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Project Abstract

In the Directional Remote Control project, a prgpet of TV remote control which reacts
to the user's hand movement is implemented. Comaheetnote controls are
characterized by many buttons which send diffeirgormation to the TV through
Infrared Data Association (IrDA) [1] protocol. Cargely, the Directional Remote
Control reacts to the user tilting the device aml#ft or on the right, by transmitting the
increase or decrease in value of the feature seledtbutton on the remote allows
selecting between three functions the user cangehammlume, channel and color
settings. In example, when the user wants to iseréze volume, he will firstly push the
button a number of times necessary to select thensfunction, and then it will incline
the device to the right, thus increasing the valil selected function and value are
shown on onboard display and transmitted to theivec. The project includes also the
implementation of a receiver capable of decodimgftimction and value remotely
received. These values will be displayed on theivec LED screen.

1. Status

The project works as planned due to the ease digtwimg the IrDA communication
using the ZNEO Z16 F microcontroller. The acceleztenchosen for the project did not
create major issues, since the right componenh#project was chosen during the
proposal. One possible evolution of the projectiddne to implement more sophisticated
functions as well as test the system with a comialefe/ IrDA protocol.

2. Specification

The project enables communication between two nesda transmitter and a receiver.
The transmitter is composed by one accelerometeremted to a ZNEO Z16 F Contest
Kit board [3]. It is in charge of decoding the usavements and the functions selected,
display them and transmit to the other end of thraraunication. The receiver,
implemented on another ZNEO Z16 F Contest Kit bpdetodes the signals received
and visualizes the received signals. A block diagod the system is shown in Figure 1.

Both the two terminals, when firstly connected tavpr, enters an IDLE state waiting for
events to happen. The receiver will only perfore cbmmands received by the
transmitter. The transmitter has a button (SW1)Wisielects the function the user wants
to change. When pushed for the first time, it wdlfrom the IDLE state into the

VOLUME state, visualizing the “Vo” characters orettlisplay and it enables the IrDA
transmitter to send out the modified value for¥@_UME. By pushing the button

again, the system goes into CHANNEL state, visuadithe “Ch” characters and
transmitting out the related values. The thirdesfaissible, reached by pushing the button
when in CHANNEL state, is COLOR state. It behavethe same ways as the other
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Receiver

\ Transmitter )

Figure 1. Directional Remote Control Block Diagram.

Figure 2. Transmitter StateDiagram.

states, visualizing “Co” on the display and trartiing the values. Finally, if the button is
pressed when in COLOR state, it will go back in BDturning off the screen and not
transmitting any data. The transmitter state diamgsashown in Figure 2. The values for
every function are in the range of integers betw@d0 with default value 20.
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The accelerometer connected to the transmittedbaetects its inclination in respect to
the Y-axis and in case the device is not put inzoeottal position, it will increase or
decrease the value of the function selected. Arease happens when the accelerometer
is rotated clock-wise. Oppositely, the selectedi®as decreased if rotated counterclock-
wise. For every change of value (e.g. from 20 t¢oll®, etc.) the transmitter broadcasts
wirelessly through IrDA the current pair Functiom\We and it displays it on the four

LED matrixes present on the ZNEO board using twerires for the function and two

for the value (e.g. Vo020, Vol9, Vo018, etc.)

The receiver board, after turning on, keeps itAlrBceiver constantly on, waiting for
data sent by the transmitter. When it recognizasdlpair Function-Value has been
delivered through the wireless medium, it displays its LED array in the same way as
described for the transmitter. Additionally, a powaving strategy is implemented which
turns off the LED array after some time of inadtivi

3. Implementation & Construction

Figure 3 shows the actual implementation of théesgsThe three main components are
highlighted in red. In this section the hardwand aoftware components of the system
are presented in detail.

Figure 3. Directional Remote Control | mplementation.
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3.1. Hardware Components

As highlighted in Figure 3, all hardware componersderived by two a ZNEO Z16 F
Contest Kit board and by the externally connectengic 2125 Dual-Axis
Accelerometer [2]. The accelerometer is mounted breadboard. In the following
subsections, the single components are descripedifging with letters T and R if used
at the transmitter or receiver.

3.1.1. Pushbutton SW1 (T)

The pushbutton SW1 on the ZNEO Z16 F Contest Kérdas directly connected to port
PD3 of the Z16 microcontroller, which allows usinterrupts for the line. The signal is
by default high, and it is pulled to low when thétbn is pressed.

3.1.2. Memsic 2125 Dual-Axis Accelerometer (T)

The Memsic 2125 Dual-Axis Accelerometer detailedcsjications are attached at the

end of the document. Here the characteristics aglketo the project are presented. Figure

4 shows how the accelerometer is connected to itroontroller ports.

* PIN 1 (Tout) gives the analog output of the tempee which is not used in the
project.

*  PIN 2 (You) provides the inclination value over the Y-axisaaBulse Width
Modulated (PWM) output. See communication prot@eation in the attached
documents for more details. Basically, the inciorabf the device is encoded in the
duty cycle value: when the duty cycle is smallemntb0%, the device is tilted to left,
otherwise it is tilted to the right. If 50%, thewitee is horizontally positioned.

Veg
MX2125
1 6
220 O nc Y= Tout Vdd fp—
PDO0 <} AN 2 voutlzlmut%( ne

f Vss Vss 4—
— — Tmmmmn
Vss Vss 8§ m m = 8

Figure 4. Memsic 2125 Dual-Axis Accelerometer connections.
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PIN 2 is connected to port PDO on the Z16 microadier with a resistor of 220 in
series, as required by datasheet.

* PIN 3 and PIN 4(Vss) are connected to one of tbargl pins (GND) of the Z16
microcontroller.

* PIN 5 (Xu) provides the inclination value over the X-axigngsthe same
methodology as PIN 2.

* PIN 6 (V) is connected to theyypin of the Z16 microcontroller, which provides 3.3
V.

3.1.3. ZNEO Z16F Series (Z16F2811AL) Microcontroller (T,R)

The ZNEO Z16 microcontroller [4] is the core of bdhe transmitter and the receiver
modules. Here only its hardware components relefaarthe project are described.

Oscillator

For the specific application, no high frequencyiltstor is needed. The 5.5 MHz internal
precision oscillator satisfies the requisites ahlibe transmitter and the receiver.

Timers

Two timers are used in the ZNEO Z16 microcontradlerthe transmitter side. One timer
is used to sample at a constant rate the inpuevaiovided by the accelerometer. The
sample rate is set to 43.2 KHz (i.e. reload valude prescale =128), which is more than
enough to poll the data line accurately for thiplegation.

The second timer is used both at the transmittéraathe receiver for periodically
refreshing the values of the LED display lines. Trieguency is set to 1KHz.

UART

The Universal Asynchronous Receiver/Transmitter RTAis responsible for encoding
(at the transmitter) and decoding (at the receidata in 8 bit format. In the project
implementation, CTS and bit parity check functidatined are not implemented.

At the transmitter side, the UART gets enabled avthegn there is a value to be sent,
based on the accelerometer data. The transmities fwathe transmission buffer to
empty and then it writes to the UOTXD register llyge to be transmitted. When the
system goes into IDLE function, the UART is disabl®ppositely, at the receiver side,
the UART is always enabled and ready to decodesitwived data. It continuously
checks the status of the buffer, to see whenfutligi.e. byte received). When a byte is
received, it is decoded and the buffer is empftiedhe project, a baud rate of 57.6 KHz
has been set but it is possible to modify it, withismpacting the application operations.
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Figureb5. IrDA Data Comunication System Block Diagram.

IrDA

The IrDA encoding/decoding is made possible in hbéhtransmitter and the receiver by
setting the IREN bit to 1 in the UOCTL1 registerith\this simple configuration, data is
encodedn accordance with the IrDA standard and outpuheinfrared transceiver via the TXD
pin. The communication is one-directional, so The ZNEXB microcontroller IrDA-
UART architecture is illustrated in Figure 5.

Thanks to the ease of configuration provided byZN&O Z16 microcontroller IrDA-
UART blocks, there is no need of covering the Irb@nsmission protocol. In the
project, IrDA communication was achieved by configg UART to use IrDA

3.1.4. IrDA Transceiver (T,R)

A fully-functional, high-performance UARTSs with Irffred Encoder/Decoders (Endec) is
present on the ZNEO Z16 F Contest Kit board. TaAegmitter board uses the transceiver
only for data transmission, while the receiver boases it only for data reception. The
IrDA transceiver gets enabled by setting the jundd€r status to IN.

3.1.5. LED Array (T,R)

The LED array displays the pair Function-Valueha format described above (e.qg.
V020). It is composed by four 7x5 LED matrixes. light up an LED dot the

appropriate Anode bit must be 1, and the correl@atthiode must be 0. All Anodes are
addressed by Port G of the Z16 microcontrolled @athodes are addressed by Port E of
the microcontroller.
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3.2. Software Components

The main software building blocks for the projec presented here, divided in
transmitter and receiver components.

3.2.1. Transmitter Software Components

The application running on the transmitter ZNEO Adi6rocontroller is shown in Figure
6. The two blocks Init and Timers on the left aeeessary blocks for the application but
do not implement directly the functionalities oéthystem. The Button Handler,
Accelerometer Handler, UART/IrDA Transmitter andlLProgrammer are the
functional blocks that implement the system’s opena As the flow in the figure shows,
the Button Handler is the root that calls the Aeoaineter Handler. From this block, the
UART/IrDA transmitter component implements the wess communication with the
receive, whereas the LED programmer displays theectiFunction-Value on the
display. Here the main functionalities of everydi@re described.
Init

Set the device to use internal oscillator

Initialize Timers and set their interrupt vectors

Set Interrupt Service Routine for when the butopressed

Configure GPIO data directions

Enable interrupts

Initialize UART for IrDA transmission

Init ‘ Button Handler ‘

Timers

Accelerometer
Handler

- - - -

UART/IrDa LED Programmer
Transmitter

Figure 6. Transmitter Software Components.
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Timers

» Set Timer0 as a clock to poll the value at GPIOnemted to the accelerometer
» Set Timerl to periodically refresh the LED display

Button Handler

» Generate an interrupt every time the button SWiressed
» Switch between states, as shown in Figure 2, mogjfthe current Function
* Enable/Disable IrDA transmission and the displajt@ving from/to IDLE state

Accelerometer Handler

» Continuously poll the accelerometer data line #nidy the device inclination

» Three intervals identifying the inclination of tHevice

» Based on the interval recorded, decide if to desereaot modify or increase the
current value

» If the value is not modified stall, otherwise dalk procedures to transmit the new
value and to visualize it on the display

UART/IrDA Transmitter

* Add an offset value to encode the Function to ¢ se
» Check if the transmission buffer is empty
e Transmit the Function-Value within a byte of data

LED Programmer

* Set the four LED matrixes to visualize the Functitalue pair
» Refresh the value periodically

3.2.2. Receiver Software Components

The application running on the receiver ZNEO Z16@notontroller is shown in Figure 7.
Many blocks are a subset of the blocks of the traitsr. With the channel polling
procedure, the device checks if there is incomiatg @n the wireless medium. If there is
a communication ongoing, the IrDA/UART Decoder ieee the byte of data and
decodes the Function-Value parameters, which amajied on the LED screen through
the LED Programmer module.

Init
» Set the device to use internal oscillator
» Initialize Timers and set their interrupt vector
» Configure GPIO data directions
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Figure 7. Receiver Software Components.

* Enable interrupts
* Initialize UART for IrDA reception

Timers
» Set Timerl to periodically refresh the LED display

Channel Polling

* Check for the UART receiver buffer to fill

IrDA/UART Decorer

* Decode the byte received through IrDA
» Extract the Function-Value received pair

LED Programmer

» Set the four LED matrixes to visualize the Funcificalue pair
* Refresh the value periodically
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4. Retrospective

Probably the most challenging aspects of the preyece designing the application
correctly and choose the hardware properly. ThigadiBWM output of the Memsic 2125
Dual-Axis Accelerometer had made the job of reiriguhe inclination value simple.
Moreover the UART-IrDA implementation on the ZNEQ&also facilitates the
configuration of a wireless link between two contieik boards.

Another great help in the implementation/debudefproject came from using an
oscilloscope to see the output of the accelerom@lghout visually see the data line of
the device it would have been harder to retrieeartkblination value from the device.

Debugging possibilities were very limited during throject, since the UART was
selected to transmit through IrDA, therefore no BS2ommunication (e.g. for printf)
was possible. The problem was solved by debuggiraygh the use of on board LEDs
and taking advantage of the loopback mode of th& UAwvhich loops the output data
back to the input of UART.

The system could be modified by using the incliomatevel of Axis-X, available on the
accelerometer, as a way of changing the functien{olume, channel, etc.) instead of
using the button.

Attachments

Memsic 2125 Dual-Axis Accelerometer (#28017) Specifications

The Memsic 2125 is a low-cost thermal acceleronetpable of measuring tilt,
collision, static and dynamic acceleration, rotatiand vibration with a range of £3 g on
two axes. Memsic provides the 2125 IC in a surfacemnt format. Parallax mounts the
circuit on a tiny PCB providing all I/O connectioss it can easily be inserted on a
breadboard or through-hole prototype area.

Features

* Measures £3 g on each axis

» Simple pulse output of g-force for each axis
» Convenient 6-pin 0.1” spacing DIP module
* Analog output of temperature (TOut pin)

* Fully temperature compensated

Key Specifications

» Power Requirements: 3.3 to 5 VDC,; <5 mA supplyeuir
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e Communication: TTL/CMOS compatible 100 Hz PWM outpignal with duty cycle
proportional to acceleration

* Dimensions: 0.42 x 0.42 x 0.45 in (10.7 x 10.7 X8Irhm)

» Operating temperature: 32 to 158 °F (0 to 70 °C)

Theory of Operation

The MX2125 has a chamber of gas with a heating &hin the center and four
temperature sensors around its edge. When thecaoowdter is level, the hot gas pocket
rises to the top-center of the chamber, and alsémsors will measure the same
temperature. By tilting the accelerometer, thedast will collect closer to some of
temperature sensors. By comparing the sensor tamopes, both static acceleration
(gravity and tilt) and dynamic acceleration (likking a ride in a car) can be detected.
The MX2125 converts the temperature measuremetatsignals (pulse durations) that
are easy for microcontrollers to measure and deciph

Pin Definitions

Pin Name Function

1 Tout Temperature Out

2 Yout Y-axis PWM output

3 GND Ground -> 0V

4 GND Ground -> 0V

5 Xout X-axis PWM output

6 VDD Input voltage: +3.3to +5 VDC ~ GND GND

Communication Protocol

Each axis has a 100 Hz PWM duty cycle output inctvlsicceleration is proportional to
the ratio tHx/Tx. In practice, we have found thati$ consistent so reliable results can be
achieved by measuring only the duration of tHx sTikieasy to accomplish with the
BASIC Stamp PULSIN command or with the Propellepthcounter modules. With

Vdd = 5V, 50% duty cycle corresponds to 0 g, big #ill vary with each individual unit
within a range of 48.7% to 51.3%. This zero offeeaty be different when using Vdd =
3.3V.
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