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Summary

Induced polarization (IP) is an effective geophysical
method for characterizing near-surface complex resistivity
structures. To improve the pr ecision and efficiency of
massive-scale exploration, a large-scale distributed full-
waveform IP system is developed and an intelligent signal
processing technology is proposed for the first time. The

testing of practical data show that IP data qu ality can be
extremely improved by distributed acquisition and an ti-
interference processing.

Introduction

The IP effect is an electrochemical phenomenon produced
in a multiphase medium under the action of an electr ic
field, which includes electric polarization (conductive
minerals) and thin-film polarization (non-conductive
minerals) (Seigel et al 2007; Johansson et al 2020; Gross et
al 2021; Revil et al 2021). In practical, rocks, animals, and
plant micro-organisms are all multi-phase media, the IP
exploration can beused toiden tify the physical
characteristics of them (including composition, structure,
structure, porosity, permeability, salinity, conductive
mineral content, and so on) (Ahmed et al 2019; Martin et al
2021; Wang et al 2021). In addition, the IP effect can also
be considered in various electromagnetic explorations, such
as transient electromagnetic (TEM), controlled source
audio magnetotelluric (CSAMT), airborne electromagnetic
(AEM), and so on (Madsen et al 2020; Zhou et al 2020).

Recently, IP measurements of various rock and ore samples
have been achieved in the laboratory. However, Observing
IP response at the low-frequency band (10°~10"" Hz) is
challenging and difficult in practical field surveys, because
of low working efficiency and strong electromagnetic
interference. Transmitting a lo ng-period exciting current
and observing a long-period synchronous IP signal can take
a longt ime. Additionally, electromagnetic (EM)
interferences caused by natural and artificial sources at low
frequency are strong, which may distort most of the data, so
in practical exploration, IP data are mainly observed at 0.1
Hz~100 Hzandev en higher frequ encies. However,
Acquiring IP d ata atlow fr equency is also necessary,
because of two points. First, many ore deposits,
carbonaceous slate, and oth er sedimentary strata can be
discriminated by using the complex resistivity spectrum at
low frequency. Second, the electromagnetic coupling effect
is an inherent interference in IP survey, which is weak at
low frequency and can be removed by linear correction.
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An effective method to improve observation efficiency is
developing three-dimensional distributed observation
systems. There has been great progress in instrume nt
development (Alfouzan et al 20 20; Liet al 2020). Many
research institutions and companies have developed the
distributed instruments, such as MIMDA S IP system in
Australia, Newmont distributed acquisition system
(NEWDAYS) in the United States, Quantec’s 3D system in
Canada, IRIS full-waver instrument in Fren ch. However,
large-scale field observing and anti-interference processing
of IP data at low frequenc  ies ares till challenges and
research hotspots (Olsson et al 2016; Liu et al 2016, 2017,
2019; Barfod et al 2021). In this paper, we d eveloped a
distributed full-waveform induced polarization exploration
system, which can realize 50-200 nodes ( corresponding
200-800 channels) IP exploration with real-time full-
waveform data acquisition constraint, which is one of the
largest-scale IP exploration systems in China. Since the
system mainly transmits spread spectrum signals, rather
than square wave signal, it was named as spread spectrum
induced polarization (SSIP)  system. Additionally, a
complete signal de-noising method is also proposed.

Theory and/or Method

The distributed IP system consists of two parts: tr ansmitter
and receiver. The transmitter includes a digital generator
(which can stably transmit 220V alternating current), an
intelligent transformer and r ectifier (output voltage is 0-
1000V), a pseudo-random signal conditioner (which can
modulate two kinds of spr ead-spectrum signals, 2n
sequence and m sequence). The range of signal frequency
can reach 1/1024-8192 Hzby combining waveforms of
different bandwidths. The transmitter uses GPS for
synchronization, the synchronization accuracy is less than
30 ns. The system power consumption is less than 1 W.
The receiver is based on th e Zigbee and wireless sensor
network autonomous networking. Th e current electrodes
and potential electrodes are completely separated to avoid
electromagnetic induction and coupling. A PC with a
ZigBee adapter is used to control the data acqu isition and
monitor the data quality. Data acquisition software includes
control center run on portable personal computer (PC) and
data acquisition unit (DAU)so ftware runonIP  data
acquisition station ( DAS). The control center software is
composed of a wuser interface (UI) module, DAU
management module, DAU agentmod wule and
communication module. Based on the GPS
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synchronization, ZigBee and wireless sensor network, the
IP system can realize the simultaneous collection of 200
sets of 800 channels.

Electromagnetic interference mainly includes: low-
frequency trend item interference caused by telluric current,
discontinuous interference by machinery and equipment in
mines, outliers caused by spike interference, and
electromagnetic  coupling interference caused by
electromagnetic induction of the earth. In order to improve
the precision and efficiency of large-scale data processing,
an automatic signal processing technology based on a de-
noising library and the statistical decision is proposed for
the first time. To deal with various kinds of electromagnetic
interferences in electrical exploration, five signa 1
processing  techniques including: empirical ~mode
decomposition, waveform matching analysis, robust
statistics, principal component analysis and wavelet
analysis, are improved a nd integrated as ade-no ising
method library. Then, a statistical decision tree is
established to automatically identify the noise interference
and select the corresponding signal processing method,
according to the statistical information of the original time
series in e ach survey point. The statistical information
including the mean value, standard deviation, outlier ratio,
noise to si gnal ratio, current-voltage correlation of every
segment. The change of mean value in each segment
represents the trend drift disturbance. The distribution of
standard deviation and c orrelation reflects strong burs t
noise interference. The distribution of outliers per period
reflects the existence of spike interference. The noise ratio
can reflect the strength of background Gaussian noise. The
synthetic algorithm is veri fied by simulated data. Finally,
after de-noising, apparent IP parameters are estimated and
3D inversion is performed.

Examples

We analysed the data acquisition and processing of the
SSIP full-waveform IP in a mining area in Southern China.
The sample frequency is 64 Hz, the period is 256 s, and the
fundamental frequency is 0.0039 Hz, observing time is over
an hour. Complex resistivity at 1/256 Hz, 2/256 Hz, 4/256
Hz, 8/256 Hz, 16/256 Hz can be calculated after signal
processing of the time domain IP series. In this survey area,
about 50 survey lines with 100 survey points per line were
arranged using scanning and sounding arrangements
separately. The survey line distance is 40 m and the survey
point distance is 20 m. Potential electrode space MN is 20
m. For scanning arrangement, current electrode space AB is
5000 m. For sounding arrangement, AB is 300 m, 600 m,
900 m, 1200 m, 1500 m, 1800 m, 2100 m, 2400 m, 2700 m,
3000 m, 3300 m, 3600 m and 3900 m separately. Typically,
the max probe depth is 1/3~1/6 of the max AB. Almost all
the full-waveform [P data are threatened by
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electromagnetic interference caused by artificial and natural
sources. Fig. 1 shows the schematic diagram of distributed
full-waveform IP data acquisition of partof the survey
points in the field.

Figure 1: Schematic diagram of distributed full-waveform IP data
acquisition in the field.

Based on the anti-interference processing algorithm, a high-
quality 3D complex resistivity data set of more than 5000
survey points are obtained. We show part of the data set to
analyze the effect. Fig. 2 shows a planar contour map of the
apparent resistivity and phase at 1/256 Hz, us ing IP
scanning data (current electrode AB=5000 m). Resistivity
data were determined by the primary field, so they are less
disturbed by the noises. However, the phase data were
determined by the secondary field, so they were greatly
interfered by the noises, and the phase map was distorted
seriously. After de-noising, the distortion disappeared. An
IP anomaly area with low-resistivity and high-phase can be
traced out onthe upper-right side of the contour maps,
which was inf erred as al ead-zinc orem etallogenic
favorable area combined with other geological and
borehole materials.
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Figure 2: Contour maps of apparent resistivity and apparent phase
plane obtained at 1/25 6 Hz for 5000 surveying points with and
without de-noising processing.
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Conclusions

Based on the development of IP theory and technology, a
distributed full-waveform SSIP instrument s ystem and a
complete anti-interference data processing method was
proposed. This method was applied to a large-scale spread-
spectrum practical data acquired in a mining area in
Southern China. The data quality was improved greatly .
The distortions inthe complex resistivity phase were
removed by comparing the results with and without anti-
interference processing. This application in large-scale
detection demonstrates that anti-interference processing is
effective to improve the data quality in practical IP
exploration, especially for large-space and low-frequency
detection.
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