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INTRODUCTION

This Application Note describes the interface with an
MPU-6050, the single-chip, 3-axis gyroscope and 3-axis
accelerometer from InvenSense™.

FIGURE 1:

The InvenSense MPU-6050 contains a 3-axis MEMS
gyroscope, a 3-axis MEMS accelerometer and a Digital
Motion Processor™ (DMP). The device is accessed by
the PIC® MCU through an I2C™ bus.

The Microchip Motion Sensor Demonstration Board
has been designed so that embedded developers who
wish to take advantage of motion sensing can greatly
reduce development time. The primary components
are the PIC24FJ256GB206 microcontroller and the
InvenSense MPU-6050 motion processor (Figure 1).
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Performance Requirements:

Minimum recommended RAM: 8 Kbytes
Minimum recommended program memory: 64 Kbytes

Minimum recommended processor speed:
2 MHz (1 MIPs)

The Motion Sensor Demonstration Board contains the
following motion sensing devices:

» 6-axis gyroscope/accelerometer

» 3-axis digital compass

In addition, the Motion Sensor Demonstration Board

contains a serial Flash memory (SST25VF016B) for
storage of sensor data. The Motion Sensor Demonstra-

tion Board also contains an AKM AK8975 digital
compass. This component is not currently supported by
the firmware, but is accessible over the 12C bus.

This system uses InvenSense “sensor fusion” technol-
ogy to combine the sensor data and create a real-time
measurement of the rotation (3-dimensional orienta-
tion) of the sensor board. While 9-axis sensor fusion is
possible, this implementation utilizes the 6-axis build of
the InvenSense Embedded MotionApps™ Platform
Release 2.0.0.

The Motion Sensor Demonstration Board has two oper-
ating modes and these are selected by commenting/
uncommenting them in “main.c”. Only one mode can
be uncommented at any given time.
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MODES OF OPERATION

Hard-Wired USB Operation

In this mode, the Motion Sensor Demonstration Board
is connected to the PC through a USB cable. The
Motion Sensor Demonstration Board receives its power
through the USB cable and sends angular frame data
via the USB connection. The hard-wired USB mode
also supports the option of storing sensor data in an on-
board Flash memory. To enable this mode, the
“Operating Mode Definitions” (in main.c) should
appear as follows:

//#define WIRELESS TRANSCEIVER
#define USB_HARD WIRED

Wireless Operation

In this mode, power is supplied from an AAA battery
and position information is transmitted using Micro-
chip’s proprietary MiWi™ P2P protocol. To enable this
mode, the “Operating Mode Definitions” (in main.c)
should appear as follows:

#define WIRELESS_ TRANSCEIVER
//#define USB HARD WIRED

System Messages via UART Connection

The Motion Sensor Demonstration Board has connec-
tions for UART TX and RX signals (57600 Baud). These
connections can be used to send messages from the
demo board to a PC terminal application and contain
messages that relate to the operation of the demo board.
Messages include initialization operations on the Motion
Processing Unit™ (MPU) and state messages. These
messages are useful for understanding system opera-
tion and debugging purposes. Signals are TTL level and
will need to be converted to RS-232 to be used by a PC
terminal application. The user can also add their own
messages to aid application development. For example,
the ‘C’ code below sends a message to the terminal
application when the Motion Sensor Demonstration
Board is in a low-power state:

MPL LOGE ("I am in low power state\ n");
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INSTALLATION AND USE

Hard-Wired USB Operation

Note: The Motion Sensor Demonstration
Board, by default, is programmed to run
in the wireless mode of operation. To run
in hard-wired mode requires that the unit
be programmed with the hex file:

motionsense-hardwired.hex.

For hard-wired USB operation, the demonstration
board receives its power through the USB cable. The
Motion Sensor Demonstration Board can either trans-
mit sensor data over the USB cable or store sensor
data in the on-board Flash memory. The “power switch”
serves the function of toggling between these two
modes of operation. The first press of the power button
will start recording all data to the Flash memory. The
second press of the button will stop recording and start
playback. After playback has finished, the board will
resume normal operation.

Interfacing with the MPU-6050

Communication is done with the MPU-6050 via an 1°C
interface. The 12C clock and data pins are mapped to
remappable pins, RP17 and RP10, respectively. The
12C bus uses 4.7 kOhm pull-up resistors on both lines.

The interface to the MPU-6050 was implemented using
the InvenSense® Embedded MotionApps™ Platform
Release 2.0.0. This implementation is written in ‘C’ pro-
gramming language and requires platform dependent
commands (MLSL and MLOS components) written for
the specific processor. For the PIC24, these files are
“mlsl pic24.c” and “mlos_pic24.c”. These files
contain the I°C interface code and delay functions,
which allow the higher level application code to run.
The code should be able to be easily ported to any
PI1C24 device, provided that program and data memory
requirements are met.

Quaternion data is retrieved using the
“inv_get quaternion(longquat)” function and
this will store the Quaternion data as 32-bit integers in
the longquat[4] array.

Interfacing with the AK8975 Digital
Compass

Some basic routines have been provided for interfacing
with the digital compass. These include:

* ReadCompassID () reads the ID value from the
digital compass

* CompassSingleMeasure () starts conversion
process and loads output registers.

* CompassReadings () reads Compass Data
registers.

The AK8975 can be used for 9-axis sensor fusion,
however, the InvenSense Embedded MotionApps™
Platform Release 2.0.0. only supports 6-axis sensor
fusion.

MRF24J40MA Wireless Module

The MRF24J40MA wireless module is a 2.4 GHz IEEE
802.15.4 radio transceiver module, and is used to
transmit Quaternion data to the ZENA™ wireless
adapter. The motion sensor implementation uses the
P2P broadcast method of communication on
Channel 13. The channel can be changed on the
Motion Sensor Demonstration Board by changing:

BYTE myChannel = 13;

in main.c in the “StartMiWiConnection” routine.
The same corresponding change will need to be made
in the source code for the ZENA wireless adapter.

ZENA Wireless Adapter

The ZENA wireless adapter contains an MRF24J40MA
wireless module and is used to receive Quaternion
data from the Motion Sensor Demonstration Board. Full
specifications for the MRF24J40MA can be found on
the Microchip web site: http://www.microchip.com.

HardwareProfile.c

HardwareProfile.c contains most of the processor-
specific items for the PIC24FJ256GB206. If you are
porting this code to another PIC24 processor, this file is
a good starting point for adapting to the processor of
your choice. Remappable pins, port setup and periph-
eral configuration are handled in this file. Timer1 is
established so that it can be used by the inv_sleep
(delay routine used by InvenSense Embedded
MotionApps™ Platform). Timer4/5 are used to
implement the blink codes for the on-board LED.

Recording and Playback

In Hard-Wired USB mode, an on-board 2-Mbyte
Flash can be used to record movements and then
play them back. The high-performance SST Flash
(SST25VF016B) can record approximately 20 minutes
of activity. The initial press of the power switch will start
the recording process. The next press of the power
switch will start the playback process. At the first step
of the recording process, the entirety of the Flash mem-
ory is erased. Because the erase only takes about
30 ms, this is not apparent to the user. After the
memory is erased, the Motion Sensor Demonstration
Board will start storing Quaternion data in sequential
locations, beginning at Address 0. Playback starts at
Address 0 and stops when no more valid records are
found in the Flash memory.

© 2012 Microchip Technology Inc.

DS01440A-page 3


http://support.microchip.com

AN1440

SPIZZLE INSTRUCTIONS

Spizzle (Spinning Puzzle) is a PC application where
you rotate a spherical puzzle and try to line it up for the
approaching/matching pieces. This gaming application
will only run on Windows® 7 and Windows Vista® oper-
ating systems. As soon as you line up the sphere with
a matching piece, it will quickly drop into its location and
become a part of the sphere. Then, the next piece will
appear and this process continues until the sphere is
complete.

At the beginning of the game, determine where the
“front” of the sphere is located. The top of the sphere is
absolute, but the rotation needs to be determined.
Rotate the sphere around the vertical axis, and
complete up/down rotations, until you find that the
sphere matches your movements. After you have
oriented the sphere, it should be much easier to align
the sphere to the incoming piece.

In Figure 2, the dark red piece is approaching the sphere
and its matching space is below it (approximately
180 degrees off).

FIGURE 2: SPIZZLE GAMEPLAY

Spizzle - the Spinning Puzzle’ E
S P! 19
— —

left corner of the screen.

Note: The next piece is displayed in the IowerI

DATA FORMATTING

In order to express the rotation of an object, there are
many possible data formats to choose. One way of
expressing rotation is through roll, pitch and yaw.
Expressing rotational data in this manner leaves the
possibility of a “gimbal lock”, where a degree of free-
dom is lost. The best way to express rotations is
through Quaternions. A Quaternion has the following
properties:

* A Quaternion holds rotational data in a compact
manner.

* A Quaternion provides a mechanism to easily
rotate a point in 3-dimensional space without the
use of trigonometric functions.

« ltis very simple to take an axis/angle of rotation
and generate a Quaternion.

» Quaternions are stable structures that provide a
smooth, continuous space for rotational data.

Because of the above, the use of Quaternions has
become popular for computer gaming and for motion
sensing applications. A Quaternion can be expressed
as 4 numbers:

Q=0qo * q47+ gk + q]

And has the property that g2 + q4° + g2 + q3° =
If you are new to Quaternions, don’t worry about getting
bogged down in complex math. Just think of them as a
tool that will store your rotational data. Most modern

graphics programs, such as Direct3D® and OpenGL®
also have support for the Quaternion data format.

The routine, “QuatSend”, will generate the Quaternion
data as non-normalized integers. In order to normalize
the Quaternion data, you need to do two things:

1. If any term is greater than 32,767, subtract
65,536 from that term.
2. Divide each term by 16,384.

This should produce a 4-element Quaternion with a
magnitude equal to 1.
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TABLE 1: BILL OF MATERIALS
Qty Designator Value Description Part Number
1 BAT1 Battery Holder, AAA Plastic, Keystone |2467
1 “C1,C2,C5,C6,C7,C11,C12, |0.1 pF CAP CERAMIC.1UF 16V Y5V 0603 CC0603ZRY5V7BB104
C15, C20, C21, C24”
8 “C3, C4, C9, C10, C13, C23, 1uF CAP CER 1.0UF 16V 10% X5R 0603 GRM188R61C105KA93D
C25, C26”
2 “C8, C16” 10 yF CAP CER 10UF 6.3V Y5V 0805 GRM21BF50J106ZE01L
2 “C14, C17” 10 yF CAP CER 10UF 16V X5R 10% 1206 C3216X5R1C106K
2 “C19, C22” 10 nF CAP CER.01UF 50V X7R 0603 160R14W103KV4T
1 D1 DIODE STD REC 1A 300V SMA MRA4003T3G
1 J1 CONN RECEPT MINI USB2.0 5POS UX60-MB-5ST
1 J2 CONN HEADER 6P0S.100” SGL TSW-106-07-G-S
GOLD
1 L1 5.3 uH Power Inductors 5.3uH 1.90A CDRH5D28NP-5R3NC
1 LED1 LED THIN 565NM GRN DIFF 0805 SML-LXT0805GW-TR
SMD
1 PCB1 PCB
2 “‘R1, R4” No Load Resistor, No Load
5 “‘R2, R8, R14, R16, R21” 0 Ohm RES 0.0 OHM 1/10W 0603 SMD RMCF 1/16 0 R
2 “‘R3, R5” 10K RES 10K OHM 1/10W 1% 0603 SMD RMCF 1/16 10K 1% R
2 “‘R6, R7” 4.7K RES 4.7K OHM 1/10W 1% 0603 SMD |RMCF 1/16 4.7K 1% R
1 R9 953K RES 953K OHM 1/10W 1% 0603 SMD | ERJ-3EKF9533V
1 R10 887K RES 887K OHM 1/10W 1% 0603 SMD | ERJ-3EKF8873V
1 R11 100 Ohm | RES 100 OHM 1/10W 1% 0603 SMD RMCF 1/16 100 1% R
3 “R12, R18, R19” 100K RES 100K OHM 1/10W 1% 0603 SMD |RMCF 1/16 100K 1% R
1 R13 2.74M RES 2.74M OHM 1/10W 1% 0603 SMD | CRCW06032M74FKEA
2 “‘R15, R17” 2K RES 2K OHM 1/10W 1% 0603 SMD RMCF0603FT2K00
1 R20 1K RES 1K OHM 1/10W 1% 0603 SMD RMCF 1/16 1K 1% R
1 S1 SWITCH LT SIDE 160GF H=1.8MM EVQ-PSLO2K
SMD
1 U1 Embedded 3-axis gyroscope, 3-axis MPU-6050
accelerometer
1 u2 IC REG LDO 300MA 3.3V SOT23-5 MCP1802T-33021/0T
1 u3 IC CONV DCDC STEPUP SYNC MCP1640T-1/CHY
SOT23-6
1 u4 General Purpose 16-Bit Flash PIC24FJ256GB206-I/MR
Microcontroller with USB On-The-Go,
256KB Flash, 16KB SRAM, 64-Pin
QFN, Industrial Temperature
1 us 2g Tri-axis Digital KXTF9-106
Accelerometer (optional)
1 ué 16 Mbit SPI Serial Flash SST25VF016B-50-4C-
S2AF
1 u7 IEEE 802.15.4 2.4 GHz RF MRF24J40MA
Transceiver
1 us 3-axis Electronic Compass AK8975P-L-RD
1 U9 IC EEPROM 8KBIT 400KHZ SOT23-5 |24LCO8BT-I/OT
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV
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Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
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MPLINK, mTouch, Omniscient Code Generation, PICC,
PICC-18, PICDEM, PICDEM.net, PICkit, PICtail, REAL ICE,
rfLAB, Select Mode, Total Endurance, TSHARC,
UniWinDriver, WiperLock and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.
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