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Research on detection of dynamic liquid level of oil
wells based on noise excitation
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(1. College of Advanced Manufacturing Engineering, Chongqing University of Posts and Telecommunications, Chongqging 400065 ,
China; 2. College of Automation, Chongqing University of Posts and Telecommunications, Chongging 400065, China)

Abstract: As an essential working parameter in crude oil exploitation, the dynamic liquid level depth of oil well is also the indispensable
basis for the reasonable arrangement of oil exploitation. In this article, the optimization method based on noise excitation is proposed to
ameliorate the existing acoustic resonance method, which has insufficient measurement range and low measurement accuracy. Firstly, the
effect of various excitation frequency bands on the measurement results is investigated, and the mathematical model of the output
response signal of the system with strong noise excitation is formulated. Then, the extraction algorithm of resonance signal is proposed,
which is based on the established mathematical model. The power spectrum estimation and the adaptive homomorphic filtering are applied
to suppress the interference of strong noise. Finally, the discrete spectrum correction algorithm based on bilinear interpolation is studied.
The resonance characteristic parameters can be estimated accurately. Experimental results show that the resonance characteristic can be
extracted under strong noise. The stable measurement of dynamic liquid level can be achieved, where the length of liquid level was over
1 700 m and fluctuation was less than 2 m.

Keywords : dynamic liquid level; power spectrum estimation; homomorphic filtering; spectrum correction

SIARE TAEMSCE SR, DURIR L i R 5
AN R LA B ) P8 RE | 38 2 368 i K B AE PR TR
B HOINFF R BT i SRR S RS A i 0 0 VR T

0 35l

il

TR VR P G I A T TR Ak T TR MR TR S
U EA Iz N W R G AR S AT I 4
PR EEIRT S AN, [ IR b il A
FEIE AT 9 A 0l 2 A5 T3 v %) 390 38 R 2 il 7 2R

S H 9. 2021-08-17 Received Date; 2021-08-17
* FEAIH  E R A RFLER 4 (51705059) T H 5% B

TRIE , AR 980 22 Al B i1 B Al X6 £ g il 1
AR BAT B X, R Sl T T RE A Dy S ik
Mo B2 RE T A £ AR AR 2 — , LR i B S B HE T
R i AR



5512 1

I 30 9 T VR A T 7 v S B R R AR 0k R T
TG 7 AR A Heh T R A T 0
V5 R TR AT B ARG R A5 DA 3 i i - 3l g v )
N 5 1 22— HOE A SRR AR I 11 R 5 e o
JRE K e P Bt 368 3 PR S R T 5 S Il A7k R P A N
14 2 455 st i) S B Bh 00T R B (B L R ST R Dk ek
AR T ICHIE A B R 8 N I A% 6 i i 1
LR, S ORI RSB AR A S L BEE S
TRIE BYHEIN, [ A5 54 W W AR iR R W 7 2 vy, Xk )
VL TET RS (1 0 O 5 ) ol A IS Y T T e A, el )
455 rhads n] B A 455 il A A S S A SR 0, T A
ZR0 BN T 0 52 S A T 8 46 s S AR T 3 ™ o T4 T W
[ YRR R, 2% T B B el 1R
BT EAF RN T )z M5 SR, 78 S B v
15 BRSBTS SR T W 1 22 IR

VLA, — S22 B WIF ST 1 T 75 37 e P AR A )
D SR Sl R T R R R A R AR TR R AR,
N, Donlagic 257 ) FH 7 I 4R R 48 11 T —Fid T
TP AL T7 1, SRS RER I T I R R
T RO, 8 TE AR B A TR A TR A i & e e (B2
) A2 o A 37 A0 4 Y BR o] 0 Y RN, SOk [ 2] 7R
W A 22 o R AP BB R TN R AT A, SR T
22 T A AT AR R A (4 TRl R, IR 43T 1 5 22 7 A 1 S A
P T — PR ZEAMER: PR T T I R (EL
L EARZBR . 2015 4R AR R — R L SE MY
1 R 7 Ay YRl DR ) 0 AR T Tk o 325 1 LA s
I AT G R A R R R ST
23 SRR 22 0] BB O AR P N s
PR S BRI TR JBE )38, A A0RE S T [l gk e 2
PUTCSIs VAT [ 90 P ke i, SCHIR [ 12 ] gtk 1 ARG Bk | ik
— AR T T I R (EHG 0 R A0 AT X L 3
TR TR K

AR SCHR MR 2 g ) 6 J B B T ) A 5 0
AR Bt T AR T I ARG TR B ) S uE S g, O
P T — i T LR 2 WA T Y B RO AL I
Sk R OUAL 1 M IR 07 5 B T HRACR IR
ST T BRI A R B, S A R AR I e i
T3 A RS R N 0 P A A B AR R R

1 BETFRERSIRENEFEMTT %

11 shimENEFYEEE

AR A8 SF TR AR A B AL R LB, SC
BRL 12 ] AN 18 JRES7 1 it - S i T R JEE 5 2 A T A 93
HZIARECA KRR

BA K S W OR T I S ST 7 R 250
L= i 0.3d 1
Tof, (1)

KA. L AMHIEIRE v, HIMEE NN s
My A PAH SRR 2218, d TR EE 1 AR
#., w0 "TAL YIRS E SRR 2 £
SEDE ISR I R AL T A SRS
1.2 MEFHZE

BRI AL G 2 W5, B i
TR AS , ST IR SRR 88 1 S A Rk i MR
AR RIMER S WA AR, RIE, i SR
FROIE AR 2 N AR, 55 SR RS 4 e
& ATHEAL, B o AL 384G B TR EE

o LA PR R T I P v ) g L 3 TR I B A
1L PR P B A B R R, TR AR AR AL R 2 sh i A gk 2
KARTEIE B Yo I S0 T % B ) 38, iR 188 00 1 43
AT B T A R RS . DK ZR B, X F A28 120 mm,
KEERT 500 m B3R 26 4K 88, 8 N2 SOHEA Rt
PRI — WAL T 100 Hz LAY, 76 38R D) 25— i 4 L
T, SR GEAUHT W S R RO A R PR A SCR /N T
100 Hz A4 BT S I e 7 St i | e A 30048 vh e g
i, 0 PR T SRR B AR T B ARE S B A I N
FEHL,

2 MR ESHHFEE

ISR I o B b TE S R AR i AR A
JIEAL TR, S BOR 4R B0 75 I A5 5 AU s B
s SRR IR P, T LA S U 5 A Y A M P T
W FTREEA VR T FE b iy £ R4, Ak, BB RS R
PR PSR 5-300 5 R s, ] A A b £ B A R At
SREFAE R S I 1 OB, A MG R G Y ARGk A
2,00 B2 AR 2 SO PR AR U 7E — 2 B[] )
BRI RO AN R e, B 09 %
AT ER AR 2 A RS 5 S 5 R S R A TR F
PRI RAE B 75 AR5 o () T2 28 ol A8 A 75 32 10 i o1 o
INE TRl R RN e R e A T A S 2 A, B

y(t) =~ z(t) #s(t) *p(t) *r(t,x) +
z(1) *s(t) *q(t) +2z,(1) (2)
Kb« HERBHE; p(r) HIMEREHEIGREE (1) R
RGUFRIE AL AR IR AR R | D OR SRR | U TR
PR 2 (o) MBRIERS s (1, x) FoRPAGIRER O B4
PRI g (1) il IR R 7 21 75 A4 TR 1Y A% 3ok I A R K
2 (0) FHATIE, XHES y (o) RAEIS s e A
1 (fast Fourier transform, FFT) A 34T (5 54 A Ky .

Y(w) = P(w) *R(w) * S(w) + Z(w) +
Qw) * S(w) + Z(w) +Z(w) (3)



260 f# £ ¥

43

3(3) RWIE SR T2 h 3 TR, BHE R
23 B AR, PR IR P A AR SN T4, o il
Phas B SEPRBEVE SR MR P R R R A AR
AN R GRS R e 5 SR PR R A L, SR
PUIE B/, e 200 HL Ttk Al 2 b 5K (3) T L
e

Y(w) = [Q(w) + P(w) - R(w)] - S(w) - Z(w)

(4)

K (4) RUSRERN PR AR 5 B A RSRE, N
I, m] A R S DR AR o Ik 56 & i A A 1
3 BRI 28 5 R ARl R R P R B T
T SRR AR . A 51 25 Bl 0 % B 1 e, 3
PRA 5 (0500 L ORI/ )N | Fre 2% Al RE 78 Rl R P i 52,
SRS A TR A UE A o0 i ARV E 2O 2, T
VRN P B BERILYEE W, 72 S BRAR BE PR ] Welch D)5
PR AT BB E R 50 (4) TS

[Y(o) [* = [G(o) |- [S(w) "+ [Z(0) [* (5)

Hip, 6(0) =Q(w) + P(w) - R(w), FERFEIHR
FIREAS BB — 2 16 LT, Welch J) 25335 19 451 % 43 9% ) &2
BEPRT Ve TR 7 BRECRI 0 BEREAR K M, BRIy )R
IR AGEAG T R EAE AR, 2 M Bk, BB
BOL BUNE Sy BT D ARGEAG T s AN AL
T RGURHE 15 10 AR BRECFIIE P AR | I 35 A AT 2 R Y
Z O SR IR | RO R s ) P S AR M
BN, DA AE o B KR I, T BE S B 3L
RV T B , 70 AT T 58 010 1) 1 T LR 0 i
TR TR L R, AT LA RS [ 45 3R 03 B
TR/ TR AG T A5 R4 Rl A U B 5 B R Gk A
Mg PR 0

3 ESAEBEEE

3.1 BENEFERE
iC R [ 48R 4y BE 1 B9 Welch I 3% 14 11 R
Y () P Y, () P, 5F B REAREC 0 M, Fl
M,(M, > M,), % ERBFEARSEA TG AN AL B ARF 4 BE )
Rk HAMF ) FET S5 M, (M>M,) . H=(5) al45,
Ig| Y, (w) [=1g]| G (@) |+ 1g]S,(w) [+1g] Z,(w) |

(6)
PAK
lg|V,(w) |~ 1g|Gy(w) [+1g]S,(w) [+ 1g| Z,(w) |
(7)

Ll w)=1g|Y (o) |-1g|YV,(w) | WA
() =1g( |G (@) |/]6(w) |) +AS(w) +AZ(w)
(8)

Hrr, AS(w) = 1g|S,(w) [~ Ig|Sy(w) [,AZ(w) =
lg| Z () [=lg| Z,(w) | # M, /N, W] A 500 i
DIk |V, (w) [P R SEIRIGERE LA

G (w) = [0y(@) + Py(0)Ry(w) |= [Q,(w) |=
1Q(w) | (9)

] 25 3 22 B SF- VE X R — R AR [ 4 B
JI Welch TR | 2 5ot e /5 5 L AR 2 kA
B2k B AS(w) = 0FIAZ(w) =0, (8)7EN.

() =1g|1 +P(0)R(w)/0(0) | (10)

M, BRI RERIETIRIE |V, (o) [P LR
WEREHHRRE S, WA P(w) = P(w), FINA A(w) =
R(w)/Q(w), X (10) FfH

(o) =lg|1 +P(w) - Alw) | (11)

K1) AW E .

() =1g(1+ [P(w) |- [A(®)|) + AP(w)

(12)

Hp, AP(w) AN AR L= B IES, 25 &)
WERT P SRR [ P(o) |- [A(o) | << 1, F
2 TP 15

l(w) = |P(w) |+ [A(0) [+ AP(w) (13)
K. | P(o) PSR, B SR E AP (o)
B/NHABRA BRI SN A (o) s IR I A4 156 it
AL RGO B R PR D | A I B AT SR AR M A o
R, A TRBT U IR AAE: | P(w) |[HEFT T 88N 2
AEFE, PRI, BRI T (@) P B R ) 3 o PR A T
FFT A84 , RIT P15 0 LR e 22 £, hy

My f,
fa= 5o,
K. M, BB SR IGERE SR B, £ R IE 5 R
v RN B N R S I SR B, M, S Welch TR 3%
T AR BEREAR Y FRT 58K
3.2 HIRMEEWEHBET

X (14) 2% B B 3080 10 R 32 0 o [ A0 T 2 £ Ay i 75
MRS EAGT, BT FET 2883154 y i 38 5 U %
T KBTS v BAGTHE, 4R 1T A2 2045 35 Tt Js A0 A
PN s, PO S PR A VT BEAFE R R IR 22, X
T IR 22 (TR 25 R LA e K s, Bilan, i
TR N 1700 m, 75 380 340 m/s fy ISEPRIEZ N
0. 10 Hz, B £, fliTHiR 22408 0. 01 Hz, - FEGH S H
KR 2E, BRI, 38 R S O S AL IR SR )y
BRI HEHA TR E , AR £, AR 22, W] 1 548 F+5)
VTR R 1 0 e e M RIORS

DR H AT 5T oA IR, N R 3% 4% 1E
Dk 2z —  H R R FH A T R R H R A I = 8,
TR Y T PRI E B, BRI R T 2k LU S R E A
FE—E XTI OC R o XTSRRIk 1) 14 R 40 TT S A 15 5]

(14)



5512 1

BATK A AR T i S T A A 261

REIF R SRR A 0 g 2 s ek Y ) R (13) h
Ytk | P(o) | BB JE I 25 R % e s R 2
MR AR | P(@) EIET o BB EIE S
P(w) | |A(w) [FI4 T X | P(w) | BEAT NG AL BE, 3T K
P(ow), T [A(o) | KA, HAFRWMZEFMET
|A(w) |PTREASAERK R FHAL G ) A {3205 L 35 B 5
SR, DRI, AR SCHR Y — P i T XU A £ ) S O i
KB BERS OB I [A(w) [H5PERY 254, T SEBE y
FPGEAE AT, B LRI — SR PT da Al T HE , SRS
HIRZE RS, EXHIE N,
X +0.5) |- [X(1-0.5)]

&€= X(1+0.5) |+ |X(1-0.5)]

W(5-0.5) —W(5+0.5) (15)
W(s-0.5) +W(5+0.5)

H, X(+) %R P(0) B HUE B AR W( )
FOREIERE, PTULIUAE & ROCT 8 AT X RR R AR, i
g(8) =&, 90 g(8) 7E8 = 0 &b H By Z eI+, WX (15)
S

gd) ~ ¥ k@ (16)

K.k, =g (0) /i) FRFBEEMBHBCR i AR, 5
LM THEIEE W TE @R« (i > 1) FO,XTH
M R k(i > 1) imi/NF k., FIE, X (16) A i
Eh.

g(8) = k0 (17)
TRMIEE 6 ToE it .
8=¢/k, (18)

TESIR T R B & i TR MERAS | A(w) |RO%E
P, PR AT R AR A (B 1 LB T 3 ke, o T SR
P (@) JEANFE A5 IR WO X (), IR
T | X () | i i i 2 R R i % 4 T o 7 A U — A A R
Ay, My, WA .
Xy +2) - Xy, - 2)
X (y, +2) [+ [X(y, - 2) |
Xy +2) - [X(y, - 2) |
X (y, +2) [+ [X(y, - 2) |

WA 18) F(19) , A AFIH v, Fy, AITFRE A
IH— AR AR AR
)A/, =y, /4 + €& /K

1

(19)

2

(20)

';’z =v,/4 +§,/k,
ZmE MR T A T v, =y, NIARHE(20)
CIEES
{Kl = 4(52 - 51)/(71 - 72)

R (21)
Y, =v/4+ €K

B PRI I A — AR A THE R
- Y Sy =)
R ITrARy 22

PR o FR AT y RIS HE R TR IE, OF
R (14) RASLIALRIR 2 £, BRG],
3.3 FESAERE

AL ME S B AR AN 3R 1 iR, B SRR
FIAY IR 75 915 5 AT Welch D855, 2R )5 2847 [F)
AUE P AL B, 2 J5 38 o A L AR 8 (short-time
Fourier transform , STFT ) fff 5 45 5 Bt | X6 358 B FL 4z
B FRRHEAT FET A5 3 y fH, 456 B BURHE A E 5
TERS y BEATRCIE  fe e th =X (1) F(14) T SR L

®1 FESLERE
Table 1 Flow of signal processing
Fre BRIk
1 REIRAHES
2 W AR S AT A RIEER BT Welch DTS T
30 HIENIEAEN
4 JEid STRT 5 SR = A i B
5 XTI ERE B UG T FRT 315, WAl Ty
6 EIRURMEAR SRR B Ty AR
7 THREOEREE

4 SRRWIFSSHh

4.1 HEPXWEE

R T B UEAR SC T4 2 YT R I e 3 i T AT LA
KAR AT 5 A R R PE 35 2 T an &l 1 o 4G
SEEAEE RO A ARIE 75 1 B  N19234 Kl R
ERER LT, Hoh SCR A I A KRR, BAR
Y2 406 mm NI , FOR S AZK H% it P R e
A e A 1 2 A i Y T P B 5 LD T A ) o
4.2 MEFEILEE

1) 5550 1

T PR ARG Il v 45 10 T, SR AR F
HAF S WA 2 FoR A E S REER £, = 5 120 Hz, R
FERTE] 30 s, 1 AT B S R0 Y T 9 A [ A
RS A RE B S YR A I A e, LDk
W TR A5 v BEARARL, T T I [0 38 A B R AR
T AR O ] RS BRI, WS- A R A A T A
ik w5 5 R [ 30 A 5 A s I TR) B A 5. 46 s, SE R4S
PSR LR 350 m/s, - H % R34 7o RUVE T4 N
0.8 m &b, A4S B O BWHIEE N L, = 957. 10 m,



262 % & L F ¥

43

BT WE RS B
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(a) Time-frequency analysis of resonant frequency bands
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Fig. 13 Results of the proposed method
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