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Abstract

This study offers a useful model that links the assessment of wireless
systems with concepts from engineering management. Its objective
is to facilitate better planning and operational decision-making in
addition to enhancing technical performance. This study examines
smart wireless networks from a technical and managerial standpoint.
The model's evaluates economic viability by conducting a cost-
benefit analysis and running performance simulations. The findings
suggest that management tools can help increase overall system
reliability by directing resource usage. | think a more balanced
viewpoint is provided by integrating technical evaluation with
management techniques. When making decisions that require
balancing cost, performance, and future scalability, this is extremely
helpful.

Keywords:  Wireless systems, engineering management,
performance evaluation, cost optimization, smart networks,
simulation modelling.
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Introduction
The rapid development of wireless communication technologies has
brought new challenges in both technical performance and
management control. Traditional evaluations often focus mainly on
physical measures such as signal strength, interference, and
bandwidth efficiency. While these factors are important, they do not
fully capture the complexity of modern smart systems. A broader
view is needed—one that also considers cost, resource allocation,
and planning [1].
Engineering management offers a multidisciplinary approach that

links technical analysis with organizational and strategic concerns.
It gives decision-makers tools to plan, assess, and improve system
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operations more effectively. In my view, combining engineering
data with management performance helps predict project outcomes
more realistically and supports reliable system upgrades and
expansions [2].

In this study, an integrated model is proposed to apply engineering
management to wireless system evaluation. The model merges
technical simulations with management control to improve planning
and achieve a more balanced economic outcome in wireless
infrastructure development.

Theoretical Background

The performance of wireless systems is usually measured using
metrics such as throughput, latency, signal-to-noise ratio (SNR),
and packet delivery ratio. Simulation tools like MATLAB or Python
let researchers test system behavior under different conditions
before actual deployment. This approach helps reduce risks and
supports better early planning.

Earlier studies by Elkwash [1] and Elkwash and Abdulrahman [3]
focused mainly on the design and performance of microstrip patch
antennas. They highlighted how proper antenna design can stabilize
wireless links and reduce path loss. Building on this work, the
present study expands the evaluation from the antenna level to the
whole system and incorporates basic management ideas for a more
complete assessment.

In this research, system evaluation uses a simplified wireless
network simulation that considers channel loss, power levels, and
device density. The simulation results provide the key information
needed for management decisions, particularly when predicting
system behavior under different operating conditions.

Engineering management serves as a bridge between technical
results and organizational objectives. By using tools such as cost—
benefit analysis and performance tracking, managers can make
better choices regarding resource allocation, backup capacity, and
the impact of maintenance on overall system performance [4].

Theory and Calculation

Technical Model

To investigate the behaviour of a wireless system under various
circumstances, a Python simulation was created. It investigated how
traffic load affects energy consumption, how many devices in the
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network impact performance, and how distance affects signal
strength. Results for important metrics like SNR, throughput, and
energy efficiency were generated by the simulation, providing
information about how the system would behave in practical
situations [5].

The curves in Figures 1-3 were created using three equations to
simulate the behaviour of the system.

The first equation illustrates how the Signal-to-Noise Ratio (SNR)
varies with transmission distance in a wireless channel. This model
explains how the strength of the received signal drops with distance.

SNRp(d) = P, + G, + G, — [PLy + 10 n log,, (di)] — Ny...(1)

0
where P;t is the transmit power (dBm), G; and G,- are antenna gains
(dBi), PL, is the path loss at reference distance d, n is the path-loss
exponent, and N, is the noise floor (dBm).
The next equation shows how network throughput changes when
more devices are added. It explains how number of users affects the
bandwidth and the performance.

T(p) = Trax (1 — e_ﬂ%) RS RRRISDP ¢/

Where T(p) is the total network throughput (Mbps) at device
density, Tmax is the maximum throughput, and p/po is a scaling
constant that determines.

The third equation describes the relation between efficiency changes
and load.

max(l—e_kl)

T
E(®) =

Pstatic"'den[

..(3)

Where E(?) is the energy efficiency (Mbps per Watt) at normalized
load ¢, static, Pstatic is the baseline power consumption, Pdyn is
the load-dependent dynamic power, and k controls throughput
growth.

Engineering Management Model

The engineering management model links simulation results to
efficiency, cost, and resource utilization. It aids managers in
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understanding how planning and operations are impacted by system
performance. How much of the system's resources are being used is
indicated by the Resource Utilization Index (RUI). Better use is
indicated by a higher RUI [6].

U
RUI = =% 100 oo oo (4)

max

where Uactual represents actual resource usage, and Umax IS the
maximum available resource capacity.

Cost Efficiency Ratio (CER), compares the system’s performance
results to the total operational cost. This helps managers judge if the
performance gain is worth the cost.

P
CER=—2% i (B)
Ctotal

where Pout is the system’s total performance output (from
simulation), and Ctotal is the associated operational cost.

the Performance Management Factor PMF it uses weights to
balance reliability and cost.

CER= aRUI+ BCER ....coocooveeeve. . (6)

Where o and B are just weighting factors chosen depending on the
project priorities.

Results and Discussion
The relationship between transmission distance and SNR (dB) is shown in
Figure 1.

At a distance close to 0 km, the SNR is measured at nearly 10,000
dB. At approximately 0.2 km, the SNR drops to below 2,000 dB,
and by about 0.5 km, it decreases further to under 500 dB. At
distances of around 2 to 3 km, the SNR approaches zero. Beyond
this point, up to 10 km, the SNR remains almost constant,
highlighting the significant impact of propagation loss on signal
quality.
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Figure 1. Signal-to-Noise Ratio (SNR) vs Transmission Distance

The relationship between throughput (Mbps) and device density is
depicted in Figure 2.
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Figure 2. System Throughput vs Device Density

The throughput is approximately 20 Mbps when there are 10 devices
per cell, nearly 60 Mbps when there are 50 devices, and
approximately 85 Mbps when there are 100 devices. The growth
becomes slower as density continues to rise. By 200 devices per cell,
the throughput approaches 100 Mbps, indicating a saturation trend.
The relationship between energy efficiency (%) and normalized
network load is shown in Figure 3.
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Figure 3. Energy Efficiency vs Network Load

The energy efficiency is high, approaching 90% at very low load
levels. The efficiency drops to about 25-30% as the load rises to
about 0.4. dropping below 15% at 0.6 load. The efficiency decreases
to almost 5% at full load (1.0), indicating worse energy performance
at higher network utilization.

Figure 4 shows that system efficiency improves with more
resources, but the growth is not linear.
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Figure 4: System Efficiency vs Resource Allocation
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Efficiency begins just below 0% at very low utilization (roughly 0—
5%) and then rises quickly, reaching roughly 25-30% at 10%.

The curve flattens out after 60% utilization, reaching an efficiency
of roughly 73-75%. Indicating diminishing improvement at higher
levels, it is approximately 77-78% at 80% and approaches 80-82%
at full (100%) utilization.

Figure 5 illustrates the inverse relationship between project cost and
performance gain at different investment levels.
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Figure 5: Cost vs Performance Trade-off

The performance index is comparatively high at about 55 at lower
costs, about 10 units. The performance decreases to about 40 as the
price rises to almost 20 units.

The index continues to decline from about 32 to about 27 between
30 and 40 units. The decline becomes more gradual after 60 units,
reaching values of about 17-18. The performance index drops to
almost 7-8 at the highest cost level (near 100 units), suggesting a
persistently negative correlation between cost and performance.
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Figure 6: Reliability vs Over Time

o

The relationship between system reliability (%) and operational
time (months) is depicted in the figure. Reliability is nearly 100% at
the start (O months). It exhibits a sharp initial decline, dropping to
almost 60% after roughly five months.

Reliability further declines to about 35-40% after 10 months. It
drops below 25% after 15 months and reaches almost 9-10% at the
end of the period (about 24 months). Overall, the graph shows that
reliability has been steadily declining over time.

Up to a certain point, throughput rises with device density; beyond
that, congestion prevents additional advancement. This supports the
findings of Jin and Yue [7], [8], who pointed out that a high user
density lowers network performance. This study directly connects
congestion effects to management indicators like cost and planning
decisions, in contrast to their predominantly technical focus.
According to Anderson and Smith's cost-benefit analysis,
maintaining the Resource Utilization Index (RUI) between 70 and
85% promotes steady performance without incurring undue
expenses [8]. The need for strategic resource allocation is
highlighted by the fact that performance gains do not scale linearly
with investment.

In general, the suggested model bridges technical and managerial
viewpoints and promotes sustainable network operation by
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converting technical metrics (SNR, throughput, and energy
efficiency) into management indicators. bridging technical and
managerial perspectives and supporting sustainable network
operation.

Limitations

This study provides insights into wireless system performance
through simulations combined with engineering management
metrics. However, the simulation models rely on simplified
assumptions, such as uniform device distribution, fixed
transmission parameters, and idealized network conditions. As a
result, the findings may not fully reflect the complexity of real-
world environments, including environmental interference, device
mobility, or heterogeneous traffic patterns [5].

The engineering management model—comprising the Resource
Utilization Index (RUI), Cost Efficiency Ratio (CER), and
Performance Management Factor (PMF)—offers a simplified view
of cost-performance trade-offs. It does not account for dynamic
operational factors, market variability, or human decision-making
errors, which may influence resource allocation and system
efficiency in practice. Additionally, the study focuses on general
wireless networks and does not address the unique characteristics of
emerging technologies such as 5G, 10T networks, or heterogeneous
systems [4].

6. Conclusion and Future Work

In order to shed light on the relationship between technical
outcomes and decisions about cost, resource allocation, and
planning, this study offers a model that connects wireless system
simulations with fundamental engineering management concepts.
By adding cost-benefit analysis in line with project assessment
frameworks [8], the results expand on earlier studies on resource
management [4], [7], especially the impacts of user density and
congestion.

Because performance does not increase in direct proportion to cost,
balanced investment is more important than maximum-capacity
deployment. The slow deterioration of dependability over time
highlights the necessity of ongoing monitoring and preventive
maintenance to guarantee long-term operation.
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The framework promotes better planning, more robust risk control,
and long-term system sustainability by fusing technical metrics with
management indicators. Validation using actual network data,
uncertainty analysis, and applications to developing 5G and 6G
networks—where complexity and investment risk are higher—are
all part of future work.
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