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ABSTRACT

The collaborative development of artificial intelligence and robots is the core trend in the current field of science and
technology. Through technological integration, paradigm innovation and value reconfiguration, it is reshaping the global
industrial landscape. This article conducts research from four dimensions: theoretical evolution, technical collaboration
mechanism, industrial transformation path and future challenges, revealing how the collaboration between artificial
intelligence and robots promotes the optimization of production factor allocation, gives rise to new business models, and
reconfigures the industrial value chain. It also proposes policy recommendations for building a “technology - system -
value” three-dimensional empowerment system. The research shows that this collaborative development model has
become a key engine driving the fourth industrial revolution and holds strategic significance for achieving high-quality
development.
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1. INTRODUCTION

The global technological competition has entered a strategic game stage centered on artificial intelligence, and its
development trend profoundly influences the production and lifestyle of human society. The World Economic Forum
(2023) predicts that by 2030, the deep integration of artificial intelligence and robotics technology will create an economic
value of 13.3 trillion US dollars, accounting for 15% of the global GDP. This data highlights the crucial role of the
coordinated development of the two in promoting economic growth M. As the world’s largest industrial robot market,
China, driven by policy support and technological innovation, has seen its industrial robot and artificial intelligence core
industries expand continuously. The “intelligent economy” formed by the synergy of these two industries is becoming a
new pillar of the national economy 2. This synergy is not a simple technological addition; instead, it achieves a qualitative
change from improving efficiency in a single link to creating value throughout the entire industry through the evolutionary
path of “technology penetration-scene revolution-ecological reconstruction”, covering multiple fields such as

manufacturing, service industry, and agriculture, and becoming the core driving force for the fourth industrial revolution
3]

From the perspective of academic research, the collaborative development of artificial intelligence and robotics has become
a hot topic in interdisciplinary studies. In the field of technical philosophy, scholars focus on the impact of the enhancement
of the autonomy of intelligent agents on human cognitive patterns l; in the field of industrial economics, researchers focus
on the reconfiguration mechanism of the industrial ecosystem caused by technological diffusion FI; in the field of
management, they focus on exploring how enterprises can achieve organizational transformation through technological
collaboration [81, However, most of the existing studies only focus on a single technical level or a specific industry scene,
lacking a comprehensive analysis of the internal logic and systematic impact of their coordinated development. This paper
hopes to fill this research gap by constructing a three-dimensional analysis framework of “theory-technology-industry”,
reveal the essential characteristics of coordinated development and the law of industrial change, and provide theoretical
support for policy formulation and enterprise practice.
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2. THE THEORETICAL EVOLUTION OF THE CO-DEVELOPMENT OF ARTIFICIAL
INTELLIGENCE AND ROBOTICS

2.1 Technological Paradigm Shift: From Substitution to Coexistence

Traditional robot technology follows the model of “instrumental rationality”, emphasizing the ability of mechanical control
and repeated execution. Its development route has obvious stage characteristics. The first generation of industrial robots
(1960-1980) replaced manual work with fixed program operations, which were mainly used in large-scale standardized
production scenes such as automobile manufacturing I'l; The second generation (1980-2010) realized environmental
awareness through sensor integration, and began to be used in fields that require high precision, such as electronic assembly
[ The third generation (from 2010 to now) relies on artificial intelligence to make independent decisions, and gradually
expands into unstructured scenarios such as service and medical care [°l. This change is actually from a “physically closed”
system to a “cognitively open” system, and the most crucial symbol is the rise of embodied intelligence (embodied Al).
Embodied intelligence theory breaks through the traditional symbolism framework, emphasizing that agents form a closed-
loop system of “perception-decision-action” through physical interaction and dynamic coupling with the environment [,
According to this theory, intelligence is not only the cognitive function of the brain, but also the product of the interaction
between the body and the environment. This view provides a new philosophical basis for the development of robot
technology.

2.2 Industrial Philosophy Reconstruction: From Linear to Systematic

Traditional industrial economics thinks that technology diffusion is a linear process of “innovation-imitation-
standardization”, but the common development of artificial intelligence and robot technology subverts this view. Its
industrial influence shows the unique characteristics of “network effect”: on the one hand, technology penetration follows
the “core-edge” diffusion law, extending from manufacturing to agriculture and service industry in an all-round way; On
the other hand, value creation shows the characteristics of “exponential growth”, and the industrial Internet platform
magnifies the spillover effect of a single innovative entity by 3-5 times through API interface standardization and data
sharing mechanism. This system evolution feature requires industrial policies to shift from single technology support to
ecosystem construction. The “Industry 4.0” strategy in Germany, which established the “digital twin + industrial internet”
dual-wheel drive model, is precisely an institutional response to this law.

3. MECHANISM AND IMPLEMENTATION PATH OF SYNERGISTIC DEVELOPMENT OF
TECHNOLOGIES

3.1 Technological Complementarity: Intelligent Enhancement and Physical Execution

The technical combination between artificial intelligence and robot is based on their functional complementarity. Al brings
three core abilities to robots: first, environmental cognitive ability, which is realized by computer vision and multimodal
perception technology, can analyze dynamic scenes in real time; Second, the decision-making optimization ability, through
strengthening the learning algorithm to build an “experience-reasoning-decision-making” intelligent cycle; Thirdly,
autonomous learning ability, realized by transfer learning technology, can apply knowledge from one scene to another.
The robot provides the physical carrier and execution mechanism for Al, and its high-precision motion control system can
transform algorithm decisions into millimeter-level operation accuracy.

3.2 Data Closed-loop Mechanism: From Offline Training to Online Evolution

The key to collaborative development is to build a closed-loop system of “data collection-model training-scene
application”. In the industrial scene, the robot collects real-time production data through force and vision sensors, and the
data is processed by edge computing equipment and uploaded to the cloud model for iterative training. This online learning
mechanism has doubled the adaptability of the model. Siemens Amberg Factory’s digital twin system improves the
predictive maintenance accuracy to 99.2% by continuously collecting equipment operation data. What is more noteworthy
is that the application of federated learning technology allows data value to flow across enterprises while protecting privacy.
The “industrial data space” established in the Yangtze River Delta has enabled more than 200 enterprises to share 3.2PB
of industrial data, and promoted the synergy efficiency of regional industrial chains by 40%.

3.3 Hardware Synergistic Architecture: From Cloud Intelligence to End-side Empowerment

The distribution of computing power will greatly affect the effect of coordinated development. The traditional architecture
relies on centralized computing in the cloud, which has the disadvantages of high delay and large bandwidth consumption.
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The new collaborative system adopts the “cloud-edge-end” distributed architecture, and embeds the lightweight model
into the terminal equipment to realize real-time decision-making. NVIDIA Jetson AGX Orin platform integrates 12-core
ARM CPU and 256 TOPS GPU, which enables mobile robots to understand local semantics, and its response speed is 10
times faster than that of cloud solutions. This structural change not only reduced the dependence on network infrastructure,
but also gave birth to a new business model of “Robot as a Service” (RaaS) %],

4, DEEP IMPACT OF INDUSTRIAL TRANSFORMATION
4.1 Optimization of Production Factor Allocation: From Resource-driven to Intelligent-driven

Coordinated development is changing the way of industrial production. Data has become the core factor of production,
and algorithm has become a new production tool, which promotes the allocation of production factors from resource-
driven to intelligent-driven. In the field of intelligent manufacturing, digital twin technology shortens the product
development cycle, improves the overall equipment efficiency (OEE), and greatly reduces the trial and error cost and
resource consumption by constructing real-time mapping between virtual and entity. In the field of agriculture, DJI
agricultural drone has realized precise variable fertilization through multispectral remote sensing and Al prescription map
technology, reduced the use of pesticides and promoted the transformation of traditional agriculture to smart agriculture.
This optimization of factor allocation not only enhances production efficiency but also drives a transformation in the mode
of value creation - industrial internet platforms, through data asset-based operations, increase the proportion of the added
value generated by improved equipment utilization in enterprise profits, and the multiplier effect of data elements is
reshaping the logic of industrial value distribution.

4.2 Innovation in Industrial Form: From Vertical Integration to Cross-border Integration

Technological penetration has given rise to a large number of new business forms, forming an “intelligence + X” industrial
map. In the medical field, the integration of surgical robots and Al image diagnosis has pushed medical services to extend
from “disease treatment” to “health management”, expanding the global medical robot market size; in the education field,
the combination of intelligent tutors and VR laboratories has restructured the mode of knowledge transmission, and the
Knewton adaptive learning platform has improved students’ learning efficiency. What is more noteworthy is that this
cross-border integration is breaking down the boundaries of traditional industries, and Tesla, by integrating new energy
vehicles, autonomous driving, and energy networks, has constructed a trillion-dollar intelligent transportation ecosystem,
whose market value far exceeds the combined total of traditional automotive giants, demonstrating the tremendous energy
of paradigm shift.

4.3 Reconfiguration of Value Chain: From Scale Economy to Scope Economy

Coordinated development drives the industrial value chain to evolve from a linear structure to a networked ecosystem. In
manufacturing, the C2M (User-to-Manufacturing) model, through user profiling and generative design technologies,
realizes the integration of personalized customization and large-scale production; in the service sector, the combination of
intelligent customer service and knowledge graphs enables the balance of service standardization and personalization. This
value chain reconfiguration not only enhances enterprise competitiveness but also reshapes the global industrial division
of labor, with China accounting for 68% of patents in industrial robots and 42% in Al chips, laying the foundation for
technological dominance.

5. CHALLENGES AND COUNTERMEASURES
5.1 Breaking Through Technical Barriers

Current coordinated development still faces three major technical challenges: Firstly, insufficient interpretability, the black
box nature of deep learning models hinders their application in key fields; Secondly, robustness deficiency, the problem
of model failure in extreme scenarios has not been resolved; Thirdly, imbalance in energy efficiency, the carbon emission
problem of large model training has become increasingly prominent.

The countermeasures include: developing interpretable AI(XAI) technology and establishing a visualization system of
model decision path; Research on hybrid enhanced intelligent architecture, combining the advantages of symbolic
reasoning and neural network; Green computing technology is adopted to reduce energy consumption through liquid-
cooled data center and clean energy supply.
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5.2 Improving the Institutional Framework

The rapid update of technology has brought challenges to the existing system. For example, who owns the data, who is
responsible for the error of the algorithm, and how to protect our privacy need to be solved quickly. The EU’s “Artificial
Intelligence Act” uses a set of risk grading methods, which is particularly strict with those high-risk Al systems. China’s
“Inter Measures for the Management of Generative Artificial Intelligence Services” stipulates the system of content review
and algorithm filing, which provides a reference for technology management. In the future, we need to establish a flexible
mechanism to find a balance between encouraging innovation and ensuring safety. It is suggested to set up an inter-
departmental artificial intelligence governance committee to coordinate the formulation of technical standards and ethical
norms.

5.3 Social Adaptation Transformation

Scientific and technological changes will greatly adjust the work structure. The World Economic Forum predicts that by
2027, 85 million jobs will be replaced by machines, but at the same time, 97 million new jobs will be created. This requires
us to establish a lifelong learning system. Germany’s “Dual System” vocational education model, through the deep
cooperation between enterprises and schools, has made the proportion of skilled workers reach 58%, providing talent
support for industrial transformation. China needs to speed up the construction of a national intelligent education platform
for vocational education, develop 1,000 Al-assisted vocational education courses, and train more than 50 million people
every year, so as to meet the challenges brought by the skill gap.

6. CONCLUSION

The common development of artificial intelligence and robots indicates that human society has entered the “intelligent age”
from the “information age”. This process not only made a qualitative leap in productivity, but also triggered profound
changes in production relations and superstructure. Looking forward to the future, we need to build a trinity empowerment
system of “technology-system-value”: on the technical level, we should break through the key technologies of brain like
computing and bionic robots to achieve the breakthrough of General Artificial Intelligence (AGI); At the institutional level,
it is necessary to establish a global collaborative governance framework and promote the formulation of international
standards; At the value level, we should adhere to the development concept of “people-oriented” and ensure the fair
distribution of technology dividends. Only in this way can the ideal picture of “technology for the betterment of humanity”
be realized, and a new realm for the progress of human civilization be opened up.
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