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Thickness measurement method of Cobalt-Rich Manganese
Crusts based on dual-channel information of parametric array
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Abstract: Cobalt-Rich Manganese Crusts (CRCs) is one of the important submarine mineral resources and has important
application in the industry, so the exploitation of CRCs has potential mining value. The thickness of CRCs is an important
index to evaluate the amount of resource in mining areas. In this paper, the prototype parametric acoustic probe is devel-
oped for in-situ measurement of CRCs thickness. The prototype transmits primary signals vertically to undersea sediment
and receives the dual-channel echo signals of primary and difference frequencies. The envelopes of the primary signal and
difference signal are extracted respectively to get the arrival time of the peak point of echo signal, and then the “time delay
difference” method is used for the thickness measurement. The extraction of echo arrival time is the key factor of the
measurement. Traditional methods of envelope extraction, such as Hilbert transform can precisely extract the envelope of
the primary echo, but the extraction accuracy of the envelope of the difference frequency signal is poor. In this paper, the
envelopes of the primary signal and difference signal are extracted by Hilbert transform and autocorrelation algorithm re-
spectively, which improves the accuracy of thickness measurement. The pool test is conducted to analyze the performance
of the algorithm. The sea trial result in a China voyage shows the effectiveness of the algorithm.
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Fig.1 System description of the parametric acoustic probe
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Fig.2 Schematic diagram of echo signals for detection
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Table 1 Parameters for filtering and sampling
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Fig.3 Flowchart of the algorithm for thickness measurement
based on the dual-channel echo signals
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Fig.5 The dual-channel echo signals from pool test
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Fig.6 Comparison of different envelope extraction methods
according to pool test data
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Table 2 Thickness estimation of different methods
according to pool test data
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Fig.7 The dual-channel echo signals from sea trial
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Table 3 Thickness estimation of different methods
according to sea trial data

A 2 SRR P8R fem FR1fE2ZE/mm
A IRA R 4 10.09 11.82
N AR A 9.21 6.24
AR 9.15 5.41
A 6+ R A 9.33 5.28
4 #5

AR T RALIRI BRI T Z AR G T
A AL R B . e BRI T AR R
BRI BT 5 5 S5 5E R I ZE R S 5 g% e
B E SRR SRR A BART 21, foeJa it i
EEFIMNELE TR Horr, W NE
MEREEE, A=Kt EEfikath 7 AR
BAFEPEN E MR IRE . LIRS K], Ay
IRARRFAS IS T JEAUE 5 B2 520 1 F AR
FE S /NBAHRIE T ZHUE 5 IR R, SR
P AR IRAARS A2 e 55 B A SRS 23 il S U S 5
5EPE SIS, SRR RS RiRZE b H
A, FiJE, REAZSEER ] AR R
il REHIG T ERREE AR, AL A



a4 TR TSR OORE S D0 B e mo B R 5% 469

SR A o []. T T8, 2016, 24(20): 118-120.

N LI Xingyong, CHEN Yuru, HE Longfu, et al. Research on multi
s P AR R I o e == =
RS TAEd, Rt IR w4 -5 beam depth measurement technology based on parametric array[J].

B2 2 B S5 25 R I S R o 25T SR A AR 2R AE Electronic Design Engineering, 2016, 24(20): 118-120.
BT A eh R TR, A JE T 4 T JE oy ] [9] THORNTON B, ASADA A, BODENMANN A, et al. Instru-

ments and methods for acoustic and visual survey of manganese

qu%ﬁéﬁ%a@ iE%IJﬁY£° crusts[J]. IEEE Journal of Oceanic Engineering, 2013, 38(1):
186-203.
& £ X Wk [10] THORNTON B, ASADA A, URA T, et al. The development of an
acoustic probe to measure the thickness of Ferro-manganese
[1] COMMEAU R, CLARK A, MANHEIM F, et al. Ferromanganese crusts[C]//OCEANS'10 IEEE SYDNEY. Sydney, NSW, Australia.
crust resources in the Pacific and Atlantic oceans[C]//OCEANS IEEE, 2010: 1-9.
1984. Washington, DC, USA. IEEE, 1984: 421-430. [11] MEHaIE, BRMabA. 87 S R I 7E [J]. EAMEFIERR,
[2] USUI A, GRAHAM IJ, DITCHBURN R G, et al. Growth history 2006, 25(2): 23-25.
and formation environments of ferromanganese deposits on the TENG Yanfei, CHEN Shangsong. Study on precision of ultrasonic
Philippine Sea Plate, northwest Pacific Ocean[J]. Island Arc, 2007, ranging[J]. Foreign Electronic Measurement Technology, 2006,
16(3): 420-430. 25(2): 23-25.
131 ROGIHF, FRRH, RO, KEEE 4T A IR 53R [T]. [12] HONG, FENG, HUANG, et al. China's first demonstration of
Hh BT ZA4R, 2001, 7(4): 379-389. cobalt-rich manganese crust thickness measurement in the western
WU Guanghai, ZHOU Huaiyang, CHEN Hanlin. Progress in the Pacific with a parametric acoustic probe[J]. Sensors, 2019, 19(19):
research of cobalt-rich crusts[J]. Geological Journal of China 4300.
Universitiesf, 2001, 7(4): 379-389. [13] HONG F, FENG H H, HUANG M Y, et al. An effective method
[4] L. ERA RN SRR N ARG R, AEER, for measuring the thickness of Cobalt-rich Manganese Crust based
2002, 21(Z1): 96-98. on the neighborhood information and dual-channel information
WANG Runtian. Progress in detecting the geological formations [C]//International Congress on Acoustics, 2019: 4446-4453.
and sediment properties by sound[J]. Technical Acoustics, 2002, [14] HUANG N E, SHEN Z, LONG S R, et al. The empirical mode
21(Z1): 96-98. decomposition and the Hilbert spectrum for nonlinear and
[51 &M, MEEEHERYI BT 7T SRR A 2 R B R SR [T]. HiER non-stationary time series analysis[J]. Proceedings of the Royal
W2k, 2007, 22(4): 1243-1249. Society of London Series A: Mathematical, Physical and Engi-
JIN Xianglong. The development of research in marine geophysics neering Sciences, 1998, 454(1971): 903-995.
and acoustic technology for submarine exploration[J]. Progress in [15] SHENSA M J. Discrete inverses for nonorthogonal wavelet trans-
Geophysics, 2007, 22(4): 1243-1249. forms[C]//SPIE's International Symposium on Optical Engineering
[6] WG, ZRE, BERK, % S8R EARERRE 245 and Photonics in Aerospace Sensing. Proc SPIE 2242, Wavelet
e R[], IFEEIZ:, 2019, 39(5): 30-34. Applications, Orlando, FL, USA. 1994, 2242: 314-324.
HU Mengtao, LI Taichun, LIAO Rongfa, et al. Application of [16] BB, Bk, IR, . BT HRSITESBEARELLIHEE S
parametric array sub-bottom profile detection technology in pipe- PN RIRIH[IT]. HUAREH £ SHER, 2007, 26(4): 408-411.
line detection[J]. Hydrographic Surveying and Charting, 2019, BI Guo, CHEN Jin, HE Jun, et al. Application of correlation
39(5): 30-34. analysis-based envelope technique to gear character identifica-
[7]1 ZRMeMe, MRdnds, M. 9105 8 M EORTE LRI b it 7T tion[J]. Mechanical Science and Technology, 2007, 26(4): 408-411.
[J]. FE2E2E4R, 2016, 41(6): 797-803. [17] Z=fok. BFAGRYBERA RS 2 07757]. EEEOR, 1982, 1(1):
ZOU Binbin, CHEN Jingjing, WANG Runtian. Research on 10-17.
wideband parametric acoustic arrays used in shallow water detec- LI Yunwu. Acoustic methods for investigation of the physical
tion[J]. Acta Acustica, 2016, 41(6): 797-803. characteristics of sea bottom[J]. Ocean Technology, 1982, 1(1):

[8] ZNH, BT, Mk, & & TSEENDZEORIREART 10-17.



