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1. Overview

Overview

1.1.

Espressif

ESP32-LyraTD-MSC, one of Espressif’s Audio Development Boards, is an Acoustic Echo
Cancelation (AEC) solution supporting voice recognition, near-field and far-field voice wake-
up. Audio files in the format of AAC, FLAC, OPUS and OGG can be decoded and output
without quality loss. It also supports connection to Baidu’s DuerOS and Amazon’s AVS
(Alexa Voice Service) .

ESP32-LyraTD-MSC

ESP32-LyraTD-MSC is based on ESP32-WROVER, a BT/Wi-Fi combo module, and a
digital signal processor (DSP) that features a three-microphone array for noise reduction,
echo cancelation, etc.ESP32-LyraTD-MSC is integrated with peripheral devices and
consists of two development boards. The upper board mainly consists of the microphone
array, function keys and LED lights. The lower board is integrated with power management,
Wi-Fi and audio modules.

USB power input ESP32-WROVER module

Battery Interface MicroSemi DSP

Power switch 1°C / SPI port

Ear phone jack

1S port

usB
Communication Port Dual speaker

output ports
Programming port

CP2102N Audio driver

USB-UART Chip

DC / DC boost
power supply

JTAG port

Micro SD card

Figure 1-1. ESP32-LyraTD-MSC
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1. Overview

1.2. Hardware Resources

1.

USB power input
Provides power supply to the whole system.

It is recommended that the system be connected to a power adapter for sufficient
current supply.

Battery interface
Provides power supply to the whole system when the USB power interface is not used.

The development board integrates the AP5056 power management IC to support
battery charging.

Power switch

Turn on the switch and the system will be powered on.

Turn off the switch and the system will be powered off.

I2S port

An I2S bus transmits audio data between ESP32 and the DSP.
ESP32-WROVER module

This is a powerful, general-purpose, Wi-Fi+BT+BLE MCU module, targeting a wide
variety of applications ranging from low-power sensor networks to the most demanding
tasks, such as voice encoding, music streaming and MP3 decoding.

MicroSemi DSP

This audio co-processor is used for Automatic Speech Recognition (ASR) applications. It
captures audio data from an external microphone array and outputs audio signals
through its Digital-to-Analog-Converter (DAC) port.

I12C/SPI port

ESP32, as an I2C master, can access slave devices via the I°C bus.

ESP32, as an SPI master, can access the DSP to read/write data via the SPI bus.
Earphone jack

Used for plugging in earphones.

Dual speaker output port

Supports two external speaker outputs.

10. Audio driver

This audio power amplifier sends audio signals from the DSP to external speakers for
playback.

11. DC-DC boost power supply

Espressif

This fixed-frequency DC-DC voltage booster powers the audio driver.

2/25 2018.04



@ 1. Overview

12. Micro SD card

The development board supports a Micro SD card in SPI/1-bit/4-bit modes, and can
store or play audio files in the Micro SD card.

13. JTAG port

This standard JTAG interface is compatible with the ESP32 programming board and
supports debugging functions.

14. CP2102N USB-UART Chip
An upgraded version of the CP2102 chip supports USB-to-UART conversion.

! Notice:

The IC design of this chip is a little different from CP2102.

15. Programming port

This programming and debugging interface of ESP32 is compatible with the ESP32
programming board.

16. USB Communication Port

This is a normal USB communication port between PC and ESP32 module.

Espressif 3/25 2018.04



2. Configuring for DuerOS
Configuring for DuerOS

N

2.1. Software Preparation

1. Flash Download Tool

To flash firmware into the board, please download the Flash Download Tool.

2. App for Device Networking

To use the SmartConfig functionality and configure networking for ESP32-LyraTD-MSC,
please download from Espressif Apps either of the following two: IOT Espressif for
Android APK or ESP-TOUCH for iOS IPA.

3. Debugging Tool

Use a debugging tool that suits your development environment, such as Xshell or
SSCOM, etc.

4, Hardware

e 1 x PC (Windows Operating System is recommended);
e 2 x Micro USB cables (one is for the USB power supply);

e 1 x Speaker.

Espressif 4/25 2018.04


https://www.espressif.com/en/support/download/other-tools?keys=Flash+Download+Tools
https://www.espressif.com/zh-hans/support/download/apps

2.2. Flashing the Firmware

2. Configuring for DuerOS

2.2.1.

Driver Installation

Connect the board to a PC with a Micro-USB cable and install the USB-to-UART driver.

2.2.2. Flashing ESP32

2.2.2.1. ESP32 Download Tool

Espressif

_ EEESRites -

IEERSEREIRERFIIG
CP2102N USB to UART Bridge Controller {_J IEfE#% Windows Update...

M Windows Update RIEIZEHFNEFRIGAIERE— AT

BETM Windows Update SRS FHEFRE

Figure 2-1. Installing the USB-to-UART Driver

1] C:\Users\win7\Desktop\flash_download_tools_v3.6.1.0_0\FLASH_DOWNLOAD_TOOLS_V3.6.1...

C:\serswin?\Desktop™f lash_download_tools_v3.6.1.8_O~\FLASH_DOWNLOAD_T
- < _ : wxPyDeprecationWarning: Usin

ESP8266 DownloadTool

ESP8285 DownloadTool

ESP32 DownloadTool

ESP32D2WD DownloadTool

Figure 2-2. ESP32 Download Tool

5/25
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@ 2. Configuring for DuerOS

2.2.3. Flashing Firmware into ESP32

1. Double-click on “ESP32 Download Tool” at the interface, as shown in Figure 2-2, after

downloading the Flash Download Tool. The following interface will be shown:

~ AR -

v IC:\Users\Test\Desktop\share\verO.G-microse
v IC:\Users\Test\Desktop\share\ver0.6-microse
v IC:\Users\Test\Desktop\share\verO.G-microse

SpiflashConfig

Crystalfreq : CombineBin pibSilers—
|26M LI Default " 8Mbit
~SPI SPEED—— ~SPIMODE — | © 16Mbit |~ | ocK SETTINGS
¢ 40MHz & Qo @ 32Mbit | DETECTED INFO—
¢ 267MHz || Qour || € 64Mbit ol
 20MHz ~ IO € 128Mbit
& 80MHz  DOUT
" FASTRD

| Download Panel 1-

COM: |c0M1 LI

START I sTOP | ERASE |
BAUD: |1152000 =~

Figure 2-3. ESP32 Download Tool

2. Configuration for Flashing Firmware

¢ Addresses for Downloading Firmware

Binary Files Address Function
Bootloader.bin 0x1000 basic configuration
partitions_esp_audio.bin 0x8000 basic configuration
esp32-audio-app.bin 0x10000 audio application
audio-esp.bin 0xBA0000 audio instruction

Espressif 6/25

2018.04
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D)

Espressif

2. Configuring for DuerOS

e The SPI Download configuration on the ESP32 Download Tool is shown in Figure 2-3.

Select “40 MHz” or “80 MHZz” for “SPI SPEED”; select “DIO” or “QIO” for “SPI MODE”;

and select “32 Mbit” for “FLASH SIZE”.

rate.

3. Power-on and Programming

Figure 2-4. Powering on the Board

* Power on ESP32-LyraTD-MSC.

e Select the COM port in line with the one used by the PC; select “1152000” as a baud

o Click the “Start” button on the ESP32 Flash Download Tool to start downloading the

firmware.

e Press and hold the “Boot” button, and press the “RST” button on the board to enter

the download mode.
e \Wait for the download to finish.

Download Panel 1

Wl e AP 240AC4102245 STA: 240AC4102244
BT: 240AC4102245 ETHERNET: 240AC4102244

START | STOP |C°M: |coms

BAUD: |1152000

=l
=)

Figure 2-5. Downloading Firmware

7/25

2018.04



@ 2. Configuring for DuerOS

2.3. Network Configuration

2.3.1. Wi-Fi Networking

1. After successfully downloading the firmware, power on the board again by pressing the
RST button. In about 2 seconds, the blue LED light on the board will flash, indicating
that ESP32 is searching for a wireless network.

\" n

Figure 2-6. The LED Light on ESP32-LyraTD-MSC

2. To configure the network for the first time (or to change the SSID of the network), press
the “SET” button on the board for as long as 6 seconds.

e Upon hearing the Chinese audio message “kai shi pei dui” (meaning: “networking
starts”) or when the blue LED light starts blinking, release the “SET” key.

Espressif 8/25 2018.04



@ 2. Configuring for DuerOS

e Connect ESP32-LyraTD-MSC to the network, using the loT Espressif app
downloaded to your phone.

=) IMEE :
SSID: wifi-12
[ BR%0E
[ LtbWi-FiJaB i Wi-Fi
L[] sMg&
fRE

“RERERISHARENRT LT RINRE. B&
KTIKE, B S EFERITRE"

Figure 2-7.Interface of loT Espressif for Android APK

3. After connecting ESP32-LyraTD-MSC to the network, the blue LED light will be on

steadily, and an audio message in Chinese “wang luo lian jie cheng gong” (meaning
“successful network connection”) will be played.

4. Reboot the board after the networking is successfully established. The board will
automatically connect to the network configured during the last connection.

Espressif 9/25 2018.04



@ 2. Configuring for DuerOS

2.4. Interactive Function

2.4.1. \Voice Recognition

When ESP32-LyraTD-MSC is connected to DuerOS, ESP32 supports “Alexa” as a
wake-up phrase. Saying “Alexa” to the board prompts the following response in
Chinese: “nin hao you shen me fen fu” (meaning: “Hi! How can | help?”). Users can talk
to the board and instruct it to play songs and news, or they can perform other similar
voice interactions. Here is an operation sample:

e Say “Alexa” to the board, and it will respond in Chinese by saying: “nin hao you shen
me fen fu” (meaning: “Hil How can | help?”).

* Then, ask the following question in Chinese: “tian gi zen me yang” (meaning “How is
the weather?”).

e The board will respond in Chinese by saying: “jin tian yin zhuan duo yun” (meaning
“It’'s getting from overcast to just cloudy today.”).

2.4.2. Buttons

e The “Play” button can be used to play or pause the audio streaming.

e The “Vol+” and “Vol-” buttons can be used to adjust the volume of the sound. Press
them repeatedly until you reach the desired sound volume.

Espressif 10/25 2018.04



3. Configuring for AVS
Configuring for AVS

o

3.1. Software Preparation

1. Flash Download Tool

To flash firmware into the board, please download the Flash Download Tool.
Alternatively, you can also use the esptool.py command line utility, which is part of ESP-
IDF, to program the Flash.

2. Debugging Tool

Use a debugging tool that suits your development environment, such as Xshell or
SSCOM, etc.

3. Hardware
¢ 1 x PC (Windows Operating System is recommended);
e 2 x Micro USB cables (one is for the USB power supply);

* 1 x Speaker.

Espressif 11/25 2018.04
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@ 3. Configuring for AVS

3.2. Device Provisioning

The Alexa demo for the ESP32 platform requires Amazon account credentials (the OAuth2
token, not a username and password) and Wi-Fi network settings to be programmed into

the device. A web application is provided to help users create a partition image that
contains the information.

3.2.1. Open the Web App

The web app is hosted at espressif.s3-website-us-east-1.amazonaws.com/. Please open
this URL in the web-browser. Chrome and Safari are supported, having been tested as
browsers. Firefox and Internet Explorer are known to have issues.

! Notice:

This web app is provided only for evaluation. For production, you need to implement a phone app or
equivalent, as suggested in the AVS product guidelines.

lece ¢

[} espressif.s3-website-us-east-1.amazonaws.. & © ] [a) 1+

Alexa on ESP32

This utility can be used to create a
flashable partition with AVS (Alexa Voice
Service) OAuth2.0 token and Wi-Fi
credentials for running Espressif's AVS SDK
on ESP LyraTD-MSC board. This utility is to
be used only for evaluation. For production
usecases, you will have to provide your
own Phone app or equivalent provisioning
scheme.

We encourage you to delete the
generated binary file from our server, after
you have successfully downloaded it. We
purge all the generated files everyday

GO TO AMAZON SIGN-IN

Figure 3-1.The Landing Page of the Web APP

Espressif 12/25 2018.04


http://espressif.s3-website-us-east-1.amazonaws.com/

3.2.2. Login into Amazon Account

3. Configuring for AVS

Click on the “GO TO AMAZON SIGN-IN” button to get to the Amazon Sign-in page. Enter
your Amazon sign-in credentials.

! Notice:

* This function uses the OAuth2 protocol, which grants the device access to your Amazon account.

* Neither Espressif, nor the device can keep a record of your Amazon sign-in credentials.

im} & amazon.com &

Sign in

Email (phone for mobile accounts)
Password Forgot your password?

| |

[ signin ]

Keep me signed in. Details ~

New to Amazon?

Create your Amazon account

Amazon Terms Privacy

© 1996-2018, Amazon.com, Inc. or its affiliates

Espressif

Figure 3-2.The Sign-in Page of the Web APP

13/25
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@ 3. Configuring for AVS

3.2.3. Enter Wi-Fi Credentials

Once successfully signed in, you will be directed to a page where you can enter the Wi-Fi
SSID (network name) and Passphrase. Please enter the information of the network to which
you want to connect the device and, then, click the “BUILD IMAGE” button to create the

the partition image that contains the Amazon OAuth2 token and the Wi-Fi network
configuration.

e0e < in| it.s3-websit -1 ¢ o 4138

Alexa on ESP32

Enter your Wi-Fi network credentials to
Wwhich you want to connect your evaluation
board to

Wi-Fi SSID:

Passphrase:

BUILD IMAGE

Figure 3-3.The Page for Entering the Wi-Fi SSID and Passphrase

Espressif 14/25 2018.04



@ 3. Configuring for AVS

3.2.4. Download the Partition Image

Now you can download the partition image that contains the Amazon OAuth2 token and
the Wi-Fi network configuration.

Please save it on your computer and use it to program the device at the offset Ox10000. It
is recommended that you delete the image from the server by using the link provided for
that purpose. All the images are purged daily.

000 < [im] espressif.s3-website-us-east-1.amazonaws ) © i} [ul +

Alexa on ESP32

Enter your Wi-Fi network credentials to
which you want to connect your evaluation
board to

Download your partition.bin from

Please click here to delete the generated
file from the server. We purge the files
everyday.

Figure 3-4.Download the Image

3.3. Flashing the Firmware

3.3.1. Driver Installation
Connect the board to a PC with a Micro-USB cable to install the USB-to-UART driver.
)

IEEZRFRERMEFET

CP2102N USB to UART Bridge Controller {_J) IEFEE Windows Update...

M Windows Update RISIZERFIEFRIG I sERE—LaTE.
ITM Windows Update SF{EXFHZFFI

Figure 3-5. Installing the USB-to-UART Driver

Espressif 15/25 2018.04
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3.4.

3.4.1.

Espressif

Flashing ESP32

ESP32 Download Tool

3. Configuring for AVS

1] C:\Users\win7\Desktop\flash_download_tools_v3.6.1.0_0\FLASH_DOWNLOAD_TOOLS_V3.6.1...

C:\Userswin?\Desktop™flash_download_too

v3.6.1.0_@\FLASH_DOWNLOAD_T

1 .ANESPFlashDnwnlnadTonl vl h 1 A _exe:96: uxPyDeprecationWarning: Usin
{ 5 ESPRESSIF DOWNLOAD T... [-= || & | [l

ESP8266 DownloadTool

ESP8285 DownloadTool

ESP32 DownloadTool

ESP32D2WD DownloadTool

Figure 3-6. ESP32 Download Tool

16/25
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3.4.2. Flashing Firmware into ESP32

Espressif

{87 ESP32 DOWNLOAD TOOL V3.6.4 = [m] X

4| SPIDownload | HsPIDownload | RFConfig | GPIOConfig | MultiDor b

~

¥ [D:\esp_avs.sdkbootioaden\bootioaderbin . & [0x1000
© [P oot 2 [6a00
B\ B pator ANFSGTIONS .. = [6000
" [Dren v shepuabn o [oaw0
m e |
[ |
u |
| | v
— SpiFlashConfig ]
S AN N E—— =
CrystalFreq : CombineBin [~ SpiAutoSet
 8Mbit i
IZSM j T v DoNotChgBin
—_—| © 16Mbit
~ SPI SPEED ——— ~ SPI MODE—— i LOCK SETTINGS
- % ' 32Mbit
(: 40MHz 5 Qo  64Mbit ~:I)E'I;|ECTE:|NFO—
7M ash vendor:
26.7MHz QouT  128Mbit D
© 20MHz @ pio flash deviD:
 80MHz " DOUT 6016h
" FASTRD il
crystal:
40 Mhz
Download Panel 1
S |[AP: 30AEA43FEBCT STA: 30AEA43F68CO
Fa BT: 30AEA43F68C1 ETHERNET: 30AEA43F68CO
T

4

START sTOP l ERASE |C°M’ [ coms |

BAUD: 1152000 -
||

Figure 3-7. ESP32 Download Tool

2. Configuration for Flashing Firmware

¢ Addresses for Downloading Firmware

Binary Files

bootloader.bin

partitions.bin

partition_<uniquelD>.bin

esp-alexa.bin

3. Configuring for AVS

1. Double-click on “ESP32 Download Tool” at the interface, as shown in Figure 3-6, after
downloading the Flash Download Tool. The following interface will be shown:

Address Function
0x1000 Software bootloader
0x8000 Partition table
User configuration (Amazon Auth token
o and Wi-Fi configuration)
0x20000 Application Firmware
17/25

2018.04
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Espressif

3. Configuring for AVS

e The SPI Download configuration on the ESP32 Download Tool is shown in Figure
3-7. Select “40 MHz” for “SPI SPEED”; select “DIO” for “SPI MODE”; and select “32

Mbit” for “FLASH SIZE”.

e Select the COM port in line with the one used by the PC; select “1152000” as a baud

rate.

3. Power-on and Programming

Figure 3-8. Powering on the Board

* Power on ESP32-LyraTD-MSC.

o Click the “Start” button on the ESP32 Flash Download Tool to start downloading the

firmware.

e Press and hold the “Boot” button, and press the “RST” button on the board to enter

the download mode.
e \Wait for the download to finish.

Download Panel 1

Wl e AP 240AC4102245 STA: 240AC4102244
BT: 240AC4102245 ETHERNET: 240AC4102244

START | STOP |C°M: |coms

BAUD: |1152000

=l
=)

Figure 3-9. Downloading Firmware

18/25

2018.04



@ 3. Configuring for AVS

3.4.3. Flashing Over Command Line (esptool.py)

If you are using ESP-IDF for the development, you can also use the command-line interface
to program the Flash. Please set the board into the UART boot (programming) mode by
holding the “Boot” button and, then, pressing the “RST” button while the “Boot” button is
still being pressed. Then, you can use the “esptool.py” utility of the IDF to program the
board, as shown below:

$ python /path/to/esp-idf/components/esptool_py/esptool/esptool.py --chip esp32 --port /dev/
<port> --baud 921600 --before default_reset --after hard_reset write_flash -z --flash_mode
dio --flash_freq 80m --flash_size detect 0x1000 /path/to/bootloader.bin 0x20000 /path/to/
esp-alexa.bin 0x8000 /path/to/partitions.bin 0x10000 /path/to/partition_<uniqueID>.bin

Espressif 19/25 2018.04




@ 3. Configuring for AVS

3.5. Interactive Function

3.5.1. Voice Recognition

When the device boots up and connects successfully to the Wi-Fi network, the blue LED
light will blink once, indicating that it is ready to accept commands.

Then, you can wake it up with the “Alexa” keyword. When it is woken-up and listening, the
LED light will glow in solid blue. When it is in a “thinking” mode, the LED light will rotate.

We presently support “Tune-In Radio” as a music service. Other music services are not
supported as of yet.

You can interact with the board, using normal free speech. Some examples can be:
* “Alexa, what is the weather like?”
e “Alexa, sing a song”
e “Alexa, stop”
o “Alexa, tell me a joke”

LA

e “Alexa, play Radio City on ‘Tune-In Radio

3.5.2. Buttons

The “Vol+” and “Vol-” buttons can be used to adjust the volume of the sound. Press
repeatedly until you reach the desired sound volume.

Espressif 20/25 2018.04
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Appendix - Schematics

ESP32 Module:

1 pamen
ol

[USB:

Charge Circuit: Power Switch:

o0 AN iy
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2018.04



Appendix A

TooKis) \ e
spiMaster| ANALOSOUT L g lurmewioy 2o once = I
5T Zsnag oS SDOR_ - Ty R J3Ri5%) ZL38063 DMIC_CLK.
| e seie [ poma eSS g
nma &= = &t
TSI ToMIES
Y B PoriA
= SR o
O Ben e
Oscillator uagT ax 53
| 3 UART U [ H
DSP_GNO Reference. use T i
3 o
&
g SN T 0 e
&5 e pin
i
DSP.1l:Interface
[Power Supply for DSP: DSP.2:Power
e o oo pro N s g, g i
o se My

mum.vnmI | ovoons

E Sy

commended for better performance

0000 RN 050 oo

ct external +1.2 ¥ supply. Tie to DVDDI3 if
o be provided externally. Tie to VSS (0 V) if the +1.2
ated internally.
= 55 control line for the ge regulator
VSS. When EXT SEL is tied to DVDD33, the
put which can drive the shutdows input Gf an
1 106 [ESPRE

ext E
perfornance. 3.Please place one 0.1uF/107(20%) CAP close to each of the Power Pins. - —

FAESFHR (LR AIAT

02_71.38063

Espressif 22/25 2018.04



Espressif

Appendix A

PA Output:
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Appendix A

UART: SPI & I2C: JTAG: 1 Vo030 B AN 0y

Connectors For SubBoard:

Reset Test

MicroSD:

Fixing Holes:

Espressif 24/25 2018.04



Disclaimer and Copyright Notice

Information in this document, including URL references, is subject to change without

notice.

THIS DOCUMENT IS PROVIDED AS IS WITH NO WARRANTIES WHATSOEVER,

INCLUDING ANY WARRANTY OF MERCHANTABILITY, NON-INFRINGEMENT, FITNESS

FOR ANY PARTICULAR PURPOSE, OR ANY WARRANTY OTHERWISE ARISING OUT

OF ANY PROPOSAL, SPECIFICATION OR SAMPLE.

All liability, including liability for infringement of any proprietary rights, relating to use of

information in this document is disclaimed. No licenses express or implied, by estoppel or

otherwise, to any intellectual property rights are granted herein.

The Wi-Fi Alliance Member logo is a trademark of the Wi-Fi Alliance. The Bluetooth logo is

a registered trademark of Bluetooth SIG.

E if loT T All trade names, trademarks and registered trademarks mentioned in this document are
SPIESSIFIO T Eam property of their respective owners, and are hereby acknowledged.
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