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grid block spacing in this study model is 1 m.
Images (Figs. 1b, d, f, h, i, and j) were obtained from 

different electrode data configurations using the same inverse 
iteration of 20. The four inverted images illustrate that the 

first image (Fig. 1b) obtained from the first electrode con-
figuration cannot describe the subsurface resistivity distri-
bution well from the true model and it can only resolve the 
shallow conductive body and not the body in depth. Inverse  

(a) (b)

(c) (d)

(e) (f)

(g) (h)

(i) (j) (k)

Fig. 1. True resistivity models with different electrode configurations (a), (c), (e), (g). Red dots and blue triangles represent current electrodes and 
potential electrodes, respectively. Tomograms resulting from different electrode configurations data sets (b), (d), (f), (h). (i) and (j) show vertical 
cross sections at x = 7.5 m and x = 22.5 m, respectively. (k) RMS of inversions with different electrode configurations.
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in Fig. 3c. There are fewer redundant physical structures ap-
pearing along the anomalous body interface. Figure 3f is 
the convergence plot for inversion when high and low mesh 
grid density modes are employed, respectively. From the 
RMS curves with different mesh density models, the inver-
sion reaches convergence with about 0.5% RMS data misfit 

and produces satisfying results after five iterations.
Based on the aforementioned comparative experi-

ments, we can infer that the resolution will be better and 
the number of degrees of freedom for the inversion will be 
greater, leading to many redundant physical structures if the 
mesh grid density is greater.

(a) (b)

(c) (d)

(e) (f)

(g) (h)

(i) (j) (k)

Fig. 2. True resistivity models with different electrode configurations (a), (c), (e), (g). Red dots and blue triangles represent current electrodes and 
potential electrodes, respectively. Tomograms resulting from different electrode configurations data sets (b), (d), (f), (h). (i) and (j) show vertical and 
horizontal cross sections at x = 15 m and z = 6.5 m, respectively. (k) RMS of inversions with different electrode configurations.
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4. COMPARISON OF THE PARALLEL AND  
NONPARALLEL COMPUTATION

Parallelism has been employed in high-performance 
computing for many years. For the numerical simulation of 
ERT with the high data density and high mesh density, the 
traditional method for solving the inverse problem has dif-
ficulty meeting the requirements of large data sets, particu-
larly for inverting real-time images in some projects, such 
as real-time groundwater flow monitoring and rainfall infil-
tration process imaging and so on.

Using the Microsoft Visual Studio development en-
vironment, the .NET Framework 4 enhances support for 
parallel programming by providing a new runtime, new 
class library types, and new diagnostic tools. These features 
simplify parallel development so that we can scale paral-
lel code in a natural idiom without having to work directly 
with threads or the thread pool. The code modules that use 
parallel computing for the inversion procedure include the 
forward module and Jacobi matrix calculating module.

A synthetic resistivity model (Fig. 1e) is used to invert 
ERT data for parallel and nonparallel method comparison. 
The numbers of current and potential electrodes are 900 and 
906, respectively. The performance was rated on a Z820 
WorkStation with 12 Interl (R) Xeon (R) CPU E5-2620 v2 
@2.1 GHz processors under a 64-bit operating system. Us-
ing a progressive reduction in the number of CPUs to run the 
inverse procedure, we obtained different calculation times 
in 1, 2, 4, 8, 12, 16, 20, 24 threads, respectively (Fig. 4).

Figure 4 illustrates that the model calculation speed is 
enhanced by parallel processing. From Table 1 when us-
ing the parallel method the computation time is significantly 
reduced with the number of threads increased. However, 
without using the parallel method, the computation time is 
reduce by only about 3 hours with the number of threads 
increased from 1 - 24.

5. ERT INSTRUMENT

The ERT instrument employed for field study includes 
the transmitter (Fig. 5a) and receiver (Fig. 5b). The DC is 
injected using a borehole electrode (Fig. 5c) and the volt-
age is measured using the recording geometry (Fig. 5d). The 
maximum emissive power is 10 KW and the output cur-
rent can be set to 10 A (the maximum supply current). The 
voltage range for the input and output are 20 Vpp and 20 
Vpp, respectively. The offset voltage is less than 2 mV. The 
channel-to-channel cross-talk is better than 80 dB. The de-
termination accuracy is ±0.5% of the measurement range.

6. CASE STUDY

ERT surveys were carried out in Chifeng, Inner Mon-
golia, China (see Fig. 6a). The ERT survey line is perpen-
dicular to the metalliferous vein strike according to the 
geological and well logging data. The ERT survey line is 
installed in the north-south direction for measuring the po-
tential to inverse subsurface resistivity distribution. Using 

(a) (b) (c)

(d)

(e)

(f)

Fig. 3. True resistivity models (a). Red dots and blue triangles represent current electrodes and potential electrodes, respectively. Tomograms result-
ing from different mesh density data sets (b), (c). (d) and (e) show vertical and horizontal cross sections at x = 15 m and z = 5.5 m, respectively. (f) 
RMS of inversions with different electrode configurations.
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the limited information obtained from the geological and 
well logging data is difficult to describe the vein behav-
ior with high resolution and estimate the mineral reserves 
with high accuracy. However, the ERT method can achieve 
the subsurface resistivity distribution with high resolution. 
Moreover, using the inverted imagery the vein scale can be 
estimated with high accuracy.

The electrode array is shown in Figs. 6b, c, d. Current 
electrodes are located at various depths in the borehole and 
potential electrodes are located at the surface. Because the 
study area is in low dip and subdued topography there is 
no need to correct the topography effect in this case study. 
There were 98 electric potential difference observations ob-
tained in this field exploration. As previously mentioned, 
ERT imaging using ERT data inversion can provide high-
resolution images of the subsurface electrical resistivity dis-
tribution, which could be used to describe the vein distribu-
tion and estimate mineral reserves.

Imagery obtained from ERT data inversion is shown 
in Fig. 7a. The study region volume is 700 × 320 m. The 
region is meshed into 28 × 12 grids, and the unit grid block 
spacing in this study model is 25 m. The imagery illustrates 
that the metalliferous vein tendency is southward. The in-
verted image is in accord with the drilling data determined 
by the borehole (ZKW7-2), and except for a slight upward 
bias, the first three metal mine discovery depths agree well 
with the borehole drilling data (Fig. 7b). Using the pseudo 
section maps from the observations (Fig. 7d) and calculated 
apparent resistivity (Fig. 7e), the inverted image is reliable 
for investigating mineral reserves.

7. DISCUSSIONS AND CONCLUSIONS

Two influencing factors were investigated to resolve 

the ERT data inversion by conducting a numerical simula-
tion of a 2-D resistivity inversion. The current and potential 
electrode effects were examined. The analysis shows that 
current and potential electrodes located in the subsurface 

Fig. 4. Comparison of the inversion calculation time using parallel and 
nonparallel processing.

(a) (b)
(c) (d)

Fig. 5. ERT instrument. (a) Transmitter; (b) receiver; (c) the borehole electrode; (d) the measured potential waveform.

Threads
Computing time (hours)

Parallel method Nonparallel method

1 29.11 29.77

2 28.19 29.55

4 16.66 29.33

8 15.33 28.44

12 12.66 27.77

16 11.11 27.11

20 10.00 26.44

24  8.09 26.22

Table 1. Computing time with different methods.










