for later use

Works with demo and development versions of the Freescale Sensor
Fusion Library

Platforms
Android
Windows PC

-
z

freescale” .....

-
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The Freescale Sensor Fusion Toolbox Features by Platform

Bluetooth wireless link Requires BT on PC (built-in or dongle)
On WiGo board only -

UART over USB - :

OS requirements >= Android 3.0 >= Windows 7.0

Ethemet wireless link

Support for native sensors
Device View
Panorama View -
Statistics View -
Canvas View
Orientation XY Plots
Inertial XY Plots
Magnetics
Kalman
Altimeter XY Plots
Data Logging Capability
Integrated documentation

Availability Google Play Freescale website
Price Free Free
. FROM_K64F and FROM_K20DSOM projectsrequire.a Processor Expertconfiguration change o
= run in wired mode.
=~ freescale el use | 84

PC Version — Device View

-

Rotating 3D PCB display
Image align function
Navigation Tabs for:

Sensors Data Tab

Dynamics Tab

Magnetics

Kalman

Altimeter

Help
Packet information

choice of PC comm port

packet activity indicator

# of packet errors
Roll/Pitch/Yaw & MagCal status
Choice of sensor set & algorithm
Sensor board run time and build
parameters, Data logging on/off

w ™

IS

o o

Figures are from 28 August 2014 build of the application.
Appearance may vary for other versions.

~

This is the most intuitive way to confirm that your sensor fusion is working properly.

-
> freescale’ ...

PC Version — Sensors Tab

1. Raw Accelerometer Values

2. Calibrated Magnetometer
Values

3. Raw Gyroscope Values

The PC is used for display only. All values are computed on the embedded board.

-
= freescale —
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PC Version — Dynamics Tab

Roll, pitch & compass heading
Current quaternion

Angular velocity

Linear Acceleration

> woN e

The PC is used for display only. All values are computed on the embedded board

e
P
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PC Version — MagneticsTab

[

2D representation of the
data point cloud used
for hard/soft iron
compensation

. Computed hard iron
vector

Soft iron matrix
Statistics

Calibration status light
Save to text file

—lo—— b

N

o o s w

You can use this display to view how the magnetic constellation evolves
over time in response to changing magnetic environments.

ol
= freescale —

88

PC Version — Kalman Tab

PLre— ]

e Ees o Use this tab to view
how well your sensor
fusion “digests”
changes in its
environment.

iii

1. Error in orientation estimate (X,Y,Z)
2. Computed gyro offset
3. Error in gyro offset estimate (X,Y,Z)

-
-
p<
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PC Version — Altimeter Tab

© 4 Altitude™—— -

- 2. Temperature

dsn owin amiss aswisn

Not available when using FRDM-FXS-9AXIS board

e
P
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PC Version — Help tab

O e S P Ve e
P Comt Mot

[T [ e e P ey

Freescale Sensor Fusion Toolbox for
Windows PC

Contents

a1l rovcies B (yapiaCal s neriace 43 spiay e GUPLL HOM Frsescak’s Sensor FLson aigorihms g on Freescale
A2, FRIDM,K200S0M oot FROMLKBAF baards aie curerty

et Freecdom bosids The FRDMKL252 FROM.KL262. FROM
L o

e
P
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Important Point

The template programs contained in the Freescale Sensor Fusion
Library for Kinetis MCUs assume that you are utilizing the FRDM-
FXS-MULTI-B Bluetooth board.

KL25Z, KL26Z and KL46Z projects can also be used via
UART/USB wired interface by the simple expedient of removing
jumper J7, which powers the Bluetooth module.

This works because the same UART is drives the Bluetooth module
and the OpenSDA UART interface.

K20D50M and K64F use separate physical UARTS for Bluetooth
and OpenSDA. You will need to reconfigure the Processor Expert
UART component in these projects if you wish to use a wired
UART/USB interface. Additional detail is in the user manual.

e
P
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Android Version Program Operation

output selection

sensor selection  algorithm Panorama View
selection
Sensors
Native to your »
Android mag (2d) Device View
Device
[ 2 oyoony [3
Gsar Log Window
Interface

Statistics View

ENU Frame of
Reference
X = East
Y = North
Z=up
+Z is out of page
:':freescale emattse | 04

Canvas View
. = Not Shown

= . L |

> “freescale’ ...
Application Controls

Navigation
Control The Options
on some devices

Fusion Settings Bar I:> e ——

Sensor & Algorithm
Selection Here

If present, click to enable
Tow pass filter

-

freescale” ... -
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Stats Page

For mag / accel / gyro and
rotation, the Statistics Views
displays:

sensor description

current sensor value

min / mean / max values

standard deviation

noise / Hz

When used with the local sensor
sources, this is a great way to gain
insight into devices from the
competition!

e
-
P
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If you would like to try it...

Ihttp://play.googIe.com/store/apps/detaiIs’?id=com.freescale.sensors.sfusion I

Mtrinsic Sensor Fusion
Toolbox

e
-
P
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Part 6: Freescale Sensor Fusion Library for
Kinetis

e
P>
P
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Freescale Sensor Expansion Boards
Kinetis KL25Z and K20D50M compatible Freescale Sensor Expansion Boards

Freescale Sensor Expansion Boards
I Freedom Development Platform for Xtrinsic Sensors FRDM-FXS-MULTI-B

BT Resgt ——— —_ Bluetoath

BT Power —————
Jumper —————FX0S8700CQ
MAG3T10 — A _ e FXLERATY
MMABBE2FG — —MMaA9553L

MPL3115A2 ———
FXAS21000 —_ 4 33V Power
S % Jumper

SDCard __ g
— u —————omof
e e Switch
z“freescale” ... .

FRDM-FXS-MULTI*  Freescale Sensor $50  Now
iy Expansion board
MPL3115A2
Lz MMAB652
P KL26Zor FXAS21000
T KL46Z or FXOS8700
2 K20D50M or FXLS8471
 KeF MMAQ55x
MAG3110
FRDM-FXS-MULTI-B* Freescale Sensor $125 Now
Expansion board with
[]%]5] Bluetooth and Battery
= ~ MPL3115A2
MMA8652
FXAS21000
‘ FXOS8700
FXLS8471
MMA955x
‘ MAG3110
FRDM-FXS-9AXIS*  Freescale Sensor $30 Now
Expansion board with only
| 2 sensors
FXAS21000
FXOS8700
"
> freescale’ ...«
I Freedom Xtrinsic FRDM-FXS development hardware
| FROM.FXS-MULTI-B | FRDM-FXS-MULTI | FRDM-FXS-0AXIS
Compatble Frsedom FROMAL2SZ FROMKLZSZ FROM-KL25Z
[ A
Ao R corputie 4 A 4
FXAS21000 Gyroscope | i ] 4
FX08870000 i ] 4
MMABES2FC 4 '
Acoslerometar
MPL3115A2 Altimetes! g f
er Sensor
FXLSB4T1 Acoeleremeter R A
MAASSSL Pocometer B .
MAGEH10 Magretormatar B A
. |
z Biuetoth Moduie and
= “freescale .} l
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PRECO CIF NO DIA02 /12 / 14 (DOLAR A R$ 2,5624)

DS Part Number Fabricante Prazo de Entrega

| FRDM-FXS-MULTI-B Freescale / On Semi Est. USA entrega 2/3 semanas

o FROM-FXS-MULTI  Freescale / On Semi
o FRDM-FXS-9AXIS  Freescale / On Semi
|5, FROM-KEOSZ
|, FROM-KL252

o FROM-K64F

Opgs 7semanas

2pgs  Est. USA entrega 2/3 semanas
Freescale / On Semi 89 pes .Est, USA entrega 2/3 semanas
Freescale / On Semi 0 pgs .7 semanas

Freescale / On Semi 13 pgs  Est. USA entrega 2/3 semanas

e
P

freescale Exermaluse | 102

Ordering Details

Sensor Fusion Library for Kinetis MCUs Free hitp:/fwww.freescale.com/sensorfusion

Freescale Freedom Development Platform KL46Z = $15.00 hitp: /vy freescale comyireedom
K20D50M = $18.00
K64F = $29.00
Freescale Freedom Development Platforn $30 hitp:vw. freescale. com/FRDM-FXS-0AXIS
for Multiple Freescale Sensors =) Doy
$125

(Rt Gy P IS I (e Free hitp:/fwww.freescale.com/sensorfusion

Freescale Sensor Fusion Toolboxes = hups://play. google.comstore/apps/det freescale

Android ree sensors.sfusion
Freescale Sensors Various

Prices are current as of 6 Sept, 2014. They may vary in the future.

e
P
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Sensor Fusion Development Kit

Development Kit

Enables quick development and
prototype of sensor fusion applications

Includes
Kinetis FRDM-K64F Freedom board
Freedom Development Platform for
Freescale Sensors with Bluetoothfi Commercial Support
Part numbers Reduces project risk, accelerates time
FRDM-SFUSION with community to market
support ($170) Prioritized and dedicated access
FRDM-SFUSION-S with 50 hours Guaranteed response time
commercial support ($10K) Senior level developer access
Private portal with customer reporting
and dedicated escalation path
Annual Subscription

e
P
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Freescale Sensor Fusion Library for Kinetis MCUs

Optimized for the computation of orientation with respect to a global
frame of reference as a function of sensor readings from:
accelerometer
and/or gyroscope
and/or magnetometer
Along with orientation, also computes:
linear acceleration
magnetic interference and correction factors for same
magnetic inclination angle
gyroscope zero-rate offset
compass heading
virtual gyro from accelerometer / magnetometer

e
P
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How to Engage with Sensor Fusion

http://www.freescale.com/sensorfusion
Contains the latest sensor fusion information ==
Downloadable SW and demos = TR =
Blogs and app notes : ) E B
Sensor fusion development kits E

Available November 2014

Combination of FRDM-MULTI-B and FRDM- = S===== )

K64F boards e

Part numbers

FRDM-SFUSION-S with 50 hours of commercial

support

FRDM-SFUSION with community support
Factory contact

SFSW@Freescale.com

Email alias includes sensor and MCU teams

-
z
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Freescale Sensor Fusion Library for Kinetis MCUs

Supplied in source form under license from Freescale
Implemented as pure C-code sitting on top of device driver and
MQX-lite implementations created via Processor Expert
Shipped in the form of CodeWarrior projects compatible with the
Freescale Sensor Fusion Toolbox

Downloadable from http://www.freescale.com/sensorfusion
Community support available at
https://community.freescale.com/community/sensors/sensorfusion
Contract support services offered by Freescale. Contact:
sfsw@freescale.com for details.

-
-
p<
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Features vs. Sensor Set
Filter Type Low Pass Indirect Kalman Low Pass Indirect Kalman
Roll / Pitch / Tilt in degrees Yes Yes Yes Yes
‘Yaw in degrees No No Yes Yes
Angular Rate! in degrees/second virtual 2 axis? Yes virtual 3 axis Yes
‘Compass heading (magnetic north) in degrees No No Yes Yes
Quaternion and rotation vector Yes Yes Yes Yes
Rotation matrix Yes Yes Yes Yes
Linear acceleration separate from gravity No Yes No Yes
NED (North-East-Down Frame of Reference Yes?® Yes?® Yes Yes
ENU (Windows 8 variant) Frame of Reference Yes?® Yes?® Yes Yes
ENU (Android variant) Frame of Reference Yes?® Yes?® Yes Yes
Magnetic calibration included No No Yes Yes
Gyro offset calibration included NIA Yes NIA Yes
FRDM-KL25Z board support Yes Yes Yes Yes
FRDM-KL26Z board support Yes Yes Yes Yes
FRDM-KL46Z board support Yes Yes Yes Yes
FRDM-K20D50M board support Yes Yes Yes Yes
FRDM-K64F board support Yes Yes Yes Yes

a ngular agyro gyro offset

2 Sibjestto et lindta vton abot ases algned wihgravty

3. These include. is no sense of

Y
Z“freescale” ...

12/19/2014 11:25:38 AM

Option Details
License Free when used with Freescale sensors (see license file for details)

‘The ANSI C99 source code was opiimized on Freescale Kinetis MCUS
CPU selection based upon ARM  Cortex MO+, Ma and MAF processors, but shoud be
portableto any CPU.

Board customizable Yest

Sensor sample rate Programmable

Fusion rate Programmable, ypically = sample rate/N
Frame of Reference Programmable (NED, Android, or Windows )
Algorithms Executing ‘Any combination of those shown inthe prior slide
Sleep mode enabled between samples/calculations Programmable

RTOS MoX-Lite

Code flexibilty Al code is supplied in source form
Access to Processor Expert Yes

* Datasheet, User guide, Application Notes
* Template CodeWarrior projects
* Pre-compileds-record files

Product Deliverables

4 FRDM_KL25Z, KL26Z, KL46Z, K20DS0M and K64F are supported out of the box and may be used as templates for other board/MCU
combinations.

-
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Part 5: Play with fusion options

e
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For this demo

You need
Freescale Freedom boards shown
USB cable

Freescale Sensor Fusion Toolbox running
on a Windows Laptop

(C:\Program Files\Freescale\Freescale Sensor Fusion / # FRDM-KL25Z or
Toolbox/SensorFusion.exe) Eigmit‘%g 2:
Freescale Sensor Fusion Library for Plug your USB cable in

Kinetis MCUs this connector

Make sure the switch on the top sensor
board is on .

If you have a MULTI-B board, remove
jumper J7

e
P
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Experiment with each of the following options

1  Accelerometer Roll & Pitch only, no yaw
2 Gyroscope Roll, Pitch & Yaw, but no absolute reference

3 Accelerometer + Roll, Pitch & Yaw relative to earth frame, but sensitive to
Magnetometer (eCompass)  magnetic interference and linear acceleration
4 Accelerometer + Gyroscope  Roll, Pitch with respect to horizontal plane, yaw is relative

5  9-Axis Accelerometer + Roll, Pitch & Yaw relative to earth frame, relatively independent
+ of magnetic and linear i

Experiment with each tab function on the fusion toolbox

-
-
p<
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Sensor Fusion Library Details

-
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Development Requirements

You must have either Kinetis Design Studio 1.1.1 or CodeWarrior 10.6
and Processor Expert to build sensor fusion applications using the
Freescale project templates.

CodeWarrior can be downloaded from http://www.freescale.com/codewarrior.
Kinetis Design Studio can be downloaded from http://www.freescale.com/kds
In order to experiment with the demo program, you will need an Android

3.0 or higher device running the Freescale Sensor Fusion Toolbox OR the

PC-based variant of the toolbox. Details are available at
http://www.freescale.com/sensorfusion
Fusion libraries and example projects supplied by the Freescale Sensor
Solutions Division
Development board(s)! with:
Kinetis Cortex-M0+, M4 or M4F MCU
Freescale FXOS8700CQ 3-axis magnetometer + 3 axis accelerometer
Freescale FXAS21000 3-axis gyroscope

* See details on Freescale Sensor Expansion Boards . Additional sensor are supported in build.h. And of course,
you can add your own! ~ Future expansion boards may replace the FXAS21000 with the FXAS21002, which s also supported

e
P
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Easy to use...

Pre-built templates are targeted at specific Freedom boards

User code easily added to a single .c file within any of the
following functions:
void UserStartup(void);
void UserHighFrequencyTaskInit(void) ; // runs once, the first time through the 200Hz task
void UserHighFrequencyTaskRun(void); // runs each time the 200Hz task runs
void UserMediumFrequencyTaskInit(void); // runs once, the first time through the 25Hz task
void UserMediumFrequencyTaskRun(void); // runs each time the 25Hz task runs

Sensor and fusion values are simply read from predefined
global structures

e
P
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user_tasks.c Template Page 1 of 3

include "Cpu.h"
#include "Events.h"
#include "max_tasks.h
#include "UART.h"

#include “include_allh"

void UserStartup(void) {
1l The following UART function call initializes Bluetooth communications used by the
1l Freescale Sensor Fusion Toolbox. I the developer is not using the toolbos,
I/ these can be removed.

"
I initialize BlueRadios Bluetooth module
BlueRadios_Init(UART2_DeviceData):

1 put atthe end of the RT

1/ PUT YOUR CODE HERE
"

return;

e
P

freescale ematuse | 116

user_tasks.c Template Page 2 of 3

void UserHighFrequency Taskinit(void) {
Il User code to be executed ONE TIME the first time the high frequency task is run.

"
I PUT YOUR CODE HERE
"

return;

}

void UserMediumFrequencyTaskinit(void)
1 User code to be executed ONE TIME the first time the medium frequency task is run

1/ PUT YOUR CODE HERE
return;
void UserHighFrequencyTaskRun(void) {
1l The default frequency at which this code runs is 200Hz.
1/ This code runs after sensors are sampled.
1/ Ingeneral, try to keep "high intensity" code out of UserHighFrequencyTaskRun.
1/ The high frequency task also has highest priority.
I
1/ PUT YOUR CODE HERE

return;

e
P
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user_tasks.c Template Page 3 of 3

void UserMediumFrequencyTaskRun(void) {
1l This code runs after the Kalman filter loop
/1 The default frequency at which this code runs is 25Hz.

11 The following UART function constructs and sends Bluetooth packets used by the
/I Freescale Sensor Fusion Toolbox. If the developer is not using the toolbox,

it can be removed.

/I transmit orientation over the radio link
CreateAndSendBluetoothPacketsViaUART(UART2_DeviceData);

"
/I PUT YOUR CODE HERE
"

retum;

Steps to use:

1. Import project into CodeWarrior
2. Add your code as shown above
3. Build

4. Download and run

-
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Access Fusion Inputs & Outputs Via a Standard
Set of Global Data Structures

Input Global Data Structures defined in build.h

Pointer Function Structure Name Structure Type

Accelerometer thisAccel AccelSensor
Magnetometer thisMag MagSensor
Gyroscope thisGyro GyroSensor

Output Global Data Structures defined in tasks.h

Structure Type

Pointer Function Structure Name

Altimeter results thisSV_1DOF_P_BASIC SV_1DOF_P_BASIC

3-axis Accelerometer results thisSV_3DOF_G_BASIC SV_3DOF_G_BASIC

2D Magnetic-only eCompass results  thisSV_3DOF_B_BASIC SV_3DOF_B_BASIC

Gyro-only orientation thisSV_3DOF_Y_BASIC SV_3DOF_Y_BASIC

eCompass results thisSV_6DOF_GB_BASIC SV_6DOF_GB_BASIC

accel+gyro results thisSV_6DOF_GY_KALMAN ~ SV_6DOF_GY_KALMAN

- 9-ais resuits thisSV_9DOF_GBY_KALMAN ~ SV_9DOF_GBY_KALMAN

Z“freescale’ ... .
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Location of Variables Within the Global Structures

Description Data Type
G GB GY GBY

(accel) (eCompass)  (accel +gyro) 9-axis
rollin degrees float fLPPhi fLPPhi fPhiPI fPhiPl
pitch in degrees float fLPThe fLPThe fThep! fThep!
yaw in degrees float fLPPsi fLPPsi 1PsiPl 1PsiPl
compass heading in degrees float fLPRho fLPRho fRhoPI fRhoPI
tilt angle in degrees float fLPChi fLPChi fchipl fchipl
magnetic inclination angle in float NIA fDelta NIA fDeltaPl
degrees fLPDelta
geomagnetic vector float NIA NIA NIA mGi[3)
(microTeslas, global frame)
ayro offset in degrees/sec float NIA NIA fbPI[3] fbPI[3]
linear acceleration in the float NIA NIA faSePI[3] faSePI[3]
sensor frame in gravities
linear acceleration in the global float NIA NIA NIA faGIPI(3]
frame in gravities
quaternion (unitless) fquaterion  fq fq fqPl fqPl

fLPq fLPq
angular velocity in dps float fomegaf3]!  fOmega[3]  fOmega[3?  fOmega[3)?
orientation matrix (unitless) float 1RI3](3] fRI3][3] 1RPI[3](3] 1RPI[3](3]
LPRE3JE]  fLPR3](3]

otation vector float fLPRVec[3]  fLPRvec[d  fRVecPl[3]  fRVecPI[3]
time interval in seconds float fdeltat fdeltat fdeltat fdeltat

': Data elements for altimeter, 2D eCompass, and gyro only are not shown.
= “freescale e use | 120

Here is an Example of Grabbing Quaternion Values

struct fquaternion fq; /I quaternion
float g0, g1, g2, q3;

/ffq = thisSV_3DOF_G_BASIC.fLPg; // OR
/ifq = thisSV_6DOF_GB_BASIC.fLPg; // OR
/ffq = thisSV_6DOF_GY_KALMAN.fqP; // OR
fq = thisSV_ODOF_GBY_KALMAN.fqPI;

q0 =fq.q0;
ql=fq.ql;
q2=1q.q2;
q3 =fq.q3;

I more details/examples are presented in the following section

-
= freescale” .

Example: Reading Euler Angles

Using 3-axis model:
float roll = thisSV_3DOF_G_BASIC.fLPPhi;
float pitch = thisSV_3DOF_G_BASIC.fLPThe;
float yaw = thisSV_3DOF_G_BASIC.fLPPsi;

Using 6-axis accel + mag (eCompass) model:
float roll = thisSV_6DOF_GB_BASIC.fLPPhi;
float pitch = thisSV_6DOF_GB_BASIC.fLPThe;
float yaw = thisSV_6DOF_GB_BASIC.fLPPsi;

Using 6-axis accel + gyro Kalman filter model:
float roll = thisSV_6DOF_GY_KALMAN.fPhiPI;
float pitch = thisSV_6DOF_GY_KALMAN.fThePI;
float yaw = thisSV_6DOF_GY_KALMAN.fPsiPI;

Using 9-axis Kalman filter model:
float roll = thisSV_9DOF_GBY_KALMAN.fPhiPI;
float pitch = thisSV_9DOF_GBY_KALMAN.fThePI;
float yaw = thisSV_9DOF_GBY_KALMAN.fPsiPI;

e
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The Development Kit provides:

Access to raw fusion and magnetic calibration functions
Control over sampling and fusion rates

Ability to add custom Hardware Abstraction Layer (HAL)
Access to MQX-Lite customization via Processor Expert

e
P
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Product Development Kit Structure s sippeo
FSFK_KL25Z; or
FSFK_KL26Z; or
FSFK_KL46Z; or
FSFK_K20D50M; or
FSFK_K64F

include iName>.f mations.h c =
jenerated> build.h Biolect

drivers.h drivers.c

Events.h Events.c
=) fusion.h fusion.c
. include_all.h
magnetich magnetc.c
main.c
pre- matrix.h matrix.c
populated max_tasks.h mgx_tasks.c
with .s19 and orientation.h orientation.h
-bin files tasks.h tasks.c
user_tasks.h user tasks.c

Files in bold red are most likely to
be customized on a per project
basis.

-
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3.2 Project Overview

The ombsdded agp call:
- RaSensDaia_Run

These are defined in taske_func.c.

o
——
T i

Funstions in tasks._func.e eall:
tasks_tunc.e FX0S8700 It

* FXOS700_ReadData }‘—
* FXAS21000_ReadData
These are dofined In FSL_utis.c. (G (e ]

-
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Source File Descriptions

g::: ; E ( (3%5 6
build.h Build options consolidated into a single file
drivers.c InitiaIiZ§tion of hardware timers and I2C drivers for inertial and
driversh magnetic sensors. Contains
CreateAndSendBluetoothPacketsViaUART().
Events.c Callback functions for hardware events. Contains
Events.h UART_OnBlockReceived()
5 % (3 x> (=
( 8
HC: C ¢ «
G 6«
-
= freescale e use | 126

Source File Descriptions

(: Initializes and executes MQX
(G o
Cr % E (/7 (% (
max_tasks.c Creates and runs the Sampling, Fusion and Calibration tasks which in
max_tasks.h turn call functions in tasks.c
( 6 w % 4
(G C @ ( /7 i i
« (6 : ( 6 % (5 %
( f 5 -i8 #:
tasks.c provides the high level fusion library interface. It also
tasks.c includes the option to apply a Hardware Abstraction Layer (HAL).
tasks.h With proper attention to sensor orientations during PCB design,
tasks.c may never need modification.
user_tasks.c ( . g
user_tasks.h
e
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High Level Architecture

Main_task()
RdSensData_task()
Fusion_task()

MOX MagCal_task()

max_tasks

i < RdSensData_Init()
Fusion_lnit()
RdSensData_Run()
| Fusion_Run()

tasks

MagCal_Run(
ApplyAccelHAL()
ART | GPIO user ApplyMagHAL()

magnetic | fusion drivers & Events

orientation, matrix,

" FC Interface
approximations

u
Interface Interface tasks. ApplyGyroHAL()

Hardware

generated by 12C and UART communications to external devices
RloceSSORExpert are encapsulated by drivers.c and Events.c

primary fusion &
calibration functions

e
P
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Our Sensor Fusion is Partitioned Into 3 Tasks
FXOS8700
(Internal clock)

‘ FXAS21000 ‘

(Internal clock)

200 Hz MQX Hardware Timer

. Specific to hardware
Sampling Task and sensors

125 Hz Software Event

‘ Fusion Task
. Independent of
~1 per minute Software Event hardware and
sensors

Task

‘ Magnetic Calibration

sampling interval =5 ms

e
P

freescale’ ... .

The Build Process

Make any desired

Build

changes to the template board- un updated
i Processor project
Expert with MQX-

template lite Warrior

Test via Freescale

Sensor Fusion Toolbox
For K64, there is one intermediate (and for Windows or Android
temporary) step here. Manually edit
CPU_Config.h, change the value for
NV_FSEC to OxFE. This works around a
bug in the MBED bootloader firmware.

-
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MCU Resources Used by the Template Projects

e | e e S
cpu

MKBAENINOVLLIZ

Le0_neo prots prezo prezo pres proz Iuminated when a magnetc
cakraton & I progress
Lo oreEn  pras preay pros proa preze Fickes when fusion agorts
Leo_sLve pro1 pros preay praz prozy Curteny nised
e LerRo LerRo LerRo LerRo LerRo i e G A D
200 oo o rocess
useT UsRTOn  UARTO0n UARTO0n UARTLon UARTI on Used orBheiooh
Preiras o
e PCInPTC21  RCIonPTC21  RCLenPTC21  2COoNPTBLO  2CLon Commincates tosensors
Preitio
TesPi KF_Time  PTC10 prcto prcto prcto Prcr Gt s e or debi
urposes
TestPin_MagCal_  PTC11 PTC11 PTC11 PTC1 PTCS
i
ol
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Fusion Options Are Controlled Via build.h

#ifndef BUILD_H
#define BUILD_H

7/ PCB HAL options
#define BOARD_WING_REVOS
#define BOARD_FROM_KL25Z
#define BOARD_FROM_K20D5OM

0 77 with sensor shield
1
2
#define BOARD_FXLCOS000CL 3
4
5
6

sensor shield
sensor shield

sensor shield
sensor shield
77 with sensor shield
h sensor shield
hout sensor shield

#define BOARD_FROM_KL26Z
#idefine BOARD_FROM_K64F
#define BOARD_FROM_KL16Z
#define BOARD_FRDM KLAGZ 7 77 wi
#define BOARD_FROM_KLA6Z_STANDALONE 8 ”

7/ enter new PCBS here with increnent
7/ C Conpiler Preprocessor define in the Codellarrior project will choose which board to use
#ifdef REVOS

#define THIS_BOARD_

ing values

BOARD_WINS_REVOS

#endif
#ifdef KL25Z
#define THIS_BOARD_| BOARD_FRDM_KL25Z
#endif
Y
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Fusion Options Are Controlled Via build.h

#itder k200504
THIS_BOARD_ID BOARD_FRDM_K20D50H

o
#ifdef FXLCI5000CL
BOARD_FRDI_FXLC95000CL

BOARD_FRDI_KL26Z

BOARD_FROM_K64F

BOARD_FRDN_KL16Z

e
#ifdef KLAGZ

#idefine THIS_BOARD_ID BOARD_FRDV_KL46Z

#ifdef KLAGZ_STANDALONE
e HIS_BOARD_ID BOARD_FRON_KL46Z_STANDALONE
#rendif

7/ coordinate systen for the build
#define NED

v for NED angle output
r for Android angle output

wiNg 2 /7 identitier for Windous 6 angle output
THISCOORDSYSTEM ANDROID  // the coordinate system to be

ANDROID 1

e
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Fusion Options Are Controlled Via build.h

7/ sensors to be enabled: conpile errors warn if the sensors are not compatible with the algorithns.
/1 avoid enabling FX0SE700 plus 1NABG52 and HAGS110 which wl1 result in sensor read from all sencors

2 read first fron FX0SB700 and then over-written by data fron WNABGS2 and JAGS110.

I work but it's a waste of clock cycles.

//#define USE_VAG3110

7/ enforce a fatal compilation error if the K20D50M board is used with WABG52
#if (THIS_BOARD_ID O_FROW KOOSO 22 defined USE wirses2

#rerror This build creates an 12C conflict between MMABASL on K20DSOM board and MWAB652 on sensor board
#rendi

// normally all enabled: degrees of freedon algoritins to be executed

i IPUTE_100F_P_BASIC '/ 100F pressure (altitude) and temperature: (1x pressure)
S acoel 4 t @x accel)

7/ 300F m =2 (vehic

77 3007 ayeo integra ¢

7/ 600F accel and mag eoumpass X acoel + 1x nag)

COMPUTE_6DOF_GY_F 7/ 600F accel and gyro (Kal

idefine CONPUTE S00F_CBY KALUAN 77 SDOF accel . nag and gyro (Kalnany: (ix accel o bx mag + 1x gyro)

e
P
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Fusion Options Are Controlled Via build.h

6 build nurber sent in Bluetooth debug packet

7
#define THISBUILD 420

7/ sanpliing rate and kalman filter timing
1000000 // Likiz FTW tiner frequency set in PE: do not change
200 /7 200+z: frequency (Hz) of sensor sampli

T
Bx: 300 6DOF . SbOF run At SENSORFS 7 OVERSANPLE RATIO Hz

e RFS
#define OVERSAMPLE_RATIO 8/

/ power saving deep sleep
//#define DEEPSLEEP 7/ define to enable deep sleep power saving
// UART (Bluetooth) serial port control

//Hdefine UART_OFF 7/ define to measure NCU+algorithn current onl

e
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Part 7: Explore the Sensor Fusion Library

ol
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For this lab

You need:
Freescale Freedom boards shown
USB cable
Freescale Sensor Fusion Toolbox running on a
Windows Laptop

(CiProgram ‘Sensor Fusion

FSFK_KL25Z project template

(pre-installed on FTF laptops at C:/Temp)

gg;gvnl install updated software images on your Plug your USB cable in
: this connector

Make sure the KL25Z switch is on

Note: The same process described here works for
any of the fusion library template projects. You can
use any of KL25Z, KL26Z, KL46Z, K20D50M and
K64F Freedom boards.

-
z
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IF your PC has the template pre-installed...

SKIP to Step 8

Otherwise, repeat Steps 1 through 7 on the following pages

e
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Installation Step 1
a. Copy installer into your working directory
b. Double-click FreescaleSensorFusioninstaller.exe

=
O[5 + Corpus » Poner )+ Teo ~Top [ S e ]
fe fon yew ook Hep

Orpoin, .ot i ey, = St > B et -0 8

e
p— P LT ——
3 Racrt Pces

Preprees
3 Gecuaits
& i
e e
B s

= FROMILIST(E)
Sy Metmork

1tem

|

Liem W Computer

e
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Installation Step 2
Read the license terms, click | Agree

'8 Frecscale Semsor Fusion Library for Kinetis MCUs Setup-.| = | 1 [

.

> freescale

e P ——

fay Fusion Library for Kinets MOUs. If you acoept all terms of the agreement,
ek | Aaree.

Freescale Sensor Fusion Library or Kinetis MCUs 5

Plesse review

IMPORTANT. Read the foloving Freescale Soffware License
|Agreesment (*Agreement”) completely. By selecting the 1 Agrec”

ehis A nd

her ind your compan
lterms. You may then download or install the file.

D USES w NSE X

concel [iooe | | qum

-
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Installation Step 3
a. Review the system requirements.
b. Click Next

E =)
-,

C 4
> freescale

ﬁ Plsse reviem the foloing nstalation notes

[Freescale Sensor Fusion Lbxary Irstalation Requrements 5
(Corsudt o e e m ooehson for vodotes, relsted
oftware, docmantston and braneg maiens.

s nstater wal g you aptons to nstalFreescaie Sensar Fuson ot for
(Code¥armor 10.6 and ¥inets Deson Stud Verson L L1,

[Supported boards ndude: KL2SZ, K026, 46T, KIODSIM snd K. The
SPY_cboard_name> projects i hasve enscal sensor fosion sousce fles

[stang upon board-seciic drivers areated via Pracessor Expert. You must
fun Processox Expart to gensrate s code.

s s [ | |4

-
= “freescale’ ...

Installation Step 4
a. Select the destination folder (automatically defaults to the folder in which you
placed the installer).
b. Click Next "
B Freescle Sensor Fuion Uibreyfor Kineta MCUs Setup | ] & (asd
L 7
.l
- Treescaie
ﬁ Setup will nstall Freescale Sensor Fusion Library for Kinetis MCUs in the
= e, To matst 1 affrent e, 50, st 0 et
i ks ket 1> contine,
Destraton Fader
- | [FE= [
spacereaued 2138
Souce sl 0.8
Cancel e |[ o> | |4umm
= “freescale oo | 142

Installation Step 5
a. Select your choice of kits (defaults to CodeWarrior Fusion Projects and

documentation).
b. Click Install
-] i Wl sevpo ) © (]
L
&>

- Treescaie

ﬁmhmsmmmnw.

‘Select the type of instal: | -

Or, select the optonal B -

Campanans voq e o sl L2 Serwe Fuion
252 sero Fuson
.62 Sero Fusion
a5 S o
(54 Sanso Fuss
K462 o

‘Space requred: 21,38 & [Dxiness Design $tudo.
D252 sersor Fusion i

Gl <t | ol =
=
> “freescale’ ..... .-
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Installation Step 6
a. Click Close to complete installation

=~ freescale

Installation Step 8

a. Expand the template folder down into the FSFK_KL25Z/Sources directory
b. Confirm the that the set of files shown below is present

G-

b g e

=~ freescale

> Comvus
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Installation Step 7
a. Confirm presence of project template, tools and docs directory

A Computer

= “freescale’ ke | 145

Installation Step 9
a. Start CodeWarrior 10.6

b. Select c:/Temp (or whatever directory you used) as your workspace
c. Click OK

= “freescale’ ause | 147

Installation Step 10
a. From CodeWarrior, Select

35 impert (Not Respending)
File->Import->General- Select
>Existing Projects into Cresteneve pesjtsfom a archive file o diectony
Workspace
b. Click Next St gt sunce
‘ we File
ing Projecis i Wk
g Vo =
Companent Development Environment
s
stal
Processor Expert
? | let> Cancel
= “freescale

Installation Step 11

a. Select the proper root

B mport > [

Import Projects el
directory ) e
b. Check the project to be =
imported @ Select root direcorys | CATemp\Codemarior Boae] 4
c. Click Finish Select archive e
Brict
FRDM_KL4EZ (C:\Temp\Codewarrion FROM_KL46Z) Select Al
FSFK JODDS0M (CATemp)Codewarion SFE KI0DS0M)
PSP KBAF (€ Dedectal
_—) s
FSFK_KLI6Z (C:\Temp\Cod Ratresh
FSFICKLISZ (CATemp\Cod
Copy projectsinto workspace
Working sers
A projec o working sets
2 <k Ern | e
= “freescale’ wuse | 149
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Installation Step 12

a. Close the CodeWarrior Welcome
Screen if present

b. Expand the project folder to view
contents

Your project has been
successfully installed.

e
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Lab 2, Step 1

a. Double-click on
ProcessorExpert.pe. This will
bring up the components
browser

b. Click on Generate
Processor Expert Code icon -)
to run Processor Expert

e
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Lab 2, Step 2 )

-—)
a. Select the project name
b. Click on the Build icon

e
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Lab 2, Step 3

&

Plug your board in if it is not
pluggedin

Run->Run Configurations
Expand CodeWarrior- =
>FSFK-
KL25Z_FLASH_OpenSDA

(run configuration name

may vary)

d) Click Run

ez

e
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Status check

You should see the green LED blinking steadily, with a red flash a couple
of times per second

You have just successfully reprogrammed your board with the same
application we ve already experimented with

Open up the Freescale Sensor Fusion Toolbox on your PC and confirm
that operation is unchanged

Open Sources/drivers.c and review function
CreateAndSendBluetoothPacketsViaUART(). This function pulls virtually
all fusion results from fusion output structures for transmission back to the
Sensor Fusion Toolbox.

This completes Lab2.

-
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Optional Lab 3, Step 1: Let’s modify a few things
In Sources/drivers.c

Add
int16 iChi; /tiitangle
atthe top of function CreateAndSendBlueToothPacketsViaUART()

Append statements to look up iChito each of the case options of switch(globals QuaternionPacketType) . The
7 statements needed are:
iChi = (int16) (10.0F * thisSV_3DOF_G_BASIC.fLPCh); //Q3
iChi = (int16) (10.0F * thisSV_3DOF_B_BASIC.ALPChi); / Q3M
iChi = (int16) (10.0F * thisSV_3DOF_Y_BASIC.Chi); /I Q3G
iChi = (int16) (10.0F * thisSV_6DOF_GB_BASIC.{LPChi): /Q6MA
iChi = (intL6) (10.F * thisSV_6DOF_GY_KALMAN {ChiP); /] QGAG
iChi = (int16) (10.0F * thisSV_IDOF_GBY_KALMAN.ChiP); // Q9

iChi=0; // NOT IMPLEMENTED. THIS IS A PLACEHOLDER 1/ QCC

In the “if (globals RPCPacketOn) section, replace:
SBufAppendhem(SUARTOUtpUBU, &ilndex, (uint8*)&iPhi, 2)
sBufAppendiiem(sUARTOutputBu, &ilndex, (uintg*)&iThe, 2):
sBufAppendiiem(sUARTOUtpUBT, &ilndex, (uintg)&iRho, 2)

with
int16 zero, compassPoint;

1/ Use iChiinstead of iPhi

I Convert compass heading to a cruder N, NE, E, SE, S, SW, W, NW heading
1/[12-7): add the angles (resolution 0.1 deg per count) to the transmit buffer
ze10=0;

compassPoint = iRho-225;

compassPoint = compassPoiny4s0;

compassPoint = compassPoint * 450;

sBufAppendiiem(SUARTOUtpUtBU!, ilndex, (uintg*)&iChi, 2):
sBufAppendiiem(sUARTOutputBu, &ilndex, (uint*)&zero, 2):
sBufAppendiiem(sUARTOUtpUBUT, &ilndex, (uintg)&compassPoint, 2):

-
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Lab 3, Step 2: Rebuild & experiment

What should be the effect of the changes on the prior page?
Hint: iChi is tilt angle in degrees

a) Rebuild the project

b) Download and experiment with changes via the Dynamics tab
in the Freescale Sensor Fusion Toolbox running on your PC

Dont forget to refer to the slides which specify available fusion
outputs.

This concludes the 3™ lab.

e
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Reminder: Global Data Structures

Pointer Function | Structure Name Structure Type defined in include file

Accelerometer thisAccel AccelSensor proj_config.h
Magnetometer thisMag MagSensor
Gyroscope thisGyro GyroSensor
3-axis results thisSV_3DOF_G_BASIC SV_3DOF_G_BASIC tasks_func.h

eCompass results  thisSV_6DOF_GB_BASIC SB_6DOF_GB_BASIC
accel+gyro results  thisSV_6DOF_GY_KALMAN  SV_6DOF_GY_KALMAN

9-axis results thisSV_9DOF_GBY_KALMAN SV_9DOF_GBY_KALMAN

e
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Reminder: Location of variables within the global
structures

Description data type Fusion Algorithm Options'
G GB GY GBY
(accel) (eCompass)  (accel +gyro) 9-axis

roll in degrees float fLPPhi fLPPhi fPhiPI fPhiPI
pitch in degrees float fLPThe fLPThe fThePl fThePl
yaw in degrees float fLPPsi fLPPsi PsiPI PsiPI
‘compass heading in degrees float fLPRho fLPRho fRhoPI fRhoPI
tilt angle in degrees float fLPChi fLPChi fChiPI fChiPI
magnetic inclination angle in float N/A fDelta N/A fDeltaP|
degrees fLPDelta
\geomagnetic vector float N/A N/A N/A fmGI[3]
(microTeslas, global frame)
gyro offset in degrees/sec float NIA N/A 1bPI[3] bPL[3]
linear acceleration in the. float NIA N/A faSePI[3] faSePI[3]
sensor frame in gravities
linear acceleration in the global float N/A N/A N/A faGIPI[3]
frame in gravities fLPaGIPI[3]
quaternion (unitless) fquaternion  fq fq fqPI fqPI
fLPq fLPq
angular velocity in dps float fOmegal3] fomegal3] fOmegal3]? fOmegal[3] 2
orientation matrix (unitless) float 1R[3][3] R[3][3] RPI[3](3] RPI3)(3]
LPR[3)(3] LPR[3][3]
rotation vector float fLPRVec[3] fLPRvec(3] fRVecPI[3] fRVecPI[3]
time interval in seconds float fdeltat fdeltat fdeltat fdeltat
Y
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Part 8: Odds & Ends & Review

-
-
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In summary

Freescale offers the lowest cost, most complete, sensor fusion solution
available anywhere, with:

Free when used with Freescale sensors (see license file for details)
3, 6 and 9-axis sensor fusion options

Source code for all functions

Working template programs

Low cost hardware options

Extensive documentation (data sheet, user manual and multiple app
notes, training slides and videos)

Free Windows and Android applications to visualize fusion results

Freescale community support at
https://community.fr le.com/communit; nsor nsorfusion

Paid support available from Freescale s Software Services team
(sfsw@freescale.com)

For more details, please visit http://www.freescale.com/sensorfusion

-
-
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More Information on Freescale Sensor Solutions

http://www freescale.com/freedom
http://www freescale.com/gyro
http://www freescale.com/sensors
http://www.freescale.com/sensortoolbox

www.twitter.com/Sensorfusion

Blogs: Smart Mobile Devices
http://blogs.freescale.com/author/michaelestanley/

Android App available on Google Play
Freescale Sensor Fusion Toolbox

http://www.freescale.com/sensorfusion

-,
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Additional Resources

Orientation Representations: Part 1

Orientation Representations: Part 2

Hard and soft iron magnetic compensation explained

Freescale E-Compass Software

Euler Angles at http://en.wikipedia.org/wiki/Euler_Angles
Introduction to Random Signals and Applied Kalman Filtering , 3rd
edition, by Robert Grover brown and Patrick Y.C. Hwang, John
Wiley & Sons, 1997.

Quaternions and Rotation Sequences , Jack B. Kuipers, Princeton
University Press, 1999.

Matlab computer software by MathWorks -
http://www.mathworks.com/products/matlab/

-,
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Wrap-up

In this course, we have:
Learned some motion sensor basics
Learned what orientation is
Reviewed a basic introduction to motion sensor fusion
Learned about Freescale s Freescale Sensor Fusion Library, and how
we might use it to create our own custom functions
Experimented with the Freescale Sensor Fusion Toolbox
Learned where to look for more information
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Thank you for your time and
interest.
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Use the right rotation representation at each stage of your
calculation

Requires 16 bytes of storage in single
Storage precision floating point (4 elements at 4 bytes <cduires 36 bytes of storage (9 elements at

b 4 bytes each)

Computation (for  oyoments each requiring 4 multipliesand 3 9 elements, each requiring 3 multiplies and 2

2 sequential el ! & !
) additions = 28 operations additions = 45 operations
Rotating a vector by pre- and post- Rotating a vector via rotation matrix requires
Vector rotation  multiplication of quaternion requires 52 15 operations (3 elements each requiring 3
operations multiplies and 2 additions)

a° about any axis of rotation XYZ is

Discontinuities oo\ jvalent to -a® about axis of rotation -XYZ .

None

Ease of Generally takes a ot of study to understand
Understanding ~ the details

Loooor =

ma1 | m22 | me3

Easily understood by most engineers

5 ) mas | m32 | ma3

209’ - 1429, 20,02 - 2903 20,05 +20a02
Conversion LFLI 1 .2 .2 .2< “ al | 20208 | 20429

20,04 2005 | 20571420 | 20505 2060,

20052000, | 20,05+ 2000 | 2051+ 2057
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A couple of really useful math identities
If a and b are 3x1 vectors, then

The dot product (a b) is a scalar:

ab=a;b, +a,b, + azb; = |al|b| cos q /mq

q is the angle between the two vectors = cos™(a b / (|a||b]))

The cross product (a X b) is another vector:

a X b =|a||b] sin q n, where n is a unit vector perpendicular to the
plane containing a and b
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tasks.c

Defines the following functions:
RdSensData_|nit (void)
RdSensData_Run (void)

Fusion_Init (void) These are the main

Fusion Run (void) functions called from MQX
MagCal_Run (void)
ApplyHal s pivsivag,sinuct [Gyrosensor

Compile options for tasks.c are responsible for binding in various
algorithms into the final application
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Project Configuration

build.h contains standard defines to control the build process
THISCOORDINATESYSTEM = NED | ANDROID | WIN8
Boolean controls (uncomment #define to enable):

DEEPSLEEP Enable deep sleep in idle task()

UART_OFF Disables UART communication for power
measurements

COMPUTE_3DOF_G_BASIC Enable 3-axis accelerometer tilt algorithm

COMPUTE_6DOF_GB_BASIC Enable 6-axis accelimag eCompass algorithm

COMPUTE_6DOF_GY_KALMAN Enable 6-axis accel/gyro Kalman algorithm

COMPUTE_9DOF_GBY_KALMAN  Enable 9-axis Kalman algorithm

e
P

freescale’ ... .

Project Configuration

#define SENSORFS 200 //int32: frequency (Hz) of sensor sampling process
#define OVERSAMPLE_RATIO 8  //0DR = SENSORFSIOVERSAMPLE_RATIO

Other configuration file changes are best made by the Freescale
software and services team

-
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Events.c

NMI interrupt handlers (not used)
Low frequency counter restart
UART control functions

UART_On-BlockReceived() is where the application command
interpreter is located

This is example code only, not a formal part of the fusion library
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drivers.c major functions

FXOS8700_Init() initializes the FXOS87000CQ combo sensor
FXAS21000_Init() initializes the FXAS21000 gyro
MMAB8652_Init() initializes the MMA8652 accelerometer
MAG3110_Init() initializes the MAG3310 magnetometer

FXAS21000_ReadData()
FX0OS8700_ReadData()
MMAB8652_ReadData()
MAG3110_ReadData()

CreateAndSendBluetoothPacketsViaUART() sends data packets via Bluetooth

-
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mqgx_tasks.c

Main_task() sets up periodic tasks then exits
RdSensData_task() is the high frequency sample task
Fusion_task() is the medium frequency fusion task
flash green LED
calls Fusion_Run()

send new packet via Bluetooth via CreateAndSendBluetooth
PacketsViaUART()

set MagCal event as necessary
MagCal_task()
flash red LED
run MagCal_run(), which is part of the fusion library
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main.c
C main()

PE_low_level_init()
PEX_RTOS_START()

-
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Dependencies Between Project & Fusion Library/Source

RdSensData_Init tasks.c MPL3115_Init drivers.c
FXOS8700_Init
FXAS21000_Init
MMABG52_Init
MAG3110_Init
RdSensData_Run MPL3115_ReadData
FXOS8700_ReadData
FXAS21000_ReadData
MMAB652_ReadData
MAG3110_ReadData

RdSensData_task max_tasks.c RdSensData_Run tasks.c
RdSensData_lnit

Fusion_task Fusion_lnit
Fusion_Run

MagCal_task MagCal_Run
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