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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 d ata 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 be used  to iden 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 (10-3~10-1 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 long t 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 Hz and ev en higher frequ encies. However, 
Acquiring IP d ata at low 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. 

 
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; Li et al 2020). Many 
research institutions and companies have developed the 
distributed instruments, such as MIMDA S IP system in 
Australia, Newmont distributed acquisition system 
(NEWDAS) in the United States, Quantec’s 3D system in 
Canada, IRIS f ull-waver instrument in Fren ch. However, 
large-scale field observing and anti-interference processing 
of IP data at low frequenc ies are s 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 s tably 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 Hz b y combining waveforms of  
different bandwidths. The transmitter uses GPS for  
synchronization, the s ynchronization accuracy is less than 
30 ns. Th e 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 run on IP  data 
acquisition station ( DAS). The control center software is 
composed of a user interface (UI) module, DAU 
management module, DAU agent mod ule and 
communication module. Based on the GPS 
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Large scale IP data acquisition and processing 

ICEG2021, 25-28 October 2021, Al Ain, UAE 

 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 in the complex resistivity phase were 
removed by comparing the res ults with and w ithout 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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