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Abstract

In the dynamic landscape of workforce management in industries, traditional skill assessment and manpower planning methods have proven to
be inadequate and ineffective, leading to suboptimal resource allocation, skill gaps, and reduced productivity. This paper introduces a
comprehensive solution aimed at addressing these challenges. The project will build a robust system that utilizes real-time data analysis and
Search algorithms to search and quantify the skills of individual operators. By seamlessly integrating data from various stations in an assembly
line, encompassing crucial parameters such as operator ID, part barcode, station identity, cycle time, and the frequency of reworks, retrieved

from a MySQL database, the digital skill matrix is developed.
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Introduction

Traditional methods for skill assessment and workforce management
typically involve manual processes such as resume and interview
evaluations, on-the-job training, certifications, and supervisor
assessments. These methods can be subjective, time-consuming,
and may not provide a comprehensive view of an individual's skills. In
today's rapidly evolving industrial landscape, the traditional methods
of skill assessment and workforce planning have proven to be
inadequate and outdated. This inadequacy often leads to a
misallocation of resources, significant skill gaps, and a consequential
decrease in overall productivity. This paper introduces a solution
aimed at transforming how organizations approach skill evaluation
and resource allocation, ultimately addressing these pressing
challenges.

The core of this solution is a system that leverages real time data
analysis and a data driven evaluation algorithm. It seamlessly
analyses data from stations in an assembly line using a MySQL
database. The applications of the Digital skill matrix are vast and
impactful as they provide benefits, across industries. Whether its
manufacturing or assembly operations or any other sector
organizations can gain an advantage by measuring and evaluating
operator skills in real time. This method allows for the allocation of
resources reduces any gaps in skills and improves productivity,
having an overall impact on managing the workforce.

Literature Review

Existing system

The rapidly evolving concept of the digital skills matrix holds
particular promise in personnel management and skills assessment.
An analysis conducted at Siemens Ltd. Nashik sheds light on the
importance of skill matrices in comprehending the skill levels of
employees within an organization. The study emphasizes the need
for a set of tools to assess training needs and address existing skills
gaps in the workforce [1].

The absence of a specific skill metric system in the Ready-Made
Garment (RMG) industry in Bangladesh has led to miscommunication
and technical confusion in this context, research highlights the
importance of skill mapping to identify labor areas mature and skilled.
The study examines how a competency metric evaluation system has
been developed for the RMG sector, which not only reduces
miscommunication but also aims to reduce workplace violence. The
proposed system that introduces QR code scanning and a more
transparent assessment process could transform competency
assessment and personnel management in this industry [2].

The concept of critical competency mapping is important not only
for understanding employee capabilities but also for evaluating the
perception of employees in an organization A survey conducted
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among employees of Harita-NTI Ltd in Chennai shows how
competency mapping can visualize the image of the employee in the
minds of employees. By analyzing employee skills, abilities, and
attitudes, this approach can help streamline the training process and
improve employee management [3].

Known for its simplicity and extensive standards library, Python is
emerging as the preferred platform for working with databases and
SQL. A scientific article goes into detail on using Python with
database systems including Oracle, MySQL, Microsoft SQL Server,
PostgreSQL, and SQLite. Python’s cross-platform compatibility and
ease of use make it an attractive choice for developing database
applications. Python simplifies database operations by providing a
broad range of tools and features, making it an attractive choice for
developers involved in database operations, however, potential
performance limitations and the need for database- specific features
are important to consider when choosing Python in database
applications. In summary, the concept of digital skills metrics is
gaining popularity in personnel management, and skills assessment
is becoming increasingly important in today’s rapidly changing
business environment. Python acts as a versatile platform for
database and SQL applications, offering flexibility and a great
ecosystem, although performance limitations and database-specific
considerations should be considered when choosing this option [4].

In summary, the concept of the digital skill matrix is gaining
prominence in workforce management, and skill assessment is
increasingly critical in today's rapidly changing work landscape. The
absence of specific skill matrix systems in certain industries, such as
the RMG sector in Bangladesh, highlights the need for innovative
solutions. Python serves as a versatile platform for database and SQL
operations, offering simplicity and a vast ecosystem, although
performance limitations and database-specific considerations must
be considered when choosing this approach. By amalgamating these
insights, the project aims to bring innovation to workforce management
and skill assessment, particularly in industries facing challenges
related to skill gaps and skill tracking [5].

Proposed system

The employee survey evaluation framework outlined in this
approach is designed to provide a comprehensive approach to
measure and evaluate employee performance in a manufacturing
plant. All of these systems are a combination of components,
ensuring an efficient assessment process. Initially, a comprehensive
needs assessment is conducted to clearly understand the specific
needs and objectives of the production facility. This important section
outlines key performance metrics, expected results, and overall
objectives of the evaluation. By defining these requirements, the
process lays the foundation for the next step. This includes
performance indicators such as repetition rates, cycle times, and
historical operator performance, which play an important role in
formulating the evaluation process [6].

Figure 1 gives a bird’s-eye view of how the system developed and
shows how data and processes flow. It focuses on a simple
integration of various features, including data recovery, statistics, and
database updates. The system configuration also includes features
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such as database management, data processing, and user-friendly
interface design.
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Figure 1. Steps of the proposed methodology.

Algorithms are at the heart of the system. This algorithm acts as an
engine for calculating operator’s ratings. It is based on well-defined
rules and statistics. The algorithm considers important factors including
rework rate, cycle time, and historical operator performance, and
assigns ratings based on a weighted combination of this metrics This
transparent and repeatable algorithm is the rating system backbone,
ensuring accurate and objective results.

In parallel, the system relies on a series of formulas to transform
raw data into statistical analysis. These products have been carefully
designed to accurately measure the user's performance. Historical
data are considered, cycle time is normalized, and weights are used.
For rating professionals, this process approach facilitates objective
decision-making and continuous improvement.
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Following are the formulas used for the development of skill matrix:
Average cycle time=Total cycle time/Number of products worked (1)

Formula (1) calculates the average cycle time for an operator at a
specific station. It divides the total cycle time by the number of
products worked by the operator.

Rework rate=Rework count/Number of products worked (2)

The above formula computes the rework rate for an operator at a
specific station. It divides the rework count by the number of products
worked by the operator.

Normalized cycle time=(Cycle time-min. Cycle time)/(Max. Cycle
time-min. Cycle time) (3)

Formula (3) calculates the normalized cycle time for an operator at
a specific station. It ensures fair comparisons among operators by
scaling cycle times relative to the minimum and maximum cycle times
observed at that station.

Operator rating=4 x (1-rework rate)+2 x (1-Normalised cycle time) (4)

Formula (4) calculates the initial operator rating, combining rework
rate and normalized cycle time with defined weights. It ensures that
the rating is capped at a maximum of 4 for each operator at a specific
station.

Weighted_normalised_cycletime=(weight_historical x
historical_normalized_cycle_time + Weight current x
current_normalized_cycle_time))/(weight_pistorical + Weight_current) ~ (5)

Formula (5) computes the weighted rework rate at a station by
combining the current and historical rework rates, providing a
balanced perspective of an operator's rework performance.

Weighted_rework_rate=(weight_historical x historical_rework_rate +
@weight_current x current_rework_rate)/((weight_pistorical+
weight_current) (6)

The above formula calculates the weighted normalized cycle
time at a station by blending the current and historical normalized
cycle times. It ensures a balanced evaluation of operator
performance in terms of cycle time.

Revised_rating=(4 x (1-weighted_rework_rate_station) x 0.6+(2 x
(1-weighted_normalized_cycle_time_station) x 0.4 7

This model calculates the adjusted rate of the worker in a station
by combining the weighted rework rate and the weighted normalized
cycle time with the predetermined load and represents the overall
performance of the worker based on rework and cycle time plant.
These considerations form the core of the algorithm, enabling the
system to monitor employee performance, consider historical and
current trends, and generate meaningful ratings for each employee at
various levels.
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The proposed approach to personnel assessment and evaluation
uses a seamless combination of needs assessment, design process,
complex planning, and design requirements The approach enables
agencies to make evidence-based decisions, increase productivity,
and makes them more efficient in their operations. By blending these
elements harmoniously, an employee appraisal system is a valuable
management tool.

Development of skill matrix

The creation and implementation of a digital skill matrix in a
manufacturing or production environment involve a structured
algorithmic process. This process not only aids in assessing operator
performance but also facilitates the development of a digital skill
matrix.

The first step in creating a digital skill matrix is the generation and
preparation of data. This phase focuses on collecting and organizing
data related to operator performance. The statistics consists of various
of factors consisting of cycle time, rework rate, product count and
operator identities. This information serves as the raw material for
assessing and rating operator skills. With the records generated and
organized, the subsequent step is SQL information retrieval and
initialization. This ensures that the information is up to date and reflects
the latest records. The initialization phase sets the stage for
subsequent calculations  and evaluations.

A crucial part of the digital skill matrix development process is the
calculation of performance metrics. These metrics are critical in
determining operator ability and productivity. The primary metrics
include cycle time and rework rate. Cycle time measures the time an
operator spends on a particular task. The algorithm computes
average cycle times for each operator at each workstation. These
average cycle times are indicative of operator efficiency and
productivity. Rework rate quantifies how often rework is required for
products associated with each operator. When products do not meet
quality standards ("NOK" status), rework may be necessary. The
algorithm performs calculations specifically based on rework
instances attributed to operator failure rather than those arising from
product defects. This distinction ensures that the skill matrix
accurately reflects operator performance in terms of errors directly
influenced by their actions, contributing to a more precise evaluation
of operator capabilities. The algorithm tracks instances where rework
is performed and calculates the rework rate for each operator. A lower
rework rate is indicative of consistent high-quality production.

To effectively reward operators, the code uses a weighted
approach. Rework rate holds a positive weightage (70%) compared to
cycle time (30%). This leads to important priorities in the employee
evaluation process. The algorithm also allows flexibility to adjust the
amount of importance assigned to the project and cycle time, allowing
companies to adjust their digital skill matrix to change business
priorities. Historical data also contain legal elements. It holds
information about each employee’s performance over the years,
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providing insights into their long-term performance. Historical records
help score the employees and emphasize the importance of consistent
overall performance.

The algorithm calculates weighted rework rate and weighted
normalized cycle time to offer an in-depth evaluation of operator
overall performance. These metrics combination current and historic
information, with appropriate weighting, to provide a balanced view of
operator skill. Once the revised operator ratings are determined, the
final step is the result analysis and presentation. The revised ratings
give insight into the personnel’ overall performance, considering their
current achievements and period of engagement. These expressions
are rounded to the closest complete quantity for ease of
interpretation. Also, the code updates the operator's score inside the
MySQL database. This guarantees that this statistic is available for
future use, reporting and growing the virtual competencies matrix.

In summary, the process of creating and implementing a digital
skill matrix leverages a comprehensive algorithmic approach It
begins with data generation and preparation, proceeds to SQL data
retrieval, and involves performance metric calculations that consider
cycle time and rework rate. The algorithm balances those metrics
through weighting factors and carries historical facts to supply them
the overall evaluation. Final steps and outcomes are analyzed and
presented, after which used to create and preserve a digital skills
matrix. This dynamic system provides a valuable tool for measuring
and enhancing employee skills in a production environment.

Results and Discussion

The implementation of the digital skills matrix has produced vital
effects that without delay effect operational performance and control
of employees. When you run the program, its modifications the
dimensions of the information from the SQL database. The first set of
information from the database represents raw information of operator
activities. But once work is accomplished, the information is
translated into a structured skill matrix, which incorporates
performance metrics along with cycle times and rework charges, all of
which can be carefully classified through station and operator
(Figures 2-4).

OperatorlD  OperatorRating  RoundedRating  TotaProductsCount  ReworkRate  NormalizedCydleTime
p EI01001 035 0 175 0.5 0.25

EON02 32 3 2 08 087
,m m m m mm

Figure 2. Historical data of operators in a particular station named
back cover assembly.

B0l A M NOK  Sticker not pasted 0k Fivtre2  Back Cover Assenbly

Q2 8 M Ok NA-PASS X Fcre2 ~ Back Cover Assenbly

Figure 3. Input associated with the station back cover assembly.

Operator[D  OperatorRating RoundedRating  TotaProductsCount  ReworkRate  NormalizedCydeTime
E101001 132 1 17 0.65 0.4

EDI02 12392 1 21 0.5 0,69
” o o o ] o

Figure 4. Updated SQL database of the station named back cover
assembly.
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Operator ranking and matching

One of the primary use cases of a digital skill matrix is the ability
to make immediate pointers on personnel allocations. When a
selected position call is entered into the chart, the matrix takes into
consideration elements together with cycle instances and rework
quotes and ranks personnel primarily based on their historic overall
performance employees with the very best rankings are presented as
a they are properly desirable for that station. For tied sequencing, the
device measures the remodel price and cycle time in that station,
producing new guidelines.

Operator talent identification

The machine also gives a useful aid for identifying expertise. By
getting into an operator ID, the device returns a list of rankings across
all stations. The operator ID with the best score is located at the top
of the list, presenting insight into the operator's center capabilities
and areas of expertise (Figures 5 and 6).

Operator Details

Enter Station Name:

ble_inspection

Recommend operators

OperatoriD Rating Total Cycle time Total Rework Coun

E101001 10.0 2
E101002 20.0 8

Figure 5. GUI display of the most suited employees for the
station.

Operator Ratings

Operator ID:
E101001

Retrieve Ratings

Station: eol
Operator Rating: 1
Station: ble_inspection
Operator Rating: 4
Station: visual_inspection
Operator Rating: 3

Station: supercontrol_inspection

Operator Rating: 4
Station: dial_TFT_Compartment_Assembly
Operator Rating: 1

Figure 6. GUI display of the most suited station for a particular
operator.
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The system thus empowers organizations to make data-driven
decisions in manpower planning. By converting the unstructured SQL
records into a complete skill matrix, it offers real-time insights into
how personnel are appropriate for specific positions and identifies
individual operator strengths. These results underscore the
practicality and efficiency that this algorithm offers to organizations in
their quest for efficient manpower planning.

Applications of digital skill matrix in man power planning

In professional improvement, the digital skills matrix is a versatile
device with a number of beneficial programs. First, it contributes to
greatest exertions allocation with the aid of cautiously matching
individual abilities with precise responsibilities, decreasing
inefficiencies and streamlining operations, making sure powerful
usage. Secondly, the skill matrix helps identify skill gaps, which
informs targeted training and development initiatives, thereby
improving operator proficiency and overall productivity. Additionally,
the matrix's objective metrics, such as rework rates and cycle times,
facilitate fair performance evaluations and recognition, motivating
employees to excel. Lastly, the data collected through the matrix can
inform succession planning, identifying potential leaders and ensuring
a smooth transition of responsibilities. An additional feature is its
customizability, allowing organizations to adjust the weightage
between rework rates and cycle times based on their current priorities,
whether emphasizing quantity or quality. Importantly, the algorithm
distinguishes rework stemming from operator failure, not product
failure, ensuring accurate performance assessment. In summary, the
digital skill matrix is an indispensable asset in manpower planning,
enhancing decision-making and resource allocation.

Conclusion

Digital skills matrix, powered by means of data-driven algorithms
provides a revolutionary approach to workforce management in
manufacturing and assembly environments. It efficiently processes
raw SQL data, creating a structured skill matrix that provides valuable
insights into operator performance. One of its key strengths lies in its
flexibility, enabling organizations to customize weightage for rework
rates and cycle times to meet the organization’s priorities.
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A particular feature is the system's ability to rank operators based
on historical data while eliminating product-related biases. In the
context of manpower planning, it proves invaluable by facilitating
optimal workforce allocation and aligning operators with roles that
best fit their skill sets. Additionally, it serves as a talent identification
tool, offering operators guidance for career development and growth.
To conclude, the Digital Skill Matrix enhances productivity, fosters a
conducive work environment, and supports data-informed decision-
making. This data-driven approach reshapes workforce management,
empowering organizations to excel in an ever-evolving industrial
landscape.
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