For years, vending operators have treated downtime like weather. Sometimes it happens, you learn to respond
quickly, and you plan for the next storm. But the “storm” is often preventable. A bad product sensor, a feeder that
drifts out of calibration, a communication dropout from a remote site, or inventory counts that never quite match

reality. Each issue is small on its own, yet together they turn into lost sales and frustrating service calls.

Al and loT change the math. Not because they magically remove maintenance, but because they shorten the time
between a problem starting and someone noticing. Real-time monitoring gives you visibility into what the
machine thinks is happening, what the environment is doing, and what customers are likely experiencing. When
you add lightweight Al on top, you can turn raw telemetry into alerts you can trust, prioritize the right fixes, and

reduce repeat visits.

This is what "made simple” should mean in practice: fewer guesses, fewer surprise outages, and more decisions

grounded in data.

What “real-time monitoring” actually means for vending

Real-time monitoring is not one dashboard and a prayer. In vending machines, “"real-time” is usually the loop

between detection and action, with sensors providing signals and software converting those signals into events.
From experience, the most useful monitoring signals are the ones that map directly to operational outcomes:

® Whether the machine can vend reliably right now

® Whether it is losing products due to friction, jams, or dispensing errors
® Whether temperatures are drifting beyond acceptable ranges

® Whether inventory tracking is becoming unreliable

® Whether the machine is communicating consistently to your platform

If you monitor all of those in near real time, you can shift from “service when someone complains” to “service
when the machine shows stress.” That sounds like a small cultural change, but it reduces wasted trips and gives

technicians a heads-up before they arrive.

The loT part matters because vending is distributed. Machines sit in lobbies, break rooms, retail corridors, and
warehouses. You cannot physically check each unit every day, and even if you could, you would still miss
intermittent failures that only happen during rush periods. Connectivity, device health telemetry, and event logs

bridge that gap.

The Al part matters because telemetry alone is noisy. A dozen signals might be available from one cabinet, but
only a few patterns reliably predict vend failures or inventory drift. Al helps you separate “normal variation” from

“real trouble,” and it helps you prioritize across hundreds or thousands of vending machines.

The practical stack: sensors, device firmware, and a monitoring
platform

Most vending deployments follow a similar structure, even when vendors describe it differently.

At the edge, machine firmware gathers data. This can include product temperature, door or lock status, power
supply readings, motor or actuator state, and counts from the dispenser mechanism. Some machines already have

internal sensors and logging. Others need retrofitting with an external loT gateway and additional sensors.



The loT gateway has two jobs: collecting signals from the machine and sending them outward reliably.
Connectivity might be cellular, Wi-Fi, or both. In my experience, cellular is common for distributed sites, but

operators often keep Wi-Fi for places where it is stable and cheap.

Then comes the platform layer. That is where you define what “healthy” looks like, normalize data from different
machine models, and manage devices at scale. The platform also drives the automation: alerts to operators, work

order creation, escalation rules, and dashboards for technicians.

Finally, Al sits on top, usually in an analytics service rather than directly inside the vending cabinet. It consumes
telemetry and produces outputs like predicted failure likelihood, anomaly scores, or suggested actions. The

platform then routes those outputs into your workflow.

The key trade-off is simplicity versus coverage. It is tempting to instrument everything, but every extra sensor
adds cost, calibration effort, and edge-case behavior. A more successful approach is to start with signals tied to

revenue and service outcomes, then expand when you know what patterns matter.

Signals that pay off quickly

Not all telemetry is equally valuable. Early pilots often fail because teams measure too much, but they do not know
what to do with it.

In vending operations, the highest-return signals tend to be those that correlate with customer-facing issues. If a
machine thinks it has dispensed an item but the mechanical feedback suggests a jam, you have immediate loss
potential. If temperature is drifting, you risk quality complaints and waste. If the machine door is opened too often,

you might be seeing theft attempts or accidental access that also impacts cooling and power usage.
Here are the kinds of signals that typically lead to actionable monitoring:

Temperature readings from product zones or cooling components, often with a defined acceptable band. If you see

frequent excursions, it indicates either cooling degradation or poor airflow.

Vend attempts and outcomes. Even a basic distinction between “command sent” and “mechanism confirmed” can

help spot dispensing problems.

Motor or actuator current and timing. Many vending failures are mechanical friction or misalignment. Electrical

signatures often show up before the machine fully stops.

Inventory tracking deltas. Counting products is never perfect in the real world, because restocking habits vary and
sensors can miss events. Still, inventory drift over time is a strong indicator that some part of the dispensing chain

is underperforming.

Connectivity and uptime. “Dead air" matters. If the machine goes offline, you can lose the ability to detect
problems while also risking lost sales if customers cannot get responses. Even when a machine remains functional,

connectivity gaps can hide issues.

Power events. Brownouts and power cycling can be surprisingly common in older commercial sites. They can

trigger reboots, reset counters, and create confusing discrepancies in telemetry.

The most effective monitoring strategies focus on making each signal explainable. When a technician receives an
alert, they should be able to relate it to something they can check quickly: a jam area, a sensor alignment, a loose

connector, a relay behavior, or a cooling unit.

Where Al fits without overcomplicating the operation



Al in vending should behave like a careful assistant, not a fortune teller. If the system generates alerts that do not

map to real issues, operators will ignore it, and the whole program collapses.
In practice, Al tends to be used in three ways:

First, anomaly detection. This flags sensor readings or behavior that diverge from the machine’'s own history. For
example, a dispenser motor might start drawing slightly higher current than usual during late-hour operation.

That could indicate increasing friction. An anomaly model can notice the shift before the failure is complete.

Second, predictive failure scoring. Here the model estimates the likelihood of a specific issue, based on patterns
across many machines and across time for a given machine. The goal is not a guarantee, it is prioritization. If you

have limited technician capacity, you want to dispatch to the highest-risk units first.

Third, data correction and confidence scoring. Inventory counts and sensor events can drift due to missed
detections or occasional restocking shortcuts. Al can help assign confidence to current inventory estimates, so you

do not treat every discrepancy as a restock requirement.

The “made simple” part is ensuring the Al outputs are actionable. If you can only show a probability number,
operators will struggle. If you provide clear suggested routes, such as “check dispenser motor and corresponding
sensor,” you get adoption. You can still keep the Al model behind the scenes, but the user-facing layer should be

operationally grounded.

A simple monitoring flow you can build toward

A clean monitoring workflow usually follows a loop: collect telemetry, transform it into events, evaluate health rules

and Al scores, then trigger actions.
At a high level, the flow looks like this:
1) Telemetry comes in continuously from vending machines via the loT gateway.

2) The platform validates and normalizes data, filtering out obvious noise and handling missing points gracefully.
3) Health rules evaluate key conditions, like temperature thresholds, repeated door opens, or prolonged offline
state. 4) Al models compute risk scores and anomaly indicators based on behavior patterns. 5) The system

produces alerts and work orders with context: what changed, when it changed, and what to check.
That is the architecture concept. The implementation details determine whether it feels simple or frustrating.

For instance, a common edge case is machine “chatter.” A gateway might intermittently drop connection due to
cellular signal changes, causing gaps in telemetry. If you trigger alerts for each gap, technicians will drown in noise.
Instead, you want persistence rules, such as alerting only after a sustained period of offline state, or automatically
suppressing alerts during known site network issues.

Another edge case is sensor drift. A temperature probe might slowly shift calibration. Pure threshold alerts will
generate repeated events, but the machine might still be safe enough depending on the acceptable range. A
better approach is to combine thresholds with rate-of-change and duration, and to require repeated excursions

before escalating.

Implementation choices that matter more than the model

Teams often focus on the wholesale vending machines Al model first, then realize later that telemetry quality
and workflow design were the bottlenecks. Based on what | have seen in real deployments, you get better results

by deciding these items early:
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You need a clear mapping between alerts and physical actions. If the platform tells you “risk increased,” but you

cannot translate that into "inspect this component,” adoption drops.

You need data retention and replay. When something goes wrong, you want to examine past telemetry around

the failure window. If data disappears after a short period, debugging becomes guesswork.

You need device identity and model normalization. Vending machines come in different hardware revisions. Even
when two machines share similar functions, their sensor behaviors can differ. Normalization prevents the Al from

learning device artifacts.

You need rules for event suppression and escalation. Some issues should not generate immediate work orders. For
example, a single temperature excursion during a short door-open could be normal. Escalate only when the

pattern suggests a cooling problem.

You need technician feedback loops. If a work order is closed as “resolved” but the underlying symptom persists,

the system should learn from that. Even simple structured feedback helps.
Here is a short checklist that helps teams avoid the classic trap of “great tech, messy operations”:

¢ Define three to five alert types tied to real maintenance actions before you run the pilot

* Decide how long an alert must persist before escalation, and document why

* Use confidence scoring for inventory and sensor events, so operators do not chase every mismatch
® Build a feedback path for technician notes and closure outcomes

* Test with at least one “messy” site, not just clean corporate locations

This is not glamorous, but it is usually the difference between a pilot that shows promise and a deployment that

survives contact with the real world.

Edge cases you should plan for up front
Vending is full of small surprises, and your monitoring should assume they will happen.

Temperature events can be misleading if you do not account for door openings. A door-open during a restock can
spike internal air temperature briefly. If your model treats every spike as failure, it will over-alert. The fix is often

contextual: pair temperature events with door sensor state and cooling runtime patterns.

Dispense failures can be customer-induced. A user might push a product selection while the mechanism is still
returning, or they might tug a stuck product and change the mechanical state. If you only look at motor current
or timing, you may interpret customer behavior as a machine fault. Incorporating vend attempt outcomes and

confirming feedback helps.

Inventory drift can be caused by restocking habits rather than failures. Some operators top off products without
aligning the counts perfectly with what the machine expects. That can look like mechanical loss to the monitoring

platform. Confidence scoring and restock events should be treated as distinct from “dispensing loss” patterns.

Connectivity issues can produce false offline alerts. Some sites have weak cellular coverage near specific vending
placements. If you do not measure gateway signal quality and track offline durations, you might think machines
are down when they are simply unable to upload telemetry. The platform should surface connectivity quality as its

own health indicator.

Power cycling creates confusing gaps. After a reboot, counters might reset or resume. If your platform does not

handle state transitions correctly, it can show sudden drops in inventory or sudden changes in behavior.



Normalization after reboot is a common requirement.

The best systems handle edge cases quietly. They do not pretend every signal is perfect. They incorporate

uncertainty, and they avoid alarming you for every anomaly.

What dashboards and alerts should include

A dashboard that only shows graphs does not help most operators during a service rush. The goal is to give

people the fastest path from “something seems wrong” to “I know what to do next.”
For alerts, | like them to include:

* the device and location identifier

* what changed, in plain language

* when it started and whether it has persisted

* what the system thinks is happening, plus confidence or risk level
* what technician checks are recommended

* links to relevant telemetry for quick verification

You want to reduce cognitive load. Technicians already have a physical workload. If the alert makes them guess,
you will lose time and trust.

For dashboards, trend views matter, but so do operational queues. A queue that sorts by risk and impact helps
you dispatch efficiently. If you have 200 machines with minor anomalies, you need a way to focus on the subset

most likely to fail soon or already underperform.

Security and reliability are not optional

loT deployments bring connectivity, and connectivity brings risk. You do not need paranoid thinking, but you do

need discipline.

On the device side, secure enrollment and authenticated communication are baseline requirements. If gateways

can be spoofed or commands can be intercepted, you can create both operational and safety risks.

On the platform side, protect stored telemetry and ensure role-based access. Operators, technicians, and analysts

should not all see everything. If you allow broad access, the system becomes a liability.

Reliability also matters. If the platform API is down, you lose monitoring. If the message queue backs up, delays
can cause you to miss the “real-time” window. A robust system uses retry logic and backpressure, so telemetry is

not lost during transient network issues.

A practical lesson: if your monitoring is too fragile, teams begin to rely on manual checks again. The best 10T setup

keeps the signal flow steady and shows you what is happening even when something goes wrong upstream.

A realistic ROI story, with trade-offs
Operators often ask the question that matters most: will this pay back quickly?

It can, but the ROl depends on your service model, product mix, and failure rates. A location with steady high
volume might justify deeper instrumentation because lost sales are expensive. A low volume site might still benefit
from monitoring, but your economics will be different.



Where ROl commonly shows up first is in reducing unnecessary service calls and improving first-time fix rates.
Real-time alerts can tell you a problem started during a specific window. That helps technicians arrive with the

right part or with a targeted diagnostic plan.

Second, you can reduce downtime. Even a one-day reduction in “off-shelf” time can add meaningful revenue in
high-traffic sites. Monitoring helps you spot early symptoms before the machine goes into a state where

customers cannot buy.

Third, Al can reduce waste by preventing temperature-related spoilage and by flagging issues that cause repeated
refunds or mis-dispenses. Waste reduction is often an underappreciated lever in vending, because the costs do not

always show up as "downtime.” They show up as shrinking margins and customer complaints.

The trade-off is implementation cost and ongoing tuning. You will spend time validating sensor behavior across
machine models, and you might need to refine alert thresholds as you learn. That tuning effort is normal. The key

is to keep your initial alert set narrow and operationally tied to maintenance actions.

Getting started without boiling the ocean

A complete Al and loT rollout can be intimidating. You can avoid that by starting in a way that teaches you what

matters.

My preferred approach is a staged pilot. Start with a handful of vending machines across different locations.
Include at least one site with known network variability and at least one site with heavy customer traffic. You want

the pilot to expose the real edge cases you will face later.

During the pilot, focus on a small set of alerts. For example, you might start with temperature excursions, repeated

dispense failures, and offline duration. As you validate that alerts correlate with real issues, you expand.

Then, evaluate performance using operational metrics, not only technical ones. Technical metrics like data uptime

are necessary, but they do not prove the system reduces service calls or improves first-time fix rates.

After you stabilize, you can expand Al scope. Begin with anomaly detection because it does not require you to
label every failure type from day one. As you collect technician feedback and closure notes, you can move toward

more targeted predictive models.

When you do this, “real-time monitoring” becomes practical, not theoretical. It fits the day-to-day rhythm of the

people who keep vending machines running.

What the future looks like for operators

Vending machines are already packed with electromechanical systems, and many are capable of producing internal

event data. loT and Al turn that data into something operators can act on, quickly and consistently.

The next improvements will likely come from better edge processing, so less data needs to travel from the machine
to the cloud, and from tighter integration with maintenance workflows, so alerts become work orders with clearer

recommended checks.

You will also see more emphasis on interpretability. Operators want to know why an alert triggered, not just that it
triggered. That means Al models will need to provide reasons, or the surrounding system will need to translate

model outputs into operational explanations.

Still, the core value will remain the same: reduce the time from “problem begins” to “someone fixes it.”



When you shorten that loop, vending becomes less reactive. You can plan restocking better, diagnose failures
faster, and protect product quality. Al and loT do not replace the technician, but they make the technician’s time

more valuable.

If you want one takeaway

Real-time monitoring made simple is not about collecting endless data. It is about building a trustworthy chain

from machine signals to operational decisions.

When the system detects the right conditions, filters noise intelligently, and delivers alerts technicians can act on,
the benefits show up quickly: fewer surprises, fewer repeat visits, and more sales that are not lost to avoidable

downtime.



