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Why This Technology? 

Advances in AI have greatly improved control precision, enabling delicate operations that were previously 
difficult. Manufacturing costs have also decreased substantially, making mass production a realistic possibility. 
As a result, Amazon(US) and BMW(Germany)  have launched pilot programs at their logistic warehouse and 
automobile factory in the United States, accelerating the movement toward real-world implementation. At this 
stage, it is unclear whether humanoid robots will become widely integrated into society but this  will be an 
opportunity to take a broad view of the situation and consider how it may impact your business domain. 

Summary 

 In 2024, a large amount of capital flowed into humanoid robot startups, with the amount of investment in 
humanoid robot startups reaching a record high. Large companies are also working to develop the technology, 
and there is a growing trend toward collaborations. 

 Although challenges remain, such as safety concerns and cost issues, the economic impact of general-purpose 
humanoid robots could be immense. Their adoption is expected in industries facing future labor shortages and 
fields involving hazardous tasks. 

1． What is a Humanoid Robot? 

1-1. Definition of Humanoid Robot 

While there is no strict definition of humanoid robot (hereafter “humanoid;”), the term typically refers to a general-
purpose, bipedal robot modeled after human form and capabilities. Most humanoids are designed to handle a wide 
range of tasks. These include industrial applications, such as grasping objects, moving containers, and positioning 
parts, as well as household services, such as folding laundry and engaging in conversation with humans (Figure 
1). 

Having a human-like form makes humanoids more socially acceptable and easier to integrate into human-centric 
system. In the future, they are expected to assist or replace human labor. 

1-2. Advances in Technologies Supporting Humanoid Robots 

Humanoid technology encompasses a wide range of software and hardware, requiring comprehensive 
technological capabilities. Among these, AI technology has advanced significantly in recent years. Previously, 
training AI models with real-world data required substantial costs and time. However, with the ability to concurrently 
simulate multiple humanoids in virtual environments, AI can now efficiently learn various actions such as walking, 
falling, and object manipulation, leading to major improvements in motion control (Figure 2). Despite these 
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advancements, fully replicating the real world in a virtual environment remains challenging. When applying virtual 
training results to real-world scenarios, discrepancies can occur, necessitating adjustments. Therefore, real-world 
data continues to be important. Nvidia (US) offers the “Isaac,” a development platform that enables robot AI training 
in virtual environments. Just as the CUDA software for GPUs established Nvidia’s dominance in AI development 
and attracted many researchers, the company appears to be positioning itself as a leader in robot AI technology. 

Recent advancements have also introduced learning methods such as end-to-end learning and methods where 
AI autonomously learns from human behavioral data such as large-scale behavior models, and further progress 
in these areas is expected in the future. Beyond AI, improvements in actuators and the maturation of sensing 
technologies have also contributed to improving robot precision (Figure 3). 
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On the cost front, the manufacturing cost per unit, which had long remained in the range of tens to hundreds of 
millions of JPY, has significantly decreased. As of 2023 estimates, the cost has dropped to around USD 50,000, 
and is approaching a realistic price for mass production (Figure 4). 

2．Notable Trends 

Companies developing humanoids are securing massive funding. In the period of January to March, 2024, 
funding for humanoid-related projects reached USD 775 million, already surpassing all previous full-year funding 
records1. The majority of this funding was raised by Figure AI (US), which secured USD 675 million from a number 

 
1 Based on the CB Insights report “Humanoid Robotics in 5 Charts: AI drives funding to record levels” (published March 7, 2024, last 
accessed on December 28, 2024). 

https://www.cbinsights.com/research/humanoid-robotics-tech-trends-2023/
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of well-known organizations, including OpenAI (US), Nvidia, Microsoft (US) and Jeff Bezos’ investment firm in 
February 2024. Although Figure AI dominates in terms of funding volume, 2024 has seen numerous other startups 
securing investments, including Agility Robotics (US), Unitree Robotics (China), 1X Technologies (Norway), 
Sanctuary AI (Canada), Fourier Intelligence (China), and Apptronik (US) (Figure 5). The number of startups that 
have raised over USD 100 million cumulatively is also increasing, highlighting the growing interest in this sector. 

Companies other than startups are also working on humanoid development. Examples of companies working 
on their own humanoid projects include Tesla (US), UBTECH (China), and Toyota (Japan). Another key player is 
Boston Dynamics (US), which has long been a leader in humanoid development and became a subsidiary of 
Hyundai (South Korea) in 2020. Among the Big Tech companies, Google (US), Meta (US), and Nvidia (US) are 
actively working on AI technologies for humanoids, development of robotic arms, and the like. Collaborations 
between companies are also progressing. Figure AI and OpenAI share capital ties. In October 2024, Boston 
Dynamics announced a partnership with Toyota Research Institute for humanoid development. In December 2024, 
Apptronik announced a partnership with Google (Figure 6). Regarding current technical capabilities, Western 
companies are considered strong in advanced control technologies, such as delicate hand and finger manipulation, 
while Chinese companies are making significant progress toward mass production. 
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Humanoids are being increasingly tested across various industries, including in automobile manufacturing 
plants, fulfillment centers, commercial facilities, and iPhone production factories. While Tesla, which operates 
its own facilities, is conducting independent trials, most other humanoid development companies are partnering 
with facility operators to conduct tests (Figure 7). 

Among humanoid developers, three companies stand out as key players. 

1． Figure AI’s Figure 02 

BMW has introduced Figure AI’s humanoid robot, Figure 02, into its automobile production line for chassis 
assembly and parts transportation. As of November 2024, a few months after its deployment, Figure 02 has 
undergone functional upgrades, resulting in a 400% increase in movement speed compared to its initial 
introduction. This enhancement allows the robot to place up to 1,000 automotive components per day. 

2． Agility Robotics’ Digit 

Agility Robotics’ Digit is a humanoid robot with reverse-jointed legs. It has been trialed in Amazon’s 
fulfillment centers and GXO Logistics’ (US) factories, where it is responsible for box transportation and other 
repetitive tasks. 

3． Tesla’s Optimus 

Optimus is expected to be deployed in Tesla’s automobile manufacturing plants. The robot is scheduled for 
commercial release by 2026, with an estimated price of USD 20,000 to USD 30,000. Designed as a general-
purpose robot, Optimus is intended to perform a wide range of tasks, including shopping, lawn mowing, and 
even babysitting. 
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3．Future Prospects 

One of the key challenges regarding humanoids is improving the interpretability2 of AI models. AI technologies 
based on deep learning are difficult for humans to understand in terms of how they arrive at their decisions. As a 
result, identifying the cause of problems is challenging, making AI difficult to use in safety-critical environments. 
Ensuring physical safety is another major issue. Humanoids weigh roughly as much as an adult and are designed 
to collaborate in close proximity with humans. If they make unexpected movements, they could cause significant 
physical harm. Other challenges include enhancing precision, achieving mass production, and reducing costs. 
Overcoming these obstacles will likely accelerate wider industrial adoption. 

Currently, humanoids are still in the trial deployment phase, where their usefulness is being evaluated. In the 
near term, they will likely be outperformed by specialized task-specific robots in both performance and cost. 
However, given the rapid pace of technological advancements and increasing investment, humanoids could 
surpass specialized robots within the next decade or so. If this happens, general-purpose humanoids could see 
widespread adoption across various fields. In addition to logistics, manufacturing, retail, healthcare, and household 
applications, as discussed in Section 2, humanoids could play a crucial role in industries facing labor shortages 
due to population decline, such as food service and construction. They could also be deployed in areas where 
minimizing human presence is desirable, such as defense and disaster response. In the United States, the number 
of humanoids is projected to grow from 40,000 units in 2030 to 8 million in 2040 and 63 million in 2050, with total 
revenue expected to reach USD 1 trillion3. Given these projections, humanoids may integrate into society more 
rapidly and extensively than anticipated (Figure 8). 

 

 

 

 

 
2 Whether humans can interpret the processes and reasoning behind the predictions or inferences made by AI models based on deep learning. 
3 Based on the Morgan Stanley report “Could AI Robots Help Fill the Labor Gap?” (published on August 13, 2024, last accessed on 
December 28, 2024). 
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For the IP analysis of humanoid robots, patent data tagged with “Humanoid Robot” was extracted from 
documents using AI, and analyzed to assess the technological landscape. The analysis covered 1,121 patent 
families filed between 2015 and 2024, identified using the global patent search tool PatSnap. 

As shown in Figure 9, while the number of patent applications surged in 2023, there was a steady flow of filings 
from 2015 to 2022, indicating that research and development in this field have been ongoing for many years. As 
illustrated by Figure 10, the majority of top patent filers are Chinese companies and universities. The only 
European company on the list is SoftBank Robotics Europe, known for developing the humanoid robot “Pepper.” 
However, most of its 21 patent filings were made in 2015, and no further patent activity has been observed in 
recent years. 

Meanwhile, companies outside of China are also advancing their own humanoid robot technologies. For example, 
Agility Robotics, mentioned above, has filed patents for robotic grippers and systems to enhance robot mobility, 
which serve as fundamental technologies in robotics. While these technologies are not exclusive to humanoid 
robots and therefore fall outside the scope of this search, they represent important patents demonstrating the 
company's technological capabilities. Although not ranked among the top filers, Kawasaki Heavy Industries 
(Japan), which developed the humanoid robot “Friends,” has filed 15 patent applications that suggest potential 

IP Analysis of Humanoid Robots 
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applications in industrial and service sectors. While Chinese entities lead in patent filings, companies and research 
institutions worldwide are pursuing diverse approaches to humanoid robot development. As a result, future market 
competition and the emergence of new technologies in this field will be closely watched. 

Figure 11 shows the patent data on humanoid robots classified by technology topic. Since 2020, the fastest-
growing technology topic in terms of patent filings has been sensing technology. Notable inventions in this category 
include vision sensors focused on high-precision 3D image processing and environmental recognition algorithms, 
tactile sensors designed to enhance real-time processing of touch, and sensor integration technologies that enable 
real-time processing of multimodal data. The competitive advantages provided by advancements in sensing 
technology include improved real-time responsiveness (allowing robots to instantly recognize their environment 
and select optimal actions), high-precision operation (precise detection of force and touch to enable delicate tasks), 
natural human-robot interaction (integrated vision and tactile technologies enabling recognition of human facial 
expressions and movements and appropriate response). 

Patent data suggests that humanoid robot development is primarily driven by efforts to address three major 
societal challenges: (1) labor shortages, (2) safety, and (3) social acceptance. These advancements are expected 
to accelerate humanoid adoption across industrial, healthcare/nursing, and household/service sectors.  
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