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Condition Classification for Small Reciprocating Compressors
Using Wavelet Transform and Artificial Neural Network
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Abstract : The monitoring and diagnostics of the rotating machinery have been received
considerable attention for many years. The objectives are to classify the machinery condition and
to find out the cause of abnormal condition. This paper describes a classification method of
diagnosing the small reciprocating compressor for refrigerators using the artificial neural network
and the wavelet transform. In order to extract salient features, the wavelet transform are used
from primary noise signals. Since the wavelet transform decomposes raw time-waveform signals
into two respective parts in the time space and frequency domain, more and better features can be
obtained easier than time~waveform analysis. In the training phase for classification, self-organizing
feature map(SOFM) and learning vector quantization(LLVQ) are applied, and the accuracies of them
are compared with each other. This paper is focused on the development of an advanced signal
classifier to automatize the vibration signal patterm recognition. This method is verified by small
reciprocating compressors, for refrigerator and normal and abnormal conditions are classified with
high flexihility and reliability.
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Step 1: Initialization of weight vector wj:
Initialization —1 weight vectors between input and
output neurons
|
Calculation of index i(x): best-
Step 2: | | matching neuron; output neurons
Competition which are most similar to input
J neurons
Calculation of neighbour function
Step 3: hiio(t): lateral distance between
Cooperation| | best-matching winning neurons and
J its neighbour neurons
Step 4: Calculation of weight vector w;(t+1):
Adaptation - pro?ess of resembling between
T weight vectors and inpul neurons
Assign  weight vectors which is |
Step 5: most similar to input neurons to
. — output neurons and continue to
Repetition competition procedure until the
| feature map converged

Fig. 1 Flow chart of SOFM algorithm
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Classification

Data Acquisition SOFM only

Wavelet Transform SOFM+LVQ
Feature Extraction LVQ only

Fig. 2 Flow chart of classification system
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(b) Abnormal condition
Fig. 4 Time-waveform of normal and abnormal
conditions
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Fig. 6 Moment coefficients of wavelet coefficient
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Table 1 Classification accuracy according to number
of codebook vectors for LVQ

No. of codebook| ;) | o | 55 | 49 | 50 | 60 | 70

L vector

Time-waveform| 80 { 80 | 80 | &0 [&86.7186.7] 90
Wavelet  93.3]93.3(93.3(96.7]96.7| 100 | 100

Table 2 Classification accuracy of SOFM and
SOFM with LVQ

No. of SOFM SOFM with LVQ
\?:Ctg)l:; WZ‘IIZ}E;m Wavelet wz‘\lrrer}f);m Wavelet
10 90.0% 93.3% 86.7% 90.0%
20 90.0% 93.3% 86.7% 90.0%
30 83.3% 93.3% 83.3% 96.7%
40 90.0% 90.0% 86.7% 100%
50 86.7% 90.0% 80.0% 100%
60 86.7% 90.0% 36.7% 100%
70 90.0% 90.0% 86.7% 100%
Table 2= AlAQ diolE ¢t HolB3 AFE o]
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