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Abstract— The developed spontaneous potential (SP) 

measuring device involves design and construction of non-

polarized porous pot as sensing unit, using high input 

impedance preamplifier with serial output 24 bits analog- to-

digital converter, microcontroller and liquid crystal display 

(LCD) unit. The non-polarizing porous pots were molded 

using kaolin, clay and sawdust with Aluminum silicate as 

bound material in the ratio 67:33:1:12 by volume (59.3%, 

29.2%, 0.01%, and 10.6%). After molding, it was sun dried 

for 48 hours and later poured water into it for 3 hours and 

finally oven dried at temperature 150°C for 6 hours during 

which the added saw-dust was burnt and created the needed 

porosity and hardened it. Concentrated solution of one molar 

Hydrated Copper Sulphate was used as the electrolyte with 

copper rod as the electrode, and both were put into the porous 

pot and then sealed off with copper lead points out for 

connectivity. High input impedance amplifier of ADS1220 

analog-to-digital converter was used for the signal 

conditioner in a differential mode. ADS1220 input is 

equipped with an electromagnetic interference (EMI) filter to 

remove noise from electrical installation. The 24-bits serial 

output o ADC felt into the microcontroller (Arduino Mega 

2560) for low voltage signal for measurement and display the 

value on LCD. The developed SP instrument was calibrated 

by using a Mastech Multimeter 69702 model and an available 

SP instrument. The Mastech multimeter and developed SP 

instrument were compared the correlation is 0.95 and with 

relative error of 0.00011. The standard deviation obtained 

was 0.0055. The developed SP instrument was compared 

with available SP device correlation value was 0.998 with 

average deviation of ±0.000124. The input resolution of the 

developed instrument is 0.24μV with minimum and 

maximum of -2.48 V and +2.48 V respectively. 
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I. INTRODUCTION 

The measurement of the spontaneously occurring electrical 

potential obtained from ground due to potential developed by 

water flow, volcanic activity and mineral resource inside the 

soil. The measuring technique has been used for many years 

in geophysical survey, chiefly in the area of mineral 

prospecting. Recently, there has been renewed interest in the 

use of spontaneous potential data for geohazard monitoring 

(Rihger et. al., 1949). But, despite the fact that spontaneous 

potential surveying is quick, its use in environmental and 

engineering site investigation has not been widely 

appreciated (Nyquist and Corry, 2002). This is most likely 

due to an incomplete understanding of the causative 

mechanism spontaneous potential anomalies in the context of 

contaminated land or engineering sites couple with non-

availability of affordable spontaneous potential measuring 

equipment. (Corwin and Hoover, 1979) 

The magnitude of the SP depends on the electrical 

resistivity, dielectric constant and viscosity of the fluid, 

coupling constant between the fluid and the soil, and pressure 

drop along the flow path. The spontaneous potential anomaly 

caused by the flow can be measured on the surface above the 

flow path; this is the basis of the spontaneous potential 

method for seepage detection and mapping (Corwin, 1990). 

The US Army Engineer Waterways Experiment Station has 

successfully applied the self-potential and other geophysical 

methods to detect, map, and monitor anomalous seepage 

conditions at water retention and hazardous waste disposal 

sites throughout the United States (Corwin, 1990).. 

Spontaneous potential anomalies in mineralized areas range 

from a few millivolts to one volt; and the potentials of interest 

are always negative relative to a point outside the mineralized 

body (Charles, 1985). In most cases, spontaneous potential is 

related to the electrochemical potential, which is the sum of 

liquid junction, (or diffusion) potential and membrane 

potential. Different types of spontaneous anomalies and their 

sources (Corry et. al., 1983; Gondouin et. al., 1957) are 

illustrated in Table 1. 

(https://www.researchgate.net/publication/298874887_Envir

onmental_geophysics_Techniques_advantages_and_limitati

ons”https://www.kau.edu.sa/Files/0003035/Subjects/SP.pdf) 

Sources 
Type of 

Anomalies 

Mineral potentials 

Sulphide core bodies (pyrite, 

chalcopyrite, Pyrrhotite, sphalerite, 

galena) Graphite ore bodies, 

Magnetite + other electronically 

conducting materials. 

Negative ≈ 

hundreds of mV 

Coal, Quartz veins, Pegmatites 
Positive ≈ tens 

of mV 

Background potentials, e.g. Fluid 

streaming, geochemical reactions, etc. 

Positive 

+/negative – (≤ 

100 mV) 

Bioelectric (plants, trees) 
Negative, ≤ 300 

mV 

Ground water movement 

Positive or 

negative, up to 

hundreds of mV 

Topography 
Negative, up to 

2 V 

Table 1: Types of Spontaneous Anomalies and their 

Geothremal Sources 

James and Richard, 2011 described how to construct 

inexpensive geophysical measuring instruments having 

realized that the prices of most geophysical and hydrological 

instruments are so high and this has reduced the level of 

investigation into geological and hydrological of 

environments in most countries. The paper described how to 

construct SP instrument for less than two hundred and fifty 

dollars, which is still very expensive in Nigeria considering 

Naira to Dollar exchange.  
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II. METHODOLOGY 

A. Basic Block Diagram of Developed Spontaneous 

Potential (SP) 

The spontaneous potential device developed consists of the 

sensing unit constructed with porous pot, copper sulphate 

electrolyte and copper rod as the electrode sprouting lead; 

high input impedance amplifier obtained from analog-to-

digital converter, 24 bits ADC, microcontroller, intelligent 

liquid crystal display and power unit. The basic block unit is 

shown on Figure 1. 

 
Fig. 1: Block of Developed SP Device 

B. Construction of Porous-Pots   

Porous-pots serve a linkage between the ground and SP 

instrument. The construction materials are kaolin, sawdust, 

clay, aluminum silicate as bound material. The mixing ratio 

of materials used for moulding the porous pots was shown 

Table 2. The materials were molded to shape of interest, and 

then sun dried for 48 hours, filled with water for 3 hours, and 

finally oven dried at 200C for 6 hours to burn the applied 

sawdust during molding to create it porosity, and at the same 

time makes it harder.  Copper sulphate was used as the 

electrolyte with copper rod as the electrode and then cap-

sealed with the electrode lead points out for connectivity.  

Rating Kaolin Clay Sawdust 
Aluminium 

silicate 

Volume 

Ratio 
67 33 1 12 

Percentage 

Ratio 
59.29% 29.2% 0.09% 10.62% 

Table 2: Porous-pot materials and molding mixing ratio 

III. HIGH INPUT IMPEDANCE AMPLIFIER WITH 24-BITS ADC 

The ADS1220 is a small, low-power, 24-bit, ΔΣ ADC that 

offers many integrated features to reduce system cost and 

component count in applications measuring small sensor 

signals. In addition to the ΔΣ ADC core and single-cycle 

settling digital filter, the device offers a low-noise, high input 

impedance, programmable gain amplifier (PGA), an internal 

voltage reference, and a clock oscillator. The device also 

integrates a highly linear and accurate temperature sensor as 

well as two matched programmable current sources (IDACs) 

for sensor excitation. All of these features are intended to 

reduce the required external circuitry in typical sensor 

applications and improve overall system performance. An 

additional low-side power switch eases the design of low-

power bridge sensor applications. The device is fully 

configured through four registers and controlled by six 

commands through a mode 1 SPI-compatible interface. The 

Functional Block Diagram shows in Figure 2 the device 

internal circuitry.  

The ADS1220 ADC measures a differential signal, 

VIN, which is the difference in voltage between nodes AINP 

and AINN. The converter core consists of a differential, 

switched-capacitor, delta modulator followed by a digital 

filter. The digital filter receives a high-speed bit stream from 

the modulator and outputs a code proportional to the input 

voltage. This architecture results in a very strong attenuation 

of any common-mode signal. 

The device has two available conversion modes: 

single-shot and continuous conversion mode. In single-shot 

mode, the ADC performs one conversion of the input signal 

upon request and stores the value in an internal data buffer. 

The device then enters a low-power state to save power. 

Single-shot mode is intended to provide significant power 

savings in systems that require only periodic conversions, or 

when there are long idle periods between conversions. In 

continuous conversion mode, the ADC automatically begins 

a conversion of the input signal as soon as the previous 

conversion is completed. New data are available at the 

programmed data rate. Data can be read at any time without 

concern of data corruption and always reflect the most 

recently completed. The device features a low-noise, low-

drift, high input impedance, programmable gain amplifier 

(PGA). The PGA can be set to gains of 1, 2, 4, 8, 16, 32, 64, 

or 128. Three bits (gain 2) in the configuration register are 

used to configure the gain. A simplified diagram of the PGA 

is shown in Figure 3. The PGA consists of two chopper 

stabilized amplifiers (A1 and A2) and a resistor feedback 

network that sets the PGA gain. The PGA input is equipped 

with an electromagnetic interference (EMI) filter. 

 
Fig. 2: The Functional Block Diagram of ADS1220 

 
Fig. 3: Programmable Gain Amplifier (PGA) 
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IV. ATMEGA328P MICROCONTROLLER  

Microcontroller is small size computer on a single IC 

containing processor core, memory and programmable input-

output peripheral. Microcontrollers are designed for the use 

of embedded applications, in contrast with microprocessor 

which are used for personal computers and other general 

purpose applications. Atmega328 is a low power, high 

performance; CMOS 8-bit microcontroller based on the AVR 

enhanced RISC architecture. Atmega328 provides 32 K bytes 

of in-system self-programmable memory with read while 

write capability and 1Kbyte EPROM. (Pratik et. al., 2014; 

Ewetumo, 2011) 

V. LIQUID CRYSTAL DISPLAY  

LCD is used to display the number tipping bucket count, rain 

depth, the current time and date at the instant. A Digchip 

make 20 character × 4 lines JHD162A liquid crystal display 

was used in the system developed. The display is a 16 pin 

which works with maximum power supply of 5.0 V and the 

data can be sent in either 4 bit, 2 operations or 8-bit, 1 

operation so that it can be interfaced to 8-bit Microcontroller. 

Here we used 4 bits, 2 operation system. (Pratik et. al., 2014) 

VI. TESTING AND CALIBRATION OF THE SPONTANEOUS 

POTENTIAL DEVICE 

The device was first tested for its response by connecting a 

dead cell AAA into the input of developed metric part of 

device and display value and when the two input were bridge 

it display Zero value. This gives information the device is 

working. The device was used to measure a good 1.5 V AAA 

cell and alongside with available Mastech Multimeter 69702 

model. The result obtained from the meter recorded every 30 

s for 5 minutes is Table 3. The correlation, standard and 

relative error computed from data in table 3 were 0.95, 

0.00055 and 0.00011 respectively. The shows that metric unit 

has good accuracy and high precision. The resolution is 

0.0001 V for developed device and meter has set range to 

measure microvolt due to ability of the ADC that has 

minimum step voltage of 0.24 μV per step for ±5 V maximum 

reference voltage. 

Developed (V) Available(V) 

1.6012 1.601 

1.6012 1.601 

1.6011 1.601 

1.6001 1.600 

1.6011 1.601 

1.5990 1.599 

1.5991 1.599 

1.6009 1.601 

1.6001 1.600 

1.6000 1.599 

Table 3: Reading obtained from the Two Meters 

VII. PERFORMANCE EVALUATION OF DEVELOPED SP 

DEVICE  

A. Comparison of the Developed and Available SP Device 

The two devices were used for field survey at Ile-Ife, Nigeria 

located at latitude and longitude coordinates 7.5207667 and 

4.530315, and GPS coordinates 7o 1  27’ 5.9” N, 4o 33’ 59.59” 

E respectively. The results obtained were analyzed by 

exploring excel package. Table 4 and Figure 4 give the 

relationship between the results from the developed and the 

available one. The correlation obtained is 0.998 with average 

deviation of ±0.000124. 

d (m) Developed (mV) Available (mV) Deviation 

1 -0.01358 -0.0136 2.0E-05 

2 -0.01187 -0.0118 -7.0E-05 

3 -0.01121 -0.0112 -1.0E-05 

4 -0.01763 -0.0177 7.0E-05 

5 -0.01829 -0.0184 1.1E-04 

6 -0.01805 -0.0180 -5.0E-05 

7 -0.01656 -0.0167 1.4E-04 

8 -0.01829 -0.0182 -9.0E-05 

9 -0.01675 -0.0169 1.5E-04 

10 -0.01717 -0.0173 1.3E-04 

11 -0.01767 -0.0177 3.0E-05 

12 -0.01710 -0.0170 -1.0E-04 

13 -0.01685 -0.0171 2.5E-04 

14 -0.01855 -0.0191 5.5E-04 

15 -0.01603 -0.0158 -2.3E-04 

16 -0.01601 -0.0160 -1.0E-05 

17 -0.01681 -0.0169 9.0E-05 

18 -0.01826 -0.0184 1.4E-04 

19 -0.01168 -0.0118 1.2E-04 

Table 4: Comparison of the Developed and Available SP 

Device 

 
Fig. 4: Comparison of the Developed and Available SP 

Device 

VIII. FIELD PERFORMANCE EVALUATION 

A. Data Collection Technique Procedure 

The sites used was located within the Federal University of 

Technology, Akure (FUTA) for the field survey, around the 

Post Graduate School building block, Obanla (north location 

of the campus), with at latitude and longitude coordinates of 

7.250771 and 5.210266. The electrodes were placed in the 

sinkholes on the ground made at successive 1 metre apart 

relative to each other with one electric wire running from each 

electrode to the SP measuring instruments. The sinkholes 
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were made 1 metre apart through a total distance of 20 metres 

with the reference electrode placed in the first sinkhole and 

the moving electrode at the second sinkhole for the first 

measurement, the second measurement was taken by shifting 

the moving electrode to the third sinkhole, etc., and this 

continued until the full length 20 metres from the reference 

electrode reached. The sinkholes run from west to east at 

locations the result is displaced in Figure 5. The value 

obtained were the same except only point 7 that was circle 

has little deviation. 

 
Fig. 5: Shown the Measurement Made developed and 

Available Instrument 

IX. CONCLUSION 

The developed SP instrument performance complies well 

with a correlation value of 0.95, standard deviation 0.00055, 

relative error of 0.00011 with Mastech Multimeter 69702 

model when used to measured voltage on AAA 1.5 V cell. 

Average deviation of 0.000124 V and correlation o 0.99 when 

compared with the available standard SP instrument. This 

shows that a locally well-developed instrument is as viable as 

SP instrument available. The developed SP instrument can be 

adopted by research centers (geological and hydrological 

centers), private centers, higher institutions, industries, 

environmental protection agencies and universities for 

geological and hydrological investigations of our 

environments; and also for exploitation of our underground 

mineral deposits. It is at low cost and easy maintaining 

device. 
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