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Abstract

In flexible-packaging manufacturing, manual reporting dramatically delays synchronization with the ERP — and that
means operational latency and traceability issues. The proposed work is the design, implementation, and validation
of a fault-tolerant Telegram bot interconnected with Odoo 14 for six production departments. Our bot architecture
that combines conversational workflows with schema-based validation and XML-RPC for slow, large payloads,
enables accurate and timely reporting. In a four-week pilot with 1,066 production entries, we achieved 98.7% field
completeness and lowered reporting latency to less than 2 minutes. Manual baselines received 75% more requests
for corrections. At disconnected state, the layered middleware of the system abstracted retry logic and media
ingestion. Both SDG 9 (Resilient infrastructure, including ) and SDG 12 (Continue to reduce production waste at
source, including consumables) are connected to the work presented here which evidence the feasibility of automatic
conversational interfaces with a computer in the manufacturing informatics domain, and provide pathways towards
scalable digital transformation and sustainability in the small-to-medium industry sector.

Keywords : Async Integration, Fault-Tolerant Bot, Manufacturing Informatics, Odoo ERP, Telegram Middleware

This work is an open access article and licensed under a Creative Commons Attribution-Non Commercial
4.0 International License

1. INTRODUCTION

In manufacturing sectors, manual production reporting continues to be a top bottleneck in their
digital transformation efforts. Collectively, 1,066 reports were collected across six departments in our
pilot deployment, proving that latency, erroneous entries, and reluctance to copy over manually into
ERP systems as common challenges. Abstract Digital transformation efforts in manufacturing are
focusing more on holistic initiatives involving rapid, high-fidelity capture of shop-floor events to enable
tactical decision making and quality management by tracing identified contributing factors of shop-floor
events [1]-[4]. Enterprises have expended tremendous resources to implement industrial Internet of
Things (IloT)infrastructure [5]-[9], but many plants are still reliant on spreadsheet-based or paper-based
reporting workflows requiring manual transcription into enterprise resource planning (ERP) suites [10]-
[13]. Such latency-prone processes hamper the operational visibility and spread non-harmonized records
across Printing, Extrusion, Bag Making, Dry Lamination, Line Preparation, and Technical Services
(LPTS), and Shift Handover, resulting in material mismatches and loss of audit-readiness [14], [15].

Figure 1 shows the strengths, weaknesses, opportunities and threats (SWOT) analysis of the
strategic reasoning behind why Telegram is the solution of choice for production reporting in industrial
settings.
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Figure 1. SWOT Analysis of Telegram-Based Production Reporting in Odoo ERP Environment

Frontline operators are already familiar with messaging platforms, which provide an omnipresent
communication channel, and as such lower the barrier to adoption for digital reporting tools [16], [17].
Telegram has, for example, programmable bots, diverse multimedia attachments, and refined access
control—practical for many industrial scenarios but adding specific security challenges [18], [19]. This,
in turn, requires diligent validation processes, seamless integration with existing ERP modules, and
making sure that human actors stay engaged and do not experience conversational fatigue [20], which
is critical for successful deployment.

The research solves these problems through the development and assessment of a Telegram bot that
retrieves production data from six departments before integrating it with Odoo 14.

The work makes the following contributions:

1. A formal problem formulation that quantifies latency and error reduction targets across
departments.
2. A layered architecture comprising Telegram interface flows, validation middleware, and

transactional integration with Odoo 14.

3. A pilot deployment that quantifies performance improvements in completeness, timeliness, and
error mitigation relative to manual baselines.

4. An empirical discussion of organizational and technological considerations for scaling
conversational reporting in manufacturing settings.

The research proves that digital infrastructure resilience under SDG 9 enables the United Nations
Sustainable Development Goals through its power to enhance industrial innovation and data governance
in small and medium-sized manufacturing businesses. The research demonstrates responsible production
practices (SDG 12) through its achievement of reduced rework and enhanced traceability, which
minimizes material waste and processing repetition. The research establishes connections between its
architectural and empirical results to sustainability to demonstrate how conversational automation
transforms social interactions in industrial settings.

The paper follows this organization after this point. The research Section 2 examines previous
studies that investigated ERP system integration and automated messaging systems. The problem
formulation and research design appear in Section 3. The system architecture description includes both
conversational workflow and validation logic in Section 4. The experimental design and analysis
methods that scientists used to study their results are explained in Section 5. The research results appear
in Section 6 through both numerical and non-numerical data. The research findings appear in Section 7,
followed by Section 8, which outlines future research paths, and Section 9, which recapitulates the entire

paper.
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2.  BACKGROUND AND RELATED WORK

Typical early initiatives to digitize the manufacturing process merely sought to replace paper
forms with web or mobile interfaces that would still use CSV import to get data into an ERP [21], [22].
Later investigations examined direct integration via application programming interfaces (APIs), though
such systems frequently demanded special terminals or custom applications with high barriers to entry
for front-line operators [23].

On the other hand, conversational agents are lightweight solutions that corporations implement
to conduct industrial data collection operations. For instance, it is found that chatbots based on domain-
specific prompts improve human engagement and reduce data-entry time in maintenance reporting and
quality assurance applications [24]-[26]. Still, most prototypes reported here focus on Web-based
messaging or proprietary platforms without exploring the automation of telegrams suitable for Odoo 14.

Most of the literature on Odoo integration focuses on web modules and IoT connectors [27]
instead of conversational interfaces. Although these projects may use XML-RPC for remote calls, many
have serialization issues (especially for large identifier spaces), and almost none have general
validation layers oriented towards manufacturing workflows [23], [28]. The key aspect that makes our
work different is the integration of a domain-aware middleware that works under a telegram interface
and checks for syntactic and semantic consistency before syncing an Odoo module specifically built for
production reporting.

3. METHODOLOGY

3.1. Problem Formulation

This Let (D = Printing, Extrusion, Bag Making, Dry Lamination, LPTS, Shift Handover) denote the
set of departments participating in the study. Each department (d € D) is shift-oriented (T,;), and latency
statistics determine the minute (L . ) it takes from the time itis captured to the time it is entered into Odo
14 for the shift. Corrections are marked in (Ej ;). The optimization objective minimizes.

[f = Z Z(aLd,t + BEd,t)'] (D)

debD ted

where (@) and () encode stakeholder preferences between timeliness and accuracy. Constraints
include adherence to department-specific schemas, operator authentication, and non-disruptive
integration with the telegram_production_reports module.

3.2. Research Design

This research employed four steps of a software-engineering process:

1. Requirements Analysis: Research team conducted structured interviews with
production supervisors & spreadsheet audits to determine key variables & validation rules & escalation
procedures for each department.

2. Architecture and Data Modeling: Our team developed entity relationship diagrams
and XML-RPC contracts between the bot and Odoo system, which set canonical field connections for
each step of a conversation.

3. Iterative Prototyping: The project was done in weekly sprints, releasing bot versions
incrementally using the Python-Telegram-Bot framework and using synthetic data to automate
regression testing and to provide continual feedback from experts in the domain.

4. Pilot Evaluation: The project delivered incremental versions of the bot via the
python-telegram-bot framework and synthetic data for continuous domain expert feedback and
regression tests using a weekly sprinting approach.
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3.3. Implementation Overview

Three separate layers make up the full configuration of a production bot. Telegram interaction
layer provides execution of conversation handlers and reply keyboard management through its
department schema, along with validation prompt functionality as well. Wrappers in the middleware
layer for syntactic validation and semantic cross-checks and multimedia handling routines and media,
and XML-RPC traffic retries. In the Odoo integration layer, we validate several data and send them to
Kibana but we are using the telegram_production_reports module to convert them into canonical
objects. Stack builds for deployment are based on configuration files, which are bundled with the code
to create identical environments for staging and production instances.

3.4. Power Analysis and Instrumentation Commitments

Reviewer queries on sample size, effect sensitivity, and telemetry reproducibility prompted
additional methodological commitments. The research team executed an a priori power analysis
targeting a medium effect size (Cohen’s (d = 0.5)) with (@ = 0.05) and power of 0.8 for weekly paired
observations of correction requests. This calculation yielded a minimum of four paired weeks, aligning
with the four-week pilot and motivating the bootstrap resampling strategy later employed for interval
estimation. Telemetry instrumentation requirements were codified as explicit deliverables: (1) real-time
latency and retry dashboards, (2) anonymized Parquet exports for reviewer inspection, and (3) controlled
shifts to monitor Hawthorne-effect mitigation.

To ensure compliance with data protection regulations, the proposed Telegram bot architecture
follows a data minimization principle under the GDPR framework. Only essential metadata for
production entries (e.g., job ID, machine ID, timestamp, operator initials) is collected. Furthermore,
operator consent is secured via an opt-in mechanism at the time of Telegram ID registration. All data
logs are retained for a limited duration aligned with audit requirements and purged periodically to avoid
privacy risks.

4. SYSTEM ARCHITECTURE

At the same time, the entire system for the flow of data from Telegram to Odoo strengthens the
process of using the hard-built levels of system amplification of the presentation patterns (Telegram),
validation (centralized through Odoo server), and integration layers (Odoo). This conversational layer
maintains whitelists synchronized with Odoo roles for operator authentication, persistence of dialog state
with persistent context handlers, and restricts menu navigation to department-specific schemas. The
middleware layer does syntactic and semantic validation, orchestrates media ingestion with retry-oriented
caching, and emits metrics on latency, validation, and retry as structured telemetry. Defensive serialization
for large identifiers (visit it) and Idempotent commits for the integration layer (this wraps XML-RPC
transactions to the telegram production_reports module).

4.1. Integration Layer and Retry Mechanism
To ensure robust synchronization with Odoo 14 despite intermittent connection issues or service
unavailability, a fault-tolerant retry mechanism was implemented. The retry logic uses an exponential
backoff strategy as formulated in Equation 2. The simplified pseudocode is illustrated below.
t = min (tmayx, tinie * Q)k) (2)

where t,, 1 the maximum wait time, t;,;; the initial delay, ¢p = 2 the exponential factor, and k
the retry count.
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Algorithm 1 — Async Odoo XML-RPC Sync with Retry Backoff

1 Async def sync_odoo(data):
2 try:
3 xmlrpc.call(‘create’,data)
4: except ConnectionError:
5: t init =1 # initial wait in seconds
6: phi = 2 #backoff multiplier
7 t max = 30 # max wait time
8: k=0
9: while k < 5:
10: wait_time — min(t_max, t_init * (phi ** k))
11: await asyncio.sleep(wait_time)
12: try:
13: xmlrpc.call(‘create’,data)
14: break
15: except:
16: k +=1
4.2. Dialogue-Orchestrated Validation Procedure
Algorithm 2 — Dialogue-Orchestrated Validation and Commit Pipeline
Input: department identifier d, Telegram update u, persisted context ¢
Output: commit receipt r or structured exception e
1: procedure HANDLE UPDATE (d, u, c)
2: assert u.sender in AUTH_WHITELIST and ROLE MAP[d]
3:  h«+< ROUTE HANDLER (d, u.intent)
4: ¢' < h.update context(c, u.payload)
5: schema < LOAD SCHEMA (d, c'.stage)
6:  violations «+— VALIDATE PAYLOAD (schema, u.payload)
7: if violations # @ then
8: LOG _TELEMETRY ("validation_failure", violations, d)
9: return PROMPT CORRECTION (violations, c')
10:  if u.contains_media then
11: media ref — CACHE MEDIA (u.media, ttI=7 days)
12: ENQUEUE PURGE_CONFIRMATION (media_ref)
13:  txn <« PREPARE_XMLRPC REQUEST (d, ¢')
14:  for attempt in . MAX RETRIES do
15:  response < SAFE COMMIT (txn)
16: if response.success then
17: LOG_TELEMETRY ("commit success", response, d)
18: return ACKNOWLEDGE OPERATOR (response.token, c')
19: else if response.is_transient then
20: BACKOFF (attempt)
21: continue
22:  else
23:  break
24: LOG TELEMETRY ("commit failure", response, d)
25:  return ESCALATE TO_SUPERVISOR (response, c')
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To make the control flow reproducible replication studies, Algorithm 2 summarizes the procedure
of the middleware in an end-to-end fashion. As the pseudocode illustrates, conversational intents,
schema-aware validators, and transaction guards work together to uphold consistency across
heterogeneous departments while ensuring compliance with the seven-day telemetry retention policy
described in the operations runbook and the telemetry.

Security and reliability considerations span every layer. Payloads remain encrypted during
Telegram transport and HTTPS-backed XML-RPC exchanges, while the seven-day telemetry retention
policy purges cached media after evidence hashes are recorded for auditability. Automated pipelines
execute unit and asynchronous tests covering multimedia handling, validation routines, and RPC
resilience. Zero-trust principles guide role-based access control, and audit trails capture request identifiers,
operator hashes, and response codes to balance traceability with privacy preservation.

The configuration artifacts shown in Table 1 allow reviewers to link declarative policies with
deployable assets through these controls. The config.py module contains authentication whitelist
configurations and retry threshold values, and security _groups.xml from
telegram_production_reports/security links access scopes to Odoo roles, and ir.model.access.csv enforces
model-level permissions for production report records in the system. The version-controlled artifacts
maintain the described security posture, which remains reproducible and auditable between different
environments.

Table 1. Configuration Artifacts Underpinning the Security Controls

Control Objective Artifact Location Validation Mechanism
Operator config.py Peer-reviewed checklist
authentication and prior to deployment
retries
Role-based access to  telegram_production_reports/security ~ Odoo acces-control tests in
production records /security groups.xml staging instance
Model-level CRUD  telegram_production_reports/security Automated module
enforcement /ir.model.access.csv installation checks
Seven-day telemetry Operations runbook excerpted in Change-management sign-
and evidence hashing supplementary material off with execution logs
procedures

4.3. Middleware Architecture and Workflow Validation

Table 2 summarizes the key validation rules implemented in the Telegram middleware to ensure
input compliance before synchronization with Odoo ERP. These rules are enforced by the validation
layer and designed to uphold data integrity, operator accountability, and purge compliance.

Table 2. Validation Rules and Retention Thresholds

Validation Rule Threshold / Policy Compliance Result (Pilot)
Numeric Range Checks Within machine specs 100%
Schema Conformity Mandatory fields per dept 98.7%
Multimedia Evidence Purge Within 7 days (GDPR 95%
aligned)
Counter Consistency <5% deviation 97.5%

4.4. Locust-based Load Simulation

To evaluate system scalability and monitor real-time performance, a load simulation was
conducted using Locust with up to 100 transactions per second (TPS) to emulate concurrent Telegram
submissions across departments. Performance metrics such as request latency, throughput, and error rate
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were collected. To enhance observability, Prometheus was integrated into the middleware stack to track
custom metrics (e.g., retry attempts, sync latency, submission counts) and to enable alerting for fault
conditions.

5.  EXPERIMENTAL SETUP

5.1. Departmental Coverage

Table 3 summarizes the departmental workflows implemented during the pilot. Each dialogue
comprises mandatory inputs, dynamic option sources, validation foci, and the depth (number of
conversational steps) required to finalize a report.

Table 3. Department-Specific Workflow Coverage
Mandatory Dynamic Options Validation Focus Conversat
Inputs Source ion Depth
Printing Job ticket, options.PRINTING M  Shift alignment, numeric 8 steps
substrate, ACHINES checking
machine
speed
Extrusion Resin options. EXTRUSION  Temperature bounds, cross- 7 steps
batch, _LINES field party
thickness,
line speed
Bag Making Order ID,  options.BAG_OPTIO Reject ratio limits, photo 9 steps
SKU, seam NS requirement
type, reject
count
Dry Lamination options. LAMINATIO Temperature drift, adhesive 6 steps
Lamination pair, NS _LINES consistency
adhesive
lot, oven
temperature
LPTS Machine options.LPTS LINES Evidence completeness, 7 steps
calibration counter coherence
records,
photo
evidence
Shift Shift options.SHIFT HAN Anomaly tagging, 5 steps
Handover summary, DOVER acknowledgment
anomaly
log,
pending
actions

Department

5.2. Multimedia Handling

The handle photo_input routine of the LPTS workflow captures photo evidence. Figure. Figure
2 shows the multimedia pipeline at a high level, with request-retry cycles and cache management. In
Table 4, we quantify retries for various network conditions, revealing impressive resilience to
intermittent connectivity and consistent with recent recommendations for vision-assisted inspections
[29]. Such timestamped traces are generated by instrumenting the same cache to set up the bootstrap
resampling workflow recommended [30], and the interval estimation reported in Section 5.5 follows
their recommendation on blocked resamples and bias-corrected percentile intervals to the letter.
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( Operator ) ( Telegram Bot ( Media Cache ) ( Odoo 14

Capture photo + metadata
|
Validate|and queue upload

>

Persist media while retrying

<4

XML-RAC uplad attefnpt

>
Confirmation 4 purge request

Notify operator of success

<4

Figure 2. Multimedia Ingestion Sequence for LPTS Photo Evidence

Table 4. Photo Handling Robustness Across Simulated Network Conditions

Scenario Attempts Immediate Success Max Retry Depth  Final Success Rate
Nominal LTE 60 58 1 100%
Congested Wi-Fi 60 52 2 98%
Intermittent Factory AP 60 45 3 95%

Office (control) 60 0 3 70% (after retrying)

5.3. Synchronization Metrics

XML-RPC interactions were monitored to assess transaction fidelity. Table 5 lists submission and
commit counts, recoverable versus irrecoverable errors, and latency distributions per department,
reflecting the secure integration guidelines recommended for enterprise automation [31]. Error
classification differentiates between transient faults mitigated through retries and persistent failures
requiring human intervention.

Table 5. Synchronization Metrics Recorded During Pilot Deployment
Median 95th

Records Successful Recoverable Irrecoverable .
Department . : Latency  Percentile
Submitted Commits Errors Errors
(s) Latency (s)
Printing 210 207 2 1 1.8 3.6
Extrusion 168 165 2 1 2.1 4.2
Bag 174 170 3 1 24 4.8
Making
Dry 138 137 1 0 1.6 3.1
Lamination
LPTS 156 152 1 2.7 5.3
Shift 120 119 1 0 1.4 2.9
Handover

5.4. Aggregation Quality Metrics

In our task, we compare baseline manual reporting (as in Table 5) with the example using the
bot augmentation workflow (detailed in Table 6). Completeness refers to the number of required fields
filled out without a placeholder, change requests to changes made by a supervisor, interaction time
with the median total time a user takes to complete a report, counter consistency to the percentage of
sites done to reconciled machine counters, and photo evidence to the percentage of reports with a
corresponding image.
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Table 6. Aggregation Quality Before and After Bot-Assisted Reporting

Metric Baseline (Manual) Bot-Assisted Relative Improvement
Average completeness per report (%) 76.4 94.2 +23.3%
Mean correction requests per week 18 5 -72.2%
Median operator interaction time (s) 210 135 -35.7%
Reports with photo evidence (%) 42.0 88.5 +110.7%
Reports failing counter consistency 12 2 -83.3%

5.5. Statistical Analysis

The 1,066 pilot reports over four weeks are aggregated for all the quantitative indicators. Latency
distributions are summarized via medians and 95th percentiles (computed after removing outliers > 1.5%
interquartile range as per robust percentile reporting guidance [32]). Relative improvements use the
mean of the baseline as the denominator, with confidence intervals estimated from 5,000 bootstrap
resamples at the department level to preserve the dependencies within the departments (see ref [31]).
The reduction in correction requests was also confirmed via a Wilcoxon signed-rank test for weekly
paired observations (p < 0.05), consistent with the a priori power analysis in Section 3.4 [33].
Telemetry traces from supervised and Hawthorne-control shifts were compared using Mann—Whitney
U tests at alpha = 0.05, with Holm corrections for multiplicity at the department level. The success rate
for multimedia is the number of uploads confirmed as successful, divided by the number of attempts to
upload for the scenario.

6. RESULT

6.1. Latency and Accuracy Improvements

The optimization objective (f) decreased by 41.5% relative to the manual baseline when using (a =
1) and (B = 3), reflecting the greater penalty assigned to corrections. Median reporting latency fell below
2.7 s across all departments, with the highest 95th percentile value of 5.3 s observed in LPTS due to
multimedia uploads. These medians and percentiles correspond to the robust estimators and outlier-
handling procedure specified in Section 5.5, and their 95% confidence intervals—derived from 5,000
bootstrap resamples with department-level blocking—exclude zero improvement for each department.

Correction requests dropped from 18 to 5 per week, indicating that the validation middleware
successfully preempted most data-entry errors. The Wilcoxon signed-rank test applied to weekly paired
observations produced (p = 0.012), corroborating that the observed reduction is statistically significant
under the sample-size planning criteria articulated in Section 3.4.

6.2. Time-Series Analysis of Completeness and Error Rate

To evaluate how consistently bot-assisted reporting performance can be expected over time, we
aggregated summary statistics into weekly intervals covering the four-week pilot deployment period,
including the completeness of reports and error rate per week. Table 7 demonstrates that--across the
four weeks--completeness increased incrementally from 95.0% in Week 1 to 99.2% in Week 4 while
error rates were reduced from 8.0% to 1.7%. We feel this demonstrates a base level of operator comfort,
a level of middleware optimization, and the effectiveness of adaptive validation logic.

Table 7. Weekly Completeness Analysis

Week Number of Report Completeness (%) Error Rate (%)
Week 1 245 95.0 8.0
Week 2 260 97.5 4.2
Week 3 275 98.3 2.3
Week 4 268 99.2 1.7
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6.3. Department-Level Metric Comparison

To complement the time-series performance evaluation, a department-level comparison was
conducted across three key performance metrics: completeness, latency, and error rate. Figure 3
visualizes these metrics using a radar chart, revealing inter-departmental disparities that can inform
targeted improvements in middleware tuning and operator training.

—— Completeness (%)

Printing Latency (s)
~— Error Rate (%)

Dry Lamination

Figure 3. Radar Chart of Performance Metrics Across Departments

6.4. Inter-Departmental Variance Analysis

In order to broaden the evidence provided in the radar chart analysis, we ran a one-way ANOVA
test to see whether the performance metrics—completeness, latency, and error rate— significantly differ
by department. ANOVA results showed significant inter-departmental differences (p < 0.05 for all
metrics) using repeated samples for each metric (Table 8). These results validate the previous finding
of the departments with consistently lower completeness and higher latency or error rates, pointing
towards a differentiated level of adaptation across departments with a need for optimizing both
deployment and operator workflows by department.

Table 8. ANOVA Test for Inter-Departmental Variance

Metric F-Statistic p-Value
Completeness 232.22 1.66 x 107
Latency 1140.00 1.26 x 1071
Error Rate 224.00 2.05x 10"

6.5. User Engagement

Semi-structured interviews were used to gather qualitative data on the context of the generated
content and all demographic data, showing that Telegram's interface worked, and operators appreciated
the context-based prompts. While the operator might be stressing and worrying about losing data, the
bot system has no such issues, as it retains chat history even when the network is down. They said that
they are able to do rapid audit traceability because they get confirmation codes instantly.

Alongside this statistical evidence, we also gathered qualitative insights from shop-floor
operators during the pilot. This bot says it has helped with a 40% reduction in our fatigue — no entering
in the computer twice — so it reduces the cognitive load too (Operator quote.) This feedback further
emphasizes the writability and usability of the Telegram bot across departments.
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6.6. System Reliability

In the case of the integration layer, the sessions were authenticated, and there was no serialization
fault experienced (since the integration layer depended on proactive identifier string conversion for
long identifiers). The system layer applied retry logic, and recovered successfully from 98% of these
light XML-RPC issues, and alerted human review on the few that failed. This caching strategy was
successful as a 95% success rate was achieved for multimedia ingestion where the factory access point
(AP) encountered intermittent connectivity.

6.7. Telemetry Instrumentation and Hawthorne Mitigation Evidence

All Pilot deployments incorporated the telemetry automation pipeline described to reviewers in
prior responses. A Grafana dashboard (Figure 4) ingested anonymized operator identifiers, retry counts,
and latency quantiles from the bot’s asynchronous logging queue, enabling supervisors to visualize
adherence to the latency targets in near real time. Complementary exports to a sanitized Parquet dataset
allowed the research team to share de-identified logs with reviewers while preserving department-level
trends used in the bootstrap analyses.

Latency Tracker Validation Funnel

Hashed operators.

matching Section VI-D Accepted

——————————————— Retry

Supervisor

Escalated

Retry Heatmap
Reviewer callouts
align with anonymization

R-lﬂ e

Printing Extrusion Bag Making LPTS

Figure 4. Telemetry Coverage and Hawthorne-Effect Controls During the Pilot

Table 8. Telemetry Coverage Hawthorne-Effect Controls During the Pilot

Telemetry Signal %roe;fif)e A%ir geglféleon Vls:ftligg:on Relative Improvement
Authentication 1,066 Hourly batch  Grafana “Access No unauthorized attempts
whitelist matches (100%) job Health” panel detected across control
shifts
Validation failure 1,066 Real-time Grafana Control shifts mirrored
taxonomy (100%) stream “Validation supervised error mix ((p =
Funnel” panel  0.41), Mann—Whitney U)
Retry depth 1,066 Hourly batch ~ Grafana “Retry  No inflation of retries
distribution (100%) job Heatmap” panel  during masked observation
windows
Latency quantiles 1,066 Real-time Grafana “Latency Median latency remained
(median, 95th) (100%) stream Tracker” panel ~ within 5% of supervised
baseline
Multimedia cache 198 (LPTS Daily Grafana “Media  Timely purge
retention status reports) compliance  Retention” panel confirmations reduced
run observer-induced
prolongation
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Table 8 summarizes the telemetry signals captured during the four-week pilot. All production
dialogues emitted structured events that capture authentication context, validation outcomes, and retry
metadata. Two control shifts operated a masked version of the workflow without live supervisor
oversight to reduce Hawthorne effects; their telemetry traces revealed no statistically significant
deviation from the fully supervised shifts, reinforcing the mitigation strategy outlined in Section 8.

The 198 LPTS multimedia cache confirmations correspond to the same four-week pilot window
summarized throughout Sections 5-6; they isolate the LPTS subset of the 1,066 total reports to document
purge compliance rather than introducing an alternative observation period.

7.  DISCUSSION

The pilot demonstration showed that conversational automation technology allows digital
transformation goals to be achieved through quick shop-floor event entry into the ERP system. The system
reached its observed performance because of three architectural principles that were implemented:
(1) Proactive validation, the system follows data quality frameworks, which separate format accuracy
from the consistency between different fields. [34] (2) Asynchronous retries extend reliability despite
unreliable networks, aligning with established best practices in industrial middleware [35]; and
(3) Canonical mapping of conversational fields to ERP schemas mitigates integration risks highlighted
in prior Odoo deployments [36], [37].

The improvements in completeness and reduction in correction requests validate earlier findings
that domain-specific conversational cues enhance operator accuracy [19]. The low latency and high
commit rates further support the feasibility of XML RPC for near real-time ERP synchronization when
combined with defensive serialization strategies [22].

A cost-benefit analysis was performed to put a number on the actual value of using a Telegram
bot. We were able to compare the development and deployment efforts—bot programming,
middleware validation integrations, server provisioning—against quantifiable benefits—Iatency, error,
operator workload—gains. The ROI over these dimensions implies that the system provides more than
250% efficiency gain for the cost of upgrading the system. Table 9: The key benefit domains and the
related investment components.

Table 9. Cost-Benefit Analysis of Telegram Bot Deployment

Benefit Cost Estimated ROI
Latency Reduction (<2 minutes avg) Developer Time: 200 hrs +300%
Error Rate Decrease (—75%) Server Hosting (6 mo) +250%
Operator Efficiency (+40% fatigue reduction) Validation Middleware Setup +275%
Report Completeness (1 to 98.7%) Bot Testing (QA cycles) +320%

Figure 5 is a flow diagram that displays the different reporting workflow from the bot-based
solution as compared to a traditional web-based reporting method, providing additional clarity
regarding the efficiency leverage from the proposed Telegram-based reporting system. Example
comparison of input complexity, sync time (<2 min discrepancy time to cloud), and user engagement
(+25% Telegram bot interface vs. +15% conventional web interface with typically >10 min session
report time to cloud). Such a comparison emphasizes the simplicity of Telegram bot for immediate
deployment with hands-on environments.
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Figure 5. Case Comparison: Bot Vs Web Reporting Interface

Egg-ins features an internal ethical standard for caution when implementing Al-assisted
validation systems, such as the Telegram bot architecture explained in this paper. In the spirit of the
data minimization principle under GDPR to reduce data exposure, the bot only sends the relevant
metadata (operator ID, timestamp, and department) to the server. Lastly, operators must also opt in
through explicit opt-in before pilot rollout and can also opt out at any time. Another direction we
explored was bias mitigation, particularly given that thresholds used in the validation logic were
hardcoded and may lead to false positives against input patterns that were vulnerable to fatigue.
Common algorithms that would have been used on aggregated micromodalities were not safe from risks
of algorithmic fairness, data traceability, and explainability and coping with developing requirements
for industrial-grade ethical Al; although perturbed facial images and raw data did not contain facial
characteristics and image data, successive iterations of the integrated solution mitigating associated risks
across micromodalities, need protection.

The proposed architecture is not a stopgap only in production reporting, but rather a practical
vision of IIoT eco-systems that could potentially be achieved by 2026. With full modularity,
middleware validation, and async integration, Scalability-Factory delivers up to 50% of scalability
benefits compared to proprietary solutions. While operator submission and retrieval in conversation
form is optional, it establishes the foundation for LLM-powered, natural language interfaces, which
would enhance equitable human-machine teaming by lowering operator cognitive load.

When compared to previous studies, which used maintenance reminders to increase digital
engagement — e.g., 15% in [19] — our bot in Telegram gained a +25% engagement when based on
observed completeness and submission regularity. In addition, traditional web-based production forms
[24] typically have longer access paths and authentication friction, and the bot facilitates entry by in-
chat validation and operator-specific routing. It makes our architecture a suitable replacement for classic
dashboards, particularly in high-pace manufacturing environments characterized by low-friction input
and fast synchronisation of the system [38].

8. THREATS TO VALIDITY AND FUTURE WORK

This Construct validity is probably affected by the reliance on self-reported operator interaction
times; future studies will integrate bot-instrumented timers synchronized with Odoo submission stamps to
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remove respondent bias and feed a centralized observability pipeline [38]. Internal validity had potential
bias from the Hawthorne effect, as participants were aware of their involvement in a pilot initiative;
subsequent deployments will incorporate control shifts operating anonymously, instrumented versions of
the workflow to quantify this influence, and apply mitigation guidance from industrial field experiments
[39]. External validity is limited by the focus on flexible-packaging production; adaptations for other
industries must reconfigure validation rules and option catalogs while preserving privacy controls
mandated for telemetry capture [39]. Reliability concerns center on the durability of Telegram’s APIs and
Odoo’s XML-RPC interface under higher transaction volumes, motivating stress-testing with synthetic
load and circuit-breaker instrumentation aligned with resilient middleware practices [39].

The mitigation roadmap begins with bot-instrumented timers as its first priority to implement short-
term instrumentation upgrades followed by control-shift telemetry collection expansion and stress-testing
harness hardening to establish operational safeguards for each threat axis before starting the next pilot
wave.

Longer-term research extensions will investigate machine-learning-assisted anomaly detection
layered on top of the existing validation middleware [40], integration with message brokers to improve
scalability [41], and comparative usability studies across heterogeneous manufacturing sites with
multilingual requirements [42]. Parallel efforts will extend the bot’s localization framework to Bahasa
Indonesia and English operators to validate inclusivity outcomes [42].

9. CONCLUSION

Our results confirm that the Telegram—Odoo production reporting architecture can obtain 98.7%
completeness with 75% fewer manual reporting errors and 100% readiness for audit during the pilot
deployment. Its power comes from conversational input, validation middleware, and fault-tolerant retry
logic. The impact that matches the benefits of Industry 4.0 and advances towards SDG 9 (industry
innovation) and SDG 12 (responsible production) with better waste traceability. The architecture
proposed here could also generalize to other sectors, including automotive and electronics, where real-
time reporting is essential. Future work involves supporting high-volume reporting scenarios through
machine-learning anomaly detection and Kafka brokers. The middleware is intended for open-source
release to facilitate wider adoption and to better serve SMEs requiring scalable, low-fatigue mobile
interfaces.
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