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Abstract— Several sensor measurements are collected from 
drilling rig during oil well drilling process. These 
measurements carry information not only about the 
operational states of the drilling rig but also about all higher 
level operations and activities performed by drilling crew. 
Automatic detection and classification of such drilling 
operations and states is considered as a big challenge in 
drilling industry. Furthermore, the possibility of detecting 
such events opens the door to detect and analyze hidden lost 
time of the drilling process. This paper presents a novel 
algorithm for drilling time series segmentation using 
Expectation Maximization and Piecewise Linear 
Approximation algorithms. The suggested algorithm shows 
that the incorporation of prior-knowledge about the drilling 
process is a key step to segment drilling time series 
successfully. The Expectation Maximization algorithm is 
used to segment drilling time series based on hook-load 
sensor measurements. In addition, Piecewise Linear 
Approximation is hired in our approach to slice standpipe 
pressure, pump flow rate and rotational speed (RPM) and 
torque of the top drive motor. Merging the results from 
both, Expectation Maximization and Piecewise Linear 
Approximation, gives the suggested algorithm the dynamic 
ability to detect all drilling events and activities.  

Keywords: Drilling Events Detection, Expectation 
Maximization, Timeseries Segmentation, Piecewise Linear 
Approximation 

I.  INTRODUCTION  
Automatic detection of drilling events and operations 

is considered as an urgent need in the drilling industry. 
Detecting these events gives services of drilling data 
analysis more aptitude to examine all actions which are 
done by the drilling crew at the rig site. Furthermore, 
automatic detection also provides essential mechanisms to 
judge the performance of the drilling machinery. 
Moreover, this leads to the possibility to perform sequence 
mining and analysis on particular drilling process sections. 

Usually sensors measurements are collected during the 
whole drilling process. Such measurements are used by 
drilling engineers and drilling crews to monitor the drilling 
process by action/response models. For example, any 
change in the hydraulic flow rate parameter causes a 
response in the pump pressure. Likewise, torque 
measurements are observed through altering the rotational 
speed of the drill string [2]. 

The cyclic nature of drilling processes exposes specific 
patterns for each drilling activity or event in sensor 
measurements. Furthermore, each sensor data time series 

has specific statistical distribution. These distributions 
look very similar in almost all similar-type drilling rigs 
(offshore or land rigs). This gives the drilling process a 
similarity property. Here we can find a big possibility to 
generalize our findings and analyses [1] [2]. 

Expectation Maximization (EM) is a powerful tool to 
estimate the parameters of Gaussian distributions in the 
data. EM has ability to discriminate data into clusters if 
this data have the nature of mixture models. EM provides 
the possibility to find and describe main clusters in the 
data by estimating description parameters of each cluster. 
Segmenting of data based on a cluster will be a minor task 
if the parameters are estimated [3]. The Expectation 
Maximization algorithm is considered with stable 
performance in data with less amount of noise [4]. 

Piecewise Linear Approximation (PLA) is another 
useful tool for time series segmentation. Usually PLA is 
used to approximate main sections in time series. PLA has 
no tolerance to data with low of signal to noise ratio, but it 
can be applied to data with a specific S/N ratio [5].  

II. CONTRIBUTION 
The contribution of this paper can be outlined as 

follows: 
1. Automatic detection of different drilling events and 

operations. 
2. Incorporation of prior-knowledge on drilling process 

is a main factor in hybrid intelligent algorithm. 
3. Hiring Expectation Maximization algorithm as core 

algorithm for high-level segmentation. 
4. Piecewise Linear Approximation algorithm is applied 

as low-level time series segmentation. 
5. Combination of two algorithms (EM and PLA) to 

accomplish multi-level drilling time series 
segmentation.  

 

III. DRILLING PROCESS AND MUD-LOGGING SYSTEMS 
Oil well drilling is a process of making a hole in the 

ground in order to extract oil, gas or any other natural 
resources from the subsurface; usually performed by a rig. 
One of the most important parts of such a drilling rig is the 
drill-string. A drill-string is a chain of connected pipes 
usually having a length of 10 meters each. The bottom end 
of drill-string is made of special devices, denoted as 
bottom hole assembly (BHA). The last part of the BHA is 
drill-bit [6].  
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Figure 1: Sketch of drilling time series (20 Hou
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The algorithm below shows how to 
intersection point between two clusters ba
theorem, using the clusters’ statistical par
value and standard deviation. 
 
Intersection Point of two Clusters 

 
Input: 

Two univariate clusters C1 and C2 assumed 
distributed with Θ1={µ1,σ1} and Θ2={µ2,σ2}. 

Output: 
The separation threshold xi of the two clusters.

Do 
The probability density p(x|Ck) for the k
Gaussian Mixture Model is given by 

p(x|C୩) ൌ  ଵටଶౡమ eି൫౮షµౡ൯మమಚౡమ  
According to Bayes’ theorem, the separation
located where the posterior probabilities P
clusters are identical. Using P(Cଵ| x) ൌ  ୮(୶ |Cభ) P(Cభ)୮(୶ |Cభ)P(Cభ)ା୮(୶ |Cమ)P(Cమ)  P(Cଶ| x) ൌ  ୮(୶ |Cమ) P(Cమ)୮(୶ |Cభ)P(Cభ)ା୮(୶ |Cమ)P(Cమ)  
and the prior probabilities P(C1) and P(C2) giveP(C୩) ൌ  ୬୳୫ୠୣ୰ ୭ ୮୭୧୬୲ୱ ୠୣ୪୭୬୧୬ ୲୭ ୡ୪୲୭୲ୟ୪ ୬୳୫ୠୣ୰ ୭ ୮୭୧୬୲ୱ
the separation threshold xi can be estimated
equation P(Cଵ| x୧) ൌ P(Cଶ| x୧) 

End 
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