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System Description

Bluetooth® low energy (BLE) is a new wireless personal area network aimed toward low-energy
consumption areas of application, such as healthcare, fithess, security, and home entertainment. The
application utilizes the RedBearLab BLE Mini to add BLE capability to an MSP430™ LaunchPad™ and
keep the low-power features at the same time.

The demo titled “SelfieTaker” provides an alternative for selfie enthusiasts. Without the limit of the length
of the arm, the user can remotely capture a picture in a BLE-enabled smartphone by pressing a button on
the MSP430 LaunchPad.

MSP430FR5969 LaunchPad

The MSP430FR5969 (Wolverine) LaunchPad is an easy-to-use evaluation module for the
MSP430FR5969 microcontroller. The evaluation module includes on-board emulation for programming,
debugging, and energy measurements. The module also features embedded FRAM, which is a non-
volatile memory known for its ultra-low power, high endurance, and high-speed write access when
comparing to flash memory. These features make the MSP430FR5969 an ideal LaunchPad for BLE
communication applications.

RedBearLab BLE Mini

The RedBearLab BLE Mini is a small BLE development board incorporated with TI's CC2410 Bluetooth
Low Energy System-on-Chip (SoC). The RedBearLab BLE Mini only requires a serial port for
communication and supports all of the major platforms that have universal asynchronous receiver and
transmitter (UART) interfaces, including the MSP430. In addition, the firmware in the BLE Mini can be
updated through a USB.

Apple—iPhone® 6

This design uses the Apple iPhone® 6 because it supports Bluetooth 4.0 Low Energy. The iPhone 4S,
iPhone 5, iPhone 5C, and iPhone 5S are also applicable to this design.

Code Composer Studio™ v5.5

Code Composer Studio v5.5 is a main integrated development environment (IDE) tool for the
MSP430FR5969 LaunchPad development including programming, downloading, and debugging.
XCode® 6

Apple's XCode® 6 is an IDE tool for the iPhone BLE application development. The IDE is free, but the
user must purchase a digital certificate to download the application to the physical iPhone device.
BLE Stack

The BLE stack used in this design is TI's BLE stack v1.3.
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2 Block Diagram

2.1 MSP430 Software Architecture

Application
HAL
UART BLE stack
MSP430FR5969 BLE Mini

Figure 1. MSP430 Software Architecture

The basic software running on the MSP430FR5969 LaunchPad is divided into two layers: the hardware
abstraction layer (HAL) layer and the application layer. The HAL layer encapsulates all of the hardware-
related operations, such as serial peripheral interface, UART, and I?°C communication; clock system
initialization; and so forth. The UART communication in the HAL is specifically for BLE data sending and
receiving to and from the BLE Mini. The uppermost layer is the application including all of the user logic
codes.

2.2 iPhone Software Architecture

Application
Customized Bluetooth
Library
iOS Core Library
Core Bluetooth Library AV Foundation Other utility libraries

Figure 2. iPhone Software Architecture

The iPhone-side application has the two-layer architecture. The bottom layer includes all of the iPhone
core libraries (AV Foundation for the camera feature, Core Bluetooth library, and network library for the
HTTP GET query). The customized Bluetooth library sitting on the top of the Core Bluetooth library
encapsulates a lot of the trivial Bluetooth communication work like scanning, services and characteristics
discovery, reading and writing BLE data, and so forth. The application utilizes a customized Bluetooth
library for Bluetooth communication and uses other Core libraries for remaining functions.
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System Design Theory

BLE Message Protocol

The current BLE message protocol is to send out all the characters without padding any additional
characters. For the purpose of extensibility, the protocol could be easily extended to add the data type,
data length, and any other meta information besides the raw data. The packet size also is saved if
sending integer/float type data because the packet size does not need to convert character format, which
requires more space.

The selfie application uses two strings as the command to trigger the camera operation. The string
“captureEvent” is to trigger the camera to take a picture, while string “cameraSwitchEvent” is to trigger the
camera to switch between front and back camera.

MSP430 LaunchPad Software Design

Architecture

The MSP430 Launchpad software architecture has an infinite loop in the main function that listens to the
event post. All of the interrupt service routines (ISR) post a corresponding event and wake up the CPU to
process all of the pending events. This process minimizes the time consumed in the ISR functions to avoid
delays when serving other ISRs. For example, the ISR button sends a button-pressed event to the global
event container, which wakes up the CPU upon the ISR exit. Therefore, the main loop resumes checking
the event container and executing the corresponding event handler, which is registered before the main
loop.

Send the BLE message

The BLE message sending triggers by clicking two buttons (S1 and S2) on the MSP430FR5969
LaunchPad. As stated previously, when the user press one button, the ISR button wakes up the CPU to
execute the UART transmission task. The content transferred through the UART is wrapped as a BLE
packet and sent out to the smartphone. Each button corresponds to the different content to send out.
Pressing S1 executes the send-camera switch command (“cameraSwitchEvent”), while pressing S2
executes the send camera capture command (“captureEvent”).

Smartphone Software Design

Architecture

The BLE smartphone-side programming requires the Apple iOS CoreBluetooth Library. The project also
includes customized Bluetooth library wrapping CoreBluetooth library routines and provides more
application-friendly application programming interfaces (API) to the upper layer. For example, users do not
have to call scanForPeripheralsWithServices and then implement protocol function didDiscoverPeripheral
to get all of the discovered peripherals. The user only needs to initialize the customized Bluetooth instance
and then all of the discovered peripherals automatically fill in the public peripherals array.

Connect to a Device

The main user interface (Ul) is a table view. The Ul lists all of the nearby discoverable Bluetooth devices
that provide RBL_SERVICE_UUID (defined in the BLEDefines.h). Clicking one Bluetooth device on the list
connects the iPhone to the selected device. If the connection is successful, the user will see the camera
view from the front camera.
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3.3.3 Receive the BLE message

The Core Bluetooth library provides basic functions to receive the BLE message. The customized
Bluetooth library improves the existing functionality by adding a notification mechanism so that any view
that registers in the notification center can receive the BLE new message natification. The camera view,
which registers in the notification center once loaded, executes the corresponding camera operations
when the BLE message is received.

(BLE.c, didUpdateValueForCharacteristic())

//post an event to the nonfiction center

NSDictionary * userlInfoDict = [NSDictionary dictionaryWithObject:msgStr
forKey:@"cameralndicator'];

[INSNotificationCenter defaultCenter] postNotificationName:@"selfieNotification” object:nil
useriInfo:userinfoDict];

(TIViewController.c, viewDidLoad())

//register to the notification center

[INSNotificationCenter defaultCenter] addObserver:self selector:@selector(didReceiveNotification:)
name:@"selfieNotification” object:nil];

(TIViewController.c, didReceiveNotification())
//receive the notification
NSString *resourceName = [[notification useriInfo] objectForKey:@"cameralndicator'];

//capture the picture if the command string is "captureEvent"
if([resourceName isEqualToString:@" captureEvent™]) {
[selT caplmage];

3
//switch the front/back camera if the command string is ‘‘cameraSwitchEvent"
else if([resourceName isEqualToString:@"cameraSwitchEvent'"]) {

FrontCamera = !FrontCamera;

[selT initializeCamera:FrontCamera];

4 Getting Started Hardware

The BLE Mini is connected with an MSP430FR5969 LaunchPad through a UART interface. The default
UART setting is: baud rate 57600, 8 data bits, no parity, one stop bits, and no flow control.

5 Getting Started Firmware

The firmware of the BLE Mini is pre-loaded with TlI's BLE Stack v1.3 and UART interface setting. Users
can directly connect the development board and MCU with a BLE Mini without modifying the BLE Mini
firmware. The firmware on the MSP430FR5969 LaunchPad is described above and provided in this
design.
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6 Test Setup

Figure 3. Hardware Setup

1. Connect the MSP430FR5969 LaunchPad with the BLE Mini through a UART interface. Make sure that
the green light-emitting diode (LED) is on for the BLE Mini (Figure 3).

No SIM = 6:55 PM % 79% E
TI BLE List

Biscuit
RSSI: -52

Figure 4. BLE List in Selfie Taker App

2. Open up the "Selfie Taker" application in the iPhone and select the current broadcasting BLE Mini
(Figure 4).

3. Push the LaunchPad onboard button S1 to capture the picture. Push the LaunchPad onboard button
S2 to toggle the front or back camera.
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7 Power Consumption

The power consumption for the MSP430 LaunchPad is considerably low. In the selfie demo, the
MSP430FR5969 LaunchPad is in the low-power mode (LPMO) most of time and is only triggered by UART

communication when receiving a BLE message.

Table 1. Selfie Demo Power Consumption

POWER (mW) CURRENT (mA) CR2032
BATTERY LIFE
MEAN MIN MAX MEAN MIN MAX (DAYS)
Broadcast 34 31 83 9 9 23 08
State
Connection
i 34 32 60 9 9 17 08
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8 Design Files
8.1 Schematics
To download the schematics, see the design files at TIDM-SELFIETAKER.
8.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDM-SELFIETAKER.
8.3 Layout Prints
To download the layout prints for each board, see the design files at TIDM-SELFIETAKER.
8.4 Software Files
To download the software files, see the design files at TIDM-SELFIETAKER.
9 References
1. Texas Instruments, "MSP430FR58xx and MSP430FR59xx Family", User's Guide, (SLAU367).
2. Texas Instruments, "MSP-EXP430FR5969 LaunchPad ™ Development Kit", User's Guide, (SLAU535).
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