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1. Introduction

This document provides a complete overview of the EmbedRF DesktopPro software.
Use this document as a reference as you learn to fully configure and control your
EmbedRF Boards using EmbedRF DesktopPro.

2. Hardware Set-up and Software Installation

Please see the “Getting Started with EmbedRF Development Kit” document for a full set
of instructions on setting up the hardware properly and installing the EmbedRF Desktop
Pro Software.

3. Software Overview

The EmbedRF DesktopPro software is used to configure and control EmbedRF Boards
through a USB interface. You may use this software to do the following things which
will be further described in this document:

e Configure all of the settings of an EmbedRF Board

e Set which data an EmbedRF Board will transmit

¢ View data an EmbedRF Board has received

These three primary functionalities may be accessed through three tabs (Configure,
Transmit, and Receive) that may be clicked on at the top of the EmbedRF DesktopPro
software window.

Each of these main three categories will be further discussed in this document.

4. Configuring an EmbedRF Board

A number of settings on the EmbedRF Board may be set using the Configure tab
including:

Configure as either a receiver, transmitter, or a bidirectional transceiver
Set a transmit ID, a receive ID, and a network ID

Set the interval at which data is transmitted and received

Configure to store and transmit analog sensor data

Configured to set digital output values

Configured to notify a host microcontroller or the EmbedRF DesktopPro
software when it has received a valid data packet.

Find a transmitter

¢ Configure network mode as point-to-point or multi-point to point

e Determine the firmware version of the EmbedRF Board

This section of the document describes how to configure all of these settings on an
EmbedRF Board.
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Before beginning to configure your EmbedRF Board, you should ensure that you are in
the Configure tab of the EmbedRF DesktopPro software window and the window should
look like Figure 1.

" EmbedRF Desktop Pro

File Device Help
Corfigure ~ Tramsmit | Receive Search... | Active Device |'| j
Firmware Version Get Viersion |
Transmit ID 1 SetTransmitlD | GetTransmitld | Random TxiD |
ID To Recsive 1 SetReceivelD |  GetRecevelD | RandomRxID |
Transmission Interval [s]  [0.45 | Set Interval | Get Interval |
;:tnsmit ! Receive |T|ansm'rt anly j Set Transmit/'Receive | Get Transmit'Receive |
LS
Network Configuration |F‘Uint-to-p0int j Set Network Config | Get Network Config |
Network 1D 0 Set Network D |
Analog & Digital Settings | Record AD O
v Record A/D 1
|AD2 / DO2 Inactive |
[AD3/D03inactve v| [ Sethnalog |  GetAnalog |
Power Settings |SEIE|:1 j Set Power ‘ Get Power ‘
Find transmitter lzi [s] Ellp;jn'::ﬁ?tl:l‘:t ‘ Find ngei;'crtlrésmmer
[timeout)
Notification Settings ™ Maotification On Set Motification ‘
UART Command Text [hex] 14100010000
UART Receive Text [hex] |51 00010000

Figure 1: The Configure tab window for the EmbedRF DesktopPro software. This window may be
used to configure an EmbedRF board’s transmission ID, receive ID, network ID, transmission
interval, analog data settings, and notification settings. Notice that the two boxes at the very bottom
of the window provide the commands in hexadecimal notation. These can be used as a reference
when writing software for a host microcontroller to verify what commands should be in raw hex
format.

4.1. Raw Hexadecimal UART Commands and Replies

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 between the PC and the
EmbedRF modules. These raw commands are all listed and fully specified within the
EmbedRF Datasheet. However, some people find it more convenient to use the PC
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software to reference a raw hex command when writing software for a host
microcontroller that will be interfacing with an EmbedRF module.

4.2. Configure as Receiver, Transmitter, or bidirectional
Transceiver

You may set an EmbedRF Board as either a transmitter, a receiver, or a bidirectional
transceiver.

4.2.1. Configure to Receive Data

Select the option to “Receive Only” from the Receive / Transmit Status pull-down
combo-box. Then press the “Set Receive / Transmit” button.

4.2.2. Configure to Transmit Data

Select the option to “Transmit Only” from the Receive / Transmit Status pull-down
combo-box. Then press the “Set Receive / Transmit” button.

4.2.3. Configure to a Bidirectional Transceiver

When a board is set to be a bidirectional transceiver, you may set it to either transmit and
then receiver, or alternatively receive and then transmit. It is important that when
configuring two modules such that both will be bidirectional transceivers, then one
should be configured to “transmit then receive” while the other should be configured to
“receive then transmit”. Otherwise, the two devices will not be able to communicate
properly. Please see the application “Bidirectional wireless communication using
EmbedRF” for more information about executing bidirectional communication.

To configure a device to be a transceiver, select either “Receive then transmit” or
“Transmit then Receive” option from the Receive/Transmit Status pull-down combobox.
Then press the “Set Receive / Transmit” button.

4.3. Setting Receive, Transmit, and Network IDs

Each EmbedRF Board has a receive ID, a transmit ID, and a network ID. These IDs are
used to provide control over which devices send/transmit to other devices. An EmbedRF
Board that is configured to transmit (a transmitter), should be given a transmit ID and a
network ID. An EmbedRF Board that is configured to receive data (a receiver), should
be given a receive ID and a network ID. The receiver will only receive data from a
transmitter if the transmitter’s transmit ID matches the receiver’s receive ID and the
transmitter’s network ID matches the receiver’s network ID.

4.3.1. Setting the Transmit ID

Enter a number between 0 and 16777215in the Transmit ID text box, then press the “Set
Transmit ID” button. To verify that you have properly set the ID, you may press the “Get
Transmit ID” button and the transmit ID that has been previously set on the EmbedRF
Board should appear in the “Transmit ID” text box.
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4.3.2. Setting the Receive ID

Enter a number between 0 and 16777215in the “ID to Receive” text box, then press the
“Set Receive ID” button. To verify that you have properly set the ID, you may press the
“Get Receive ID” button and the receive ID that has been previously set on the EmbedRF
Board should appear in the “ID to Receive” text box.

Setting Transmit and Receive ID to Random Number

You may wish to set the transmit and receive IDs to random numbers. You may do this
by pressing the “Random Tx ID” and “Random Rx ID” buttons to respectively set the
transmit ID or receive ID to a random number between 0 and 65535.

4.3.3. Setting the Network ID

Enter a number between 0 and 16777215, then press the “Set Nework ID”. For security
purposes, you are not able to prompt an EmbedRF Board for its network ID. You are
only capable of setting it.

4.4. Set Interval at which Data is Transmitted and
Received

The EmbedRF Boards may be configured to transmit data at an interval from 0.25
seconds up to 12.75 seconds in 0.05 second intervals. For two boards to effectively
transmit/receive data, they must have the same transmission interval.

To set the transmission interval, select a number from the Transmission Interval pull-
down menu. Then press the “Set Interval” button. To check the transmission interval for
an EmbedRF board, you may press the “Get Transmission Interval” button and the
Transmission Interval list box will automatically select which interval that EmbedRF
Board has been given.

4.5. Configure Analog Sensor Data and Digital Outputs

The EmbedRF Boards may be configured to store and transmit up to 4 analog sensor
readings. Each of the 4 channels (channels A/DO, A/D1, A/D2, and A/D3) consist of 10-
bit analog sensor readings. Each channel has a 3V range that is represented by the
numbers 0 — 1023 where 0 is equivalent to 0 V and 1023 is equivalent to 3V.

The analog sensor channel data is sent in bytes O — 7 of the data packet:
A/D 0 =bytes 0 and byte 1 (byte O is the high byte, byte 1 is the low byte)
A/D 1 =bytes 2 and byte 3 (byte 2 is the high byte, byte 3 is the low byte)

A/D 2 =bytes 4 and byte 5 (byte 4 is the high byte, byte 5 is the low byte)
A/D 3 =bytes 6 and byte 7 (byte 6 is the high byte, byte 7 is the low byte)
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A/D Channels 2 and 3 may be alternatively set as digital outputs. These two channels
may not be set as both a digital output and as an analog input. You may only configure
them as one or the other.

All A/D Channels are set at the same time when you press the “Set Analog” button.

To configure A/D channel 0, check or uncheck the “Record A/D 0” checkbox. Checking
the checkbox implies that you are configuring the EmbedRF Board to record analog data
on A/D Channel 0.

A/D channel 1 is set the same way as A/D channel O using the “Record A/D1” checkbox
instead.

To configure A/D channel 2 to be an analog input, select AD2 Active from the pull-down
list box. To configure A/D channel 2 to be a digital output, logic 1, select DO2 Active
High. To configure A/D channel 2 to be a digital output logic 0, select DO2 Active Low.
If you want to set A/D channel 2 to be neither an analog input nor a digital output, select
the AD2 / DO2 Inactive option from the pull-down listbox.

A/D channel 3 is set the same way as A/D channel 2 using the AD3 pull-down list box.

4.6. Configure to Notify when Receiving Data

An EmbedRF Board that has been configured to receive data can also be configured to
put its received data out the UART (USB) line every time a packet is received. This can
be useful when using the EmbedRF DesktopPro software as you can view the data as it
arrives.

To configure an EmbedRF Board to send the data packet to the USB port every time it
has been received, select the “Notification On” checkbox and then press the “Set
Notification” button.

4.7. Find a Transmitter
An EmbedRF Board that has been configured to receive data (a receiver) may search for
an EmbedRF Board that has been configured to transmit data (a transmitter). Once the
receiver detects a valid transmitter, they lock-in on each other and become synchronized.
A valid transmitter is one which has the same network ID. If a transmitter and receiver
do not have the same network ID, they will never synchronize.

There are two ways for a receiver to search for a transmitter
¢ Find the transmitter that is closest in proximity to the receiver
¢ Find the first transmitter detected after a find is initiated

For both of the find transmitter methods, a timeout may be specified. This timeout does
not affect how the EmbedRF performs the search. It is only used by the EmbedRF
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Desktop Pro PC software as a timeout from waiting the reply from the EmbedRF device.
The internal EmbedRF device timeout period is 10 times the transmit/receive interval. So
you should enter a timeout that is greater than 10 times the transmit/receive interval. For
example, if your transmit interval is 0.25 seconds, a good timeout would be 3 seconds. If
you enter a timeout less than 10 times the transmit interval value, the Desktop Pro screen
will not update when an ID has been found and sent over the serial UART.

4.7.1. Proximity Find

The proximity find uses the receive signal strength indicator (RSSI) as a measure of
proximity. The transmitter that has the highest RSSI will be selected as the transmitter to
which the receiver will synchronize.

To begin a Proximity Find, first enter the timeout in seconds after which the EmbedRF
Desktop Pro software will stop waiting for a reply from the EmbedRF device. Then press
the “Find Nearest Transmitter” button. The EmbedRF device will search for 10 times the
transmit / receive interval and synchronize with whichever transmitter is closest in
proximity. Once the ID has been found, it sends the ID over the serial UART to notify
the host microcontroller or the EmbedRF Desktop Pro software. You may verify which
transmitter has been found by pressing the “Get Transmit ID” after the find is complete
and see which transmit ID has been synchronized. If the ID is 0, then the receiver did not
find a transmitter.

4.7.2. Find First

The Speed Find synchronizes the receiver with the first transmitter which shares the
receiver’s network ID.

To begin a Find First, first enter the timeout in seconds after which the EmbedRF
Desktop Pro software will stop waiting for a reply from the EmbedRF device. Then press
the “Find First Transmitter Detected” button. The receiver will search for a transmitter
either until it finds one or until 10 times the transmit / receive interval has expired. Once
the ID is found, the EmbedRF device it sends the transmit ID over the serial UART to
notify the host microcontroller or the EmbedRF Desktop Pro software. You may verify
which transmitter has been found by pressing the “Get Transmit ID”. If the ID is 0, then
the receiver did not find a transmitter.

4.8. Set Network Mode

The EmbedRF device may configured as a point-to-point transceiver, or as a multi-point
to point receiver. When the device is in point-to-point mode, data is transferred only
between devices that have the appropriate transmit / receive IDs. When a device is
configured as a multi-point to point receiver, data is received from any EmbedRF
transmitter that shares its network ID number. To set the network ID, use the Network
Configuration pull-down menu and select either “Point-to-point” or “Multi-point-to-
point”. Then press the “Set Network Config” button. For more information about setting
up a multi-point-to-point network, please see our application note entitled “Setting up an
analog sensor network using EmbedRF”.
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4.9. Get Firmware Version

Each EmbedRF Board has firmware loaded on that is essentially like an operating
system. This operating system controls the low-power wireless transmission protocols.
If you are having difficulty with an EmbedRF Board, technical support may request that
you get the firmware of the EmbedRF Board that you are using. You can prompt the
EmbedRF Board for its firmware by pressing the “Get Version” button. The Firmware
appears in the “Firmware Version” text box.

5. Setting Data to Transmit

The EmbedRF Board may be configured to wirelessly transmit a 12-byte data packet on a
set interval (see section 4.2 for details). Ten bytes of the 12-byte data packet can be set to
any value between 0 and 255 by using the Transmit tab window of the EmbedRF
DesktopPro software when the EmbedRF Board is connected to the PC via the USB
Interface Board.

Before configuring the data that the EmbedRF Board will transmit, ensure that you have

selected the Transmit tab from the upper left-hand corner of the window. The Transmit
tab window is shown in the figure below.
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" EmbedRF Desktop Pro
File Device Help

Configure Receive Search... | Active Device |16777215 j

Set bytes for active device to transmit

Byte 0/ ADOH |17
Byte 1/ ADOL Izi
Byte 2/ ADTH |37
Byte 3/ ADIL |47
Byte 4/ AD2H |57
Byte 5/ AD2L Igi
Byte 6/ AD3H I;ri
Byte 7/ AD3L Igi

Byte 8 .
Byte 9 .
I Set bytes then send immediately
SetBytes |  Force EmbedRF to Send Immediately |
IF Period
Start Setiing Bytes Periodically | Stop Setting Bytes Pericdically |

UART Command Text [hex] |

UART Receive Text [hex] |

Figure 2: Transmit tab window of the EmbedRF Desktop Pro software. This window may be used
to set the data an EmbedRF Board will transmit wirelessly to another EmbedRF Board.

5.1. Restrictions when Setting Bytes Containing Analog
Sensor Data

Notice in figure 2 above, that bytes 0-7 are labeled with the analog sensor channel
numbers (ADOL, ADOH etc) as well as being labeled Byte 0-7. If an analog sensor
channel has been configured to record data, then you will not be able to set that byte to a
value since it will be sending the analog data in that byte. For example, if analog sensor
channel 1 has been set to record analog data (see section 4.4), then bytes 2 and 3 will
contain analog sensor data and may not be configured to a custom value.

5.2. Setting Bytes to Transmit

Using the text boxes in figure 2, enter any number between 0 and 255 for each of the 10
bytes of data. Then press the “Set Bytes” button. If you do not receive an error message

© EmbedRF LLC 2008 All Rights Reserved Page 9



back from the EmbedRF Board, you have successfully set each of the 10 bytes that will
be transmitted by the EmbedRF Board every transmission interval

5.3. Setting Bytes to be Sent Inmediately

You will notice on the Transmit tab window, that there is a checkbox labeled “Set Bytes
then Send Immediately”. This tells the EmbedRF Board to transmit the data being sent to
it immediately after it has received the command to update the data bytes. It will
continue to send this data on the regular transmission intervals. There is also a button
labeled “Force EmbedRF to Send Immediately”. This is a command that forces the
EmbedRF board to immediately send wirelessly any data that it has in its buffer.

Pressing this button does not update the data on the EmbedRF transmitter prior to the
wireless send.

5.4. Simulation for Periodically Updating the Bytes

Using the DesktopPro software, you can periodically update the data bytes of data on an
EmbedRF board configured as a transmitter. To do this, enter a value in the textbox
labeled as Period. The value in the Period textbox is the amount of time in seconds that
the EmbedRF board will update the data (and send if the “Set Bytes and Send
Immediately” checkbox has been checked). This feature is meant to mimic what a host
microcontroller might do to periodically update the EmbedRF transmit data prior to the
data being wirelessly sent to an EmbedRF receiver. To illustrate that the data is
changing, ByteO is incremented by the EmbedRF DesktopPro software immediately prior
to sending the update command. Therefore, you can verify that the update is occurring
by viewing the data on an EmbedRF receiver and checking that the data in Byte0
increments at the interval specified.

6. Viewing Data that Has Been Received

An EmbedRF Board can be configured to receive data at regular transmission intervals
(see section 4.1 for details). You may use the Receive tab window to view the 16-bytes
of data when they arrive at the EmbedRF Board over the serial UART.

Before beginning this section, make sure you have selected the Receive tab window from

the upper left hand corner of the EmbedRF DesktopPro software window. The Receive
tab window is shown in Figure 3. The Receive tab window is shown in the figure below.
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" EmbedRF Desktop Pro

File Device Help

Corfigure | Transmit || Receive Search... Active Device |16777215 j

Raw Data Received Analog Data Received
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Byte 4/ ADOH 0 j”.g ? g
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Byte 7/ ADTL 0 S
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gﬁ: 195 :-J'DZL g Database Access
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Eyte 12 (1] View Data in Database |
Byte 13 0

Byte 14 - RSSI 118 Dielete Raw Data in Database ‘

Bwyte 15 - Counter 243

| S B Delete Anzlog Data in Databas ‘

I Save Analog Data

Paolling Interval [seconds]

Get Data from Device ‘ Start Polling Device |

UART Command Text hex] [4E01
UART Receive Text [hex]

&70000010000000000000000000076F3

Figure 3: Receive tab window of the EmbedRF DesktopPro software. This window may be used to
observe which data has been wirelessly received by an EmbedRF Board.

Sixteen bytes of data are sent over the serial UART when a wireless data packet has been
received and the device is in “Notify” mode or when a device is prompted for its received
data.

The transmit ID of the transmitter is included within each notify UART packet and is
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 either raw payload
data or analog sensor data, depending on whether the transmitter was configured to
transmit analog data. In this example, we configured the transmitter to send analog 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). This byte is a 2’s
complement number representing the strength of the received signal. A larger RSSI
means that the transmitter is closer to the receiver while a smaller RSSI indicates that the
transmitter is further away from the receiver.
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Byte 15 in the UART notify data packet is a packet counter. Every time the transmitter
sends a packet, it increments its counter by 1. This byte can be used to indicate whether a
receiver has missed a packet sent by a transmitter. It should increment at each interval.
In this example, the counter should increment by 1 every 0.25 seconds.

Ten bytes of data are included within each data packet. Bytes 0-9 are either raw data or
they include analog sensor data, depending on whether the transmitter was configured to
transmit analog data.

Byte 10 contains the received signal strength indicator or (RSSI). This byte is a 2’s
complement number representing the strength of the received signal. A larger RSSI
means that the transmitter is closer to the receiver while a smaller RSSI indicates that the
transmitter is further away from the receiver.

Byte 11 is a packet counter. Every time the transmitter sends a packet, it increments its
counter by 1. This byte can be used to determine whether a receiver has missed a packet
sent by a transmitter. It should increment at each interval.

6.1. Polling the EmbedRF Board for Data

In Figure 3, you will notice a button called “Start Polling Device”. When this button is
pressed, the EmbedRF DesktopPro software will poll an EmbedRF Board for data every
0.5 seconds. Polling may be disabled by pressing the button again.

6.2. Viewing Data when it Arrives during Notification
Section 4.5 described how to set up an EmbedRF Board that is receiving data to notify
the EmbedRF DesktopPro software when a data packet has arrived. If notification has
been enabled for an EmbedRF Board, the Receive tab window in Figure 3 will
continually update every interval, whenever a data packet has been received.

7. Storing Data to the Database

EmbedRF DesktopPro comes with a Microsoft Access database (embedrf.mdb) that is
located in the installation directory (for a typical installation, the location of this database
is c:\Program Files\EmbedRF\EmbedRF.mdb). An EmbedRF Board can be configured to
receive data and the EmbedRF DesktopPro software can be used to log and store that data
to the database when the receiver EmbedRF board is connected to the PC via the USB
Interface Board.

7.1. Storing Raw Data

To begin storing received data to the database, select the “Receive” tab in the upper left
hand of the EmbedRF DesktopPro software window. The window in Figure 10 should
appear.
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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 data will be stored
to the database for later retrieval.

7.2. Storing Analog Data

The analog data is included within the 10 bytes of raw data. The analog data is sent
within the data bytes according to Table 1 below:

Analog Channel Bytes

0 Oand 1
1 2 and 3
2 4 and 5
3 6 and 7

Table 1: Analog data is stored in bytes 0-7 of the raw data packet.

Analog channel O is included in bytes O 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
data. The analog data is formatted such that the two bytes of data which make up a given
analog data reading are concatenated together to make a single value. This value is
stored into the database. The reason you need two bytes to store an analog reading is
because the analog-to-digital converter is 10-bits long. So you need two bytes to store
the reading.

To convert raw bytes into an analog reading, use the following formula — where
Analog_Data_X represents one of 4 analog channels, where X is the number 0-3. ADXH
and ADXL represent raw data bytes. For example, ADOH represents byte 0 and ADOL
represents byte 1

((ADXH x256)+ ADXL)x3.0
1023

Eq 1. Analog_Data _X[V]=

To store the analog data, click on the “Receive” tab in the upper left-hand corner of the
EmbedRF DesktopPro software window. Then click on the “Save Raw Data” checkbox.
When new data packets arrive at a receiver that is connected to the computer via the USB
Interface Board, the raw analog data will be stored to the database for later retrieval.

7.3. Viewing Data

Data that has been saved in the database can be viewed even if you do not own a copy of
Microsoft Access. To view the data stored to the database, click the “View Data in
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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" View Data E]E]

Raw Data
Bytel Bytel Byted Byted Byted Byteh =

» 0 99 0 1 0 0
112502007 09:45:46 0 100 0 1 0 0
11/292007 09:45:46 0 100 ] 1 0 0
11292007 09:.45:47 0 100 0 1 0 0
1125902007 09:.45:47 0 100 0 1 0 0
112972007 09:45:47 0 100 0 1 0 0
115292007 09:45.47 0 100 ] 1 0 0
112502007 09:45:43 0 101 0 1 0 0
112502007 09:45:43 0 101 0 1 0 0

| 1117902007 N9-4R-48 n 101 n 1 n n Jﬂ
1 3

Analog Data

Time AD3
4 117232007 05:45:47 100 1 0 13
11292007 09:45:47 100 1 0 3
11/25/2007 09:45:47 100 1 0 7
11/25/2007 09:45:42 101 1 0 7
11/28/2007 05:45:42 101 1 0 7
11/25/2007 09:45:42 101 1 0 7

A

Figure 4: Data viewer window. This window may be used to view and to export both raw and analog
data stored to the database.

7.4. Delete Data

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

You may delete analog data that has been previously stored to the database by clicking on
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 data to make
room for new data.
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