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Abstract 

 

Interpolation and fitting the data to produce the interpolating curves or fitting curves are 

important in Oil and Gas (O&G) industry. Data interpolation is useful for scientific visualization 

for data interpretation. One of the efficient methods for data interpolation is cubic spline function. 

In this paper two types of cubic spline will be used for data interpolation. The first one is cubic 

spline interpolation with 2C  continuity. Meanwhile the second spline is Piecewise Cubic Hermite 

Spline (PCHIP) with 1C continuity. Numerical comparison between both cubic splines and linear 

splines will be discussed in details. From all numerical results, it was indicated that cubic spline 

gives good results.     
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I. INTRODUCTION 

    Data fitting, data approximation and data interpolation are important in visualization of the data 
that may be obtained from numerical experiment or data collection from well drilling, petroleum 
etc. Karim and Yahya [1] has discussed in details the used of cubic spline smoothing for oil and 
gas data interpretation. The Seabed Loging Data (SBL) is used for their purposed. From the 
results, they concluded that cubic splines smoothing gives quite impressive results. The common 
method for data interpolation is a cubic spline function. There exist many types of spline basis 
function with respective degrees and its respective knots.  But from literature, the most suitable 
spline for many applications is cubic splines interpolation. One of the main reasons why cubic 
spline is the most utilizing basis function for data interpolation is that it is the lower degree 
splines that can achieve the 2C continuity [2 - 9]. Besides the used of cubic spline interpolation 
there exist another cubic spline called as PCHIP but is only has 1C continuity and usually data that 
being interpolated by PCHIP is overshoot at certain interval [2, 8, 9]. This unwanted overshoot is 
not visual pleasing and may remove the important characteristics of the data. Furthermore PCHIP 
is suitable for interpolation data that is monotone [2]. In general the data obtained in Oil and Gas 
industry is not monotonic and there exists thousands data sets that need to be taking care by the 
engineers. This is where cubic spline interpolation provides a very good alternative to the existing 
methods such as linear regression and non-linear regression.  

   This paper is continuation from the work of Karim and Yahya [1]. The main different is that in 
this paper both cubic splines interpolation and PCHIP will be used to interpolate the given data 
sets, meanwhile in [1] the cubic smoothing spline and PCHIP are used for SBL data fitting 
(smoothing) and data interpolation. Furthermore an error analysis for data interpolation by using 
cubic spline interpolation and PCHIP also will be discussed in details. This paper is organized by 
four sections which are described as follows.  First Section is about the introduction of data 
interpolation method used to interpolate oil and gas data. Second section describes the detail of 
the theory of cubic splines interpolation as well PCHIP. Data collection and experimental setup 
are discussed in details through Section 3.Fourth Section describes the numerical results obtained 
by using cubic spline and PCHIP for Petroleum Engineering data interpolation. Section 5 
discusses the error analysis by using three different true functions. Conclusions and some future 
researchs recommendation will be discussed in the final section.  

 

2. CUBIC SPLINES INTERPOLATION 

This section is devoted for cubic spline interpolation and PCHIP.  

 

2.1 Cubic spline interpolation  

The equation of the cubic spline in the thi  interval 1[ , ]i ix x , is show in Equation (12). 

2 3( ) ; 1,2,...... ,i i i i if x a b x c x d x i n    
                                      

(1)
 
 

where ia , ib , ic ,and id  is the 4n coefficients
 
 for 1,2,...... ,i n  

      The cubic spline interpolation in (1) satisfies the following conditions: 

( )i i if x f                                             (2) 
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      1 1 1( ) ( )i i i if x f x                                                                    (3) 

    
' '

1 1 1( ) ( )i i i if x f x                                                         (4) 

    
" "

1 1 1( ) ( )i i i if x f x                                                                          (5) 

Equation (2) until (5) gives a total of n24 conditions. For cubic spline interpolation, we need n4  

parameters to be determined. Therefore, we need two more conditions that can be either clamped, 

natural boundary conditions etc. In this paper will be used the natural boundary conditions. It is 

given as follows: 

     
" "

0 0 1( ) ( ) 0nnf x f x                                  (6) 

After some substitution to the Equation (2) until (6), we can extend it to include an extra parameter 

na that we actually not interested in, to give the followings tri-diagonal linear equations: 
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If the grid points are equally spaced with ih h  for some number h , then 
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                                                     (8) 

The tri-diagonal linear equations in (7) and (8) can be solved efficiently by using Gauss-Seidel 

iteration or LU decomposition or Thomas algorithm. Below is example for cubic spline 

interpolation by using car acceleration data. 
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Example 1: Car accelerating data  

 

 

Table 1. Car Accelerating 

 

 

 

 

 

 

 

 

Here we apply cubic spline interpolation on [2,3], [3,4] and [4,5]. Thus we have three (3) 

piecewise cubic spline interpolation that satisfies condition (2) until (6) above. The cubic spline 

interpolation is given as follows: 

 

 

 

3 2

3 2

3 2

1.93 11.58 32.23 8.58, 2,3

( ) 4.67 47.83 146.02 169.68, 3,4

2.73 40.96 209.11 303.80 4,5

x x x

f x x x x

x x x

   


    


                                                                  

(10) 

Figure 1 shows the cubic spline interpolation for data listed in Table 1 above. 

 

 
 

Figure 2: Cubic Spline Interpolation Car Accelerating 

Time (second) Velocity (m.p.h.) 

2 25 

3 36 

4 52 

5 59 
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2.2  PCHIP  

 

PCHIP is initiated by Fristch and Carlson [8] and later these methods have been extended by 

Fristch and Butland [9] for local control of the interpolating curves. PCHIP functions can be 

defined as follows:  

For 1, , 1,2,..., 1,i ix x x i n      p x  is a cubic polynomial which can be represented as follows: 

         0 1 3 1 1 2                         .i i i i i ip x f H f H h D H h D H                                                           (11) 

Where  , , 1j iD p x j i i    and   , 0,1,2,3.kH k  are the usual cubic Hermite basis functions given 

by            
2

0 3 21 , , 1H x H x H            and    3H      and 1i i ih x x  ,  

with  

   2 3 3 23 2 ,            and   , 0,1 .i

i

x x

h
 


   

PCHIP have been used for monotonicity-, positivity- and convexity-preserving data interpolation 

by Fristch and Carlson [8] and Fristch and Butland [9]. They derived the sufficient and necessary 

condition for the PCHIP to be monotonic on entire given interval of data that to be interpolated. 

Original cubic Hermite spline cannot guarantee to preserves the shape of the given data. Thus 

PCHIP will guarantee to preserves the shape of the given data with 1C continuity.  

  

2.3 Examples of Cubic Spline Interpolation and PCHIP  

To show the different between interpolating the given data sets by using (a) cubic spline and (b) 

PCHIP, we use the famous data sets taken from Fristch and Carlson [8] given in Table 2. This 

data is coming from LLL radiochemical calculation.  

Example 2. PCHIP and cubic spline interpolation  

i  1 2 3 4 5 

ix  7.99 8.09 8.19 8.7 9.2 

if  0 0.0000276429 0.0437498 0.169183 0.469428 

 

i       6      7      8      9 

ix  10 12 15 20 

if  0.94374 0.998636 0.999919 0.999994 

Table 2. Interpolation data from Fristch and Carlson [8] 
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Figure 3. Interpolation using cubic spline (dashed) and PCHIP (green). 

Clearly PCHIP preserves the geometric shape of the data e.g. monotonicity. But from Figure 3, 

the interpolation curves are overshoot and not very visual pleasing. Even though cubic spline 

interpolates the given data without preserving the monotonicity of the given data, the final 

interpolating is very smooth and in the cases where the geometric shape of the data is not a 

criterion in interpreting the oil and gas data, so cubic spline is more suitable compare to PCHIP. 

More details on comparison between cubic spline interpolation and PCHIP can be found in the 

forthcoming monograph by Karim [2].  

3. DATA COLLECTION AND EXPERIMENTAL SETUP 

Nowadays, drilling become more challenges day by day. One of the technologies that have been 

introduced to improve drilling operation is casing while drilling technique. This technique is using 

casing to drill the well instead of the drill pipe that usually use in conventional drilling. Thus, it will 

save the time and cost from the tripping time. Recently, casing drilling can only be used in shallow 

depth and soft formations. Because high stress caused by the hard formation will lead the damage of 

the casing. So, design of the casing need to be analyzed carefully to give the best drilling 

performance. Data that has been collected for this report are measured depth, rate of penetration 

(ROP), and drilling fluid flow and pump pressure. All of the data are importance because its need to 

be accurate during the planning to aim for a successful drilling operation. The size of the casing is 9-

5/8 in and the depth of the well that has been drilled by this technique is about 3401 ft. Now we  
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arrived at the main objective of the paper to use cubic spline interpolation and PCHIP for Petroleum 

Engineering data. The comparison between both spline also will be discussed in details. 

 

 

 

4. NUMERICAL RESULTS AND DISCUSSION 

In this section, we will discuss the application of cubic spline interpolation and PCHIP to interpolate 

the Petroleum Engineering data. We discussed three examples (1) Measured Depth vs Torque (2) 

Measured Depth vs Pump Pressure and (3) Measured Depth vs Fluid Flow.  

 

Example 3: Measured Depth vs Torque  

Torque measurement is important in drilling because too much torque will leads to the inability to 

reach the target. 

 

 

 

 
 

Figure 4. PCHIP Interpolation (Measured Depth vs Torque) 
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Figure 5. Cubic Spline Interpolation (Measured Depth vs Torque) 

 

 
 

Figure 6. Combined Interpolation (Measured Depth vs Torque): cubic spline (blue), PCHIP (red) and 

linear spline (green).  
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Example 4: Measured Depth vs Pump Pressure 

Pump is used to pump the drilling fluid into the well while drilling. Pump pressure can determined 

the pressure inside the well. It needs to be measured accurately to avoid any problem such as gas 

kick or blowout happened. 

 

 

Figure 7: PCHIP Interpolation (Measured Depth vs Pump Pressure) 

 

Figure 8: Cubic Spline Interpolation (Measured Depth vs Pump Pressure) 
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Figure 9: Combined Interpolation (Measured Depth vs Pump Pressure): cubic spline (blue), PCHIP (red) 

and linear spline (green) 

 

 

 

Example 5: Measured Depth vs Fluid Flow 

Fluid flow in the well is being measured to prevent any formation fluid flows into the well because if 

the if the fluid has been invaded, it will considered a kick and will lead to blow out of the well is not 

shut-in. 
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Figure 10: PCHIP Interpolation (Measured Depth vs Fluid Flow) 

 

 

Figure 11: Cubic Spline Interpolation (Measured Depth vs Fluid Flow) 
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Figure 14: Combined Interpolation (Measured Depth vs Fluid Flow): cubic spline (blue), PCHIP (red) 

and linear spline (green).  

 

The following algorithm can be used for data interpolation by using PCHIP and cubic spline 

interpolation.  

 

Data interpolation algorithm 

1. Input the interpolation data  , , 1,2,..., 1.i ix f i n   

2. (a) For cubic spline interpolation do the following: 

(i) Calculate the cubic spline coefficients for each interval  

(ii) Form cubic spline interpolation function for each interval 1, , 1,2,..., 1.i ix x i n       

(iii)Generate the cubic spline interpolation that can be used to interpret the given data.  

 

(b)  For PCHIP do the following: 

(i) Calculate the new derivative (from sufficient and necessary condition that given in Fristch and 

Carlson [8] and Fristch and Butland [9]) for each interval. 

(ii) For 1,2,..., 1,i n   

Construct the PCHIP interpolation function for each interval 1, , 1,2,..., 1.i ix x i n      
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5. ERROR ANALYSIS 

 

In this section we will discuss the error analysis for both splines; cubic spline interpolation and 

PCHIP. We use three data sets taken from true function   82  xxf , 2( ) 2 xf x e x  and 
10( ) cos ( )f x x respectively. Table 3, Table 4 and Table 5 summarized the error analysis for data 

interpolation by using PCHIP (  xP ) and cubic spline (  xS ) for all three functions. For the error 

measurements we use (1) Absolute error and (2) Root Mean Square Error (RMSE) given by 

the following formula:  

 

RMSE = 

 
.

ˆ
1

2

N

yy
n

i

ii




                                                        (12) 

 where iy  is a true data and iŷ  is a observed data and N is a total number of data.  

 

x  ( )f x  ( )S x  P( )x  ( ) ( )S x f x  2
( ( ) ( ))S x f x  ( ) ( )P x f x  2

( ( ) ( ))P x f x  

0.0 -8.00 -8.00 -8.0000 0 0 0.00000 0.000000 

0.2 -7.96 -7.96 -7.9440 0 0 0.01600 0.000256 

0.4 -7.84 -7.84 -7.7920 0 0 0.04800 0.002304 

0.6 -7.64 -7.64 -7.5680 0 0 0.07200 0.005184 

0.8 -7.36 -7.36 -7.2960 0 0 0.06400 0.004096 

1.0 -7.00 -7.00 -7.0000 0 0 0.00000 0.000000 

1.2 -6.56 -6.56 -6.6160 0 0 -0.05600 0.003136 

1.4 -6.04 -6.04 -6.0880 0 0 -0.04800 0.002304 

1.6 -5.44 -5.44 -5.4520 0 0 -0.01200 0.000144 

1.8 -4.76 -4.76 -4.7440 0 0 0.01600 0.000256 

2.0 -4.00 -4.00 -4.0000 0 0 0.00000 0.000000 

2.2 -3.16 -3.16 -3.1867 0 0 -0.02670 0.000713 

2.4 -2.24 -2.24 -2.2600 0 0 -0.02000 0.000400 

2.6 -1.24 -1.24 -1.2400 0 0 0.00000 0.000000 

2.8 -0.16 -0.16 -0.1467 0 0 0.01330 0.000177 

3.0 1.00 1.00 1.0000 0 0 0.00000 0.000000 

3.2 2.24 2.24 2.2187 0 0 -0.02130 0.000454 

3.4 3.56 3.56 3.5360 0 0 -0.02400 0.000576 

3.6 4.96 4.96 4.9440 0 0 -0.01600 0.000256 

3.8 6.44 6.44 6.4347 0 0 -0.00530 0.000028 

4.0 8.00 8.00 8.0000 0 0 0.00000 0.000000 

   
SUM 0 0 0.0000 0.02029 

 

Table 3. Error for   82  xxf  
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Table 4. Error analysis for 2( ) 2 xf x e x   

 

 

6. CONCLUSIONS  

This paper discussed the use of cubic spline interpolation and PCHIP for Petroleum Engineering 

(PE) data interpolation. The main different between both cubic spline is their continuity. From the 

numerical results, we can be concluded that there is trade-off between the order of continuity and 

the shape of the final interpolating curves. Cubic spline interpolation gives much more smooth 

interpolating curves compare to the interpolating curves by using PCHIP. The interpolating 

curves by using PCHIP tend to overshoot on certain given interval. This fact can be explained 

through their continuity as well as PCHIP tend to modify the first derivative in order to preserves 

the shape of the given data. Overall both cubic spline works well for all tested data sets. Error 

analyses by using PCHIP and cubic spline for data interpolation also have been discussed in 

details. The author is in the final stages to proposed new ways to compute the first derivative 

values. Any such a finding will be published in our forthcoming paper. We will report the related 

findings in our forthcoming papers. 

x  ( )f x  ( )S x  P( )x  ( ) ( )S x f x  2
( ( ) ( ))S x f x   ( ) ( )P x f x   2

( ( ) ( ))P x f x  

0.0 2.000 2.000 2.000 0.000000 0.000000 0.000000 0.000000 

0.2 2.403 2.453 2.203 0.049895 0.002489 -0.200106 0.040042 

0.4 2.824 2.876 2.589 0.052751 0.002783 -0.234249 0.054873 

0.6 3.284 3.318 3.118 0.033262 0.001106 -0.165838 0.027502 

0.8 3.811 3.822 3.748 0.011018 0.000121 -0.063082 0.003979 

1.0 4.437 4.437 4.437 0.000000 0.000000 0.000036 0.000000 

1.2 5.200 5.207 5.237 0.007066 0.000050 0.036866 0.001359 

1.4 6.150 6.181 6.247 0.030100 0.000906 0.096600 0.009332 

1.6 7.346 7.403 7.491 0.056435 0.003185 0.144635 0.020919 

1.8 8.859 8.920 8.993 0.060305 0.003637 0.133605 0.017850 

2.0 10.778 10.778 10.778 0.000000 0.000000 -0.000012 0.000000 

2.2 13.210 13.059 13.155 -0.150827 0.022749 -0.054927 0.003017 

2.4 16.286 15.984 16.403 -0.302753 0.091659 0.116547 0.013583 

2.6 20.168 19.807 20.502 -0.360876 0.130232 0.334124 0.111639 

2.8 25.049 24.784 25.431 -0.265294 0.070381 0.381607 0.145624 

3.0 31.171 31.171 31.171 0.000026 0.000000 0.000026 0.000000 

3.2 38.825 39.224 38.900 0.398440 0.158754 0.074540 0.005556 

3.4 48.368 49.197 49.471 0.828500 0.686412 1.102900 1.216388 

3.6 60.237 61.346 62.381 1.109731 1.231503 2.144431 4.598585 

3.8 74.962 75.928 77.124 0.965231 0.931671 2.161831 4.673513 

4.0 93.196 93.196 93.196 0.000000 0.000000 0.000000 0.000000 

   
 SUM  2.523011 3.337638 6.009535 10.943762 
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Table 5. Error analysis for 10( ) cos ( )f x x  

 

 

 

Bil 

 

Function 

Absolute Error 
Root Mean Square 

Error (RMSE) 

PCHIP 
Cubic 

Spline 
PCHIP 

Cubic 

Spline 

1 
2

( ) 8f x x   0 0 0.031 0 

2 2( ) 2 xf x e x   6.01 2.52 0.72 0.40 

3 10( ) cos ( )f x x  1.31 1.92 0.14 0.20 

 

        Table 6. Comparison of error between cubic spline and PCHIP 

 

 

From the Table 6, the absolute error and root mean square error (RMSE) of cubic spline 

interpolations is less than the error by using PCHIP interpolation for function 2
( ) 8f x x   and  

x  ( )f x  ( )S x  P( )x  ( ) ( )S x f x  2
( ( ) ( ))S x f x   ( ) ( )P x f x   2

( ( ) ( ))P x f x  

0.0 2.000 2.000 2.000 0.000000 0.000000 0.000000 0.000000 

0.2 2.403 2.453 2.203 0.049895 0.002489 -0.200106 0.040042 

0.4 2.824 2.876 2.589 0.052751 0.002783 -0.234249 0.054873 

0.6 3.284 3.318 3.118 0.033262 0.001106 -0.165838 0.027502 

0.8 3.811 3.822 3.748 0.011018 0.000121 -0.063082 0.003979 

1.0 4.437 4.437 4.437 0.000000 0.000000 0.000036 0.000000 

1.2 5.200 5.207 5.237 0.007066 0.000050 0.036866 0.001359 

1.4 6.150 6.181 6.247 0.030100 0.000906 0.096600 0.009332 

1.6 7.346 7.403 7.491 0.056435 0.003185 0.144635 0.020919 

1.8 8.859 8.920 8.993 0.060305 0.003637 0.133605 0.017850 

2.0 10.778 10.778 10.778 0.000000 0.000000 -0.000012 0.000000 

2.2 13.210 13.059 13.155 -0.150827 0.022749 -0.054927 0.003017 

2.4 16.286 15.984 16.403 -0.302753 0.091659 0.116547 0.013583 

2.6 20.168 19.807 20.502 -0.360876 0.130232 0.334124 0.111639 

2.8 25.049 24.784 25.431 -0.265294 0.070381 0.381607 0.145624 

3.0 31.171 31.171 31.171 0.000026 0.000000 0.000026 0.000000 

3.2 38.825 39.224 38.900 0.398440 0.158754 0.074540 0.005556 

3.4 48.368 49.197 49.471 0.828500 0.686412 1.102900 1.216388 

3.6 60.237 61.346 62.381 1.109731 1.231503 2.144431 4.598585 

3.8 74.962 75.928 77.124 0.965231 0.931671 2.161831 4.673513 

4.0 93.196 93.196 93.196 0.000000 0.000000 0.000000 0.000000 

   
 SUM  2.523011 3.337638 6.009535 10.943762 
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2( ) 2 xf x e x   while for the function 10( ) cos ( )f x x , the absolute and RMSE of the cubic spline 

is higher that the PCHIP interpolation. This is due to the fact that at the knots Generally the cubic 

spline interpolation will give less error compare to the PCHIP interpolation. 
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