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Abstract : Automated production system is composed of many complicated techniques and it become a very
difficult task to control, monitor and diagnose this compound system. Moreover, it is required to develop an
effective diagnosing technique and reduce the diagnosing time while operating the system in parallel under
many faults occurring concurrently. This study develops a Modular Artificial Neural Network(MANN) which
can perform a diagnosing function of multiple faults with the following steps: 1) Modularizing a complicated
system into subsystems. 2) Formulating a hierarchical structure by dividing the subsystem into many detailed
elements. 3) Planting an artificial neural network into hierarchical module. The system developed is imple-
mented on workstation platform with X- Windows® which provides multi- process muiti-tasking and IPC facxlmes
for visualization of transaction, by applying the software written in ANSI-C® together with MOTIF® on the
fault diagnosis of PI feedback controller reactor. It can be used as a simple stepping stone towards a perfect
multiple diagnosing system covering with various industrial applications, and further provides an economical
approach to prevent a disastrous failure of huge complicated systems.
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Fig. 1. Hierarchy of the complex system
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The fault data
include Fs, Fs ,F7

first stage

second stage
The detail diagnhosis
include Fi
Net' Net"
Fs, Fe, F7
detectio|
Fs,F7 detection
OR operation
Fs, Fe, F7 fault detection
Fig. 2. The example of a fault diagnosis of a basic MANN
Item level
fault diagnosis

Component level
fault diagnosis

Fig. 3. The extended MANN architecture
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Table 1. The leaming data for the single fault

Input Patterns Output Patterns
Fault ¥i Y2 y3 Ys ys y7 b 1 2 3 4 5 6 7
Norm 0.00 0.00 0.00 0.00 0.00 0.00 000 0 0 0 0 0 0 0
F -1.85 -0.74 -0.23 2.78 -2.78 0.00 000 1 0 0 0 0 0 0
| -0.83 0.00 -0.17 2.52 -2.52 0.00 000 0 1 0 0 0 0 0
F; 0.66 0.00 0.13 -2.03 2.03 0.00 000 0 0 1 0 0 0 0
F, 0.00 0.00 0.91 0.00 0.00 0.00 000 0 0 0 1 0 0 0
Fs 3.04 0.00 0.61 0.00 0.00 0.00 000 0 0 0 0 1 0 0
Fs -0.86 0.00 -0.17 -2.38 -2.59 -5.00 000 0 0 0 0 0 1 0
F; 0.43 0.00 0.09 0.00 0.00 0.00 3000 0 0 0 0 0 1
Table 2. The leaming data included the F, fault component
Input Patterns Output Patterns
Fault hol p2) Y3 ¥a ¥s yr v 1 2 3 4 5 6 17
F -1.85 -0.74 -0.23 2.78 -2.78 0.00 000 1 0 0 0 0 0 0
F\F; -2.68 -0.74 0.40 5.30 -5.30 0.00 000 1 1 0 0 0 0 0
F\F; -1.19 -0.74 -0.10 0.75 -0.75 0.00 000 1 0 1 0 0 0 0
F\F, -1.85 -0.74 0.68 2.78 -2.78 0.00 000 1 0 0 1 0 0 0
FiFs 1.19 -0.74 0.38 2.78 -2.78 0.00 000 1 0 0 0 1 0 0
FiFs 2.7t 0.74 0.40 0.40 -5.37 -5.00 000 1 0 0 0 0 1 0
F\F, -1.42 -0.74 -0.14 2.78 -2.78 0.00 -3.00 1 0 0 0 0 0 1 -
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Table 3. Comparison diagnosis results of triple faults by traditional neural network and MANN

l\';I‘mditionlanlal Aft After After + m@c@
Fault otio Ne 1st Net 2nd Stage OR Operation | Classification Network

Network 8 Classification
FiFF; F Fi F F 173 13
FE:F, F F FiFs FF, 2/3 1/3
FiF;Fs FF4 Impossible 0/3 1/3
F;Fst F1 Fl Fle Flpz 2/ 3 1/3
FiF.F; FF; FiF, FiF; UFF, FiF, 23 2/3
F1F3F4 F1F4 F4 F4 F4 1/ 3 2/ 3
F1F3F5 F4F5 F5 Fs Fs 1/ 3 1/3
F1F3F5 F(, F6 '6 Fs 1/ 3 1/3
FiFF, FiF; Fi FF; F\F; 2/3 273
F;FFs F, Fy FF: FoF, 2/3 13
F1F4F6 F[ F6 F[F6 FlFe 2/ 3 1/3
2124157 F%F7 F FiFJF; ImFlF.;F% . Sg %;3
1FsFs s ible 3
FiFsF, Fr FiF; F3Fs UFFsF, ) 213 1/3
F;FsF7 Fs A F1FsF; UF\FF7 UFiFsFy FiFF; 33 13
FoFsFs 4 F, Fq F, 13 113
FoFaFs FFs Fs Fs Fs 13 13
A ; N
y U 7 7 7 13
F,F.Fs F; RFFs F>F4Fs U FoF Fs UFRFFs F,F,Fs 33 13
FoF/Fs Fs FFs FaFs UFFs FyFs 23 13
F.FiF; F FoFs FFF; UFFF, RF.F; 33 113
FoFsFs F; Fs FisFe F;Fs 2/3 13
EFF FsFy FaFs FaFsFr UFaFsFy F:FsFr 33 23
F;FgF+ Fe FsF; FaFsF; UFsF; EFsF; 3/3 1/3
FsF:Fs FiFs FEF.Fs F3F4Fs U F3FFs UF;FFs FsFFs 33 23
F;FiFs Impossible F.Fq FaFo UF3FiFg FiF.Fs 33 03
;;{;.? Fém FiFs FJF;:UFFaE 1;324 %/g 203
sFs s F. 5¥6 sFs /. 1/3
EFE FR FEF FiFsF; UFSFsF; UFsFsFy FoFsF 33 3
F:FsFy FoFy F FeEr FeFs 23 23
F.FsFg Fs FiFs F,FsUF,FSF6 F,FsFs 3/3 13
EFF FsFy FFs FdsFy UFJFsEy FiFsFr 33 23
FFeE, 3 F.Fe FiFeF; UFFeFy FFy 33 113
FsFsF; FsF; FsFy FsFsF7 UFsF; FsF; 23 23

* Number of faults diagnosed correctly / number of faults occurring.

F2 = misclassification
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Fig. 7. The visualization of a implemented MANN
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