
  

1 INTRODUCTION 
In recent years, it was difficult to establish accurate 
mathematical models of industrial process because modern  
industry become more complex and large-size than ever.  
An method called data-driven is proposed to solve prob-
lems by taking  advantage of  data , including the operation 
and the fault states, which are produced and stored in 
the industry production process[1].Data-driven method 
does not need build accurate model to control and diagnosis 
working conditions and it has good performance. And 
Data-driven method has been used in many aspects, such as 
copper flash smelting process [2] and fault diagnosis[3]. 
There are a plurality of methods for detecting leakage of  
fluid conveying pipelines, it includes sound-wave-based 
method, pressure point analyzing method, negative pres-
sure wave method,etc[5-11]. Systems for detecting pipeline 
leakage based on negative pressure wave have been widely 
used, but this kind of systems still have some common 
problems at present: firstly, missed alarm rate of small 
amount of leakage and slow leakage is high; secondly, the 
resistance of the systems against working condition dis-
turbance is not strong, and false alarm rate is high; thirdly, 
slow leakage is not often detected by current detection 
methods.  
In order to overcome the disadvantage of current problems, 
many people put forward the solutions. In [12], an intelli-
gent detection  method based on fuzzy classification is used 
to leakage fault. But this method needs a lot of variables to 
establish model. In [13], it presents a novel pipeline leakage 
detection scheme based on a state coupling analysis. But 
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sometimes it misses slow leakage. In [14], harmonic 
wavelet method is applied to small leakage, but it may 
cause increase alarm. In [15], it uses expert systems to train 
and use for pipeline leak detection and enhanc-
es the accuracy of  leakage detection. 
After analyzing pipelines characters , it is proposed to  
detect  and  locate pipeline leakage with data  driven  
method. Pipeline running model is built based on weighted 
logical inference and the leakage position is calculated by 
data fitting. 
By simulation and application, the method is proved that it 
can raise accuracy of finding slow leakage point and re-
duce the rate of positive error.   
2 THE RUNNING MODEL OF PIPELINE 

BASED ON WLI 

2.1  Weighted Logical Inference 

Weighted logical inference (WLI) introduces a novel logic 
event inference algorithm that is accompanied by the al-
gebraic operation of weighting factors[19-21].It provides a 
solution for effective and exact inference under situations 
of compact representations for multi-valued uncertain 
causalities and incomplete information. 
It is used to identify operation condition and build mul-
ti-sensor data fusion model by WLI and Dynamic Uncer-
tain Causality Graph (DUCG). 
WLI theory model is showed in figure 1.Variables of each 
parent have a weight factor before connecting event, vari-
ables nX  is: 
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Where ,n kX  is the k-th state of nX ; ;n ir is the weight factor 
of variable iV  and nX ; nr is the sum of weight factors, 
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Fig. 1The theory model of weighted logical inference 
 

In particular, weight ;rn i  is explained: ;rn i  is used to show 
whether nX  and iV  exists uncertain causal relationship. 

;r /n i nr  is the weight  contribution of iV  to nX  probabil-

ity. Because of ;r /n i nr , ;nk ijA  probability reduce to 

;r /n i nr . It is worth mentioning that ;nk ijA  has 

equal weight ;r /n i nr   if k j≠  and n=i . 
Following  equations  have  got by event  algorithm: 
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Where Pr{X} means the probability of X happens; 

nkx means the probability of nkX  happens. The others 
have same meanings with mentioned above. 

2.2   The Running Model of Pipeline 

Devices related to adjust operation conditions are shown in 
figure 2. In a typical station, It has  hundreds of variables 
including sensors control equipment and safety equipment, 
etc. So, establishing an accurate model is very difficult. 

 

Fig. 2 Structure chart of typical monitor station 
Building pipeline model uses WLI because it matches 
WLI’s trait that the pressure change may be caused by 
different factors . After analyzing the operating conditions 
and historical data, it configures variables for leakage and 
the causal relationships between devices states and oper-
ating conditions ,as shown in figure 3. 

When pipeline status is changed, conditional probability of 
adjusting operation condition that has max value is con-
sidered as pipe parameter’s changing cause. False alarm 
rate could be reduced, because all pipe parameter’s 
changing causes judging from WLI are blocked except 
leakage. If sensors data change, WLI will analyze working 
conditions during the process of running. The result of WLI 
is leakage when it is not operation condition adjustment, so 
WLIDF can detect slow leakage.  
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 Fig. 3 Same effect variables’ configuration 
 

Where 1X :pressure  in oil pipelines, it has three states. 

1,1X means inlet pressure and outlet pressure drop simulta
neously; 1,2X means  inlet pressure and outlet pressure 
increase concurrently ; 1,3X means pressure increase or 
drop. 

2X :outlet flow, it has two states. 2,1X means outlet flow is 
increased,; 2,2X has opposite meanings. 

3X :download flow ,it has two states. 3,1X  means down-
load flow is increased,; 3,2X has opposite meanings. 

4X :oil's density 4,1X  means oil's density is increased

4,2X  has opposite meanings. 

5X :petroleum pump operation, 5,1X means petroleum 
pump is opened , 5,2X  means petroleum pump is closed. 

6X :outlet valve operation 6,1X  means outlet valve is 
opened 6,2X  means outlet valve is closed. 

7X :relief valve operation  7,1X  means relief valve is 
opened 7,2X  means relief valve is closed. 

8X :download regulating valve, 8,1X means download reg-
ulating valve is opened, 8,2X  means download regulating 
valve is closed. 

9X :oil tanks circumstance 9,1X means  the number of oil 
tanks is increased 9,2X  means  the number of oil tanks is 
decreased; 

01B :pipeline leakage; 

02B :pipe network control; 
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03B :Oil transportation scheduling. 
3 THE LOCATION OF LEAKAGE BASED 

ON DATA FITTING 

3.1 Angle Change Rule of Data Fitting 

After pass through analyze a lot of pressure data, pressure 
change could express by data fitting. Figure 4 is the whole 
process curve of pressure drops in the ideal situation, and it 
divides into two areas to discuss the rules. 

αΔ

 
Fig. 4 Process of the angle change when pressure is dropping 

in ideal condition 
 

This process has three steps which are from stable to de-
cline to stable. In Figure 5, the data segment iA i iO B di-
vides into two segments i iAO  and i iO B , the angle is lim-

ited from 90°  to 270° .Let angle 1 1AO  and 1 1O B  is 

1α ,the difference of 1 1AO  and 1 1O B  is 0αΔ = . Angle 

1 1O B is  decreases until  1B exceeds O. Angle 2 2A O is 1α  
and 2 2O B  is 2α ,  1 2 0α α αΔ = − > .The difference of two 
angles  reaches the maximum until 2O  becomes O, that is 
to say, maxαΔ = .After this, as the data segment moves 
forward ,the difference is smaller, but 0αΔ > .Angle 

3 3A O and 3 3O B  is 3α  when 3A is O. At this point, 
0αΔ = , the state of stress  is become stable . 

1α 2α

3α
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 Fig. 5 Process of the angle change from the time when pressure is 
stable to the time when pressure is dropping 

 
In a similar way, area2 has similar rule. Arrow represents 
the data movement, as shown in Figure 6 . Likewise, the 
data segment i i iAO B  divides into two segments i iAO  and 

i iO B ,the angle is limited from 90°  to 270° .Let angle 

1 1AO  and 1 1O B  is 1α , the difference of angle 1 1AO  and 

1 1O B  is 0αΔ = . Angle 1 1O B is  decreases until  1B  ex-
ceeds O. Angle 2 2A O  is 1α  and 2 2O B  is 2α ,as shown in 
Figure 6,  1 2 0α α αΔ = − < .The difference of two angles  
reaches the negative maximum until 2O  becomes O, that is 
to say, (max)αΔ = − .After this, as the data segment moves 
forward ,the absolute difference is smaller, but 0αΔ < . 
Angle 3 3A O and 3 3O B  is 3α  when 3A is O. At this point, 

0αΔ = , the state of stress  is become stable . 
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Fig.6 Process of the angle change from the time when pressure is 

dropping to the time when pressure is stable 
 

The situation of horizontal steady state is showed in figure5 
and 6. Actually, it also exists other situations in 
the real situation that pressure is rising slowly and fall-
ing slowly. The figure 7 provides all situations in reality. 

1α
2α

3α
1A

1O

1B 2A
2B

2O

3B

3A

3O

1α

2α

3α

1A

1O

1B
2A

2B

2O

3B
3A 3O

1α

2α 3α

1A

1O

1B
2A

2B
2O

3B

3A
3O

1α

2α

3α

1A

1O

1B
2A

2B
2O

3B3A 3O

1α

2α

3α

1A

1O

1B
2A

2B

2O

3B

3A

3O

1α 2α

3α
1A 1O 1B 2A

2B

2O

3B

3A

3O

αΔ

Fig.7 All kinds of processes of the angle change 
when pressure is dropping 
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Based on all of this discussion, it can be obtained that angle 
changing follows “small-big-small”. And if the angle range 
is [90 270 ]° ° , the angle’s rule is right. From the rule , it 
can be found that the difference is max when the data 
segment’s  midpoint  overlaps with pressure wave’s in-
flection point. As to the analysis above, angle change can 
judge pressure down and acquire feature. 

3.2 Location of The Leakage

From 3.1, it is known that angle changing follows 
“small-big-small” and pressure wave’s inflection point 
corresponds  to   the  maximum  value  of  angle  change 
curve. In other words, angle change could be used to find 
pressure wave’s inflection point. After pressure drops, the 
difference of two inflection point time is the difference time 
of location, then the distance is calculated by loca-
tion  formula: 

0( ) ( )( )
2L

L a v a v a v
X

a
τ− − + −

=                  (4) 

Where v  is the flow velocity of the fluid in the pipeline; 
LX is the distance from the leakage point to the inlet of the 

pipeline; 0τ  is the time difference. a  is the wave velocity 
of the pressure wave. 
In order to improve accuracy ,there are two problems to 
solve when data fitting as nonlinear mapping to analyze 
pressure curve.  
Actual pressure curve fluctuates frequently is the first 
problem, so small fluctuations should become 0 in order to 
angle undulation is not too frequently. In this problem, a 
filtering window is  introduced that the width is d. It sets to 
‘0’if angle change is less than d, otherwise it 
keeps the value. The drop point is more clear before  pro-
cess , which is in the figure 8. 

Fig.8 Show of the angle change based on data fitting  
 

The parameter selection is the other problem. In the map-
ping process, suitable parameters were selected to adjust 
parameters dynamically and enhance the features. Ac-
cording to the experiment, the parameters are as follows: 
the length of data segment i i iAO B  is 50*2=100; The width 
of filtering window d is arctan(400*the min threshold of 
pressure drop/the length of fitting data segment),and the 

angle’s difference is fit-slope times the experi-
ence coefficient(usually 100). 

4 SIMULATION   
The WLIDF  judgment  procedure is showed by simulation. 
The data is from actual slow leakage test data. It is used 
weighted logical inference to build model and judge pres-
sure drops .When pressure drops ,it uses data fitting to find 
the position of leakage. 
Step1:Obtain parameters. When pressure drops, pressure 
curve and other parameters should be got. In this problem, 
inlet and outlet pressure curve is showed in figure 9. 
From  device state table ,it can be  known that X1  is X11. 
X2 is X22, X3 is X31,X8 is X81and the others is not 
change. 
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(a)Pressure curve in the initial station 
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(b)Pressure curve in the final station 
Fig.9 Pressure drop curve 

 
Step2:Simplify model. Based on  step1, extra variables and 
logic gates are removed  and then simplified model is 
shown in figure 10.The relationships between changing 
variables  are got in figure 10. 
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Fig. 10 Diagram of reduced model 

Step3: Calculate probability density. After giving event 
parameters a and correlation r, probability density assign-
ment can be calculated. Results  status are obtained from 
simplified model. In this problem, ;rn i  is 1 for simplify-
ing calculation. And the following equations are got from 
figure 10: 

11 11;01 01 11;81 81

11;01 01 31;81 81;03 03

1 1
2 2

1 1
2 2

X A B A X

A B A A B

= +

= +
         (5) 

22 22;01 01 22;03 03

22; 1 31 11

1 1
3 3

1
3 G

X A B A B

A X X

= +

+
    (6) 

Replacing capitals with  lowercase letters and plug values  
into equations (5) and (6): 

      11;01 01 31;81 81;03 03
1 11
2 2
a b a a b= +        (7) 

     22;01 01 22;03 03 22; 1
1 1 11
3 3 3 Ga b a b a= + +          (8) 

When putting coefficient matrix into the equation (7) and 
(8), The value of 01b  and 03b are got.  
Where Coefficient matrix is: 

1,0

0.54
a

− −
= − − −

− − −
2,0 0.6 0.7
a

− − −
=

−

2, 1 0.5Ga
−

= 3,8
0.5

a
−

=
− − 8,0

0.8
a

− −
=

− − −
. 

Then the state is confirmed as leakage because 01=2.898b  
and 03=1.087b . 
Step4: Fit data. After judging leakage, the next step is data 
fitting. Corresponding curve of the angle change is shown 
in figure 10. 
It could know that the coordinates of pressure wave’s in-
flection points are 165 and 228 from figure 9.In figure 
11,the max value is 115 and 179,the points is corresponding 
to midpoint O . 
Step5: The leakage distance is calculated by equation (4) 
and it is 13 km. 

The leakage distance is close to the real distance that is 
13.5km.It's pretty well established that this method can be 
used in leakage location. In the simulation process, there 
are many times to change devices states like download 
valves and it is successful to block unnecessary information 
and reduce false alarm rate. 
The simulation verifies the validity and feasibility of this 
method. And it also has good performance in practical 
application. 
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(a) Inlet pressure’s angle tolerance 
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(b)Outlet pressure’s angle tolerance 
Fig. 11 Corresponding curve of the angle change 

5 CONCLUSION   
A leakage detection method which called WLIDF for 
solving the slow leakage problem has been proposed in this 
paper. The running model that can quickly identify leakage 
is proposed based on running parameters. The WLI theory 
provides a method for complex pipeline leakage model. 
When the pressure and flow changes, this model judges 
operating conditions  through  those changed parameters. If 
the running model judge leakage, the time and location of 
leakage are found by the data fitting. A simulation example 
is given to illustrate the effectiveness of the proposed 
method and it also has good performance in actual situation. 
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The future work will focus on improving the accuracy of 
the running model. 
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