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2 Objective 
This laboratory exercise offers a realistic application of the software defined radio (SDR). 

Within the exercise various components required for an AM receiver are logically 

selected, configured and connected together. After completing the lab you should be able 

to build an AM receiver, using software radio components and the USRP device. The 

USRP device is made up of a motherboard and daughter boards. The motherboard 

contains the necessary hardware to obtain a digital representation of the received signal 

and perform digital signal processing (DSP) techniques. A daughter board is attached to 

the USRP and will be the receiver for the motherboard. In this lab the receiver board will 

be used to obtain the desired AM radio signal. The needed software components will be 

provided to you and some properties of these will have to be changed by the student 

during the lab. The main goal of the lab is to show students a final SDR implementation 

by building and running a waveform that compromises the use of components and 

hardware. 

 

3 Version 
The lab was designed using OSSIE and OWD version 0.6.2 running on a computer or 

VM Ware image using the Fedora Core 7 operating system. The following components 

are required: USRP_Commander, Decimator, AutomaticGainControl and am_demod. 

The node default_GPP_USRP_sound_node is also required. 

 

4 Rules 
You may not collaborate with other students on the lab report. You may discuss any 

aspect of this assignment except the report with anyone, including asking questions, 

getting advice, etc. You may not share any files generated in this assignment with any 

other ECE 5674 students. Ideally, you will complete the process described in the 

procedure yourself (individually). If this is not possible due to a lack of sufficient 

machines, look on or take turns with classmates. When you have completed the exercise, 

submit a very short lab report via the digital dropbox link in Blackboard. The lab report 

should be in MS Word (*.doc), Adobe Acrobat (*.pdf), or ASCII text (.txt) format and be 

organized as follows: 

1. Your name 



2. Suggestions 

Any suggestions you have for improving this laboratory experience. 

3. Questions 

At least 2 questions regarding this lab experience (These should be 

questions not answered in this assignment sheet and relevant to the 

assignment.). Your questions will help me prepare my classroom follow-

up to this assignment, and perhaps improve future instantiations of ECE 

5674. 

4. Attestation 

The statement “I have completed the ECE 5674 Lab 1 assignment and 

complied with the rules.” or the statement “I have not completed the ECE 

5674 Lab 1 assignment or not complied with the rules.” The second 

statement requires explanation. 

 

5 Terminology 
• GPP = General Purpose Processor (e.g. the processor in a PC). 

• CORBA = Common Object Request Broker Architecture 

• SCA = Software Communications Architecture 

• OSSIE = Open Source SCA Implementation::Embedded 

• OWD = OSSIE Waveform Developer 

• Fedora Core = a freeware version of Linux available from Redhat. 

• waveform = your communications system design. 

• component = a communications system function that is implemented is software. 

Modularity of the software is desired, so components often implement very 

simple functions with multiple components connected to implement more 

complex functions. 

• device = hardware that will execute functions defined in components and 

waveform. Examples: GPPs, FPGAs, DSPs, USRP, etc. 

• node = a device or group of devices. 

• uses port = usually (but not always) an output 

• provides port = usually (but not always) an input 

 

6 Useful Unix stuff 
• pwd = print working directory 

• ls = list files 

• cd = change directory 

• <CTRL>Z = suspend process (application) 

• ./ = current directory 

• ../ = parent directory of the current directory 

• ˜ = home directory for your login. 

• / = root directory 



7 Lab Background 
In this lab you will build an AM receiver waveform by connecting the corresponding 

components and devices both physically and electronically. You will modify the 

properties for several of the software components. For better understanding, a brief 

description is as follow: 

• Software Components: 

o USRP_Commander: Allows interaction with the USRP device, setting 

parameters like frequency, gain and decimation factor. The decimation is 

performed by the FPGAs Digital Down Converter (DDC), where the 

maximum factor is 256. The USRP samples at a rate of 64 MHz, after the 

DDC it will be 250 KHz. 

o Decimator: A second step of decimation performed in software to ensure a 

frequency rate compatible with the use of a PC sound card, typically 

working at 48 KHz. 

o AutomaticGainControl: This component will attempt to keep the level of 

the signal at a consistent value. 

o am_demod: Contains the appropriated algorithm to subtract the 

information from the carrier frequency. 

• Hardware Devices: 

o GPP: Refer to the PC processor. 

o USRP: Device that contains a receiver daughter board, DAC and the 

mentioned FPGA. 

o Sound card: The board inside the PC in charge of reproducing the 

baseband signal in the speakers. 

 

8 Procedure 
• Outline 

o Build the waveform in OWD. 

� Add components to the waveform 

� Connect the components 

� Set the appropriate properties to tune the radio 

� Generate the files describing the waveform 

o Connect the USRP 

o Run the waveform in ALF to hear a local AM radio station. 

 

1. Getting Started: This section will walk you through logging into the computer and 

starting the OSSIE Waveform Developer. 

a. Boot the computer. 

b. If using the VMware image, start the the VMware player and load the 

image. Login with username ossie and password wireless. Both are 

case sensitive. The root password is wireless. 

c. Open a terminal window. 

d. Test if the CORBA naming service is running. To do this, in a terminal 

type ps –e | grep omniNames 

i. If it is running, omniNames should be listed. If it is, jump to step e 

below. 



ii. If it isn’t listed, as root type omniNames.sh to start the service. 

iii. If omniNames.sh does not exist, it needs to be created. This 

process is outlined in Lab 1, Part 1, e. 

e. Open a new terminal. Within the terminal, navigate to directory 

/sdr/tools/WaveDev/wavedev. 

f. Launch the OSSIE Waveform Developer (OWD) by typing: python 
wd.py 

2. Build the Waveform using OWD 

a. In OWD, name the waveform. Use the convention <Last_Name>_lab5. 

b. Add the following components to your design: USRP_Commander, 

Decimator, AutomaticGainControl, and am_demod. 

c. Add the default_GPP_USRP_sound_node. 

d. The following connections need to be made: 

i. USRP_Commander: RX_Control (Uses) -> Devices: USRP: 

RX_Control (Provides) 

ii. Decimator: inData (Provides) -> Devices: USRP: RX_Data_1 

(Uses) 

iii. Decimator: outData (Uses) -> Components: 

AutomaticGainControl: data_in (Provides) 

iv. AutomaticGainControl: data_out (Uses) -> Components: 

am_demod: Rx_In_from_USRP_or_Decimator (Provides) 

v. am_demod: Out_to_sound_card (Uses) -> Devices: 

soundCardPlayback: soundOut (Provides) 

vi. The waveform layout panel in OWD should now look like:  

 
e. Deploy all of the components to the default_GPP_USRP_sound_node 

node and the GPP device. 

i. Double click on the USRP_Commander in the waveform layout 

panel and click in the box next to “Node” and to bring up 

“default_GPP_USRP_sound_node” and press ENTER. Repeat the 

process for “Device” and select the GPP. 

ii. The bottom right panel in OWD should now look like: 



  
iii. Go back to the waveform layout panel and double click on the 

USRP_Commander and in the component editor click the box next 

to “Assembly Controller.” 

f. The basic layout of the waveform has been defined, now the specific 

properties need to be set. 

i. Double click on the USRP_Commander in the waveform layout 

and bottom left panel, scroll down to rx_rreq. This is the frequency 

the radio will tune to. Enter the frequency you wish to tune to in 

Hz. 

1. Double click on the rx_rreq value to bring up the property 

editor. 

2. Now click on the value field and enter the frequency. 

3. For example, a local sports station in Blacksburg is 1430 

AM, so set the value to 1430000. 

4. Close the property editor using the “Close” button. 

5. Close the component editor using the “Close” button. 

a. Note: If you close the component editor using the X 

in the upper right hand corner, you will not be able 

to edit any more components and you will need to 

restart OWD. 

ii. Now double click on the Decimator. 

1. In the properties list, double click DecimateBy and set the 

value to 10. 

2. Close the property editor and the component editor. 

iii. Double click AutomaticGainControl to set the properties. 

1. Set the following properties: 

2. rssi_pass: 10 

3. g_max: 1000 

4. g_min: 0.01 

5. k_release: 0.00001 

6. k_attack: 0.00001 

7. energy_hi: 1000 

8. energy_lo: 1000 

9. Close the property and component editors. 



iv. Save your waveform one last time. 

g. The radio now has been defined, generate the files necessary to run the 

waveform. 

i. In OWD, click Waveform -> Generate. 

ii. Navigate to /home/ossie/src/ossie-0.6.2/src/, click on 

‘waveforms’ and click OPEN. 

iii. In a terminal, navigate to /home/ossie/src/ossie-0.6.2/src/ 

and install the waveform. 

iv. At the prompt enter: 
$ ./reconf ; ./configure ; make 

    $ su -c “make install” 

    When prompted, enter the root password wireless. 

h. The sampling rate of the sound card now needs to be set to the correct rate. 

i. In a terminal navigate to /home/ossie/src/ossie-
0.6.2/src/platform/Sound_out 

ii. Open soundCardPlayback.prf.xml and look for the line “Sample 

rate of sound card playback (Hz). 

1. In the next line it will then have <value>XXXX</value>. 

2. The number between the <value> brackets needs to be 

25000. This is setting the sample rate to 25KHz in the 

sound card. 

iii. If the rate was changed, re-install the device. 

1. In the directory /home/ossie/src/ossie-

0.6.2/src/platform/Sound_out, run the following 

commands: 
$ ./reconf ; ./configure ; make 
$ su –c “make install” 

Enter the root password wireless when prompted. 

3. Connect the USRP 

a. Do not proceed past this point if you have not already completed Lab 4. 

b. For this lab you will need the main USRP Board as well as the Basic RX 

daughter board. 

c. The Basic RX daughter board must be plugged into the RXA slot on the 

USRP main board. 

d. Connect your antenna to RX-A connector on the Basic RX board. 

e. Now plug in the power cord to the USRP, and connect the USRP to the 

computer using the USB cable. 

4. Run the waveform 

a. Run nodeBooter 

i. In a terminal, navigate to /sdr and run the following command: 
nodeBooter –D –d 
nodes/default_GPP_USRP_sound_node/DeviceManager.dcd.x
ml 

b. Run ALF 

i. In a new terminal, navigate to /sdr/tools/alf and run the 

following command: python ALF.py 



c. In ALF, double click on <Last_Name>_lab5 in the “Launch Waveforms” 

panel. At this point, you should hear the AM Station playing through your 

speakers. 

i. Minimize the “Launch Components as Waveforms” panel by 

clicking on the arrow button next to it’s name. 

ii. In the “Manage Waveforms” panel, right click on 

<Last_name>_lab5 and click “Display”. 

iii. Your waveform layout will now be displayed as a block diagram in 

the large panel to the right. At this point you can click on the black 

box to the right of any block and select “Plot” to see the spectrum 

of the output at that point in the chain. 

1. Note: The USRP_Commander will not show any direct 

connections to any of the other components in the graphical 

layout, which is expected. 

 

9 Optional Extensions 
1. If you wish to tune to another radio station, go back to OWD and change the 

frequency by double clicking USRP_Commander in the waveform layout panel, 

and changing the value of rx_rreq to another station. 

2. To create a more efficient design, use two decimators. Set the first Decimator’s 

DecimateBy value to 5, then add another Decimator and set its DecimateBy value 

to 2. 

 

10 Conclusion 
This laboratory experience should have familiarized and allowed students to use OWD 

and the USRP to interact with hardware devices to create a simple SDR AM receiver. 

 


