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Abstract— This paper presents qualitative interpretation method, which is used for extracting qualitative information from
numeric sensor data. In the first stage, we determine whether any change has occurred in the process data using CUSUM test.
From the sign of the first and second derivatives of the process values, we can classify sensor patterns into 7 basic primitives.
In the second stage, we can extract the trends of the process data using modified scale space filtering method. For the real
time application, we reduce the calculation cost of scale space filtering by recursive form and solve the end point problem.
The proposed method is tested for artificial pattern and the simulated data of evaporator process and it shows good result.
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Table 1. Qualitative informations of various diagnosis systems
Attribute Information Method Reference

State High, Low, Normal Shewhart control chart Finch et al.[3]
Trend Steady, Increasing, Decreasing Shewhart control chart Oyeleye et al.[4]
Gross sensor failure Out of range, Noise level Limit check

Normality High, Low, Very High, Very Low, Appropriate interpretation method Ramesh et al.[5]
Trend Normal, Increasing, Decreasing, Pulsing

Alarm Abnormal, Normal Analytical redundancy (Extended Kalman Filter) Fathi et al.[6]
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Fig. 1. Standard V-mask.
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Fig. 2. Calculation of CUSUM.
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Fig. 4. CUSUM Result.
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Table 2. Characteristics of 7 primitives

Pattern y y
Constant(A) 0 0
Linear increase(B) + 0
Linear decrease(C) - 0
Concave upward monotonic increase(D) + +
Concave downward monotonic increase(E) + -
Concave upward monotonic decrease(F) - +
Concave downward monotonic decrease(G) - —
0:No change + : Increase — tdecrease
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Fig. 5. Change detection example.
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Fig. 6. Derivatives.
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Fig. 7. CUSUM test results(t>100; g'*, g'").
(a) linear increase; (b) concave increase; (c) convex increase.
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Fig. 11. Artificial process measurement with various disturbances.
(a) noise increase, (b) oscillation, (c) linear increase, (d) com-
bined measurements.
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Table 3. Qualitative interpretation results

Time Primitive

Trend

0-300
301-325
326-350
351-375
376-400
401-425
426-450
451-475
476-500
501-525
526-550
551-575
576-600
601-625
626-650
651-675
676-700
701-1000

U QOmU-aO@DUDTOmOTQm)»

Steady

Oscillation

Oscillation

Oscillation

Oscillation
Steady
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Fig. 12. Scale space filtering.

(a) 0=16, (b) 6=32, (c) 0=64, (d) 6=128.
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Fig. 13. Evaporator process.
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Table 4. Fault simulation parameters-evaporator example

Case no. Fault —Elue— Noise Description
para. From To
E-01-1 F1 10 9 0% Feed flow low
E-01-2 3%
E-01-3 6%
E-02-1 X1 5 8 0% Feed concentration high
E-02-2 3%
E-02-3 6%
E-03-1 T200 25 30 0% Cooling water temperature
E-03-2 3% high
E-03-3 6%
E-04-1 F3 50 30 0% Pump failure
E-04-2 3%
E-04-3 6%
E-05-1 UA2 684 5 0% Heat exchanger degradation
E-05-2 3%
E-05-3 6%
E-06-1 Ps 50. 60 0% Pressure set point high
E-06-2 3%
E-06-3 6%
E-07-1 sfault(2?) 1 0 0% Product flowmeter stuck high
E-07-2 sbias(2) O 3 3% .
E-07-3 6%

[
(=3

E-08-1 sfault(8) 0% Separator level sensor stuck
E-08-2 sbias(8) O 2 3% high

E-08-3 6%

E-09-1 vfault(1) 1 0 0% Product stream valve stuck
E-09-2 vbias(1) O 3 3% high

E-09-3 6%

E-10-1 sfault(18) 1 0 0% Product concentration sensor
E-10-2 sbias(18) 0 30 3% bias high

E-10-3 6%

E-11-1 sigma(10) 0 0.1 0% Evaporator pressure sensor
E-11-2 005 01 3% noise increase

E-11-3 01 02 6%
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Table 5. Symptoms at various faulty conditions

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 21 21
E01-2 Vv v v v v v v v v
E-02-2 v v A v vV Vv v v v
E-03-2 A AN AN AN A AN A JAN
E-04-2 vV VA VA vA A A /ANNIVAN A VA A FANNVAN
E-05-2 VA A A A A AN A A A A
E-06-2 A JAN A JAN JAN A VA VA A
E-07-2
E-08-2 A A A v A A AN A A AN A A AN A AN
E-09-2 A A v YA A VA A A A JAN JAN A
E-10-2 v v JAN v v v A 4 v v v
E-11-2

1:F1,2:F2,3:F3,4:F4, 5:F5, 6:X1,7:X2, 8:T1, 9:T2, 10: T3, 11:L2, 12: P2, 13:F100, 14:T100, 15:P100, 16 : F200, 17 : T200, 18:T201, 19
:F2c, 20 : F200c, 21 : P100c. W : decrease, A :increase, WA : decrease first, and then increase.
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Fig. 14. Process measurement-product flowmeter stuck high.
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