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1 ROBOKIT1 MODULE

This document provides an overview of how to utilize the RoboKit1 app for data capture and logging. Figure 1 and
Figure 2 show the top and bottom views of a RoboKit1l module. This module includes a Pressure sensor, IMU,
Temperature sensor, Magnetometer, Audio, Microphone, Motor controller, and Battery connector on board. It
also provides the facility to connect 9 Chirp sensors. USB1 is used for power supply and the interface with the
board. USB2 is used as port for debug text messages and USB3 is to load the Firmware image.
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2 INSTALLING & RUNNING ROBOKIT
2.1 INSTALLING FROM LOCAL DIRECTORY

Follow the process below to install the application from the local directory:

1. Right click on the “install” file and click on “Run with PowerShell”

[4 7 5 Robokit 10.120 Test

- a *
Home  Shaw  Vew o
A Open Users 3 ra i > Documenls > App_installer 5 Robokit 1.0.120 Test > v o -
gy Ranwith Powershel . .
Edit
| B Share with Skype File fold
| Fle folde
W Scan for threats i
I

1
B Classify and protect
“7 & Move to OneDrive
|l
(£
CRC SHA
| i Edit with Notepad- +
Process Directory
Encrypt for sharing..
Open Dell Encryption.
& Share
Open vith
Give access to
# TortoisasVN
Restore previous versions
sendto
Cut
Copy
Create shorteut
Delete

Rename

it Properties

I I 2 Type here to search

File
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2. Press “Enter” to provide administrator access to the allow installation of the certificates related to the

application.

E¥ windows PowerShell

:\Users\ngururaj_ia\Documents\App_Insta 0 O_T RoboK1t_1.0.12.0_x64.appxbundle
Found certificate: c: \Users\ngururaj_ ‘|a\Documents\App_Insta'I'Ier\Robomt 1.0.12.0_Test\RoboKit_1.0.12.0_x64.cer

Before 'insta'l'l'in? this app, you need to do the following:
the signing certificate

- Instal

Administrator credentials are required to continue. Please accept the UAC prompt and provide your administrator passwor

Press Enter to continue...:

Settings

fm Home

Find a setting

Update & Security

Windows Update

Q

0z

Delivery Optimization

Windows Security

L]

1T Backup

ﬂ Troubleshoot
&, Recovery

© Activation

A Find mv device

For developers

f Give feedback

These settings are intended for development use only.

Learn more

Use develcper features

Deteloper Made
Turning on developer mode, including installing and running apps from outside the
05 [ERRIRGINERTERIE  Micresoft Store, could expose your device and personal dzta to security risks or harm your

device.
- ’ On

Turn on developer mode?

Device Portal

Device discovery
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N Administrator: Windows PowerShell - O X

You are about to install a digital certificate to your computer's Trusted People certificate store. Doing so carries
serious security risk and should only be done if you trust the originator of this digital certificate.

when you are done using this app, you should manua]'lﬁ remove the associated digital certificate. Instructions for doing
so can be found here: http://go.microsoft.com/fwlink/?Link1d=243053

[Are you sure you wish to continue?

[Y] vyes [N] No [?] Help (default is "N"): Y,

3. Press the Windows key, type “RoboKit” and then right-click on it to launch the application.

Al Apps Documents Web  More ¥
Best match

=2 Robokit
App

Apps

B HP Smart Ro:oKit
Search the web

/O smar - See web results 7 Open

Folders (2+) ~ Pin to Start

Settings (3) ~ Pin to taskbar

App settings

Uninstall
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3 CONNECTING ESP32 WITH ROBOKIT

RoboKit in a standalone mode offers the capability to communicate with the Host device via USB mode. To achieve
wireless data transfer over the BLE interface, an extension board based on ESP 32 is used. Data transfer between
RoboKit and ESP happens over the UART at the rate of the 1 Mbps.

Details of the physical connection between the boards is as detailed Figure 8:
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Note: The ESP32 might need CP210x USB to UART Bridge Virtual COM Port (VCP) drivers which need to installed
depending on the user’s OS platform. The drivers are available as part of firmware download package in TDK
website.



https://www.silabs.com/developers/usb-to-uart-bridge-vcp-drivers
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4 UPDATING ESP32 FIRMWARE

The Bluetooth connection to RoboKitl is enabled by ESP32 and the firmware running on it must be kept updated.
The ESP32 BLE firmware is provided with the release package. Please follow the steps below to update the
firmware:

Unzip the esp-ble-firmware.zip file
Connect to ESP32 from your Windows Machine with USB. Identify the Serial Port (Ex. COM1)

Open Windows PowerShell and navigate to the folder esp-ble-firmware

Rl S

Execute the below command

./flash-binary.sh <serial-com-port> esp-ble-firmware-vx.y.z.bin

where,
serial-com-port Serial Port connected to ESP32
esp-ble-firmware-vx.y.z.bin Latest firmware, x, y and z are version numbers

5. On successful firmware upgrade, the RTS pin will be reset as shown in Figure 9.

icheme None

seconds (effective

0 in 0.1 seconds (

0 in 10.5 seconds (effective 543.5 kbi

6. Restart the ESP32 with a power cycle.
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5 LOADING ROBOKIT ATMEL BINARY

The main solution file, “Robokit.atsIn”, for firmware is located at the root folder of the software package and can
be opened with Microchip Studio. It includes Robokit-Core and two application project files as shown in the Figure
10. To compile the needed application project, set the application project file as the startup project by right
clicking on it and selecting “Set as Startup Project” and them compile it.

Solution Explorer

A

Search

vewww

VO VUVYVYVYVVUYw

@ o-F L=

Solution Explorer (Ctrl+;

_al Solution 'Rebokit’ (3 projects)

Robokit-app-Host-nterface. ————>  Host Interface Robokit App
4 Dependencies

i Output Files

= Libraries

[ App_Common

[ Device_Startup

¢} main.c

¢] robokit_app_host_if_task.c

c] utils_syscalls.c
Robokit-App-Smart-Bot ~ ———————> Smart Bot Robokit App
24 Dependencies

i Output Files

- Libraries

[ App_Common

_J Device_Startup

] main.c

¢ rk_app_smart_bot_motor_controller.c
n rk_app_smart_bot_motor_controller.h
¢] rk_app_smart_bot task.c
Robokit-Core —— > Robokit Core
4 Dependencies

24 Output Files

-4 Libraries

[ board

[ core

[ ext_if_inc

4 libs

[ rtos_tasks

[ sensors

_J third_party

(4 utils

h] rk_versionsh

To load the image, select properties of Robokit-App as shown in Figure 11.
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4 [ Robokit-App-Smart.Bot

b |24 Dependencies
|24 Output Files
|==d Libraries
[ App_Comman
i rk_app_comn
= rk_app_comn
i utils_syscalls.
4 [N Device Startup
[ same70g2ib
[ same70g21b
c| startup_same
C system_same

h v v

c] main.c
¢ rk_app_smart_bg
h] rk_app_smart_bc
c] rk_app_smart_be
F Robokit-Core
b |24 Dependencies
b |24 Output Files
|- Libraries

3 -

Robokit-App-5mart-Bot Pr

El"'a
[+

Ij::J

El &

0 X &

Build

Rebuild
Clean

Copy Full Path

Collapse

Scope to This

Mew Solution Explorer View

Build Dependencies

Add
Add Library

Set as StartUp Project

Add Arduino Library

ASF Wizard

Board Wizard

View Example Project Help

Export Project as Extension

Cut
Remove

Rename
Unload Project

Properties

Ctri+X I

Del

F2 I

Set EDBG as debugger/Programmer as shown in Figure 12 and click “Start Debugging” or F5.




@TDI( InvenSense

AN-000346

E Robokit - Microchip Studio

File  Edit Miew \AssistX ASF  Project

fo-o|@-A -2 X P

PR e Pl b

Build Debug Tools Percepic Window Help

| = v| 'E‘-k| P M Release - Debug Browser
|H9X r'b’|.1'= E::ﬂl‘-:-‘.l =;;“ATSN

Robokit-App-Smart-Bot® # X

Build . _ .
onfiguratic N/A Platform: | N/A
Build Events

Toclchain Selected debugger/programmer

Device

Packs

EDBG - FFFFFFFFFFFFFFFFFFFF v | Interface: SWD v

Advanced
SWD Clock

2 MHz
Reset to default clock
The clock frequency should not exceed target CPU speed * 10.

Programming settings
Erase entire chip ¥ |Boot selection Boot from Flash v | Reset strategy| Normal ~
Debug settings

[] Override Vector Table Offset Register | exception_table
Cache all flash memory except
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6 CONNECTING TO THE ROBOKIT

TDK offers two products: a stand-alone development board package (TDK_RoboKit1-DK) and a full robot package
(TDK_RoboKit1).

TDK_RoboKit1-DK includes:
e Industrial IMU
e  Chirp CH101(3x)
e  Chirp Connector Cables(3x)
e  Windows & Android App for Data collection
e  Open-sourced based Board Design files, Firmware and ROS Drivers

Full Robot Package includes:
e Complete “Development Board Package” +
e 3D printed Robot shell with sockets for Time of Flight sensors
e Chassis with Metal plates, Standoffs, Wheels, and Motors
e  ESP32 BLE module for BLE connectivity.

6.1 SWITCHING BETWEEN USB AND BLE MODE

To connect the app in USB mode, select the DIP switch SW16 with both switches 1&2 towards ON position as
shown in Figure 13.

To connect in BLE mode switches 1&2 should be in OFF position, i.e. both downwards.
Caution: Disconnect the USB power prior to modifying the DIP switch settings.

The detailed procedure to connect USB or BLE is detailed in sections 6.2 and 6.3.
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6.2 USB CONNECTION
1. Click on “Settings.”

HWVersion

nnnnnnnnnnnn

nnnnnn

mmmmmmmmmmm
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2. Click “Select Comm Type” to choose the communication type.

- a ®

= e

Connecion type:
Applications Uni n

- Connect

) Audio handling Name

Status Disconnected
Davice Manufacturer name [ huto comnest
W Sensordat ModelNumber
- Detug SerialNumber et Comm Type

HWVersion

FW¥ersion

SW¥ersion

Ballery

ExpansionBoard

@ Settings

3. Click on “Search” to look for the available device. Upon finding matching VID and PID, device will be listed
in the window.

BN EER 8 Ok

Applications

Select Comm Type

Master

Qo

® uss Search stop
coms2 robokit

oK Cancal

BLE, robolit, Disconnected

4. Select the device and click OK.
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Master

O e
@ us

comsz

robokit

5. Once the connection is established, device parameters are populated on the Ul as shown in Figure 18.

Connection type

Applications Unique ID

O Audio handling Name
Status

Device Manufacturer name
ModelNumber

®  Sensor data

SerialNumber

™ Debug .
HWVersion
FW\ersion
SWversion
Battery
ExpansionBeard
& Settings

USB

<none>
USB, COM32
Connected
ROBO KIT

oo

1.0.1-test1
OOpresence_algo
o

O0ch101fw

0%

<none>

Disconnect

D Auto cannect

Select Comm Type

6.3 BLE CONNECTION

6.3.1  Bluetooth Discovery Routine:

1. Select option: “BLE,” and click on “Search” to discover the RoboKitl module. Once a device is detected,
“Robokit” will be listed for the users to choose.
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Applications

Device

= Debug

BLE, robokit, Disconnected

on type oL

Master

® ae
O use

Robokit

Search

Stop

68-48-29-90

Cancel

[ Auta conneet

Select Comm T
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7 DEVICE SELECTION

Select the device and click OK

= B [0 35 @ @tHotReosd

Connect

Select Comm Type

Master

® o
O use Search stop
Robokit 68-48-29-90

ok Cancel

Settings

BLE, robokit, Discannacted

Once the BLE device is selected, press the Connect button to connect the RoboKit1l module to the RoboKit app.
After clicking connect, wait a few seconds until the device parameters appear. If the Auto connect checkbox is
checked, the selected device will connect automatically on the application restart.

7.1 CONNECTING BLE FOR THE FIRST TIME

When connecting BLE for the first time, the device should pair with the Windows system to begin the
communication. Click “Yes” to proceed.

Connectian type s

Applicatiens wue

Uil Close eonnection
O Auio handiing name

Status Discannec cted
Devi Manufscturername [ s wunnees
& Gy Meemiumser

SeriaNurber lect Cornrm Tyme
- ey Select Comm Typs

[

Fussrsion

-

Sattery

Epansiongona

Let SmartBug pair your device with robokit

B settings
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Successful device pairing takes roughly around 30s. Once it is done, press the “Connect” button to establish
connection.

5 ) (0] (13 5F B9 @ et sead

Cannection type
Applications

. [
) audic handiing Hame robokit AC-63-F1-T6

Deviee

O Eon Select Comm Type

| @ setings

After clicking Connect, wait a few seconds until the device parameters appear. If the “Auto connect”
checkbox is checked, the selected device will connect automatically on the application restart. Refer to Figure
18.
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8 SENSOR DATA CAPTURE AND LOGGING

1. Click on “Sensor data.”

This window is the most important section of the app, as it allows users to stream multi-sensor data and record
that data into log files.

a X
= B NOERE @ @HotReload
| Connection type USB v/

Applications Unique ID <none> Do
O Audio handling Name USB, COM32

Status Connected
Device Manufacturer name ROBO KIT [ Auto comnect
M  Sensordata ‘ ModelNumber oo
= Debug SerialNumber 1.0.1-test1 Select Comm Type

HWVersion OOpresence_algo

FWVersion 0

SWVersion 00ch101fw

Battery 0%

ExpansionBoard <none>
B Settings

Startrecording | | Open log file | | Log file format description
Applications.

Accelerometer nable
O Audio handling ] Ensbled

Gyroscope

e Magnetometer [ Enstiea

M Sensordata
Temperature [ enabiea
= Debug
Pressure [m
Range (=
Range1
Range2
Range3
Ranged.
Range5
Range6
Range7

Range8.

2. Select the sensor(s) of interest by checking the Enabled checkboxes to begin the plotting.
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Applications

O Audio handiing
Device
¥ Sensor data

- Debug

B Settings

Document Number: AN-000346 Page 22 of 33
Revision: 1.1
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Begin data recording by clicking on the “Start recoding” button. The app starts recording data for all

3.
sensors selected.

O Autio handing

| ¥ sensorcien

& Dedug

@ setings

Document Number: AN-000346 Page 23 of 33

Revision: 1.1
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4. Stop recording the data by clicking on the “Stop recording” button. Recording for all sensors will stop.

- 8 X
= BNOES @ @ttreca
Log file format descrpfior
. Applications
O Aucio handling A Enablec
7 | Ok v
Device AFSR v
GESR v

¥ Sensordata

W Dehug

0.00 Tn.m

16331347525

Enablec

ODR v

& sattings

Document Number: AN-000346 Page 24 of 33

Revision: 1.1
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9 AUDIO DATA CAPTURE

The app also facilitates the capturing of audio data streamed by the RoboKit1 board. For audio data capture and
validation follow the steps below:

1. Click on “Audio Handling”

Applications

0 auso ranaing ‘

W Sensor dara

- Dabig

| @ Setiings

Status

Manufacturer name

ModziNumber
SerilMurber
Hiersion
Fversion

SWersion

F b [2) 31 # Gretions

<<<<< o
Disconnect
Ust, Cota
Connected
ROBOKIT

o

[0 Asto connect

10ttt Select Comm Type:
DCpresence algo
0

Dochitfe

<<<<<
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Select “Enabled” and click on “Start Recording”. Say “HI TDK” toward the board. The red LED will turn
solid and around 1s of audio data will start streaming to the app and get recorded onto the file. The red

LED will turn off after the streaming stops.

BN O EN @ @Hotreod

Aupio
Enabled

]

Applications

O Audio handiing
Startrecording | Openlog file

Device
¥ Sensor data

= Debug

B Settings

3.  While the app facilitates the audio data capture, use the audio specialty tools like Audacity to verify the
data validity as detailed below:
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a. Launch the Audacity application on your computer, and follow the guideline as shown in Figure
30.

€ Audacity [ x
File Edit Select View Transport Tracks Generate Effect Analyze Tools Help

New Ctrl+ " " ’T-‘H/i Q|5 s+ ds 2 CicktoSurtuontorng 18 42— 50 %(“T:LU 0 1|‘ |~ @|g|ala

s L T s T S T

Close Ctrle W

Suve Promect 3 phone Array (Realtek Audio ~ 1{Mono) Recording Chann ~ 19 Speakers / Headphones (Realtek ~

Brport L 1w 20 30 40 50 6.0 7.0

Import > Auvdio.., Ctrl+ Shift+1

Page Setup. S

bt MIDI...

Raw Data...
Exit

<

Project Rate (Hz) | Snap-To Start and End of Selection

| 44100 ~ || |Off ~ |00h00lIIDD.I)DDs' llDllDDm(Iﬂ,Cl(lﬂ;' |00 h 00 m 00 s
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b. Click on “Raw Data” to launch a dialog to select audio file. Then choose the configuration as

shown below and click “Import.”

@ Audacity
File Edit Select View Tramsport Tracks Generate Effect Anahze Tooks Help

[T/ 4 5 o cansmmmmm 2

= u X

n b B I«

»: -

3 v & | Microphane Array (Realtek Audio

Qlek/ My = s s

|1 (Mono) Recording Chann | ) | Speakers / Headphones (Reaitek

—[{XID[O[ w0 ] &]a[R1Q[]]
L o L 0 5

SIEOY ot o

V|

1.0 . 30 4.0 5.0 6.0 70

Import Raw Data X
Encoding: W
Byte order: VW‘
Channels: \%\M
Start offset: D bytes

Amount to import: %
iz
Cancel

Sample rate:

<
ProjectRate (Hz) | SnapTo | [Stertand End of Selection Y
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After importing the audio, click the PLAY button as indicated, and the recorded audio data will

C.
play.
A audio - X
File Edit Select View Transport Tracks Generate Effect Analyze Tools Help
T w5 [ T2l &l & & covaivann & 2 2 ¢ XIQO w6 ] @]8]91Q/0
§°~|"’*§*DH S48 42 %0 AB42 b F"f o) L ° )

+

[+ & Microphone Ariay Reatek Aucio

|1 (Monc) Recording Chann: | ) Speakers / Headphones (Realtek
030 040 050 060

Mono, 16000Hz
32-bit float
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10 LOGGING

1.

Click “Open log file” to view recorded data and a Microsoft Excel file opens automatically.

Logs will be in the path
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Click on the “Log file format description” to understand the sensor IDs and units in log file.

Applications

Device

- Log file description

Sonsor d:

1 - Accelerometer [g] X 1.2

2 Gyroscope [dps] X2
3 - Magnetometer [uT] XY.7

4 - Temperature Q]

& - Pressure (Pa]

& - Chirp0, 12Q Amplitude [mm]
9 - Chirp1, 18&CQ Amplitude [mm]

10 - Chirp2, 1&Q.Amplitude [mm]
11 - Chirp3, 1&CLAmplitude [mm]

pé, 180 Amplitue [mm]

12 - Chirp, O Amplitude (mm]
14 - Chirps, 1&0 Amplitude [mm]
15 - Chirp7, 1&Q Amplitude [mm]
16 - Chirpd, &Q.Amplitude finm
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11 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 the
application.

Detailed app debug messages can be enabled by the “Debug file enabled” button. In this case, all communication
messages will be logged into a file, located in the application data folder. The folder can be launched in File
Explorer by clicking the “Open application folder” button.
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This information furnished by InvenSense or its affiliates (“TDK InvenSense”) is believed to be accurate and reliable. However, no responsibility
is assumed by TDK 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. TDK 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. TDK InvenSense makes no warranties, neither expressed
nor implied, regarding the information and specifications contained in this document. TDK 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. TDK 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.

©2022 InvenSense. All rights reserved. InvenSense, MotionTracking, MotionProcessing, MotionProcessor, MotionFusion, MotionApps, DMP,
AAR, and the InvenSense logo are trademarks of InvenSense, Inc. The TDK logo is a trademark of TDK Corporation. Other company and product
names may be trademarks of the respective companies with which they are associated.
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