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Introduction

• Leader: SEAT

• Partners: LUT, CTTC, Oulu, AIT

• Planned: Define KPIs and test cases

• Relation to the other WPs: this will define 
possible study cased to FIREMAN activities



Results
• A table to define the test cases with its KPIs
• Selected test cases

– Different from the proposed ones: Nokia factory out (due to internal 
changes)

– Wind plant (due to unsolvable NDA issues)

• New ones:
– Tennessee Eastman Benchmark (LVDC Microgrid
– Adaptive Robotic Gas Metal Arc Welding of Steels

• SEAT cases are defined
– They cannot be publicly available at this point.



Table to define test cases and KPIs

process



Tennessee Eastman Benchmark

The process have five main equipments and produces two products from 
four reactants. 

KPI’s: 
• Product G and H quality
• Operating constraints (low and high normal/shutdown limits)
• Missed detection rate
• Time to detection

As a benchmark scenario, we have all
data that is possible to have.

52 measurements including 12 
manipulated, which include:
• Feed flow
• Compressor recycle & purge valves
• Separator pot liquid flow
• Stripper liquid product flow

As a benchmark scenario there is no
need for data gathering and
preparation.

process



LVDC Microgrid

The microgrid supplies energy to 3 different customers, it counts with battery
storage  

KPI’s: 
• Reliability
• Islanding capability
• Microgrid downtime

Precise climate conditions at the 
location of the microgrid, wires and 
other elements.
External conditions sensors such as 
state of tree branches.

More than 25 electrical variables, 
being the most important, Power 
consumption, battery storage 
charge state, voltage profile and 
currents.

Connection to data gathering at 
metering points is sometimes lost 
which doesn’t give any variable 
output and might be related with 
occurrence of events. No effective 
data gathering solutions.



Adaptive GMAW of Steel

In Gas Metal Arc Welding (GMAW), the filler wire and shielding gas are key variables of the process. The wire feed rate and the gas
flow rate need to be monitored as they constitute to the generate of heat input and mode of metal transfer. The heat input is
determined according to the efficiency of the power source in addition to welding voltage, current and welding speed. The contact
to work distance (CTWD) which comprise the filler wire stick-out and diameter of the wire need to be measured since they
contribute to weld depth penetration. When GMAW process is adapted to robot, essential parameters like torch angle and working
angle need to be set accurately. In cases where off-line technology is used, the calibration between the digital twin and the real
robot must be set too. The trajectory and movements of the robot and weaving technique of the welding process causes instability
to the welding cables and connections which leads to loose-grounding-contact and vibration issues. The relationship between these
components and welding parameters create rare events which lead to weld quality problems (see figure on side) as well as weld
productivity challenges. The need to monitor, identify, detect and prevent such rare events is imperative.

Welding parameters, which in this case referred as data
such as welding voltage measurements, current, filler wire
diameter, gas flow rate, wire feed rate, temperature
reading, CTWD measurements, and torch position. These
are already available. The technology used is automated
robot and laser-based infrared thermography
thermoprofile scanner (TPS).

Problems of weld defects and imperfections (e.g. weld porosity, lack of
fusion, lack of penetration, weld distortion, heat affected zone softening,
hydrogen inclusion, cracking) are bound to occur due to incorrect welding
parameters settings, material preparation, pre-weld and post-weld heat
treatments, etc. Data gathering and preparation is time consuming.
Devices used for data gathering must be set appropriately and within
defined range. Data captured can have inconsistencies due to wrong device
setups and malfunction in sensor reading. Possible anomalies can arise
from loose-grounding contact, vibrations during welding due to machine
instability.



Drive chain failure in TTS and KTL processes in Paintshop

process

Failure in mechanical components  (bearing) of the drive chain cause axial displacement in TTS (Surface 
Treatment Tunnel) cause failures.

KPIs:  Reduce MTTR (Mean Time To Repair),  increase MTBF (Mean Time Between Failures), 0 production 
loss

Apply predictive maintenance models to detect mechanical components degradation and use significant 
data to create an early warning system that identifies problems before an axial displacement occurs.

Installation of additional sensors and other 
HW/SW elements if needed to meet the use 
case requirements.

Data stored minute by minute about engine group 
binary signals , tensor, security, position sensors 

(axial monitoring) -> miniaturized data (1440 
samples of data per day and variable)

- Industrial environment 
- Phosphatation and Cataphoresys processes –

condition based processes
- Electrochemical activity
- Sicalis PMC v10 + WinCC SCADA

*TTS and KTL are 
subprocesses inside the coating process



Spindle failure in CNC grinding machine 

process

The spindle is an element (kind of actuator) of a CNC (Computer Numerical Control) machine that 
ensures lineal movement over a surface. The spindle misbehavior is detected after quality losses in 
produced parts or machine failure leading to production stop. The machine performance is not 
monitored.

Solving the challenge will allow us to predict the spindle failure and avoid it, schedule maintenance 
interventions, reduce the quality losses, improve the OEE (Operational Equipment Efficiency), avoid 
claims in critical control points and avoid unplanned stops and production of NOK parts.

Dataset of 5 seconds per sample and 
data aggregation every minute for 
more than 6 months with more than 
50 variables such as axis position, 
engine energy consumption, 
pressure, temperature & fluids levels, 
preventive control points, failures  & 
quality records, etc.

Industrial environment
Installation of additional sensors and other 
HW/SW elements if needed to meet the use 
case requirements.



Definition of KPIs



Methodology

We can differentiate between industrial (service) KPIs and 
communication network (radio) KPIs.

• The industrial KPIs describe the behaviour of the physical 
process under study.

• The communication network KPIs describe the requirements 
for information exchange between sensors and between the 
sensor and the infrastructure.



KPI classification and indicative metrics I

Industrial KPIs

• Number and frequency of failures: Number and occurrence of the anomalies in the
machine’s operation.

• Remaining useful lifetime (RUL): The time duration a machine is likely to operate 
before it requires repair or replacement. By taking RUL into account, maintenance can 
be scheduled, operating efficiency can be optimized, and unplanned downtime can be 
avoided.

• Machine downtime: Defined as the time duration during which the machine’s working 
conditions are affected by a failure which results in a faulty operation.

• Maintenance response time: Defined as the time elapsed from the detection of the 
failure until the machine works properly again.



KPI classification and indicative metrics II

Communication KPIs

• Service data unit (SDU) size: Number of bytes of the SDU. In case the SDU is not fixed, 

the minimum and maximum SDU size should be specified. Together with the latency 

requirement, the SDU size specifies the minimum effective data rate provided by layer-n 

as (Service data unit size)/(Latency requirement).

• Latency: Latency is defined as the contribution by the radio network to the time from 

when the source sends a packet to when the destination receives it (typically expressed 

in ms). The intended layer in focus must be indicated when the term latency is used. In 

case an SDU is not delivered, due to transmission errors or other circumstances, the SDU 

is said to have infinite latency.



KPI classification and indicative metrics III

• Reliability: Reliability is the probability that the actual layer-n latency is less or equal 
to the latency requirement, subject to the other relevant requirements and 
conditions, e.g., SDU size and communication range, transmit power, propagation 
conditions, and mobility.

• Age of Information (AoI): Newly introduced metric that measures the freshness of 
information. AoI measures the time that elapsed since the last received update was 
generated.

• Availability: Availability is the probability that the requested service is declared as 
available. If the communication system declares that the service is unavailable, then 
the application needs to initiate a fallback procedure, e.g., to limit the risk of an 
accident.



KPI classification and indicative metrics IV

• Communication range: Communication range is the maximum distance between a 
transmitter and its intended receiver allowing communication with a targeted SDU 
size, latency, and reliability, and for a given effective transmit power and receiver 
sensitivity. This definition applies to both the communication between sensors and 
between sensors and the infrastructure.

• Data rate/ Throughput: Data rate is the number of bits sent per unit of time, typically 
measured in bit/s. For the transmission of a single SDU, this is given as (SDU 
size)/(Latency requirement). For a stream of SDUs that arrive with a rate R SDUs/s, 
then the average data rate is R × (SDU size).



KPI classification and indicative metrics V

Qualitative KPIs

• Cost: Cost refers to all additional investments and expenses needed to deploy the 
considered scenario setting. 

• Power consumption: Power consumption is an important KPI from both sensor and 
network infrastructure standpoints. High power consumption may generate 
malfunction in the sensor operation and drain the sensor battery.

• Security (Privacy/Confidentiality/Integrity/Authentication): 
• Privacy or information privacy aims to ensure that whoever is handling personal data is 

applying the right level of security allowing individuals to control what information is 
collected, identifying how it is used, who can access it, and what purpose it is used for. It 
also refers to the protection of the physical process to avoid being tracked or identified by 
any other entity beyond a certain short time-period required by the application.



KPI classification and indicative metrics VI

• Security (cont.): 

• Confidentiality is a security principle that ensures that information is not disclosed to 
unauthorized parties. This could be ensured using cryptography schemes.

• Integrity is a strong security feature to ensure data/messages will not be corrupted during 
the transmission. This requirement becomes very sensitive for mission-critical industrial 
applications. 

• Authentication is a pillar in information security. It proves that sensor data is what it 
claims to be. It is often linked to other pillars such as identification (claiming to be 
someone or something) and authorization (defining the access and actions that a subject 
can do on the system). Combining more than one authentication methods is often 
referred to as strong authentication or multi-authentication.


