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1. Introduction
This report selected Amazon Reliability, Maintenance and Engineering (RME) operations as its case study. The RME team is responsible for maintaining materials handling equipment (MHE) — primarily conveyor systems, including autonomous robots (ARs) — across Amazon's fulfilment network. MHE formed the operational backbone of fulfilment throughput; any degradation in MHE availability or performance was directly reflected in reduced order processing capacity and customer experience metrics.
The fulfilment network presented a particularly complex maintenance environment, with multiple site configurations, diverse MHE, and regulatory requirements. The RME function was therefore required to maintain high equipment uptime whilst managing cost efficiency, compliance, and continuous improvement across a geographically dispersed network of sites.
Industry 4.0 technologies offered substantive opportunities to enhance operations. Three Amazon and AWS technologies were identified as particularly relevant: Amazon Monitron, an IIoT-based condition monitoring system; the AWS Warehouse Automation and Optimisation (WAO) Digital Twin and Simulation platform; and the PULSE Predictive Maintenance System. These technologies collectively addressed the principal OEE challenges faced by RME in maintaining MHE across the network.
1.1 Aims and Objectives
The aim of this report was to investigate how Amazon Monitron, AWS WAO Digital Twin, and PULSE could support continuous improvement in Amazon RME operations across the fulfilment network.
The objectives were:
1.	To identify the principal OEE challenges in RME across the fulfilment network.
2.	To evaluate the applicability and capability of three Amazon technologies (Monitron, WAO Digital Twin, and PULSE) in addressing identified OEE challenges.
3.	To develop an ACES-aligned continuous improvement plan for the phased deployment of these technologies across RME.
4.	To assess the anticipated KPI impact of each technology on RME, using published case study data where available.
5.	To identify and propose mitigations for technical, cultural, and organisational barriers to implementation within the RME context.


2. Problem Identification
The Amazon OEE Visibility Wiki (Amazon, 2025) identified two principal challenges affecting RME MHE operations: fragmented OEE metrics across hardware groups and inconsistent methodologies across sites. These challenges were compounded by the scale and heterogeneity of the MHE, which encompassed AMRs and conveyor systems across multiple FC configurations. OEE was defined by Amazon as Availability × Performance × Quality, with seven operational states recognised in the OEE Metrics Calculations Wiki (Amazon, 2025): 
· IDLE, 
· PRODUCING, 
· BLOCKED, 
· RUNNING_STARVED, 
· DOWN_PLANNED_CHANGEOVER, 
· DOWN_PLANNED_MAINTENANCE, 
· DOWN_UNPLANNED_FAULTED.
· 
Three principal problems were identified, each mapped to one or more of the three focal technologies.
2.1 Reactive Maintenance Causing Unplanned Downtime
RME maintenance of MHE was predominantly reactive in nature, with technicians responding to equipment failures after they occurred. This approach resulted in unplanned downtime events captured as DOWN_UNPLANNED_FAULTED states in the OEE model, directly reducing OEE Availability. Illustrative baseline data created for this report estimated unplanned downtime at approximately 12% of operational hours across MHE operations. This reactive maintenance model was identified as the primary driver of preventable OEE Availability losses and was mapped to Amazon Monitron and the PULSE Predictive Maintenance System as the technologies most capable of shifting RME towards condition-based predictive maintenance.
2.2 Suboptimal FC Layout and MHE Configuration
Fulfilment centre (FC) layouts across the network had been configured without comprehensive simulation modelling of MHE interactions. This resulted in throughput bottlenecks captured as BLOCKED and RUNNING_STARVED states in the OEE model, reducing OEE Performance. Illustrative baseline data created for this report estimated OEE Availability at approximately 74% across MHE operations, with MHE configuration identified as a contributing factor to Performance losses. This problem was mapped to the AWS WAO Digital Twin and Simulation platform as the technology most capable of optimising FC layouts and MHE configurations.
2.3 Fragmented OEE Visibility Across RME Sites
OEE data across RME sites was collected and reported using inconsistent methodologies, preventing meaningful cross-site benchmarking and network-wide performance analysis. The Amazon OEE Visibility Wiki (Amazon, 2025) recognised this as a significant barrier to RME continuous improvement. This problem was mapped to all three focal technologies, which collectively provided a more integrated and consistent OEE data ecosystem across operations.
3. Application of Digital Technologies
Three Amazon and AWS technologies were evaluated for their applicability to RME MHE operations. Each technology was assessed against the OEE framework and the three problems identified in Section 2. The selection of these technologies was justified by their direct relevance to MHE maintenance and operational performance, their availability within the Amazon technology ecosystem, and the availability of published performance data to support evidence-based evaluation.
3.1 Amazon Monitron – IIoT-Based Condition Monitoring
Amazon Monitron was an end-to-end IIoT condition monitoring system that utilised wireless sensors attached to rotating MHE components, including drive motors, wheel assemblies, and conveyor interfaces, to continuously measure vibration and temperature (about amazon., 2024). Sensor data was transmitted to the AWS cloud via a Monitron gateway, where machine learning models analysed the readings to detect anomalous patterns indicative of impending component failure. Maintenance alerts were generated and delivered to RME technicians before failure events occurred, enabling planned, condition-based interventions to replace the reactive maintenance model described in Section 2.1.
The published performance data for Amazon Monitron was compelling. In the Amazon Customer Fulfilment case study, deployment of Monitron achieved a 69% reduction in unplanned equipment downtime (AWS, 2024). This metric directly addressed the DOWN_UNPLANNED_FAULTED OEE state, with a corresponding improvement in OEE Availability. The application of Monitron across RME MHE operations was therefore evaluated as capable of delivering a substantial and evidence-based reduction in the unplanned downtime losses identified as the primary OEE Availability challenge in Section 2.1.
Monitron sensor installation required no modification to existing MHE components, as sensors were attached magnetically to rotating asset surfaces. This characteristic was particularly relevant to the diverse MHE, enabling deployment across legacy and current MHE variants without requiring engineering modifications. Sensor data fed directly into PULSE workflows, creating an integrated condition monitoring and predictive maintenance data ecosystem for RME operations (Amazon, 2025a).
3.2 AWS Warehouse Automation and Optimisation (WAO) – Digital Twin and Simulation
The AWS Warehouse Automation and Optimisation (WAO) platform provided a digital twin and simulation capability that enabled RME and operations teams to model FC layouts, MHE configurations, traffic flow patterns, and charging station placement in a virtual environment before physical implementation (AWS Blog, 2024). The WAO platform utilised LIDAR scanning of live FC environments to generate accurate three-dimensional representations, which were then subjected to simulation modelling using ProModel software to evaluate different MHE configurations and traffic management strategies.
Published performance data demonstrated that WAO Digital Twin reduced the time required to build a digital twin by up to 80%, and that simulation of optimised MHE configurations demonstrated a 67% increase in picks per hour compared to the baseline configuration (AWS Blog, 2024). These metrics addressed the BLOCKED and RUNNING_STARVED OEE states identified in Section 2.2, with a corresponding improvement in OEE Performance. The application of WAO Digital Twin across FC layouts was therefore evaluated as capable of delivering significant throughput improvements by optimising MHE configurations and eliminating traffic flow bottlenecks.
The WAO platform's ability to reduce digital twin build time by 80% was particularly significant in the RME context, where multiple FC configurations required individual optimisation modelling. This efficiency gain enabled RME and network planning teams to conduct comprehensive simulation studies across the network within operationally feasible timescales, supporting network-wide MHE optimisation.
3.3 PULSE Predictive Maintenance System
PULSE was Amazon's proprietary predictive maintenance platform, developed and maintained by the GlobalRME team (Amazon, 2025a). PULSE aggregated MHE sensor telemetry, including data from Amazon Monitron sensors, maintenance history records, and historical failure data to generate predictive maintenance alerts and failure probability scores at the MHE. The system enabled cross-site benchmarking of MHE failure patterns, supporting the identification of systemic maintenance issues and the prioritisation of maintenance interventions across the network.
PULSE provided predictive analytics that extended beyond the single-asset monitoring capability of Monitron. By aggregating data across the MHE, PULSE enabled RME engineers to identify MHE failure patterns, compare failure rates across sites, and develop evidence-based maintenance programmes tailored to site-specific MHE operating conditions. The integration of Monitron sensor data into PULSE workflows created a condition monitoring and predictive maintenance pipeline that addressed both the DOWN_UNPLANNED_FAULTED OEE state and the fragmented OEE visibility challenge identified in Section 2.3.
PULSE had been launched in North America in 2025 and was identified as being in the process of expansion to the network (Amazon, 2025a). The RME deployment of PULSE represented a significant opportunity to establish a network-wide predictive maintenance capability, with site-specific MHE failure pattern data enabling continuous improvement of the predictive models over time.


4. Continuous Improvement Plan
A four-phase continuous improvement plan was developed for the deployment of the three focal technologies across RME MHE operations, aligned to the Amazon Continuous Improvement Excellence System (ACES) PDCA/DMAIC framework (Amazon, 2025b). The plan was designed to deliver phased improvements in OEE Availability, Performance, and Quality across the MHE, with each phase building on the data and capabilities established in the preceding phase. The ACES framework incorporated Six Sigma methodologies, Kaizen events, and the Coach Kaizen AI assistant to support RME technician engagement and continuous learning throughout the implementation.
	Phase
	PDCA Stage
	Activities
	Technologies
	Expected Outcome

	Phase 1
	Measure
	Deploy Monitron sensors on critical MHE components across sites
Establish OEE baseline across MHE
	Amazon Monitron
	Baseline condition data for MHE rotating components; OEE Availability baseline established

	Phase 2
	Analyse
	Use PULSE to aggregate Monitron data and identify MHE failure patterns across sites
Run WAO Digital Twin simulation of FC layouts and MHE configurations
	PULSE
AWS WAO Digital Twin
	MHE failure pattern identification; optimised FC layout recommendations for sites

	Phase 3
	Improve
	Implement PULSE predictive maintenance alerts for MHE across RME
Optimise FC layouts based on WAO simulation outputs
	PULSE
AWS WAO Digital Twin
	Reduction in MHE unplanned downtime; improved FC throughput

	Phase 4
	Control
	Embed all three technologies into RME standard operating procedures (SOPs)
ACES framework review and Kaizen events to sustain CI
Coach Kaizen AI assistant deployed for RME technician continuous learning
	All three technologies
	Sustained OEE improvement across MHE operations; RME positioned as model for network-wide deployment


Table 1: ACES-Aligned Continuous Improvement Plan for RME MHE Operations (PDCA/DMAIC Framework)
The four-phase plan was designed to ensure that each technology deployment was supported by a robust data foundation. Phase 1 prioritised sensor deployment and baseline establishment, recognising that the quality of subsequent predictive analytics in PULSE (Phase 2) was dependent on the volume and accuracy of condition monitoring data collected by Monitron. Phase 3 improvements were therefore evidence-based, drawing on Phase 2 analysis outputs. Phase 4 embedded the technologies into RME operational culture through the ACES framework, Kaizen events, and Six Sigma training, ensuring that the CI gains achieved in Phases 1 to 3 were sustained and continuously improved over time.


5. KPI Evaluation
The anticipated impact of the three focal technologies on RME MHE operations was assessed against five key performance indicators (KPIs). Before figures were representative illustrative baselines created for this report and did not represent actual Amazon operational data. After figures were sourced from published Amazon and AWS case studies where available. 
Table 2 presents the before-and-after KPI scenario for RME MHE operations following full deployment of the three technologies.
	KPI
	Before¹
	After
	Technology
	Source

	Unplanned MHE downtime (% operational hours)
	~12%¹
	~3.7%
	Monitron
	AWS (2024); illustrative before figure¹

	OEE Availability (MHE)
	~74%¹
	~85%
	Monitron / PULSE
	AWS (2024); illustrative before figure¹

	Picks per hour (FC MHE)
	Baseline¹
	+67%
	WAO Digital Twin
	AWS Blog (2024)

	Digital twin build time (per FC)
	Baseline¹
	-80%
	WAO Digital Twin
	AWS Blog (2024)

	Cross-site OEE data consistency (RME)
	Fragmented¹
	Unified
	PULSE / All three
	Amazon (2025a); OEE Visibility Wiki


Table 2: KPI Before-and-After Evaluation for RME MHE Operations
The KPI evaluation demonstrated that the three focal technologies collectively addressed all three OEE dimensions identified in the OEE Metrics Calculations Wiki framework (Amazon, 2025c). Monitron and PULSE primarily addressed OEE Availability through the reduction of DOWN_UNPLANNED_FAULTED states. WAO Digital Twin primarily addressed OEE Performance through the reduction of BLOCKED and RUNNING_STARVED states. The integrated deployment of all three technologies through the four-phase CI plan was therefore expected to deliver compounded OEE improvements across the MHE.


6. Implementation Challenges
The deployment of the three focal technologies across RME MHE operations was subject to a range of technical, cultural, and cybersecurity challenges. These challenges were identified through analysis of the RME operational context and the specific requirements of each technology, and mitigation strategies were proposed drawing on industry best practices and the ACES framework (Amazon, 2025b).
6.1 Technical Challenges
The installation of Monitron sensors on legacy MHE variants across the diverse site portfolio presented a technical challenge, as not all legacy rotating components were compatible with standard sensor mounting configurations. WAO Digital Twin LIDAR scanning in live FC environments introduced operational risk, as the scanning process required temporary cessation of MHE operations in scanned zones. PULSE expansion integration required the development of site-specific data pipelines to connect site maintenance management systems with the PULSE platform, which had initially been launched for North America operations (Amazon, 2025a).
GDPR compliance represented a significant technical challenge for the deployment of IoT-based monitoring systems in jurisdictions, as sensor data collection and transmission to AWS cloud infrastructure required assessment against GDPR data minimisation and data sovereignty requirements.
6.2 Cultural Challenges
RME technician resistance to the transition from reactive to predictive maintenance models represented a significant cultural challenge. Technicians with extensive experience in reactive MHE maintenance may perceive condition-monitoring and predictive maintenance alerts (Monitron/PULSE) as a reduction in their professional autonomy or an implicit critique of existing maintenance practices.
WAO Digital Twin-driven FC layout changes required the engagement of RME and operations teams in a change management process, as layout modifications affected established work patterns, travel routes, and equipment positioning familiar to operational staff. The ACES framework, incorporating Kaizen events and the Coach Kaizen AI assistant, provided a structured mechanism for managing these cultural transitions and embedding a continuous improvement mindset across RME teams (Amazon, 2025b).
6.3 Cybersecurity Challenges
The deployment of IIoT sensor networks for Monitron across MHE introduced cybersecurity risks associated with the proliferation of connected devices within Amazon FC environments. Each Monitron sensor and gateway represented a potential attack surface, requiring robust network segmentation and device authentication protocols to prevent unauthorised access to the sensor network. PULSE expansion introduced data sovereignty considerations, as the aggregation of site maintenance data on AWS cloud infrastructure required compliance with GDPR data residency requirements and data sovereignty frameworks.
6.4 Mitigation Strategies
The ACES change management framework provided the primary mitigation mechanism for cultural challenges, with structured Six Sigma White, Yellow, Green, and Black Belt training programmes enabling RME technicians to develop the analytical capability required to engage with data-driven predictive maintenance tools (Amazon, 2025b). Phased rollout of each technology, commencing with pilot deployments at selected sites before network-wide expansion, was proposed as the primary mitigation for technical challenges, enabling the identification and resolution of site-specific integration issues before full-scale deployment. GDPR and cybersecurity mitigations included GDPR Data Protection Impact Assessments (DPIAs) for each technology, selection of AWS data centre regions for data storage and processing, and engagement with Amazon Information Security teams during the design phase.


7. Conclusion
This report investigated the impact of three Industry 4.0 digital technologies on continuous improvement in Amazon RME MHE operations across the fulfilment network. The evaluation demonstrated that Amazon Monitron, AWS WAO Digital Twin, and PULSE collectively addressed all three OEE dimensions identified in Amazon's OEE Metrics Calculations Wiki framework (Amazon, 2025c), providing a comprehensive and integrated capability for RME continuous improvement.
Amazon Monitron addressed OEE Availability through condition-based predictive maintenance, evidenced by a published 69% reduction in unplanned equipment downtime in Amazon Customer Fulfilment (AWS, 2024). AWS WAO Digital Twin addressed OEE Performance through simulation-based optimisation of FC layouts and MHE configurations, supported by published data demonstrating an 80% reduction in digital twin build time and a 67% increase in picks per hour (AWS Blog, 2024). PULSE extended the predictive maintenance capability established by Monitron to the MHE, enabling cross-site failure pattern analysis and network-wide continuous improvement.
The four-phase ACES-aligned CI plan provided a structured deployment pathway that built sequentially from baseline measurement through analysis, improvement, and control, ensuring that each technology deployment was supported by robust data and integrated into RME operational procedures. Implementation challenges, including GDPR compliance and technician change management, were identified and addressed through phased rollout, ACES Six Sigma training, and proactive cybersecurity governance.
The deployment of these three technologies across RME MHE operations positioned the RME function as a model for network-wide deployment of digital maintenance and optimisation capabilities across the Amazon fulfilment network, consistent with the AFT mission to leverage the latest in robotics, machine learning, intelligent edge, and Industrial IoT (Amazon Fulfilment Technologies, 2025). Future research could investigate the long-term OEE impact of integrated Monitron-PULSE deployment across the full MHE.
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