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Abstract: Total harmonic distortion (THD) and intermodulation distortion (IMD) characteris-
tics are two important nonlinear parameters of seismic data recorders. Input signal mode and
peak value of sine-wave can affect the test results of these two characteristics. In order to deter-
mine these effects, the basic principles on THD and IMD were introduced in this paper, and
then test methods, data processing methods and effect analyses on THD and IMD were fully
presented. Finally, some different kinds of sine-waves were input into the seismic data record-
er to test THD and IMD. The test results show that the two signals with the same peak value but
different input-mode have great impact on THD, and those with the same frequency but differ-
ent peak value of sine-wave have great impact on IMD. However, signal frequency variation

* BETE P E MR ER Y T 5 T AR L 45 %% 4 5 (DQIB15B03, DQIB18B23) % Hi. w,
Ui HED  2018-06-04 Ui F 40 i , 2018-06—20 Pk 5 K T A& e 7 3
# BIEYE®E e-mail: caihli_2004@163.com


http://dx.doi.org/10.11939/jass.20180074
http://dx.doi.org/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://dx.doi.org/10.11939/jass.20180074
http://dx.doi.org/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://dx.doi.org/10.11939/jass.20180074
http://dx.doi.org/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://dx.doi.org/10.11939/jass.20180074
http://dx.doi.org/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074
http://radars.ie.ac.cn/CN/10.11939/jass.20180074

13 R MR RO R AR AR AR bR I 17 ¥ S R e A 93

has no impact on THD and IMD. The research in this paper is of great value for quality test of
seismic data recorder, which can be applied to test THD and IMD of seismic data recorders.

Key words: seismic data recorder; quality inspection; nonlinearity; total harmonic distortion
(THD) ; intermodulation distortion (IMD)
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R TR E MR T R A R A 5, A T AR b R N 1% b R SO AT 4 TR T
RGN L DA b R I o 2 R R b, o D MR R R T R TR G 45 o L R S 5 T RE 4 A 1
DU AR T DA o 6] 52 00 ) 2 22 4 R s AT A IO R, AnR] X AE I 08 AT %) b 5= R HEA T T
2 J5 ARG ) T AR AR T e L R R AR R (2016) B & A T AR AU R A A
Jo A R AR AR ), A SO AR HLIL R 1 R — 2R 50 M A SR A A R A T

JE LR b e M R B R AE R M E E IR —, BRBT MR R R ER ARG S
SRR S Ak R v R AR ECRE T, IR D R ORI R O L R SR A A AE 2R R A8 B v g e L
B9k BLRR AR . AR S8 DA O BURE A3 A 4SO — M T AR R AT AR R M e Al ik, K 43 Ok FLE
ST ACR B 5 i A —RLRAE 54t i 0 CHEAT I, i s R A R R R R B E S
i i1, PO SR FH 2 L 43 A SORT b 72 SR A A AT AR e PR AR MK LT AN ET R L X R B b R
B R AR AR AR LR AR I, — R K B IR 5 IR AR R BLEE (R 5, SR A X4
P R A AR P BCT i AR S EAT RS e AT, AR R RS AR R MR ARG SR N T X 2 E
iR B SR A B UE AT D R AR AR, X1 R A (2006) SR AT AT I I T R 2 S S T R 2>
F 5 VI G LR, SR AR R IR R i B A AR R B AR S T KT e R R SR AR AR R AT IR
BRI, I 10— 25 2R A B AL B 55 vk (discrete Fourier transform, i 5 & DFT) 78 47 8 PN 31
A A T A AR Ay B I, AT TG R R A A5 A T AR O LR L 7K Ui 2 45 (2008)
A T D LR A A28 SRR {8 B - A% 42 (fast Fourier transform, i 5 & FFT) AY38 & 45 14
R, AR TN 2 R U I 0 b AR O R A AR R G B IR LR A BT V) FFT Bk, AA R
THEXT H Ardi A DTk A2 5T A, 4R T E R R Y [ B s B 5 b o SR A (R Y 38 SR
T F T B 7R B R S R G R il O R 1 B Ah s k. DA R A Ak B
T A A S 5T, (H A 2 HEE DDA K. e, AR SCHIEE T B BF 5T 80 5R (Christian,
1994; Xl &5 L5, 2006; TKK2=55, 2008; =R A4, 2014) , FF i M2 4l R AR 4 RS i 2k |
J3E P L 38 2 BRE AR 75 vk WF AT B S e A3 A, DAY Ik B — 2 40 Ak M 52 B0HE R 4R 8 0 AR 4
e bR 7 vk E Y .

1 MEHERERFIFELESH

g b, ARPEE R AR R R RS SR AE S R NOZOE R R R, EE T RS
A HR o B AR LR AR IR, K R AR AR B B A S P B S B A S AT A R
M R T ARG AR e B SCPR A R GRS R AR LR, (EAE S B I ] o 25 220 W — S Yk 2
RONE, R FLAE RO R G . X THUR R R LR G , BRI REE A x(0), iy
w0, RGEH R  k, WA

YO =k x(1). (1
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SEFHAEMLMERS, 2D P A EANBER AR, Wi L {ESamEN s S5mARGYS
—8, WAESTEEEMERSES; BREMFAEIELRER, FEK AR S A K E (X
Jo, 2014; ¥, 2014; Ml A, 2015), W LIRAR A

k=k(x), (2)
X H AT 228 R, TS
k=ko+kx(O) x>+ k@O + - F k() F - (3
o
_ 1 d"[k(x)]
k"_n! dxr

BROIRAKR(DH, H
() =kox(t) + ki X*(O) F ko> () F s x* () + -+l T+ -, (4)

BRI AR M R G A S C R

H b 72 IO SR AR 4 0 % 388 oR B T DU 20 (4) SR ik, TR B — R A5 5 & 5 2 (4)
)38 B 0 58 27 A — 8 ) R B 5OR (5 5 (Offelli, Petri, 19915 Alegria, Da Silva, 2012),
0 B R AT I P AR R 2 O RS AR M R B X TS S 4t i R A e
KT AR TR LM 2T A ARt R G S, E AR S T A T RS T
ANFETE B oy i, DT 5 R A5 5 T 19 2 L 33K S 37 1) A0 238 43 B 25 A LA 5 1) 4% U
Gy, W TR 0 Rk B AR L PRI IR B, TR NI I R L, X — R U A R AR Mk
PN T, A X R R R R K — L M AR RAE S, TR
1E [BE2 0 O N i 7 e e L e = v (5 ol I B 1 ol R S R (= R A LR
R AR AR T RAE S 7 A AR, R R BRSO IE R e E S s e e . R
T AR SO 558 72 A SR A 7 1) S e R R 1 T 5 LS T T I 2R L O 2R LU 3K 1Y i B R U ik
T UL H.
1.1 RBEREKEFERRE

L BEE R ER PR ARG S NIEZE S x()=AsinwtBf,

A2
X =Alsin*wr= 70(1 — cos2wt), (5)

A3
xmrm@ﬁw:f@mwrnﬁwy (6)

B (5) T 6) FEA L (4) I 20w wm v I, ) i 540 >R 4 i 1 B tB A 5 T AROR
()= %klAg + (koAp+ Zszg) sinwt— %A% cos2wt— %AS sin3wt+---. D

(7)) AT LA, RE S AR5 AU S EES, A 2 A5, 3 A5 004 A U i
gy . N bR RO SR B A 0 DA S AT R A A, AT OE A R B R B, BIEX(T) A UG
P BRI kAL /2, koAg+3kA)/4, -+ (D W FE M, BEEMAGS REMIE M, HhE
B R A A8 77 AR I A ORI T Y R 1 S S RO
1.2 BERXEGESFERE

o T AR AT, Bl R E B L E S S AL S ZRIIFA R P ILELR, M
w4 WREBOE Ak FR, NPk, B n MR RE, KB n K, &, BE /)N,
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PRI Ik L g% 23 7 rp — s LIBT3 B, D

W)= Zk,,_lx"(t)=k0x(t)+k1x2(t)+k2x3(t). (8)
n=1
MR R A L B AR 5 A UEE S I, Bl x(r) = A(cos w1+ cosw,t), W 55 7T L3RRy
y(£) =koA(cos wit+ cos wst) ki A%(cos wit+ cos wat)> + kA (cos w1+ cos w,1)’. (9)

X () JRIFE T LA 2], fin th 5 5 th AU & AE S P BB R o) 38 A0 3 e
gy, HA BRI 5 5 00 1 (5 7350
wi, Wy k1A+§k3A3’
wliwzt szz; (10)
Za)liu)z, 2(1)2i(1)1: %IQAB',
FEHE R 2 B RBU A IR i o £, FRON 2 B 3C, IH 3 B RO A AR i 20, o,
20, £, FrA 3 B2 I8 . N (10) 7T LA i, 2 B 32 98 43 5 B 3 B2 55 5 A5 5 58 B8 A9 7 5 1k
1B, 3 B 52 e 5 B 5 4 AR 5 3R B A S T B L, DL 1.
7 AR SR 9 28 B B 0 5 A

PE, AR & A BE 15 5 B, b5 5 A7

TE2 W22 . 3 Brsg A 5, X AR Lk 2k B2 AD

REIRE . AT RS R 5 H W RO R ‘ { R
F S BRI, MR R R AR T AR 0 e w0 o o 200 oo,
2 B 3 B R EIE S 0 R 1R R i AE S WA Y 4 £ B S R

i, DATHT 5% el b 22 K04 T, DR O G T O SR A Fig. 1 Amplitude-frequency diagram

i L I 1 9 2 LN RAR A AL B of modulation signal

2 HEXREFRSZELEERUK

AN S A A 5 R R R 4 R 2 S AR A 5 R A A ol AT AR N A I 4T
P, Fo R D7 12: 275 v [ 4l 5 J W I 41 ) (2016) O T SR 2% B0RE |« TEL R 2R B2 A0 K
7 Bkt I8 K He Ak BRI
2.1 BERAEENLTERYBELETE

PEAT R A f B B0 D O ECRE I, (5 5 B UM A Oy 5 Hz WY IE 5K, {55 R 1 1
AR Y 90% BB MR R, 5 B R A AR B SRAE R CE Y 100 Hz (SRR . SR iC 3%
SCHE R BB T AR AR ROHE 80 23 B SR S R R A YO I I R A, HR TR

N N
THD=10lg ) VZ—10lg )" V} (1
i=2 i=1
T R 2 FUE THD, b THD Al 2k B s v o5 i UGB IR (8, #0074 V/ VHz;
N ] o3 BRI B R, AR SCIRON O 5.
2.2 HRREEMKFERHELER X

HEAT SR AR A 19 L % LRSI I R T RO AR 5 08, U AR 5 S, I3 1 Hz (8 e
W), WA 3V, BAGS S, AN 1.1 Hz (SO EMR), WERh 2V, ek KERD
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T TTAVRE S A2 U RE B 7 040 7 A S, ML B T A 4
5 5 R TR 60 WA 1
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X
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100% (12

il
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a+b

RRT 450 M L 9 2k B 2R HORN EL IR 2k BURE IMD. 3 (12) FTC13) 7 A 1 A S 0 45 A T L

AT S T A RS, X TR 1L 0HZ M 1.1 Hz s AMS ST &, a X T893 &

H11.0 Hz W&, b X0 F 1.1 Hz B BRAE, by Fb{ 4> 3% 0 F 0.1 Hz F1 2.1 Hz A9 % {H,

by F1b3 53 HIX N F 0.9 Hz M1 3.1 Hz BYBRAE, bs Fbg 435l Xt R F 1.2 Hz 1 3.2 Hz A EAE .

3 BBEXEEMERAXREEMNRREESH

A SCE ] — 5 89450 Basalt 1Y R R & . SAS FEARTESS 5 U81(0.001% THD) K AH G il By
WA, SR AR SO 900 38 T 1k Xof 12 b 52 5040 R 4R i 1—3 3 JE 19 22 UH R $8 AR HEAT I, JF
3 ) 4 55 R O 00 GBS AR Ak B, AR A TR AR AR i A SR L A A R R A
IE L& M 1 48 B S O BB L R G L I 4t R

B T AR A A O 3L R R R AL (E 5 R [ A 5 T 0 b 7R R SR 4 B R I K
HEERMR, EBH T LRI T,

1) 43R 22 sl A7 =0 . By A7 SO0 5 Hz WRE . R (5096 e AR 0 45% 1E 32 %15 5 (| 2)
PEAT Hb 72 B SR A A R I O O I . X

IMD=201g (13)

G5+ G5+
o T L | A B 2.1 kR b
fir 540 VR, ARBIFE 1 TR 0 R I 2 LR I 4 R
@ 2) 43 0% SR 4 B AT R | AR [ i A
B+ 55+ F) TF B i AT 038 D 2 ECRE IR, 45 30 %k 1oz ]
A R g IRAE T B0 SR AR 28 B I 2k BB AN L, Wk 2.
— 3) 4 Bk SR B B A R (8 . R R
© f) TF 3% Bl 647 R385 30 2R 280 B W 8, 45 ) % o 0
2 Zahlit AR () ISR AR (0) R S fF R R AR 88 OB I e B 5 1L, UL 3.
Fig. 2 Differential input mode (a) and A LAE 1. 7R AT M T, 45 i 5%
single end input mode (b) S 0% SR LI 22 B AN LR I B U
KREFE®EZ20dB (£ 1), X&EHTFZH S IR R THD WAL
)\*ﬁ AT — %B ﬁ}iE{* (Bifé = jﬂ ] {E il Table 1 Test result of total harmonic distortion THD
[F] . Jr 1) A T W A1 T T B A 22 Bl A s
BISR A0S 5 0 (T W00 758 19 R 4 48 A 4% i Py A
WREESSESHEMAET NSRS REME ] ~73.973 3 296.924 0
215 dB (32 2), X UE W7 5 i {2 Ak Xt R 2 74731 4 ~96.8298
3 —74.726 2 -96.116 8

A %% THD 5 45 Ml B AT R e, i3 — i
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BT B AT 5 W AE TR A AR R ) —
25 5 Hz Fl 10 Hz W R AS [R5 5 05 38 | P A
ANFEAE {55, B 45 i >R 4 %% THD A
¥ F-90dB (% 3), WIS Rk
Xif SR A 4% THD $5 b 38 65 1

K H [Fl — & #1524 Basalt i 50 85 K 4
o, MR RS R 13 AT R R
ENGE DN R SR NN PSR iR
PL 100 Hz SR A 3T 1ML &5 3 R il . 3% 4
BT RAEFR K 100HZ F 5V, 20V #FE T
1) LR R B RE R 25 s 2% 5 8 100 Hz

%2

Z AT BRI R JE THD 25 3
Table 2 Test result of total harmonic distortion
THD with differential input

THD/dB
i
4, Wiy 18V, 36V,
1 ~78.0066  —95.8140  —96.9240 —91.4072
2 ~78.0084  —94.1141 —96.8298 —91.2629
3 ~78.0062  —95.4111 —96.1168 —91.7645

He Yy IAAE SR W, IR,

*

3 REMESHCR T Bk B THD 4 %
Table 3  Test result of total harmonic distortion
THD with different signal frequencies

FAER 20 VIR N ARG SIRET THD/dB
(9 L O BCRE IR AE SR s R 6 09 100 Hz >R mie s {5545 5 He 554 10 Hz
FER 5 VR T AN AR ST ) 187 36V 18V 36V
Ve BRI g5, 3 7 5 100 Hz R EE -96.9240  —91.4072  —93.9764  —94.200 1
N e 2 —96.8298  —91.2629 —93.9136  —93.8737
SV RN E A A 9L BR I 4G R
. . N X . 3 —96.116 8 —91.764 5 —91.830 8 —93.5115
S5O ETAS RN . WLL 4 RS
4 HIEKICE IMD MR CRAEE ) 100 Hz)
Table 4 Test result of intermodulation distortion IMD (sample rate is 100 Hz)
ENCPNEES 4 IMD/dB
RV
WA 1 iHIE 2 iHiE 3 HIE 1 iHiE 2 iHiE 3
5 0.004 6% 0.004 1% 0.003 6% —86.68 —87.70 —88.82
20 0.029 0% 0.085 8% 0.045 0% —70.81 —67.55 —66.90
5 HIEKEE IMD AR CREEA ) 100 Hz, #2420 V)
Table 5 Test result of intermodulation distortion IMD (sample rate is 100 Hz, range is 20 V)
ENCPNEES 3 IMD/dB
A ETAY
I 1 JH 2 JH 3 HWIE 1 WiE 2 WIE 3
0.75 0.009 5% 0.009 5% 0.009 6% —80.39 —80.39 —80.34
3 0.041 0% 0.089 0% 0. 145 0% —67.73 —61.32 —56.79

6 K IMD 4R
CREEFR ] 100 Hz, HFEN 5 V)
Table 6 Test result of intermodulation distortion
IMD (sample rate is 100 Hz, range is 5 V)

. ) IMD/dB
G5 0% /Hz
W 1 THE 2 WA 3
1, 1.1 —86.68 -87.70 —88.82
5, 5.1 —85.74 —86.16 —86.26

I3 2 SR W] LA e A R A
T, NVE R R A AR A0 B R B A A
[F IR 45 0, i AR5 Wi/, TR 4
a0 R G LR AT, AR TR
T >R £ 2% B O LR AR 22 5 (7 FLAT AT A R
UER, AR R 1 SR A 2 1) B9 K B RE T L
IKF =150 dB, T TS BroR 4R i T G HL B
25 65dB, MIMWIEM T REMREA —E
FUE[E53
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7 HIRKEEE IMD {5 B RS SR SE R L CREESE A 100 Hz, BREA S V)
Table 7 Comparison between simulation result and actual test result of intermodulation
distortion IMD (sample rate is 100 Hz, range is 5 V)

HIRREFRE IMD/dB
BiBiR=2
SR D B SRR D5 B
1 0.004 6% 0.000 002% —86. 68 ~153.84
2 0.004 1% 0.000 002% —87.70 —154.28
3 0.003 6% 0.000 002% —88.82 -153.37

4 WiRE%®

o VDR 2R TR R L R O R O Mt R MR SR R A 0 EE AR RE R AR . AR SO P B A A
PR SR A, X SRR EE R B IR T A BRI, AR LR 5 R

1555 DB A 0T 5 Al SR B A0 )RR D K O L LR R BN SRR R, XA A MR
TOHE R AR AR B RRAE . (EY A S 5 IR (BRI, SR A S U R M2 SR 45 T 24 %
MG SR AR /N, E O 8 MR A R A g5 B 3 S A S R R R 3G O, R O R
AR T2 20 dB. X FPLE R AT G R EARFE A, B A A SRR 5IR, M
it 1k — 20 T R AH SEAF 5 R A

HT T b 7 R Al R AR 4% B0 B Dl R L | LR K R R A SR A2 A A S AR E L T
Ti kA BB, SO SR B A48 3 B B AN Tt A A B2 7 2 A AR O B AR 48 i 0 3 B F
FEE, AT SRA R IR S Tk, (AT M A [R] A8 B AN [R) I 3 A 05 14 0 0 45 R B T Fepk

AT S M 7 KON SR AR 45 TR A ML YE 0 A £ AN ST, AT T R 5 I A% it 7 A
AR VLA AR L5 Ar L
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