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Introduction

1 Introduction
The Texas Instruments® Tiva™ C Series EK-TM4C123GXL is a low cost platform that can be
used for software development and to prototype a hardware design. A variety of BoosterPacks are
available to quickly extend the LaunchPads features.

This document describes the example applications that are provided for the EK-TM4C123GXL
when paired with the BOOSTXL-SENSHUB BoosterPack. This BoosterPack provides a variety
of motion and environmental sensors. It also provides an EM expansion option for attachement
of additional peripherals such as the CC2533EMK or CC4000EMK. These examples utilize the
TivaWare™ for C Series Sensor Library to extract and process information from the BOOSTXL-
SENSHUB.
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2 Example Applications
The example applications show how to use features of the Cortex-M4F microprocessor, the periph-
erals on the Tiva C Series microcontroller, and the drivers provided by the peripheral driver library.
These applications are intended for demonstration and as a starting point for new applications.

There is an IAR workspace file (ek-tm4c123gxl-boostxl-senshub.eww) that contains the
peripheral driver library project, USB library project, and all of the board example projects, in a
single, easy to use workspace for use with Embedded Workbench version 6.

There is a Keil multi-project workspace file (ek-tm4c123gxl-boostxl-senshub.mpw) that con-
tains the peripheral driver library project, USB library project, and all of the board example projects,
in a single, easy to use workspace for use with uVision.

All of these examples reside in the examples/boards/ek-tm4c123gxl-boostxl-senshub
subdirectory of the firmware development package source distribution.

2.1 Motion Air Mouse (airmouse)

This example demonstrates the use of the Sensor Library, TM4C123G LaunchPad and the Sen-
sHub BoosterPack to fuse nine axis sensor measurements into motion and gesture events. These
events are then transformed into mouse and keyboard events to perform standard HID tasks.

Connect the device USB port on the side of the LaunchPad to a standard computer USB port. The
LaunchPad with SensHub BoosterPack enumerates on the USB bus as a composite HID keyboard
and mouse.

Hold the LaunchPad with the buttons away from the user and toward the computer with USB Device
cable exiting the right and bottom corner of the board.

Roll or tilt the LaunchPad to move the mouse cursor of the computer up, down, left and right.

The buttons on the LaunchPad perform the left and right mouse click actions. The buttons on
the SensHub BoosterPack are not currently used by this example.

A quick spin of the LaunchPad generates a PAGE_UP or PAGE_DOWN keyboard press and
release depending on the direction of the spin. This motion simulates scrolling.

A quick horizontal jerk to the left or right generates a CTRL+ or CTRL- keyboard event, which
creates the zoom effect used in many applications, especially web browsers.

A quick vertical lift generates an ALT+TAB keyboard event, which allows the computer user to
select between currently open windows.

A quick twist to the left or right moves the window selector.

A quick jerk in the down direction selects the desired window and closes the window selection
dialog.

This example also supports the RemoTI low power RF Zigbee® human interface device pro-
file. The wireless features of this example require the CC2533EMK expansion card and
the CC2531EMK USB Dongle. For details and instructions for wireless operations see the
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Wiki at http://processors.wiki.ti.com/index.php/Tiva_C_Series_LaunchPad and
http://processors.wiki.ti.com/index.php/Wireless_Air_Mouse_Guide.

2.2 Nine Axis Sensor Fusion with the MPU9150 and
Complimentary-Filtered DCM (compdcm_mpu9150)

This example demonstrates the basic use of the Sensor Library, TM4C123G LaunchPad and Sen-
sHub BoosterPack to obtain nine axis motion measurements from the MPU9150. The example
fuses the nine axis measurements into a set of Euler angles: roll, pitch and yaw. It also produces
the rotation quaternions. The fusion mechanism demonstrated is complimentary-filtered direct co-
sine matrix (DCM) algorithm is provided as part of the Sensor Library.

Connect a serial terminal program to the LaunchPad’s ICDI virtual serial port at 115,200 baud. Use
eight bits per byte, no parity and one stop bit. The raw sensor measurements, Euler angles and
quaternions are printed to the terminal. The RGB LED begins to blink at 1Hz after initialization is
completed and the example application is running.

2.3 Humidity Measurement with the SHT21 (humid-
ity_sht21)

This example demonstrates the basic use of the Sensoror Library, TM4C123G LaunchPad and
SensHub BoosterPack to obtain temperature and relative humidity of the environment using the
Sensirion SHT21 sensor.

Connect a serial terminal program to the LaunchPad’s ICDI virtual serial port at 115,200 baud. Use
eight bits per byte, no parity and one stop bit. The humidity and temperature as measured by the
SHT21 is printed to the terminal. The RGB LED begins to blink at 1Hz after initialization is complete
and the example application is running.

2.4 Humidity Measurement with the SHT21 (humid-
ity_sht21_simple)

This example demonstrates the usage of the I2C interface to obtain the temperature and relative
humidity of the environment using the Sensirion SHT21 sensor.

The I2C3 on the EK-TM4C123GXL launchPad is used to interface with the SHT21 sensor. The
SHT21 sensor is on the BOOSTXL_SENSHUB boosterPack expansion board that can be directly
plugged into the Booster Pack connector on the EK-TM4C123GXL launchPad board.

This example uses the following peripherals and I/O signals. You must review these and change as
needed for your own board:

I2C3 peripheral
GPIO Port D peripheral
I2C3_SCL - PD0
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I2C3_SDA - PD1

UART0, connected to the Virtual Serial Port and running at 115,200, 8-N-1, is used to display
messages from this application.

2.5 Light Measurement with the ISL29023 (light_isl29023)

This example demonstrates the basic use of the Sensor Library, TM4C123G LaunchPad and the
SensHub BoosterPack to obtain ambient and infrared light measurements with the ISL29023 sen-
sor.

Connect a serial terminal program to the LaunchPad’s ICDI virtual serial port at 115,200 baud. Use
eight bits per byte, no parity and one stop bit. The raw sensor measurements are printed to the
terminal. The RGB LED blinks at 1Hz once the initialization is complete and the example is running.

2.6 Pressure Measurement with the BMP180 (pres-
sure_bmp180)

This example demonstrates the basic use of the Sensor Library, TM4C123G LaunchPad and the
SensHub BoosterPack to obtain air pressure and temperature measurements with the BMP180
sensor.

Connect a serial terminal program to the LaunchPad’s ICDI virtual serial port at 115,200 baud. Use
eight bits per byte, no parity and one stop bit. The raw sensor measurements are printed to the
terminal. The RGB LED blinks at 1Hz once the initialization is complete and the example is running.

2.7 Temperature Measurement with the TMP006 (temper-
ature_tmp006)

This example demonstrates the basic use of the Sensor Library, TM4C123G LaunchPad and the
SensHub BoosterPack to obtain ambient and object temperature measurements with the Texas
Instruments TMP006 sensor.

Connect a serial terminal program to the LaunchPad’s ICDI virtual serial port at 115,200 baud.
Use eight bits per byte, no parity and one stop bit. The raw sensor measurements are printed to
the terminal. The RGB LED blinks at 1Hz once the initialization is complete and the example is
running.
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3.1 Introduction

The buttons driver provides functions to make it easy to use the push buttons on the EK-
TM4C123GXL evaluation board. The driver provides a function to initialize all the hardware required
for the buttons, and features for debouncing and querying the button state.

This driver is located in examples/boards/ek-tm4c123gxl-boostxl-senshub/drivers,
with buttons.c containing the source code and buttons.h containing the API declarations for
use by applications.

3.2 API Functions

Functions
void ButtonsInit (void)
uint8_t ButtonsPoll (uint8_t ∗pui8Delta, uint8_t ∗pui8RawState)

3.2.1 Function Documentation

3.2.1.1 ButtonsInit

Initializes the GPIO pins used by the board pushbuttons.

Prototype:
void
ButtonsInit(void)

Description:
This function must be called during application initialization to configure the GPIO pins to which
the pushbuttons are attached. It enables the port used by the buttons and configures each
button GPIO as an input with a weak pull-up.

Returns:
None.

3.2.1.2 ButtonsPoll

Polls the current state of the buttons and determines which have changed.
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Prototype:
uint8_t
ButtonsPoll(uint8_t *pui8Delta,

uint8_t *pui8RawState)

Parameters:
pui8Delta points to a character that will be written to indicate which button states changed

since the last time this function was called. This value is derived from the debounced state
of the buttons.

pui8RawState points to a location where the raw button state will be stored.

Description:
This function should be called periodically by the application to poll the pushbuttons. It deter-
mines both the current debounced state of the buttons and also which buttons have changed
state since the last time the function was called.

In order for button debouncing to work properly, this function should be caled at a regular
interval, even if the state of the buttons is not needed that often.

If button debouncing is not required, the the caller can pass a pointer for the pui8RawState
parameter in order to get the raw state of the buttons. The value returned in pui8RawState will
be a bit mask where a 1 indicates the buttons is pressed.

Returns:
Returns the current debounced state of the buttons where a 1 in the button ID’s position indi-
cates that the button is pressed and a 0 indicates that it is released.

3.3 Programming Example

The following example shows how to use the buttons driver to initialize the buttons, debounce and
read the buttons state.

//
// Initialize the buttons.
//
ButtonsInit();

//
// From timed processing loop (for example every 10 ms)
//
...
{

//
// Poll the buttons. When called periodically this function will
// run the button debouncing algorithm.
//
ucState = ButtonsPoll(&ucDelta, 0);

//
// Test to see if the SELECT button was pressed and do something
//
if(BUTTON_PRESSED(SELECT_BUTTON, ucState, ucDelta))
{

...
// SELECT button action

}
}
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4.1 Introduction

The RGB LED driver provides a simple interface to control the RGB LED on the EK-TM4C123GXL.
The driver provides a function to initialize the timers and GPIO for the RGB. It also provides features
for controlling the color and intensity of the LED.

This driver is located in examples/boards/ek-tm4c123gxl-boostxl-senshub/drivers,
with rgb.c containing the source code and rgb.h containing the API declarations for use by
applications.

4.2 API Functions

Functions
void RGBBlinkIntHandler (void)
void RGBBlinkRateSet (float fRate)
void RGBColorGet (uint32_t ∗pui32RGBColor)
void RGBColorSet (volatile uint32_t ∗pui32RGBColor)
void RGBDisable (void)
void RGBEnable (void)
void RGBInit (uint32_t ui32Enable)
void RGBIntensitySet (float fIntensity)
void RGBSet (volatile uint32_t ∗pui32RGBColor, float fIntensity)

4.2.1 Function Documentation

4.2.1.1 RGBBlinkIntHandler

Wide Timer interrupt to handle blinking effect of the RGB

Prototype:
void
RGBBlinkIntHandler(void)

Description:
This function is called by the hardware interrupt controller on a timeout of the wide timer. This
function must be in the NVIC table in the startup file. When called will toggle the enable flag
to turn on or off the entire RGB unit. This creates a blinking effect. A wide timer is used since
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the blink is intended to be visible to the human eye and thus is expected to have a frequency
between 15 and 0.1 hz. Currently blink duty is fixed at 50%.

Returns:
None.

4.2.1.2 RGBBlinkRateSet

Sets the blink rate of the RGB Led

Prototype:
void
RGBBlinkRateSet(float fRate)

Parameters:
fRate is the blink rate in hertz.

Description:
This function controls the blink rate of the RGB LED in auto blink mode. to enable blinking pass
a non-zero floating pointer number. To disable pass 0.0f as the argument. Calling this function
will override the current RGBDisable or RGBEnable status.

Returns:
None.

4.2.1.3 RGBColorGet

Get the output color.

Prototype:
void
RGBColorGet(uint32_t *pui32RGBColor)

Parameters:
pui32RGBColor points to a three element array representing the relative intensity of each

color. Red is element 0, Green is element 1, Blue is element 2. 0x0000 is off. 0xFFFF is
fully on. Caller must allocate and pass a pointer to a three element array of uint32_ts.

Description:
This function should be called by the application to get the current color of the RGB LED.

Returns:
None.

4.2.1.4 RGBColorSet

Set the output color.

Prototype:
void
RGBColorSet(volatile uint32_t *pui32RGBColor)
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Parameters:
pui32RGBColor points to a three element array representing the relative intensity of each

color. Red is element 0, Green is element 1, Blue is element 2. 0x0000 is off. 0xFFFF is
fully on.

Description:
This function should be called by the application to set the color of the RGB LED.

Returns:
None.

4.2.1.5 RGBDisable

Disable the RGB LED by configuring the GPIO’s as inputs.

Prototype:
void
RGBDisable(void)

Description:
This function or RGBEnable should be called during application initialization to configure the
GPIO pins to which the LEDs are attached. This function disables the timers and configures
the GPIO pins as inputs for minimum current draw.

Returns:
None.

4.2.1.6 RGBEnable

Enable the RGB LED with already configured timer settings

Prototype:
void
RGBEnable(void)

Description:
This function or RGBDisable should be called during application initialization to configure the
GPIO pins to which the LEDs are attached. This function enables the timers and configures
the GPIO pins as timer outputs.

Returns:
None.

4.2.1.7 RGBInit

Initializes the Timer and GPIO functionality associated with the RGB LED

Prototype:
void
RGBInit(uint32_t ui32Enable)
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Parameters:
ui32Enable enables RGB immediately if set.

Description:
This function must be called during application initialization to configure the GPIO pins to which
the LEDs are attached. It enables the port used by the LEDs and configures each color’s Timer.
It optionally enables the RGB LED by configuring the GPIO pins and starting the timers.

Returns:
None.

4.2.1.8 RGBIntensitySet

Set the current output intensity.

Prototype:
void
RGBIntensitySet(float fIntensity)

Parameters:
fIntensity is used to scale the intensity of all three colors by the same amount. fIntensity

should be between 0.0 and 1.0. This scale factor is applied individually to all three colors.

Description:
This function should be called by the application to set the intensity of the RGB LED.

Returns:
None.

4.2.1.9 RGBSet

Set the output color and intensity.

Prototype:
void
RGBSet(volatile uint32_t *pui32RGBColor,

float fIntensity)

Parameters:
pui32RGBColor points to a three element array representing the relative intensity of each

color. Red is element 0, Green is element 1, Blue is element 2. 0x0000 is off. 0xFFFF is
fully on.

fIntensity is used to scale the intensity of all three colors by the same amount. fIntensity
should be between 0.0 and 1.0. This scale factor is applied to all three colors.

Description:
This function should be called by the application to set the color and intensity of the RGB LED.

Returns:
None.
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4.3 Programming Example

The following example shows how to use the rgb driver to initialize the RGB LED.

unsigned long ulColors[3];

//
// Initialize the rgb driver.
//
RGBInit(0);

//
// Set the intensity level from 0.0f to 1.0f
//

RGBIntensitySet(0.3f);

//
// Initialize the three color values.
//
ulColors[BLUE] = 0x00FF;
ulColors[RED] = 0xFFFF;
ulColors[GREEN] = 0x0000;
RGBColorSet(ulColors);

//
// Enable the RGB. This configure GPIOs to the Timer PWM mode needed
// to generate the color spectrum.
//
RGBEnable();

//
// Application may now call RGB API to suit program requirements.
//
...
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