CONTINUOUS
ACOUSTIC MONITORING

PROTECTING YOUR
CRITICAL INFRASTRUCTURE
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CONTINUOUS MONITORING OF
CRITICAL ASSETS

RELIABLE - PRECISE - AUTOMATED

Acoustic emissions from electrical and mechanical components can provide early warning of
developing faults in critical assets, including generators, transformers, pressurized ducts,
switchgear, and high voltage cables. If left undetected, such faults can lead to asset failures,
costly corrective action, and safety risks.

As faults develop, many components emit characteristic sounds in the audible and ultrasonic
range. These emissions can be detected remotely using ultrasonic microphones. Acoustic analysis
enables a precise assessment of defect type, severity, and progression—providing the basis for
reliable, continuous condition monitoring of critical assets.

1 Accurate On-Site Acoustic Monitoring - Scalable Across Your Entire Facility
A compact multi-channel ultrasonic sensor captures the acoustic signals of partial discharges in the immediate
vicinity of high-voltage components — reliably, contact-free, and immune to interference. The system is scalable
to several thousand sensors, enabling comprehensive monitoring even in complex infrastructures.

2 Flexible Recording on Demand
Recording duration and intervals can be freely configured and tailored to your specific system setup — ensuring
maximum relevance with minimal data volume.

3 Smart Use of Data
The recorded audio data is securely stored either in the cloud or locally (on-premise) — fully aligned with your
IT requirements.

4 Automated Analysis and Maximum Availability

A web dashboard enables automated analysis and visualization of all measurement data. The system supports up
to 8 microphone channels, automatic hardware power cycling, and uses robust industrial components — ensuring
maximum reliability.
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SYSTEM OVERVIEW
HARDWARE

A typical application is the monitoring of electrical partial discharges at cable terminations in a
medium-voltage switchgear.

The sensor is mounted inside the switchgear near the critical components. Data transmission and power supply to
the sensor is done via Power over Ethernet (PoE). The acoustic data is preprocessed by the control unit and
transmitted at regular intervals to cloud or on-premise storage. A web dashboard enables visualization and analysis
of the data regarding partial discharge activity and other anomalies in the audible and ultrasound frequency range.
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SOFTWARE

From fleet-wide monitoring to informed maintenance decisions

The web dashboard transforms recorded ultrasonic data into a structured maintenance workflow. Users select the
relevant time period, site, and location to review location health, and measurement data across the monitored fleet.

PD activity trends make emerging or persistent partial-
discharge activity visible over time. Configurable frequency-
band analysis helps focus on PD-relevant acoustic activity, while
individual records can be opened for detailed investigation in the
spectrogram, playback of filtered audio, and analysis of PD activity
accumulations in PRPD diagrams.

Automated notifications highlight locations exceeding
configured health thresholds. Downloadable location reports
summarize the health assessment with clear warning codes and
progressively reveal the supporting evidence, including trend
behaviour, z-scores, detection rate, PD activity, and cluster

persistence.



FROM CONTINUOUS MONITORING TO
ACTIONABLE ASSESSMENT

With its web-based dashboard, our monitoring platform brings all recorded measurements together in one intuitive
workflow - from fleet-wide monitoring to detailed partial-discharge analysis.

Users can review location health diagnostics, evaluate trends of PD activity in configurable frequency bands, and drill
down to the original recording, spectrogram, filtered audio, and phase-resolved PD diagrams.

The dashboard guides users through four clear steps, from selecting relevant data to making informed maintenance
decisions by combining historical and reference comparisons, automated alerts, and health reports:

o Select - Set the date range and filter on a group of locations.

9 Prioritise - Check location health indicators (green = ok, orange = warning, red = critical).

€) Investigate - Compare statistical pd activity trends based on historical and reference data.

OAssess and act — Drill down into phase-resolved PD diagrams, listen to filtered audio and use generated health

assessment reports to support maintenance decisions.

PRPD MONITORING DASHB

Analysis 0




PD CLUSTER ANALYSIS AND
TREND MONITORING

Rather than assessing each recording in isolation, the platform statistically evaluates the phase-
resolved PD pattern of every measurement. PD activity level, cluster structure, and trend behaviour
are combined in one view to highlight persistent, emerging, or changing partial discharge activity.
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o SELECT LOCATIONS AND FREQUENCY BANDS
Compare one or more locations and relevant frequency bands in the same trend view.

e DEFINE CONFIDENCE AND REFERENCE DATA
Filter detections by confidence and compare field data with laboratory records (blue dashed line) or known

failure-mode patterns.

e PD ACTIVITY AND PHASE-RESOLVED CLUSTERS
Each point in the chart shown represents one recording whose underlying PRPD diagram has been automatically
evaluated for PD activity level and phase-related event accumulations (clusters).

The point’s vertical position shows its PD activity level, while its symbol indicates the detected nhumber of clusters.
No stable accumulation indicates no pronounced phase-resolved PD pattern; one cluster can be consistent with
corona behaviour, while two clusters can be consistent with surface-discharge behaviour.

This aggregated view makes changing or persistent patterns visible across many recordings. The underlying
PRPD diagram and the individual event distribution are examined in the following section.

() z-SCORE TREND
The z-score expresses how far recent PD activity deviates from the historical baseline, measured in standard

deviations. Rising values indicate statistically unusual behavior; configurable thresholds can flag a warning or a
critical condition triggering alerts via email or SMS.

ROBUST DETECTION LEVEL
The threshold (red dashed line) marks the minimum PD activity at which a record meets the criterion for

dependable interpretation.



PHASE-RESOLVED PD DIAGRAMS AND
DETAILED SIGNAL ANALYSIS

When the partial discharge cluster analysis highlights a location or measurement period, sound
pressure level time series, spectrograms and derived phase-resolved PD diagrams provide the acoustic

evidence behind the indication.

Each recording is evaluated as time-averaged sound pressure level within configurable frequency
bands, allowing users to track the frequency ranges most relevant to partial discharge, listen to
filtered audio playback and analyse the phase-resolved histograms of partial discharge activity.

o CONFIGURABLE BAND SPL METRICS
Evaluate weighted or unweighted sound pressure level in single, custom, or overlapping frequency bands. Detail

views provide statistics including mean, median, minimum, and maximum.

9 TREND-BASED RECORD SELECTION
The Band SPL chart shows how activity develops over time in each selected frequency band. Select any data

point to open the corresponding recording for detailed analysis.

SPECTROGRAM ANALYSIS
The spectrogram displays acoustic energy across time and frequency. Users can select the relevant time interval

and frequency range, with configurable time and frequency resolution.

FILTERED AUDIO REVIEW
Listen to the selected time and frequency range directly in the dashboard. Filtered audio tracks can also be

downloaded for further review or documentation.

© PHASE-RESOLVED PD ANALYSIS
The PRPD diagram displays detected events against electrical phase angle for the selected recording. Set the

electrical frequency to 50 Hz, 60 Hz, or an application-specific value, and show or hide the L1, L2, and L3 phase
plots as required.



AUTOMATED HEALTH ASSESSMENT,
ALERTS, AND REPORTING

The platform consolidates monitoring results into an automated, location-specific health assessment.
Alerts draw attention to missing data or changing PD behaviour, while reports provide a clear
summary and the supporting technical evidence for maintenance decisions.

(D) LOCATION-SPECIFIC REPORTS 2selecred
Select one or more locations in the dashboard and download the corresponding
assessment report. Each report brings the relevant measurements, trend
indicators, and health results together in one document.

PD Health Report (2) CLEAR HEALTH SUMMARY
Fepen e SRRz e The first page provides an easily digestible assessment of the
Assessment conclusion location's current condition. Human-readable warning codes and

status information help users understand the result without
needing to interpret every chart first.

Attention is required af this location ‘

The assessed trend is deteriorating evidence strength is moderate.

This assessment is based on 5 contributing reasons:
= Median level critically elevated: Typical PD levels are much higher than the location's usual baseline.

critically elevated: The strongest FD activity is much higher than the location's usual baseline.

1 rising: Typical PD levels are increasing over the recent sssessment period

+ High activity rising: The strongest PD aclivity s increasing over the recent assessment period and is
already elevated

« Persistent dominant cluster confirmed: Detacted clusters occurred in at least 30% of racordings ané, aftar
saverity weighting, one cluster aceounted for more than 50% of the evidence or two clusters far more than

80%. At least one qualifying cluster order was present in both Recent and Current
(3 PROGRESSIVE TECHNICAL DETAIL ED:pctivity heatmaps
. . . Daily median PD activity
The report progressively reveals the evidence behind the : g "
assessment, including z-score data, detection rate, PD activity S
level, cluster persistence, and trend development. This creates a T |
traceable basis for review and documentation. . s &
o o o W& oV o5 o
g™ 4 i i §° o @ g ® i a® @ © %
x\" i \ﬁ\"ﬁn W \_\\,\.1 Qx-“"ql gg-”q‘ ’\_wﬁn

(#) LOCATION-HEALTH ALERTS
Location-health alerts notify via email or SMS users when trend
behaviour exceeds configured thresholds, for example a z-score
above 2 for a warning or above 3 for a critical condition. This
supports timely investigation before a developing issue becomes a
failure.




TECHNICAL DATA

SENSOR S6

MECHANICAL PROPERTIES

Length | Width | Height
Weight
Mount

ELECTRICAL PROPERTIES

14,5x4 x5cm
200 g
magnetic or %“-20 UNC

Power supply
Power consumption
Connector

MIKROFON

5 VDC or via PoE
1,2W
Ethernet, RJ45

Number of microphones
Sample rate

Resolution

Usable frequency range
Tolerance of sensitivity
Max. sound pressure level

ENVIRONMENTAL CONDITIONS

8
93,7 kHz
24 bit
20 Hz — 46,8 kHz
+/-1dB
132 dB

Operating temperature range
Relative humidity

SENSOR LINK SL-PoE

MECHANICAL PROPERTIES

-25 °C to 60 °C
20% to 95%, non-condensing

Length | Width | Height
Weight

Mount

IP protection class

ELECTRICAL PROPERTIES

40 x 40 x 21 cm
8,5 kg
4 x mounting bracket for M8 screws or magnets
IP66

Power supply
Power consumption
Connectors

DATA ACQUISITION AND TRANSFER

230 V AC / 50 Hz, max 6A with master circuit breaker

up to 40 W (all sensors connected)
13 x RJ45, 1 x cable gland M20

Max. number of sensors

Control unit

ENVIRONMENTAL CONDITIONS

12
Kunbus Core SE with Linux OS

Operating temperature range
Relative humidity

-25 °C bis 55 °C
20% to 95%, non-condensing
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TECHNICAL DATA

SOFTWARE

FEATURES

Recording time and interval Freely configurable recording date/time, duration, and repeat interval (minutes, hours, or days)

Acoustic and PD analysis A-weighted or unweighted total and band-limited sound pressure levels; single, custom, and
overlapping frequency bands; mean, median, minimum, maximum, and standard deviation
Spectrogram with configurable time and frequency resolution; selectable time and frequency ranges;
filtered audio playback and download
Phase-resolved PD diagram with custom angular resolution and freely configurable electrical
fundamental frequency (50 Hz, 60 Hz, or application-specific); display/hide L1/L2/L3 phase plots;
Phase slider for aligning PD activity histograms with phase plots;

Cluster, trend, and reference Automated phase-resolved PD evaluation per record: PD activity level and cluster count, expandable
EUEWAS to arbitrary cluster counts (typically up to 6)
Multi-location and frequency-band comparison; confidence filtering; display of laboratory-test and
known-failure reference records and robust detection levels
Trend analysis and configurable z-score comparison of recent and historical data; configurable
windows for recent and historical data; configurable warning and critical thresholds

Dashboard, alerts, and reporting Web dashboard with date range, site/group/location filtering, location metadata, sensor health, and
location health
Direct drill-down from band-limited sound pressure levels and cluster trends to the underlying
spectrogram and phase-resolved PD diagram
Email/SMS notifications for location-health alerts
Downloadable location reports with health status, warning codes, z-scores, detection rate, PD
activity, cluster persistence, and trend evidence

IT INTEGRATION

Datatransfer HTTPS
Domains: .storage.googleapis.com, .googleapis.com, oauth2.googleapis.com, www.googleapis.com,

www.gstatic.com

Cloud infrastructure Cloud platform: Google | Service/API: Cloud Storage | Zone: Europe West 3a (Frankfurt, Germany)
Authentication: Google Cloud Service Account

Remote maintenance SSH
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