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VALID RANGE STATISTICAL RANGE
« &

STATISTICAL

Hardware-defined physical Al-learned normal operating
limits of the sensor (e.g., 0- envelope (e.g., 450-620°C
1400°C for Type K during steady-state
thermocouples). baseload).

‘ GOOD RANGE ‘I PERCENTILES
Optimal operating band for Learned distribution metrics
peak thermal efficiency and (P, P5, P50, P95, P99)
minimal component wear. defining anomaly thresholds.

CENTRAL TENDENCY STANDARD DEVIATION
B N\

v Mean and median calculations Measurement of signal spread;
p+de for identifying baseline sensor used to calculate dynamic
drift over time. N-Sigma detection bounds.

B Anomaly Thresholds

Minimal Change of Interest (MC1): The smallest meaningful change
.! ! (e.g., 2°C for exhaust gas) that prevents detector triggering on
background signal noise.




THREE LAYERS OF BOUNDS

Variable 3 VALID RANGE

Hardware-defined physical
limits of the sensor.

Outer boundary of all
possible values.

STATISTICAL RANGE

Al-learned normal operating
envelope based on historical
data (e.g., steady-state
baseload).

GOOD RANGE
Optimal operating band for
peak efficiency and minimal

component wear.
Most desirable region.

Variable1

@ Outside Statistical Range (@ Within StatisticalRange (@ Within Good Range




LIMIT DETECTION: REGULAR vs. STATISTICAL

STATISTICAL LIMIT DETECTOR

3} Objective: Early anomaly identification.
{} Threshold: Learned distribution (P5 to P95).

REGULAR LIMIT DETECTOR ‘B

€2 Objective: OEM design limit protection.

U

Q Threshold: Fixed engineering values.

& Application: Critical safety trips (EGT > 650°C). A Application: Compressor discharge pressure drift.

OPERATIONAL DATA VS. MONITORING BOUNDARIES W Sensor W Regular W Statistical

Sensor Value

vvvvv

»

Statistical limits adapt to normal behavior and detect subtle drifts early,
before fixed limits are reached.




4 RATE-OF-CHANGE (ROC)

Detect rapid changes. Act before it’s too late.

ROC: Sudden Bearing Spike

Temp (*C) ROC BREACH
140 '
120 s -
100
80
o, O O O -
60
40
20
o . L L L
m T2 T3 T4 5 17 T8
Purpose: Turbine Use Case: Advantage:
Identifies abnormally rapid @ Detecting sudden bearing Triggers alarms before
signal variations by monitoring temperature rises (»5°C/min) absolute limits are breached,
the derivative of sensor input indicating critical lubrication providing critical seconds for
over time. system failure. emergency shutdown.

W !
{ n" Why it matters: ROC detects dangerous trends early— not just when limits are exceeded. J




24 LONG TREND DETECTOR

Monitor gradual changes. Plan maintenance. Prevent outages.

TREND: COMPRESSOR FOULING

Efficiency (%)
100
°
Occmama o
98 e ma. 8 ...... 3 °
______ S s i 2 @ ®
O i sy i °
96 ———tawl
GRA
od DUAL EFFICIENCY DECLINE
92
90
w1 w2 w3 w4 w5 Weé w7 ws
Time (Weeks) —>
PURPOSE TURBINE USE CASE OUTCOME
— - o TR —_—

- Monitors slow, persistent @ Tracking gradual compressor ssv | Enables condition-based
drifts in mean values over efficiency decline caused by maintenance scheduling,
days or weeks using environmental fouling or optimizing fuel consumption
advanced moving averages. blade erosion. and preventing forced outages.

EARLY INSIGHT. BETTER DECISIONS. " o4 HIGHER RELIABILITY.
Detect degradation early. Plan maintenance smartly. ) Avoid outages. Save cost.




WA NOISE DETECTOR

Detect hidden instability. Act before it escalates.

Monitors high-frequency signal variability and statistical variance. SIGNAL VARIANCE INCREASE (ANOMALY)

Identifies changes in the underlying stochastic process 60 -
rather than absolute magnitude shifts. R
Detocted ’
@ Detects increased signal jitter/flutter 5 551
@ Analyzes standard deviation over sliding windows %
w -
e Filters out low-frequency process changes B
¥
A GT USE Bearing wear identification or combustion
CASE: instability prior to high-vibration trips. b % . S ¥ ’ y b
Time —>
WHAT IT MONITORS HOW IT WORKS —o- WHAT IT DETECTS WHY IT MATTERS THE OUTCOME
= o = ™ = =
High-frequency variabiity > Calculates standard > Increased jitter, flutter, > Detects problems earty— > Earlier interventions,
in sensor signals that deviation over a sliding or turbulence that before they cause alarm reduced downtime,
Indicates process noise window and tracks precedes mechanical thresholds to be and improved equipment
or instability. variance trends. or combustion issues, exceeded. reliability.

[ @/ Noise changes speak first. | Noise Detector helps you listen early, act early, and stay ahead. ]




S FROZEN SENSOR DETECTOR

Detect stuck sensors. Protect data integrity.

Identifies “frozen" or "stuck" sensors by monitoring signal variance. ZERO VARIANCE (SENSOR FAILURE)

Triggers when a signal remains perfectly constant over a defined 555 1
period (unnatural for active sensors), 554 1
Q Identifies frozen A/D converter outputs g 552 - ‘ @
; :
@ Detects sensor software communication locks - 550
§ Signal remains constant
@ Essential for maintaining monitoring integrity B 548 - ~+ zoro variance detected
546 -
GT USE Thermocouple reading frozen at last value before
CASE: failure, preventing false “stable” readings. 545 L, - T r - - . . "

Q WHAT IT MONITORS @ HOW IT WORKS @ WHAT IT DETECTS WHY IT MATTERS @ THE OUTCOME

Signal variance over time ) Calculates variance in ) Frozen A/D outputs, ) Prevents false confidence ) Early detection of stuck

to detect when a sensor a sliding window. communication locks, in “stable” readings and sensors reduces risk,
output becomes When variance falls to or sensor software protects monitoring improves refiability,
unnaturally constant. (near) zero —» alarm, hangs. integrity. and prevents downtime.

9 Good data begins with healthy sensors. | Detect frozen signals before they hide real problems. }I{ Lo
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Detect rare combinations. Understand what's normal.

Monitors groups of related sensors to detect

MULTIVARIATE RARITY DETECTOR

The clusters represent common operating conditions.
Points in orange are rare combinations we haven't seen before.

unusual combinations that are not seen before, 10
Rarity Detected
Each combination has a timestamp, so we know 8 - .
when we didn't see it before. Rarity Detoctec
L~ L .
%‘ 6 ..‘o ° :o o....:o: 4 Oo, .
L N B < .‘~..‘...~'. .....
Detects rare multivariate combinations :} = °~...°:.- K54, .3.:..0
s 8 . 8 e o ™0
not seen in historical data. ~ AW ’.l":..‘....‘}:o.o v
S 1 ® o N et
Identifies outliers in multi-sensor space, g ‘ot f‘ .0 i i
not just single-sensor anomalies. L ’ f..o.';.::..
-
Rarity Detected Rarity Detected ¥ . 5
Improves operational awareness and ol ® 4
supports faster root cause analysis. : : - :
0 2 R 3 8 10
Sensor A (e.g. Pressure)
1. LEARN NORMAL ~oe 2. MONITOR IN REAL TIME 3. DETECT RARE 4. ALERT & INVESTIGATE
Build a model of > .‘.: ': Continuously evaluate ) Q Flag combinations ) ‘ Investigate rare events
historical multi-sensor (R new combinations that deviate from - 1o prevent issues and
combinations. as they occur, known patterns, imperove refiability.

° See the unknown. Prevent the unexpected. |

Detect rare combinations across sensors before they become problems.
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GAS TURBINE DATASET OVERVIEW

Variables, Categories and Measurements

1. COMPRESSOR 2

URBINE

COMBUSTOR

&

o Mour_Tume (hr)

o Gas_heel_twed_mours 0w}
o Liquid_fuet_fiwed _hours (hv)
o Twrbwe hours_ Ov)

o Start_count (count)

S Varlables

|

TURSINE TEMPERATURES

o Turbine_temperstre 75 81 06 C°C)

o Turtime Exhaust tempersture TT
{Aserage) ("C)

7 Variables

P~—1
e

LUBRICATION
SYSTEM

VIBRATION &

MECHANCAL HEALTH

Combustion Stalslity
TS sensors, T7 average

Mechanical Health
Vibration senscres,
gearbox wibration

Thermodynamic Efficiency
Compressor pressure,

fue! flow

Ludtrication Integrity

Lube od pressure/termp

Blectrical Stabilty
Vohltage, current, frequency

Airflow Restriction
Filter cifforential pressures i)

‘ .'; COMPRESSOR SYSTEM

» Compressor_inlet_ak_temp ("C)
o Compressor_T5_average (C)

o Turbine_air_inlet_fiver_DP
(kP a/miar)

o Compresscr_outiet_ar _gressurs
(barPa)

4 Varlables

ﬁ» ENVIRONNENT / ENCLOSURE

| o Ceibng_temperature ("C)

1 Viriable

o Gas_fuel flow (Nm'/r o kghr)
* Gas_fuel pressure 1 (bar/vPa)
o Laud_ fuel flow kg/men (eg/mn)

o Lgued_fuel_wiet_pressure
(bar/wPa)

* Gas_Fuel Control_Temperature ("C)
S Veriables

0 GENERATOR BEARINGS

o Gonerntir O teirng tevgaranse ()

o Garwrator NDE_Besrwg semperstien ("C)

2 Variables

6 FUEL SYSTEM ‘ LUBRICATION SYSTEM

o Lube_oil_pressure_ (bar/aPa)
* Lube_oil_temperature ("C)

¢ Variables

CENERATOR WINDING TEMPERATURES

o Garerstor L1 _winding terrperature (°C)
o Gererator L2 wnding_tergeratus ("C)
o Gerorstor_ L3 winding temgeratus (°C)

3 Vriables

i "' - VIBRATION & MECHANICAL

Turbine vibration X1 (mm/s)
Turbine_vibration Y1 (mev's)
Turbine_vibeation 2 X {(mmvy)
Turbine_vivation_2_Y {(mevs)
Turtene_viwation 3 _X (mevs)
Tuehine_vibration_3_Y (mevs)
Gearbon_viration (mm/s RMS)

7 Varables

'- ) PHEUMATICS & INSTRUMENTATION

o Instrument_Air_Pressure
(bar/=Pa)

1 Varlable

HEALTH

4

o Voltage (VAY)

o Current AVBVC (A)

o Reol_power_ (MW/RW)
Apparent_power (IMVARVA)
Reactive_power_ IMVAIAVAL)
o Power_factor {-)

o Frequancy (Hz)

* Generator_excitation current (A)

ELECTRIC

? Variables

m AIR FILTRATION SYSTEM

* Inclosure_Nan_Fiter OF
{Pa/mbar vPa)

o Turbine Ax Indet Finer DP2
(Palmbar a2}

o Turbine A Infet Pre Fiter 0P
(Pa/mbar vPa)

o Turbine Axr_Indet_Prefre_Fiver DP
(Pa/mbar/xPa)

4 Variables

TOTAL: 40+ VARIABLES Covers All Mayor Subsystems of a Simple Cycle Gas Turbine |

Enables Comprehensive Performance Monitoring, Diagnostics
ard Anamaly Detection

Supports Predictive Maintenance and
Operational Optimization
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