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1 SMARTBUGZ2.0 MODULE WITH OPTIONAL ADD-ON BOARD
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PN: 90083  Ver=3.0.0 al
4=14=2020

SER
e T
| 42000 :Em mﬂi%;‘

Figure 1. SmartBug2.0 Module

SmartBug 2.0 standard edition
Head tracking, Air Mouse, Sensor Fusion, Asset monitoring, APEX etc.

MD-42688-P-XB Add-on board with Wi-Fi, SD card and Ultrasonic sensor SmartBug 2.0 Windows App

MD-45686-S SmartBug 2.0 Windows App
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The SmartBug2.0 software requires SmartBug 2.0 standard edition (MD-45686-S) hardware. If your hardware is
SmartBug 2.0 Machine learning addition (MD-45686-ML), a firmware update is needed before connecting to
SmartBug 2.0 Software. Please refer to chapter 16 “OTA Firmware Upgrade” for more detail.
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2 INSTALLING AND RUNNING SMARTBUG2.0 APP

1

Go to the Microsoft App Store and search for SmartBug2

¢ B oo

SmartBug2

TDK - InvenSense

SmantBug? application controls the new
MD-45686-S multi-sensor wireless module from
TDK InvenSense via BLE, USB or WiFi link. It ca.

Developer toals.

smatbug o n - o
Screenshots >
e o " M
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— -
= =
_— ] -
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——————— SS——

Description

SmartBug? application controls the new MD-45686-5 multi-sensor wireless module from TOK InveriSense via BLE, USB or WiFi link, It can collect raw sensor data and run various motion algorithms inchuding Spatial Audio head
tracking, sensor fusion, APEX, air mouse, asset monitoring etc.

Ratings and reviews.

There aren't any reviews for this product yet.

Features

Supported mation algorithms: Smant Door Lock, Alr Mouse, Asset Manitoring, HVAC Monitaring, APEX, Sensor Fusion, Spatial Audio Head Tracking

@ This product should work on your device. Items with a checkmark meet the developer's system requirements.

Show more

Additional information

- i b M Ot Pt oo B At cin
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2. Click on Get.

& B Moo s smartbug o A
Screenshots >
e — e —— v
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. —_—
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]
e s 4
SmartBug2
’0
10K - Invensense
nhi
[ » -
Dounloading
Description
—% 0 . . : n 5 n R .
Smartfug2 Is the L wireless module from TDK InvenSense via BLE, USB or WiF link. dato and run vasious mots Spatial Audio head
Awerage tracking. sensor fusion, APEX. air mouse, assel manitoring etc.
Ratings and reviews
SmartBug? application controls the new
MO-45686-5 multi-sensor wireless medule from .
TOK InvenSense via BLE. USB or WFi link. ft ca... There aeen't any reviews for this product yet
Deerloger tosls Features
Supported motion algorithms: Smart Door Lock, Air Mouse, Asset Monitoring, HVAC Monitoring, APEX, Sensor Fusion, Spatial Audio Head Tracking.
System Requirements
@ This prosiuct shoukd work on your device. Iters with a checkmark mest the developer's system requirements.
s Show more
m
® & Additional informatio
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3. Gotothe Type here to search Window and type Smart. Then select the SmartBug2.0 to run the
SmartBug2.0 app. It can also be pinned to the taskbar for quick access.

Best match

SmartBug
App )

SmartBug

App

O smatbug|
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3

CONNECTING TO THE SMARTBUGZ2.0 MODULE
There are three types of connections available on the SmartBug2.0 Module to connect to the SmartBug2.0
App:
e  BLE (Bluetooth Low Energy)
e USB
o  WiFi
For a WiFi connection, an Add-On board will be required.

Step 1: Connect to USB cable to turn on and charge the module. When the USB cable is connected, the green
LED will start blinking. Battery charging will occur while the USB cable is connected. The USB connection can
also be used to access SmartBug2.0 features through the App while in USB Mode

Step 2: Disconnect the cable. If the LED is blinking red, more charging is needed. If the LED is blinking blue, it
is charged enough, and it is now advertising for a BLE connection with the SmartBug2.0 App.

Step 3: If BLE is not connected to the SmartBug2.0 App and the module experiences no motion within 30
seconds, the module will go into sleep mode, and the LED will turn off. Some gentle physical motion will be
required to turn on the module and start BLE advertisement again.

In order to enable WiFi, a BLE connection needs to be established first, and an Add-On board needs to be
connected to the SmartBug2.0 module.

The detailed procedure to connect BLE, USB, or WiFi for Master and slave is given below:

Note: Slave mode should only be used for the HVAC application.

3.1 BLE CONNECTION

1. Go to the Settings page.

- =] X
Connection type BLE
Applications Urique ID
i Connect
@ Smart Door Lock Name TOK - Smartbug BA-00-23-47
+  Air Mouse Status Disconnected - ‘
. Manufacturer name 2 conned
set Monitoring =
2 ModelNumber
~ VAC Moriit: =l
' HVAC Moritoring g SerialNumber TSN,
© APEX HWversion
O Sensor Fusion Panversion
5 SWersion
2 Spatial Audio Head Tracking Select slave
Battery
ExpansionBoard
Device
R Sensor data [ OTA
onnection type DISABLED - )
Firmware Upgrade
Urique 1D
Mame
Status Disabled SD card log
Manufacturer name convert utility
o ModelNumber
>
e SerialNumber
[

HwWersion
FVersion
SWVersion
Battery

ExpansionBoard

& settings
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2.

3.

Bluetooth Discovery Routine

1.

Click Select master to choose the connection type.

Applications
@ Smart Door Lock
+  AirMouse

@ Asset Monitoring
2 HVAC Monitoring
® apex

O Sensor Fusion

8 Spatial Audio Head Tracking
Device
k Sensor data

SD card log

»

WiFi settings

Device power

S

Debug

& Settings

Master

Slave

Connection type

Usique 1D
! Connect

Name TOK - Smartbug BA 002347
Status Disconnected

Auto connect
[TP— ad

ModelNumber

SerialNumber Select master
HtVersion

FiVersion
SWersion

Select slave
Eattery

LipansionBoard

QOTA

Connection type
o Firmware Upgrade

Unique ID
Name

Status Disabled SD card log
Manufacturer name convert utility
ModelNumber

SerialNumber

HiVersion

Fiversion

SWersion

Battery

ExpansionBoard

Select one of three options: BLE, USB, or WiFi.

Click on Search to discover the SmartBug2.0 module.

| Applications

Deviece

Master:  BLE, TDK - Smartbug, Disconnected

- o x
"
7]
Master
(®) BLE
Q uss Search Stop
Q wii
Click on the *Search’ button to start
Firmware Upar
rt util
oK Cancel
Ty—
Slave Disabled Ver. 2.0.9.0 fix17
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2. Bluetooth Device Detection:

Stop

BA-00-04-6A

BA-00-23-47

BA-00-F3-E3

Cancel

Applications
]
Master
@®
Search
TOK - Smartbug
D TOK - Smartbug
TOK - Smartbug
- OK
i SenalNambe
N
Master:  BLE, TDK - Smartbug, Disconnected Slave:  Disabled

Ver. 2.0.9.0 fix17

3. Bluetooth Device Selection
a. Select the device and click OK.
b. If there are more than one Smartbug showed on the list, you can compare the blue tooth ID
number with the SN number on the back of the Smartbug

Master:

Applications

]

Master

O

Search Stop
TDK - Smartbug BA-00-F3-E3
TDK - Smartbug BA-00-04-6A
TOK - Smartbug BA-00-23-47
oK Cancel

i) SeraTNamE
w

BLE, TDK - Smartbug, Disconnected Slave Disabled

Ver. 2.0.9.0 fix17
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When the BLE device is selected, press the Connect button to connect the SmartBug2.0 module to the
SmartBug2.0 App. After clicking connect, wait a few seconds until the Master device parameters appear. If the
Auto connect checkbox is checked, the selected device will connect automatically on the application restart.

Connecting BLE for the first time
When connecting BLE for the first time, the app will ask to pair with it. Click Yes.

The pairing is a secure BLE connection required by the Air mouse HID driver. This ensures smooth functionality of
the Air Mouse Application and smooth overall BLE connectivity.

Connection type BLE
Applications Unique ID :
Close connection
©§ Smart Door Lock Name TDK - Smartbug2S BA-00-08-03
4+ Air Mouse Status Disconnected
Manufacturer name D Auto connect
O Asset Monitoring =
oA ModelNumber

— . Let SmartBug pair your device with TDK - Smartbug2s

HVAC Monit: G pairy g
= T Select master
APEX c . .

Let SmartBug pair your device with TDK - Smartbug?2S

) Sensor Fusion
Q Spatial Audio Head Tracking - Select slave

ExpansionBoard

Device
B Sensor data - OTA
Connection type DEHIED & Firmware Upgrade
= SDcard log Unique ID
= = q Name
7 WiFi settings
Status Disabled

SD card log
€52 Settings Manufacturer name convert utility
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3.2 USB CONNECTION

1. USB Device Detection

a. Click on Search to discover the SmartBug2.0 module.

- o x
Applications
&
Master tr
(@13
(® uss Search Stop
O wiri
Click on the ‘Search’ button to start
Device
ll gre
ard lo
nvert ut
- oK Cancel
(7]
Master: BLE, TDK - Smartbug, Disconnected Slave: Disabled Ver. 2.0.9.0 fix17
2. USB Device Selection
a. Select the device and click OK.
- o x
Applications
@
Master m
O 8
®) uss Search Stop
O wiri
COM94 SmartBug
Device
1 jrai
SD ¢
- oK Cancel

o Seraumber
wv

Master:  BLE, TDK - Smartbug, Disconnected Slave: Disabled

Ver. 2.0.9.0 fix17
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When USB device is selected, press the Connect button to connect the SmartBug2.0 module to the SmartBug2.0
App. After clicking connect, wait a few seconds until the Master device parameters appear. If the Auto connect
checkbox is checked, the selected device will connect automatically on the application restart.

3.3 WIFI CONNECTION

The Add-On board (Wi-Fi) can only be connected when the module is in Power Down mode. Follow the steps
below to connect the Add-On board:

Step 1: The SmartBug2.0 board should be reset or powered down in the Device Power window by using the
Power Down or Reset feature on SmartBug2.0 App. See Section 15 for more details.

Step 2: Once, the module is completely powered down, connecting the Add-On board is recommended. The
physical connection of WiFi + SD card Add-On board with the module is shown below:

WIFI4SD Exp Brd
Pk 90083 Ver-300 b
4el-3920 .

-

Step 3: Turn-on the module again. There are two methods to turn on the module after power down:

1. Once the Add-On board is connected in Power Down mode, use the Power button on the Add-On card to
turn on the module in BLE mode.

2. Once the Add-On board is connected in Power Down mode, connect the USB cable to turn on the module
and remove the USB cable to enable BLE mode.

When the BLE connection is established, and the Add-On card is safely connected, the WiFi connection is allowed.

The WiFi should be configured in the WiFi Settings menu item. If the DHCP is chosen, the IP Address, Gateway,
and Net mask selections will be disabled. This means that the IP address will be assigned by the WiFi router and
will be detected by the WiFi discovery feature.

Note: It is important that the system (laptop/PC) running the SmartBug2.0 app and the SmartBug2.0 module are
on the same WiFi network for the SmartBug2.0 module to work on WiFi
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- o x

WIFI Settings

Applications.

+  Air Mouse P Address 192.168.0.100

@ Asset Monitoring Gateway 192.168.0.1

Z HVAC Monitoring Net mask 255.255.255.0
Port 34343

© APex
DHCP

O Sensor Fusion
WiFi enabled

8 Spatial Audio Head Tracking
Set

Device

K Sensor data

‘= sDcardlag

| % wiFi settings

& Device power

W Debug

5 Settings

Once the Set button is pressed, the device will disconnect the BLE and initiate the WiFi connection to the specified
router. The BLE link status will change to Disconnected and the module’s blue LEDs will turn off and the green LED
on the Add-On board will blink. This means the device is now connected to the WiFi router and is ready to
communicate through a TCP socket.

- o x
WIFI Settings
Applications
SsiD cricket
€ Smart Door Lock Password P
~+  AirMouse 1P Address 192.168.0.100
@ Asset Monitoring Gateway 192.168.0.1
Z HVAC Monitoring Net mask 255.255.255.0
@ apEx
DHCP
QO Sensor Fusion
WiFi enabled
A Spatial Audio Head Tracking
Set
Device
¥ Sensor data
= SDcardlog
| & Wi settings
& Device power
B Debug
& Settings
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WiFi Socket Selection

1. Disconnect from the BLE: In the Settings menu, click Close connection button, and then click on Select
Master to go to the master device selection.

Connection type BLE ‘

Applications Unique ID i
nique. Close connection

€4 Smart Door Lock Name BLE. TDK - Smartbug
Status Disconnected
Aute ot
Manufacturer name [ Auto conne

ModelNumber

SerlalNumber Select master

Master

HWversion
PiVersion
SWwersion
Select slave
Battery

ExpansionBoard

OTA

Conncton type S Firmware Upgrade

Unique 1D

Name

Status Disabled SD card log
Manufacturer name convert utility

ModelNumber

= Debug

SerialNumber

Slave

HitVersion
FWiVersion
SWversion
Battery

ExpansionBoard

| B Settings

2. Click on the WiFi option.

3. Click on Retrieve local network parameters to populate the first and last IP Address sections (for DHCP
mode). This button retrieves the active network settings of your system and displays the first and last IP
Address based on Subnet Mask of the router.

4. Click on Search to locate the SmartBug2.0 module on the same WiFi network.
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- o x
Connection type
REES Unique ID Connect
Q,  Smart Door Lock Name TOK - Smartbug BA-00-F3-E3
+  Air Mouse ’
Aute connect
: Master U
O Asset Monitoring
. Q B
> HVAC Monitoring
O use Select master
© APEX ® wri
O Sensor Fusion Port number EYEys
A Audio Head Tracking First IP address 19216811 Select slave
. Last IP address 192.168.1.254
Device
¥ Sensor data Click on the ‘Search fostart OTA

Firmware Upgrade

SD card log

% WiFise

Y e SD card log
& Device powet .
convert utility
B Debug
-
SWersion
Battery
ExpansionBoard
| Settings !
5. Select the found device.
- o x
Connection type
Applications Unique ID Conract
@,  Smart Door Lack Name TDK - Smartbug BA-00-CC-D3
4+ AirMouse Status Disconnected
- Manufacturer name D Aot
)  Asset Monitering =
i} ModelNumber
~ nzA N il
> HVAC Monitoring g SerialNumber CElectinaster
— Master
) Sensor Fusion O BLE
R spatial Audio Head Tracking Q use - - Select slave
® wiFi
o i
K Sensor data First IP address 192.168.1.1 i o
Firmware Upgrade
= 5D cardlog
= SDecardlog Last IP address 1921681100
. . SD card log
& Device power conwert utility
W Debu
< o
>
]
(7]
‘ e Settings

Document Number: AN-000450 Page 17 of 54
Revision: 1.0
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6. Now itis ready for WiFi connection.

- o x ‘
Connection type ‘
Applications Unigue ID Comnect
@ Smart Door Lack Mame 192,168 15334343
U A Moo Status Disconnected —
- Marufacturer name e con
@  Asset Monitoring =
.ﬁ MadelNumber
 HVAC Manitoring g SerialNumber Salact mastar
@ apex HWVersion
Fusion FiVersion
§ SWersion
A spatial Audio Head Tracking Select slave
Battery
ExpansionBoard
Device
B Sensor data Connection tpe OTA
Firmware Upgrade
= sDardlog Unique ID
T Wi sottings Name
Status Disabled
& Device pawer SD:ardk_:.g
Manufacturer name convert utility
= g % ModelNumber
1 Serialbumber
©n
Hiversion
FWVersion
SWversion
Battery
ExpansionBoard
| @ Settings
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7.

Returning from WiFi to BLE mode

Use the Connect button to connect over the WiFi network.

Smart Door Lack
Air Mouse

Asset Monitoring

APEX

Sensor Fusion

[
+
o}
Z HVAC Monitoring
@
O
a

Spatial Audio Head Tracking

Device

T

Sensor data

5D card log
WiFi settings

Device power

5 9

Debug

| @ settings

Master

Slave

Connection type
Unigue ID
MName

Status
Manufacturer name
ModelNumber
SerialNumber
HWversion
PWVersion
SWversion
Battery

ExpansionBoard

Connection type
Unique D
Mame

Status
Manufacturer name
ModelNumber
SerlalNumber
HWWersion
FVersion
SWWersion
Hattery

ExpansionBoard

TP v

<none>

TCP, 192.168.1 53:34343
Connected

TOK Invensense
ARF52640
SN-CCD3

revB

ARFS SDK 15200
E2.0.0 (up to date)
%

WiFi

DISABLED

Disabled

Disconnect

[ Aute connect

Select master

Select slave

QOTA
Firmware Upgrade

SD card log
convert utility

There are two approaches to implement this:

1.

WiFi can be disabled through the WiFi settings menu. Such a transition occurs when a user unchecks the
WiFi enabled checkbox and clicks on the Set button. The WiFi connection will be lost and the blue LEDs

start blinking, indicating that it is now in the BLE advertisement mode.

i

Smart Door Lock
Air Mouse

Asset Monitoring
HVAC Monitoring
APEX

Sensor Fusion

x C e 0O e+ £

Spatial Audio Head Tracking

H

Sensor data
5D card log
Wifi settings

Device power

I%EIIIIE’E'

Debug

@ Settings

WIFI Settings
SSiD
Password

1P Address
Gateway

Net mask
Port

DHCP

WiFi enabled

Set

cricket

eseassases

192.168.0.100

192.168.01

255.255.255.0
O
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2. Inorder to go back to BLE mode, press and hold the power and log switches on Add-On board

simultaneously for 5 seconds.

This puts the device into BLE advertisement mode. Now click on Disconnect and Connect BLE to enable BLE
again. The BLE select master process is not required to connect to the same SmartBug2.0 board, because its
information is saved by the application. A user can simply select the connection type BLE and click the

Connect button.

Applications

o)

Smart Door Lock

Air Mouse

+

@ Asset Monitoring
< HVAC Monitoring
©

© APEX

O Sensor Fusion
A

Spatial Audio Head Tracking

Device

4

Sensor data

SD card log

.l))

WiFi settings

I @3 Settings

Note: Wi-Fi/BLE mode will not work if a USB cable is connected at any point to charge the module. The module will
switch to USB mode.

Master

Connection type
Unigue ID
Name

Status
Manufacturer name
ModelNumber
SerialNumber
HWVersion
FWVersion
SWversion
Battery

ExpansionBoard

Connection type
Unique ID
Name

Status

Manufacturer name

TCP v

<none>

TCP, 192.168.1.53:34343
Connected

TDK Invensense
nRF52840
SN-CCD3

revB

nRF5 SDK 15.2.0
£3.0.0 (up to date)
100%

WiFi

DISABLED ~

Disabled

Disconnect

[:] Auto connect

Select master

Select slave

OTA
Firmware Upgrade

SD card log
convert utility
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4 SENSOR DATA MODE

1. Select Sensor data window

This window is the most important section of the app. This allows users to stream multi-sensor data (from IMU,
magnetometer, temperature, humidity, ultrasonic, and pressure sensors) and record that data into log files. It also
provides tuning parameters to finetune the desired raw sensor data.

- o X
prpe Startrecording  Openlogfile  Log file format description
D e Accelerometer [ enabled
AL e Gyroscope
@ Asset Monitoring Magnetometer [] Enabled
' HVAC Monitoring Temperature [ enabled
@ APEx Humidity
) sensor Fusion Pressure [ Enabled
A spatial Audio Head Tracking Range [[] Enabled
Device Range Raw
|h‘ Sensor data
= SDcard log
T WiFi settings
& Device power
= Debug
@ Settings

Note: All the sensors, except Chirp Range sensor CH101, are physically mounted inside the SmartBug2.0 module.
The CH101 connector comes with WiFi + SD Add-On board. The physical connection of CH101 module with the
Add-On board through FFC Cable is shown below:

LT ]
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2. Select the sensor(s) by selecting the Enabled checkboxes.

- m] x
Appications = S B
Q} Smart Door Lock Enabled
QDR 100 i
+  Air Mouse
AFSR 16 ~

O Asset Menitoring GESR v
S HVAC Monitoring
© APEX
0 Sensor Fusion
8 Spatial Audio Head Tracking
Device
K Sensor data
= SD card log

Enabled
2 Wik settings oDR o >
&2 Device power -
B Debug

Enabled

4 Enabled
e Settings

Note: You can stream and log data from all the sensors at the same time.

Document Number: AN-000450 Page 22 of 54
Revision: 1.0
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3. Enable data recording by selecting the Start recoding button.

- [m] x
— [mnrecrang ] orentes et e omar sestion
Q Smart Door Lock Enabled
QDR 100 v
+ Air Mouse
AFSR | 15 ~
@ Asset Monitoring G.FSR o
S HVAC Maonitoring
APEX
(O Sensor Fusion
2 Spatial Audio Head Tracking
Device
I Sensordata -
= 5D card log
Enabled
’7;‘\ WiFi settings ODR "
f Device power
M Debug
Enabled
ODR
4 Enabled
ODR
@ Settings
Document Number: AN-000450 Page 23 of 54

Revision: 1.0
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4. After data has been recorded, disable data recording by clicking on the Stop recording button.

- [m) x
appicatons oo recona] oner oo e Lon e ot desrpnin
@, Smart Door Lock Enabled
ODR 100 ~
+ Air Mouse
AFSR 16 pvs
@  Asset Monitoring G.FSR -
i HVAC Monitoring
® APEX
O Sensor Fusion
2 Spatial Audio Head Tracking
Device
I Sensor data
= 5D card log
Enabled
=  WiFi settings ODR 10 o
& Device power -
W Debug
Enabled
CDR
Enabled
ODR
€% Settings
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5. Click Open log file to view recorded data with Microsoft Excel.

3
:
2

Smart Door Lock

Air Mouse

Asset Monitoring

HVAC Monitoring

APEX

Sensor Fusion

» C e Q0 9@ + £

Spatial Audio Head Tracking

:

k¥ Sensor data

- m] %
Enabled
ODR 100 ~
AFSR 16 ~

G.FSR

= SDcard log
Enabled
”-,? WiFi settings ODR
f Device power
B Debug
Enabled
@ Settings
Document Number: AN-000450 Page 25 of 54
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6. Use Log file description to understand the sensor IDs and units in log file.

Log file description

Master sensor id:

- Accelerometer [g] XY.Z

- Gyroscope [dps] X,Y.Z

- Magnetometer [uT] X,Y,Z
- Temperature [°C]

- Humidity [%6RH]

- Pressure [Pa]

- Range, Amplitude [mm]

00 O oLn o LD P =

Slave sensor id:
106 - Pressure [Pa]

Close

7. Maximum ODR supported on different interfaces for streaming and logging.

SENSOR ODR ACCEL | GYRO MAG PRESSURE HUMIDITY/TEMPERATURE | ULTRASOUND
25/50/100/ 10/50/ 100
ODR Options 200 /1000 / 2000 /200 1/5/10 1/5/10 1/5/10
Maximum ODR BLE 100 100 10 10 10
Maximum ODR USB 200 200 10 10 10
Maximum ODR WiFi 2000 200 10 10 10
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5 SMART DOOR LOCK

1. Open the Smart Door Lock Application window

Click the Enabled checkbox to enable status notification from the smart door lock. Start calibration by

clicking Start Calibration

The calibration can be re-run at any time by clicking the ReStart calibration button.

Applications

| & Smart Door Lock
+  Air Mouse
Asset Monitaring
HVAC Monitoring
APEX

Sensor Fusion

» C ® 0 Q@

Spatial Audio Head Tracking

Sensor data
SD card log
WiFi settings

Device power

l%-t)nui’g

Debug

& Settings

- o *

Smart Door Lock

[ Enabled Statrecording  Openlogfile  Log file farmat description

Repoit Angle

Start
calibration

2. Place the device on a door

Please make sure that the device is completely static and is not subject to any external motion for
accurate open/close detection and calibration.

3. Calibrate

Click on start calibration it to calibrate the IMU sensor
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- o x

= Smart Door Lock

R Enabled Startrecording  Openlogfile  Log file format description
| & smart Door Lock State: Closed

<+ AirMouse

6/2/2023 2:32.56 BM

@ Asset Monitoring —

> HVAC Monitoring

@ weex A Report angl

O Sensor Fusion Restart

calibration
£ Spatial Audio Head Tracking

Sensor data

:

SD card log

WiFi settings

Device power

1 % 9)

Debug

@ Settings
BT S O o 8B S Dbl waasen

4. Observe the Smart Door service status change: Open or Close

Open or close the door physically and observe the door state change.
5. Log Smart Door Lock outputs with Angle:

The log file will record all door open and close events along with the door angle. When the angle is
enabled by the Enable Angle checkbox, the SmartBug2.0 device will log the Smart Door Lock angle from
the closed reference position. The states are also reported in the log file to correlate the Open/Close
states to the Door lock angle.

Smart Door Lock

Enabled Start recording  Openlogfile  Log file format description

.

x C © O @ + 2

Smart Door Lock State: Open

frese 6/2/2023 2:33:52

Asset Monitoring
HVAC Monitoring
APEX =

Sensor Fusion Restart

calibration
Spatial Audio Head Tracking

]

T

Sensor data

]

SD card log

WiFi settings
Device power

Debug

S )

@ Settings

Master:
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6 AIR MOUSE

1) Click on Enable

2) AML has 3 outputs
a. Gesture
b. Position
c. Pointer

Applications

Q, Smart Door Lock

Air Mouse
Enabled
E] Enable mouse pointer conto

Gesture

Start recording

Open log file

Log file format description

Position

| + Air Mouse

@

Asset Monitoring

Q

HVAC Monitoring

@

APEX
O Sensor Fusion
R

Spatial Audio Head Tracking

®
. : {
Devi 3
evice * - \ ] ra Y
oo L
f*  Sensor data b o® e L ]
. e : Ll
= SD card log ° ® .
° . ; N ‘
F Wik settings L] {'. ® e
°° °
] . ]
& Device power o’
L )
B Debug o * 4‘
* e 4
% e -‘-U
o ° d
N - o
o L
-t *aand
@ Settings

3) Gesture shows the gesture performed with the SmartBug2.0

a. Up

b. Down

c. Right

d. Left

e. Clockwise

f.  Counter Clockwise

4) Position Shows the orientation of the device.
5) Pointer follows the motion of device in air.
6) Select Enable mouse pointer control to control mouse of the windows PC.
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7 ASSET MONITORING

1. Select the Enabled checkbox to enable the Asset Monitoring SmartBug2.0 feature

» C ® 0O @

Applications

©,  Smart Door Lock
+  Air Mouse
Asset Manitoring
HVAC Monitoring
APEX

Sensor Fusion

Spatial Audio Head Tracking

I

T

Sensor data

5D cardlog
Wii settings

Device power

% 9)

Debug

@ Settings

Asset Monitoring

Enabled

History scale
O 10min

(®) 1 hour

O 1day
Thresholds
Shock

Magnetic
Pressure Low
Pressure High
Temperature Low
Temperature High
Humidity Low
Humidity High
Angular

Tilt

20000

97697

97702

28

285

Write  Save  Restore

Retrieve Clear Save Description

History Statistics

RH %
RH %
deq./sec

deg
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2. Configure the thresholds.

The threshold values need to be configured and new values can be entered. The new values can be saved
in the configuration file with the Save button and then restored from the configuration by the Restore
button in the new session. The new threshold values will be written to the device by clicking on the Write

button.
- [m] X
= Asset Monitoring
Enabled Retrieve Clear Save Description
Applications
History Statistics
@, Smart Door Lock
History scale
+ Air Mouse .
O 10 min
| @ Asset Monitoring @ 1 hour
T HVAC Monitoring O 1 day
G Thresholds
Shock 2 G
O Sensor Fusion
Magnetic 20000 nT
2 Spatial Audio Head Tracking Pressure Low 97697 Pa
Pressure High 97702 Pa
Device
Temperature Low 28 °C
b Sensor data :
Temperature High 285 °C
= SDcardlog Humidity Low 60 RH%
2 WiFi settings Humidity High 70 RH %
& Device power Angular 20 deg./sec
B Debug L 0 deg.
Save Restore
o] Settings
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3. Place the SmartBug2.0 device on any box or package that needs to be monitored.

Start performing Asset Monitoring activities (shock, fall, environment changes) with the SmartBug2.0
device. The SmartBug2.0 device will now capture events.

4. Click the Retrieve button to load the recorded events by the SmartBug2.0 device.

The history length can be set to the 10 min, 1 hour, or 1 day before retrieving events.

- O X
= Asset Monitoring
Enabled Retrieve Clear Save Description
Applications
History Statistics
€, Smart Door Lock
History scale 06/02/2023 15:24:34 ANG SHOCK 17
+  Air Mouse 0O )
10 min 06/02/2023 1524:33 MAG_ANOMALY 2
I@ Asset Monitoring (® 1hour
06/02/2023 15:24:33 ANG DEVICE FLAT 3
< HVAC Monitoring O 1day
B reshold 06/02/2023 15:24:32 ANG DEVICE_FACEUP 2
@ APEX resholds
Shock > G 06/02/2023 15:24:32 ANG DEVICE_FACEDOWN  [iE]
O Sensor Fusion
Magnetic 20000 nT 06/02/2023 15:24:31 ANG FREEFALL 1
R Spatial Audio Head Tracking
hressure Low 97697 Pa 06/02/2023 1524:30 TEMP_RISE 1
Pressure High Pa
Device J orie2 06/02/2023 15:24:29 SHK ANG_TH_DET 46
Temperature Low 28 °C
it Sensor data 06/02/2023 15:24:28 ANG 3
Temperature High 285 °C
= 06/02/2023 15:24:25 MAG
= Dawlky Humidity Low 50 RH % /02r: 1
%2 WiFi settings Humidity High 70 RH % 06/02/2023 15:24:25 ANG 1
P B Angular 2 degfsec  06/02/2023 15:24:24
= Debug Tilt 10 deg. 06/02/2023 15:24:24 ANG
Write  Save  Restore 06/02/2023 15:24:23 ANG
06/02/2023 15:24:23
06/02/2023 15:24:22 ANG
14:24
© see L o o
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5. Click the Save button to save events to the am_history.csv file.

A 8 | ¢ | £ £ I B L L K L M N 0 13 o R s - u
B2/20731523  1685719386911090 10 - 0 x
6/2/2023 15:23 1685719301101110 10
B2/2073 1523 1685715381767470 1 Asset Monitoring
6/2/2023 1523 1685719306745410 10
642/2023 15:23 1685719397208460 . - e: a L
6/2/202315:23 1685719397209460 BRI
6/2/20231523  1685719403206310 1 : !

B2/2073 1593 16H5718411206310 3 2 . .
History scale 17
6/2/20231528  1685715457748170 1 .
6/2/2023 1524 1685719457349130 0 Air Mouse
/2/202915:94 1685716458008 70 1 i . i LR 2
220231526 1685719458273150 1 Asset Monitorir 1| Log file description
6/2/202315:24  1685719459030420 10 j2433 3
B/2/7079 1598 16H57154595H5 730 10]| S HVAC Monitorir L | Event id:
sl B mehol 0 (SHK) SHOCK )
B2f07 1575 TeHsTIssSEs) 10 y 1- (MAG) MAG_ANOMALY 1524 1
6/2/202315:24  1685719460060270 10| {3 SensorF 2 - (DFL) DEVICE FLAT
6/2/20231524  1685718460837720 10 Magnetid 3 - (DFU) DEVICE FACEUP 504 FREEFAI 1
5;32023 1528 1685715461160R10 | A spata jead Tracking 3 4 - (DFD) DEVICE_FACEDOWN
B/2023 1528 1085719402463290 10 ! 15243
6/2/2023 1520 1685716462624840 10 5 - (FFL) FREEFALL ‘
/731596 lSSTISAEINEZ 10 | o 6 - (PRS) PRESSURE_RISE
G2/20731524  1685719463206310 2 Temperal] 7 - (PDR) PRESSURE_DROP
B/2/20231520 16857194647 15460 10 b cor 8 - (TRS) TEMP_RISE 5 3
6/2/20231528  1685715464856240 10 Temparaf
6/2/2023 1524 1685719465300450 10 \ 9 - (TDR) TEMP_DROP s m 1
B/2/20231528 1685 /15465R05/0 1| — Humidity 10 - (ANG) ANG_TH_DET
6/2/20231528  1685719468955550 EC) P 1 - (7L TILT beoazs 1
6/2/202315:24  1685719469975330 o © ) iy 12 - (HRS} HUMIDITY_RISE
B2/2071 1528 16HS 71547086410 10 ; .
6/2/202315:28  1685719471489840 0] |2 Do poua a 13 - (HDR) HUMIDITY_DROP P12
6/2/2023 1524 1685719472741850 10 Tie
§/2/2023 1528 1685719477984180 10| ™ Debu 2424
§/2/20231528  1685719473206310 10 . L )
6/2/20231524  1685712473563810 10 Close g2
/2/202315:28  1685715474195630 10
am history {
g iy Urzralable
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8 HVAC MONITORING

This application uses two pressure sensors (two SmartBug2.0 modules) to report the differential pressure
output on HVAC filter systems or for any filter clogging application.

1. Make sure the slave device is configured and connected.

- o x
Cannection type BLE
| Applications Unique ID 00-00-6D-0F-BA-00-CC-D3 Disconnect
Q,  Smart Door Lack Name BLE, TOK - Smartbug
(S — Status Connected
| Manufacturer name TDK Invensense [0 auro connea
@ Asset Manitoring =
Ko} ModelNumber nRF52840
| n
|~ -
< HVAC Monitoring g SerialNumber SN-CCD3 Select master
® APEx HWiVersion revB.
€ sensor Fusion FWVersion nRFS SDK 1520
| SWhersion £3.0.0 (up to date)
R Spatial Audio Head Tracking . 0% Select slave
attery
ExpansionBoard Wi
| Device
| ¥ Sensordata Connection type oE COTA
| Firmware Upgrade
| = sbardlag Unique 1D 00-00-60-0F-BA-00-09-AB
| % wikisettings Name BLE, TDK - Smartbug?
| 2 Status Connected SD card log
Device pawer o
Manufacturer name: TDK Invensense convert utility
— =] o ModelNumber nRF52840
=3
] SerialNumber SN-09AB
w
HVersion revB.
FW\ersion nRF5SDK 1520
SWersion £3.00 (up to date)
Battery 69%
ExpansicnBoard <none>
\ @ Settings

s e el N e R
2. Select the HVAC Monitoring window and click on the Enabled checkbox to enable HVAC.

3. Place the two modules (with a pressure sensor each) on two sides of any air filter.
4. Click the Calibrate now button to calibrate the master and slave pressure sensors to the same level.

Two pressure sensors can show different pressure sensor readings, even when placed on the same
altitude. The calibrate button ensures that the master and slave pressure have an initial differential
pressure value close to zero Pascals. This ensures accurate differential pressure monitoring for HVAC filter
monitoring type applications.

- a x ‘
= HVAC |
Applications

Enabled onR Set  Startrecoding  Open log fle
Q, Smart Door Lock
+  Air Mouse 100880 (Bressure Difference [Pa]
Pressure source 1 100630 Pa
@ Asset Manitoring
Pressure source 2 100578 Pa
| & HuAC Monitoring .
Pressure Difference 1 Pa
® arex 16023549703 1602354970.9
O Sensor Fusion Filter replacement threshold 1 100 Pa
R spatial Audio Head Tracking Flter replacement threshokd 2 200 Pa
. Filter replacement threshold 3 Pa
K Sensor data Recalibrate now o @  Reset notifications
= SDcardlog S I
Final filter replacement notification
' WiFi settings
&2 Device power
™ Debug
& Settings
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5. Observe the differential pressure change and filter replacement notification

Once the pressure difference exceeds a threshold, the filter replacement notification is recorded. This

picture shows that the second notification has been issued.

Q

Applications

Smart Door Lock
Air Mouse:

Asset Monitoring
HVAC Monitoring
APEX

Sensor Fusion

Spatial Audio Head Tracking

SD card log
WiFi settings
Device power

Debug

Settings

HVAC

Enabled

Pressure source 1

Pressure source 2

ODR Set Startrecording  Open log file

100632 Pa
100619 Pa

Pressure Difference 44 Pa

Recalibrate now

000 Pressure Difference [Pa]

1692355011 1 16682355020 7

L

o @  Reset notifications

Final filter replacement notification

6. Record the differential pressure log along with absolute pressure sensor readings.
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9 SENSOR FUSION

1. Select the Sensor Fusion window and click the Enabled checkbox to enable the Sensor Fusion
demonstration.

2. Select the 6/9-axis fusion mode can be selected by choosing the 6/9-axis.

3. In 6-axis sensor fusion demo, the board must be placed with LEDs in front of the screen when starting the
algo.

4. Calibrate Gyro by keeping device steady for 2 seconds.
5. Calibrate accel with keeping 3 face up for 2 seconds each.

6. Calibrate the magnetometer by performing a figure-8 motion with the SmartBug2.0 device to ensure
proper 9-axis calibration.

7. Start rotating the module and observe that the cube will follow the SmartBug2.0 board 3D orientation.

8. Click on Start recording. The recorded log contains the quaternion x, y, z, w values, received from the
SmartBug2.0 and calculated yaw, pitch, roll values.

Enabled Start recording Open log file

® 9-axis Roll:  20° Accel: Calibrated
Q) Smart Door Lock ) Pitch: -36° Gyro: Calibrated
O 6-axis Yaw: -23° ag: Calibrated

Applications

Air Mouse
Asset Monitoring

HVAC Monitoring

® Q @ +

APEX

Sensor Fusion

» C

Spatial Audio Head Tracking

Device

k*  Sensor data

SD card log

.)))

WiFi settings

Device power

IS

Debug

Setti
B se 1192 To calibrate the device, please refer to the user guide
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10 SPATIAL AUDIO HEAD TRACKING

9. Select the Spatial Audio Head Tracking window and click the Enabled checkbox to enable the
demonstration.

10. Calibrate Gyro accuracy to 3 by keeping device steady for 3 seconds.
11. Place SmartBug2.0 on ear and face the screen.

12. Click on Set Reference Horizon.

13. Click on Set Reference Mirror.

14. Start rotating your head and see the head rotation on the screen.

15. Click on Start recording. The recorded log contains the quaternion x, y, z, w values, received from the
SmartBug?2.0.

- O x
e P Position
Pitch: 356.5°
-+ Air Mouse Raw angles
@ Asset Monitoring Pitch: 831.3°
< HVAC Monitorin,
Yaw: 202.3°
© APEX Pitch: 829.8°
(O Sensor Fusion
ODR: 100Hz
| 8 Spatial Audio Head Tracking Power mode: LP
Gyro accuracy: 3
Stationary accuracy:
Device
b Sensor data
= SDcard log
? WiFi settings
f‘}:‘; Settings
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11 SD CARD LOGGING THROUGH THE APP

The SD card log window controls the log events that can be enabled by clicking on the checkboxes.

1. Click on the Start button to start logging. The logging can be finished by the clicking Stop button.
Note: The SD card should be on a FAT32 file system with a maximum size of 4GB.

SD card must have at least 2MB free for logging

- O x
Enable data logging for the following sensors:
Applications IMU
€, Smart Door Lock Magnetometer
=+ Air Mouse Pressure D
Temperature and humidity NV
@ Asset Monitoring .
Range
~ o O
= HVAC Monitoring
Enable data logging for the following features:
APEX APEX
O Sensor Fusion Air Mouse D
R Spatial Audio Head Tracking Asset Monitoring D
Smart Door Lock D
Device Spatial Audio Head Tracking D
Sensor Fusion
i Sensor data D
_ SD Card t
| = SD card log ard presen No
Size free E bytes
"-:'-“ WiFi settings
& Device power Stop  Start | Tag
B Debug
Logging stopped
f‘}:‘:? Settings

Note: The SD card logging feature in the app only works in BLE and standalone mode. When logging on SD card
APEX and GAF cannot be set at the same time
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12 STANDALONE SD CARD LOGGER

Note: SD Card should be on a FAT32 file system with maximum size of 4GB

12.1
1.
2.
3.

7.
8.

12.2

ENABLE AUTONOMOUS SD CARD LOG WITHOUT THE SMARTBUG2.0 APP

Connect the SmartBug2.0 USB to a PC.
A Disk will mount on Windows. On the disk you have a file called CONFIG.TXT.

Edit this file with a text editor:

4
| File Edit Format View Help
WIFL DISABLE INVMNVisitor VisitorINVN 192.168.1.28 192.168.1.254 255.255.255.8 3333 @
WIFI_FW_UPGRADE DISABLE
|ACCEL DISABLE 1ee 2
GYRO DISABLE 168 7
MAG DISABLE 5@
PRES_TEMP DISABLE 1@
HUM_TEMP DISABLE 5
ULTRASOUND DISABLE 58
APEX DISABLE 3 64 17 5 128 58
| AML DISABLE
ASSET_MON DISABLE 15 1eee leseee leseee 145 245 580 950 65 128
SMART_DOOR DISABLE @
ROBOVAC DISABLE @
3DOF DISABLE 1

After changing the configuration, close the file, and disconnect the USB.

You can start the SD Card logging by pushing the SW2000 button for 2 seconds. LED 1 on the Add-On
Board will start to blink every 3 seconds.

You can tag an event by pushing the SW2000 button.
When you want to stop the log, push the SW2000 button for 2 seconds.

You can restart a new log or connect the SmartBug2.0 USB to the USB to access your log files.

ENABLE ACCELEROMETER LOG

To enable the accelerometer, you must change the line starting with ACCEL and change DISABLE to ENABLE.

3
|

F Edit Format View Help
WIFI DISABLE INVNVisitor VisitorINV
WIFI_FW_UPGRADE DISABLE
|ACCEL DISABLE 100 2
GYRO DISABLE 100 7

MAG DISABLE 5@
PRES_TEMP DISABLE 1@
HUM_TEMP DISABLE 5
ULTRASOUND DISABLE 50

APEX DISABLE 3 64 17 5 128 50
| aMI nT<ARIF

You can change some parameters. The format is:

ACCEL <ENABLE/DISABLE> <ODR> <FSR>

Accelerometer ODR in Hz can be set to 25, 50, or 100
Accelerometer FSR:0:2G/1:4G/2:8G/3:16G

Note: Accel and Gyro must be enabled together in CONFIG.txt.
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12.3 ENABLE GYROSCOPE LOG

To enable the Gyroscope, you must change the line starting with GYRO and change DISABLE to ENABLE.
)
File Edit Format View Help
WIFI DISABLE INVNVisitor VisitorINVI
WIFI_FW_UPGRADE DISABLE
| ACCEL DISABLE 100 2
| GYRO DISABLE 100 7
MAG DISABLE 50
PRES_TEMP DISABLE 10
HUM_TEMP DISABLE 5
ULTRASOUND DISABLE 50

APEX DISABLE 3 64 17 5 128 50
|aMI NT<ARIF

You can change some parameters. The format is:
GYRO <ENABLE/DISABLE> <ODR> <FSR>
Gyro ODR in Hz can be set to 25, 50, or 100

Gyro FSRO: 16dps/1:31dps/2:62dps/3:125dps/4:250dps/5:500dps/6:1000dps/7:
2000dps

Note: Accel and Gyro must be enabled together in CONFIG.txt.
12.4 ENABLE MAGNETOMETER LOG
To enable the Magnetometer, you must change the line starting with MAG and change DISABLE to ENABLE.
]

[
File Edit Format View Help

WIFI DISABLE INVNVisitor VisitorINV
WIFI_FW_UPGRADE DISABLE

|ACCEL DISABLE 100 2

GYRO DISABLE 100 7

MAG DISABLE 5@

PRES_TEMP DISABLE 10

HUM_TEMP DISABLE 5

ULTRASOUND DISABLE 50

APEX DISABLE 3 64 17 5 128 50
[AMI NT<ARIF

You can change some parameters. The format is:
MAG <ENABLE/DISABLE> <ODR>

Magnetometer ODR in Hz can be set to 10, 50, or 100
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12.5 ENABLE PRESSURE AND TEMPERATURE LOG

To enable the Pressure and Temperature, you must change the line starting with PRES_TEMP and change
DISABLE to ENABLE.

|
'Fm Edt Format View Help
WIFI DISABLE INVNVisitor VisitorINVI
WIFI_FW_UPGRADE DISABLE
|ACCEL DISABLE 100 2
GYRO DISABLE 100 7
MAG DISABLE 5@
PRES_TEMP DISABLE 10
HUM_TEMP DISABLE 5
ULTRASOUND DISABLE 5@

APEX DISABLE 3 64 17 5 128 50
[AMI NT<ARIF

You can change some parameters. The format is:
PRES_TEMP <ENABLE/DISABLE> <ODR>

Pressure and Temperature ODR in Hz can be setto 1, 5, or 10

12.6 ENABLE HUMIDITY AND TEMPERATURE LOG

To enable the Humidity and Temperature, you must change the line starting with HUM_TEMP and change
DISABLE to ENABLE.

3
lFlc Edit Format View Help
WIFI DISABLE INVNVisitor VisitorINV
WIFI_FW_UPGRADE DISABLE
| ACCEL DISABLE 100 2
GYRO DISABLE 100 7
MAG DISABLE 5@
PRES_TEMP DISABLE 1@
HUM_TEMP DISABLE 5
ULTRASOUND DISABLE 50

APEX DISABLE 3 64 17 5 128 50
lami nT<ARIF

You can change some parameters. The format is:
HUM_TEMP <ENABLE/DISABLE> <ODR>

Humidity and Temperature ODR in Hz can be setto 1, 5, or 10
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12.7 ENABLE ULTRASONIC LOG

To enable the Ultrasound, you must change the line starting with ULTRASOUND and change DISABLE to

ENABLE.

File Edit Format View Help

WIFI DISABLE INVNVisitor VisitorINV

WIFI_FW_UPGRADE DISABLE
|ACCEL DISABLE 100 2
GYRO DISABLE 100 7

MAG DISABLE 5@
PRES_TEMP DISABLE 1@
HUM_TEMP DISABLE 5
ULTRASOUND DISABLE 50

APEX DISABLE 3 64 17 5 128 50

| AMI NTSARI F

You can change some parameters. The format is:
ULTRASOUND <ENABLE/DISABLE> <ODR>
ULTRASOUND ODR in Hz can be setto 1, 5, or 10

12.8 ENABLE APEX FEATURE LOG

To enable the APEX feature, you must change the line starting with APEX and change DISABLE to ENABLE.

File Edit Format View Help

WIFI DISABLE INVNVisitor VisitorINVI

WIFI_FW_UPGRADE DISABLE
[ACCEL DISABLE 100 2
GYRO DISABLE 100 7

MAG DISABLE 5@
PRES_TEMP DISABLE 10
HUM_TEMP DISABLE 5
ULTRASOUND DISABLE 50

APEX DISABLE 3 64 17 5 128 50

| AMI NTSARIF

You can change some parameters. The format is:

APEX <ENABLE/DISABLE> <TAP_TMIN> <TAP_TMAX> <TAP_MIN_JERK_THR> <PED_STEP_CNT_TH>

<PED_AMP_CNT_TH> <WOM_THR>

128:2080374 uG
144 : 2214592 pG
160 : 2348810 uG
176 : 2483027 uG
192:2617245 uG
208 : 2751463 uG
224 : 2885681 uG
240 :3019898 puG

TAP_TMIN TAP_TMAX TAP_MIN_JERK_THR | PED_STEP_CNT_TH | PED_AMP_TH_SEL WOM_THR
(UNIT: 16MG)) (UNIT: 4AMG)
0:125ms 0:250 ms 0<=th<=63 0<=th<=15 0:1006632 uG 0<th< 255
1:140 ms 32:375ms 16 : 1140650 pG
2:156 ms 64 : 500 ms 32:1275068 pG
3:171ms 96 :625 ms 48 : 1409286 UG
4:187 ms 64 : 1543503 pG
5:203 ms 80:1677721 pG
6:218 ms 96 :1811939 puG
7:234ms 112:1946157 uG

Note: GAF cannot be turned ON with APEX. IMU ODR is 200Hz only.




@TDI( InvenSense AN-000450

12.9 ENABLE AIR MOUSE LIBRARY (AML) LOG

To enable the AML Feature, you must change the line starting with AML and change DISABLE to ENABLE.

APEX DISABLE 3 64 17 5 128 58

AML DISABLE

ASSET_MON DISABLE 15 1eee l1es5eee leseee 145 245 500 950 65 138
SMART_DOOR DISABLE @

ROBOVAC DISABLE @

3DOF DISABLE 1

12.10ENABLE ASSET MONITORING LOG

To enable the Asset Monitoring Feature, you must change the line starting with ASSET_MON and change
DISABLE to ENABLE.

APEX DISABLE 3 64 17 5 128 58

AML DISABLE

ASSET_MON DISABLE 15 1eee leseee leseee 145 245 588 958 65 128
SMART_DOOR DISABLE @

ROBOVAC DISABLE @

3D0F DISABLE 1

You can change some parameters. The format is:

ASSET_MON <ENABLE/DISABLE> <MAG_TH> <PRES_LOW_TH> <PRES_HIGH_TH> <TEMP_LOW_TH>
<TEMP_HIGH_TH> <HUM_LOW_TH> <THUM_HIGH_TH> <ANG_TH> <TILT_TH>

Magnetic  Pressure Pressure Temperature Temperature Humidity  Humidity  Angular Tilt
Threshold Low High Low Threshold High Low High Threshold  Threshold
(in nT) Threshold  Threshold (in °C x10) Threshold (in  Threshold Threshold (in (in deg
(in Pa) (in Pa) °C x10) (in% x10) (in % x10) deg/secs x10)
x10)

12.11ENABLE SMART DOOR LOCK LOG

To enable the Smart Door Lock Feature, you must change the line starting with SMART_DOOR and change
DISABLE to ENABLE.

APEX DISABLE 3 e4 17 5 128 58

AML DISABLE

ASSET_MON DISABLE 15 1eee l1e5eee leseee 145 245 500 950 65 133
SMART_DOOR DISABLE @

ROBOVAC DISABLE @

3D0F DISABLE 1

You can change some parameters. The format is:
SMART_DOOR <ENABLE/DISABLE> <ANGLE_REPORT>

ANGLE REPORT can be set to:

0: Only Door Event is log

100: Door Angle is log at 100 Hz

Any other values will be ignored.
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12.12ENABLE SENSOR FUSION LOG

To enable the 3DOF Feature, you must change the line starting with 3DOF and change DISABLE to ENABLE.
APEX DISABLE 3 64 17 5 128 5@
AML DISABLE

ASSET_MON DISABLE 15 1eee l1e5eee leseee 145 245 500 950 65 133
SMART_DOOR DISABLE @

ROBOVAC DISAEBLE @
3D0OF DISABLE 1

You can change some parameters. The format is:

3DOF <ENABLE/DISABLE> <MODE>

Mode can select Fusion algorithm selected:
0 : 9-axis
1: 6-axis

Note: No Data will be logged on SD Card till calibration is done. Keep SmartBug 2.0 steady for 10 seconds.

12.13ENABLE GAF LOG

To enable the GAF Feature, you must change the line starting with GAF and change DISABLE to ENABLE.
APEX DISABLE 32 99 18 5 118 6
AML DISABLE

ASSET _MON DISABLE 2 20000 97697 97702 280 285 600 /00 200 100
SMART _DOOR DISAELE @

3DOF DISABLE ©

GAF DISABLE 100 @

You can change some parameters. The format is:

GAF <ENABLE/DISABLE> <ODR><MODE>

Mode can select Fusion algorithm selected:
0 : Low power
1: Low noise

Note: APEX cannot be turned ON with GAF. IMU ODR is 50Hz or 100Hz only.
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13 ACCESS SD CARD LOG

In order to access SD card log, connect SmartBug2.0 Module to PC with micro-USB cable.

1. Click on SD card log convert utility.

- o X
Connection type
Applications Unique ID
e Connect
Q,  Smart Door Lock Name TDK - Smartbug BA-00-CC-D3
+  Air Mouse Status Disconnected
Manufacturer name D Auto connect
W Asset Monitoring 5
) ModelNumber
wn
~ -
Z HVAC Menitoring g SerialNumber ST,
@ APEX HWVersion
() Sensor Fusion Yiiersion
SWversion
A Spatial Audic Head Tracking select stave
Battery
ExpansionBoard
Device
I OTA
Sensor data Connection type DISABLED — :
Firmware Upgrade
= SDcardlog Unique ID
2 WiFi settings Nome
Status Disabled SD card |
& Device power 29
Manufacturer name convert utility
™ Debug @ ModelNumber
>
o SerlalNumber
vy
HWVersion
FWWersion
SWVersion
Battery
ExpansionBoard
|8 settings
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The following window pops up.

- o x
Applications

[

ol

- T
Export SD card log to CSV
File name:
Device Select a file and press the ‘Export’ button
Export Open export folder 1
Close

-
Master: BLE, TDK - Smartbug, Disconnected Slave:  Disabled Ver. 2.0.9.0 fix17

2. Browse to the log file on the SD Card drive and select it.
3. Click on Export.
4. After conversion is complete, click on Open export folder to view the extracted log files.
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14 CONVERSION OF THE SD CARD LOGS
1. IMU Logs

a. Accelerometer

Conversion from output countto g

g = count*(FSR/32768)

where
Count = count read from sensor.
FSR =2,4,8,16 selected by user.

Example

Count = 16384

FSR=2

G=16384*(2/32768)=1¢g

b. Gyroscope
Conversion from output to dps
dps = count*(FSR/32768)
where
Count = count read from sensor.

FSR =16,32,64,125,250,500,1000,2000 selected by user.

Example

Count = 16384

FSR = 2000

G =327 *(2000/32768) = 19.95 dps

2. Magnetometer Logs

The logs are in 100s of uT.
Convert to uT by dividing the number by 100.
Example = 15040 = 150.4 uT

3. Pressure Logs

a. Pressure
Values are in Pascal.

b. Temperature
Values are in 10s of degC.
Convert to degC dividing the number by 10.
Example 313 =31.3 degC
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15 DEVICE POWER AND RESET

The SmartBug2.0 board can be reset or powered down in the Device Power window by using the Power Down or
Reset button. The Power Down feature is required to connect the WiFi Add-On board with the module. Hot
plugging should be avoided while the module is running. There are two methods to turn on the module after

power down:

1. Once the Add-On board is connected in Power Down mode, use the Power button on the Add-On card to

turn on the module.

2. Once the Add-On board is connected in Power Down mode, connect the USB cable to turn on the module

and remove the USB cable to enable BLE mode.

Device power
Applications

Power Down Reset
Smart Door Lock
Air Mouse

Asset Monitoring

HVAC Monitoring

@ O @ + £

APEX

Sensor Fusion

» C

Spatial Audio Head Tracking

o

evice

T

Sensor data

SD card log

)

WiFi settings

>

Device power

M Debug

€83 Settings
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16 OTA FIRMWARE UPGRADE

OTA Firmware upgrade is a very valuable feature to upgrade the firmware on the SmartBug2.0 device. This can be
used to ensure that the latest version of firmware is loaded on the device.

1. Disconnect the BLE connection.

2. Click OTA Firmware Upgrade.

!
- a X
Applications
OTA Firmware Upgrade
Device:
| BluetoothLE#BluetoothLE48:68:4a:1f:.92:a7-6d:0f:ba:00:f3:e3 |
[—
| C\ngramFi\es\WindmNsApps\\nvenSEnse\nc.SmarlBug_ZO.g0_x64_qudva| . T
Selectfile  Use preinstalled
Version: 3.0.0
Date: 05/18/2023
Notes: SmartBug2 3.0.0-test19
Device
Start Cancel Restart on failure
-
Close
Master: BLE, TDK - Smartbug, Disconnected Slave:  Disabled Ver. 2.0.8.0 fix17

3. Click Use preinstalled. This option stores the latest version of firmware with the latest version of
Smartbug2.0 app,

4. Click Start.
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- a x
Applications ‘
. Connect
OTA Firmware Upgrade
Device:
[ BluetoothLE#BIuetoothL£48:68 4:1792:a7-6 0Fba00 3 03 |
Fmware:
I CA\Program Files\WindowsApps\lnvenSenselnc.SmartBug 2.0.9, 0_x64_qudva| Select master
Selectfile  Use preinstalled
Version: 3.0.0
Date: 05/18/2023
Notes: SmartBug2 3.0.0-test19 Select s
Device
Restart in 2 Cancel Restart on failure

Pairing
# debug.log <= True
§ BLE.id <= B £48:68: 40117192107 -6d18F tbas o3
Using C:\Program Files\Windousapps\InvenSenseIne . SnartBug_2..9.8 x4_kqydvasosdegu
\Firmure\opp_smartsense2_release ble dfu_packsge.zip.zbfi
Dascription: Version: 3.8.0 SD card lo
Date: €5/15/2023 D card log
Notes: Searteugz 3.9.8-testly

" convert util
BLE device Connected

- bt Device B £48:66:48:1¢ ¢ f3:03

Pair result  AlreadyPaired

Error: MakeserulcesList error: Catastrophic failure (Exception fros HIESULT: GxGOSOFFFF)

Service not Tound 000T£59-0000-1000- 5009-000053b34Tb, Gc90001 -

F315-060-9¢L6- 0185 10dac a5

Error: BLE Pair exception 'Object reference nat set ta an instance of an object.’

- Pairing

Close

Master:  BLE, TDK - Smartbug, Disconnected Slave:  Disabled Ver. 2.0.9.0 fix17

5. Click Yes on the pop-up window to unpair DfuTarg from the device.
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6. Click Connect in the app.

Connection type

Applications Unique ID
@, Smart Door Lock MName
4+ AirMouse status
N Manufacturer name
@ Asset Monitoring e
2 ModelNumber
~ u
w HVAC Monitoring g SerialNumber
@ apex HWVersion
O Sensor Fusion FWersion
SWversion
A Spatial Audio Head Tracking
Battery

i ExpansionBoard
Device

¥ Sensor data Connection type

= sDcardlog Unique ID
2 Wifi settings Name
Status
& Device power
Manufacturer name
S50 Debug v ModelNumber
@ SerialNumbsr
wvi
HWVersion
FWhersion
SWversion
Battery
ExpansionBoard
| @ Settings

TDK - Smartbug BA-00-CC-D3

Disconnected

[ Auto connect

Select master

Select slave

QTA
Firmware Upgrade

Disabled D card log
convert utility

7. Click Yes again on the pop-up window to pair SmartBug2.0 with your device.

The version of the firmware should now be upgraded and can be seen in the Master device parameters

with green status saying up to date.

- o x
Connection type BLE
Applications Unique ID 00-00-60-0F-BA-00-CC-D3 E—
Q  Smart Door Lock Name BLE, TDK - Smartbug
e Status Connected
Manufacturer name TOK Invensense [ Auto connect
@  Asset Monitoring =
i ModelNumber nRF52840
7]
~ o
& HVAC Monitoring g SerialNumber SN-CCD3 Select master
® apPEx HWersion revB
) Sensor Fusion FWersion nRFS5 SDK 1520
SWWersion E3.0.0 (up to date)
A Spatial Audio Head Tracking Select slave
Battery 100%
ExpansionBoard WiFi
Device
3 ) OTA
o Connection type B Firmware Upgrade
= sDcard log Unigue ID
T WF settings Name
Status Disabled
f Device power 5D card l?,g
Manufacturer name convert utility
™= Debug ) ModelNumber
>
i SerialNumber
[
HWVersion
FWWersion
SWiVersion
Battery
ExpansionBoard
|@ Settings
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17 USE DEBUG MENU TO SEE MESSAGES LOG

All activities in the app are recorded in the debug window. This can help with troubleshooting and debugging of
the application.

The interface detailed messages can be enabled by the Debug file enabled check button. In this case, all
communication messages will be logged into a file, located in the application data folder. The File Explorer can be
launched to that folder by clicking the Open application folder button.

Open application folder  [_] Debug log file enabled |:| Device names filter disabled [] BLE lasy connect

0000150a-0000- 1000- 6000- 00805F9 b34fb/ 0060229 - 0000 - 1000- 8000- B0BOSFIbI4Fb

Smart Door Lock 00001802 - 0600 - 1000- 8000 -00805F9b3afb/ 00002324 - m 1000-8000-00805F9b3afb
b

000015020000 - 1000-5000- b34fb, 8008 - 1

R

Q R

R

+  AirMouse 00001802 - 8600 - 1060- 8000 -00805T9b34fb/ 00002327 - 0000 - 1000-8000-00805F9b3afb R
o
~
]

0B0O150a-0660-1000-8660-0805TIb4TD, 10 b3afb
150, 10 b3afb, 1060-8609-00885Fab4fb R
Asset Manitoring 0000000 - 2000 - 1000- B20A- cec 278b6h50a/ 0000DLO1 - 2000- 1000-BOOD- cec278b6b50a R
OBORRABA- 20001000~ 8GR CeC278b6h50a/ BOGHOAAL - 2000- 1000-8BB0-CeC278b6bS0a N
HVAC Mornitaring 00008400 - 2000 - 1000- B000- Cec 278b60503/ 00000402 - 2000- 1000- BOG0- cec278b6b5Aa R W
00000100 - 2000 - 1060- 8098 - Cec 278b6b50a/ 60000101 - 2000 - 1000-8000- Cec278b6bsea N

0200100 2000- 1000- 8000~ cec278bGh50a/ 0000102 - 2000 - 1000-B8600- Cec278b6b5Aa R W
@ Apex ©0PBD20A- 2000 -1000- 8008 - Cec 278060502,/ 000PO201 - 2000-1000- 809D -cec278b6b50a N

20200200 - 2000- 1000- 8000~ cec278bGh5Aa/ 00000202 - 2000 1000-B800-Cec278b6b5Aa R W
O  Sencor Fusion 90000300-2990- 1000- 8000 Cec 278560582/ 0000301 - 2000 1000-8000- cec278hGb50a N
a

2000-1 ec 02-2000- 1 ec278b6bsea R W
b - 2600 - 10 eC278b6b50a/08008bO1 - 200010008060 Cec278b6b50a W
006000 -2000-1000-8000- cec278b6h50a/ 00006901 - 2000- 1060-B000- cec278bGbS0a N
2000-10 ec278b6b! 2000-1 ec278b6bsea R W
00006000 - 2000 - 1000- B000- Cec 278b60503/ 00PODOAS - 2000- 1000- BOGO- cec278b6bS5Aa R W
BODHDCHA - 2000 - 1000 - 8098 - Cec 278h6h50a/0000RC A1 - 2000 - 1000- 8008 Cec278h6h50a R W N
Error: Error accessing service 00001812-0000-1000-8000-00805fob34fh
Error: Service error. Wo characteristics.
¥ Sensor data 2000-1 ec278b6b50a/00000701 - 2000- 10008000 Cec278b6b50a N
BE8DD708 - 2808 - 1000 - 898 - (Q()?BDEHSEI/BGBBE?BZ 2080 - 1000- 8000 - Cec278b6b50a R W
SD card log 2000-1 0BORBBHL - 2000- 1000 - BGR-cec278b6b50a N
2000-1 ec“-‘- 2000-1 ec278b6bs0a R W
P W sett ©00DBBO0- 2000 - 1060- B090- Cec 278b6h503/ 000ODE20 - 2000- 1000-BOGD- cec278b6bS0a N
WiFi settings @ vi.pFu.file <= C:\Program Files\windowsApps\InvensenseInc.smartBug_2.8.9.8_x64__kqydva6982egw\Firmiare
©00DBG0A- 2000 - 1000- B000- cec 278b60503/000OD6A1 - 2000- 1000-BOVD- cec278bGbSRa N
& Device power BOPHDGEOA - 2608 - 1000 - 8098 - Cec 278hb6h50a/000PR6A2 - 2000 - 1000- 8808 - cec 278h6h50a R W
00000500- 2000 1000-8000- cec273b6b503/ 00000501 - 2000- 1000- 8000~ cec278b6bS50a N
| - Debug B0PHD50A - 2600 - 1000 - 8098 - Cec 278hb6h50a /00000502 - 2000 - 1000- 8808 - cec 278h6h50a R
2000- 1 ec 66000201 - 2000 - 1000- 8060~ cec278bsbsea R
BOPHDADA - 2600 - 1000 - 8098 - Cec 278b6h50a/0000RAA2 - 2000 - 1000- 8808 - cec 278h6h50a R
2000- 1 ec 2000- 1 ec R
20001 ec278bsb! 06000204 - 2000 - 1000- 8060~ cec278bsb5ea R
00000300 2000 1000-8000- cec273b6h503/ 0000005 - 2000- 1000- 8000~ cec278b6b50a R
BOPHPADA - 2600 - 1000 - 8098 - (e 278b6h50a/000PRANG6 - 2000 - 1000- 8808 - cec 278h6h50a R
©0000300- 2000 1000-8000- cec273b6h503/ 00000207 - 2000- 1000- 8000~ cec278b6b50a R
BEBPRARA - 2800 - 1000 BHOA - (Q()?BDEESEEIBMQBS 2080 - 1000- 8000 -ec 278b6b50a R
00000300 - 200010 2000-1000-8 ec278b6b50a R
BEBBRARA - 2800 - 1000 BHOA - (Q()?Bbﬁbiﬂa/maﬂh 2080 - 10008000 Cec 278b6b50a R
2000- 1 ec 0B00BaC - 2000 1000- B008- cec278b6050a R
BOBHPIBA - 2600 - 1000- 8080 - (e 278b6h50a/0000RA] - 2000 - 10008808 cec 278h6h50a W
2000- 1 ec 2000 -1000- 8000- cec278b6050a R W
2000- 1 060000 - 2000 - 1000- 8000~ Cec278b6b50a R W
000000 - 2000 1000-80G0- (e(l?ShEhS /0000010 2000- 1000- 8000~ cec278b6h50a R

Spatial Audio Head Tracking

i

TEzEzzzEEc

! Settings
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This information furnished by InvenSense, Inc. (“InvenSense”) is believed to be accurate and reliable. However, no responsibility is assumed by
InvenSense for its use, or for any infringements of patents or other rights of third parties that may result from its use. Specifications are subject
to change without notice. InvenSense reserves the right to make changes to this product, including its circuits and software, in order to improve
its design and/or performance, without prior notice. InvenSense makes no warranties, neither expressed nor implied, regarding the information
and specifications contained in this document. InvenSense assumes no responsibility for any claims or damages arising from information
contained in this document, or from the use of products and services detailed therein. This includes, but is not limited to, claims or damages
based on the infringement of patents, copyrights, mask work and/or other intellectual property rights.

Certain intellectual property owned by InvenSense and described in this document is patent protected. No license is granted by implication or
otherwise under any patent or patent rights of InvenSense. This publication supersedes and replaces all information previously supplied.
Trademarks that are registered trademarks are the property of their respective companies. InvenSense sensors should not be used or sold in the
development, storage, production, or utilization of any conventional or mass-destructive weapons or for any other weapons or life-threatening
applications, as well as in any other life critical applications such as medical equipment, transportation, aerospace and nuclear instruments,
undersea equipment, power plant equipment, disaster prevention and crime prevention equipment.
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