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Purpose
The purpose of this lab is to familiarize students with the architecture and operation of a software-defined radio (SDR).
Systems Rationale

Most radios today use an embedded processor running digital signal processing (DSP) software to perform some of the primary functions of a transmitter or receiver.  The most common example is the cell phone.  However, most other radios like TV sets and others have abandoned more traditional superheterodyne methods using down conversion and up conversion in favor of direct conversion and the use of DSP to perform demodulation, modulation, filtering and other functions which in the past were implemented with discrete components or conventional integrated circuits.  Because the principles of SDR are now so widespread it is useful for the student to understand at the systems level just how these radios work.
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.
  X   
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

For a full course SLOs, click the link and click SLO tab:

http://www.esyst.org/Courses/DC-AC/_delivery/index.php   

7.  Draw a block diagram of a modern solid state radio receiver identifying all the major components and how they work.
Prerequisite Knowledge & Skills
Students should have had exposure to basic radio receiver fundamentals at the block diagram level as well as analog to digital conversion and DSP principles via a lecture, textbook readings or online instruction.

Learning Objectives
Relevant knowledge (K), skill (S), or attitude (A) student learning outcomes include:  

K1.  Define software-defined radio.
K2.  Draw a block diagram of a typical SDR receiver and identify each block and explain what it does.
K3.  State which functions of the receiver are hardware or software.
S1.  Set up a commercial SDR radio including hardware connections and software installation.
S2.  Operate the SDR receiver by tuning the receiver.
Process Overview
In this lab experiment you will set up a commercial SDR receiver by connecting it to a personal computer and installing the software.  Then you will operate the receiver to show how it can receive signals.  A key part of the operation will be using the PC screen display to show the frequency spectrum being received and how the waterfall display works.

Time Needed
Lab Performance: 

It should take students approximately 1.5 hours to work through the entire lab.

Lab Deliverables: 

It should take students approximately 1.5 hours of homework time to create the lab report.
Equipment & Supplies

	Item
	Quantity

	RFSpace SDR-IQ software defined radio (or its equivalent)
	1

	Commercial personal computer with Windows OS (XP, Vista or 7)
	1

	Antenna as provided by the instructor
	1

	Manuals supplied with the receiver and installation sheet.
	2

	Headphones (optional to avoid disturbing others in the lab)
	1


Special Safety Requirements
None

Lab Preparation
Before you can begin this experiment, you will need an antenna for the receiver.  Your instructor will have provided this for you.
Introduction
Increasingly, more radios are using software-defined techniques in lieu of older hardware methods.  Whether the radio is commercial, consumer, or military most feature SDR architecture.  That means that the receiver takes the incoming analog radio signal with its modulation then digitizes it in an analog-to-digital converter (ADC).  The digital data representing the signal and the information it carries is stored in memory.  Then a processor is used to execute one or more digital signal processing (DSP) algorithms that implement the equivalent of the analog functions like filtering, demodulation, mixing, and decompression.  The DSP may be performed with an embedded controller of the DSP type or of the standard type with DSP instructions.  Alternately, the digital data can be sent to a personal computer where the Intel Pentium or AMD Athelon processor will perform the DSP.  FPGAs are also used to perform the various DSP functions.  The received signal is then recovered and sent to amplifiers and either speakers or headsets.  In some receivers, the normal front panel of the radio is replaced by a software user interface that emulates the frequency display, tuning and other controls of a more traditional radio.
Task
In this lab experiment, you will set up and use a modern SDR receiver and analyze its architecture.  You may or may not need to install the software which may already be present on the lab PC.  You will connect the radio to an antenna and a PC then use the software user interface to tune and listen to stations.  The receiver is capable of receiving normal AM radio broadcasts as well as shortwave stations and amateur radio transmissions.  It can demodulate AM, SSB, FM, and CW (continuous wave code) signals.  Reception is through the audio output of the PC to which the receiver is attached.

Performance
1. First determine if the user interface software SpectraVue is already installed on the PC.  Look for the SV icon on the opening screen.  If the software is not present, install it from the CD following the directions on the installation sheet.  
2. Launch the SpectraVue software by clicking on the SV icon.  You should see the display. 
3. Connect the antenna to the SDR-IQ radio using a BNC connector.  
4. Connect the USB cable to the radio and then to an unused USB connector on the PC.  The red, green and yellow lights on the front panel should glow.

5. If the receiver manuals have not previously been printed out for you, go to the CD files for the Documentation and print out the SpectraVue Users Guide and read section 2.3 Basic Program Operation.  Also print out page 9 from the SDR-IQ Interface Specifications.
6. Read section 4 SDR-IQ Architecture from page 9 of the SDR-IQ Interface Specifications.

7. Go to the RFSpace website and find the detailed description of the SDR-IQ.  It shows features and specifications.  Print that out for later reference.  If the information does not print, read the information there.  Bookmark the website so you can return here to answer questions about the radio later.  Note:  You can also find the detailed description and specifications on the Universal Radio website (www.universal-radio.com ).  Look for the RFSpace SDR-IQ under the heading Shortwave Desktop Receivers.
8. Go to the Analog Devices website at www.analog.com and find the data sheets for the AD8370, AD9245 and AD6620 integrated circuits.  Print out the block diagrams and first two or three pages that describe each device and give its specifications.  You will need these for reference.
9. Now test the receiver.  Follow the direction in the manual to set the radio mode to AM.  Tune to a known local AM radio station you are familiar with you can type in the frequency of the station if you know it or tune the AM band to find it.  Refer to the manual for details on how to tune or ask your instructor for guidance.

10. Observe the spectrum display showing the signal amplitude at the station’s frequency.  Note the sidebands above and below the carrier representing the voice.  

11. Tune to another station with the mouse or type in another known frequency.
12. Set the receiver so that the waterfall display is present.  Note its action and how its color and patterns match up with the frequency spectrum display.

13. Set the receiver mode to SSB and seek out an amateur radio station.  The most likely frequency to be open is in the 14.2 to 14.3 MHz range.  Tune until you find a station in which the voice sounds like a duck.  Tune for clarity.

14. Set the receiver for CW mode.  Then tune over the 14.0 to 14.2 MHz range to find a stations sending Morse code.  You will probably not be able to understand it but just listen to what it sounds like.

15. Set the receiver for AM reception.  Tune the shortwave (SW) frequencies from about 6 MHz to 17 MHz and try to find an English speaking station.  Listen to it for a while to determine the country of origin.

16. Set the receiver to 10 MHz.  Listen to the US NIST (National Institute of Standards and Technology) time station WWV.  Check your watch or clock for accuracy.

17. Answer the questions given below.

18. Make sure to put everything you used back, in the same condition and location where you found it.  
Lab Activity Questions
Use the receiver manuals, website and any materials from the Analog Devices website to answer these questions.  Feel free to use any other references available to you such as your textbook, class notes, or Internet searches to get your answers.

1. What is the full tuning range of the radio?  Give upper and lower frequencies.

2. Note:  Refer to the block diagram of the radio from page 9 of the SDR-IQ Interface Specification manual.  Be sure to read the description of the radio operation. 
3. Why is an attenuator needed after the antenna input?
4. After the attenuator are several filters.  List each filter type and its cut off frequencies.  

5. Note that the filters are selectable with two switches on either side of the 15MHz filters.  What will be the input frequency range of the radio if the left switch is in the down position and the right switch is in the up position?
6. What is the maximum gain of the AD8370 amplifier?

7. What controls the attenuator, filter switches and amplifier gain?

8. What is the purpose of the 30 and 40 MHz filters?

9. What is the sampling time interval of the AD9245 ADC?

10. Where does the radio get its DC power for operation?

11. List four basic functions of the AD6620 IC.

12. Why are I and Q signals developed in the AD6620?

13. Where is the DSP software stored?

14. What does the vertical scale of the spectrum display indicate?

15. How is signal intensity indicated on the waterfall display?

16. After listening to the SDR-IQ radio, give a brief statement of what it is like to listen to SW signals.

Deliverables
To complete this lab experiment, perform all of the steps indicated and spend some time using the radio on different frequencies and modes.  Then using the information from the manuals, the online materials, and your own experience with the radio, answer all of the questions.  Type up your answers and submit to your instructor.

Model Deliverable Example
A model lab report will have answers to all questions and comments as requested.
Grading 
Your instructor will explain to you how this lab experiment will be graded.
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