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Problem Statement

Train Accidents
27% \

27% of all train accidents were caused
due to the
PMD(MEZH=L7)).




Proposed Solution

HMEHE]
Classify PMD Event Pattern

@ Identifying issues through the event classification

Detect PMD Abnormal Event

@ Detecting abnormal event

Predict PMD Failure

@ Predicting potential problem events



Our Solution

PMD (ME2X3t7

Failure Prediction System

time_stamp pmd type event num event seq ac_curr

113 i\ 20221103010059580 PMDO11 444 250 0.060000

113253 A 20221103010059580 PMDO11 444 251 0.060000
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Al

@ Receive Event data.

@ classify Event to categorize its
type.

@ Determine event
O normal or abnormal.

@ Predict Event

@ Determine Predicted Event
O Normal or abnormal

@ Save results in the Backend

PMD -Events
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& pmd event

pmd type,event _num,time stemp,direction
PMDEO1,1,2023119118082296€0, R
PMDBO1, 2 ‘Bf’iihllaﬁJLBEGB N
PMDBO2 , 3 1923119119622ﬁ}*ﬁ R
pMDaa2,a,2@2*11@119@32??@@ N

- PMDEO3,5,20231101100051538, R
PHDG03.6,20231084106144550. |
_FHPEﬁﬁ.,..Djjllﬁl'_EG 8670, R
PMDRO4, 8, 20231101100446730, N
PMDE@5S,9,202311011008 _
PMDOO5, 10, 2023111100911 20, N
PMDBA6,11,2023110118291876D, R
PMDO@6,12,20231101103023320, |
PMDE@7,13,20231101162918128,R

pmd type,start ts,end ts,err code

PHDBBE,2924@1lEBQBEBBBBB=TEEEﬁETT§EEéBBGBGB ,EB5

PMDE15, 20230123180000000 ,202361231100680808 ,EQ3
PMDB55 , 20230800150000000 ,20230300200000200 ,EO1

err_code, detall PMDO@7,14,20231101103023480, N

194 PMDE®84,15,2082311021408956750, R
E02,CI=E PMDO04,16,202311021414422108,N
EO3, S=8AHE2] PMDO@4,17,20231102153502328,R
E04,T =D PMDOO4,18,20231102153742750, N

EOS, MIOIAHIE DI PMDBO1,19,20231103111420770, R
E06,301= PMDE®1, 26, 20231103111439350, N
PMDEO2,21,20231103111420770, R
PMDE®2,22,20231103111439350, N
PMDEG3, 23, 26231103111385950, R
PMDO@3,24,20231103111313990, N
PMDO@3, 25,20231103111335430, R
PMDOO3, 26, 20231103111347410, N
PMDE®4, 27 ,20231103111537930, R
PMDOO4, 28, 20231103111548670, N
PMDO@5, 29,20231103112105800, R
PMDOG5, 36, 26231103112114640, N




PMD AC Current Pattern Graph
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Category Curve shape Condition reason

Normal Normal. Normal.

Malfunction | The current abruptly falls to zero. Inadequate contact or not properly
1 locked.

Malfunction | Interruption of current flow while releasing. | Irregular switch connection.

2

Malfunction | Current remains steady throughout the Opposition to mechanical stress.

3 release process.

Malfunction | The release time of the current is prolonged. | Irregular state of the motor.

4

Malfunction | A pulse arises amidst the switching process. | Inadequate connection of the

5 automatic switch.

Malfunction | During the release process, the current Internal obstruction and heightened
6 escalates. friction.

Malfunction | The current consistently stays at zero. Dysfunction in the action circuit.

7

Malfunction | Discharge without incremental phases. Irregularity in the signaling circuit.
8
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Losses Distribution with 99% Threshald
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carrect = sumi| <= THRESHOLD for | in pred_loases |
arint(f 'Corract normel predictiona: {correctr/ilsn{teet_normal_dataest )]

LB L= T L =

Correct normel predictioma: Z8/2H

correct = gumi |l > THRESHOLD for | in pred_lcesse)
ictiona: {correctl/{|en{ancmely_dataeet)]




Epoch 1:
Epoch 2:
Eppch 8:
Epoch 4:
Epoch B:
Eppch B:
Epoch 7:
Eppch 8:
Epoch &:
Eppch 1
Eppch 1
Eppch 1
Eppch 1
Eppch 1
Eppch 1
Eppch 1
Eppch 1
Epoch 1
Epoch 1
Epoch 20:
Epoch £1:
Eppch £2:
Epoch £3:
Epoch £4:
Epoch £B:
Eppch 26:
Epoch Z7:
Eppch 28:
Epoch 28:
Epoch 30:
Epoch 31:
Eppch 32:
Eppch 83:
Epoch 34:
Eppch 86:
Epoch 36:
Epoch 47
Eppch 88:
Epoch 88:
Epoch 40:
Epoch 41:
Eppch 42:
Epoch 43:
Eppch 44:
Epoch 46:
Epoch 46:
Epoch 47:
Epoch 4B:
Eppch 48:
Epoch BO:
Epoch 61:
Epoch B2:
Epoch E3:
Eppch B4
Epoch EB:
Epoch B6:
Epoch &r:
Eooch ER:

-l O O e GO P s O

wl o

rzin
rzin

trein
trein
trein
trein
trein

rain

rain

train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train
train

loE2
loE2
loE=
loE2
loe=
loE2
loe=
loE=
loe=
==
==t
==
==
==t
==

lp2s *
loas *

|oes
|oes

loas *
loas *
loas *
loas *

|oes
|oes

==
==
==

==
==t

==
lp2s *
loas *
loas *

|oes
|oes

loas *
loas *
loas *
loas *

==t
==

==

==
==
==t
==
|oes
|oes
|oes
|oes
|oes
|oes
|oes
|oes
|oes
==t
| paE

121.9306070424763 val loes 121.1148867B302EE6

121 310773686 11042 val loas 120 B4640721407304
121 Z4BAQRT12E6881 wvel loee 12D 610800645968384
12110452652 130808 val loas 120 BDEEEFTEUGS334
121 Z3B3I2ETRIE1EYT wvel lose 120 GBIDET0DGESTLE
121 2475353061854 val loas 120 E3143060MBSITE
121 17246133508624 vel lose 120 6B7HEGZ 1626546

121 1766669147665 val loes 120.50BTEEABTIG0E

121. 1BBEESEET06236 val
121, 1B470E0TEEEERE vel
121. 1608882 1083481 vel
121, 1875445 1214881 vel
121, 1E22BE353T086E vel
121. 1477450296878 vel
121. 1163470186780 vel

o Dtreim loss 11.702B477 74408485
101 Dotrein lese 11.73E17S615112014
121, Dtrein loge 11.7051B804000324 wel
21. I trein lese 11.687024475063043
g] : train loes 11.747668043410245
24 Dtreim loes 11.6336440088245704
121, Dtreim loee 11.678453167656480
121, Dtreim loes 11.6378851E0460601
21. D trein loge 11.67810E8T240248E3
! © train loes 11.G0540E3B3GEETEE
129 Dotrain lese 11.60E0BEAZATIVAR wal
i3, Dtreim loee 11.6376E2047304445
21. I trein lese 11.61816FEET 151848
E} © train loee 11.6420346585008 vel
21 Dtrain loge 11.6ES8TEA1TEREL43
121, D trein loee 11.4720B7ETE4EE1TT
121, Dtreim loee 11.6BE1B11686122EE
E} Dotrein loge 17.BET4EEEES0ETERS
;1 D treim loes 11.6136ET4REEDEETE
24 Dtrain lees 11.EF7OLTRATE060E
121, Dtreim loes 11.418E8601401 14435
E} Dtreim loes 11.4606E56 10244133

<

loee 120 AE3ED0LEZETEL

loee 120.650157 20043035
loee 120457331 21728287
loee 120.504114308B36E7
loee 120, BEETEEMEST0T
loee 120736044 13267045
|oee 120.432EF 320004455

121.0B37197E822 141 wel loee 130.4E0EFO45473168
121.0B7B192678238E8 vel loee 130.456142426E3711
121, 10BBIOTESO4TE val loes 120.BHSBE0BEASEIRE
121.0037758 148032 val loes 120.BETBIOLESBISEE
121.0B378332111388 wel lose 120 BFEEE0BAGEE04G
121. 0871486816060 val loas 120 47324381625381
121, 0807280531666 vel lose 120 47143461776345
1868891204196 1332 vel loes 112 B3EE30EGREI1E1
38 Z3BE00Z1 160458 val loes 1B.TD21417BRIABAZ0E
1H.EBBEE0TEETE608 vel loes 1B FT40TEETRAGET

16. 46613652 1330242 wel lose 14.7766E1T1EF3ETRSE
166807437 4660108 vl lose 14.89172E3600324606
16.867626508B40B50E vl lose 14.1212B3128773062
10. 2474350263702 wal loes 13.E74BETR01444558

B SR0ASIEIEETEDS vel loee 15 BRATEDIEEETTEDS

wal
wal

wal
wal
wal
wal
wal
wal
wal

wal
wal

wal
wal
wal
wal
wal
wal
wal
wal

leee 10.B47OE2416302074

loe= 10.85111354053a4z8 | °
loee 10.36214337030831

loea 10. 5743230602063 6
loea 10, 436632004 130431

loee 10.704767221821672

loea 10.470022416006733 .

loea 10 RATE0E1TAEERITE 14 4
loea 10 21014061 0038E56

loea 10, B4BSGE14REITESE 12
loea 10, 484034R208536 147
loea 10 E36E3RZI7IERET
loea 10,0442 1GEOREOBESE 309
loea 10 Z86EGOE10497A16
loea 10.BER432E6R10811

loea 10, 4300620080366

loea 10 466B107ET000EF2
loea 100 1804487 14266597 27
loea 10 820617E3 1638506
loea 100 18076ETIEETEATR
loea 10 434E58 13665405

loea 10 7047720165874 0 50

threshold = np.percentilsl locaess, 86) # &9 6% T2
print{f 2 B2 (threshald): {threshold}")

HZ: (threshold): 13.12B02162273058

THRESHILD = 18

100

150

200

250

Event 19
Event 49
Event 58
Event 79
Event 82
Event 89
Event 92
Event 93
Event 95
Event 98
Event 109
Event 151
Event 189
Event 190
Event 211
Event 217
Event 221
Event 230
Event 242
Event 254
Event 344
Event 355
Event 359



v

[4]

correct = sumi| <= THRESHOLD for | im pred_loasea )

Corract normel predictioma: {correctr/{lsn{teet_mnormal_dataeet )]

| o] - = P - R = _'_ = e e e e
WIrral morfnal gregiciioneg - Zof =0

correct = sumi|l > THRESHOLD for | in pred_loesse)

arint{f 'Correct amomely predictions: {correct}/{ leniancee|y_dataest |

- L i R ——
WO raCl ENOnaly predici ICNE- 1722




oz Y

LSTM A|A € 0| &




[T

Epach 33/B0

1414
Epach 39/B0

14114
Epoch 40/BD

14714
Epoch 41,60

14714
Epoch 4250

14114
Epaoch 43,80

1414
Epach 44560

14714
Epoch 46,50

14714
Epoch 46/B0

14114
Epoch 47 /B0

1414
Epach 4360

1414
Epoch 49/B0

14714
Epoch BO/BD

14714

44
Teat Loas: 000247 1806567334786

L
e Tne/stsp
O Tre/step
e Tre/stsp
08 "me/stsp
0 Tne/stsp
e Tne/stsp
e Tre/stsp
08 "me/stsp
0 Tne/stsp
e Tne/stsp
e Tne/stsp

08 Tne/etso

(R -1

|oee:

|oEE:

|oEE:

losE:

|oee:

|oee:

|oEE:

losE:

|oee:

|oee:

|oee:

|oEE:

08 Tme/etsp - loeEE:

Os 3ms/atsn - loes: O

0.0 = '

0.5 W Pr.._-,._-f‘——-—-—

1]

scaled Values

Wsan Sguarad Error: 000247180677 117167

100

|

[ 0.6013032 0.B2486524 0.GET00MTE ... -0.(33280R4 -0 07308607

-0.01831788]
[ 0.BD32278 0.B2TBDSES 0.E4E13083 ... 002417277 -0.07634513
-0.01434328] |
Actual vs Predictad for sample 112
— aActual
1.0+
* — predicted
0.8 1
0.6 1
i
=
s
=
[T}
™
[
un 0.4 4
0.2
0.0+ A
0 100 200 00 400 500 600
Event Seq Index (1 to 645)
i -
£ Actual vs Predicted for sample 1
2,
g W‘-
3 pd : : — . . . .
i ] 100 200 00 400 500 500



[

Actual vs Predicted for sample 2

— Actual
g %757 — Predicted
]
£ 0.50-
E
T 09
0.00
100 200 300 500 600
Event Seq Index (1 to 645)
Actual vs Predicted for sample 3
0.8 — actual
L —— Fredicted
- 0.4+
&
I o2
0.0 -
100 200 300 500 500
Event Seq Index (1 to 645)
Actual vs Predicted for sample 4
— Actual
§ 0.75 = —— Predicted
£ 0.50-
h-1
&
T 0.25 1
@
0.00
100 200 300 500 500
Event Seq Index (1 to 645)
Actual vs Predicted for sample 5
— Actual
g 0757 Pred:
=2
£ 0.50 -
b=
&
T 0.25
&
0.00 —
100 200 300 500 600

Event Seq Index (1 to 645)

Predicted value

0.8 -

=]
=]

=
=
.

0.2+

0.0+

First Prediction: event_seql to event seqb42
== Predicted values (Arst samplz)




Detected Values
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M n m n rv r 4 029012821171323 433 PMDO13 0.580009 065 0.65 0.65 065 065 065 .. 00 00
anagement Serve
sos e 402 BMDON 0272727 015 020 020 010 0.20 020 .. 00 00
. D | S | a th e P M D mon | to |’| n screen 596 121002132132553 H7  PMDOD4 0727273 065 075 055 055 065 075 . 00 00
p y . g so7 e 413 PMDOD4 0681818 055 065 065 065 070 065 .. 00 00
@® Transmit AC_CURRENT data. . BED o men s o o 0w om o ) .

. Receive predicted Values. 599 12105:51]2;3 420 PMDO0S 0954545 095 0495 095 1.00 090 095 . 00 00
@ Receive detected values.

First Prediction: event_seql to event_seq642

Predicted Values e

event_seql event_seq? event_seqd event_seqd event_seqh event_seqf event_seq? eve

Fault detect Al Server = ﬁ e

192804 0450484 0470927 0.492469 0.455502

@ Transmit detected AC CURRENT | ' |

predicted Value

. . 2 0.526991 0488251 0519122 0474334 0492422 0.502646 0483277
@ Transmit Predicted value
3 0468648 0.367538 0.373647 0363102 0404531 0.392815 0.366651
4 0460265 0.354534 0.353635 0353113 0.392704 0.372638 0.359850 0.35%463 0.393198 0.340305 0.06596C
585 0534122 0.500261 0494255 0492915 0494473 0.4935866 0502016 0485661 0.504109 0491396 0013811
586 0532186 0485903 04815898 0474940 0479702 0.4735891 04589241 0477134 0.495854 0474400 0013624
587 0.565320 0510777 0.513746 0.506921 0.511801 0.517881 0518268 0.508446 0.533354 0514133 0016378

588 0.573627 0538106 0.537897 0.522708 0525146 0.526270 0534509 0.529496 0.528104 0.526604 0.007138



PMD Status

PMD Information

Frontend

i [ 1270058000 x
) & 12700 L g o i
station number station 1 =
MAIN ’

Station

Monitor PMD conditions by . e
Station ) 5 Graph 1 Graph 2 Graph 3

O Station 1 e o T

O Station 2 | u I

O Station 3 s e NI

Highlight problematic tracks in B o o [
colors. recent et

O Green

O Yellow | |

O Red

Detailed PMD records can be
reviewed.
O 128 Sequences



(1) localhost:8501

Tprearctonuetans

status details

AC Current Data for Event

20231101100051530 PMDO03
20231101100051530 PMDO03
20231101100051530 PMDO03
20231101100051530 PMDO03
20231101100051530 PMDO003
20231101100051530 PMDOO3
20231101100051530 PMDO03
20231101100051530 PMDO003
20231101100051530 PMDO03

20231101100051530 PMDO03

)ata for Even 5

20231204034048600 PMD004

20231204034048600 PMDO004

20231204034048600 PMDO004

20231204034048600 PMDO04

20231204034048600 PMDO004

Station A

U

Monitoring

Station A - Average V..

24.18

™ 435

AC Current

10 1

Station A - Current St...

Idle
[

Station B
Monitoring

35

Station B - Average V...

23.87
23

Station B - Current St

Switc...

Predicted AC Current for Event 5

100 150
Event Sequence

200

250

DEMO

Station C
Monitoring

Station C - Average V...

23.89

Vv -0.08

AC Current

10 1

Station D
Monitoring

Station C - Current St...  Station D - Average V...  Station D - Current St

24.12 Idle

M 359

AC Current for Event 5

=5

100 150 200 250
Event Sequence



Project RESULT

- Successfully Classified data into normal and abnormal categories.

- Successfully Detected abnormal event

« Successfully Predicted a future failure through trend analysis.

Reported the status of PMD events on the webpage.



Expected Effect

@® Reducing Accidents:
- Reduce the number of accident, ensuring

passenger’s safety and decreasing risks of trains.

@ Cost Savings:

before the accident




->NEXT
STEPS

Category Curve shape Condition reason

Normal Normal. Normal.

Malfunction | The current abruptly falls to zero. Inadequate contact or not properly
1 locked.

Malfunction | Interruption of current flow while releasing. | Irregular switch connection.

2

Malfunction | Current remains steady throughout the Opposition to mechanical stress.

3 release process.

Malfunction | The release time of the current is prolonged. | Irregular state of the motor.

4

Malfunction | A pulse arises amidst the switching process. |Inadequate connection of the

5 automatic switch.

Malfunction | During the release process, the current Internal obstruction and heightened
6 escalates. friction.

Malfunction | The current consistently stays at zero. Dysfunction in the action circuit.

7

Malfunction | Discharge without incremental phases. Irregularity in the signaling circuit.
8

100

T
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250 300 350

Event 7
Event 26
Event 40
Event 59
Event 78
Event 115
Event 178
Event 191
Event 212
Event 226
Event 227
Event 238
Event 252
Event 255
Event 264
Event 266
Event 283
Event 294
Event 296
Event 298
Event 299
Event 307
Fuant 2472

Analyzing all types of current and voltage data.

Maintenance recommendations

Detecting faulty PMD(MZ% |) components.



Category Curve shape Condition reason

Normal Normal. Normal.

Malfunction | The current abruptly falls to zero. Inadequate contact or not properly
1 locked.

Malfunction | Interruption of current flow while releasing. | Irregular switch connection.

2

Malfunction | Current remains steady throughout the Opposition to mechanical stress.

3 release process.

Malfunction | The release time of the current is prolonged. | Irregular state of the motor.

4

Malfunction | A pulse arises amidst the switching process. |Inadequate connection of the

5 automatic switch.

Malfunction | During the release process, the current Internal obstruction and heightened
6 escalates. friction.

Malfunction | The current consistently stays at zero. Dysfunction in the action circuit.

7

Malfunction | Discharge without incremental phases. Irregularity in the signaling circuit.

8

K-NN

25 (Classification)

e |

(Supervised Learning)

=% (Clustering)

K|=8HE (Unsupervised Learning)
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