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CEITEC — Central European Institute of Technology

« CEITEC zalozen 2011 jako evropske centrum excelence
« CEITEC VUT je vysokoskolskym ustavem VUT v Brné

 Multidisciplinarni institut — materialové védy, nano-technologie, engineering,
prirodni vedy
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Kybernetika a robotika
Zakladni a aplikovany vyzkum
— Ridici a automatizaéni systémy
— Robotika — mobilni roboty

— Senzory a merici systemy

— Prumyslové komunikace
— Instrumentace, PLC, prumyslové fidici systémy




Fail-operational application

* Industry
— Fully automatic production lines

« Automotive
— Autonomous vehicles

* Aerospace
— High reliable electrical propulsion

 Traction systems
— Public transport systems
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Fault detection
* Various faults require various detection time

» Undetected faults without appropriate action lead to other faults — fault propagation

— Interturn short-circuit causes the temperature increase — temperature damages other coil
turns of the winding

* Motor fault can be detected using various methods
— Detection methods based on motor model
— Parameter and state observers prepared for specific fault
— Statistical methods

— Machine learning methods
« Atrtificial Neural Networks classification

« K-d trees classification
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ANN experimental platform

The power inverter consists of Hybrid kit drive,
AURIX TC297 Application kit and Jetson AGX
Xavier.

Jetson AGX Xavier with 512-core Volta GPU
with Tensor Cores and 8-core ARM v8.2 64-
bit CPU accelerates Al computation

AURIX and Xavier are interconnected using
Ethernet

Inverter Is connected to customized
configurable PMSM

PMSM can be loaded using dynamometer

The whole system is controlled from
MATLAB
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ANN preparation

* ANN Iis prepared in TensorFlow using combination of measured and

simulated data

— Simulated data are required for faults which can not be emulated and measured
— Using only simulated data for training is also possible
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ANN preparation

* Prepared ANN is integrated into target platform

— Powerful Al platform can operate in float32 or float16
— Microcontrollers typically require ANN guantization into int for best performance
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Achieved classification results

* Prepared ANN can successfully detect fault at steady
State

« Classification using on the edge implementation of
ANN in less than 5 ms (including data preprocessing
and communication delays)

— ANN inference time around 1ms

 Combination of convolutional
and dense layers

— One input for oversampled motor
voltages and currents

— Second input for motor speed, setpoints,
and extracted features
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Cluster NVIDIA DGX H100 + DGX A100

PARAMETR
GPUs

GPU memory

CcPU

Vykon (tensor operace)
# CUDA jader

# Tensor jader
Multi-instantce GPU

RAM

HDD

Network

Max. spotieba

Provedeni
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NVIDIA DGX H100 640 GB
Bx NVIDIA H100 SXM5 80 GB
640 GB total

2x Intel Xeon Flatinum 8480C CPU, (112
jader) 2.00 GHz

32 PetaFLOPS (FP8)
135168
4224
56 instanci
2TB

05: 2% 1.92 TB NVMe
data: 30 TB (8 3.84 TB) NVMe

gx ConnectX-7 400Gb/s InfiniBand
4% ConnectX-7 200Gb/s Ethernet

10,2 kW

rack, 8U

NVIDIA DGX A100 640 GB
Bx NVIDIA A100 SXM4 80 GB

640 GB total

2% AMD Epyc 7742 (128 jader, 2.25GHz)

5 PetaFLOPS (FP16)
55296
3456
56 instanci
2TE

0S: 2% 1.92 TB NVMe
data: 30 TB (Bx 3.84 TB) NVMe

8x ConnectX-7 200Gb/s InfiniBand
4x ConnectX-7 200Gb/s Ethemet

6.5 kW

rack, 6l
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Infrastruktura testbedu CEITEC VUT

Prumyslova hala — skuteéné prumyslové prostredi
Vybaveni

« 3D tisk

* Roboticky sklad

- Laserové fezani/svarovani

« 5ose a 3ose frezovani, CNC soustruh
*  Presné 3D skenovani

*  Vybaveni pro AR/VR

« Referencni opticky lokalizaCni system
* Automatizaéni HW, PLM SW

- V&esmérové mobilni roboty, é. RICAIP

prf]myslové manipulatory, coboty %J TESTBED BRNO

- Kracejici roboty (Boston Dynamics)
*  Privatni 5G sit
Research and Innovation Centre

e Dyn am Om et ry &?J R I CA I P on Advanced Industrial Production
EPCEITEC




EDIH DIGIMAT

Evropsky digitalni inovaéni hub podporujici digitalizaci vyrobnich podniku
Konsorcium - Intemac, VUT, JIC a Effectivity
Zamereni na robotiku, automatizaci vcetne vyuziti Al

Sluzby

— Test before invest

— Experimenty na testbedu

— Pomoc s nasazenim digitalnich technologii

— Poradenstvi

— Vzdélavaci a populariza€ni aktivity (Digitalni akademie)
Siroké spektrum oblasti experimentd — robotika, 3D tisk, diagnostika stroji, aktuatory,
UGV/AGV, AR/VR, lokalizace stroju/lidi, 5G komunikace, HPC,....

Pro SME a small mid-caps (do 499 zaméstnancu) sleva 100%

Financovano . " - .
MARODMNI Spolufinancovano
E D II I D I G I M A I - ﬁ"’r:;ps'm“ "EE " PLAN OBNOVY - Evropskou unii
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TEF AI-MATTERS

The European Testing and Experimentation Facilities for Al in Manufacturing

- Sit evropskych testbedu — Francie, Némecko, Nizozemi, Ceska republika,
Spanelsko, Dansko, Italie, Recko

* TEF poskytuje sluzby pro celou EU

- Zamereni na nasazeni Al ve vyrobnich firmach
— Experimenty s Al v primyslovém prostredi
— Vyvoj ukazkovych aplikaci Al
— Priprava datasetu
— Podpora pri vyvoji aplikaci Al pro vyrobni technologie
» Planované vyznamneé dalsi rozsireni technologii testbedu

» Poskytovani sluzeb SME se slevou 100%

Eﬂzn m:;inﬁnii >f NARODNI Spolufinancovano .
‘dE:'Gﬁer'l onEU ‘. FLAH OBNOVY EUMFEHDU unil matters
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