Algorithm Development Process
This document describes the work we have completed so far in the algorithm development process for slip sensing. The overall process is described below.
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Feature Selection
Feature List:
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Method 1: Multi-linear regression
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This is a multiclass classification method that can help us distinguish between more than two cases of events (for example, linear slip, rotational slip, pipe mate-up). This method helps us determine which features are the most important in distinguishing between different events. The current process we’re using for this algorithm is the MATLAB function Stepwise Regression, which includes the features listed one by one. The function keeps the features that statistically (p < 0.05) improves the linear fit to the data and discards the features that do not contribute to the overall fit.

Material Test Results
Highlighted column indicate significant feature for that type of material.
	
	Parameter
	Aluminum
	Brass
	Galvanized Steel
	Stainless
Steel
	Steel

	1
	ID
	
	
	
	
	

	2
	Time
	
	
	
	
	

	3
	PARA1
	
	
	
	
	

	4
	PARA2
	
	
	
	
	

	5
	CH
	
	
	
	
	

	6
	RISE
	1
	1
	1
	1
	1

	7
	COUN
	2
	2
	2
	2
	2

	8
	ENER
	3
	3
	3
	3
	3

	9
	DURATION
	4
	4
	4
	4
	4

	10
	AMP
	5
	5
	5
	5
	5

	11
	A-FRQ
	6
	6
	6
	6
	6

	12
	RMS
	7
	7
	7
	7
	7

	13
	ASL
	8
	8
	8
	8
	8

	14
	PCNTS
	9
	9
	9
	9
	9

	15
	THR
	10
	10
	10
	10
	10

	16
	R-FRQ
	11
	11
	11
	11
	11

	17
	I-FRQ
	12
	12
	12
	12
	12

	18
	SIG STRNGTH
	13
	13
	13
	13
	13

	19
	ABS-ENERGY
	14
	14
	14
	14
	14

	20
	FRQ-C
	15
	15
	15
	15
	15

	21
	P-FRQ
	16
	16
	16
	16
	16
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Method 2: Logistic Regression
[image: ]
Logistic regression is a binary classification method that allows us to create a separable boundary between two classes of data (slip, no slip). Using this regression model, we can determine the boundaries of sensor feature data (e.g. frequency ranges between 220 kHz and 260 kHz are indicative of slip compared to frequency ranges below 220 kHz).
Experimental Data Fitting
We will fit probability distributions over the feature data we have and use those distributions to create a confidence function that will tell us the probability of a certain event occurring.
Sample confidence functions
[image: ]
Feature Combination
We will be using a combination of sensor feature and context features to create an overall confidence value for a slip event.

m: number of context-based features
n: number of sensor based features
weights:  importance of a certain sensor feature
Context features in this case are binary features such as movement of the gripper or roughneck, mate-up events, etc. Sensor features are described in the section above.


Sample Pipe Handler Feature Combination
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image2.png
Signal Characteristics Resolution Units Range

———————————————————————————

Time of Hit/Time of Test 0250 Microseconds 0-407 days.

(PAC) Energy T count 10 pvolt-sec/count 0-65,535

Signal Strength 1 count 3.05 picovolt-sec 0-1.31x10" picovolt-sec

Absolute (True) Energy 1 count 931 x 10~ Joules 261 x 10" Joules

Amplitude 1dB 1dB 10-100 dB

Rise Time Tusec Microseconds 0-65.5 msec

Duration Tusec Microseconds 0-1000 msec

Counts T count Count (Threshold crossing) | 065,535 counts

Counts To Peak T count Counts 0-32.768 counts

Partial Power (w/waveform option) | 0.01% Percent of Total Power 0-100%

Frequency Centroid TkHz KHz TkHz— 2100 kHz

(wiwaveform option)

Peak Frequency TkHz KHz TkHz - 2100 kHz

(wiwaveform option)

Initiation Frequency TkHz KHz 0-65,535 kHz

(Rise Time based frequency)

Reverberation Frequency (Average | 1 kHz KHz 0-65,535 kHz

Frequency of AE burst after peak)

Average  Frequency  (Average | 1 kHz KHz 0-65,535 kHz

Frequency of entire AE burst)

RMS 02 millivolis_| Millivolts 0-6 volts

ASL 1dB 1dB 0-100 dB’

Threshold 1dB 1dB 12-99 dB





image3.png
yi=BiTa+ o+ Brptai=x Bte,  i=1





