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Abstract: Scientific and technological advances in telecommunications and onboard electronics, and 

advances in sustainability standards, dictated major changes to various industrial sectors, including 

the automotive industry, where hard and soft approaches to manufacturing are vying for market 

dominance. This work presents a prospective analysis of the autonomous vehicle (AV) market, an-

alyzing three of the main US AV technology firms, Tesla, Waymo and Apple. Their designs and 

solutions are compared, and prospective scenarios were constructed based on an analysis of their 

strengths, weaknesses, opportunities and threats (SWOT). The results suggest that Tesla currently 

exhibits the greatest market leadership in the group studied. However, it was concluded that in the 

medium term, Waymo would surpass Tesla and assume market leadership. In the long run, it was 

concluded that Apple will overcome its rivals and dominate this market. 

Keywords: autonomous vehicles; SWOT analysis; 3D object detection; artificial intelligence; market 

dominance 

 

1. Introduction 

According to Litman [1], in 2040, autonomous vehicles (AV) will represent 30% of 

the fleet and will constitute 50% of all sales. Furthermore, AV growth will continue at 

nearly 40% annual rate between 2019 and 2026 [2]. These predictions indicate that AV are 

indeed the future of the automotive market. The AV market has grown and attracted com-

panies from different business segments, both from the automotive sector and specialist 

companies involved in software and hardware development. 

Currently, there is a fierce competition underway for market dominance of the AV 

market, involving not only companies that are part of the traditional automotive industry, 

but also companies that established themselves as hardware and software companies, 

such as Apple, Waymo (Google/Alphabet Group) and Tesla. 

The AV market is so promising in terms of business opportunities and sales revenues, 

that Apple considered it, in 2017, “the mother of all AI (artificial intelligence) projects” [3]. 

The company is thus concentrating efforts on autonomous systems. Waymo, in turn, a 

Google subsidiary, has developed software, hardware and automobiles with that same 

objective, seeking to create safer and more reliable technologies for a totally autonomous 

vehicle [4]. 

Given that scenario, the key question that needs to be answered is which solution 

offered by those companies, based on their competitive advantages, will eventually dom-

inate the market. Will that solution come from an established automotive industry player 
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or will it come from a technology company that focuses on hardware or software devel-

opment? 

This work analyzes the corporate strategies and the competition for dominance in the 

US AV market, seeking to identify which company is likely to achieve a dominant com-

petitive advantage, and in what relative time scale. That analysis is important, since the 

race for AV dominance has already started, when, in 2016, Tesla announced that its mod-

els would be self-driving [5]. 

In this study, a qualitative SWOT (strengths, weaknesses, opportunities, and threats) 

analysis was performed, since it has been successfully utilized in various different busi-

ness segments [6], as well as in the AV market [7,8,9]. 

1.1 Literature Review 

From ancient times, man learned to harness the power of other animals for transpor-

tation, then the power of the steam engine, and later, of the internal combustion engine 

[10]. The fourth industrial revolution, or Industry 4.0, began in the 21st Century, involving 

autonomous processes and other technologies that provided significant performance 

gains [11]. A new stage in transport systems was thus inaugurated, based on transport 

design and internet services, such as Uber and others. Advances in big data storage and 

handling, as well as advances in AI, opened new frontiers in business and market domi-

nance for companies such as Tesla, Google and Apple. 

1.2 Self-driving vehicles 

A self-driving vehicle, or AV, is a vehicle that can make driving decisions without 

human intervention, while offering transport for people or cargo on roads [12]. To reach 

that objective, AV navigation systems involve several automated steps to obtain data from 

the environment, identify the position of objects and avoid collisions. One of the primary 

requirements is the ability to sense, process and respond to dynamic and static events 

with appropriate speed, with performance equivalent or superior to that of human driv-

ers. Thus, an AV needs an intelligent onboard technology, which can store, process and 

manage all information gathered by sensors, besides using data pre-registered in its data 

bank, whether local or remote. 

1.2.1 Basic operation of an AV 

The components of an AV include sensors, radars, cameras, electronic stability con-

trollers, among others. The structure of an AV varies among carmakers and models, how-

ever they all possess a control unit that functions as a brain. The control unit is a mecha-

tronic system that includes all onboard electromechanical controllers (injection, brake, an-

gular position systems, etc.), and driver support systems based on applied computational 

solutions. 

The sensor system is composed of three groups: route reconnaissance systems, object 

and obstacle reconnaissance systems (laser scanners, radars, ultrasonic sensors, etc.), and 

navigation systems (compass, gyroscope, accelerometer, speed sensor and GPS). While 

the object reconnaissance sensors identify obstacles to allow the vehicle to avoid collisions, 

the reconnaissance and navigation systems ensure that the mechatronic systems work cor-

rectly, allowing the vehicle to travel in a controlled fashion, maintaining dynamic stability 

and the desired course. 

Actuators are responsible for controlling direction, speed, turning and other param-

eters. The actuators are, in turn, supported by AI softwares that have been recently devel-

oped, utilizing neural networks to create their own operational logic. These softwares can 

automatically learn their own logic, based on a large quantity of data, with minimal hu-

man input [13]. 

The sensors collect data that are processed, generating knowledge about the environ-

ment in which the vehicle is traveling. Given the knowledge about the environment, the 

software then creates alternatives, using AI, and makes decisions. 
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There are various levels of autonomous driving (Figure 1) [14]. Currently, AV are at 

the level of conditional automation, where the hardware and software system drive the 

vehicle and monitor the environment in which it is traveling but, require engaging a hu-

man driver to assume control in risk conditions. The human driver must still drive, alt-

hough a lower attention level is required. In 2020, a high automation level was expected 

to be available, which would monitor the environment without human intervention. 

However, that system would still be limited to certain conditions and environments, with 

weather, for example, being a limiting variable. The final stage is defined as a system with 

complete automation, where the system is able to handle all driving needs, on a par with 

human drivers. 

 

Figure 1. Levels of autonomous driving. Based on [14]. 

1.2.2 Benefits and public perception of AV 

Significant benefits for society could accrue from AV technology, including conven-

ience, cost reduction, time savings, productivity increases, accident reduction, and envi-

ronmental benefits, related to reduced human driving and reduction in the number of 

vehicles and infrastructure needed to meet travel needs [15]. 

Regarding the legislative framework governing AV, different countries exhibit vary-

ing degrees of legislative readiness regarding AV. Pertinent legislation involves not only 

requirements for AV operation and driver behavior and responsibility, but also civil and 

criminal responsibilities in case of accidents. The relative readiness of countries regarding 

AV was tracked, assessing policy, legislation, technology, innovation, infrastructure, and 

consumer acceptance [16]. The most favorable rankings observed were among countries 

that have a proactive government regulatory framework, good road and mobile infra-

structure, a strong private sector, a strong automotive industry, and a business environ-

ment that promotes partnerships. 

Villasenor [17] argues that the judicial system should not be overburdened with ad-

ditional legislation regarding AV, since existing legislation in the USA, for example, is 

already capable of handling legal needs involving products, manufacturers and users. 

Widespread implementation and expansion of new urban mobility technology will 

depend on the ability of current and new legislation and specific regulatory norms to pro-

vide adequate guidance and predictability. 

2. Materials and Methods 

The present work provides information regarding AV, obtained by a thorough liter-

ature review, and an analysis of case studies of three competing companies with high 

technology solutions in the AV market: Tesla, Apple and Waymo. Market characteristics, 

current market presence, market reach, marketing strategy, financial health and techno-

logical advantages regarding manufacturing and system design were considered. 

An assessment of the relative weight of these factors in influencing market domi-

nance was also considered, to suggest ultimate market dominance. 

2.1 SWOT matrix 
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To assess the relative competitiveness among companies, a SWOT analysis was per-

formed to evaluate Strengths, Weaknesses, Opportunities and Threats. A SWOT analysis 

is a support tool for the decision process, and aids in the strategic planning process of 

companies. It considers the relation between internal (strong and weak points, controlla-

ble by the company) and external (opportunities and threats, not controllable by the com-

pany) factors that affect the company and the market in which it operates [6]. External 

factors that affect the AV market, were considered as of 2019, and new AV market entrants 

from Europe and Asia were not analyzed. 

Typical external factors not controlled by companies include political and legal envi-

ronment, macroeconomic situation, and technical, social and demographic drivers, which 

affect the opportunities and threats they face. Typical internal factors that companies can 

control include physical, organizational, financial and human resources at their disposal, 

which affect their strengths and weaknesses [6]. 

Given those concepts, a SWOT matrix was generated for each of the three companies 

studied, Tesla, Waymo and Apple. 

2.2 Data collection 

Despite limitations regarding confidentiality of information available, a SWOT ma-

trix was constructed with qualitative data collected regarding competitive advantages of 

each company. All data are from secondary sources, collected from articles in periodicals, 

news media and corporate and institutional sites. 

While mobility solutions necessarily entail mass transport solutions, AV develop-

ments generally involve individual transportation solutions. This research focused on AV 

for individual transportation. 

2.3 Assessment of market dominance factors 

The relative importance of factors that will ultimately influence market dominance 

in the short, medium and long-term was considered, and each company was assessed re-

garding these factors, to suggest the likelihood of ultimate market dominance for each. 

3. The companies studied 

The three companies studied were Tesla, Waymo and Apple. 

3.1 Tesla, Inc. 

Tesla was founded in 2003 by engineers that sought to prove that electric vehicles 

(EV) could be better than fossil fuel powered cars. Since its founding, Tesla has focused 

on sustainability, seeking a zero emissions future for its cars, and investing in clean energy 

[18]. 

3.1.1 SWOT analysis - Tesla 

3.1.1.1 Strong points for Tesla 

Tesla is already the current market leader in AV (autopilot vehicle) sales. Tesla´s 

Model 3, available since 2016, has eight cameras, twelve ultrasonic sensors and a forward-

looking radar. The cameras allow 360º visibility around the car, at up to 250 meters dis-

tance from it. 

Tesla leads in miles of AV data collected. Tesla has collected and sought to process 

the data acquired by its cars (a type of crowdsourcing), regarding their real-world perfor-

mance and driver reactions. It has hundreds of thousands of clients using its semi-auton-

omous (autopilot) technology every day, in different driving settings around the world. 

In 2016, Tesla registered nearly 780 million miles driven, 100 million of which were col-

lected while the autopilot was at least partially in control [19]. Tesla collects data through 

its autopilot and its “shadow” mode, as well directly from its clients, allowing it to build 

a big data capability, with the expectation that it would add value to the development and 
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improvement of their product. In “shadow” mode (when the vehicle is not performing 

any automatic action), the system records how the computer would act if it were in con-

trol, including how it would have acted to avoid an accident, if one occurred, thus gener-

ating data under different driving scenarios, and allowing it to compare human versus 

system decisions. Big data acquisition can also demonstrate the safety of the autonomous 

driving mode to users and regulatory agencies, through statistics gathered over thou-

sands of miles [20]. 

Tesla AV sensors allow the detection of soft and hard objects at 500 meters, double 

the reach of the cameras. Finally, the radar receives additional data at wavelengths able 

to see through fog, rain, and other obstacles [21]. 

Tesla claims that all its vehicles leave the factory with the hardware necessary for 

autonomous driving. 

Tesla has highly advanced, automated manufacturing plants. 

Tesla has a strongly vertically integrated manufacturing process. Its manufacturing 

operations include machining, foundry, assembly, and other processes. The same is true 

for manufacturing of its car components. Even if some of its parts are outsourced, Tesla is 

responsible for fabrication of its lithium-ion batteries, electric motors, gearboxes, and 

other components. This characteristic allows it to have a greater control over its produc-

tion process [22]. 

Tesla is already a vehicle manufacturer that integrates hardware and software in its 

models, from the design stage upwards. 

The Tesla brand has an innovative image, never having produced fossil fuel vehicles, 

and is seen positively by clients who value environmental aspects. 

3.1.1.2 Weak points for Tesla 

Tesla international sales reach is limited, since most of its sales are in the USA, with 

a small part in China and developing countries [22]. 

Tesla´s supply chain is limited internationally, which could also limit international 

sales. 

Tesla´s big data capability, according to Raj Rajkumar1, may not provide the ad-

vantages over its competitors that Tesla expects, since it does not disclose what data is 

collected and how it is processed [23]. 

Tesla does not have the necessary processing speed to process data collected, since 

the advantage of having a big data capability is dependent on fast and precise utilization 

of that information. If that is true, its AI technology may not be performing as needed. 

The autonomous driving resource included in all vehicles is not yet available to users 

due to regulatory issues and perhaps the need to perfect this technology. 

Tesla is averse to employing LIDAR technology, being one of the very few in the AV 

Market that eschews that technology [24]. 

Tesla has had difficulty in mass producing its vehicles to meet market demand. Given 

so many delays and missed production targets, its credibility in a highly competitive mar-

ket has been tarnished. 

Tesla lost US$7,430 per minute in 2018, when its free cash flow was already negative 

for six consecutive semesters [25]. Despite past losses, its creditors, investors and clients 

still view the company favorably, possibly expecting future sustainable results [26]. More 

recently, Tesla posted vastly improved financial results for 2019 [27] and 2020 [28], how-

ever, its profit is still marginal. 

3.1.1.3 Opportunities for Tesla 

 
1  Co-director of General Motors-sponsored connected and autonomous driving research lab at Carnegie Mellon 

University. 
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A common opportunity to all companies in the AV market is the Paris Agreement2 

to mitigate damage to the environment by limiting greenhouse gas emissions. Thus, EV 

are a promising option. Together, EV and AV technologies could be even more attractive, 

since AV could diminish the number of cars on the road, besides reducing the time vehi-

cles remain idle. Since Tesla produces only EV, it may be able to better exploit that market. 

Since Tesla´s current international exposure and supply chain are so limited, there 

may be synergies involved in expanding both its sales and supply chain internationally. 

Because, unlike its competitors, Tesla does not have a vast product portfolio, it may 

be able to expand its portfolio and achieve further growth. 

The positive attitude of its clients, who have even advanced payment for their pur-

chases, to help the company, could allow it to capitalize on their goodwill. 

The “shadow” mode capability of its vehicles could allow Tesla to identify shortcom-

ings in the system and achieve significant AI learning, beyond what some of its competi-

tors might be able to achieve. 

Because Tesla is responsible for the integration of the driving systems of its cars, its 

big data capability may offer more AI learning opportunities than its competitors. That 

could include more thorough autopilot versus human driver experience and failure iden-

tification. 

Given its manufacturing performance shortcomings, if Tesla can resolve its opera-

tional bottlenecks, it may significantly grow its production capacity. 

Regarding battery technology, a common opportunity to all companies in the AV 

market lies in adopting the use of sodium batteries (or another technology), as opposed 

to lithium batteries, since sodium is abundant and would not represent a limiting supply 

factor [29]. 

3.1.1.4 Threats for Tesla 

If Tesla´s investment plans cannot be executed as planned, due to financial re-

strictions, it may fall significantly behind other competitors in the AV market. 

In a strongly competitive market, new market entries represent an even more intense 

challenge. 

Tesla, as other players in the AV Market, may face lack of acceptance by drivers who 

may not adapt well to onboard computers. 

As is the case with other players in the AV market, Waymo may face battery issues 

relating to lithium scarcity, prices, and technology. Tesla batteries are based on lithium, a 

promising technology that has been the subject of much research. However, lithium prices 

are volatile, and lithium is relatively scarce. If the company does not find another source 

of raw material, it may have difficulty in maintaining production levels, especially if it 

tries to achieve mass production. 

Despite its CEO Elon Musk classifying LIDAR sensors as a “crutch” [30], thus unde-

sirable, the fact that Tesla does not utilize LIDAR, unlike most of its competitors, may 

adversely impact its image and market position, if its sensor technology cannot compete 

effectively with LIDAR. 

 
2 The Paris Agreement was reached at the Paris Climate Conference (COP21) in December 2015, where 195 countries 

adopted a legally binding deal to avoid dangerous climate change 

(https://ec.europa.eu/clima/policies/international/negotiations/paris_en). 
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Figure 2. SWOT matrix for Tesla. 

3.2 Waymo 

Waymo was founded in 2016, with the mission of developing safe AV technology, 

seeking to eliminate the need for a human driver in the driver´s seat. However, its work 

began before it was created, when Google was still researching this technology, in 2009. 

After Waymo became part of Alphabet, Inc.,3 it has sought to make AV available to the 

public [4]. 

3.2.1 SWOT analysis - Waymo 

3.2.1.1 Strong points for Waymo 

As a brand, because it is tied to Google, Waymo has strength and credibility with 

investors and clients, besides having an innovative and entrepreneurial image. Further-

more, its visibility has advanced through its tests on public roads. 

Waymo has experience in developing software, and can create intelligent systems for 

AV. 

Waymo does not collect information only from the real world, but also from simula-

tions. In early 2018, Waymo reached 5 million miles driven in public roads and 2.7 billion 

miles in a virtual environment, which represents a faster and more efficient means of AI 

learning to support its AV platform. The company utilizes its software to create and test 

different scenarios, collecting data for product improvement [31]. 

Waymo’s minivans have five radar sensors, eight cameras, and three different types 

of LIDAR (Light Detection and Ranging) sensors. Its long-range radar sensors are located 

on the front and around the cars. This technology is the only one capable of seeing through 

fog, rain and snow, besides seeing objects. Its cameras cover all points around the vehicle, 

and can recognize shapes, including traffic signs. Its LIDAR sensors, positioned above the 

vehicle, function as laser scanners, mapping and sweeping short, medium and long dis-

tances. That technology utilizes the reflection from those lasers to detect objects and esti-

mate distances. All those data collected allow the creation of a 3D image of the real world 

 
3 Alphabet encompasses several companies that belong or are tied to Google. Due to their growth, management decided 

to divide the company into smaller segments, among them Google, Waymo and others. 
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and a 360º view around the vehicle, detecting pedestrians, traffic, cyclists, and other ob-

stacles [32]. 

Waymo is part of Alphabet, which includes different business segments, such as 

cloud computing (Google Cloud Platform), video sharing (YouTube), electronic media 

marketing (DoubleClick), residential automation (Nest Labs), among others, with public-

ity as its primary source of revenue. Thus, Waymo has strong experience in marketing 

software solutions. 

Waymo finances are strong, since it belongs to Alphabet, a company that operates in 

various business segments and has a large revenue base. Alphabet´s 2019 revenues were 

US$162 billion, while less than 1% were from its “other bets,” including Waymo [33]. 

3.2.1.2 Weak points for Waymo 

As a brand, Waymo is not as well-known as Google or Alphabet. 

Waymo´s test vehicle fleet is small, so less real-world data are accumulated. Cur-

rently, the company has only 600 minivans for testing and real-world data collection. It 

estimates having thousands more Chrysler Pacifica Hybrid models, after its deal with Fiat 

Chrysler [34]. 

Since Waymo is not a car manufacturer, but a software firm, as is its sister company 

Google, its AV fleet are sourced from third parties. 

Waymo´s test vehicles are hybrid cars, which are not the EV models that could better 

integrate with the electronics of AV, and they do not exhibit the environmental benefits 

of EV. 

3.2.1.3 Opportunities for Waymo 

According to Reuters, on December 5th, 2018, Waymo launched an autonomous taxi 

service in Arizona [35]. This could represent an opportunity for Waymo to enhance its 

position in the AV market, in relation to its competitors. 

Waymo could utilize the tools that Google Maps has developed, regarding localiza-

tion, street and road data, and other real-world information, to strengthen its AV position, 

possibly even supplying software solutions to competitors. 

If Waymo were to decide to build its own vehicles, it could overcome the disad-

vantage of having to source vehicles from third parties. 

Waymo´s strong financial position may allow it to finance new investments in AV, 

to improve its competitive position. 

A common opportunity to all companies in the AV market is that the Paris Agree-

ment could stimulate AV sales. 

Another common opportunity to all companies in the AV market lies in adopting the 

use of sodium batteries (or another technology), as opposed to lithium batteries, since so-

dium is abundant and would not represent a limiting supply factor [29]. 

3.2.1.4 Threats for Waymo 

Waymo may face a threat to its entry in the AV market, since, unlike Tesla, for exam-

ple, it does not have a tradition in the car market. 

Waymo utilizes LIDAR laser scanning technology in its test vehicles, which is used 

by most competitors, thus it does not have an easy means of differentiating its product. 

Waymo has limited in access to real-world information. The difference in number of 

test vehicles is especially glaring when Waymo´s 600 test cars are compared with Tesla´s 

300 thousand client cars that act as test vehicles. Waymo´s test vehicles only collect data 

in areas where AV are allowed, seriously limiting the scope of its data acquisition. 

Like other players in the AV Market, Waymo may face lack of acceptance by drivers 

who may not adapt well to onboard computers. 
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As is the case with other players in the AV market, Waymo may face battery issues 

relating to lithium scarcity, prices, and technology. 

Figure 3. SWOT matrix for Waymo. 

3.3 Apple, Inc. 

Apple Inc., initially called Apple Computer, Inc., was founded in 1976 [36]. The com-

pany is known for its innovative focus, and supplies complete, integrated hardware and 

software solutions, computers, mobile phones and other devices. It has distinguished it-

self by designing its own products, such as chips, drives and monitors, and by integrating 

its components [37]. In 2018, Apple launched the iCar project, with codename Titan. Apple 

limits disclosure regarding the project, maintaining, as is typical of its product launches, 

strict secrecy prior to launch day. 

3.3.1 SWOT analysis – Apple 

3.3.1.1 Strong points for Apple 

Apple is a very strong brand name that continues to enjoy client loyalty. Its image is 

strongly tied to innovation, quality, independent development of its products, and what 

the brand symbolizes [38]. Another characteristic that captivates its clients is that Apple 

ensures their absolute privacy and security [39]. 

Any product launched by Apple enjoys a strong advantage in relation to competing 

products, even in competitive markets, in which Apple is accustomed to operate. 

Apple has one of the strongest financial conditions among all companies, with US$65 

billion in revenue in the quarter ending September 26, 2020 [40], while it became the first 

trillion-dollar company (in market valuation) in the world, in 2018 [41]. 

Despite almost all the design and development of its products being done in the US, 

Apple has a strong international presence, and almost 60% of its revenues are generated 

from international sales [40]. 

Apple made revealing choices regarding its plans to dominate the AV market. In 

2017, CEO Tim Cook said that AV technology is the “mother of all AI projects” [3], and 

that this technology is one of the most difficult with which to work, in AI. Since 2015, 

Apple has been hiring AV talent, such as Doug Betts, with experience at Fiat Chrysler 

Automobiles, Nissan and Toyota [42], Paul Furgale, a renowned AV researcher and dep-

uty director of the Autonomous Systems Lab at the Swiss Federal Institute of Technology 

(ETH), who led projects to develop AV self-parking technologies [43], and even executives 

from Tesla [44]. 
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Apple has a strong record of software development, and has been registering patents 

(US2013/0099892A1, US2013/0197674A1 and others) related to AV technologies, such as 

for vehicular control through Apple phones. They allow the automatic regulation of seats, 

mirrors, air conditioning and other equipment, and include bluetooth sensors for commu-

nication between vehicles and for GPS updating of blind spots and emergency vehicles 

nearby [45]. These technologies facilitate the change to AV operation. 

Apple publishes AV research by its employees, such as that which proposes a novel 

software, called VoxelNet, which helps computers to detect objects in 3D, including pe-

destrians and cyclists [46]. Normally, AV use a combination of 2D cameras and LIDAR to 

identify and measure the distance to objects, however, that method can still result in im-

precise results. VoxelNet can achieve better detection by itself, and with less sensors. 

While LIDAR image-based detection can furnish information regarding depth, thus help-

ing in the localization and characterization of object shapes, most existing 3D LIDAR-

based detection methods are based on manually created representations of objects. 

VoxelNet, on the other hand, claims to automatically create its own 3D image patterns 

through a learning process involving neural networks and convolution, and in a shorter 

time and with less memory, despite access to the same data as other LIDAR technologies4. 

Apple´s extensive experience in in-house development of its products and services, 

such as in the mobile telephone segment, could be valuable in integrating hardware and 

software for the AV market. In 2009, Apple´s market share of global smartphone sales was 

only 16.1%. However, even in the face of strong competition from new vendors, it sur-

passed Samsung (18.8% share), and eventually reached a 20% share in 2019, maintaining 

global leadership since then [47]. Throughout that period, Nokia, the main European com-

pany, saw its share fall, while Asian firms, such as Samsung, Huawei and Xiaomi saw 

their market participation rise strongly. Apple´s proven strategy allowed it to remain a 

strong player, and even consolidate its brand in the global smartphone market. 

3.3.1.2 Weak points for Apple 

Apple has a small test fleet collecting real-world data, thus it is restricted to relatively 

less diversified environments. While the exact number of its test vehicles is unknown, it 

is likely smaller than that for Tesla and Waymo, despite entering a deal with Volkswagen 

to transform some T6 Transporter vans into AV buses, for shuttling employees between 

company headquarter locations [48]. Apple has only 45 autonomous test vehicles in Cali-

fornia (Lexus RX450 hybrid SUVs), each one equipped with large LIDAR sensor racks, 

besides strategically positioned cameras [49]. 

Despite the characteristic of not outsourcing its technology, Apple has utilized vehi-

cles made by other manufacturers, thus making it dependent on them in order to acquire 

real-world data. 

As is the case for Waymo, the test vehicles utilized by Apple are hybrid, which are 

not the EV models that could best integrate with the electronics of AV, and they do not 

exhibit the environmental benefits of EV. 

3.3.1.3 Opportunities for Apple 

Apple´s remarkable client loyalty and positive image could be especially important 

when it finally launches a consumer-ready AV product. 

Apple´s financial strength could also become an important competitive advantage, 

as it eventually enters the phase of building and marketing its own mass-produced AV 

product, since it could build or buy any manufacturing facilities that it needs, or enable 

 
4  VoxelNet outperforms advanced LIDAR-based 3D detection methods by employing faster and more efficient 

algorithms. The inference time of the software is 225ms: voxel input computation time is 5ms, network learning time is 

20ms, intermediary convolution layers require 170ms, and proposed regional network layer requires 30ms, in a 1.7Ghz 

TitanX CPU. 
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any investment requirement. Its own resources plus access to credit place it far ahead of 

its competitors, regarding access to funds for investment. 

Apple´s repeatedly successful strategy of consolidating its brand and market pres-

ence over time could allow it to continue to replicate its prior successes with new products 

[50], possibly including AV. 

While Apple does utilize relatively well-known technologies, such as LIDAR, it has 

access to a software developed in-house, VoxelNet, which could represent a significant 

leap in 3D imaging and recognition, which could lead to an especially important techno-

logical competitive advantage in relation to its competitors. 

A common opportunity to all companies in the AV market is that the Paris Agree-

ment could stimulate AV sales. 

Another common opportunity to all companies in the AV market lies in adopting the 

use of sodium batteries (or another technology), as opposed to lithium batteries, since so-

dium is abundant and would not represent a limiting supply factor [29]. 

3.3.1.4 Threats for Apple 

Tesla, as other players in the AV Market, may face lack of acceptance by drivers who 

may not adapt well to onboard computers. 

If Apple does not increase its real-world data acquisition for its AV platform, it may 

fall behind other competitors that currently gather more AI data. 

As is the case with other players in the AV market, Waymo may face battery issues 

relating to lithium scarcity, prices, and technology. 

Figure 4. SWOT matrix for Apple. 

4. Relative importance of factors for market dominance 

Five factors were considered to be key to market dominance among AV companies: 

Current market presence, Brand Strength, Technology, Financial Health and Marketing 

Strategy. 

Current market presence was chosen as a factor since an established leadership posi-

tion imposes at least initial barriers to overcome it. Brand strength was chosen as a factor 

since it expresses the market identity of each company, responsible for how clients are 

connected to their products. Technology was chosen as a factor due to its importance in 

the development of a desirable product. This includes the ability of the AI system to per-

form without internet reliance, resulting in a resilient architecture of the 3D recognition 

system. Financial Health was chosen as a factor because it can allow or impede investment 
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plans regarding product development. Marketing strategy was chosen as a factor because 

it can define the eventual success of a product in the market. 

In the short-term, market dominance is deemed to be most closely related to current 

market presence, since it would take some time for any player to gain dominance over the 

current market leader, even if underlying conditions favor a change in leadership posi-

tion. In the medium-term, market dominance is deemed to be most closely associated with 

how well a company can become a relevant supplier to other players, allowing even con-

ventional auto makers to immediately participate in the AV market by utilizing its pack-

ages of key AV elements, such as AI integrated circuit topology, or other AV software 

solution packages. In the long-run, market dominance is deemed to be related to how well 

a company can integrate all elements of AV into a proprietary system. 

5. Market dominance assessment 

Currently, Tesla is the best positioned company in the AV market, among the three 

studied, since it is the only one in the study group that currently produces AV and has an 

effective presence in the market. Tesla also leads in miles of AV data collected, and has a 

large big data. Thus, Tesla is the AV market leader, and may remain so for some time 

(short-term). However, in the medium-term, say within five years, Tesla may lose market 

share to its competitors, since its financial position may prevent it from making necessary 

large-scale investments. 

Waymo has experience in developing and marketing software solutions, and it 

demonstrated that it can create intelligent systems for AV. It also has a faster and more 

efficient means of AI learning to support AV platforms. Thus, despite not demonstrating 

an interest in producing its own vehicles, it could sell or license its software technology 

(AV software solution packages) to other vehicle manufacturers, just as Alphabet, 

Waymo´s parent company, has become the software giant it is by marketing software so-

lutions to other companies. Waymo may indeed be considering this strategy, since it con-

tinues to conduct tests on vehicles from other automotive manufacturers. Thus, Waymo 

could possibly surpass Tesla in the medium-term, say after five years, by becoming a pre-

ferred source of AV software solution packages for vehicle manufacturers. 

Given Apple´s stated strategic objective of market dominance, Apple will likely con-

tinue to focus on developing its own integrated (hardware and software) AV solution as 

a top-quality product, since that is the history of its other, tremendously successful prod-

ucts, such as its smartphones, that it developed on its own and then brought to market. 

This focus could allow Apple to satisfy clients that are loyal to its brand, and allow it to 

compete in the AV market with a superior product. Apple may already be building an 

insurmountable quality and technological advantage with which to reach market domi-

nance, with its VoxelNet software (largely internet-independent), and its device intercon-

nection software. 

Apple´s experience has shown that this process may take a relatively long time to 

reach market dominance. However, over a longer-term horizon of, say, twenty years, Ap-

ple´s ability to integrate all elements of AV into a proprietary system, its unique AV tech-

nologies, its marketing strategy, and its financial resources could lead to Apple eventually 

surpassing Waymo as the ultimate AV market leader. 

6. Results 

Given the most important strengths, weaknesses, opportunities and threats of each 

of the three companies studied, the relative dominance factors that act as drivers for mar-

ket leadership, and the time frames in which these factors may operate, we propose a 

graph (Figure 5) that represents the probable relative leadership position of each of the 

three companies studied in the EV market, over a relative time scale from short to medium 

to long-term, which we suggest may approximately correspond to five, ten and twenty 

years, respectively. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 January 2021                   doi:10.20944/preprints202101.0423.v1

https://doi.org/10.20944/preprints202101.0423.v1


 

 

This analysis indicates that the most significant drivers for short-term market domi-

nance suggest that Tesla will retain market leadership, over the short-term. The increasing 

value of software solutions developed by Waymo will give it the lead, later on. However, 

Apple´s track record in developing market-dominant products, suggests that a similar 

performance could characterize Apple´s entry into the AV market. Thus, the most signif-

icant drivers for long-term market dominance, as well as its technological advantages, 

suggest that Apple will be the eventual AV market leader. 

Figure 5. Proposed relative market dominance by the three companies studied, over 

an approximate relative time scale extending to twenty years. 

7. Discussion 

The relative dominance scenarios by each company are subject to changes, if unfore-

seen technological breakthroughs are achieved by any one of them, regarding capabilities 

in handling big data or AI applications, or if their current relative financial health situation 

changes significantly. 

Furthermore, many countries still do not have adequate legislation to allow full de-

velopment of the capabilities and benefits of the AV market. 

However, having a comprehension of which players in the AV market will likely 

exhibit market dominance, and why, is very valuable to all market players, as they de-

velop their own strategies. Recognizing the strengths, weaknesses, opportunities and 

threats pertaining to the various AV players and their corporate strategies may allow 

preemptive policies to be adopted, which could leverage strengths and opportunities, and 

mitigate weaknesses and threats. 

Furthermore, the trends observed and the results of this study provide information 

that legislators should consider, when planning legislation to ensure that the industry and 

consumers are best served. 

Finally, because the AV market is a worldwide phenomenon, the findings and results 

from this study may provide useful insights, as countries seek to strengthen their own AV 

industries as part of their national policies. This possibility suggests the need for further 
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analyses of the geopolitical implications of such national strategies, based on the results 

obtained herein. 
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