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ABSTRACT

In order to predict the performance and the usefulness of the narrow-band underwater acoustic measurement system at
design stage, whose error variance is not clearly described, in this study a boundary equation to estimate the measurement
accuracy is proposed based on the confidency as SNR variation. The boundary is presented as a function of SNR and the
number of samples. In this paper, the measurement performance for narrow-band signal is simulated by the proposed
boundary equation and the vesults are reviewed in the biased noise condition and separately in the background noise
rejected condition.

Key words: Measurement accuracy, Confidency, CRLS, SNR, Amblent noise.
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Table 1. Requested SNR for narrow-band acoustic measurement
with confidency 95%.
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19

HALSE & %S A9l U} S¥2Yd R
3 AT 95%¢] SNR ¢ 59dB(Z3AYE 1.5dB)~
22dB(Z3 3 &% 2.5dB) Foltk. Fas £ 4R
971 vlnA £&g meHW, ol @F QM Y=
7Fs% SNRZ g€t a2ln A8H Julo) wAsE
A&l FHSYAM AAANZD B, AAE 95%<lA
275E SNRE ¢ 1.8dB(E¥ AT 1.5dB)~-2.4dB(Z
BEFT 2.5dB) FEelut o] A3 SNRo| WA 87
"ok N=100%1 73-¢el ¢F 4dB FH= ztol7}b vim, N=200
A Aol o 5dB I 3ol s} ok

ddy FASFANeL T Bdd AP dQeln
STEE SNRE X 19 N=20 2 N=500]x fokg u}js}
drh RS <155k g4e PN NS 2002
AAE) A 23Ee A= 95%2] SNRE < 8dB
(BRPYE 1.5dB)~44dB(Z AT 2.5dB) $3o|c},
7F% & SNRo] 875 o %o, 8dB =& tjL
olgl¥ SNRZ Budch F 1904, F2% Fee] w7
28-& dFsid AAAgYEE o 7.5dB(2HF YT
1.5dB)~3.3dB(Z3 R 8= 2.5dB) 43} SNReo| £T%
o] ¥z &y} Yok ol N& 2022 AAEe rhid
Ze7t A& AuisAT Yuld EY AR FIde
ZA =7t 9 SNRe|u}

NE 5022 Z7H7IE WA LEE &R @e 3
BN aPEe S 95%2 SNRL 6.7dB(FPF A%
1.5dB) ~4.4dB(5Y R YT 2.5dB) ot} H#=r) &
2 25903 SNRe] ©hd WA a7dEch FA4A g
YAAEE &Skt AAANIH N=500]4 2PHE s
95%2] SNR& 4.0dB(EARYE 1.5dB)~ 1.3dB(23 3 &
% 25dB) 508, u34A3E didA ¥ A B9
)¢ ol a¥EE No| |7 A% o, e
Nelde 333 deje] WiALSS d&ek] 3285
A AARZ)E wete] ulghasic

we Fapdge) 27EHE SNRE Fapdgel
F7Fget wiel A2 ook 22)n SNRe| Fage
RALE 4 R MAL] A 2 A% f It a3
2~591M HE vis} o], WiRALE & L AAS] Bjl
275 = SNRE N Z7jd] whdsle] F243] wolzic).
R, Wi RES dasR) gL B-$E No| Frigel wal
SNRo| @tstAl Zasla, 53] 9% NEEl= SNR 87
o Ao Pt} HALS o& 2 AA] B Noj
Ag ZI1RIEBRE SNR 875F0] A9 38R 433 v
23] gzAHolth. AAHOE Nol Zrtsie 45 W)
7Bag dF D AAe 58L WS o oL ¢ 5 Yk

Huly SN, HELS 4% 2 MAS FAS
3%t £Y8A g A% SNR zpole 294G
o 2] 4gE WA Hevh N=200 3 95%2) A=
oM FY¥zol £1.5dBQ A Poie F 5.4dB A= o)
7t Ud, F¥Ert £25dBY ASole o 46dB AR
2to)7h Pk N=100 R 95%9) 413 SoME FYzo
23Agiel oF 41dB A= 3}o}7t Ytk

2oz, Yo P29 A 95%9) A= A



20

Y +15dBE A¢Ho2 JIAF)7] 98 275 SNR
& E2l3e R sAdelA 48 & e FEolg zd
N=502] & AF 7l 6.7dBRAEAE 95%, HEx
+15dB)9 ¥)@A E& SNRe| RFH2, WALE S
R AAE B3l SNR LY5ES Yo vt w7
2% 9% 2 AAE 4F /5t 227 Bl d 4

4.3 Faizol 02 SYXH M50S

Bz v FFEF HedE JEo o 23
FGA] SNR BHGA o] FoJAtt A= 97%9M2] AlE
#Hold 2se 29 6 © 19 73 Tt

narrow bend, contidence=97% (2.17)

signatto-noise (dB}

ol KR Bccacy=2508 |

100
averagad sample data, N

3% 6. WAcS AA de Ay FE=d UE Fyud 33
AT 97%)

Fig. 6. Nammow-band measurement performance as variation of
accuracy in background noise condition(confidency 97%).

narr 3 1ary nolse d. 97% (2.17)

A I N N e Sy accuracys2.0d8 ]
H : accuracy+2.5d8

signatto-narse (dB)

100
averagad semple data, N

a2 7. 3348 wMiAAS dHAAA A8Ed oE Pulg 2
2 ASRAE 97%)

Fig. 7. Narrow-band measurement petformance as variation of
accuracy when the stationary background noise is
rejected by estimation{confidency 97%).

WALLE AN e ASdE, 2FAYE o]
o) YA walsld SNR RF4F0] Aolst Wk a#
WAL d3ad AANIE A9l 2 T9IM
REo] 23RYTs} FolWo] W} SNR 875% o]
7} wolunh ol ZBAYES} 2ALSE WALE o
= 9 AAY B} S5¢E <u)dnh 22t SNRS)

BEEEEAE $19% H4MR(2000)

FRHY FrAANE SFRREA BEES WL
A% % AA KN} STk £INRLLE A2eA|
St 2% EPFYE 1L5dB Aolo] °F 4.54B SNR o]
7 UAT, dRes A% % AN 3¢ SFRgE
1.5dB z}ojof ¢ 3.5dBYF SNR zo]7l \ym & SNR ¥
%) 1dB H= 9 Foh

4.4, AMEzo| o2 SEEN HYsoE

2z g $E5F HFdSE 7T diE A g
old Are ¥ $~1UH 2o wARSE «&51A
ge A3de, AT aold U4 ¥y SNR 87
FFo] ztol7h gtk thgh No| vl $- Fotstd AAE i
old] oj%k SNRS] Hol7l ZFH ZAES ¢ + gtk
& Fo| 2% 844 FYF UL Xlo|dr SNR ®
SHZ Fo]7t 0.5dB olAe|ch AmAoZ No| ul$ &
ZA%dE A EE /7ol E No| e A% Hr}
I B A BojET

narow band, accurecy=1 5d8 (1.412537545)

L U N
H i - ! confidence;20% (1.65)
: confidence; 95% (1.96)

B conﬁdence; 97% (2.17)
: confidence;99% (2.58)

signal-o-noise (1B}
®

(5] 50 100 150 200
averaged sample data. N

38 8. wiAZS AA @ A% Az uE guy 23
A58 1.5dB)

Fig. 8. Narrow-band measurement performance as variation of
confidency 95% in background noise condition{accuracy
1.54B).

narrow band, accuracy=2 S4B (1 77827941)

Sgnaklo-noiss {dB)

averaged sample data, N

37 & WAAE AA ge BT H3=d wE Jay 23
AFFH=E 2.548)

Fig. 9. Namrow-band mecasurement performance as variation of
confidency 95% in backgromnd noise condition{accuracy
2.5dB).



YU £FSLVEI T AL VA= 1Ny SARYE B

14 NATOwY, stabonary Noise estimatod, ar.cwaw= - 1.5dB (0.708)

B e e ittt T T e
BPS U S IR p.rlﬁ.d.eflc_zgs.‘lo.(t??)....
_ U¥ : : onfidencei97% (2.17)
€l X,(..+...__:_....,.......;.*.._CPDﬁS’_e_".C.e..9.9."!’.(.2.§§2..~
1 * : i
E-]
2
2
b
=3
‘B

avoraged sampla data, N

a8 10. 3R WP g AKAAA) Az e Foy
4% 45(BYE 1.5dB)

Fig. 10. Namow-band measurement performance as vatiation
of confidency when the stationary background noise

is rejected by estimation(accuracy 1.5dB).

narrovy, stationary noise estimated, accuracy= - 2.5dB (0.56234)
10 v T

........................

. confldencetg7% (2 17)

i +: confidence!99% (2.58)

signabto-noise (0B)

“o 50 100 150 200
averaged sample data, N

a8 11 A W LE dFAAA AR g Py
&3 4584z 25dB)

Fig. 11. Narrow-band measurctnent performance as variation
of confidency when the stationary background noise
is rejected by estimation{accuracy 2.5dB).

FUY Az AoleM, WALEE «FA ge
e Bk MiRASE d&3tq E2FSYN AAse
A% 2 A7} =g 29 8116 & + ch
W7 2eE dE3A g ad 894 23¥e &3F
% 1.5dB2] SNRe 5.5dB £32% 422 <o 0.5dB2)
& 7Rk 2y AL dE 2 AASE S8 2
F 1094 s32EHe FFHHE 1.5dBe] SNRE 0.2dB
FEE 402 o 1.5dBY Z2& sl ol HlAAE
dE& 2 AAA Az oG FFL @ol WL 4n|
3, AL A3 9 AAY &7t 2 2F F& 9
vlgtl. 83FE SNR £2% 712X 22 53dB A7}
v} ol mie & zojoith BALS oF D A A
% Ede BdY SYFPIME FUF YL B4
< olo) AFF n} 3icHe)

v.d &

2 dTdAME, ARALE JEI) BASA Rie
FEFEY 539 At JER FFHE o)Edd H)

21

9 2335 A5dS 71EE d¥she WL AdaAc
£ d3diNe g3l 2EPYEE A7 A9 Asag
£Y] SNRE& 34 3% Y@o Bite gon EHPIA
21 4EF Jl4 N gez fedsch

Jen & dPpaMe AL LSS oj83i, AlHsl
g g 3o} 95 Folz] SNRO ¥73 o)A Qe
Z2R3FBR 2 ASxE d¥sr] 9% FopgigE 2
FANZRE AL 715 A& stz gaks 23
B8E 3 NHSE QYA fzte] o SEEHA
A7t 873 SNR FEE AlE#oldo] o8 dl&sisith
dutdoz HFLES $HLYE HPTIRE 2 a9
Mg fnrd 334M9 §¥S%E ads EMse 3
o FFURPFLLES dEst] SPLYNA AANNE
Z$E 4= FEIA 2UYFF HedS JIEE NE
gloldste 2 A3E nAsG

AEeIA 3, Poiy Y& e] B 95%9 V=
% BET +1.5dB YSo| 25 SNRo| s ¢
€ T e FE0l8, F2 4T /4 NMe H 2y
£& SNRo] 27Ele] WALE 42 2 AAE F3
SNR L75Eg WE 2ol 98-S ISt uhse
4% 9 AAe Nof 45 AW} 3, 2343
E 15dB R E AT J& AT M N=20 F=nRA
2 Agdold Hirk £ £ QApeMe SR 5
RS AR J1E S AFAGN E2E F
e A ZFAA QA 2 P e oked
gl

e

1. C. W. Helstrom, Statistical Theory of Signal Detection, New
York, Pergamon, pp. 274-319, 1968,

2. Anthony D. Whalen, Detection of Signal in Noise, New
York, Academic Press, pp. 337-339, 1971,

3. G. C. Carter, “Time delay estimation,” H. G. Urban(ed),
Adaptive Methods in Underwater Acoustics, D. Reidel
Publishing Company, pp. 175-196, 1985.

4, A. H. Quazi, “An overview on the time delay estimation in
active and passive systems for target location,” 1EEE Trans.
Acoust.,, Speech, Sigmal Processing, Vol. ASSP-29, No. 3,
pp. 527-533, June, 1981.

5. =74%, 3¥Y, “CRLBE o8¢ +5E55:70A dA8%
4%, §TFYA) A2A AL, pp. 34-92, 1993

6. =33, JAE, &34, JERP3ud we Ass g
9 Fdig S¥HF FEE CAF IFEGHA ANTY
#8%, pp. 93-97, 1998.

7. William S. Burdic, Underwater Acoustic System Anralysis,
2nd ed., Prentice Hall, Englewood Cliffs, 1991.

8. Julius S. Bendat, Allan G. Piersol, Random Data, 2nd ed.,
John Wiley & Sons, 1991.



22

A 5 3 F(Kyeong-Cheol Dho) 19583 89 644

19843 249 : 3% A7)71 AT S2HEAD

198613 29 : 2adigtn oldd AAFeaHAAD

1999 8 : RS w o3 AAFTHHRAD

1986'd 29 ~ IR EATL, AYAFLED

# FEJPor: FFSRUIAE, £FRHUIA, LY
FAAEA, 5% 3 R #4718

A 0| 8 &(Yong-Gon Lee) 19683 249 794

19939 24 : §FRGNn AHIF D

19964 24 : PE gt Y AYFHHHAD

19969 19 ~¥ A : FPAYAT4 A7

¥ FUYRel: YA ENY, +3YHYERY, $%
Lo A

A % X £(Jae-Yong Choi) 196844 29 13¥4

1954 24 : ARtk AP YIEAD

19961 24 : Al <doietn A AAFgHAAD

199613 19~ A - SEARAFE A7

¥ FEAECE: FFRHAEAE, S¥FNLEAE, S
5% 2 2471

BEIVYLETE F19% H4IR(2000)



