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Module 20

Lecture: Wi-Fi Theory



N \Wi-Fi

: : : Lab 11
You will learn in this module
» Fundamentals of synchronous serial communication
= Basic operations of a real-time operating system (RTOS) This lecture

How to interface a Wi-Fi radio to TI's LaunchPad Development board

Make use of software driver (set of functions to create an abstract module)

Connect to cloud services

MSP432

Wi-Fi

Software
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€S The Internet of Things; a bird’s-eye view

loT Data passes from physical hardware layers to software
layers back and forth, connecting the real and digital worlds

Hardware +
Computers

Software at
every stage

Y

Connected
Things

Phones

Think services

Think products Think infrastructure * Google, Amazon,
* Anything that can talk to « Routers, switches, cell Facebook, etc.
the internet or connect towers, fiber optic cable, Think servers
to something else that satellite transmitters, * Server farms
can talk to the internet phone lines & data centers
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€S The Internet of Things; a bird’s-eye view

loT Data passes from physical hardware layers to software
layers back and forth, connecting the real and digital worlds

OT I'T

Operational Technology Information Technology

Sensors, Actuators, Nodes Cloud, Servers, Routers
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The Wi-Fi standard

Pros

Ubiquitous infrastructure
Direct connection to
Internet

Access a wide variety of
APIs directly

Only requires domain
expertise in internet and
firmware

High data rate

Security

Cons

= Poor for mobile and
rural use cases

= Higher power
consumption relative
to some wireless
standards

= Heavily reliant on
network availability

CONNECT

M>™RE

WITH TI

Wi-Fi Primary Use Cases

= Smart Home

= Industrial/Commercial

» Fixed position
connectivity

= Medical



| TCP/IP

6

TCP is amore reliable way of Internet communication compared to UDP

» Transport Layer in the OSI model

= Use of Sockets

OSI| Model
Application
Presentation

Session

Transport

Network
Data Link

Physical

Data
Data

Data
Segments
Packets

Frames

Bits
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User A

TCP Four Way Handshake

s Data Transfer )
— FIN/ACK —)
C—— ACK —
|

ACK —)

_ TCP Sockets
Client Server

Socket() Socket()
Bind()

Listen()

Connect() Accept()

Send() Send()
Recv() Recv()

Close() Close()

Server B

port number

IP address +
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eN Client server

Create consocket
at Port 80
Wait for client,
accept client
Create one thread per
client to serve
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SimpleLink
MCU Platform

One environment.
Unlimited potential.
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€S Tl SimpleLink™ SDK Software Tools

Code Composer
Studio™ IDE

Industry-leading
tool suite for advanced
optimization a))

CCS Cloud IDE Energia IDE

Quickest path to
developing a real
application

Brings Arduino (Wiring)
APIs to Tl SimpleLink

MCUs ﬁ

|

Tool Chain Support |

©IAR

SYSTEMS

Software

Configure

S]KEIL

Tools by ARM

GCC £l

EnergyTrace @]

UniFlash

| Wi-Fi-Theory

= Multiple IDE support: TI CCS, CCS

Cloud, Energia

» Local & Cloud-based access
= Multiple toolchain options to match

your development needs

Get things done with
Tl Cloud Tools
from your web browser

D= D= O,

Immerse yourself in  Import into Edit, Build,
SimpleLink CCSs Cloud Debug &
ecosystem IDE Flash
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€S Resource Explorer and SimpleLink Academy

10

Access Resource Explorer to import the latest code examples to CCS

= Accessible from inside CCS (View — Resource Explorer) or from dev.ti.com

= Materials for all Tl processors searchable

by part number and EVM

= When searching for MSP432 inside Resource
Explorer it also contains SimpleLink Academy
training with labs that can be imported into
CCS that cover topics like TI-RTOS and

Connectivity

= Support for TI-RTOS, FreeRTOS, and
non-RTOS based code examples

| Wi-Fi-Theory

# Tl Resource Explorer

B Ao =

@ Debug Probes

& Utilities

& Production Programmers

ink CC2640R2 SDK
nk CC32)0( SDK

aM re - v:3.60.00.10
& ™

& CC3200 WiFi - v1.1.00
Sitat 00.00

& TI-RTOS for CC2650 - v:2.21.00.06
& T-RTOS for TivaC -v:2.16.00.08
@ SimpleLink SDK Piugins

«
Welcome to Resource Explorer
Examples, libraries, executables and documentation for your device and
development board

Try the Quick Tour to help you navigate Resource Explorer.

grated Development Environments

ink CC13x0 SDK - v:1.30.00.06
nk MSP432 SDK - v:1.30.00.40

M Cortex-M4F MCU - v:2.1.3.156
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Review of Synchronous Serial Communication on the MSP432

11

| Wi-Fi-Theory

Synchronous means send clock and data

Send data on one edge of clock

Receive data on other edge

Serial Peripheral Interface (SPI) Protocol

UCRXIFG

1 means RXBUF has data

q STE
MSP432 UCTXIFG | 1 means PO.4————| /0 device
Write data TXBUFempty CLK slave
POSL —
\#UC3TXBUF
I - 7 P9.7 | MOSI

ucarxgur | master HITTTIIT] pos| som T T—

Read data T Shift
registers
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Serial Peripheral Interface (SPI) Timing

Signals

= Clock

= Data out
= Data in

= Enable

12 | Wi-Fi-Theory
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ey CC3120 Hardware

External Microcontroller
e
Internet Protocols
| TLs/SSL | > Embedded Internet
-

> Embedded Wi-Fi

Copyright © 2017, Texas Instruments Incorporated

~
ARM Processor (Wi-Fi Network Processor)

Copyright ® 2017, Texas Instruments Incorporated
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€S Application

Wi-Fi provides

1. Communication to the robot for remote control or
to receive external data

2. Robot can autonomously query information from
the web that may be relevant to its operation

Wi-Fi Router

(SSID, Internet
Password)
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eSS Summary

= Internet of Things

= Wi-Fi Standard using SimpleLink
= TCP/IP

= Client-server paradigm

= Review of SPI

= QOverview of CC3120

SimpleLink
MCU Platform

One environment.
Unlimited potential.

w3 TEXAS INSTRUMENTS
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Module 20

Lecture: Wi-Fi RTOS



N \Wi-Fi

: : : Lab 11
You will learn in this module
» Fundamentals of synchronous serial communication
= Basic operations of a real-time operating system (RTOS) This lecture

How to interface a Wi-Fi radio to TI's LaunchPad Development board

Make use of software driver (set of functions to create an abstract module)

Connect to cloud services

MSP432

Wi-Fi

Software
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€S TI-RTOS and FreeRTOS

3

The use of Real-Time Operating Systems
(RTOS) is getting more common for 10T
firmware deployment

A simple operating system can schedule
tasks and do a variety of functions

RTOS helps with maximizing power
efficiency, implementing security, managing
wireless communication, and other complex
functions

Improves software quality and portability

Download TI-RTOS at ti.com/tool/ti-rtos

| Wi-Fi RTOS

Many free and open source options available today
with TI RTOS and FreeRTOS recommended for Tl
devices

Connectivity Device drivers
TI-RTOS
Power Multitasking

Management

FRTOS
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€S RTOS Basics

= A Software Development Kit (SDK) that contains a real-time operating system

=  Combines kernel (SYS/BIOS) with middleware such as TCP/IP and USB stacks,
FAT file system and device drivers that are “BIOS aware”

___________________ -
TI-RTOS for MSP432 |
IPC c « Single product install, GSG |
(I‘)l * Fully tested and integrated I
CC3120
SYS/BIOS [ Wik ] 8 | wi-Fi (cc3120) ES S |
Kernel [ xamples |
g . l
|: u FAT File System USB I
f |
FatFS ? TCP/IP IPC: Multicore I
: Communications Runtime |
DriverLib 0 |
' |
D52, sk n Kernel (SYS/BIOS) Drivers, etc |
Existing TI Components |
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eS] TI-RTOS Thread Types

Priority

| Wi-FiRTOS

Hwi

Hardware Interrupts

Swi

Software Interrupts

Task

Tasks

Idle

Background

Hardware event triggers Hwi to run

Hwi triggers follow-up processing

Priorities set in silicon

Software posts Swi to run

Performs Hwi ‘follow-up’ activity (process data)

Usually enabled to run by posting a ‘semaphore’
(a task signaling mechanism)

Designed to run concurrently — pauses when waiting for data
(semaphore)

Runs as an infinite while(1) loop
Users can assign multiple functions to Idle
Single priority level
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e Clocks and Events in RTOS

What kinds of events cause these threads to run?

| Wi-FiRTOS

Hwi
Swi 2
Swi 1
Task 2
Task 1
_start

Idle

post % etvrn post {WIZ r/eturn postsem2 ... . postswi2 ot
1] Cr1 LI g post  Postsem2
ret'urn semi
L1 L1 1 L1 return
return
|| 1 L1 1 11 1 pend sem2 pend sem2
pend sem2 /7
interrupt
111 pend CITI11] pend
| seml seml
1
| NN I NN N N NN N N B B L1 11 1 1111 I O
1 /7 I/
1 interrupt

interrupt

-/
interrupt

Events over time

v

Texas Instruments Robotics System Learning Kit: The Maze Edition

SWRP226



eSS Summary

Real-time, responds quickly
RTOS Basics

TI-RTOS thread types
Clocks and Events in RTOS

Texas Instruments Robotics System Learning Kit: The Maze Edition
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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