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Overview
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If you've ever ordered and wire up a 9-DOF sensor, chances are you've also realized the challenge of
turning the sensor data from an accelerometer, gyroscope and magnetometer into actual "3D space
orientation"! Orientation is a hard problem to solve. The sensor fusion algorithms (the secret sauce
that blends accelerometer, magnetometer and gyroscope data into stable three-axis orientation
output) can be mind-numbingly difficult to get right and implement on low cost real time systems.

Bosch is the first company to get this right by taking a MEMS accelerometer, magnetometer and
gyroscope and putting them on a single die with a high speed ARM Cortex-M0 based processor to
digest all the sensor data, abstract the sensor fusion and real time requirements away, and spit out
data you can use in quaternions, Euler angles or vectors.

Rather than spending weeks or months fiddling with algorithms of varying accuracy and complexity,
you can have meaningful sensor data in minutes thanks to the BNOO055 - a smart 9-DOF sensor that
does the sensor fusion all on its own!
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Data Output

The BNOO055 can output the following sensor data:

e Absolute Orientation (Euler Vector, 100Hz)
Three axis orientation data based on a 360° sphere
e Absolute Orientation (Quaterion, 100Hz)
Four point quaternion output for more accurate data manipulation
e Angular Velocity Vector (100Hz)
Three axis of 'rotation speed' in rad/s
e Acceleration Vector (100Hz)
Three axis of acceleration (gravity + linear motion) in m/s"2
e Magnetic Field Strength Vector (20Hz)
Three axis of magnetic field sensing in micro Tesla (uT)
e Linear Acceleration Vector (100Hz)
Three axis of linear acceleration data (acceleration minus gravity) in m/s*2
e Gravity Vector (100Hz)
Three axis of gravitational acceleration (minus any movement) in m/s*2
e Temperature (1Hz)
Ambient temperature in degrees celsius

Related Resources

e Datasheet (http://adafru.it/fOH)
e Adafruit BNOO55 Library (http://adafru.it/f0l) (Github)
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Pinouts
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Power Pins

e VIN: 3.3-5.0V power supply input
e 3VO: 3.3V output from the on-board linear voltage regulator, you can grab up to about 50mA as

necessary
e GND: The common/GND pin for power and logic

12C Pins

e SCL - 12C clock pin, connect to your microcontrollers 12C clock line. This pin can be used with
3V or 5V logic, and there's a 10K pullup on this pin.

e SDA - 12C data pin, connect to your microcontrollers I12C data line. This pin can be used with 3V
or 5V logic, and there's a 10K pullup on this pin.
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Other Pins

e RST: Hardware reset pin. Set this pin low then high to cause a reset on the sensor. This pin is
5V safe.

e INT: The HW interrupt output pin, which can be configured to generate an interrupt signal when
certain events occur like movement detected by the accelerometer, etc. (not currently supported
in the Adafruit library, but the chip and HW is capable of generating this signal). The voltage
level out is 3V

e ADR: Set this pin low to change the default 12C address for the BNO055 if you need to connect
two ICs on the same 12C bus. The default address is 0x28. If this pin is connected to 3V, the
address will be 0x29

e PS0 and PS1: These pins can be used to change the mode of the device (it can also do HID-12C
and UART) and also are provided in case Bosch provides a firmware update at some point for
the ARM Cortex MO MCU inside the sensor. They should normally be left unconnected.
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Assembly
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’ Add the breakout board:

(3 S

Place the breakout board over the pins so that the short pins
poke through the breakout pads
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And Solder!

Be sure to solder all pins for reliable electrical contact.
Solder the longer power/data strip first

(For tips on soldering, be sure to check out our Guide to
Excellent Soldering (http://adafru.it/aTk)).
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http://learn.adafruit.com/adafruit-guide-excellent-soldering

You're done! Check your solder joints visually and continue onto
the next steps
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Wiring and Test
Wiring for Arduino

You can easily wire this breakout to any microcontroller, we'll be using an Arduino. For another kind of
microcontroller, just make sure it has 12C capability, then port the code - its pretty simple stuff!

To connect the assembled BNOO055 breakout to an Arduino Uno, follow the wiring diagram below.

e Connect Vin to the power supply, 3-5V is fine. Use the same voltage that the microcontroller
logic is based off of. For most Arduinos, that is 5V

e Connect GND to common power/data ground

e Connect the SCL pin to the 12C clock SCL pin on your Arduino. On an UNO & '328 based
Arduino, this is also known as A5, on a Mega it is also known as digital 21 and on a
Leonardo/Micro, digital 3

e Connect the SDA pin to the 12C data SDA pin on your Arduino. On an UNO & '328 based
Arduino, this is also known as A4, on a Mega it is also known as digital 20 and on a
Leonardo/Micro, digital 2
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If you're using a Genuino Zero or Arduino Zero with the built in EDBG interface you may need to
use 12C address 0x29 since 0x28 is 'taken' by the DBG chip

Software

The Adafruit. BNOOS55 driver (http://adafru.it/fOl) supports reading raw sensor data, or you can use the
Adafruit Unified Sensor (http://adafru.it/dGB) system to retrieve orientation data in a standard data
format.

Download the Driver from Github

To begin controling the motor chip, you will need to download the Adafruit_ BNOO55 Library from our
github repository (http://adafru.it/fOl). You can do that by visiting the github repo and manually
downloading or, easier, just click this button to download the zip

Download Adafruit. BNO055 from Github

http://adafru.it/fOK
Rename the uncompressed folder Adafruit_BNOO055 and check that the Adafruit_BNOO055 folder
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file:///using-the-adafruit-unified-sensor-driver/introduction
https://github.com/adafruit/Adafruit_BNO055
https://github.com/adafruit/Adafruit_BNO055/archive/master.zip

contains Adafruit_BNOO055.cpp and Adafruit_BNO055.h

Place the Adafruit_BNOOS55 library folder your arduinosketchfolderlibraries/ folder.
You may need to create the libraries subfolder if its your first library. Restart the IDE.

We also have a great tutorial on Arduino library installation at:
http://learn.adafruit.com/adafruit-all-about-arduino-libraries-install-use (http://adafru.it/a¥YM)

Download Adafruit_Sensor

We also have a core sensor library that helps manage sensor readings. So, just like the BNO055
library, download Adafruit_Sensor (http://adafru.it/aZm)

Install just like you did with Adafruit_BNOO055

Download Adafruit_Sensor

http://adafru.it/cMO

Adafruit Unified Sensor System

Since the Adafruit_ BNOO055 driver is based on the Adafruit Unified Sensor system, you can retrieve
your three axis orientation data (in Euler angles) using the standard types and functions described in
the Adafruit Sensor learning guide (http://adafru.it/kA0) (.getEvent (http://adafru.it/kA0),

.getSensor (http://adafru.it’/kA0), etc.).

This is probably the easiest option if all you care about is absolute orientation data across three axis.

For example, the following code snippet shows the core of what is needed to start reading data using
the Unified Sensor System:

#include <Wire.h>

#include <Adafruit_Sensor.h>
#include <Adafruit. BNO055.h>
#include <utility/imumaths.h>

bno =

void setup(void)

{

.begin(9600);
.printin("Orientation Sensor Test"); println(");

/* Initialise the sensor */
if(lbno.begin())
{

/* There was a problem detecting the BNOO55 ... check your connections */
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file:///using-the-adafruit-unified-sensor-driver/how-does-it-work#void-getsensor-sensor-t-star

.print("Ooops, no BNOO055 detected ... Check your wiring or I2C ADDR!");
while(1);
}

delay(1000);

bno.setExtCrystalUse(true);
}

void loop(void)
{
/* Get a new sensor event */
event;
bno.getEvent(&event);

/* Display the floating point data */
print("X:");
.print(event.orientation.x, 4);
print("tY:");

print("\tZ: ");
.print(event.orientation.z, 4);
printin(");

(

(
.print(event.orientation.y, 4);

(

(

delay(100);
}

'sensorapi' Example

To test the Unified Sensor System output, open the sensorapi demo in the Adafruit. BNO055
examples folder:

— -

Adafruit_BNO055 bunny

>
Adafruit_CC3100 > rawdata

>

[

Adafruit_DHT_Unified

AAdafriiit MAtQtar
This should produce the following output on the Serial Monitor:
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e — e — e e—

¥: 350,815 ¥: 118125 7: 56,0000

¥: 3504375 ¥: 13,8758 I: 45,1359

¥: 350.1875  ¥: 14,3750 I: 35.6250

K: 357,750 ¥: 14,6475 & I9.6258

K: 355 625 ¥: 13.3758 £ 31.758e

Xz 352.06S ¥: 13.0625 I 4. g

K: 340, PR3 ¥: 138258 i 49 0

Kz MEBLES  ¥: 14,1258 B 562900

X: M7.1P%8 Y1 138128 I 72.7S00

X: 7.5 ¥: 165625 I 99,4375

Kz 35,8008 Y: M.E25 I: 1197508

X: 3206258 Y1 22,4375 I: 124.1875

¥: 3195808  ¥: 23,6250 I: 1240000

¥: 3256875 ¥: 23,3135 I: 116.1250

¥: 333,565  ¥: 210980 I: 107.7508

X: M4.B6Z5  ¥: 15,5625 I: 975135

K: 3549375 ¥: 5.0625 I B7. 1475

E: 15,6250 ¥i -9, 7588 £ B5.5835

%: 35,625 ¥: -18.4750 I 71.M25

K: 43, 0l ¥: -35.5625 i Sh. TR

X: 43,8750 ¥i -E.SE2S B: 46.407%

¥: ML 2% Y: GDBRIZS Bo AN.E2%8

Xz MFNLES Y: -29.258A @i MA.gE3S

Xz 3128125 Y1 -23.5625  I. 37.62%8

K: 34675 Y1 14,5808  I; 43,9375

¥: 296.1875  ¥: -4.0080 I: 54,0000

¥: 290,3125  ¥: 1.1258 I: 674375

¥: 285,5625  Y: 4.3758 7: 75,0000

¥: 2837508  Y: 53425 I: BO.BETS

K- 2830008 Y: 50009 I: B4.9375

K 284, 25880 ¥: 3.0625 £ BG.67S

X: AT GETS ¥: 92875 I BD.3625

Xz L. S0 ¥i -3.2508 I 73.4375 -t
K: JO, SR LR L B B 2% b
_ Autoscroll Mo line ending ‘& 9600 bawd 3]

Raw Sensor Data

If you don't want to use the Adafruit Unified Sensor system (for example if you want to access the raw
accelerometer, magnetometer or gyroscope data directly before the sensor fusion algorithms process
it), you can use the raw helper functions in the driver.

The key raw data functions are:

e getVector (adafruit_vector_type_t vector_type)
e getQuat (void)
e getTemp (void)

.getVector ( adafruit_vector_type_t vector_type )

The .getVector function accepts a single parameter (vector_type), which indicates what type of 3-axis
vector data to return.

The vector_type field can be one of the following values:

e VECTOR_MAGNETOMETER (values in uT, micro Teslas)

e VECTOR_GYROSCOPE (values in rps, radians per second)

e VECTOR_EULER (values in Euler angles or 'degrees’, from 0..359)
e VECTOR_ACCELEROMETER (values in m/s"2)

e VECTOR_LINEARACCEL (values in m/s"2)

e VECTOR_GRAVITY (values in m/s"2)
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For example, to get the Euler angles vector, we could run the following code:

<3> euler = bno.getVector( “VECTOR_EULER);

/* Display the floating point data */
print("X:");
print(euler.x());
print("Y:");
print(euler.y());
print(" Z:");
print(euler.z());
printin("™);

.getQuat(void)

The .getQuat function returns a Quaternion, which is often easier and more accurate to work with than
Euler angles when doing sensor fusion or data manipulation with raw sensor data.

You can get a quaternion data sample via the following code:

imu:: quat = bno.getQuat();

/* Display the quat data */
print("qW:");
print(quat.w(), 4);
print(" gX: ");
Jprint(quat.y(), 4);
print("q¥Y:");
.print(quat.x(), 4);
print(" qZ: ");

print(quat.z(), 4);

printin("™);

.getTemp(void)

The .getTemp helper returns the current ambient temperature in degrees celsius, and can be read via
the following function call:

/* Display the current temperature */
temp = bno.getTemp();

.print("Current Temperature: ");
print(temp);

printin(" C");

printin(");
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'rawdata’ Example

To test the raw data ouput, open the rawdata demo in the Adafruit_ BNO055 examples folder:

Adafruit_BNO055

bunny

L
Adafruit CC3100 > rawdata
[ L] ¥ ]
Adafruit_ DHT _Unified > sensorapi
AAdafeiiit MaAatCiae [
This should produce the following output on the Serial Monitor:
. N fdevithy.usbmodemi141121
Send
Ne I PV, G L.
X: 324,88 ¥: 12,50 I: .12
X: 337,56 ¥: 2.0 I: B2.75
X: 358,38 ¥: -10.38 I: B4.44
X: 15,75 ¥: -22.19 2: 7E.00
K: 16.81 ¥: -2.31 I: 75.H
X: 1160 ¥: -20.% I: B5.62
X: 34838 T: 8,63 2: 99,78
K: 3348 ¥: 1288 F: 111.44
E: J@9.94 ¥ ML I 11501
E: 280344 ¥F: 38.19 2: 11459
K: 208.82 v: 311 2: 1&7.00
K: 22144 7: ZN.7% I: ER.&T
KE: 288.63 ¥: 9.44 I: 6957
E: 261.38 T: ~-1.5% Z: SH.04 I
K: 288,63 T: -18.38 I: 4889 |
E: 29344 ¥: -38.89 1: 5F.13 |
K: 384,69 F: -34.13 7! B4.56
K: 223,58 ¥: -85.75 I' 74 81
K: 234 81 ¥T: <57.69 I: BG6.5@
K: 241.BE ¥: -61.83 I: 97.E9
K: 248,13 ¥: -58.94 2: 1&2.35
K: 228,58 ¥: -51.63 1: §E.37
K: 294.13 ¥: -33.19 7: 9.81
X: 378,63 ¥: -16.31 I: 95.8
X: 260,25 ¥: -B.44 T: 97,44
X: 247.68 T: 0.8 I: 97.25
% 230,31 F: 1884 I: 9744
%: 235,81 7: 2206 I: OB.&
E: 24244 ¥: 1706 I 4.
X: 266.25 ¥: -3.% I: E2.10
X: 27968 ¥: -15.69 1 76.37
K: 285.51 v: -M.69 I: BA.AT
K: I7H.E1 Yo -H.0 F: 9219 -
E: &2 BB Yo -7 LD SF.0E ¥
Autoscroll No line ending T‘ 9600 bawd | & |

By default, the sketch generates Euler angle absolute orientation data, but you can easily modify the
data displayed by changing the value provided to .getVector below:

// Possible vector values can be:

//- VECTOR_ACCELEROMETER - m/s"2
//- VECTOR_MAGNETOMETER - uT
//-VECTOR_GYROSCOPE -rad/s

//- VECTOR_EULER - degrees

/- VECTOR_LINEARACCEL - m/s"2

//-VECTOR_GRAVITY  -m/s"2
imu:: <3> euler = bno.getVector( :VECTOR_EULER);

/* Display the floating point data */
print("X:");
.print(euler.x());
print("Y:");
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print(euler.y());
print(" Z:");
(

.print(euler.z());
printin("™);
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Processing Test

To help you visualize the data, we've put together a basic Processing sketch that loads a 3D model (in
the .obj file format) and renders it using the data generated by the BNOO055 sketch on the Uno. The
"bunny" sketch on the uno published data over UART, which the Processing sketch reads in, rotating
the 3D model based on the incoming orientation data.

Processmg 2_

%,  Anopen prb]::‘l: initiated by Ben Fry and Cnl:jr Reas.
Supported by programmers | ike you and the nonproﬁt
Procﬁ:s ing Foundation, SGIfEﬂ.ﬂ

© 2004-=2013 Ben Fry and Casey Reas
- EFZUDI !Dl'.'ﬁl Mnnm:hul:th Institute of T:ch.nulug‘y

Requirements

e Processing 2.x (http://adafru.it/ddm)

o Note that you can try later Processing versions like 3.0+ too. On some platforms
Processing 2.2.1 has issues with supporting 3D acceleration (you might see
'NoClassDefFoundError: processing/awt/PGraphicsJava2D' errors). In those cases grab
the later Processing 3.0+ release and use it instead of 2.x.

e Saito's OBJ Loader (http://adafru.it/mf0) library for Processing (included as part of the Adafruit
repo since Google Code is now 'End of Life').

o G4P GUI library (http://adafru.it/dMO) for Processing (download the latest version
here (http://adafru.it/dMP) and copy the zip into the processing libraries folder along with the
OBJ loader library above).

The OBJ library is required to load 3D models. It isn't strictly necessary and you could also render a
boring cube in Processing, but why play with cubes when you have rabbits?!
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Opening the Processing Sketch

The processing sketch to render the 3D model is contained in the sample folder as the ahrs sketch for

the Uno.

With Processing open, navigate to you Adafruit_ BNOO55 library folder (ex.:
'libraries/Adafruit_ BNO055'), and open

‘'examples/bunny/processing/cuberotate/cuberotate.pde’. You should see something like this in

Processing:

-

B3 cuberotate | Processing 2.2.1 l = | =l |_ihr

File Edit Sketch Tools Help

F“pc"t processing.serial.*;
dmport java.awt.datatransfer.+;
dmport java.awt.Toolkit;
import processing.opengl.+;
import saito.objloader.+;
import gdp_controls.*;
float roll = 0.08F;

float pitch = 0.0F;

float yaw = B.0F;

float temp = 0.0F;

float alt = 0.0F;

0BJModel model;

ff Serial port state.

Serial port;

String buffer = "";

final String serialConfigFile = "serialconfig.txt";

boolean printSerial = false;

i I 3

m

Run the Bunny Sketch on the U

No
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Make sure that the "bunny" example sketch is running on the Uno, and that the Serial Monitor is

closed.

With the sample sketch running on the Uno, click the triangular 'play' icon in Processing to start the
sketch.

Rabbit Disco!

You should see a rabbit similar to the following image:

-

@l cuberctate |_|_|_J':' ! ﬁﬁ@.

Configuration (click to hidefshow)

Serial port: COM215

Frint serial data

I —

Before the rabbit will rotate you will need to click the : to the right of the serial port name. This will
open a list of available serial ports, and you will need to click the appropriate serial port that your
Arduino uses (check the Arduino IDE to see the port name if you're unsure). The chosen serial port
should be remembered if you later run the sketch again.
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As you rotate your breakout board, the rabbit should rotate to reflect the movement of the breakout in
3D-space, as seen in the video below

Also notice in the upper right corner of the dialog box at the top that the calibration of each sensor is
displayed. It's important to calibrate the BNOO55 sensor so that the most accurate readings are
retrieved. Each sensor on the board has a separate calibration status from 0 (uncalibrated) up to 3
(fully calibrated). Check out the video and information from this guide for how to best calibrate the
BNOO055 sensor (http://adafru.it/kA1).
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Device Calibration

The BNOO055 includes internal algorithms to constantly calibrate the gyroscope, accelerometer and
magnetometer inside the device.

The exact nature of the calibration process is a black box and not fully documented, but you can read
the calibration status of each sensor using the .getCalibration function in the

Adafruit_BNOO55 (http://adafru.it/fOl) library. An example showing how to use this function can be
found in the sensorapi demo, though the code is also shown below for convenience sake.

The four calibration registers -- an overall system calibration status, as well individual gyroscope,
magnetometer and accelerometer values -- will return a value between '0' (uncalibrated data) and '3'
(fully calibrated). The higher the number the better the data will be.

*******++++++++*++******++++++++++++++++***+**++**************************;
/

[*

Display sensor calibration status

Kkkkkkhkhhhkhhkhkhkhhhhhkhkhhhhhkkkhhhhkhkkkkhhkkhkhkhhkhhkhkhhhkkkkhhhkkkkkhhkk [
/

void displayCalStatus(void)

{
/* Get the four calibration values (0..3) */
/* Any sensor data reporting 0 should be ignored, */
/* 3 means 'fully calibrated" */

system, gyro, accel, mag;

system = gyro = accel = mag = 0;
bno.getCalibration(&system, &gyro, &accel, &mag);

/* The data should be ignored until the system calibration is > 0 */
print("\t");
if (Isystem)
{
print("l'");

/* Display the individual values */
print("Sys:");

.print(system, DEC);
print(" G");
.print(gyro, DEC);
print(" A:");
.print(accel, DEC);
print(" M:");
.printin(mag, DEC);
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Interpretting Data

The BNOO055 will start supplying sensor data as soon as it is powered on. The sensors are factory
trimmed to reasonably tight offsets, meaning you can get valid data even before the calibration
process is complete, but particularly in NDOF mode you should discard data as long as the
system calibration status is 0 if you have the choice.

The reason is that system cal '0' in NDOF mode means that the device has not yet found the 'north
pole', and orientation values will be off The heading will jump to an absolute value once the BNO finds
magnetic north (the system calibration status jumps to 1 or higher).

When running in NDOF mode, any data where the system calibration value is '0' should generally
be ignored

Generating Calibration Data

To generate valid calibration data, the following criteria should be met:

e Gyroscope: The device must be standing still in any position

e Magnetometer: In the past 'figure 8' motions were required in 3 dimensions, but with recent
devices fast magnetic compensation takes place with sufficient normal movement of the device

e Accelerometer: The BNOO055 must be placed in 6 standing positions for +X, -X, +Y, -Y, +Z and -
Z. This is the most onerous sensor to calibrate, but the best solution to generate the calibration
data is to find a block of wood or similar object, and place the sensor on each of the 6 'faces' of
the block, which will help to maintain sensor alignment during the calibration process. You
should still be able to get reasonable quality data from the BNOO055, however, even if the
accelerometer isn't entirely or perfectly calibrated.

Persisting Calibration Data

Once the device is calibrated, the calibration data will be kept until the BNO is powered off.

The BNO doesn't contain any internal EEPROM, though, so you will need to perform a new calibration
every time the device starts up, or manually restore previous calibration values yourself.
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FAQSs

Can | manually set the calibration constants?
Yes you can save and restore the calibration of the sensor, check out the restore_offsets
example: https://github.com/adafruit/Adafruit_BN ... ffsets.ino (http://adafru.it/kBv)

One thing to keep in mind though is that the sensor isn't necessarily 'plug and play' with loading the
calibration data, in particular the magnetometer needs to be recalibrated even if the offsets are
loaded. The magnetometer calibration is very dynamic so saving the values once might not really help
when they're reloaded and the EMF around the sensor has changed.

For further details check out the datasheet and Bosch's info on the sensor for calibration info:
https://www.bosch-sensortec.com/en/home ... 1/bno055_4 (http://adafru.it/kBw)

Does the device make any assumptions about its initial orientation?

You can customize how the axes are oriented (i.e. swap them around, etc.) but the Adafruit Arduino
library doesn't expose it right now. Check out section 3.4 Axis Remap of the BNO055 datasheet for
info on the registers to adjust its orientation: https://www.adafruit.com/datasheets/BST ...
000_12.pdf (http://adafru.it/kBx)

Another thing to be aware of is that until the sensor calibrates it has a relative orientation output (i.e.
orientation will be relative to where the sensor was when it powered on).

A system status value of '0' in NDOF mode means that the device has not yet found the 'north pole’,
and orientation values will be relative not absolute. Once calibration and setup is complete (system
status > '0') the heading will jump to an absolute value since the BNO has found magnetic north (the
system calibration status jumps to 1 or higher). See the Device Calibration page in this learning guide
for further details.

Why doesn't Euler output seem to match the Quaternion output?
The Euler angles coming out of the chip are based on 'automatic orientation detection’, which has the
drawback of not being continuous for all angles and situations.

According to Bosch BNOO055 Euler angle output should only be used for eCompass, where pitch and
roll stay below 45 degrees.

For absolute orientation, quaternions should always be used, and they can be converted to Euler
angles at the last moment via the .toEuler() helper function in quaternion.h (http://adafru.it/lee).
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Downloads

BNOO055 Datasheet

http://adafru.it/mDm

Schematic

The latest version of the Adafruit BNOO55 breakout can be seen below (click the image to view the
schematic in full resolution):
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Board Dimensions

The BNOO055 breakout has the following dimensions (in inches):
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