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1 From Blind Spots to Real-Time Insight: Predictive IoT
Transforms Multi-Plant Manufacturing

1.1 Executive Summary

A mid-sized manufacturer sought real-time visibility into production lines across
three geographically distributed facilities. We deployed IoT sensors and edge
gateways on 45 critical machines, unified streaming data into a secure cloud
data platform, built a custom analytics dashboard, and automated quality control
alerts. Our dedicated team of five engineers delivered the end-to-end solution in
six months. The result: 80% of equipment failures are now prevented through
predictive maintenance, and production downtime has been reduced by 45%,
translating into higher throughput, more predictable schedules, and measurable
operational cost savings.

1.2 The Challenge

The client’s operations relied on heterogeneous equipment—CNC machines,
presses, and packaging lines—sourced across multiple OEMs and vintages. Manual
checks and periodic inspections meant issues were discovered late, often after
variances in cycle time or quality had already impacted output. Specific pain points
included:

• No real-time, cross-plant visibility into machine health or KPIs such as OEE,
cycle time variability, and scrap rates.

• Reactive maintenance leading to frequent unplanned stoppages and schedule
volatility.
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• Inconsistent data from PLCs and point sensors, with no standardized asset
hierarchy or data model across facilities.

• Siloed reporting, delayed by batch data processing and manual spreadsheet
consolidation.

• Lack of automated alerting for quality thresholds and process anomalies.

The business needed a scalable, secure IoT and analytics foundation that would
normalize machine data across plants, surface actionable insights to operators and
management, and automate interventions before issues escalated.

1.3 Our Approach

We proposed a phased, outcomes-focused program grounded in five core services:
IoT development, cloud infrastructure, business intelligence, process automation,
and a dedicated team model.

• Discovery and design: We aligned on target KPIs (unplanned downtime, failure
prevention rate, OEE uplift), defined an ISA-95 aligned asset hierarchy (enter-
prise > site > area > line > machine), and prioritized 45 high-value machines
across three facilities for initial coverage.

• Edge-first IoT architecture: We deployed industrial gateways to ingest data
via OPC UA/Modbus from PLCs and added retrofit sensors where necessary for
vibration, temperature, and power draw.

• Secure, scalable cloud data backbone: We implemented a streaming, time-
series pipeline enabling real-time monitoring and historical analysis with gov-
erned access.

• Predictive maintenance and QC automation: We combined statistical process
control (SPC) with supervised models to detect anomalies and anticipated fail-
ures, triggering role-based alerts and maintenance workflows.

• Iterative delivery with a dedicated team: Five specialized engineers—
IoT/embedded, cloud architect, data engineer, data scientist, and BI
developer—worked in two-week sprints to accelerate value while minimizing
operational disruption.

1.4 Implementation

1) IoT development and edge integration

• Sensors and connectivity: We instrumented machines with tri-axial vibration
and temperature sensors on critical bearings and motors, as well as current
clamps for power draw. Existing PLC data (cycle time, spindle speed, feed
rates, pressures) was accessed via OPC UA.
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• Edge gateways: Industrial PCs ran containerized collectors using MQTT over
TLS for telemetry and OPC UA for PLC data. Local buffering ensured no data
loss during network interruptions. We standardized payloads with a consistent
data contract (asset ID, tag name, timestamp, quality flag).

• Data reduction: High-frequency vibration data received on the edge was trans-
formed into condition indicators (RMS, kurtosis, crest factor) at 1–5 second
intervals, minimizing bandwidth while preserving predictive signal.

2) Cloud infrastructure

• Ingestion and streaming: AWS IoT Core served as the secure entry point with
mutual TLS device authentication. Rules forwarded telemetry to Amazon Kine-
sis and AWS Lambda for stream processing.

• Storage and modeling: Amazon Timestream captured time-series data for op-
erational dashboards; a data lake in Amazon S3 housed long-term historical
data. Metadata and asset hierarchies were maintained in AWS Glue Data Cat-
alog to support cross-plant analytics.

• Processing and orchestration: AWS Lambda and Step Functions powered alert
workflows and transformations. Encryption at rest (AWS KMS) and in transit,
VPC endpoints, and granular IAM roles enforced least-privilege access for de-
vices and users.

3) Predictive maintenance and quality automation

• Feature engineering: We computed rolling statistics and trend features for vi-
bration, temperature, and power, correlating with machine states from PLC
tags. Features included moving averages, deltas, and spectral band energies.

• Model development: Using Amazon SageMaker, our data scientist trained su-
pervised models (gradient boosting and random forest) on labeled historical
events (derived from CMMS maintenance logs). We supplemented with unsu-
pervised anomaly detection (isolation forests) for assets with limited failure
history.

• Model serving and monitoring: Models were hosted behind a low-latency
endpoint. Edge-side health scoring provided continuous assessments; when
scores breached thresholds, alerts were published alongside recommended
actions. Model performance drift was tracked with periodic back-testing.

• SPC and QC alerts: We implemented Shewhart and Western Electric rules for
key process variables. Violations triggered alerts to operators in Microsoft
Teams and created maintenance tickets in the client’s CMMS via a REST in-
tegration.

4) Business intelligence and dashboards

• Data modeling: We unified machine telemetry with production orders and
downtime reason codes, building a star schema optimized for plant and execu-
tive views. Calculations included OEE components (availability, performance,
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quality), MTBF, and mean time to repair (MTTR).
• Dashboards: A role-based, custom web dashboard offered plant-floor views
(real-time machine status, WIP, alarms) and management views (trend anal-
yses, cross-plant comparisons, bottleneck identification). We used Amazon
QuickSight for visualization with row-level security to partition access by site
and role.

5) Security, reliability, and change management

• Governance: We established data retention policies (90 days hot in
Timestream, multi-year cold in S3), tagging assets and streams for lineage
and cost attribution.

• Reliability: Health checks and CloudWatch alarms monitored gateway connec-
tivity, lag, and processing errors. A 24/7 on-call rotation was set up during
stabilization.

• Adoption: We trained operators andmaintenance teams on interpreting health
scores, QC alerts, and dashboard insights, aligning playbooks for response and
escalation.

Timeline and team - Months 1–2: Discovery, architecture, pilot on 10 machines at
one facility. - Months 3–4: Scale to 45 machines across three facilities, establish
BI models and base dashboards. - Months 5–6: Predictive models to production,
QC automation, CMMS integration, tuning and stabilization. - Team: 5 engineers
(IoT/embedded, cloud architect, data engineer, data scientist, BI developer) work-
ing in a dedicated agile pod with a shared project manager across programs.

1.5 Results & Impact

• 80% of equipment failures prevented via predictive maintenance: Early detec-
tion through vibration- and temperature-based health scoring enabled proac-
tive interventions, turning unplanned breakdowns into scheduledmaintenance
windows.

• 45% reduction in production downtime: Automated alerts, standardized root
cause tagging, and improved visibility shortened response times and elimi-
nated recurring faults, directly increasing line availability.

• Faster, data-driven decisions: Real-time dashboards provided a single source
of truth across three plants, enabling supervisors to rebalance work, prioritize
maintenance, and identify bottlenecks by shift and product run.

• Improved maintenance planning: Integration with the CMMS shifted the main-
tenance mix from reactive to planned, optimizing spare parts usage and tech-
nician scheduling.

• Scalable foundation: The architecture supports easy onboarding of new lines
and facilities, with reusable device profiles, standardized data contracts, and
policy-driven security.
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Operationally, the client reports higher schedule adherence and fewer last-minute
expediting costs. On the shop floor, operators now receive actionable alerts with
context, reducing time-to-diagnose and avoiding quality spillovers.

1.6 Technologies & Services Used

• IoT Development: Industrial sensors (vibration, temperature, current), OPC
UA/Modbus integration, MQTT over TLS, edge data reduction and buffering.

• Cloud Infrastructure: AWS IoT Core, AWS Greengrass (edge runtime), Amazon
Kinesis, AWS Lambda, Amazon Timestream, Amazon S3, AWS Glue, AWS Step
Functions, AWS KMS, Amazon CloudWatch, IAM.

• Business Intelligence: Data modeling (OEE, MTBF/MTTR), Amazon QuickSight
dashboards with row-level security, integration with MES/ERP for production
context.

• Process Automation: SPC rules engine, automated QC alerts to Microsoft Team-
s/Email/SMS, CMMS integration for work order creation and escalation.

• Dedicated Teams: 5-engineer agile pod (IoT/embedded, cloud architect, data
engineer, data scientist, BI developer) delivering end-to-end implementation
in 6 months.

1.7 Conclusion

By unifying machine telemetry, predictive analytics, and automated workflows into
a secure, scalable cloud platform, the client moved from reactive firefighting to
proactive, data-driven operations across three facilities. The project delivered tan-
gible outcomes—preventing 80% of equipment failures and reducing downtime by
45%—while establishing a foundation for continuous improvement. With standard-
ized data models, reusable device profiles, and robust governance, the manufac-
turer is positioned to expand coverage to additional assets, deepen quality analyt-
ics, and pursue advanced use cases such as digital twins and closed-loop process
control. This engagement demonstrates how integrated IoT development, business
intelligence, cloud infrastructure, process automation, and dedicated teams can
translate industrial data into sustained operational excellence.
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About The Origami Corporation

The Origami Corporation is a leading technology consulting firm specializing in cloud
migration, DevSecOps, cybersecurity, and digital transformation. We help organi-
zations navigate complex technological challenges and achieve their business ob-
jectives through innovative, secure, and scalable solutions.

Connect With Us

Follow Us Online

LinkedIn: The Origami Corporation

Facebook: @theorigamicorporation

X (Twitter): @OrigamiGlobal

Telegram: @theorigamicorporation

Contact Information

Europe & Americas

• Email: office@theorigamicorporation.com
• Phone: +359 878 686 627

Asia-Pacific, Middle East & Africa (APMEA)

• Email: office.apmea@theorigamicorporation.com
• Phone: +41 77 924 2245

Ready to Get Started?

SCHEDULE A MEETING

Ready to transform your technology infrastructure? Contact us today to discuss
how we can help your organization achieve similar results.

The Origami Corporation

https://www.linkedin.com/company/the-origami-corporation
https://www.facebook.com/theorigamicorporation
https://x.com/OrigamiGlobal
https://t.me/theorigamicorporation
mailto:office@theorigamicorporation.com
tel:+359878686627
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