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This paper outlines the initial steps and basic
framework for developing foundation/infrastructure
robots/robotics based on foundation models and par-
allel intelligence, as well as the potential applications
of new artificial intelligence (AI) techniques such as
AlphaGO, ChatGPT, and Sora.

1 Introduction

Following the emergence of foundation models
such as ChatGPT (Wang JC et al., 2023; Zhou et al.,
2023) and Sora, there is a focus on developing tech-
nology that leverages these advancements. Sora is
a new generative Al system that can create videos
up to 60 s in length based on textual instructions.
These videos are highly realistic, containing detailed
scenery, vivid character expressions, and complex
camera movements. Sora not only understands the
elements of prompts given by users, but also com-
prehends how these elements interact in the physical
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world. Thanks to its high-fidelity results and the
cost savings compared to human work, Sora (or re-
lated models in the future) will likely influence con-
tent creation in media and entertainment industries,
such as film and video gaming. Furthermore, there
is potential to revolutionize education and training,
for instance, with the quick generation of visual tu-
torials. Additionally, because of their effectiveness
in translating textual (or voice) commands into vi-
sual effects, such methods could bring about signif-
icant changes in embodied Al applications and au-
tonomous driving technologies. Several initial re-
ports have been written on Sora (Li X et al., 2024;
Qin et al., 2024; Wang FY et al., 2024; Yu et al.,
2024); however, the potential impact of foundation
models on robotics has not been explored in depth.

In the context of AI development, there is a de-
sire to orient novel technologies towards greater soci-
etal benefit (Wang FY, 2021; Ye et al., 2022; Fan LL
et al., 2023a). Recent technologies such as founda-
tion models are being used to transform scientific and
industrial research into more virtual or data-driven
forms. This can be thought of as augmenting (or in
some cases replacing) traditional methods with arti-
ficial counterparts, for instance, leveraging machine
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learning to make discoveries in natural sciences, us-
ing artificial manufacturing to research new mate-
rials or designs, or introducing digital beings and
robots to parallel biological beings (Ye and Wang,
2022; Wang FY, 2023b). Such developments have
the potential to reveal new ideas with greater ease,
reduce the risk involved in human testing of novel
technologies, and create cost savings compared to
manual approaches. Therefore, there is potential for
a paradigm shift in science and technology, where
humans work in parallel on scientific research with
increasingly advanced machine intelligence such as
ChatGPT or Sora (Wang FY and Wang, 2024), or
similarly on the engineering of new technology. With
this in mind, we discuss the potential impact of newly
developed foundation models on robotics and au-
tomation, and propose a framework by which robotic
systems could be automatically trained by such
models.

2 Big robotic world models: three

worlds, three robots

The philosopher Karl POPPER famously pro-
posed a “Three Worlds” model of our reality, which
consists of physical, mental, and artificial worlds. In
a similar manner, we define three types of robots,
physical, human, and digital, as a means to describe
the integration of AI technologies (Fig. 1). Accord-
ingly, we develop the concept of “foundation robot”
based on foundation models and parallel intelligence
(Miao et al., 2023), which could potentially enhance
automation of tasks and development of machine

intelligence.
World 1: World 2: World 3:
physical world mental world artificial world

—

Digital robots

Physical robots Human robots

Fig. 1 Three worlds, three types of robots

2.1 Physical robots

A physical robot possesses a tangible physical
form, consists of mechanical structures and actua-

tors, uses electronic devices such as sensors, and has
the abilities to move and interact with its environ-
ment. Such robots perform various actions in the
real world, with many familiar examples from do-
mains such as manufacturing, healthcare, and trans-
portation. These actions can range from simple
repetitive tasks to highly complex operations. For
the design and manufacturing of such robots, fac-
tors in the physical environment such as mechanics,
dynamics, and friction need to be considered. In in-
creasingly complex settings, physical robots require
perceptual and adaptive capabilities to function suc-
cessfully; Al provides a means to enhance these ca-
pabilities. Physical robots that use modern founda-
tion models and parallel intelligence exhibit stronger
learning capabilities, more efficient task execution,
greater adaptability across different domains, and
higher performance and accuracy, thus bringing nu-
merous advantages to a range of applications (Wang

XX et al., 2023).
2.2 Human robots

In his 1651 book Leviathan, Thomas HOBBES
wrote, “Life is but a motion of limbs. For what is
the heart, but a spring; and the nerves, but so many
strings; and the joints, but so many wheels, giving
motion to the whole body, such as was intended by
the Artificer?”” (Hobbes, 2017). In a modern con-
text, this statement can be thought of as a descrip-
tion of the similarities between humans and robots.
In fact, many of these similarities are quite intuitive.
First, human behavior and thinking are influenced
by factors such as biology (genetics) and sociology
(environment, culture, etc.), akin to how robots are
affected by their underlying computer code and their
external environment. Second, human behavioral re-
sponses in specific situations can be based on prior
experiences or innate biological mechanisms, resem-
bling the predictable and interpretable responses of
robots. Third, some human behaviors and habits
can become automated, similar to how robots exe-
cute preset programs. For instance, routine tasks like
driving or washing the dishes can essentially be per-
formed without conscious thought by humans. Ad-
ditionally, note that both humans and robots possess
the capability for technological augmentation; for
example, humans enhance their senses and think-
ing with technology (e.g., using glasses to enhance
vision and using computers to enhance cognitive
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abilities). This is similar to how robots use sen-
sors and actuators, or improved computer code, to

augment their functionalities.
2.3 Digital robots

Digital robots, also known as software robots,
automation software, or Al agents, are virtual en-
tities that execute specific tasks through computer
programs. These robots do not exist physically,
but simulate physical or human behavior to perform
tasks in an automated fashion. Digital robots are
commonly employed to handle work with high vol-
ume, repetition, and data input requirements, and
Such
robots can range from simple programming scripts
to systems that use Al to automatically learn and
optimize their performance. In business and indus-

integration across multiple legacy systems.

trial settings, digital robots are used for tasks such as
office automation, customer service, and data anal-
ysis. They are also often used in robotic process
automation (RPA), offering benefits such as reduc-
tion of human errors, improvement of time value,
rapid execution of repetitive tasks, and continuous
operation. As digital robots become increasingly ad-
vanced, they could be considered a kind of digital
human (Malik and Brem, 2021).

3 Foundation models for foundation
robots via parallel robotics

Based on a framework of parallel robotics and
foundation models, human robots, digital robots,
and physical robots can cooperate to achieve process
and knowledge automation, thereby optimizing so-
lutions to various real-world tasks (Guo et al., 2022,
2023a). We define this cooperative system as a “foun-
dation robot,” and explore its future utility.

The concept of “parallel robotics” was proposed

robots

by Prof. Fei-Yue WANG in 2015, integrating the par-
allel system theory (Wang FY, 2004), the artificial-
computational-parallel (ACP) approach (Wang FY,
2007), and general principles of robotics. Its goal
is to address the high experimental costs and low
learning efficiency of traditional robotic systems (Bai
et al., 2017). This methodology establishes virtual
artificial systems for robotics, where computational
experiments are conducted to expand the explo-
ration space and improve learning efficiency, thereby
enhancing the adaptability and efficacy of robotic
systems. Additionally, it integrates humans into
the training of robotic systems, where they provide
demonstrations, supervision, and evaluation. Paral-
lel robotics extends robots from the cyber-physical
space to the cyber-physical-social space, thus en-
abling iterative optimization (or collaborative learn-
ing) between virtual and physical robotic systems.
Leveraging this methodology in combination with
foundation models, in what we call a “foundation

robot,” could lead to further advancements.

A potential operational pipeline for foundation
robots is illustrated in Fig. 2. Human robots (or ac-
tual humans) propose overall requirements to digital
robots and are responsible for training, supervising,
and evaluating the digital and physical robots. This
could involve human demonstration, value alignment
based on human feedback, plan approval, and other
quality checks. Digital robots, which are constructed
based on specialized foundation models, engage in
task planning and scheduling, and delegate tasks to
other robots according to the generated plans. If the
desired application is physical, physical robots would
respond and execute tasks in space until the goal is
achieved. Digital and physical robots could operate
autonomously for most of the time (say 80%) while
providing necessary monitoring information to hu-

man robots. In a minority of the time (say 15%),
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Fig. 2 Framework for foundation robots based on parallel robotics and foundation models
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the system could operate in a parallel mode, with
human robots intervening to guide the other robots
to resolve exceptions. In exceptional cases (say 5%),
an expert/emergency mode could be triggered, with
humans directly handling issues until the system re-
turns to a normal autonomous operation (Wang FY,
2022).
the robotic members, foundation robots may achieve

Therefore, through collaboration between

process automation, as well as accumulation and evo-
lution of knowledge.

Machine learning models play a vital role in the
operation of a foundation robotic system. Following
leaps in algorithmic intelligence made by models like
AlphaGO (or its successor MuZero), and leaps in lin-
guistic intelligence made by foundation models like
ChatGPT, Sora has demonstrated a development in
imaginative intelligence (Guo et al., 2023b). Trained
on massive multi-modal data and general tasks, foun-
dation models can learn generalized representations
of the surrounding world and causal relationships
(Fan LL et al., 2023b, 2024b, 2024c). They could
therefore lay a foundation of downstream learning
tasks for digital and physical robots. Foundation
models can be applied to generate various scenarios
from multiple perspectives and predict future trends,
thus enabling large-scale computational experiments
and testing in artificial systems. Furthermore, foun-
dation models serve as excellent channels for human—
machine interaction, providing the status of systems
to humans in a friendly manner, and facilitating com-
munication between various robot types. Foundation
models like Sora could empower foundation robots
to evolve into a kind of “infrastructure robot,” which
would form the core infrastructure of future intelli-
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gent robotic systems, providing a framework to build
solutions for complex problems.

4 Digital robotic schools with curricu-
lum learning for parallel intelligence
development

To improve the learning and generalization abil-
ities of robotic systems, we propose the concept of
“digital robotic school.” Here, diverse scenarios and
tasks are constructed, and curriculum learning ap-
proaches (Wang X et al., 2022) are adopted to grad-
ually instruct robots. A main motivation for this
framework is to develop robots with parallel intelli-
gence, which is defined as a combination of descrip-
tive, predictive, and prescriptive intelligence (Miao
et al., 2023). A proposed framework for a digital
robotic school is shown in Fig. 3. This school can be
thought of as three parts: digital teaching, curricu-
lum learning, and parallel learning.

In digital teaching, large language models
(LLMs) such as ChatGPT (Wang FY et al., 2023)
and artificial intelligence generated content (AIGC)
models like Sora could be used for the design and
generation of scenarios and curricula, thereby pro-
viding a foundation to train and evaluate robots (Li
X et al., 2023; Tian et al., 2023a). The so-called “dig-
ital teachers” could be based on foundation models
and generative intelligent technologies, to operate
alongside human teachers. Digital teaching could
be implemented to cultivate various types of digital
robots, and serve as a foundation for future human—
machine interactions. This would potentially be rele-
vant for applications in the metaverse, where realistic

i Digital teaching I I Robot students I | Parallel learning & parallel intelligence |
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Fig. 3 Proposed framework for a digital robotic school (LLM: large language model)
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integration of humans into virtual environments is of
paramount importance. Furthermore, digital teach-
ing would come with great potential for real-time
visualization and instant availability of knowledge.
Currently or in the near future, ChatGPT (or sim-
ilar LLMs) could likely facilitate the design of a
comprehensive training environment akin to a dig-
ital robotic school, thanks to its ability to under-
stand the intricacies of specific tasks and prompts.
This design process might involve the identification
of tasks for learning, the skills necessary to accom-
plish such tasks, and the generation of scenarios that
incrementally teach such skills, effectively forming
a scaffolding structure for instruction. In the con-
text of visual learning, Sora (or related AIGC mod-
els) would enable the creation of vivid, interactive
scenarios that mimic real-world complexities. Such
scenarios would provide robots with learning more
similar to what a human experiences, potentially
leading to the development of adaptable, intelligent
robotic behaviors that can handle multifaceted chal-
lenges. The task understanding of ChatGPT and the
scenario generation of Sora could also be leveraged
in tandem within digital robotic schools, providing
a robust training foundation to impart robots with
nuanced and versatile abilities, and pave the way for
parallel intelligence (Yang et al., 2023).

By organizing flexible federated scenarios and
courses (Wang FY et al., 2021; Tian et al., 2022), cur-
riculum learning can be implemented to train robots
for various tasks. In the context of a digital robotic
school, robots could undergo a systematic and struc-
tured process of skill acquisition, which closely mir-
rors human educational strategies. This could begin
with foundational tasks to establish basic capabili-
ties, and progress towards more complex challenges
as a robot’s proficiency increases. A step-wise ap-
proach facilitates gradual development of skills for
various tasks such as perception (Tian et al., 2023b)
and planning (Shen et al., 2024), and also allows for
dynamic adjustment of the curriculum based on the
robot’s performance, thus promoting comprehensive
and efficient learning.

To bridge the gap between simulated environ-
ments and real-world applications, parallel learn-
ing (Li L et al., 2017; Miao et al., 2023; Fan LL
et al., 2024b) could be adopted within digital robotic
schools. This methodology integrates descriptive,
predictive, and prescriptive learning into a cohe-

sive framework, establishing parallel systems that
enhance the robot’s learning efficiency and general-
ization ability. Essentially, parallel learning lever-
ages the mutual dependencies between data, knowl-
edge, and actions in both real and virtual spaces.
Accordingly, robots undergo a series of self-boosting
and self-adaptive stages, mirroring the complexity of
real-world scenarios in a controlled, simulated envi-
ronment. This methodology not only expedites the
learning process, but also improves the robot’s abil-
ity to adapt to new situations, thus bolstering its de-
scriptive and predictive intelligence. Furthermore,
with parallel execution based on hybrid (virtual-
real) interactions, feedback can be obtained from the
hybrid space and then implemented to optimize real
applications. This can make robots more capable of
bridging the gap between simulation-based training
and real-world execution, thus fulfilling the desired
goal of prescriptive intelligence.

5 Conclusions: towards infrastructure
robots

The development of foundation robots for spe-
cific functions across various fields could lead to more
generalized robotic systems. Considering future im-
provement of computing power and further optimiza-
tion of algorithmic models, foundation robots will
likely possess enhanced learning and reasoning abili-
ties, enabling them to extract more accurate insights
from larger-scale data. Consequently, these increas-
ingly advanced foundation robots may form basic
infrastructures for a given field, upon which more
specific applications could be built in the future; we
refer to this concept as an “infrastructure robot” or
“infrastructure robotic system.” For example, in the
context of transportation, we may see that a foun-
dation robot working for a specific vehicle (like a
car) becomes generalized to work for another trans-
portation infrastructure (Wang FY, 2023a; Wang FY
and Lv, 2023). This infrastructure robot could then
be used as a basis for further transportation appli-
cations. Accordingly, we would likely see infrastruc-
ture robots for educational, medical, logistical, and a
multitude of service and industrial applications.
With increasing advancements in Al technologies,
foundation and infrastructure robots could become
the new basic machines upon which smart cities and
societies are developed.
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