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ABSTRACT

This project proposed a development of temperature changing measuring system
for water quality index in UMP Lake, Pekan Campus. Temperature is one of nine critical
water qualities and environmental parameter because it governs the kinds and types of
aquatic life, regulates the maximum dissolved oxygen. With respect to chemical and
biological reactions, when the water temperature is increased, the rate of chemical and
metabolic reactions will also increase. This project will use Graphic User Interface (GUI)
of Visual Basic, the software will be the data storage which save all the data measured by
the temperature sensor. The temperature sensor will send a feedback through ZigBee
Compatible Wireless device. The current technology in adopting wireless terminal
technology for instrumentation directly leads to efficient process. In a warm water
streams, the temperatures should not exceed 89 degrees Fahrenheit. Cold water streams
should not exceed 68 degrees Fahrenheit. The expected result is the sensor will monitor
the temperature in UMP Lake and send the data to the software. If the sensor detect the
water temperatures exceed 89 degrees Fahrenheit, or 68 degrees Fahrenheit in cold water

stream, it will send a warning signal to the computer through the wireless device.



ABSTRAK

Projek ini mencadangkan satu perkembangan/pembaharuan mengenai kaedah
penyukatan perubahan suhu untuk kualiti indeks air di Tasik UMP, Kampus Pekan. Suhu
merupakan salah satu daripada sembilan kualiti air yang kritikal dan merupakan
parameter alam sekitar/ sekeliling kerana ia mengawal jenis-jenis hidupan akuatik, di
mana ia turut mengawal keterlarutan kuantiti oksigen yang maksimum di dalam air.
Berdasarkan tindak balas kimia dan biologi, apabila suhu air dinaikkan, kadar tindak
balas kimia dan metabolisme juga turut meningkan. Projek ini akan menggunakan
Graphic User Interface (GUI) daripada Visual Basic, di mana perisian komputer ini akan
menyimpan kesemua data yang diukur melalui pengesan suhu. Pengesan suhu tersebut
akan menghantar maklum balas melalui alat ZigBee Compatible Wireless. Teknologi
semasa dalam mengadaptasi teknologi peralatan tanpa wayar untuk peralatan
sememangnya membawa ke arah proses yang lebih berkesan. Di dalam aliran air sejuk,
suhu tersebut sepatutnya tidak melebihi 89 darjah Fahrenheit. Keputusan yang diramal
ialah pengesan tersebut akan memantau suhu di Tasik UMP dan menghantar data kepada
perisian computer tersebut. Jika pengesan tersebut mengesan suhu air melebihi 89 darjah
Fahrenheit atau 68 darjah Fahrenheit pada aliran air sejuk, ia akan menghantar isyarat

amaran pada komputer melalui alat tanpa wayar tersebut.
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CHAPTER 1

INTRODUCTION

1.1  Project Background

Water quality measurements fall into three broad categories which is physical
characteristic, chemical characteristic and biological characteristic. Water temperature
measurement is categories under physical characteristic. Temperature is one of the
critical water quality and environmental parameter because it governs the kinds and
types of aquatic life, regulates the maximum dissolved oxygen concentration of the
water, rate of photosynthesis of plants, metabolic rates of animals, the sensitivity of
organisms to toxic wastes, parasites and diseases, and influences the rate of chemical and
biological reactions.[3] With respect to chemical and biological reactions, when the
water temperature is increased, the rate of chemical and metabolic reactions will also
increase.[1] Thermal pollution is an increase in water temperature caused by adding
relatively warm water to cooler stream water. The cutting down of trees that shade a lake
will expose it to sunlight and increase temperature. Measurement of temperature change
can help detect sources of thermal pollution and suggest the size of habitat for organisms

that are more sensitive to temperature variation.



1.2 Introduction to the Project

In this project, wireless technology will be use to transfer the data taken from the
sensor to the computer. It is an improvement from the previous wiring technology which
is expensive due to the wiring installation and maintenance. Wireless technology also
allow otherwise impossible sensor applications, such as monitoring dangerous,
hazardous, unwired or remote areas and locations. Wireless technologies have been
under rapid development during recent years. Types of wireless technologies being
developed range from simple infrared light for short-range, point-to-point
communications, to wireless personal area network (WPAN) for short range, point-to
multi-point communications, such as Bluetooth and ZigBee, to mid-range, multi-hop
wireless local area network (WLAN), to long-distance cellular phone systems, such as
GSM/GPRS and CDMA..[4]

Hence, this project is an improvement for the wiring water temperature
measuring system by using wireless technology and it will also calculate the water
quality index (WQI). WQI is a 100 point scale that summarizes results from a total of
nine different measurements when complete (refer to table 1). The point is calculated
from the change of water temperature. Finally, if the sensor detected the water
temperatures exceed 89 degrees Fahrenheit, or 68 degrees Fahrenheit in cold water
stream, it will send a warning signal to the computer through the wireless device.

This project will be using the Visual Basic software to interface the ZigBee
receiver and the computer to display the temperature data. Visual Basic (VB) is also
considered a relatively easy to learn and use programming language, because of its
graphical development features and BASIC heritage.[7] Visual Basic is user friendly
software and it also has simple applications. Hence, Visual Basic is suitable software to

be used for this project because this software is for a beginner programmer.



Table 1 : Water Quality Index (WQI) Legend

The value QUALITY
different
0 Excellence
5 Good
10 Medium
20 Bad
20 and above Very Bad




1.3 Problem Statement

Problems of water quality have been a factor in determining human welfare. At
present, continuous monitoring of drinking water and wastewater quality at most
treatment plants is applied in Europe, North America and Japan. In China, online
monitoring installations have been constructed for several large rivers, such as the
Huanghe River and the Huaihe River, to provide real-time information to support
environmental protection decision-makers.[2] There are nine factors in water quality
index measurement but this project only focus on the temperature measurement. Often
summer heat can cause fish kills in ponds because high temperatures reduce available
oxygen in the water.[1] Therefore this system can avoid this problem occur in our
country by measuring the water temperature and calculate the changes in temperature to

get the water quality index.

Due to the rapid developments in the miniaturization of electronic devices and
wireless communication technology have led to the emergence of WSN.[6] The wireless
technology are more practical that the wiring technology. The previous technology, they
using wire as a medium to send a data or information which is expensive due to the

maintenance and also wiring installation.

Nowadays, it is also a difficult job to put the sensor and collect the data near the
lake during bad weather or monitoring dangerous, hazardous, unwired or remote areas
and locations. By implement the wireless instrument in this system, it allows impossible

sensor applications.



1.4 Objectives

The main objectives of this project are design a wireless temperature measuring
system for water quality index at UMP lake, Pekan. While measuring the water
temperature, the system will calculate the water quality index base on temperature. The
specific objectives of this project are listed below:

i.  Develop a wireless temperature measurement system in UMP Lake.
ii.  Develop software for the temperature measurement system and also
calculate the WQI for the lake.
iii.  Measure and monitoring the temperature from UMP Lake using

wireless network system ZigBee.

1.5  Scope of Project

Scope of this project is to determine the lake temperature using the temperature
sensor and display the data in the computer. The data will be display at the computer
screen and the system will calculate the lake water WQI if there is a change in the water
temperature. It will also give an alert if the water temperature exceed to the dangerous

level and also if the water quality index give a bad feedback water quality.

This system is using the wireless instruments as the interface between the
hardware and the software. Hence, by using the wireless technology such as ZigBee for
this project, it can reduce the cost taken when developing this project. This method will
be used so that the data can be taken at certain or dangerous place without risking our

safety and make our work more easy than before.



CHAPTER 2

LITERATURE REVIEW

This chapter focused on the literature review for main component in this project. The
main component is described based on the findings from journal or articles during the

completion of this project.

2.1 XBee-PRO® OEM RF Modules

ZigBee is a new type of WPAN based on the IEEE 802.15.4-2003 standard for
wireless home area networks (WHANSs) which widely used by industry nowadays.
Zigbee wireless mesh technology has been developed to address sensor and control
applications with its promise of robust and reliable, self-configuring and self-healing
networks that provide a simple, cost-effective and battery-efficient approach to adding
wireless to any application, mobile, fixed or portable. ZigBee devices bring simple,
effective wireless connectivity to low-rate sensors and control devices at an effective
cost. ZigBee is widely use nowadays in industry for monitoring, data collection,

surveillance and medical telemetry.



This new wireless technology defined by the ZigBee specification is intended to
be simpler and less expensive than other WPAN, such as Bluetooth. ZigBee is targeted
at radio-frequency (RF) applications that require a low data rate, low power usage, and
secure networking. It is also easy to deploy, low cost, and can be used globally. The low
cost allows the technology to be widely deployed in wireless control and monitoring
applications such as for this project which is to monitor the water temperature. The low
power usage allows longer life with smaller batteries and it also have a high connection

range.

XBee-PRO® OEM RF Modules (figure 2.1) will be used as the wireless network
system in this project. It is one type of the ZigBee which were engineered to meet IEEE
802.15.4 standards and support the unique needs of low-cost, low-power wireless sensor
networks. XBee-PRO® OEM RF Modules are the most advanced ZigBee modules
available in the XBee footprint and are ideal for deployment in ZigBee networks.[9]

The modules require minimal power and provide reliable delivery of data
between devices. The modules operate within the ISM 2.4 GHz frequency band and are
pin-for-pin compatible with each other. With advanced mesh networking functionality,
XBee and XBee-PRO modules improve data traffic management, allow for greater node
density, and provide OEMs with the ability to change firmware remotely with over-the-

air updates.[9]

Figure 2.1: XBee-PRO® OEM RF Modules


http://en.wikipedia.org/wiki/ZigBee_specification

The XBee-PRO RF Module were designed to mount into a receptacle (socket)
and therefore does not require any soldering when mounting it to a board as it shown in
figure 2.2. The XBee Development Kits contain RS-232 and USB interface boards
which use two 20-pin receptacles to receive modules. The mechanical and ZigBee-mesh
drawing of XBee-PRO RF Module are shown below in figure 2.3 and figure 2.4
respectively.

Figure 2.2: A receptacle (socket) for XBee-PRO RF Module



XBee XBee-PRO
(top view) {top view)
. ! -
1 0,257
(6.53mm]
» | /e ¢
@ o
“——PIN 20 | PIN 1 :ﬂnmm-m o
1.087" e VW o
{27.61mm} ;,Aisj@@;
0 mma 0
. °
=] DPIN 11 PIN 10-=|o -
- 08867
(22, 00mm)
0* 0. Be6"
S ™z oo
S T —
124 . 385m)

PIN 20

—

1.237"
(32, 54mm)

-=—PIN 11

!

XBee & XBee-PRO
(side views)
XBee 0.020"
{&. 51mm)
. 0.031"_ g.110"
ghield-to-PCR e 1] 1=
a1 0.080% 40.020 LRy
d = 1 (2.03mm $0.51) 0,050%_
d = [‘..ﬁ'i'mml’
1= ! l I ¥+
1E ‘ﬁ *
I =1 I
4= 0.160% ]
0,078 (4. 06mm)
{2, 00mm)

Figure 2.3: The mechanical drawing of XBee-PRO RF Module

ZigBee - Mesh

® e .
®.. -' 1"‘.‘_'.'_'.‘
h . ............................ .. ........................ :...
‘ - “a ‘.=._,r"
o o

Figure 2.4: ZigBee-mesh



10

2.2  Thermocouple Type K

Thermocouple is a type of temperature sensor which widely used for
measurement, control and also to convert heat to electrical power. It is a device which
has a junction between two different metals that produces a voltage related to a
temperature difference. They are cheap, interchangeable, have standard connectors and
can measure a wide range of temperatures. Thermocouples are widely used in science
and industry applications include temperature measurement for Kkilns, gas turbine
exhaust, diesel engines, and other industrial processes. The main limitation is accuracy,

system errors of less than 1°C can be difficult to achieve.

Thermocouples for practical measurement of temperature are junctions of
specific alloys which have a predictable and repeatable relationship between temperature
and voltage. Different alloys are used for different temperature ranges. Properties such
as resistance to corrosion may also be important when choosing a type of thermocouple.
Where the measurement point is far from the measuring instrument, the intermediate
connection can be made by extension wires which are less costly than the materials used
to make the sensor. Thermocouples are usually standardized against a reference
temperature of O degrees Celsius practical instruments use electronic methods of cold-
junction compensation to adjust for varying temperature at the instrument terminals.
Electronic instruments can also compensate for the varying characteristics of the

thermocouple, and so improve the precision and accuracy of measurements.[7]
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Type-K thermocouple will be used in this project to measure and monitoring the
water temperature. A K type thermocouple is the most popular and uses nickel-
chromium and nickel-aluminium alloys to generate voltage. It is low cost and, owing to
its popularity, it is available in a wide variety of probes. Thermocouples are available in
the -200°C to +1200°C range. Sensitivity is approx 41uV/°C.[10] Type-K thermocouple
is shown below in figure 2.5.

Figure 2.5: Thermocouple Type-K
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2.3  Temperature Transmitter

A temperature transmitter as shown in figure 2.6 is a device used to sense a
temperature and transmit an output representative of the sensed temperature. Process
control transmitters are used to measure process parameters in a process control system.
Temperature transmitters are used in controlling industrial processes by sensing a

temperature of the process and transmitting the information to a remote location.

Figure 2.6: Temperature transmitter

The transmitter injects a current into the temperature sensor and the resultant
voltage drop across the temperature sensor is used to measure resistance. The voltage is
converted into a digital format using an analog to digital converter and provided to a
microprocessor. The microprocessor converts the measured voltage into a digital value
representative of temperature. The temperature transmitter generally includes a housing
and a temperature probe which attaches to the housing. In order to monitor a process
temperature, the transmitter includes a sensor, such as the thermocouple type-K in this
project.
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A thermocouple provides a voltage in response to a temperature change.
Typically, the temperature transmitter is located in a remote location and coupled to a
control room over a 4-20 mA current loop. A temperature sensor is placed in the process

fluid and provides an output related to temperature of the process fluid.
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2.4 Emerson Model 375 HART Communicator

The HART Communicator as shown in figure 2.9 is a hand-held interface that
provides a common communication Link to all HART-compatible, microprocessor-
based instruments. The HART Communicator can interface with a transmitter from the
control room, the instrument site, or any wiring termination point in the loop through the
rear connection panel (Figurel-2). To interface, connect the HART Communicator with
the appropriate Connectors in parallel with the instrument or load resistor. All
connections are non-polarized. When connecting to a PC, use the PC Communication
Adapter to connect to the Communicator’s serial port. Figure 2.7 shown the HART
Communicator and figure 2.8 shown illustrate typical wiring connections between the

HART Communicator and any compatible device.

\375

w5
'I_'}_A:i‘q.\lirﬁfll'ﬂ

Figure 2.7: HART Communicator Device
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Power
Supply

L&

8808

Optional 250 Ohm

HART-compatible Device
Load Resistor

Figure 2.8: Connection between HART and any compatible device

The majority of installed instruments are now digital instruments. Most of these use the
HART protocol. The HART protocol uses 1200 baud Frequency Shift Keying (FSK)
based on the Bell 202 standard to superimpose digital information on the conventional 4
to 20mA analogue signal. Maintained by an independent organisation, the HART
Communication Foundation, the HART protocol is an industry standard developed to
define the communications protocol between intelligent field devices and a control
system. HART is the most widely used digital communication protocol in the process
industries, with over eight million HART field instruments installed in over 100,000
plants worldwide, HART:

e Is supported by all of the major vendor of process field instrument.

e Preserves present control strategies by allowing traditional 4 to 20mA signal to
co-exist with digital communication on existing two-wire loops.

e |Is compatible with traditional analogue devices.

e Provides important information for installation and maintenance, such as Tag-
IDs, measured values, range and span data, product information and diagnostics.

e Can support cabling savings through use of multidrop network.

e Reduces operation costs, through improved management and utilization of smart

instrument network.
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2.5  Research or Finding Materials which related to the project.

In China, online monitoring installations have been constructed for several large
rivers, such as the Huanghe River and the Huaihe River, to provide real-time information
to support environmental protection decision-makers. In this article, water quality
remote monitoring systems using CDMA service combined with IPsec-based virtual
private network (VPN) function were developed for constructing a wireless sensing
network in countrywide scale. The researcher developed an online water quality
monitoring system for intensive fish culture in China, which combined web-server-
embedded technology with mobile telecommunication technology. Integrated with a
forecasting model on the basis of artificial neural networks (ANN), the system is able to
provide real-time information and the dynamical trend of the water quality at different
monitoring sites. [1] This showed that monitoring the WQI is an important thing to make
sure the water supply is clean and non-toxic. Hence, this method should be used to
monitor the WQI in Malaysia water supply. For the WQI, the researcher using seven
type of measurement such as temperature, pH, dissolve oxygen and others. The
researcher also used more advance wireless system than ZigBee which is been used in
this project, the CDMA service combined with IPsec-based virtual private network
(VPN) function were developed for constructing a wireless sensing network in

countrywide scale, same fixture as the GSM.
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According to the book Field Manual for Water Quality Monitoring[2], the
National Sanitation Foundation surveyed 142 people representing a wide range of
positions at the local, state, and national level about 35 water quality tests for possible
inclusion in an index. In this journal, the researcher used nine factors to calculate the
WQI for the water supply. Nine factors (temperature, pH dissolved oxygen, turbidity,
fecal coliform, biochemical oxygen, total phosphates, nitrates, total suspended solids)
were chosen and some were judged more important than others, so a weighted mean is
used to combine the values. Temperature is a critical water quality and environmental
parameter because it governs the kinds and types of aquatic life, regulates the maximum
dissolved oxygen concentration of the water, and influences the rate of chemical and
biological reactions. It is also showed that temperature is a critical water quality because
regulates the maximum dissolved oxygen concentration of the water and also give
support to the aquatic life. The WQI calculation for the temperature factor in this project
will be refers to the graph (as shown in figure 2.9) from this journal by using Visual

Basic software.

Temperature Results
100 -
a0 .t

Q-Value

N\
. |
\\

10 -

0 1
10 5 0 5 10 15 20 25 30

Degrees Celsius

Figure 2.9: The WQI for Temperature Measurement
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From the thesis titled Temperature Measurement system,[11] the PIC16F877 was
used to control the transmitter and receiver module. The PIC also been used to control
the LCD which display the temperature reading. This project objective is to monitor a
room temperature. The project used integrated-circuit temperature, LMD35DZ (figure
2.10) to read the temperature room. This temperature sensor may detect over -55°C to
150 °C temperature range and suitable for the scope of project which temperature range
is from 0°C to 60°C. It can be used with single power supplies, or with plus and minus
supplies. It can be supplied from 4 to 30V. It is also directly supplied with 5V from
voltage regulator.[9] This type of temperature sensor is not suitable to use in this project
because it is not a type of water temperature sensor. This project used thermocouple

type-K which is more suitable to measure the water temperature.[11]

T0-92
Plastic Package

+Vs Vour GND

BOTTOM VIEW

Figure 2.10: Temperature Sensor type LMD35DZ
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From the thesis done by Mohd Azizul Ghafur Bin Rahimi, titled Temperature
Monitoring system, PIC16F877 was also used to analyze data and to control the
transmitter and receiver module where in this thesis, the researcher was using Radio
Frequency (RF) to transmit the data. The use of radio frequency in monitoring the
temperature are said to be more precise and reliable. The project that use the application
of RF by using RF transmitter and RF receiver to monitor the temperature in the roof. It
was known that when the temperature outside the house is rising, the area the sealed like
in the roof will cumulate heat. So, in order to ensure that the temperature in that area do
not rise so high that will make house resident feel not comfortable, sensor will detect the
temperature and fan will do the job in stabilized the temperature. ZigBee will be use in
this project instead of RF module because the Zigbee transmit data even faster that the
RF. RF also can be interrupt when another RF signal appear in the same location, but
ZigBee cannot be interrupt. ZigBee module also easier to interface with the software
rather than the RF.
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CHAPTER 3

METHODOLOGY

3.1 Hardware

3.1.1 Temperature Sensor (Thermocouple Type-K)

The thermocouple type-k is a type of temperature sensor which produce an
output signal via milivolts. In this project, this sensor will measure the water temperature
and will send the analog signal to the microcontroller. The thermocouple will connect
with the temperature transmitter to convert the signal from voltage to current, since its
easier for the ZigBee module to read the data in current rather than voltage because the
voltage from the thermocouple is to low (mV). The thermocouple and the transmitter

will work with 24 volt of power supply.

3.1.2 XBee-PRO® OEM RF transmitter and receiver Modules.

Figure 3.1 shows that how the ZigBee sensor network working when transferring
a data. ZigBee sensor network using radio wave to transfer the data and the range the
ZigBee module can be connected depend on the frequency of the radio wave itself.
Basically, to transferring a data, it needs two ZigBee module which is the transmitter and
the receiver part. Hence, in this project two module of ZigBee will be used as the
transmitter which is connected to the sensor and the transmitter, and the other one is the
receiver which connected directly to the PC. The transmission between the ZigBee are
shown in figure 3.2.
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Figure 3.1: Basic strategy of the ZigBee-based sensor network [8]
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Transmitter Receiver

Figure 3.2: ZigBee wireless system transmission
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The ZigBee transmitter will receive the digital data from the microcontroller and
it will send the data through the wireless signal and it will be receive by the ZigBee
receiver. This ZigBee module need 5Volt of power supply and as for the receiver
module, it can directly connect through USB cable to the computer to turn it on. The
Zigbee modules also must be setup first before interface with PC. The X-CTU driver
will be use to setup both receiver and tramitter module. Both modules need to be
program using the X-CTU driver so the data can be transmit and receive smoothly
without an error. Then, the ZigBee receiver also will be interface with the computer

software which in this case, Visual Basic.

The ZigBee module will also be the ADC (analog to digital converter)
link to convert analog signal from transmitter into digital signal. The signal will be
convert to digital by the ZigBee transmitter before transmit the signal to Zigbee receiver
and the PC will read the data signal via USB port. Pin 20 will be use as the ADC
because pin 20 supports the analog and digital 1/0. By using X-CTU software, pin 20
can used as several function which is ADC, digital input, digital Output low and digital
output high. Setting the AT command, ATDn=2 to set pin 20 as the ADC line support.
The function of other ZigBee pin can be seen in figure 3.3.



1 Vieo - Powar supoly

2 pouT Output LART Data Out

3 DIN/ CONFIG Ingut LIART Data In

4 Doa* Ouipui Digital Output 8

5 RESET Ingaut Modu'e Reset [nesel pu'se musioe atleast 200 ns)
& PWMD /RSSI Cutput PWM Output 0/ BX Signal Strength Indicator

7 PAtM1 Output PAWM Output 1

8 ezanvad] - Do not connect

9 DTR '3LEEP_RQ ! DIB Input Pin Sleap Control Line or Digital Input 8

10 GND - Ground

fl ADA T DI04 Eithas Anaboy Ingut 4 e Digital 150 4

12 CT8 /D107 Eithas Claar-in-Sand Flow Contral or Digital 107

13 O I SLEEP Output Madube Statig Indicates

14 VREF Input \oltaga Referenca for AID Inputs

15 Aseeniate [ ADS TDIOS Eithas Aszeoriated Indicator, Analog lnput 5 e Digital 10 &
186 RTS /ADE/DIOS Eithar Requesi-io-Sand Flow Control, Analog Ingut & cr Digital 1108
17 AD3/DIO3 Eithar Analeg Ingut 3 or Digital 150 3

18 ADZ I DID2 Eithar Analeg Ingut 2 or Digital 150 2

9 AD1 ! DO Eithar Analog Ingut 1 or Digital 1501

2 ADO/ DO Eithar Analog Ingaut O or Digital 150 0

Table 3.1: Pin Assignments for XBee and Xbee Pro modules
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3.1.3 Emerson Model 375 HART Communicator

The HART Communicator can interface with a transmitter from the control
room, the instrument site, or any wiring termination point in the loop through the rear
connection panel. The connection between the HART communicator and the transmitter
shows in figure 2.8. HART Communicator uses the Bell202 frequency shift key (FSK)
technique of high-frequency digital signals super imposed on a standard transmitter
current loop of 4-20mA. Because the total high frequency signal voltage added to the
loop amounts to zero, communication to and from a HART compatible device does not
disturb the 4-20mA signal. Devices which support the HART protocol are grouped into
master (host) and slave (field) devices. Master devices include handheld terminals as
well as PC-based workplaces, e.g.in the control room. HART slave devices, on the other
hand, include sensors, transmitters and various actuators. The variety ranges from two-
wire and four-wire devices to intrinsically safe versions for use in hazardous

environments.

The HART data is super imposed on the 4 to 20mA signal via a FSK modem.
This enables the devices to communicate digitally using the HART protocol, while
analog signal transmission takes place at the same time. In this project, the main function
of the HART is to set the range of the temperature sensor which will be read by the
transmitter to 0°C minimum until 100°C maximum to be compatible with water
temperature. The HART communicator also used to check if there is an error in a
transmitter when we connect with a sensor. The HART Communicator is generally used
in two environments offline (not connected to a device) and online (connected to a

device).
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3.2 Software

3.2.1 Microsoft Visual Studio 2008

Microsoft Visual Studio is an integrated development environment (IDE) from
Microsot. It can be used to develop console and graphical user interface applications
along with Windows Forms applications, web sites, web applications, and web services
in both native code together with managed code for all platforms supported by Microsoft
Windows. Microsoft Visual Studio 2008 as shown in figure 3.3 below was released on
19 November 2007.[7]

o Windowspplication? - Mierossht Visual Studie

File Edt  View Preet Build Debug Date Took Test Window Help

D-a-Sdd kD b Debug + Any CPU | @
8 Formlub [Degn]
) Farm
&
- m
<] Propertues ax
Formlvh File Properties
a2l
B
Buid Action  Compile
Copyta Outpu Do not copy
Chastpnt =0 % Custam Teal
Show cutput from: Debug . % 3 Custern Tesl b
=]
FhtMame  Formlvh
Advanced
3 = e 1140 PM

Figure 3.3: The Main form of Visual Studio 2008
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In this project, Microsoft Visual Studio 2008 will be use to interface the data
between ZigBee receiver module and the Personal Computer (PC). Microsoft Visual
Studio 2008 according to Microsoft, is to provide streamlined, easy-to-use and easy-to-
learn IDEs for users other than professional software developers, such as hobbyists and
students. The first versions of Visual Studio 2005 Express were released on October
2005 and the Service Pack 1 versions were released on December 2006.

The data from the ZigBee receiver will be send to the PC and the data will be
translate and read by the Visual Studio 2008 software. The software will display the
temperature of the water and monitor the measurement. In this project, the software will
be program to monitor the temperature and also calculate the WQI for the water. If there
is a change in the water temperature, the software will calculate the value of the WQI

based on the graph shown in figure 1 in the literature review part.

For the programming part, the command will be used IF and ELSE IF command.
The smaller the different between present value and past value, the higher quality of
WQI it will get. If the values reach the very bad level, the software will give us a
warning about the WQI value. The program are based on the table 1 which shown as it
shown in chapter 1.
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3.2.2 X-CTU (XCTU) software

X-CTU is a Windows-based application provided by Digi. This program was
designed to interact with the firmware files found on Digi’s RF products and to provide a
simple-to use graphical user interface to them. X-CTU is designed to function with all
Windows-based computers running Microsoft Windows 98 SE and above. X-CTU can

either be downloaded from Digi’s Web site or an installation CD.

When launched, you will see four tabs across the top of the program (see Figure

3.4). Each of these tabs has a different function.

T 0]

PC Settings | Range Test| Teminal | Modem Corifiguration |

— Com Port Setup
Select Com Port
Commurnications Port [COM1] Baud 9600 -
Commurications Fort [COM2)
MaxStream ©Bee =<Tender [COM19) MOME -
USB Serial Port (COM20) Flow Contiol | =
10.60.1.241) [COME I—_l
[ It ) [iata Bits B ot
Farity I NONE jv
Stop Bitz I 1 "l
Test / Quemn |

Host Setup | Uger Com Forts I Ethemet Com Ports

~ &P
[ Enable &FI

[T Use escape characters (ATAP = 2)

— AT cornmand Setup

ASClHl Hes

Command Character [CC) | * | —

Guard Time Before [BT) | 1000

Guard Time After [AT) 1000

— Modem Flash Lpdate
™ Mo baud change

| [ I
Figure 3.4: The PC Setting form
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The first tab is the PC Setting allows a customer to select the desired COM port
and configure that port to fit the radios settings. To change any of the above settings,
select the pull down menu on the left of the value and select the desired setting. To enter
a non-standard baud rate, type the baud rate into the baud rate box to the left. The Test /
Query button is used to test the selected COM port and PC settings. If the settings and
COM port are correct, you will receive a response similar to the one depicted in Figure
3.5 below.

Com test / Query Modem

Communication with modem 0K
Modem type = XT03

Modern firmware version = 206C

Retry | 0K

Figure 3.5: Com Test Form

The second tab is the Range Test (see figure 3.6) which allows a customer to
perform a range test between two ZigBee modules. The range test tab is designed to
verify the range of the radio link by sending a user-specified data packet and verifying

the response packet is the same, within the time specified.
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22 ¥-CTU [CoM1] — Il_lil
PC Settings  Range Test | Teminal | Madem Configuration |
| T Packet Delay - [Pecent [T
Start 100 % B
Min I msec R k
a
L
Clear Stats Max | [[]E2=1 ; -
r _ | I stepat [ 100 - E
[~ Stap on erar ;
Data recere himeout f Giood
|
OLEZ3456789; ;<=7 BABCD EFCHIJELHNO
II T ransmit Hm:aiwl [ Create Datal 32 Butes
COMT | 9600 8H-1 FLOW Hw [ |

Figure 3.6: Range Test Form

Then is the Terminal tab which allows access to the computers COM port with a
terminal emulation program. This tab also allows the ability to access the ZigBee
mudule firmware using AT commands. The Terminal tab has three basic functions:

- Terminal emulator
- Ability to send and receive predefined data pacts (Assemble packet)
- Ability to send and receive data in Hex and ASCII formats (Show/Hide hex)
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The main white portion of this tab is where most of the communications
information will occur while using X-CTU as a terminal emulator. The text in blue is
what has been typed in and directed out to the radio’s serial port while the red text is the

incoming data from the radio’s serial port (see Figure 3.7).

e
FC Settings | Range Test  Tesmiinal IMadem Confguration |
Line Stabus —hszen "
Claze Aezsemble] Clear || Hide
’7515 JIEGH [BSRI | |[D7F T~ [RTE T [Break Com Port | Packet | Scieen || Hex
4440k 2B 2B ZBE 4F 48 0D
|
COM21  [115200 B:N-1 FLOW:NOME R 3 bytes *Bea

Figure 3.7: Terminal Form

Last but not least, the modern configuration which allows the ability to program
the radios’ firmware settings via a graphical user interface. This tab also allows
customers the ability to change firmware versions. The Modem configuration tab has

four basic functions, which are:

1: Provide a Graphical User Interface with a radio’s firmware
2: Read and Write firmware to the radio’s microcontroller
3: Download updated firmware files from either the web or from a compressed file

4: Saving or loading a modem profile



31

To read the ZigBee firmware, first connect the Zighee module to the interface
board and connect this assembly to the PC’s corresponding port which in this case via
USB port. On the Modem Configuration tab, select “Read” from the Modem Parameters

and Firmware section (see Figure 3.8).

5 %-CTU [COM1] =100 %]

Remate Configuration
PC Settngs | Rlangs Test| Teminal Modem Configuration |

Fead | wite | Restore

- Madem Parameters and Firmears | - Paramater Yiaw ) — Profle—— - Versions
Cleal Sereen Save Dromnload new
I Abways update frmwace OEM ||| Show Defaulis] || Load M
Modem: <TEND Funiction Set Yerzion
[<Toa =] [3#7END SE00/115K HOPPING =] Jaec =]

=43 Nebwoiking/Security -
; B (233210 - Modem vID
B ([01HF . Hopping Channel
B (00T - Destinstion Addiess
B (FFFFI MY - Sowce Addiess
- [ FFFFIME - Addiess Mask
- B 21 RA - Retie:
- B 101 MT - Mudii-Trzremit
- [ [01RM - Deday Slots
B (07T - Shieaming Limi
B 01Ky - AES Encrontion Kay
B (0D - AF Mode
- n [Pd] PD - KMinwiim Pgﬂng D-7|gy
- B [0 FE - Foling Regin Addes:
¢ - B (W PE - Foling Erd fddiess
|25 Serial Inteifacing
! B (F1BD - Baud Rate
B ([01NE - Panty
B (0156 - Steo Bits
-~ [@ (800) RE - Packelization Theeshold =l

Aead pu::rrl:ters..I]K

COM1 [ 8600 81 FLOW-HW XT3 Ver:20C

Figure 3.8: Modern Configuration Form
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To connect between two Zigbee module, the destination address low (DL) and
16-bit Source Address (MY) must be set in both Zigbee modules. As an example for a

simple A/D (Analog to digital) link, a pair of RF modules could be set as follows:

Remote Configuration (Transmit)
DL =0x1234

MY = 0x5678

D0=2

D1=2

IR =0x14

IT=5

Base Configuration (Receive)
DL = 0x5678

MY = 0x1234

PO=2

P1=2

iu=1

IA = 0x5678 (or OXFFFF)

These settings configure the remote module to sample ADO and AD1 once each
every 20 ms. It then buffers 5 samples each before sending them back to the base
module. The base should then receive a 32-Byte transmission (20 Bytes data and 12

Bytes framing) every 100 ms.
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3.2.3 Overall System Process

First, the temperature sensor will read the water temperature at the lake. Then the
analog data from the temperature sensor will be converted to digital data via PIC
microcontroller. Next, the digital will be send to the zigbee transmitter and it will send
the data through wireless network to the zigbee receiver. Then, the data will be sent to
the PC and the temperature data will be display on the screen using Visual Basic
software. The software will monitor the lake water temperature and if there is a change
in the temperature reading, the software will calculate the WQI for the lake base on the
graph from figure 2.9. The system also will give an alert to the user if the temperature or
the WQI exceed to the dangerous level. The connection between the instruments are

shown in figure 3.10.

Wireless Network

Temperature Y [—— »

Sensor Figure 3.7: Structural DiagiigBee E
[ k Receiver

LI &

:{ J Computer(PC)
ZigBee
Transmitter

Figure 3.9: The connection between the instruments
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3.4 Flow Chart

Figure 3.8 describe the flow about this project and also what was done in the

process to achieve project objectives.

@ Interface the temperature device
4 With the software using ZigBee

Review andstudythe
application of temperature
measurementinstrument, wireless No Interface as
device, andWal expected?
Y
Develop software for temperature
measurement data storage, and Develop awater temperature measuring
WQI calculation. — Systern and WQI calculation
for UMP lake
Y
. NO 3
Simulete the softwere Simulate software for the system

Simulation
work?

Simulation result
as expected

Take the result and make
thefinal report.

Figure 3.10 : Project Flow Chart
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CHAPTER 4

4.1 Result and Discussion

The results of the GUIs are shown below in figure 4.1 until 4.5. The software run
exactly as expected and the WQI calculate were accurate base on the graph figure in
literature review part (figure 2.9). The calculation run automatically and the data will be
read when the progress bar 1 end and the progress bar 2 start to move, and vice versa.
The software will give a sign of warning if the WQI exceed to the dangerous level. This
GUI also provides date and time to know the time the data have been taken. The date

and the automatic calculation can be done using timer form as shown in figure 4.5.

7 Porm1 00 0
Water Quality Index Meaurement Gyctem

o

10/5/2010 1:10:18 AM ————

Stop

Previous Temperature

Cumrent Temperature

Water Quality Index

o) (e )

Figure 4.1: Front Page of GUI
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o0 e
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Figure 4.2: The reading of the 1% data

o= Form1 —
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Cument Temperature |29

30
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| | 1
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Figure 4.3: The reading of the 2" data and the WQI calculation result
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Figure 4.4: The result for Warning WQI
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Figure 4.5: The GUI form with Timer
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The temperature of the water from UMP lake will be taken six times during

working hour which is between 8am to 5pm. The data saved include the time and date

which the data have been taken, and also the WQI of the water as in figure 4.6. The data

will be saved to excel format automatically when six reading have been taken from the

sensor. The data also can be saved during the process which mean if there is only three

data needed for the user, click the save button at the third reading to saved the data

manually. The example of the data saved in excel format are in figure 4.7 and figure 4.8.

0 86

o= Porm1 ()
et i System |
Time Previous Temperature Current Temperature wal WaQl Level
11/12/2010 1:37:20 AM 32 30 2 Good yes
111242010 1:37:31 AM 30 3 -1 Good YES
111242010 1:37:42 AM 27 28 -1 Good ¥ES

Save

Figure 4.6: Temperature and WQI data recorded Form
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From the six reading which been taken, a graph will be compute from the reading
to show the different of WQI and also the temperature of the UMP lake water in six
different reading. The WQI and temperature reading graph showed in figure 4.9 and
figure 4.10 below.
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Figure 4.9: WQI Graph
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Figure 4.10: Temperature reading graph
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Chapter 6

Conclusion and Recommendation

6.1 Conclusion

The main objective of this project is to develop a wireless temperature
measurement system as well as calculate the WQI in UMP Lake. As the conclusion of
this project, the temperature data can be transfer to the computer through wireless
network. Then, the analog signal from temperature sensor can be converted to digital
using ZigBee ADC (analog to digital) line support so it can be read by the Zigbee

transmitter. The signal from Zigbee transmitter will be sent to Zigbee receiver.

Then, the data will be display at the computer screen by using the Visual Basic
software. By using the Visual Basic software, the WQI of UMP Lake can be calculated
while monitoring the lake temperature. The system will give an alert if the temperature
exceed to the dangerous level. This wireless temperature monitoring system can be used
for impossible sensor applications such as to monitor temperature at some place which

difficult for human to reach.
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Problem Encountered

When carrying out this project, there are a few problems that had been

encountered in order to achieve the objectives, such as:

i)

Window Vista and Window 7 limitation

Nowadays, most of the Personal Computer and Laptop were using window 7 or
window vista as the operating system. This system are the newest window
produced by Microsoft for use on personal computers, including home and
business desktops, laptops, netbooks, tablet PCs, and media center PCs.
However, some software such as X-CTU (Zigbee wireless system driver) is not
incompatible with window 7 or window vista. Its only can be used with window
XP. There is the X-CTU driver which compatible with window 7, but it is hard to
find.

Limited Budget

This system can be more efficient if the XBee-PRO XSC is use as the wireless
transmitter and receiver modules. XBee-PRO XSC are extended-range 900 MHz
embedded wireless solutions providing end-point connectivity to devices. These
modules are capable of deploying point-to-point, peer-to-peer and point-to-
multipoint networks. Designed for maximum range, the XBee-PRO XSC is ideal
for solutions where RF penetration and absolute transmission distance are
paramount to the application. The outdoor range of signal can go up to 15miles
(24KM) with high gain antenna which suitable to use as wireless modules for this
project which involve a high distance location. However, the price is too
expensive which exceed the budget given. Hence, the XBee-PRO OEM RF
modules have been chosen as the wireless modules which have a range only up

to 1 mile (outdoor range).
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Recommendation

For further research, there are several recommendation to enhance and improve

the system, such as:

i)

Use Window XP

At the beginning of the project, Window XP must be install to the PC that will be
use in this project. Most of the software or the drivers that will be use in this
project are more compatible with window XP rather than window 7 or window
vista. Hence to prevent from the driver or the software cannot be use on the PC
which will delay the project, window XP is recommended as the operating

system in the PC.

Use the XBee-PRO XSC

This system can be upgrade by using XBee-PRO XSC as the wireless transmitter
and receiver modules in this project. XBee-PRO XSC is more efficient device
than XBee-PRO OEM RF because it’s have a high outdoor signal range which
suitable to use for this project.

iii) Implement the project with more sensors

The WQI originally involve 9 different measurements such as pH, dissolved
oxygen, turbidity, fecal coliform, biochemical oxygen, total phosphates, nitrates,
and total suspended solid. So, the project can be implemented on bigger range by
using the sensors from all 9 measurement of the WQI to get the more precise
result. For example, we can add pH sensors to check the pH water quality of
UMP Lake and combine the calculation with the temperature measurement to get
better result of WQI.
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Visual Basic Programming



"Exit Button
Dim StMsg As String
Dim inResult As Integer
Dim oExcel As Object
Dim oBook As Object
StMsg = ""Betul ke nak keluar?"
inResult = MsgBox(StMsg, vbYesNo + vbQuestion, "close conformation'™)
IT inResult = vbYes Then
Close()
Else : Return

End If

"1st Reading at timer
Dim A As Double
Label6.Text = System._DateTime.Now
ProgressBarl.Value += 10
Timer3.Enabled = False

IT ProgressBarl.Value = 100 Then
A = TextBox6.Text
TextBox1l.Text = A
Timer2.Enabled = True
Timerl.Enabled = False
ProgressBarl.Value = 0

End If

"2nd reading at timer
Dim B As Double
ProgressBar2.Value += 2

IT ProgressBar2.Value = 100 Then
B = TextBox6.Text
TextBox2.Text = B
Timer3.Enabled True
Timer2.Enabled False
ProgressBar2.Value = 0

End If



"Start Button
SerialPortl.0Open()
SerialPortl._ReadByte()

Timerl._Enabled = True
Timerl9._Enabled = True
ProgressBarl_Enabled
ProgressBar2_Enabled

True
True

"Start a new workbook in Excel
oExcel = CreateObject("'Excel._Application™)
oBook = oExcel .Workbooks.Add

"WQIl Reading
TextBox3.Text = TextBoxl.Text - TextBox2.Text

If TextBox3.Text = 0 Then
TextBox4.Text = "Excellent”
TextBox5.Text = "'

Elself TextBox3.Text <= 5 And TextBox3.Text >= -5 Then
TextBox4.Text = "Good"
TextBox5.Text = '

Elself TextBox3.Text <= 10 And TextBox3.Text >= -10 Then
TextBox4.Text = "Everage"
TextBox5.Text = "

Elself TextBox3.Text <= 20 And TextBox3.Text >= -20 Then
TextBox4.Text = ""Bad"
TextBox5.Text = "WARNING™

Else : TextBox4.Text = "Very Bad"
TextBox5.Text = "WARNING"

End If

TextBox8.Text
TextBox9.Text
TextBox10.Text
TextBox1ll.Text
TextBox32.Text
TextBox38.Text

Label6.Text

TextBox1l.Text
TextBox2.Text
TextBox3.Text
TextBox4.Text
"'yes

IT TextBox38.Text = "yes" Then

Timer4.Enabled = True
Timerl.Enabled = False
Timer2.Enabled = False

End If



"Save In Excel
"Add data to cells of the first worksheet in the new workbook
oSheet = oBook.Worksheets(1)
oSheet.Range("'A1"™) .Value = "Time"
oSheet._Range(''B1') .Value "Previous Temperature'"
oSheet.Range(*'C1'™) .Value "Current Temperature"

oSheet.Range(*'D1") .Value
oSheet_Range("'E1™) .Value

oSheet_Range(""'A1:B1:C1:D1:E1"™).Font.Bold = True

oSheet.Range('A2'™) .Value
oSheet.Range(''B2') .Value

“Wor

"WQl Level™

TextBox8.Text
TextBox9.Text

oSheet.Range(*'C2") .Value = TextBox10.Text
oSheet_Range(''D2") .Value = TextBox1ll.Text
oSheet._Range("'E2'") .Value = TextBox32.Text
oSheet.Range("'A3") .Value = TextBox12.Text
oSheet.Range("'B3'") .Value = TextBox14.Text
oSheet._Range(*'C3").Value = TextBox13.Text
oSheet._Range(''D3'") .Value = TextBox1l5.Text
oSheet._Range("'E3'") .Value = TextBox33.Text
oSheet.Range("'A4') .Value = TextBox16.Text
oSheet.Range(''B4'") .Value = TextBox18.Text
oSheet._Range(*'C4'"") .Value = TextBox19.Text
oSheet._Range(''D4'") .Value = TextBox1l7.Text
oSheet._Range("'E4'") .Value = TextBox34.Text
oSheet.Range("'A5"™) .Value = TextBox20.Text
oSheet.Range(''B5") .Value = TextBox24.Text
oSheet._Range(*'C5"™) .Value = TextBox23.Text
oSheet._Range(''D5') .Value = TextBox21l.Text
oSheet.Range("'E5') .Value = TextBox35.Text
oSheet.Range("'A6") .Value = TextBox22.Text
oSheet.Range(*'B6') .Value = TextBox27.Text
oSheet._Range(*'C6') .Value = TextBox26.Text
oSheet.Range(''D6') .Value = TextBox25.Text
oSheet.Range("'E6'") .Value = TextBox36.Text
oSheet.Range(""A7'") .Value = TextBox28.Text
oSheet.Range("'B7'"") .Value = TextBox31l.Text
oSheet._Range(*'C7'").Value = TextBox30.Text
oSheet.Range("'D7'") .Value = TextBox29.Text
oSheet.Range("'E7'") .Value = TextBox37.Text

"Save the Workbook and Quit Excel

oBook.SaveAs(''C:\Users\Zaiful\Documents\Bookl.xIsx")

oExcel .Quit(Q)



"CODING GRAPH
Dim myPane As GraphPane = zgl.GraphPane

" Set the title and axis labels
myPane.Title.Text = "Water Quality"
myPane.XAxis.Title.Text = "Reading Taken"
myPane._YAxis.Title.Text = "WQIl Level™

" Make up some data arrays based on the Sine function
Dim list As New PointPairList()
"list.Add(TextBox8.Text, TextBoxll.Text)
Dim x As Double, y As Double, 1 As Integer
For 1 =0 To 5

X i+ 1

If x =1 Then
y = TextBox1ll.Text
Elself x = 2 Then

y = TextBox1l5.Text
Elself x = 3 Then

y = TextBox1l7.Text
Elself x = 4 Then

y = TextBox21l.Text
Elself x = 5 Then

y = TextBox25.Text
Elself x = 6 Then

y = TextBox29.Text

End If
list_ Add(X, ¥y)
Next i

" Generate a blue curve with circle symbols, and "My Curve 2" in
the legend

Dim myCurve As Lineltem = myPane.AddCurve(*'My Curve"™, list,
Color.Blue, SymbolType.Circle)

" Fill the area under the curve with a white-red gradient at 45
degrees

myCurve.Line_Fill = New Fill(Color_White, Color.Red, 45.0F)

" Make the symbols opaque by filling them with white

myCurve.Symbol _.Fill = New Fill(Color._White)

" Fill the axis background with a color gradient
myPane_Chart_.Fill = New Fill(Color._White,
Color.LightGoldenrodYellow, 45.0F)

* Fill the pane background with a color gradient
myPane_Fill = New Fill(Color._White, Color.FromArgbh(220, 220,
255), 45.0F)

" Calculate the Axis Scale Ranges
zgl.AxisChange()



"Serial Port Reading
IT SerialPortl.ReadByte = 0 Then
TextBox6.Text = SerialPortl._.ReadByte

Else : Timer2l.Enabled = False

End If
Timer2l.Enabled = False
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Introduction

This User’s Guide is intended to discuss the functions of Digi’s X-CTU software utility. Each
function will be discussed in detail allowing a better understanding of the program and how
it can be used.

X-CTU is a Windows-based application provided by Digi. This program was designed to
interact with the firmware files found on Digi’s RF products and to provide a simple-to-use
graphical user interface to them.

X-CTU is designed to function with all Windows-based computers running Microsoft
Windows 98 SE and above. X-CTU can either be downloaded from Digi’s Web site or an
installation CD. When properly installed it can be launched by clicking on the icon on the PC
desktop (see Figure 1) or selecting from the Start menu (see Figure 2).
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Figure 1 Figure 2

When launched, you will see four tabs across the top of the program (see Figure 3). Each of
these tabs has a different function. The four tabs are:

PC Settings: Allows a customer to select the desired COM port and configure that port to fit the
radios settings.

Range Test: Allows a customer to perform a range test between two radios.

Terminal: Allows access to the computers COM port with a terminal emulation program. This tab
also allows the ability to access the radios’ firmware using AT commands (for a complete
listing of the radios’ AT commands, please see the product manuals available online).

Modem Configuration: Allows the ability to program the radios’ firmware settings via a graphical
user interface. This tab also allows customers the ability to change firmware versions.
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Guard Time After (AT 1000

— blodem Flash Update
[ Nobaud change

Figure 3

PC Settings Tab

When the program is launched, the default tab selected is the “"PC Settings” tab. The PC Settings
tab is broken down into three basic areas: The COM port setup, the Host Setup, and the User

Com ports.

COM port setup:

The PC settings tab allows the user to select a COM port and configure the selected COM

port settings when accessing the port. Some of these settings include:

Baud Rate: Both standard and non-standard
Flow Control:  Hardware, Software (Xon/Xoff), None
Data bits: 4,5, 6, 7,and 8 data bits

Parity: None, Odd, Even, Mark and Space
Stop bit: 1, 1.5, and 2

To change any of the above settings, select the pull down menu on the left of the value
and select the desired setting. To enter a non-standard baud rate, type the baud rate
into the baud rate box to the left.

The Test / Query button is used to test the selected COM port and PC settings. If the

settings and COM port are correct, you will receive a response similar to the one

depicted in Figure 4 below.
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Figure 4
Host Setup:

The Host Setup tab allows the user to configure how the X-CTU program is to interface
with a radio’s firmware. This includes determining whether APl or AT command mode will
be used to access the module’s firmware as well as the proper command mode character
and sequence.

By default, the Host Settings are as follows:

API mode: not enabled (Not checked)
Command mode Character: + (ACSII) 2B (Hex).

Before Guard Time: 1000 (1 Sec)

After Guard Time: 1000 (1 Sec)

This is the default value of our radios. If this is not the value of the AT, BT, or GT
commands of the connected radio, enter the respective value here.

User COM ports:

The user COM port option allows the user to “Add” or “Delete” a user-created COM port.
This is only for temporary use. Once the program has closed, the user-created COM port
will disappear and is no longer accessible to the program.

Range Test Tab

The range test tab is designed to verify the range of the radio link by sending a user-
specified data packet and verifying the response packet is the same, within the time
specified. For performing a standard range test, please follow the steps found in most
Quick Start or Getting Started Guides that ship with the product.

Packet Data and Size

By default, the size of the data packet sent is 32 bytes. This data packet specified can be
adjusted in either size or the text sent.
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Figure 5

To modify the size of the packet sent, change the value next to the “Create Data” box
and click on the “Create Data” button (see Figure 5). If you want to change the data sent,
delete the text in the transmit window and place in your desired text.

By modifying the text, data packet size, packet delay and the data receive timeout; the
user is able to simulate a wide range of scenarios.
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RSSI:

The RSSI option of the X-CTU allows the user to see the RSSI (Received Signal Strength
Indicator) of a received packet when performing a range test.

API Function:

The X-CTU also allows the user to test the API function of a radio during a range test.

To perform a range test with the API function of the radio, follow the steps outlined
below:

1: Configure the Base with APl enabled and a unique 16 bit or 64 bit source
address.

2: Configure the remote radio with a unique source address and set the
Destination address to equal the Base radio’s source address.

3: Enable the API option of the X-CTU on the PC Settings tab and connect the
base radio to the PC (See Figure 3).

4: Connect the red loopback adapter to the remote radio and place them a
distance apart.

5: Enter either the 16 bit or 64 bit destination address of the remote radio into
the Destination Address box on the Range Test tab (See figure 6).

6: Create a data packet of your choosing by typing in the data in the Transmit
box

7: To start a Range test, click on Start.

You will notice the TX failures, Purge, CCA, and ACK messages will increment
accordingly while the range test is performed.

To stop a range test, click on the Stop button.
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Figure 6

The Terminal Tab

The Terminal tab has three basic functions:
Terminal emulator
Ability to send and receive predefined data pacts (Assemble packet)
Ability to send and receive data in Hex and ASCII formats (Show/Hide hex)

The main terminal window

The main white portion of this tab is where most of the communications information will
occur while using X-CTU as a terminal emulator. The text in blue is what has been typed
in and directed out to the radio’s serial port while the red text is the incoming data from

the radio’s serial port (see Figure 7).
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Figure 7

Assemble Packet

The Assemble Packet option on the Terminal tab is designed to allow the user to
assemble a data packet in either ASCIl or Hex characters. This is accomplished by
selecting the Assemble packet window and choosing either ASCII (default) or Hex. Once

selected, the data packet is assembled by typing in the desired characters as depicted in
Figure 8.

Send Packet x|

7E 00040801 4E 44 64

ol & HEX
Cloze | SendDatal E] | o asrll

Byte count; 8 "Display

Figure 8
The Line Status indicators depicted in Figure 5 shows the status of the RS-232
hardware flow control lines. Green indicates the line is asserted while black indicates
de-asserted.
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The Break option is for engaging the serial line break. This can be accomplished by
checking or asserting the Break option. Asserting the Break will place the DI line high
and prevent data from being sent to the radio.

Modem Configuration tab

The Modem configuration tab has four basic functions:

1: Provide a Graphical User Interface with a radio’s firmware

2: Read and Write firmware to the radio’s microcontroller

3: Download updated firmware files from either the web or from a compressed
file

4: Saving or loading a modem profile

Reading a radio’s firmware

To read a radio’s firmware, follow the steps outlined below:
1: Connect the radio module to the interface board and connect this assembly
or a packaged radio (PKG) to the PC’s corresponding port (IE: USB, RS232,
Ethernet etc.).
2: Set the PC Settings tab (see Figure 3) to the radio’s default settings.
3: On the Modem Configuration tab, select “Read” from the Modem Parameters
and Firmware section (see Figure 9).

Making changes to a radio’s firmware

Once the radio’s firmware has been read, the configuration settings are displayed in
three colors (see Figure 10):

Black - not settable or read-only
Green - Default value
Blue - User-specified

To modify any of the user-settable parameters, click on the associated command and
type in the new value for that parameter. For ease of understanding a specific
command, once the command is selected, a quick description along with its limits is
provided at the bottom of the screen. Once all of the new values have been entered, the
new values are ready to be saved to the radio’s non-volatile memory.
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Figure 9

Writing firmware to the Radio

To write the parameter changes to the radio’s non-volatile memory, click on the Write

button located in the Modem Parameters and Firmware section (see Figure 10)
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Figure 10

Downloading Updated Firmware Files

Another function of the Modem Configuration tab is allowing the user to download
updated firmware files from either the web or install them from a disk or CD. This is

accomplished by following the steps below:

1: Click on the Download New Versions... option under the Version section
2a: Click on Web for downloading new firmware files from the web
2b: Click on the File when installing compressed firmware files from a CD or
saved file (see Figures 11 and 12)
2bi: Browse to the location the file is saved at and click on Open (see
Figure 13)
3: Click on OK and Done when prompted
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Figure 13

Modem Profiles

The X-CTU has the ability to save and write saved modem profiles or configuration to
the radio. This function is useful in a production environment when the same
parameters need to be set on multiple radios.

How to save a profile:

1: Set the desired settings within the radio’s firmware as described in the
Making changes to the radios firmware section

2: Click Save in the Profile section

3: Type in the desired name of this profile in the File Name box (see Figure 14)
4: Browse to the location where you wish to save your profile

5: Click Save
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Figure 14
How to load a saved profile:

1: Click on Load from the profile section
2: Browse to the location of the file and click on the desired file (see Figure 15)

3: Click Open
pen 2(x|
Loak in: IE} update j - Ij( =
| ") xbee
' |\ ") xbee_ember
Recent |2 wcike
[ﬁxstream
) xkend
Iy Documnerts
™
tdy Computer
File narne: I j DOpen I
Files of type: IProfiIes [*.pra] j Cancel |

Figure 15

To save the loaded profile to the radio once you have loaded the file, follow the steps
outlined in the Writing firmware to the radio section above.

To find out how to load the saved profiles in a production environment from a DOS prompt, please
follow the steps outlined in Digi’s online Knowledgebase at
http://www.maxstream.net/support/knowledgebase/article.php?kb=126
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Remote Modem Management

XBee 802.15.4 modules with firmware version 1xCx and above, XBee ZNet 2.5 modules, and
XBee ZB modules offer the ability to be configured with over the air commands. With the addition of
this new feature, the user is able to configure remote radio parameters with X-CTU or API packets. To
use the remote configuration tool, the following is required:

To access remote radios through X-CTU’s Modem Configuration tab, perform the steps below:

The radio connected to the PC must be in APl mode

The remote radio must be associated or within range of the base radio

Enable API on the PC Settings tab
Verify the COM port selection and settings

On the Modem Configuration tab, select the Remote Configuration option on the top left

corner of the program

*= ¥ CTU [COM29]

Remate Configuration

PC Settingsl Range Testl Teminal  Modem Configuration |

r— Modem Parameters and Firmware— — Parameter Yiew - — Profile

Read | it | Heslorel EIearScreenl
[T Always update fimware DEM'

Show D efaultsl
M odem; Functioh Set

Yersions

Diovload new
WETZIONE. ..

=101 x|

Yersion

[unknowm =] | =

b

Press Read' to dizcover an attached modem or gelect the modem twpe above,

Select Open Com port
Select Discover

© 2008 Digi International

Page 14 of 16



Cpen Com Port Discover  Mode List  Mebwork Settings. ..

address Mode Identifier Type Short Address

There are nio ikems to show in this view,

Prafile:

Select the desired modem from the discovered node list
On the Modem configuration tab, select Read

The remote radio’s configuration is now displayed on the Modem Configuration tab. At this point, the
same options exist with respect to Read and Write parameter changes. Please note that the ability to
change firmware versions is still limited to the radio’s UART.

To clear the discovered node list, click on Node List and Clear.

The Node List option provides several additional options, including:

Ability to print the discovered list

Ability to remove a specific node from a list

Ability to add additional nodes that have not been discovered
Save the Node List

Load a saved Node List

Select/filter All, Routers, or End nodes

For specific questions related to the X-CTU configuration and test utility software, please contact our
Support department, Mon - Fri, 8am - 5pm U.S. Mountain Time:
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US and Canada Toll free:
(866)765-9885

Local or International calls:
(801) 765-9885

Online support: http://www.digi.com/support/eservice/login.jsp
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1. XBee®/XBee-PRO OEM RF Modules

The XBee and XBee-PRO OEM RF Modules were engineered
to meet IEEE 802.15.4 standards and support the unigue
rneeds of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable

delivery of data between devices. lng{:cﬁnng-}bln

The modules operste within the ISM 2.4 GHz frequency
band and are pin-for-pin compatible with each other

Key Features

Long Range Data Integrity

Low Power

XBee
= Indoor/Urban: up to 100° (30 m)
* Outdoor line-of-sight: up to 300° (90 m)
= Transmit Power: 1 mW (0 dBm)
* Receiver Sensitivity: -92 dBm
XBee-PRO

+ Indoor/Urban: up to 300° (90 m), 200' (60
m) for International variant

* Qutdoor line-of-sight: up to 1 mile (1600
mj, 2500' (750 m) for International variant

+ Transmit Power: 63mW (18dBm), 10mW
{10dBm) for International variant

* Receiver Sensitivity: -100 dBm
RF Data Rate: 250,000 bps
Advanced Networking & Security

XBee
+» TX Peak Current: 45 mA (@23.3 V)
+ RX Current: 50 mA (@3.3 V)
= Power-down Current: < 10 pa&
XBee-PRO

+ TX Peak Current: 250ma (150mA for
international variant)

+ TX Peak Current (RPSMA module only):
340md (180ma for international varian

+ RX Current: 55 mA (@3.3 V)
+ Power-down Current: < 10 pA

ADC and I/0 line support

Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channels has over
65,000 unigue network addresses available

Source/Destination Addressing
Unicast & Broadcast Communications
Point-to-peoint, point-to-multipoint

znd peer-to-peer topologies supported

Worldwide Acceptance

Anzlog-to-digital conversion, Digital I;,0
I/O Line Passing

Easy-to-Use

Mo configuration necessary for out-of box
RF communications

Free X-CTU Software
(Testing and configuration software)

AT and API Command Modes for
configuring module parameters

Extensive command set

Small form factor

FCC Approwval (USA) Refer to Appendix A [p63] for FCC Reguirements.
Systems that contain XBee®/XBee-PRO RF Modules inherit Digi Certifications.

ISM (Industrial, Scientific & Medical) 2.4 GHz frequency band
Manufactured under ISO 9001:2000 registered standards

FE
Ce

XBee®/XBee-PRO RF Modules azre optimized for use in the United States, Canada, Australiz,
Isrzel, Japan, and Europe. Contact Digi for complete list of government agency approvals.
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Specifications

Table 101 Specifications of the XBee®/XBee-PRO OEM RF Modules

Parformance

Indzer/Urban Range

Lip te 100 fi {30 m)

Up o 300 1. (80 m), up 1 200 fi (60 m) Internatona
\ariant

Ouideor RF Ina-ofsight Range

Lip to 300 fi {20 m)

Up e 1 mile {1800 m}, up to 2500 ft{750 m)
ntamatienal variant

Transmit Powar Output
(software selactaia)

1mi¥ {0 dBm)

B3mW {1BdBm}"*
10mW {10 dBm} for International variant

RF Data Rate

250/

250/

Sena nterface Daw Rawe
(software selactaia)

1200 bos - 250 oos
nen-standand baud rates also sugponied)

1200 bos - 250 Koos
inan-slandand baud rales a'so suzoorted)

Racaver Seasivily

22 dBm (1% packet aror rata)

-100 dBm (1% packeterror rata)

Powear Reguiramants

Supply \ioltage

EE-34V

2E-34V

Transmit Cusrant {typical)

45mA (B33 V)

250mA (@33 V) {150mA fer inlemnational variant)
RPSMA module caly: 340ma (B33 V) (180mA for
miarmatanal vanant)

|die / Receive Current {typical) SOmA(E33Y) S5mA (@33 V)
Powar-down Curnant <10 ud <10 pA
Ganaral

Oparatng Frequancy BV 24 GHz EM2.4GHe

Connacior

Dimansions 08607 x 1.087" (2.438em x 276 1cm) (360" x 1.297" {2 438em x 3.294em)
Oparatng Tamperature <40 fo 85° C {industrial) <40 1o 85° C {industrial)

rtad Ve D e o . ' rqtad i O o o . '
Antanna Ostons Imagrated Whiz, Chip or U.FL Connectar, RPSMA Imegrated Whig, Chip or UFL Connectar, RPSMA

Connacior

Networking & Sacurity

Supporied Matwerk Topclogies

Foint-io-point, Pointlo-mulfipoini & Peer-io-paar

Humbar of Channals
(software selactala)

18 Direct Sequance Channals

12 Diveci Sequance Channals

Addrassing Opiens BAN D, Cnanne and Addresses BAN D, Channeland Addrasses

Agency Approvals

Uinited States (FCC Fan 15.247) QUR-XBEE QUR-XBEEPRO

Industy Canada [IT) 4148 XBEE 42144 XBEEPRD

Eurega (CE} ETSI ETS1{Max. 10 dBm transmit powar cutpuf)®
Janan BT ES 4 5@;‘;’;3-5332‘5“ 1" {Max. 10 dBm transmil power
Austala C-Tick C-Tick

* When operating in Europe, XBee-PRO 802.15.4 modules must operate at ar below 2 transmit power output level of 10d Bm.

Customers have two choices for transmitting at or below 10dBm:
& Order the standard XBee-PRO module and change the PL command ta 07 (10dBm),
b. Qrder the International variant of the XBee-PRO module, which has 2 maximum transmit output power af 10dBm (& PL=4).

Additionzlly, Europesn regulations stipulate an EIR P power maximum of 12.85 dBm (12 mW) for the XBee-PRO and 12.11 dBm
for the XBee when integrating antennas.

** When aperating in Japan, anly the International variant of the XBee-PRQ 802.15.4 madule is approved for use.

Antenna Options: The ranges specified are typical when using the integrated Whip (1.5 dBi) and Dipole (2.1 dBi) anten=
nas. The Chip antenna option provides advantages in its form factor; however, it typically yields shorter range than the

© 2008 Digi Internatonal, Inc.
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/X Bee-PRO® OEM RF Moy

‘Whip and Dipole antenna options when transmitting outdoors.For more information, refer to the "XBee Antennas” Knowl-
edgebase Article located on Digi's Support Web site

Mechanical Drawings

Figure 1-01. Mechanical drawings of the XBeeZ2/XBee-PRO OEM RF Modules (antenna options not shown)
The XBee and XBee-PRO RF Modules are pin-for-pin compatible.

XBee XBee-PRO XBee & XBee-FRO
{top view) (top view) (side views)
es O.0z0* prom———
9. 51mm)
N o031 n.1ieY
hizld-to-Bo P
i 23.055 G 7em | 1z 0oy I
1 (z.03mm £0.51)  0.050° i -
. 41.2Tmm) .
' : ti E
H 1
i b ]
1 L 3
0.150"
] o.oyge  V4-0ETEI i
124 . Firen; 122, 20mn} (. 0w
— 0.850% -—
124.3Bmn)

Mounting Considerations

The XBee®/XBee-PRC RF Module was designed to mount into a receptacle (socket) and therefore
does not reguire any soldering when mounting it to a board. The XBee Development Kits contain
RS-232 and USB interface boards which use two 20-pin receptacles to receive modules.

Figure 1-02. XBee Module Mounting to an R5-232 Interface Board.

The receptacles used on Digi development boards are manufactured by Century Interconnect.
Severzl other manufacturers provide comparable mounting solutions; howewver, Digi currently uses

the following receptacles:

» Through-hole single-row receptacles -
Samtec P/MN: MMS-110-01-L-8V (or equivalent)
= Surface-mount double+ow receptacles -
Century Interconnect P/M: CPRMSL20-D-0-1 (or equivalent)

» Surface-mount single-row receptacles -
Samtec P/N: SMM-110-02-5M-5

Digi also recommends printing an outline of the module on the board to indicate the orientation the
module should be mounted.

) W18 o] reia bomal g
© 2008 Digi Imternatonal, Inc. 6
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Pin Signals

Figure 1-03. XBee®/XBee-PRO RF Module Pin
Numbers

(top sides shawn - shields on battam)

Table 102, Pin Assignments for the XBee and XBee-PRO Modules
(Low-asserted signals are distinguished with a horizontal line sbove signal name.)

1 VeC - Pewar supgply

2 pouT Qutpat LSRT Data Qut

3 DN/ CONFIG Input LART Data In

4 Dos* Output Digital Qutput 8

5 RESET Input Wodu'e Rasst [resel ouse mustoe atleasi2ll ns)
[ PWID /RESI Qutput PWM Outzut 07 RX Signal Srength Indieater

7 PWM1 Ouiput PWM Outpui 1

8 resarvad] - Do notoonnast

8 DTR /SLEEP_RGQ ' DI8 Input Pin Sleap Conirol Line or Digital Input 8

10 GHD - Ground

fl AD4 DI Eithar Analog Ingut 4 o Digital 10 4

12 CT8 /DIO7 Eithar Clagr-io-Sand Flow Contral or Digital 'O 7

13 0N [ BLEEP Tuiput Module Siatus Indicator

4 VREF Input ‘oage Reference for AD houts

18 Associale | ADE /DS Either Associated Indicator, Analeg nputs or Digital 1O 5
16 RTS8/ ADS/ DIOE Eithar Raquastio-Sand Fow Contrel, Analog lnput € or Digital 106
7 AD3/DIO3 Eithar Analog Ingut 3 or Digital 150 3

- ADZIDIO2 Eithar Analog Input 2 o Digital 110 2

] AD1 DKM Eithar Analog Ingut 1 or Digital 150 1

2 ADQ ! DO Eithar Analog Input O or Digital 110 0

* Function is not supported at the time of this release
Design Notes:
= Minimum connections: WCC, GND, DOUT & DIN
= Minimum connections for updating firmware: WCC, GND, DIN, DOUT, RTS & DTR
= Signal Direction is specified with respect to the module
= Module includes & 50k 2 pull-up resistor attached to RESET
= Severzal of the input pull-ups can be configured using the PR command
= Unused pins should be left disconnected

© 2008 Digi Internatonal, Inc.
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Electrical Characteristics

Table 1403, DC Characteristics (VCC = LE- 3.4 VDC)

! Ingut Low \ioltage All Digital Inputs - 035°*VCC f

- L
Vi Ingui High Veltage Al Digital Inpuis 07 vee - A
VoL Ouizut Low Veltage lg = Ema, WCS 2= 2TV - . [/} v
Vs Cutpul High Voltage lon = 2mANCC=2TV VCC-05 - - v
™ Input Leakage Current Vi =WCC or GND, all inputs, per pin - 0025 1 iy
ez High Impadance Laakage Currant | Ve = VGG or GHD, all 10 Hgh-Z, par pin B 0.025 1 m
. i PR LA
TX Transmit Gurraat VOC =33V - . {FRO, - e
WBee) it}
R Racsive Currant VEC =33V - mgﬁg: I,P5R5€: - mA
PWR-DWN Powar-down Current SN parameler =1 - <10 - )

Table 1404, ADC Characteristics (Operating)

__ - Analog-io-Digrlal eonveriar " ___
Ve misrance range e ) Vooso v
§ Enabled - 200 - Ty

k=r = J oply Curn
wer | VREF - Ralrance Sunoly Cumenl | e o Seen Viods - <001 02 M
Voo Analog Ingut Voltaga' Vasan-0.3 . Vomen +0.3 [

1. Maximum electrical aperating range, not valid conversion range.

Table 105, ADC Timing/Performance Characteristics!

R Sourca Impadanca at lnpuf® - - 1 ‘0
Vim Anaiog Input Voltage® [— jr— [

RES ldeal Resoluion {1 LSB) 208V <Vpoap < 36V 2031 B 1518 mv
DNL Diflarantal Non-inearity® - =0E +10 [
INL Intagral Non-inaarity® B 0E 210 LSB
Ezz Zaro-gcale Error’ - 04 +10 L8R
Fes Full-scale Error® - 204 2110 LEE
Ey |1zt Leakage Erar® - =005 250 I
Emw Total Unadjusied Erroe™ . 211 25 3B

1. Al ACCURACY numbers are based an processor and system being in WAIT state (very little activity and no [Qswitching)
and that adequate low-pass filtering is present on analag input pins (filter with 0,01 pF to 0.1 uF capacitor between anzlog
input and VREFL). Failure to observe these guidelines may result in system ar microcantraller noise causing accuracy errors
which will vary based on board layout and the type and magnitude of the activity.

Data transmission and reception during data conversion may cause some degradation of these specifications, depending on
the number and timing of packets. It is adviszble to test the ADCs in your installation if best accuracy is required.

2. Rygis the resl portion of the impedance of the network driving the anzloginput pin, Values grester than this amount may
not fully charge the input circuitry of the ATD resulting in accuracy error.

3. Analoginput must be between Vg and Viggzy for valid conversion. Values greater than Vagqy will convert to 53FF.

4. Theresolution is the idesl step size or ILSB = (Vzzzo-Viazz /1024

5. Differential non-linearity is the difference between the current code width and the ideal code width (1L5B). The current
code width is the difference in the transition voltages to and from the current code.

6. Integral non-linearity is the difference between the transition voltage to the current code and the adjusted idesl transition
voltzge for the current code. The adjusted ideal transition voltage is (Current Code—1/2)" 1/[(VazarEzs H Vaz=tEgll)-

7. Zero-scale errar is the difference between the transition to the first valid code and the ideal transition to that code. The
[deal transition voltage to 2 given code is (Code-1 2% 1V Ve )

&. Full-scaleerrar is the difference between the transition to the last valid code and the ideal transition to that code. The ideal
transition voltage to a given code is (Code-1/2)*(1/[Vazs—Vaz= ).

9. Input leskage error iserror due to inputleakage across the real partion of the impedance of the network driving the analog
pin. Reducing the impedance of the network reduces this error.

10. Tatal unadjusted error is the difference between the transition voltage to the current code and the ideal straight-line trans-
fer function. This messure of error includes inherent quantizstion error (1/2L58B) and circuiterror (differential, integral, zero-
scale, and full-scale) error. The specified value of E;assumes zero E; (noleakage or zero real source impedance).

© 2008 Digi Internatonal, Inc. 8
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ADC and Digital I/0 Line Support

The XBee®/XBee-PRO RF Modules support ADC (Analog-to-digital conversion) and digital IO line
passing. The following pins support multiple functions:
Table 201 Pin functions and their associated pin numbers and commands

AD = Anzlog-to-Digital Canverter, DIO = Digital Input/Output

Pin functions nat applicable to this section are denoted within (parenthesis).

ADDDIOG 0 0o
AD1DIO1 1 D1
AD2 [ DIo2 18 b2
AD3 [ DIO2 /{COORD_SEL) 1 3
ADd ) DIO4 04
ADS5 [ DIOS [ {ASSOCIATE) 15 D5
DIOG /(RTS) 16 b5
DIO7 1{CT3) 12 o7
Di& / {DTR} / {Skaag_RQ) L oA
To enzble ADC and DIO pin functions:
For ADC Support: Set ATDn = 2
For Digital Input support: Set ATDNn = 3
For Digital Cutput Low support: Set ATDn = 4
For Digital Cutput High support: Set ATDn =5

I/0 Data Format

I/C data begins with 2 header. The first byte of the header defines the number of samples forth-
coming. The last 2 bytes of the header {Channel Indicator) define which inputs are active. Each
bit represents either 2 DIC line or ADC channel.

Figure 2-04. Header

Header

Byte 1 msm‘

Total number of asmples | na  AE A4 A3 A2 A1 AD DE|DT D8 DS D4 D3 D2 DY DO
}

bit 15 L]

Bitsat ta 1" if channel is active

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 DIC sample. The
ADC data follows. ADC channel data is represented as an unsigned 10-bit value right-justified on
2 16- bit boundary.

Figure 2-05. Sample Data

Sample Data

DiD Lina Data is first | anabled) ADC Line Data

X X X X X X X 8|7 86 5 4 32 1 0 ADCnLSE

| ADCn MSB

© 2008 Digi Iternatonal, Inc. 12
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I/0 Line Passing

Wirtual wires can be set up between XBee®/XBee-PRO Modules. When an RF datz packet is
received that contains IO dats, the receiving module can be setup to update any enabled outputs
(PWM and DIO) based on the datz it receives.

Mote that I/C lines are mapped in pairs. For example: ADO can only update PWMO and DI5 can
only update DOS. The default setup is for outputs not to be updated, which results in the I/C data
being sent out the UART (refer to the IU (Enzble I/0 Cutput) command). To enable the outputs to
be updated, the IA (I/O Input Address) parameter must be setup with the address of the module
that has the appropriate inputs enabled. This effectively binds the cutputs to a particular module’s
input. This does not affect the ability of the module to receive I/O line data from other modules -
only its ability to update enabled outputs. The 1A parameter can also be setup to accept I/O data
for output changes from any module by setting the IA parameter to OxFFFF.

When outputs are changed from their non-active state, the module can be setup to return the out-
put lewvel to it non-active state. The timers are set using the Tn (Dn Cutput Timer) and PT (PWM
Cutput Timeout) commands. The timers are reset every time a valid I/ O packet (passed [A check)
is received. The IC {Change Detect) and IR (Sample Rate) parameters can be setup to keep the
ocutput set to their active output if the system needs more time than the timers can handle.

Mote: DI8 cannot be used for |/ O line passing.

Applicable Commands: [A (I/O Input Address), Tn (Dn Output Timeout), PO (PWMO Configura-
tion), P1 {PWM1 Configuration), MO (PWMO Cutput Level), M1 (PWM1 Cutput Level), PT (PWM
Output Timeout), RP (RSSSI PWM Timer)

Configuration Example

As an example for 2 simple 4D link, 2 pair of RF modules could be set as follows:

Remote Configuration Base Configuration
DL = 0x1234 OL = 0x5678
MY = 0x5678 MY = 0x1234
oo=2 PO=2
0l=2 PL=2
IR = Ox14 Ww=1
m=5 IA = 0x5678 (or 0xFFFF)

These settings configure the remote module to sample ADO and AD1 once each every 20 ms. It
then buffers 5 samples each before sending them back to the base module. The base should then
receive & 32-Byte transmission (20 Bytes data and 12 Bytes framing) every 100 ms.
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Command Mode

To medify or read RF Module parameters, the module must first enter into Command Mode - 2
state in which incoming characters are interpreted as commands. Two Command Mode options are
supported: AT Command Mode [refer to section below] and API Command Mode [p56].

AT Command Mode

To Enter AT Command Mode:

Send the 3-character command sequence "+++" and observe guard times before and after the
command characters. [Refer to the "Defzult AT Command Mode Sequence” below.]

Default AT Command Mode Seguence (for transition to Command Mode):

= Mo characters sent for one second [GT (Guard Times) parameter = O0x3EB]

= Input three plus characters ("+++") within one second [CC (Command Segquence Character)
parameter = 0x2B.]

= Mo characters sent for one second [ET (Guard Times) parameter = O0x3E8]
All of the parameter values in the sequence can be modified to reflect user preferences.

MOTE: Failure to enter AT Command Mode is most commonly due to baud rate mismatch. Ensure the
‘Baud’ setting on the *PC Settings” tab matches the interface data rate of the RF module. By default,
the BD parameter = 3 (9600 bps).

To Send AT Commands:

Send AT commands and parameters using the syntax shown below.

Figure 2-08, Syntax for sending AT Commands

AT ASCIT Space Parameter Carriage
Prefix Command (Optional) (Optional, HEX) Return
|

——

Example: ATDL 1F<CR>

To read a parameter value stored in the RF module's register, omit the parameter field.

The preceding example would change the RF module Destination Address (Low) to "0x1F". To store
the new value to non-volatile (long term) memory, subseguently send the WR {Write) command.

For modified parameter values to persist in the module's registry after a reset, changes must be saved
to non-volatile memary using the WR (Write) Command. Otherwise, parameters are restored to previ=-
ously saved values after the module is reset.

System Response. \When 2 command is sent to the module, the module will parse and execute
the command. Upon successful execution of 8 command, the module returns an "OK" message. If
execution of & command results in an error, the module returns an "ERRCR™ messzage.
To Exit AT Command Mode:
1 Send the ATCN (Exit Command Mode) command (followed by a carriage return).
[OR]

2 If novalid AT Commands are received within the time specified by CT (Command Mode
Timeout) Command, the RF module automatically returns to Idle Mode.

For an example of programming the RF module using AT Commands and descriptions of each config=
urable parameter, refer to the RF Module Configuration chapter [p23].




3. RF Module Configuration

Programming the RF Module

Refer to the Command Mode section [p24] for more information about entering Command Mode,
sending AT commands and exiting Command Mode. For information regarding module program-
ming using API Mode, refer to the API Cperation sections [p56].

Programming Examples

Refer to the X-CTU" ssc- |

tion of the Develop-
ment Guide [Appendix
B| for mare information
regarding the X-CTU
configuration software,

Setup

The programming examples in this section reguire the installation of Digi's X-CTU Software and
a serial connection to a PC. (Digistocks RS-232 and USBE boards to facilitate interfacing with 2
PC.)

1. Install Digi's X-CTU Software to & PC by double-clicking the "setup_X-CTU.exe" file. (The file
is located on the Digi CO and under the 'Software' section of the following web page:
waww.digi.comy/support)

2. Mount the RF module to an interface board, then connect the module assembly to 2 PC.

3. Launch the X-CTU Software and select the 'PC Seltings' tab. Verify the baud and parity set-
tings of the Com Port match those of the RF module.

MNOTE: Failure to enter AT Command Mode is most commonly due to baud rate mismatch.

Ensure the ‘Baud” setting on the "PC Settings’ tab matches the interface data rate of the RF mod-

ule. By default, the BD parameter = 3 (which corresponds to 9600 bps).

Sample Configuration: Modify RF Module Destination Address

Example: Utilize the X-CTU "Terminal™ tab to change the RF module's DL (Destination Address
Lowe) parameter and save the new address to non-volatile memory.

After estzablishing 2 serial connection between the RF module and & PC [refer to the 'Setup’ sec-
tion zbove], select the "Terminal” tab of the ¥-CTU Software and enter the following command
lines (*CR" stands for carriage return):

Method 1 (One line per command)

Send AT Command System Response
+++ Ok =CR> (Enter into Command Mode)
ATDL <Enters Jeurrent value} <CR> (Read Destination Address Low)
ATDL1ADD <Enter> Ok <CR> (Modify Destination Address Low)
ATWR <Enter= Ok <CR> (Write to non-volatile memory)
ATCN <Enter= Ok =CR> (Exit Command Mode)
Method 2 (Multiple commands on one ling)
Send AT Command System Response
+++ OK <CR> (Enter into Command Mode)
ATDL <Enter= Jeurrent value} <CR> (Read Destination Address Low)

ATDL1AOD,WR,CN <Enter> OK=CR> OK<CR> OK=<CR=

Sample Configuration: Restore RF Module Defaults

Example: Utilize the X-CTU "Modem Configuration™ tab to restore default parameter values.

After establishing 2 connection between the module and 2 PC [refer to the 'Setup' section
above], select the "Modem Configuration”™ tab of the X-CTU Software.

1 Select the 'Read' button.
2 Select the 'Restore’ button.

b
ta
i
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DO - D4 (DIOn Configuration) Commands

<I/0 Settings= The 00, D1, 02, D3 and D4 com-

mands are used to select/read the behavior of

their respective AD/DIC lines (pins 20, 19, 18, 17

and 11 respectively).

Options include:
» Anzlog-to-digital converter
= Digital input
= Digital output

D5 (D105 Configuration) Command

AT Commands:

ATDO, ATD, ATDZ, ATDZ, ATD4

Parameter Range:0 - 5

Parameter Configuration
0 Disahled
1 nfa
2 ADC
3 [u]]
4 DO low
5 00 high

Default Parameter Value:0

Minimum Firmware Version Required: 1.x.AD

<[/0 Settings> The D> command is used to

select/read the behavior of the DIOS line (pin 15).

Options include:

= Associsted Indicator (LED blinks when the
module is associated)

= Anzlog-to-digital converter
= Digital input
= Digital output

D& (D106 Configuration) Command

AT Command: ATD

Parameter Range:0 - 5

Parameter Configuration
0 Disahled
1 Associated Indicator
2 ADC
3 [u]]
4 DO low
5 00 high

Default Parameter Value: 1

Parameters 2-5 supported as of firmware

version 1.xA0

<I/0 Settings> The D6 command is used to

select/read the behavior of the DICH line (pin 16).

Options include:
= RTS flow control
= Anzlog-to-digital converter
= Digital input
= Digital output

© 2008 Digi Internatonal, Inc.

AT Command: ATDG

Parameter Range:0 = 5

Parameter Configuration
i Disabled
1 RTS Flow Cantrol
2 n/a
3 ]|
4 DO low
5 0O high

Default Parameter Value: 0

Parameters 32-3 supported as of firmware

wversion 1.xA0
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API Operation

By defzault, XBee®/XBee-PRO RF Modules act &s & serial line replacement (Transparent Operation)
- 2ll UART data received through the DI pin is gueued up for RF transmission. When the module
receives gn RF packet, the data is sent out the DO pin with no additionzl information.

Inherent to Transparent Cperation zre the following behaviors:
= If module parameter registers are to be set or gueried, a special operation is reguired for
transitioning the module into Command Mode.

= In point-to-multipoint systems, the application must send extra information so that the
receiving module(s) can distinguish between data coming from different remaotes.
As an alternative to the defzult Transparent Operation, API (Application Programming Interface)
Operations are available. API operation reguires that communication with the module be done
through 2 structured interface (data is communicated in frames in 2 defined order). The API spec-
ifies how commands, command responses and module status messages are sent and received
from the module using a UART Data Frame.

API Frame Specifications

Two API modes are supported and both can be enzsbled using the AP (API Enable) command. Use
the following AP parameter values to configure the module to operate in a2 particular mode:

= AP = 0 (default): Transparent Operztion (UART Serial line replacement)
API modes are disabled.

= AP = 1: API Operzation

s AP = 2! API Operzation (with escaped characters)
Any data received prior to the start delimiter is silently discarded. If the frame is not received cor-
rectly or if the checksum fails, the datz is silently discarded.

API Operation (AP parameter = 1)

When this API mode is enabled (AP = 1), the UART data frame structure is defined as follows:
Figure 3-01. UART Data Frame Structure:

Start Delimiter Langth Frame Data Checksum
(Byta 1) (Bytas 2-3) (Bytes 4-n) Byten+1)
xTE MSB LSB APl-specific Structure 1 Byte

MSE = Most Significant Byte, LSB = Least Significant Byte

API Operation - with Escape Characters (AP parameter = 2)

When this API mode is enabled (AP = 2), the UART data frame structure is defined as follows:
Figure 3-02. UART Data Frame Structure - with escape control characters:

Start Delimitar Langth Frame Data Checksum
(Byte 1) (Bytes 2-3) (Bytes &4-n) Byta n+ 1)
x7E MSB LSB APl-specific Structure 1 Byte

I
Characters Escaped If Neaded
MSE = Most Significant Byte, LSB = Least Significant Byte
Escape characters. \When sending or receiving 2 UART datza frame, specific data values must be

escaped (flagged) so they do not interfere with the UART or UART datz frame operation. To escape
an interfering data byte, insert 0x70 and follow it with the byte to be escaped XOR'd with 0x20.

¥
n
o
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Data bytes that need to be escaped:
= Ox7E - Frame Delimiter
= 0x70 - Escape
= 0x11 - KON
= 0x13 - XOFF
Example - Raw UART Data Frame (before escaping interfering bytes):
0x7E 0x00 0Ox02 Ox23 0x11 OxCB

Ox11 needs to be escaped which results in the following frame:
Ox7E Ox00 Ox02 Ox23 0x70 Ox31 OxCB

Meote: In the zbove example, the length of the raw data (excluding the checksum) is Ox0002 and
the checksum of the non-escaped data (excluding frame delimiter and length) is calculated as:
OxFF - (0%23 + 0x11) = (0xFF - 0x34) = 0xCB.

Checksum

To test data integrity, 2 checksum is calculated and verified on non-escaped data.

To calculate: Mot including frame delimiters and length, add all bytes keeping only the lowest 8
bits of the result and subtract from 0xFF.

To verify: Add zll bytes (include checksum, but not the delimiter and length). If the checksum is
correct, the sum will equal OxFF.

API Types

Frame datz of the UART datz frame forms an API-specific structure as follows:

Figure 3-03. UART Data Frame & APl-specific Structure:

Start Dalimiter Langth Frame Data Checksum
(Byta 1) (Bytas 2-3) (Bytes 4-n) Bytan+1)
xTE MSE LSB ‘ APl-specific Structure ‘ 1 Byte |
AP | ldentifiar ldantifier-specific Data
cmdID | cmdData

The cmdID frame (API-identifier) indicates which API messages will be contzined in the cmdData
frame (Identifier-specific data). Refer to the sections that follow for more information regarding
the supported API types. MNote that multi-byte values are sent big endian.

Modem Status

API Identifier: OxBA
RF module status messages are sent from the module in response to specific conditions.

Figure 3-04. Modem Status Frames

Start Dalimitar L gy Frama Data Chaec ks um
OxTE | | M SB | = | | APl -specific Structure || 1 Byte |
,--"""AF..-I:I-.;:!.:nﬂnar Idanﬂﬂar-p-ncll;:;;ﬁ"‘*—-‘
| Oz B0, I I cmdData |

Status (Byto 5)
O = Hardware reaet
= VWatchdog timer reset
= Asgasociated
= Disassociated
= Synchronization Lost
Beacon-enabled only )
= Coordinator realignment
= Coordinator atarted

BN

mm
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AT Command

API Identifier Value: 0x08

The "AT Command” API type zllows for module parameters to be queried or set. When using this
command ID, new parameter values are applied immediately. This includes any register set with
the "AT Command - Queue Parameter Value” (0x09) API type.

Figure 3-05. AT Command Frames

Start Duiimiter Langeh Frame Data (= =Y
&TE | | M3B | LSB | | AFlgpacific Siructune | | 1Byte |
(4‘:1"« I:rnilmp'cu:l}:i-\
fil] | emdDats |
FramelD |Byle 5 AT Cammand |Bylas 67) Feramater Value |Byls|s] Bn)

ldentifiss the UART dats frame for the host fo Command Name - Two if pressnt, nd cates the requesied oaramster
corrglaie with @ subseguent ACK {acknowédgement). LI characters that valus to 58t the gven regstes
ffset to 0, no resoonss § sent dentify the AT Command K no characters present register is quensd.

Figure 3-06. Example: APl frames when reading the DL parameter value of the module.
Byta 1 BEytes 2.3 Eyta 4 Byta 5 Bytes 6-7 Byta 8
| 0x7E

0x00 | w04 Ox08 ‘ ‘ 0x52 (R) Oxdd (D) | 4C (L) 15
Start Delimiter Langth* APl |dentifier  Frame D™ AT Command Checksum
* Length [Bytes] = API ldentifier + Frame ID + AT Commuand

** “R* value was akitrarily siected.

Figure 3-07. Example: APl frames when modifying the DL parameter value of the module.

Byte 1 BEytes 2-3 Byte 4 Byta 5 Eytes 6-T Bytes B-11 BEyte 12
0x7E | 00 | 0x08 ‘ 0x08 Ox4D (M) Medd (D) | 4T (L) x00000FFF | 0x0C ‘
Start Delimiter Langth™ AR| |dentifier  Frame (D™ AT Command Farameter Valug Checksum

* length [Bytes] = API Identifier+ Frame ID + AT Conomand + Farameter Value
= “M" value was arlitrarily slected.

AT Command - Queue Parameter Value

API Identifier Value: Ox09
This API type 2llows module parameters to be queried or set. In contrast to the "AT Command™ API
type, new parameter values are gueued and not zpplied until either the "AT Command” (0x08) API
type or the AC (Apply Changes) command is issued. Register queries (reading parameter values)
are returned immedizately.
Figure 3-08. AT Command Frames

(Note that frames are identical to the “AT Command” AP type except for the API identifier.)

StartDaliniier Langtn Framé Data Chsipurm
xTE MSB | LS8 J APls pacific Structure | 1Byte
AP iderviifiar Dl specific Data

=03 cmdData

ATCommand {Bytes B.T) ParameterValue {Byta|s) 8-n)

Frame D {Byte 5)

Idantifizs tha UART daa fmme for the host 1o ‘Gommand Nama - Two If prasant, ndicates tha requested pramatar
oorralste with 8 subsaquant ACHK [cknawladgamant). ASCI| charactars that vabs o zat tha given ragister.
[f gt to *0, no responss is regquested. dantify tre AT Cammand. If ro chreracters present, regster is quariad.

© 2008 Digi Internatonal, Inc.
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AT Command Response

API Identifier Value: 0x88
Response to previous command.

In response to an AT Command message, the module will send an AT Command Response mes-
szge. Some commands will send back multiple frames (for example, the ND (Node Discover) and
AS (Active Scan) commands). These commands will end by sending 2 frame with a status of
ATCMD_OK and no cmdData.

Figure 3-08. AT Command Response Frames,

St e L e Outa

||U$|Lﬂﬂllmmcﬂr\ﬂ\ﬂ II 1Bpa I

Sraciemam

WTE

e e
[ ]

zacth e acect c Oed

emnaDaa

Mwmw.,_nm Varus [y )

Command Nama.Twa 0= 0K

ASCI| characiars than 1=ERROR

damify tha AT Command 2 = irvalid Cammand
3 = Imvalid Parameier

FramalD (Eys 5)

|darifias tha UART data frama baing repartad
Mo H Frama ID=0in AT Cammand Mada,
na AT Cammand Raspansa will ba givan

Tha HEX {non=ASCI| vaiue
& the raquasiad ragster

Figure 3-10. AT Command Response Frames,

Boar Do

e P
Emioolice/ e
| e far | dered claca
i e

Frama 10 (Sl A Gzmmand (Sytad-T) alan (E ) )

danddes e UART data fame baing reporad Command Nama - Two
Mote: # Frama 1D =0 In AT Command Moda,

oo AT Command Resporsa wil e givan

Tha HEX {RoneAS0H] valua
of Tha nequasiad register

ASCH characiers hat
lzanaty e AT Commans

3 = rwalld Faramadar

Remote AT Command Request

API Identifier Value: Ox17

Allows for module parameter registers on 2 remote device to be gueried or set
Figure 3-11. Remote AT Command Request

B D

g Prwme D & e
NTE IlUSB‘ILﬂB|IN’HﬁI‘tMSW|| 1By |
et [Nz e 4 D
w7

eendData Ii\—\_\_\_\_\_\_ﬁ

Command Nama (oyRes.
g

Frama ID (By%a 5) 18001 Dastination Natwork

foytes 14-15)
Satfamaich the 180 nefwark
addreas of tha destinaSian, MSB
frst, LS55 lasi. Seiia OxFFI -

Iderifias tha UART data frame for e hostio
camslate with a subsaquan ACK [acknowied gaman).
Ifsaida T, no AT Command Resgonse will be given.

hama of e
mmand

addrassing s being used (MY=FFFE

o MYRFFFF).
5451 Dastination
s 643)
T mmam v 0501 ajdess
afths ;‘:::;‘n:m.\'l;i firat, Camenand Dpions [yl 15) Coenenana Data (2yta 150

LS5 last. Broadcasie

Qx000000000000FFFF. This field is ignoned if fhe 180
networs address fed squals anyFing ohe han
OxFFFE.

© 2008 Di
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0xd2 - Aggly shangas an ramada. {If
not set, AC command musi be sani
befrs shangss will taks sfiast )

All afher bitls musiba satia 0.

1 preser, indoaies fsraguasiad
paramaiar valus ia satths givan
mgsiar if no sharaciars pmsant,
e ragiater s quaned.
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Remote Com

mand Response

API Identifier Value: 0x97

If & module receives a remote command response RF data frame in response to 2 Remote AT Com-
mand Reguest, the module will send a2 Remote AT Command Response message out the UART.
Some commands may send back multiple frames--for example, Node Discover (ND) command.

Figure 3-12. Remote AT Command Response.

S Tl g

T AL CreaaT
P "yt

I e wza | csa | | AR szes q

.

Icaia ncfl

| it

| [——

Frama 108 ond)

& 2t Mz
e ——

]

408

ceriflas T UART data farme being reponied

Noicates Tbd- D1 000eEs

Se %0 TS BT RRtwOnK

M of e command Twa|

o T PR Sl Tt Eirems of T MO
WeitrEs Te Famd OO0 T Remote Command responding B0 %rowl AEC) characters hat
FREBQUEET Tl MmO § MEponng 1 e —— 5 lzamaly T AT commans

TX (Transmit) Request: 64-bit address

Eratan 2yt

I=
iz

iz

0=0K
1=gmer

rraalid Command
el Faramaer
Mo Sesponss

Czmmanz Omd 2yoe 3]

Th b of tha requasted
regissar

API Identifier Value: 0Ox00
A TX Reguest message will cause the module to send RF Data as an RF Packet.

Figure 3-13. TX Facket i64-bit address) Frames

Sart Dulimiar L2 Frama Data PRSI
xTE M3E | LSB APLspesific Structure 1Byte
/5::1:1« u--lmp-:n.c}r}\.
L50] omd Data

Frama ID {Eyta 5)

lgeriifies tha UART dalaframes for the host 1o
arraas win 2 sunssnuenl ACK (awrowsogament ).
Salling Framz |D1o 0w desnis reeoones frame.

Broadcael =

(O DD00O000000FFFF

1
wernatonal |

DD = Disadls ACK

D04 = Senc peckal with Brozocasl Pan 1D

A olrer bt must besd lo QL

De stinstion A ddress | Bytes 6:13) Optians {By1a 14)  RFDsta(Byts]s] 150

MSE ftst, LSB lasl.

Lot 100 Byles per paced

o
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TH (Transmit) Request: 16-bit address

API Identifier Value: 0x01
A TX Reguest message will cause the module to send RF Data as an RF Packet.

Figure 3-14. TX Packet (16-bit address) Frames

Bari Dalimidr Langtn Fama Oata Chacksum
0xTE | | MEE | LEE APlspacific Structurs | 1 Byts |
el L Sendarasaats G
ox | cmdData |

Frame ID {Byts 5]

ldertifiss the UART osta frams for the host fo
corrasts with 2 subssmient ACK [zcxrowisdement ).
Satting Frams 1D 1o 10 will disabis respones frama

© 2008 Digi Internatonal, Inc.

Dastinstion Address (Byles 8:7) D ghians |Byle 8] RF Dists Byle|s] Son

Qw07 = Dieatis ACK
004 = Bard packat with Brosdezst Pan (D Up to 100 Bylee par packed
Al otrer bits mest basst to

VEE firel, LSE lagl.
Breadeast = nFFFF

=
—
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TH (Transmit) Status

API Identifier Value: 0x89
When a TX Reguest is completed, the module sends & TX Status message. This message will indi-
czte if the packet was transmitted successfully or if there was a failure.

Figure 3-15. TX Status Frames

Bari Doliemter Langh ) Fraems Data | Crecksum
| TE | MsE | LEE | SPlspecific Structure | 1Byte
rﬁmﬁr idenBarspocic Data
fLE] cmdData
m/ Status {Byte 8]
- . 0=Suwcass

ldantifes UART data fmma bang reportad. _ .

Nte: f Frama ID = 0 f tha TX Raquast, no ;;EUCQE;ILE’:’:"W sdgamant) raxsivad

AT Command Riesponsa will ba givan.

| 3=PFurged

MOTES:

» "STATUS = 1" occurs when 2l retries are expired and no ACK is received.

= If transmitter broadcasts (destination address = 0x000000000000FFFF), only
"STATUS = 0 or 27 will be returned.

= "STATUS = 3" occurs when Coordinagtor times out of an indirect transmission.
Timeout is defined as (2.5 x SP (Cydic Sleep Period) parameter value).

RX {Receive) Packet: 64-bit Address

API Identifier Value: OxB0
When the module receives an RF packet, it is sent out the UART using this message type.

Figure 3-16. RX Packet (64-bit address) Frames

‘Stan Dalimitar . l.l_lﬂﬂ ) Frama Data o Chacsum
| 0xTE | MSB LSB #P ks pacific Structure 1Byte |
AP hdendifiar Menlierspecik Data
B0 | cmdData
Source Address (Bytes 512) RS S| (Byte 13) Options {Byte 14) RF Data (Bytais) 15-n]

Fecsivad Sigral Stramth Indicstar - 5t O]

WEE [most sgnificant byts) first, Hexadacmal eguialent of (-dBm) valus. ot 1= Address boadcast

LSE e=st significant) last For sxampls: If R signalstrength = 40 | | bt 2= PAN trosdcast L 12 100 Byiss par peckat
Bm, "0x28° (40 dbcimal) & raturnad) bts 37 [msarvad]

RX {Receive) Packet: 16-bit Address

API Identifier Value: 0xB81
When the module receives an RF packet, it is sent out the UART using this message type.
Figure 3-17. RX Packet (16-bit address) Frames

‘Start Dalmitar Largtn Frama Data Chatksum
| xTE | M5B LSE APls pecificS tructure 1Byte
A:mm« Hentifisrspeciiic Data
Ox81
m“ 7 Opténs (Byte 8] RF Data(Byte(s] 3-n]
Racavad Signal Strangth Indcator - bt O [rezarved]
MEB (most significant byla) first, Haxadacimal equivalert of (-Bm) valua. bt 1 = Addmess roadoast 12 100 B ket
LSB (laset significant) last [For axamge: If RX signal strangth = <40 | | bt 2 = PAN broadcast e s pEr pas
dBm, 028 (40 dacimal) is mturnad) bite 37 [resarvad]
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SECTION 1

The HART® Communicator

INTRODUCTION

The HART (Highway Addressable Remote Transducer) Communicator
(Figure 1-1)is a hand-held interface that provides a common communication
link to all HART-compatible, microprocessor-based instruments.

Section 1 discusses the HART Communicator Connections, Liquid Crystal
Display, Keypad, Offline and Online menu, Battery Pack, Memory Module,
data pack 100, Maintenance, and Year 2000 Compatibility. It also includes
short overviews on some of the Communicator’s functionality.

Section 2 describes tasks that are common to Fisher-Rosemount’'s HART
devices and includes some of the common screen displays.

Section 3 displays typical examples of menu trees specific to Fisher-
Rosemount products.

Your HART Communicator interfaces with any HART-compatible device from
any wiring termination point using a 4-20 mA loop, provided a minimum load
resistance of 250 ohms is present between the Communicator and the power
supply. Your HART Communicator uses the Bell 202 frequency shift key
(FSK) technique of high-frequency digital signals superimposed on a
standard transmitter current loop of 4-20 mA. Because the total high-
frequency signal voltage added to the loop amounts to zero, communication
to and from a HART-compatible device does not disturb the 4-20 mA signal.

LIQUID CRYSTAL DISPLAY (LCD)—

FUNCTION KEYS ——

ACTION KEYS —40m8—

ALPHANUMERIC KEYS———=

SHIFT KEYS———=

FIGURE 1-1. The HART Communicator.
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HART COMMUNICATOR CONNECTIONS

The HART Communicator can interface with a transmitter from the control
room, the instrument site, or any wiring termination point in the loop through
the rear connection panel (Figure 1-2).

To interface, connect the HART Communicator with the appropriate
connectors in parallel with the instrument or load resistor. All connections are
non-polarized. When connecting to a PC, you must use the PC
Communication Adapter to connect to the Communicator’s serial port. See
Listen for PC Menu on page 1-26 for more information and Appendix B for
a complete list of parts.

For intrinsically safe Canadian Standards Association (CSA) and Factory
Mutual (FM) wiring connections, see Appendix C.

/\WARNING

Explosions can result in death or serious injury. Do not connect to the serial port
or NiCad recharger jack in an explosive atmosphere.

Loop Connectors

/\ Serial Port
o9 |

SERiAL PORY

—_—

Optional NiCad
Recharger Jack

FIGURE 1-2. Rear Connection Panel with NiCad Recharger Jack.
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NOTE: For the HART Communicator to function properly, a minimum of 250

ohms resistance must be present in the loop. The HART Communicator
does not measure loop current directly.

Figure 1-3 and Figure 1-4 illustrate typical wiring connections between the
HART Communicator and any compatible device.

HART-compatible

Device
+ R2250Q _ +
LA % —
5T : :
* @ - mA Power
Supply
55 - . E . =
o =
Current
Meter
FIGURE 1-3. Connecting to the Transmitter Comm Terminals.
Device +

mA Power
Supply

Current
Meter

FIGURE 1-4. Connecting the HART Communicator to the Loop.

1-3



/\WARNING

Explosions can result in death or serious injury. Before connecting the HART
Communicator in an explosive atmosphere, make sure the instruments in the
loop are installed in accordance with intrinsically safe or nonincendive field
wiring practices. For intrinsically safe CSA and FM wiring connections, see
Appendix C.

Figure 1-5 shows how to connect the optional 250 ohm load resistor.

NOTE: To temporarily install the optional 250 ohm Load Resistor:

1. Insert the load resistor into the lead set jacks.

2. Open the loop to allow connection of the resistor in series in the loop.
3. Close the loop using the lead set connectors.

i’

slsls

Power
Supply

~ 1
- -

Optional 250 Ohm
Load Resistor

HART-compatible Device

FIGURE 1-5. Connecting the HART Communicator with the Load Resistor.
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Generic
Online Menu

1 Device Setup
2 PV

3 AO

4 LRV

5 URV

1 Process
Variables

2 Diagnostics
and Service

3 Basic Setup

4 Detailed Setup

5 Review

1 Present variable
2 Percent Range

3 Analog Output

1. Test Device
2. Loop Test
3. Calibration
4. D/A Trim

1. Apply Values
2. Enter Values

1. Tag

2. PV Snsr Unit

3. Range Values 1 Model
2 Tag
. 3 Date
4. Device Info. |4 Descriptor
5 Message
5. Xfer Fnctn 6 PV snsrs/n 1 Univ Rev.
7 Final Asmbly#| |3 Fid Dev Rev
6.P\ Damp 8 Revision 13 Softw Rev
1. Process Variables
1 Sensors —1 2. PV Snsr Unit
. 1 PV LSL
2 PV USL
3. Senseor Info | 2 PV Min Span
1 PV Damp
2 PV URVY
2 Sianal | | 3 PVLRY
Clt?r:‘daition 4 Xfer Fnotn
5 PV % Range
1 A0
2 AJO Alarm Type
3 Loop Test
1. Analog Output 1 4 D/ATrim
3 Output || 5 Scaled D/A Trim
Condition
2. HART Output || 1 Poll Address
2 Number of Reguest
Preambles
1 Model
2 Tag
3 Date
4 Descriptor
4 Device 5 Message
Information [~] & PV Snsr &/N 1 Univ Rew.
7 Final Asmbly Num 2 Fid Dev Rev
8 Revision |13 Softw Rev

FIGURE 1-22. Generic Online Menu Tree.
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Model 54pH/ORP Transmitter

1 VIEW FLD DEV 1pH
- VARS 2 ORP
1PROCESS | | 3 Temp
VARIABLES 4 Input
5 glass
6 Ref 1PVis
2 VIEW PV-ANALOG 1 2 pH
3 pH & rnge
" 4 AD
18V
2 pH 'S 5 Convention
3 VIEW SV-ANALOG 2 3 pH & rnge
4 AD 1 Standardize pH
4 View alarms 5 Convention 2 Standardize ORP
5 View status 3 pH
1 View status 4 ORP
1 TEST DEVICE 2 View alarms S
3 Master reset 6 ‘;IOEW‘
. T Slope
2DIAG/ et 1 CALIBRATE PV 8 Buffer calibration
SERVICE 3 CALIBRATION 9 Buffer calibration
. 2 ADJUST
4 Trim analog output 1 Begin procedure
5 Hold mode TEMPERATURE : Teip P
3 Temp comp
1Tag ; g: ILI-E:’ 4 Man. temp
2PV RANGE VALUES 3 pH
3 BASIC - 4 pH % rnge
SETUP 5 pH xfer fun 1 pH LRV
3 SV RANGE VALUES 2 pH URV
3 pH
1 Spt 4 pH % rnge 1PVis
2 Spt 5 pH xfer fun 2 Imped comp
4 ALARM SETPOINTS 3 S_F‘t 3 Convention
4 Timer 1 Tag . 4 Autocal
5 pH 2 Descriptor 5 55T
6 ORP 3 Message 6 SS5
5 DEVICE 4 Snsr text 7 Oper iso
INFORMATION 5 Date 8 Snsr iso
9TC
1 SENSORS 1 MAIN SENSOR
1 Temp snsr
2 TEMPERATURE 2 Temp comp
3 Man. temp
2 SIGNAL CONDITION 1 PV RANGE VALUES
4DETAILED | | 1 ANALOG OUTPUT § i‘i:;':f'i e
SETUP 2 Relay defit
3 OUTPUT CONDTION 3 Fix analog output 4 ALARM 2
4 Trim analog output 5 ALARM 3
5 DIAGNOSTICS 1 Diagnostics
2 GFH
1 SENSORS
6 LOCAL DISPLAY 2 OUTPUTS 3 GFL
3 ALARM RELAYS Ll
4 DIAGNOSTICS e
5 REVIEW 5 DEVICE 6 Cal warn
INFORMATION
6 LOCAL DISPLAY
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Model 333 HART® Tri-Loop Converter

1 TEST DEVICE

1 DEVICE SETUP

1 DIAG/
SERVICE

2 BASIC
SETUP

3DETAILED
SETUP

4 REVIEW

2 Loop test

1 STATUS

2 Reset

3 CALIBRATION

4 D/A trim

1 Tag

2 CONFIGURE

2 Recall fact trim

1 CONFIGURE

1 Status group 1
2 Status group 2

CHANNELS

1 CONFIGURE CH1
2 CONFIGURE CH2
3 CONFIGURE CH3

CHAMNNELS

3 DEVICE

1 CONFIGURE CH1

2 CONFIGURE CH2

3 CONFIGURE CH3

1 CH1 Burst Variable
2 CH1 Units

3 CH1 Lower Range

4 CH1 Upper Range

5CH1 Enabled

1 CH2 Burst Variable
2 CH2 Units

3 CH2 Lower Range
4 CH2 Upper Range
5 CH2 Enabled

INFORMATION

1 QUTPUT

8 REVISION #'S

1 ANALOG

CONDITION

2 DEVICE

OUTPUT

1 Model

2 Devid

3 Tag

4 Date

5 Descriptor

6 Message

T Final asmbly
num

1 CH3 Burst Variable
2 CH3 Units

3 CH3 Lower Range

4 CH3 Upper Range

5 CH3 Enabled

1 Universal rev
2 Fld dew rev
3 Software rev

QUTPUT

2 HART

1 Loop test
2 DIA trim
3 Scaled D/A trim

INFORMATION

3-3

8 REVISION #8

1 Model

2 Devid

3 Tag

4 Date

5 Descriptor

6 Message

7 Final asmbly
num

1 Poll addr
2 Num req preams
3 Num resp preams

1 Universal rev
2 Fid dev rev
3 Software rev




Model 644 Temperature Transmitter

1 DEVICE SETUP
2 PV

3 PV AD

4 PV LRV

5 PV URV

1 PROCESS
VARIABLES

2 DIAGNOSTIC
AND
SERVICE

3 BASIC SETUP

4 DETAILED
SETUP

5 REVIEW

1 Snsr1
2 Snsr1 % Rnge

3 Snsr 1 A/O Output

4 Term Temp

5 VARIABLE MAPPING

1

TEST DEVICE

LOOP TEST

CALIBRATION

Smart Calibration

1 PV
—z sv
1 Status 1 4ma
712 Self Test 2 ZD_ma
3 Master Test 3 Exit
1 4 ma
2 20ma
1z Other 1 PV LRV
4 End 2 PV URV
3 PV Eng Units
| [T APPLLY VALUES} |4 Lower Snsrlmts
2 RANGE VALUES| |5 Upper SnsrLmt
3 SNRS TRIM -
4 DJA Trim 1 OHM/MV Trim

5 Scaled D/A Trim

2 SENOR REF
3 RE-ENABLE

TRIM

1 Differential Temp

|

1 Tag 2 Terminal Temp 1 Factory Trim
g ;:HEE I —|_3 Sensor 1 2 Senso¥1 Trim
4 Sensor 2
J_I CONMNECTIONS SRS Hol
5 PV Damp -L|1 Select Sensor HT # of Wires {7 PV Units
6 Sensor 1 Snsrs/n
1 PV Snsr1
2 PV Unit
3 SENSOR SETUP
1 PROCESS 4 SENSOR INFO
SENSOR |15 SENSOR TRIM
2 TERM TEMP 1 Term Temperature
SENSOR — 2 Unit
1 SENSORS | 3 Damping o
3 A/D CONVR 4 Term Temp Limits
- 1 50/60 Hz filter
1 LRV
2 |._|R‘.a"b
2 SIGNAL 3 Srsr % Rnge) MG ouwpat | 3
CONDITION |—|& P / i
5 Xfr Funt 2 A/OArm Typd |2 20 ma
3 LOOP TEST |43 Oinher
4 D/A Trim
4 End
1 ANALOG 5 Scaled D/A !
OUTPUT Trim
3 OUTPUT ||
CONDITION 1 Pol Address
2 # Regst Preams
2 HART q
OUTPUT 3 Burst Mode
4 Burst Options
1 Snsr Type
2 Snsr Connect
3 Snsr1s/n
4 50/60 Hz Filter
5 Final Assembly
6 Tag
4 DEVICE INFO | |7 Descriptor 1 Unit Rev
S e 2 Fld Dev Rev
ate, —13 Software rev
Model...etc.
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Model 2081pH Transmitter

1 PROCESS 1 VIEW FIELD 1 pH
VARIAELE [T DEVICE 12 Temperature
VARIABLES 3 Input
1 PVis
2 VIEW PV- 2 PV pH
ANAOLOG 1 | 3 PV % Range
4 PV AIO
3 View Status
1 View Status
1 TEST/ISTATUS |— 2 Master Reset
dalnlle 2 Loop Test 1 BUFFER CALIBRATION
AND | | P
SERVICE
2 STANDARDIZE
3 CALIBRATION —
3 ADJUST TEMPERATURE
4 Trim Analog Qutput
1 PV LRV
2 PV URV
1 Tag 3 PV Damp
4 PV pH
3 BASIC | | 2 Pv RANGE VALUES |—|& FV % Range
SETUP 6 Xfer Fun
3 DEVICEINFORMATION
1 Temp Comp
1 SENSOR — 2 Man. Comp
1 pHLRV
2 pHURV
2 SIGNAL B EH Damp
CONDITION 5 pH % Range
6 pH xfer fun
1 ANALOG OUTPUT
4 DETAILED
SETUP — 3 OUTPUT |—
CONDITION 2 HART OUTPUT
1 Tag
2 Descriptor
3 Message
4 Date
5 Snsr Text
4 DEVICE INFO |— |6 Burst Mode
7 Burst Option
8 Num Reg Preams
9 Write Protect
10 Distributor
11 Manufacturer
12 Model
13 etc.
5 REVIEW

ph

2 Slope
3 pH

1 Begin Procedure

2 pH

1 Begin Procedure

2 Temp
3 Temp Comp
4 Man. Temp

1 Begin Procedure

1 Tag

5 Date

2 Descriptor
3 Message
4 Snsr Text

1 PVAO
2 Loop Test
3 Trim Analog Qutput

3-7

1 Poll Address
2 Temp Unit

3 Burst Option
4 Burst Mode




Model 3044C Temperature Transmitter

1 DEVICE

b G

SETUP
PV

PV AD
PV LRV
PV URV

1 PROCESS
VARIABLES

2 DIAGNOSTICS
AND SERVICE

3 BASIC SETUP

4 DETAILED
SETUP

5 REVIEW

1 Sensor 1

2 Sensor 1 Percent Range
3 Sensor 1 Analog Cutput
4 Electronics Tem perature

5 Variable Mapping

1 TESTDEVICE

|
Ca P —

Status
Self Test
Master Test

-

2 Loop Test

2
3 CALIBRATION}|— 3
4

n

Apply Values
Range Values

SENSOR TRIM

Digital-to-Analeg Trim

Scaled D/A Trim

1 Sensor Input Trim
[ 12 Sensor Trim-Factory

1 Tag
2 PV Unit

3 Range Values

4 Connections

5 PV Damp

6 Sensor 1 Sensor s/n

1 Sensor 1
2 Snsr 1 Unit
1 PROCESS 3 SENSOR [ |1 Connections
SENSOR 1 SETUP 2 Snsr 1 snsrs/n
4 Sensor Info
1 SENSORS —
5 SENSOR [ |1 Snsrinput Trim
TRIM 2 Snsr Trim-Factony
2 ELECT TEMP|_] ; Elrﬁtctronu:s Temperature
SENSOR 3 Electronics Temperature Limits
1 Sensor 1 LRV
2 Sensor 1 URV
2 SIGNAL — 2 Sensor 1 Percent Rangg]
CONDITION 4 Sensor 1 Damp
5 Transfer Function
1 Analog Output
2 AJO Alarm Type
3 Loop Test
1 ANALOG | |4 Digital-to-Analog Trim
QUTPUT 5 Scaled D/A Trim
3 OUTPUT
42 HART 1 Poll Address
CONDITION OUTPUT 2 Number of Request Preambles
3 Burst Mode
4 Burst Option
3 Meter Type
4 DEVICE
INFORMATION
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Model 3081pH Transmitter

-

PROCESS
VARIABLE

DIAGNOS
AND
SERVICE

3 BASIC
SETUP

4 DETAILED
SETUP

5 REVIEW

1 VIEW FIELD 1 Ph
[— DEVICE 12 ORP
VARIABLES 3 Temperature
4 Input
5 Glass
6 Ref
2 VIEW PV- 1 PVis
ANAOLOG 1 ]2 PV
3 PV % Range
4 PV AIO
3 View Status
1 BeginP d
1 View Status 3 SEQF;E rocecure
2 Master Reset 3 0 Offset
1 TEST DEVICE |3 View History 4 pH
2 Loop Test 1 BUFFER CALIBRATION 1 Begin Procedure
2 pH
3 CALIBRATION | |2 STANDARDIZE PV —{3 0 Offset
4 Trim Analog Output 3 ADJUSTMENT 1 Begin Procedure
TEMPERATURE - % pempc
= emp Comp
5 Hold Mode 4 Man. Temp
1 pH LRV
2 pH URV
1 Tag 3 pH ORP
4 pH pH
2 PV RANGE VALUES |—{5 pH % Range 1 Tag
6 pH Xfer Fun % quscrlptor
essage
3 DEVICE INFORMATION 4 Sner Toxt
5 Date 1 PVis
1 MAIN SNSR 2 Conventional
3 Autocal
1 SENSOR ] 1 Temp Comp 4 38T
2 TEMP —2 Man Temp 5 388
3 Temp Snsr 6 Imped Comp
7 Operiso
1 pH LRV
2 pHURV 8 TOC
3 pHORP
2 SIGNAL | |4 pH
CONDITION 5 pH % Range
6 pH xfer fun
1 PV AO
1 ANALOG OUT —% ';‘\::ﬁ’cl}dDamp
2 Loop Test o
1 ANALOG OUTPUT [ i 4 PV Fault
3 OUTPUT —1 3 Trim A/O
—  CONDITION

4 DEVICE INFO

5 DIAGNOSTIC

& LOCAL DISP

2 HART QUTPUT

1 Poll Address

1 Tag 2 Temp Unit
2 Descriptor i EEthlgtt'
3 Message 4 Burst Option
4 Snsr Text 5 Burst Mode
5 Date 6 Num Resp
1 Diagnostics
2 GFH
3 GFL
4 Ref Unit
| |1 Xmtr _ E EEE
2 AJO LOI Units 7 GWH
8 GWL
8 RWH
10 RWL
11 O Limits
12 Cal Warn
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Model 3244 Temperature Transmitter

1 PV Eng Units ;12 g:::
1 PROCESS 2 PV $% Rnge
VARIABLES [H 3 z‘:’NO Output E 8‘;;
g T‘:: 1 Differential Temp
6 OV 2 Terminal Temp
7 VARIABLE REMAP 3 Sensor 1
4 Sensor 2
8 VARIABLE RE-MAP
1 TESTDEVICE [} talus
2 DIAGNOSTIC | 3 Master Test
AND 1 4 ma
SERVICE 3 20
2 LOOPTEST 3 o ma 1 PVLRY
H 2 PVURV
3 PV Eng Units
3 CALIBRATION |71 Apply Values 4 Lower Snsr Lmts
2 TERM TEMP SNSRH5 Upper Snsr Lmt
N 3 SENOR TRIM | [1 Snsr 1 Input Trim
4 Smart Calibration [ 14 p/A Trim 2 Snsr 2 Input Trim
&6 Scaled D/A Trim i gnsr ; Pim-;ac
1 Tag 6 CJC Cal. Value nsr 2 Trim-Fac
3 BASIC SETUP |2 P\ Unit 2 BTD Coiront
3 Range Values
4 SENSOR 1 CONN T Select Sensor type =1 Mumber of Wires
5 SENSDRZCONN_| vee H I
6 PV Damp
7 Sensor 1 Snsrs/n 1 PV
8 Sensor 2 Snsrs/n 2 PV Unit
3 SENSOR SETUP
4 sensor Info
1 PROCESS —
5 SENSOR TRIM
SENSOR
| 1 Term Temperature
1 SENSORS 2 gEﬁg‘oTlfMP | |2 unit
3 Damping
3 A/D Conver 4 Term Temp Limits
nfo 7 5060 Hz filter |
1 PVLRV
1 DEVICE SETUP 2 SIGNAL Tame
2 PV URV 1 A/O Output
2 BV 4 DETAILED CONDITION [ BV 5, Rnge } o oupd I f2 20ma
cat E*ﬁ ﬁl%.f SETHE 4 PV Damp 3 LOOP TEST __‘?; g]hder
5 PV URV B ‘} DA Trim
1 ANALOG | |5 Scalec DA
3 OUTPUT | | outpuT rim
CONDITION
1 Poll Address
2 Mumr Regsat Preams
2 HART 3 Burst Mode
ouTPUT |4 Burst Options
3 METER 1 Meter Type
OPTIONS 12 Meter Dec. Pt
3 Meter Bar Graph
1 DP Unit
& REVIEW 4 DEVICE INFO - ?g'm%”ﬁmt
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