The Detection Latency Problem:




Contents

01.

02.

03.

04.

05.

06.

07.

08.

09.

10.

1.

Executive Summary

The Hidden Cost of Late Detection
Why Most Operators Detect Too Late
The Reliability Maturity Model

The Science of Failure Progression
Asset-Level Detection Gap Analysis

From Theory to Execution:
Best Practices for Closing the Maturity Gap

The Financial Model of Early Detection
Implementation Roadmap

Conclusion:
Detection Latency as a Competitive Advantage

References

multisensorai.com ﬂ) MultiSensor Al


https://www.multisensorai.com

Executive Summary 1

Failures in high-volume logistics operations don't start suddenly—they start as small, detectable
signals. The problem is that most operations don't see them in time. By the point of detection,
throughput has already been impacted and costs are already compounding.

This delay — detection latency — is the root cause of avoidable downtime. In distribution and
sortation environments, downtime can exceed $10,000-$50,000 per hour, with additional
downstream impacts from SLA penalties, recirculation labor, and recovery operations. Yet most
maintenance strategies are not designed to catch failures early. They rely on single-sensor
monitoring or calendar-based preventive maintenance, all approaches that miss the early,
multi-variable signals that indicate degradation.

Closing the detection latency gap is the defining reliability challenge in conveyorized logistics
environments. Doing so requires a shift in how failures are detected. Not more data, but better
correlation. The most effective operators align monitoring to asset criticality and use
continuous, multi-signal condition intelligence to identify failure patterns before they propagate.

Our point of view: detection latency cannot be solved with isolated signals. It requires a

unified view that correlates thermal, mechanical, and electrical indicators into a single
operational picture.

MultiSensor Al enables this shift. By combining thermal, visual, and environmental data into one
continuous detection layer—and integrating directly into maintenance workflows—it allows
teams to identify and act on early-stage failures before they impact throughput.

This paper outlines a practical path to closing the detection latency gap, including a Reliability
Maturity Model, asset-level benchmarks, and a six-step roadmap to predictable, uninterrupted
operations.
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The Hidden Cost of Late Detection 2

2.1 Operational reality in automation-heavy facilities

Modern high-volume logistics facilities are built around interdependence. Conveyorized
outbound systems, high-speed sortation lines, and dense VFD (Variable Frequency Drive)

and MCC (Motor Control Center) infrastructure form a synchronized flow where labor is
scheduled to match automation output and sort windows are fixed by carrier pickup
commitments. A single system disruption does not affect one conveyor; it propagates upstream
and downstream, idling synchronized workers and threatening the cutoff window that governs
the entire operation. The facilities that perform most consistently during peak are not those with
the newest equipment. They are those that see problems coming early enough to act before the
cascade begins.

2.2 Where failures actually begin

Failures in conveyorized logistics environments almost never start as stops. They start as
degradation signals: small, observable changes that compound over time. Consider a typical
bearing on a high-speed conveyor. As lubrication begins to degrade, friction increases slightly.
The temperature rise is minimal, and easy to miss in a periodic inspection. Vibration remains
within acceptable thresholds. The system continues to run. Over the next several days, heat
continues to build. That heat transfers to adjacent components, slightly affecting belt alignment
and increasing load on the motor. By the time the issue is detected—often triggered by a
downstream fault or a full stop—the original failure point has already propagated across multiple
components.

What could have been a targeted, low-impact intervention becomes a multi-point failure event
with operational consequences. These early-stage signals are not anomalies. They are the first
indicators of failure:

* Bearings accumulating heat as lubrication degrades

VFD enclosures warming as cooling fans lose efficiency or terminations loosen

Belts beginning to track off-center as idler conditions change

Induction system timing drift as motor thermal rise increases

* Control cabinet temperatures rising from loose connections or dirt accumulation

These signals can exist for hours, sometimes days, before escalating into an operational event.
The assets are still running. The alarms are still quiet. And in most facilities, there is no system
designed to see what is developing.

2.3 The cost of late detection

Detection latency determines how far the failure cascade progresses before intervention. The
figures below are drawn from industry benchmarks and cross-sector survey data.[1,2] A 2024
global analysis by Siemens Senseye — surveying 72 enterprises across more than 100 facilities —
confirms that the cross-sector industrial median remains near $125,000 per hour, and that
cumulative unplanned downtime now costs the world’s 500 largest companies an estimated
$1.4 trillion annually, equivalent to 11 percent of revenues.!
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Table 1: Estimated Downtime Cost by Operating Environment Sources: ABB Value of Reliability Survey, 2023"; Mid Columbia Material Handling industry
benchmark®; Siemens Senseye True Cost of Downtime, 2024 Warehouse/DC and sortation figures reflect logistics-specific ranges; industrial average
represents cross-sector median, confirmed by 2024 global analysis. Beyond the direct downtime hour, each failure event triggers a cascade: throughput loss,
labor idle time, package recirculation and rework, and SLA exposure running $15 to $50 per affected shipment when cutoff commitments are missed.

The cost of a failure is not fixed. It is determined by when you find it.
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Why Most Operators Detect Too Late 3

Most logistics operations are structurally reactive, not because their maintenance teams

lack capability, but because the tools in place were designed to confirm failures, not anticipate
them. Industry surveys find that over one-fifth of industrial operators still rely on run-to-fail
maintenance despite experiencing unplanned outages monthly.[" Four structural factors
create the detection gap.

31 The limits of OEM and PLC alarms

PLC and OEM alarm systems detect fault states. They confirm when a component has failed or
crossed a defined threshold, not when it is progressing toward failure. Alarm thresholds are set
at the point of functional failure, not at the point of early degradation. By the time an alarm fires,
the failure has already occurred. There is no lead time between the alert and the stop.

3.2 The inspection frequency problem

Manual inspection programs face a structural timing mismatch. Inspection routes typically
occur weekly or monthly, but many critical failure modes, including bearing degradation, VFD
thermal rise, and belt tracking drift, develop over hours or days. When inspection frequency does
not match the P-F interval of a failure mode, detection becomes largely dependent on chance.
The data inspection produces is accurate, but it is a snapshot, not a trend.

Operator Perspective

“Scheduled maintenance is a snapshot in time. It's only effective from the moment you walk away. Once
you've walked away, that inspection’s out of date — the condition could have changed and you don’t know.”

Luke Grice-Lowe
Reliability Engineer

3.3 Fragmented tooling and data silos

Most facilities operate a collection of diagnostic tools with no unified view of asset condition.
SCADA systems show operational states. CMMS platforms track work orders. OEM tools provide
subsystem-specific data. None was designed to surface degradation signals across the full
asset base, and together they create visibility gaps at every boundary. Equipment can approach
failure while appearing operationally normal in every dashboard.

3.4 Uniform maintenance strategies applied to non-uniform assets

One of the most consistent patterns across logistics operations is the application of identical
maintenance strategies to assets with fundamentally different risk profiles. Conveyor spines,
sorter drives, induction systems, and electrical distribution equipment carry different failure
modes, different P-F intervals, and vastly different operational consequences when they fail.
The result is simultaneous over-maintenance on low-impact assets and under-monitoring on
Tier 1 equipment where a missed signal can cascade into hours of downtime.

Most logistics operators are structurally reactive, even when their maintenance teams are

highly capable. The problem is not effort. It is system design.
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The Reliability Maturity Model 4

Reliability maturity progresses through four levels. The most useful lens is detection latency,
not technology sophistication. The defining question at each level is not 'what tools do

you use?' - itis 'when do you find out?' In practice, most organizations discover they are
operating one level below where they believe they sit.

LEVEL DETECTION METHOD WHEN DETECTION OCCURS OPERATIONAL OUTCOME

Well before
operational impact,
at the degradation stage

Criticality-aligned,

Maturity-driven continuous detection

Before operational
impact, with hours to
days of lead time

Reduced surprises,
planned intervention

Continuous monitoring

Condition-aware + human validation

At or after Some predictability,

Alarm-based PLC/OEM fault alerts fault state; still late reactive response

DETECTION LATENCY
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Unpredictable downtime,

Reactive Operator callout / line stop After operational impact high MTTR

Table 2: Reliability Maturity Levels: Detection Method, Timing, and Operational Outcome

Reliability maturity is not achieved by applying continuous monitoring to every asset. It is
achieved by matching the monitoring approach to the operational consequence of failure. The
four tiers below reflect meaningfully different risk profiles — and meaningfully different
strategies.

At the low-impact tier, redundant short segments and low-throughput spurs can fail without
cascading consequences. Run-to-failure is not a gap; it is the right answer. At the moderate-
impact tier, secondary transfers and buffer conveyors justify scheduled attention, but their
failure modes are predictable enough that calendar-based checks reliably intercept them —
periodic inspection does its job here.

High-impact assets like production conveyors and induction systems sit at the threshold where
periodic inspection starts to miss things. Condition-based trending on thermal and performance
signals gives these assets the lead time their blast radius demands. At Tier 1 — sorters, MCC
cabinets, conveyor spines, and single points of failure — detection latency becomes a
throughput problem. These assets have the shortest P-F intervals, the widest blast radius, and
the least tolerance for a missed signal.
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The table below maps each tier to its appropriate maintenance strategy and detection approach:

ASSET CRITICALITY EXAMPLES MAINTENANCE STRATEGY DETECTION APPROACH

Redundant short segments,

LOW IMPACT
= low-throughput spurs

Run-to-failure Operator observation

Secondary transfers,
buffer conveyors

MODERATE IMPACT 0

Calendar-based preventive Periodic inspection

@ Production conveyors,

HIGH IMPACT . .
= induction systems

Predictive monitoring Condition-based trending

Sorters, MCC cabinets,

TIER1 . Continuous condition . . .
" conveyor spines, . . Fixed continuous monitoring
(system critical) x . . intelligence
single points of failure

Table 3: Asset Criticality Matrix: Maintenance Strategy and Detection Approach by Tier

multisensorai.com ﬁ) MultiSensor Al 8


https://www.multisensorai.com

The Science of Failure Progression 5

The reliabilitygapdescribedin this paperisnot just an operational issue.lt isrooted in the physics
of how assets fail. Understanding that progression is what separates reactive maintenance from
predictable performance.

51 The P-F curve: the governing model of detectable degradation

The P-F curve is the foundational model behind condition-based maintenance. It describes the
lifecycle of a failure—from the moment it becomes detectable (Point P) to the moment it causes
functional failure (Point F).

* Point P (Potential Failure): The earliest detectable change in condition

* Point F (Functional Failure): The point at which the asset can no longer
perform its intended function

The time between these two points—the P-F interval—is the window where intervention is
possible without operational impact. It shows the interval between two critical events in an
asset’s failure trajectory: the potential failure point (P), at which a detectable change in the
asset’s condition first becomes observable, and the functional failure point (F), at which the
asset can no longer perform its required function.
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he P-F interval is not a fixed property of the asset. It is a function of the failure mode,

the operating environment, and the detection method applied.®¥ Every intervention that
occurs between P and F is planned. Every intervention that occurs after F is reactive. The U.S.
Department of Energy calculates that reactive maintenance costs 3 to 5 times more than
planned maintenance, consistent with ARMS

Reliability’'s industry benchmark of typically three times the cost of planned intervention,
and cross-sector ranges of 3 to 9 times cited in maintenance research.” These premiums

are driven by emergency labor rates, expedited parts procurement, extended downtime,

and cascade damage to connected components, all of which are avoidable when intervention
occurs before functional failure.

The U.S. Department of Energy calculates that reactive maintenance costs 3 to 5 times

more than planned maintenance.

5.2 Degradation physics across asset classes

Different failure modes follow different degradation trajectories. Understanding those
trajectories is what allows detection strategy to be matched to asset behavior rather than
applied uniformly.

Thermal Degradation

Thermal degradation is the most broadly applicable failure mechanism across the asset classes
relevant to conveyorized logistics. In rolling element bearings, friction-generated heat increases
as lubrication film breaks down, producing a measurable thermal signature before mechanical
failure.! Bearing failure accounts for approximately 41% of critical rotating machine failures
across industrial environments.

In VFD enclosures and MCC cabinets, resistance at loose or degraded terminations generates
localized heat that progresses toward insulation breakdown and arc fault. Thermal monitoring
of VFD systems can identify overheating of semiconductor components, capacitors, and bus
bar junctions before fault thresholds are triggered at the drive level.’! Nearly everything that
uses or transmits power gets hot before it fails, making thermal detection the primary
early-warning layer for electrical distribution assets.

Mechanical Degradation

Mechanical degradation in conveyor systems follows a different trajectory. Belt tracking drift
develops as idler wear, misalignment, or tension changes alter the force balance on the belt,
producing friction-induced heat at the contact point before escalating to belt edge damage.!
The P-F interval in bearing wear ranges widely depending on load, speed, and application.5"!

Electrical Degradation

Electrical degradation in control infrastructure follows the most insidious trajectory. Loose
terminations, overloaded conductors, and aging capacitors develop resistance faults that
generate heat with no visible symptom and no PLC-level alarm until the fault reaches a
threshold that triggers a trip or an arc.['" This failure mode is entirely silent during the P-F
interval: invisible to operator observation, undetectable by periodic inspection, and absent from
any alarm system until functional failure occurs. NFPA data confirms that electrical distribution
and lighting equipment accounts for 19% of U.S. warehouse structure fires — representing
approximately 286 of an estimated 1,508 fires annually — and is a leading contributor to
warehouse property damage.!
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5.3 Why inspection frequency cannot close the gap

The P-F interval model makes the structural limitation of periodic inspection mathematically
explicit. For a condition-based maintenance task to be effective, the inspection interval must be
shorter than the P-F interval, and sufficiently shorter to leave time to act on the detected signal
before functional failure. “To be effective, a condition-based inspection must be performed at
a frequency that is less than the P-F interval and sufficiently shorter than the P-F interval to
give time to avoid the consequences of the functional failure."

For Tier 1 assets in conveyorized environments, the dominant failure modes (thermal rise in VFD
enclosures, bearing heat accumulation, belt tracking drift) progress on timescales that
inspection programs measured in weeks cannot reliably intercept. This is not a management or
resourcing failure. It is a structural incompatibility between the failure mode’s progression rate
and the detection method’s sampling frequency. Closing it requires moving from sampled
observation to continuous measurement.

This is not an argument against inspection programs. For asset classes with longer P-F
intervals, moderate operational consequence, or high redundancy, periodic inspection remains
an appropriate and cost-effective strategy. The argument is specifically about matching
detection frequency to P-F interval on the assets where that mismatch produces the largest
operational and financial consequence.

5.4 Lead time economics: where detection point determines cost outcome

The economic structure of failure in conveyorized logistics environments is determined almost
entirely by where on the P-F curve detection occurs. Consider the same physical failure: a
conveyor drive bearing progressing toward seizure, detected at three different points.

The maintenance team schedules a bearing replacement during a planned downtime window
* Parts are sourced in advance

* Laboris allocated from the normal maintenance schedule

* The belt and drive assembly remain undamaged

* Downtime is controlled and brief

* Total cost reflects parts and planned labor only

Detected between P and F (late in the interval):

* Emergency response is required, but the failure has not yet propagated.
* Parts may need to be expedited.

* Labor is reallocated from other tasks.

* Secondary damage to the belt or gearbox may have begun.

* Downtime is unplanned but contained.

* Costis elevated relative to the planned scenario, but full cascade is avoided.
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Detected at or after F:

* The asset has stopped.

* The cascade has begun.

* Upstream lines are backing up.

* Labor stranded across connected flow.

* Emergency repair requires expedited parts and overtime labor.
* Secondary damage to connected components is likely.

* The cutoff window may already be at risk.

* The full cost of reactive failure is realized.

DETECTED LATE IN P-F DETECTED AT/AFTERF

DETECTED AT P

ACTION TYPE Scheduled Repair

Urgent Repair Emergency Repair

PARTS SOURCING @ Advanced Expedited Emergency Overnight

LABOR Planned Reallocated Overtime

SECONDARY DAMAGE @ Possible Likely

COST OUTCOME Parts + Labor Only

Elevated Full Cascade

(#)2))

D

Table 4: P-F Interval and Detection Method by Asset Class

These three outcomes arise from the same physical event. The only variable is the detection
point. The U.S. Department of Energy’s 3 to 5 times reactive cost multiplier® applies precisely
to this gap between the first and third scenarios. What changes with early detection is not the
failure itself, but which column the costs land in.

N
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5.5 Asset-class P-F intervals and detection implications

The table below maps the five primary asset classes in conveyorized logistics environments

to their dominant degradation modes, indicative P-F intervals, appropriate detection methods,
and the operational consequence of late detection. Degradation modes and detection method
assignments are grounded in bearing failure research,['" electrical thermography literature, 0"
and conveyor systems predictive maintenance practice.l'"® Indicative P-F interval ranges
reflect observed detection lead times across client deployments.”* Individual intervals vary

with load profile, operating speed, ambient environment, and maintenance baseline; operators
should validate against their own CMMS failure history.

Appropriate detection Consequence
method of late detection

Primary degradation

Asset class Typical P-F interval

modes

Thermal rise, vibration Continuous thermal and Very high: blast radius

Al R | SR e IS increase, slat/chain wear RIS LD vibration monitoring covers entire sort flow

High: single cabinet trip
can drop multiple

Loose terminations,

MCC & VFD cabinets capacitordegradation Days to weeks e U R T

. . monitoring

cooling fan decline conveyor zones

Bearing wear, belt Continuous thermal; Moderate to high,
gor:nyngTLi::fs tracking drift, idler Hours to days vibration on critical depending on redundancy

9 degradation drives and position in flow
Induction & Motor thermal rise, Thro_ughput e ngh‘: throughput
. . . . Days to weeks monitoring; thermal on erosion begins before
singulation systems timing drift, belt wear . .
motors visible failure

Thermal escalation from . . High: intermittent faults
- Fixed thermographic " -
loose connections, Days to weeks s and compliance risk; fire
monitoring
overloaded breakers exposure

Control cabinets
& electrical panels

Table 5: Degradation modes and detection methods: bearing researchl?l; electrical thermography™l; conveyor PdM practicel"..
Indicative P-F intervals: proprietary deployment data®. Intervals vary with operating conditions; validate against site CMMS history.
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Asset-Level Detection Gap Analysis

6

Detection latency is not uniform across asset classes. Some assets fail quickly and visibly.
Others degrade over hours or days, producing subtle thermal, mechanical, or electrical signals
that periodic inspection almost always misses. The table below maps each major asset class to
its failure modes, operational symptoms, current detection practice, and maturity gap

opportunity.

Asset class

High-speed
sorter drives

MCC & VFD
cabinets

Conveyor trunks
& merge clusters

Induction &
singulation
systems

Control cabinets
& electrical panels

Common failure
modes

Drive overheating,
jam conditions,
sensor misalignment,
slat/chain wear

Loose terminations,
capacitor aging,
cooling fan failure,
overcurrent faults

Bearing wear, belt
tracking drift, idler
degradation, jam-
induced friction

Timing drift, motor
thermal rise, double-
feed errors, belt wear

Thermal escalation
from loose
connections,
overloaded breakers,
dirt accumulation

Operational symptoms

Throughput degradation,
recirculation increase,
nuisance safety trips

Nuisance trips across
downstream conveyors,
intermittent motor faults

Belt misalignment
causing friction heat,
package recirculation,
emergency stops

Throughput erosion,
scan- miss rate increase,
downstream congestion
before visible failure

Intermittent unexplained
stops, breaker trips with
no clear fault code,
compliance risk

Typical detection today

Operator observation after
stoppage; OEM alarms at fault
state

VFD trip alarm after fault
state; periodic thermography
(monthly or less)

Weekly or monthly inspection
routes; failure signals missed
between intervals

Throughput metrics flag
degradation late; physical
inspection inconsistent

Intermittent fault alarms after
event; annual or periodic IR
scanning only

Maturity gap opportunity

Continuous thermal and vibration
monitoring detects drive degradation
and jam-precursor heat before
operational impact

Fixed thermal monitoring detects
hot spots 24-48 hours before breaker
trip or cabinet shutdown

Continuous monitoring catches bearing
heat rise and belt friction 18-36 hours
before seizure; enables repair in
scheduled downtime

Performance signal monitoring detects
thermal drift before throughput impact;
enables proactive motor replacement
during planned windows

Fixed thermal monitoring detects hot spots
24 hours before breaker trip; prevents
electrical fire risk and compliance exposure

Table 6: Asset-Level Failure Modes, Detection Practice, and Maturity Gap Opportunity

What makes these five asset classes the right starting point is not just failure frequency:; it is
blast radius. A sorter stoppage backs up every upstream feed line, idles synchronized labor, and
threatens the cutoff window for the entire sort. A VFD cabinet trip can take down a row of
conveyor drives simultaneously. An induction system failure starves the sorter it feeds. Asset
prioritization and detection latency reduction are the same problem. The maturity gap is widest

on the assets that can least afford a late signal.

Operator Perspective

“Just because you can detect it doesn’'t necessarily mean you won't still have the event.
The idea is that you have enough time to plan your maintenance correctly.”

Bryan Suharik
Reliability Engineer
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From Theory to Execution: 7
Best Practices for Closing the Maturity Gap

Closing the detection latency gap is not a single initiative—it is a shift in how reliability is prioritized, measured,
and operationalized. The most effective deployments follow a consistent set of principles:

1. Focus where failure matters most
Start with Tier 1 assets where failure has the highest operational impact and shortest intervention window.

2. Align monitoring to asset criticality
Not all assets require continuous monitoring. Match detection strategy to consequence of failure.

Monitoring Strategy

Low blast radius; downtime absorbed
by adjacent routes

Low-impact conveyors

(redundant, non- critical segments) Reactive/run-to-failure

Secondary transfer systems, Moderate impact; failure modes predictable

Calendar-based preventive maintenance

buffer zones with scheduled checks
Induction and Predictive monitoring: throughput Throughput erosion begins before visible failure;
singulation systems and thermal trending performance signals available

High blast radius; P-F interval too short for
periodic inspection to catch reliably

High-speed sorter drives,

: Continuous monitoring: thermal and vibration
conveyor spines

Electrical faults develop silently; fire and
cascading trip risk requires continuous coverage

MCC cabinets, VFD enclosures,

Continuous fixed thermographic monitoring
control panels

Table 7: Monitoring Strategy by Asset Type and Rationale

3. Capture multi-signal condition data

Early failure detection depends on correlating thermal, mechanical, and electrical signals—not relying on a single
input. MSAI Connect correlates multiple signal types, provides continuous visibility, surfaces corroborated
anomalies, and maintains alert credibility.

4. Establish baselines before scaling
Initial deployments should prioritize signal validation, threshold tuning, and operator confidence.

5. Define alert ownership and workflows early
Monitoring without clear response processes leads to alert fatigue and inconsistent outcomes.

6. Integrate into existing maintenance systems
Alerts should feed directly into investigation and work order processes, not operate as a parallel system.

7. Prove value, then expand

Start with a focused pilot, measure impact, and scale based on demonstrated results. For a step-by-step
deployment framework, download the Uptime Preservation Playbook: A Practical Guide to Continuous
Monitoring in High-Throughput Operations.

Operator Perspective

“The biggest shift for us wasn’t adding more data — it was seeing issues earlier. Once you can see
degradation before it becomes a fault, you stop reacting and start planning.”

Joe Marquis
Senior Engineering Manager, Manchester Airport
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The Financial Model of Early Detection 8

Early detection creates value across four dimensions: avoided downtime, labor efficiency,
escalation avoidance, and safety risk reduction. The following framework is grounded in
deployment results, not hypothetical projections.

8.1 Avoided downtime

Early detection creates value across four dimensions: avoided downtime, labor efficiency,
escalation avoidance, and safety risk reduction. The following framework is grounded in
deployment results, not hypothetical projections.Deployment data across conveyorized
facilities shows that continuous condition monitoring prevents 10-30% of failure-related
downtime, reflecting the share of developing failures that generate early enough signals
for intervention.™

* In one multinational retailer fulfillment center, continuous thermal monitoring detected a
conveyor belt hotspot caused by packages jammed in the guard. Without monitoring, the
event would have required a four-hour belt replacement (avoided cost: $30,500 in parts and
downtime labor).! A second event at the same site, belt misalignment caught before failure,
avoided $24,500.4

* In one Fortune 50 distribution center, a three-asset Tier 1 deployment paid for itself
within approximately one month, driven by three avoided failure events in the first
weeks of operation.

* Across a large-scale e-commerce network deploying fixed thermal monitoring on

high-speed gapper beds, multi-site results included a 30% reduction in downtime
and 40% reduction in maintenance costs.

For most Tier 1 asset deployments, payback occurs within one to three months.

This is not a long-duration ROI story. It is a first-event story.

8.2 Labor efficiency

Typical operations run 1,600 or more inspection routes per month, rising to 3,200+ during peak
periods.”* Continuous monitoring eliminates the data-collection step on monitored assets,
shifting technician time to investigation and corrective work. This reallocation typically
produces a 10-25% reduction in inspection labor workload, with up to 100% elimination of
manual inspection routes on specific monitored asset groups.®

8.3 Escalation avoidance

When degradation goes undetected, minor issues become major events. Deployment data
consistently shows that reactive failure response costs 1.5-3x more than early intervention,
driven by emergency labor rates, unplanned parts, extended downtime, and downstream
disruption.! Calendar-based inspection programs often compound this by directing
technician time toward low-risk assets while leaving Tier 1 equipment under-monitored.
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8.4 Safety and risk reduction

Electrical distribution equipment is involved in approximately 19% of U.S. warehouse structure
fires, according to NFPA data covering 2018-2022 — an estimated 1,508 fires annually — and
represents a leading contributor to warehouse property damage.®! Conveyors are a documented
ignition source. Insurer guidance from AIG, Zurich, and Aviva explicitly recommends infrared
thermography and conveyor-specific fire detection as standard loss-prevention controls.

Early detection of thermal anomalies is not only a maintenance optimization:; it is a recognized
fire-prevention control. One operation deployed thermal monitoring following a significant
facility fire and subsequently achieved a 62% reduction in asset failures and over $550,000

in avoided downtime in the first year.®

8.5 Directional ROl framework

The deployment outcomes cited in this section are real, but they belong to other operations.
What executives need is a structure for translating their own facility data into a comparable
picture — one grounded in their actual downtime history, labor costs, and failure rates, not
someone else’'s.

The framework below is built on three value drivers that continuous monitoring consistently
produces across conveyorized logistics environments. Each driver has a conservative
assumption attached to it, drawn from the lower bound of observed deployment results.
The intent is not to project a best-case outcome; it is to show what the economics look like
when the inputs are deliberately understated.
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How the numbers are calculated:

Downtime avoidance starts with a availability baseline of 99% — meaning approximately seven hours of unplanned
downtime per month. A 20% reduction attributable to earlier detection (the low end of the observed 10-30% range
from deployment data) is applied against the logistics-sector benchmark of $10,000 per hour. That yields $168,000
in avoided downtime annually.

Labor reallocation assumes 400 inspection hours per month eliminated on monitored asset routes — a
conservative figure for a mid-size operation running continuous monitoring on Tier 1 assets. At a $50 per hour
burdened labor rate, that produces $240,000 in redirected technician capacity annually.

Escalation avoidance assumes two reactive failure events per month are converted to planned interventions. Using
a 2x reactive cost premium — again the low end of the observed 1.5-3x range — applied to a $5,000 base repair
cost, that produces $120,000 in avoided escalation cost annually.

Combined, these three drivers produce a directional annual value of $528,000 for a single facility under
conservative inputs. Each assumption can be replaced with facility-specific data from CMMS work order history,
downtime records, and burdened labor costs to produce a site-accurate figure. Operations with higher downtime
costs, larger inspection workforces, or more frequent reactive events will see proportionally larger returns.

$600,000

$120,000 $528,000

$500,000

$240,000

$400,000

$300,000

$200,000

DIRECTIONAL ANNUAL VALUE

$168,000

$100,000

S0

Downtime Avoidance Labor Reallocation Escalation Avoidance Combined Directional Value

VALUE DRIVER

Table 8: Directional Annual Value by Value Driver: Conservative Single-Facility Assumptions

Each assumption can be replaced with facility-specific data from CMMS work order history, downtime records, and
burdened labor costs to produce a site-accurate figure. Operations with higher downtime costs, larger inspection
workforces, or more frequent reactive events will see proportionally larger returns. At scale, these economics
compound. A ten-site deployment produces approximately $5.3 million in annual avoided cost; a twenty-site
deployment reaches $10.6 million. Alert governance models and threshold parameters developed at early sites
transfer directly to new locations, reducing deployment time and accelerating payback at each subsequent site.”!

This is not a maintenance budget line. It is a network reliability investment with

first-month payback, compounding annual returns, and a risk-reduction profile
that improves the longer it runs.
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Implementation Roadmap 9

Closing the detection latency gap does not require a full reliability transformation. It requires
a structured shift in how and where degradation is detected. Across high-throughput
environments, successful deployments follow a consistent pattern: start with visibility,
focus on critical assets, and expand based on operational impact.

The goal is not to monitor everything. It is to detect what matters early enough to act.

Step 1: Establish your current detection maturity baseline

Before deploying anything, understand where failures are currently being

found — at degradation, at fault state, or after operational impact. Use the self-assessment
in Section 9 to map your current position honestly across asset classes. Most operations find
they are one level below where they believe they sit, and the gap is widest on the assets that

carry the most throughput risk.

Assessment question Monitoring strategy

How are equipment failures typically discovered?

What percentage of downtime would you consider avoidable
with earlier detection?

How frequently are conveyors and sorters inspected, and does
that frequency match the P-F interval of known failure modes?

Are VFD cabinets, MCC panels, and control enclosures monitored
continuously or only inspected periodically?

Is your detection approach asset-specific (varying by criticality)
or applied uniformly across all equipment?

Is there cross-site consistency in how reliability is measured
and how alerts are governed?

Monitoring alerts with lead time, not operator callout after line stop

Less than 15% reactive; most downtime events anticipated
before impact

Inspection cycles are asset-specific, not calendar-uniform;
Tier 1 assets monitored continuously

Continuous fixed monitoring on all Tier 1 electrical assets;
no thermal blind spots

Criticality-differentiated strategy: run-to-failure on low-impact,
continuous on Tier 1

Common maturity model, shared alert governance framework,
and cross-site benchmarking in place

Table 9: Reliability Maturity Self-Assessment: Diagnostic Questions and Strong-Answer Benchmarks

If most answers do not match the strong-answer description, the organization is likely
operating at the reactive or alarm-based level. Consistent alignment across all six questions
indicates maturity-driven operations, or identifies the specific gaps that remain. Use those gaps
to inform the criticality assessment in Step 2.

Step 2: Conduct an asset criticality assessment

Identify your system bottlenecks: non-redundant assets where a single failure propagates
across the sortation or conveyor flow. Map each asset to its blast radius in terms of throughput
impact, labor disruption, and SLA exposure. Criticality reflects operational consequence, not
replacement cost or asset age — a $15,000 conveyor drive positioned at a single point of failure
in your sort flow is a Tier 1 asset regardless of its book value.
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Step 3: Align maintenance strategy to asset tier

Assign the appropriate detection strategy to each tier based on the criticality

assessment. Reactive for low-impact assets with redundancy. Calendar-based preventive

for moderate-impact equipment with predictable failure modes. Predictive monitoring for
high-impact production assets. Continuous condition intelligence for Tier 1 system bottlenecks.
This step commonly surfaces simultaneous over-maintenance on low-criticality assets and
under-monitoring on the equipment that can least afford a missed signal.

Step 4: Deploy continuous monitoring on Tier 1 assets and establish baselines

Begin deployment on your highest-criticality assets: high-speed sorters, conveyor spines,
MCC cabinets, induction systems, and control panels with no redundancy. Allow approximately
two weeks for the system to establish accurate behavioral baselines and refine alert sensitivity
for normal operational variation at that specific site. Resist the pressure to act on every alert
during this period — baseline establishment is what separates signal from noise at scale.

Step 5: Define alert governance and integrate with existing maintenance workflows

Monitoring without a defined response process produces alert fatigue, not reliability
improvement. Before going live at scale, establish who receives alerts for each asset class,
what investigation process follows, at what severity level an alert escalates to a work order,
and how resolved alerts are closed and recorded. Integrate monitoring signals directly into
your existing CMMS so anomalies flow into standard work order processes rather than
operating as a parallel system.

Step 6: Measure pilot outcomes and scale by criticality

Document avoided failures, track reduction in reactive work orders, and measure labor
hours reallocated from inspection routes to targeted intervention. These outcomes are

the organizational case for expansion. Apply the governance model, threshold standards,
and workflow integrations developed during the pilot to new sites and the next tier of assets,
prioritizing in order of criticality. As monitoring coverage expands, the data becomes an
increasingly valuable input into maintenance planning, capital forecasting,

and network-level reliability strategy.

These steps reflect the transition from reactive maintenance to condition-aware operations.
The full deployment model — including asset prioritization frameworks, ROl modeling, and
rollout sequencing — is covered in detail in the Uptime Preservation Playbook.

Access the full implementation framework

Ok 0

Download the Uptime
Preservation Playbook —
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Conclusion: 10
Detection Latency as a Competitive Advantage

Logistics operators do not invest in monitoring for its own sake.

They invest in predictable throughput, protected cutoff windows, and fewer surprises during
peak. Detection latency is the gap between those outcomes and current operational reality.
Closing it requires aligning maintenance strategy to asset criticality, establishing governance
that ensures alerts are acted upon, and building the organizational discipline to intervene
before failures become disruptions.

The operators who do this well will not just experience fewer failures. They will operate
with a structural advantage: the ability to see what others cannot, act before others must,
and deliver service levels that reactive operations cannot sustain.

Detection latency is emerging as a defining operational differentiator. The maturity gap
is real, the cost of remaining in it is measurable, and the path forward is clear.

Learn more at
MultiSensor Al %

Request a Demo %
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MultiSensor Al helps asset-intensive enterprises move from reactive maintenance to predictive
reliability — detecting early signs of failure, reducing unplanned downtime, and improving safety
across critical operations. By combining multi-sensor condition monitoring with intelligent
software and expert engineering support, we deliver actionable insight that keep assets
performing longer, safer, and stronger. As industries face increasing pressure to maximize
uptime and reduce risk, organizations are turning to scalable, data-driven solutions to stay
ahead. To learn more about how MultiSensor Al can transform your operations, visit our website.
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