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Adaptive threshold setting for wideband signal detection
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2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The transmission time of acoustic wave between transmitter and receiver needs to be estimated in underwater
acoustic positioning. Because of the influence of transmission distance, the amplitude of receiving signal varies greatly,
which is unfavorable for signal detection. Base on the correlation detection of liner frequency modulated pulse signal, a
method of adaptive threshold setting is proposed, which can replace the automatic gain control circuit in some condi-
tions. This method can set threshold of correlation detection automatically and easily, according to the parameters of
signal, channel, transmission system, receiving system, and the arrival time of signal. Simulation and experiment indi-
cate that this is an effective method of calculating arrival time of acoustic signal.

Key words: underwater acoustic positioning; liner frequency modulated pulse signal; adaptive threshold; automatic

Vo0l.30, No.2
Apr., 2011

gain control

0 5l &

FEGE HAR 2 e i, RT3 2035 I &
BB I P R 2 BT ZE A TR, ALK E LI HE
M7k WERTH S S B BRI 2, 24 AL
FE LI A6 B A H 332 B P A% A P 0 i A
AR , BB A5 5 i AAL Y FEAROK
FIREIRRL 20 D HAT, Il i 2R
154 25 15 B (AGC) FL ™, AR 5 1 38 1R
BRI A, IS4 RS S I BhAVE L iR
F SR ME T, AR T RN
& 1 2

—EESEAL RGN AT HTER B I SR AN T, UL
TRPJLTR RGO R, DM B

U5 B HA: 2010-04-18; &M@ HHEA: 2010-07-28

YEZ® e 9KER1983), U, LA, WEBFAE, Wy FESI
(ERep (541N

BAEH: Tk #R, E-mail: zhangxuesen@mail.ioa.ac.cn

Rl RT3k, RACGE QB s izl XAl TR
AR SEBL, AR T8> RGN TIFE, BRI
JEA
AL UL R A H R e P B (LEM) Ji e
FS B, WP BE N R I BEE T

1 ZePE K 5 = I

B P WA 5 5 AR T B L PR 43 )
N f RS BKSER T, ISAZAE 5 A LARIR A

SO)={ACOS(2nﬂ¢+nkf) 0<t<T n

0 oAt

A, AFRRE TR k=(f,— /)T 25
B RS, RO AR o 25 (f, — f,) T>>1 I,
e VER SR 5 5 104 98 B f,— f, » BRI 58
JEAE AN T 5 R

PRV ARUBK A% 5 1K B A O R Bl 0] 4 1) £
2% 0



184 BoO¥ H R 2011 4
Afsinfeke ()] T ORI IIIE, LGSO IHT), © &k

R (1)=1 2 mkz @ AT, n(e) R
0 Al DA SR BE % Fy X AE 5 b (1) BEAT KA, 135

KQEW], HREML TIMTEILL N 2/B, 4
2 SRR, AR, I H R L2
—EPREE S 13.5dB, S PRl Ik, deEi
KR T AR K E AU AT I I o

FESEBRI A, BB i P T A 5 K
i, 2 B S AR o Rz 175 D0 2 PR s ke 38
fi7, RN

0 1<0ks>T
c()=1C 0<r<0+T Hs ()20 (3)
-C  0<¢<0+THs (£)<0

@), CRIRBWAE TR RIEE, s (r) & X
A (1)s
c(t) 5 s (¢) W EAHDC R ALE% Ny «

2CA sin[mhz (T-{7))]| ld<T
R (7)=) ™ mro @
0 HAth

X (4) 5 20(2), AHOIE L TR I B K
A, HRWEATSE. M C=4K

R_(0) 4

RO = (%)

KG)EW, HSEMKIESHMSHELGS5HIH,
2 P B o PRI AR D f 2 T U, Ll
ML ASBRIE 45 2F B AIEAE 2.1 dBs A ml
WA M T

R, (7) A —FIPELL R (7) IR T 11.4dB.

2 INEEALTHIA

RS2 AR SGE AT AR 5 (8 FLERS R
LMV T, 55 IR A O FE QAL 1 B

! ! BEAGE
i u;%rrni K,s(nT)
Gpps() 1§ 1 b b(iT) | R(iT) -
i | LR | o pd JHIGSR] R0 L0
?%Eg ﬁﬁlﬁ? ffﬁ‘ﬁh’ﬁ j(*mﬁé* AR S fn{liﬁ
o IR e

1 55 R4 R OR &R
Fig.1 Structure of signal transmitting and receiving
RN TURE s & L ERER AU+ 9/ N
b(1)=K,s(t-t)+n(r), Horh K, Fm A2 P A3k
UEERER AV € I ONNE L2 T8 LS 8 O NELR)
224 (X HEABE FM I 2 5 AN BRI 0, 5%

b(nT,), Hoh T,=YF, . 5 b(nT,) HATHIFIE H
15598 K,s (nTy) o HHIRIZ 511 45 L 4008 1) B 4%
H

Kle |Sin [nk (mTS_T) (T—|m7;—r|)]|

L[ mk(mLc) |
R, (m)~ R, (m) |m|s% ©)
RS”I(m) E{m

KO, R, (m) RS A5 5 G AR SR 4
Hoo MM EAE S 8 BEAR ok s i E S R
R, (m)=0; ZWgFE{E S A PRI s 5 I
T n(e) 55 s (o) FELARSCVEAR GG, H R, (m) HIME R
RN

K(O)F, R, (m)7E r=mT, B 2 B3 5 KA,
PRI, ] DLIE G U AR SC WA FR) T ik, SR 5
PRI RE 7 o

3 HIEMNIBRBE A

R 5 5 S A5 5 A I 4% -,
e BB I T TR AE—— M B 1 B 58 BE 1T B o i
FE T TRR 9 H 0 75 T 28 S dr I e % v i 4 g o DR )
s ERETTBR A H RAE Tk S A ik A sk
B A B Hg T
3.1 WEEPRAYIEEN

PR (6), I RAFAH U A 4% - I K -

K KT
B=R, (7)="47 ™

LXNH, K, THT, 2L, K HRIES
SREE SL « AEREBUR TL « FWOR B Si DA A WU
HICRAEHL Am Yoo, e

20log K, =SL—-TL+Si+Am ®)
K@), SL Si Fl Am 1558 7 F8 50 1) RS v A%
Wi dEAT BV IR E TR K BEARRRRR TL (174
WM Al . AL Rk S BRI RE,

TL=20logr+ar ©)
KO, rodialon 5 ki AR S, o 20
WAL R, RSN ™,

QR TS Y A v A IR R S, 4P
AR B AN SRR KR I, B AT AR S bk 2
OREh T R — I 20 S e £, 2% - I (E




2 ]

KRR : T S A T BN PR E T T 185

B EUR, MR R AT DL #E e A E
(EIFART R0 (R A AR R X L R T ] PR
N EIRUEAE 2, Bl

1

B=3F (10)

IXHF, MR TRRART A 6 dB, m T —
eI 7.5 dB.
32 EEIRAYIER

2 FE ST BRI 2 A A — 2 I I, 2

1 KK,[T
R, (m)zz = ATSZ (11)
AT
1.896 0.60
e e (12)

3 B SR BRI B 055
A el (126 T S
W, =2 T, =1 (13)

F &R, A5 5 T e e RE 4548 1]
PR E M LD, D8 5 1T BRI A g 1 B Ak 30 9
B —2F, Bl

1
w, :E Wf (14)

3.3 PRIBESXHRE T PRAI SN

F T IR BR AN 2 s A QI R 2t B, R
A8 15 T JRERIT 25 A ) s 2 A L 4 . ()
B, BPAEERR S TR BRI, 2 R w1 v BE 3 T
WAL 2.1dB.

DRI, 7 BRIE PR 45 A A DG 0 £, 4 B — B 11
e, ARSI T AN BRI 45 2F T AR DG I 4%
T = P AR RRIES OL R, AT5SR e LA RS
TFAS PR A5 B FE T TR o
34 ZERLHNEIE

AR I 5 M A D VA 0, 455 4G TN (1) T IR 35
LRV 5 (A S % I TE N 2/B , (.
B AT SIS B [RIRE A /B o 45— 2AE
TR R HIEE S RIA N ZIAH L, R K T
2/B , T2 ELIEAE 5 AH U IR RS DA 23 38 B 5210
AN RS 5 HAE RN 2 THar, A
FLFEART A DT S WA I T VE R AL, IX IS A] LR L
FEGT AR I 5 A o
3.5 TIBRMIZHSIRE

eSS T BRI R A B . WK R
55 W KRR K, IFRE SRS K, I
R un SR EEE I R, A

IR T TRR

20log K,=SL—(20log R, +aR, )+Si+Am (15)
KASHF, Ky« SL. Si Kk Am ZCHMSH, HFR
GRS YT, a MUK, BESERZYE, it
AR T 3R . R EN(15), FIARASFRIEIm S R, -

ARG TG SR B AR T TR, WSS
HIME A K, T sl A5 1 B D

R=R =g (16)
K(16)H, T ALK ME 5K, T, &R
JEIH

PR R s RV E R BE R T AR A B . R4
s KAERBE R R, » WAEIERBEE T, Bl
G5 MR K T2
20logK,, =SL—(20log R +aR )+Si+Am (17)

FRPE X7 LAEAT K, > IR AT DA A i
M PS5 T TR A <

K KT
Pmin =Pth |Rmax= 47;2 (18)
i Ja v RE T TR
1 0.6
Wt =W, x~—- 19
T (19)

EM S AR, GERET TR W, IR 28

R T T BRAIE BN P, o MR PRAR S E—
bR e = N1 2 (R VAN W T X S PR 87 = RS
hs ARAE B VAR A T O
S8 i R RS 5 AR5 R T 2 (8) M 2 (9) TSR0 1 )
WS SRR K, S n PR (7)o S AR DG
25 F MM B, JE SRR R

M JSE T TR B KAE B, M0 5 it i
IR B INT Ry ISF, SRHT P O MR LT TR s e 21
BRI de ME R Py, =W 5 SR s ) R B KT
R, W, K P, MCTEETTRR

4 fFEIGE

NI Matlab /5 FOR KR b ki 2ok

DB, (55 WRFERE A F,=250kHz » 21
BT AR R IRA LR 5 f,=45kHz Al f, =
55kHz , A4} T=10ms .

PO B I B A -5 V~5 VYV, BIE S i
KIREA K, =5V , S5 5 RN K,=0.2V .

RSN SL=180dB , WLt REHh a=
8x107 dB/m ", BUCR L Ny Si=—190dB , KA
A Am=80dB . FR 41 Wil I KAE I FE B A
R =2000m .



186 oo

R

2011 4F

M 7 33 2 g 35 dB/Hz (= 23, 50 kHz [fi),
F ISR % 10kHz , $7 515 2| H 5 4 —35dB
(ref: v )o

05 B A PRI POT Wi 2 B Bl BE 25 11
P AARR IR AT (0,0) 5 AT RE AR T 2 Sk
N7 R 87 FRNE), AT (10,0) 1 E,
8 RARFR N (2010,0) o B JEAE R _EyEIE ),
JELT N 1s, BEASEAL FIHRE 3 192405 8.7m),
AT ML R I BN B Bzt s, B PR [P A

800 1200 1600 2000

x/m

B2 i
Fig.2 Orbit of simulation

P B 25, HE 1S, Ro=597m,
P, =625, Puy=165, W;=0.06ms, Ji{rh 15K
FE o

Kl 3 2 B R A DG A2 . 2R — 55k
MR TR AR L], Aok e i 0 il 3 m)
/R = el = N s 17 ) I RS N I NP
DRV IR 55 MR A A o AEAR B V3 HS I AH oG
WP R SR A R, WS 1T PR S A T R e 2
UL, D B T B A G U S A 1 AR
T AR, PR UFAH DI BE A 4 1E A Hi A H

1600 ~ [Tz T
— AU L4 5 — SRV (L
1400 SR T TR
1200 |
51000 |
E gooft
600 7\ I
400 L\\ B} e -
2001 0 S e
0100 200 300 400 500 600 700
SELLIN Z/s

B3 DR e RS R ] RS b
Fig.3 Comparison of main lobe amplitude with amplitude
threshold in simulation

5 IR

2009 £ 9 J, FEHOKPEHEAT T hrdi s,

SEHG PRI RS PR VRS A 185 dB, /KT 23 ERICR
B —205 dB, JEOKAEECK 5000 £%, el dig b
JEVE-2.5~2.5V, SEESIREN 2.5V, K
BN 900 kHz. 155 K H 75~85 kHz 14k 1 1 i
{55, FMTE K 5.4 ms.

] 4 J2 b B R0 Th BB G 5 A 5 i ) (1) B 25
A, BRI E AN A, PR s R G S e
Wt 2 ) AR S o P 5 i S0 H (A AH DG 2% 3=
IEVEARL, DA S I8 e o S A5 H P S 1T BRK B
BN R R ENNZ], 5 4 PR N . IS
AU, AHOCUE R AP AR AR A, e —
FE W RE Y X R R 75 A5 S AR g e b 52 2K S
FIEM W . ok, KRRk RE TR I &
X5 IR R 3 e . (B R, IR
PH 00T T AR N AR A o e T B AT AR UEAS I 1
ff R AH DG

180

= /m
—_
D
S

RSP B 5 M i 2 TR) B 1/

140 1
120
100 |

0 10 20 30 40 50 60 70 80 90
SERLIN Z/s
B4 RS e 2 B

Fig.4 Distance between transmitting terminal and receiving terminal

x10*

—— SEYIAH eV LAV
— MR TRR

0 10 20 30 40 50 60 70 80 90
SELLIN Z/s
B S e o R L R L

Fig.5 Comparison of main lobe amplitude and amplitude of
threshold in experiment

6 4

SRR I H BT TR BGE I %, AN
SCHE S BB T BUE T ALK, X



2 ]

KRR : T S A T BN PR E T T 187

—GERAT I, A AU A
PG, SR RO ME T R, (H
R—IREAERRYE, SR PSS AR
EREEATR

s % x #

[1] BB, SHUEAE ik M]. Jbnt: R AL, 2006.
CHEN Bangyuan. RF communication circuits[M]. Beijing: Science
press, 2006.

[2] A, KA BN B S AE S A B [D]. Mat
B RUBL KA, 2007.
ZHEN Jihua. Automatic gain control and signals processing tech-

nique of underwater ultrasonic receiver[D]. Nanjing: Institutes of
Technology of Nanjing, 2007.

3] HH, XIEE, hNRZE. R M]. IR WRIE TR
iR AL, 2006.

TIAN Tan, LIU Guozhi, SUN Dajun. Techniques of sonar[M].
Harbin: Harbin Engineering University Press, 2006.

[4] A, ETFH. K FFEEEM]. dbat EE LIV, 2007.
HUI Junyin, SHENG Xueli. Underwater acoustic channel [M].
Beijing: National Defense Industry Press, 2007.

[51 REV, B, KFEEEREARIS MM s BTk
Hi AL, 2009
ZHU Changping, HAN Qingbang. Priciples and applications of
underwater acoustic communication[M]. Beijing: Publishing house
of electronics industry, 2009.

AR SRR R R SR SR SR SR SR R SR R SR SR R SR SRR SR SR SR SR SR SRS SR SRR SUNRSRSRSUNRSRSRSURSRRRR

. R .

Hh [ P S 2K FE 24 4% 2011 SR RS BUIE ST 41

G R AR SOK R O 4 TAER SR, BET 2011 4F 8 H (B &) 1E BT A4 VG 22 117 14 74 UK 75 2 22 R 45,
ATUAT AT E 7K P R AR 2 AR K P 22 ST 0k A R BR < B LZAB BOR, WOl R AR B, RS il BLK

A RAESCRIUEFI U T
HESCHE T «
1. HEPE R AR TR . PRI A K R s
. AN B AR S S U
. RGBT TR ;
- IKFEAE T AR
L KB EA
6. /KT BFs A UUNHA
AESCEK:
L. WIS R AR 1]

[ N VS I )

AAATT R

7. IKFEXPL;

8. Ffitds MUK R RS

9.  HARMEEEIIER S A SOEIR
10. 7K 75 TRELEIREEE T R BATIRE 1 B FH 5
11, W RO A

2. #ha U RH e-mail J5 U8R, BT HMBAE A shuishenghui@yahoo.com.cn
3

- PRAITE ORI ANE L 3 BT (R A bl
BIEBU

~ R SHIOREE), LB R IERERM, R IFFEA

4. SRR SORE )R 25 sk B S, 15 7308 S0 A2 1) 1 00 A K R i 2t 2 B8 B AL (B R 5 AT I8 %), @A, K

AN N ULR S

5. fiEsc#EEHM: 2011 26 H 15 H, seH@sAHRHY: 201147 H 15 H.

6. WK (FHEARR) S IEA R

BRI
BRN: HKHE: Tel:
E-mail: hchq@mail.ioa.ac.cn
Tﬂiﬁ Tel:
E-mail: ssxh-ssxh@vip.163.com
Mg #i: Tel: 029-88460373, 13991835275
E-mail: yxyang@nwpu.edu.cn
i £3%: Tel: 0571-56782047; 13868142898
E-mail: taoyp@163.com
B VAR S AT 8 5.

021-64048159-204, 021-64035270(H)

021-64048159-222, 021-64174105(H)



