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XBee: Low Bandwidth Data Communication
and Introduction to Spread Spectrum

By Walter Clark
(San Bernardino Microwave Society)

S40 modules used in pairs to connect two Arduinos with WiFi; up to a mile.
They can also send analog and digital data to each other without a computer of any kind.
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This is the focus of
the presentation.
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How “data” transmission (XBee) differs from ham radio:

 multiple XBees can be networked
e digital headers allows secure transmission
e spread spectrum allows sharing the frequency
e data transfer involves confirmation; transmitting while receiving
e datais sent in bursts; the carrier is mostly off
* transmitting power; minimum necessary
* receiver sends back to the sender its signal strength
* sleep mode allows for milliseconds per day
* receive XBee can request a transmission

* “change detect” can be enabled to send only new information
* analog data can be sent with brief pulses and any period



XBee: Low Bandwidth Data Communication

There are other modules, much cheaper ones, that also use WiFi.




XBee: Low Bandwidth Data Communication

There are other modules, much cheaper ones, that also use WiFi.

Transmitter: https://www.sparkfun.com/products/10534 S4
Receiver: https://www.sparkfun.com/products/10532 S5



https://www.sparkfun.com/products/10534
https://www.sparkfun.com/products/10532

XBee: Low Bandwidth Data Communication

There are other modules, much cheaper ones, that also use WiFi.

But XBee




XBee: Low Bandwidth Data Communication

But XBee has very long ranges of hundreds of feet (S20 units) and a mile or so (S40 units)



XBee: Low Bandwidth Data Communication

But XBee has very long ranges of hundreds of feet (S20 units) and a mile or so (S40 units)

XBee can be part of a network yet address a particular XBee



XBee: Low Bandwidth Data Communication

But XBee has very long ranges of hundreds of feet (S20 units) and a mile or so (5S40 units)
XBee can be part of a network yet address a particular XBee

XBee can send data to the internet by way of smart phone hotspots



XBee: Low Bandwidth Data Communication

But ¢ XBee has very long ranges of hundreds of feet (520 units) and a mile or so (540 units)
* XBee can be part of a network yet address a particular XBee
e XBee can send data to the internet by way of smart phone hotspots
* XBee has the ability to send and receive data without a computer



XBee: Low Bandwidth Data Communication

But * XBee has very long ranges of hundreds of feet (520 units) and a mile or so (540 units)
* XBee can be part of a network yet address a particular XBee
e XBee can send data to the internet by way of smart phone hotspots
* XBee has the ability to send and receive data without a computer
e 11 buffered digital inputs (switch closures)
e 10 digital outputs (LEDs)
e 7 analog inputs (allowing 11-7 = 4 digital inputs)
* and even two analog outputs



XBee: Low Bandwidth Data Communication

But * XBee has very long ranges of hundreds of feet (520 units) and a mile or so (540 units)
* XBee can be part of a network yet address a particular XBee
e XBee can send data to the internet by way of smart phone hotspots
* XBee has the ability to send and receive data without a computer
e 11 buffered digital inputs (switch closures)
e 10 digital outputs (LEDs)
e 7 analog inputs (allowing 11-7 = 4 digital inputs)
* and even two analog outputs

* receiver sends back to the sender its signal strength
* sleep mode allows for milliseconds per day

* receive XBee can request a transmission >~ minimum power
* “change detect” can be enabled to send only new information
* analog data can be sent with brief pulses and any period
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XBee: Low Bandwidth Data Communication

semiconductor
IZSTAR

But ¢ XBee has very long ranges of hundreds of feet (520 units) and a mile HCIS19x 2.46Hz

* XBee can be part of a network yet address a particular XBee
 XBee can send data to the internet by way of smart phone hotspots
» XBee has the ability to send and receive data without a computer )
e 11 buffered digital inputs (switch closures)
e 10 digital outputs (LEDs)
* 7 analog inputs (allowing 11-7 = 4 digital inputs) |  wlll,
\_ * and even two analog outputs ) . (3 (8113 QUi

XBee Competition >

(The focus of this presentation.) (MC1322)
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XBee Programming, Wiring and Use

* The XBee module has a non-standard
pin spacing of 2 mm.

* The input/output digital logic (and
power) is 3.3V (this is not standard for
microcontrollers or USB.)

An adapter is need for
most applications.
* pinspacing
* 3.3V to 5V conversion
* power
* logic level
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* The XBee module has a non-standard : ?5‘2% ‘“*% o
pin spacing of 2 mm. 2.

* The input/output digital logic (and
power) is 3.3V (this is not standard for
microcontrollers or USB.)

.....

Many microcontroller
boards have that
adapter built in.
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* The XBee module has a non-standard |
pin spacing of 2 mm. oo

* The input/output digital logic (and
power) is 3.3V (this is not standard for
microcontrollers or USB.)

This is most common use of XBees
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The XBee module has a non-standard

pin spacing of 2 mm. | O ‘;l
* The input/output digital logic (and ‘ ::C.“’,z:,::;%“_f; i O
power) is 3.3V (this is not standard for
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microcontrollers or USB.)

s peeeeeed

Here is an interface board with a USB

to go to a laptop or desktop computer.

It has a 5V to 3V power and logic level
converter.
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An interface board is not needed if
 XBee is used without

a micro-controller
* and you provide the 3 volts.

(don’t forget, XBee has its own AtoD)
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Here the interface
board is only used
to convert to 0.1”.




XBee Programming, Wiring and Use



XBee Programming, Wiring and Use

The Most Common
Use of XBee



XBee Programming, Wiring and Use

The Most Common Transparent Mode
Use of XBee

s\\;\\Arduino

<data
data—> and

Arduino




XBee Programming, Wiring and Use

The Most Common Transparent Mode
Use of XBee

Arduino

XBee | ~x_ | XBee

Arduino




XBee Programming, Wiring and Use

The Most Common Transparent Mode
Use of XBee

Arduino

XBee | ~x_ | XBee

Arduino

XBee's default configuration
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There are a variety of the interface boards.

On the left is one made by Parallax.
On the right by SparkFun... “Explorer Board.”

They interface the pin spacing and the voltage.

Notice the USB connector on both. These
particular interface boards also convert logic
level and protocol to that of a PC



The blank Explorer board can have the
header (sockets) soldered in to allow the
XBee to be removable. Or the XBee can be
soldered directly.




The blank Explorer board can have the
header (sockets) soldered in to allow the
XBee to be removable. Or the XBee can be
soldered directly.

In which case, under this board, you could

solder headers making the whole assembly
removable.




 The Explorer board with pins interfaces with
proto-boards and/or USB




 The Explorer board with pins interfaces with
proto-boards and/or USB

* This one without the lower header could be
for a “base station” where a laptop records
the data.
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* There are three other antenna options.

Building Wireless Sensor Networks: with ZigBee, XBee, Arduino, and Processing By Robert Faludi



|EEE 802.15.4 Protocol

The RF part is called the Physical Layer
XBee is available in the 3 ISM bands: 2.4GHz, 915MHz, (866 MHz Europe)
16 RF channels to choose from in 2.4GHz; 5MHz apart, 2MHz bandwidth
» direct-sequence spread spectrum coding allowing simultaneous use of
channels
binary phase-shift keying (BPSK) is used in the 868 and 915 MHz bands,
* and offset quadrature phase-shift keying (O-QPSK) for 2.4 GHz.
the raw, over-the-air data rate is 125 Kbps in the 2.4 GHz band
e 40 Kbps per channel in the 915 MHz band (allows much more range)
these rates are only with a 5% duty factor, updated 50 sec
e actual speed: 10 bits per analog channel and there’s 7 analog
channels; 7 x 10 bits x 50 = 3.5 kbps



Serial Data Format

2.2.1. 1/0 Data Format

1/0 data begins with a header. The first byte of the header defines the number of samples forth-
coming. A sample is comprised of input data and the inputs can contain either DIO or ADC. The
last 2 bytes of the header (Channel Indicator) define which inputs are active. Each bit represents
either a DIO line or ADC channel.

Figure 2-04. Header

Header
/ \—\_\_‘

Byte 1 Bytes 2 - 3 (Channel Indicator)

Total number of samples na A5 A4 A3 AZ A1 AD DE|D7 D6 D5 D4 D3I D2 D1 DO

Bt Bit set to “1’ if channel is active Hite

Sample data follows the header and the channel indicator frame is used to determine how to read
the sample data. If any of the DIO lines are enabled, the first 2 bytes are the DIO data and the
ADC data follows. ADC channel data is stored as an unsigned 10-bit value right-justified on a 16-

bit boundary.
Figure 2.05. Sample Data

Sample Data —_—

IO Line Data is first (if enabled) ADC Line Data

X X X X X X X 8|7 6 5 4 3 2 1 0 ADCn MSB ADCnLSB
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, Format for sending
Serial Data Format data to a PC

2.2.1. 1/0 Data Format

I/0 data begins with a header. The first byte of the header defines the number of samples forth-
coming. A sample is comprised of input data and the ing

last 2 bytes of the header (Channel Indicator) define wh | Arduino)
either a DIO line or ADC channel. ' ' '
Figure 2-04. Header o svm,, o s
- RET 013 e 1 20 b—
/ HEEdE‘I —— wm— AREF D12 frm 2 XBee 18—
\ . Arduino  on == 3 18 e
Byte Bytes2 31 oo [ —]a 17 fe
Total number of samples na A5 A4 A3 A2 A1 AD O ps = —s 16 b
DE  fr—
it 15 - . — & 15 [pom—
= Bit setto ‘1’ | %Dr - 1, e
AD ; : f 1 I
Sample data follows the header and the channel indicatc - g - e b 12 fm
the sample data. If any of the DIO lines are enabled, thi | — | ™ : o 10 "p—
ADC data follows. ADC channel data is stored as an unsi = :z 8 z -
bit boundary. - . 4 . S
Figure 2-05. Sample Data — a5 I A
Sample Data — G"lm

IO Line Data is first (if enabled)
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, Format for sending
Serial Data Format data to a PC

2.2.1. 1/0 Data Format

I/0 data begins with a header. The first byte of the header defines the number of samples forth-
coming. A sample is comprised of input data and the ing

last 2 bytes of the header (Channel Indicator) define wh . Arduino)
gither a DIO line or ADC channel. ' ' '
Figure 2-04. Header o svm,, o s
- RET 013 e 1 20 b—
/ HEEdE‘I —— wm— AREF D12 frm 2<_XBBE 18—
. . Arduino  on == 3 18 e
Byte Bytes2 31 oo [ —]a 17 fe
Total number of samples na A5 A4 A3 A2 A1 AD O Do == —s 18—
DE  fr—
it 15 ) . — G 15 P
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Sample data follows the header and the channel indicatc - g e b 12 fm
the sample data. If any of the DIO lines are enabled, thi | — | ™ : o 10 |_| "p—
ADC data follows. ADC channel data is stored as an unsi = :: 8 z -
bit boundary. - . 4 . S @
Figure 2-05. Sample Data — a5 I A
uUSB
Sample Data — G"lm

IO Line Data is first (if enabled)

X X X X X X X 8|7 6 5 4 3 2 1 0 ADCn MSB | ADCnLSB
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| am not skilled in
software enough
to do this.




| am not skilled in
software enough
to do this. Yet.
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What a Sinewave Looks Like After Going Through the XBees.

e e T e T MR NPt )

RF Pulses top trace is RF output of “sending” XBee.
\A A .,'\/\"*/\f
/ = \} \ Analog Output bottom trace is analog output of “receiving” XBee.
TRTAVAVATATATATA

1 sec/cm

1 Hz
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What a Sinewave Looks Like After Going Through the XBees.

PP PP PPEE PP pree e

o Gmae e e ah e e e . W W w—-

0.2 ms/cm 2 ms/cm 5 ms/cm
shows a complete XBee cycle The RF output is a group of pulses.
/ Hz / Hz / Hz

Faster time base reveals no detail within the RF pulses.
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DSM2 (Model Airplane Radio Control)

5 ms/cm 2 ms/cm .2 ms/cm

Again, no detail can be seen within each RF pulse.
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Belkin Wireless Router: 802.11 2.4 GHz 300 Mbps
compared to XBee’s .125 Mbps

20msec/cm

Again: no detail within each RF pulse
it as if... white noise, 100% modulation

100useC/cm - - -



Direct Sequence, Spread Spectrum
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Secure single sideband communication system using modulated noise subcarrier
Patent number: 4176316

Abstract: 10. A transmitter for a secret communication system comprising a source
of carrier frequency energy, a source of cyclically repetitive noise energy, means to
synchronize the cyclical repetition rate of said noise energy with a sub-multiple of
the frequency of said carrier frequency energy, means to reverse the phase of
portions of said noise energy in accordance with a predetermined message code,
means to modulate said carrier frequency energy with said encoded noise energy
and means to transmit the suppressed carrier single sideband component of said
carrier modulation.

Type: Grant /
Filed: March 30, 1953 /

Issued: November 27, 1979
Assignee: International Telephone & Telegraph Corp.
Inventors: Louis A. DeRosa, Mortimer Rogoff



https://patents.justia.com/patent/4176316

Prior Art

* Added multiple tones louder than the
information modulation
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Flash transmission where you compress
time and expand it



Prior Art

* Added multiple tones louder than the
information modulation

* Flash transmission where you compress
time and expand it

Both could be undone and both reveal themselves.



power

Amplitude Modulation

carrier

upper and lower

side bands \

N

carrier + max
frequency

frequency



power

Amplitude Modulation

carrier louder is higher

upper and lower

side bands \

N

carrier + max
frequency

frequency



power

Amplitude Modulation
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upper and lower

side bands \
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carrier + max
frequency
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power

FM

carrier

louder is wider

actually:
wider = more modulation index
(discriminator in receiver matches this deviation)

more excursion allows power/KHz

frequency

)

—

carrier + max
amplitude



Mortimer’s Invention

light source —— —>> photocell



100 different shades of gray

1,440 of these

light source —— —>> photocell
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100 different shades of gray

Manhattan
phone directory

312 345-2134

1

1,440 of these

spin very fast: in the MHz

light source —— —>> photocell
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Spread Spectrum
Amplitude Modulation

carrier

upper and lower

side bands \

frequency

spinning
disk
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power

Spread Spectrum

Frequency Modulation

Key Features:
(which Heady missed)

carrier * change in frequency (wider side band) is a
much higher band width than signal
upper and lower e overlapping channels

side bands \

noise level

i

frequency

frequency hopping



Now Begins the Tutorial that Teaches
XBee Wiring and Configuration



Confusion:

Pin numbers on
the Explorer do
not correspond to

pin numbers on
the XBee.



Rely on graphic notes, not logic or memorization.

Confusion:

Pin numbers on
the Explorer do
not correspond to

pin numbers on
the XBee.



Rely on graphic notes, not logic or memorization.



Most work with XBees and
certainly all initial work
with XBees will be with an
interface board.

Rely on graphic notes, not logic or memorization.



Most work with XBees and
certainly all initial work
with XBees will be with an
interface board.

You can use the
back side of a spare
Explorer for which
pins to use.

Rely on graphic notes, not logic or memorization.
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Most work with XBees and
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XBees will be with an
interface board.

Rely on graphic notes, not logic or memorization.
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certainly all initial work with
XBees will be with an
interface board.
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about initial work ONLY
Explorer pin numbers
will be referenced.

Rely on graphic notes, not logic or memorization.



back side of explorer

Most work with XBees and
certainly all initial work with
XBees will be with an
interface board.

Since this slide show is
about initial work ONLY
Explorer pin numbers
will be referenced.

Never XBee
pin numbers.

Rely on graphic notes, not logic or memorization.



back side of explorer

watch this . ..




flipped over

watch this . ..
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GND ® ® DIOO
3.3V (om 2 : ; DIO1
DOUT ' < ; DIO2
DIN " uf s DIO3
DIO12 B : RTS
RST . o ‘ DIO5
RSSI « i : RES
DIO11 5 - DIO6
RES : E : CTS
DTR = : DIO4
GND v = . 5.0V
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3.3V foun)

GND
DOUT
DIN
DIO12
RST
RSSI
DIO11
RES
DTR
GND



GND
3.3V (ou)
DOUT
DIN
DIO12
/reset
RSSI
DIO11
(reserved)
10 /DTR
11 GND

oo NOYULT DB WN -

¢

R I
S 5 9 9 -

L -s - L - . E\s 8.

DIOO
DIO1
DIO2
DIO3
RTS DIO6
DIO5
RES Vref
DIO6
CTS DIO7
DI04
50V

OO NOOTUT DS WN -



GND DIOO 1

1

2 3.3V (e
3 DOUT
4 DIN

5 DIO12
6 /reset
/7 RSSI

8

9

ae2eas S rs sl ne weonw

R I
S 5 9 9 i
Sesse sevy/es sspes ew\uns.

DIO11

(reserved) CTS DIO7
10 /DTR DI04 10
11 GND 50V 11

alternate
functions



These have to do with / RTS

modem operations
commanded by the RES

host microcontroller. \ TS



These have to do with
modem operations
commanded by the
host microcontroller.
They are of no interest
in Line Passing Mode

RTS

— RES

CTS



left
side

[EEY

GND
3.3V (ou)
DOUT
DIN
DIO12
/reset
RSSI
DIO11
(reserved)
10 /DTR
11 GND

OO NOYUTL S WN

¢

R I
S 5 9 9 -

L -s - L - . E\s 8.

DIOO
DIO1
DIO2
DIO3
RTS DIO6
DIO5
RES Vref
DIO6
CTS DIO7
DI04
50V

right
side

-

OO NOOUTL DS WN



Don’t count these!

1 GND ® ® DIOO
2 3.3V (ou “v s 9 DIO1
3 DOUT 2 A DIO2
4 DIN - DIO3
5 DIO12 B\ Becl i RTS DIO6
6 /reset M FRO - DIO5
7 RSSI . RES Vref
8 DIO11 o - DIO6
9 (reserved) E:: : CTS DIO7
10 /DTR ~m : DI04
11 GND et - 50V

OO NOOTUT DS WN -



Don’t count these!

1 GND o -

2 3.3V - .
3 DOUT s " " g
4 DIN " fol)
5 DIO12 B\ Beoc
6 /reset Nl PRO

7 RSS| e T
8 DIO11 L e
9 (reserved) E:‘:‘: o
10 /DTR e

11 GND s smmw

L L 8.

DIOO
DIO1
DIO2
DIO3
RTS DIO6
DIO5
RES Vref
DIO6
CTS DIO7
DI04
5.0V

OO NOOTUT DS WN -

=
= O
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S WIN =

GND
3.3V
DOUT
DIN

Between Two Arduinos

. These four are all you need.



S WIN =

GND
3.3V
DOUT
DIN

Between Two Arduinos

These four are all you need.

(This mode is the default for
configuring the XBees too.)
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Between Two Arduinos
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Connecting to a PC

50V 11




GND
3.3V (ow)
DOUT
DIN
DIO12
/reset
RSSI
DIO11
(reserved)
10 /DTR
11 GND

OO0 NOOULL B WDN K-

Line Passing Mode

also called
Virtual Wires

DIOO
DIO1
DIO2
DIO3
RTS DIO6
DIO5
RES Vref
DIO6
CTS DIO7
DI04
50V

OO0 NOOULL D WDN K

N
= O



GND
3.3V (ow)
DOUT
DIN
DIO12
/reset
RSSI
DIO11
(reserved)
10 /DTR
11 GND

OO0 NOOULL B WDN K-

Line Passing Mode

also called
Virtual Wires

(the rest of the talk)

DIOO
DIO1
DIO2
DIO3
RTS DIO6
DIO5
RES Vref
DIO6
CTS DIO7
DI04
50V

OO0 NOOULL D WDN K

N
= O



GND
3.3V (ou)
DOUT
DIN
DIO12
/reset
RSSI
DIO11
(reserved)
10 /DTR
11 GND

OO NOOULT S, WN -

¢

b Y L

DIOO
DIO1
DIO2
DIO3
RTS DIO6
DIO5
RES Vref
DIO6
CTS DIO7
DI04
50V

OO NOOTUT DS WN -



These can be hard wired digital

inputs or outputs

1 GND i ® DIO0 1Y
2 3.3V o «vu ; DIO1 2
3 DOUT < ; DIO2 3 \
4 DIN : , DIO3 4
5 DIO12 . : RTS DIO6 5
6 /reset . : DIOS 6./
7RSS : RES Vref 7
8 DIO11 N - DIO6 8
9 (reserved) E:: : CTS DIO7 9
10 /DTR cumm " DI04 10
11 GND e ' 50V 11




These can be hard wired digital
inputs or outputs

DIOO0 1Y
DIO1 2

DIO2 3 >
DIO3 4
DIO6 5
DIO5S 6/

DIO6 8
DIO7 9
DIO4 10



LEDs would be on those
pins on one XBee and
the same pins would
have switches on them
on other XBee.

These can be hard wired digital
inputs or outputs

DIOO0 1Y
DIO1 2

DIO2 3 \
DIO3 4
DIO6 5
DIO5S 6/

DIO6 8
DIO7 9
DIO4 10



These can be hard wired digital
inputs or outputs

LEDs would be on those DIOO 1Y
pins on one XBee and DIO1 2
the same pins would DIO2 3
have switches on them DIO3 4 >
on other XBee. DIO6 5
DIO5 6/
DIO6 8
Can you see why DIO7 9
it’s called bio4 10

Line Passing?



GND
3.3V (ou)
DOUT
DIN
DIO12
/reset
RSSI
DIO11
(reserved)
10 /DTR
11 GND

OO NOOULT S, WN -

¢

b Y L

DIOO
DIO1
DIO2
DIO3
RTS DIO6
DIO5
RES Vref
DIO6
CTS DIO7
DI04
50V

OO NOOTUT DS WN -



1  GND 9 @ DIOO
2 3.3V o) “v s ; DIO1
3 DOUT ats : D102
4 DIN g 1 : DIO3
5 DIO12 . : RTS DIO6
6 /reset . - DIO5
7RSS : RES Vref
8 DIO11 o - DIO6
9 (reserved) E:: : CTS DIO7
10 /DTR .- - DIO4
11 GND et - 5.0V

These are the only
hard wired “analog”
outputs.

OO NOOTUT DS WN -



1 GND ® ® DIOO
2 3.3V (w «vu ; DIO1
3 DOUT 3 c ; DIO2
4 DIN 3 : DIO3
5 DIO12 . : RTS DIO6
6 /reset . - DIO5
7RSS : RES Vref
8 DIO11 - - DIO6
9 (reserved) E:: : CTS DIO7
10 /DTR ~ee : DI04
11 GND snuw ' 5.0V

Pins 7 and 8 can be either
e signal strength indication
* orananalog output

OO NOOTUT DS WN -



GND
3.3V (ou)
DOUT
DIN
DIO12
/reset
RSSI
DIO11
(reserved)
10 /DTR
11 GND

oo NOYULT DB WN -

Pins 7 and 8 can be either
e signal strength indication
* orananalog output

e ;
i i
- -

These analog outputs and can vary the brightness of
an LED or run a meter.

DIOO
DIO1
DIO2
DIO3
RTS DIO6
DIO5
RES Vref
DIO6
CTS DIO7
DI04
50V

OO NOOTUT DS WN -

=
= O



GND
3.3V (ow)
DOUT
DIN
DIO12
/reset
RSSIl or PWMO

oo NOYULT DB WN -

(reserved)
10 /DTR
11 GND

Pins 7 and 8 can be either
e signal strength indication
* orananalog output

DIO11 or PWM1

.
.- =\s BN

(R E SR ASS S ennse = [ "'

-l.-odldqq¢lngdlnﬂa--

K3
These analog outputs and can vary the brightness of

an LED or run a meter.

DIOO
DIO1
DIO2
DIO3
RTS DIO6
DIO5
RES Vref
DIO6
CTS DIO7
DI04
50V

OO NOOTUT DS WN -

=
= O



1 GND ® ® DIOO
2 3.3V (w «vu ; DIO1
3 DOUT 3 c ; DIO2
4 DIN 3 : DIO3
5 DIO12 . : RTS DIO6
6 /reset . - DIO5
7 RSSlor PWMO : RES Vref
8 DIO11orPWM1 - - DIO6
9 (reserved) E:: : CTS DIO7
10 /DTR - : DI04

11 GND 50V

OO NOOTUT DS WN -



1 GND w . ¢ ADO or DIOO
2 3.3V g Sz==alizaas AD1 or DIO1
3 DOUT ML~ QP AD2 or DIO2
4 DIN /config "k !—;_;._ 72 AD3 or DIO3
5 DIO12 Y Pocl i AD6 or DIO6
6 /reset ol ~R° : AD5 or DIO5
7RSSl or PWMO « o : RES Vref
8 DIO11or PWM1 4 . DIO6
9 (reserved) E:: CTS DIO7
10 /DTR or DI8 : wumm - AD4 or DIO4
11 GND . . 5.0V

other alternate pin functions

OO NOOTUT DS WN -



XBee

XBee
20

19
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17
16
15
14
13
12
11
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explorer

1 GND

3.3V fout)

DOUT

DIN /config

DIO12

/reset

RSSIl or PWMO

DIO11 or PWM1
9 (reserved)

SleepRQ 10 /DTR or DI8
11 GND

0O NdNO U B~ WDN

-
-
.
)
.
.
-
-
™
.
-
']
-
-
' -
-
-
-
.
.
-
.
-

L L O L O - BN

explorer

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
ADS5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

-

/RTS

associate

ON /sleep
CTS

OO NOOUTL DS WN

=
= O






virp

|

-
\m . V- - 2 E
i : ;\\ ; E- ... f
- © 8 - B
4 DIN /contig . 4
5 DIO12 . : AD6 or DIO6 5 /RTS
6 /reset -~ - AD5 or DIO5 6 associate
7RSSl or PWMO . v : Vref 7
8 DIO11or PWM1 4 . DIO6 8 ON /sleep
9 (reserved) E DIO7 9 cTs
SleepRQ 10 /DTR or DI8 .“m . AD4 or DIO4 10
11 GND - : 50V 11

The only thing more confusing than pin
numbers is X-CTU, coming up shortly.



1 GND o ® ADO or DIOO 1

2 3.3V (om g 2= ; AD1 or DIO1 2

3 DOUT N " QP AD2 or DIO2 3

4 DIN /config "k '—;_;__ 3 AD3 or DIO3 4

5 DIO12 Yol B AD6 or DIO6 5 /RTs

6 /reset -t R v ADS5 or DIO5 6 associate

7 RSSlor PWMO « o ' : Vref 7

8 DIO11or PWM1 ¢ . DIO6 8 ON /sleep

9 (reserved) E:g DIO7 9 cTs
SleepRQ 10 /DTR or DI8 v wwww ‘ AD4 or DIO4 10

11 GND . e : 50V 11

(print this out)




cONO U B WN B

9

GND

3.3V (ow)

DOUT

DIN /config
DIO12

/reset

RSSI or PWMO
DIO11 or PWM1
(reserved)

SleepRQ 10 /DTR or DI8
11 GND

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
ADS5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



e Serial Stream D-IN and D-

1 GND

2 3.3V 6w /
3 DOUT

4 DIN /config

5 DIO12

6 /reset

/  RSSlor PWMO

3

DIO11 or PWM1
9 (reserved)
sleepRQ 10 /DTR or DI8
11 GND

OUT are for microcontrollers
and are of most interest to
most users.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



cONO U B WN B

9

e Serial Stream D-IN and D-
GND OUT are for microcontrollers

and are of most interest to
(out)
T / most users.
DOUT /e

Serial stream data either from:\
DIN /config * amicrocontroller’s serial
DIO12 stream on the other XBee

* Or from analog/digital

/reset
RSSIl or PWMO

DIO11 or PWM1
(reserved)

\_ inputs on the other XBee Iy

SleepRQ 10 /DTR or DI8
11 GND

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



cONO U B WN B

9

GND

3.3V (ow)

DOUT

DIN /config
DIO12

/reset

RSSI or PWMO
DIO11 or PWM1
(reserved)

SleepRQ 10 /DTR or DI8
11 GND

 The letters “DIO”

/
is digital input or output.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



GND

3.3V (ow)

DOUT

DIN /config

DIO12

/reset

RSSI or PWMO

DIO11 or PWM1
9 (reserved)

sleepRQ 10 /DTR or DI8
11 GND

cONO U B WN B

« ” /
* The letters “DIO
is digital input or output.

Sending and Receiving XBees are
identical.

When you “configure” an XBee, you
determine whether a particular pin
is input or output.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



cONO U B WN B

9

GND

3.3V (ow)

DOUT

DIN /config
DIO12

/reset

RSSI or PWMO
DIO11 or PWM1
(reserved)

SleepRQ 10 /DTR or DI8
11 GND

 The letters “DIO”

is digital input or outp

* Lots of analog inputs

/

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



GND

3.3V flou)
DOUT

DIN /config
DIO12

cONO U B WN B

DIO11 or PWM1
9 (reserved)
sleepRQ 10 /DTR or DI8
11 GND

 The letters “DIO”

is digital input or outp

* Lots of analog inputs,

but only two analog
outputs.

/

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



1 GND ADO or DIOO
2 3.3V (ow) AD1 or DIO1
3 DOUT AD2 or DIO2
4 DIN /config AD3 or DIO3
5 DIO12 ADG6 or DIO6
6 /resV_\ ADS or DIO5
/7  RSSlor PWMO RSSI stands for... Vref
8 DIO11orPWM1 received signal strength indication DIO6
9 (reserved) DIO7
sleepRQ 10 /DTR or DI8 AD4 or DIO4

11 GND 50V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



1 GND ADO or DIOO 1

2 3.3V (ow) AD1 or DIO1 2

3 DOUT AD2 or DIO2 3

4 DIN /config AD3 or DIO3 4

5 DIO12 AD6 or DIO6 5 /RTS

6 /reset ADS5 or DIO5 6 associate
/7 RSSlor PWMO Vref 7

8 DIO11or PWM1 Note thz-:\t the in/out numbers DIO6 8 ON /sleep

are not in order.
9 (reserved) DIO7 9 cTs
SleepRQ 10 /DTR or DI8 AD4 or DIO4 10

11 GND 50V

[N
—



cONO U B WN B

9

GND

3.3V (ow)

DOUT

DIN /config
DIO12

/reset

RSSI or PWMO
DIO11 or PWM1
(reserved)

SleepRQ 10 /DTR or DI8
11 GND

* The other pins are for

advanced users and don’t
need to be understood.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



OO0 NOOULL B WDN K-

=
= O

Just a
reminder...
These are
Explorer pin
numbers.

OO0 NOOULL D WDN K

N
= O



cONO U B WN B

9

GND

3.3V (ow)

DOUT

DIN /config
DIO12

/reset

RSSI or PWMO
DIO11 or PWM1
(reserved)

SleepRQ 10 /DTR or DI8
11 GND

Note that this is DI 8, and not DIOS8.
This is the only digital input that
can’t be used as a digital output.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



cONO U B WN B

9

GND

3.3V flou)
DOUT

DIN /config
DIO12 «

/reset
RSSIl or PWMO

DIO11 or PWM1
(reserved)

SleepRQ 10 /DTR or DI8
11 GND

If you inventory the DIOs you will
find there’s no DIO9, DIO10 or
DIO11.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



cONO U B WN B

9

GND

3.3V flou)
DOUT

DIN /config
DIO12 «

/reset
RSSIl or PWMO
DIO11 or PWM1

(reserved)

SleepRQ 10 /DTR or DI8
11 GND

If you inventory the DIOs you will
find there’s no DIO9, DIO10 or
DIO11.

So the total digital inputs is 11.
The total digital outputs is 10.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



cONO U B WN B

9

GND

3.3V (ow)

DOUT

DIN /config
DIO12

/reset

RSSI or PWMO
DIO11 or PWM1
(reserved)

SleepRQ 10 /DTR or DI8
11 GND

Only these 7 DIOs can be
programmed to be ADs
(analog to digital inputs). — <

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



GND

3.3V (ow)

DOUT

DIN /config

DIO12

/reset

RSSI or PWMO

DIO11 or PWM1
9 (reserved)

sleepRQ 10 /DTR or DI8
11 GND

cONO U B WN B

The analog output . ..
remember, comes out here.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



cONO U B WN B

9

GND

3.3V (ow)
DOUT

DIN /config
DIO12

/reset

RSSI or PWMO

DIO11 or PWM1

(reserved)

SleepRQ 10 /DTR or DI8

11 GND

[ADO or DIOO

AD1 or DIO1

N =
—

The analog output . ..
remember, comes out here.

AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7

associate

ON /sleep
CTS

O 00 NO U1 b W

Not here.

AD4 or DIO4
50V

10
11



GND

3.3V (ow)
DOUT

DIN /config
DIO12

/reset

RSSI or PWMO

cONO U B WN B

9 (reserved)
SleepRQ 10 /DTR or DI8
11 GND

DIO11 or PWM1

In case it seems odd that there’s more
inputs than outputs, remember the most
common use is the serial output stream
on pin 3 left.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



GND
3.3V (o)

DOUT <«
DIN /config
DIO12
/reset
RSSI or PWMO

cONO U B WN B

9 (reserved)
SleepRQ 10 /DTR or DI8
11 GND

DIO11 or PWM1

In case it seems odd that there’s more
inputs than outputs, remember the most
common use is the serial output stream
on pin 3 left.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



9 (reserved)
SleepRQ 10 /DTR or DI8
11 GND

1 GND

2 3.3V (ouw)

3 DOUT &=—
4 DIN /config

5 DIO12

6 /reset

/  RSSlor PWMO

8 DIO11or PWM1

rcase it seems odd that there’s more
inputs than outputs, remember the most
common use is the serial output stream
on pin 3 left.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



GND
3.3V (o) —
DOUT
DIN /config
DIO12
/reset
RSSI or PWMO
DIO11 or PWM1
9 (reserved)
sleepRQ 10 /DTR or DI8
11 GND

cONO U B WN B

3.3V is created by the Explorer for the
XBee. But it is available here to be
used by you if your sensors need
power.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



GND
3.3V (o) —
DOUT
DIN /config
DIO12
/reset
RSSI or PWMO
DIO11 or PWM1
9 (reserved)
sleepRQ 10 /DTR or DI8
11 GND

cONO U B WN B

3.3V is created by the Explorer for the
XBee. But it is available here to be
used by you if your sensors need
power.

That power supply
is good for .5 A but
.25A is to run the
XBee.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



cONO U B WN B

9

GND

3.3V (o)

DOUT \\\\\\\

DIN /Conflg /Two double-As here, can\
DIO12 power an XBee if not
/reset connected to a computer
RSS| or PWMO or not powered by four

\double-As here. ¥

DIO11 or PWM1
(reserved)

SleepRQ 10 /DTR or DI8
11 GND

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



1 GND

2 3.3V (e

3 DOUT \
4 DIN /config

5 DIO12

6 /reset

/7  RSSlor PWMO

8 DIO11orPWM1

9 (reserved)
SleepRQ 10 /DTR or DI8
11 GND

/Two double-As here, can\
power an XBee if not
connected to a computer
or not powered by four

\double-As here. - ¥

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



cONO U B WN B

9

GND

3.3V (ow
DOUT v\\\\\\\
DIN /Conflg /Two double-As here, can\

DIO12

/reset

RSSI or PWMO
DIO11 or PWM1
(reserved)

SleepRQ 10 /DTR or DI8
11 GND —

power an XBee if not
connected to a computer
or not powered by four

\double-As here. - ¥

This is the return for either the 4-cell
or the 2-cell, and of course ground for

all the inputs and outputs.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5

Vref

DIO6

DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K



1 GND

This is the return for either the 4-cell
11 GND «—

or the 2-cell, and of course ground for
all the inputs and outputs.



GND

DOUT
DIN

cONO U B WN B

9 (reser

3.3V (o)

/config

DIO12
/reset

RSSIl or PWMO

DIO11 or PWM1

ved)
SleepRQ 10 /DTR W

11 GND

The configuration software
sometimes asksyou to . ..
ground this pin to reset things.

ADO or DIOO
AD1 or DIO1
AD2 or DIO2
AD3 or DIO3
ADG6 or DIO6
AD5 or DIO5
Vref
DIO6
DIO7
AD4 or DIO4
5.0V

/RTS

associate

ON /sleep
CTS

OO0 NOOULL D WDN K

N
= O



USB cable connected to the Explorer allows
a remote USB with sensor/microcontroller |_'_.‘;Ll

& ccwounxaeez| l

to communicate with your PC. B | SEaure




USB cable connected to the Explorer allows
a remote USB with sensor/microcontroller
to communicate with your PC.

The USB also allows you to configure the

XBee using . .. X_CTU

ml XBEE2 g
’
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€ IC, 4214A-XBEE2




USB cable connected to the Explorer allows
a remote USB with sensor/microcontroller
to communicate with your PC.

The USB also allows you to configure the

XBee using . .. X_CTU

XBee Configuration Program

ml XBEE2 g
’

c') .

"FCCID:OUR- xssu i la O
€ IC, 4214A-XBEE2




USB cable connected to the Explorer allows
a remote USB with sensor/microcontroller
to communicate with your PC.

The USB also allows you to configure the

XBee using . .. X_CTU

XBee Configuration Program

Configuration change is not necessary
when the XBees are on microcontrollers.

- . - >
O CC10:OUR-XBEE2
© IC. 4214A-XBEE2

» Mode! XBEE2
P W




USB cable connected to the Explorer allows
a remote USB with sensor/microcontroller
to communicate with your PC.

The USB also allows you to configure the

XBee using . .. X_CTU

XBee Configuration Program
Configuration change is not necessary
when the XBees are on microcontrollers.

X-CTU is essential for line passing.




USB cable connected to the Explorer allows
a remote USB with sensor/microcontroller
to communicate with your PC.

The USB also allows you to configure the

XBee using . .. X_CTU

XBee Configuration Program
Configuration change is not necessary
when the XBees are on microcontrollers.

X-CTU is essential for line passing.

The X-CTU Configuration Program
will be discussed extensively later.




USB cable connected to the Explorer allows
a remote USB with sensor/microcontroller
to communicate with your PC.

The USB also allows you to configure the

XBee using . .. X_CTU

XBee Configuration Program

Configuration change is not necessary
when the XBees are on microcontrollers.

X-CTU is essential for line passing.

After X-CTU programming . . .

e The USB cable can be removed. Or...

* The XBee can be removed from that Explorer
and put on another one without a USB.

 The XBee can even run alone on a customized
2 mm spacing PCB which has a 3 volt supply.




The following 50 slides or so is about setting
up and wiring a pair of XBees to exchange. ..



The following 50 slides or so is about setting
up and wiring a pair of XBees to exchange. ..
e several channels of digital information

* and 2 separate channels of analog



without microcontroller



without microcontroller
In XBee terminology, this is called

line passing



without microcontroller

ne passing
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-
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. Sending Side Wiring
- - "
' P * left side pin number 1 to protoboard ground
.- e left side pin number 2 is 3.3V (out of explorer)
: - goes to protoboard Vcc
. * right side pin number 7 to 3.3V (Vcc)
. » * three Switched Sources of 3.3V to:
- right side pin numbers 2, 3,and 4
: : * right side pin number 1 is analog voltage input
.
>
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L
.
.
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Sending Side Wiring

left side pin number 1 to protoboard ground

e left side pin number 2 is 3.3V (out of explorer)
goes to protoboard Vcc

* right side pin number 7 to 3.3V (Vcc)

* three Switched Sources of 3.3V to:
right side pin numbers 2, 3,and 4

* right side pin number 1 is analog voltage input

F )
e
[ ]

Switched Source is:

e 3.3V toswitch

* from other side of switch to 10K

 from other side of 10K to ground

A wire goes from between 10K and
switch to the above input pins




Receiving Side Wiring
left side pin number 1 to protoboard ground
left side pin number 2 is 3.3V (out of explorer)
and it goes to protoboard Vcc ‘
right side pin numbers 2,3,4 to LEDs | . -

the other LED leads go to ground '

i XBee
left side pin number 7 is analog output PISQ’O

et 2
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Receiving Side Wiring
left side pin number 1 to protoboard ground
left side pin number 2 is 3.3V (out of explorer)
and it goes to protoboard Vcc
right side pin numbers 2,3,4 to LEDs
the other LED leads go to ground
left side pin number 7 is analog output

left side pin 3 is a serial stream output. This
normally goes to a microcontroller but here
it is going to an LED and 10 K resistor to 3.3V
just to show activity on the line.

LB OO

A N




Receiving Side Wiring
* |eft side pin number 1 to protoboard ground
* left side pin number 2 is 3.3V (out of explorer)
and it goes to protoboard Vcc
* right side pin numbers 2,3,4 to LEDs
* the other LED leads go to ground
* left side pin number 7 is analog output

- - ~ Ny
_OOQ

* left side pin 3 is a serial stream output. This
normally goes to a microcontroller but here
it is going to an LED and 10 K resistor to 3.3V
just to show activity on the line.

-
=
=
>
| >
-
-

When “analog” is not being used, this LED only
lights if any of the switches are touched. With the
analog data enabled, this LED is continuously on,
indicating a constant updating of information. This

LED goes out when there’s insufficient RF signal
strength.




Receiving Side Wiring
* |eft side pin number 1 to protoboard ground
* left side pin number 2 is 3.3V (out of explorer)
and it goes to protoboard Vcc
* right side pin numbers 2,3,4 to LEDs
* the other LED leads go to ground
left side pin number 7 is analog output

- - ~ Ny
_OOQ

left side pin 3 is a serial stream output. This
normally goes to a microcontroller but here
it is going to an LED and 10 K resistor to 3.3V
just to show activity on the line.

>0 e @N

-
=
=
>

| >
-
-

When “analog” is not being used, this LED only
lights if any of the switches are touched. With the
analog data enabled, this LED is continuously on,
indicating a constant updating of information. This
LED goes out when there’s insufficient RF signal
strength.

Left side pin 7 can be programmed to show signal

strength, but that ties up one of the two analog
outputs.

RS = o ==
T o - WO R




USB cable connected to the Explorer allows

sensor/microcontroller to remotely communicate
I with your PC.

: X 20
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USB cable connected to the Explorer allows
sensor/microcontroller to remotely communicate

0 u with your PC.
. it - It also allows you to configure the XBee

& IC. 4214A- XBEF?
ml XBEE2 g
’

using X-CTU.




USB cable connected to the Explorer allows
sensor/microcontroller to remotely communicate
with your PC.

S ccnoummenli I OE 11 It also allows you to configure the XBee

» Mode! XBEE 2
T

== e using X-CTU.

What’s configurable are these pins.
- either inputs or outputs.




- - —
.. 'FCC 1D OUR-XBEE2

& IC. 4214A-XBEE2

» Mode! XBEE 2
T

USB cable connected to the Explorer allows
sensor/microcontroller to remotely communicate
with your PC.

It also allows you to configure the XBee
using X-CTU.

What’s configurable are these pins.

- either inputs or outputs.

X-CTU also allows you to optimize the modem
parameters for efficient transfer of data.



USB cable connected to the Explorer allows
sensor/microcontroller to remotely communicate

O u with your PC.

I - It also allows you to configure the XBee

& IC. 4214A- XBEF?
ml XBEE2 g
’

using X-CTU.

;.{ctl,h

Configuration & Test Utility Software
A Digi International Inc. product. 1@&




Download |t from th|S WEbpage http://www.digi.com/products/wireless-wired-embedded-solutions/zigbee-rf-modules/xctu

Sctu

Configuration & Test Utility Software

A Digi International Inc. product. %




Download |t frOm th|S Webpage http://www.digi.com/products/wireless-wired-embedded-solutions/zigbee-rf-modules/xctu

Note: To use the XBee Explorer, with the
USB, you will need to install the FTDI driver
onto your computer. Click here to download
the drivers for your operating system.

antU

Configuration & Test Utility Software

ADigi International Inc. product. ',',,."'"



http://www.ftdichip.com/FTDrivers.htm

Download |t frOm th|S Webpage http://www.digi.com/products/wireless-wired-embedded-solutions/zigbee-rf-modules/xctu

Connect Explorer to PC with USB cable.

antU

Configuration & Test Utility Software

A Digi International Inc. product. ‘Jr




Download |t frOm th|S Webpage http://www.digi.com/products/wireless-wired-embedded-solutions/zigbee-rf-modules/xctu

Connect Explorer to PC with USB cable.

Run X-CTU after connecting Explorer.

Sictu

Configuration & Test Utility Software

ADigi International Inc. product. ',',,."'"




Download |t frOm th|S Webpage http://www.digi.com/products/wireless-wired-embedded-solutions/zigbee-rf-modules/xctu

Connect Explorer to PC with USB cable.

Run X-CTU after connecting Explorer.

Click on | &) Add devices or Change between $¥# Configuration
[ Discover devices to add & Consoles, &® Network and
radio modules to the list, > Device Cloud working modes

to display theilr functionality In i

the working area.

,/,ctu

Configuration & Test Utility Software
A Digi International Inc. product. %




Download |t frOm th|S Webpage http://www.digi.com/products/wireless-wired-embedded-solutions/zigbee-rf-modules/xctu

Connect Explorer to PC with USB cable. This order is not essential, but if connection is
_ > made after running, you may get error messages
Run X-CTU after connecting Explorer.

that don’t make sense, from to time.

Click on (&) Add devices or Change between £+ Configuration . '
[’ Discover devices to add & Consoles, &® Network and | |
radio modules to the list, &> Device Cloud working modes

to display their functionality in

the working area.

Configuration & Test Utility Software

A Digi International Inc. product.

O TTTEEa )T

il Radio Modules {¥ Radio Canfiguration

Dy
#.




Download |t from th|S WEbpage http://www.digi.com/products/wireless-wired-embedded-solutions/zigbee-rf-modules/xctu

Click here to
connect XBee

il Radio Modules

Click on [8) Add devices or ‘ Change between % Configuration,

[@&! Discover devices to addi & Consoles, &® Network and
radio modules to the list, &> Device Cloud working modes

to display theilr functionality In ‘
the working area. ‘

d‘Ct b

Configuration & Test Utility Software

A Digi International Inc. product. %




Download it from this webpage:

Click here to

connect XBee

il Radio Modues

| Click on [#)] Add devices or
[’ Discover devices to add |
radio modules to the list,

v‘?’. - g
4  GEIID L

http://www.digi.com/products/wireless-wired-embedded-solutions/zigbee-rf-modules/xctu

[hint: X-CTU is more stable if the other XBee is off ]

{¥ Radio Canfiguration

Change between $# Configuration, |
& Consoles, &® Network and
&> Device Cloud working modes |
to display theilr functionality In
the working area.

Nictu

Configuration & Test Utility Software

A Digi International Inc. product. %




Yes you can load two XBees if you
have two free USB slots.

OO @GERDE

il Radio Modules

Name: (%)

Function: XBEE PRO 802154 i‘"

' Port: COML4 - S6.N/IN-AT
MAC 01 IANVINALRIAD \/

Name: ,‘,‘t:,

Function: XBEE PRO 802154 lél

Port: COMI1I - 96 N/IN - AT
MAC (01 12 M4NARRIRY \4

$¥ Radio Configuration

[ Select a radio module from
= the list to display its
‘ properties and configure it

L,Ctu:

Configuration & Test Utility Software

A Digi International Inc. product. 'ﬁc




or one at a time is OK too

e =

)0 W E o) & RO

(| Radio Modules $# Radio Canfiguration | - 0013A200408A8189)

[ Select a radio module from
“—_ the list to display its
\ properties and configure it;

Port: COM14 - S6_A/I/N - AT @
U MAC AMAANNAARIRG AJ

Nctu

Configuration & Test Utility Software

ADigi International Inc. product. 1£~'




or one at a time is OK too

me_u Eme ji&!

(| Radio Modules $# Radio Canfiguration | - 0013A200408A8189)

i Neme: @ ) | select a radio modute from
Qi ot o ru el sl . the list to display its

Port: COMI4 - S6.N/I/N -
properties and configure it; \

MAC O AMUNRARTRG

Qd‘Ct b

Configuration & Test Utility Software
A Digi International Inc. product. %

click here
to display settings




% XCTU

O @ T 15 25
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(B adio Modules 1% Radio Configuration | - 0013A200408A8189)

o = B SPWEE: &8

Port: COMI4 - S6.N/IN-AT | AV disaDied R RN
MACT IO A MNALRTRG

Modify DID ang ADC cptions
re-read settings ® D8 DB Configwration | Disabied 10
write settings [0} Wonrcocﬁomtc:on | €TS faw contro (1]

(@ D6 DIOS Configuration | Drsabed |04

@ DS DIOS Configurats |
@ D4 DID4 Confiquration | Disatved 03
© 03 DIO3 Configuatan. | DO High (5]
Configuraton | DO Low [4]

Lctu:

Configuration & Test Utility Software

ADigi International Inc. product. 1@.-
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® IV VO Output Enable | Enablec {1
@© 1T Samples bafore TX 1
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@ IR Sample Rate
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1% Radio Configuration | - 0013A200408A8189)

B P&

Port: COMI14 - S6.N/IN - AT ,@' L AP AM tnaoie

MAC O IAMVUNRARIRG By
= /O Settings

Modify DID ang ADC cptions
@ D8 DB ConNguration
@ D7 DIOT Contiguration
@ D6 DIOS Conliguration

| AV Qisabiec )

 Datigdl 10}

la;&nmmu [

Note the individual
version of “read”
and “write”.

O

® W V0 Output Enable

@ IT Ssmples befoee TX
@ 1€ DIO Change Detect
@ IR Sample Rate

TV 00 AR F bl s o

|farsed (03
I.

|Enables 1)

1

Inceren

&
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&
S
S
S
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@
®
S
S
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RO O R ST SESENINEY

Lctu:

Configuration & Test Utility Software
ADigi International Inc. product. 1@.-
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'._I Function: XBEE PRO 802154

Port: COMI4 - S6.N/IN - AT 050
A

MAC O AMUNRARTRG
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|

for information

1% Radio Configuration | - 0013A200408A8189)

S| 2] ] |) |G-

Mty DID ana ADC options

@ D7 DIOT Contiguration
@ D6 DIOS Conliguration
@ DS DIOS Config

| APL disabied 1)

@ Paramess @ @

| e #

| Disabred (0}

| €TS faw contro (1]

| Dresabsed 04

(D‘ D4 DI04 Configuration

| Disabrea 103

0y &y &y dy) &y) &3) &) (@y) 3 Ay &y &y) dy) &) )

RO O R ST SESENINEY
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Lctu:

Configuration & Test Utility Software

ADigi International Inc. product. 1@.-




 The X-CTU program is a list of commands
and pin descriptions

LCtu:

@ D7 DIO7 Coniquration | CTS flow cantrol (1] - &
@ D6 DIO6 Configurstion | Disabied (0} - @
@ D8 D105 Configuration | Assocated indicator 1) v/ (S #
“i” for information LR R
© 03 D03 Configuration | DO High 5] 2] © @
@ 02 W2 Contiguration | DO Low 4) - S @
D 01001 Coniguration |00 Low (4] -l @@
@ 00 DO Contiguration | ADC (2] - S I I i
i L > Configuration & Test Utility Software
@ W VO Ouput Erable | Enablea (1) - S . .
B e s 1 & @ ADigi International Inc. product. 'ﬁ:
© 1€ IO Change Desect ] SR
© IR Sample Rate 0 X1ms S #
[ YT T — m— Ineerrn -l &8




 The X-CTU program is a list of commands
and pin descriptions

i\ command descriptions * ’

— C t u

@ 1U /O Output Enable \Enabled [1] > ® @

®@m Samples before TX : | @ @)

® IC DIO Change Detect 0 S @ _ _ o

ol - p— @@ Configuration & Test Utility Software
® PO PWMO Configuration | RsSl[1] @@ A Digi International Inc. product. %
@ P1 PWML1 Configuration | PWM Output [2] | ® @

@ PT PWM Output Timeout  FF x 100 ms S @

© RP RSSIPWM Timer 2 x100ms ®



 The X-CTU program is a list of commands

and pin descriptions

i\ command descriptions
pin descriptions

A

r N
@ 1V /O Output Enable [Enabled [1] v] @ @
@ IT Samples before TX 1 @ @)
® 1€ DIO Change Detect 0 S @
@ IR Sample Rate 0 X1ms @ @
® Po[PWMO Configuration| |RsSI[1] - | ® @
® m[pwm ConfiguratiOn] |PWM Output [2] - ® @
@ PT PWM Output Timeout  FF x 100 ms @ @
® RP RSSIPWM Timer 2 %100 ms ® @

Sictu

Configuration & Test Utility Software

A Digi International Inc. product. ‘Jr




 The X-CTU program is a list of commands
and pin descriptions

i\ command descriptions
pin descriptions

® 1V /O Output Enable Enabled [1] S @
@ IT Samples before TX 1 & '@'
@ IC DIO Change Detect 0 S @
@ IR Sample Rate 0 @ @)

®)

(») G

® POE’WMO Configuration] |RSSI [1] / / 4 / v ® @
® P1|PWM1 Configuration | |PWM oy/ A S

® PT PWM Output Timeout  FF x 100 ms '@
® RP RSSIPWM Timer 2 x 100 ms &

)

®

You change
these fields.

n/thU

Configuration & Test Utility Software

A Digi International Inc. product. 1&g

Drat




 The X-CTU program is a list of commands

and pin descriptions

i\ command descriptions
pin descriptions

@ 1U /O Output Enable |Enabled [1]

®@m Samples before TX : |
@ IC DIO Change Detect 0
® IR Sample Rate 0 X1lms

/) ] @@

® @

| @@

® PTWMO Configuration] |RSSI [1] LF

® P1|PWML1 Configuration | |PWM Output [2]
® PT PWM Output Timeout  FF / x 100 ms
® RP RSSIPWM Timer A %100 ms

| ®®
® @
® @

Sictu

Configuration & Test Utility Software

A Digi International Inc. product. ‘Jr




 The X-CTU program is a list of commands

and pin descriptions

the actual command

i\ command descriptions
pin descriptions

) ®

S

4

r A N\
® IV /O Output Enable \ |Enabled [1] e/
®@m Samples before TX LI/
@ IC DIO Change Detect / 0
® IR Sample Rate 0 7 X1lms
@® po[PwWMO Configuration [RSSI [1] LF
0) m[nwm .Configuration] |PWM Output [2]
® PT PWM Output Timeout  FF / x 100 ms
® RP RSSIPWM Timer 2 %100 ms

X YYrrrery

® ® ® (® ® ® (

N

{ctu

Configuration & Test Utility Software

A Digi International Inc. product.

Dy
#.




 The X-CTU program is a list of commands
and pin descriptions

These are AT commands; asin ATIU 1

i\ command descriptions
pin descriptions

® 1U 1/O Output Enable [Enabled 1] - ® @
@ IT Samples before TX G Lo/, @ '@'
® IC DIO Change Detect / 0 @@
@ IR Sample Rate 0o Nlras @ @
® po(PWMo Configuration| [Rssiil] v ® @
® m[pwm Configuration] |PWM Output [2] - ® @

@® PT PWM Output Timeout  FF
© RP RSSIPWM Timer 2

x 100 ms @ @
-_x_,'100ms @ @

{ctu

Configuration & Test Utility Software

A Digi International Inc. product.

N

Dy
#.




 The X-CTU program is a list of commands
and pin descriptions

/

These are AT commands; asin ATIU 1

i\ command descriptions
pin descriptions

N\

® 1U /O Output Enable \ |Enabled [1] - ® @
®@m Samples before TX 1 7 @ '@'
® IC DIO Change Detect 0 S @
@ IR Sample Rate 0 X1ms @ @)
® PO[PWMO Configuration | |RsSI[1] | ® @
® P1[PWM1 Configuration] | PWM Output 2] | ® @
@ PT PWM Output Timeout ~ FF x 100 ms '@ ‘@'
® RP RSSI PWM Timer 2 x 100 ms $ @

AT commands go in through the serial-input pin and
can even be done remotely. X-CTU menu clicking are
only for the most commonly used ones. There are
many more AT commands for advanced users.

{ctu

Configuration & Test Utility Software

A Digi International Inc. product. ',-1"
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The X-CTU program is a list of commands
and pin descriptions

/

These are AT commands; asin ATIU 1

i\ command descriptions
pin descriptions

I/O Output Enable [Enabled [1] v}
Samples before TX 1 |
DIO Change Detect 0

Sample Rate 0 X1ms

PWMO Configuration | |RSSI[1] v
[PWMI Configuration} [PWM Output [2] vl
PWM Output Timeout  FF x 100 ms

RSSI PWM Timer 2 x 100 ms

@ @
@ @
S @
SYO
®
S @
@\
=

@
(@)
&
&

NG,

AT commands go in through the serial-input pin and
can even be done remotely. X-CTU menu clicking are
only for the most commonly used ones. There are
many more AT commands for advanced users.

d‘CtU

Configuration & Test Utility Software

A Digi International Inc. product. ',-:

L disregard these two letter AT commands; they are for advanced users.




OIS © 0 O ©

command descriptions

-

A
4 N\

pin descriptions

The X-CTU program is a list of commands
and pin descriptions

I/O Output Enable [Enabled [1] v} @ @
Samples before TX g 7 @ '@'
DIO Change Detect / 0 @ ®
Sample Rate 0 X1ms @ @
PWMO Configuration | |RSSI[1] v| ® @
[pwm Configuration] |PWM Output 2] - ® @
PWM Output Timeout  FF x 100 ms @ (&)
RSSI PWM Timer 2 %100 ms @ @

disregard these two letter AT commands

The descriptions sound
the same and this, you
will find very confusing.

N

A

antU

Configuration & Test Utility Software

A Digi International Inc. product.

Dy
#.
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Next to each you either choose some
subcommand or enter a number into a
field

1®®

I/O Output Enable [Enabled [1]

Samples before TX : |

DIO Change Detect 0

Sample Rate 0 X1ms

PWMO Configuration  |RSSI [1]

1 ®®

Sictu

Configuration & Test Utility Software

A Digi International Inc. product. 'f

PWMI Configuration | PWM Output [2]

PWM Output Timeout  FF x 100 ms

) ® @




IO KIS © © e e

X-CTU never refers to pin numbers; only
pin descriptions.

1/0 Output Enable |Enabled [1] > ® @
Samples before TX : | @ @
DIO Change Detect 0 S
Sample Rate 0 X1ms @
PWMO Configuration  |RSSI [1] | ® @
PWML Configuration | PWM Output [2] - ®®
PWM Output Timeout  FF x 100 ms @
RSSIPWM Timer 2 x100ms @

*QC’CU

Configuration & Test Utility Software

A Digi International Inc. product. %




EIO KNG © © ©©

pin descriptions

X-CTU never refers to pin numbers; only
pin descriptions.

1/0 Output Enable |Enabled [1] > ® @
Samples before TX 3 ® @
DIO Change D 0 @
Sample Rate 0 X1ms @

Configuration | RSSI [1] -] ® @
PWM1 Configuration | PWM Output (2] - ® @
PWM Output Timeout  FF x 100 ms @
RSSIPWM Timer 2 x100ms &

a

A

,/,ctu

Configuration & Test Utility Software

A Digi International Inc. product. %




CIOKIO © © 0 ©

X-CTU never refers to pin numbers; only

pin descriptions.

command descriptions
(’\ pin descriptions
( N

I/O Output Enable
Samples before TX

PWMO Configuration

PWM1 Configuration

PWM Output Timeout
RSSIPWM Timer

|Enabled [1] > ® @
1 ® @
0 ® @
0 X1ms @ @
|RSSI [1] - ® @
|PWM Output [2] - ® @
FF x 100 ms @ @
2 %100 ms ® @

Sictu

Configuration & Test Utility Software

A Digi International Inc. product. ‘Jr




It is a fault in X-CTU, that it doesn’t help us
distinguish between pins and commands.

We just have to put up with it.

e X-CTU never refers to pin numbers; only

pin descriptions.
command descriptions * ’
&\ (’\ pin descriptions
) LLtu

® (/0 Output Enable | | [Enabled [1] | ® @

® 17 |samples before TX 1 | @ '@'

@ 0 @ . . .

o - T @@ Configuration & Test Utility Software

® ro[pwMoconfiguration IRSSI ] ,\ @ @. A Digi International Inc. product. 'it*
@ - |pwM1 fonfiguration | PWM Output [2] v| ® @

® PWM Output Timeout E %100 ms S (&)

©  RSSIPWM Timer B  x100ms @ @



Don't count these!

1 GND ADOor DIOO 1

2 3.3Vieew ADlorDIO1 2

3 DOUT AD2orDIO2 3

4 DIN /config AD3 or DIO3 4

5 DIO12 AD6or DIO6 5 /RTS

6 [reset ADS or DIO5 6 associate

7  RSSlor PWMO Vref 7

8 DIO11orPWM1 DIO6 8 ON /sleep

9 (reserved) DIO7 9 c1s
sleepRQ 10 /DTR or D18 AD4 or DIO4 10

11 GND 50V 11

e X-CTU never refers to pin numbers; only

pin descriptions.

use this
pin descriptions

[Enabled 1] v ® @

. adctu

0 o ® @ Configuration & Test Utility Software

I/O Output Enable

Samples before TX

Configuration [RSSI ] ,1 @ @ A Digi International Inc. product. 'f

1 Configuration | PWM Output [2] | ® @

PWM Output Timeout  FF x 100 ms @ @

CIOKIO © © 0 ©



Don't count these!

1 GND ADOor DIOO 1
2 3.3Vieew ADlorDIO1 2
3 DOUT AD2orDIO2 3
4 DIN /config AD3 or DIO3 4
5 DIO12 AD6or DIO6 5 /RTS

ADS or DIOS 6 associate
Vref 7
DIO6 8 ON /sleep

7 RSSlor PWMO
8 DIO11orPWM1

9 (reserved DIO7 9 c1s
sleepRQ 10 /DTR or D18 AD4 or DIO4 10
11 GND 50V 11

e X-CTU never refers to pin numbers; only
pin descriptions.

use this
pin descriptions

{ctu

® 1 /O Output Enable | [Enabled [1] - ® @

® Samples before TX 1 @ @'

0 0 ® @ . . .

® - p— @@ Configuration & Test Utility Software
® Configuration  |RSSI[1] v| ® @ A Digi International Inc. product. 'f
® /M1 [Configuration | PWM Output [2] - ® @

® PWM Output Timeout  FF x 100 ms @ @

®

RSSIPWM Timer 2 %100 ms S



Don't count these!

1 GND ADOor DIOO) 1
2 3.3Vew AD1orDIO1 |2
3 DOUT AD2 or DIO2 | 3
4 DIN /config AD3 or DIO3 | 4
S 5 DIO12 AD6 or DIO6 | 5 /RTS
» 6 [reset ME’P 6 associate
7  RSSlor PWMO ref 7
8 DIO11orPWM1 DIO6) 8 ON /sleep
9 lreserved « sy we v 1 D07 |9 cs
v seew i
SleepRQ 10 T s AD4 or DIO4 | 10

11 GND v s S 5.0V 11

® ps|Dis chnfiguration | Disabled [0] vl

) (w)

®

\CTS flow control [1] | ® @

Disabled [0] - @ @

[Associated indicator (1] v| & @

Disabled [0] -] @ @

|DO High (5] - @

[0 Low 41 @@

(DO Low (4] - ®@®

|ADC [2] -] ® @

able . 1 1®® Configuration & Test Utility Software

[Enabled 11 2 (@ (;) A Digi International Inc. product. 'ﬁc
@ IT Samples before TX 1 S @
® IC DIO Change Detect o S @
® IR Sample Rate 0 X 1ms S @
(D) DA MAMAA Fanfinientine | Deet 111 =l (& (&



TRANSMIT XBee’s X-CTU

® psDI8 Configuration

® D7 DIO7 Configuration
® D6 DIO6 Configuration
@ D5 DIOS5 Configuration
® D4 DI04 Configuration

@ IT Samples before TX
® 1€ DIO Change Detect

® 1U /O Output Enable

TRANSMIT XBee

Disabled [0] - @@
[cTs flow control {1] - @@
Disabled [0] .| @
Associated indicator [t} v| & (@)
|Disabled [0] - ®@
-| ® @

| Jo@
[aDc 21 - ®
[anc 21 - ®
1@

[Enabled [1] - @@
1 ® @

:«CC’ELh

Configuration & Test Utility Software
A Digi International Inc. product. 1@-‘




TRANSMIT XBee’s X-CTU

®© D8 DI Configuration | Disabled (0] - @@
® D7 DIO7 Configuration | CTS flow control {1] - @
® D6 DIO6 Configuration | Disabled [0] - ®
® DS DIOS Configuration | Associated indicator [1] v | ()

® D4 DI04 Configuration | Disabled (0] - ® @
® p quration | DI 3] - @@
[o13) - 9@
|ADC 2] - @
» labc 2 - ®

N~ FNF auic I © @
® U VO Output Enable  |Enabled [1] - ® @
® IT Samples before TX 1 S @

F | KS,
- ® @

— e

Note how difficult it is to tell the difference
between transmitting and receiving.

;.{ctu;

Configuration & Test Utility Software
A Digi International Inc. product. 1@&




receive XBee’s X-CTU

® D8 DI8 Configuration | Disabled [0] v
® D7 DIO7 Configuration | CTS flow control [1] v
® D6 DIO6 Configuration | Disabled [0] v
® ps5 DIOS Configuration IAssociated indicator [1] ']
® D4 DI04 Configuration | Disabled [0] v
DO High [5] v
/DO Low [4] |
| DO Low [4] v
|ADC (2] v
@ PR Pull-up Resistor Enable 1 |
® 1V /O Output Enable | Enabled (1] v
® 1T Samples before TX 1
® 1€ DIO Change Detect 0
@ IR Sample Rate 0 X1ms

(1) DA MAMAN FAnfinientina | Deer a1

S @
S @
(@ l?l
@ @
S @
S @
(§)‘ «"@)
S @
S @
S @
S @
@ @
S @
@ @
(& (@)

Note how difficult it is to tell the difference
between transmitting and receiving.

i‘Ct L

Configuration & Test Utility Software

A Digi International Inc. product. %




Note how difficult it is to tell the difference
between transmitting and receiving.

DO stands for digital out

receive XBee’s X-CTU

)

® D8 DI8 Configuration | Disabled 0] - @4
® D7 DIO7 Configuration | CTS fiow control [1] ® @
® D6 DIO6 Configuration | Disabled [0] / - ® @ *
® D5 DIOS Configuration | Associated ing‘v.d& . v @@ C t
® D4 DIO4 Configuration | Disableg €] - ® @
@ D3 DIO3 Configuration | DO High [5] v| ® @ u
® D2 DIO2 Configuration | DO Low [4] - | ® @
® D1 DIO1 Configuration | DO Low [4] - | ®®
® DO DIOD Configuration | ADC (2] - © @
© PR Pull-up Resistor Enable 1 @ Configuration & Test Utility Software
® W yoOutput Enable  [Enabled (1) -l ® ’f' A Digi International Inc. product. %
@ IT Samples before TX 1 Q) @
@ 1€ DIO Change Detect 0 S @
@ IR Sample Rate 0 X1ms S @
@)

N

iy)

(1) DA MAMAN FAnfinientina | Deer a1 =



Note how difficult it is to tell the difference
between transmitting and receiving.

DI stands for digital in
TRANSMIT XBee’s X-CTU

® D8 DI8 Configuration | Disabled [0] -
® D7 DIO7 Configuration |CT S flow control [1] ./
® D6 DIO6 Configuration | Disabled [0] /v
® DS DIOS Configuration | Associated indi}mr/lll -
® D4 DIO4 Configuration | Disabl
® D3 DIO3 Configuration | DI (3]
© D2 DIO2 Configuration  |DI 3]

@ @ @ & &

4

@)
&

- adctu

“

9 JES QRN JEY QIR ) S NS85

® D1 DIO1 Configuration | ADC (2] -] ® @

® DO DIOO Configuration | ADC [2] - ® @

© PR Pull-up Resistor Enable 0 ® @ Configuration & Test Utility Software
L1170 Ovtpuk Sable fﬁ"abled A z| ,;t @ A Digi International Inc. product. 'f
@ IT Samples before TX 1 & @

© 1€ DIO Change Detect Q@

® IR Sample Rate 18 X1ms @ @

® Po PWMO Configuration | PWM Output (2] | @@




TRANSMIT XBee’s X-CTU

Note how difficult it is to tell the difference
between transmitting and receiving.

XBee works both ways.
The DIO3 Configuration can be DI [3] (input) and the
next line, the DIO2 can be DO Low [4] (output)

® D8 DI8 Configuration \Disabled [0)

® D7 DIO7 Configuration | CTS flow control {1]

® D6 DIO6 Configuration | Disabled [0]

® ps DIOS Configuration [Associated indicator
® D4 DI04 Configuration | Disabled (0]

o P

——t

® D3 DIO3 Configuration  |DI[3]

~—

© D2 DIO2 Configuration | DI [3]

4
=

o

%Ctu

@ D1 DIO1 Configuration | ADC [2]

@ DO DIOO Configuration | ADC [2]
@ PR Pull-up Resistor Enable 0

~—

Configuration & Test Utility Software

@ 1V /O Output Enable |Enabled [1]

@ Samples before TX 1
@ 1€ DIO Change Detect F
@ IR Sample Rate 18 X1ms

-3

ADigi International Inc. product. ',',,."'"

B
@ @& @ & & G & G @

~—

@ PO PWMO Configuration  |PWM Output (2]

) (%) (%) (B () (& () (%) (&) (8 (% (® () W\

4

) @) @) @)




TRANSMIT XBee’s X-CTU

@ D8 DI8 Configuration \Disabled [0]

® D7 DIO7 Configuration | CTS flow control [1]

® D6 DIO6 Configuration | Disabled [0]

@ D5 DIOS Configuration | Associated indicator

® D4 DIO4 Configuration | Disabled [0 -

@ D3 DIO3 Configuration  |DI[3] *

® D2 DIO2 Configuration | DO Low [4] -
® D1 DIO1 Configuration  |ADC [2] -
® DO DIOO Configuration | ADC [2] -
@ PR Bull-up Resistor Enable 0

® U /O Output Enable | Enabled [1] .
Om Samples before TX 1

@ 1€ DIO Change Detect F

@ IR Sample Rate 18 X1ms

@ PO PWMO Configuration | PWM Output 2]

4

b G\ @

@) &) &) @

—

o)

s

&) &) @)

) &) @& @

-

) (o) (o) (B (& (& (&) (&) (& ()

Note how difficult it is to tell the difference
between transmitting and receiving.

XBee works both ways.
The DIO3 Configuration can be DI [3] (input) and the
next line, the DIO2 can be DO Low [4] (output)

{ctu

Configuration & Test Utility Software

ADigi International Inc. product. ',',,."'"




Note how difficult it is to tell the difference
between transmitting and receiving.

XBee works both ways.
The DIO3 Configuration can be DI [3] (input) and the
next line, the DIO2 can be DO Low [4] (output)

In XBee manuals, they use the terms . ..
Base XBee and Remote XBee.

Configuration & Test Utility Software

A Digi International Inc. product. ',-1"




In XBee manuals, they use the terms . ..

Base XBee and Remote XBee.

The Remote XBee usually sends data from a
sensor, but conceivably this transmitting unit
could receive a command to change some
parameter in the sensor.

Note how difficult it is to tell the difference
between transmitting and receiving.

XBee works both ways.
The DIO3 Configuration can be DI [3] (input) and the
next line, the DIO2 can be DO Low [4] (output)

*%Ctu

Configuration & Test Utility Software

ADigi International Inc. product. ',';"




Programmmg the Receive XBee So the word “Receive” here is actually to keep it

straight which XBee we are talking about
during this lesson.

Sictu

Configuration & Test Utility Software

A Digi International Inc. product. ',-#""'




Programming the Receive XBee

_—

So the word “Receive” here is actually to keep it
straight which XBee we are talking about
during this lesson.

Receive Unit: the XBee with LEDs and meter display

ﬁ‘CtU

Configuration & Test Utility Software

A

A Digi International Inc. product. gk




Programming the Receive XBee

top of receive XBee’s X-CTU

-la- Radio Configuration [ - 0013A20040BA81B9]

N A .
$| 2] i || (&~ ® Poramete. G &
Firmware information Writhen and defautt -
uct faemlly: XBP24 Written and not default
Functionset:  XBEE PRO 802154 W Changed but notwitten. |3
Firmware version: 10ec ¥ Error in setting
~ Networking & Security
Modify networking settings
® CH Channel C SR
@ ID PANID 3332 S @
® DH Destination Address High 0 S @
@ DL Destination Address Low 1 @ @ . ) .
- s Configuration & Test Utility Software
@ MY 16-bit Source Address 2 @ @
@ SH Serial Number High 13A200 ) A Digi International Inc. product. 'f
@ SL Serial Number Low 40BA8189 S
® MM MAC Mode 802.154 + MaxStream header v| & @
@ RR XBee Retries 0 ® @
@® RN Random Delay Slots 0 'f../fﬁ' "'.Zf'
@ NT Node Discover Time 19 x 100 ms S @® -~



top of receive XBee’s X-CTU top of transmit XBee's X-CTU

£+ Radio Configuration [ - 0013A20040BA81B9] 42+ Radio Configuration [ - 0013A20040B58283]
Q] .(,/\ ’ ‘am] IV_J:_“'_A'J | a] v @) Paramete @ Q] */,/\ im] é'l ‘O. v @) Paramete @
Firmware information Written and defauit = Firmware information Written and default =
Product family:  XBP24 Written and not default i Product family:  XBP24 Written and not def?ult !
Functionset:  XBEE PRO 802154 "W Changed but not written | = Functionset:  XBEE PRO 802.154 "W Changed but not written |=
Firmware version: 10ec W Error in setting Firmware version: 10ec "W Error in setting
~ Networking & Security ~ Networking & Security
Modify networking settings Modify networking settings
® CH Channel C S @& @ CH Channel C @ @
® IDPANID 3332 @ @ ® IDPANID 3332 S @
® DH Destination Address High 0 S @ ® DH Destination Address High 0 S @
@ DL Destination Address Low 1 ® @ >< ® DL Destination Address Low 2 Sy
@© MY 16-bit Source Address 2 @ @ © MY 16-bit Source Address 1 ® @
® SH Serial Number High 13A200 ® @ SH Serial Number High 13A200 ®
® SL Serial Number Low 40BA81B9 S ® SL Serial Number Low 40858283 ®
® MM MAC Mode 802154 + MaxStream header v (&) (@) ® MM MAC Mode 802154 + MaxStream header v| (&) (#)
© RR XBee Retres X ® @ @ RR XBee Retries 0 -.'§:u t;f)
@ RN Random Delay Slots 0 @ @ @ RN Random Delay Slots 0 ® @
® NT Node Discover Time 19 x 100 ms @® -~ ® NT Node Discover Time 19 x 100 ms ® -~



Programming the Receive XBee

top of receive XBee’s X-CTU

{a- Radio Configuration [ - 0013A20040BA81B9]

S| #] b |2=) (& -

Firmware information
Product family:  X8P24

Function set: XBEE PRO 802.154

Firmware version: 10ec

~ Networking & Security
Modify networking settings

@ CH Channel

® 1D PANID

@ DH Destination Address High
@ DL Destination Address Low
@ MY 16-bit Source Address
@ SH Serial Number High

@ SL Serial Number Low

® MM MAC Mode

@ RR XBee Retries

@ RN Random Delay Slots

@ NT Node Discover Time

(®) Paramete

Written and defauit

Written and not default
¥ Changed but not written
W% Error in setting

C @ @
3332 @ @
0 (§i' (?,
1 S @®
9 "\§,}' (j':jl
13A200 )

40BA8189 S

802.154 + MaxStream header v| & @
0 @ @
0 S @
19 x 100 ms S @

-~

Sictu

Configuration & Test Utility Software

A Digi International Inc. product. %




Programming the Receive XBee Receive Unit: the XBee with LEDs and meter display

top of receive XBee’s X-CTU

ﬁ Radio Configuration [ - 0013A20040BA81B9]

P WEE o5
Firmware information Written and defauit = { ’
Product family:  XBP24 Written and not default i
Functionset:  XBEE PRO 802.15.4 " Changed but not written | = C t
Firmware version: 10ec W Error in setting
~ Networking & Security u
Modify networking settings
® CH Channel c S @
@ IDPANID 3332 S @
@ DH Destination Address High 0 S @
D1 Deselscn e e L = Configuration & Test Utility Software
@ MY 16-bit Source Address 2 @ @
® SH Serial Number High 13A200 S A Digi International Inc. product. 'f
@ SL Serial Number Low 40BA8189 S)
® MM MAC Mode 802154 + MaxStream header ~| (&) (@)
@ RR XBee Retries 0 S @
@® RN Random Delay Slots 0 '6)‘ ".Zf'
@ NT Node Discover Time 19 x 100 ms S® -~



Programming the Receive XBee Receive Unit: the XBee with LEDs and meter display

further down receive XBee’s X-CTU
® pa DIO4Conﬁguraﬁon DO Low [4] -] ® @ ‘ l I
© D3 DIO3 Configurati DO Low [4] @
® p2 DIO2 Conﬁgumnon | DO Low [4] v S @
® D1 DIO1 Configuration | Disabled [0] v @ @
g::::r;::z:z:m Ezi”b'ed _ - ; ;?' Configuration & Test Utility Software
® o 0@& Enéble Enabled (1] -] @ é) A Digi International Inc. product. ':‘
@ IT Samples before TX 1 S @
@ 1€ DIO Change Detect 0 @ @
@ IR Sample Rate 0  Xims '7;\:‘,.7' "_?:'
© PO PWMO Configuration [PWM Output [2] v]> @) "E )
@ P1 PWM1 Configuration | PWM Output [2) - ® @



Programming the Receive XBee

@® D1|DIO1 Configuration

@ po\pIoo Configuration

© PR Pull-up Resistor Enable 1

® 1V 1/O Output Enable
ON 1 Samples before TX
@ 1€ DIO Change Detect
@ R Sample Rate

@ PO PWMO Configuration
® P1 PWM1 Configuration

pin descriptions for receive unit’s
“digital” outputs

DO Low [4] - | ®@®
DO Low [4] m FSX0)
DO Low [4] -] D@
Disabled [0] W @@
Disabled [0] - ® @
() (#)

Enabled [1] v @ @
1 S @

0 S @

0 X1ms 'f§,? \'@

|PWM Output [2] v | ® @
PWM Output [2] | ® @

Receive Unit: the XBee with LEDs and meter display

N

{ctu

Configuration & Test Utility Software

A Digi International Inc. product. ‘Jr




Programming the Receive XBee

@® D1|DIO1 Configuration

@ po\pIoo Configuration

® PR Pull-up Resistor Enable 1

® 1U /O Output Enable

@m Samples before TX
@ 1€ DIO Change Detect
@ R Sample Rate

@ PO PWMO Configuration
@® P1 PWM1 Configuration

pin descriptions for receive unit’s
“digital” outputs
confusing isn’t it /

DO Low 4] -] ® @
DO Low 4] @@
DO Low [4] | ® @
Disabled (0] . @@
Disabled [0] - ® @
(&) (#)

'Enabled [1] v @ @
1 ® @

0 Q @

0 X1ms S @

| PWM Output [2] - | ® @
|PWM Output [2] -] @ @

Receive Unit: the XBee with LEDs and meter display

{ctu

Configuration & Test Utility Software

N

A Digi International Inc. product.

Dy
#.




Programming the Receive XBee

@® D1|DIO1 Configuration

@ po\pIoo Configuration

® PR Pull-up Resistor Enable 1

® 1U /O Output Enable

ON 1 Samples before TX
@ 1€ DIO Change Detect
@ R Sample Rate

® PO PWMO Configuration
@ P1 PWM1 Configuration

pin descriptions for receive unit’s
“digital” outputs

click here

v]. '§) (:é:jl

v] (§’ "_/g‘

DO Low [4] ~—~ .| @@
Disabled [0] v @@
'Disabled [0] - ® @
S @

Enabled [1] - @@
1 S @
0 & @
0  Xims 'f;\:‘/} \'_?j
| PWM Output [2] -] ® @
PWM Output [2] 3 §S10

Sictu

Configuration & Test Utility Software

A Digi International Inc. product. ‘Jr




Programming the Receive XBee

~N

© DafDIO4 Configuration
® D3|DIO3 Configuratio
® D2|DIO2 Configuration
® D1|DIO1 Configuration
@® DO\DIOO0 Configuration )

@ PR Pull-up Resistor Enable 1, High

@ 1V /O Output Enable
ON Samples before TX
@ IC DIO Change Detect
@® IR Sample Rate

® PO PWMO Configuration
@® P1 PWM1 Configuration

pin descriptions for receive unit’s

“digital” outputs

then click on a
subcommand

[DOLow[h\

4

| DO Low [4] \

| Disabled [0] X
|NA [1]

|ADC [2)
DI (3]

[5]

Enabled [1]
1
0
0 X1ms

| PWM Output 2]

|PWM Output [2]

4

4
— ]

L

)

2N

) @) @
®) (%) (9

7
—
2

7 €9
) \gl \

) @

) @)

9
WAOIOIOIOIO

(¢

/__

p—

(o) (®) (s

@ @ @ © @
(%) (

a

{ctu

Configuration & Test Utility Software

A Digi International Inc. product. 'f




Programming the Receive XBee Specific configuration examples will follow.

Right now you are just getting acquainted a
very nerd-like configuration protocol.

pin descriptions for receive unit’s
“digital” outputs

then click on a

subcommand ‘ ’
0) N6104€onﬁguraﬁon\ DO Low [h\ v| ® @
( D3{DIO3 Configuration | | DO Low [4] \ D @ | C t u

@ D2|DI02 Configuration lDisabIed [0] \v

4

,_‘

S @
S @
. . (NA 1] R (B
@ p1|DIO1 Configuration | | ADC [21 '.E ) _gl
® Do\PIOO Configurati DI [3] @ @ : : "
e M S Configuration & Test Utility Software
@ PR Pull-up Resistor Enable DO High [5] ";' i.fe‘_'l . . -
7 I @\ /3 A Digi International Inc. product. gk
@ IV /O Output Enable \Enabled [1] v| @ @
@ IT Samples before TX 1 S @
@® IC DIO Change Detect 0 S @
@ IR Sample Rate 0 X1ms 'i§1' 'g.i'
® PO PWMO Configuration | PWM Output [2] v| ® @
S @

8

@© P1 PWM1 Configuration | PWM Output [2]



Programming the Receive XBee

receive XBee’s X-CTU continued ‘

© D4 DI04 Configuratior 122K - © ‘
® p juratior - @

@ D1 DIO1 Configuration | Disabled (0] - @

it {0 =l © Configuration & Test Utility Software

A Digi International Inc. product. 1@-‘

IV VOOutputEnable  |Ensbled ] - @
@ 1T Samples before TX 1 S @

@ IC DIO Change Detect 0 9@
@ IR Sample Rate 0 X1ms S @

® PO PWMO Configuration M_ ® @




Don’t count these!

Programming the Receive XBee “ono oo ooo)
3 pouTt ~ :'-., > AD2 o} DIO2 | 3
Remember{DIOO |s pin 1 on the right side. s ooz [l iRt W ocoroos s
. . . 6 [reset ot H ADS or DIOS 6 associate
DIO1jis pin 2 on the right side. 7 RSSIorPWMO vief 7
. . . 8 DIO11orPWM1 DIO6 8 ON /sleep
DIO2 Jis pin 3 on the right side. R e N e
11 GND 50V 11

o P

® D4 DIO4 Configuration | DO Low [4] v ® @ ‘ t l I

@ D3 DIO3 Configuration | DO Low [4] - ® @

() D2 DIO2 Configuration | DO Low [4] v ® @

® D1 DIO1 Configuration | Disabled (0] ] ® @

g :::;’:;‘::i‘::‘:m “:‘”b'e" (0] z! ; ’f Configuration & Test Utility Software
o O@ut éﬁable ' EEnabled 7 v,l (;5.\! é," A Digi International Inc. product. ',-,,_""'
@ IT Samples before TX 1 S @

@ IC DIO Change Detect 0 ® @

@ IR Sample Rate 0 X1ms 'ﬁ§" "z.i'

® PO PWMO Configuration | PWM Output [2] | ® @

@ P1 PWM1 Configuration | PWM Output [2] - ® @



Programming the Receive XBee

Remember|DIOO |s pin 1 on the right side.
DIO1 |is pin 2 on the right side.
DIO2 Jis pin 3 on the right side.

Explorer pin

numbers

@ D4 DIO4 Configuration | DO Low (4] v
@ D3 DIO3 Configuration | DO Low (4] -
@ D2 DIO2 Configuration | DO Low [4] v
@ D1 DIO1 Configuration | Disabled (0] v
® DO DIOO Configuration | Disabled [0] -
@ PR Pull-up Resistor Enable 1

® 1V 1/0 Output Enable Enabled [1] v
@ IT Samples before TX 1

® 1cDIO Change Detect 0

® R Sample Rate 0 X1ms

@ PO PWMO Configuration | PWM Output [2] v

@ P1 PWM1 Configuration  |PWM Output [2] -

_ pr—

~

—_—

é9) @) &) @9 &) @) @) &) @) &) @) @)

—

o’

—

() (w) (&) (&) (&) (&) (&) (&) (&) (&) () (%)

Don’t count these!

GND ADOof DIOO | 1
2 3,3V 0w sevhs  dees d AD1of DIO1 | 2
3  Dout A - AD2 of DIO2 | 3
4 DIN /config iy A g AD3 orD1o3” 4
5 DIO12 iy b AD6 or DIO6 5 /RTS
6 /reset . M ADS or DIO5 6 associate
7 RSSlor PWMO .3 i : Vref 7
8 DIO1lerPWML H DIO6 8 ON /sleep
9 (reserved) & ' DIO7 9 cTs
SleepRQ 10 /DTR or D18 AD4 or DIO4 10

11 GND 50V 11

Configuration & Test Utility Software

ADigi International Inc. product. ',',,."'"




Don’t count these!

Programming the Receive XBee “ono oo ooo)
3 pouTt ~ :'-., > AD2 o} DIO2 | 3
Remember{DIOO |s pin 1 on the right side. s ooz [l iRt W ocoroos s
. . . 6 [reset ot H ADS or DIOS 6 associate
DIO1jis pin 2 on the right side. 7 RSSIorPWMO vief 7
. . . 8 DIO11orPWM1 DIO6 8 ON /sleep
DIO2 Jis pin 3 on the right side. R e N e
11 GND 50V 11

o P

® D4 DIO4 Jonfiguration | DO Low [4] v ® @ ‘ t l I
@ D3 DIO3 Configuration | DO Low [4] - ® @

2|DIO2 (onfiguration | DO Low [4] | ® @

onfiguration !(Disabled (0] '1 'i§\’ "/-v.;én'

o Rmm‘::;i::‘:m “T”b'ed __ 2 :;; f Configuration & Test Utility Software
o O@ut éﬁable ' EEnabled 7 v,l (;5.\! é," A Digi International Inc. product. ',-,,_""'
@ IT Samples before TX 1 S @
@ IC DIO Change Detect 0 ® @
@ IR Sample Rate 0 X1ms 'ﬁ§" "z.i'
® PO PWMO Configuration | PWM Output [2] | ® @
@ P1 PWM1 Configuration | PWM Output [2] - ® @



Don’t count these!

Programming the Receive XBee

GND ADOl
2 3.3V lw sevhs  dees d AD1orDIO1 |2
3 DOuUT : ~.': TN\ g AD2 of DIO2 | 3
Remember|DIOO |s pin 1 on the right side. ol | | e
. . . 6 /reset ol A H ADS or DIOS 6 associate
DIO1 |is pin 2 on the right side. 7 Rsiorpwmo — [l : TSR - Vief 7
. . . 8 DIO11lerPWM1 “ : DIO6 8 ON/sleep
DIO2jis pin 3 on the right side. S 10 fDTR O DB Ao D108 0

11 GND 50V 11

You attach LEDs, or whatever to those pins.

@ D4 DIO4 Configuration | DO Low [4] - @ @
@ D3 DIO3 Configuration | DO Low [4] - ® @
2|DIO2 fonfiguration | DO Low [4] - © @
onfiguration | Disabled (0] > ® @
5 Rpu"_up‘:gi‘:z:m ;':i”b'ed = = ; f Configuration & Test Utility Software
DR dutput éﬁable ' fEnabled = ] (§_\5 @ A Digi International Inc. product. '#""
® IT Samples before TX 1 S @
@ IC DIO Change Detect 0 S @
@ IR Sample Rate 0 X1ms '1§5' "2.3'
@ PO PWMO Configuration | PWM Output (2] - @@
@ P1 PWM1 Configuration | PWM Output [2] -| ® @



Programming the Receive XBee

Remember|DIOO |s pin 1 on the right side.
DIO1 |is pin 2 on the right side.
DIO2 Jis pin 3 on the right side.
You attach LEDs, or whatever to those pins.

@ D4 DIO4 Configuration | DO Low [4] v
@ D3 DIO3 Configuration | DO Low [4] v
® D2|DI02 onfiguration | DO Low [4] v
@ p1fpio1 donfiguration [ Disabled [0} v
® po|DIO0 onfiguration | Disabled [0] v

© PR Pull-up Resistor Enable 1

@ IV /O Output Enable 'Enabled [1] -
@ 1T Samples before TX 1

® 1cDIO Change Detect 0

® R Sample Rate 0 X1ms

@ PO PWMO Configuration | PWM Output (2] v

@ P1PWMI Configuration | PWM Output (2] -

) &) &) @) &)

(
\

)

ey

~

(o) (%) (o (& (& () (& (& (& (& (

Don’t count these!

GND ADO o} DIOO | 1
3.3V fowt svehe ohies 4 AD1 o} DIO1 | 2
DOUT AR AD2 of DIO2 | 3
DIN /config oy & e AD3 orD1o3” 4

e Docl ¥

: .

. 3k .

. : .

- .

<— LEDs he
same pi

DIO12 AD6 or DIO6 5 /RTS

W N U A WN

re on the
ns where
the other XBee has

[reset ADS or DIO5 6 associate
RSSI or PWMO Vref 7
DIO11 or PWM1 DIO6 8 ON /sleep .
9 (reserved) DIO7 9 cTs SWltC h es.
sleepRQ 10 /DTR or D18 AD4 or DIO4 10
11 GND 50V 11

{ctu

Configuration & Test Utility Software

N

A Digi International Inc. product.

Dy
#.




Programming the Receive XBee

Remember|DIOO |s pin 1 on the right side.
DIO1 |is pin 2 on the right side.
DIO2 Jis pin 3 on the right side.

You attach LEDs, or whatever to those pins.

@ D4 DIO4 Configuration
@ D3 DIO3 Configuration

onfiguration

onfiguration

© PR Pull-up Resistor Enable 1

® o Output Enable
®m Samples before TX
® 1cDIO Change Detect
® R Sample Rate

@ PO PWMO Configuration
@ P1 PWMI Configuration

DO means digital out
(lighting an LED)

DO Low [4] @
DO Low (4] .S @
DO Low [4] vl ® @
Disabled (0] . @ @
Disabled [0] . @@

@) @) @ @) @ @) @ @ @ © @) @

(o) (o) (& (v (& (& (& (& (&) (& (& O

\Enabled [1] vl
1 ( !
0 L ) | |
0 X1ms ' &)
|PWM Output [2] | @

4

'PWM Output [2]

Don’t count these!

GND ADO o} DIOO | 1
3.3V fowt svehe ohies 4 AD1 o} DIO1 | 2
DOUT AR AD2 of DIO2 | 3
DIN /config oy & e AD3 orD1o3” 4

e Docl ¥

: .

. 3k .

. : .

. - .

DIO12 AD6or DIO6 5 /RTS
[reset ADS or DIOS 6 associate
RSSI or PWMO Vref 7

DIO11 or PWM1 DIO6 8 ON /sleep
9 (reserved) DIO7 9 cTs
AD4 or DIO4 10

50V 11

W N U A WN

SleepRQ 10 /DTR or D18
11 GND

{ctu

Configuration & Test Utility Software

N

A Digi International Inc. product.

Dy
#.




Don't count these!

Programming the Receive XBee 1 oo~ 000r D00 1
3  DouTt AD2or DIO2 3
Remember DIOO is pin 1 on the right side. S e ADG or DIOG 5
. . . . 6 [rese] ADS5 or DIO5 6 associat
DIO1 is pin 2 on the right side. 7 Rssidpwmo Vief 7
i ) . i 8 DIOl_ or PWM1 DIO6 8 ON /sleep
DIOZ is pin 3 on the right side. swrra 10 formor e Aokor DIk 20
11 GND 50V 11

You attach LEDs, or whatever to those pins.

Analog outputs show up on

pins 7, 8 on the left side.
@ D4 DIO4 Configuration | DO Low [4] | ® @ ‘ t l I
® D3 DIO3 Configuration | DO Low [4] - ®@
@ D2 DIO2 Configuration | DO Low [4] v ® @
® D1 DIO1 Configuration | Disabled [0] > ® @
© Do DIOO Configuration | Disabled (0] 2l © @ Configuration & Test Utility Software
® PR Pull-up Resistor Enable 1 ORC)
® = 1/6 Outpu : énéble = !'E‘nabled = 0@ A Digi International Inc. product. ~£.-
@ IT Samples before TX 1 S @
® IC DIO Change Detect 0 Q @
@ IR Sample Rate 0 Xlms (@ (&)
© PO PWMO Configuration | PWM Output [2] | ® @
@ P1PWM1 Configuration | PWM Output [2] - ® @



Don’t count these!

Programming the Receive XBee 1 GND~ 200000 1« NOT  the
3 pouT AD2or DIO2 3 .
4 DIN /config AD3or DIO3 4 correspondlng
5 DIO12 AD6 or DIO6 5 /RTS .
6 /rese ADS or DIOS 6 associate pins on the
7RSSl Vief 7
8 DIO1 DIO6 8 ON /sleep H
9 (resetved DIO7 9 cTs Sendmg XBee.
sleepRQ 10 /DTR or D18 AD4 or DIO4 10
11 GND 50V 11

Analog outputs show up on
pins 7, 8 on the left side.

—

(o) (&) (8 (&) (&) (& (&) (& (& & (W (%)

) @) @) @) &) @) &)

@ D4 DIO4 Configuration | DO Low (4] v
© D3 DIO3 Configuration | DO Low [4] v
® D2 DIO2 Configuration | DO Low [4] v
® D1 DIO1 Configuration | Disabled [0]

N’

2

7

£

@ DO DIOO Configuration | Disabled [0]

Configuration & Test Utility Software
© PR Pull-up Resistor Enable 1

@ 1U 1/ Output Enable EEnabled i 'i @ @ ADigi International Inc. product. '1-:"
® IT Samples before TX 1 @ @
® 1€ DIO Change Detect 0 S @
® R Sample Rate 0 i X1ms lﬁ§) (&)
® PO PWMO Configuration | PWM Output [2] | ® @
@ P1 PWM1 Configuration | PWM Output [2] m FOXE)



Programming the Receive XBee

Analog outputs show up on
pins 7, 8 on the left side.
Click on PWM Output[2] for
both.

® D4 DIO4 Configuration leOLow 4]
@ D3 DIO3 Configuration | DO Low [4]
® D2 DIO2 Configuration | DO Low [4] / -

A |
4 4

) 69) &) &) &) @) @)

® D1 DIO1 Configuration  [Disabled (0] / v @
® DO DIOO Configuration | Disabled [0] - &
@ PR Pull-up Resistor Enable 1 / &)
® IV /O OutputEnable | Enabled - @
® IT Samples before TX 1 &
@ IC DIO Change Detect 0 S
@ IR Sample Rate 0 X1ms 'ﬁ§"
@ Po PWMO Configuration | PWM Output (2] S
@ P1 PWM1 Configuration | PWM Output [2] - ©

() (%) (8 (&) (&) (&) (&) (v (& () (&) (%)

Don’t count these!

1 GND ADOor DIOO 1

2 3.3V ADlorDIO1 2

3  Dout AD2or DIO2 3

4 DIN /config AD3orDIO3 4

5 DIO12 AD6or DIO6 5 /RTS

6 [rese ADS or DIOS 6 associate

7  RSSI4 PWMO Vref 7

8 DIO1jerPWM1 DIO6 8 ON/sleep

9 (reserves DIO7 9 cTs
sleepRQ 10 /DTR or D18 AD4 or DIO4 10

11 GND 50V 11

Sictu

Configuration & Test Utility Software

A Digi International Inc. product.

Dy
Dic




Programming the Receive XBee

Analog outputs show up on
pins 7, 8 on the left side.
Click on PWM Output[2] for

both.
® D4 DIO4 Configuration | DO Low [4] \ v ®
® D3 DIO3 Configuration | DO Low [4] } v ®
© D2 DIO2 Configuration | DO Low 4] / - ®
® D1 DIO1 Configuration | Disabled [0] / % - &
® DO DIOO Configuration | Disabled [0] S
@ pR Pull-up Resistor Enable 1 /
@ 1V 1/O Output Enable 'Enabled |
@ IT Samples before TX 1 (
® 1cDIO Change Detect 0 '
® R Sample Rate 0 X1ms

R

@ PO PWMO Configuration | PWM Output (2]
@ P1 PWM1 Configuration | PWM Output [2] -

&) @) @) @) G/ ©

~

() (w) (&) (&) /

Don’t count these!

1 GND ADO or DIOO
2 3.3V AD1 or DIO1
3  Dout AD2 or DIO2
4 DIN /config AD3 or DIO3
5 DIO12 AD6 or DIO6
6 /rese ADS or DIOS
7  RSSI4 PWMO Vref
8 DIO1jerPWM1 DIO6
9 (reserves DIO7
sleepRQ 10 /DTR or D18 AD4 or DIO4
11 GND 5.0V

W N

5 /RTS

6 associate
7

8 ON /sleep
9 CTs

10

11

o P

ﬁ‘CtU

Configuration & Test Utility Software

A Digi International Inc. product. gk

A

It doesn’t matter what goes here, (for output)




Programming the Receive XBee

@ D4 DI04 Configuration

DO Low 4]

@ D3 DIO3 Configuration /DO Low [4] -
@ D2 DIO2 Configuration [ | DO Low [4] v
@ D1 DIO1 Configuration | |Disabled [0} v
® DO DIOO Configuration 4 | Disabled [0] -
@ PR{Pull-up Resistor Enabla 1

® 1ufi/0 Output Enable Enabled [1] v
@ 1Tlsamples before TX 1

® 1cjpio Change Detect 0

® R ample Rate y 0 X1ms

@ PO PWMO Configuration | PWM Output [2] v
@ P1PWMI Configuration | PWM Output [2] -

—_— - pr— —_ —

@) @) @) &) @) @) @) &) @) ©) &) ©)

7

" ~

() () (& (& & (& (& (& & & (W (&

Those commands that don’t affect a pin, are

mostly for advanced users.

default values work fine

A

‘%C

tu

Configuration & Test Utility Software

A Digi International Inc. product.

Dy
#.




Programming the Receive XBee

@ pa4 DI04 Configuration
(D D3 DIO3 Configuration
@® p2 DIO2 Configuration
@® D1 DIO1 Configuration
® DO DIOO Configuration
@ PR Pull-up Resistor Enable
® o Output Enable
@ Ir Samples before TX
® 1€ pIO Change Detect
® R Sample Rate

@ PO PWMO Configuration
@ P1 PWM1 Configuration

DO Low 4] v S
DO Low [4] v $
DO Low [4] $
Disabled [0} <
Disabled [0] “}
1 S
Enabled [1]

1 $
0 <
0 X1ms '~?
PWM Output [2] v | "'::

-

PWM Output [2] v |

Those commands that don’t affect a pin, are
mostly for advanced users.

default values work fine

The default values assume good radio link
and noise free sensors.

But increasing this to more sample cycles
before sending can “average” the data.

And slowing down the sample rate can
increase range in noisy RF environments.

What value?



Programming the Receive XBee

@ D4 DIO4 Configuration
@ D3 DIO3 Configuration
@ D2 DIO2 Configuration
@ p1 DIO1 Configuration
@® Do DIOO Configuration

@ PR Pull-up Resistor Enable

@ IV IO Output Enable
®m Samples before TX
® 1€ DIO Change Detect
@® IR Sample Rate

@ PO PWMO Configuration
@® p1pPWM1 Configuration

DO Low (4] '} "':: ‘-{”'
DO Low [4] | ® @
'DO Low [4] v @ @
Disabled [0] v @
Disabled [0] - ® @
1 ) (&)
Enabled [1] v & @
1 SEO
0 <+ ) &)
0 X1ms '\'} '@'
'PWM Output [2] v @ @
'PWM Output [2] - ® @

Change Detect allows data to be sent if
there’s a change. That way you won’t miss
anything if the sample rate is very long.
(See appendix for more on Change Detect.)



Purchase Recommendations



Purchase Recommendations

S38 ea buy two https://www.sparkfun.com/products/11216

The above link is for a 60 mW Series One with built-in antenna.

This webpage has other XBees—> https://www.sparkfun.com/categories/111 There’s a 2mW that is $23. And both
power levels come with a variety of built-in antennas and connectors for external antennas. Also available is a Series
Two XBee. That’s for advanced users who want to make a mesh network.

Make sure you buy a pair that are the same “Series” and frequency. (Different antennas OK.)

optional

S30 ea buy one For long range telemetry (buy the kind of XBee that has a connector)

Buy this or any other 16 dB gain antenna: http://www.ebay.com/itm/2-4GHz-20dBi-Yagi-802-11b-g-WiFi-Antenna-
RP-SMA-WLAN-/190836223385?pt=US Directional Network Antennas&hash=item2c6eb9ad99

And this U.fl connector for the antenna: http://www.ebay.com/itm/U-FL-IPX-to-RP-SMA-Female-Nut-Bulkhead-
Pigtail-1-13-Cable-F-PCI-Wifi-Card-20cm-/300758193471?pt=LH DefaultDomain 0&hash=item460695d53f



https://www.sparkfun.com/products/11216
https://www.sparkfun.com/categories/111
http://www.ebay.com/itm/2-4GHz-20dBi-Yagi-802-11b-g-WiFi-Antenna-RP-SMA-WLAN-/190836223385?pt=US_Directional_Network_Antennas&hash=item2c6eb9ad99
http://www.ebay.com/itm/U-FL-IPX-to-RP-SMA-Female-Nut-Bulkhead-Pigtail-1-13-Cable-F-PCI-Wifi-Card-20cm-/300758193471?pt=LH_DefaultDomain_0&hash=item460695d53f

Purchase Recommendations

$25 ea buy at least one https://www.sparkfun.com/products/11812

This XBee Explorer regulates from 5V USB power to 3.3V XBee power and level shifts the serial stream between the USB 5V and
the Xbee 3.3V. It also translates that serial stream between the USB protocol and the simpler one of the XBee. This simpler serial
stream is also appropriate for any microcontroller that this is attached to.

There is another explorer without the USB: https://www.sparkfun.com/products/11373 It also has a power supply (from a
4.8V or more battery) to the 3.3V power for the XBee. And it also translates between the 5V serial stream logic to 3.3V. Butitis a
simple level change for microcontrollers. No protocol change.

S1.50ea buy1 https://www.sparkfun.com/products/116

This is 0.1” spacing. Break into lengths any number of pins. 11 pins long are needed for going from Explorer to protoboard.

S3 ea buy at least one https://www.sparkfun.com/products/8276

This converts the XBee pins to work with protoboards. You must buy headers for it; two for each side. There’s no
level or supply conversion. (needs two AA cells to power it)

/ 0.1” spacing  S1.50ea buy2  https://www.sparkfun.com/products/116
N\ s’/

2mm spacing  S1ea buyfour  https://www.sparkfun.com/products/8272



https://www.sparkfun.com/products/11812
https://www.sparkfun.com/products/11373
https://www.sparkfun.com/products/116
https://www.sparkfun.com/products/8276
https://www.sparkfun.com/products/116
https://www.sparkfun.com/products/8272

Purchase Recommendations

I_E DS 35¢ ea buy lots https://www.sparkfun.com/categories/172

Individual resistors for the LEDs (if you don’t have them) are available at Sparkfun (search: resistors)
Here’s an array of 5 resistors; very handy for LEDs = https://www.sparkfun.com/products/10855

y 4

d $5 ea buy one bunch https://www.sparkfun.com/products/11026
;//,
)

Other lengths and prototyping tools are available at 2 https://www.sparkfun.com/categories/141

S5ea buyatleastl https://www.sparkfun.com/products/12002
Other shapes and sizes are available at = https://www.sparkfun.com/categories/149

® <
& 35¢ ea buy lots https://www.sparkfun.com/products/97



https://www.sparkfun.com/categories/172
https://www.sparkfun.com/products/12002
https://www.sparkfun.com/products/10855
https://www.sparkfun.com/categories/141
https://www.sparkfun.com/products/11026
https://www.sparkfun.com/categories/149
https://www.sparkfun.com/products/97

Purchase Recommendations

Go to SparkFun: https://www.sparkfun.com/categories

for sensors, prototyping tools, and breakout boards. Breakout boards are interesting in
that they make sensors easier to use.

Parallax is a source which has just as many XBee and microcontroller accessories.
http://www.parallax.com/search?search api views fulltext=XBee



https://www.sparkfun.com/categories
http://www.parallax.com/search?search_api_views_fulltext=XBee
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Appendix One DIO Change Detect

To conserve sending XBee's battery, send data
only when some sensed data has changed.



Appendix One DIO Change Detect

transmit XBee’s X-CTU

@ D8 DI8 Configuration | Disabled [0]

® D7 DIO7 Configuration | CTS flow control [1] What goes here is a mapping of

which digital inputs to monitor.

® D6 DIO6 Configuration | Disabled [0]

® D5 DIOS Configuration [Associated indicator [1]

@ D4 DI04 Configuration [Disabled [0]
@ D3 DIO3 Configuration | DI [3]

® D2 DIO2 Configuration | DI 3]

@ D1 DIO1 Configuration | ADC [2]

® po DIOO Configuration [ADC [2]

@ PR Pull-up Resistor Enable 0

® o Output Enable |Enabled [1]
® I Samples before TX 1
@ IC DIO Change Detect F

@® IR Sample Rate 18 X1ms



Appendix One

transmit XBee’s X-CTU

@® D8 DI8 Configuration

® D7 DIO7 Configuration
@® D6 DIO6 Configuration
@® D5 DIOS Configuration
® D4 DI04 Configuration
® D3 DIO3 Configuration
(® D2 DIO2 Configuration
@ D1 DIO1 Configuration
® DO DIOO Configuration

@ PR Pull-up Resistor Enable 0

® v I/O Output Enable

® I Samples before TX
@ IC DIO Change Detect
@® IR Sample Rate

DIO Change Detect

| Disabled [0]
| CTS flow control [1]
| Disabled [0]

4

/v

o
.‘\%) l\'\ »)

4

4
— )\ | | Y Y
ey —
) @)
I
\\,ll

(%)

| Associated indicator [1]

| Disabled [0] v] @ G

(?:\\ ) I\.—( /

D1 3] «| @ @
D1 3] - | ® @
|ADC 2] - @ @
|ADC [2] - & @

S @
|Enabled [1] L] @ @
1 S @
F ® @
18 X1ms @ @

(

What goes here is a mapping of
which digital inputs to monitor.

(Not useful for analog data.)



Appendix One DIO Change Detect

10101010101

binary map/

@ D8 DI8 Configuration [Disabled [0]

® p7 DIO7 Configuration [CTS flow control [1]

® D6 DIO6 Configuration | Disabled [0]

@® D5 DIOS Configuration [Associated indicator [1]

® D4 DI04 Configuration [Disabled [0]
@ D3 DIO3 Configuration | DI (3]

@ D2 DIO2 Configuration | DI [3]

@ p1 DIO1 Configuration ’ADC [2]

@ DO DIOO Configuration | ADC [21]
@ PR Pull-up Resistor Enable 0

@ 1U /O Output Enable |Enabled [1]
® m Samples before TX 1
@ IC DIO Change Detect F

@ IR Sample Rate 18 X1ms




Appendix One DIO Change Detect

input number > 109876543210
10101010101

binary map /e\:ery other input is turned on

@® D8 DI8 Configuration [Disabled [0] '] '@' ':;_I;);'
® D7 DIO7 Configuration ICTS flow control [1] '] '§) ‘@'
® D6 DIO6 Configuration | Disabled [0] | ® @
@ D5 DIOS Configuration [Associated indicator [1] vy '@7:' '::@:'
® D4 DI04 Configuration | Disabled [0] v] (:;_) '@u
® D3 DIO3 Configuration | DI [3] -| ® @
® D2 DIO2 Configuration | DI [3] v| ® @
® D1 DIO1 Configuration | ADC [2] | ® @
@ DO DIOO Configuration | ADC [2] | ® @
@ PR Pull-up Resistor Enable 0 & '@;’
® IU /O Output Enable | Enabled [1] | ® @
@ IT Samples before TX 1 (§.Z' @5,2'
® IC DIO Change Detect F @ @

E

@ IR Sample Rate 18 X1ms @ @



Appendix One DIO Change Detect BUt this isn’t what

nput number - 109876543210 goes in that field.

10101010101

binary map /e\:ery other input is turned on

@® D8 DI8 Configuration [Disabled [0] '] ‘@j' 'i‘_;i"
® D7 DIO7 Configuration | CTS flow control [1] - ® @
@® D6 DIO6 Configuration ‘Disabled [0] v] '@3' ‘;@
® D5 DIOS Configuration [Associated indicator [1] v] 'f§,.\§' ‘i@:'
® D4 DIO4 Configuration | Disabled [0] v| ® @
® D3 DIO3 Configuration | DI (3] -| ® @
® D2 DIO2 Configuration | DI (3] v| ® @
® D1 DIO1 Configuration | ADC [2] | ® @
@ DO DIOO Configuration  |ADC [2] | ® @
@® PR Pull-up Resistor Enable 0 S @
® I1U /O Output Enable  |Enabled [1] - ® @
@ IT Samples before TX 1 (§:3' ‘f{’;:'
® IC DIO Change Detect F S @
@ IR Sample Rate 18 X 1ms @ @



Appendix One DIO Change Detect

hex

input number > 109876543210 |
10101010101 555 & this s

binary map /e\:ery other input is turned on

@® D8 DI8 Configuration [Disabled [0] '] @ 'i@
® D7 DIO7 Configuration | CTS flow control [1] - ® @
® D6 DIO6 Configuration | Disabled [0] - ® @
® D5 DIOS Configuration [Associated indicator [1] v] 'f§,.\§' ‘i@:'
® D4 DIO4 Configuration | Disabled [0] v| ® @
® D3 DIO3 Configuration | DI (3] -| ® @
® D2 DIO2 Configuration | DI (3] v| ® @
® D1 DIO1 Configuration | ADC [2] | ® @
@ DO DIOO Configuration  |ADC [2] -| ® @
@® PR Pull-up Resistor Enable 0 S @
® I1U /O Output Enable  |Enabled [1] - ® @
@ IT Samples before TX 1 ' f\:/{’;ﬁ'
® IC DIO Change Detect 555 S @
@ IR Sample Rate 18 X 1ms @ @



Appendix One DIO Change Detect

hex

input number > 109876543210 }
10101010101 555 & this is

@® D8 DI8 Configuration | Disabled [0] - ® @
® D7 DIO7 Configuration | CTS flow control [1] v] S ‘/4:'7,' b H
P Inary to hex converter
@® D6 DIO6 Configuration [Disabled [0] '] '@' @) ( ) Y . )
® . _ _ — R B http://www.binaryhexconverter.com/binary-tehex-converter
D5 DIOS Configuration Associated indicator [1] v| \w \&)
® D4 DI04 Configuration [Disabled [0] VI @ '@'
® D3 DIO3 Configuration | DI [3] -| ® @
® D2 DIO2 Configuration | DI [3] v| ® @
® D1 DIO1 Configuration | ADC [2] | ® @
® DO DIOO Configuration | ADC [2] | ® @
@ PR Pull-up Resistor Enable 0 '@' '@;‘
® 1V /O Output Enable [Enabled [1] S @
@ IT Samples before TX 1 7 (&)
® I€ DIO Change Detect 555 S @

® IR Sample Rate 18 X1ms S @



Appendix One

® D8 DI8 Configuration

® b7 DIO7 Configuration
@® D6 DIO6 Configuration
@® D5 DIOS Configuration
® p4 DI04 Configuration
® D3 DIO3 Configuration
@ D2 DIO2 Configuration
@ D1 DIO1 Configuration
® Do DIOO Configuration

DIO Change Detect

@ PR Pull-up Resistor Enable 0

@ 1U 1/0 Output Enable

® I Samples before TX
@ IC DIO Change Detect
@ IR Sample Rate

| Disabled [0] =)
|CTS flow control [1] v]
| Disabled [0] 2
[Associated indicator [1] v]
| Disabled [0] =
D131 =
D1 (3] =
|ADC [2] =
|ADC [2] -
|Enabled [1] m

1
400
18 X1ms

hex

input number 2> 199876543210 1
[

10000000000 400

(@) here, only input number 10 is turned on

o S

y’

) (':‘>) (:':(‘0

&
(_‘\(/

\



Appendix One DIO Change Detect

hex

input number 2> 199876543210 1
[

10000000000 400

- 00000000001 1

@® D8 DI8 Configuration [Disabled [0] '] ‘@j' (@) /
® D7 DIO7 Configuration | CTS flow control [1] v| 'Sil 'é’i' here, only input number 0
@® D6 DIO6 Configuration ‘Disabled [0] v] '@3 (@)

® D5 DIOS Configuration [Associated indicator [1] v] 'f§,.\§' ‘i@:'

® D4 DIO4 Configuration | Disabled [0] v| ® @

® D3 DIO3 Configuration | DI (3] -| ® @

® D2 DIO2 Configuration | DI (3] v| ® @

® D1 DIO1 Configuration | ADC [2] | ® @

@ DO DIOO Configuration  |ADC [2] -| ® @

@® PR Pull-up Resistor Enable 0 S @

® IU /O Output Enable | Enabled [1] S @

@ IT Samples before TX 1 SH@)

® IC DIO Change Detect 1 S @

@ IR Sample Rate 18 X 1ms @ @



Appendix One DIO Change Detect

hex

input number 2> 199876543210 1
[

10000000000 400

— 00000000001 1

® D8 DI8 Configuration | Disabled [0] | ® @

® D7 DIO7 Configuration [CTS flow control [1] '| Sij 'é’>' 00001000100 a4
® D6 DIO6 Configuration | Disabled [0] | ® @

® D5 DIOS Configuration [Associated indicator [1] v] 'f§\§' ‘i%j' input numbers 6 and 2
® D4 DIO4 Configuration | Disabled [0] v @ @

® D3 DIO3 Configuration | DI (3] -| ® @

® D2 DIO2 Configuration | DI [3] v| ® @

® D1 DIO1 Configuration | ADC [2] | ® @

@ DO DIOO Configuration  |ADC [2] -| ® @

® PR Pull-up Resistor Enable 0 S @

@ 1U /O Output Enable |Enabled [1] S @

@ IT Samples before TX 1 ) : y

® IC DIO Change Detect 44 S @

@ IR Sample Rate 18 X 1ms @ @



Appendix One

@® D8 DI8 Configuration

® b7 DIO7 Configuration
@® D6 DIOG Configuration
@® D5 DIOS Configuration
® p4 DI04 Configuration
(® D3 DIO3 Configuration
@ D2 DIO2 Configuration
@ D1 DIO1 Configuration
® DO DIOO Configuration

DIO Change Detect

@ PR Pull-up Resistor Enable 0

@ 1U 1/0 Output Enable

® I Samples before TX
@ IC DIO Change Detect
@ IR Sample Rate

| Disabled [0] =
|CTS flow control [1] v]
| Disabled [0] 2
[Associated indicator [1] v’
| Disabled [0] =
D1 3] =
D1 3] v
|ADC [2] =
|ADC [2] =
|Enabled [1] 2

1
44
18 X1ms

hex

199876543210 l
[

input number 2>

10000000000 400
R (B 00000000001 1
l\:}l | t, |
'E:\,' '.\2’/._,'
b 00001000100 44
"-?_’.»" Oé’ll
@ @

input numbers 6 and 2

) DD DD DD D
(& ) k';)l l

()

S/
Y/

)

® & Shortcut:

® @ binary

S & first 2 inputs: 11

S @ first 3 inputs: 111

S @ first 4 inputs: 1111
first 5inputs: 11111

first 6 inputs: 111111

hex
3
7
F
1F
3F



Solder the headers on the bottom of two Explorer boards. That allows you to plug
them into a protoboard.

Solder the XBee sockets into the top of the two Explorer boards

Push the two XBee's into their protoboards

Wire up the protoboards to be the sending unit and the corresponding receiving
unit. (details available on the next slide)

Download X-CTU but don't run it yet.

Connect one of the units to the PC with the appropriate USB cable.

Now run X-CTU and load each XBee (one at a time) with the deviations from the
default values listed on the next page.

In testing, one of them can remain connected while the other one (on the same
work bench is OK) can be powered by either another computer or powered by a 3
volt battery (into pin 2). If it is more convenient you can run a 4.8V or a 6V battery
into the opposite corner pin as shown in the diagram on the next page.



Now that's with XBee's alone.

What I'm not familiar with is that with them attached to computers, anything that
normally uses USB can be connected with a separation of a mile.

And

Most commonly, one of the computers would be a microcontroller. The difference is
that a microcontroller is really really small and can be interfaced with sensors itself and
programmed by the amateur scientist.

And

With or without a computer, XBee can be programmed to talk to the internet by way of
a cell phone tower to dump a serial stream of data. That means if it is within ear shot of
a cell phone tower, you can put your data on the net to be read by anyone in the world.



junk



| am not skilled in
software enough
to do this. BUT

| have Dataq.

It’s an A to D with
data logging
software.



