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EC581 DSP Projects: Lab Project #9

Dept. of Electrical and Computer Engineering

Rose-Hulman Institute of Technology
The Great DSP Scavenger Hunt!
Last Modified on 7/29/00 (KEH)

Note: This little exercise in creative fiction writing contains many “inside jokes” that are quite campus-specific.  I am sure that similar stories could be easily written that apply to other campuses.  Actually, I became interested in the general problem of removing noise from audio recordings because of three noise-obscured audio cassette tapes that have been brought to me by the police over the last few years.  With the recent availability of cheap and small DSP chips, audio noise reduction problems are once again becoming a hot research area, since it has now become cost-effective to apply such techniques to hearing aid technology!


The ROSE BRAMBLE - EXTRA EDITION

NEWS FLASH!  The personal fortune of the late Tony Hooverman was STOLEN last night from his summer home located near Sillyville, across from Sam Hulbert Institute of Technology by a weird man from Atlanta named Wane Patch-it.  Fortunately, some Lambda Alpha Chi (LAX) Pig Week Party-goers noticed Patch-it sneaking across the Bash with a half-gallon BigFoot Pepsi in one hand and a laundry-bag, leaking five-dollar bills, in the other!  They chased him into Moench Hall, and then they called SHIOT Security Chief, Gary Florid via Handie-Talkie.  By the time Gary arrived, he found Patch-it strolling through Moench Hall with an EMPTY LAUNDRY BAG!

Since the evidence was only circumstantial, Florid could not arrest Patch-it, so instead, he decided to buddy up to Patch-it, in the hopes that he would eventually spill the beans.   Florid and Patch-it went over for a quick swim at the SRC, but the coed at the front desk looked up from her laptop only long enough to explain that the pool was unexpectedly closed, as usual.   So they decided to go for a short beer at the Worx Snack Bar instead.  After five short beers, Wane Patch-it's tongue began to loosen, and he started to brag to Gary about his nefarious criminal deeds.  But what Wane did not know was that Gary was secretly pressing the transmit button of his Handie-Talkie, and that Patch-it’s words were being broadcast back to SHIOT Security Headquarters, where they were being tape recorded!   Unfortunately, the loud noises emanating from the boisterous revelry at the LAX Pig Roast party kept interfering with the taping back at SHIOT Security Headquarters!

Tape Transcript:  "Well at first I felt I was running out of time, so I hid a bill at  (1. a sustained high note being sung). Then I was feeling very dry, so I hid one (2. Sustained low note being sung), Then, heh heh, I followed some Jolly old professor wearing the Santa cap and (3.  BOING!). But next I knew I was doing something cool when I  hid one in the (4.  BLAAAAP!)  Then I decided to talk while I was getting high, so I put one inside the (5. BLEEP!), then, I took the pause that refreshes, and then I washed my hands of the whole matter (6. Glaarp!),  Next I tried to put my money away, but it would not take it, so I hid one behind the (7. BOOOOOP).   Then I rested my tired feet in a place that smelled kind of funny. I hide one under (8. YOWP!)  Then I saw something really UGLY – probably the ugliest thing in the halls of RHIT, and I  I stuck a bill to the side of (9. BURP!). Finally, I jogged over to hear Jean, but it was the wrong week, so I (10. GLEEB!)…. then Gary Florid’s Handy-Talkie battery finally bit the dust, and the transmission abruptly ended….!

EE581 Lab Project #9

Here are digitized sound clips (in .WAV format) of the noise-obscured segments of the noisy tape (sampled at a rate of fs = 15,000 samples per second) in standard .WAV file format.  Each of these messages indicates the location of a $5.00 bill hidden somewhere around the campus!  Your job is to digitally process these segments to reduce the noise enough to make them intelligible.  You will find these “.WAV” clips located in the class Novell directory in the Lab 9 folder at the beginning of lab period (not before!).  Using whatever DSP tools you have worked with this quarter that you deem appropriate. Your lab report memo must describe how you “cleaned up” each of the segments: what signal processing steps you took for each one, as well as a written transcript of what each message says.  You will be graded on how many of the messages you were able to decipher and how well you were able to clean them up.  You may be asked to play your cleaned up segments to the lab instructor next week, so be sure to save your final results on your Novell directory!  You are required to clean up AT LEAST FOUR of these 8 segments!

You will probably find it helpful to start by observing the frequency-domain content (by taking the FFT) of your signal over a number of smaller "frames".  You can look for consistent "noise peaks" that might be notched out, or signal bands that might be band-pass filtered.  The results of your frequency domain study may suggest the application of one or more digital filters in succession to your data to "notch out" noise, or to enhance the signal.  Probably the successive application of several filters....LPF, BPF, HPF, and/or Notch  (Band Stop) filters will be useful in your work!  Remember when using QEDESIGN, MATLAB, or the Hyperception Filter Design Program to design the necessary filters, be sure to specify a sampling frequency of 15,000 Hz.  

Probably the best filter to apply first is a “300 – 3000 Hz” bandpass filter (or some even more restricted frequency range), in order to eliminate out of band noises.  We have already found that such a filter makes the voice sound like it “came over a telephone”, but still permits the speech to be understood and the speaker to be recognized.  We may conclude that audible speech is concentrated in this band of frequencies.  When designing a band stop filter to “notch out an interfering frequency”, be sure the notch is wide enough to “catch” the interfering frequency, but not so wide that it excludes too much of the audio signal’s frequency content.  Also, be sure that the stop band attenuation is great enough to suppress even rather loud noise (at least 60 dB is best).  

When playing back the processed signal using Hyperception Ride 4.2, remember to check the “Infiinite Loop” playback option, as discussed in Lab Project 8.  This allows the message to repeat over and over again, until you hit the <Escape> key to stop playback.

Remember to keep track of what signal processing steps you have tried for each message segment, in order to aid you in writing your lab report memo!

-----------------------------------------------------------------------------------------------------------

Incidentally, other investigators have also been hired, and the Hooverman estate has graciously offered to let your KEEP any five-dollar bills that you may find.  If and when you find a bill, 

PLEASE ENTER THE DATE AND TIME OF YOUR DISCOVERY, YOUR NAMES, AND THE LOCATION THE BILL WAS FOUND IN, ON THE FRONT DOOR OF THE DSP LAB, SO OTHERS WILL KNOW THAT THIS BILL HAS BEEN FOUND!
Well, now you have read all of this, it is time to get started, "Ladies and Gentlemen......START YOUR COMPUTERS!!!!!......."

GOOD LUCK TO YOU ALL..................






--- Tony H.
