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 This paper is present an application of multi-frequency alternating current source that can 

be adjust the frequency from 1 Hz to 1 kHz for vertical electrical sounding (VES) on soil 

resistivity investigations. Researchers have used the four-point electrodes array method 

for resistivity method in laboratory and field trial of soil resistivity measurements. The 

result in laboratory found that in each frequency of current source has significate influence 

on the homogeneous soil resistivity. It was shown that the implemented equipment can be 

used to measure the soil resistivity as required. In field trial the soil resistivity was 

investigated by the implemented equipment feeding the rectangular wave current through 

two current electrodes on the subsurface soil which embedded in the non-homogeneous 

soil in the field work. The current source can be scaled and frequency adjusted at 50 Hz, 

100 Hz, 200 Hz, 500 Hz and 1 kHz, respectively. The subsurface field have repeated tests 

30 times in each frequency by compared with standard resistivity measurement equipment. 

The result found that the non-homogeneous apparent soil resistivity can be investigated 

and at the frequency of 100 Hz is close to the standard tool. 
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1. INTRODUCTION 

 

Soil specific resistivity is the soil property which has 

benefited for geophysical surveys where geophysicists use to 

find the available underground resources. The most popular 

are groundwater, petroleum oil and many minerals.  

There are several methods of geophysical surveying for 

example the seismic, magnetic, electromagnetic, gravity, 

radioactivity and resistivity methods [1], of which the soil 

resistivity method is a geophysical survey method, 

standardized, unrestricted survey area, the survey operate on 

the top of subsurface soil without borehole, simple and rapid 

to survey, simple geophysical interpretation and easy to find 

surveying tools easy to use and cost-effective.  

Soil resistivity is the parameter for groundwater exploration, 

construction, irrigation [2], lightning protection and 

agriculture for the following reasons [3-19]. Many researchers 

have studied for a long time in both theory and practice in 

many research areas [3-30]. G. Cosoli et al found that the 

resistivity measurement method can be applied for mortar and 

concrete elements [3], where various works supported this 

research [4-9]. Moreover, the soil resistivity can be used for 

grounding design [10-17] and agriculture [18]. The soil 

resistivity is the indicator of soil moisture, salinity, porosity, 

organic matter level, which can be used for precision farming 

applications [18]. The research for finding groundwater has 

also applied the soil resistivity to investigate for soil fertility 

and cultivation of grass for livestock [19, 20]. In Israel, M. 

Goldman used electrical methods to monitor seawater 

intrusions [21]. From the literature, we have seen that soil 

resistivity has been a good indicator for many applications. To 

date, soil resistivity is still an important parameter. 

The resistivity method is used to measure soil resistivity this 

measurement method is commonly applied for direct current 

or alternating current feeding at frequencies as low as about 1 

kHz in subsurface soil which is called “Vertical Electrical 

Sounding” (VES), where most of the time DC voltage source 

is applied. The voltage is very high range from 100 volts to the 

maximum voltage at about 600 volts, making the instrument 

used to measure expensive and the polarization was occured 

in each the two current electrodes which caused the soil 

resistivity measurement was inaccuracy. Therefore, in this 

research, we have designed an alternating current source that 

can be adjusted the frequency from 1 Hz to 1 kHz and used to 

supply electricity in form rectangular pulses to the ground 

which this operated can be prevent the polarization that will be 

occur at two current electrodes. Instead of a DC voltage source, 

the built alternative current source uses a lower voltage and is 

significantly cheaper. The experiment investigates the effect 

of the different frequency values of the current source that 

have influence to soil resistivity in the measurement. Each 

frequency is repeated 30 times. The percentage error is 

calculated to determine the soil resistivity measurement 

accuracy. The built-in soil resistivity meter was used to 

measure soil resistivity in the field against a standard meter. 

The basic theory is given, the experimental details are 

described. 
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2. THEORETICAL BACKGROUND 

 

Measuring and calculating the resistivity of materials (ρ1) is 

taken into account the length (l), cross-sectional area (A) and 

resistance of that material (R) as shown in Eq. (1).  

 

1

RA

l
 =  (1) 

 

If the ratio between the cross-sectional area (A) and the 

length of the material is fixed as a constant ratio of k1 as shown 

in Eq. (2). 

 

1 ( )=
A

k
l

 (2) 

 

By substituting Eq. (2) to Eq. (1) and apply the Ohm’s law 

(R=V/I), Eq. (3) will be obtained. 
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where, ρ1 is the material resistivity (Ω.m), R is the material 

resistance (Ω), l is a material length (m), A is the cross-section 

area (m2), V is the applied voltage (volt), I is the current 

(Ampere). 
The soil resistivity measurement method given by the four-

point electrodes arrangement [1, 9] is shown in Figure 1. The 

four electrodes are embedded in the subsurface soil about 10-

20 cm to ensure withstand positions as recommended in [1] 

(see Figure 3). Electrode spacing has the same distance for all 

four electrodes, which varies between 1-5 meters for this 

research investigation. Hence, the soil resistivity obtained 

from Eq. (4). 
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where, ρ2 is the soil resistivity (Ω.m), Δv is the potential 

difference from the measurement (volt), I(t) is the current from 

the current source (Ampere), k2=2πa and a is the electrode 

spacing (m). 
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Figure 1. The four-point electrodes array method diagram 

 

In Figure 1, the alternating current source emits rectangular 

AC through current electrode terminals C1 and C2 into the 

ground as shown in Figure 2(a) and produces a potential field. 

Equipotential is formed around C1 and C2 the hemisphere is 

shaped as shown in Figure 2 (a), (b). The potential difference 

was measured at potential electrode terminals P1 and P2 with 

the same electrode spacing (a) between four electrodes by 

using the four-point electrodes array method [1, 9]; placing the 

four electrode rodes perpendicularly and firmly with the 

ground surface as shown in Figure 3. 

Current flow

Equipotentials  
(a) 

 

Current flow

Equipotentials  
(b) 

 

Figure 2. The current flow and equipotential electric field 

distribution of the applied setup 
 

Figure 2(a) shows a side view section of the path of the 

rectangular pulse current into the soil (current flow). Thus, the 

hemi-sphere equipotential is formed around the two current 

electrodes, while Figure 2(b) shows a top view current flow 

and equipotential [1]. It should be noted that this theoretical 

equipotential fields could be assumed only when sufficient 

electric current is ensured applying to the ground for 

particularly different electrode spacing tests; especially, when 

testing the resistivity for large area as recommended in [1].  

 

 
 

Figure 3. The equivalent circuit of soil specific resistivity 

measurement from implementation 

 

Figure 3 shows the equivalent circuit of soil specific 

resistivity measurement equipment from implementation. The 

dc voltage from the battery ( applied voltage)  is supplied 

through the coil (L1, L2) that acts as the overlap time circuit 

to input of an electronic switching circuit as shown in Figure 

4(a).  An electronic switching circuit was operated in current 

source block diagram in Figure 3.  The switching devices (S1, 

S2, S3 and S4) made from Insulated Gate Bipolar Transistor 

(IGBT), the switching circuit were alternating operation 

between S1, S3 and S2, S4 controlled by the reference current 
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(Iref).  From Figure 3 a signal generator circuit generates 

reference current in form rectangular shape and flow through 

a gate driver circuit to control the electronic switching devices. 

From this reason the output current of current source has the 

rectangular shape follow the current reference.  A rectangular 

current is obtained through the output of the current source 

circuit with a duty cycle of 50%, as shown in Figure 4 (b). The 

frequency of the rectangular pulse current signal can be 

adjusted from 1 Hz to 1 kHz. The rectangular pulse current is 

supplied through the over current protection circuit and 

supplied to the current electrodes (C1, C2), respectively.  The 

switching polarity of the electric current between positive and 

negative operating by the proposed electronic switching circuit 

(Figure 4(a)) can also solve the problem of polarization at the 

current electrodes; otherwise, the electrons and holes from the 

ground will recombine with the holes and electrons of the 

current electrodes, reduce electric field, and finally cause the 

inaccurate soil resistivity measurements. 
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Figure 4. (a) An electronic switching circuit (b) rectangular 

pulse current from current source (I(t)) 
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When in Figure 4(a) Vs is the dc voltage from battery (volt), 

Idc1 and Idc2 are the direct current from battery (Ampere), VL is 

load voltage (volt), IL1 and Il2 are load current or the output 

rectangular pulse current from current source (Ampere) and in 

Figure 4(b) D is duty cycle (no unit), T is time or period 

(second), f is frequency (Hz), f=1/T, Lmin is the inductance of 

low-pass filter circuit (H), Lmin is equal Lf, and Req is the 

resistance of the switching circuit (Ω). 

 

 

3. METHODOLOGY 

 

The soil resistivity measurement in each basement layer is 

based on a VES method. By releasing the AC rectangular pulse 

current flow into the basement at subsurface soil in the 

measurement site, the current will flow through the two 

outside electrode poles (current electrodes), which also 

provide benefit of polarization effect elimination as 

aforementioned in Section 2.  The equipotential difference 

arising from the current flown through current electrodes can 

be obtained from the two inside electrode poles ( potential 

electrodes). The variable parameters obtained from 

measurements such as the current from current source (I(t)), 

potential difference (Δv) and electrode spacing distance (a) can 

be calculated from Eq. (4). 

From Eq. (4), the apparent soil resistivity obtained from 

measured have several values because the measurement 
procedure was expanded the distance of electrodes spacing on 

subsurface soil of distances 1m, 3m, and 5m, respectively.  In 

each electrode spacing values can be obtained the difference 

values of apparent soil resistivity from Eq. (4). The 

geophysicists can be interpreted the geological exploration by 

plotting graph compared between the electrode spacing values 

versus apparent soil resistivity values. The depth of each 

difference apparent soil resistivity were indicated by the 

distance of each electrode spacing because the depth and the 

electrode spacing are the radius of hemi- spherical shape of 

equipotential in soil under measurement. Then, geophysicist 

can be interpreting in each layer of non-homogeneous soil. 

In this research, there were two experimental sections: The 

laboratory experimental section and the field trial in field work 

site. 
 

3.1 Laboratory experimental 

 

For laboratory experimental site the sample soil used in the 

experiment was obtained by following the method of civil 

engineering by sifting the soil through standard sieve No. 4, 

No. 8, No. 16, No. 30, No. 50, No. 100 and No. 200, 

respectively, which results in clay or silt, either based on the 

plastic index obtained from the determination of soil flow or 

liquid limit value [2]. An Eq. (8) give the plastic index. By 

sifting the soil through the sieve, the homogeneous soil will be 

used as the sample soil used in the experiment. The reason for 

using the homogeneous soil in this research is because of the 

fact that the homogeneous soil used is the pre-analyzed soil 

(predictable value of the soil resistivity) for the laboratory 

purposes; otherwise, the possible metal or high insulation 

particles could be mixed with the tested soil and lead to less 

accurate results.  

 

= −i l lP L P  (8) 

 

where, Pi>0.73(Ll-20) for clay, Pi<0.73(Ll-20) for silt, Pi is 

plastic index, Ll is the liquid limit and Pl is the plastic limit. 
The soil resistivity measurement equipment was setup. The 

sample soil was packed in rectangular box case with size of 

30x60x40 cm, which in this research will use silt as a sample 

soil. By using four-point electrodes array method, two current 
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electrodes were buried to under the homogeneous sample soil 

surface of 10 cm depth. The two potential electrodes were 

buried at inner between two outer current electrodes as same 

as depth with a distance between the electrode spacing of 

10cm. The soil resistivity can be determined by releasing the 

alternative rectangular current from multi-frequency current 

source flow into the basement of a homogeneous soil. The 

current will flow through two outer current electrodes under 

the surface of sample soil, where the readings were taken from 

the electrical alternating ammeter in the soil resistivity 

measurement equipment and recorded. The current that flowed 

underground with the hemisphere shape caused the electric 

potential to rise the poles of both electrodes from the surface 

depth in the subsoil have the hemisphere as well. The potential 

difference was measured with an ac voltmeter from 

measurement equipment setup at the potential electrodes 

embedded in the sample soil to a depth of 10cm. It can use the 

electric current from the ammeter (I(t)), the potential 

difference (v ) from the ac voltmeter and electrode spacing 

( a ) to calculate the apparent soi1 resistivity from Eq. (4). The 

experiment will adjust the frequency of the electricity 

discharged underground from 1 Hz to 1 kHz of 16 values such 

as 1 Hz, 2Hz, 3 Hz, 5 Hz, 7 Hz, 10 Hz, 20 Hz, 30 Hz, 50 Hz, 

70 Hz, 100 Hz, 200 Hz, 300 Hz, 500 Hz, 700 Hz and 1 kHz, 

respectively. Then consider how each frequency affects the 

apparent soil resistivity and how much error is different in 

each frequency. Each frequency was repeated the same 

experiment 30 times to observe how each current frequency 

responds to the apparent soil resistivity value. In this work, the 

sample soil's humidity, laboratory temperature, and lighting 

were kept constant throughout the experimental period.  

 

 
Figure 5. The standard resistivity meter model IRIS from 

IRIS Instruments France  

 

3.2 Field trial for soil resistivity investigation 

 

When the soil resistivity meter which implemented was 

used to measure the soil resistivity of the sample soil in the 

laboratory, the researchers used the soil resistivity meter was 

built to measure the soil resistivity in the field. The 

investigation procedure used the four-point electrodes array as 

same as the laboratory procedure and comparing it with the 

standard soil resistivity meter. Standard soil resistivity meter 

module IRIS is as shown in Figure 5. It is used to measure on 

a non-homogenous soil surface will expand the spacing of 1m, 

3m and 5m, respectively. The four electrodes are made of 

copper rods with a diameter of 1.5 cm, a length of 40 cm, and 

the electrodes are buried 20 cm in the soil, as shown in Figure 

3. The field measurements are as shown in Figure 6. The 

constructed and standard gauges are measured at the same 

subsurface soil, in which the electrodes are implanted at the 

same points in the same period. The distance between them is 

more than 20 minutes. 

 

Oscilloscope

Current Source

Battery 24 V 70 A

 
(a) 

Measurement Wire Current Electrode

Standard Resistivity Meter

 
(b) 

 

Figure 6. The soil resistivity measurement systems in this 

research 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Laboratory 

 

In laboratory experiments the results of experiments were 

shown in Table 1.  It was found the results showed that the 

apparent soil resistivity varies with the current frequency 

applied to the soil by frequencies between 1 Hz- 5 Hz.  The 

average change of soil specific resistivity was 174. 25 Ω.m -

378. 82 Ω.m, with frequencies higher than 5 Hz- 700 Hz.  The 

apparent soil specific resistivity was higher at an average of 

741.84 Ω.m -1085.33 Ω.m.  Then the soil resistivity began to 

decrease until an average of approximately 658. 97 Ω.m at a 

frequency of 1 kHz. The results also indicated that the apparent 

soil specific resistivity measured at a frequency of 1 kHz gave 

the lowest error from 30 repetitions of measurements.  The 

represented average of 1.0%, while the other frequency ranges 

an error of 1.6%-11.5% and the percentage of average error at 
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a frequency of 100 Hz is 7.5%. The average value of apparent 

soil resistivity at all frequencies is 719.6 Ω.m and the 

percentage of average error at all frequencies is 6.41%. Figure 

7 shows the average soil resistivity tested in the laboratory 

after 30 repetitions of each frequency using the rectangular 

pulses fed to the current electrodes.  It found that the soil 

resistivity changed with the frequency value in each 

frequency, from which the error value is the lowest at 1% at a 

frequency of 1 kHz, as shown in Figure 8.  
 

Table 1. Average soil resistivity from implemented 

instrument equipment in laboratory, electrode spacing is 

10cm 
 

Frequencies 

(Hz) 

Average soil 

resistivity (Ω.m) 

Average percentage 

error (%) 

1 

2 

3 

5 

7 

10 

20 

30 

50 

70 

100 

200 

300 

500 

700 

1,000 

174.25 

242.86 

289.4 

378.82 

754.91 

1029.96 

985.7 

1085.33 

993.81 

945.17 

813.62 

803.55 

870.73 

741.84 

74.55 

658.97 

2.5 

1.6 

1.8 

2.1 

7.9 

9.9 

5.4 

7.8 

7.4 

9.1 

7.5 

11.5 

6.1 

10 

10.9 

1 
Note: 1,000 Hz is equal to 1 kHz. 
 

 

0

200

1400

10 100 10001

400

600

800

1000

1200

Frequency (Hz)

S
o

il
 R

es
is

ti
v

it
y

 (
 

.m
)

 
Figure 7. Graph shows the average apparent soil resistivity 

from the measurement respecting to frequency in laboratory   
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Figure 8. The percentage of error from laboratory 

 

4.2 Field trial soil resistivity investigation 

 

In a field trial, soil resistivity was measured with a built- in 

measuring instrument compared to a standard, where the 

measurement results are as shown in the Table 2 for standard. 

And Table 3 for the built instruments.  In Figure 9. Soil 

resistivity measurements in the field at a distance of 1 m and 3 

m showed that the values obtained from the built instruments 

were closest to that of the standard at 100 Hz.  The spacing of 

the electrodes was 5 m. It found that current sources fed to an 

applied voltage as low as 24 V were unsuitable for non-

homogeneous soil loads and the distance of electrode spacing 

was increasing to much. As a result, the current value is much 

lower, making the measured soil resistivity value much higher 

than the value measured by a standard meter following Eq. (4). 
Figure 9 shows the average apparent soil resistivity measured 

in the field to plot the graph at each frequency. The used 

frequencies were 50 Hz, 100 Hz, 200 Hz, 500 Hz and 1 kHz, 

respectively.  The plotted against the average soil resistivity 

measured by a standard one.  Apparent soil resistivity is 

obtained. From which at 100 Hz, the measurement results were 

closest to the standard soil resistivity meter.  Figure 10 shows 

the average apparent soil resistivity values measured at each 

electrode spacing of 1m, 3m and 5m, respectively.  The 

measured data was plotted against a standard soil resistivity at 

the same distance.  It is close to the standard at the frequency 

of 100 Hz. While at a spacing distance of 5m, the measurement 

result is the average apparent soil resistivity. It is significantly 

different from the standard because the current source supplies 

current to the non- homogeneous subsurface soil and the 

distance of electrode spacing is increasing. 

 

Table 2. Soil resistivity from standard meter in the field trial 

 

Electrode spacing (m) Average soil resistivity (Ω.m) 

1 

3 

5 

437.93 

259.29 

115.85 

 

Table 3. Soil resistivity from implemented meter in the field 

trial 

 

Frequencies 

(Hz) 

Average soil 

resistivity (Ω.m) 

(electrode spacing 

1m) 

Average soil 

resistivity (Ω.m) 

(electrode spacing 

3m) 

50 

100 

200 

500 

1,000 

677.87 

433.42 

487.48 

500.26 

365.66 

328.8 

247.81 

391.15 

283.37 

310.54 
Note: 1,000 Hz is equal to 1 kHz. 

 

 
 

Figure 9. The minimized graph of the values of average soil 

resistivity in each frequency range from measured 
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Figure 10. Graph of soil resistivity compares the standard 

and the constructed one, at different spacing distances 

 

 

5. CONCLUSIONS 

 

This work has purposed the application of a multi-frequency 

current source for solve polarization problem in the soil 

resistivity measurement system.  Resistivity method and four-

point electrodes array were used in the experiment procedures. 

Both results from the laboratory and field work found that the 

results from the homogeneous sample soil in laboratory was 

difference from the non- homogeneous soil in the field, but 

each result was good in the different way, such as in laboratory 

the percentage of error is lowest at the frequency of 1kHz, in 

field trial investigation has closed the standard tool at 

frequency of 100Hz. The problem of polarization at the current 

electrodes was solved by adjusting the current source 

frequency in measurement procedures from 1 Hz to 1kHz.  In 

the field work investigation at the electrode spacing of 5m can 

be solved by adapt the battery voltage up from 24V to 48-60V. 

In further research should be conducted by expanding the 

electrode spacing distance several times.  Periodically, the 

experiment is repeated to determine which frequency value 

responds to the measurement or produces the most accurate 

and accurate measurement results.  Alternatively, once the 

experiment has achieved the desired results, it is advisable to 

create an alternating current source of this value for VES. The 

most optimized frequencies are then applied to the soil in the 

actual field by comparison with another standard soil 

resistivity instrument. Further work can use this result to build 

a compact prototype resistivity measurement equipment at a 

frequency of 100Hz with an ac source to the soil contents.  
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NOMENCLATURE 

cm centimetre 

m metre 

m2 square metre 

 Ohm 

.m Ohm.metre 

V Volt 

A Ampere 

Hz Hertz 

kHz Kilohertz 
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