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Abstract 

Are there differences in how innovation is managed between China and the US? By 
comparing differences between Apollo and Waymo in three dimensions—organization 
and management, specialization focuses, and reliance on science and benefit from 
science—the conclusions are: (i) Apollo has more centralized firm structure, more 
decentralized product structure, and is more open than Waymo, and (ii) Apollo focuses 
on Intelligent Vehicle Infrastructure Cooperation System (IVICS) while Waymo focuses 
on autonomous driving. We conclude that Waymo is more successful than Apollo but 
Apollo may have better developing speed. This work also draws insights and rises 
attentions about what strategy companies should choose to perform better. 
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1. Introduction 

In the Manufacture Report 2014 published on the World Management Survey website, 
researchers found that management practices were likely to have a strong relationship with 
performance and productivity and that manufacturing companies showed a strong relationship 
between management practices and company performance.[1] It also showed that the US has 
the highest management score while China only has a middle score. Previous literature also 
found a positive relationship between levels of competition and management practice.[2] 

Autonomous driving technology is getting more and more attention in recent years, and the 
global investment in autonomous driving technology has exceeded $80 billion since 2017. Many 
companies are trying to develop this technology in order to make profit and become dominant. 
One may predict that the competition in this field will get more intense in the future. Thus, 
developing good management practice is important for firms to become top in the field. 

This paper documents the differences in innovation between China and the US by a case study. 
Waymo, as an American firm, was initially begun as a self-driving car project started by Google 
in 2009, before it was spun off from Google as a subsidiary of Alphabet Inc. in December 2016. 
By comparison, Apollo is a Chinese firm which started on April 19, 2017, and the firm’s main 
goal is to provide an open, complete and safe software platform to partners in the automotive 
industry and the field of autonomous driving, and also, to help them quickly build a complete 
set of their own autonomous driving system. By comparing differences between these two 
leading companies in each county, this work gives answer to the main question: Are there 
differences in how innovation is managed between China and the US? 

2. Literature Review 

Corporation research used to be the main source of the innovation. However, by the 1980s, 
corporations began to withdraw from investing in scientific research and began to look to 
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universities and small start-ups for new ideas. Venture capital and startups have been solutions 
to the problem of connecting upstream university research with downstream commercial 
applications.[3] In the new innovation ecosystem, governments also play an important role in 
inspiring innovations. To create innovation policy to generate and strengthen a productive 
sector with a greater capacity for generation and broadcast of new knowledge, it is imperative 
that the State is active and non-passive.[4]  In our case, the policy published by the government 
led to the specialization choice that Apollo made and stimulated the innovation in the Intelligent 
Vehicle Infrastructure Cooperation System (IVICS). 

Both centralized and decentralized structures have its benefits and disadvantages. What’s 
important is to choose the right structure which consists of the knowledge-sourcing strategy 
and the approach to innovate.[5] For example, centralized structure may benefit more for 
research-oriented and internal-research firms while decentralized structure may benefit more 
for large or multinational firms since plant agents are more informed with local knowledge 
which can help them make better decisions.[5,6] Furthermore, Timothy Bresnahan and Alfonso 
Gambardella pointed out that an increase in the number of uses, N, can change cost-minimizing 
industry structure from localized and vertically integrated to general specialist but not the 
reverse.[7] If a firm or an ecosystem has the structure of General Specialist, which means that it 
has a General Purpose Technology (GPT), we may say that it has a centralized structure in R&D 
sector while a more decentralized structure in application sectors. 

Previous literature also showed that there has been a knowledge accumulation effect as 
technology advances, which gives successive generations of innovators an increasing 
educational burden. This burden of knowledge forces innovators to choose to specialize, which 
further leads to increasing need for cooperation and teamwork.[8] The situation in the firm level 
is similar. High degree of specialized enables firm’s product to perform the best in a field. If a 
firm can choose centralized product focuses, it means that firm is more specialized and has the 
ability to profit from a few centralized products. Specialization could indeed provide lots of 
benefit to society, for example, the analysis also confirms that trade specialization reduces 
poverty but under specific trade specialization patterns and policy conditions.[9] 

3. Methodology 

This work breaks the question into three perspectives: organizational structure and 
management, specialization focuses, and the reliance on science. Firstly, by interviewing an 
employee inside Apollo, we took a closer look at the firm structure of Apollo. Using the 
questions form World Management Survey, this work looks into the strategies of management, 
operations, monitor, and target of Apollo. This work then compares the organizational 
structure between Apollo and Waymo and draw conclusions about which type of firms they are. 
This work also found big differences in their specialization focuses. By listing out detailed 
comparisons about their main ideas, product focuses, and why these differences happen, this 
work gives out conclusions about their different specialization strategies. Finally, by comparing 
the benefits they get and will make from science and how they solve scientific problems, this 
work presents their degrees of reliance on science and successfulness. 

4. Case Analysis 

4.1. Organization and Management 

4.1.1. Organization 

4.1.1.1. Apollo 

Successfully making an autonomous driving car is a complex process which requires lots or 
semi products such as software development, hardware development, and motor making. This 
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made Apollo once thought about doing development in coding and AI algorithms as well as 
creating hardware by themselves. However, they found that if they choose this vertical 
integration structure, it would be too hard and too costly, both in money and time, for them to 
reach success. Apollo then decided to build an autonomous driving ecosystem and find as many 
partners as possible. In this ecosystem, a main concept, or so-called structure, is “Baidu ACE 
(Autonomous Driving, Connected Road, Efficient Mobility) Traffic Engine”, which would be 
achieved by establishing the structure of “1+2+N”: 1 digital base + 2 intelligent engines + N 
ecosystem. “1 digital base” is about future traffic infrastructure; “2 intelligent engines” stands 
for Apollo self-driving engine and Intelligent Vehicle Infrastructure Cooperation System (IVICS) 
engine; “N ecosystem” includes multiple applications such as intelligent information control, 
autonomous parking, intelligent vehicles, etc.  

By the end of 2019, Apollo has already had 177 cooperative partners and 36000 developers all 
over the world. Apollo’s main vision and final goal is to create an autonomous driving 
ecosystem and let as many people as possible to get involved. In this ecosystem, Apollo is both 
the core, or the leader, and the main developer of core self-driving AI algorithms. Among these 
177 partners, some of them are universities but most of them are hardware focused firms or 
motor firms, which help Apollo to make its idea come real, touchable, and develop actual 
applications. 

4.1.1.2. Waymo 

Waymo as a firm does not produce or invent own cars, instead, the company mainly focuses on 
research and development of autonomous driving technology and then applying the whole 
creative system into Waymo’s cooperated automaker partners. Waymo’s goal is simple but 
challenging, to eliminate the 1.2 million people worldwide who die in traffic accidents each year. 
In order to achieve that dream, Waymo developed its own autonomous driving system and had 
it installed and supported by traditional automakers, which in turn could sell the cars to Waymo 
and Waymo could eventually become a travel operator. However, Waymo is still facing many 
problems in several aspects. Firstly, one of the biggest troubles would be the technical 
challenges, for example, Waymo’s vehicles still appear to be poorly equipped to handle tough 
weather conditions. Besides, Waymo is also facing the commercial challenges, for instance, 
there is no mass production of Waymo’s autonomous cars, and indeed, this is lethal to the firm 
itself. Despite Waymo's well-developed autonomous driving system, the firm still did not find a 
successful automaker for producing its product yet. Actually, Waymo has a higher Research and 
development level when compared to Tesla, but Tesla has made a lot of money with its L2-L3 
product, and its stock price has been rising rapidly, mainly because Tesla has tangible products, 
whereas Waymo does not. Moreover, Waymo has a decentralized organization overall and 
owns a team including 950 people in total, two thirds are engineers and technicians and a 10-
person executive team. With this basis, Waymo has cooperated with many well-known 
automakers such as Volvo, Fiat Chrysler Automobiles, Lyft, AutoNation…  

4.1.2. Management 

4.1.2.1. Apollo 

Lily Liu: Could you describe to me the process of exposing and solving a problem? 

Mr. Zhao: “Most problems are exposed and fixed during the testing process. To be more 
detailed, there are three parts in a usual team: product manager, R&D, and quality assurance. 
R&D team converts the requirements from the product manager into code and implements it. 
Then QA tests it. Failure of QA tests will be reported back to development, or if it is due to design 
defects will be reported back to the product manager for redesign.” 

Lily Liu: Could you tell me what kind of KPIs do Apollo uses for performance tracking? 

Mr. Zhao: “Apollo actually uses a KPI-like OKR system. This might be because the OKR system 
is more flexible than the KPI system. The CEO sets up vision-like objects and then those objects 
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are broken down into indicators and targets level by level. There are both financial and non-
financial targets. To the middle management level there will also be the goal of organizational 
construction. The company would review performance every quarter, but everyone would have 
a self-check every week or month.” 

Lily Liu: Could you tell me how many levels are there in the firm between the shop floor and 
the CEO? 

Mr. Zhao: “5 to 6 levels. And there is no level between shop floor and plant manager.” 

Lily Liu: Could you tell me the management structure inside Apollo? 

Mr. Zhao: “There are two parallel sequences inside Apollo―expert sequence and management 
sequence―and hierarchies in each sequence. Experts do not lead teams directly since they 
choose to go to the experts sequence because they are better in R&D than managing people. The 
senior experts in the expert sequence are more like a consulting team for the CEO. They help 
CEO to identify the opportunities or trends in technical and more specialized fields. 
Management sequence is more about managers and organizational management, which are 
people in charge of people.” 

Lily Liu: Do plant managers have the power to make decisions without informing the CEO? Is 
Apollo centralized or decentralized? 

Mr. Zhao: “Plant managers have some power in deciding what people they want to hire and 
other small decisions. But the overall cultural ideas and core-decision-making power are still 
centralized in the hand of the CEO. Also, I feel like Apollo is not centralized to the CEO but to the 
consulting group and the CEO.” 

4.1.2.2. Waymo 

In Waymo, female executives are responsible for businesses such as policy and communications, 
human resources, industrial design, and safety practices, as well as teams that commercialize 
this emerging technology. There are 140 senior managers, other key senior staff and 
researchers and about 50 senior engineering managers on the team. Plus, the division of 
laborers is very obvious in Waymo, there is the team responsible for the profitable business, 
which oversees the hundreds of Waymo vehicles and the customer support behind the 
passengers. There is also an operations team, which is in charge of solving problems among the 
firm. Finally, from the previous statement, about two-thirds of Waymo's employees are 
engineers and researchers, reflecting the company's focus on research and development. Each 
group has their own responsibility to make Waymo in a better shape and to pursue success in 
the meantime. 

4.1.3. Comparison and Analysis 

Apollo creates a GPT industry like vertically disintegrated project structure, in which Apollo is the 
central who develops the technology while its partners are the application sectors. This choice 
enables Apollo to enter the self-driving field with least cost but most efficiently. In performance 
management, Apollo uses a KPI-like OKR system because the main differences between OKR 
and KPI systems is that OKR is about “What I need to do” while KPI is about “What I’m asked to 
do. ” Thus, OKR is a better choice when a firm wants to accomplish an ambitious project more 
efficiently, which consists with the structure of the CEO giving out vision-like goals and then 
employees find ways to accomplish them. Thus, we can say that Apollo is centralized in 
technology development and firm organization but decentralized in the application sector. In 
contrast, Waymo is more decentralized and has clear division of labor. Plant managers have 
their own power to make decisions, which may give Waymo better ability to adjust the products 
to become better fit. Moreover, based on the ecosystem structure, Apollo is more open and 
prefers using external knowledge by forming partnerships instead of generating internally than 
Waymo. 
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4.2. Specialization Focuses 

4.2.1. Main Target Focus 

4.2.1.1. Apollo 

Apollo’s main focus is creating an IVICS. Apollo not only wants to develop automobile 
techniques, or intelligent cars, but also be the first to develop intelligent roads. Apollo didn’t 
officially announce this idea until 2019. According to Mr. Zhao, there are two reasons for this: 
policy support and finally identifying why creating an intelligent road is important. Firstly, in 
2019, the policy named “Outline for Building a Strong Transport country” was published by The 
CPC Central Committee and the State Council. This means that it is a really important policy and 
thus gives strong policy support. Secondly, developing intelligent roads and creating the IVICS 
can bring benefit to the perception part of a self-driving car and thus improve the safety and 
efficiency. For instance, road perception enhances the vehicle's perceived range, which enables 
self-driving cars to make better and more timely judgments and decisions. Moreover, IVICS can 
also apply to intelligent transportation and bring public good by increasing the total road 
efficiency. Apollo further specified this main concept and published the “ACE Traffic Engine” 
document. The main target was settled as “helping cities achieve intelligent upgrading and 
create safe and efficient urban traffic experience through intelligent transformation of roads 
and infrastructure.” 
4.2.1.2. Waymo 

Waymo is essentially developing its two services for driverless cars and delivery trucks, they 
are called Waymo One and Waymo Via. To begin with, Waymo One provides people with a self-
driving taxi service, while Waymo Via is described as a service for all forms of delivery, 
including short and long distance deliveries, from interstate transport to local deliveries. As a 
relatively mature autonomous driving firm, Waymo clearly has a distinct and precise 
positioning on the market field, the firm first aims at disability groups, users include high school 
and college students, visually impaired aunts. Waymo's self-driving vehicles, which send them 
to school, shopping, appointments, meals and other daily activities. Of course, the number of 
people served is increasing every year since then. Although Waymo One has not yet surpassed 
Phoenix geographically, it is gradually rolling out to the rest of the US. To that end, Waymo One 
launched an iOS app on apple's App Store in late 2019 that lets users be available 24/7 from 
anywhere in the Phoenix area. Since its launch in 2017, the company has offered more than 
100,000 rides. Another developing service is Waymo One, it has a great impact in the society, 
for example, there is strong demand for driverless trucks, which are expected to sell 6,700 units 
globally this year, for a total of 54.23 billions dollar, saving the logistics and shipping industries 
70 billions dollar a year while boosting productivity by 30 percent.  

4.2.2. Product 

4.2.2.1. Apollo 

This work categorizes all Apollo’s products into three types: car/car services, software/system, 
and development kit. Firstly, in the category of car/car services, there are two projects: 
Robotaxi and Apolong. Robotaxi is the project of autonomous driving taxis. Apolong is the 
project of commercial-grade driverless electric vehicles. It contains six minor products: 
minibus, mini-car, MPV, bus, and freight vehicle, among which, the Apolong minibus is Apollo's 
first mass produced product and is the most famous one. Second, in the category of 
software/system, Baidu Apollo developed two important products: Valet Parking program and 
Baidu Car-OS. Finally, the development kit is a narrowed down version of the core knowledge 
of Apollo.  

4.2.2.2. Waymo 

Waymo has taken a great advancement in the field of autonomous driving. For instance, in 2016, 
Waymo teamed up with Chrysler, the US car brand, to put autonomous driving systems on a 
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vehicle that will be used to test self-driving cars. Through this partnership, Chrysler upgraded 
the vehicle directly from autonomous L1 to L4. Under the level of L4, the car is driven by itself 
for most of the time, and it is only in difficult terrain or bad weather that you need to respond 
to system requests. It is certainly a remarkable contribution in 2016. In 2020, Waymo 
introduces their fifth-generation sensors by implementing them into the model of pure electric 
I-Pace ordered from Jaguar. According to Satish Jeyachandran, Waymo's hardware director, the 
I-Pace, which runs on a fifth-generation self-driving hardware suite, can see farther and better 
overall. In the case of the camera, this sensor can already collect data from 500 meters away 
and the tolerance of all sensors to bad weather was further improved at the same time. Lastly, 
Waymo also claims that the system is better for mass production, more capable and costs half 
as much as the previous generation of self-driving hardware. 

4.2.3. Comparison and Analysis 

For R&D, Both Apollo and Waymo specialize in autonomous driving technology such as AI 
algorithms  and choose to cooperate with other firms who specialize in automobile making. 
However, Apollo and Waymo specialize in different directions in the self-driving industry: 
Apollo pays huge attention to IVICS while Waymo focuses on pure autonomous driving. This 
different specialization happens because of different beliefs and maini ideas. These also lead to 
differences in product centralization. The idea of creating an ecosystem and having the GPT 
structure lead Apollo to have lots of products. Thus, Apollo has a more decentralized product 
structure while Waymo has a more centralized one.  

4.3. Reliance on Science and Benefits 

4.3.1. Successfulness and Achievements 

4.3.1.1. Apollo 

By the end of 2019, Apollo has already developed 240 AI capabilities and created 5712 patents, 
among which 1800+ are pure automobile patents; Apollo has conducted over 300 thousand km 
real road test in total with 10.33 thousand miles in America and 89.39 thousand km in Beijing; 
Apollo has gain 150 manned testing licenses. 

Along with the benefits in the technology field, Apollo has generated a great amount of social 
benefits, which was one of the most important goals Apollo wanted to reach. In the intelligent 
transportation segment, Apolong minibus has been used in Xiongan Citizen Service Center since 
2018 and it has run 11,000 kilometers safely and received more than 15,000 person-times by 
the end of 2019. In the intelligent information control system segment, Baoding application 
practice showed that the system can reduce the traffic delay time by 20%-30%. In the self-
driving taxi segment, Robotaxi has made more than 10,000 safe passenger trips in Changsha 
and the traffic efficiency of 100km urban roads in Changsha has been improved by 30% after 
the implementation of vehicle-road collaborative transformation.  

In the future, Apollo is hoping to generate more social benefits by establishing the IVICS. The 
intelligent information control system segment is expected to increase the average daily 
expected overall regional road traffic capacity by 10% and save road construction costs up to 1 
billion yuan. The intelligent freight vehicles may save 10% of fuel consumption and the annual 
operating cost per vehicle after commercial use can be reduced by 170,000 yuan. 

4.3.1.2. Waymo 

Over the past year, Waymo has logged more than 20 million miles of autonomous driving on 
public roads in 25 US cities and more than 10 billions miles of computer simulation testing. 
Even though Waymo has just 318 patents, they are recognized as the most advanced in the field 
of autonomous driving. According to the California DMV's 2019 road test report, Waymo has 
148 vehicles in California with a total road mileage of 1.45 million miles and an MPD of 13,219 
miles per intervention exercise. Since the launch of Waymo One in 2018, Waymo One has 
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served nearly 100,000 people with more than 1,500 passengers a month. Waymo already takes 
a small amount of revenue from Waymo One's on-demand ride service in suburban Phoenix, 
and recently launched UPS's paid logistics pilot there to move packages from retail stores to 
UPS warehouses. Waymo also accelerated autonomous trucking, announcing the creation of 
Waymo Via Logistics at the same time as the financing, which ties together local and long-
distance transportation from its Waymo One ride service in Phoenix to the new Waymo Via 
logistics. Currently, Waymo trucks are ferrying goods along Interstate 10 between Arizona and 
Texas, Krafcik said. In Waymo's Detroit factory, there is mass production of its L4 autonomous 
vehicles and Waymo have also developed the fifth-generation hardware, with all-new, more 
powerful computers and more capable sensing so far. 

4.3.2. Knowledge Spillover 

4.3.2.1. Apollo 

Apollo chose to open source and has already opened 560,000 lines of code on Github. The code 
has already received 1.1K “Watch,” 16.8K “Star,” and 6.3K “Fork,” which are incredible numbers 
that represent its usefulness and successfulness. Moreover, Apollo sells two types of kit: Apollo 
Development kit and Low speed mini-car automatic driving kit. Both kits include knowledge 
and techniques that Apollo developed. 

4.3.2.2. Waymo 

In 2019, Waymo decided to open its own dataset in public. Due to the organizational 
characteristics Waymo had, a company that is not willing to open up its business and 
cooperation in the first place. By opening up the dataset, Waymo’s main goal is to create a 
platform for the research community to use data to find more exciting directions that will not 
only help improve the capabilities of autonomous vehicles, but will also impact other related 
fields and applications, such as computer vision and robotics. 

4.3.3. Comparison and Analysis 

Waymo as an established and old firm had its superiority in the area of experimental distance 
of autonomous cars and the number of guests served. Even though Waymo had a relatively 
lower number of patents than Apollo, Waymo patents own the high quality and best 
advancement in the autonomous driving field.  

It is more than clear that both open source and selling kit will create knowledge spillover which 
usually brings negative effects on the company since it allows others to understand and use 
your knowledge to develop further products. However, in the case of Apollo, these actions may 
consist of its main concept and goal. Apollo is trying to create a large autonomous ecosystem 
and let as many partners as possible to get involved. Apollo wants to lower the barrier and 
reduce the difficulties for people to enter the autonomous driving industry by establishing this 
ecosystem. Thus, by opening the code and selling kits, Apollo is trying to let more people 
understand what it is doing. Hence, more people can use the technology or use what Apollo has 
to develop new knowledge to enrich the ecosystem.  

5. Findings 

1) Apollo pays huge attention to IVICS while Waymo focuses on pure autonomous driving. 

2) Apollo has a more centralized firm structure but more decentralized product structure.  

3) Apollo seems more ahead in the mass production of products than Waymo. 

6. Conclusion 

Our work shows that both Waymo and Apollo are feeling the benefits from their specialized 
area of autonomous driving, this paper believes that these firms would certainly lead the 
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autonomous driving field into a completely advanced and mature enough technical field. 
Currently, Waymo is the top 1 in the autonomous driving industry and is more successful than 
Apollo. However, Waymo has been established for years while Apollo is only 4 years old. Apollo, 
as a newly young firm with latent capacity to even grow bigger than Waymo in the future, had 
also shown everyone its prominent achievements over the past four years. Under this condition, 
this paper believes that in the developing speed angel, Apollo is, to some extent, doing better 
than Waymo. Moreover, Apollo is not only pursuing the road and the creativity of Waymo, but 
also creating its only way. 

 

Table 1. Comparison between Apollo and Waymo in dimensions of organizational structure, 
product structure, main purpose, specialization, source of knowledge and benefits the firm 

generates. 

 Apollo Waymo 

Organizational Structure Centralized Decentralized 

Product Structure Decentralized Centralized 

Main Purpose 
Build future-oriented transportation; 

use IVICS to improve public 
transportation 

eliminate people worldwide 
who die in traffic accidents 

Specialization AI algorithms; IVICS 
AI algorithms; pure autonomous 

driving development 

Source of Knowledge 
Generate core knowledge internally; 

has lost of partners; more open 
Mostly internal; less partners 

Benefits Also consider social benefits More to firm itself 

 

By analyzing the differences between Waymo and Apollo, this work insights about how a 
company could become more efficient and dominant in this industry. The different product 
focuses between the two companies may also give insights about how to choose the 
specialization focus in this large industry.  These findings bring up a crucial question for firms, 
what would be the most important aims on the specialization of innovation and invention that 
could eventually lead a firm to be at the top of the area of autonomous driving? This work calls 
on every firm in autonomous driving to seriously consider it. 
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