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░ ABSTRACT- Geo-electrical resistivity methods are widely used in various fields and have significant applications in 

scientific and practical research. Despite the widespread use of resistivity methods, current injection is a critical step in the process 

of resistivity methods, and the quality of current injection significantly impacts the accuracy of the resistivity measurements. One 

primary challenge is optimizing current injection techniques to enhance resistivity methods. The developed current injector model 

for the resistivity meter instrument enhances performance by increasing the voltage source to 400 Volts, extending measurement 

coverage. It provides three injection current options, 0.5A, 0.8A, and 1A, for efficient accumulator use, considering electrode 

distances and estimating earth resistance using Contact Resistance Measurement (CRM) to estimate the earth resistance. CRM mode 

ensures proper electrode connection before injection, thus improving measurement efficiency. The embedded TTGO LoRa ESP32 

SX1276 facilitates wireless communication over 1.5 km, addressing challenges in remote and internet-limited areas. The model 

demonstrates reliability, validity, and durability in CRM mode and current injection measurement. Regarding reliability, we 

determine the relative error of the model by carrying out measurements repeatedly. In lab-scale testing, the average Relative Error 

in CRM mode is 0.65%, and in earth resistance measurement testing, it is 1.58%. These relative errors are below the 2% maximum 

error applied in the “Supersting”, a commercial resistivity instrument. The model's validity is defined by comparing the model with 

the measuring instrument; we have absolute error. In lab scale testing, the average Absolute Error in CRM mode is 3.08%, and in 

earth resistance measurement testing, it is 3.73%. The model's durability is tested by injecting current for a minute. After one minute 

of current injection, the power resistor component's temperature is stable at 30°C. 
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░ 1. INTRODUCTION   
Resistivity geo-electrical methods are crucial techniques in 

understanding subsurface geological characteristics. These 

methods study the electrical properties below the surface and 

how to detect them on the surface [1]. In this method, the 

electrical resistivity of subsurface materials is measured by 

injecting electrical current into the ground through two current 

electrodes and measuring the potential difference through two 

potential electrodes on the surface. The measurement results, 

namely current and potential differences, produce the resistivity 

values of each layer beneath the measurement point [2]. The 

resistivity methods are widely used in various fields and have 

significant application in both scientific research [3–12] and 

practical application, for example, in agriculture [13], [14], 

environmental and geotechnical [15–21], gas exploration [22], 

geological survey [23–25], and hydrogeology [26–29] field. 
 

Despite the widespread use of resistivity geo-electrical 

methods, several challenges need to be addressed in those 

methods. One of the challenges in the resistivity method is 

current injection. Current injection is a critical step in the 

resistivity methods process, and the quality of current injection 

significantly impacts the accuracy of the resistivity 

measurements. So, we need to address the current injection to 

enhance the accuracy and efficiency of the resistivity geo-

electrical method. Some research about current injection in 

resistivity meters has been conducted. Making a power supply 

as a current source with an AC voltage source converted to 12 

V DC, a single injection current value, and testing carried out 

on a lab scale [30]. Designed a resistivity meter with constant 

current using a boost converter DC-DC, and the test was carried 

out on a lab scale by loading a resistor [31]. The geoelectric 

resistivity measurement system uses a constant current source, 

a boost converter DC-DC with open circuit voltage 250 VDC. 

There are two current injection options, 0,1 mA and one mA, 

using a four-point probe as measurement configuration and 

testing on a lab scale by measuring the resistance of the resistor 

[32]. 
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Current injection testing in previous research [30–32] is 

conducted on a lab scale by measuring the resistance of the 

resistor. Meanwhile, the current injector on the resistivity meter 

is practically used in the field by injecting current into the 

ground directly. There are no variations in the selection of 

injection current in [30,31]. Meanwhile, variations in injection 

current in a current injector are needed to determine the amount 

of power needed to inject current according to conditions in the 

field. These conditions include the distance between electrodes 

and subsurface resistance. In research [32], there were two 

current injection selections. However, the current selection is 

carried out only by considering the measurement configuration 

in the field and without considering subsurface resistance. So, 

the use of power when injecting current is not effective enough. 

Then, in studies [30–32], the output power from the current 

injector was insufficient. So, the coverage measurement is 

limited and not deep enough. 
 

Some of the primary challenges to be addressed are optimizing 

current injection techniques that can generate more accurate and 

reliable resistivity data, optimizing current injection to enable 

the use of resistivity methods in more profound and more 

relevant applications, considering the integration of modern 

technology to process resistivity data and enhance data 

acquisition speed efficiently. Optimizing the current injection 

on the resistivity meter is carried out by increasing the voltage 

source during open circuit up to 400 volts, which can increase 

measurement coverage, adding a contact resistance 

measurement mode whose results can be used to consider 

choosing the best injection current value, testing of the current 

injection is carried out on a lab scale and in the field also so that 

it can generate more accurate data, and the current injector is 

given the ability to communicate wirelessly by embedding a 

TTGO LoRa ESP32 SX1276 microcontroller so that in the 

future it can be integrated with modern technology. Thus, this 

research has the potential to advance the field of resistivity 

methods and significantly contribute to understanding and 

exploring subsurface resources.  
 

░ 2. MATERIALS AND METHODS 
This research develops a higher voltage source of 400 Volts to 

optimize the design of the "Current Injector Model", which will 

be used in resistivity meter instruments so that it can increase 

the coverage of geoelectric meter resistivity measurements with 

a broader range in the field and the datum points obtained will 

also be wider and deeper to obtain a subsurface resistivity 

profile. An accumulator with a specific battery capacity as a 

power supply was chosen because resistivity meter 

measurements are often far from residential areas. In addition, 

this model uses the Contact Resistance Measurement (CRM) 

mode to estimate earth resistance so that resistivity 

measurements will be more effective. 
 

The injection model design used three choices of injection 

current values based on power injection. The operator's choice 

of injection current value is based on consideration of the 

distance of the current electrode because earth resistance affects 

the effectiveness of current injection in the field. Therefore, this 

model uses Contact Resistance Measurement (CRM) to 

estimate the earth's resistance and then apply current to the 

ground after this mode ensures whether the current electrode is 

connected adequately below the ground surface. Thus, CRM 

mode provides excess effectiveness in measurement. 
 

A TTGO LoRa ESP32 SX1276 type microcontroller is used so 

that the electrodes on the resistivity meter can communicate 

with each other wirelessly such as Bluetooth, WiFi, and LoRa 

Technology Communication because the measurement field is 

up to 1.5 km away and the location is in a rural area where no 

internet network is available. Table 1 shows the components 

used in more detail. Component selection is adjusted to system 

conditions, providing an output voltage of up to 400 volts. 

These components must be able to work at that voltage.  
 

░ Table 1: Component selection and Specification 
 

 

No Component Specification 

1 LoRa32 V1.0 
MCU ESP32, LoRa Chip SX1276, 

915 MHz Frequency 

2 

IPS-

DTD12S4001.87 

Boost Converter 

12VDC to 400VDC, Continuous 

current 1.5A 

Power: Peak 750W, continuous 

600W 

3 LCD12864 
Display 128 x 64 Dots Graphic 

LCD, Type Chip on Board 

4 INA219 

0 to 26 V Bus Voltages, Max. 

current 3.2A, Reports current, 

voltages, and power with 0.5% 

accuracy 

5 SSR-DD 
Input control 3-32VDC, Output 

Control 5A and 400VDC 

6 WCS1800 

Output voltage AC and DC current, 

Range 0-35A at 5V, Low operating 

current 3mA, Isolation voltage 

4000V 

7 
Wire wound 

Resistor 

High power resistor, 100 W for each 

Resistor 

  

 
 

Figure 1: Simulation Diagram of the current injector model 
 

The simulation diagram in figure 1 shows how the workflow of 

the model has two modes: CRM measurement to estimate earth 

resistance and current injection into the earth mode based on the 

power injection option. The voltage source in CRM mode 

comes from a 12 V accumulator. The INA219 sensor measures 

V and I and estimates the earth resistance between the current 

electrodes. In current injection mode, the voltage source comes 

from the output of the 400VDC boost converter. The injection 

power selection is done according to the selected SSR activation 

https://www.ijeer.forexjournal.co.in/
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with a specific injection power. When a current with a certain 

injection power is injected, the WCS1800 sensor will read the 

current flowing to the ground.  
 

The design of the current injector model and the Current 

Injector Model are shown in figure 2(a) and figure 2(b), 

respectively.  

 

 
(a) 

 

 
(b) 

Figure 2: The current injector is in the form of (a) Model design and 

(b) implemented design 
 

In the Current Injector Model, a boost converter is needed to 

increase the power supply (dry battery) from 12 Volts to 400 

Volts. Then, the output voltage is connected to a voltage divider 

circuit to produce a selection of injection current according to 

field needs. The current Injector Model can measure the contact 

resistance value of the subsurface through the CRM menu. So, 

the operator can determine the current value to be injected into 

the subsurface by considering the results of the CRM value and 

the measurement configuration in the field. Then, the model 

will inject the selected current. Controlling of the model is 

carried out by the ESP32 microcontroller by activating the four 

existing relays. Suppose the CRM test is okay, and the current 

selection has been determined. In that case, the selected relay 

will be "ON," and a current value that has been chosen 

immediately flows from the boost converter to the current 

electrode, which is plugged into the subsurface. 
 

The flowchart of this current injector model is shown in figure 

3. The process starts with placing the current electrodes on the 

surface and wiring them to the injector. After all the equipment 

is installed, the model will measure contact resistance via the 

"CRM" menu displayed on the screen. The selection is made 

using the keypad as the human interface. On the “CRM’ mode, 

the relay connected to the INA219 sensor is ON. We have a 

closed loop circuit here, source 12 V from the accumulator and 

earth as load. Then, INA219 senses the injected current and 

measures the voltage between electrodes. TTGO LoRa ESP32 

calculates the earth resistance using that data. We measure the 

data 100 times; then, we display the average of earth resistance 

(R ̅) and relative error (%E) on LCD. If the CRM results are not 

OK, we have a caution “Check Connection” on the LCD. If the 

CRM results are OK, we select the current injection in the 

resistivity meter. So here we have the current injector model, 

which informs us whether the model is ready to take 

measurements. The operators consider CRM results to 

determine the current value to be injected. In this model, there 

are three injection current options, namely 0.5A, 0.8A, and 1A. 

After selecting the injection current, the relay, which is 

connected to a particular voltage divider circuit, is ON. We have 

another closed loop here, source 400 volts from Boost 

Converter and earth as load. The model will be able to inject 

current into the subsurface automatically. The WCS1800 sensor 

senses the current and is injected into the ground 100 times. The 

microcontroller calculates the current average and relative 

error. That data is displayed on the screen and stored on the 

memory card. 
 

 
Figure 3: Flowchart of current injector model 

https://www.ijeer.forexjournal.co.in/
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Figure 4: The control diagram of the current injector 
 

The control system of the current injection, in figure 4, is used 

to enhance the resistivity method. It starts with the primary 

power source from a 12V DC accumulator, which is then 

converted to 400V DC via a boost converter. The converted 

voltage is then used as input for the voltage divider circuit, 

which functions as a current injection selector and relates to 

power injection. This circuit consists of power resistors 

arranged in series (as shown in figure 5) and controlled by a 

Solid-State Relay (SSR) connected to a microcontroller TTGO 

LoRa ESP32 SX1276. As a controller in the system, the 

microcontroller receives a command from the keypad to select 

the modes, either the CRM or the injection current. The CRM 

relay is activated by selecting the CRM menu, and the 12VDC 

powers the circuit from the accumulator. The system also has 

an INA219 sensor, which reads voltage and current on the CRM 

mode circuit. It provides voltage and current data to the 

microcontroller to estimate earth resistance. 
 

The estimated earth resistance is used to consider power 

injection selection in the current mode, which has three power 

injection selections (low, middle, and full power) powered by 

400 VDC and activated by certain SSRs. The output voltage 

depends on earth resistance, up to 400VDC. The WCS1800 

sensor is also equipped with the current injector mode. When a 

certain SSR is activated, the current is injected into the ground 

with a particular power injection. The WCS1800 sensor 

measures the injected current and provides current data to the 

microcontroller. The results of estimated earth resistance 

measurements by CRM menu and injecting current by current 

injection menu are displayed on LCD. The appropriate injection 

current is selected according to field requirements, such as the 

distance of current electrodes and estimated earth resistance by 

the CRM menu. Thus, this system provides efficiency in current 

injection by considering the measured estimated earth 

resistance, allowing the operator to make a more precise choice 

of injection current according to field conditions. 

 

 
(a)                                    (b)    

 
Figure 5: The circuit schematic of injecting current to the ground/ the 

earth is (a) directly connected to the 400VDC Boost Converter and 

(b) to a particular power resistor 

When injecting current to the ground, output voltage depends 

on the activated SSR and the earth resistance. Based on the 

datasheet, the boost converter has an output voltage of 400 VDC 

and 1.5 A constant current. If the current electrodes plugged into 

the ground are connected directly to the output of the boost 

converter (as in figure 5 (a)), then a full injection power of 600 

Watts is achieved, and the voltage output between the current 

electrodes, Vout, is maximum and equal to boost converter 

voltage of 400V. Meanwhile, when the current electrodes 

plugged into the ground are connected to the power resistor on 

the divider circuit (shown in figure 5 (b)), we have a power 

resistor (Rpower resistor) connected to the earth (REarth) in series 

through current electrodes. The same current flows in both 

circuits. Applying Ohm’s Law to each resistor, we obtain: 

 

𝑉𝑝𝑜𝑤𝑒𝑟 𝑟𝑒𝑠𝑖𝑠𝑡𝑜𝑟 = 𝑖𝑅𝑝𝑜𝑤𝑒𝑟 𝑟𝑒𝑠𝑖𝑠𝑡𝑜𝑟 ,  𝑉𝑜𝑢𝑡 = 𝑖𝑅𝐸𝑎𝑟𝑡ℎ               (1) 

 

𝐼 =
𝑉𝑖𝑛

𝑅𝑝𝑜𝑤𝑒𝑟 𝑟𝑒𝑠𝑖𝑠𝑡𝑜𝑟+𝑅𝐸𝑎𝑟𝑡ℎ
                                                        (2) 

 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
𝑅𝐸𝑎𝑟𝑡ℎ

𝑅𝑝𝑜𝑤𝑒𝑟 𝑟𝑒𝑠𝑖𝑠𝑡𝑜𝑟+𝑅𝐸𝑎𝑟𝑡ℎ
                                             (3) 

 

In equation 3, the voltage at the current electrodes, Vout, depends 

on the earth's resistance, REarth. Vout varies according to the 

earth's resistance. The higher the earth resistance, the closer the 

output voltage (Vout) to the boost converter's input voltage (Vin), 

which is 400V. 

 

░ 3. RESULTS  
Testing was conducted on current injection without a dummy 

resistor to determine the injected current value for each current 

selection. Once the system is known to be able to inject current 

with several current options, the next test is carried out. The 

following tests are testing current injection on a load: laboratory 

and field scale tests. This current injector model was optimized 

in terms of adding CRM mode. Therefore, it is necessary to test 

the model in CRM mode before testing the current injection on 

a load. 
 

3.1 The Testing of Current Injection Selection 
Data collection on the passage of injection current without a 

dummy resistor was carried out to determine whether the model 

could inject current as planned, namely 0,5A, 0,8A, and 1A. The 

test circuit is shown in figure 6. We designed three current 

https://www.ijeer.forexjournal.co.in/
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injection selections using a voltage divider circuit and relays as 

the switching. 
 

 
Figure 6: Injection current selection block circuit 

 

░ Table 2: Data test for current injection selection 
 

 

No. of 

iteration 

ICS1 (A) ICS2 (A) ICS3 (A) 

Relay 1 (RPR = 

792 (Ω)) 

Relay 2 (RPR = 

492 (Ω)) 

Relay 3 (RPR = 

394 (Ω)) 

1 0.46 0.72 0.84 

2 0.46 0.71 0.84 

3 0.46 0.70 0.84 

4 0.46 0.70 0.83 

5 0.46 0.70 0.83 

6 0.46 0.70 0.83 

7 0.46 0.70 0.83 

RPR (Resistance of power resistor) 
 

Based on table 2, the model can inject current with three choices 

of injection current values. Relay 1 provides an injection current 

of 0.46A with a relative error of 0%. Relay 2 provides an 

injection current of 0.70A with a relative error of 1.12%. Relay 

3 provides an injection current of 0.83A with a relative error of 

0.64%. This test shows that the current injector model can 

provide three different injection current selections, which refer 

to different power injections on each selection. However, the 

third relay current injection significantly differs from the 

designed current injection selection. 
 

3.2 The testing of CRM mode 

We optimize the current injector model by adding CRM mode. 

This mode provides information on whether the electrode is 

connected correctly or not. Furthermore, the CRM mode also 

provides the earth resistance information between the current 

electrodes. The value obtained can be used as a consideration 

for the operator to choose an efficient injection current. CRM 

mode on the current injector model uses INA219, a current and 

power sensor that gives the total energy consumed by the shunt 

load and provides output in digital form. It can handle a high 

current of up to 3.2A and a maximum voltage of up to +26 V 

[33]. In previous research, the INA219 sensor has been utilized 

for voltage measurements [34,35], current size [36–43], voltage 

and current measurement [44]–[54], and for the voltage, current 

and power consumption [55–60]. We modified the 

microcontroller program of the INA219 sensor on TTGO LoRa 

ESP32 to be used to determine the earth’s resistance. We 

calculate the earth resistance below the current electrodes using 

Ohm’s Law with the measured voltage and current using 

INA219. INA219 sensor reliability testing on a lab and field 

scale is conducted in the CRM mode. Experimental data (as raw 

data) for each test is presented in graphics (figures 7 to 13). 

Relative error (Erelative std) relates to variations in measured 

results, which indicate the consistency of measurements made 

by the model. At the same time, the absolute error (Eabsolute) is 

the result of comparing measurements made by the model with 

commercial instruments. 
 

𝐸(𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑠𝑡𝑑) = (𝜎/𝑁)100,  𝜎 is the standard deviation, and N 

is the number of measurements. 
 

𝐸𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 = ((𝑥𝑖 − 𝑥𝐼)/𝑁)100,  𝑥𝑖  is measurement data from 

the model, 𝑥𝐼  is measurement data from commercial 

instruments as a comparison, and N is the number of 

measurements. 
 

3.2.1 Lab Scale CRM Mode Testing 

In lab scale testing, three different resistors: R1 = 50.91 ohm, 

R2 = 300.7 ohm, and R3 = 1955 ohm. The 12 Volt DC of the 

power supply is connected to the resistor. TTGO LoRa ESP32 

SX1276 calculated the resistance of the resistor (R1, R2, and 

R3) by voltage and current measurement from the INA219 

sensor. The measurements are carried out repeatedly, 20 times, 

and the raw data is shown in figure 7. It shows the results of 

resistance measurements in lab scale testing using the INA219 

sensor. Laboratory-scale testing determined the average 

resistances for each resistor through INA219 sensor readings, 

resulting in values of 51.3 ohms, 295.6 ohms, and 1823.5 ohms 

for resistors R1, R2, and R3, respectively. The relative errors 

associated with these resistance measurements are impressively 

low, with a mere 0.07% for R1, 0.39% for R2, and 1.5% for R3. 

These minimal relative errors signify high precision and 

accuracy in our measurements. Notably, the slight variation 

observed in the Contact Resistance Measurement (CRM) mode 

further validates the consistency of our measurements. 

 

 
 

Figure 7: Resistance measurement on CRM mode using INA219 

 

We conducted resistance measurements using the Contact 

Resistance Measurement (CRM) mode on the model and 

compared these results with measurements obtained from a 

multimeter. The Mean Percentage Absolute Error (MAPE) was 

calculated for each resistance measurement to assess the 

accuracy of the CRM mode on our current injector model. 

Remarkably, we observed a low MAPE of 0.79% for R1 (50.91 

https://www.ijeer.forexjournal.co.in/
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ohms), indicating high precision in CRM measurements for this 

resistor. Similarly, for R2 (300.7 ohms), the MAPE was 1.71%, 

signifying excellent accuracy compared to multimeter readings. 

While R3 (1955 ohms) exhibited a slightly higher MAPE of 

6.73% it still falls within an acceptable range, showcasing the 

overall reliability and effectiveness of the CRM mode in our 

lab-scale testing. These results affirm that the current injector 

model, particularly in CRM mode, provides highly accurate 

resistance measurements, demonstrating its robust performance 

in a controlled laboratory environment. 
 

3.2.2 Field scale CRM mode testing 

Contact Resistance Measurement (CRM) mode testing on a 

field scale was carried out under two distinct soil conditions: 

dry and hydrated. A 12 Volt DC power supply was connected 

to both ends of the current electrode, with the two electrodes 

grounded 15 meters apart in the earth. Using the INA219 sensor, 

we measured the earth resistance between these electrodes. 

Figure 8 illustrates the outcomes of earth resistance 

measurements for dry and hydrated soil conditions. Concerning 

the consistency of measurement results, we observe that in the 

field-scale test under both dry and hydrated soil conditions, the 

average earth resistance obtained using the INA219 sensor was 

1109.61 ohms for dry soil and 906.99 ohms for hydrated soil. 

 

Furthermore, the relative errors for each earth resistance 

measurement were 1.95% for dry soil and 1.22% for hydrated 

soil. The low relative errors indicate that the current injector 

model consistently provides precise measurement results, even 

under varying soil conditions. Moreover, the low variability in 

CRM mode measurements at the field scale provides additional 

confidence in the model's consistency. The high consistency in 

measuring earth resistance illustrates that this model can be 

relied upon to generate accurate and dependable data in the 

field, even amidst significant variations in soil conditions. This 

result underscores the model's effectiveness in geoelectric 

resistivity measurements across diverse environmental and field 

conditions. 

 

 
 

Figure 8. Comparisons of earth resistance measurement using 

Contact Resistance Measurement mode with INA219 in dry and 

hydrated soils 

 

A comparison was made between the earth and earth resistances 

data from CRM mode and the multimeter to analyze the 

measurement accuracy comprehensively. The Mean Percentage 

Absolute Error (MAPE) was calculated for each earth resistance 

measurement under dry and hydrated soil conditions. The 

results revealed a low MAPE of 2.92% for dry soil conditions 

and 4.54% for hydrated soil conditions. These low MAPE 

values signify an impressive level of accuracy in the CRM mode 

of the current injector model during field-scale testing. The 

deviation between the CRM mode measurements and 

multimeter readings is minimal, emphasizing the model's 

robustness in providing highly accurate earth resistance data. 

The exemplary accuracy demonstrated under real-world field 

conditions enhances the credibility and reliability of the current 

injector model for geoelectric resistivity measurements in 

diverse soil environments. 
 

3.3 The testing of current injection  

We already had a current injector model with three current 

injection selections with their power injection. Additionally, 

CRM mode has been added to the current injector model. After 

the CRM mode provides the measurement results, the operator 

can determine whether this model can inject the current. Then, 

the operator considers the amount of current injected into the 

earth based on the measurement results in CRM mode. After 

determining the current selection that will be injected into the 

earth, the relay connected to the selected current selection will 

be ON. Then, the current flows to the earth through both current 

electrodes. In this injection process, the model must measure 

the current loaded by the earth’s resistance. Please remember 

that when injecting the current selected, the source comes from 

the boost converter output of 400 Volts. Using high voltage DC 

while injecting current, we need a Hall’s effect current sensor 

to measure the current injected. We have chosen a hall effect 

ACS712 to measure its current. However, the ACS712 sensor 

gets ruined. This Hall’s Effect sensor is unsuitable for this 

current injector model and may be due to the direct connection 

between the ACS712 sensor module and the cable in which the 

current will be measured. As an alternative, we chose another 

Hall’s Effect current sensor, the WCS1800 sensor, to measure 

the current. Although this sensor has a more extensive range of 

current measurements than ACS712, the WCS1800 sensor 

succeeded in measuring the current. 

 

However, in measuring current with the WCS1800, Arduino 

Nano has been added as a microcontroller. Then, the 

measurement results are transferred to TTGO LoRa ESP32. The 

addition of the Arduino Nano was made because we had yet to 

find a solution so that the WCS1800 could be compatible with 

TTGO. The test was conducted to determine the reliability of 

the WCS1800 sensor on the Current Injector Model that will be 

used to measure the injected current into the ground. The test 

consists of lab and field scale tests. 
 

3.3.1 Lab scale injection current testing 

In lab scale WCS1800 testing, four resistors with different 

resistances were used: R1 = 20 ohm, R2 = 50.91 ohm, R3 = 80 

ohm, and R4 = 100 ohm. The source, 12 Volt DC from a power 

supply, is connected to the resistor. We measured the current 
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through the resistor by the WCS1800 sensor (figure 9). The 

average currents are obtained from each resistor by the 

WCS1800 sensor readings, namely 643.7 mA, 246.0 mA, 162.1 

mA, and 143,2 mA. The relative errors in each current 

measurement are 1,11%, 1,80%, 3.18%, and 5.7%. Based on 

this lab scale test, we obtained that the variation of current size 

is low for 643.7 mA, 246,0 mA, and 162,1 mA current 

measurements and moderates for 143.2 mA current 

measurement. It shows that the variation in measurement results 

becomes more similar for the more significant the current 

measurement range. However, as the WCS1800 measures 

currents in the range of 140mA, the standard variation is 

moderate. It means the WCS1800 can still be used in some 

applications. Hence, the measurement consistency is good 

enough. 

 

 
 

Figure 9: Current measurements by WCS1800 sensor on lab scale 

measurement for each resistance value (20 ohms, 50.91 ohms, 80 

ohms, and 100 ohms) with 12 volts, respectively, yield the average 

currents of 643.7 mA, 246.0 mA, 162.1 mA, and 143.2 mA 
 

 
 

Figure 10: Absolute and relative error on WCS1800 sensor readings 

in lab scale measurement 
 

Validating the current readings of WCS1800 with a clamp 

meter, the Mean Percentage Absolute Error (MAPE) was 

calculated for each current measurement. The specific MAPE 

values obtained were 5.59% for 643.7 mA current, 6.73% for 

246.0 mA current, 13.27% for 162.1 mA current, and 26.16% 

for 643.7 mA current. The performance of WCS1800 in lab-

scale testing indicates a good accuracy for current 

measurements exceeding 150 mA and acceptable accuracy for 

current measurements below 150 mA. The lower MAPE values 

for higher current measurements indicate higher accuracy and 

precision of WCS1800 readings. However, it is worth noting 

that the WCS1800 still provides acceptable accuracy even for 

lower current measurements, demonstrating its reliability across 

a broad range of current levels. This comprehensive assessment 

affirms the WCS1800's suitability for accurate, current 

measurements in diverse laboratory conditions, enhancing its 

applicability in various scenarios. 

 

The absolute and relative errors of current measurements, as 

illustrated in figure 10, indicate that the WCS1800 sensor has a 

reliable performance across various current levels, even in 

higher currents, because its reading is within acceptable limits. 

The demonstrated reliability of the WCS1800 sensor further 

validates its suitability for use in various applications, affirming 

its role as a trustworthy component within the current injector 

model. One key strategy to enhance accuracy is highlighted: 

operators can compensate for potential inaccuracies in 

WCS1800 readings by considering CRM results. This 

integrated approach allows for a more refined and accurate 

current measurement process, mainly when dealing with higher 

current levels. 

 

3.3.2 Field scale injection current testing 

Field-scale WCS1800 testing is conducted to determine the 

reliability and validity of current measurements on the current 

injector model in the field. Here, we use a direct source from 

the current injector model, with four different power output 

options when injecting current, represented by selecting a 

specific injection current. Using the Current Injector Model, the 

source is connected to both ends of the current electrode. The 

two current electrodes are grounded to the earth 20 meters from 

each other. We measure the current through the planet using the 

WCS1800 sensor. Figure 11 shows the results of the current 

measurement through the earth using the WCS1800 sensor; for 

current injection selection 0,5 A power injection 139.5W, 

WCS1800 sensor read average current is 153.9mA; for current 

injection selection 0.8 A power injection 251.2W, WCS1800 

sensor read 151.1mA average current; for current injection 

selection 1 A power injection 326.4W, 155.9mA average 

current read by WCS1800; for the last, 204.2mA and 359.4mA 

are the average current measurement by WCS1800 for total 

power injection (585.45W) current on dry and hydrated soil 

condition. The relative errors in each current measurement are 

2,58%, 1.95%, 1.95%, 1.36%, and 1.12%. Based on this field 

scale test, we obtained that the variation of current measurement 

is low for all injection current selections. It shows that the recent 

measurement results by WCS1800 on the field scale test 

provide data measurement with good consistency. 
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Figure 11: Current measurement by WCS1800 sensor on field scale measurement 
 

 

 
 

Figure 12: Absolute and relative error on WCS1800 sensor readings 

in field scale measurement 
 

As shown in figure 11, the Mean Percentage Absolute Error 

(MAPE) values of the sensor and a clamp meter for each current 

measurement are 12.98% for 153.9 mA, 1.64% for 151.1 mA, 

3.12% for 155.9 mA, 3.25% for 204.2 mA, and 1.04% for 359.4 

mA. An adequate accuracy was obtained for more significant 

and current measurements less than 150 mA. The higher MAPE 

values of lower current measurements (around 150 mA) provide 

a slightly lower accuracy than higher currents. Nevertheless, the 

consistently low MAPE values for currents greater than 150 mA 

indicate that the WCS1800 maintains a good accuracy for 

higher current levels. This nuanced analysis underscores the 

reliability of the WCS1800 in capturing current measurements 

in diverse field conditions. While slightly less accurate in lower 

current ranges, the model remains sufficiently reliable for 

practical field applications. 

The comparison between absolute error and relative error in 

current measurements on the field scale test (figure 12) 

demonstrates accuracy in current measurements. It suggests the 

potential for even greater precision when measuring larger 

currents. Operators can strategically leverage CRM results to 

enhance accuracy, compensating for potential inaccuracies in 

WCS1800 readings. The meticulous comparison of absolute 

and relative errors and the sensor's consistent performance 

supports the conclusion that the current injector model, 

equipped with the WCS1800 sensor, is reliable, valid, and well-

suited for accurately measuring injection current in diverse field 

conditions. These findings contribute to the model's overall 

robustness and efficacy in practical applications. 
 

3.3.4 The testing of power resistor durability 

As previously stated, six power resistors are connected in series 

in the injection current selection block, as shown in figure 6. 

After testing the current injection (either without a dummy 

resistor or with a dummy resistor), the temperature of the power 

resistor is measured. This measurement is conducted to 

determine the durability of the power resistor components 

during current injection. 
 

The temperature of the power resistor after injecting current for 

1 minute is shown in figure 13. The power resistor temperature 

is highest for the circuit without a dummy resistor. The 

https://www.ijeer.forexjournal.co.in/


 International Journal of 
                   Electrical and Electronics Research (IJEER) 

Open Access | Rapid and quality publishing                                        Research Article | Volume 12, Issue 1 | Pages 99-110 | e-ISSN: 2347-470X 

 

107 Website: www.ijeer.forexjournal.co.in          Optimization Current Injection Technique for Enhancing  

temperature of the power resistor decreases as the dummy 

resistor value increases and reaches a safe temperature in the 

range of 30oC. The dummy resistor acts as the earth; then, it will 

receive current from the current injector. So, when we use the 

Current Injector Model in the field, which is connected to the 

earth, this power resistor on the model has good durability for 

injecting current to the earth with a resistance of more than 1-

kilo Ohm. It means we must be careful and consider low CRM 

results. So, choose the lower selection of the current injection 

to deal with that condition. Future work uses constant current 

using transistors for injection current selection. However, 

selecting components for the constant current will also be 

challenging. 

 
 

Figure 13: Temperature of power resistor on Current Injector Model 

after injection. (Rx is a dummy resistor that is connected to the 

model) 
 

░ 4. DISCUSSION 
The principle of geoelectric resistivity meter measurement is 

injecting electric current into the ground and measuring electric 

potential distribution using electrodes on the surface. One of the 

successes of geoelectric measurements depends on the current 

injection block. In this paper, we optimize the current injection 

block on the resistivity meter, which consists of several current 

injection options. The selection of the current to be injected into 

the earth is according to the CRM results. This optimization was 

carried out using the TTGO LoRa ESP32 microcontroller. 
 

A voltage divider circuit uses several power resistors and relays 

to select the injection current. The power resistor was chosen to 

accommodate high DC voltage sources, up to 400 volts. When 

one of the relays is activated using control from TTGO, a 

particular current value will be injected. This current injection 

model provides several injection current options: 0.46A 167.6 

Watts, 0.70A 241.1 Watts, and 0.83A 271.4 Watts. 
 

In CRM mode, before injecting current with a high voltage 

source (from boost converter output), the current injection 

model must be able to inform whether the current electrode pair 

is connected to the ground. In addition, to save on the injection 

source (accumulator) usage, the injection model must be able to 

estimate the earth resistance value before injection. It can be 

overcome by adding CRM mode to the current injection model. 

So, the current injection model can estimate the earth resistance 

value before injection. Earth resistance in CRM mode is 

obtained by modifying the INA219 sensor. The resistance value 

is determined using Ohm's law based on the voltage and current 

readings on the INA219 sensor. Based on the test results of the 

INA219 sensor in CRM mode, the relative error value is 0.65% 

for lab scale testing using a dummy resistor and 1.58% for earth 

resistance testing. It shows that the CRM measurement in the 

current injection model has consistent measurement results with 

high precision, and this model has good reliability. This model 

also has a relative error below the maximum error set by the 

commercial instrument, “Supersting”, 2%. Then, in CRM 

mode, the determination of the resistance value is compared 

with the clamp meter measurement results. So, we can 

determine the absolute error of the resistance measurement in 

CRM mode. The absolute error obtained was 3.08% for lab 

scale tests and 3.73% for earth resistance measurement tests. It 

can be said that determining earth resistance in CRM mode 

provides accurate values , and the model has good validity. 

After 1 minute of injecting current into the earth, we measured 

the temperature of the power resistor in the voltage divider 

circuit. The measured temperatures are around 30oC. This 

means the current injection model is durable when used for field 

exploration. 
 

All these optimizations were carried out using the TTGO LoRa 

ESP32 microcontroller. The TTGO LoRa ESP32 SX1276 

contributes to geoelectric resistivity measurements in the field 

by providing wireless communication capabilities. Equipped 

with LoRa, Bluetooth, and WiFi technologies, the LoRa 

functionality is essential for facilitating long-range, low-power 

communication between current and voltage electrodes for 

remote areas lacking internet connectivity. The TTGO LoRa 

ESP32 SX1276 not only overcomes communication challenges 

in remote field settings but also allows for real-time monitoring 

and control of the system from a distance, improving overall 

field experiment efficiency. Its seamless integration with 

embedded systems further enables smooth communication with 

sensors, data processing, and transmission, making it an integral 

component in optimizing geoelectric resistivity measurements 

under varying field conditions. 
 

The use of this product can be divided into two main groups: 

technicians/engineers in systems engineering and field 

operators who will be using the model. Here is a more detailed 

explanation for both groups:  

(1) Technicians/engineers in systems engineering: Target 

audience: Professionals with in-depth technical knowledge 

of systems engineering, power electronics, and ground 

resistivity measurements. Technical depth: Present detailed 

technical information, including hardware specifications 

such as relay types, sensors, microcontroller configuration 

parameters, and the working principles of each component. 

The control diagram and explanation will cover in-depth 

technical aspects, such as microcontroller configuration 

parameters, sensor characteristics, and the concept of 

injection current generation.  

(2) Field operators/users: Target audience: Field operators 

using the system for ground resistivity monitoring 

activities. Several fields of work may benefit from this 

model: geothermal exploration, the mining industry, 

construction and building foundations, water resource 
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management, environmental monitoring, and the oil and 

gas industry.  
 

The current injector model's practical aspects, including cost, 

portability, and ease of use, are crucial considerations. In terms 

of cost, this current injector model can reduce production costs 

when measuring geoelectric resistivity in the field by reducing 

cables, which are usually used to connect current and voltage 

electrodes in the field up to 1.5 km. Then, this current injector 

model has good portability because it can be used in remote 

areas even if it lacks an internet connection. In terms of ease of 

use, operators can effectively inject current in the field because 

the model provides information on whether the electrodes are 

correctly connected and what the estimated earth resistance is, 

which is then used as a consideration for the operator to choose 

the appropriate current injection selection to make the use of the 

power supply in the field more efficient. 
 

Recommendation for future work: Current injection selection 

is provided by constant current; enhance the user interface of 

the model to improve the field operator’s experience. Add 

features that facilitate ease of use, data analysis, and real-time 

measurement monitoring; expand the performance testing of 

this model to larger field scales and diverse geological 

conditions. 

 

░ 5. CONCLUSION 
The optimized current injector model for the resistivity meter 

instrument introduces vital enhancements to improve its overall 

performance. The model extends measurement coverage by 

increasing the voltage source to 400 Volts and deepening 

subsurface datum points. Offering three injection current 

choices related to power injection, the model ensures efficient 

use of the accumulator as a power source, with operators 

considering electrode distances for optimal current injection. 

Incorporating Contact Resistance Measurement (CRM) allows 

for estimating earth resistance, contributing to enhanced current 

injection effectiveness. The model also employs CRM mode to 

confirm proper electrode connection before injections, ensuring 

measurement efficiency. Additionally, the embedded TTGO 

LoRa ESP32 SX1276 microcontroller with Bluetooth, WiFi, 

and LoRa Technology Communication facilitates wireless 

communication over electrode distances of up to 1.5 km, 

addressing challenges in rural areas with no internet 

connectivity and providing a robust solution for diverse field 

conditions. 
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