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The basic of the inverses distance weight method has been improved by 
many researches.  Not only power parameter but also sensitivity, anisotropy 
ratio, anisotropy angle and searching radius are incorporated to the model.  In 
addition the cross validation processes is introduced to filter the best 
parameters for the observed data.  To further develop, this study proposes a 
simple technique and a small modification of the IDW (modified IDW 
(mIDW)) function but increase ability to improve the estimation results.  
First, the random technique can be added in cross validation searching step to 
receive the possibly best parameters to better represent the natural phenomena 
of the interested areas.  Second, with mIDW a coefficient of anisotropy angle 
parameter is modified to respond the anisotropy effect. The modified IDW is 
added a coefficient call geographic modification, to reflect the anisotropy 
angle parameter. 

This study uses 164 bore holes with 23 layers data for Bangkok to test 
the model.  This study evaluates four models: IDW, Tomczak IDW 
(Tomczak, 1998), mIDW, and Cubic Spline.  With the random technique the 
observed data patterns that are feed to the searching parameters step reveal 
the best parameters to imitate the natural phenomena of the area.  This study 
finds mIDW model is better than IDW, Tomczak IDW, and Cubic Spline.  
The root means square errors of the study case decreases numerously from the 
worst random to best random case by 11 %.   

 
© 2017 INT TRANS J ENG MANAG SCI TECH. 

1. Introduction 
Soil engineering properties are required for many kinds of civil engineering works such as 
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road, building and dam design. Soil samples are collected and some testing might be carried out in-
situ such as the standard penetration, vane shear test, etc.  The collected samples are sent to a 
laboratory for other necessary testing such as sieve analysis, Atterberg's limits testing, unit weight, 
unconfined compression test, etc.  Getting the summary of testing result is costly and time 
consuming.   Also for one site location, only one or two soil borings will be assigned and used to 
represent soil properties of the whole area.  For a particular case, soil strata at some locations are 
quite rapidly changed.  Therefore, only two soil borings may not be able to represent soil 
engineering properties of the area, as these properties will be vastly deviated from actual properties. 
With misapprehension of soil properties/strata-profile, engineers can do wrong in foundation 
design.  This in turn may impose great risk to the entire project. In a case of preliminary and 
feasibility study stage, if possible, it is necessary to have a good confident of engineering soil 
properties with only small spending. 

 
All of these cases have inspired to this study in applying spatial analysis to gain and affirm 

knowledge of soil engineering properties through spatial interpolation, by using sampling data in 
the areas. 

2. Literature Review 
To understand the natural phenomena of soil engineering properties many mathematics 

modeling for estimating unsampled data are studied and classified to non-geostatistic, geostatistics 
and hybrid system (Li and Heap , 2008, Horpibulsuk et al., 2004: 2007). The inverses distance 
weight method is one of non-geostatistic models that has been used and commented such as 
Dumitru et al. (2013) addressed in their study the IDW method is not suitable for the area that have 
high different of elevation.  Robinson and Metternicht (2006) and Göl et al. (2017) evaluated the 
spatial interpolation techniques, geostatistics and non-geostatistic included the IDW, to estimate soil 
property, pH and soil organic carbon respectively. They found not only one method outperform for 
all aspect of test both number and type of variable.  De Mesnard (2013) was commented on the zero 
distance effect. If the estimating points are closed to some sampled points, the remotely sampled 
points not effect to the estimate value. In addition, in development aspect the IDW was developed 
and improved continuously since 1968 by Shepard (1968).  Tomczak (1998) introduced the IDW 
automation system with anisotropy examined.  The parameters of the IDW will be calculated by 
cross-validation and also the confidence on the estimated value be calculated by jackknife approach. 
The anisotropy parameter is enhanced with the flow direction of the river (Merwade et al., 2006). 
The distance in the IDW model is switched with an elliptical distance. 

 
The sampling location and number also affect the estimation values (Webster and Oliver, 2007; 

Kanevski, 2013).  Unfortunately soil boring locations and number can be assigned only in a project 
no relationship between projects to another project.  The locations of a construction project will be 
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located by investors, associated with their economic growth. 
 

This study proposes a simple technique with a small modification of the IDW model but more 
ability to improve the estimation results.  Firstly the random technique, it can be added in 
parameters searching step to receive the parameters that more represents the natural phenomena of 
the interesting area. Secondly a coefficient of anisotropy angle parameter will be modified to 
respond the anisotropy effect. 

3. Procedure 

3.1 Methodology 
The foundation mathematical model for IDW is given as 

 
   𝑃𝑃𝑗𝑗 = ∑ 𝜆𝜆𝑖𝑖𝑗𝑗𝑃𝑃𝑖𝑖𝑗𝑗

𝑛𝑛𝑗𝑗
𝑖𝑖=1        (1), 

 
where 𝑃𝑃𝑖𝑖𝑗𝑗is interesting value of sampled point 𝑖𝑖 refer unsampled point 𝑗𝑗 as Figure 1. The 𝜆𝜆𝑖𝑖𝑗𝑗 is 

weighting distance as proposed by Tomczak (1998) as Equation (2). 
 

 
Figure 1: Unsampled point 𝑗𝑗 within sampled points 𝑖𝑖 that have 𝑛𝑛𝑗𝑗 number. 

 
From Tomczak (1998) the effective distance is 

   𝜆𝜆𝑖𝑖𝑗𝑗 = 1 �𝑑𝑑′𝑖𝑖𝑗𝑗+𝛿𝛿�
𝑝𝑝⁄

∑ 1 �𝑑𝑑′𝑖𝑖𝑗𝑗+𝛿𝛿�
𝑝𝑝⁄

𝑛𝑛𝑗𝑗
𝑖𝑖=1

       (2), 

 
where 𝑑𝑑′𝑖𝑖𝑗𝑗is the effective distance which is formulated by: 

  𝑑𝑑′𝑖𝑖𝑗𝑗 = �𝐴𝐴𝑥𝑥𝑥𝑥 ∗ 𝛥𝛥𝑥𝑥2 + 𝐴𝐴𝑥𝑥𝑥𝑥 ∗ 𝛥𝛥𝑥𝑥 ∗ 𝛥𝛥𝛥𝛥 + 𝐴𝐴𝑥𝑥𝑥𝑥 ∗ 𝛥𝛥𝛥𝛥2    (3) 

with 

  𝐴𝐴𝑥𝑥𝑥𝑥 = �𝑐𝑐𝑐𝑐𝑐𝑐(𝜃𝜃)
𝜌𝜌

�
2

+ [−𝑠𝑠𝑖𝑖𝑛𝑛(𝜃𝜃)]2      (4) 

  𝐴𝐴𝑥𝑥𝑥𝑥 = 2 ∗ �𝑐𝑐𝑐𝑐𝑐𝑐(𝜃𝜃)
𝜌𝜌

∗ 𝑐𝑐𝑖𝑖𝑛𝑛(𝜃𝜃)
𝜌𝜌

+ (−𝑠𝑠𝑖𝑖𝑛𝑛(𝜃𝜃) ∗ 𝑐𝑐𝑐𝑐𝑠𝑠(𝜃𝜃))�    (5) 

  𝐴𝐴𝑥𝑥𝑥𝑥 = [𝑐𝑐𝑐𝑐𝑠𝑠(𝜃𝜃)]2 + �𝑠𝑠𝑖𝑖𝑛𝑛 (𝜃𝜃)
𝜌𝜌
�
2
       (6). 
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Figure 2 illustrates concept of equation 2-5 where 𝜌𝜌 is anisotropy ratio (a/b).  In isotropic case 
𝜌𝜌 equals 1.  Anisotropy angle 𝜃𝜃 is measured from x axis, as in Figure 2. 

 
Figure 2:  The concept of effective distance and anisotropy. 

 

 
Figure 3: The cross-validation and jackknife procedure of Tomczak (1998) with random technique. 
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The random technique takes observed data at random ten times.  Each time, random data is 
divided to training and testing group with 75% and 25%.  The training group is used to train the 
model or searching for parameters in Tomczak (1998) procedures. The testing group is used to 
calculate root means square errors of the selected parameters (Figure 3). 

 
Another form of equation 2 is coordinate transform with coefficient 𝜌𝜌 can be given as 

   
𝑁𝑁′ = −𝑐𝑐𝑖𝑖𝑛𝑛(𝜃𝜃)𝐸𝐸

𝜌𝜌
+ 𝑐𝑐𝑐𝑐𝑠𝑠(𝜃𝜃)𝑁𝑁

𝐸𝐸′ = 𝑐𝑐𝑐𝑐𝑐𝑐(𝜃𝜃)𝐸𝐸
𝜌𝜌

+ 𝑠𝑠𝑖𝑖𝑛𝑛(𝜃𝜃)𝑁𝑁
      (7). 

 
Then, 

   𝑑𝑑𝑖𝑖𝑗𝑗 = √𝑁𝑁′2 + 𝐸𝐸2       (8) 

 
with the proposed modification 

 

   𝑁𝑁′ =
−𝑠𝑠𝑖𝑖𝑛𝑛(𝜃𝜃)𝐸𝐸

𝜌𝜌 +𝑐𝑐𝑐𝑐𝑐𝑐(𝜃𝜃)

𝜂𝜂
       (9) 

where 𝜂𝜂 is the geometry modifier as shown in Figure 4. 

 
Figure 4: The black arrows are distance from E to points or𝛥𝛥𝑁𝑁. 

The red arrows are distance from E after transformation. 
 

If the distance from E of any points is shorter after the axis is rotated, it cause that points are 
more effect to the estimate value in that direction conversely the distance longer, causes less effect.  
The value of 𝜂𝜂 is given as 

 
   𝜂𝜂 = 𝛥𝛥𝑁𝑁 𝛥𝛥⁄ 𝑁𝑁′        (10) 
 
Also the results will be compared with the cubic spline model that recommend in Phothong and 

Witchayangkoon (2015). 
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3.2 Data Sampling 
The soil engineering property in this case study is unconfined compressive strength (Su). This 

data obtains from 164 soil boring logs within the Bangkok province as Figure 5, with sampled size 
1198 numbers.  The sampled data scatter in 23 soil layers from 1.5 to 18.25 meters in depth. 

 

 
Figure 5: The 164 soil bore holes location in Bangkok 

 
The sampled data will be feed to cross-validation processes to search for parameters . If the 

process is searching for the power parameter, the anisotropy ratio will set to 1 and the anisotropy 
angle set to 0. The smoothing parameter (set to 0) and searching radius (use all data) are not 
considered in this study. After the power is chosen the anisotropy ratio is run with range 1 to 10 step 
0.5.  The anisotropy angle is run in the last step, with range 0 to 170 degrees with 10 degrees step. 
All searching processes are run by both IDW by Tomczak (1998) and mIDW models. 

3.3 Results & Discussion 
The results of cross-validation process of the first random are shown in Table 1.  The parameter 

at layer 19 will be selected to test the model by related testing data. The training data are known 
data in the IDW equation. The estimating locations are the testing data locations. The rmse of 
testing data will be calculated to compare the respondent of each model. The results are shown in 
Table 2. 

 
If the random technique has been applied to layer 19, the different power searching results will 

illustrate on Figure 6. With the same random technique the anisotropy ratio and angle are shown in 
Figures 7 -8. 

 
In Table 1 shows the results from cross-validation processes.  The most frequent seen values of 

the power and anisotropy column are 1 that are selected from criteria the minimum rmse. The one 
value of the power parameter and the anisotropy ratio mean the results are only average by distance 
or ordinary the IDW and all direction have same properties respectively.  On the other hand the 
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layer 19 shows obvious results of all parameters.  This indicates the collected data have a pattern 
that can be the best represented.  However the random technique can reveal the best pattern of 
sampled data with lowest rmse.  An example is the power parameter as in Figure 6 using data at 
random ten times yielding the same graph shape, each with a minimum value.  The third random 
produces the lowest the rmse as shown in Table 3.  In addition, with the all parameters the modified 
IDW shows the best rmse in Table 5, same as Layer 11 on Table 6. 

 
Table 1: cross-validation of data in each layers with the first random  

 
 

Table 2: cross-validation of data in each layers with the first random 

 
 

With the criteria minimum rmse the interesting parameters can be read from the graph and 
showm in Table 3. The random number 3 produces the best rmse. 
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Table 3:  The parameters searching from layers 19 with the third random. 

 
 
 

 
Figure 6: The power searching of layer 19, using data at random ten times in succession. 

 

 
Figure 7: The anisotropy ratio searching of 
layer 19, using data at random ten times in 

succession. 

 
Figure 8: The anisotropy angle searching of 
layer 19, using data at random ten times in 

succession. 
 

The parameters from Table 4 are put into any the IDW equation, the results shown in Table 5. 
 

Table 5: The results using parameters from Table 4.   
Training and testing data from the third random. 

 
 
With the same procedure, the layer number 11 at depth 9.25 meter can produce the parameters 

and results at Table 6. 
 

Table 6: The parameters and results for layer 11. 
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The inverses distance weighting method, frequency used by many researchers, is easy to use 
and understand as well as it can be modified to fit the interested phenomena.  One of the most 
concerns for spatial interpolation is number and location of samples.  With the random technique, 
the samples are randomly sampled and divided to training and testing data set.  The training data set 
is used to calculate parameters that represent the variable of the area.  The testing data uses to 
calculate the rmse of the model.  In addition the modification of an anisotropy section of the IDW 
can fine tune the estimated results. The combination of both purposes method can increase accuracy 
of the estimation. It can produce the good results over the other model. From this study found the 
power parameter takes a great effect to the model, follow by the anisotropy ratio.  The anisotropy 
angle does only fine tune the results. 

4. Conclusion 
The random technique and modified IDW can produce the good results over the other model. 

The random technique also can be used to find good patterns of sampling data to represent the area. 
The power parameter takes a great effect to the model, follow by the anisotropy ratio. The 
anisotropy angle is only fine tuning the results.  In the future this proposed model can be developed 
to 3D and incorporated with random variable. 
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