PE

Signal-to-Noise Ratio
A Practical Exercise Name:

I. Purpose.

The purpose of this lab is give you a feel for what is meant by signal-to-noise ratio. You will
look at a sinusoid corrupted by various amounts of noise. Then you will connect an audio
source and listen to it with the addition of noise at various levels.

II. Equipment.

2 headphone to banana plug (male)

1 Radio shack mini-amplified speaker
Standard Lab Bench setup

III. Preparation

Signal-to-noise (S/N) ratio or SNR is a measure commonly employed in communications
systems indicating the relative strength of a signal to the strength of the noise. For a signal
with a high SNR, the amplitude of the desired signal is much larger than the noise present.
SNR is express in decibel form as follows:

V.
SNR = 20log—=
A\
where Vs and Vi are the signal and noise rms voltages. Noise can take many forms, but for
today’s PE we will be considering additive white Gaussian noise.

The circuit we will construct consists of two function generators and a speaker as shown in
Figure 1.
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Figure 1: Circuit setup for producing signal + noise

For the “signal” we will configure the first function generator to produce a 400-Hz sinusoid
with an initial amplitude of 500-mV:ms. For the “noise” we will configure the second function
generator to output a random noise waveform.



Complete the table below by calculating the amplitude of Vs or Vi required to produce the
indicate value of SNR.

SNR (dB) Vs (MmVims) Vn (MVims)
30 630 20
20 200
10 100
0 200
-10 200

IV. Lab Procedure.

Constructing the circuit

Connect the equipment as indicated in Figure 2 with bottom function generator providing the
“signal” and the top function generator producing the noise. For the signal source Vs, set the
bottom function generator to produce a 630-mV:ms, 400-Hz sine wave. For the noise source
Vn, set the top function generator to produce a 20-mV:ms noise signal (set the amplitude to 20-
mV:ms and press the button labeled “NOISE”.) Connect the speaker as depicted and adjust the
speaker volume to a reasonable level.

Figure 2: Circuit setup for producing signal + noise
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Connect CH1 of the oscilloscope as indicated, press AUTOSET on the oscilloscope and change
the following settings:

Horizontal: Set to 250 psec/div.
Acquire: Press the ACQUIRE button then select SAMPLE from the onscreen menu.

Examining the signal and the noise together

For each of the plots below, use the previously calculated values of Vs and V to produce a
signal with the indicated SNR. In order to produce a consistent picture as we vary the
amplitude of the 400-Hz signal, we will need to use the fine adjustment for vertical scaling of
channel 1. On the oscilloscope, press the “CH1 MENU” button which will change the menu on
the right side of the screen menu. The button adjacent to the “Volt/div”’ menu item allows you
to cycle between “Coarse” and “Fine” adjustment. For each SNR sketch below, you should use
the fine setting to adjust the waveform until the peak-to-peak value of the signal (without
noise) occupies 4 vertical divisions. Sketch the waveform being careful to represent the
“thickness” of the noise on the signal.

SNR =30 dB SNR =20 dB SNR =10 dB

SNR =0 dB SNR = -10 dB
Determining the threshold of perceptibility
At a sufficiently high SNR, the noise level is so low that it become imperceptible audibly. Set
the amplitude of the 400-Hz tone to 500-mVns and reduce the amplitude of the noise until it
just becomes imperceptible.

At what amplitude does the noise become imperceptible?

What is the SNR (dB) at this level? o

Page 3 of 5



Audio signal

In this part of the lab we will replace the sinusoidal source with an audio signal. Disconnect
the function generator that provides signal source Vs. Attach the headphone to banana plug
adapter to your iPod (or other audio source) and modify the setup as indicated in Figure 3.
connect the red plug to v, and the black plug to ground.

Turn on your iPod and set the volume to ~75% of its maximum. For now, turn down the noise
amplitude to its lowest level. The audio signal should be displaying on the oscilloscope, but it
may be difficult to decipher the signal. Try adjusting the horizontal SEC/D1V to 100 ms/div.
Also, using the RUN — STOP button

At what amplitude does the noise become just perceptible ?
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Figure 3: Circuit setup for producing iPod signal + noise
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V. Conclusions.

The source of noise in the PE is an example of white noise or Gaussian noise which we
commonly encounter as static on AM broadcast radio and is introduced as this signal travels
through free space.

However, we often encounter “noise” in audio signals that is not introduced in the channel.
Noise and distortion also originate from compression algorithms such as MP3, JPEG, and
MPEG. Some sources of noise are byproducts of the conversion from analog signals to digital
signals such as in digital recording for compact discs. However, in CDs this noise is kept
negligibly small. To get a sense of how small, consider the following;:

The SNR for 16-bit CD audio due to quantization error in the conversion from analog-to-digital

is roughly 96 dB. If the RMS value of a CD audio signal is S = 500-mVus, what is the RMS
value of the noise component N?

noise voltage Vy =

At what SNR value (dB) does the noise just become perceptible with the 400-Hz tone (from
earlier in this PE)?
SNR (dB)

What was the corresponding noise voltage for this SNR (assume S = 500-mVrms) ?

noise voltage V= _

What does this imply about the likelihood of noticing noise due to quantization errors on CD
audio?
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