Tl Designs

Audio Communication With Power Over Ethernet (PoE)

{ii TEXAS INSTRUMENTS

TI Designs

This audio communication design uses Texas
Instrument's TM4C129x high performance
microcontrollers (MCUs) with integrated Ethernet
physical interface device (PHY) to capture, exchange,
and play back audio efficiently. The Power over
Ethernet (PoE) solution supplies power over the
network instead of over separate external power
sources. The application uses TivaWare™ Software to
implement a user interface with touch control, IwIP to
exchange of data over the network, and Opus audio
codec to compress audio data to improve bandwidth
usage.

Design Resources

TIDM-TM4C129POEAUDIO Design Folder

TM4C129ENCPDT Product Folder
TPS23753A Product Folder
TPD2E2U06 Product Folder
TLV431A Product Folder
TPS73733-Q1 Product Folder
OPA322 Product Folder
LM4819 Product Folder
TIDM-TM4C129POE Tools Folder

BOOSTXL-K350QVG-S1 Tools Folder

ali

TI E2ZE™
Community

ASK Our E2E Experts

Integrated
PoE
Network #———— RJ-45

Connectors

Audio Out

Copyright © 2016, Texas Instruments Incorporated

important disclaimers and information.

All trademarks are the property of their respective owners.

Design Features

e Less Than 500 mW of Power Consumption for the
MCU, LCD, and Audio Subsystem With Total
System Provision of up to 7-W Isolated Output
From the Flyback Converter

- Efficient and Royalty-Free, Open-Source Opus
Audio Codec to Reduce Network Usage During
Audio Call and Software Cost

e Smart Touch LCD Panel Running TivaWare™
Software for a Graphics-Rich User Interface and
Experience

< High Signal-To-Noise Ratio (SNR) Microphone
Stage to Improve Audio Capture Using
Instrumentation Analog-to-Digital Converter (ADC)

« PC Application Software Source Code
» Executable for Dynamic Node Configuration Over
the Network

Featured Applications

» Access Control Panels
e Audio Subsystem for Cameras
« Home Security Solutions

* Point-to-Point Communications and In-Home Voice
Over IP (VolP) Audio Monitoring
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1 Key System Specifications

Table 1. Key System Specifications

PARAMETER SPECIFICATIONS
Audio sampling rate 48 kHz
Audio bits per sample 12 bits
Number of channels 1 (mono)
Opus encoder bit rate 96 kHz
Opus encoder bit rate type Constant bit rate (CBR)
Opus encoder frame size 20 ms
Opus encoder complexity 0
Audio playback rate 48 kHz

Power consumption

500 mW (overall)

User input interface

Resistive touch panel

Microphone sensitivity -47 db + 5 db
Microphone standard operation voltage 15V
Microphone current consumption 0.5mA
Microphone impedence 0.68 kQ
Signal-to-noise ratio (SNR) >55db

2 Audio Communication With Power Over Ethernet (PoE)
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2 System Description
The TM4C129x family of MCUs features an integrated Ethernet PHY and MAC with cryptographic
modules and many serial interfaces for control and sensor data gain. The TM4C129x adds a layer of
intelligence at the remote node when integrated with PoE design. This addition allows customers to
leverage their existing network to communicate and control devices securely. The PoE solution delivers
power that reduces the system cost in 10T space, which adds value to the products.
2.1 TMA4C129ENCDT
The TM4C129ENCPDT is a 120-MHz, high-performance MCU with 1MB of on-chip flash and 256KB of
on-chip SRAM. The MCU features an integrated Ethernet MAC+PHY for connected applications and
cryptographic modules of advanced encryption standard (AES), data encryption standard (DES), and
secure hash algorithm (SHA) for encryption, decryption and authentication. The device has high
bandwidth interfaces like a memory controller and a high-speed USB2.0 digital interface. With the
integration of many serial communication peripherals, a 12-bit ADC capable of up to 4 MSPS, and motion
control peripherals, the device provides a unique solution for a variety of applications ranging from
industrial communication equipment to smart energy and smart grid applications. Figure 1 shows the high-
level block diagram for this MCU.
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Figure 1. TM4C129ENCPDT MCU High-Level Block Diagram
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2.2

2.3

2.4

TPS23753A

The TPS23753A is a combined PoE powered device (PD) interface and current-mode, DC-DC controller
specifically developed for isolated converter designs. The PoE implementation supports the IEEE 802.3at
standard as a 13-W, type-1 PD. The requirements these PDs are a superset of IEEE 802.3-2008
(originally IEEE 802.3af). The DC-DC controller features a bootstrap start-up mechanism with an internal,
switched current source. This design provides the advantages of cycling-overload fault protection without
the constant power loss of a pullup resistor.

OPA322

The OPA322 series consists of single-, dual-, and quad-channel complementary metal oxide
semiconductor (CMOS) operational amplifiers featuring low-noise and rail-to-rail inputs and outputs
optimized for low-power, single-supply applications. With a wide supply range of 1.8 to 5.5 V, the low-
quiescent current of only 1.5 mA per channel makes these devices well-suited for power-sensitive
applications. The OPAx322S models include a shutdown mode that allows the amplifiers to switch from
normal operation to a standby current that is typically less than 0.1 pA.

LM4819

The LM4819 is a mono-bridged power amplifier capable of delivering 350-mWek,,s output power into a 16-Q
load or 300-mWyg,,s output power into an 8-Q load with 10% THD+N from a 5-V power supply. The
LM4819 Boomer audio power amplifier is specifically designed to provide high-quality output power and
minimize printed circuit board (PCB) area with surface mount packaging and a minimal amount of external
components. Because the LM4819 amplifier does not require output-coupling capacitors, bootstrap
capacitors, or snubber networks, it is optimally suited for low-power, portable applications. Figure 2 shows
a block diagram of audio communication with the PoE solution.
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Block Diagram

3 Block Diagram
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Figure 2. Audio Communication With PoE Block Diagram
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4 System Design Theory

This section details the individual software components developed for the audio communication solution.
Figure 3 shows the solution block diagram. In this application, each board refers to a node.

EEREEE
EE E

Tivaware™ Peripheral Driver lib API

Copyright © 2016, Texas Instruments Incorporated

Figure 3. TIDM-TM4C129-POE-AUDIO Software Block Diagram

4.1 Application Layer

The poe_voice_call_demo application integrates the different blocks and runs the graphics for the user
interface (Ul). The application calls functions from the different blocks based on the inputs provided to the
Ul functions. The Ul splits into windows and panels, each with a specific function for the application.
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41.1 Layout of the Ul

Figure 4 shows the overall layout of the Ul consists of the three components.
1. The node number display is located on the top of the LCD screen.

2. The navigation panel is located on the left of the LCD screen.

3. The user window is the rest of the LCD screen.

Node number display

Navigation
Panel

Figure 4. Ul Layout

41.2 Node Number Display

The node number display shows the calling number for the local node and the node’s status. When the
node number display is set with a seven-digit numeric value and a green background, the display informs
the user that the node is configured. When the node number display shows INFO UNAVAILABLE and a
red background, the display informs the user that the node is not configured. Figure 7 shows how a touch
of the node number display changes the user window layout to the information window.

4.1.3 Navigation Panel

The navigation panel controls the different user windows for the application. Figure 5 shows the four icons
on the navigation panel.

1. The call icon brings up the call window, which allows the user to call another node.

2. The call history icon brings up the call history window, which allows the user to see the node number
with which audio was exchanged, the duration of the call, the number of bytes received, and the type
of call.

3. The information icon brings up the information window, which gives the user information on the local
node.

4. The settings icon brings up the setting window, which can change the screen brightness, ringer
volume, and LED flash on-call setting. The setting icon can also mute the ringer and clear the call
history.

TIDUC16-July 2016 Audio Communication With Power Over Ethernet (PoE) 7
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Navigation Panel

Node Number Display

00 4 3 2 1| Number ispiay
« Call Window

Callzeon [ % \

Call History Icon

Information Icon »

Settings Icon *

Number pad

Figure 5. Navigation Panel Layout and Call Window

4.1.4 Call Window
The call window displays at reset or by pressing the call icon on the navigation panel. The call window has
two distinct parts as shown in Figure 5:

1. The number pad is a zero through nine numeric pad used to call a remote node. The number pad
includes a BACK button that erases the last number entered on the node number display and a CALL
button to place a call to the number entered on the node number display.

2. The number display shows the six-digit number to place the call.

4.1.5 Call History Window
The call history window displays when pressing the call history icon on the navigation panel. The call
history window has four distinct parts as shown in Figure 6:

1. The call type icon shows the type of call. A left-pointing, blue arrow signifies an incoming call. A red X
signifies a missed or cancelled call. A right-pointing, green arrow signifies an outgoing call.

2. The remote node number shows the node number that performed the audio data exchange.

3. The call duration gives the elapsed call time in hours:minutes:seconds (HH:MM:SS) format. Missed
calls will always be 00:00:00.

4. The byte information field gives the number of bytes compressed by the opus encoder on the remote
node, which the local node received.

Remote Node Number

¢

e - |[004321 ] 000001 (00008880 bytes | < IraAN g

a e L —

on| iy 004321 000000 00000000 bytes during the call
004321 |00:0020| 00238080 bytes

1

Call Duration in hh:mm:ss

format

Figure 6. Call History Window
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The call history window holds the information for the last eight calls made, received, or missed.

4.1.6 Information Window

The information window displays by pressing the information icon on the navigation panel or by pressing
the node number display. The information window provides the four pieces of information as shown in
Figure 7:

1. IP address of the local node

2. MAC address of the local node

3. Node number of the local node

4. Software version for the application

IP Address: 10.219.61.3]1 il Voo AL L)
O EH TR B T MAC Address of the Node
I [0 RS A UIER YA R = ] Node Number Information
Software Version: L0.0 s Bt daii

Information

Figure 7. Information Window

4.1.7 Setting Window
The setting window displays by pressing the setting icon on the navigation panel. As shown in Figure 8,
this window provides the user with the following controls:

» The Brightness control slider moves left to reduce the backlight or moves right to increase the backlight
of the panel.

» The Ringer Volume control slider moves left to reduce the ringer volume or moves right to increase the
ringer volume on a call.

* An onboard LED can indicate a placed or received call. This notification enables by pressing the LED
Flash On Call button on the setup window. A green check mark indicates it is enabled, and a red X
indicates it is disabled.

» The Ringer On Call button mutes the ringer during a placed or received call. A green check mark
indicates the ringer volume control is in effect. A red X indicates the ringer is muted.

* The Clear Call History button erases the call history stored on the device.

» The Save Setting button submits the changes made in the setting window to on-chip, nonvolatile
memory. The information can be retrieved and used by the application on a reset or power-on.

TIDUC16-July 2016 Audio Communication With Power Over Ethernet (PoE) 9
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4.2

42.1

Brightness Control Slider
Ringer Volume Control Slider

On Board LED Flash On Call
Button

Ringer On Call J & ___1 Ringer Mute on Call Button
Clear Call Histor B Clearing Call History Button

. . l Save Setting B save Settings Button

Figure 8. Setting Window

Node Locator Block

The node locator block, as shown in Figure 3, runs the control-state machine over the network stack
(using the IwlP). The device uses the raw user datagram protocol (UDP) application program interface
(API), provided by IwIP, to exchange both control data and voice data over the network. In order to
provide non-blocking ports on the network, the node locator block uses two unassigned UDP ports.

1. UDP port 64040 for control-data exchange
2. UDP port 64041 for audio-data exchange

Control Data Service Packet

The unassigned UDP port number 64040 provides the control-data services. The APl NodeLocatorlInit
initializes the control-state machine used by the application to place and receive calls and configure an
uninitialized node.

Even though UDP exchanges control packets, a request-response mechanism builds so the local and
remote node can exchange control packets reliably and detect a loss of either of the packets. Figure 9
shows how both control packets (request and response) have the same 9-byte structure. Byte-0 is always
the command; however, there are two types of packets based on the information transmitted.

1. Type-1 control packet has bytes one to eight with custom information.

2. Type-2 control packet has bytes one to four with the node number information of the source node.
Type-2 also has bytes five to eight with the node number information of the destination node.

10
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Type-1 Control Packet Type-2 Control Packet
Byte O Command Byte 0 Command
Source Node Number
Byte 1 Byte 1 bits 7-0
Byte 2 Byte 2 Source Node Number
bits 15-8
Byte 3 Byte 3 | Source Node Number
bits 23-16
Byte 4 Byte 4 Source Node Number
Command Specific bits 31-24
Payload L
Destination Node
Byte 5 Byte 5
vt v Number bits 7-0
Destination Node
Byte 6 Byte 6 Number bits 15-8
— Destination Node
i i Number bits 23-16
Destination Node
Byte 8 Byte 8 Number bits 31-24

Figure 9. Control Packet Structure

The following list details the commands from Figure 9:

Command NODE_CFG_NODENO (Command value OxFF) is a Type-1 packet used by the
NodeAdmin.exe utility to configure an uninitialized node with the node number (see Section 7.4).After
the node receives the command and configures the node number, it initiates a system reset. This reset
allows the application to configure the node number for audio-data exchange.

Command NODE_CFG_REQINFO (Command value OxFE) is a Type-2 packet used by the
NodeAdmin.exe utility to request the node number information from the nodes available on the
network. This command uses a broadcast IP address.

Command NODE_CFG_RESPINFO (Command value OxFD) is a Type-2 packet used by the nodes on
the network to respond to the NodeAdmin.exe. The command contains the currently configured node
number.

Command NODE_FIND_REQ (Command value OxEF) is a Type-2 packet issued by the calling node to
find a remote node by its node number. This command uses a broadcast IP address.

Command NODE_FIND_RESP (Command value OXEE) is a Type-2 packet issued by the remote node
in response to the NODE_FIND_REQ issued by another node on the network.

Command NODE_CALL_REQ (Command value OXED) is a Type-2 packet issued by the calling node
to place a call to the remote node.

Command NODE_CALL_RESP (Command value OXEC) is a Type-2 packet issued by the remote node
to the calling node in response to a NODE_CALL_REQ. Once this packet is issued, the two nodes can
exchange audio data.

Command NODE_CALL_BUSY (Command value OXEB) is a Type-2 packet issued by the remote node
to the calling node in response to a NODE_CALL_REQ if it is already in an active call with another
node. This helps the calling node terminate the call automatically.

Command NODE_CALL_TERM (Command value OXEA) is a Type-2 packet issued by either the local
or remote node if an active call has to be terminated or in response to a NODE_CALL_REQ.

4.2.2 Control-Data, Service-State Machine
The control-data services use the packets in Section 4.2.1 to exchange information on the state of the
node. The node locator block uses these packets to run a control-state machine. The application uses the
control-state machine to control other blocks, like audio and graphics. The control-state machine consists
of six states.
1. The NODE_RESET state enters if the application on the local node is unable to locate a node number
TIDUC16-July 2016 Audio Communication With Power Over Ethernet (PoE) 11
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in the nonvolatile memory.

2. The NODE_CONFIG state enters when the PC application requests an idle node to reprogram certain
information. The current implementation reserves this state.

3. The NODE_IDLE state enters when the local node is configured with a valid node number and is not in
an active call state.

4. The NODE_FIND state enters when the local node attempts to find a remote node.

5. The NODE_WAITCALL state enters when the local node finds a remote node, places a call request,
and awaits a response.

6. The NODE_INCALL state enters when the local node is in an active call.
The flowcharts in Figure 10, Figure 11, Figure 12, and Figure 13 describe how the node-locator block

handles the control-state machine transition, which depends on the packets received and their response to
the remote node or PC.

> Reset/Power ON

-

No Is Node Number Yes

Configured?

NODE_RESET »| NODE_IDLE
v No No v
Has NODE_CFG_N No Has NODE_FIND_R
ODENO packet been EQ packet been
received? received?
Yes Is acall
A 4 7 request placed
Program the New Node by this node? Yes
| Number
Yes
v A4
NODE_WAIT
NODE_FIND CALL

Figure 10. Control-State Machine One
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Figure 11. Control-State Machine Two
F
Yes
No
No
v
Yes
v v
Figure 12. Control-State Machine Three
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4.2.3

4.3

43.1

4.3.2

A

NODE_INCALL

i

Yes NODE_TERM
packet been Has a No
received? NODE_CALL_REQ »
been received?
No Yes
v

Yes

v

Has a local call
termination been
requested?

Send NODE_CALL_BUSY packet

Yes
A

Send NODE_CALL_TERM
packet

v

NODE_IDLE |4 |

Figure 13. Control-State Machine Four

Audio Data Services

The unassigned UDP port number 64041 provides the audio-data services. The application uses the API
NodelLocatorSendData through the audio-control block to send a packet of compressed data over the
network to the remote node. Similarly the API NodeLocatorData calls the callback function of the
application through the audio-control block to receive a packet of compressed data over the network from
the remote node. Both APIs only have effect when the control-state machine indicates to the application
that a call is in progress.

Audio-Control Block

As shown in Figure 3, the audio-control block is responsible for initializing the audio interfaces, capturing
the voice from the microphone, compressing the raw audio data, and decompressing the received audio
data. The block is also responsible for the playback of the decompressed raw data.

Initializing the Audio Interface

The application calls the API Audiolnit to initialize the audio interfaces and data paths. The audio interface
initialization requires the system clock frequency. This frequency generates the 48kHz of sampling and
playback rate.

Voice Capture and Compression Path

The ADC one, sample sequencer two, and ADC channel nine create the voice capture. The ADC zero
uses the external pin trigger since the timer trigger is already used in the touch-control block. This pin
triggers by timer 3B with a configuration of a frequency of 48 kHz in pulse width modulation (PWM) mode.
The pin generates a rising edge trigger to the ADC for sampling.

A sample and hold of 64 clocks configures the ADC to ensure that the internal capacitor is well-charged
during the sampling period before the conversion starts. The direct memory access (DMA) channel's
configuration is for the ping-pong mode to transfer 20 ms worth of ADC samples. When either the ping or
pong buffer completes, the opus encoder calls to compress the data.

14
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4.3.3

4.3.4

4.4

4.5

4.6

Voice Decompression and Playback Path

The voice playback uses the Timer 0B in PWM mode. The timer uses a PWM period corresponding to 48
kHz in 16-bit mode.

The DMA channel enables for the timer in ping-pong mode. When the network receives a compressed
data packet, it first runs the opus decoder to get the raw PCM data. This data copies to either the ping or
pong buffer based on which is available. The DMA'’s primary or alternate control structure enables so that,
on the next DMA request, the data transfers to the timer's match register. Based on the match register
value, the timer generates a corresponding PWM duty cycle, which is then passed through an external
filter to reconstruct the audio.

Volume Control

The audio block also controls both ringer volume and in-call volume control. The audio block uses the shift
operation on the audio sample to achieve these controls. If the volume control from the application
requires the volume be higher, the audio block performs a left-shift operation. Similarly, if the volume
control from the application requires the volume be lower, the audio block performs a right-shift operation
on the playback audio data.

Touch-Control Block

The application uses the touch-control block (see Figure 3) to detect a press on the screen, to retrieve the
X and Y coordinates of the press, and to call the necessary callback function to process the press on the
LCD panel. The touch-control block uses the ADC 0, ADC 10, and ADC 11 channels. The ADC is
triggered by timer 1B every 2 ms to sample the data on the ADC channel and to compute X and Y
coordinates of a press.

Brightness-Control Block

The brightness-control block (see Figure 3) controls the amount of backlight current the application
provides to the LCD panel. Generator two uses a PWM output of two kHz to control the brightness of
PWM zero. The brightness slider on the setting window allows access to the block. There are three APIs
available to the main application.

1. The Brightnessinit API initializes the PWM generator with the two kHz PWM output and a duty cycle as
configured by the application.

2. The BrightnessSet API changes the duty cycle during active operation.
3. The BrightnessGet API retrieves the duty cycle during active operation.

Storage Block

The application uses the storage block (see Figure 3) to save and retrieve call history and settings of the
current node. The application uses the EEPROM as the nonvolatile location to reduce the main-flash
usage. The main application accesses the block during a call, a touch of the call history icon, a touch of
the setting icon, and a touch of the Save Setting push button in the settings window. The following APIs
are available to the main application.

» The Storagelnit API enables the clock to EEPROM and initializes the EEPROM controller.

* The SaveUserSettings API saves the brightness, LED flash on-call, ringer volume, and ringer on-call
from the settings window.

* The GetUserSettings API retrieves the brightness, LED flash on-call, ringer volume, and ringer on-call
when pressing the settings icon.

« The SaveCallHistory API stores the call type, remote node number, call duration, and number of bytes
received by the local node when the local or remote node terminates a call.

» The GetCallHistory API retrieves the call type, remote node number, call duration, and number of bytes
received by the local node when pressing the call history icon.

* The GetNumofCallEntry API retrieves the number of call entries in the EEPROM and the current index
of the pointer that maintains the history.

e The ClearCallHistory API erases the EEPROM when pressing the clear call history button in the setting
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window.

Table 2 shows the layout of the EEPROM that the storage block uses to interact with the main application.

Table 2. EEPROM Layout

STORAGE ELEMENT NAME

EEPROM ADDRESS

DESCRIPTION

STORAGE_SETTING_VALID

0x000

When value is 0x1 this
indicates the settings are valid.
At the first power up, it will
have the value OXFFFFFFFF.
This value indicates that the
default settings must be
applied.

STORAGE_SETTING_BRIGHT

0x004

This element stores the duty
cycle of the PWM for
brightness control.

STORAGE_SETTING_SCRFLSH

0x008

This element stores the LED
flash on-call setting.

STORAGE_SETTING_RING

0x00C

This element stores the ringer
enabled or mute setting.

STORAGE_SETTING_VOLUME

0x010

This element stores the ringer
volume level on-call setting.

RESERVED

0x010-0x03C

RESERVED

STORAGE_CALL_POINTER

0x040

This element contains the
index value to the most recent
call.

RESERVED

0x044-0x04c

RESERVED

STORAGE_CALL_ENTRY_TYPE

0x050 + N x 0x010

This element stores the call
type. For each of the 8 entries,
this field is increments 0x010.

STORAGE_CALL_ENTRY_NUM

0x054 + N x 0x010

This element stores the
duration of the call in seconds.
For each of the 8 entries, this
field is incremented by 0x010.

STORAGE_CALL_ENTRY_DUR

0x058 + N x 0x010

This element stores the
duration of the call in seconds.
For each of the 8 entries, this
field is incremented by 0x010.

STORAGE_CALL_ENTRY_BYTE

0x05C + N x 0x010

This element stores the
number of bytes received. For
each of the 8 entries, this field
is incremented by 0x010.
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4.7

Images Block

The images block (see Figure 3) contains the preprocessed images in PNM format for navigation panel
icons, check marks, call type icons, and the call accept or reject buttons. To update any of the existing
images, the user must convert the image to PNM format and then use the TivaWare tool pnmtoc.exe to
convert the image to a C structure, which can then be compiled, linked, and used by the application.

Table 3 gives the size and format of each of the images stored in the image block.

Table 3. Image Properties

IMAGE NAME CONSTANT NAME IMAGE FORMAT HEIGHT WIDTH
Call decline icon g_pui8Decline 8BPP 50 50
Call accept icon g_pui8Accept 4BPP 50 50

Green check mark g_pui8GreenLight 4BPP 24 24

Red X mark g_pui8RedLight 8BPP 24 24
Outgoing call icon g_pui8OutgoingCall 8BPP 24 24
Incoming call icon g_pui8IincomingCall 4BPP 24 24

Missed call icon g_pu8MissCall 8BPP 24 24
Information icon g_info 8BPP 60 60
Call history icon g_dir 8BPP 60 60
Call menu icon g_call 8BPP 60 60

Setting menu icon g_setting 8BPP 60 60
Information icon on g_iinfo 8BPP 60 60
press
Call history icon on -
press g_idir 8BPP 60 60
Call menu icon on g_icall SBPP 60 60
press
Setting menu icon on -
press g_isetting 8BPP 60 60
Splash screen on g_puigSplash 8BPP 240 320
startup
Call stop or decline
button g_CallStop 8BPP 32 32
Call accept button g_CallStart 8BPP 32 32
TIDUC16-July 2016 Audio Communication With Power Over Ethernet (PoE) 17

Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUC16

13 TEXAS
INSTRUMENTS

Getting Started Hardware www.ti.com

5 Getting Started Hardware

To create the solution, TIDM-TM4C129POE must be used as the base board to which the LCD
BoosterPack™ and the audio board can be connected. As the solution is PoE, the user must have a PoE
switch available that powers the board during configuration, firmware download, and to run the application.

5.1 TIDM-TM4C129POE Base Board

The TIDM-TM4C129POE board has the power stage and the TM4C129ENCPDT MCU. Figure 14 shows
the shunts that must be placed for the solution. Figure 14 also shows the connectors and headers that the
audio and display board use.

The user must make sure that the 3.3-V, 5.0-V, and Ethernet power shunts are mounted (see the yellow
boxes in Figure 14).

10-Pin JTAG

3.3V Jumper Header
5.0V Jumper

Audio Board
Header

LCD booster
pack header

Figure 14. TIDM-TM4C129POE Connector and Shunt Layout
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5.2 Audio Board Interfacing

Figure 15 shows how the audio board must mount on the upper pair of headers of the base board. The
audio board primarily has the microphone and a high-SNR, preamplifier stage to capture audio input. The
board also has an audio amplifier and a speaker for playing audio. There is a microSD card slot on the
bottom of the audio board, which is optional to save audio data, playback, preconfigured audio files, and
S0 on.

-

POCGATIUAY Rev-A0

8
£
E
E

Figure 15. Mounting Audio Board
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5.3 LCD BoosterPack™ Interfacing

The solution uses the BOOSTXL-K350QVG-S1 BoosterPack which must be mounted on the lower pair of
headers as shown in Figure 16. The LCD panel provides both the display and touch interface for the

firmware that the solution executes.

g
4
5
3
z
Z
E
§

Figure 16. Mounting the LCD Touch Panel
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5.4 Connecting the Debugger

There is a 10-pin, 50 mil ARM® JTAG header on the board. This device configures the MAC address for
the TM4C129x MCU and downloads the application firmware. Because the audio board extends from the
top of the header, the user must either remove the audio board when programming the MCU for the first
time or place a corresponding flat ribbon cable (FRC) before mounting the audio board as shown in
Figure 17.

Figure 17. Connecting the Debugger
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5.5 Powering the Solution

To power the solution, the user must connect the base board to a PoE-enabled Ethernet switch. This TI
Design shows the NetGear GS110TP, 8-port PoE switch. When the Ethernet cable connects between the
switch and the board, the green power-on LED lights (see Figure 18). The board is now ready to program
the MAC address and application firmware.

Figure 18. Powering the Solution
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6

6.1

6.2

6.3

6.4

6.5

Getting Started Firmware

The software for this reference design comes as an installer that the user must install on a PC. It normally
takes about a minute for the installer to execute. The following tools are required for rebuilding the project
firmware:

+ TivaWare 2.1.3

* The project collaterals for SPMAQ76

* Opus source code, version 1.1.2

* CCS 6.1.1.00022 with ARM compiler tool chain, version 5.2.7
» CCS Uniflash, version 3.4.0.00003

When the installer executes with the default settings, the software is installed under C:\Program Files
(x86)\Texas Instruments\TM4C\TM4C129POEAUDIO-1.0. There are three directories and one executable
that the installer will create in the path.

Common Drivers for the Embedded Application
The folder appdrivers contains the driver files for the main application.

Voice Call Demonstration Project

The folder poe_voice_call_demo contains the Code Composer Studio™ (CCS) project for the main
application. The folder also has the binary file that can execute on the hardware if no changes are
required in the application code.

Opus Library Project
The folder opuslib contains the CCS project for the Opus Voice Codec. When the user compiles the
project, it generates the library file poe_voice_call_demo for opus encoder and decoder functions.

NodeAdmin Visual Studio Source Code
The folder NodeAdmin contains the visual studio code for the PC application that configures the nodes.

NodeAdmin Executable

The NodeAdmin executable can be used if no changes required to the source code. There is a shortcut to
this application on the start menu for quick launch.
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7 Test Setup

This section elaborates on how to import, build, and run the application firmware for voice call.

7.1 Create a Clean Workspace in CCS

Before building the examples, the user must create a new workspace to ensure a clean build of the
project.

1. Start CCS.
2. Click on File. In the dropdown menu, navigate to Switch Workplace then to Others.

3. In the popup box, provide the name of the new workspace. Figure 19 shows an example workspace
named workspace_TIDMTM4C129POEAUDIO. Click OK.

-
«+ Workspace Launcher ﬁ

Select a workspace

7

Code Composer Studio stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

Workspace: D:\ti\examples\ccs_ws\workspace_TIDM_TM4C129POEAUDIO| v Browse...
» Copy Settings
'C?) OK ] [ Cancel

Figure 19. Create a New Workspace
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7.2 Import and Build the Projects in CCS

To compile the example code, first build the opus audio codec library. The example code uses the pre-
compiled output of the opus audio codec library during the linker phase.

1. In the workspace created (see Section 7.1), select File then select Import. The Import window will be

displayed.
2. Expand Code Composer Studio for more options, then click CCS Projects. Click on Next (see
Figure 20).
r y
v+« Import LM
Select | \A
Imports existing CCS Eclipse projects into workspace. I E E l

Select an import source:

type filter text

» General

5 C/C++

» Code Composer Studio |
o Build Variables

| 5 CCS Projects |
] Legacy CCSv3.3 Projects

. Energia

» Git

» Install

» Remote Systems

» Run/Debug

» Team

I

T TR U T Y

m

o) _—

Figure 20. Import the Projects

3. Click the Browse button to the right of Select search-directory: field and navigate to the directory where
the project collateral installed (see Section 6). Select all of the projects listed in the Discovered
projects: pane. Make sure to check the boxes to the left of Automatically import referenced projects
found in the same search-directory and Copy projects into workspace (see Figure 21). Click the Finish
button. This step imports the examples into CCS.
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-
< Import CCS Eclipse Projects =SEC
Select CCS Projects to Import N
Select a directory to search for existing CCS Eclipse projects.

@) Select search-directory: | C:\Program Files (x86)\Texas Instruments\Th

*) Select archive file:

Discovered projects:

Browse...

[J opuslib [C:\Program Files (x86)\Texas Instruments\TM4 C\TM:
[¥] 3 poe_voice_call_demo [C:\Program Files (x86)\Texas Instrumer

< | LU P

Deselect All

[ browse.. |
[ seeamn ]

[¥] Automatically import referenced projects found in same search-directory

[v] Copy projects into workspace

| Open the Resource Explorer and browse available example projects...

Select All

@

Next >

Cancel

|[ Finish ]l[

Figure 21. Import the Projects

4. Before building the project opuslib, make sure that the variable OPUS_ROOT corresponds with the
correct directory with the extracted opus source code. To view or change the variable, right click on
opuslib and click on Show Build Settings. In the pop-up window, click on Build. Click on the tab
Variables to view the value of OPUS_ROOT. The path must match the extracted opus source code
path on the machine. If different, select the variable and click on Edit... to change the path (see

Figure 22).
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»+ Properties for opuslib @Eﬂ
type filter text Build Loy
General
4 ARM Compiler Configuration: [DEbUQ [ Active ] 'I [Manage Configurations...]
Processor Options
Optimization
Include Options { 8 Builde:l Behaviour’ = Steps| (&® Variables Iﬁ Environmentl L Link Order | o2 Depi * | »
MISRA-C:2004
ULP Advisor Name Type Value Add...
> Advanced Options OPUS_ROOT  Directory D:\ti\examples\OPUS\opus-1.1.2 |
> ARM Archiver
("] Show system variables
See ‘General' for changing tool versions and device settings [Restore Defauits] [ Apply ]
® Show advanced settings I OK ] ’ Cancel }

—

Figure 22. Update the OPUS_ROOQOT Variable

5. Right-click the opuslib project in Project Explorer and click Build Project. If building the library for the
first time, it will take a few minutes. After the compilation is successful, the CCS console must display
the message in Figure 23.
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[ €CS Edit - Code Composer Studio. Wi i . B . e ——— . & "" =T <]

File Edit View Navigate Project Run Scripts Window Help

i i

S QuickAccess ||| 3 | (B CCoraw)
[ Project Explorer 52 = 8
4 £ opuslib
ml Includes
(= Debug
(& opus-1.1.2
& poe_voice_call_demc
Successful build of opuslib
B Censole 52 & Ul E:ilu;gD—i‘ = B~ = 0 | Problems 2 R
CDT Eulld Console [opuslib] 0 items
S_BOAIUU] 7 UPUSTLids £/ S1AR7 COULES_ULIE U0 PUSTE L &7 SEART CAULES_patei_10g.uu) — =
" ,"opus 1.1.2/silk/tables_pulses_per_block.obj” "./opus-1.1. 2,‘511k.’f1xed,‘LTP _analysis_filter_FIX.obj" Description
"./opus-1.1.2/silk/fixed/LTP_scale_ctrl FIX.obj" "./opus-1.1.2/silk/fixed/apply_sine_window_FIX.cbj"
"./opus-1.1.2/silk/fixed/autocorr_FIX.obj" "./opus-1.1.2/silk/fixed/burg_modified_FIX.cbj" "./opus-
1.1.2/silk/fixed/corrMatrix_FIX.obj" "./opus-1.1.2/silk/fixed/encode_frame_FIX.obj" "./opus-
1.1.2/silk/fixed/find_LPC_FIX.obj" "./fopus-1.1.2/silk/fixed/find_LTP_FIX.obj" "./opus-
1.1.2/5i1k.‘fixedlfind_pitch_lags_FIx.obj" "./opus-1.1.2/silk/fixed/find_pred_coefs_FIX.obj" "./opus-
1.1.2/silk/fixed/k2a_FIX.0bj" "./opus-1.1. 2/511k/fixed,’k2a_q16_l‘IX.ubj" "./opus-
1.1.2/silk/fixed/ncise_shape_analysis_FIX.cbj" "./opus-1.1.2/silk/fixed/pitch_analysis_core_FIX.cbj"
", fopus-1.1.2/silk/fixell/prefilter_FIX.obj" *./ -1.1.2/silk/fixed/process_gains_FIX.obj" "./opus-
1.1.2/silk/fixed/regularize_correlations_FIX.ob "./opus-1.1.2/silk/fixed/residual_energyl6_FIX.obj"
"./opus-1.1.2/silk/fixed/residual_energy FIX.obj" "./opus-1.1.2/silk/fixed/schuré4_FIX.obj" "./opus-
1.1.2/silk/fixed/schur_FIX.obj" "./opus-1.1.2/silk/fixed/solve_LS_FIX.obj" "./opus-
1.1.2/silk/fixed/vector_ops_FIX.obj" "./opus-1.1.2/silk/fixed/warped_autocorrelation_FIX.obj" "./opus-
1.1.2/celt/bands.cbj" "./opus-1.1.2/celt/celt.cbj" "./opus-1.1.2/celt/celt_decoder.obj" “./opus-
1,1.Zlceltlceltiencoder.ob]‘“ “./opus—l.l.ZIcelt/celtilp:.cbj“ ".fapus-l.1.2/celt/cwrs.ob]‘" "./opus-
1.1.2/celt/entcode.obj” "./fopus-1.1.2/celt/entdec.obj” "./opus-1.1.2/celt/entenc.obj” "./opus-
1.1.2/celt/kiss_fft.obj" "./opus-1.1.2/celt/laplace. ub]" "./opus-1.1. Zlcelt/‘mathups obj" "./opus-
1.1.2/celt/mdct. oh]' ./opus-1.1.2/celt/modes.cbj" ."apus -1.1.2/celt/pitch.obj" opus-
1.1.2/celt/quant_bands.obj" "./opus-1.1.2/celt/rate.obj" "./opus-1.1.2/celt/vq.cbj" "./opus-
1.1.2/celt/arm/arm_celt_map.obj” “./opus-1.1.2/celt/arm/armcpu.obj”
==> new archive 'opuslib.lib’
==> building archive 'opuslib.lib’
*Finished building target: opuslib.lib’
=**= Build Finished **** |
« m »
 Full License |

Figure 23. Compiling Opuslib Project

6. Before building the poe_voice_call_demo project, ensure that the variables OPUS_ROOT, SW_ROOT,
and TID_ROOT point to the correct directories. The variable OPUS_ROOT must point to the path with
the extracted opus source code. The variable SW_ROOT must point to the path with the installed
TivaWare 2.1.3. The variable TID_ROOT must point to the path with the installed project collateral.
Right-click the poe_voice_call_demo project in Project Explorer and click Build Project. After the
compilation is successful, the CCS console must display the message in Figure 24.
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- COS - Code ComposerSusio —_—— M I O e e
File Edit View MNavigate Project Run Scripts Window Help

o RN E AT FEARP BT PR

[ ProjectExplorer 12 55 ¥ = B

Quick Access ; i<

= 8
s (S opuslib
4 1% poe_voice_call_demo [Active - Debug]
» 44 Binaries
> ) Includes
> (&g appdrivers
> (= Debug
> (G drivers
G il Successful build of poe_voice_call_demo
> [n] Iwipopts.h - - -
» [£] poe_voice_call_demo.c
) @ poe_voice_call_demo.h & Console 2 4 0B BB ™ By = 0O |#roblems 2 Adice = B
> Lg startup_ces.c CDT Build Conscle [poe_voice_call_demo] -
> L tmdcl24ncpdt.cmd 'Buildi i . “ |0 errors, 2 warnings, 0 others
B poe_voice_call_demo.camnl [Active/T 'Bl-llld:-l.ﬂg target: poeTvnxce_call_demo,out A g5, 5
Invoking: ARM Linker Description
"D:/ti/ccsv6/tools/compiler/ti-cgt-arm_5.2.7/bin/armcl" -my7M4 --code_state=16 --float_support=FPv4SPD16 - - -
--abi=eabi -me -02 -g --gcc --define=ccs="ccs” --define=PART TMAC1294NCPDT --define=TARGET IS_TMAC129_RAL > & Wamnings (2 items)
--define=VAR_ARRAYS --define=FIXED_POINTS --define=OPUS_BUILD --display_error_number --diag warning=225
--diag wrap=off -z -m"poe_voice_call_demo.map” --heap_size=106100 --stack_size=49152
-i"D:/ti/ccsv6/tools/compiler/ti-cgt-arm_5.2.7/1ib"
-i"D:/ti/ccsv6/tools/compiler/ti-cgt-arm_5.2.7/include” --reread_libs --warn_sections
--display_error_number --diag_wrap=off --xml_link_info="poe_voice_call_demo_linkInfo.xml” --rom_model -o
"poe_voice_call demo.out” "./poe_voice_call demo.obj" "./startup_ccs.obj” "./utils/lwiplib.obj"
"./utils/ustdlib.obj" "./drivers/Kentec320x248x16_ssd2119_spi.obj" "./drivers/frame.obj"
"./appdrivers/audiccontrol.obj” "./appdrivers/brightness.cbj" "./appdrivers/images.obj"
"./appdrivers/node_locator.obj" "./appdrivers/pinout.obj" “./appdrivers/storage.obj"
"./appdrivers/touch.obj” "../tmdc1294ncpdt.cmd” -1"libc.a"
-1"D:\ti\TivaWare_C_Series-2.1.3.147/driverlib/ccs/Debug/driverlib.1ib"
-1"D:\ti\TivaWare_C_Series-2.1.3.147/grlib/ccs/Debug/grlib.lib"
-1"D:\ti\examples\ccs_ws\workspace_TIDMTM4C129POEAUDIO\opuslib\Debug\opuslib.lib”
<Linking>
‘Finished building target: poe_voice_call_demo.out’
"D:/tifccsv6/utils/tiobj2bin/tiobj2bin" “"poe_voice_call demo.out™ "poe_voice_call_demo.bin"
"D:/ti/ccsv6/tools/compiler/ti-cgt-arm_5.2.7/bin/armofd"
"D:/ti/ccsv6/tools/compiler/ti-cgt-arm_5.2.7/bin/armhex” "D:/ti/ccsv6/utils/tiobj2bin/mkhex4bin®
***% Build Finished **** =J
< m » -« m [}
= poe_voice_call_demo  Full License :
Figure 24. Compiling Poe_voice_call_demo Project
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7.3 Programming the MAC Address and Application Binary

The user must start the CCS Uniflash application as the MAC address and the application must program
to the MCU.

1. Click on File then click on Open Configuration.

2. Use the Browse button to navigate to the poe_voice_call_demo location and select the file
poe_voice_call_demo.ccxml (see Figure 25). Click OK.

r N
+» Open Target Configuration L@@

Path to Target Configuration file:
1TM4C129POEAUDIO\poe_voice_call_demd poe_voice_call_demo.ccxml + || Browse

[ OK ] [ Cancel l

Figure 25. Open-Target Configuration

3. Power up the board to prepare the programming of the MAC address (see Section 5.5). Expand Flash
Settings, and click on User Register programming. To program the MAC address, enter the MAC
address per user allocation, select the check box to the left of Commit MAC Address, and then click
Program MAC Address (see Figure 26).

7.CCS UniFiash - Ditilexamples\ccs ws\workspace TIDMTMAC129POEAUDIO\poe voice_call_demo\poe_voice_call_ demo.coml I s

File Program Sessicn Window Help

Type yourfilter text here.. User Register Programming < TM4C129ENCPDT - Texas Instruments XDS100v2 USB Debug Probe_0/CORTEX_M4 0 >
4 TMAC129ENCPDT - Texas Instruments XDS100v2 USB Debug Prob:
4 Flash Settings

Register Mode

Flash Settings
Program Load Settings User Register 0: Ox
Erase .
Blank Check Commit User 0
CRC32 Program UsuG} lRead User 0 Value
> User Register Programming
Debug Port Unlock
1CDI Firmware Update
Programs User Register 1: 0x
Commit User 1
Program UserJ.J IRead User1 Value
MAC Address Mede
The MAC Address will be stored in the User0 and Userl registers.
Example: MAC Address of 00-1A-B6-00-02-74 will be stored as
User 0 = 0x00B61A00 User1 = 0x00740200
MAC Address: 00-1A-B6-02-AF-BE| |
[¥] Commit MAC Address
|[Program MAC Address| | Read MAC Address Value |
« i »
B Console &2 whi|#B-r5~-=0

Uniflash Debug Console

[15:31:11] Begin Launching session operation.
[15:31:12] CORTEX_M4_@: GEL Output:

Memory Map Initialization Complete

[15:31:12] Operation Launching session returned.
[15:31:12] Loaded target configuration from: D:\tilexamples\ccs_ws\workspace TIDMTMAC129POEAUDIO\poe_voice_call demo\poe_voice_call_demo.ccxml

Figure 26. Program the MAC Address

4. Program the application binary to the MCU. In the main menu click on Program then click Load Binary.
In the pop-up box, browse to the path of the generated bin file from Section 7.2. Select the Start
Address as 0x0. Click OK. See Figure 27 for more details.
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+» Open Target Binary |-

Path to Target Binary file:
D:\ti\examples\ccs_ws\workspace_TIDMTM4C129POEAUDIO\poe_voice_call_demo\Debug\poe_voice_call_demo.bin - Browse

Target core:
Texas Instruments XDS100v2 USB Debug Probe_0/CORTEX_M4_0 ']

Start Address:
00

[ oK ] [ Cancel

Figure 27. Program the Application Binary

5. Repeat Steps 3 and 4 to program the remaining boards. Ensure the MAC address is unique to each
device.
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7.4 Configuring the Node Using the NodeAdmin Utility

Now that the MCUs programmed correctly, remote the debugger and the Ethernet cable to power down
the board. Place the audio board and LCD BoosterPack as shown in Section 5.2 and Section 5.3. Connect
the Ethernet cable to power up the board. Once the boards are powered up, the application binary gets
the IP address from the DHCP server on the network. The application powers to the default state
requesting for a configuration of the node number as shown in Figure 28.

Figure 28. First Power Up of the Design
The user must configure the node number using the NodeAdmin.exe application provided in the software.

Touch INFO UNAVAILABLE on the LCD panels to navigate to the information window as shown in
Figure 29.

IP Address 102196131

MAG: Oklash6iiZal:bo
Node Number: ITITIT
Software Version: LOO

Figure 29. Navigate to the Information Window

To update the node number for each of the boards, follow these instructions:

1. Launch NodeAdmin.exe. The application will send discover packets over the same subnet network to
get the MAC and IP address for each node. This information will be displayed in the NodeAdmin
application in Figure 30. Since the node numbers are not configured, the Node Number column shows

FFFFFF.

TIDUC16-July 2016
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’
NodeAdmin

MAC Address IP Address Node Number
00.1a.b6.02.af.be 10.219.61.31 e
00. 1a.b6.ff.e8.0c 10.219.61.203 iitiiig
Refresh List
MAC Address IP Address New Node Number
Update Node Number

Figure 30. NodeAdmin Launch View

2. Double click on the row corresponding to the board desired. This action will automatically populate the
MAC Address and IP Address field in the GUI. The field New Node Number will be available for edit as
shown in Figure 31. Give the new node number and click on Update Node Number.

.
NodeAdmin

i)

MAC Address IP Address Node Number
00.1a.b6.02.af.be 10.219.61.31 i1
00.1a.b6.ff.e8.0c 10.219.61.203 it

Refresh List

MAC Address IP Address New Node Number

00. 1a.b6.ff.e8.0c 10.219.61.203 0 0 1 2 3 4

| Update Node Number |

Figure 31. NodeAdmin Update View
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3. The device corresponding to the MAC address and IP address will program with the new node number
and reboot. After reboot, the device will use the new assigned node number, see Figure 32, for placing
and accepting calls. The status of the updated board will now show the assigned node number.

Figure 32. Board Status on Node Number Update

4. Click Refresh List in the NodeAdmin application (see Figure 33). This updates the status of the boards.
Repeat Steps 2 and 3 to program the remaining boards.

.
NodeAdmin =5)
MAC Address IP Address Node Number
00.12.b6.02.af.be 10.219.61.31 FFEFFFFF
00. 1.b6.ff.e8.0¢ 10.219.61.203 1234
Refresh List
MAC Address IP Address New Node Number
00.1a.b6. ff.€8.0c 10.219.61.203 00 12 3 4
| Update Node Number |

Figure 33. NodeAdmin Refresh View
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7.5 Placing and Accepting a Call
Once all boards have a node number, a call can occur (see Figure 34).

Figure 34. Board Status After Node Number Configuration

The left board’s node number is 004321, and the right board’s node number is 001234. Dial "004321"
using the number pad on the right board then press the CALL button (see Figure 35).

Figure 35. Dialing a Node

Figure 36 shows a call between the two boards. The left board displays the node number that is calling.
This board provides the user with two buttons. If the user touches the green button, the call connects, and
the two boards can exchange audio data. If the user touches the red button, the call disconnects.

The right board displays the node number that it is calling and provides the user with a single red button. If
the user touches the red button, the call disconnects from the calling node side.
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001234 4m oo niod 004321

Incoming Calling

Q Q
t

- Cancel Call= &
Accept,Call Reject Call Button
Button| Button

Figure 36. Display Status When Placing a Call

If the call connects, then the two boards display the current call duration and provide the user with a
button to disconnect the call. The application also provides a slider to change the in-call volume. Figure 37
shows a connected call.

001234 004321

00:00:18 00:00:18

€
t .

Cancel Calf
In‘Call Volumé - Icon

«» Control Slider
i

| f-gi"l

Figure 37. Display Status When Accepting a Call
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8 Test Data

This section highlights the collected performance data from a call.

8.1 Network Traffic

Figure 38 shows a captured Wireshark log used to analyze the resulting network traffic from audio-data
exchange.

M TestDatapcapng [Wireshark 1125 (v1.12.5-0-95819e5b from master-1.12)] [E=NEoa >
Ele Edit View Go Cepture Analyze Statistics Telephony Tools Intemals Help

codmd BEXE AdsaTE (EEQaabD @FBS % &

Filter: | udp.port == 64040 || udp.port == 64041 E Expression... Clear Apply Save  Filter Filter FliterC
Time Packet Size  Source Destination Protocol Source Port  Destination Port  Info
60 10.219 31 255.255.255.255 64040 64040 Source 64040 Destination port: 64040
0.000047000 60 10.219.61.203 10.219.61.31 UDP 64040 64040 Source port: 64040 Destination port: 64040 A
0.000301000 60 10.219.61.31 10.219.61.203 UDP 64040 64040 Source port: 64040 Destination port: 64040 I
7.224667000 60 10.219.61.203 10.219.61.31 upP 64040 64040 Source port: 64040 Destination port: 64040
7.654249000 282 10.219.61.31 10.219.61.203 upP 64041 64041 Source port: 64041 Dpestination port: 64041
7.673893000 282 10.219.61.31 10.219.61.203 upP 64041 64041 source port: 64041 pestination port: 64041
7.693888000 282 10.219.61.31 10.219.61.203 UDP 64041 64041 Source port: 64041 Destination port: 64041
7.713848000 282 10.219.61.31 10.219.61.203 UDP 64041 64041 Source port: 64041 Destination port: 64041
7.733869000 282 10.219.61.31 10.219.61.203 upP 64041 64041 Source port: 64041 Destination port: 64041

038000 282 10.219.61.31 10.219.61.203 upP 64041 64041 Source port: 64041 Destination port: 64041

7 N .219.61.203 64041 Source rt: 6404 Destination port:

7.793947000 282 10.219.61.31 10.219.61.203 UDP 64041 64041 Source port: 64041 Destination port: 64041
7.813441000 282 10.219.61.203 10.219.61.31 uDP 64041 64041 Source port: 64041 Destination port: 64041
7.813978000 282 10.219.61.31 10.219.61.203 upP 64041 64041 Source port: 64041 Destination port: 64041
7.833435000 282 10.219.61.203 10.219.61.31 upP 64041 64041 source port: 64041 pestination port: 64041
7.833886000 282 10.219.61.31 10.219.61.203 uDP 64041 64041 Source port: 64041 Destination port: 64041
7.853810000 282 10.219.61.203 10.219.61.31 uppP 64041 64041 Source port: 64041 Destination port: 64041
7.854094000 282 10.219.61.31 10.219.61.203 upP 64041 64041 Source port: 64041 Destination port: 64041
7.873479000 282 10.219.61.203 10.219.61.31 upP 64041 64041 Source port: 64041 Destination port: 64041
7.874016000 282 10.219.61.31 10.219.61.203 uDP 64041 64041 source port: 64041 pestination port: 64041
7.893584000 282 10.219.61.203 10.219.61.31 uDP 64041 64041 Source port: 64041 Destination port: 64041
7.893975000 282 10.219.61.31 10.219.61.203 uppP 64041 64041 Source port: 64041 Destination port: 64041

7.913532000 282 10.219.61.203 10.219.61.31 UDP 64041 64041 Source port: 64041 Destination port: 64041 =

i b

# Frame 1120: 282 bytes on wire (2256 bits), 282 bytes captured (2256 bits) on interface 0

# Ethernet II, Src: TexasIns_ff:e8:0c (00:1a:b6:ff:e8:0c), Dst: TexasIns_02:af:be (00:1a:b6:02:af:be)
# Internet Protocol version 4, src: 10.219.61.203 (10.219.61.203), Dst: 10.219.61.31 (10.219.61.31)

¥ User Datagram Protocol, Src Port: 64041 (64041), DSt Port: 64041 (64041)

# Data (240 bytes)

0000 00 1a b6 02 af be 00 1a b6 ff e8 Oc 08 00 45 00
0010 01 Oc ac d6 00 00 ff 11 7d 6a Oa db 3d cb 0a db
0020 3d 1f fa 29 fa 29 00 f8 ad 96 b8 53 c0 76 e0 9c

2d 44 25 00 df Oe d1 30 2f 84 92 a2 d7 fc a8 bo
0040 56 f9 44 b7 3c Of 28 41 78 18 89 ce 81 05 ea bl

ANEA_ Tk 05 0& hi an ke Ad ~N r= B0 r3 Ad ad 34 hhk o0&

Figure 38. Wireshark Network Capture

The application has been setup with the following parameters:

* Audio sampling rate: 48 kHz

* Bits per sample: 12 bits (ADC resolution)

* Bytes per sample: 2 (as 12 bits are now placed in 16 bits)

e Number of channels: 1 (mono)

» Opus encoder bit rate: 96-KHz constant bit rate

» Opus encoder frame size: 20 ms

» Opus encoder complexity: 0 (lowest) for minimum encoder effort

Based on the setup parameters, a raw PCM bit stream bandwidth requirement for single-node
transmission of audio can be calculated as:

* Number of bytes per second = Audio sampling rate x Bytes per sample
*  RAW bytes per second = 48e3 x 2 = 96 KB

Once the audio runs through the opus encoder, the Wireshark log shows that 240 bytes of data sends
every 20 ms.

* Number of bytes per second = Number of bytes on wire / Opus encoder frame size
» Encoded bytes per second = 240 / 20e-3 = 12 KB
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» Network utilization factor improvement = RAW bytes per second / Encoded bytes per second
=96 KB/ 12 KB
=8

The overall network load reduces by a factor of eight for a single call using the opus audio codec versus
the RAW PCM bytes being sent.

8.2 Active CPU Usage

Because the opus encoder and decoder require additional CPU to run the required algorithms, CPU
usage increases. Figure 39 shows the increase in CPU usage which a GPIO is toggled for the opus

encoder and another GPIO toggled for the opus decoder. The encoder and decoder call is performed
every 20 ms.

Figure 39 shows the CPU time per audio frame for the encoder is 8.636 ms and for the decoder is 5.395
ms. The total CPU time is 14.031 ms, which is a sum of the encoder and decoder per audio frame CPU
time. Thus, total CPU usage is 70.155% (14.031 ms / 20 ms).

This leaves about 30% for the CPU to perform other housekeeping tasks, like display updates,
reinitializing the DMA channels, and running the IwlP stack.

File Options Setup Acquisition View Help

: He2mEFES »PeTl

G A A :j\ 0 Buffer Position: s sy

Sample Rate v|| 100MHz ~

Pre-Trigger Buffer v 8%
4 m » 4 3 “ m »
Sianal Wire | Wire Pattern| Edge | Cursor
LA ID | Status | A A A
Audio Compression DO L X 1 1

Audio Decompression | D1 L X 0

<

Ready Acquisition: 19, Samples: 103M [ Interval A->B: 8.63577ms I I Interval C->D: 5.39557msl D0 Freq: OHz D1 ?‘

Figure 39. CPU Usage for Audio Codec
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9 Design Files
9.1 Schematics
To download the schematics, see the design files at TIDM-TM4C129POEAUDIO.
9.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDM-TM4C129POEAUDIO.
9.3 Layout Prints
To download the layer plots, see the design files at TIDM-TM4C129POEAUDIO.
9.4 Altium Project
To download the Altium project files, see the design files at TIDM-TM4C129POEAUDIO.
9.5 Gerber Files
To download the Gerber files, see the design files at TIDM-TM4C129POEAUDIO.
9.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDM-TM4C129POEAUDIO.
10 Software Files
To download the software files, see the design files at TIDM-TM4C129POEAUDIO.
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