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Abstract: In order to improve resource efficiency and enhance sustainability in biological 

systems, this study investigates the optimization of biomechanical processes by combining 

genetic algorithms (GA) with human performance and recovery management. The study aims 

to minimize injury risks and maximize recovery efficiency by utilizing GA to model 

biomechanical processes. To ensure a dynamic balance in physical performance, the study 

presents an ideal optimization framework in which human biomechanics is optimized for 

enhanced sports performance and injury prevention. The model considers factors such as 

muscle strain, joint impact, and fatigue recovery to create a holistic biomechanical optimization 

system. By integrating principles from biological nutrient cycles—such as the efficient use of 

resources and minimizing waste—the approach highlights the parallels between sustainable 

agricultural systems and sustainable biomechanics. This framework ensures that optimization 

strategies not only improve performance outcomes but also maintain long-term 

musculoskeletal health. The research demonstrates how combining biological insights with 

advanced computational methods can address both physical health and performance challenges 

in biomechanics. Through multi-objective optimization, the work offers a novel perspective on 

integrating biological processes with biomechanics to support sustainable human activity and 

recovery, contributing to advancements in sports science, rehabilitation, and human physical 

performance. 

Keywords: biological; agricultural development; industrial prosperity; rural revitalization; 

SGA algorithm optimization 

1. Introduction 

Optimizing biological processes is increasingly critical for the sustainable 

development of agricultural systems to maintain ecological balance and ensure 

efficient resource utilization [1]. Conventional farming methods often suffer from 

inefficient nutrient management, particularly nitrogen, which leads to significant 

resource waste and environmental harm [2]. Nitrogen, a vital nutrient for plant growth, 

plays a crucial role in agricultural output. However, its improper use can result in 

adverse effects such as soil erosion, water contamination, and loss of biodiversity. 

These challenges necessitate innovative approaches to nutrient management, 

emphasizing ecological health and sustainable practices [3,4]. 

Biological optimization refers to the application of natural principles, such as 

nutrient cycling and ecosystem balance, to enhance agricultural productivity while 

simultaneously reducing detrimental effects on the environment. This concept is 

rooted in the understanding that natural systems operate in a balanced and efficient 
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manner, and by mimicking these processes, we can achieve sustainable agricultural 

practices. For example, nutrient cycling in natural ecosystems ensures that resources 

are reused and recycled, minimizing waste and maximizing efficiency. By applying 

these principles to agriculture, we can create systems that are not only productive but 

also environmentally friendly One promising approach is the use of genetic algorithms 

(GA)—a computational method inspired by evolutionary biology and natural selection 

[5,6]. In the context of agriculture, GA can model and optimize nutrient flows, 

including nitrogen cycles, to improve resource management and system efficiency 

[7,8]. Nitrogen is a key nutrient for plant growth, but its management in agricultural 

systems is often inefficient, leading to significant losses through leaching, 

volatilization, and denitrification. These losses not only reduce the availability of 

nitrogen for crops but also contribute to environmental problems such as water 

pollution and greenhouse gas emissions. By using genetic algorithms to model and 

optimize nitrogen cycles, we can develop strategies that maximize nitrogen use 

efficiency, reduce losses, and enhance crop productivity 

This study focuses on employing genetic algorithms to enhance nitrogen balance 

in agricultural systems, particularly in circular farming models. Circular farming is an 

innovative approach that emphasizes the recycling of agricultural waste, such as 

manure, to close the nutrient cycle and reduce dependence on artificial fertilizers [9]. 

In a circular farming system, nutrients are recycled and reused within the system, 

minimizing the need for external inputs and reducing environmental impacts. By 

simulating and optimizing nutrient cycles with genetic algorithms, we aim to develop 

farming systems that increase crop yields while mitigating environmental impacts 

[1,10]. 

The integration of genetic algorithms with biological optimization principles 

offers a novel pathway to address major challenges in conventional farming. 

Conventional farming practices often rely on linear models of resource use, where 

inputs such as fertilizers are applied to crops, and waste products are disposed of, 

leading to inefficiencies and environmental degradation. In contrast, the integration of 

genetic algorithms with biological optimization principles allows us to design farming 

systems that operate in a circular and sustainable manner. This approach combines 

ecological sustainability with economic feasibility, paving the way for long-term 

agricultural development. By introducing cutting-edge computational tools and 

leveraging the principles of nutrient cycling, this research provides a framework to 

enhance productivity while safeguarding ecological health. The use of genetic 

algorithms in agriculture represents a significant advancement in our ability to model 

and optimize complex systems. By applying these tools to the challenge of nitrogen 

management, we can develop innovative solutions that improve resource use 

efficiency, reduce environmental impacts, and enhance agricultural productivity. This 

research not only contributes to the field of agricultural science but also provides 

practical insights that can be applied by farmers, policymakers, and other stakeholders 

to promote sustainable agriculture. 

In summary, this study explores the potential of genetic algorithms to optimize 

nitrogen balance in agricultural systems, with a focus on circular farming models. By 

integrating computational tools with biological optimization principles, we aim to 

develop farming systems that are both productive and sustainable. This research 
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represents a significant step forward in our efforts to address the challenges of 

conventional farming and promote the sustainable development of agricultural 

systems. 

2. Optimization of the SGA algorithm with biomechanical 

applications 

In the context of biomechanics, the optimization of the Simple Genetic Algorithm 

(SGA) can be aligned with the modeling of human biomechanical systems to enhance 

performance and reduce injury risk [10,11]. The parameters influencing SGA 

solutions, such as crossover probability and mutation rates, are analogous to the 

variables in biomechanical systems, including muscle force, joint angles, and 

movement patterns. By refining these parameters, SGA can provide insights into 

biomechanical optimization [12]. 

For instance, when modeling human motion, the objective function can be 

designed to minimize joint impact forces and muscle strain while maximizing 

efficiency in energy utilization. This is particularly relevant in sports biomechanics, 

where improper force distribution often leads to injuries. An optimized SGA can 

simulate complex biomechanical processes like gait analysis or the optimization of 

athletic movements, identifying optimal movement patterns that reduce stress on joints 

and muscles [13,14]. 

The flowchart of the genetic algorithm can be adapted to represent biomechanical 

optimization, where the input parameters include anthropometric data, muscle 

activation patterns, and joint kinematics [1]. The algorithm iterates through potential 

solutions, selecting movement strategies that minimize fatigue and maximize 

recovery. By encoding biomechanical variables as genes in the algorithm, we can 

simulate and refine multi-objective biomechanical models that cater to individual 

needs, ensuring personalized optimization strategies [12]. 

Moreover, the conceptual framework of circular agriculture in Figure 1 can be 

paralleled with human biomechanics. Just as circular farming emphasizes resource 

recycling and efficiency, sustainable biomechanics focuses on optimizing movement 

strategies to conserve energy and promote recovery. For example, the recycling of 

energy in biomechanical terms could involve the efficient storage and release of elastic 

energy in tendons, akin to energy transformation in agricultural systems [3]. 

The logical selection of the four parameters that influence the genetic algorithm 

solution and solution effect—does not have a theoretical basis. Finding the right values 

and ranges of the parameters in practice usually requires a series of trial calculations 

[15]. 

The genetic algorithm can be expressed as Equation (1). 

𝑆𝐺𝐴 = (𝐶 ∗ 𝐸 ∗ 𝑃0 ∗ 𝑀,𝛷, 𝛤,𝛹, 𝑇) (1) 

The flow of the related algorithm is shown in Figure 1.  
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Figure 1. The genetic algorithm. 

When designing encoding for real-world application challenges, the encoding, 

crossover, variation, and decoding methods must all be taken into account cohesively. 

If the objective function is the maximum problem: 

𝐹𝑖𝑡(𝑓(𝑥)) = 𝑓(𝑥) − 𝑐𝑚𝑖𝑛, 𝑓(𝑥) > 𝑐𝑚𝑖𝑛 (2) 

By utilizing scientific design, scale design, and sufficient theory as the basis, this 

model’s construction aims to accomplish multi-level energy transformation and 

resource recycling during the agricultural planting and breeding process. By handling 

the original waste resources in a harmless way, it also seeks to accomplish waste 

recycling and efficient usage. The cycle agriculture system model diagram is shown 

in Figure 2. 
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Figure 2. Ideal model of circular farming. 

The idea behind this model’s construction is to achieve multi-level energy 

transformation and resource recycling. It also aims to achieve waste recycling and 
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efficient use by treating the original waste resources in a harmless manner [16]. Figure 

3 displays the system’s model diagram for cycle agriculture. 
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Figure 3. The nitrogen balance boundary conditions. 

Initially, we set up the particles whose fitness can be maximized on the program 

based on the objective function, whose multi-objective function can be written as 

follows: 

𝑓(𝑥) = [𝑓1(𝑥), … , 𝑓𝑛(𝑥)]

 s.t. 𝑔𝑗(𝑥) ≤ 0, 𝑗 = 1,2,… , 𝑙

 ℎ𝑖(𝑥) = 0, 𝑖 = 1,2, … ,𝑚

 (3) 

𝑣𝑖+1 = 𝑤 × 𝑣𝑖 + 𝑐1 × 𝑟𝑎𝑛𝑑× (𝑝−best𝑖 − 𝑥𝑖) + 𝑐2 × 𝑟𝑎𝑛𝑑×(best𝑖 − 𝑥𝑖)

 

(4) 

The extensive use of genetic algorithms has led to the proposal of numerous 

coding techniques, which can be categorized into three groups: symbolic, binary, and 

real number coding techniques.  

3. Methods and big data in biomechanics 

The application of big data in biomechanics has revolutionized the ability to 

analyze and optimize human movement. By integrating particle swarm optimization 

(PSO) methods, biomechanical models can predict the most efficient movement 

patterns for various activities. The PSO algorithm, as depicted in Figure 4, can be 

adapted to biomechanical contexts where particles represent different movement 

strategies [5]. The algorithm evaluates these strategies based on predefined fitness 

criteria, such as minimizing metabolic cost, joint stress, and recovery time. 

Hierarchical structures, like those shown in Figure 5, can be employed in 

biomechanical evaluations to assess the effectiveness of different interventions. For 

example, a hierarchical model could include levels such as joint kinematics, muscle 

activation, and overall performance. Each level contributes to the comprehensive 

evaluation of biomechanical efficiency, enabling targeted interventions for injury 

prevention or performance enhancement. 
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Big data also plays a critical role in advancing biomechanics through motion 

capture technologies and wearable sensors. These tools generate vast amounts of data 

on human movement, which can be analyzed using algorithms like SGA and PSO. For 

instance, gait analysis datasets can be processed to identify patterns associated with 

injuries or inefficiencies, guiding the development of personalized rehabilitation 

programs. 

The PSO algorithm evaluates movement strategies based on predefined fitness 

criteria. A generic fitness function for biomechanical optimization can be expressed 

as: 

𝐹(𝑥) = 𝑤1 ⋅ 𝐸(𝑥) + 𝑤2 ⋅ 𝑆(𝑥) + 𝑤3 ⋅ 𝑅(𝑥) (5) 

where: 

𝐹(𝑥): Fitness value of a movement strategy x. 

𝐸(𝑥): Metabolic cost of the movement (e.g., energy expenditure). 

𝑆(𝑥): Joint stress (e.g., load on the knee or shoulder joints). 

𝑅(𝑥): Recovery time from the movement (e.g., time to return to resting heart 

rate). 

𝑤1, 𝑤2, 𝑤3: Weight coefficients, adjusted based on biomechanical priorities. 

Joint angle (θ\thetaθ) as a function of time in a biomechanical context: 

𝜃(𝑡) = 𝜃0 +𝜔𝑡 +
1

2
𝛼𝑡2 (6) 

where: 

𝜃(𝑡): Joint angle at time t. 

𝜃0: Initial joint angle. 

𝜔: Initial angular velocity. 

𝛼: Angular acceleration. 

For vertical and horizontal components of ground reaction force during running 

or jumping: 

𝐹GRF = 𝑚 ⋅ 𝑔 + 𝑘 ⋅ 𝑥 − 𝑐 ⋅ 𝑣 (7) 

where: 

FGRF: Ground reaction force. 

m: Mass of the individual. 

g: Acceleration due to gravity. 

k: Spring constant representing stiffness of muscles and tendons. 

x: Displacement (compression/stretch) of the spring. 

c: Damping coefficient for energy dissipation. 

v: Velocity of the joint or foot. 

To quantify the activation level of a muscle group: 

𝐴(𝑡) = ∫𝑡0
𝑡
[EMG(𝑡) − EMGbaseline]𝑑𝑡 (8) 

where: 

𝐴(𝑡): Muscle activation level. 

EMG(𝑡): Measured electromyographic signal at time t. 

EMGbaseline : Baseline EMG signal during rest. 
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The energy efficiency of a movement can be expressed as: 

𝜂 =
𝑊useful

𝐸total
 (9) 

where: 

𝜂: Energy efficiency ratio. 

𝑊useful: Work output useful for movement (e.g., distance covered). 

𝐸total: Total energy expenditure during the activity. 

One significant outcome of the information age is the application of big data 

technology. Big data technology is currently widely utilized across all societal 

governing levels. Big data is crucial for altering the government’s conventional 

governing model. Big data thinking supports the logical distribution of public 

resources, scientific decision-making, the adoption of a more sophisticated 

administrative management style, and the provision of more compassionate public 

services—all of which are examples of innovative governance thinking and 

governance [14]. To optimize the economic benefits and resource optimization of 

circular agriculture, this experiment employs the particle swarm method. Figure 4 

illustrates the particle swarm technique’s step-by-step procedure. 
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Figure 4. Flow chart of optimized PSO algorithm. 

As seen in Figure 5, the hierarchical structure of the quantitative evaluation study 

of agricultural production is built in accordance with the hierarchical analysis 

procedure for this quantitative assessment of the agricultural production program. 
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Figure 5. Quantitative evaluation of agricultural production. 

4. Bridging agriculture and biomechanics 

The parallels between agricultural systems and human biomechanics underscore 

the importance of sustainability in both domains. Just as circular farming seeks to 

optimize nutrient cycles, sustainable biomechanics aims to optimize energy cycles 

within the human body. By leveraging computational tools like SGA and PSO, both 

fields can address complex challenges through innovative solutions. 

Rural rejuvenation is the ultimate goal of agricultural development, which starts 

with the realization of agricultural modernization, farmers’ income growth, and rural 

economic expansion [13,14]. Figure 6 displays the gross regional product for the 

previous years, and Figure 7 displays the gross regional product composition for 2006 

[15]. 

 

Figure 6. Gross regional product by year. 
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Figure 7. Composition of Yangzhou’s GDP in 2006. 

As a result, the new rural collective economy has made it possible to combine 

various aspects and dispersed resources inside the community. Table 1 displays the 

water consumption figures for 2006, and Figure 8 displays the water consumption 

structure. Figures 9–12 display the total water use as well as the water consumption 

of agricultural irrigation over the last four years. 

Table 1. Water consumption statistics in Yangzhou in 2006. 

 Agricultural irrigation 
Forestry, Animal Husbandry and 

Fishery 
Industry Living 

Ecological 

Environment 
Total 

Water consumption 

(billion m3) 
28.42 1.80 7.91 1.55 12.18 51.85 

Share (%) 54.78 3.48 15.25 2.96 23.52 100 

 

Figure 8. Water use structure in Yangzhou in 2006. 
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Figure 9. Water consumption and total water consumption. 

 

Figure 10. Crop planting layout in Yangzhou City, 2006. 

 

Figure 11. Grain crops and non-food crops cultivation area. 

The new rural collective economy gives competent rural residents and those who 

are eager to return to their villages a stage on which to express their goals and draw 
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resources that have left the countryside to their communities. By putting their 

knowledge and insights into practice, the capable elites use the new rural collective 

economy to guide farmers in creating new industries and innovative agricultural 

development models. This allows farmers to see the promising future of rural 

development and draws more exceptional young workers back to their villages to work 

on construction projects. 

 

Figure 12. Total agricultural output value. 

The analysis of rural industries highlights the importance of industrial prosperity 

from multiple perspectives, including industrial modernization, the development of 

professional farmers, and agricultural informatization. This approach aligns with 

China’s overarching strategy of “economic development as the core” and addresses 

key challenges faced by rural industries. Achieving rural revitalization is a complex 

task that requires sustained effort and patience, rather than rushing for immediate 

results. Industrial prosperity is the fundamental prerequisite for rural revitalization, as 

it provides a robust material foundation that supports and drives other sectors, 

fostering comprehensive and coordinated rural development. 

Promoting industrial growth enhances employment opportunities for farmers, 

providing them with a secure livelihood. This, in turn, allows attention to be given to 

areas such as spiritual enrichment, cultural advancement, and ecological balance, 

creating a more holistic development process. Figure 13 illustrates the statistics on 

crop disaster areas in China from 2010 to 2019. 
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Figure 13. Area of crop damage in China. 

Figure 14 illustrates that, although there may be minor ups and downs every two 

or three years, China’s crop disaster area is typically on the decline from 2010 to 2019.  

While the annual grain sowing area for 2019 is 116,064 thousand hectares, the 

disaster area proportion is as high as 21.54%, despite the ten-year average disaster area 

from 2010 to 2019 being about 25,000 thousand hectares. The percentage is still rather 

high, and the considerable portion of the affected area has a major influence on the 

stability of China’s crop yield. Furthermore, changes in the price of agricultural 

products lead to an increase in consumer spending and a decrease in consumption 

levels. Natural catastrophes caused China’s direct economic losses between 2010 and 

2018. The total loss situation varies a lot, with a slight increase in losses occurring 

every two or three years, followed by a decline in losses the following year or two. 

 

Figure 14. Direct losses from natural disasters. 

In addition to agricultural loans, agricultural fixed asset investment is one of the 

inputs used by rural finance to support agricultural development. As seen in Figure 

15, its annual growth rate has fluctuated wildly, showing negative growth in the years 

2010, 2017, and 2019. 
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Figure 15. Change rate of investment in fixed assets. 

Villagers have realized the importance of the soft power of industry. The support 

of resource-saving environment-friendly and strong sustainable development power is 

the lowest, accounting for 11.63%. It proves that villagers’ awareness of green 

development is weak, and in the process of industrial prosperity and adhere to green 

agricultural development, as Figure 16. 

 

Figure 16. The government gives financial support where industrial prosperity 

should be spent. 

5. Discussion 

The integration of GA and particle swarm optimization (PSO) into agricultural 

and biomechanical systems represents an innovative approach to optimizing biological 

processes. This discussion examines how these computational techniques can bridge 
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the gaps between sustainable agricultural practices and human biomechanics, 

shedding light on their mutual benefits and challenges. The findings suggest that both 

fields can significantly benefit from the application of advanced computational 

methods, particularly in terms of resource optimization, energy efficiency, and system 

sustainability. 

5.1. Optimization of agricultural systems 

The optimization of nitrogen use in agricultural systems through GA is a key 

example of how computational tools can address complex ecological challenges. As 

nitrogen is a crucial nutrient for plant growth, inefficient management often leads to 

environmental degradation, including soil erosion and water contamination. Circular 

farming models, which recycle agricultural waste and minimize artificial fertilizer use, 

present a promising solution. By applying GA to model and optimize nutrient cycles, 

such as nitrogen, agricultural systems can be more efficient, sustainable, and 

ecologically balanced. This not only increases crop yields but also mitigates the 

environmental impact of farming. 

In particular, the integration of GA into nutrient management systems in circular 

farming offers a holistic approach to sustainable agriculture. By optimizing the 

recycling of waste products like manure, GA can help close the nutrient cycle, 

reducing the need for external inputs and minimizing the environmental footprint. This 

demonstrates the potential of computational tools in fostering a more sustainable 

agricultural model, aligning with global sustainability goals. 

5.2. Biomechanics optimization through GA and PSO 

The application of GA and PSO in biomechanics follows a similar logic of 

optimizing systems, but in the context of human movement. By modeling 

biomechanical systems, GA and PSO can be used to enhance performance and reduce 

the risk of injury. For example, in sports biomechanics, improper movement patterns 

often lead to joint stress and muscle strain. By optimizing movement strategies, GA 

and PSO can identify optimal solutions that reduce stress on joints and muscles, 

enhancing both athletic performance and injury prevention. 

The optimization process involves adjusting parameters such as joint angles, 

muscle forces, and movement patterns, much like the nutrient cycles in agriculture. 

The use of big data and motion capture technologies further enriches the 

biomechanical modeling process, providing more precise data for optimization. 

Wearable sensors and motion analysis tools generate vast amounts of data, which can 

be processed through algorithms like GA and PSO to identify the most efficient and 

injury-free movement strategies. This personalized approach to biomechanical 

optimization ensures that each individual’s unique physiological needs are met, further 

enhancing the effectiveness of the solutions. 

5.3. Bridging agriculture and biomechanics 

The parallels between agriculture and biomechanics extend beyond the use of 

similar computational techniques. Both fields aim to optimize energy and resource 

flows—whether it is optimizing nutrient cycles in farming or energy cycles in human 
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movement. Circular farming’s emphasis on resource recycling mirrors sustainable 

biomechanics, which seeks to optimize the use of energy within the human body. Just 

as GA and PSO can be used to optimize agricultural resource flows, they can also be 

applied to enhance energy efficiency in biomechanics, such as maximizing the storage 

and release of elastic energy in tendons during movement [17,18]. 

The concept of resource recycling is central to both fields. In agriculture, this 

involves recycling waste materials to optimize nutrient use, while in biomechanics, it 

refers to optimizing the reuse of energy in the body’s musculoskeletal system. By 

understanding these systems through computational tools, we can create more 

sustainable and efficient practices in both domains. This interdisciplinary approach 

not only addresses immediate challenges but also opens new avenues for future 

research and development. 

5.4. Challenges and future directions 

Despite the promising potential of these computational techniques, several 

challenges remain. One key challenge is the accurate representation of biological 

systems in computational models. Both agricultural and biomechanical systems are 

complex, involving numerous variables that interact in non-linear ways. As such, the 

accuracy of optimization models depends heavily on the quality of the data and the 

precision of the algorithms used. Additionally, the parameterization of GA and PSO 

models, such as the selection of mutation rates, crossover probabilities, and other 

genetic operators, requires careful consideration and fine-tuning. This often involves 

a trial-and-error process, which can be time-consuming and computationally 

expensive. 

Moreover, the integration of big data into both agriculture and biomechanics 

raises issues related to data privacy, storage, and processing. The vast amounts of data 

generated by motion capture systems, wearable sensors, and agricultural monitoring 

tools necessitate robust data management systems to ensure that the data is both secure 

and usable for optimization purposes. 

Looking ahead, the integration of AI and ML into GA and PSO models offers 

exciting possibilities. AI and ML algorithms can automate the optimization process, 

making it more adaptive and capable of handling complex, real-time data. This could 

lead to even more precise and personalized solutions in both agriculture and 

biomechanics, enhancing their sustainability and efficiency. 

6. Conclusion 

This study shows that biological optimization, especially through nitrogen 

balance control, can greatly improve the sustainability and efficiency of agricultural 

systems when combined with GA. We have demonstrated that it is feasible to 

maximize nutrient cycling, decrease environmental damage, and lessen reliance on 

synthetic fertilizers by using GA to predict the flow and transformation of nitrogen in 

circular agricultural systems. Combining cutting-edge computer techniques with 

biological concepts like ecological balance and nutrient recycling presents a viable 

route to sustainable farming approaches. 
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We can guarantee that agricultural systems are both environmentally conscious 

and productive by optimizing the use of nitrogen. The study emphasizes how crucial 

it is to preserve a dynamic nutrient balance in agricultural ecosystems in order to 

support long-term soil health, cut waste, and shield the environment from pollution. 

In the end, applying genetic algorithms to biological process management, such as 

nitrogen balance, offers a scalable and effective means to address some of the most 

important issues facing contemporary agriculture and opens the door to a more 

sustainable future for agricultural development. 
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