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Instructor Guide 


LAB: SHORT-RANGE WIRELESS EXPERIMENTATION
Electronic Communications
Acknowledgements

Subject Matter Expert:  Louis E. Frenzel 
Purpose

The purpose of this laboratory experiment is to provide practical working experience with common short-range wireless equipment.  The experiment provides activities to analyze the organization and operation of a common UHF transceiver, range calculation and measurement, and antenna radiation patterns.

Systems Rationale
Many types of electronic and non-electronic equipment contain some kind of wireless component for monitoring or control application.  The wireless equipment is typically in IC form or may be in the form of modules or subassemblies.  The frequency range is typically from VHF, UHF, or microwave with UHF and microwave equipment being the most common.  The operating range is short from a few feet to several miles.  It is useful for a technician to be able to set up, install, test, measure, troubleshoot, and otherwise work with the equipment.  This lab exercise provides that essential experience.

System Concepts

This system covers the following system concepts (signified by an X):

_  _ 
S1. A system can be defined in terms of its functional blocks i.e., a “structured functional unit.”

  X_ 
S2. A system has a purpose, transforms inputs into outputs to achieve a goal.

  X_ 
S3. A system is defined by the flow of materials, energy and information, between its functional units.

 _ _ 
S4. A system may be open or closed.  In an open system additional inputs are accepted from the environment.

  __ 
S5. A system is more than the sum of its parts.  Individual components can never constitute a system.

  _   
S6. A system provides feedback to the operator and services to the user.  Some system functions may involve operator action.

_  _ 
S7. Systems have unique problems.

Student Learning Outcomes

Appropriate SLOs for the lab activity are below.  For a complete list of course SLOs visit:  http://www.esyst.org/Courses/Communications/_delivery/index.php   
7. Draw a block diagram of a modern solid state radio transmitter identifying all the major components and how they work.

8. Draw a block diagram of a modern solid state radio receiver identifying all the major components and how they work.

10. Explain the make-up of a radio wave and show how it is propagated in the most common wireless applications.  Explain and use the Friis free space formula.

Prerequisite Knowledge & Skills

The primary prerequisite for this lab is the completion of lectures and/or textbooks readings on basic radio theory with special emphasis on signal propagation, antennas, and transmission lines.

Learning Objectives
Relevant knowledge (K) or skill (S) or attitudes (A) objectives include:  

K1.  Identify the circuits in an IC radio transmitter and explain its operation.
K2.  Identify the circuits in an IC radio receiver and explain its operation.
K3.  Using the Friis formula and related circuit specifications, calculate RF link budget and transmission range.
S1.  Measure transmission range of a radio link.
S2.  Plot antenna radiation patterns.
Process Overview

In this lab experiment you will work with a commercial UHF radio transmitter and receiver.  You will review the operation of each then set up and operate these units.  You will also calculate and measure link budget and maximum transmission range.  Finally you will measure the radiation patterns of common antennas.

Instructional Setting

This lab has been designed to take place in an open area with plenty of space so that transmitter and receiver can be separated by up to 100 feet or more.
Time Needed
Instructor Setup/Cleanup:

This will vary depending on the particular lab room arrangement and storage systems available at your institution.
Student Lab Performance: 

It should take students approximately 2.5 hours to work through the entire lab.

Student Lab Deliverables: 

It should take students approximately 2.5 hours of homework time to create the lab report.
Equipment & Supplies

	Item
	Quantity

	Linx Technologies HP3 Series Master Dev. System USB, w/manual
	1

	Manual, Linx HP3 series transmitter module TXM-900-HP3-xxx
	1

	Manual, Linx HP3 series receiver module RXM-900-HP3-xxx
	1

	Manual, Linx LS series encoder/decoder
	1

	Digital multimeter for DC voltage measurements
	1

	Antenna Factor ANT-916-MHW-xxx Dipole antenna
	1


Special Safety Requirements
None.

Lab Preparation
The first step is to become familiar with the Linx development system (see Figure 1).  
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Figure 1.  Linx boards

It contains two boards:  one designed for the transmitter and the other for the receiver.  These need to be set up initially.  The instructor may have previously set these up and if so the following steps are not necessary.  If the boards are set up, do read the manual to verify what has been done.  The actions to be taken are:

1. Install the transmitter module on the transmit board and the receiver module on the receive board.

2. Set the operating frequency by selecting a channel.  The modules operate over the 902 to 928 MHz range in the unlicensed ISM band.  Select a frequency near the center of that range.  It is recommended that you select 915.37 MHz, channel 51.  Set the DIP switches on each board for this frequency.

3. Plug in the USB interface modules on each board.

4. Install a 9 volt battery on each board.  Be sure the power switch is off.
5. Attach the vertical antenna supplied to each board.

6. Install the jumper connections to the header on the transmitter and receiver to enable the encoder/decoder chips.

Note to Instructor:  You may wish to have the student do the steps above just to familiarize him or her with the mechanics of setting up wireless modules.  However, to save time, you may wish to do this yourself.

Introduction
This experiment simulates the set up and operation of a typical short-range wireless system.  Using the transmitter and receiver boards, you will establish a wireless link and demonstrate its operation.  Then you will calculate and predict the operating range.  The operating range will be tested on a line of sight link.  Operation in the presence of obstacles will be observed.  Finally you will test several antenna types and plot the radiation pattern.
The key to predicting the range of a wireless system is to determine the following:

· Total free space path loss
· Transmit output power
· Receiver sensitivity

With these figures you can determine if a given system will cover the desired range.

Path loss can be computed with the following formula:  

Path loss in dB = 37 + 20 log f + 20 log d
The frequency f is in MHz and the range or distance (d) is in miles.  If the range is in feet, divide the number of feet by 5280 to get miles.
You can also use the formula:
Path loss in dB = 20 log (4π/λ) + 20 log d
Here the wavelength is in meters and the distance d is in meters.
Assume a frequency of 915 MHz and a range of 100 feet.  That is 0.018939 miles.  
dB = 37 + 20 log (915) + 20 log(.018939) = 37 + 59.23 – 34.45 = 61.79 dB

Next determine the transmit power is from the module specs.  Power is usually stated in terms of dBm or decibels referenced to one milliwatt.  Assume 0 dBm.
Add the transmit power to the path loss (algebraically) to get the amount of power the receiver will receive at the distance you used.
Received power = 0 - 61.79 = -61.79 dBm
Finally, compare that to the receiver sensitivity figure usually given in –dBm.  The larger the number, the better the sensitivity.  A sensitivity of -100 dBm means the receiver can detect a signal that small.  A sensitivity of -80 dBm is not as good as -100 dBm.  That means that in terms of power -80 dBm is greater than -100 dBm.  So if the received power is greater than the sensitivity figure, the signal will be received.  Assume a receiver sensitivity of -80 dBm.
Since the received power is greater than the sensitivity figure, you will have a good link.

The Friis’ formula expresses received power (Pr in watts) as a function of distance (d in meters), wavelength (λ in meters), transmit power (Pt in watts), and the transmit and receive antenna gains (Gt, Gr).

Pr = (PtGrGtλ2)/16π2d2
Using this formula, with a transmit power of 1 mW, antenna gains of 1, a wavelength of 0.3275 meters, a range of 100 feet or 30.48 meters, the received power is 7.31 x 10-10 watts.  Converting this to dBm gives -61.36 dBm.
Converting the transmit and receive power levels to dBm you can calculate the path loss.

Path loss in dB = Pt – Pr = 0 dBm -61.36 = -61.36.

This is a close approximation to the original calculation above.
Task

See Introduction.
Performance – Part 1
Equipment familiarization.
1. Read the manual for the TXM-900-HP3-xxx transmitter module.  Using the manual as a reference, answer the following questions:

a.
What type of analog and digital modulation is used?

b.
How many frequency channels are available?

c.
What is the typical operating power of the transmitter?  Express in both dBm and watts.

d.
What is the maximum data rate possible?  Minimum?

e.
What is the typical frequency deviation with 5 volts DC power?

f.
Can the transmitter send analog signals as well as binary?

g.
Referring to the block diagram of the transmitter, what circuit sets the operating frequency?

h.
How is the frequency of 915.37 MHz achieved with a 12 MHz crystal oscillator?

i.
What is the function of the microcontroller (µP)?

j.
What is the function of the 28 kHz low pass filter?

k.
What is the purpose of the output band pass filter?

l.
What is the output impedance of the transmitter?
2. Read the manual for the RXM-900-HP3-xxx receiver module.  Using the manual as a reference, answer the following questions:
a.
What is the receiver sensitivity?

b.
What is the receiver channel spacing?

c.
Referring to the receiver block diagram, is this receiver a superheterodyne type?  If so, what is the IF?

d.
What circuit sets the receive frequency?

e.
What frequency does the VCO need to be set to for reception on 915.37 MHz?

f.
What is the limiter circuit for?

g.
Name the filter type used ahead of the LNA.

h.
Define RSSI and explain what it is and how it works.
3. Read the manual for the LS series of encoder/decoder chips used on the transmitter and receiver boards.  This manual is not included with the HP3 development kit but can be downloaded from the Linx website at www.linxtechnologies.com.  Using the manual as a reference, answer the following questions:
a.
What is the transmit encoder used for?

b.
What is the receive decoder used for?

c.
What two data rates can be selected for encode and decode?

Performance – Part 2
Demonstrating Operation

1.
Following the instructions in the Development System manual, turn on the transmitter and receiver and show how the push buttons on the transmitter can control the buzzer and relay on the receiver board.

2.
With the transmitter off, measure the RSSI output voltage on the receiver with the digital multimeter.  This is the RSSI pin on the J1 header.

3.
Separate the transmitter and receiver by about 100 feet.  Turn the transmitter on and hold down the buzzer button while a colleague measures the RSSI voltage.  To what power level does your measurement correspond?  (See the receiver module manual.)

4.
Turn off the transmitter and receiver. 

Performance – Part 3
Calculating the Link Budget and Measuring Range

1.
Use the earlier given formulas and calculate the line of sight attenuation over a fixed range of 100 feet.

2.
Using the transmitter power and receiver sensitivity figures, determine what the approximate received power will be.

3.
Confirm your calculation by using the Friis formula.  Assume antenna gains of 1. 

4.
Separate the transmitter and receiver by 100 feet.  Turn both units on.

5.
Turn on the transmitter and have an associate measure the RSSI output.  Convert to received power.

6.
How do your calculated and measured values compare?  Explain possible reasons for major differences.

7.
An optional exercise is to test the maximum range of the transmitter and receiver.  Over a clear line of sight path, preferably on a road where distance can be conveniently measured with a car odometer, continually push the transmit button for the buzzer and not the receiver response at different distances.  When the buzzer no longer responds to the transmit signal, the maximum range has been reached.  Measure the distance with a car odometer.

8.
Another option is to check the range when transmitting through walls, cars, trees, or other obstacles.  How is the range affected in each case?
Performance – Part 4
Antenna Tests
Antennas radiate their signal in unique patterns depending upon the type of antenna, its orientation, and the effects of surrounding objects.  In this part of the experiment you will determine the radiation patterns of common antenna types, investigate the effect of horizontal and vertical polarization.
1.
Study the antennas on the Linx transmitter and receiver modules. 



a.
What type of antennas are these?



b.
What is the polarization?

2.
Turn on the transmitter and receiver.  Separate the modules by about 100 feet.  Turn on the transmitter and measure the RSSI voltage at the receiver.  Use this as your reference point.

3.
Replace the antenna on the receiver module by unscrewing it from its connector.  In its place install the Linx dipole antenna with its cable and connector.

4.
Repeat step 2 with the dipole oriented vertically.  Do not hold the antenna in your hand while making this measurement.  Tape the antenna to a nearby non-metallic surface or otherwise secure it.  How do the two RSSI measurements compare?  Explain.

5.
Now orient the dipole horizontally.  Repeat step 4.  How do the readings on the vertical and horizontal placements compare?  Explain.
Assessment & Grading
It is the instructor’s decision as to how students’ learning will be assessed and how this activity is graded.  No specific assessment or grading information is included in the student lab guide.  You may choose to integrate the sample assessment and grading guide below:
Answer Key

Performance – Part 1
Equipment familiarization.
1. Read the manual for the TXM-900-HP3-xxx transmitter module.  Using the manual as a reference, answer the following  questions:

a.
 What type of analog and digital modulation is used?  

FM for analog and FSK for digital.

b.
How many frequency channels are available?


100 serial, 8 parallel.

c.
What is the typical operating power of the transmitter?  Express in both dBm and watts.


0 dBm or 1 mW with a range of ± 3 dBm or ± 2 mW.
d.
What is the maximum data rate possible?  Minimum?


56 kbps maximum, 100 bps minimum.

e.
What is the typical frequency deviation with 5 volts DC power?


115 kHz

f.
Can the transmitter send analog signals as well as binary?


Yes.

g.
Referring to the block diagram of the transmitter, what circuit sets the operating frequency?


The PLL frequency synthesizer.

h.
How is the frequency of 915.37 MHz achieved with a 12 MHz crystal oscillator?


The PLL synthesizer uses a specific divide ratio on the output to achieve the frequency using a 12 MHz crystal reference.

i.
What is the function of the microcontroller (µP)?


The microcontroller manages the PLL and its channel programming.

j.
What is the function of the 28 kHz low pass filter?

This filter smoothes or rounds the serial data to be transmitted to minimize the number of harmonics and thereby limits the bandwidth of the signal.

k.
What is the purpose of the output band pass filter?

The output filter eliminates unwanted harmonics to prevent interference to other nearby signals.

l.
What is the output impedance of the transmitter?


50-ohms

2. Read the manual for the RXM-900-HP3-xxx receiver module.  Using the manual as a reference, answer the following  questions:
a.
What is the receiver sensitivity?


-100 dBm typical.
b.
What is the receiver channel spacing?


250 kHz

c.
Referring to the receiver block diagram, is this receiver a superheterodyne type?  If so, what is the IF?


Yes, the receiver is a dual conversion superheterodyne.  It has two IF’s:  34.7 MHz and 10.7 MHz.

d.
What circuit sets the receive frequency?


The PLL frequency synthesizer.

e.
What frequency does the VCO need to be set to for reception on 915.37 MHz?


880.67 MHz

f.
What is the limiter circuit for?


To cut off any amplitude variations and noise.

g.
Name the filter type used ahead of the LNA.


Surface acoustic wave (SAW).

h.
Define RSSI and explain what it is and how it works.


The Received Signal Strength Indicator is a circuit that detects the amplitude of the received signal, scales it, and produces a proportional DC output voltage.  The output varies over a 1.1 to 2.7 volt range roughly linear with the signal strength in dBm.

3. Read the manual for the LS series of encoder/decoder chips used on the transmitter and receiver boards.  This manual is not included with the HP3 development kit but can be downloaded from the Linx website at www.linxtechnologies.com.  Using the manual as a reference, answer the following  questions:
a.
What is the transmit encoder used for?

To generate a 4-bit code to be transmitted with a simple protocol with a start and stop bit.

b.
What is the receive decoder used for?

To recognize the transmitted 4-bit code and generate a simple binary output in response.

c.
What two data rates can be selected for encode and decode?


2400 bps and 9600 bps.

Performance – Part 2
Demonstrating Operation

1.
Following the instructions in the Development System manual, turn on the transmitter and receiver and show how the push buttons on the transmitter can control the buzzer and relay on the receiver board.

2.
With the transmitter off, measure the RSSI output voltage on the receiver with the digital multimeter.  This is the RSSI pin on the J1 header.
The RSSI voltage should be about 1.3 volts corresponding approximately to -105 dBm of power.  This is the noise level.
3.
Turn off the transmitter and receiver. 

Performance – Part 3
Calculating the Link Budget and Measuring Range

1.
Use the earlier given formulas, confirm the calculations for the line of sight attenuation over a fixed range of 100 feet.

2.
Using the transmitter power and receiver sensitivity figures, determine what the approximate received power will be.


According to the previously explained calculation the RSSI reading should produce a received power of about -61 dBm.

3.
Confirm your calculation by using the Friis formula.  Assume antenna gains of 1. 

4.
Separate the transmitter and receiver by 100 feet.  Turn both units on.

5.
Turn on the transmitter and have an associate measure the RSSI output.  Convert to received power.


The RSSI value was 2.4 volts that translates to a received power of about -58 dBm.  This is reasonably close to the expected value.
6.
How do your calculated and measured values compare?  Explain possible reasons for major differences.


The received power should be close to the calculated value.  Measurement errors account for most deviations.  Examples are errors in range measurement.  Imprecision of the RSSI circuit in the receiver.  The actual transmitter power may be a bit lower than or higher than the 0 dBm used in the calculation.

7.
An optional exercise is to test the maximum range of the transmitter and receiver.  Over a clear line of sight path, preferably on a road where distance can be conveniently measured with a car odometer, continually push the transmit button for the buzzer and not the receiver response at different distances.  When the buzzer no longer responds to the transmit signal, the maximum range has been reached.  Measure the distance with a car odometer.

8. 
Another option is to check the range when transmitting through walls, cars, trees, or other obstacles.  How is the range affected in each case?


The signal strength will continue to drop with distance until no signal is received.  The maximum range is about 1000 feet and that will vary with terrain.  Signals through walls, trees, fences, etc., will also significantly limit range.

Performance – Part 4
Antenna Tests
Antennas radiate their signal is unique patterns depending upon the type of antenna, its orientation and the effects of surrounding objects.  In this part of the experiment you will determine the radiation patterns of common antenna types and investigate the effect of horizontal and vertical polarization.
1.
Study the antennas on the Linx transmitter and receiver modules. 



a.
What type of antennas are these?




Quarter wave ground plane antennas



b.
What is the polarization?




Vertical

2.
Turn on the transmitter and receiver.  Separate the modules by about 100 feet.  Turn on the transmitter and measure the RSSI voltage at the receiver.  Use this as your reference point.


RSSI should be about 2.4 volts that represents about -58 dBm received power.

3.
Replace the antenna on the receiver module by unscrewing it from its connector.  In its place install the Linx dipole antenna with its cable and connector.

4.
Repeat step 2 with the dipole oriented vertically.  Do not hold the antenna in your hand while making this measurement.  Tape the antenna to a nearby non-metallic surface or otherwise secure it.  How do the two RSSI measurements compare?  Explain.


The received RSSI value was 2.2 volts that is about -55 dBm.  The reading with the vertical dipole should theoretically be the same as with the vertical antenna.  This is close but somewhat less.  The loss in the transmission line may account for this difference.

5.
Now orient the dipole horizontally.  Repeat step 4.  How do the readings on the vertical and horizontal placements compare?  Explain.


The RSSI value was 1.7 volts that translates to a received power of -85 dBm.  Because one antenna is horizontal and the other vertical, the signals will not be optimally received.  Misaligned antennas greatly attenuate the signal.  Still, a signal is received because of the imprecise orientation and the flukes of wave propagation.

6
Short Range Wireless Experimentation 
Rev. 08/03/10
Electronic Communications

