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REVISED Project outline for senior design project to be taken in Fall 2006 - "Automated in-air sonar soundhead testing"
PROJECT OVERVIEW

Sonar soundheads built at UT Austin’s Applied Research Laboratories (ARL:UT) are typically tested in water.  Prior to deployment in water, soundheads are installed in a protective housing and the housing is filled with oil.  The preparation takes several hours to complete.

The aim of this project is to design and implement an automated, time-efficient, bench-top, in-air acoustic test routine to reduce testing time.  This routine will perform a pass/fail analysis on the sonar soundheads so that problems may be discovered and solved before housing installation.  There exists commercial tools for fast and comprehensive audio measurements [1].  However, the proposed system is different from these tools because it can also test the array electronics following the soundhead for signal conditioning, analog to digital conversion, serialization, and telemetry.  This project is sponsored by Mr. Gregory E. Allen at ARL:UT and Dr. Brian L. Evans.

DESCRIPTION OF PROJECT

Each sonar soundhead consists of numerous transmitted and received transducer elements.  The major goal for this automated testing system is to detect failures in any of the elements within a short period of time, currently projected to be 5 minutes.  Figure 1 shows the hardware block diagram for the test system.  The user will initiate a MATLAB-based test program from a workstation connected to the network.  A networked function generator is configured first with test waveforms, and then used to drive a transducer as a sound source.  The sonar soundhead under test captures the produced acoustic signal and sends digitized data to the server.


[image: image1]
Figure 1.  System Hardware Block Diagram
The test program also sends a request message to the server asking for the digitized sound data.  Upon receiving the request, the server retrieves the data and sends a reply message confirming the specifications along with the data back to the user.  The test program then processes the data to compile the desired measure statistics.  Depending on the measured results, each element will be classified as functional, not functional, or borderline/undetermined.  Statistics will be compiled from several soundheads to determine whether a particular soundhead passes.  A detailed report will be printed allowing the user to make an educated judgment on the borderline cases.

BACKGROUND

Efforts to reduce testing time have been pursued in the past. In [2], a comb waveform technique was employed to measure transducers in a stationary tank environment.  Instead of measuring the response to each discrete frequency separately, which takes over an hour to do, the comb waveform sums several frequencies and reduces testing time to roughly 2.5 minutes.  Employing similar techniques, this project will produce an in-air system to achieve the same goal.

The various blocks in Figure 1 communicate via a TCP/IP network.  Taking advantage of available library functions, I implemented a client/server architecture for capturing digitized sound data from a sonar soundhead this past summer.  This senior design project will build on this starting point and develop the test program to process acquired data, and test soundheads.

DESIGN CONTENT

The first design step is to determine the specifications for the test.  The system is primarily constrained by testing time because the electronics on the soundhead overheat quickly in air.  The distance between the sound source and the soundhead also affects the measured data due to fixed transducer properties such as its transmit and receive sensitivities.  These constraints dictate the selection of test waveforms and number of tests allowed, which in turn affects the confidence level for element functionality. 
Once the tradeoffs among the different variables have been assessed, the test program will be developed.  I will design the program using MATLAB, taking advantage of its signal processing capabilities.  This program will conduct two tests: a frequency response test (both amplitude and phase responses), and a self-noise test.  I will also design a graphical user interface (GUI) in MATLAB showing a grid layout of soundhead elements, which is referred to as a “dental chart.”  For both tests, these elements will display red, green, or yellow colors for not functional, functional or borderline/undetermined respectively.  The user can then click on each element to view its frequency response and its noise response.  Since this test routine is designed to support production testing of sonar soundheads, the GUI will be easy to use for technicians with minimal computer knowledge.

DELIVERABLE

The project deliverables include the MATLAB GUI, MATLAB test scripts, and a physical set-up for the system.  The source transducer and the sonar soundhead will be placed inside a box provided by ARL:UT with acoustic insulations.  This simulates an anechoic chamber environment to eliminate reflected sound.

TESTING

The system will be trained and tested in the following steps for reliability and repeatability.  First, two extreme conditions, a soundhead with all functional elements and a system with no soundhead at all, will be tested and validated.  Then the system will be tested with a soundhead that has both known functional and non-functional elements so results may be verified quickly.  Lastly, tests on soundheads with unknown element functionality will be performed.  All the steps will be conducted repeatedly to ensure robustness.  Once acceptable performance metrics have been established, and all functional elements tested meet the criteria, the system can be declared as robust.

TENTATIVE SCHEDULE

Assess design tradeoffs







Sept. 15, 2006
Program MATLAB testing scripts






Oct. 20, 2006

Design and implement GUI







Nov. 3, 2006
System testing, debugging, and formalize user test procedures


Nov. 17, 2006

Code documentation and final report






Dec. 8, 2006

Sponsoring Professor’s Signature



 ARL:UT Sponsor’s Signature

____________________________



____________________________

Dr. Brian L. Evans

Date



Mr. Gregory E. Allen

Date

Student’s Signature

____________________________

Mr. Frank W. Sun


Date

REFERENCE

[1]  Audio Precision, “High performance audio analyzers,” 2005. [Online], Available: http://www.audioprecision.com/index.php?page=products. [Accessed Aug. 14, 2006].

[2]  W. H. Boober, G. G. Lau, K. C. Benjamin, and K. M. Walsh, “The comb waveform as an efficient method for wideband transducer measurements”, Journal of the Acoustic Society of America, vol. 116, issue 5, pp. 2802-2806, November 2004.[image: image2.png]












TCP/IP Network





Server





Sonar Soundhead





Workstation





Sound Source








Function Generator











