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Predictive maintenance solution
without additionnal sensors
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7 < DiagRAMS
W Technologies
INVENTEURS DU MONDE NUMERIQUE \
—/

Christophe BIERNACKI, Head of MODAL research team , INRIA
Margot CORREARD, co-founder of DiagRAMS Technologies (start-up INRIA)
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RESEARCH TEAMS

Applied Mathematics, Computation

& Simulation
Machine Learning, Statistical Methods

Algorithmics, Programming,

Software & Architecture
Security, confidentiality, cryptography,

Networks, Distributed Computing
Distributed Systems & middleware, software
engineering

Perception, Cognition, Interaction
Data & Knowledge Representation & processing,
Visualization

TECHNOLOGY
TRANSFER

Joint laboratories
(joint labs, innovation labs, labcoms)

R&D partnerships

(collaborative projects)

Technology transfers
(software and patents)

Transfer of knowledge/

know-how
(expertise, mobility)

( orum

eratec

OF CREATING
START-UPS

@ start-ups

including 75% in activity
or bought out
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THE RISING COST OF DOWTIME

RECRUITMENT PROBLEMS

$260 000

Average Cost per Hour of Dowtime*

! Spare parts
P & workforce

Waste
Lack of

availability

Current understaff

Reduced Equipment Lrecruitment,

Life time Aggravated
failure v 8 500 does not Succeed
: oung grad :
Production graduated / year 12 000 retire / yeqy
overcosts
Late
penalties

* The Aberdeen Group, 2016
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Data acquisition without Monitoring of overall Turnkey solution for
new sensors equipements field experts

@ N g @

v Reduced implementation cost v" Only one tool v Acceleration of technicien
competence acquisition
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ﬁm EARLY ANOMALY
Z DETECTION

% ﬁ ALERTS
PREDICTION OF

MODELS AUTOMATIC @,}/ DIAGNOSTIC REMAINING
SELECTION USEFUL LIFE

Technologies

Plateforme llot
Historiques de panne

PALAISEAU-FRANCE
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APSYS

AN AIRBUS COMPANY
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MODAL

Generic learning from complex data
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I\/Iodal uarantee & interpretability

Sldle

Target

]

{ Guarantee and Interpretability for T J
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ProbbiI|t|c gsuidelines (X random...)

m Model-based: define a model directly on data X
p(X; 0) T

YINAS
/ " AWVIAD

m Model design should be guided by both space-adequacy and user-meaning
m Then use model estimation and model selection provided by theoretical statistics

m Model-free: define probabilistic bounds on empirical (X-dependent) quantities

m Principle of concentration inequalities
m Context of the probably approximately correct (PAC) paradigm
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Axis 1: unsupervised setting

The larger the data set, the stronger the motivation for discovering knowledge

-. I « High dimensional ordinal data (co-clustering)
| - ) ALSTOM

i.i.dy
iid
depend}\

A\'-'"'l g "
e

« Multivariate categorical data
Multivariate ranking or ordinal data (+missing)
Mixed kind of data

Online clustering
Change point detection
Scan statistics

Mixture models, RKHS, PAC-Bayes, copula,. ..
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Axis 2: performance assessment

Human activities rely increasingly on statistical outputs: need

.

High dimensional ranking
Non-negative matrix factorization
Hostile data (non i.i.d or non bounded loss)

PAC Bayes

M Resampling
N

Closed-form formula for density estimation
Behavior for risk estimation and model selection
Non-closed-form formula for KNN

A new notion of stability

Gaussian goodness-of-fit test in RKHS

= Gaussian mixture degeneracy in EM algo.

Deterministic 25! ! !
/ « Statistical and computational trade-off in
regression and in kernel binary segmentation
Stochastic

« Label switching in a Gibbs sampler for mixtures

EM-like, gradient descent, Gibbs sampler, kNN, regression, ranking, NMF. ..
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Time series are now

widespread because of technological advances

Kneading data (3 groups)

Growth (2 groups)

ECG (2 groups)

size
©

2 4 9 1 2 B &

100 200 300 400 300 600 70O

Clustering
m

» Categorical functional data
» Multivariate functional data
 Spatial functional data

Spatial prediction of solar energy
Regression with auto-correlated data
Binary linear models for stratified samples
Functional linear spatial autoregressive models
Application to hydrological or environmental data
Auto-associative models
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in practical activities may reveal sensible applied research questions

"Industry"

Heterogeneity degree of genomic profiles
Selection of groups of variables in the HD setting
Differential meta-analysis of RNA-seq data

Regression with correlated variables
Matching of descriptors evolving over time
Real-time audio sources classification
Reject inference methods in credit scoring

Survival analysis with complex covariates ‘ ALSTOM
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Platforms

The key for integrating in a user-friendly way the most mature packages/software

& MixMod &> BlockCluster

@ MixtComp

MASSICCC

Massive Clustering
with Cloud Computing

https://massiccc.lille.inria.fr
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Alstom collaboration n°1

Automated diagnosis for maintenance
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Functional Data Example

TYPES OF MALFUNCTION
Data

3 SCrew Loose

N 4 i N0

2\ A T ~— T S IAY -

A IR AR s e et B )
PN R A N TR S UN R

G . 2
-0.5M Y
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Detection & diagnosis of rail switch malfunctions

1) Functional data are complex data

2) Heterogeneity of malfunction types

Locks

5e+05
1

-5e+05
|

0 2 - 6 8 10

time
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I\/Iode\ based functional data

Idea of the model implemented in MixtComp
A time series/functional datum is composed of L polynomial segments (+ some noise)

* Interpretability

* No feature extraction

Power (Watt)
Power (Watt)
»

* Model selection

250 'q 2
0 1 2 3 4 5 6

() 1 2 3 4 5 6 0 1 2 3 4 5
Time (Second) Time (Second) Time (Second)

Figure: From left to right: decomposition in 5 polynomial segments, the probabilities to belong
to a segment, the automatic segmented signal.

m L
= 11> sty ) N(y;; B/ T;,07)

j=1]=1

f(ylt,©
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Learning

Class :2
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Detect

5 sub-types

of friction!
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v/

Model-based prediction of malfunction types

1) Diagnosis ability with risk assessment

Results

To be compared to 80.7% obtained with

expert manual feature extraction...

2) More knowledge on malfunctions (sub-types)

C f . M t . o CORRECT PREDICTIONS
onfusion Matrix A g5 >

. L . Prediction:
Prediction: Prediction: Prediction:
.. Screws
Friction Healthy Obstacle
loose
Friction 584 0 0 0
Healthy 0 192 40 47
Obstacle 25 47 1368 203
Screws
29 61 164 1402

loose
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From diagnhosis to prognosis...

K K
P(T > tlx) =Y P(T > t|x,k)P(k|x) = > P(T > t|7é k) P(k|x)
k=1 k=1 ¢
key assumptlon l
Result is high flexible and Use any usual pronostic Detect more refined
interpretable pronostic method (comparison...) malfunctions types
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Alstom collaboration n°2

Free text maintenance database
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D1_ref

Free text maintenance database

Data: 88,190 maintenance notes

* Aim: group similar maintenance events

* Lock: free text

* Key: synonyms (Alstom) + co-clustering (MODAL)

data_cleaned

213 hi 1435 sri 0274 fire whilst in service class 175 incident summary and initial findings provided by uk mainline engineering manager c english 26 08 09 reported fire on 175109 at prestatyn station

286 propulsion inverter electronics agate d1 impact on service and maintenace activities due to remove number of pie from train failed pie causes train to be withdrawn from service d5 completed
1422 scrubber break up in operation lost of one part of the brake shoe system securite perturbation du service commercial d5 completed d6 completed
1536 coupler damages on front coupler support damages on coupler support side panels gets broken broken supports might create problems at coupling process d5 completed d6 completed
1570 cracks found on the cross beam connection to the side beam cracks found on the cross beam connection to the side beam reduced lifetime dS completed complete rework history book has beer
1572 wheel bearings with current flow electrical marks in june 2008 the customer sl reported possible signs of current flow across wheel set bearings at axle 7 of the train sets x6007and x6023 first vis
1689 roof fairing fixing found not tightened on train roof fairing fixing found not tightened on train cis006 safety of service root causes identified d6 completed
1835 weml pim new build poor quality of frames and all associated sub assemble from suppliers why missing d5 completed d6 completed
1943 out of round wheels soft supplier lucchini have confirmed that the r8t wheel steel issue has been confined to a single batch of wheels that have resulted in early wheelset changes there is no fur
2042 customer complaint late delivery of spares high levels of rejections at customer inspection at preston and in hong kong concerns regarding preston process controls and preston supplier controls
2099 axle box interior grease leakage discovered a leakage of grease the bearing unit used is a tbu reference 1639609 aa 02 mileage about 260 000km maintenance interval suggested by skf 800 000k
2101 toshiba vcb late delivery of sets 33 47 initial order for 32 off 50kv vcbs for toshiba locomotives is virtually complete after many issues with design type test supplier quality areva interrupters and

2174 rrarke an trailer haoie frame af rama 1 tram rracke anneared an tram rama 1 trailer haoie framec welding hetween the Innoaran and the trancam thece framec hac heen alreadv ratrafitted an h
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Synonyms

dictionary (Alstom
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D Isynonyms (1) Isynonyms (2) [synonyms 3) lsynonyms 4) Is_vnonyms 5) Isynonyms (6) Isynonyms (7 Isynon
1  HVAC HVAC Air conditioning Ventilateur Ventilator clapet valve Compresseur Comp
2 Assemblages Catapultage detachment detached Fissure crack Vis bolt

3 Bogie Bogie Drehgestell Bogie Supporting Structures Chassis essieux axles Suspel
4 power supply transformer pantograph collector shoes traction battery energy storage storage drive
5 driving desk pupitre control apparatus driving control braking control master controller Traction Control Unit Syster
6 Auxiliaires Auxiliary Operation equipment Auxiliary Converter Convertisseur Auxiliary battery Emergency Power Generator Generation Coolir
7  Safety equipment Safety device Data transmission data communication Fire protection extincteurs equipement incendie

8 lighting lights eclairage lampe ampoule phare

9 Portes doors step marche

|0 panneau d'affichage screen information facilities display PIS PAPIS haut parleurs speake¢
[1 Intercirculation Intercar couloir gangway coupler buffer coupleur

|2 cablage harnais electrical connexion earthing cables harness wire junctic
13 GAUGE gabarit statique EN 15273 gabarit cinématique UIC 505 gabarit dynamique obstacle obstac
|4 sanding sable

|5 flange lubricating graisseur de boudins

|6 Passenger Counting Device comptage passager

|7 ticketing ticket fare

|8 Brake frein




Transform word dataset into binary dataset
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Blockcluster

software -

450

500

20 40 60 100

Rearnanizad data

Initial data

Extension of the traditional mixture model-based clustering

p(x; 0) = Z H 2z Pw; P(Xjj; Qzw;)

(z,Ww)EZXW i,j
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Cluster of synonyms
for interpretability

Cluster of
maintenance events

% presence / absence
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Conclusion
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* Generic learning for complex data

 Related software: https://massiccc.lille.inria.fr
* Multiple applications, including maintenance
* Complex data in maintenance
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DlagRAI\/IS

* Partnership with MODAL
e Partnership with industry
* Best of both worlds...
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MERCI

christophe.biernacki@inria.fr

margot.correard@inria.fr
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