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Abstract 

Integrated separate layer water injection technology is an effective approach to reduce the 

workload of injection oilfield. The primary equipment which consists of flowmeter, motor and 

control value is placed underground for a long time. Injection rate allocation fault diagnosis 

is a problem with character of multiformity. The fault symptoms and reasons are random, and 

it is hard to differentiate them. Weighted fuzzy C-means clustering algorithm combining 

symptoms signals and fuzzy mathematics approach is used on the technology. The algorithm 

is based on fuzzy C-means clustering algorithm, and increase weight to each fault sample to 

reduce the impact of samples on fault classifications. Simulation and analysis illustrates that 

the algorithm is able to reflect the real structure of the sample data. And it improves the 

accuracy of fault classification.  
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1. Introduction 

Research and technological innovation have been made to meet the demands of different 

stages, solve the contradiction between layers and achieve efficient water injection. The 

ommingled water injection expanded towards separate layer water injection [1]. The running 

and pulling of pipes have developed to nozzles adjustment and direct-readout. The data can 

be collected by multi-parameter, which was collected by single-parameter [2]. And it can be 

storage electrically, which was recorded on cards. The data can be direct-readout [3]. With 

the increasing of injection wells and water injection layers, the workload of construction 

operations is increased year by year. Therefore, free throw integrated separate layer injection 

was developed, that combined the detection with resolution and was put down the hole [4-5]. 

The tools always break down under high temperature and pressure that would reduce 

injection rate and water flooding. The artificial fault diagnosis used for regular inspection is 

essential to popularize and apply the process. 

With the development of the fuzzy theory [6], artificial neural networks [7], genetic 

algorithm [8], gray clustering and expert systems [9] and other intelligence theory, fault 

diagnosis system becomes more intelligent, various intelligent algorithms play their own 

advantages and features in fault diagnosis. In integrated separate layer water injection 
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technology, injection rate allocation process will cause fault for many reasons, which is 

characterized by diverse, and there are fuzziness and randomness between fault symptoms 

and fault reasons, so it’s difficult to establish fault diagnosis model. Fuzzy theory is one way 

that can accurate description of the uncertainty relations, the signal of fault symptoms 

combined with fuzzy mathematics can effectively improve the accuracy of fault diagnosis. 

Therefore, this paper proposes a C-means clustering algorithm based on weighted fuzzy for 

injection rate allocation fault diagnosis in integrated separate layer water injection 

technology. 

 

2. Downhole Injection Rate Allocation Process Analysis  

The underground water distributor is used for injection allocation in integrated separate 

layer water injection technology. The water distributor structure is shown in figure 1, which 

consists of mechanical body, cylinder pipe cable, monitoring circuit, pressure gauge, 

flowmeter, control valve and motor. And the technology process is that injected water flow 

along coiled oilpipes to the main channel of water distributor, through control valve into the 

single injected channel, then through the flowmeter into the water injection. The pressure 

gauge is used to detect the injection pressure of main channel. The flowmeter detects 

monolayer injection amount. The motor controls opening of control valve to adjust monolayer 

injection amount, and realize the monolayer closed-loop flow control. 

The flowmeter, motor and control valve should maintain stable operating in the process 

of injection rate allocation. The underground electric controlled parts always break down 

under high temperature and pressure that brings latent danger to the flow allocation. And they 

need periodic measuring. The reasons of fault can provide the basis for the follow-up 

maintenance work. Then the fault detection can only depend on limited electrical information, 

which obtained ground communication by cylinder pipe cable. So artificial intelligence 

method must be used to raise the accuracy, reduce error and improve efficiency. 

 

 

Figure 1. Downhole Dynamometer Process Principles 

3. WFCM Fault Diagnosis System 

The traditional classification methods (such as the classification of the three ratio method 

and classification of the specialist experience, etc.,) can't get the real structure of fault data 

samples. The traditional classification methods always first to determine the failure mode, 

then according the certain rules or experience to distribute the fault sample into different 

classification of the fault, but doing this is not a scientific analysis method of sample data. In 

the transformer fault diagnosis, there are extremely complex randomness and fuzziness 

between fault reason and fault symptom. 

The clustering is a process that according to the similarity to distinguish and classify in 

things. The clustering is a kind of unsupervised classification, and that divide the class is 

http://dict.cnki.net/dict_result.aspx?searchword=%C1%F7%C1%BF%BC%C6&tjType=sentence&style=&t=flowmeter
http://dict.cnki.net/dict_result.aspx?searchword=%BF%D8%D6%C6%B7%A7&tjType=sentence&style=&t=control+valve
http://dict.cnki.net/dict_result.aspx?searchword=%B6%A8%C6%DA%BC%EC%B2%E2&tjType=sentence&style=&t=periodic+measuring
http://dict.cnki.net/dict_result.aspx?searchword=%B8%D6%CD%B2&tjType=sentence&style=&t=cylinder+pipe
http://dict.cnki.net/dict_result.aspx?searchword=%B5%E7%C0%C2&tjType=sentence&style=&t=cable
http://dict.cnki.net/dict_result.aspx?searchword=%C8%CB%B9%A4%D6%C7%C4%DC%B7%BD%B7%A8&tjType=sentence&style=&t=artificial+intelligence+method
http://dict.cnki.net/dict_result.aspx?searchword=%C8%CB%B9%A4%D6%C7%C4%DC%B7%BD%B7%A8&tjType=sentence&style=&t=artificial+intelligence+method
http://dict.cnki.net/dict_result.aspx?searchword=%CC%E1%B8%DF%D7%BC%C8%B7%C2%CA&tjType=sentence&style=&t=raise+the+accuracy
http://dict.cnki.net/dict_result.aspx?searchword=%CC%E1%B8%DF%D0%A7%C2%CA&tjType=sentence&style=&t=improve+efficiency
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unknown. In 1969, fuzzy clustering was first formulated and studied by Ruspini [10]. 

Because the fuzzy clustering shows the intermediary of generic sample, it can objectively 

reflect the real world, becoming the mainstream of the cluster analysis.  

The algorithm of Fuzzy C-Means (Fuzzy, c-Means, FCM) [11] is the most perfect, the 

most widely used algorithm, which based on fuzzy clustering algorithm theory of the 

objective function. The FCM algorithm is from the hard C-Means clustering (HCM) 

algorithm evolved. FCM algorithm has been shown to have good convergence [12] 

Hypothesis  1 2, , , nX x x x  is limited numbers of clustering analysis, Among them 

 1 2, , , nX x x x  said the s  eigenvalues in the j  samples, The cluster analysis for the given 

data set X  is the X  is divided into subsets c ， means that there are c  subset 

1X , 2X , , cX , set the clustering center of c  subset for  1 2, , , cV v v v , c  is the integer in 

accordance with 2 c n  .Using the membership function ( )
iij x ju u x  to show the 

subordinate relationship between Sample jx  and subset (1 )iX i c  . The interval {0,1} of 

membership function expands to the interval [0,1] by Ruspini using fuzzy set theory (hard c-

dividing). Based on flexible dividing fuzzy cluster analysis algorithm, c-dividing space is 

below: 
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Simultaneously introduced weighted index m , FCM algorithm objective function is: 
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In the formula, m  is weighted index (Smoothing parameter); ijd （ ij j id x v  ） is the 

distance between sample jx  and the center of i  class. 

ijU u     is Membership matrix, iju  is sample jx  belonging to various categories of 

membership matrix. Fuzzy clustering criterion is determined appropriate fuzzy partition 

matrix  ijU u  and cluster centers iv  to reach the minimum of the objective function 

( , )J U V . Since among each column in the fuzzy partition matrix U  are independent, so we 

can get: 

  2 2

1 1 1 1

min ( , ) min min
c n n c

m m

ij ij ij ij

i j j i

J U V u d u d
   

   
    

  
                                (3) 

The constraint condition of above extremum is 
1

1
c

ij

i

u


 . It can use Lagrange multiplier 

method to construct objective function to solve minimum of ( , )J U V . Literature [13-14] 

showed that constrains above cannot reflect of samples typicalness, and were inapplicable in 

the case that samples of data sets differ greatly in quantity. In fault diagnosis, there are 

different eigenvalues and electrical parameters in different fault patterns. For there is big 

difference between the point of cluster center calculated by FCM and fact, it is hard to be 

classified correctly(not be discussed here). Therefore, weighted fuzzy C-means clustering 

algorithm is used for fault diagnosis to improve the accuracy of cluster center. There are 

different classified patterns in different samples of various parts. In order to obtain correct 

app:ds:distance
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classification, the position of cluster center can be adjusted. The weight enhances 

performance of algorithm. The option of weight is a key to improve algorithm [15]. 

For each sample ix , the density function is: 

1
1,

1
,1

n

i a
j j i ij

z i n
D 

                                                     (4) 

,1 ,ij i jD x x i j n                                                     (5) 

In the expression, ijD  is euclidean distance between sample point ix  and jx , a  is a 

parameter, 1a  . 

If there are more sample around ix , iz  is more bigger, or not, iz  is smaller. e  is density 

range limited value, min( ) max( )ij ijD e D  . After iz  is normalized, the weight matrix is 

below: 

1

,1i
i n

j

j

z
w i n
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                                                 (6) 

Bring the weighting matrix to FCM algorithm, as the formula 3, it can get the objective 

function improved: 
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It is obtained: 
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To get appropriate  ijU u and iv  to obtain the minimum value ( , , )J U V W . In a similar 

way, using lagrange multiplier method to construct a new objective function for solving the 

minimum of the formula 8. 
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                                     (9) 

In the formula 9, （  1 2, , , n    ） were Lagrange multipliers of constraints.  

Derivative operation for all input parameters in the formula 9, the process to obtain the 

minimum value iju  and iv  of the objective function, specific methods are as follows. 

From 0iJ v


   , we can get: 

1 1

,1
n n

m m

i j ij j j ij

j j

v w u x w u i c
 

                                            (10) 

From 0ijJ u


   , we can get:  

http://dict.cnki.net/dict_result.aspx?searchword=%BC%D3%C8%A8%BE%D8%D5%F3&tjType=sentence&style=&t=weighting+matrix
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Due to the constraint condition 
1

1
c

ij

i
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 , summation of the i in the formula 11: 
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Taking the formula 11 into formula 12, can get: 
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All above, accomplish the algorithm about specific weighted fuzzy c means clustering. 

Step1: Inputing clustering dataset  1 2, , , nX x x x , giving cluster category c , defining 

weighting exponent m , setting an arbitrary small iteration error 0  , max iteration number 

maxT  of the algorithm. 

Step2: According to the formula 4-6, calculation weighting matrix iw . 

Step3: Initialization fuzzy membership matrix to satisfy the constraints. 

Step4: Calculation clustering center ( 1,2, )t

iv i c . 

Step5: Objective function calculation, determined the convergence of the algorithm in the 

iterative process. 

Step6: According to the formula 13 and t

iv , updating ( )tU of ( 1)tU  . 

Step7:If ( 1) ( )t tU U     then stop iterative ,or set 1t t   and return to step4. 

Getting the the optimal fuzzy partition matrix *U  and cluster centers *

iv , We can identify 

the attribution of each sample by Center recently principle or maximum membership 

principle. 

 

4. Simulation and Application of Engineering  

4.1 Select and Normalized Eigenvalues 

Injection rate allocation of long time operation in integrated separate layer water injection 

technology will show common faults: Not centered and unbalanced of the motor rotor causes 

the drive current is too high Iovercurrent; As the motor seepage, motor insulation level is not 

enough V; when the flowmeter probe is not complete failure, the linearity deviation will 

migration F (Abbreviation flowmeter migration); ceramic faucets of clogged will damage and 

the faucets will failure D due to sundries clogging (shows flow leakage exists in the degree of 

opening theory). 

Selected characteristic signals are: drive voltage, drive current, useful power of the motor, 

the signal of the flowmeter output (frequency), and feedback of the motor encoder. Due to the 

different motor drive power and clogging model number, the drive current and leakage 

eigenvalues have big difference. So normalizing the samples, each value is limited [0, 1], To 

deal with the following: 

http://dict.cnki.net/dict_result.aspx?searchword=%D4%BC%CA%F8%CC%F5%BC%FE&tjType=sentence&style=&t=constraint+condition
http://dict.cnki.net/dict_result.aspx?searchword=%C8%A8%D6%D8%D6%B8%CA%FD&tjType=sentence&style=&t=weighting+exponent
http://dict.cnki.net/dict_result.aspx?searchword=%B5%FC%B4%FA%B4%CE%CA%FD&tjType=sentence&style=&t=iteration+number
javascript:void(0);
http://dict.cnki.net/dict_result.aspx?searchword=%BC%D3%C8%A8%BE%D8%D5%F3&tjType=sentence&style=&t=weighting+matrix
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In the formula, ijx  is original sample data (Eigenvalues offset), ijx


 is the value of the 

normalized original data, and 
5

1

1ij

j

x


  . i  is the sample number, j  is attribute number, 

respectively denote eigenvalues according to the above 5 fault. 

 

4.2 Fault Diagnosis Examples and Analysis 

Injection rate allocation fault in integrated separate layer water injection technology is 

diagnosed by WFCM algorithm and FCM algorithm using Matlab. There are four faults 

metioned in the technology. This paper collected 100 fault samples. 1v , 2v , 3v , 4v  indicate the 

cluster centers of Iovercurrent, V, F, D respectively. The parameters of WFCM algorithm are 

below: m  equals 2, iterative error   equals 10-3, the optimum maximum number of 

iterations 
maxT  equals 100, cluster categories   equals 4 (It was proved that the cluster 

accuracy is towards atability 90% , when   is greater than 4), The same things is done with 

FCM algorithm. The results are shown in Table 1 and Table 2. 

FCM algorithm and WFCM algorithm converges to the global minimum point with 34 and 

25 iterations respectively. The contrast experimentsusing using these two algorithms are 

shown in Table 1. The accuracy using WFCM algorithm was obviously higher than using 

FCM algorithm. For the error rate in WFCM is lower than in FCM shown in Table 2, the fault 

can be classified better by using WFCM than FCM. For the error square using WFCM is 

lower than using FCM, the point of cluster center is more reasonable by using WFCM than 

FCM. 

The practical exprements' results are shown Table 3, that the algorithm made in this paper 

was applied to injection rate allocation fault diagnosis. Compared with traditional three-ratio 

method and FCM, WFCM can get satisfied results for 5 examples. 

Table 1. Contrast the Diagnosis Results of FCM and WFCM Methods 

Fault type Numbers 
The arithmetic of FCM The arithmetic of WFCM 

Correct numbers Accuracy% Correct numbers Accuracy% 

Iovercurrent 14 10 71.43 12 85.71 

V 16 12 75 14 87.5 

F 24 15 62.5 20 83.33 

D 46 30 65.22 40 86.96 

Total 100 67 67 86 86 

Table 2. Effect of the FCM and WFCM Diagnosis Methods 

Algorithm Iteration times Points wrong number Misclassification rate% Error sum of squares 

FCM 34 33 33 1.584554 

WFCM 25 14 14 0.021473 

 

 

http://dict.cnki.net/dict_result.aspx?searchword=%e8%bf%ad%e4%bb%a3%e6%ac%a1%e6%95%b0&tjType=sentence&style=&t=iteration+times
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Table 3. Fault Diagnosis Example 

Sample number Three ratios diagnosis FCM diagnosis WFCM diagnosis True fault  

1 D Iovercurrent Iovercurrent Iovercurrent 

2 V V V V 

3 F F F F 

4 Iovercurrent Iovercurrent D D 

5 D D D D 

 

5. Conclusion 

Integrated separate layer water injection technology functions as a technical support for 

improving the level of water-driven oil in oilfield. It is important to implement the process 

that the latent failures in injection rate allocation process can be diagnosed accurately and 

timely. The accuracy of the traditional diagnostic method depends on the accumulation of 

experience, but diagnostic accuracy of the results is not high. In addition, the faulty would 

have been only diagnosed by limited electrical information. So a new method is mentioned in 

this paper that combined fault symptoms with fuzzy mathematics, and added weights to each 

sample. And it is used for fault diagnosis in the injection rate allocation. Compared the results 

of simulation and examples it is known that compared with the traditional three-ratio 

diagnosis and FCM diagnosis, WFCM algorithm makes the cluster center closer to the actual 

position. The algorithm can effectively improve the accuracy of fault diagnosis, and can be 

used in practical engineering. 
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