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Introduction

Prior to this test, we had only experimented with chirped signals en the computer.
Our swrulations had shown that chirped broadband wavetorms offered improved range
resohrtion over single frequency pulses, and at the same time cifered good Tmenunity to
candorn noise and rmitipath receptions. This test, carcied oxt by Roger Lord, provided
the fiest veal data which contierned the feasitality of using chirps i the Durmand avray
acoustic survey systen.

Procedure

Roger positioned two stereo speakers, ane to act as a transmitter and the other to
act as arecenser, as shown Fig. 1. The cecenving speaker was mounted onthe
machine shap crane to provide a convenent way to change the separation. £n analog
chirper cicot, designed by Feitz Toevs, synthesized a fixed band (10-20 K Hz) near FM
wavetorm which was fed mto the Ron Stemer amplifier. This signal was usedto drive
the transwitting speaker. The recetving speaker was comected to the Gespac
computer, ath the Tostiba laptop acting only as a terminal.

On a trigger signal from the chirper circanit, the Gespac logged 32768 samples of
12t data at a 00K Hz samplerate. Four zets of data were taken at each of 5 speaker
sepacations. [ atafiles are ¥isted in the laborstory notebook. Roger has separately
documerted the procedure used to take data {see “Insteuctions for Durnand D ata
Logger{ Chirper ", dated 6-21-91, i the orange Chicps and Pings notebook).

The data was analyzed using Matlab on the 236 clone in Rm 44. The recetved
signals were correlated with a stored veplica of the transmitted puise. & hanctional black
diagram of the relevant signal processing appeacs in Fig. 2. For computational efficiency,
the calculation is done in the trequency domam. & separate procedure has been wiritten
on hewato generate carrelogeams using Matlak (see "Proceduce for &nalyzing Chirps
Usng kM atlab”, dated 6-12-91, also m the «eange notebook).

& signal measured across the teansmitting speaker terminals seas chosen as a
suttable ceplica upon which to correlate. Jther possible choices were the signal directly
ot of the chirper circuit, or a recerved pulse at shortrange. The former was rejected
because 1t didn't display the rofloff due ta the amphfier and the latter was not highly
repeatable. Fig. 2 shows the replica and its powwer spectoam.

Results

The loc.ation of the peak m the correlation function was tabulated for each data
vun. Table 1is a copy of Ken Young's analysis using Quattro Pro. Dne fiqure of mertt i
the "residue”, the ditterence between the measured location and that predicted from a
least squares fit of the data. Dre. Young's analusis shows the resduesto be <1 cm. wath a
standard devaation of Sm. But the data shll showes sigmiicant discrepancies betrveen
oums taken at the same speaker separation. The peaks vary asvmch as 13 time points,
correspondmg to a distance of 2.2 om.




Fig. 4is a plct of the delay time based on the correlation peak versus the speaker
separation. Because the ercors are so small, it locks to be arice straight ine. The
computed speed of soundis 345.8 mis. The bookvalue is 343 mis at 20 degrees C.

The remamming plots are correlograms with expandedviews of the peak.

Commments
The vephica was missing its ficst tews datapomts. That is, there werenaleadng

zerns at the feont of the wavetorm. This truncation conld as the location of the

correlation peak.
Time fittex is also a significant protilem. The temporal location of the wavetorm

relative to the trigger pulsevaries by as ruch as 30us (6 samples). This is reasonable m
Tight of the hacdware used, and probably accomts for most of the varnationmthe data

taken at idenhical speaker separation.
~ Both of these protlems shoutd be solved by the nexct genecation digital cherping

circant.



4 \ ‘l'nJJw :
/
— \



AR

Or-wsaZ
e """ Vo) oy
(SR £2 @MW) ~EP e

/ bl N
LO....C—\VUI:..OUI,.I —

o4 T | %0.__0._.8/« $..¢..soa \os\»«&bbhm



Amplimade in ADC counts

Amplitude (dB)

Replica taken at Speaker Terminals

1500

240

500

1000

1500 2000 2500

Time Index

3000 3500 4000

Fourier Transform of Replica

4500

220

180

160F

140

120

80

i 1

60
0

500

1000 1500

Frequency Index

Fn‘q. 3

2000

2500



9 May/91
Using Chirper signal and convolution to find speed of scund
Lordél is replica.

Work by R. Lord and B Egaas

120,88 76.13 36.38 12.31 4.31 distance{inches)
3.070352 1.933702 0.924052 0.312674 0.109474 distance(m)
1859 1135 607 254 146 time from convelut
1857 1190 618 253 150
1847 1202 506 251 147
1852 1189 608 261 140
1853.75 1194 609.75 254 .75 145.75 avg time
3.070352 1.933702 0.924052 0.312674 0.109474 distance
4.656984 5.147815 4.81534 3.76663 3.63146 std time

distance time{ct) time(sec){pred-meas)x

0.109 145.8 0.000729 0.008868 Regression Output:
0.313 254.,8 0.001274 -0.00666 Constant -0.13424
0.924 609.8 0.003049 -0.00381 Std Err of Y Est 0.00681
1.23 1194 0.00597 0.000355 R Squared 0.999%77
3.07 1853.8 0.009269 0.001242 No. of Observations 5
;7ﬂ Degrees of Freedom 3
- X Coefficient(s) 345.8283 velocity
SUjdlae Sed Eir of Coot. 0956759
SHAY = I
0.002767 fract, er
del T T (C) T
5.314844 25,31484 77.56672

std T 2.781276

Datafiles are listed tn lab weteloook.

Table 1
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