A.
Robert Manufacturing was in a difficult position as vital production data was isolated in different machines. Managers were relying on manual reports that could take up to 24 hours to be delivered. This delay made it impossible for the managers to solve problems immediately; production slowdowns were hidden from their view, and making quick decisions became difficult.
Management chose to address the problem by creating and deploying an automated middleware system. The selected solution utilizes a Python script that retrieves machine data, stores it in a properly organized SQL database, and displays it via a real-time Grafana dashboard.
This setup allows for real-time viewing of manufacturing speeds, equipment runtime, and quality rates. The team executed this work by setting up a server environment, writing a Python-based data extraction and simulation script, and preparing the high-visibility dashboard screens for the shop floor.
The implementation covered the entire extent from the creation of the data extraction logic through to the setting up of the dashboard and the user acceptance testing that culminated with a pilot launch of a single production line to maintain stability prior to full handover. Speed and accuracy metrics were used to measure success. The primary goal was to reduce reporting latency from 24 hours to under 60 seconds, achieve 99.9% system uptime during UAT (November 14-28, 2025) and pilot monitoring (December 1-12, 2025), and confirm KPI accuracy by matching parts and defect totals to end-of-shift machine logs.
B.
An iterative formative evaluation approach was employed throughout the design, development, and testing phases to ensure quality assurance. Data validity and system reliability were the two primary quality standards. The following were the quality assurance criteria (success metrics): sub-minute dashboard refresh/overall reporting latency, UAT uptime of 99.9% or higher during the UAT window (Nov 14-Nov 28, 2025), KPI accuracy with no differences between dashboard values and manual/physical logs for total parts and defect totals, and automatic recovery from network disruptions without data loss.
Testing Solution:
Simulated data loads and real-time end-to-end connection tests from the machine controller to SQL Server Express and Grafana were performed using Python middleware to complete the testing. To confirm real-world conditions, testing was first conducted in a controlled environment using the simulation script, and then repeated in the UAT environment on the pilot line.
Scenarios and Test Cases Used:
Scenario of Connectivity (Recovery):
To confirm resilience, the network connection was intentionally disrupted five times during the UAT window. Within 30 seconds of the network being restored, the middleware automatically reconnected in each of the five tests and resumed gathering data. Timestamps and SQL record counts verified that no records were lost during the disruptions.
Accuracy Scenario (Data Validity):
To confirm accuracy, the dashboard totals and end-of-shift machine totals were compared. Following the application of the pause-code mapping revision, the total part counts and defect totals matched exactly across the UAT window (November 14-November 28, 2025). This satisfied the defect-counting acceptance requirement of "zero discrepancies."
Load Scenario (Performance):
To stress-test the database and dashboard, a high-speed production scenario was simulated. For two hours, the system maintained constant inserts and queries without experiencing dashboard outages or database lockups. The middleware logs revealed no unhandled exceptions, and the dashboard continued to update within the 60-second limit during this test.
Acceptance Criteria and Evaluation Framework:
Dashboard refresh/latency must be less than 60 seconds; system stability and uptime must meet or surpass 99.9% during UAT (Nov 14-Nov 28, 2025); and KPI accuracy must be confirmed against manual/physical logs. The evaluation framework, which supported secure and consistent data definitions through the data dictionary and segmented network access, was based on ISA-95 principles for integrating enterprise and control systems. This ensured that the solution offered a controlled and dependable interface between shop-floor equipment (OT) and reporting systems (IT).
C.
Resolution of Assumptions: It was confirmed that the pilot line could provide the necessary data fields. The availability of internal developers and project managers was confirmed over time, following the implementation of a time-blocking strategy. The determination of the plant granting limited network access was made through the approval of segmented connections. Securing the internal developer's time was initially a risk; however, this was mitigated by locking in a strict 60-hour time-block agreement with the IT Director before the project launch.
Project Phases:
Phase 1: Requirements and KPI Definition (October 1, 2025, to October 7, 2025). The first phase focused on ensuring that the technical solution aligned with the business goals, which aimed to address data blindness. We met with the Floor Manager and Quality Manager to determine which metrics would directly measure success. We defined detailed criteria for success, which included a data latency of less than 60 seconds and a system uptime of 99.9%. This phase ended with the agreement on the project scope and Key Performance Indicators.
Phase 2: Data Mapping and Security Design (October 8, 2025, to October 21, 2025). During the design phase, the team acknowledged the absence of middleware and created a data dictionary that would serve as a link between machine signals and database fields. To ensure efficient data storage, we designed the SQL Server Express schema. Security design constituted a major part of this phase. We developed a security plan that involved isolating the network and establishing service accounts with the least privileges needed, thereby protecting trade secrets and ensuring the stability of the internal network.
Phase 3: Development (October 22, 2025, to November 13, 2025). This stage of development led to the building of the automated middleware system. An internal developer wrote a Python script that allowed data extraction from the machine controllers and subsequently saved the data in the SQL database. During this phase, the team prepared the Grafana environment and created visualization dashboards. A time-blocking method was employed to handle this stage, which was developer-friendly as it allowed developers to work with full concentration and in the absence of any interruptions from the operational side.
Phase 4: Testing & UAT (November 14, 2025, to November 28, 2025). The testing phase aimed to validate the solution through the evaluation framework. We challenged the system's ability to handle network interruptions and generated high-speed production data to confirm that the database would not lock up. This step was the last to verify the accuracy of defect rates and uptime calculations before the system was rolled out to the live production line.
Phase 5: Pilot and Handover (December 1, 2025, to December 12, 2025). The final phase commenced with a controlled pilot launch of one production line, aimed at mitigating operational risks. We checked the system during a pre-arranged cutover window to ensure that no unplanned downtime had occurred. After that, we proceeded to the handover stage, when things were stable, and the stakeholders had confirmed the data. The handover stage was completed with the delivery of the operations guide and the final project closeout.
Deviations in Time Frame: The project was, for the most part, executed in accordance with the planned schedule. A minor adjustment to the testing phase (Phase 4) was necessary, as the method for mapping defect codes had changed. Therefore, two additional days were allocated for validation; however, this did not result in any postponement of the final deadline.
Project Dependencies: The undertaking was reliant on the IT department giving the green light for the segmented connection and service accounts. Furthermore, it was dependent on the availability of a server to accommodate the solution.
Resource Requirements: To carry out the project, a server was necessary to host the database and the dashboard. Moreover, labor resources were required, specifically an Internal Developer for 60 hours and a Project Manager for 20 hours.
Milestones Reached:
Sign-off: The official sign-off for the project scope and Key Performance Indicator (KPI) definitions took place on October 7, 2025. This milestone marked the completion of the requirements phase, during which the Floor Manager and Quality Manager, through their signatures, confirmed that the proposed metrics were the correct standards for success. By obtaining this agreement, the scope was effectively 'locked' to prevent feature creep before the development work started.
First Data Flow: The first successful end-to-end data flow from the machine controller to the Grafana dashboard occurred during the development phase on November 10, 2025. This important technical milestone generated great excitement, serving as primary evidence of the viability of the Python middleware and SQL database architecture. It demonstrated that the system could extract, parse, and visualize production signals in real-time without the database freezing or becoming unresponsive.
User Acceptance Testing (UAT): Successful UAT was achieved on November 28, 2025, within the specified UAT window (November 14-28, 2025) on the selected pilot line in a controlled UAT configuration. The Quality Manager confirmed the accuracy of the defect counting logic during this event. At the same time, the IT team verified the system's ability to recover automatically from simulated network outages. The successful completion of this stage marked the first official permission to transition the pilot line from the controlled UAT configuration to the live production environment.
Go-Live: The initial implementation was effectively launched on the selected single production line on December 1, 2025, following the approved transition from UAT to live operations. The cutover was carried out during a pre-arranged window to ensure that no unplanned operational downtime occurred. This milestone provided the shop floor management team with immediate and real-time access to production speeds for the first time, marking an official handover of the project from the development environment to live operations.
Deliverables to the Company: The company was provided with the complete and functional Automated Production Reporting System, along with the specific hardware, software, and documentation required for operation:
Hardware: One Virtual Server allocated from existing infrastructure (Specifications: 2 vCPU, 8GB RAM, 100GB Storage).
Software: Python 3.9 (Middleware logic), SQL Server Express 2019 (Database), Grafana 9.0 (Visualization Dashboard), running on Windows Server 2019.
Documentation: The Operations Guide, Data Dictionary, and Security Access Guide were handed over digitally.
Implementing Plan Deliverables: The implementation plan is documented through three comprehensive packages submitted with this report, which align with the artifacts developed during the project lifecycle:
Project Package: This document contains the Charter Summary, the Project Phases and Dates, and the Top Risks + Mitigations log.
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Testing and Acceptance Package: This document includes the Test actions, the Pilot Monitoring Results Summary, and the official Pilot Sign-Off.
[image: ]
Closeout Package: This document contains the final Closeout Scorecard, Pilot Latency Performance table, and the Closeout Notes.[image: ]
D.
Explanation of Revisions:
The data mapping changed the formative evaluation and testing phase. It was discovered in the initial test that the system incorrectly classified machine pause states as errors, resulting in a misleading defect rate metric. As a result, the logic used in the data extraction application was modified to exclude pause codes, ensuring that the defect rate reflected only genuine production errors. The correction was essential for satisfying the precision criteria set by the Quality Manager.
E.
The summative evaluation was completed after the pilot went live, confirming that the Automated Production Reporting System met the project objectives. The evaluation period was from December 1, 2025, to December 12, 2025. The project manager, floor manager, quality manager, and an IT representative were present at the final review.
The sources and criteria for evaluating the solution included Python middleware logs, SQL Server Express logs and record counts, Grafana dashboard behavior, and manual production logs. The KPIs established in Phase 1 and verified during UAT were the approved success criteria: reporting latency of less than 60 seconds, system uptime of 99.9% or higher during the pilot period (Dec 1-Dec 12, 2025), and KPI accuracy, which was verified by matching end-of-shift totals for total parts and defect counts.
The outcomes verified that the goals were achieved. During the pilot period, reporting latency averaged 18 seconds and never exceeded 54 seconds, meeting the requirement of less than 60 seconds. During the pilot and handover window, the system's uptime was 99.93%, and it recovered from brief network outages without losing any data. By comparing the dashboard's machine totals and collected logs over the pilot evaluation period (Dec 1-Dec 12, 2025), the Floor and Quality Managers verified the accuracy. After the pause-code mapping logic was corrected during testing, the parts and defect totals finally matched.
On December 12, 2025, the project was accepted and closed. As part of the final handover to support continuing operations, the UAT sign-off was delivered along with the operations guide and security access guide.
F.
Between December 1, 2025, and December 12, 2025, the audience received reports and evaluation results through short meetings and follow-up emails. Additionally, final documents were stored on the company's shared drive in the project folder.
The Operations Guide and UAT results (completed November 28, 2025), along with the final defect mapping logic and validated KPIs, were given to the Floor Manager and Quality Manager. On December 2, 2025, this was presented in a walkthrough meeting and emailed that same day.
At the executive closeout meeting on December 12, 2025, the project sponsor received a high-level summary presentation and a brief closeout report. The final KPI results and verification that the project was completed within the estimated $6,360 budget were included in the sponsor package.
To maintain the server and segmented connection, the IT department received the Security Access Guide, System Architecture Summary, and Operations Runbook during a technical handoff meeting on December 9, 2025. The support group was then notified via email.
G.
The Floor Manager and Quality Manager were designated as business owners for the KPIs' use, and the internal IT department was tasked with providing post-implementation support. Because the solution utilized open-source tools and internal scripting, no external vendor support was required, and the system continued to operate on the existing server.
The primary objectives of short-term maintenance were adoption and stability. IT was to check the dashboard's accessibility and the accuracy of the most recent data timestamp each day. Logs were checked for extraction errors, and storage usage was monitored weekly to prevent database limits from being exceeded. At the end of each shift, the Quality Manager performed a spot check by comparing the dashboard totals with the machine totals.
Long-term maintenance focused on security and capacity. IT updated server security on a monthly basis, examined service account access on a quarterly basis, and confirmed backups on a weekly basis. To maintain storage control, thorough records were kept for 12 months, and older records were archived. Before any future modifications to defect codes or machine signals could be approved, the data dictionary had to be updated, and the core tests (load, accuracy, and connectivity) had to be repeated.
H.
Deliverables Included to Document the Plan and Process: The implementation plan and process were clearly outlined and demonstrated through the submission of three specific evidence packages. These artifacts, included with this submission to verify the project's execution, are:
Project Package: This document serves as the foundation of the plan, containing the approved Charter Summary, the detailed Project Phases and Dates, and the Top Risks + Mitigations log.
Testing and Acceptance Package: This document provides evidence of a rigorous quality assurance process, including a detailed Test Plan, a Pilot Results Summary, and an official Pilot Sign-Off.
Closeout Package: This document validates the outcomes against the initial targets, containing the Closeout Scorecard, Closeout Notes, and the Pilot Reporting Latency Performance table.
Criteria Used to Evaluate Each Outcome: Each outcome was evaluated against the established success criteria set in Phase 1 and verified in Phase 4. These included:
Accuracy: Verified by the Floor and Quality Managers to ensure zero discrepancies between dashboard totals and physical logs.
Latency: A dashboard refresh time/latency of less than 60 seconds to effectively provide real-time data.
Stability: System uptime of 99.9% or higher during the UAT window (Nov 14-Nov 28, 2025).
Production Impact: Measured under the stringent condition that there should be no unplanned downtime as a result of the deployment.
Justification of Differences: Most of the expected outcomes were achieved exactly as proposed. The project was completed within the estimated budget of $6,360. The timeline was followed with only a slight deviation (two extra days in testing), but the team kept a scope that focused on a minimum viable product, which enabled us to stay on track for the final handover. The only small functional difference was the modification of the logic that excluded pause codes; this difference was justified because it ensured that the result met the accuracy goals even better than the initial proposal design.
What I Learned From This Process: Working on this as a project made me realize that I can't just start with the technology and hope the meaning will come to me later. Understanding the true meaning of the numbers must be my first step if I ever build something like this. I would clarify what a "pause" is, what downtime is, and what defines a defect, then I would combine those definitions into a straightforward dictionary that is widely accepted.
It also helped me realize that planning the proof should come before planning the build. After outlining the tests I would perform, such as accuracy checks, network drop recovery, and a simple load test, I should be able to explain in simple terms how I will determine it is functioning properly.
Lastly, I discovered that assumptions should not be treated like facts when planning a project. To make sure that the project is solid on paper but doesn't fail when actual constraints are met, I would need to confirm network access, machine data access, and sufficient developer time in advance. Otherwise, I would need a backup plan.
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Charter Summary

Project name Automated Production Reporting (Pilot Linc)
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Test Execution Summary

Pilot monitoring was conducted from December 1, 2025, to December 12, 2025, utilizing Python
‘middleware to exccute simulated data loads and perform end-to-end connectivity checks from
the machine controller to SQL Server Express and Grafana, initially in a controlled environment
‘and subsequently on the pilot line. The quality standards validated were data validity and system
reliability.

Outcome

Connectivity, | The nctwork was intentionally | Reconnected within 30 seconds in 5 of
Recovery disrupted five times during UAT, | 5 tests, SQL timestamps and record.
and the system was observed counts confirmed no lost records

Accuracy, | Compared dashboard totals to Total parts and defect totals matched
Data Validity | end-of:shift machine tofals across | exactly across ten workdays, zero
ten workdays after pause-code | discrepancies

‘mapping revision.

Load, Simulated high-speed production | No outages or lockups, no unhandled

Performance | for two hours with constant inserfs | exceptions, updates stayed within the
and queries 60-second limit

Metric

Reporting <60 seconds Ave 18 seconds, max 54 PASS
latency seconds

Uptime >999% 99.93% PASS
KPlaccuracy | Zero discrepancies | Maiched across ten workdays | PASS

Pilot Sign Off

Field Value

Pilot completion | December 12, 2025

date

Approvers ‘Quality Manager, IT Representative

Acceptance Accepted for pilot transition

e

Key note Defect logic updated to exclude pause codes, then verified with zero
:
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Closeout Scorecard

Outcom

Reporting | <60 scconds | Avg 18 seconds, max 54 seconds. PASS

latency

Uptime >999% 9993% PASS

KPTaccuracy | Zero Verified during pilot, parts, and defects matched, | PASS
discrepancies | zero discrepencies

Budget =96.360 $6360 PASS

1 Dec 1, 2025 16 60
2 Dec2,2025 18 [
3 Dec 3,2025 14 [
4 Dec4,2025 19 [
5 Dec 5, 2025 21 [
6 Dec 8, 2025 17 [
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8 Dec 10,2025 20 [
9 Dec 11,2025 18 [
10 Dec 12,2025 2 [
Closeout Notes

Closcout date: Dec 12, 2025. The only functional revision made during implementation was
‘updating defect counting to exclude pause codes, which climinated false defect inflation and
resulted in zero discrepancies during verification. Ownership after handover was assigned as
follows: the Floor Manager and Quality Manager are the business owners for KPT use, and the

internal IT department provides ongoing support.





