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Abstract - The Central Electrical Testing Company Limited
(CPCETC) is currently facing challenges in managing limited
resources (personnel, equipment, and transportation) due to manual
workflows, resulting in inefficiency and data fragmentation. This
paper proposes a Decision Support System (DSS) developed on the
NET MVC and SQL Server platforms to optimize production
management. The system integrates GPS, Artificial Intelligence
(Al), and EVN CA digital signatures to automate planning and
resource allocation following the principle of “one-time input,
multi-dimensional utilization.” Practical implementation since
January 2025 has demonstrated significant improvements:
operational time reduced by 30-40%, operating costs decreased by
10—12%, productivity increased by 15-20%, profit rose by 22.5%,
contract delays dropped by 31.2%, and acceptance quality was
improved by 28.7%. The system thereby establishes a unified and
robust data foundation for the company’s digital transformation.

Key words - Decision Support Software; Resource Optimization;
Mixed-Integer Programming; Electrical Testing; NET MVC and
SQL Server.

1. Introduction

Electrical testing is a critical engineering discipline that
ensures the safety, stability, and reliability of power
systems. This field is highly specialized, requiring in-depth
technical expertise, and its core outputs include test reports
and legal documentation. Effective management of the
process-from contracting and implementation to final
acceptance-is vital to the success of the project.

In practice, contract management in the electrical testing
sector in Vietnam still exhibits significant limitations. Most
enterprises continue to rely on manual tools such as Excel
spreadsheets and paper-based documentation, resulting in
fragmented and inconsistent data. This manual management
model introduces substantial risks, including loss of project
control, ineffective change management, and constraints in
information systems due to the absence of dedicated
software solutions. These issues hinder the ability of
enterprises to evaluate contract performance and ultimately
lead to profit loss.

Globally, the optimization of scheduling and dispatching
for technical services has been addressed using complex
models. Numerous studies have applied mixed-integer
programming (MIP) or meta-heuristic algorithms to

Tém tit - Cong ty TNHH MTV Thi nghiém Dién Mién Trung
(CPCETC) hién gap khé khin trong viée diéu phéi ngudn luc
hitu han (nhéan sy, thiét bi, van tai) do quy trinh thu cong, gay
lang phi va phan tan dir liéu. Bai bdo dé xuit hé théng hd tro ra
quyét dinh (DSS) phat trién trén nén tang NET MVC va SQL
Server nham t6i uu hoa diéu hanh san xuit. Hé thong tich hop
GPS, tri tué nhan tao (AI) va chit ky sé EVN CA dé ty dong hoa
lap ké hoach va didu déng ngudn luc theo triét Iy “mot 1an nhap,
khai thac da chidu”. Ung dung thuc té tir thang 01/2025 cho thay
hiéu qua 16 rét: thoi gian didu hanh giam 30-40%, chi phi van
hanh tiét kiém 10—12%, néng sut tang 15-20%, lgi nhudn ting
22,5%, giam cham tré hop df)ng 31,2% va cai thién chét lugng
nghiém thu 28,7%, gop phin xay dyng nén tang dit liéu théng
nhét cho chuyén déi sb doanh nghiép.

Tir khoa - Phén mém ho tro ra quét dinh; Quan 1y ngudn lyc;
Toi wu hoa; Lap trinh s0 nguyén hon hop; Thi nghiém dién; NET
MVC va SQL Server.

incorporate constraints related to personnel, equipment, and
routing problems (VRP). Additionally, multi-period and
multi-echelon mixed-integer linear programming (MILP)
models have been developed to minimize the costs of multi-
level, multi-site, and multi-product supply chains, including
transportation, inventory, processing, and administrative
expenses [1-4]. However, the application of these models to
the specific requirements of contract management in the
electrical power sector - such as customer classification,
contract administration, workforce and vehicle dispatching,
equipment allocation, profit estimation, and integration with
accounting processes - remains limited.

Moreover, existing studies primarily focus on
optimizing individual components - such as personnel,
equipment, or routing - without establishing an integrated
multi-factor model suited to the operational characteristics
of electrical testing, where technical, economic, and
operational factors are highly interdependent.

In its comprehensive digital transformation strategy for
the period 2021-2030, Vietnam Electricity (EVN) aims to
become a “digital enterprise” by digitizing and automating
all operational, production, and management processes.
Representative solutions include the field management
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system (CityWork) implemented by Hanoi Power
Corporation; the integration of geographic information
systems (GIS), mobile platforms, and cloud technologies
to support grid operation and maintenance; the digital
signature and two-dimensional barcode (QR code) system
adopted by the Northern Electrical Testing Company to
ensure the security of technical documentation; the
equipment management and on-site test report application
deployed by the Central Power Service Company (CPSC)
for bidding, inspection, and equipment calibration; and the
integrated testing management system linking the technical
management software (PMIS) and human resource
management system (HRMS) of the National Power
Transmission Corporation (EVNNPT), enabling full
digitization of technical records [5-9]. Although
significant progress has been made, these solutions
primarily digitalize isolated operational functions and lack
a fully integrated system that connects technical, financial,
and field data.

At Central Electrical Testing Company Limited
(CPCETC), despite the implementation of large-scale
digitalization software (as shown in Figure 1), the system
still lacks capabilities for cost analysis, cash flow, and
existing resource management. Management of vehicles,
fuel, and workdays remain fragmented, complicating
operational management and resource optimization.
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Figure 1. CPCETC business production cycle
Legend: PKD: Business Department; KHVT: Planning and
Materials Department; ATKT: Safety and Technical Department;
BGD: Board of Directors;, P/PX: Department/Workshop, DCT:
Project Team; Eoffice: Electronic Olffice Software; KPI: Key
Performance Indicators; 3P Salary: Three-factor salary system
(position, individual, and performance/achievement).

Therefore, this paper proposes the development of
decision support software to simultancously address the
complex constraints faced by electrical testing units,
optimizing production operations. The software is built
on.NET MVC and SQL Server technologies, adhering to the
“one-time input, multi-dimensional utilization” philosophy.

2. Integrated optimization model

After surveying and analyzing the contract
management, production operations, and resource
utilization processes at CPCETC, the research team
proposes an integrated optimization model that
simultaneously addresses real-time personnel, equipment,
and vehicle dispatching, while accounting for contract

priorities, costs, and capacity constraints.
2.1. Determination of estimated cost (ZEstimate)

The estimated cost (denoted as Zggsimate) SETVES as the
breakeven point for bidding and initial financial evaluation
of contracts.

According to Circular No. 13/2021/TT-BXD issued on
August 31, 2021, by the Ministry of Construction,
depreciation factors do not fully reflect the actual
management practices at CPCETC and do not leverage
existing data on equipment, vehicles, overtime, or resource
quantity control.

Therefore, the estimated cost function is determined as
follows:

ZEstlmate CDeprematlon + CPersonnel + CVehlcle + Cleed (1)

Where:

- Chpepreciation: Depreciation cost of testing equipment
based on actual asset value;

- Cpersonnel: Average annual labor cost updated by the
Finance and Accounting Department (TCKT);

- Cvenictle: Operating cost for each type of vehicle (424
seats, crane/truck, etc.) according to fuel price fluctuations;

- Crixed: Fixed costs
production, and finance.

for management, general

The software automatically consolidates input data
(personnel, vehicles, equipment, projects) from relevant
departments to calculate the breakeven point (Figure 2
illustrates the workflow).

Before March 31 each year, the
TCKT submits input financial data
for the Director's approval and
updates It into the software.
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1

Figure 2. Breakeven calculation flowchart
2.2. Actual cost (Zacuay) and dispatch optimization
In practice, CPCETC operates dozens of project teams
daily at various locations domestically and internationally.
The allocation of personnel, equipment, and vehicles must
be optimized to minimize total costs while ensuring
technical constraints and contract schedules.

The objective of the model is to minimize the overall
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operational cost Zactat:
min Zaetua = Y., Ci(x1,yi) 2)
Subject to constraints: Ax < b, x € {0,1}
Where:

Xx;: binary variable representing the selection of
personnel or vehicle i;

y;: continuous variable representing workload or
working time;

Ax < b: constraints on employee capacity and
experience, energization time, vehicle fuel consumption
standards, equipment inspection deadlines, and contract-
specific workload and schedule requirements;

C;(x;,y;): incurred cost for each item (fuel, labor,
depreciation, etc.).

The model is solved using Mixed Integer Programming
(MIP), allowing simultaneous consideration of practical

constraints such as personnel limits, equipment quantity,
travel distance, and contract completion time.
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Figure 3. Vehicle dispatch workflow chart
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Figure 4. Prompt structure diagram for Gemini API commands

The software utilizes input data provided by the ATKT,
P/PX, and KHVT departments. This dataset encompasses
GPS locations, vehicle itineraries, and vehicle
specifications (type, payload, seating capacity, inspection
expiration, and fuel costs), alongside personnel and
equipment quantities, and transit requirements (origin—

destination, travel time). Subsequently, the AI module
(integrated via the Gemini API) uses this data to suggest a
cost-optimal vehicle dispatch plan. The optimization of the
Al processing logic follows the prompt structure illustrated
in Figure 4. Finally, the workflow proceeds to the
Implementation and Cost/Fuel Payment stages (Figure 3),
utilizing EVN CA digital signatures for the online approval
of tasks (leave requests, overtime, timekeeping) via

electronic workflow (Figure 5).
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Figure 5. Monthly timekeeping workflow chart

2.3. Progress monitoring and test report management

In addition to resource optimization, the software
provides tools for progress monitoring, asset management,
and quality control of the output product - Test Reports
(BBTN). Key modules include:

Project feam
st + Lip BTN thu hin tén cic

Prepares BOTN reparts using existing
v and shared software systems of
EVNCRC.
Submits to ATKT within five (05} dys
aftor DCT completes the work.

BT creates equipment
boercwing form

Equipment Borrowing

- The softwara cisplays the cument & "
Status of sch device, whether 1
= in storage or assigned to
anather projoct ieam.

+ DET members register equipment J

" narrawing requests.

+ The system automaticaly sends o
Eolfce Chal nolficatians ta
respansibie indivicuals such as ~ _)<>
the team leader, department
leaders,an the Board of -l N wsgnca
Dirsctors for intar-dspartmental

d
~

v

ATKT
| Review and forward to the Office
L winintvodays her e
I e BETN from the PP
) Equipment Refurn @
Equipment retumer After complating the work i3, esch DCT :

mambar roturns individual or all Berowad

proposed squipment list

e
L equipment for the warehouse keeper ta - 4
inspect and recoel te condition beore
saring TCKT verties

contract obigations

Duplicate, stamp, and dellver to
the custamer within aoe (01)
day aftos rosaiving payment
‘confirmation from the Finanee
and Aczunting Department
[rexT,

Figure 6. Equipment borrow/return and test report status
monitoring flowchart

- Equipment Management: tracks information,
calibration history, depreciation, and usage location
(Figure 6a).

- Test Report Monitoring: controls the progress of
report creation, signing, and issuance; alerts delays and
payment condition violations (Figure 6b).
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2.4. Acceptance and contract performance evaluation

Figure 7 presents the process for verifying completed
volumes and calculating the Return on Sales (ROS) ratio to
evaluate economic efficiency. The volume and value
verification process, depicted in Figure 7a, serves as the
legal and financial basis for contract payment settlement.
This process is standardized as follows:

Step 1: After each work period, the construction/testing
contractor is responsible for preparing the detailed
completed work volume table (Figure 8). This table must
clearly indicate each work code (e.g., EA.21120 — 110kV
transformer testing) according to the following parameters:
Contract volume (estimated or bid), actual completed
volume in the period, volume difference (if any), contract
unit price and corresponding amount, total completed value
for the period (denoted as DSj/GTTH).

Step 2: After preparation, the completed work volume
table is submitted to the functional departments (such as
ATKT and PKD). These departments, in coordination with
the Project Management Board (BQLDA) or the investor’s
representative, conduct the review and verification

process. This includes checking the validity and legality of
the documents, comparing the accepted quantities with the
actual on-site execution, and comparing the test results
(where applicable) with the relevant technical standards.
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evaluation workflow
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Step 3: Only when the volume is fully confirmed and
meets technical requirements is the acceptance dossier
considered valid. This serves as input for the Finance and
Accounting Department (TCKT) to process contractor
payments according to contract terms.

Analysis of the Return on Sales (ROS) ratio and
evaluation of contract economic efficiency after execution

is mandatory [10]. This process is based on comparing
estimated and actual cost data:

Estimated cost: Costs calculated during the bidding
phase (personnel, vehicles, equipment; see section 2.1).

Actual cost (Finalization): Costs incurred during
contract execution (labor, materials, fuel, testing costs,
etc.), collected from the acceptance process (section 3.1)
and the accounting system.

The software automatically generates analysis results
(illustrated in Figure 7b), providing key quantitative data
for management to assess bidding and project management
effectiveness.

Remarks: The system ensures a closed-loop process
from planning, operation, acceptance, and performance
evaluation, forming a unified data foundation for
comprehensive management and digital transformation.

3. Software development and experimental results
3.1. Hardware architecture

The system’s hardware infrastructure is deployed on
CPCETC’s internal network platform.

The network utilizes two Internet connections (VNPT)
routed through a central router, protected by a physical
SRXS550 firewall and two Layer 3 switches responsible for
routing and IP address allocation.

The Wi-Fi system is centrally managed via a Wi-Fi
Controller, ensuring stable connectivity for all endpoint
devices.

The server subsystem includes virtual servers:

- ETC-DCT: dedicated to project team management
software.

- AD-ETC: centralized user administration.

Data is backed up daily to a Synology NAS device,
ensuring data safety and recovery capability in case of
incidents.

Regarding information security, CPCETC applies a
multi-layer  security policy, including two-factor
authentication (2FA), Wi-Fi access control via Active
Directory accounts, regular malware signature updates on
the Sophos software firewall, and established incident
response procedures for risks such as ransomware or DDoS
attacks.

3.2. Software architecture

Presentation Data Access Layer
Layer

(ASP.NET Pages)

Typed DataSet

=

|

TableAdapter HH

Figure 9. System architecture overview

The software is developed following a three-tier
architecture, as shown in Figure 9, comprising:

- Presentation Layer: Web-based interface with detailed
user role permissions across 9 pages.

- Business Layer: Handles operational logic, dispatching,
approval, and API integration, with a total of 40 functions.
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- Data Layer: Manages SQL Server databases with over
30 main tables.

Technologies used include: NET MVC Framework,
SQL Server 2019, Al Decision Engine, GPS Realtime API,
and EVN CA digital signatures to ensure legal compliance
and automate electronic approval processes. This
integration allows users to: track vehicle locations in real
time; manage online timekeeping, leave, and overtime; and
electronically sign acceptance reports, contracts, and
payments with internal digital signatures.

3.3. Implementation results

The software was piloted at CPCETC from January
2025 on more than 60 bidding packages for substation and
power plant projects.

Figure 10 illustrates the digitalized interfaces for
contract management, appendices, progress tracking,
acceptance reports, and payments, all centrally stored and
tagged with unique contract identifiers, reducing lookup
time by 68% and completely eliminating paper records.
The role-based access mechanism ensures safety, security,
and traceability.

Figure 10. Contract management
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Figure 11. GPS-based vehicle management
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Figure 12. Al-assisted personnel and vehicle dispatching
Figures 11-15 present modules for vehicle

management, timekeeping, progress monitoring of test
report (BBTN) delivery, and completed work volume. For
example, when a project team needs to travel from Da
Nang to Khanh Hoa and Lam Dong (as shown in Figure
12), the department fills in the number of personnel as 5
(excluding drivers) and 23 devices/materials for testing.

The AI does not suggest passenger cars (4—5 seats) but
instead recommends from the company’s vehicle list and
selects the optimal solution with the lowest fuel cost:
truck/pickup 43A-044.60 for 23 devices and 7-seat 43A-
096.82 for 4 people. Moreover, the software indicates
whether the driver is at the worksite or the company for
convenient dispatching.

Data from project teams is synchronized in real time,
enabling fast and accurate executive decisions. Compared
to the pre-deployment phase, the time to complete
management tasks decreased significantly - from an
average of 60 minutes to just 5 minutes - resulting in
substantial administrative labor savings. The approval and
payment process is standardized with electronic signatures,
shortening document processing time by 35% and reducing
accounting discrepancies. Fuel control for 28 testing
vehicles saves an average of 12.3% in fuel costs per
kilometer compared to 2024.
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Figure 13. Timekeeping management
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Figure 14. Test report (BBTN) status management
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Figure 15. Work volume management

The contract performance evaluation module allows
comparison of estimated and actual costs, automatically
updating discrepancies for each bidding package. For
instance, the inspection and electrical equipment testing
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package for A Luoi Hydropower Plant and Cu Jut Solar
Power Plant in 2025 (Figure 16) shows:
58,696,082
410,040,116
ROS =14.31%, reflecting a high profitability compared

to the general average for electrical technical service
contracts (typically ranging from 6—10%).

_ Net profit after tax
Net revenue

ROS x100% = 14.31%
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Figure 16. Package performance evaluation

Profit exceeding the plan: Saving 41,407,623 VND
compared to estimates directly increased final profit.

Total personnel workdays: Saved 19 days, completed
with 73 workdays, more efficient than the planned 92 days.

Total vehicle workdays: Used 33 vehicle workdays, 1
day more than the planned 32 days.

Similar implementation for all pilot packages from
January 2025, totaling more than 60 packages, is
summarized in Table 1 compared to 2024 data.

Table 1. Comparative effectiveness before and
after DSS software implementation

. Before After
Evaluation Implementat- | Implement- Improve-
Criteria P ion I; tion ment Rate
Average o o Reduced
operational time 100% 60-70% 1 30 40%
Vehicle operating 5 0o Reduced
cost 100% 88 -90% 10 - 12%
Labor 5 o Increased
productivity 100% 115 -120% 15 -20%
Increased
0, 0,
Average profit 100% 122.5% 22.5%
Acceptance delay 5 o Reduced
time 100% 68.8% 31.2%
Acceptance N o Increased
quality 100% 128.7% 28.7%

In summary, the system facilitates the establishment of
a 'Single Source of Truth', ensuring transparency and
traceability while supporting data-driven decision-making
throughout the entire contract lifecycle.

4. Conclusion

This paper proposes an integrated Decision Support
System (DSS) framework, addressing the gap in
optimizing electrical testing operations, where personnel,
equipment, and vehicles interact in complex and tightly
coupled ways. Based on the analysis of management
processes at CPCETC, the authors developed and
implemented the DSS on the NET MVC and SQL Server
platform, integrating Artificial Intelligence (AI), GPS

tracking, and EVN CA digital signatures. The system
enables optimized resource allocation, automated
operations, and real-time contract performance evaluation.

Practical deployment results demonstrate significant
effectiveness: reducing operational time by 30-40%,
saving 10-12% in operating costs, increasing labor
productivity by 15-20%, and enhancing acceptance quality
by 28.7%. Furthermore, the system forms a centralized and
unified data source, providing a crucial foundation for
enterprise digital transformation.

However, the research has so far only been piloted at a
single unit and has not been scaled across the industry. In
the next phase, the authors plan to expand the DSS model
to other EVN units and integrate deep learning algorithms
to forecast demand and dynamically schedule resources in
real time, aiming to further improve operational efficiency
and intelligent decision-making capabilities.
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