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1. Introduction

UG305: Dynamic Multiprotocol User’s Guide provides information about the Dynamic Multiprotocol solution, where two protocols are
running on the same device in parallel, and includes general background as well as information on Bluetooth task priorities and time
scheduling. This application note introduces the Bluetooth / Proprietary multiprotocol solution. It assumes that the reader is familiar with
the principles of Dynamic Multiprotocol and with all the terms related to it. The Dynamic Multiprotocol projects require an RTOS for
scheduling. Currently, the Micrium RTOS and the FreeRTOS are supported. The FreeRTOS is included in the SDK.

1.1 Requirements

To be able to use all the features discussed in this document, you will need the followings installed on your computer:
 Bluetooth SDK version 3.0.0 or higher
+ (optional*) Micrium OS-5 kernel

To be able to run the Light/Switch example, you will need the following installed on your computer:
» Bluetooth SDK version 3.0.0 or higher

» Flex SDK version 3.0.0 or higher

* (optional*) Micrium OS-5 kernel

+ (optional*) IAR Embedded Workbench for ARM (IAR-EWARM) (required for the Flex (RAIL) - Switch application). See the release
notes for the Bluetooth SDK for the required IAR-EWARM version.

*Required only when the Micrium RTOS is used.
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2.

Guidelines for Bluetooth and Proprietary Coexistence

When you start implementing a Bluetooth / Proprietary DMP application, the first thing to consider is if your proprietary protocol is com-
patible with Bluetooth. Here are some guidelines that you should always consider:

Bluetooth is deterministic. The huge advantage of the Bluetooth protocol in a DMP scenario is that it does not send and receive
packets at random times, but at predefined time instances — always at the start of a connection interval. This means, among other
things, that Bluetooth does not need a background receive, and your proprietary protocol can receive in the background, of
course with some interruptions.

Bluetooth needs time accuracy. The consequence of predefined time instances is that Bluetooth radio operations need very
accurate timing. Radio operation timing needs 500 ppm accuracy. If you delay a Bluetooth packet, it will not be received on the
other side. So in case of collision with a proprietary packet, either the proprietary packet has to be delayed, or one of the packets
has to be dropped.

Bluetooth connection is active. Once a Bluetooth connection is established, the connection is kept alive by sending and receiving
at least an empty packet every connection interval. Consequently, your proprietary protocol needs to be prepared to be interrupted
every connection interval. You can, however, set the connection interval to a long period if you do not need low Bluetooth latency.
You can also use the peripheral latency parameter to make Bluetooth communication less frequent on the peripheral side.

Bluetooth uses short packets. If there is no data to be sent, the Bluetooth connection is kept alive by empty packets. An empty
packet takes 80 s to be sent out on 1M PHY, and 40 ys on 2M PHY. Empty packets sending + inter frame space + empty packet
receiving takes 80 + 150 + 80 = 310 ps or 40 + 150 + 40 = 230 us. This is the usual time needed by Bluetooth in every connection
interval. The largest Bluetooth packet has a 257 byte payload which takes 2120 ps to be sent on 1M PHY and 1060 ys on 2M PHY.
Along with receiving an empty response packet, this takes 2120 + 150 + 80 = 2350 us on 1M PHY and 1060 + 150 + 40 = 1250 us
on 2M PHY.

Bluetooth uses packet chains. If the data to be sent does not fit into one packet, Bluetooth communication can be extended within
a connection interval; that is, you can expect that more than one packet is sent and received in an interval, but this is rare.

Bluetooth is robust. If a Bluetooth packet cannot be sent, then it will be retransmitted in the next connection interval. If a Blue-
tooth packet is received with a CRC error, it is always signaled by the other side by not sending a response packet. Again, the
packet will be retransmitted in the next connection interval. The only limit is the supervision timeout. If there is no successful trans-
mission within the supervision timeout, then the connection is dropped. In other words, Bluetooth communication can be subdued
by higher priority radio tasks for a time interval shorter that the supervision timeout.

Summary: When implementing your DMP protocol, you have to take into account that Bluetooth will need the radio every connection
interval for a short time (230 pys — 2350 ps). Bluetooth needs accurate timing, so Bluetooth packets cannot be delayed. The Bluetooth
packets can interrupt both your packet sending and packet receiving. Therefore, the proprietary protocol should implement acknowl-
edgement and retransmission mechanisms, or a deterministic timing that is interleaved with the Bluetooth communication. Bluetooth
communication can be subdued by a higher priority radio task for a time interval shorter than the supervision timeout.
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3. Software Architecture of a Bluetooth / Proprietary DMP application

DMP applications require an RTOS. The RTOS helps run the Bluetooth and Proprietary protocols in parallel and independently. In this
document, the term RTOS refers both to the Micrium RTOS and the FreeRTOS, included with Silicon Labs Bluetooth SDK version
3.1.0. The adaptation layer has been designed to work with Micrium RTOS and FreeRTOS.

Since the Bluetooth stack itself is just a collection of functions, Bluetooth needs separate tasks to run the stack. The Bl uet oot hTask()
and the Li nkLayer Task() are responsible for this, and they can be used as they are. The functions of the Bluetooth stack can be ac-
cessed through these tasks using BGAPI, as in the case of an RTOS-less or an NCP application. The Bluetooth application (handling
Bluetooth events and calling Bluetooth commands) has to be implemented by the developer in sl _bt _on_event () , which is (indirect-
ly) called from the sl _bt _event _handl er _t ask() . For details, refer to AN1260: Integrating v3.x Silicon Labs Bluetooth® Applications
with Real-Time Operating Systems.

The proprietary protocol is implemented in the app_proprietary_task(). Unlike Bluetooth, the proprietary protocol can access the
radio directly through the RAIL API. RAIL events need a callback function — sl _rail _util_on_event () — to be defined. This function
is called every time a new RAIL event is generated, and can notify the application about the event. Note: sI _rai | _util_on_event () is
called from interrupt context, so only time-critical functions should be implemented in it. Everything else should be done in the applica-
tion.

Although the Bluetooth and Proprietary applications are independent, they can communicate using inter-process communication (IPC).

[ sl_bt_on_event() ]

g app_proprietary_task()

BluetoothTask() LinkLayerTask()

flags

Bluetooth o ~ RAILAPI
stack : '

1
I
I
|
AILAPI (T
: :l sl_rail_util_on_event()
I

use asitis |

b o o . e e e s e . S S A A S A S S S . A s
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4. Developing a Bluetooth / Proprietary DMP Project

Three steps are required when developing a Bluetooth / Proprietary DMP project:
1. Create the project.
2. Configure Bluetooth.
3. Configure the Proprietary Protocol.
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4.1 Create a New Project

Silicon Labs Bluetooth SDK (v3.2 or later) include four software samples, which can be used as a starting point for every Bluetooth /
Proprietary application.

* Bluetooth - SoC Empty RAIL DMP FreeRTOS

* Bluetooth - SoC Empty RAIL DMP Micrium OS

* Bluetooth - SoC Empty Standard DMP FreeRTOS
* Bluetooth - SoC Empty Standard DMP Micrium OS

Each sample:

* Includes the multiprotocol RAIL library

* Includes the Bluetooth library

* Includes the selected RTOS

» Has a default Bluetooth GATT database configuration
» Has a default RAIL configuration

* Has a default RTOS configuration

+ Implements Bluetooth initialization

* Implements RAIL initialization

* Implements RTOS initialization

The sample types differ in that the 'RAIL' samples contain a radio configurator, so they can be used for any proprietary protocol, where-
as the 'standard' samples uses the IEE802.15.4 standard protocol.

The only thing you have to do is to modify the configurations according to your needs and implement the Bluetooth application task and
the Proprietary application task. As default, the app_proprietary_task() is defined and implemented in the files app_proprietary.c
and app_proprietary.h.

For the Bluetooth part, the default implementation contains the Bluetooth event handler, the sl _bt _on_event () function, defined in the
app_bluetooth.c file.

The GATT database can be configured with the visual GATT Configurator in Simplicity Studio 5, while the RAIL configuration can be
generated with the Radio Configurator tool. You may also need to add some emlib and emdrv files to your project to support peripheral
configuration. The general workflow to create a DMP project looks like this:

Radio rail_config.c \
configurator rail_config.h

Visual GATT gatt_db.c
editor gatt_db.h

1

> DMP project

SOC — Empty — . X
Bluetooth SDK RAIL— DMP project files
Gecko SDK emlib

driver files

suite emdrv j

To create a new project.
1. Open Simplicity Studio 5.
2. Select a connected device in the Debug Adapters view, or select a part in the My Products view.
3.Click File > New > Silicon Labs Project Wizard.

4.Review your SDK and toolchain. If you have more than one GSDK version installed, verify that Gecko SDK Suite v3.x is shown. If
you wish to use IAR instead of GCC, be sure to change it here. Once you have created a project, it is difficult to change toolchains.
Click NEXT.

5.0n the Example Project Selection dialog, filter on Bluetooth and select Bluetooth - SoC Empty RAIL DMP FreeRTOS. Click
NEXT.

6. Name your project. Click [FINISH].
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4.2 Configure Bluetooth

Configuring Bluetooth consists of two steps:
» Configuring the local GATT database
» Configuring the Bluetooth stack

To configure the local GATT database, use Simplicity Studio 5's GATT Configurator.
1. Open the .slcp file in the project (if it is not already open).
2. Click the CONFIGURATION TOOLs tab.
3. Click Open next to Bluetooth GATT Configurator.

File Edit Nevigate Search Project Run Window Help

@ rirg \ B/l v ~t o - \ [# 48 | ff Welcome £ Recent 38 Tools ¥ Install XX Preferences [:=4 \ £ Launcher | {} Simplicity IDE
5 Project Explorer 52 | E G T B = O |l socempty rail dmp freertosasicp 3] =B
v (& config .
+ (= btconf soc_empty_rail_dmp_freertos CONFIGURATION TOOLS
v (= rail -

i radio_settings.radioconf

5> [ app_assert_configh
> [ dmadn_configh I Bluetooth GATT Configurator

> [ emlib_core_debug_configh
> [6] FreeRTOSConfigh
> [B mbedtis_configh

> [ pin_configh Description
> [B psa_crypto_config.h

+ [ <l bluetooth_advertiser_configh The GATT database i the heart of your Bluetooth spplication. It exposes profiles, services and characteristice To be accessed by remote devices. The
+ [ sl blustosth_configh GATT Configurator is = simple-co-use Tool To help you build your own GATT atabese with an intuitive GUI instesd of coding. It provs possibility
> [6] sl bluetooth_connection_config.h of 2dding profiles/services/characteristics defined by the Bluetcoch SIG as well as defining custom ones. For decailed descriptio G432: GATT

> [ =l board_contro|_cenfig.h Configurator User's Guide for Bluetcoth SOK v3.x

> [0 sl_bt_rtos_config.h

> [B] sl_device_init_dcdc_config.h

> [ sl_device init_emu_configh

> [K] sl_device_init_hfxo_config.h

> [ sl_device init_ffxo_configh

> W sliostream_usart_vcom_config.h
> 5] sl_memory_config.h

W) el w25 flach chutdnun ueart canfin b
< >

BH Debug Adapters 53 | 5= Outline | =0 Description

LG AXRB-OBERE Graphical tool for configuring pins on your hardwere.
5 EFRI2MG12 2400/915 MHz 19 dBrm RB (ID:440050127)

v

Radio Configurator

Description

Graphical tool for configuring the radic with one or more phy cenfiguration.

2] Problems 52 | 4 Search | 3 Call ierarchy | B Console ¥ § =0
0 tems
Description Resource Path Location Tpe

M ([

4. Add your custom services and characteristics as described in QSG169: Bluetooth® SDK v3.x Quick Start Guide (or use the default
GATT database).

5. Your changes are automatically saved and project files are generated.

e soc_empty_rail_dmp_freertossicp | £ gatt_configuration.btconf £ | =0

View Manual

Bluetooth GATT Configurator

@ ) [+ (%] «

Custom BLE GATT o
| @ customsiEcaTT Profile
~ [5] Generic Access
Device Name Eﬁ;&;’;{?'&ﬁ Capability declarations 4 Add
Appearance
~ [5] Device Information . Generic Attribute Service

Manufacturer Name String
System ID
Contributed items
~ [5] Sificon Labs OTA
Silicon Labs OTA Control

. GATT Caching

Generic Access

1800 J org.bluetooth. service.generic_access gl

©peviceName ~ eat () Appearance # Eait

E Device Information - device_information
180A | org.bluetooth.service.device_information Pl
(O manufacturer Name String  ~ Ecit  (Z)System 1D /# Edit
E Silicon Labs OTA -ota
1D14D6EE-FD63-4FA1-BFAA-BF47B42119F0

(O silicon Labs OTA Control
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To configure the Bluetooth stack:
1. Go to the SOFTWARE COMPONENTS tab.
2. Find Bluetooth > Stack > Bluetooth Core component.

o4 soc_empty_rail_dmp_freertos.slep 57 l € gatt_configuration.btconf | = 8

SOFTWARE COMPONENTS

soc_empty_rail_dmp_freertos

Search keywords, component's name

Components Installed by You |:| bluetooth core

Y Filter: Configurable Comporents [_] Installed Components []

v Bluetooth I Bluetooth Core e Configure
v RTOS
@ Bluetooth Core O -
Description
v Stack
Bluetooth Low Energy stack and configurations
Bluetooth Core O In addition to this core component, select features needed by the application.
@ Bluetooth Core Crypto Quality
PRODUCTION

3.Change the configuration according to your needs. For details, see UG434: Silicon Labs Bluetooth® C Application Developers

Guide for SDK v3.x (or use the default configuration).
.

Bluetooth Core
»

I Bluetooth Stack Configuration

Max number of software timers
~

4

v

I TX Power Levels

Minimum radiated TX power level in 0.1dBm unit
" 30

v

| RFPath

RF TX path gain in 0.1dBm unit

~
0

v

silabs.com | Building a more connected world.

Buffer memory size for Bluetooth stack

~ | 3150

v

Maximum radiated TX power level in 0.1dBm unit

~ | 80

v

RF RX path gain in 0.1dBm unit

~
a

v
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4.3 Configure the Proprietary Protocol

4.3.1 Using the Radio Configurator

Configuring the proprietary protocol consists of two steps:
» Configuring the radio channels (base frequency, modulation, and so on)
» Configuring the RAIL

To configure the radio channels, use Simplicity Studio 5's Radio Configurator tool:
1. Open the .slcp file in the project (if it is not already open).
2.Click the CONFIGURATION TOOLS tab.
3. Click Open next to Radio Configurator.

File Edit Nevigate Search Project Run Window Help

- Q-irg- | ® - &/ ~iL -0~ G~ - [0 Welcome D Recent 5 Tools ¥ Install %X Preferences 5 | # Launcher {} Simplicity IDE
(75 Project Explorer 22‘ BESY § =8 - | dmp_freertos.slcp. 22‘ |
T S soc_empty_rail_dmp_freertos CONFIGURATION TOOLS

v @ il N
g radio_settings.radioconf

5 [B app_assert_config.h

> [ dmadn_configh

5 [B emlib_core_debug_config.h

> [ FreeRTOSConfig h

5 B mbedtis_config.h

> [8) pin_configh

I Bluetooth GATT Configurator

+ [ pss_crypto_configh
> [0 sl_bluetooth_advertiser_config.h
> [ sl_bluetooth_config.h

> [0 sl_bluetooth_connection_config.h
> K] sl_board_control_config.h

Description

The GATT database is the heart of your Bluetooth application. It expe zofiles, services and characteristics to be accessed by rem

GATT Configurator is 2 simple-to-use tool o help you build your own GATT database with an intuitive GUI instead of coding. It Drovids
©of adding profiles/services/characteristics defined by the Bluetcoth SIG as well as defining custon onss. Tor decailed description see US432: GRTT

Configurator User's Guide for Bluetcoth SDK v3.x

> W] sl_bt_rtos_config.h
> W] sl_device_init_dcdc_config.h
5 [ sl_device init_emu_configh
> K] sl_device_init_hfxo_config.h
5 [ sl_device init_ffo_canfigh
> W] sl_jostream_usart_vcom_config.h
5 [ sl_memory_config.h
[ el rx?5 flach chutrioum uesrt confin b
< >

Pin Tool

v

Description

Graphical tool for configuring pins on your hardware.

BH Debug Adapters 73 | 5= Outline | =0

ZHROBXRLG-OBEE
> EFR32ZMG12 2400/915 MHz 19 dBm RB (ID:440050127)

Radio Configurator

Description

Graphical tool for configuring the radic with one or more phy cenfiguration.

2] Problems 52 | 4 Search | 3 Callierarchy | & Console ¥ 8 =0
0 items
Description Resource Path Locstion Tpe

4. Select Base Profile from the radio profiles.
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5. Select a predefined radio PHY from the list, or select Customized, and apply your settings. For details, see AN1253: EFR32 Radio
Configurator Guide for Simplicity Studio 5.

8 soc_empty_rail_dmp_freertosslcp | gatt_configuration.btconf |l radio_settings.radioconf £3 | =0
Radio Configurator ‘ Search Q
@@ [+ [ «
I General Settings x I Channels Overview x
v [F] Protocol Configuration
L Channel Group 1
Protocol name N Start channel Stop channel
Protocol Configuration ame No. Frequency No. Frequency
General Seftings @
Channels Overview & C variable name Channel Group 1 0 915.00 Mhz 20 935.00 Mhz

Protocol_Configuration

Select radio profile

Base Profile

Select radio PHY

915M 2GFSK 500Kbps 175K

Customized )

To configure RAIL:
1. On the Software Components tab, select Platform > Radio > RAIL Utility, Initialization > instO0.

soc_empty_rail_dmp_freertos SOFTWARE COMPONENTS
Y Filter: Configurable Components D Installed Components D Components Installed by You D Q, search keywords, component’s name
 Platform | inst0 & Configure
» Board
» Board Drivers L
Description
» Bootloader Utility to aid with RAIL Initialization Support
» CMSIS Quality
PRODUCTION
» Common
» Device
Open in Browser
» Driver

Initialization Ultility

» Machine Learning

» Middleware
» Peripheral RAIL Initialization Utility
v Radio . .
This optional software component can be enabled te include default functionality related to RAIL
v RAIL Utility, Initialization o initialization configuration.
inst0 & Note: Multiple instances of this component can be enabled in apolication code. This is particularlv e
@ RAIL Library, Multiprotocol X Uninstall + Add New Instances I l View Dependencies & Instances
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2.Click Configure. Change configurations as needed.

RAIL Utility, Initialization (inst0) X

I RAIL Init Configuration

Initialize RAIL [ ]

Project Configuration

Enable Radio Configurator Support (include Enable Bluetooth Support Enable Scheduler Support (for DMP)
rail_config.c/h generated by Radio Config) . .

Enable RAIL Init Complete Callback

Protocol Configuration 9

Radio Configuration

Default Radio Configuration Proprietary Radio Config Index (if Proprietary radio config selected, use

index X of channelConfigs[X])
Proprietary (use rail_config.c/h) «

~

0

v

4.3.2 Using Standard Protocol APIs

In the “Bluetooth - SoC Empty Standard DMP” sample project, the radio is configured with APIs. The sample project contains a default
configuration for the IEE802.15.4 standard protocol. This configuration is set in the function “app_proprietary_init()”. For more informa-
tion about the possible configurations, refer to the APl documentation on docs.silabs.com.
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4.4 Develop Bluetooth Application

Bluetooth applications have to be implemented the same way as in a non-DMP scenario:
* BGAPI commands can be called from anywhere (except from interrupt context!)
* BGAPI events have to be fetched from the internal event queue of the Bluetooth stack. This is typically done in an infinite loop.

A single protocol Bluetooth application can run with or without RTOS. The DMP Bluetooth application can, however, only run over
RTOS. As described in section 3. Software Architecture of a Bluetooth / Proprietary DMP application, you must implement Bluetooth
event handling in the Bluetooth application task. The skeleton of this task is implemented in main.c. To handle new Bluetooth events,
simply add new case statements with the appropriate event IDs. The general process can be seen in the following figure:

sl_bt_on_event()

|

Wait for Bluetooth
event flag

h

Fetch Bluetooth
event

case event_idl

actions [—»

case event_id2 -
actions

hd

case event_id3

actions —

hd
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4.5 Develop Proprietary Application

Proprietary application uses RAIL directly:
* RAIL API commands can be called from anywhere.
* RAIL API events have to be handled in the events callback function.

Almost all RAIL APIs can be used in DMP, but a few are incompatible (like RAI L_Hol dRxPacket () ), and a few work slightly differently.
For example, automatic state transitions are defined differently due to the concept of background Rx, which is specific on DMP. See
UG305: Dynamic Multiprotocol User’s Guide for details.

By default, the events callback function is set to sl _rail _util_on_event(), just like in a regular RAIL application. An empty
sl _rail _util_on_event () function is implemented as a weak function in s/_rail_util_callbacks.c. It can be overloaded in the applica-
tion. This function is called every time a new radio event intended for the proprietary protocol is received from RAIL. Each RAIL event
sets a specific flag in the 64-bit bitfield. Be aware that multiple flags may be set, so you may have to handle multiple events within one
callback. Note: The events callback function is almost always called from an interrupt context, so you have to handle it as an interrupt
handler! Do only quick calculations, and set a flag to inform your main loop about the changes.

In the DMP context, you should also prepare for more error events: RAI L_EVENT_SCHEDULER_STATUS should be implemented, as that is
the event which is triggered if a proprietary radio is interrupted by Bluetooth.

Upon completing a finite radio task (like transmission), RAI L_Yi el dRadi o() or RAI L_I dl e() should be called to let the radio scheduler
know that other protocols might use the radio.

The main loop to process the radio events is implemented in the app_proprietary_task(), which runs parallel to the
sl _bt _event _handl er _task() that ultimately calls the sI _bt _on_event () event handler. It is the developer’s job to decide how to
communicate between the radio event handler (sl _rai |l _util _on_event () ) and the app_proprietary_task(), butin general use the
services of the RTOS, like semaphores, flags, message queues, and so on.

The general process is shown in the following figure:

sl_rail_util_on_event() app_proprietary_task()
‘ RAlLeventflags . _,| Wait for proprietary |
' event flag '
events & event_flagl | |mmediate actions + 4
-

set flag for application | i Check protocol
[ state (or flags)

T |
actions + |
|_Clear flag |

actions +
clear fla

case statel

<>e“e""5 Levent_flag2 | mmediate actions +
set flag for application

case state?

Oﬂwms S Immeiate actions + case state3 actions +
set flag for application clear flag |

4.6 Communication between Bluetooth and Proprietary Protocol

Bluetooth and the proprietary protocol are running parallel in two independent tasks. However, often they need to be synchronized, for
example if you want to send out a proprietary packet when a value changed in the local GATT database, or you want to change a value
in the local GATT database when you received a proprietary packet.

To notify the proprietary task from the Bluetooth task, or the other way around, the easiest way is to set an RTOS flag. You can define a
queue for events and use that to notify the other task. From the proprietary task, you can also set an external event to the Bluetooth
stack, using the function sl _bt _ext ernal _si gnal (). This will generate an sl _bt _evt_system external _signal _i d event in the
Bluetooth stack.
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5. Examples

5.1 Sending Proprietary Packets

This simple example sends out a proprietary packet every time a specific characteristic in the local GATT database is written.
1. Create a new Soc Empty Rail Dmp project as described in section 4.1 Create a New Project.

2.In the GATT configurator, add a new characteristic to the GATT database (as described in QSG169: Bluetooth® SDK v3.x Quick
Start Guide) with the following parameters:

a.Name: Proprietary characteristic
b.ID: prop_char

c. Value type: hex

d. Length: 16 byte

e. Properties: Read, Write, Notify

3.Define a CHARACTERISTIC_CHANGED flag. This flag will be used in the communication between sl - bt - on- event () and the
app_proprietary_task, as part of the proprietary_event_flags flag group.

#defi ne CHARACTERI STI C_CHANGED ( ( OS_FLAGS) 0x01)
4. Create a Tx FIFO. Define the following in app_proprietary.c:

#define RAIL_TX FI FO SI ZE (64)
static uint8_t txFifo[ RAIL_TX FIFO S| ZE] ;

5.In the Bluetooth application task (more precisely in sl _bt _on_event () ):
a.Add a new event handler to the switch — case statement to handle characteristic value changes.
b. Check if it is the prop_char that has changed.
c. Set a flag to notify the proprietary protocol.

case sl _bt_evt_gatt_server_attribute_val ue_id:
if (evt->data.evt_gatt_server_attribute_value.attribute == gattdb_prop_char)
{
OSFl agPost (&proprietary_event _fl ags,
CHARACTERI STI C_CHANGED,
OS_OPT_POST_FLAG_SET,
&err);
}

br eak;

6.In the app_proprietary_task() — before the infinite loop:
a. Set up the Tx FIFO for RAIL.
b. Define scheduler info for the packet to be sent.

RAI L_Set TxFi fo(rail Handl e, txFifo, 0, RAIL_TX FlFO S| ZE);

RAI L_Schedul erI nfo_t txSchedul erlnfo = (RAIL_Schedul erinfo_t){ .priority = 100,
.slipTime = 100000,
.transacti onTine = 800 };
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7. Within the infinite loop of the app_proprietary_task():
a. Wait for the CHARACTERISTIC_CHANGED flag.
b. Copy the content of the characteristic into the Tx FIFO.
c. Send out the packet.
whil e (DEF_TRUE) {
RTOS_ERR err;
OSFl agPend( &propri etary_event _fl ags,
CHARACTERI STI C_CHANGED,
(OS_TI CK) 0,
OS_OPT_PEND BLOCKI NG \
+ OS_OPT_PEND_FLAG SET_ANY \
+ OS_OPT_PEND_FLAG CONSUME,
NULL,
&err);
sl _status_t result;;
result = sl _bt_gatt_server_read_attribute_val ue(gattdb_prop_char, 0, 16, data_len,

dat aPacket) ;
RAIL_WiteTxFifo(rail Handl e, dataPacket, data_len, true);
RAIL_Start Tx(rail Handl e, 0, RAIL_TX OPTI ONS_DEFAULT, &txSchedul erl nfo);

8.Insl _rail _util _on_event():
a. Check for the packet_sent event, and do not forget to yield the radio.

static void sl _rail_on_event (RAIL_Handl e_t rail Handl e,
RAI L_Events_t events)
{

if (events & RAIL_EVENT_ TX PACKET_SENT) {
RAI L_Yi el dRadi o(rai | Handl e) ;
}
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5.2 Receiving Proprietary Packets

This example implements a receiver for the transmitter implemented in the previous section. Once a proprietary packet is received, the
example updates a characteristic in the local GATT database.

To implement a receiver, use the transmitter project described in the previous section and extend it with the following procedure.
1. Define a new flag for signaling packet reception to the proprietary application.

#defi ne PACKET RECElI VED ((OS_FLAGS)0x02)
2. Create an Rx FIFO. Define the following in app_proprietary.c:

#defi ne RAIL_RX_FI FO S| ZE (64)
static uint8_t rxFifo[ RAIL_RX FIFO Sl ZE] ;

3.In the app_proprietary_task() — before the infinite loop:
a. Set Rx transition in order to automatically restore Rx state after packet reception.
b. Set the Rx priority lower than the Tx priority.
c. Start Rx (before the infinite loop!).

RAIL_StateTransitions_t stateTransition = (RAIL_StateTransitions_t){
.success = RAIL_RF_STATE_RX,
.error = RAIL_RF_STATE RX };
RAI L_Set RxTransi ti ons(rail Handl e, &t at eTransi ti on);
RAI L_Schedul erInfo_t rxSchedul erlnfo = (RAIL_Schedulerinfo_t){ .priority = 200 };
RAIL_Start Rx(rail Handl e, 0, &rxSchedul erlnfo);

4.In the radio event handler, such as sl _rail _util _on_event():
a. Check if a packet was successfully received.
b. Copy the packet content to your local Rx FIFO.
c. Set a flag to notify the proprietary protocol about the new packet.

if (events & RAlIL_EVENT_RX PACKET_RECEI VED) {
RAI L_RxPacket I nfo_t packet | nfo;
RTOS_ERR err;

RAI L_Get RxPacket | nf o(r ai | Handl e,
RAI L_RX_PACKET_HANDLE_NEWEST,
&packet | nf o) ;

i f (packet|nfo. packet Status == RAI L_RX PACKET_READY_SUCCESS) ({
RAI L_CopyRxPacket (r xFi f o, &acket | nf 0) ;
OSFl agPost (&proprietary_event _fl ags, PACKET_RECEI VED, OS_OPT_POST_FLAG_SET, &err);
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5. Within the infinite loop of the app_proprietary_task():

a. Check for two event flags: CHARACTERISTIC_CHANGED and PACKET_RECEIVED. You can wait for both of them and then
check which one was set.

b.If the PACKET_RECEIVED flag is set then write the content of the received packet into the local GATT database and
c. Notify the Bluetooth stack that the value has changed (using a Bluetooth external signal).

whi | e (DEF_TRUE) {

RTOS_ERR err;

OS_FLAGS active_flags = OSFl agPend (&proprietary_event_fl ags,
CHARACTERI STI C_CHANGED \
+ PACKET_RECEI VED,
(OS_TI CK) 0,
OS_OPT_PEND_BLOCKI NG \
+ OS_OPT_PEND FLAG SET_ANY \
+ OS_OPT_PEND_FLAG CONSUME,
NULL,
&err);

if (active_flags & CHARACTERI STI C_CHANGED)
{

sl _status_t result;
result = sl _bt _gatt_server_read_attribute value(gattdb_prop _char, 0, 16, data_len,
dat aPacket ) ;
RAIL_WiteTxFifo(rail Handl e, dataPacket 16, true);
RAIL_StartTx(rail Handl e, 0, RAIL_TX OPTI ONS_DEFAULT, &t xSchedul erlnfo);
}

if (active_flags & PACKET_RECEIl VED)

sl _bt_gatt_server_wite_attribute val ue(gattdb_prop_char, 0, 16, r xFi f 0) ;
sl _bt _ext ernal _si gnal (CHARACTERI STI C_CHANGED) ;

}

6.In sl _bt _on_event ():
a.Add a new event handler for the external signal.
b. Check if you got a CHARACTERISTIC_CHANGED signal.
c. Send out a notification.

case sl _bt_evt_system external _signal _id:
i f (bluetooth_evt->data.evt_system external _signal.extsignals &
CHARACTERI STI C_CHANGED)
{

sl _bt_cnd_gatt_server_send_characteristic_notification(Oxff, gattdb_prop_char,
16, rxFifo, &sent_len);

br eak;

5.3 Light/Switch Example

This section provides details on working with the Light/Switch multiprotocol example code.

5.3.1 Working with the Light/Switch Example

The Flex (RAIL) - Switch and Bluetooth - SoC Ligh /RAIL DMP applications are generated, built, and uploaded in the same way as
other applications in their SDKs.

» To see details about installing Simplicity Studio and the Flex SDK and building an example application, see QSG168: Proprietary
Flex SDK v3.x Quick-Start Guide.

» To see details about installing Simplicity Studio and the Bluetooth SDK and building an example application, see QSG169: Blue-
tooth® SDK v3.x Quick-Start Guide.

Note: In a demonstration configuration with multiple RAIL/Bluetooth dynamical protocol light devices and a single switch device, unpre-
dictable behavior may occur. We recommend testing with a single light device and a single switch device.

The following summary procedures are provided for your convenience.
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5.3.2 Building the RAIL:Switch Application

1. Open Simplicity Studio 5.

2. Select a connected device in the Debug Adapters view.

3. Select File > New > Silicon Labs Project Wizard ...

4. Review the SDK and toolchain, and change as necessary. Click NEXT.

5. 0On the Example Project Selection dialog, filter on Proprietary and select Flex (RAIL) - Switch. Click NEXT.
6. Name your project. Click [FINISH].

7. Either automatically compile and flash using the debug button, or manually compile and then load.

Application load success indicators are code-dependent. With the Flex (RAIL) - Switch example, the LCD displays a short menu be-
fore changing over to the light bulb display.

5.3.3 Building the Bluetooth Light Application

The Bluetooth Light application requires the Gecko Bootloader to be loaded on the device. The Gecko Bootloader is loaded when you
load the precompiled SOC-Light-Rail-Dmp demonstration. Alternatively you can build and load your own Gecko Bootloader combined
image (called <projectname>-combined.s37), as described in UG266: Silicon Labs Gecko Bootloader User's Guide for GSDK 3.2 and

Lower or UG489: Silicon Labs Gecko Bootloader User's Guide for GSDK 4.0 and Higher.
1. Open Simplicity Studio 5.
2. Select the connected device in the Debug Adapters view.
3. Select File > New > Silicon Labs Project Wizard ...
4. Review the SDK and toolchain, and change as necessary. Click NEXT.
5. 0On the Example Project Selection dialog, filter on Bluetooth and select Soc Light Rail Dmp. Click NEXT.
6. Name your project. Click [FINISH].
7. Either automatically compile and flash using the debug button, or manually compile and then load.

Application load success indicators are code-dependent. With the Bluetooth - SoC Light RAIL DMP example, the LCD displays a light
bulb.

silabs.com | Building a more connected world. Rev.0.4 | 18




AN1269: Dynamic Multiprotocol Development with Bluetooth® and Proprietary Protocols on RAIL in GSDK v3.x and Higher
Examples

5.3.4 Changing the PHY Configuration

The default PHY configuration for the RAIL/Bluetooth example is a sub-gigahertz configuration. You may want to modify this PHY con-
figuration as you begin to develop applications for your own hardware.

To change the PHY configuration:
1. Open the Flex (RAIL) - Switch project.
2. Open the .slcp file in the project, and click the Configuration Tools tab.
3. Click Open next to Radio Configurator.
4. Select a new PHY.
5. The new config will be generated into the folder autogen, with the names of rail_config.c and rail_config.h.
6. Open the Bluetooth - SoC Light RAIL DMP project.
7. Import the modified radio configuration file (radio_settings.radioconf) from the Switch project.
8. Rebuild and flash both projects as you would normally.
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