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Research on acoustic NC-OFDM transmission and noise
reduction for logging while drilling data
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Abstract; With the rapid development of logging while drilling (LWD) technology, the real-time transmission of multi-dimensional
formation data is particularly important. Aiming at improving the low data rate, high cost, and non-real time for traditional transmission
approaches, this paper proposes a novel acoustic transmission scheme based on non-continuous orthogonal frequency division multiplexing
(NC-OFDM). Firstly, the frequency response function of drill strings channel is simulated through transfer matrix method (TMM) , and
on this basis, a channel estimation method is proposed to obtain frequency response of each sub-channel. Then, a received array with
two accelerometers is utilized to receive the acoustic signals with phase shifting, and the surface strong noise interference of uplink
transmission can be reduced through the correlation of the received signals. Finally, a set of test device of communication is designed to
validate the transmission performance under the channel condition of experimental drill strings. Simulation and test results show that the
designed transmission scheme has high data rate and high reliability.
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Fig.1 Acoustic transmission system for LWD
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Fig.2  Drill strings model
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Fig.3 Stress of structure model
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Fig.4 Channel transmission characteristics
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Fig.6  Example pilot design of NC-OFDM

3.3 NC-OFDM {5i& it
{45 19 LS it 114 ( conventional least square, CLS) {fi
TR :
Y(k)

3 _ Y(k) W(k)
H(k) T X(k) X(k)

HAGTF 32 W85 TH0 M B AR

X} NC-OFDM, A ik v BA K X (k) =0,
AT PIASH HXS R H(k) = 0 o @t x4 (17) frfd
1475 2 450 ) AR50 PR3 A L 396 45 46 (inverse fast Fourier
transform, TFFT) 4846 AT DIAS3]

h(n) = IFFT[H(E)] = h(n) +w(n) (18)
Xin =0,1,-,N-1, MFELREMEHE,Y%n > DR,
h(n) =0, FEt, K (18) 7T LR Hy -

Ry (n) =

{h(n) +w(n), n=0,1,-,D
0, n=D+1,D+2,--- N

SRR (19) 75 20 Y B AL ok e 1o A B 3 18 B -
754 (fast Fourier transform, FFT) &% v] IS5,

i, (k) =FFTth, (k)] (20)

FENEET DET 19 LS At BEAS 2 A9 £5 18
SR B R 2 A8 S ISP A W75 40, ] I R] RE 237 ok
AR S A R B 4

H T AR R AR AR A, AR — RS SR L es A
RERNEHC , L, AR . e Al F 4
TGk DFT-LS 5k, o] LKA D, U828 0

0, n=0,1,-,D -1

= H(k) + (17)

(19)

ho (M) = {h(n) +10(n), n =D,,D
0, n=D+1,D+2,- N
(21)

S Dy = L se| (21 ) AT LR PN T EE P
M T, S RO
3.4 NEKEBEET
AR SR (1) TR MR N,
S A BRI . LRI T R 5 8 4
RORGAR T , RO 8 , o7 LUA 3] n, (1) %4
AR R
BT B b U A S B R, O L, L, Ly 4
Sy ik — AR T B A 0 P S 1 PO B A 1
S fL S 2 1O B, PR S 2 B4 OB B

«—— nOJn
— x5l

fosiin

) »®

Bl 7 XU

Fig.7 Dual receiver model
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Table 2 System parameters
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Fig.8 Comparison of channel estimation performance
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