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ABSTRACT 

In contemporary manufacturing and warehousing 

settings, inventory needs to be managed at a detailed 

level to support traceability, reduce errors, and 

maximize operational efficiency. Batch tracking or 

generalized stock-keeping units (SKUs) used in 

conventional inventory systems do not capture the 

complexity of custom-configured products. This 

work presents a new specification-based inventory 

tracking model that takes into account the distinct 

properties of every order line and individual item, 

especially where every item is tailored to custom 

customer specifications — like tailor-made windows 

in building or design-driven industries. The model 

tightly couples with warehouse management 

modules, enabling real-time trackability from the 

order initiation right through production, warehouse 

transfers, and end-delivery. It solves the specific 

problem of identifying and tracing non-identical 

units through manufacturing and logistics processes 

with linkage to order-level data. We introduce a 

system architecture that employs order-level 

specifications as the main indexing criteria, 

supplemented by serial numbers, QR codes, and 

configuration metadata to create item uniqueness. 

The model is deployed in a warehouse module that 

accommodates scanning-based item movements, 

rule-based checks, and real-time inventory 

dashboards. Pilot results show increased order 

accuracy, mis-ship reduction, and warehouse 

throughput improvements. The paper also addresses 

ERP integration implications, cost trade-offs, and 

large-scale manufacturing operation scalability. With 

increased visibility and control, the model proposed 

has a feasible answer for firms working with highly 

custom products, enabling a path towards fully 

digital, specification-based inventory ecosystems. 

Keywords- Inventory tracking, configuration-based 

products, warehouse management system (WMS), 

ERP integration, order line traceability, customized 

manufacturing, serialized inventory, specification-

based logistics. 

 

I. INTRODUCTION 

In the current age of customized products and high 

customer expectations, inventory systems are being 

put under pressure to go beyond the conventional 

stock-level monitoring. Especially in sectors such as 

construction, architecture, automotive, and furniture, 

products are no longer mass-produced with standard 

characteristics. Rather, companies are shifting 

toward configuration-based production where every 

order can have distinctive units based on certain 

customer needs. A typical example is in window and 

door production, where every product can differ in 

size, material, glazing, finish, and hardware 

selection. In these situations, the traditional 

inventory tracking models—based on static SKUs—

are insufficient. They are not able to differentiate 

between two products with slight specification 

variations, resulting in possible confusion, shipping 

mistakes, and customer complaints. 

This paper proposes a model of inventory tracking at 

the level of configurations instead of product 

categories. The model aims to track inventory 

effortlessly from the time an order is made until the 

point of final delivery, keeping each uniquely 

specified unit traceable. The idea involves handling 

every order line as a separate entity and mapping it 
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to serialized, configuration-specific stock units 

within the warehouse. The central challenge is in 

creating a system that has the ability to properly map 

item-specific metadata to physical inventory 

operations, without making the warehouse personnel 

burdened or less efficient. 

Our contention is that this requirement for specificity 

requires a specification-driven inventory 

management system within the larger warehouse 

management system (WMS). This model not only 

provides traceability but also increases data 

accuracy, accountability, and process automation. 

Through the combination of concepts in ERP 

systems, barcode technology, and manufacturing 

execution systems (MES), our proposed solution 

provides complete lifecycle monitoring for uniquely 

configured products. This paper is intended to add to 

the body of literature in logistics digitization by 

presenting the conceptual model, its technical 

realization, and practical implications. 

 

 

The rest of the paper is organized as follows: Section 

II offers a literature review of current research and 

methods of inventory tracking and personalized 

product logistics. Section III details the approach 

used to construct the model and integrate it with 

existing warehouse infrastructures. Section IV offers 

results derived from pilot deployment. Section V 

discusses scalability, practical application, and 

limitations. Lastly, Section VI concludes the work 

and indicates paths for future research. 

 

II. LITERATURE REVIEW 

Over the last few years, the rise of mass 

customization of manufactured products has 

necessitated dramatic changes in inventory 

management, especially in the case of specification-

based or engineered-to-order (ETO) goods. Standard 

inventory models formulated around generic stock-

keeping units (SKUs) are not effective when 

individual products vary according to customer-

specified configurations. Consequently, scholars and 

practitioners in the manufacturing industry have 

been looking at finer levels of tracking mechanisms 

to facilitate item-level specificity. 

A number of studies have highlighted the 

shortcomings of SKU-based systems in managing 

tailored products. Traditional ERP-integrated 

warehouse systems, as noted by [1], are not suited 

for differentiating between products with variant 

attributes and tend to lead to process bottlenecks or 

shipment errors. To overcome such limitations, [2] 

suggested configuration-aware inventory models 

that apply metadata to items to support serialized 

tracking throughout the supply chain. This structure 

enables systems to handle each unit independently 

associated with an order line and not as a batch or a 

category. 

A parallel stream of research emphasizes the 

integration of Warehouse Management Systems 

(WMS) and Manufacturing Execution Systems 

(MES) for traceability purposes. In [3], the authors 

illustrated a hybrid architecture wherein MES-

created unit-level identifiers are utilized by WMS 

modules for tracking items through internal 

warehouse movement. Such traceability was vital in 

settings working with custom-fabricated 

components, like window and façade systems in 

building manufacturing. 

Barcoding and RFID technologies are critical 

enablers for specification-based tracking. [4] 

surveyed how serialized barcodes can be used as 

carriers of configuration data, associating each unit 

with its digital twin in ERP or Product Lifecycle 

Management (PLM) systems. Their research proved 

that configuration-encoded QR codes heavily 
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enhanced pick-pack accuracy in warehouses dealing 

with special units. In the same vein, [5] investigated 

the application of RFID tags in tracing customized 

components in automotive supply chains, with a 26% 

improvement in traceability efficiency when 

products were tagged at the point of manufacture. 

The need for real-time insight and error prevention 

in intricate order fulfillment has also resulted in the 

use of digital twins and dashboards specific to 

orders. [6] outlined how specification-based models 

provide prospects for real-time tracking of piece 

flow, detection of anomalies, and exception 

management. By infusing specification data into the 

interface of the WMS, the workers in warehouses 

were able to conduct rule-based checks that 

precluded the shipment or staging of the incorrect 

unit. 

In smart warehousing, rule-based engines and AI 

have been suggested to ensure that scanned products 

adhere to order-level configurations. As described by 

[7], these systems use configuration matrices or trees 

that define acceptable variations. These models 

provide assurance that the fulfillment processes are 

highly synchronized with the initial customer 

specifications, a necessary feature in high-precision 

industries. 

Literature suggests a strong movement towards 

granular, configuration-driven inventory models that 

utilize serialization, integration, and real-time 

visibility to address the needs of custom 

manufacturing environments. Yet there is still a gap 

in integrated implementations that seamlessly 

integrate order line tracking, warehouse execution, 

and delivery verification under one seamless 

workflow — a gap this paper seeks to fill. 

III. METHODOLOGY 

The methodology for implementing a specification-

based inventory tracking model is based on the 

underlying principle that every item — especially in 

customization-heavy industries like window 

manufacturing — is one of a kind. This is because 

the item variety is a result of the number of 

configurations determined by customer 

specifications like size, material, finish, glazing, 

color, and hardware. Thus, a generic SKU system 

will not do. The essence of this model is to connect 

the order line level configuration specification with 

the physical tracking of individual units during the 

warehouse and delivery life cycle. 

1. System Architecture Overview 

The architecture of the system combines the 

Enterprise Resource Planning (ERP) module, 

Warehouse Management System (WMS), and Order 

Processing System into a single flow. The order 

intake process records all configuration parameters 

as part of the Bill of Configuration (BoC), which is 

associated with every order line. This BoC is then 

utilized to create a unique identifier (e.g., UUID or 

hash key) for every unit — considered a digital 

fingerprint of that configuration. 

Each product is serialized and marked with a QR 

code containing its own unique specification and 

order metadata. These are created during production 

and attached to the physical product. The QR code 

serves as a link between the digital order system and 

the physical product. 

2. Warehouse Tracking Integration 

The WMS module is configured to work based on 

the granularity of the specification level. As soon as 

the finished goods enter the warehouse from the 

production, every unit is scanned. The system checks 

if the physical setup (through the QR code) is 

identical with the order line in the ERP system. In 

case of mismatch, it is indicated at once, thereby 

eliminating inventory pollution. 

Warehouse activity is tracked at the unit level for all 

activities such as bin allocation, internal transfer, 

quality inspection, and staging. Every scan action 

updates the real-time location of the inventory on the 

WMS dashboard. Traceability logs are kept by the 

WMS so that the entire journey of a unit from 

production to delivery can be seen by users at any 

given point in time. 
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3. Rule-Based Matching and Exception Handling 

The system also features a rule-based engine that 

checks whether scanned units comply with 

predefined parameters (e.g., order ID, configuration, 

destination bin). For instance, if a unit ordered with 

laminated glass and aluminum frame is mistakenly 

put into a shipment of a different configuration, the 

system stops the process and sends an exception 

alert. 

Moreover, the system supports a "buffer zone" or 

staging area validation. Scanning each unit once 

more prior to shipping validates against the delivery 

order for a true match. This action avoids mis-

shipments and provides complete parity between 

physical units and customer orders. 

4. Data Model and Reporting 

A relational data model connects each order line with 

its configuration metadata and serial number. The 

system supports querying based on configuration 

attributes (e.g., "all tempered-glass units with black 

finish pending delivery"), enabling fine-grained 

forecasting and reporting. Inventory dashboards 

show status metrics like in-stock, staged, shipped, or 

returned units — each at the configuration level. 

5. Integration and Scalability 

The model is deployed through RESTful APIs that 

bring together ERP, MES, and WMS systems. The 

modular design enables scalability across multiple 

warehouses or plant locations. This also enables 

integration with IoT sensors for automated scanning, 

enhancing accuracy and minimizing manual effort. 

 

IV. RESULTS 

The application of the specification-based inventory 

tracking model was tested in a manufacturing setting 

that specializes in custom window systems, where 

every unit is distinct in configuration. The main 

objectives were to minimize shipment errors, 

enhance order traceability, and optimize warehouse 

operations. Data was gathered over a period after the 

system rollout. 

1. Error Minimization in Order Fulfillment 

Before implementation, the warehouse used batch-

based processing with little configuration-level 

validation, resulting in high rates of errors in order 

fulfillment for customers. Typical problems were 

window sizes that did not match, incorrect glazing 

types, and hardware finishes that were mixed up. 

After implementation, order fulfillment accuracy 

was significantly improved. The rate of mis-shipping 

decreased from 4.3% to 0.6%, an 86% decrease in 

order line-level order fulfillment errors. This was 

primarily due to the rule-based scanning system 

combined with the distinct configuration identifiers 

for each unit. 

2. Enhanced Inventory Visibility and Traceability 

Employing QR codes that refer to the digital 

configuration profile of each unit enabled warehouse 

personnel and supervisors to see the precise status 

and position of any given item in real time. From the 

WMS dashboard, units could be traced through the 

following checkpoints: 

• Inflow from production 

• Bin or shelf storage 

• Quality control area 

• Staging area 

• Last loading for dispatch 

This translated to 100% traceability for all serialized 

products, from 63% with the old system. Historical 

logs also facilitated rapid audits during inventory 

reconciliations and saved 40% of the cycle count 

time. 

3. Improved Warehouse Efficiency 

The system greatly improved the efficiency of 

warehouse operations. Average time to find and pick 

items was reduced by 27%, as the workers at the 

warehouse were led by the system to the precise unit 

location depending on its configuration and order 

number. In addition, staging operations were 

accelerated and made more efficient because of real-

time matching of staged units with their 

corresponding delivery manifests. The elimination of 
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manual sorting and double-checking processes saved 

an estimated 220 labor hours every month. 

4. Customer Satisfaction Metrics 

Customer feedback gathered over the same 6-month 

timeframe reflected a significant improvement in 

delivery satisfaction. Late or erroneous deliveries — 

which had made up a high percentage of customer 

complaints in the past — fell by 78%. Customers 

specifically valued the consistency and accuracy of 

deliveries, especially for complex, multi-unit orders 

that needed to be strictly configured in alignment. 

5. Exception Handling and Anomaly Detection 

One of the most significant benefits was the 

performance of the exception management module. 

In the pilot, 122 configuration mismatches were 

caught and highlighted by the system prior to 

shipping. Previously, they would have inevitably 

caused expensive returns or unhappy clients. Real-

time anomaly detection according to configuration 

rules averted these issues ahead of time, cutting the 

cost of reverse logistics. 

6. Scalability Assessment 

A scalability analysis performed towards the end of 

the pilot confirmed that the model is entirely scalable 

across multi-warehouse networks. Simulations 

performed using digital twins validated that the 

tracking model sustains performance consistency 

even when the order volume increases threefold, and 

thus, it can be deployed enterprise-wide. 

V. DISCUSSION 

The pilot implementation results of the specification-

based inventory tracking model validate the 

effectiveness of utilizing configuration-level 

granularity in managing one-of-a-kind products, like 

bespoke windows. The substantial decrease in mis-

shipments, improved traceability, and increased 

operational efficiency justify the move away from 

SKU-based batch handling towards an 

individualized tracking system. This section 

discusses these findings while also noting 

limitations, system dependencies, and future 

considerations. 

1. Interpretation of Outcomes 

The most significant lesson from the rollout is the 

importance of serialization based on configuration 

metadata. Conventional systems categorize 

inventory into wide SKUs, which is effective for 

similar products but not applicable to configurable 

items. By handling every unit as a single unit with a 

specific identifier, the warehouse staff were able to 

track every single item from when it came out of 

production to the point of delivery. This allowed for 

complete digital and physical synchronization—a 

very important consideration for minimizing 

delivery mistakes and enhancing client satisfaction. 

The incorporation of this tracking logic into existing 

ERP and WMS systems also proved that 

modernization to the whole stack is not needed for 

impactful change. Rather, the application of modular 

APIs and configuration-matching logic enabled the 

system to be overlaid on top of current workflows. 

This provided minimal downtime and training 

burden but still yielded immediate gains. 

2. Operational Challenges 

Despite the success, several challenges emerged 

during implementation. The first was operator 

training and change management. Warehouse staff 

had to adjust from batch-picking to unit-specific 

scanning processes, which initially caused delays. 

Intensive training sessions and role-based user 

interfaces helped mitigate this issue over time. 

Another issue was the reliability of QR labeling and 

scanning equipment. Labels sometimes fell off when 

handled or were covered by packaging. To 

counteract this, a backup RFID tag system was tested 

on high-value units with encouraging results. 

Hardware reliability and tag placement standards 

were revised based on this experience. 

The system latency and data load of querying big 

config tables created extra technical challenges. 

Real-time scanning during busy operations 

occasionally resulted in latency in updating 

inventory positions. This was fixed by implementing 

edge caching at scan terminals and batch-syncing to 

the central database in off-peak windows. 
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3. Strategic Implications 

At a strategic level, this model of tracking unlocks 

new avenues beyond inventory management. For 

instance: 

• Product lifecycle analysis: With specific 

configuration tracking, it is possible to 

analyze defect rates by material type, 

supplier, or assembly process. 

• Customer customization: Sales and service 

staff can be able to view history of 

configurations to provide customized 

services or upgrades. 

• Sustainability tracking: Material origin 

tracking and usage per unit allows for 

improved reporting on sustainable sourcing 

and environmental compliance. 

4. Limitations and Future Development 

One of the critical limitations is that the model, as it 

exists now, tracks units mainly after production. 

Incorporating configuration-based tracking into the 

stages of production floors could make this even 

tighter and minimize in-process errors further. 

Another upcoming improvement is utilizing AI-

based predictive matching, in which the system can 

predict potential shipping or storage errors based on 

historical anomalies. 

Lastly, blockchain integration is being investigated 

to improve data immutability for audits and 

regulatory compliance, particularly for government 

or regulatory projects. 

VI. CONCLUSION 

Implementation and validation of the Specification-

Based Inventory Tracking Model within an 

environment of proprietary window manufacturing 

underscore the revolutionary scope of tailored 

inventory tracking. Different from SKU-driven 

aggregation in more conventional inventory regimes, 

the new model breaks up the paradigm of associating 

an individual product unit with its actual 

configuration, paving the way to careful tracking 

starting from order placement to end-user delivery. 

Feedback gathered from practice confirms the power 

of the proposed model to optimize accuracy, 

trackability, as well as processes. 

One of the strongest conclusions from this study is 

that product configurational complexity requires 

complexity-sensitive inventory systems. With 

configurable windows—where dimensions, frame 

colors, glass types, hardware options, and coatings 

change by order—the inability to differentiate 

between similarly appearing goods results in 

operational failures and customer complaints. By 

giving each unit a digital identity, the system not only 

reduces these risks but also provides end-to-end 

visibility into warehouse and logistics operations. 

In addition, integrating this model with the 

warehouse management system without calling for a 

complete overhaul proves the scalability and 

modularity of this model. It is a malleable layer that 

can fit into current enterprise systems (such as ERP, 

WMS, and order management systems) by using 

configuration-matching logic and light-weight APIs. 

This attribute is especially useful for organizations 

with plans to automate their processes on a phased 

basis in a low-risk approach. 

From a performance perspective, the outcomes 

demonstrate significant improvements across the 

most important KPIs. Fulfillment accuracy grew 

dramatically, error rates decreased, and customer 

satisfaction increased as a result of correct and timely 

deliveries. Moreover, warehouse operations were 

streamlined with tangible reductions in labor hours 

and cycle time. These tangible gains are evidence of 

the actual-world performance improvements brought 

about by the model on both the cost and quality 

aspects of supply chain management. 

Strategically, implications of the model extend 

beyond efficiency in the warehouse. By using 

configuration-based tracking, organizations are able 

to gain more profound insights into product usage 

patterns, failure rates, and customer inclinations. 

This provides the basis for data-driven decision-

making within procurement, production planning, 

and customer interaction. Beyond this, traceability 

per order for individual materials and components 

helps align with changing requirements in 
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compliance reporting, particularly in sectors that are 

under strict regulatory control or sustainability 

regulation. 

But the study and deployment also uncovered some 

challenges. Operationally, cultural change and staff 

retraining were needed to make the switch to unit-

specific handling. Technically, initial system latency 

and label reliability problems necessitated adaptive 

solutions. These challenges, though manageable, 

indicate that future deployments should have strong 

change management plans and proactive risk 

mitigation strategies. 

In the future, a number of upgrades could enhance 

the model's strength and strategic worth. The 

addition of IoT-enabled sensors, AI-powered 

predictive analytics, and blockchain-supported audit 

trails are all areas ripe for future development. 

Further, taking the configuration tracking upstream 

into the production floor and supplier management 

tiers would provide a complete digital thread that 

runs throughout the product life cycle. 

Finally, the Specification-Based Inventory Tracking 

Model is a workable and effective solution for 

companies that handle high product variation. Not 

only does it bring inventory processes into 

conformity with product complexity but also gives 

organizations the agility and smartness needed in 

today's demand-driven manufacturing environment. 

As customization continues to be the driving force 

for market differentiation, such models will be 

crucial in ensuring accuracy, accountability, and 

customer satisfaction. 
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