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9 Amplitude Modulation with Additive Gaussian White Noise 

9.1 Summary 
This laboratory exercise has two objectives.  The first is to gain experience in implementing a white 
noise source in LabView.  The second is to investigate classical analog amplitude modulation [1] and 
the effects of noise on the modulated signal envelope. 

9.2 Background 

9.2.1 Additive Gaussian White Noise  
Additive white Gaussian noise (AWGN) is used to simulate the effect of many random processes too 
complicated to model explicitly. These random processes are the result of many natural sources, 
such as:  

 Thermal noise is the result of vibrations of atoms in conductors resulting thermal energy; 

 Shot noise is the result of random fluctuations in the movement of current in discrete 
electric charge quanta or electrons. 

 Electromagnetic radiation emitted by the sun, earth and other large masses in thermal 
equilibrium. 

 In the case of this lab, the distance between the transmitter and receiver, and background 
radiation from other nearby transmitters. 

AWGN is also used to simulate other types of noise such as background noise and interference 
between other transceivers in the network. 
 
The model is assumed to be linear so that the noise can be super imposed or added to the message 
or modulated signal. A white noise process is assumed to uniformly affect all frequencies in the 
signal’s spectrum. When the noise only affects a part of the spectrum it is referred to as colored 
noise. The noise in the time-domain results in a sequence of random terms that are added to the 
signal’s amplitude. These values are determined by sampling a random process with a zero-mean-
normal distribution. A mean of zero is used since the process is not expected add a dc bias. A normal 
distribution is used because of the central limit theorem [2].  This theorem states that a random 
process that is sum of a large number of random variables tends toward a normally distribution 
random process. 
 
All this said, for the purposes of this lab it is a good enough approximation of background radiation 
sources and can easily illustrate its effects on an AM radio station channel. 
 
The AGWN is simulated using a pseudorandom number generator whose statistical profile is 

 2,0 N , where 
2  is the variance of random number generator whose output conforms to the 

following probability density function. 
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A “pseudorandom number generator” is an algorithm for generating a sequence of numbers that 
approximates the properties of random numbers. In terms of random number generation, the 
sequence is not truly random in that it is completely determined by a relatively small set of initial 
values, called the pseudorandom number generator state, which includes a truly random seed.  
Although sequences that are closer to truly random can be generated using hardware random 
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number generators, pseudorandom numbers are important in practice for their speed in number 
generation and their reproducibility. 
 
This is done using the Box-Muller Transformation, which uses two random variables to represent the 
angle and the radius of a circle.  The radius and the angle (U1 and U2) are generated as independent 
random variables that are uniformly distributed over the interval (0, 1].  When transformed back 
into a two-axis Cartesian coordinate (61), the coordinates represent two independent random 
variables with a standard normal distribution on the interval (0, 1]. 
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In LABVIEW this is implemented with the Gaussian White Noise Waveform VI (Fig. 128). 
The standard deviation can be estimated using a spectrum analyzer to observe the noise floor (Fig. 

126). The standard deviation is calculated using (19).  For the purposes of the lab you will want to 
set this at specific values to assess the impact of noise on the AM receiver.  
 

 

Fig. 126: Noise Floor Measurement 

 
  FloorNoise 2  (62) 

 
In addition to measuring the noise floor, the signal-to-noise and distortion ratio (SINAD) can be 
used to measure the residual noise and distortion in a signal after being filtered or, in the case of a 
transmitter, the amount of noise and distortion introduced as a result of modulation.  SINAD is 
defined as the ratio (63) of the RMS energy of the received noisy signal to the RMS energy of 
received noisy signal less the energy in the fundamental frequency, expressed in dB. This implies 
that the higher the ratio is, the lower the power of the noise would be. As you will see in the lab, this 
implies the receiver will have a better chance of detecting the envelope. 
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9.3 Pre-Lab 

9.3.1 Transmitter 
Your task is to add a data entry pane to the transmitter template (Fig. 127) to allow addition of white 
Gaussian noise to the amplitude modulated signal in AM_Noise_Tx_Template.vi. 
 

Noise Floor at 
0.005dBm
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Fig. 127: Transmitter VI Template Front Panel 

a) Generate a white noise source using the “Gaussian White Noise Waveform” VI (Fig. 128).  
The VI generates a Gaussian distributed pseudorandom pattern with a mean of 0 and a 

standard deviation (), where   is the absolute value of the chosen standard deviation. The 
value of the standard deviation input is controlled by a switch and case structure as 
explained in the coming paragraphs. The sampling information for the generated white noise 
should be kept the same as the message signal generated by the basic multi-tone. 

 

 

Fig. 128: Gaussian White Noise Waveform VI 

b) Insert a switch and round LED indicator on the front panel to activate or deactivate noise 
addition from the front panel. So when you want the noise to be added, you would turn the 
switch to the “On” position and the LED indicator would turn “Green”. These controls can be 
found in the Front Panel Boolean Controls Palette and wired as shown in Fig. 129. 
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Fig. 129: Boolean Switch and LED Palette Location and Wiring 

c) Design a case structure that relates to the “On” and “Off” positions of the switch. In the 
“On” position, the standard deviation terminal of the Gaussian White Noise Waveform 
Generator should receive the value of “Standard Deviation” set up from the front panel, and 
zero otherwise. 

d) Get the data values of the generated noise using a “Get Waveform Components” VI and add 
them to the complex form of the scaled baseband signal.  

e) Write the noisy signal to the “niUSRP Write Tx Data” VI buffer for transmission.  
f) Do a quantitative noise analysis by feeding the noisy signal to the “signal in” input of the 

“SINAD Analyzer” (Fig. 130). Set the export mode value to “input signal”. For output, display 
the mean of 100 SINAD values using the “Mean PtByPt” VI (Fig. 131). 
 

 

Fig. 130: SINAD Analyzer VI 

To Case Statement
1) Select  Switch  and Round LED 
from Front Panel Controls Menu

2) Arrange the LED and switch on the 
front panel

3) Arrange the LED and switch in the 
block diagram
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Fig. 131: Mean PtByPt VI 

g) Plot the noisy signal in time and frequency domains using the waveform charts and “FFT 
Power Spectrum and PSD” VI (Fig. 132) provided.  
 

 

Fig. 132: FFT Power Spectrum and PSD VI 

e) Save your transmitter in a file whose name includes the letters “AM_Tx_Noise” and your 
initials.  

9.3.2 Receiver 
The task is to design a Boolean or digital circuit that allows the selection of no filter, a Chebyshev 
low-pass filter, or a Butterworth low-pass filter to extract the tones in the transmitted signal’s 
envelope.  A template for the receiver has been provided in the file AM_Noise_Rx_Template.vi (see 
Fig. 49). 
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Fig. 133: Receiver VI Template Front Panel 

a) The Front Panel controls for the filter selection logic require you to construct the switching 
network shown in Fig. 134.  The network implements the following logic table. The name 
given on the front panel will be assigned to the switch and indicator VIs. 
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Table XXIV – Switch and LED Settings 

Switches Indicator LEDs 

Low Pass on Filter Selector Low Pass On Chebyshev Butterworth 

Off Chebyshev Off On Off 

Off Butterworth Off Off On 

On Chebyshev On On Off 

On Butterworth On Off On 

 

 

Fig. 134: Filter Selection Logic 

The switches will be used to drive the nested Case Structures illustrated in Fig. 135.  The 
nested Case structure is driven by the “Low-pass Filter On” switch.  When the “Low-pass 
Filter On” is in the off position, the signal from the band-pass filter should be passed through 
with no filtering.  When the “Low-pass Filter On” is in the on position, the signal is passed 
through the selected filter.  Remember to put the right filter in the right case structure pane. 

To outside case 
statement

To inside case 
statement
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Fig. 135: Nested Case Structure for Filter Selection 

b) As in Lab 5 the filters will be found on the Filters palette shown in Fig. 136.  Unlike before, 
you will make the “Order” and “Low Cutoff Frequency” for the Butterworth filter into control 
inputs from the main panel.  This can be done by selecting the desired input for the VI on the 
left-hand side of the block and right clicking and selecting the create control option as shown 
in Fig. 137.  For the Chebyshev filter, control inputs are the parameters “Order”, “Low Cutoff 
Frequency” and, “Ripple”. 

 

Fig. 136: Filters Palette 

From Bandpass

To outside case 
statement

From Sample Info

Filtered 
Signal

Filtered 
Signal

Filtered 
Signal

Outer Case Structure is FALSE

Outer Case Structure is TRUE

Inner Case Structure is FALSE
(Chebyshev Filter)

Inner Case Structure is TRUE
(Butterworth Filter)

From Bandpass

To outside case 
statement

From Sample Info

To inside case 
statement

From Bandpass

To outside case 
statement

From Sample Info

To inside case 
statement

Outer Case Structure is TRUE
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Fig. 137: Creating a Control for an Input 

c) Save your receiver in a file whose name includes the letters “AM_Noise_Rx” and your 
initials. 

9.4 Lab Procedure 
Test your designed transmitter and receiver VIs for this lab by following the undermentioned steps.  

1. Run LabVIEW and open the transmitter and receiver VIs that you created in the pre-lab. 
2. Connect the computer to the USRP using an Ethernet cable. 
3. Open the NI-USRP Configuration Utility found in the National Instruments directory under 

programs files as shown in Fig. 138. Be sure to record the IP addresses since you will need 
them to configure your software. 

 

Fig. 138: Finding the IP Address: Radio Connectivity Test 

Low Cutoff Frequency fl

1) Place cursor on 
terminal (terminal 
label will appear) 

2) Right Click and menu 
will appear

3) Control  on the front panel

1. Select All Programs 
from menu 

2. Select the NI-USRP 
Configuration Utility 
from the National 
Instruments directory

3. Select Find Devices and record the IP 
address of the radio or radios since you 
will need them to configure the 
software in the lab.
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If the IP address does not appear in the window then check your connections and ask the 
Teaching Assistant (TA) to verify that the LAN card has been configured correctly. 

 
4. Connect a loopback cable between the TX 1 and RX 2 antenna connectors. Remember to 

connect the attenuator to the receiver end. 
 

  

Fig. 139: Broadcast Setup 

5. Ensure that the transmitter VI is set up correctly, using the following parameters:  
 

Table XXV – Transmitter Parameters 

Parameters Values 

Device Name: 192.168.10.x 

Carrier Frequency: 915.1 MHz 

IQ Rate: 200 kHz 

Gain: Use default. 

Active Antenna: TX1 

Message Length: 200,000 samples 

Modulation Index: Start with 1.0. 

Start Frequency, Delta Frequency, Number of Tones: 1kHz, 1Hz, and 3. 
 

6. Ensure that the receiver VI is set up correctly, using the following parameters: 
 

Table XXVI – Receiver Parameters 

Parameters Values 

Device Name: 192.168.10.x 

Carrier Frequency: 915 MHz 

IQ Rate: 1 MHz 

Gain: 0 dB 

Active Antenna: RX2 

Number of Samples: 200,000 samples 

 
7. Run the receiver VI.  LED “C” will illuminate on the USRP if the radio is receiving data.   
8. Run the transmitter VI. LED “A” will illuminate on the USRP if the radio is transmitting data.   
9. After a few seconds, stop the receiver using the STOP button, then stop the transmitter.  

Note: Use the large STOP button on the front panel to stop transmission; otherwise the 
USRP may not be stopped cleanly. 
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10. Rescale the baseband spectrum graph to check the frequency content. It should be similar to 
the original message signal.  
 

11. Use the horizontal zoom feature on the graph palette to expand the “message” waveform in 
the transmitter VI and the “baseband output” waveform in the receiver. Both waveforms 
should be identical, except for scaling and the fact that the receiver output has a DC offset. 

  

Important set-up notes: 
 Make sure the global set-up configuration has been performed before interfacing with the 

USRPs.  
 Make sure the Tx and Rx VIs are always set to the same carrier frequency whenever you pair 

them up to communicate (see Table XXVand Table XXVI).  
 Transmission should start after receiving workstations are ready to receive. 
 Verify that the device name fields in both Tx and Rx VIs are set to the IP address of the URSP in 

use (see Fig. 49) 
 Make sure to connect the provided attenuator between the receiver USRP’s Rx input and the 

loopback-cable. The attenuator is used to decrease the power level of the transmitted signal in 
order to avoid a high power signal at the receiver’s end, due to the radios’ proximity. 
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9.4.1 Worksheet: The Effect of Varying the Noise Level 
Transmitter (Fig. 141) and receiver (Fig. 141) setups: 
 

1. Set the transmitter to use one of the three tones. (Please note that using more than one 
tone will make it very hard to make the observations.) 

2. Set the Start Frequency to 1 kHz. 
3. Set the Standard Deviation (Fig. 140) to the first value in the worksheet table Table II below. 

 

 

Fig. 140: TX Front Panel Noise Configuration Setup 

4. Set the order of the Butterworth filter to 5. 
5. Set the low-pass cut-off frequency to 5000Hz. 
6. Set the order of the Chebyshev filter to 5. 
7. Check the Ripple is set to 0.1 Hz. 
8. Set the low-pass cut-off frequency to 5000Hz. 
9. Start the receiver VI. 
10. Start the transmitter VI. 
11. Set the transmitter’s Start/Stop Noise switch to the “On” position. 
12. Set the low-pass switch to the “On” position.  
13. Set the Filter Selection switch to the “Chebyshev” position. 
14. Observe the SINAD value and record it on the data sheet. 
15. Observe the wave received waveform and the spectrum and record whether the received 

wave form is recovered or not.  Use a scale from 1 to 5, where 1 indicates that the waveform 
is entirely obscured by the noise, and 5 indicates that the waveform looks like the 
transmitted waveform. 

16. Observe the noise floor and record it. 
 
After each set of observations, reset the noise standard deviation to the next value in the table 
and record the measurements as described in steps 14, 15, 16. 
 

Number of TonesStart Frequency

Standard Deviation

Noise Switch
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Fig. 141: RX Front Panel Filter Configuration 

Table XXVII – Effect of Varying the Noise Level 

Standard 
Deviation 

SINAD Signal Quality 
(1  to 5) 

Noise Floor 

0.0    

0.1    

0.2    

0.3    

0.4    

0.5    

0.6    

0.7    

0.8    

0.9    

1.0    
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9.4.2 Worksheet: The Effect of Low-pass Order on Envelope Detection  
Transmitter (Fig. 141) and receiver (Fig. 141) setups: 

1. Set the transmitter to use one of the three tones. (Please note that using more than one 
tone will make it very hard to make the observations.) 

2. Set the start frequency to 1 kHz. 
3. Set the standard deviation of the transmitter VI (Fig. 140) to 0.1. 
4. Set the order of the Butterworth filter to the first value in the worksheet table (Table XXVIII) 

below. 
5. Set the low-pass cut-off frequency to 5000Hz. 
6. Set the order of the Chebyshev filter to the first value in the worksheet table below. 
7. Check the ripple is set to 0.1 Hz. 
8. Set the low-pass Frequency Cutoff to 5000Hz. 
9. Start the receiver VI. 
10. Start the transmitter VI. 
11. Set the transmitter’s Start/Stop Noise switch to the “On” position. 
12. Set the low-pass switch to the “On” position. 
13. Set the filter selection switch to the “Chebyshev” position. 
14. Observe the SINAD value and record it on the data sheet. 
15. Observe the received waveform and the spectrum and record whether the received wave 

form is recovered or not.  Use a scale from 1 to 5, where 1 indicates that the waveform is 
entirely obscured by the noise, and 5 indicates that the waveform looks like the transmitted 
waveform. 

16. Set the Filter Selection switch to the “Butterworth” position. 
17. Observe the SINAD value and record it on the data sheet. 
18. Observe the received waveform and the spectrum and record whether the received wave 

form is recovered or not.  Use a scale from 1 to 5, where 1 indicates that the waveform is 
entirely obscured by the noise, and 5 indicates that the waveform looks like the transmitted 
waveform. 

 
After each set of observations, reset the filter order to the next value in the table, and record the 
measurements. 
 

Table XXVIII – Effect of Low-Pass Filter Order on Envelope Detection 

Filter  
Order 

Chebyshev 
SINAD 

Chebyshev 
Quality 
 (1  to 5) 

Butterworth 
SINAD 

Butterworth 
Quality 
 (1  to 5) 

2     

5     

10     

15     

20     

25     

50     
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9.5 Lab Write-up 
 

Performance Checklist 
Amplitude Modulation with noise 

Short Answer Questions 
1. What happens to the AM signal if the noise floor is high? 
 
 
 
 
 
 
 
 
 
2. What is the relationship between increased filter order and type of filter, and recovering the 

signal? 
 
 
 
 
 
 
 
 
 
3. What are other options, besides changing the low-pass filter, do you have to overcome the 

noise? (Hint: The Signal to Noise and Distortion Ratio) 
 
 
 
 
 
 
 
 
 
Performance Measures 

Task Standards Sat/Unsat 

Worksheets and Short 
Answer Questions  

Quality of answers and data collected.  

Running VIs  Successful transmission and reception of tones.  

Wiring of terminals Clarity of Tx and Rx VI layouts.  

 
Discussion 
Did all configurations perform as expected?  
Did you have any difficulties completing the lab? 
Did your TA provide enough guidance? 
Do you have any recommendations to improve the lab? 
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