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Inversion approaches 
 
We modified the 2D DCR inversion code from (Akca, 2016) 
whilst retaining the original forward solution. An inversion is 
performed with synthetic data from the model (Figure 3). The 
acronyms of array types are set in order of inversion, for 
example, the inversion of WS and DD datasets, WS+DD or 
DD+WS present that the WS or DD data is run first 
respectively. 
 

 
Figure 4. Comparison between inversion results of the 
electrode array datasets. The inversion of DD data shows 
the best result. In contrast, the inversion of PP data is the 
worst. It is not able to recover the three object O1, O2 and 
O3 and the difference between L2 and L3, only boundary 
between L1 and L2 can be seen in the inverted model. 
 
Inversion Results 
 
Figure 4 presents the results of separate inversion of data of 
individual arrays. Three results of DD, PD and WS data sets 
can detect two local objects O1 and O2, but the inversion of 
PP cannot recover these objects. The object O3 can be seen in 
the inversion of DD and PD data sets, but it is invisible in the 
model of WS data. The result of WS shows more clearly the 
difference of resistivity between media L2 and L3 than all 
other data sets. The result of PD data shows marginally better 
than DD in the deeper part of the section, particularly in the 
bottom left corner, due to the fact that its depth of 
investigation is larger than DD array’s depth of investigation 

(Table 1). Overall, the inversion of DD and PP data stands for 
the best and worst cases.  
 

 
Figure 5. Comparison of errors between different 
inversion schemes. In general, errors of separate inversion 
are smaller than those of joint inversion. The inversion of 
PP data produces the largest error. The errors of co-
operative inversion schemes are smaller than those of 
separate and joint inversion because of better initial 
models, the initial model of co-operative inversion (Scheme 
A, Figure 2) is the result of the previous inversion. The 
order of inversion produces different errors.  
 

 
Figure 6. Histogram of the inverted resistivity from 
different schemes of inversions, separate inversion (DD), 
and co-operative inversion (Scheme B, Figure 2) with 
different orders PD+DD and DD+PD. The order of 
PD+DD demonstrates the best result because it shows 
clearly four clusters, even though the cluster values are 
higher than the true model values. 
 
The inversions of combination data sets are shown in Figure 7 
and Figure 8. The combination of PD and DD shows the best 
results. This is also consistent with the work of Candansayar 
(2008). Regarding errors of the inversions (Figure 5), errors of 
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all inversions are gradually smaller with iterations, showing 
that the inversion program is qualified. The errors of joint 
inversions are higher than those of separate inversions.  
 
The results of joint inversion and co-operative inversion 
(Scheme A) show not much improvement compared with the 
results of separate inversion (Figure 4 and 7). The inversion 
results are improved with the assistance from FCM analysis 
(Scheme B). Figure 6 shows that the Scheme B of co-
operative inversion shows the best results. 

 
CONCLUSIONS 

 
We investigate the use of co-operative inversion approach to 
run inversion of multiple data sets from multiple electrode 
arrays. The best combination of the electrodes types is 
between Dipole-Dipole and Pole-Dipole arrays. The FCM 
analysis can significantly improve the inversion results.  
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Figure 7. Comparison between results of joint and co-operative inversion approaches (Scheme A, Figure 2). Noting that the 
order of array types is set in sequence, for example, the inversion of WS and DD data sets, WS+DD presents the inverted 
result of WS is run first, vice versa. In general, the combinations of PD and DD produces the best results, while the 
combination of WS and PP does not improve inverted results compared to the separation inversions. 
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Figure 8. Comparison results of co-operative inversion Scheme B (Figure 2). Noting that the order of array types are set in 
sequence, for example, the inversion of WS and DD data sets, WS+DD presents the inverted result with WS being run first, 
vice versa. The combination of data sets shows improvement in comparison with separate inversion. 
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