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ABSTRACT

This document provides information on the wristwatch RevD firmware architecture and the AFE44xx
library. This document describes the basic architecture of the wristwatch firmware and how the AFE44xx
library is integrated.

For more information on the AFE4403 Watch EVM, visit the tool folder at http://www.ti.com/tool/afe4403-
hrevm.

Source code and related information can be downloaded from http://www.ti.com/lit/zip/slaa671.

Embedded Workbench is a trademark of IAR Systems.
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3.1

Related Documentation

* MSP430F551x, MSP430F552x Mixed-Signal Microcontrollers
*  MSP430x5xx and MSP430x6xx Family User's Guide

» Wrist Watch Data Logging Procedure v3.0

e TI Wrist Watch Demo v1.0

Required Software
* |IAR Embedded Workbench™ for MSP430 v6.10.1 or newer
» Zip file with project collateral and source code

Software Installation

IAR Project

The zip file associated with this application report has three folders that contain source code (src),
Doxygen documentation (doc), and the binary GNU make for windows (gmake). Two alternatives are
provided to build this project, using a Makefile or using an IDE project. This application report only
discusses the IDE project. For information on how to build the project using Makefiles, review the
instructions in README..txt.

Name Date modified Type Size

doc
gmake
src
Ink430f5528.xcl
makefile 1/9/201 A e 11 KB

I msp430_wristwatch_project.ewp 1/9/2015 9:16 AM EWP File 61 KE I@lAR prOjeCt
README.bt 2 KB

Figure 1. IAR Project Structure

The file for IAR Embedded Workbench project is located in root directory as shown in Figure 1.
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To open the project in IAR Embedded Workbench:
1. Open the Project: Project — Add Existing Project... and select msp430_wrist watch_project.ewp.

& IAR Embedded Workbench IDI

File Edit View |Project| Tools Window Help
=== Add Files...

Workspace Add Group...
[ Import File List...
Files Add Project Connection...

Edit Configurations...
Remove

Create Mew Project...
Add Existing Project...

Options... Alt+F7
Version Control System 3
Make F7
Compile Ctrl+F7
Rebuild All

Clean

Batch build... F&
Stop Build Ctrl+Break
Download and Debug Ctrl+D

Debug without Downloading

Make 8 Restart Debugger Ctrl+R
Restart Debugger Ctrl+Shift+R
Download 3
SFR Setup

Figure 2. Open Project

N

Save the Workspace: File — Save Workspace and save it as msp430_wrist watch_project.eww.
Compile the project: Project — Make.

Download the code: Project — Download and Debug.

Run the code: Debug — Go.

hw

The files provided in this project are resources to help get your project running on your target. You may
use these files as is or use them as examples to create your own.
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3.2 CCS Project

Similar to the IAR project, the associated zip file has three folders that contain CCS source code (src),
doxygen documentation (doc), and the binary GNU make for windows (gmake).

The file for CCS project is located in root directory (see Figure 3).

do
pmuake
C
1| Inde_erapd I0FS5.28 cmad

makef e

mspe H_wmistevatch_peopect. propectipec

README b

To open the project in CCS:

Figure 3. CCS Project Structure

4= CC5 Project

1. Open the Project: Click Project — Import CCS Projects (see Figure 4) and browse to select the folder
containing the CCS project file in Figure 3.

¢ | Project

Run Scripts Window Help

B New CCS Project...

[ ]

=

o

o019

=

L

Mew Energia Sketch...
Examples...

Build All Ctrl+B
Build Configurations »
Build Working Set k
Clean...

Build Automatically

Show Build Settings...
Add Files...

Import CCS Projects...

Import Legacy CC5%3.3 Projects..
Import Energia Sketch or Example...
Import Energia Libraries..,

Properties

Figure 4. Import CCS Project
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2. Click Finish (see Figure 5)

Fi— e ——
«'» Import CCS Eclipse Projects | (=3
Select CCS Projects to Import 8] I
Select a directory to search for existing CC5 Eclipse projects. [/ 54

(@) Select search-directory:  C:\Users WUV, Do cuments\incubation-s

() Select archive file: Browse...

Discovered projects:

& mspd30_wristwatch_project [C:\Users il ['ocuments\i Select All
Deselect All

4 I 2

Automatically impert referenced projects found in same search-directory
Copy projects into workspace

pen the Resource Explorer and browse available example projects...

I/_\ [

Finish ] I Cancel ‘

Figure 5. Select CCS Project to Import

3. Compile the project: Click Project — Build Project.
4. Download the code: Click Run — Debug.

The files provided in this project are resources to help get your project running on your target. You may
use these files as is or use them as examples to create your own.
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4 Architecture

The wristwatch RevD uses a TI MSP430F5528 16-bit ultra-low-power microcontroller with 128KB of flash
and 10KB of RAM.

4.1 System

The system block diagram in Figure 6 shows a high-level picture of the system and the software
components inside the MSP430 device. The input and output data exchanged with the outside world are
also shown.

———

( HALUSB
R { ‘\ Interface

Heart o MSP430 EtY

Monitor | :
- Library AFE API i
"""""""""""""" ! “Library” Stack
API
AFE AFE
Initialization Calibration
Flash
AFE AFE SPI ACC API Memory
BLE API Validation Interface API|
jE N ji\/ jE p jE S [j
HAL UART HAL 10 HAL SPI HAL I°C HAL SPI
Interface
Interface Interface Interface Interface
(AFE)
| jE /\ jE | \ji | \jE jE/ | ii |
Blueradio
BQ ACC Flash
BLE AFE
Module Memory

(1): The Custom Heart Rate Monitor Library is not included in this package; therefore, it should be implemented
and integrated by the user. The firmware provides hooks that can help with this integration.

Figure 6. System Block Diagram

The Hardware Abstraction Layer (HAL) takes any hardware-specific characteristics on the MSP430 MCU
and provides a general set of interfaces to the physical components.
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4.2 Firmware

The firmware is designed in a modular fashion to help with reuse of the firmware (see Figure 7). An

example of this is that the HAL uses the MSP Driver Library (MSPDRIVERLIB) v1.95.xx.xx (refer to file

"version.h" to get the actual driver library version) and the MSP USB STACK 4_20 00.

Scheduler
Application Layer —m—F+—— 77— — 7~ ‘
Flash | HRM |
UsSB Accelerometer | AFE 44xx | I BLE
Memory 3 API i
API AP API AP Hooks | AP
Hardware
Abstraction Layer 2 Timers
(MSP Drvlib SPI I°C GPIO (Scheduler) ISR | UART | USB
v1.95.XX.XX)
Physical Layer
Figure 7. Software Design
5 Wrist Watch Application
5.1 Software Design
5.1.1 Wrist Watch State Machine

A state machine is implemented to control the functionality of the wrist watch (see Figure 8). The states of

this state machine are:

« WRISTWATCH_INIT_STATE - Initialization state, erase external flash, configures GP1Os and UART,
I*C, and SPI peripherals

* WRISTWATCH_TOGGLE_LED_STATE - Toggles D2 (blue LED) and waits for the user to press the
push button

* WRISTWATCH_PROCESS_PPG_STATE — Enables the AFE44xx and runs the Heart Rate Algorithm
(if available). It also logs the data into external flash and it can store up to 6 hours of data.

« WRISTWATCH_IDLE_STATE - Disables the AFE, reconfigures heartbeat measurement, and
switches to a different scheduler table (idle). At the same time, it enables the USB so the user can
download the logged data.

* WRISTWATCH_BSL_STATE — Enables the bootstrap loader for firmware updates

8 Generic Wrist Watch Programmer's Guide v0.2
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Enable AFE_ISR P2.5

WRISTWATCH_
INIT_STATE

External P1.7
Push Button
Counter++

External P1.7
Push Button
Counter>1

WRISTWATCH_
PROCESS_PPG_
STATE

Disable AFE_ISR P2.5
Reconfigure scheduler heartbeat 1 ms
Switch to idle table

Reset
Counter=0

External P1.7
Push Button
Counter >=5

WRISTWATCH_

TOGGLE_LED_ WRISTWATCH_

IDLE_STATE

WRISTWATCH_
BSL_STATE

Figure 8. State Machine

The state machine is controlled by the user using the wrist watch push button (external interrupt)
connected to P1.7. Figure 9 shows where the push button is located.

I
Slide Switch : Push Button
I

USB Power
Battery Charging

bse and Data Transfer
ase and Data Logging
ed

Figure 9. Wrist Watch Switches and LEDs
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51.2

Disable WatchDog Timer

}

mconfigurePins()

!

portMapping()

Main Flow Chart

- Configure all WristWatch GPIO’s
to reduce run and standby power
- Not connected pins are
configured as output LOW

- Used WristWatch RevD
schematic

- Configure Port 4 pins

initUart()

l

initAFE44xxComminterface()

(PM)

- UCBL SPI for AFE (P4.0, P4.1,
P4.2,P4.3)

- UCAL SPI for Spansion Serial

}

LED Configuration

}

PIsetSystemCLKs(UCS_MCLK_

DESIRED_FREQUENCY__IN_KHZ)

!

chargerOn()

Flash (P4.4, P4.5, P4.6)

- Configure D1 (P1.3) and D2
(P1.4) to output HIGH

- Configure, MCLK, SMCLK and
ACLK

- Enable external 4MHz Oscillator
(xT2)

- ACLK to 4MHz

- MCLK and SMCLK to 25MHz

- Enable Oscillator Fault and
mapped as NMI

- Turn ON the battery charging
circuit

!

©)custom HRM Initialization

}

“Initialize and Erase
External Serial Flash

!

USB_init()

!

USCI_I2C_init()

- Configure USCI AO as UART for
the BLE

- Clock Source - ACLK

- Baudrate - 115200

- Initialize AFE44xx
Communication Interface

- For the AFE4403 - USCI Al as
SPI

- Custom HRM Algorithm
Initialization

- Configure USCI B1 as SPI
- Initialize and Erase SPI Serial
Flash

+ spansion_flash_init()

+ spansion_flash_bulk_erase()

- Initialize USB
- Using MSP430 USB Developer’s
Package V3_20_02

- Configure USCI BO as 12C for the|
Accelerometer

- Clock Source > SMCLK

-i2c Clock > 400Kbps

* Initialize Accelerometer MPU9150

initMPU9150()
- Configure BLE Heart Rate Monitor (HRM)
Profile
- Reset Fuel Gauge and read the actual
battery value
- send default HRM message with the
BLE Initialization updated battery value

- Configure GPIO P1.7 as an external
interrupt
- Used to control the WristWatch State
Machine

setupBSL() —

!

BhinitAFE44xx()

l

- Configure D1 (P1.3) and D2 (P1.4) to
output LOW
- Change the WristWatch Sate to

Initialize WristWatch
State Machine

DATALOGGER_TOGGLE_LED_STATE

l

©ynitialize and Configure
RTOS (Scheduler)

Figure 10. Main Routine

1. GPIO Configuration based on wrist watch RevD (see Table 1)

2. The UCS_MCLK_DESIRED_FREQUENCY_IN_KHZ is defined in SetMCLK.h. By default it set to
25 MHz, but it can be changed to 16 MHz. See Section 5.3 to understand the difference between
these configurations.

3. Place holder to call custom HRM algorithm initialization.

4. Initializing and erasing the external flash takes approximately 50 seconds to complete. If the erase
fails, an LED sequence is displayed (toggle between LED D1 and LED D2), and the logging is disabled
until the next power on cycle. The heart rate is still reported through the BLE message.

5. This routine is explained in Section 5.2.1.
6. The scheduler is explained in Section 5.1.3.

E:\ID

\ J
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Table 1. MSP430 GPIO Configuration

Port Signal Configuration Port Signal Configuration
P1.0 ACLK_MSP430 OUTPUT LOW P4.0 SPI_AFE_STE OUTPUT LOW
P1.1 LDSg?_UJE—FG/ INPUT HIGH P4.1 SPI_AFE_SIMO OUTPUT LOW
P1.2 GPOUT INPUT HIGH P4.2 SPI_AFE_SOMI OUTPUT LOW
P1.3 LED1 OUTPUT LOW P4.3 SPI_AFE_CLK OUTPUT LOW
P1.4 LED2 OUTPUT LOW P4.4 SPI_MEM_SI OUTPUT LOW
P1.5 UART_CTS_BLE OUTPUT LOW P4.5 SPI_MEM_SO INPUT HIGH
P1.6 UART_RTS_BLE OUTPUT LOW P4.6 SPI_MEM_CLK OUTPUT LOW
P1.7 INT_PB1 INPUT LOW P4.7 NC OUTPUT LOW
P2.0 NC OUTPUT LOW P5.0 NC OUTPUT LOW
P2.1 INT_MPU OUTPUT LOW P5.1 NC OUTPUT LOW
P2.2 AFE_DIAG_END OUTPUT LOW P5.2 XT2IN OUTPUT LOW
P2.3 AFE_RESETZ INPUT HIGH P5.3 XT20UT
P2.4 AFE_PDNZ INPUT HIGH P5.4 NC OUTPUT LOW
P2.5 AFE_ADC_RDY OUTPUT LOW P5.5 NC OUTPUT LOW
P2.6 SPI_MEM_WP INPUT HIGH
P2.7 SPI_MEM_HOLD OUTPUT LOW P6.0 CHRGR_CE INPUT HIGH
P6.1 CHRGR_EN1_EN2 OUTPUT LOW
P3.0 I2C_SDA INPUT HIGH P6.2 NC OUTPUT LOW
P3.1 12C_SCL INPUT HIGH P6.3 NC OUTPUT LOW
P3.2 NC OUTPUT LOW P6.4 SPI_MEMO_CS INPUT HIGH
P3.3 UART_RX_BLE INPUT HIGH P6.5 SPI_MEM1_CS INPUT HIGH
P3.4 UART_TX_BLE OUTPUT LOW P6.6 NC OUTPUT LOW
P6.7 NC OUTPUT LOW
PJ.0 JTAG_TDO OUTPUT LOW
PJ.1 JTAG_TDI OUTPUT LOW
PJ.2 JTAG_TMS OUTPUT LOW
PJ.3 JTAG_TCK OUTPUT LOW
5.1.3 Scheduler

The scheduler that is used in this project can support up to eight different tasks per table and a

background task. Each task rate is a power of 2 multiple (with a max of 28) of the heartbeat and the tables
are configured in os_tasks.c. Table 2 lists examples rates using 5-ms and 1-ms heartbeats.

Table 2. Scheduler Example Rates

2° 1 5 = 5 ms 2° 1 x 1 = 1 ms
2! 2 5 = 10 ms 2! 2 x 1 = 2 ms
22 4 5 = 20 ms 22 4 x 1 = 4 ms
23 8 5 = 40 ms 28 8 x 1 = 8 ms
24 16 5 = 80 ms 24 16 x 1 = 16 ms
2° 32 5 = 160 ms 25 32 x 1 = 32 ms
2° 64 5 = 320 ms 26 64 x 1 = 64 ms
27 128 5 = 640 ms 27 128 x 1 = 128 ms
28 256 5 = 1280 ms 28 256 X 1 = 256 ms
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Depending on the wrist watch state, the heartbeat is configured to either 1 ms or 5 ms. Figure 11 shows
the scheduler table that will be running in each of the states.

i

w“ rwmsrwncu \
INIT_STATE / ;
\\ External P1.7
Push Button

Counter++

Reset

Enable AFE_ISR P2.5

External P1.7
Push Button
Counter >1

WRISTWATCH_

PROCESS_PPG

=

Disable AFE_ISR P2.5
Re-configure scheduler Heartbeat 1ms
Switch to idle table

Counter =0
External P1.7
[ WRISTWATCH_ Push Button WRISTWATCH_
— TOGGLE_LED_ Counter>=5 1ms

Sms | STATE w IDLE_STATE . -

/ " mainLoop |
{ malnLoop \\ / \
\\ /loms — T J
— idleTaskl |
normTaskl y \ /

‘w‘ WRISTWATCH_ ‘
Task \ BSL_STATE
norm as| \ "~
mmwa}( o 2sems
( State )
Machine
150"‘5 TaskCompletion \\\7 B /ldIETaSIE‘L’*’
TaskCompletion - / dat:
‘ ‘ [ update
| normTask3 | \ Batterylnfo
/ wristWatch —
TaskCompletion ( State
= Machine/

/ sleep TaskCompletion

Mode / \ (

: Background |
\

/&/

\lZSUms //s;;h
) \\Mode

normTask4 |
: Background |

\\ /updat;\

/Qitterylnh/
TaskCompletion —

TaskCompletion

Wait until next
heartbeat

Wait until next
heartbeat

Figure 11. State Machine and Scheduler Tables

For this application, two tables are defined, one to be used in normal mode (see Section 5.1.3.1) and the
other one to be used in idle mode (see Section 5.1.3.2). Neither table includes all eight tasks.
5131

This table only has four tasks.
0S_taskType osTaskListNorm[NUM_TASKS_IN_TABLE] =

Normal Mode Table

{ /* rate offset action */
{ o, o, &normTaskl }, /* highest priority task */ /* 5.0 ms */
{ 1, 1, &normTask2 3}, /= 10.0 ms */
{ 31, 7, &normTask3 }, /* 160.0 ms */
{ 255, 127, &normTask4 %}, /* lowest priority task */ /* 1280.0 ms */
}:
12 Generic Wrist Watch Programmer's Guide v0.2 SLAA671A—August 2015—Revised May 2016
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/ 5 ms
[ mainLoop |
/ 10 ms

normTaskl / \}
\

normTask2

\ - / 160 ms
ﬂ normTask3 /

/wrlstWatc
TaskCompletion State )
p Machme/

a \/

sleep TaskCompletion ‘J normTask4

Mode / ‘ e a ”

( update

\ Background / / BatteryInfo
\ / TaskCompletion:

Wait until next
heartbeat

/

TaskCompletion

\
/

Figure 12. Scheduler With Normal Mode Tasks

5.1.3.1.1 normTaskl

This task runs every 5 ms and calls the mainLoop function only when the wristWatchState is different from
WRISTWATCH_TOGGLE_LED_STATE.

* mainLoop

— If needed, there is a hook for a Spot HRM function. Currently it is configured to be called for only
the first 15 second (using _15_SECONDS_5ms constant in "os_tasks.h") after the wristWatchState
is changed to WRISTWATCH_PROCESS_PPG_STATE. This could reconfigured by the user.

— The 15-second timer is also part of Taskl. 5 ms is the time base for the constant calculation.

— Runs the USB state machine, but the logging capabilities are not enabled until wristWatchState is
changed to WRISTWATCH_IDLE_STATE.

5.1.3.1.2 normTask2

This task runs every 10 ms. Currently it is not used, but it is available for future use.

5.1.3.1.3 normTask3
This task runs every 160 ms and calls the wristWatchStateMachine function.
» wristWatchStateMachine
— The state machine is updated every time that wrist watch push button is pressed.

5.1.3.1.4 normTask4

This task runs every 1280 ms and, depending on the wrist watch state, updates the BLE battery service
message with the battery information or with CPU throughput (if MEASURED_THROUGHPUT is enabled,;
refer to Section 5.1.3.3).

* updateBatteryinfo
— Updates battery value in the BLE message
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5.1.3.2 Idle Mode Table
This table has only two tasks and is selected when wristWatchState is changed to
WRISTWATCH_IDLE_STATE.
0S_taskType osTaskListldle[NUM_TASKS_ IN_TABLE_IDLE] =
{ /* rate offset action */
{ 0, o, &idleTaskl 1}, /* highest priority task */ /* 1.0 ms */
{ 255, 127, &idleTask4 3%, /* lowest priority task */ /* 256.0 ms */
}:
// 1ms
\ mainLoop [' \/
‘” idleTaskl

\
\

ﬂvnstWat(X \256 ms

{ State | \\
Machine ’

TaskCompletion \ 'dIETaSk‘l' S \

\\ / update \
— Batterylnfo//

/ sleep \ . TaskCompletion
Mode / \

Background \

\ /

Wait until next —
heartbeat

Figure 13. Scheduler With Idle Mode Tasks

5.1.3.2.1 idleTaskl

This task runs every 1 ms and calls the mainLoop.
e mainLoop
— Runs the USB state machine, enabling the user to download the logged data.

5.1.3.2.2 idleTask4

This task runs every 256 ms and updates the BLE battery service message with the battery information or
with CPU throughput, if the MEASURED_THROUGHPUT is enabled (see Section 5.1.3.3).

* wristWatchStateMachine

— The state machine is updated every time that wrist watch push button is pressed.
* updateBatteryinfo

— Updates battery value in the BLE message
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5.1.3.3 Background Task

This subroutine is called when no other task is scheduled. It can measure the CPU throughput of the
system. In other words, the CPU remains here in sleep mode (low-power mode 0) until the next heartbeat.
By default, the CPU throughput measurement is not enabled. To enable it, uncomment the
MEASURED_THROUGHPUT define in prg_info.h. After enabling this define, rebuild the application.

The way that the CPU throughput is calculated is very simple: a timer is used to calculate the CPU time
spent in sleep mode (LPMO) and, after a period of time (500 ms), an average is calculated. This is the
average sent through the BLE message in normTask4 or idleTask4.

The battery level is not displayed when CPU throughput calculation is enabled. Figure 14 and Figure 15
show the CPU throughput measurement using the Tl BLE Multitool app. Refer to the Wrist Watch Data
Logging Procedure for more information about this tool.

0000 ATRT 2 4:22 7 0 475 W se000 ATAT T 14:23 AR =

€ Back £ Back
Heartrate Other Heartrate Other
Battery level Battery level
(M%"'r »} 4% {"WH ) 16%
|
Device Information Device Information
? ?
Profiles Disconnect Profiles Disconnect
Figure 14. WRISTWATCH_TOGGLE_LED_STATE Figure 15. WRISTWATCH_PROCESS_PPG_STATE
5.2 Libraries

521 AFE44xx

The AFE44xx binary library for this application report is called msp430_afe4403_lib.r43. This library can
be configured using the files config_ AFE44xx.c and config_ AFE44xx.h.

The AFE44xx API calls are located in AFE44xx.h and in config_ AFE44xx.h. The file config_ AFE44xx.c
contains the GPIO and communication interface configurations between the MSP430 MCU and the
AFE44xX.

5.2.1.1  AFE44xx GPIO and Communication Configuration (config_AFE44xx.c)
All of the GPIOs that are used between the MSP430 MCU and the AFE44xx are configured using the
following data types:
* AFE44xx Pins
— RESETZ, AFE_PDNZ, DIAG_END
— LEDs D1 (STREAM_STATUS_LED) and D2 (PACKET_TX_STATUS_LED)

struct AFE44xx_GP10{
uint8_t selectedPort;
uintlé_t selectedPin; };

* AFE44xx Pins as Interrupt
— ADC_RDY

struct AFE44xx_PORT_ISR{
uint8_t selectedPort;
uintl6é_t selectedPin; };
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* AFE44xx SPI Interface
— SPISTE, SCLK, SPISOMI, SPISIMO

struct AFE44xx_SPI{
uintl6_t baseAddress;
uint8_t selectClockSource;
uint32_t desiredSpiClock;
uint8_t msbFirst;
uint8 _t clockPhase;
uint8_t clockPolarity;
struct  AFE44xx_GPIO SPI_Tx;
struct  AFE44xx_GPIO SPI1_Rx;
struct  AFE44xx_GPI0 SPI_CIk;
struct AFE44xx_GPI0O SP1_CS; };

For the SPI interface, some other parameters need to be specified (see Table 3)

Table 3. SPI Parameters

Parameter Description
baseAddress The base address of the SPI module.

selectClockSource The frequency of the selected clock source

desiredSpiClock The desired clock rate for SPI communication

Clock phase select. Valid values are:
clockPhase USCI_SPI_PHASE_DATA_CHANGED_ONFIRST_CAPTURED_ON_NEXT (Default)
USCI_SPI_PHASE_DATA_CAPTURED_ONFIRST_CHANGED_ON_NEXT

Clock polarity select. Valid values are:
clockPolarity USCI_SPI_CLOCKPOLARITY_INACTIVITY_HIGH
USCI_SPI_CLOCKPOLARITY_INACTIVITY_LOW (Default)

5.2.1.2  AFE44xx APIs (config_AFE44xx.h, AFE44xx.h)
The following APIs are provided:

config_AFE44xx.h
» void readAccelerometerData(uint8_t *data)
— Callback function to read the accelerometer
— Called inside the library by afe44xxDRDY Isr
Parameters
data — pointer to the accelerometer buffer
Returns
None
« void initAFE44xxCommlInterface (void)
— Configures the AFE44xx communication interface
— By default uses the SPI parameters specified in the structure "AFE44xx_SPI"
— Called in main
Parameters
None
Returns
None

16 Generic Wrist Watch Programmer's Guide v0.2 SLAA671A—August 2015—Revised May 2016

Submit Documentation Feedback
Copyright © 2015-2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAA671A

13 TEXAS
INSTRUMENTS

www.ti.com Wrist Watch Application

5.2.1.3

AFE44xx.h

void initAFE44xx(void)
— Initializes and calibrate the AFE44xx device
— Called in main
Parameters
None
Returns
None
void afe44xxDRDY/Isr (void)
— Interrupt handler called when the AFE44xx DRDY signal is received
— Reads AFE44xx registers, accelerometer data and evaluate the data
— Allows processPPG (HRM Custom Algorithm) to run

— It also stores all this information including the calculated heart rate in the external serial flash using
the dataLogger function, and it also reads the battery information and sends the BLE Heart Rate
Message

— Called in Port2_ISR
Parameters
None
Returns
None
void processPPG(void)
— Callback/Hook function to run the HRM algorithm
— Called in processPPGTask
— Make sure to store the updated Heart Rate in the variable g_uil6HeartRate
Parameters
None
Returns
None
uintl6_t g uil6HeartRate
— Variable that stores the value of the Heart Rate
— Defined inside of the library because of logging purposes

— For testing purposes (WRISTWATCH_PROCESS PPG_STATE), this variable is incremented in
normTask4 (os_tasks.c). Remove this code when integrating your HRM algorithm.

if (g_uil6HeartRate > 180)
{

}
g_uil6HeartRate++;

g_uil6HeartRate = 0;

Outside Functions Called by the Library
void enablePPGTimer(void)
— Configures and enables Timer BO to interrupt every 1 ms
— Uses the SMCLK as clock source
— Called in afe44xxDRDY lsr
Parameters
None
Returns
None
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uint8_t dataLogger(void)
Stores information into the external serial flash
Called in afe44xxDRDY!Isr
Parameters
None
Returns
0 = Continue Logging
1 = Stop Logging "Memory Full"

This library starts running when the state WRISTWATCH_PROCESS_PPG_S
shows an overview of the library data flow.

ISR every 10 ms
Located in port_isr.c
Every 100 ms, enable:

j10 ms

—n -
A/ AFE44xx_DRDY_ISR()

Enable AFE External Interrupt P2.5
10ms

‘ ‘w‘/WRISTWATCH_ g
|\ mT_sTATE

>

/@STWATQ

\N PROCESS_PPG_ \}/

\ STATE /

Run_PPG to true

External P1.7
Push Button
Counter++

External P1.7
Push Button
Counter>1

100ms

enablePPGTimel
" |Timer0_BO at 1 ms
Reset . A Run_PPG = true e
Counter =0 enablePPGTimer
External P1.7

/ / H

f ‘Q’g'GSGT:':ALT::— g“ShtB“‘:f";N WRISTWATCH_ i 1ms

| — - ounter>= | IDLE_STATE :

_ -~ LT — —N/ Timer0_BO_ISR()

Toggle -
160ms—%

| // ;ff\\

‘w“ ‘w/WRISTWATCH_\ \
| | Bststate | |

\\\ //

True

TATE is selected. Figure 16

sa 1-ms

Timer (Timer0_BO_ISR) and sets

r—start

ISR every 1 ms
Located in main.c

Enable
Nested
Interrupts

Run_PPG = false
disablePPGTimer

A

A 4

nested interrupts are enabled in
case user HRM algorithm takes

processPPGTask()

longer than 10 ms

Figure 16. Cross Functional AFE44xx Flow Chart
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5.3 Measurements
The following measurements were taken on each of the wrist watch states using LPMO over the
recommended ranges of supply voltage and operating free-air temperatures.
531 IAR Measurements
Table 4 and Table 5 summarize the current consumption of the IAR project running at 25 MHz and
16 MHz, respectively.
Table 4. Running at 25 MHz (PMMCOREV3) (Default Configuration)
) WRISTWATCH_ WRISTWATCH_
WRISTWATCH_ INIT_STATE TOGGLE. LED, STATE PROCESS PPG_STATE® WRISTWATCH_IDLE_STATE
CPU Throughput CPU Throughput CPU Throughput CPU Throughput
Run Sleep Run Sleep Run Sleep Run Sleep
100% 0% 4% 96% 5% 95% 5% 95%
9.26 mA 1.04 mA 1.12 mA 0.90 mA
@ WRISTWATCH_INIT_STATE requires approximately 50 seconds to complete (waits until it erases the external serial flash).
@  HRMWRISTWATCH_PROCESS_PPG_STATE depends on the HRM algorithm.
Table 5. Running at 16 MHz (PMMCOREV?2)
) WRISTWATCH_ WRISTWATCH_
WRISTWATCH_ INIT_STATE TOGGLE. LED. STATE PROCESS PPG_STATE® WRISTWATCH_IDLE_STATE
CPU Throughput CPU Throughput CPU Throughput CPU Throughput
Run Sleep Run Sleep Run Sleep Run Sleep
100% 0% 5% 95% 6% 94% 6% 94%
6.20 mA 1.00 mA 1.10 mA 0.87 mA
@ WRISTWATCH_INIT_STATE requires approximately 50 seconds to complete (waits until it erases the external serial flash).
@  HRMWRISTWATCH_PROCESS_PPG_STATE depends on the HRM algorithm.
5.3.2 CCS Measurements

Table 6 and Table 7 summarize the current consumption of the CCS project running at 25 MHz and

16 MHz, respectively.

Table 6. Running at 25 MHz (PMMCOREV3) (Default Configuration)

WRISTWATCH_ INIT_STATE® TO(‘E"V&'ET‘Z"EADT_%'%A e RO (\:I\llzl-‘s)lssjl\vl\llbpéT_%';ZTE(z) WRISTWATCH_IDLE_STATE
CPU Throughput CPU Throughput CPU Throughput CPU Throughput
Run Sleep Run Sleep Run Sleep Run Sleep
100% 0% 4% 96% 5% 95% 5% 95%
9.30 mA 1.23 mA 211 mA 1.03 mA
1)

@

Table 7. Running at 16 MHz (PMMCOREV?2)

WRISTWATCH_INIT_STATE requires approximately 50 seconds to complete (waits until it erases the external serial flash).
HRMWRISTWATCH_PROCESS_PPG_STATE depends on the HRM algorithm.

WRISTWATCH_ INIT_STATE®

WRISTWATCH_
TOGGLE_LED_STATE

WRISTWATCH_
PROCESS_PPG_STATE®

WRISTWATCH_IDLE_STATE

CPU Throughput

CPU Throughput

CPU Throughput

CPU Throughput
Run Sleep Run Sleep Run Sleep Run Sleep
100% 0% 5% 95% 6% 94% 6% 94%
6.04 mA 1.11 mA 1.84 mA 0.93 mA
(6}

()

WRISTWATCH_INIT_STATE requires approximately 50 seconds to complete (waits until it erases the external serial flash).
HRMWRISTWATCH_PROCESS_PPG_STATE depends on the HRM algorithm.
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5.3.3 Memory Footprint for IAR Project
The memory sizes listed in Table 8 and Table 9 are based on the optimizations in Figure 17.

| Language 1 ’ Language 2 | Code Optimizations :OLrllet [ List [ Fada ok

Level Enabled transformations:
None v |Common subexpression elimination
Low ¥] Loop unrolling
Medium vl Function inlining
v |Code motion
@ High

/| Type-based alias analysis

0 Size constraints

Figure 17. IAR Optimizations

Table 8 summarizes the memory footprint (includes the msp430_afe4403_lib).

Table 8. Application Memory Footprint

Flash RAM
Code Constants Data
19660 bytes 1153 bytes 3826 bytes

Table 9 summarizes the memory footprint for the msp430_afe4403_lib.

Table 9. Library Memory Footprint

Flash RAM
Code Constants Data
2366 bytes 19 bytes 70 bytes
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534

Memory Footprint for CCS Project

The memory sizes listed in Table 10 and Table 11 are based on the optimizations in Figure 18.

'« Properties for msp430_wristwatch_project E =
type filter text Optimization =1 v -
Resource
General
4 Build Configuration: |Debug [ Active ] ~ | | Manage Canfigumionm..l
4 MSP430 Compiler
Processor Options
Optimization i . -
Include Options Optimization level (--opt_level, -0) [3 Interprocedure Optimizations v}
ULP Advisor L
Advice Options Speed vs. size trade-offs (--opt_for_speed, -mf) 5 U
Advanced Options none 0 size 5 speed
MSP430 Linker Inline hardware multiply version ef RTS mpy routine (--use_hw_mpy) IFS ']
MSP430 Hex Utility [Disabled]
Debug
\'_;) [T] [ Cancel
Figure 18. CCS Optimizations
Table 10 summarizes the memory footprint (includes the msp430_afe4403_lib).
Table 10. Application Memory Footprint
Flash RAM
Code Constants Data
28790 bytes 944 bytes 4911 bytes
Table 11 summarizes the memory footprint for the msp430_afe4403_lib.
Table 11. Library Memory Footprint
Flash RAM
Code Constants Data
3960 bytes 15 bytes 202 bytes
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