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2. Purpose

This document shows basic connections and functional operation of the InvenSense 9-Axis 8-Bit Motion
Processing Reference Design (hereafter referred to as reference design). The reference design is
programmed with example application firmware for an air-mouse demonstration and a raw-data sending
mode. This user guide includes the basic descriptions on the hardware and the software utilities running on
the host PC to receive the data and display it. The PC should use Windows XP operating system with USB
and Bluetooth radio support. An external USB plug-in Bluetooth adaptor will work if the PC does not have
built-in Bluetooth.

2.1 Related documents

The details on the various hardware and software components of the reference design are provided in the
following InvenSense documents:

- 9-Axis 8-Bit Motion Processing Reference Design Hardware Functional Description
- 9-Axis 8-Bit Motion Processing Reference Design System Programming Guide

- Motion Processing and Control Software Document

3. Overview of the Reference Design Components

There are three circuit boards in the reference design, which are called the Sensor board, USB/Power board
and RF board.

3.1 Sensor Board

The reference design sensor board photographs are shown in Figure 1a and 1b below. In these photo’s we
show the removable mounting end-tabs still connected to the board. In many cases is not required for
mounting holes so the end-tabs may be gently broken off.

Figure 1a: Sensor board top view Figure 1b: Sensor board bottom view

The sensor board is partitioned into three major functions:

1. Three motion sensors cover 9 degrees of freedom;
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2. The Atmel XMEGA microcontroller in which the embedded firmware does signal processing for the
motion sensor data; and

3. A switching power supply is included onboard to ensure the DC supplies of all the main parts.

3.2 USB/Power board

The USB/Power board’s main purpose is to manage a Lithium lon battery for powering the Sensor Board and
also provides USB connection to a PC to enable an RS-232 formatted debug port from the sensor board.
The external battery can be charged by the USB or a DC adapter (powered from an AC wall plug).

Photographs of Sensor Board, assembled together with the USB/Power board, are shown in Figure 2a and
2b. The USB/Power board has its end-tabs removed but the Sensor Board still has them attached.

Figure 2a: Board Assembled Top View Figure 2b: Board Assembled Bottom View

3.3 RFBoard

The RF board provided with the reference design uses a CSR Bluetooth module running in SPP mode. It
provides a Bluetooth wireless link with the host PC. A photograph of the RF board is shown in Figure 3.

Figure 3: RF Board

The RF Board plugs into the Sensor Board. Refer to the 9-Axis 8-Bit Motion Processing Reference Design

Hardware Functional Description and the System Programming Guide for details on connections and signals
between the boards.
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3.4 Battery and Electrical Interface Connections

Figure 4 shows where to make external battery connection to the USB/Power Board. Adding an ON-OFF
switch is recommended between battery + and PCB pad. The ON-OFF switch will serve to re-boot the
Sensor Board microcontroller.

JP1
e

K24 1
UsB
connector LE03 O O

OWER
HARG}/ @
CPR

! Q 0.1"5 pin

female right-
O angle header
2.1mm AC to 5VDC o
Adaptor connector [] U]O 1 O
= |®
— : |2
| CON2 —— + BAT-
+ Battery - Battery

Figure 4: Pad for Battery Connection (+/ -)

Three LEDs are mounted on the USB/Power Board top side, which monitor the battery charging process.
Only one LED will be light up under normal battery operations. Another LED will light up when battery is re-
charging through USB or DC adapter. Vbattery must be between 2.0V and 3.6V to ensure the system
performance, and the equivalent series resistance of the battery or power supply should be less than 1 ohm,
capable of delivering at least 300mA peak inrush current during power on.

3.5 Programming the Sensor Board through the USB/Power board

JP1 on the USB/Power Board is a PDI port, reserved for debugging the Atmel XMEGA microcontroller on the
Sensor Board. Refer to Figure 4 to locate JP1. For programming and debugging, the user must install the
Atmel AVR firmware development environment. Refer to Atmel's extensive website for support on their tool-
chain. The Sensor Board powers the PDI port during programming and debugging, providing a constant
2.7vVDC.

A 10-wire cable connects the PDI port on the USB/Power Board to a 10-pin connector J3. A short 10-wire
cable connects J3 to the Sensor Board at its J4, to couple the PDI port through to the Atmel XMEGA
microcontroller on the Sensor Board. Figure 6 below shows the 10-wire connecting cable used for
programmer access when the USB/Power Board ios connected to the Sensor Board.
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3.6 Completed Demo Kit

A photo of a demonstration kit is shown in Figure 5. This system is ready to connect to a PC and
demonstrate its capabilities.

Figure 5: Photo of a Demonstration Kit

To make a demonstration kit, two mouse control buttons (left and right) and a software-mode switch are
added. Refer to Figure 6 below, and to the 9-Axis 8-Bit Reference Design Hardware Functional Description
and the System Programming Guide for details on connections and signals between the boards and
switches.

The Mode switch is used to configure the format of data stream to the host PC. The Sensor Board firmware
has two operation modes, one called “raw-data” mode and the other called “air-mouse” or pointer” mode.

When the Mode Switch pin is pulled down to ground, the raw-data mode is enabled.

Mouse Button 1, (also called “Left Button”) is active when connected to ground, through a momentary push-
button switch. Mouse Button 2, (also called * Right Button”) works the same way.

RF Board - bottom side Sensor Board - bottom side USB/Power Board - bottom view
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Figure 6: The Pin Locations of the Switch Connections and Wires to Sensor Board

CONFIDENTIAL & PROPRIETARY 7 of 26



InvenSensé 9-Axis 8-bit Motion Processing RDO1V2A-USRGUIDE-01
T Reference Design User Guide Release Date 01/18/2010

When in pointer (air-mouse) mode (Mode switch pin is left open) the reference design behaves like a three-
dimensional air-mouse controlling a PC cursor.

Raw-data mode (Mode switch pin is pulled down to ground) is used for test and debugging purpose. The raw
data is transported to the host PC via USB or BT RF link. In addition, InvenSense has several interesting PC-
based motion processing demonstration applications that can be controlled through raw-data mode.
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4. The Bluetooth Link Setup

The reference design provides Bluetooth wireless link to the host PC running Windows XP. The serial port
profile (SPP) Bluetooth runtime environment is used, along with a virtual serial port utility that runs on the
PC. The reason to use SPP is that it provides virtual RS-232 formatted serial link which is very flexible,
rather than HID (human interface device) profile that only passes mouse or audio data. A dedicated wireless
mouse design will often use the HID profile which is plug and play, however the SPP profile allows the
reference design to also drive existing InvenSense PC graphical applications as well as provide sensor
datalogging. A detailed software/device driver installation procedure for the SPP Bluetooth is provided in this
section.

It is very important to note that connecting an SPP Bluetooth link to a PC COM port involves more steps and
can be more frustrating or troublesome than connecting an HID Bluetooth mouse to a PC mouse driver.

Connecting an HID Bluetooth mouse involves:
1. PC must have Bluetooth loaded and running
2. PC discovers the HID packet stream from the Bluetooth driver, and pairs with the mouse

3. PC associates it with its mouse driver. Now the wireless mouse controls the cursor.

SPP Bluetooth link to a mouse via a PC COM port driver involves:
1. PC must have Bluetooth loaded and running
2. Manual pairing is required. There are two ways to pair:
a. The right way where the SPP channel connects to the SIOControlHID utility
b. The wrong way where the SPP channel connects to a COM port. Mouse will not work.

3. PC must have SIOControlHID utility loaded, in order to convert the Bluetooth SPP serial data into
HID data format. If paired the right way, when the SIOControlHID utility starts, the mouse will work.

Bluetooth also does not manage SPP links very well, and two odd behaviors have been discovered:

- If paired the wrong way, the only sure remedy to repair is to shut off the reference design, un-pair the
Bluetooth device, and search (discover) for Bluetooth devices with the reference design off. Then
power on again and restart the discovery and re-pairing process. This takes time to do.

- The secret encryption key to enter for pairing is 0000 (four zero’s) which is not very secure.

However, the value of using an SPP link is that it provides a very flexible serial-port link which enables the
reference design to be used for a large variety of PC based applications.

4.1 1/O Gear Bluetooth Adaptor Software Installation

A Bluetooth USB adaptor should be installed on the host PC if there is no built-in Bluetooth support on the
host PC. There are many different brands of Bluetooth adapters in the market. In this section, we will use an
I/O Gear Bluetooth adaptor installation to a Windows XP PC. I/O Gear is a widely popular external Bluetooth
dongle vendor. Below is the desk-top icon for the 1/0 Gear Bluetooth service.

3

MMy Bluetooth
Places

Figure 8 shows the GUI for the IOGEAR Bluetooth adaptor software installation.
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Figure 8: /0 Gear Bluetooth Adaptor Device Driver Installation GUI

To get started, switch the Reference Design mode to 3D Mouse mode. Then, Turn on the power. Now it will
become the target device to pair with. At this time, the RF module LED will blink, which means that the

Bluetooth module in the Reference Design is in search mode.
Accept the default settings during the installation procedure. Click the “next” button as shown in Figure 9.

Initial Bluetooth Configuration Wizard

Initial Bluetooth Configuration
Wizard
Before you can begin uzsing Blustooth on this computer you

must perform some initial setup. Thiz wizard will help you to
configure a basic Bluetooth environment.

*Y'ou can access the Bluetooth features on thiz computer
through the Bluetooth icon on the desktop or in the system
tray. Thig icon can alzo appear in the following locations.
Select the locations you want the icon to appear and click
Mewt.

Add the icon to the Start menu

Add the icon to the Programs menu

Add the icon to My Computer

< Back [ Mext > ][ Cancel ]

Figure 9: The Bluetooth Adaptor Software Installation Procedure
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Make sure the Bluetooth serial port service option is selected during the installation procedure as shown
in Figure 10.

Bluetooth Service Selection

Choosze the services that this computer will offer:
To enable a service, place a check in the box next to the service name,
To dizplay the properties panel for a service, click Configure.

";_,"f File Transfer
% Metwark Access
D@ Dial-up Networking

3 Bluetaath Serial Part
@ Fax

% Audio Gateway
& Headset

]y Printer

[ < Back ][ st > ][ Cancel ]

Figure 10: The Bluetooth Service Options — I/0O Gear Bluetooth Adaptor Software Installation

Initial Bluetooth Configuration Wizard

Initial Bluetooth Configuration
Wizard

Thiz wizard can help you setup connections to Eluetoath
computers, phones, headsets, etc.

To zetup a connection now, put the other device in paiing
mode, and then click Nest.

[See the other device’s documentation for assistance in
prepaning it to accept a connection).

To setup connections later, click Skip.

[ < Back ]L Mext » ,” Skip ][ Cancel ]

Figure 11: The Bluetooth Adaptor Software Installation is Completed

When the Bluetooth installation shows the “setup a connection” window as in Figure 11, click “Skip” to
finish the installation, as shown in Figure 12. We will be connecting to our custom utility SIOControlHID.
The Bluetooth serial port configuration will be conducted separately from the Bluetooth adaptor setup,
which is described later on.
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Initial Bluetooth Configuration Wizard

Initial Bluetooth Configuration
Wizard

Congratulations!

Basic Bluetoath configuration iz complete. 'ou may begin
uzing thiz computer's Bluetooth features.

To re-configure Blustaoth with the assistance of a wizard,
zelect the "Bluetooth Setup ‘Wizard." from any of the
Blugtooth iconz or menu items.

To access the Bluetooth configuration panel, select
"4 dvanced Configuration from any of the Bluetooth icons
of meriu items.

< Back ][ Firizh J[ Cancel J

Figure 12: The I/0O Gear Bluetooth Adaptor Software Installation is Completed

Now you should place a “My Bluetooth Places” icon on your PC desktop for fast access. Also you should
place a shortcut to Windows XP Control Panel since you will need to access the device manager, looking at
and changing COM port numbers.

[ Y Eloet
Fla

4.2 Pairing the Reference Design Kit to Host PC with the I1/O Gear Bluetooth

On the Windows XP desktop, click the “My Bluetooth Places” icon, and “Entire Bluetooth Neighborhood”
window should pop up. Double click the InvenSense SPP Device icon and the popup menu is shown up in
Figure 13.
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@ My Bluetooth Places\Entire Bluetooth Neighborhood

File Edit wiew Blustooth Favorites  Tools  Help

Qo - @ - (T searh | Fosers -

EBEX

| Adess | @ my Blustooth Places|Entire Blutooth Neighbarhood

Bluetooth Tasks

8] Add the selected Bluetaoth

Device

& view My Blustooth services

& seatch for devices in range

(3= iew or madify configuration
B Estabiish Pairing

& Discaver services

Display device properties

Other Places

(B} peskiop

*f My Computer

|2 Bluetooth Exchange Folder
3 1y Blustoath Places
My Network Plares

S Prinkers and Faxes

Details

InvenSense SPP Device
Unknawn: Major31), Minor(D)

L
Explore
Open

Connect Dev B
Discower Available Services

Pair Device

Properties

Figure 13: Pair the Device Through Double Clicks

Click on the “Pair Device” button, the device pairing window is shown up. Setting the Bluetooth security code
as “0000” as shown in Figure 14, the click “OK".

‘2 My Bluetooth Place:

ntire Bluetooth Neighborhood

[ search [ Folders

pa

- (B[]
[
-

Bluetooth Tasks

8] Add the selected Blustooth
Device

U View My Blustoath services
&) seatch far devices in range
(32 view or madify configuration
B\ Establish Pairing

- Discover services

Display device properties

Other Places

(& Deskiop

4 My Computer

|2 Bluskonth Exchange Folder
B3 1y Bluetaoth Places
My Network Places

G2 Printers and Fazes

Details

InvenSense SPP Device
Unkrawn: Major(3L), Minor(0)

leu

e
Il ¥ nvensense SPP Device
Unknown: Major(31, Minoro)

Bluetooth Security Code Request

% Device Name: Invenense SPP Devics

Before a connection can be established, this computer and the device
listed above must be "paire

Paited devices exchange a seotet ke each tine they connect. This
Key is urique for each pair of devioss. i is used o verly idenity and to
encippt the data thal the devices exchange.

To pair with this dewice, enter the device’s security code and elick 0K

[ Caneel | [ ]

Bluetooth secuily code:

o ]

Figure 14: Setting the 1/0 Gear Bluetooth Security Code as “0000” in the Pairing Window

The InvenSense SPP Device icon will become the one shown in Figure 15.
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Now the pairing procedure will be successfully performed. The icon with the red check-mark next to it
indicates that the pairing is available, but the actual link is not active. This is what you should see.

Highlight the InvenSense SPP Device, then click the “View or modify configuration” in the upper left menu,
the following window will popup, as shown in Figure 16. For our example installation, the serial port for the

Q My Bluetooth Places\Entire Bluetooth Neighborhood

File Edit Wiew Blustocth Favorkes  Tools  Help

Qo - @ - [T | O ssach [ roldrs -

EEx
>

4

|| radress | © My Bluetooth PlacesiEntire Bluetooth Neighborhood

cUd InvenSense SPP Device
Urknown: Major(31), Minor(0)

Bluetooth Tasks _
8] Add the selected Blustooth
Device:

1@ view My Blustoath services
) search For devices in range
3¢ tiew or madify configuration
A Estabish Pairing

2~ Discover services

Display device properties

Other Places

[E} Desktap

i My Computer

I Bluetanth Exchange Folder
B 1y Blustooth Places

N My Metwerk Places

% Printers and Faxes

Details

InvenSense SPP Device
Unknavn: Major(31), Minor(D)

Y B

Bluelvoth Tasks

0 A e sebmcted Bhustiotly

Device

W Views My Buntoceh serviens

o Smandh for davioes i range

B view o modéy configrsbon
T\ emarve Roiring

7 Discarmer sarvices

3] vespday drce properies

Uther Places

[Doestog
o My Compuster
(23 Bustooth Excharge Foder
) 1y histooth Flaces
W My Hintacah Places
2l Printees andl Fens

DebLails

Invensense SFP Device
Unshrwwnn; Maor (31}, Mirwr(0)

Bluetooth link is COM port 4.

The baud rate for the serial port needs to be set to 115,200 Baud which is the data-rate coming from the

| Germal | L Clert Appleaions: | Diagemsti|

iy b ol Bl derves.
Dinuibie cick ity and et 1 puopesins

Apliaticn Name
Bhuntnach Imagng
Huaner Indenl e D
Prindes

oo Galrwy

Sesure Connection | COM Post
Requed

Hegured

Bluetooth Configuration

AddCOM pon | [ Disketn COIM pert

o ][ camen ]

reference design. By default the Bluetooth link is set at this baud rate.
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4.3 Gear-Head Bluetooth Adaptor Software Installation

A Bluetooth USB adaptor should be installed on the host PC if there is no built-in Bluetooth support on the
host PC. There are many different brands of Bluetooth adapters in the market. In this section, we will use an
Gear-Head Bluetooth adaptor installation to a Windows XP PC. Gear-Head uses the Toshiba automated
pairing software. Below is the desk-top Icon for Gear-Head.

>

Bluetooth
Settings

Figure 17 shows the GUI for the Gear-Head Bluetooth new-device settings window. The ‘device’ refers to the
USB dongle. This is the opening window for setting up your connection.

% Bluetooth Settings
Bluetooth  Wiew Help

€3 Bluetooth

E ) Tewy
' Connection

Figure 17: I/O Gear Bluetooth Adaptor Device Driver Installation GUI

To get started, switch the Reference Design mode to 3D Mouse mode. Then, Turn on the power for the
reference design kit. Now it will become the target device to pair with. At this time, the RF module LED wiill
blink, which means that the Bluetooth module in the Reference Design is in search mode.

Accept the default settings during the installation procedure. Click the “New Connection” button as shown in
Figure 18. Now you will enter the Add a New Connection Wizard.
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Add New Connection Wizard

This wizard will create the settings for Bluetooth device connection.

Fleaze ensure pour Bluetooth devices are on and set to
diszoverable.

I arder to certity Blustaoth, there are times when the security
setting is modified tempararily. When setup ends, it retuns tao
the original setting automatically.

(®Express Mode [Recommendedf

() Custom Mode

This alloves pou to et the details for the connection.

< Back [ et » l[ Cancel ] [ Help ]

Figure 18: Gear-Head Bluetooth — Add a New Connection Wizard

Make sure the Express option is selected during the installation procedure as shown in Figure 18.

Add Mew Connection Wizard

Select a device

Fleaze chooze the Bluetooth device vou wizh to uze,

Bluetooth device

Device Mame

S| EANDERSOM:<P

< Back ” Hemt » ][ Cancel ] [ Help ]

Figure 19: Gear-Head Bluetooth — Add a New Connection Wizard finding new devices
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When the Bluetooth installation shows the “Select a device” window as in Figure 19, click “?SPP-B”
device. This is the Reference Design Bluetooth that you want to connect (pair) with. Next, the wizard will
automatically assign you to a PC COM Port nhumber — in this case COM 40.

Add New Connection Wizard |§|

COM port setting

Setup of COMA0 complete.
Setup application software and driver if needed.

< Back “ Mest = |[ Cancel ] [ Help

Figure 20: Gear-Head Bluetooth Adaptor Software assigns a COM Port

If not done automatically by the install wizard, you should place a “My Bluetooth Places” icon on your PC
desktop for fast access. Also you should place a shortcut to Windows XP Control Panel since you will need
to access the device manager, looking at and changing COM port numbers.

>

Bluetooth
Settings

4.4  Pairing the Reference Design Kit to Host PC with the Gear-Head Bluetooth

Gear-Head Bluetooth will not pair until the SPP application is enabled. For 3D Mouse mode, you must install,
and launch the SIOcontrolHID utility first, and then pair with the Gear-Head Bluetooth dongle.

Refer to Section 5 below, “Setting up the SIOControlHID Utility” chapter. Set its COM Port to the port that the
Gear-Head Bluetooth automatically assigned (in this example port 40). Then return to this section.

Place the Reference Design flat on a desk or table to allow initial sensor calibration. On the Windows XP
desktop, click the “SIOControlHID” icon, and “Bluetooth Manager — Bluetooth Security” window should pop
up. Enter the Reference Design bluetooth Passkey (PIN) 0000 and the connection should pair, as shown in
Figure 20.
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Shortcut to SI0ControHID

Bluetooth Manager - Bluetooth Security

Bluekookh Passkey (PIM:
(IF left blank, the default PIM will be used.)

Figure 20: Pair the Device by entering 0000 Passkey (PIN)

Now the Bluetooth Settings window will show the connection paired (green-yellow link), and the
SlOcontrolHID will allow the Reference Design to take over the PC mouse cursor.

2 Bluetooth Settings s Shortcut to SIOControlHID

Blustooth  View Help

=

[
=&

b

.

£ Bluetooth

.

a.
a.
a.
a.
a.
a.
a.
a.
a.
a.
a,
a.
a.
a.
a,
a.
a.
a.
a.
a.
a.

IR EEREEEEEREEEEEEEIEE]

Figure 21: The result of Successful SPP Pairing — a link, and cursor position numbers displayed.
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5. PC Software Utilities

This chapter describes the PC utilities required to operate the reference design.

5.1 Datalogger and SIOControlHID Utilities Setup

The reference design includes software that allows the Sensor Board to send raw sensor data to PC
applications via a virtual serial port, which can be provided either through SPP Bluetooth or via a USB wired
connection. Datalogging is valuable for recording the sensor outputs while designing application software, to
know what signal levels to expect.

The two software utilities are DOS Command Prompt programs which can be found in the 9-Axis 8-Bit
Reference Design software release package:

1. A data logging program, which is called “Datalogger.exe”. It sets up a log ascii file for raw-data mode.

2. An executable COM port utility, which is called “SIOControlHID.exe”, and is used for air-mouse mode.

The reference design software package has the following file structure:
\9-Axis 8-Bit Reference Design\Bin\COM ultility
\Datalog
\ExampleApplication
The Datalogger.exe stays in \Datalog subdirectory and SIOControlHID.exe is in the \COM utility subdirectory.

5.2 Configuring for Raw-Data Mode

The data logger is a DOS utility, which only works in raw-data mode. It receives the raw data from the
Sensor Board through virtual serial port. Therefore it has one input argument to specify the serial port
number.

A shortcut of this program should be placed on the Windows XP desktop in order to run this application. The
COM port number configuration for the shortcut icon is shown in Figure 22. Change the number at the end of
the text in the ‘Target’ line entry, to set the COM port number, leaving one space before the number.
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Datal ogger Properties

Colors Compatibility Security

General Shaortcut Optioris Funt Layout

ﬁ Datal ogger

Target type: Application

Target location: D ata Logger

Target: | 003-12-144BIMD ata LoggerD atalogger. exe' 4 ‘

Start in: |E:‘~y2heng_3dui'~.dataLug ‘

Shorteut key: |None |

Fun: |NUlmaI window V|

Comment: | |

[ Find Target... ] [ Change lcan... ] [ Advanced... ]

Figure 22: How to Set the Serial Port Configuration for DOS Program

When the program “Datalogger” is running, incoming the data will be dumped into an ascii text file
“datalog.txt” in the directory specified in “Start in:” line in Figure 18. In this example we start the datalog.txt
file in C\yzheng_3dui\datalog.

5.3 How to Put the Sensor Board into Raw-Data Mode

As covered previously, the reference design outputs sensor raw-data out directly whenever raw-data mode
was selected. The data format is listed as follow:

Total 17 bytes:
01 2 3 4 5 6 7 8 9 10 11 12 13 141516
| $| 2 |G-X-H|G-X-L|G-Y-H|G-Y-L|G-Z-H|G-Z-L|A-X-H|A-X-L|A-Y-H|A-Y-L|A-Z-H|A-Z-L|B1]\n|\r|

To run raw-data mode, follow the steps described in the previous section. The datalog.txt file will capture the
data obtained simultaneously. A description of the data contents will be covered in a later section.
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5.4  What you Should See in Raw-Data Mode

When the raw-data mode is enabled, the sensor raw data will be transported to the host PC. A datalog.txt file
will be generated synchronously to log the data changes, and stored in the folder. The user can use any text
editor to view the ASCII based data in this file, which is shown in Figure 23.

B datalog - Notepad g@@

Ele Edit Format Yiew Help

-36 64 -10 -1280 -32 15424 A~
-37 &54 -11 -1280 -32 15424
-38 54 -10 -672 16 15072
=37 49 -11 -960 -32 15040
=37 52 =12 -976 112 16000
-37 56 -12 -BOO 32 15254
-38 47 =10 -BOO 32 152946
-38 535 -9 -1120 236 13632
=37 31 -11 -960 48 15664
=36 35 =12 -928 -144 1o0o4
=38 537 -11 -992 112 13616
=37 530 -11 -992 112 136l6
-36 54 -10 -1024 180 15616
=37 &7 =11 -784 96 15024
-36 60 -12 -B96 -48 15296
-36 61 -11 -B8O -112 15472
-36 54 -10 -76E 144 15392
-36 57 -11 -¥aE 144 15392
-36 55 -10 -88E -272 15712
-37 59 -12 -107¥2 152 15520
-36 47 -12 -B48 48 15488
-36 55 -10 -1008 -160 16096
=37 53 -11 -1008 -160 16096
-37 44 -13 -784 32 15312
=37 45 =12 1040 -16 15472
-37 60 -11 -944 &4 1adad
-36 66 -10 -89 16 15984
-38 35 -9 -B96 16 13934
-37 36 -11 -832 -80 13808
-38 60 -13 -928 160 13436
-38 60 -12 -1008 0 15808
-39 54 -11 -917 -BO 16032
-37 46 -10 -832 208 15168
-37 55 -10 -B32 208 15168
-38 53 -11 -992 48 15744
-35 54 -10 -944 -112 15552

Figure 23: Screen Shot of the datalog.txt File

The data reads in sequence as follows:
X gyro Y gyro Zgyro X accelerometer Y accelerometer Z accelerometer

The accelerometer data is 16 times the correct value because it was left-justified 4 bits to fill the 16-bit word
in the sensor sampling software. For example, the data taken in Figure 20 has average Z accelerometer
level of 15,800. When divided by 16, this becomes approximately 1000. The 12-bit accelerometer scale is
1mg/LSB (ADC counts in least significant bits, or LSBs) so this data was taken with the Z axis at 1g force.
Therefore we measure that the Sensor Board was laying approximately flat on the bench so that Z axis
measures gravity.

Note that the datalog.txt will become very large in file size if the DatalLogger.exe executed for a long time
(several MB over a few minutes).
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5.5 Analyzing Sensor Data Captured in the Datalog File

The sensor data showed in the ascii Datalog text file is aligned as:

1. Xagyro
2. Y gyro
3. Zgyro

Gyro data is from InvenSense ITG3200 3-axis digital gyroscope
1. Xaccelerometer
2. Y accelerometer
3. Z accelerometer

Accelerometer data is from the Kionix KXTF9 3-axis digital accelerometer. The accelerometer data is 16
times the correct value because it was left-justified 4 bits to fill the 16 bit word in the sensor sampling
software

These data can be used to develop motion processing algorithms and applications. For example, by
importing these numbers into Excel, advanced users can plot out the distribution diagrams for analysis of
motion processing, as shown in the Figure 24 below.

EJ Microsoft Excel - raw_datalog_board13 Q@

] Bl Edt  View Insert Format Tooks Data Window Help  Adobe POF Type a question for help |~ = @ X
NS HOSRITE S A9 -8 E A E e o J RO R |
Hhp sy H i O3 Go to Office Live | Open + | Save ~ H i g !
5 - %

b [ E [ F T 66 [ H [ 1 [ J T w [T L [M [ N [ o [ P [ a [ rR [ 8 [ 1T [ 0o ™ T=
1 gy z accel x  |accely accelz  accelx  accely accelz
[2 | 3 15376 5 20 961
3| 37 32 384 15376 2 24 551 &0
| 4| 37 48 3B 15296 3 23 556
5 37 32 416 15408 2 26 963 0 [ 1
|6 | 31 48 400 15392 3 2 962
I 7| ] EH] 384 15344 2 24 958 20
|5 | 3 32 384 15344 2 24 959
9| 3 64 400 15376 4 25 961 i —gyrox
| 10| 38 18 -6 15424 1 26 964 275 549 623 1097 1371 1645 1919 2193 2467 2741 3015 32089 3563 3637 | [——woyroy
| 11 ] 36 32 -336 15326 2 -21 958 -20 FEmT m oz
[12] 37 32 432 15328 2 27 58 ooy " W =
[13] 31 2 352 15328 2 22 958 -40
14 38 64 352 15424 4 22 564 Y B
115 | ] 16 334 15323 1 24 958 &0 M . ——
|16 | 33 18 384 15328 1 24 958
17 | 31 48 384 15312 3 24 967 &0
18| Eld 48 384 15328 3 24 958
19 37 80 400 15328 5 25 58
20| 37 80 400 15328 5 25 958 -
El 37 64 3% 15328 4 21 B
122 | 37 16 400 1529 1 25 556
23 33 32 384 15344 2 24 959
24 37 2 384 15344 2 24 959
E 7 16 368 16264 %] 3 954 0kt bt bbb bt 1 e bbb 11 ol e
| 26 | i 48 -384 15312 3 24 97 278 545 32 1109 1388 1663 1940 2217 2494 2771 3048 3325 3602 3679
| 27 | 33 18 416 15344 1 26 959 10 —accelx
28| 31 16 416 15344 1 2% 969 —accely
29| Eld 32 432 15392 2 27 562
El) E2) 48| s 1576 3 B 961 17 Oy T NS N| 1[YRY PORRT NT PRER AT
LT ] | — - oo c ol o ik ko, il
Ex 37 32 384 15312 2 24 557 i ; i T i
|33 3 32 384 15312 2 24 557 2
W \:;w_dala]lié_huard‘lmam/ e " o o < 2

iDrawr L | Autoshapest N\ W [ O A ol &2 @ & B - A -

=zaal

Ready

Figure 24. A Screen Shot of Data Analysis Diagram in Microsoft Excel 2003

5.6  Setting up the SIOControlHID Utility

SIOControlHID is a Windows DOS utility which calls up the DOS Command Prompt screen when executed.
A ‘shortcut’ should be created on the Windows XP desktop and its properties modified to include the COM
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port number that the reference design’s SPP Bluetooth device will communicate on. Figure 25 shows the
Windows COM port number has been set to 4 in this example, by editing the last number on the ‘Target:’ line
entry.

Once the COM port number is set up, run the DOS command “SIOControlHID” by clicking the desktop icon.
The DOS window will show either air-mouse data or raw data depending on the software Mode switch setting
of the Sensor Board.

£
S510ControlHID Properties

| Colrs | Compatibity | Secuity |

|  General | Shartcut | Options |  Font | Layout |

ﬁ SI0ControHID

Target type: Application

|| Target locatior: COM Uil

Target: I:IEI-‘I 21 45BINACOM Utilib\SI0ContralHID. exe! 4 ‘

Start in: ‘ "Chwzheng 3dubh3D-MRD W2-2003-12-14frsthigi ‘

Shartcut key: ‘None ‘

Rure | Marmal window v |

Comment: ‘ ‘

[ Find Target... ] [ Ehangelcun...] [ Advanced... J

Figure 25. How to Set the Serial Port Configuration for DOS Command Line

5.7 Setting the Sensor Board to Air-Mouse Mode

The Sensor Board should be powered down, mode switch set to Mouse (ie. the switch active pin is left open,
not connected to Ground) and then powered up again. In air-mouse software mode, the ATMEL XMEGA
MCU processes the motion sensors’ raw data, and then outputs a standard Microsoft-mouse formatted data
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to the host PC. The mouse data packets include cursor delta x values, cursor delta y values and button

status.

5.8 What you Should See in Air-Mouse Mode

The data output format of pointer mode is: delta_X, delta_Y, R_Button, L_Button. After receiving the

Bluetooth data from the reference design, the SIOControlHID utility will convert it to mouse-cursor movement

data. as you can see in Figure 26below.

LI DR B I I e " " " " "W OW W OWW
LI I BN I I I " " " " "W OWOWw

b ]
b ]

b ]
il ool oo oo o]
b ]

b ]

5
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A
A
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A
A
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5]
3
A
A
a

b ]

Figure 26. SIOControlHID Utility Window Showing Mouse Cursor Data-Stream
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6. FAQ for Bluetooth and USB Connections

The Bluetooth SPP and the USB connections may cause some confusion. Below we list a few Frequently
Asked Questions and how to resolve them.

1. The Bluetooth cannot “pair” even after re-installing the device, powering down, rebooting the PC etc.

a. Check “Device Manager” and delete all Bluetooth COM devices in system registry. This action will
require you to reboot the PC.

b. Enable the Bluetooth driver after rebooting and check its configurations, to make sure all the drivers
were renewed.

c. Repeat the “pair” steps.

2. The Bluetooth can “pair” but shows “unknown service” after double clicks
a. Check “Device Manager” and delete un-used Bluetooth COM ports in system registry.

b. Check the Bluetooth configurations and add new Bluetooth COM ports. (Normally, the PC Bluetooth
device will display two COM ports, one is for security link and the other one is non-secured.)

My Blustooth Serial Port | General | Accessibilty | Local Services | Client Applications | Diagnostics |
Automatic Startup i c—

- o
Bluetooth Tasks My Audio Gateway "@ | 1y Blustanth Imaging
Autamnatic Starkup — -
[} View or modify configuration Bluetooth Configuration
S

Other Places y " E .
Specify how this computer will access services on other Blustooth devices,

@ Desktop - Double-click an application name to set its secunty and edit its properties.
d My Cornputer
£ Blistooth Exchangs Foldr Application Mame Secure Connection . COR Part
Bluetooth Imaging Required
Human Interface Device Mot Required
Frinter Requied
Audio Gateway Required
Details = Headset Required
FIM Spnchronization Required
Bluetooth Services Fax Required
File Transfer Required
% FiIM ltem Transfer Required
g My Priocer Dial-up Mehworking Requied
Manual Startup Metw cess Required

E

My Eluetooth Places My Headset
Automatic Startup

Required

[(acdcOMpot | [Delete COM port|

Figure 27: Bluetooth Configuration Menu

c. Double click the Bluetooth device icon and check if serial port service is available.

CONFIDENTIAL & PROPRIETARY 25 of 26



lﬂVEﬂS&ﬂSg 9-Axis 8-bit Motion Processing RDOLVZA-USRGUIDE-01
B2 BT Reference Design User Guide Release Date 01/18/2010

3. |l wantto use USB wired link instead of Bluetooth RF

The USB/Power Board provides a serial port to the Sensor Board, and can be used in place of the
Bluetooth RF link for the reference design to communicate with a PC.

a. Go to the internet and download the Prolific USB driver for the PL2302 IC. It is called
PL2303_Prolific_Driverlnstaller_v110.zip and is located on Prolific’'s website.
http://www.prolific.com.tw/eng/downloads.asp?ID=31

Install the driver and plug-in the USB cable. Check “Device Manager" and find the COM port number.

=) File  Action  Wiew Wlndow Help

le» a@ e 20 84 <Ha

Q Computer Management (Local) < Disk drives s Bits per second: |

= @ System Tools § Display adapters -

- &) Event Viewer L DYD{CO-ROM drives Data bits: ,s—v|

Lo Shared Folders Floppy disk controllers -

! % Local Users and Groups \a Floppy disk drives Parity: |DI 4
. #-84] Performance Logs and Alert: {85 Human Interface Devices

. = pevice Manager =) IDE ATAJATAPI controllers %

D @ Skorage “z» Keyboards Stopbits ’:I ‘\L
f - Removable Storage 'g\ Mice and other pointing devices Flow contrat: |None—v|

H Disk Defragmenter Monitors i e — ||

i Disk Management w Mational Instruments GPIB Interfaces
=21 & Services and Applications H8 network adapters

ol
(;,i Ports (COM & LPT) [ Advanced... ] [ Restare Defaults ]
Ay’ Bluetooth Communications Port (COMS)

: Ay’ Bluetooth Communications Port (COM4)
“,_l}y‘ Communications Park (COM1)
- ECP Printer Port (LPT1)
(;y' Prolific USE-ta-Serial Comm Port (COMS)
ﬂ Processors
HE Rtx Drivers
#-®, Sound, video and game controllers

|~
|w

<

Figure 28: Prolific USB to Serial Configuration Menu

c. Power on the reference design, and run either raw-data or air-mouse software mode.
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