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Lecture: Running Code on the LaunchPad using CCS



. Running Code on the LaunchPad using CCS

3

You will learn in this module
= Introduction to Embedded Systems

» Code Composer Studio
» Software installation
» Compile-link-download-debug

» Tl Robotics Systems Learning Kit

+ Software installation
 Documentation
 Resources

| Running Code on the LaunchPad using CCS

&% ValvanoWare - CCS Edit - Lab17_Control/Lab17_Control.c - Code Composer Studio

File Edit View MNavigate Project Run Scripts Window Help
D~ iR~ iQits~ A BEI R

[ Project Bxplorer 82 5] &
& (5 Lab13_Timers
1 (5 Lab14_Edgelnterrupts
b [ Lab15_ADC
b {5 Lab16 Tach
4 2 1ab17 Control [Active - Debug]
il Includes
I (& Debug
I [ targetConfigs
» [§ADCIAC
» [§) Bump.c
i [ Clocke
b [ CottexM.c
» [ Rbistance.c
» g Labl7_Control.c
[ LaunchPad.c
b [ LPFe
& [ Motor.c
1 [ mspd32pd0lr.cmd
[ NokiaS110.c
b & PWM.c
1 [§ Reflectance.c
1 [g] startup_msp432pd0ir_cos.c
i [g system_mspd3zpdolrc
b [ SysTickints.c
&+ [§) TA3InputCapture.c
i+ [ Tachometer.c
b [ TBaS.c
b [ TimerAl.c
[ UARTO.c
& [ Labls UART

a

[¢] Robotmain.c

[¢] Lab15_ADCmain.c

135 #define PWMMIN (PWMNOMIMAL-SWING)
136 #define PWMMAX (PWMNOMIMAL+SWING)

[€] Lab16_Tachmain.c

Quick Access || [

[€] Labl3 Timersmaine | [g Labl7_Control.c 5

137 void SysTick_Handler(void){ // runs at 186 Hz

138 if(Mode){

139 if((Left>DESIRED)&&(Right >DESIRED)){

140 SetPoint = (Left+Right)/2;
141 Yelse{

142 SetPoint = DESIRED;

143 3

144 if(Left < Right ){

145 Error = Left-SetPoint;

146 Jelse {

147 Error = SetPoint-Right;
148 }

143 f/ UR = UR + Ki*Error;

// adjust right motor

150 UR = PWMNOMINAL+Kp*Error; // proportional control
151 UL = PWMNOMINAL-Kp*Error; // proportional control

152 if(UR < (PWMNOMINAL-SWING)) UR
153 if(UR > (PWMNOMINAL+SWING)) UR

154 if(UL < (PWMNOMINAL-SWING)) UL =

155 if(UL > (PWMNOMINAL+SWING)) UL

PWMNOMINAL-SWING; // 3,000 to 7,808
PWMMOMINAL+SWING;
PWMNOMINAL-SWING; // 3,000 to 7,800
PWMMOMINAL +SWING;

] .

B Console 57 = E -+ = B [2 Problems £ (] [Updates Available
N les to display at this time, ait o
0 cansoles to display at this time. fiems Updates are available for your software.
Description Click to review and install updates.
Set up Reminder options
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What is an Embedded System?

4

* |ncludes a microcomputer like
the MSP432

= Configured to perform a specific
dedicated application

= Software programmed into ROM

= Software that is not accessible to
the user of the device

» Software that solves only a
limited range of problems

» |ts microcomputer embedded or
hidden inside

| Running Code on the LaunchPad using CCS

Embedded system
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Embedded System Applications

= Communications

=  Automotive, ~20/car

= Military

» Medical

= Consumer, ~150/home
= Machine control

You probably use ~300/day

Communications

Consumer electronics / -

Automotive

Medical
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Embedded System Characteristics

Reacts and interacts with physical
environment continuously

* Accepts inputs
» Performs calculations
* Generates outputs

Upper bound on the time required
to perform input/calculation/output

System includes:
* Subsystems
» Interfaces between subsystems
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Big Ideas of Embedded Systems
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HW/SW Architecture
» Non processor centric view of architecture
* Microcontroller, FPGA, analog circuits

Bowels of the “operating system”
» Specifically, the lower half of the OS
» Concurrency, parallelism, synchronization

Real world design
* Performance vs. cost tradeoffs, constraints

Analyzability
» Prove your drive-by-wire system functions correctly

Application-level techniques
* Power Aware Programming
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Categories of Embedded Systems
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General Computing
* Applications similar to desktop computing, but embedded
* Video games, set top boxes, wearable computers, automatic tellers

Control Systems
» Closed loop feedback control of real time system
* Vehicle engines, chemical processes, nuclear power, flight control

Signal Processing
+ Computations involving large data stream

loT with SimpleLink:

« Radar, Sonar, video compression e
P » Wi-Fi

* Bluetooth low energy
* Sub-1 GHz

Communication & Networking
+ Switching and information transmission
* Telephone system, Internet
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Embedded System Constraints
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Small Size, Low Weight
* Handheld electronics
» Transportation applications weight costs money

Low Power
« Battery power for 8h to 10y (laptops often last only 2 hours)
» Limited cooling may limit power even if AC power available

Harsh environment

* Heat, vibration, shock

« Power fluctuations, RF interference, lightning
« Water, corrosion, physical abuse

Safety critical operation
* Must function correctly
* Must not function incorrectly

Extreme cost sensitivity
« $.05 adds up over 1,000,000 units
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Real-Time Systems

» Hard real time
* Missing a timing constraint is unacceptable,
» Safety-critical systems

» Firm real time
* Value of a task past its timing constraint is zero but not harmful
* Audio/video streaming

= Soft real time
» Value of a task diminishes the later it completes
* Email, web servers

Texas Instruments Robotics System Learning Kit: The Solderless Maze Edition

10 | Running Code on the LaunchPad using CCS
SEKP065



Embedded System

Summary Real-time
« Hard
» Embedded Systems _
_  Firm
* Reactive . Soft

* Real-time
* Constraints
» Ubiquitous

= Systems
* Mixed analog/digital/software
* Subsystems
* Interfaces
 Verification
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com/legal/termsofsale.html
http://www.ti.com
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