HE EmbedRF

Getting Started with EmbedRF Development Kit

1. Whatis included in the EmbedRF Development Kit............cccoovvviiiiiiiiiiiiiiinieee e, 2
P2 [ 11 0 To [ Tod 1 o] o NSRS 3
3. Connect EmbedRF Board to USB Interface Board ..........ccccccceeeeiiiiiiiiiiiiiiiiiiiiiieee 3
4. Install and Run EmbedRF Desktop Pro Software..........cccceeoviiiiiiiiiiiiiiiiiiiiiieeeeenen 5
4.1, CD INSEAIAtION c.eiiiiiiieieeeeee e e 5
4.2.  Download INStallation...........coooiiiiiiiiiiiiii e 5
5. Configuring a Transmitter and Receiver to CommuniCate...............uuvvieiiiiieeeeeeeeennnn. 7
5.1. Setup an EmbedRF Board to be a Transmitter .............ooooviviiiiiiiiiiiiiieieeeeeee 7
5.1.1. Set the Transmit ID of the tranSMItter .............eeiiiiiiii e, 7
5.1.2. Set the Transmit Interval of the Transmitter.............ccoeeeiiiiiiiiiiiiiiiiins 8
5.1.3. Set the Network ID of the Transmitter ............ccccooiiiiiiiiiiiciiieeeee 8
5.1.4. Set the Network Configuration to Point-to-point...........cccceeeeeiiiiiiiiiiiiiinnnnns 8
5.1.5. Configure the EmbedRF Board to be a Transmitter............ooovvvviiiieennnn. 9
5.1.6. Set the EmbedRF board to Record Analog Data ............cceevvviiiiiiininneneennnn. 9
5.1.7. Connect Transmitter EmbedRF Board to Battery...........ccccceeeeiiiiieeeieeenne, 9
5.2.  Setup an EmbedRF Board to be a RecCeiver...........ccouvvuiiiiiiiiiieeeeii, 10
5.2.1. Set the Receive ID of the EmbedRF Board .............ceevvviiiiiiiiiiiiiiinnninnnnnn, 10
5.2.2. Set the Transmission Interval of the EmbedRF Board ..............ccccccceennnnn. 10
5.2.3. Set the Network ID of the EmbedRF board.............ccccoviiiiiiiiiiiin, 10
5.2.4. Set the Network Configuration to Point-to-point.............cccceevveviiiiiiinnnnnnn. 10
5.2.5. Configure the EmbedRF Board to be a Receiver...........cccccceeeiiiiiiiecennnn. 10
5.2.6. Set to Automatically Notify you when Data Arrives..........cccceevvvvvvvnnnnnnn. 10
5.3.  Verify Data Transmitted and ReCEIVEd...........ccoeviiiiiiiiiiiiiiieecee e, 11
5.4. Change Analog Data on Transmitter and Watch Change................ccccceeeeeeis 14
6. Storing Data to the Database.............oooveveiiiiiiii e 15
6.1.  StOrNG RAW DAtaA.......cuuiiuiiiiiiii et e e e e e 16
I (o ] g To I Y g =1 (o o T 0= - USRS 16
6.3, VIBWING DAL .....coiiiiiiiiiiiiiiiie e e et e e e e e e e e 16
6.4,  DEIBLE DALA........uuuiiiiiiiiiiiiiie et a e e e e e e e e e e 17
7.  Appendix A — TroubleShOOtING EITOIS ........uiiiiiiieeeeieeeeeeeeiiee e 18

© EmbedRF LLC 2008 All Rights Reserved Page 1



1. What is included in the EmbedRF Development Kit

The following items are included in your EmbedRF Development Kit.
- Two EmbedRF Standard boards printed circuit boards
One USB Interface Boards
One USB cable
One CR2032 3V lithium coin cell battery with battery attachment board

A CD with the EmbedRF Desktop Pro Software on
it

Figure 1. EmbedRF Development Kit
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2. Introduction

This document describes how to get started using the EmbedRF development kit. When
you have finished executing the steps described in this document, you will havd learne
how to do the following:

Install and run the EmbedRF Desktop Pro Software

Configure one EmbedRF Board as a transmitter which will periodically transmi

data

Configure second EmbedRF Board as a receiver which will receive the data

View the data being received by the receiver board using the EmbedRF Desktop

Pro Software

Store the data to a database and view the data

3. Connect EmbedRF Board to USB Interface Board

To get started, you will first need to connect the EmbedRF Board to the USRBdeterf
Board.
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Figure 2: Connect the USB Interface board (left) vth the EmbedRF Board (right). Make sure that
as you are connecting the boards that the labelsrfeach of the pins on the EmbedRF Board match
those on the USB Interface Board (i.e. Vdd should atch Vdd and Gnd should match Gnd).

Connect the mini-USB end of the USB Interface Cable to the USB Interfazd.Bo
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Figure 3: Connect USB Interface Board to USB cable

Connect the other end of the USB cable to one of the USB connectors on your PC
computer.
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Figure 4: Desktop computer connected to USB Integice board which is connected to EmbedRF
Board.
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4. Install and Run EmbedRF Desktop Pro Software

4.1. CD Installation

Insert the CD included in the development kit into the PC. The installation program
should being immediately. If the installation program does not start imrakdiapen

the CD directory and double-click on the file called EmbedRF_DesktopPro.exe. Then
simply step through the installation windows until the program has been sudgessful
installed.

4.2. Download Installation

Go to thewww.embedrf.com/support.htmeb site and click on the “EmbedRF

DesktopPro Software” link on the left hand side of the web page. When prompted, select
“Run”. Then continue stepping through the installation windows until the program has
successfully installed.

After the installation has run to completion, EmbedRF should start immedidtély. |
doesn’t there is an icon on the desktop called EmbedRF. Double-click this icon. The
main form will appear as shown below.
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" EmbedRF Desktop Pro

File Device Help
Corfigure ~ Tramsmit | Receive Search... | Active Device |3 j
Firmware Version 1.20 | Get Viersion |
Transmit ID 3 Set Transmit 1D | Get Transmit 1D | Random Tx ID ‘
ID To Recsive 1 SetReceivelD |  GetRecevelD | RandomRxID |
Transmission Interval [s] |[:. j Set Interval | Get Interval |
;:tnsmit ! Receive |Recieive then Trans j Set Transmit/'Receive | Get Transmit'Receive |
us
Network Configuration |F‘Uint-to-p0int j Set Network Config | Get Network Config |
Network 1D 0 Set Network D |
Analog & Digital Settings | Record AD D
[ Record AD 1
|AD2 / DO2 Inactive |
[AD3 /D03 Inactive | Sethrslog | Gethnalog |
Power Settings [5 dbm ~] SetPower | GetPower |
Find transmitter lzi [s] ﬁlpﬁngﬁﬁ?{lﬁt ‘ Find ngei;'crtlrésmmer
[timeout)
Notification Settings W MNotification On Set Motification ‘
UART Command Text [hex] 56
UART Receive Text [hex] 760114

Figure 5: Configure window of the EmbedRF DesktogPro software. Use this window to configure
an EmbedRF Board (e.g. change the transmission imeal, set the transmit/receive 1D, set receive /
transmit status etc.

There are a lot of controls on this window. Each of these controls is explainedtér grea
detail in the separate document titled “EmbedRF DesktopPro Software Manual”.

Notice that in the top left-hand corner of the window there are three tabs labeled
Configure, Transmit, Receive. When the software first starts, you are‘i@dhégure”

tab. You will use this tab to configure all of the settings within the EmbedRF Board. F
the time being, we will just use three of the EmbedRF board settings — theiti@nsm

the Transmission Interval, and the Transmit/Receive Status.

Before we begin configuring the EmbedRF device, we will first make suréra is an
Active Device connected to the computer. If there is an Active Device codngote

will see its ID selected in the upper right-hand corner of the window. This shouid be t
EmbedRF device that is currently connected to your computer and the number shown is
the “Transmit ID” for that device. The transmit ID is a number between 0 and 16777215
that uniquely identifies a transmitter. By default, the transmit ID itosE$777215.

Each device has both a transmit ID and a receive ID.
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If you do not see a transmit ID in the Active Device pull-down list, makeysune

EmbedRF board is connected to the USB Board properly and that the USB Interface
Board is connected to your PC via the USB cable. Then press the “Search...” button in
the upper right hand corner of the main window.

At the very bottom of the main EmbedRF DesktopPro window are two boxes that show
what UART commands are being sent to an EmbedRF module and what UART replies

are being sent back from the EmbedRF module. These boxes are useful in that they show
the raw hexadecimal commands that are being sent serially betwed dimel Fhe

EmbedRF modules. These raw commands are all listed within the EmbedRFeBatash
However, some people find it more convenient to use the PC software to referance a

hex command when writing software for a host microcontroller that will befacteg

with an EmbedRF module.

5. Configuring a Transmitter and Receiver to
Communicate

In this section, we will describe how to configure one of your EmbedRF boards to
transmit some data. And we will describe how to configure the other EmbedRFdoard t
receive that data being transmitted.

5.1. Set up an EmbedRF Board to be a Transmitter

Make sure that there is an EmbedRF board connected to your computer as described in
section 3 and that the EmbedRF DesktopPro software is installed as describ&dnn sec
4. In this section, you will configure one of your EmbedRF Boards to be a “tragr¥mitt
(i.e. transmit data wirelessly at a set time interval).

5.1.1. Set the Transmit ID of the transmitter

Enter the number 1 into the Transmit ID text box. Then press the “Set TrdDSmit
button. Make sure that no error messages have appeared after pressinghdftart
error has occurred, it will appear in red text at the top of the window as is shamn bel
For a list of errors and what you can do to fix them, please see Appendix A -
Troubleshooting.
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" EmbedRF Desktop Pro

File Device Help
Mo response was received from the EmbedRF device.
Corfigure ~ Tramsmit | Receive Active Device |3 j
Firmware Version 1.20 Get Viersion I
Transmit ID 3 SetTransmitlD |  GetTransmitD | RandomTxID |
ID To Recsive 1 SetReceivelD |  GetRecevelD | RandomRxID |
Transmission Interval [s] |[:. j Set Interval | Get Interval |
g:tnsmit ! Receive |Recieive then Trans j Set Transmit/'Receive | Get Transmit'Receive |
us
Network Configuration |F‘Uint-to-p0int j Set Network Config | Get Network Config |
Network ID 0 Set Network ID_ |
Analog & Digital Settings | Record AD D
[ Record AD 1
|AD2 / DO2 Inactive |
[AD3 /D03 Inactive | Sethrslog | Gethnalog |
Power Settings [5 dbm ~] SetPower | GetPower |
Find transmitter lzi [s] Ellp;jngd::tl:lzit ‘ Find FEi;;'crtaeré[smitter
[timeout)
Notification Settings W Maotification On Set Motification ‘
UART Command Text [hex] 56
UART Receive Text [hex] 760114

Figure 6: Error message. See Appendix A to deterime how to trouble-shoot error messages like the
one above.

5.1.2. Set the Transmit Interval of the Transmitter

Select the “Transmission Interval” pull-down combo-box labeled 250 ms. Then press the
“Set Interval” button. Make sure that no error messages have appeared a$iegphes
button.

5.1.3. Set the Network ID of the Transmitter

Enter the number 0 into the Network ID text box. Then press the “Set Network 1D”
button. Make sure that no error messages have appeared after pressingihe butt

5.1.4. Set the Network Configuration to Point-to-po  int

Select the “Point-to-point” option from the Network Configuration pull-down menu.
Then press the Set Network Config button.

© EmbedRF LLC 2008 All Rights Reserved Page 8



5.1.5. Configure the EmbedRF Board to be a Transmit  ter

Select the “Transmit Only” option from the Transmit / Receive Status pull-domba-
box. Then press the “Set Transmit/Receive” button. Make sure that no erroresessag
have appeared after pressing the button.

5.1.6. Set the EmbedRF board to Record Analog Data

The EmbedRF board can be configured to record analog data, making it ideal for
transmitting analog sensor data wirelessly over short distances.s sethion, you will
configure the EmbedRF Board configured as a transmitter to record anaandat
transmit this data.

Select the Record A/D 1 checkbox. Then press the “Set Analog” button.

You have now successfully configured the EmbedRF board with the following settings:
Transmit ID: 1

Transmit Interval: 0.25 seconds

Transmit / Receive Status: Transmit Only

Network ID: 0

Network Configuration: Point-to-Point

Record and Transmit Analog Data on A/D channel 1

5.1.7. Connect Transmitter EmbedRF Board to Battery

Disconnect the EmbedRF board from the USB Interface Board and connect t¢téing Ba
Adapter Board as shown in the figure below.

Figure 7: Connecting the EmbedRF Board configureds a transmitter to the battery adapter board.
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5.2. Set up an EmbedRF Board to be a Receiver

Make sure the second EmbedRF board (i.e. the one that we did not configure as the
transmitter) is connected to your computer as described in section 3 and that the
EmbedRF DesktopPro software is installed as described in section 4. Intibis, s&i
will configure one of your EmbedRF Board to be a Receiver Board.

5.2.1. Set the Receive ID of the EmbedRF Board

Make sure the “Configure” tab in the upper left-hand corner of the window is selected.
Enter the number 1 into the Receive ID text box. Then press the “Set Receive ID”
button. Make sure that no error messages have appeared after pressinghdftart
error has occurred, it will appear in red text at the top of the window as is shaguren f
6.

5.2.2. Set the Transmission Interval of the EmbedRF Board

Select the “Transmission Interval” pull-down combo-box labeled 0.25 seconds. Then
press the “Set Interval” button.

5.2.3. Set the Network ID of the EmbedRF board

Enter the number 0 into the Network ID text box. Then press the “Set Network 1D”
button.

5.2.4. Set the Network Configuration to Point-to-po  int

Select the “Point-to-point” option from the Network Configuration pull-down menu.
Then press the Set Network Config button.

5.2.5. Configure the EmbedRF Board to be a Receiver

Select the option to “Receive Only” from the Receive/Transmit Status pull-deno.m
Then press the “Set Transmit/Receive” button.

5.2.6. Set to Automatically Notify you when Data Ar  rives

Check the “Notification On” checkbox at the bottom of the main window. Then press the
“Set Notification” button. This option causes the screen in the Receive tab window to
automatically update whenever new data arrives at the EmbedRF board eshfigua
receiver.

You have now successfully configured the EmbedRF board with the following settings:
Receive ID: 1

Transmit Interval: 0.25 seconds

Transmit / Receive Status: Receive Only

Network ID: 0

Network Configuration: Point-to-Point

Now the configuration window should look as shown below.
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Figure 8: Settings for configuring an EmbedRF boad to be a receiver of data.

5.3. Verify Data Transmitted and Received

At this point, you should have configured one of your EmbedRF boards to be a
transmitter. It should be attached to a battery adapter board. Your secordREmMbe

board should be configured to receive data. The Receiver EmbedRF board should be
connected to the USB Adapter Board and the USB Adapter Board should be connected to
your computer. Having the Receiver connected to your computer provides power to the
EmbedRF board and also enables you to observe data as it arrives at ther Receive
EmbedRF board.

The hardware configuration that you should have set up is shown in the figure below.
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Figure 9: Hardware set-up for transmitting data from an EmbedRF board configured as a
transmitter and receiving data on an EmbedRF boardcconfigured to receive data. The EmbedRF
board configured as the receiver is connected to ¢hcomputer via the USB Interface Board. This
enables you to view the data using the EmbedRF DdskPro software.

To observe this data, click on the “Receive” tab in the upper left-hand corner of the
window. The window below should be displayed.
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Figure 10: Receive tab window. This screen shoultk updating regularly as data is received on the
EmbedRF board configured as the receiver. The fidlthat should update every time a data packet is
received is the Counter field (Byte 11).

The transmit ID of the transmitter is included within each notify UART paahkets
located at bytes 1, 2, and 3 with the most-significant byte sent first.

Following the transmit ID, the next ten bytes of data (bytes 4-13) are ethgayload
data or analog sensor data, depending on whether the transmitter was cordigured t
transmit analog data. In this example, we configured the transmitter torsdad data
on A/D channel 1. A/D channel 1 analog data comes through on bytes 6 and 7.

Byte 14 contains the received signal strength indicator or (RSSI). Thiskyteumber
between 0 and 255 representing the strength of the received signal. A larferdR8S
that the transmitter is closer to the receiver while a smaller RS$atedithat the
transmitter is further away from the receiver.

Byte 15 in the UART notify data packet is a packet counter. Every time the tr@mnsmit
sends a packet, it increments its counter by 1. This byte can be used to inditlée avhe
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receiver has missed a packet sent by a transmitter. It should inciegreesh interval.
In this example, the counter should increment by 1 every 0.25 seconds.

The data packet is further described in the separate document titled “EmbedR6D
Pro Software Manual”.

5.4. Change Analog Data on Transmitter and Watch
Change
There is a button on the Battery Adapter Boards as shown in the figure below.

Button

Figure 11: Battery adapter board. The button is kown which, when pressed, shorts the analog
channel 1 to its maximum value of 1023, which repsents 3V.

This button shorts the analog sensor reading to the voltage level, thereby making the
value of the reading a maximum value of 1023 counts or 3V.

After you press this button, the Receive tab window on the EmbedRF DesktopPro should
look as follows:
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Figure 12: Receive tab window showing how the anad data changes when the button on the
transmitter battery adapter board is pressed. Note that A/D channel reads 1023 counts and 3 V as
expected when the button is pressed.

6. Storing Data to the Database

EmbedRF DesktopPro comes with a Microsoft Access database (embedrf.ndb) tha
located in the installation directory (for a typical installation, the locatidhisidatabase

is c:\Program Files\EmbedRF\EmbedRF.mdb). An EmbedRF Board can baicedfig
receive data and the EmbedRF DesktopPro software can be used to log andtsdata tha
to the database when the receiver EmbedRF board is connected to the PC via the USB
Interface Board.
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6.1. Storing Raw Data

To begin storing received data to the database, select the “Receive” tab in thiefuppe
hand of the EmbedRF DesktopPro software window. The window in Figure 10 should
appear.

Click on the “Save Data” checkbox. Now, when new data packets arrive at a receiver
that is connected to the computer via the USB Interface Board, the raw datastaltdze
to the database for later retrieval.

6.2. Storing Analog Data

The analog data is included within the 10 bytes of raw data. Analog channel O is

included in bytes 0 and 1, analog channel 1 is included in bytes 2 and 3, analog channel 2
is included in bytes 4 and 5, and analog channel 3 is included in bytes 6 and 7. It may be
convenient for you to store the analog data rather than storing the raw da&naldge

data is formatted such that the two bytes of data which make up a given analog dat
reading are concatenated together to make a single value. This valuedsrgtothe

database. The reason you need two bytes to store an analog reading is because t
analog-to-digital converter is 10-bits long. So you need two bytes to storadimegre

To store the analog data, click on the “Receive” tab in the upper left-hand cormer of t
EmbedRF DesktopPro software window. Then click on the “Save Raw Data” checkbox.
Now, when new data packets arrive at a receiver that is connected to the coapihiesr
USB Interface Board, the raw analog data will be stored to the databastefoetrieval.

6.3. Viewing Data

You can view the data you have saved in the database even if you do not own a copy of
Microsoft Access. To view the data stored to the database, click the “VienrDat
Database” button on the right side of the window in the “Receive” tab window. Both the
raw data and the analog data will appear as shown in the window below.
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Figure 13: Data viewer window. This window may beised to look at and to export both raw and
analog data stored to the database.

6.4. Delete Data

You may delete raw data that has been previously stored to the database iy chcki
the “Delete Raw Data” button under the Receive tab.

You may delete analog data that has been previously stored to the databasenigyori
the “Delete Analog Data” button.

You may store as many as 50,000 data packets in both the Raw Data table and the Analog
Data table. After 50,000 data points have been received, you will receive an error
message indicating that the database is full. You will then need to delete dateto m

room for new data.
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7. Appendix A — Troubleshooting Errors

There are several common errors that you might encounter. This section wylbtep
trouble-shoot any errors that you might encounter while getting started with the
EmbedRF Development Kit.

| keep receiving the error message “No response was received from thenbedRF
device.”

This may be caused by several things:

1. An EmbedRF Board is not connected to the PC computer via that USB Interface
Board and USB Cable as described in section 3 of this docuritakte sure the
EmbedRF Board is connected as described in section 3.

2. The EmbedRF Board is not connected to the USB Interface Board properly.
Ensure that when you connect the EmbedRF Board to the USB Interface board
that the labels for the pins line up with each other on each board. For example,
the pin labeled “Vdd” on the EmbedRF Board should align directly with the pin
labeled “vdd” on the USB Interface Board. After you have the EmbedRF Board
properly connected to the USB Interface Board, press the Search... button at the
top of the EmbedRF DesktopPro software window. The EmbedRF Board
transmit ID should appear in the list of Active Devices.

| am not receiving data.

This may be caused by several things:

1. The transmitter was not configured properly to transmit d&Rease review
section 5.1 to make sure the transmitter was configured to transmit data at the
same interval as the receiver was configured.

2. The receiver was not configured properly to receive dBiaase review section
5.2 to make sure the receiver was configured to receive data at the same interval
that the transmitter was configured.

3. The receiver is not connected to the PC Computéaike sure the receiver
EmbedRF Board is connected to the PC Computer.

4. The EmbedRF DesktopPro Software was not set to Notify when data arrived.
Please review section 5.2.6 to ensure that the DesktopPro software is configured
to display the data every time a packet arrives.

5. The transmitter does not have the battery properly conne®kzhse review
section 5.1.7 to ensure that the battery is properly connected to the transmitter
EmbedRF Board.
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