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Identify the Failure Mode of Weapon System (or equipment) using
Machine Leaming
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Abstract The development of weapon systems (or components) is hindered by the number of tests due to the limited
development period and cost, which reduces the scale of accumulated data related to failures. Nevertheless, because
a large amount of failure data and maintenance details during the operational period are managed by computerized
data, the cause of failure of weapon systems (or components) can be analyzed using the data. On the other hand,
analyzing the failure and maintenance details of various weapon systems is difficult because of the variation among
groups and companies, and details of the cause of failure are described as unstructured text data. Fortunately, the
recent developments of big data processing technology, machine learning algorithm, and improved HW computation
ability have supported major research into various methods for processing the above unstructured data. In this paper,
unstructured data related to the failure / maintenance of defense weapon systems (or components) is presented by
applying doc2vec, a machine learning technique, to analyze the failure cases.
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81. Collecting Maintenance Data
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S2. Pre-Processing Maintenance Data
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S3. Machine Learning using Doc2vec
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S4. Evaluate Learned Vector(Scoring)

l

S5. Proposal of utilization plan

Fig. 1. Machine Learning Process on Weapon System
(or Equipment) Maintenance Data
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Table 1. Data Collection

ID. Details
Data Type Text Documents
Num of Docs 6,382 (‘07.1~17.12)
Num of Equips 32
+ Equip_ID
+ Symptom
Contents + Cause
+ Repair
+ Parts
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Table 2. Data Example

Table 5. A description of doc2vec Main Parameter
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Table 3. Pre-Processing Details

Except contents Details
. [ @#$% N &*():;"\", \n\r 3—0-9~<>=
Special Char & Number| yomx
Single Word ‘A’, ‘B, ‘C” etc.
Ending &
Postposition & 241 words
High frequency (‘Fail’, ‘Fault’ etc.)
appearance words

Table 4. Results of Pre-Processing

ID. Details
No. of Docs 6,382
Total Number of Words 166,635
Mean Words per Docs 26.11
No. of Unique Words 6,732

2.5 Parameter AH

Hodgs 248 93] Table 5 2 63 2o] 87149
ParameterS 3% 315t} (Table 5.+ Parameter <))

ID Details Parameter Description
Equip_ID XX Epochs Number of training epochs
Power switch is shut off when power is dm 0=dbow, 1=dmpv
Symptom lied
apphe Expected constant number of document tags
R . dm_tag_count .
Equipment assembly failure per document, when using dm_concat mode
Symptom_detail TR Limitcr rgalfunction display when using If set to 1 trains word-vectors
inspection equipment ; . ;
‘ — ‘ dbow_words (1_11 skip-gram f:_ishlon)

- 0000 1 failure, TR Limiter Failure simultaneous W{th DBOW
- 0000 Perform technical inspections and doc-vector training

Cause repair after complaint registration Size Dimensionality of the feature vectors
- TR Limiter malfunction repair and new Negati No. of " d li

product scheduled egative 0. of negative word sampling
R Maximum distance between the predicted word
. 0000 Newly manufactured and repaired by L . e

Repair . ‘Window and context words used for prediction within a

TR Limiter
document
Replaceppart ICINVERTER, HEX Workers No. of threading core to train the model
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Table 6. doc2vec Main Parameter

Parameter Details
Epochs 200
dm 0
dm_tag_count 2
dbow_words 1

Size 500
Negative 5
‘Window 10
Workers 1
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Table 7. doc2vec Tag Configuration

Tagged Document(words=[contents], tags=[Doc_ID,Equip_ID])

* contents don't contain equip_id information

2.7 Doc2Vec st& Zunt Hut
£ ATE doc2vec B Aie] EYAS W7HE]
$18l XFE(Scoring)S &SI SEA] & I
Hl ID7} E3HEA] 2 54 F71AA A9l g A
A5 WES sto], ag WEet 7P frAFK(Most
Similar) A9 4] ID 17] B 3708 Zhz 2Ajdeit)
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Q18}e, o]& A ZFE(Scoring)Z AlLtEIATE ©]& Code
state] EE 39 Table 8.7 2tk
Table 8. doc2vec Scoring
Identify Most Similar 1 Equipment
(Most Similar topn=1)
ivec=model.infer_vector(doc_words=contents)
infer_similar=model.docvecs.most_similar(positive={ivec],topn=topn)
for i in range(len(contents)):
if Equip_ID in infer similar :
score+=1
else : pass
print (score/len(contents))
*contents : not trained data
Identify Most Similar 3 Equipments
(Most Similar topn=3)
ivec=model.infer vector(doc_words=contents)
infer_similar=model.docvecs.most_similar(positive={ivec],topn=topn)
for i in range(len(contents)):
if Equip_ID in infer_similar :
score+=1
else : pass
print (score/len(contents))
*contents : not trained data
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Table 9. Scoring Results

T Score
Identify Single Similar Equip ID 072
(topr=1) ’
Identify 3 Similar Equip 087
ID(topn=3) ’
* Test set size (Total Number of Docs to get score) : 6,382 Docs
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Table 10. Representative Failure Mode for Equip ID=14

Equip_ID = 14
Doc ID Cosine Similarity
1st Doc_2106 0.423
2nd Doc_2719 0.414
3th Doc_2672 0.413
4th Doc_51 0.406
5th Doc_1540 0.403
6th Doc_72 0.4
7th Doc_2488 0.398
8th Doc_2200 0.396
9th Doc_2723 0.394
10th Doc_2015 0.394
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Table 11. Most Similar Equipment

Equip ID = 14
Equip_ID Cosine Similarity
1st 10 0.259
2nd 27 0.164
3th 15 0.163
4th 78 0.161
Sth 63 0.160
6th 72 0.152
Tth 45 0.150
8th 6 0.147
9th 43 0.146
10th 28 0.143
EF, ¥ ATE A A Ans wgew 3

34 7] FA A &) Al1Zksk(Visualization) 2 -3
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Table 12. Weapon System(or Equipment) Visualization
and Clustering
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