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Research on cross-period ambiguity in broad-band Doppler
velocity measurement technology

WANG Junyu'?, JING Yonggang', XU Weijie'
(1. Shanghai Acoustic Laboratory, Chinese Academy of Science, Shanghai 201815, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In the broadband acoustic Doppler current profiler (BBADCP), the Doppler shifts of the echoes reflected from
different water layers are calculated by using pseudo-random coded modulation and complex correlation algorithm to
achieve the purpose of velocity measurement. It is known that in the complex correlation algorithm, there is a direct pro-
portional relationship between the accuracy of velocity measurement and the length of pulse signal when the disturbance of
ambiguous velocity is eliminated. However, for increasing pulse length, the higher coding order would be used to modulate
the transmitting pulse signal, which brings the problem of velocity ambiguity. Based on the complex correlation frequency
measurement algorithm and aiming at the periodic frequency measurement ambiguity of long-coded pulse signal, in this
paper, a method by using the frequency measurement result of short-coded pulse signal as the discrimination criterion and
choosing the appropriate periodic frequency offset as the calculation result is proposed, which can not only improve the
velocity measurement accuracy, but also solve the problem of periodic velocity ambiguity while increasing precision. In
practical application, the velocity measurement accuracy of this method is improved under low signal-to-noise ratio.

Key words: Doppler frequency shift; coded pulse signal; complex correlation algorithm

0 5 5

7H 2R 223 SR THIAY (A coustic Doppler Cur-
rent Profile, ADCP), & —FfiF) FH FH A7 i hid 1 il ik o
FAR, H&EKERGZAWE KRGS, RS
SR ikt P AR A R K2
X AR ik (1) 22 A mAE ,  HETDRS BT %
K2 OB MRS o AR I I HRe A m) K R R
SRS f, R RKME 5, %G S EAE K KER

Wks B#A: 2019-10-24; f&[E AHA: 2019-12-05

fEZ RN ERFT1994-), T, [ HHHARA, ML, S5 mA
IKFERE A

BIEE: YA, E-mail: xwj@mail.ioa.ac.cn

SRR AL I S B i, R4k — o)
REE, 1 R BEA IR BN KRR 5, a2l
AT 2 J5 AT ATH S Rl R o AR ) o AR A 223
IR, 2R U R 18] BAT R 2 S i

&, fi2f, HHFELLRRR:
fi=fi—fi= 2vcosaf0 )

Horpe fONZE SR, v RS 5K A
FIAREAER L, ¢ KPR, o NRIHRS
B YT R £ o

it P 2 2 A A I {X (Broadband Acous-
tic Doppler Current Profile, BBADCP), 7E &4 75 ik
P, 5 SUR (0T 180°) B4 It AL 4 i o) 14T AH
R o PRI IR KT, AP IR AR




764 B

HoOR 2020 4F

T R SR Rl S AT AR IZ 5,
RIEVER ARG B IEAAE 5, ZJa M =A<
SIS AT LAV S H O B2 8 22 05 iR - T A T
XK R T

FER MRS, A7 A TEAS R (4 1),
I 1 K v 1) 9 P2 -5 T R U A 3 N R A AE S
P2 AR o SCHR[2] FoR FH IS it T B 58 AR S IA )
BRI D], IXAEAS PORE Gt 22 7 AR I AR A TR 22,
IFHON T RIER EAMGTHRZ R, 7 I Fmrs
IR AE AT id, SRR SR IS S AR B i 2L
Ko ASCAEPEIERN F, B KRE 5 (R 1A K
MR BEATI R, S5 E KIS 5 % 5 1% 5L
1 o B K 55 B e 2 SR 9 bt T
ST KIS 5 BRI IX (8] 7T RN, WK
FERMEORAN S, JF H BB AE CRIER mi RS BRI HT 52
T SERE AR

1 SR

1.1 BBADCP [Elf fiH{E S48

£ BBADCP 1, A=l ikt s, ¥ h

s, (H)=Asin [ 2n(f,+ f,)t+6)] )
s A NERE KR IR, £ RSB
B, fONPEAE RS, 0 RS kiR )
SRAANL. )5 AT LA FH AN TEAS R AHRAS 5 % B
kAT IEAS R AL R, 3RAF /O PiBE S5, IE
AR R A 1 R

sin(2nf )
S - =2
2 Ler 2
5.0 , *
&
& LPF o
cos(2mf 1)

BT [kt i) TF 52 b et i A2
Fig.1 Quadrature demodulation process of echo pulse
[l Bk P A5 5 B IEAS R, BRSO R 2 5
BRI SRR A S AT IR, MF R R E s 5 5
R o FENEN TE N SR A ENE T A 7
B I LLRIER & O:
I@:%Awd%%Hﬂ)
3)
Q(t)z% Asinnf1+6)
¥ o PR SHER—NEESZ(1), R
PR S BN HORAE RS B 5 Z, -
Z,=1,+10, “4)
He: 1. 0 NI~ O RFERIEEES . F

MERFEER 2 M S E L EAMRE IR (), W
ﬁ‘[“]:

R 2.2, )
e b R T TRER R 4, — LT
P T T SR, N TR 5]
MBS HORR SO BV,

RU)= D[ +0.0, (0,0, -1,0,)] (6

LTER A IS

arctan [?m EZ;}
Jo= 2nhne -

N
Z ([n+hQn _InQn+h)
arctan = 7
2nhT u
) Z (In1n+h +QnQn+h)
n=1

KF: T RFEEEG, BRI £, RN kb
Rk AR M m =, B2 8k, 2k
A PATHEE S R K2 S . B Bl B HES:, W]
CUE H B A SRR s E RN, ()P R 2
8 AN+2 YR 2N YOk A K — IR R IEVIE 5 .
12 MRS

[K>4 BBADCP &t 172 B O BEATL 4 s 18 il 1
WKFAE 5, BT AYE X (R0 ok b idb AT AL B, 75 A
A —@ KBk o #1E 5, BRI EEAE 578
NG = =N L [ o AN VA= 9
RSN T NGNS

F TR FH DA BEATLAD X bk b (5 5 AT SRS 2 5
B — A G T 1 0 10 I 2B K 2 oS, Rk,
BBADCP % {8 Fr s FH O BEALAS (RS o3, dksps
B —ANRE T F RS TS 0 AN B SR 2 A
2, B—ADNERE N, 2 JEXHZIREE T
T TR SR AT G 2, BT EE R
R BRI IE

Rk, DBENLGRISAS S g e B %, &a
T AR P B v At BN THORS ey
1.3 fRAEIRA 4

WFR(T), KR IEYTR B ER, 25
AEE R f, IR T

—ﬁq‘d <ﬁ (8)

0 £ =V/QRT) Nt KIERIANZ, #Haeds 5
I F B 2 T AR R VB 2R(9) AT 15

Vw%% )




56 M

FRTEE: BT 2 B A r i IR 17 R (VBT T 765

i e KPHERE, [ NZEEHR, [ RS
Jik bbb A . R, 45 @) ME(9) T 1342 4]
TR R

C C
VS Ty (10)

HRA0) AT B i, AHRIAE A BOK, Bl
SRV, (B R I SE AN, ok B
BE 3, RS R . RIE, T KA A
Sk R I P fo VI ) f KA RORFERY, 2
FHOE S RAMER, A RN IL RN
5 R ST AR I B B

2 DeBENLg LS 1R

FIFE, H@)RTCAREL, 12 FH & AH S AL it
A HATZRAG S AH ST SE 1 A5 5%, T AR SR SE 3%
P2 B R SRk A HE 5 gt T s, gmisfss
(K B AT DA R 52 FH SIS SiE 1R RN o

X TR RS 5 B g is e R, TR
R 8 I B B 55 17 0 Sk SR B =09 kb 5 5 R B E
FHOR eI /M) A ARSI BRIk, 0 s
) m FPHIABENUSIT S, AR 1SS
4x15 B it E AR R EL, W 1 s

1.0

/.
[=4
oo

=

JA— 44 AR 5% B B
[=4
=

<
o

02
0
02
15 <10 -5 0
i} 9 /ms
(a) 15 fr m /341 5 A G e 5 E]
1.0
g

]

<
=

JA— 44 AR 5% B B
[=4
=

0.2 i i AN
0K W LWN M) W]
-0.2
-60  -40 20 0 20 40 60

Ff %iE /ms
(b) 4x15 Bir m )7 41 H A% ek £ &
B2 AEHCEE m5)5 51 i E S e 2R
Fig.2 Autocorrelation function graphs of the m code sequence
of different lengths

MK 2 LA, mERlK, HEM<tko
FAr . gt m AR E R S S (E5%
k5 5),  HATE TR AT R (600 kHz) Ak H B
FIEE. W 3 R,

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

B

1k

W AL P20

0

0 02 04 0608 1.0 12 1.4 1.6 1.8 2.0
$ZE/(10° Hz)

(@) 15 B m )73 A HIME 540

i3

]

YAk

HEE/(105 Hz)
(b) 4x15 B m 5 510 3 450000
3 ASAHCEE m BG)F S bk B A
Fig.3 Frequency spectrums of the pulse signal modulated by
the m code sequence of different lengths

Plt, wtHEIRT S, OYBENL (S S K D
K, AR TR G, VLW AR SRR,
FEXS (A1 kAT RAE AL LT, Sk B %NS T ]
Bfm T BAAEGRMIYE, I AR 5K
JEUHE T, MRS R R . (E2, BB TR
32, ZRd ket (s 5 KR e 2 3 m,  PriedE
il DN BT (1 A KA B A B o

3 KA E 5 ik

FESEBR I RE T, SERR/KIUE B IR R
KN, B DRI AR S B RDd mt, A7 A
MEBR AT REYE, I H, 520 73R4S B m il
HAERL, W R EE K Mg ik (5 5, (HRE
Z T RN AT RO AR

AT FH ) G 650 38 8 45 577 A 1) e KRR A3
BN fro » HR@) T LU, SR VET
FRRMBNEE R 2 AR AL, Wl 4 Fos.



766

B
4

2020 4

NG

S

5 4 B =2 &l

S
b A e = oW

01 2 3 4 5
G 8
Bl 4 ST A 22 ) o PR AL 1
Fig.4 Periodic variation diagram of frequency measurement
deviation based on complex correlation

M 4 ATCUE HE, SR ST ATl SR 2 B 3
PEARAY, RIS — X R) P I AR (R AT R i
BT & 5 R IR AR U, R4k ez 2 AR 1L
EIUF — A I =5 R

el B, KA Bk 45 S BT RE I A5
S AE EE A RS kR (S 5 /0N, EHORS B e AE g Y
Wkt (55w . DRk, T LS B A kS S EAN R AR
REOR (055 00 0 HE AT AR B A, P K k(s
S — MRl £, XA E A
W, B H AR TR, 458K 4 i
(K5 ZAE SRR — F8 A PR (X A £, V15 H ok

fl=fi+k2f,, k=0,%1,+2,--- (11)
A £ KRG S R e E, kXTI
JAAEL. 2 )5 S5 E KIS S BT AR B AT X H 4y
M, WEZEAE I /N — 5 BB AR K kb 5 5 1)
MAREER, ik 5 s

e

[ T I
[ T I I
[ A O N T I
e~ e e T Frwe: Ve s Vo

Bls A m G il e 5 4 B SR SG ARG E 25 B Aie
ASORN S 1 A5 11
Fig.5 A graphical description of frequency-ambiguity removal for
the complex-correlation frequency measurement method
combined with long and short m-coded modulation pulses

FESERRN IR, RS — B 2 MBI i ik o
R AR AK GRS Bk AT AR, AR
W2 5 52 e ) 55— BUATR S e 2 B At B 43 i F) 91
Fl i PR P B B ik 65 3 T ST
RS TR o I % 5 L AR A0 L 1R T2 M

% BARK 5 & K bk gt i 5 5 JE s, A
UL RARE R, JF HAEBARERELL IS T,
A T v (S P S R

4 [ ESAHEGE

M AT, m PSR, A S e
U, ABAESERR AR 75 5 FE R 75 DL A 5 1 e 55
KR BRI, A e BOR I D TS e 2

BV RS Bk i OB N 600 kHzs R ST bk
MR AL BN 1800, NTE S 63 i m Ak
FTELEAI T, BT BIKAE m A5 15
MOl 4x15 [y, FEBRIDFAIELR 2 I RAHT
fkypxt, fEGwmiST, — AT EET 4 MR
WIIETZH,  [FIAS 5 PR A RO AR 10
W, KB JE AR AT 9E N 400 kHz, [FMEE A
20 dB. HEA B kb AL ER AL R Wi 6 B

| EBES 0 |

| w54 pis |

v
[ emmmEnEs je—
v
| TR b3 |
v
| FORAEALFE
|
|

|

¥
RHULE |
|

> S I

¥
]
¥
| smxitswinn —

Blo (A REWAE S AR AL E

Fig.6 Flow chart of simulating echo signal processing

WRIEIE 6 T HIFAL L, e i FAELS RN B
7 7R

B 7 8o TAFRKE g SR B ke, AR
FARSE 5 B4 B BRI R . I 7 "L
A, BT ESE S e K R, H e
DA Rz A PR u R SE . o5 — 7T, fEM
B AT B R IE O, X B P 5
RIS BE &l 8 Jo o

ME 8 ATLLE Y, FELIA A ORI (KT T 52
T 4x15 B m B RIERES R EhTERE L 15 B m
Fr B IARES RPNV /N, FTEL m P B A
R, DA FE bl

TESEERINE T, ARAE M ELIASE T A DIAURS B2 2
RELF . M LR TT 438 4x15 i AR 2 i bl




%56 FRFE: A2 BINE AR TS AR W 8T 7T 767
25005 il ﬂ q T {55, IF1E 5 dB HMRAE M bL 2644 R 3bAT I8, 3R1S
2000} o
L 500l Mg Rk 9 Fiw

N 1000 H
o I 300
g 500 —— 4x15frmfF5)
& 0 250 —— 15Mrmf7 5l :
g -500 f —~ 63HrmfF 3 B
-1 500 150
f
2000 ﬁ -
2500 L— S et
1 5 10 15 20 25 30 35 40 45 50 R 5 AN
WG .
(a) 15 B m J IR % 2 0 -1
625 s = 0075 10 15 20 25 30 35 40 45 50
ol WA

[\
(=
S

WRF AR 2:/Hz
o

AL
S S
s 3

-625

1 5 10 15 20 25 30 35 40 45 50
SRS
(b) 4x15 Bir m )7 FIBRIAI R R = A
B 7 AT RE m G i il Jik e B ASE R AT R R 2 R

Fig.7 The ambiguous frequency diagrams of the m coded
modulation pulses of different length

150

145

140

135

BFA 22/ Hz

130

125

120

1 5 10 15 20 25 30 35 40 45 50
AR K
(a) 15 v it ik e 00 450 v 22 ]

150
145
140 R

TR

135

BFA 22/ Hz

130

125

1201 5 10 15 20 25 30 35 40 45 50
HIEZR7E
(b) 4x15 By il ok et 50 s 22 &1
8 ANIFIHEFE m 2t L e st Ik ot ) 45 22 ]
Fig.8 The frequency measurement deviation diagrams of the
m code modulation pulses of different lengths

9 ARV L R A [EH B m s U s Pk e g 0 A0 O 22 1]
Fig.9 The frequency measurement deviation diagram of the m
code modulation pulses of different lengths at low signal-
to-noise ratio

M 9 ATLAE H, 4x15 B m 7315 63 B m
BRI AT 45 T SRR FEAR BN, BPZEARAS e L R 5
RS B BB AR AT FE, T 15 B (s
ik AR B T “CUAHE” BIIRG, BIAR
FZERK, TEEAEH . FTCL, 7675 BERT ARGl AR
BITRISE T, NS AT RS K 4t 7 2134 T I AT

b, TEREMFEIAEE T, ’r?rxa‘ %}5?%9@
T RE BB ) B, g A a1 ek, SR BT LA
33, KA m guhd 8w fkeh 45 & E’]{']J it 22 P
10 Fr7m o

N
T _600
Bl
E 610
R 620
1 5 10 15 20 25 30 35 40 45 50
AR AL
() 4x15 By m 75100 47 2 R (PR
%7“’5;:?5?353
B 600 .
1 5 10 15 20 25 30 35 40 45 50
AR AL
(b) 15 B m 3> #1554k 22 B R AT S 4E (S 1581
%700535??55?3
T 650
M SR T A R R R N
E\j 600 1 1 Il 1 1 1 1 1 1

1 5 10 15 20 25 30 35 40 45 50
PRI
() 4x15 i m )7 FUARBEHI A5 22 ] (R ASEH)
10 KR m 2 B ) ok o 25 - 1 000 43 v 22 P&
Fig.10 The frequency measurement deviation diagram
of the combination of long and short m code
modulation pulses



768

B
4

VN 2020 4F

HIE 10 ATELE 5 FIH 4x15 By m 5 5100 {5
SHEAT I, BRSO (1 AT DA A ST
iz D7 R s s TR IO H K)o IR HLA
Bt a] DO IL, 4x15 B m 350 B0 A AR U A
REL 15 Br KB m 7 SRS, R KR SN VE A,
HI AR FEAS 21— E R L L3R .

5 45 1

ASCAE BBADCP AR5 kit {5 5 B g ity i il i
P, 54 T KB IKHE 518 58T 25 Sl i
W& E LA, IR R k5 5 B A3 A R
KWk bt 55, FEb LM AIMEAE A KRk 55
36 PEATR X () 0 I A bR, A5 AT S FE R 42
T, BT g T AR SR S ARV 5 2
5 JE TN ATUASRY e, S HAERARAG M LU, R
B BT AR FE

2 £ X W

[1] BLAIR H B, KENT L D, RAMON G C, et al. Broadband acoustic
doppler current profiler: Unite States, Patent No.35535[P]. June
1997.

[2]

[3]

(4]

(3]

(6]

(7]

GSIRAL, hilgv, VEARAR. T R A L SR T I S
FRERIE[T]. FR2EROR, 2013, 32(1): 15-18.

PENG Dongli, MA Haitao, XU Weijie. Intermediate frequency
orthogonal sampling algorithm for broadband acoustic Doppler
current profile[J]. Technical Acoustics, 2013, 32(1): 15-18.

FB, XISORE. 5 E A K BORTE 75 24 22 % B ] T b ) A
JeH5E 57 DSP 92B[J]. SR AR, 2006, 27(3): 451-457.

ZHU Hao, LIU Wenyao. Implementation of a complex self-correlation
method on ADCP and its realization on fixed DSP[J]. Acta Ar-
mamemtarii, 2006, 27(3): 451-457.

WAL, BRI, SUKRI, 5. 5000 2 2 S AR OO R R 4
BE[T]. HEEA, 2019, 38(3): 348-353.

LIN Yifan, CHEN Mengying, JING Yonggang, et al. Performance
test and analysis of broadband acoustic Doppler velocity log[J].
Technical Acoustics, 2019, 38(3): 348-353.

7, LR B SMTET ADCP {55408 R 1T 555
1. AZEHER, 2020, 39(1): 110-116..

FENG Hong, WANG Zhongkang. Design and implementation of
a universal high frequency broadband ADCP signal processing
system[J]. Technical Acoustics, 2020, 39(1): 110-116.

EFHW. FEW 2 W HWRBAMF[D]. WIRIE: W/RIE TR,
2005.

WANG Xiubo. Research on broadband Doppler flow measure-
ment technology[D]. Harbin: Harbin Engineering University, 2005.
VOHEK, JEFN, BRE. S 2R gE S AU i (7). R
FA%, 2009, 28(4): 278-282.

HUANG Xiongfei, YUAN Bingcheng, CHEN Xi. Spectrum char-
acteristics analysis of wideband Doppler sonar signals[J]. Applied
Acoustics, 2009, 28(4): 278-282.



