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■ Autonomous driving is more than Advanced Driver Assistance Systems 
(ADAS).  

■ We expect a further rise in L1–L3 ADAS and intelligent cockpit penetration in 
the next 2-3 years. 

■ We think autonomous driving above L4 will completely transform the global 
auto market supply and demand dynamics. 

■ L1–L3 ADAS and intelligent cockpit penetration could further increase from 
2021F, benefiting chip, sensor, ADAS and intelligent cockpit companies.  

■ We suggest investors follow key technology developments to look for new 
tier-1 companies from changing global auto market dynamics. 
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Auto & Parts - Overall 
Autonomous driving in motion 

■ As autonomous driving is gaining traction, we provide an overview of the 
global autonomous driving value chain in this report.  

■ Autonomous driving is more than Advanced Driver Assistance Systems 
(ADAS). We expect a further rise in L1–L3 ADAS and intelligent cockpit 
penetration in the next 2-3 years, led by 1) toughening government regulation 
on vehicle active safety features and 2) intensifying NEV competition.  

■ We think autonomous driving above L4 will completely transform the global 
auto market supply and demand dynamics. We think it will still take time for 
the technology to mature and new tier-1 companies to emerge. We suggest 
investors to follow key technology development in areas of chip and 
centralized computing platform to find the potential beneficiaries.  

■ For L1–L3 ADAS, chips, sensors, ADAS and intelligent cockpit companies 
are the key beneficiaries. For autonomous driving above L4, we suggest 
investors follow OEMs like Tesla, Geely and high-tech companies like Apple, 
Google, Huawei, etc.   

 

Autonomous driving goes beyond L1-L3 ADAS   
ADAS refers to L1–L3 driver assistance, whose development is driven by OEMs and 
traditional tier-1 auto parts suppliers. L4–L5 autonomous driving is expected to transform 
the auto industry by bringing revolutionary changes to both the supply and demand sides 
of the industry. L1–L3 driver assistance rose first on government regulations mandating 
that vehicles have active safety features to help drivers reduce the number of car 
accidents. In addition to safety features, intensifying competition has driven OEMs to 
adopt more driving interaction and comfort features in their vehicles. According to a 
Qianzhan research report as at 2019 the L1–L2 ADAS penetration rate in the global auto 
market was 40% in 2020. The report also forecast that the L1–L3 ADAS penetration rate 
of the global auto market would reach 65% in 2025F and 75% in 2030F. The report 
forecast that the L4–L5 autonomous driving penetration rate would reach 10% in 2030F 
and 20% in 2035F.  

L4–L5 autonomous driving  to transform  supply dynamics  
L4–L5 autonomous driving will add more functionalities to vehicles and more advanced 
automotive electronics for V2X, automated driving and vehicle electrification. Therefore, 
electronics, chips, software and AI algorithms will gain importance in the global auto 
industry value chain. Tech giants in these fields have thus found a way to enter the global 
auto industry. But changes in the global auto industry value chain also include the 
emergence of new tier-1 players to replace traditional tier-1 auto parts suppliers and even 
OEMs. This is led by a complete change in vehicle electric/electronic architecture (EEA) 
required by L4–L5 autonomous driving. More vehicle functions lead directly to more 
complex system development and configuration. New tier-1 companies will be able to 
influence integrated autonomous driving systems through their advanced technology. 

Focus shift to electronics, software and services  L4-L5 
On the demand side, changes in vehicle architecture facilitate a global auto industry 
value chain shift to software and services with the realisation of L4–L5 autonomous 
driving. With rising L1–L3 ADAS and the maturity of L4–L5 autonomous driving, the 
global auto market value will consist of 1) the value of hardware and software systems, 
and 2) the value of driving and non-driving software-based services. A Magna research 
report as at 2018 predicts that the global autonomous vehicle market value will grow at a 
CAGR of 38.8% in 2020–2028F, that the market value of autonomous driving hardware 
will grow at a CAGR of 38.5% in 2020–2028F, and that the market value for software and 
services will grow at a CAGR of 37.4% and 44.3% in 2020–2028F, respectively.   

 
Stock picks for L1–L3 ADAS and L4–L5 autonomous driving    
We expect L1–L3 ADAS and intelligent cockpits will see a major demand boost from 
2021F on. Auto chip, sensor, ADAS and intelligent cockpit companies will be the key 
beneficiaries of this trend, in our view. For L4–L5 autonomous driving, we suggest 
investors follow key industry alliances to find potential new tier-1 companies for future 
investment. Potential new tier-1 companies could be OEMs like Tesla (TSLA US, Non 
Rated) and high-tech companies like Huawei and Baidu (BIDU US, 9888 HK, Non Rated) 
etc. Production delays hit by new Covid-19 waves and chip shortage are downside risks. 
 

  Asia  

Overweight (no change) 
  

Highlighted Companies 

Hyundai Mobis 
REDUCE, TP W224,000, W278,500 
close 

We expect Mobis to continue to improve 
its captive market share for AV related 
products within Hyundai/Kia following its 
improved supply track record and rising 
R&D spending. Nonetheless, we see 
limited near-term catalysts due to 
minimal order wins from non-captive car 
makers despite its partnership with Aptiv. 

Mando Corporation 
ADD, TP W90,000, W65,300 close 

ADAS products currently comprise 17% 
of Mando’s revenue with c.10% operating 
margin, which makes Mando the leading 
ADAS supplier in Korea with higher-than-
peers profitability. Mando has also 
invested in numerous AV related start-
ups, such as SOSLAB, Spring Cloud, 
NEUBILITY, 3SECONDZ, The Carbon 
Studio, Leap High, MAXST and 
SPARTA. 
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P/E (x) Dec-20F Dec-21F Dec-22F

Hyundai Mobis 15.19    11.41    10.49    

Mando Corporation 683.90  20.93    18.98    

P/BV (x) Dec-20F Dec-21F Dec-22F

Hyundai Mobis 0.79     0.74     0.70     

Mando Corporation 2.36     2.14     1.94     

Dividend Yield Dec-20F Dec-21F Dec-22F

Hyundai Mobis 1.44% 1.44% 1.44%

Mando Corporation 0.84% 0.84% 0.84%

http://www.efa.biz/
file://///sin/dept/res/Vol3/PRODUCTS/EFA-dot-files/EFA-Templ-2018/MAY%202018/Backup/non-Corp/pls-ignore
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KEY CHARTS    
 

 

Separate autonomous driving from ADAS     
 
 

 

 
 

 

Penetration of ADAS features on NEVs in 
China (2019)   
 
 

 

 
 

 

Estimated cost per mile for autonomous 
driving (US$/mile) as at FY25F   
 
 

 

 
 

 

Global autonomous vehicle market value 
forecast by region (US$m)   

 

 
 

 

SOURCES: CGS-CIMB RESEARCH, COMPANY REPORTS 
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Reimagining the global auto industry’s future 
when intelligent, connected vehicles gain 
traction   

Autonomous driving is more than ADAS  

The market tends to mix Advanced Driver Assistance Systems (ADAS) with 

autonomous driving. Depending on the extent to which how little human input is 

needed, autonomous driving is classified into six levels, ranging from fully 

manual to fully automated driving, based on the classification system published 

in 2014 by SAE, an automotive standardisation body (Fig 1). ADAS refers to L1-

L3 driver assistance, for which development is driven by OEMs and traditional 

tier-1 auto parts suppliers. The L4-L5 autonomous driving, on the other hand, is 

expected (by auto OEMs and industry experts) to transform the global auto 

industry by bringing revolutionary changes to both the supply and demand sides 

of the industry. When looking for sectors or companies worth investing in for 

autonomous driving, we hence suggest investors not to mix up these two 

concepts.  
 
 

Figure 1: Classification of autonomous driving    

 

SOURCES: CGS-CIMB RESEARCH, SAE INTERNATIONAL 

 

 

L1-L3 driver assistance stage   

L1-L3 driver assistance rose first on government regulations mandating that 
vehicles have active safety features to help reduce the number of car accidents. 
Active safety refers to technology that helps prevent car crashes, while passive 
safety refers to components in the vehicles, primarily airbags, seatbelts and the 
physical structure of the vehicles, which help protect occupants during a crash. 
Active safety features on vehicles include LKA, LDW and AEB (Fig 2).  
 
Developed countries and regions, like the US and the EU, lead in active safety 
regulations. New cars sold in the EU from 2011 must have brake assistance 
systems. In the US, all cars under 10k lbs sold since 2012 are required to have 
electronic stability control. China, the world’s second-largest auto market, 
toughened regulations only in 2019, first, mandating the installation of AEB on 
commercial vehicles with a wheel base longer than 9m.  
 
 

Vehicle motion

control

Object and

event detection

and response

(OEDR)

0
No Driving

Automation
Driver Driver Driver n/a

1
Driver

Assistance
Driver and System Driver Driver Limited

2

Partial

Driving

Automation

System Driver Driver Limited

3

Conditional

Driving

Automation

System System

Fallback-

ready user

(becomes the

driver during

fallback)

Limited

4
High Driving

Automation
System System System Limited

5
Full Driving

Automation
System System System Unlimited

Application

scene

Dynamic Driving Task (DDT)

Level Name DDT fallback



 

 Navigating Asia 

 

 Auto & Parts - Overall │ May 13, 2021 
 

 

 

 

5 
 

In addition to government regulations, car safety evaluation programmes in 
countries and regions like the US, EU, Japan and China provide ratings based 
on the safety performance of vehicles. This has become a catalyst driving 
significant safety improvement initiatives from OEMs, which believe more  active 
safety features on their vehicles will help boost the demand for their products 
with the rising consumer focus on safety. So OEMs have increased the number 
of active safety technology features per vehicle (Fig 3). In addition to safety 
features, intensifying competition is driving OEMs to add more sophisticated 
cruise, parking, driving interaction and comfort features to their vehicles, like 
APA and 360-degree vehicle surveillance systems. In 2020, global OEMs 
started to push model launches with L3 ADAS features. Intelligent cockpit 
features, like the head up display (HUD), were also added to some major 
models by OEMs to enhance their competitiveness.   
 

  

Figure 2: Major autonomous driving features seen on vehicles  Figure 3: Penetration of ADAS features on NEVs in China (2019)  

   

CIMB RESEARCH, COMPANY DATA, EQUAL OCEAN, SOHU AUTO.  

Note: short names’ definitions showed in Fig 35 in Appendix.   

SOURCES: CGS-CIMB RESEARCH, CHYXX 

  

 

 
According to a Qianzhan research report, the L1–L2 ADAS penetration rate in 
the global auto market was 40% in 2020, while it was only 15% in China. The 
report forecast that the L1–L3 ADAS penetration rate in the global auto market 
would reach 65% in 2025F and 75% in 2030F (Fig 4). In China, the central 
government’s target is for new car sales with L2–L3 ADAS features to represent 
50% and 70% of total new car sales in 2025F and 2030F, respectively.   
 
 
 

Figure 4: Classification of autonomous driving    

 

SOURCES: CGS-CIMB RESEARCH, QIANZHAN RESEARCH 
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L4–L5 high/full autonomous driving stage 
L4 autonomous driving will be supported in limited spatial areas or under special 
circumstances. For L5 autonomous driving, no human intervention is required in 
any circumstances, as vehicles can achieve self-driving in all kinds of 
environments and situations. To push local OEMs and auto parts companies to 
stay competitive in the future competition for autonomous driving, the US, EU, 
Japan, Korea and China have all set targets for the realisation of L4–L5 
autonomous driving (Fig 5). According to the Qianzhan report, the L4–L5 
autonomous driving penetration rate for the global auto market is expected to 
reach 10% in 2030F and 20% in 2035F.  

L4–L5 autonomous driving goes beyond L1–L3 car-board ADAS, requiring 

system solutions combining hardware and software system set-up in the vehicle, 

infrastructure and cloud. With a complete change in vehicle control architecture, 

L4–L5 autonomous driving brings new players into the competition, such as 

telecommunications, consumer electronics, AI and Internet companies, and 

leads to revolutionary changes on the demand side, with the global auto 

industry’s revenue resources shifting from selling vehicles to selling software 

and application-based services. We suggest investors not mix L1–L3 ADAS with 

L4–L5 autonomous driving and follow the key technology development trends in 

all related hardware and software areas related to autonomous driving. This 

should help identify companies with potential to emerge as the leaders in the 

L4–L5 autonomous driving value chain.   

 
 

Figure 5: L4–L5 autonomous driving development plans of major countries   

 

SOURCES: CGS-CIMB RESEARCH, DOT, ERTRAC, MLIT, METI, MIIT, NDRC 
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Figure 6: L4–L5 autonomous driving development plans of major countries   

 

SOURCES: CGS-CIMB RESEARCH, DOT, ERTRAC, MLIT, METI, MIIT, NDRC   

 

 

Pure vehicle-side autonomous driving has limitations, so vehicle–

infrastructure–cloud collaboration is viewed as the optimal route 

Pure vehicle-side autonomy has its limitations in sensing and computation, 
which makes it difficult to reduce vehicle intelligentization costs, thus hampering 
the commercialisation of L4–L5 autonomous driving. So vehicle–road–cloud 
collaboration is considered the optimal route for the realisation of L4–L5 
autonomous driving by most countries, like China and the US. This is also the 
key difference between the commercialisation of L1–L3 ADAS and L4–L5 
autonomous driving.  

 Sensing limitations: The two mainstream vehicle-side sensing 
technologies, LiDAR and camera plus radar technology face challenges in 
ensuring all objects can be detected with the required level of certainty and 
accuracy, especially in extreme environmental conditions, like bad weather 
and heavy traffic.  

 
 Computation limitations: Vehicles need strong on-board computational 

capability to understand, predict and act based on information from sensing 
modules because autonomous driving relies heavily on AI technologies, 
such as machine-learning algorithms to understand and act in different 
scenarios. Machine learning remains a safety concern, as new scenarios are 
encountered on the roads. Currently, there is no widely accepted and 
agreed basis for ensuring that the machine-learning algorithms used in the 
cars are safe. 
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So road-side sensing units and cloud-side computation power can conquer the 
limitations of pure vehicle-side autonomy to achieve the higher accuracy 
required by L4–L5 autonomous driving. In the meantime, combining road and 
cloud-side sensing and computation units can help lower the intelligentization 
cost per vehicle, thus facilitating the commercialisation of L4–L5 autonomous 
driving. Road-side sensing units, if adopted, can help enlarge the perception 
range of vehicles and better detect objects and track the speed and direction of 
objects. Cloud-side computation capabilities can remove some of the 
computation burden from vehicles. They also can provide more real-time data 
collection, distribution and analysis through the 5G network with high speed and 
low latency, thus facilitating vehicle-to-vehicle, vehicle-to-infrastructure, and 
vehicle-to-pedestrian real-time communication and help the realisation of 
autonomous driving above L4.  
 

Figure 7: Vehicle–Infrastructure–Cloud collaboration for L4–L5 autonomous driving 

 

SOURCES: CGS-CIMB RESEARCH, TUS 

 
The US’ efforts in autonomous driving can be traced back to 1984 when the 
Defense Advanced Research Projects Agency (DARPA) initiated the 
Autonomous Land Vehicle (ALV) plan, together with US Army Engineer 
Topographic Laboratories (USAETL). The Program for a European Traffic of 
Highest Efficiency and Unprecedented Safety (PROMETHEUS), launched in 
1986, represented pioneering autonomous driving development in the EU. But 
their focus was mostly on vehicle-side autonomous driving technology 
development. Because of low population and traffic density, they paid less 
attention to the infrastructure and cloud side. In addition, these countries are not 
as strong in infrastructure and cloud development technologies as China is. But 
in recent years, technology bottlenecks in vehicle autonomy have drawn the 
attention of developed countries back to the vehicle–infrastructure–cloud model. 
The European Road Transport Research Advisory Council (ERTRAC) raised 
“Infrastructure Support level for Automated Driving” (ISAD) in its updated 
“Connected Automated Driving Roadmap” in March 2019 to strengthen the link 
between vehicle and infrastructure. The US took further steps in vehicle-road 
collaboration. The Michigan state government in August 2020 announced the 
initiative to build a more than 40-mile “smart road” for autonomous driving 
purposes between Ann Arbor and Detroit.  
 
China decided to follow the vehicle–road–cloud collaboration development route, 
China has pursued nine key technology developments in association with 
vehicles, supporting infrastructure, and the cloud for autonomous driving. The 
value chain related to technology and application development for supporting 
infrastructure overlaps with smart transportation applications on the 
infrastructure side and V2X development on the cloud side. The MoT of China 
has classified road intelligent development targets in six stages, matching the six 
levels of autonomous driving on the vehicle side.  
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Figure 8: Key technologies identified for autonomous driving  Figure 9: Smart road classification for autonomous driving 

(China) 

  

SOURCES: CGS-CIMB RESEARCH SOURCES: CGS-CIMB RESEARCH, CHINA HIGHWAY & TRANSPORATION SOCIETY 

 

So IoV/smart transportation are themes that are related to autonomous driving 
that we cannot ignore. As we pointed out in a previous section, autonomous 
driving above L4 goes beyond vehicle-side ADAS; it has to combine system 
solutions on the infrastructure and cloud sides, which involves smart 
transportation and IoV, whose relationship to autonomous driving is suggested 
as follows.   

 Smart transportation is a bigger concept than autonomous driving and 
IoV (Fig 9). In our Smart Transportation report, published in November 
2019, we pointed out that smart transportation is about the use of 
advanced information and communication technologies for different modes 
of transport and traffic management to enable users of different 
transportation modes to be better informed and make safer, more 
coordinated and efficient trips and goods transportation. Smart 
transportation, driven mainly by governments, refers to system solutions for: 
1) infrastructure, such as roads and railways, 2) equipment for different 
transportation modes, such as vehicles and trains, and 3) usage and 
applications, such as passenger and freight transportation, i.e. later-cycle 
services for end-users.  

 Autonomous driving involves mainly vehicles, i.e. the equipment 
perspective. L1–L3 autonomous driving, as we mentioned in the first 
section, is manly ADAS, i.e. safety features or other features for driver 
assistance and comfort. But autonomous driving above L4 relies on system 
solutions, combining hardware and software systems on the road, cloud 
and vehicle side. So L4–L5 autonomous driving is not limited to the vehicle 
side. It can be viewed as a sub-system within the smart transportation 
system related to road networks. The development of smart transportation 
is pushed by governments, while autonomous driving is pushed by the auto 
industry. 

 IoV refers to a network of different entities, such as vehicles, pedestrians, 
roads, parking lots and city infrastructure, and provides real-time 
communication among these entities. IoV, including V2X, facilitates L4–L5 
autonomous driving. IoV also refers to connected vehicles, which enable 
consumers to enjoy driving and non-driving services. IoV penetration has 
already risen with L2–L3 ADAS, when OEMs or consumers install car-
board communication systems for auto navigation or data collection for 
vehicle fault diagnosis, etc.  
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Figure 10: Relationship between IoV/smart transportation and autonomous driving 

 

SOURCES: CGS-CIMB RESEARCH 

 

Commercialisation of L4–L5 autonomous driving facing hurdles regarding 
infrastructure, regulations,  cost and consumer acceptance in the near 
term 

So despite the improvement in autonomous driving technology demonstrated in 
recent years, there are still hurdles to the early adoption and commercialisation 
of L4–L5 autonomous driving in the near term. In our view, unproven technology, 
in addition to the still developing infrastructure side for smart transportation and 
IoV, regulatory concerns surrounding operations, liability, and insurance for 
autonomous driving, the high intelligentization cost for vehicles, and limited 
consumer acceptance of autonomous driving are the main hurdles to increasing 
the autonomous driving vehicle purchase rate in the near term.  
 
Infrastructure 
As we mentioned in the previous section, vehicle–infrastructure–cloud 
collaboration is the optimal route for the commercialisation of L4–L5 
autonomous driving. Road-side sensing units and cloud-side computation power 
can overcome the limitations of pure vehicle-side autonomy to achieve higher 
accuracy for L4–L5 autonomous driving and help lower the intelligentization cost 
on the vehicle side. Investment in infrastructure and on the cloud side will rely 
more on government policy and monetary support, which will take time and will 
vary by country. 

 
Regulations 
Most vehicles that now contain semi-autonomous driving features warn that the 
human driver is primarily responsible for the vehicle’s actions. While L4–L5 
autonomous driving looks set to be exempt from mobility behaviour until it 
reaches the fully autonomous driving level, we think there are sufficient 
regulations to fairly manage the liability manufacturers face. In the coming years, 
we see a growing need for society to understand how autonomous driving 
makes decisions under various scenarios and machine-learning algorithms. 

 
Costs 
Autonomous driving features are available mainly as options in higher-priced 
models globally. We think it will take more time for these to be embedded in 
lower-priced mass-market models. Inevitably, autonomous driving capabilities 
will add several thousand dollars to new vehicle purchase prices and hundreds 
of dollars in additional annual services, maintenance and repair costs over the 
next decade of the commercial availability of autonomous driving.  
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We expect annual ownership cost for private vehicles with L4–L5 autonomous 
driving capabilities to reach US$0.85–$1.15 per mile in 2025F, which may 
eventually decline to US$0.65–$1.05 per mile as the enhanced technologies 
become affordable in low-priced mass models by 2030F. We expect shared 
autonomous vehicle costs of US$0.55–$0.65 per mile. This is cheaper than 
human-operated taxis ($2.00–$3.00 per mile) and ride-hailing ($1.50–$2.50 per 
mile), but more expensive than vehicle operating costs and public transit fares.  
 

 

Figure 11: Estimated cost per mile for autonomous driving (US$/mile) as at FY25F 

 

SOURCES: VICTORIA TRANSPORT POLICY INSTITUTE 

 

 
Acceptance 
In surveys conducted by ANSYS (a US-based Multiphysics engineering 
company) in 2019 of more than 22,000 people in Benelux, China, France, 
Germany, India, Italy, Japan, Spain, Sweden, the UK and the US, most 
respondents revealed limited interest in adopting autonomous transportation in 
the near term. Most prefer to use autonomous vehicle/airplane travel later in the 
future.  
 
The survey indicated that 37% of respondents felt comfortable riding in 
autonomous cars, but only 50% said they would be ready to ride in one within 
the next five years; only 14% said they were ready to do so today. Autonomous 
trains turned out to be the most popular selection, as 51% of respondents said 
they would feel comfortable riding in them. Autonomous cars were the second 
most popular choice. Only 9% of respondents preferred autonomous planes and 
3% preferred boats. 
 
 

Figure 12: Autonomous driving survey as at November 2019 – Which of the following 

are you most comfortable with? 

 

SOURCES: CGS-CIMB RESEARCH, ANSYS 
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Younger generations below age of 40 appear to be the main potential customers 
for autonomous vehicles, as 87% of 18- to 24-year-olds and 88% of 25- to 34-
year-olds responded that they were ready to use autonomous vehicles in their 
lifetime. But 43% of respondents over the age of 65 said they would never 
consider riding in an autonomous vehicle. 
 

Figure 13: Autonomous driving survey – When do you anticipate that you'd feel ready 

and comfortable to ride in an autonomous car? 

 

SOURCES: CGS-CIMB RESEARCH, ANSYS 

 

 
Most respondents believe that autonomous technology will improve and that 
autonomous vehicles will eventually outpace human driving capabilities before 
2030F. Only 13% said they thought autonomous vehicles are presently better 
drivers than humans. 
 

Figure 14: Autonomous driving survey as at November 2019 – Do you believe you’re a 

better driver than an autonomous car? 

 

SOURCES: CGS-CIMB RESEARCH, ANSYS 

 

 
 
 



 

 Navigating Asia 

 

 Auto & Parts - Overall │ May 13, 2021 
 

 

 

 

13 
 

On a regional basis, Indian respondents were the most open to adopting 
autonomous vehicles at the present time (33%). This compared to Japan’s 7% 
and China and United Kingdom’s 8% who felt comfortable with autonomous 
vehicles today. But 36% of Chinese respondents said they would be ready to 
adopt autonomous vehicles in the next five years, making it the highest 
acceptance rate among all countries.  
 
 

Figure 15: Autonomous driving survey – When do you think you'd feel ready and 

comfortable to ride in an autonomous car? 

 

SOURCES: CGS-CIMB RESEARCH, ANSYS 

 

 
Some 59% of survey participants said that technology failure leading to a car 
crash was their top concern about riding in an autonomous vehicle. The second-
biggest concern (42%) was cyber hacking into autonomous vehicles. 
 
 
 

Figure 16: Autonomous driving survey as at November 2019 – What are your greatest 

concerns about riding in an autonomous car? 

 

SOURCES: CGS-CIMB RESEARCH, ANSYS 
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Some 24% of respondents said they thought that luxury cars would deliver the 
safest autonomous vehicles, followed by those manufactured by big-tech 
companies (20%). As for choosing an autonomous vehicle, brand credibility was 
the most important factor for younger consumers, with 32% of 18- to 24-year-
olds and 31% of 25- to 34-year-olds saying they would feel comfortable riding in 
an autonomous vehicles made by a luxury brand. 
 
 

Figure 17: Autonomous driving survey as at November 2019 – Which of the following 

autonomous car brands would you be most comfortable riding in? 

 

SOURCES: CGS-CIMB RESEARCH, ANSYS 

 

 
 
When autonomous vehicles become common, 32% of respondents said they 
would prefer to spend their time reading a book, and 30% preferred to watch a 
movie or listen to music.  
 

Figure 18: Autonomous driving survey as at November 2019 – Most popular activities 

to pursue with time saved in an autonomous car 

 

SOURCES: CGS-CIMB RESEARCH, ANSYS 
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L4–L5 autonomous driving changes to vehicle 
control architecture will transform the global auto 
industry value chain 

L4–L5 autonomous driving will add more functionalities to vehicles, with more 
advanced automotive electronics for V2X, automated driving and vehicle 
electrification. Hence, electronics, chips, software and AI algorithms will gain 
importance in the global auto industry value chain. Thus, tech giants in these 
fields have found a way to enter the global auto industry. The vehicle–
infrastructure–cloud collaboration has also brought companies specialising in 
smart transportation and IoV into the value chain.   

 

Figure 19: Autonomous driving value chain 

 

SOURCES: CGS-CIMB RESEARCH 

 

 
But changes to the global auto industry value chain are not limited to new 
players entering the value chain. The key difference will be new tier-1 players 
emerging and replacing traditional tier-1 auto parts suppliers and even OEMs. 
This is led by a complete change in vehicle EEA required by L4–L5 autonomous 
driving. More functionalities in vehicles lead directly to more complex system 
development and configuration. To reduce this complexity, a complete change in 
the vehicle control architecture is required. A centralised computation platform 
will replace the traditional distributed electric control unit (ECU) architecture and 
domain-based ECU architecture for L1–L3 ADAS. For L4–L5 autonomous 
driving, this centralised computation platform will act as the brain of a vehicle. 
Hence, new tier-1 players will most likely come from system integrators with 
strengths in chips, software, AI, etc.  
 
 ECUs: ECUs are used to receive and process signals from sensors and 

export control commands to vehicle actuators for execution. Each ECU is 
responsible for performing functions in association with engines, 
transmissions, windows, seats, airbags, etc. Traditional vehicles adopt a 
distributed ECU architecture, given the smaller number of ECUs in vehicles.  
 

 DCUs: With the rising number of NEVs and amount of L1–L3 ADAS 
penetration, more L1–L3 ADAS features are being added to vehicles which 
require the installation of more ECUs on vehicles. Thus, OEMs have 
started to install domain control units (DCUs) in vehicles with L2–L3 ADAS, 
which integrate ECU software into several domain controllers, such as the 

powertrain, chassis, Infotainment, autonomous driving and body. 
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 Centralised computing platform: For L4–L5 autonomous driving, a 
centralised computer module will be applied, with a large processing 
capacity to allow it to perform all computations, regardless of function. This 
new structure reduces cabling between ECUs and DCUs to save space 
and reduce the vehicle weight, while also improving processor speeds. In 
addition, it will allow for the distribution of new functionalities and the 
improvement of existing ones using Over-the Air (OTA). 
 

 

Figure 20: Evolution in vehicle electric/electronic architecture 

 

SOURCES: CGS-CIMB RESEARCH 

 

 

With vehicle architecture progressing to DCUs and centralised computation 
systems, the industry competitive dynamics have changed, as DCUs or 
centralised computation system integrators will replace traditional tier-1 auto 
parts companies and even OEMs. The key reason is that as we mentioned 
above, L4–L5 autonomous driving will redefine global auto industry products and 
services, accompanied by a complete change in vehicle control architecture and 
the software-based functionalities and services related to that. OEMs, traditional 
auto parts suppliers, new power NEV players and tech companies will all try to 
be the new tier-1 players, or they will lose their leading positions in the global 
auto industry value chain. We can imagine that the new tier-1 players will be 
leaders in centralised computation system integration technology for 
autonomous driving. There will be two scenarios. In one, the system integrator 
will be a full stack solutions provider, which can provide underlying hardware 
and software systems, including chips, software/AI algorithms, and sensors. The 
other is system integrators, which rely on third-party vendors or a few key 
hardware suppliers. But they will keep software/AI algorithm capabilities in-
house.  
 

Figure 21: Major players related to centralised computation system development 

 

SOURCES: CGIS RESEARCH 
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Auto industry value accretion will increasingly come 
from E/E products, software and services when 
autonomous driving moves to the L4–L5 level 

The change in vehicle control architecture from L1–L3 ADAS will transform the 
global auto industry value chain. On the demand side, the change in vehicle 
architecture will facilitate global auto industry value chain’s shift from vehicle 
manufacturing to software and software-based services after the realisation of 
L4–L5 autonomous driving. The demand growth drivers for L4–L5 autonomous 
driving thus include 1) the maturity of L4–L5 autonomous driving technology, 2) 
infrastructure, 3) government policy support and regulations, 4) intelligentization 
cost per vehicle and 5) demand-side acceptance of autonomous driving. 
 
With rising L1–L3 ADAS and the maturity of L4–L5 autonomous driving, the 
global auto market value will consist of 1) the value of vehicles, mainly the value 
of hardware and software systems, and 2) the value of driving or non-driving 
software-based services. According to a Magna research report, global 
autonomous vehicle market value will grow at a CAGR of 38.8% in 2020–2028F 
(Fig 21). The market value for autonomous driving hardware will grow at a 
CAGR of 38.5% in the same period, while the market value for software and 
services will grow at a CAGR of 37.4% and 44.3% in 2020–2028F, respectively.   
 

Figure 22: Global autonomous vehicle market value by segment (US$m) 

 

SOURCES: CGS-CIMB RESEARCH, MAGNA 

 
In addition to selling vehicles to generate value from both hardware and 
software, the global auto industry’s market value is expected to come from 
services, like robotaxis, robotrucks, robobuses and other driverless delivery 
vehicles. Moreover, end-users can enjoy much more non-driving services on 
vehicles when their hands are free from driving. This value is difficult to evaluate 
since it will depend on future software and application ecosystems that intelligent 
and connected vehicles provide.  
 
For services, the major applications for L4–L5 autonomous driving include 
driverless transportation services 1) in closed regions, such as transportation 
services in ports and mining areas, 2) on expressways, such as trunk line 
transportation, and 3) on city roads, including last-mile delivery, robotaxis, 
robobuses, etc. Driverless vehicles will be the first to realise commercialisation 
in selected closed areas, such as ports and mining areas, especially low-speed 
vehicles. More advanced autonomous driving technology will be applied in inner-
city and cross-city logistics and city taxi services.  
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These applications are still in the early stage of test and run. The 
commercialisation of autonomous driving technology in these areas will rely on 
the establishment of clearer regulations and better cost-down solutions to 
enhance end-user affordability. But cross-city and inner-city logistics and 
robotaxi services should offer the highest value to the overall autonomous 
driving service market. Taking China for instance, the earliest development of 
autonomous driving services will be seen in areas of low-speed last-mile delivery 
and closed-region driverless freight transportation (Fig 22). 
 

Figure 23: Market size for autonomous driving services in China (Rmb bn) 

 

SOURCES: CGS-CIMB RESEARCH, NIOCAPITAL 

 

 

The business model for these applications (Fig 23) will be service providers, 
which could be OEMs or new entrants from Internet and tech companies, 
collaborating with OEMs, taxi operators, and shared travel companies to provide 
autonomous driving services in the above-mentioned areas. These three parties 
can also form alliances to exploit market opportunities.  
 

Figure 24: Related parties collaboration for key autonomous driving services 

 

SOURCES: CGS-CIMB RESEARCH, NIOCAPITAL 
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Chips, operating systems, sensors, V2X, x-by-wire 
and intelligent cockpits are the key technology 
innovation areas empowering future autonomous 
driving 

With rising vehicle digitalisation and intelligentization, chips, operating systems, 
sensors, V2X, steer-by-wire, and intelligent cockpits are key areas requiring 
major technology breakthroughs to help realise L4–L5 autonomous driving. As 
new tier-1 players we mentioned in previous sections emerge, it will be important 
to integrate these technologies to create better system solutions to lower costs 
and help achieve commercialisation of L4–L5 autonomous driving, so we 
suggest investors follow key technology development in the above-mentioned 
areas to look for sectors or companies worth investing in.  

Auto chips 

Auto chips are used mainly for monitoring and controlling the different vehicle 
functions, such as engine control, various ADAS functions, battery management 
systems, and information and entertainment system control. Chips can be 
viewed as micro supercomputers on vehicles, with various algorithms to solve 
the respective tasks. As vehicles become more intelligent and connected, 
especially with the realisation of L4–L5 autonomous driving, the demand for auto 
chips will surge.  

The number of chips on a vehicle could rise from a few hundred in a traditional 
vehicle to more than 1,000 on a vehicle with ADAS features. It is worth 
highlighting that auto chips, unlike industrial grade chips or consumer grade 
chips, have much more stringent requirements from the global auto industry. 
The higher the intelligentization and connectivity needs of vehicles, the more 
stringent the requirements will be for related auto chips. The chips must be able 
to withstand extreme environment conditions, like being resistant to vibration, 
shock, and interference, and having a very low failure rate. Auto companies 
usually require single-digit defects per billing parts, and even sometimes zero 
defects from auto chip companies. In mass production, auto chip companies 
need to achieve a high level of manufacturing reliability and consistency. Each 
part of their products must be traceable, including packaging and even raw 
materials. Also, this higher level of reliability and consistency requirements is 
imposed in not only the manufacturing and packaging processes, but also the 
initial design phase. The auto industry also requires 3 to 5 years to test chips 
before approving their use on their vehicles.  

Auto chips, or auto semiconductors, can be divided into analog ICs, discrete 
devices, logic ICs, memory ICs, MCUs (microcontroller units), optical 
semiconductors, sensors and actuators (Fig 24). With advances in autonomous 
driving and intelligent cockpits, logic ICs and memory ICs will grow the fastest in 
the chip segment. If we divide auto chips based on their controlling domain, 
chips for autonomous driving and intelligent cockpits will grow faster than chips 
for chassis, power trains, bodies, etc. 
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Figure 25: Auto semiconductor market size breakdown 

 

SOURCES: CGS-CIMB RESEARCH,SOHU AUTO, CHINA MARKETING ASSOCIATION AUTO EXPERT COMMITTEE 

 

Chips for autonomous driving, especially L4–L5 autonomous driving, are the 
most complex ones to develop. They are required to process massive data 
captured by the sensors and then provide real-time feedback, such as traffic 
conditions, events, weather conditions, road signs, traffic signals and others. 
This requires a higher level of operation per second (TOPS) for chips to process 
multiple tasks, especially for L4–L5 autonomous driving. Chips for L1–L2 ADAS 
need to deliver no more than 10 TOPS. Chips for L3 ADAS need to deliver 30–
60 TOPS. Chips for L4 autonomous driving need to deliver more than 100 
TOPS, while chips for L5 autonomous driving need to deliver 500–1,000 TOPS. 
Auto chips for autonomous driving also incur high power consumption, 
depending on the autonomous driving operation. Overall, reliability and accuracy 
in any operation environment are key to chips for autonomous driving.  

For chips uses in autonomous driving, the key players choose between GPU, 
FPGA and ASICS technologies. CPUs are generally avoided for autonomous 
driving, as they will overload when running a lot of AI-related tasks. GPUs are 
traditionally used for graphics and gaming, but because of their flexibility and 
relatively high processing power, they can be used for AI trading and edge 
applications. But there are limitations with GPUs, such as data transfer between 
the GPU and CPU. They also have disadvantages in terms of cost and power 
consumption. ASICs are more appropriate for application-specific tasks with 
large computing processing, low cost, and power efficiency requirements, such 
as AI applications. We believe that in the future, for autonomous driving, there 
will be dedicated processors and systems to serve non-GPU-based purposes. 
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Figure 26: GPU, CPU and ACIS comparison 

 

SOURCES: CGS-CIMB RESEARCH 

So far, the chip technology for L1–L2 ADAS is mature and is being used. Some 
of the chips can also achieve L3 ADAS functionality. But mature chip technology 
for L4–L5 autonomous driving still has a long way to go, depending on the 
technology development in other areas, like AI algorithms, and integrated 
system design for the vehicle, road and cloud sides. Even global leaders in the 
chip industry do not have mature technologies in this area. Various players have 
entered the competition, including leading consumer grade chip companies, like 
Qualcomm and Nvida, and new entrants, like Mobileye, Tesla, Huawei, Horizon 
and Baidu. The key players in auto chips for autonomous driving with their 
respective chip technology and product offerings are shown in Figure 26. To 
better secure their leading positions in the auto chip market, especially for 
autonomous driving above L3, some of these chip companies offer chip 
hardware and computing platform solutions.    

 

Figure 27: Product offerings of key autonomous driving chip companies 

 

SOURCES: CGS-CIMB RESEARCH 
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Auto operation system 

Auto operation systems (OS) are split into two systems, one for ADAS and 
vehicle operations, like steering, switching gears, braking and fuel consumption, 
and one for vehicle infotainment systems, which run different applications. With 
advances in autonomous driving and intelligent cockpits, ADAS and vehicle 
operation features are integrated into a centralised computation system, while 
the infotainment system is integrated into an intelligent cockpit system. Auto OS 
has thus developed in these two directions, one an autonomous driving OS and 
the other an intelligent cockpit OS. Both systems coexist, but are completely 
separate systems because autonomous driving OS has very high requirements 
for safety, real-time feedback and stability, while for intelligent cockpits, 
openness and compatibility are more important.  

As we mentioned in a previous section, a centralised computation platform will 
become mainstream for future intelligent and connected vehicles, especially for 
L4–L5 autonomous driving. The auto driving OS under this centralised 
computation platform will thus gradually be responsible for vehicle control. An 
automotive driving OS requires various types of technology integration, including 
high-performance complex embedded systems, AI chips and algorithms, high-
speed networks, massive data processing and cloud computer collaboration. 
The automatic driving OS that undertakes the function of automobile electronic 
control must also be an embedded real-time operating system with high stability 
to ensure that certain functions can be completed within a certain time limit to 
ensure safety.  

The intelligent cockpit is a combination of different cockpit electronics into a 
complete system. With liquid crystal instruments, HUD, central control screens 
and central control on-board information terminals, backseat HMI entertainment 
screens, rearview mirrors inside and outside the car as the carrier, intelligent 
cockpits can realise more intelligent human-vehicle interaction modes, like voice 
control and gesture operation. AI, AR, ADAS and VR technologies will likely be 
integrated in the future. 

The intelligent cockpit OS integrates chip hardware and creates a development 
framework and algorithm library, thus providing the customised development of 
a user application platform, and supporting voice and image recognition and 
other multi-mode human-computer interaction, map navigation, V2X network 
communication, information security, and human–vehicle–road–cloud data 
fusion at the user end. As the running carrier of application programmes, the 
intelligent cockpit OS plays a role in building the intelligent connected vehicle 
ecology, so it needs to have good portability and a convenient development 
interface. 

Both operation systems will work under the centralised computing platform for 
L4–L5 autonomous driving. In a broad sense, the operating system will contain 
system software and functional software. From bottom to top, the car-board 
central computing platform can thus be roughly divided into four parts: 1) 
hardware platform, 2) system software (hardware abstraction layer + OS kernel 
+ middleware), 3) functional software (library components + middleware), and 4) 
application software. 
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Figure 28: Centralised computing platform for autonomous driving above L4 

 

SOURCES: CGS-CIMB RESEARCH 

From the development perspective, the future auto OS can be classified into four 
types, based on the extent to which changes will be made to the basic operation 
system. 

1. auto OS refers to a base auto OS, such as QNX, Linux or Android, 
including all base components, like system kernel, underlying driver 
and virtual machine.  

2. Custom-made auto OS is developed and tailored on the basis of a 
basic OS with OEMs and tier-1 suppliers to make a cockpit OS and 
an autonomous driving OS platform reality. Examples are Huawei 
Hongmeng, AliOS, Baidu in-car OS and VW.OS.  

3. ROM auto OS refers to customised OS development based on 
Android or Linux, instead of changing the system kernel. Some major 
OEMs, like BMW, Benz, NIO and Xpeng, are expected to develop 
ROM auto OS.  

4. Super auto APP (also called a phone mapping system) refers to a 
versatile APP integrating map, music, voice, sociality, etc., to meet 
car owners’ needs. Examples are Android Auto from Google, CarLife 
from Baidu, and CarPlay from Apple.  

In the auto OS segment, OEMs prefer a neutral and free OS. They want to gain 
control of vehicle base software and hardware and opt to use a neutral OS. They 
need to reduce the development cycle and costs by collaborating and leveraging 
open source software organisations. Well-known neutral and free OSs include 
Android and AGL. More than 140 AGL members are working together to develop 
a common platform for infotainment, which will be available for ADAS, OTA, 
gateway, V2X and automated driving in the future. Compared with AGL, the 
Android ecosystem is more mature and more widely used by Chinese OEMs. 
However, OEMs feel it is risky to apply Android, as Google banned Huawei from 
using the Google Mobile Services (GMS) on Huawei phones in 2019. There are 
also open source software organisations like the GENIVI Alliance, which was 
founded by giants like BMW, General Motors (GM) and Intel in 2009, which offer 
applicable standards and open source codes for in-vehicle infotainment (IVI) 
platforms.  

Under the trend of continuous standardisation of automobile communication and 
autonomous driving platforms, there is also huge development space for 
middleware business connecting the hardware bottom layer and application 
layer. Middleware is aimed mainly at developers of the application layer, which 
optimise the interface of the underlying operating system for different 
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applications, so that application developers can focus their development work on 
their own business level. 

Sensors 

Autonomous driving vehicles are a comprehensive system integrating 
environmental awareness, planning and decision-making, motion control, multi-
level auxiliary driving and other functions. The key environmental awareness 
system in autonomous driving is used to collect basic information about the 
surrounding environment, which is also the basis of autonomous driving. Self-
driving cars sense their environment through sensors that act like the car's eyes 
and ears. 

Sensors are divided into two categories, 1) cameras and 2) radar, including 
ultrasonic radar, millimeter-wave radar and laser radar (Lidar). In general, 
cameras outperform in imaging, while radar provides higher accuracy in ranging. 
The key performance differences between cameras and radar technologies are 
showed in Figure 28.  

 

Figure 29: Performance comparison: camera vs. radar 

 

SOURCES: CGS-CIMB RESEARCH 

 

Owing to different autonomous driving routes and different levels of autonomous 
driving, the types of sensors deployed are slightly different. There are two main 
technical routes for autonomous driving sensor systems. One is the visually 
dominant solution, using cameras and millimeter-wave radar, and the other uses 
LiDAR with cameras and millimeter wave radar. Because of the high cost and 
low stability, using Lidar as the main sensing unit for automatic driving is still a 
long way off. But various OEMs want to gain first-mover advantage in 
autonomous driving, so they have chosen cameras as the main sensing units for 
their autonomous driving technology development, especially traditional OEMs.  
Vehicles with L2 ADAS features using this camera-based visual dominant 
technology have entered mass production, while vehicles with the same 
technology for L3 ADAS have also debuted in the market.  

Comparing with LiDAR, cameras and millimeter-wave radar are much cheaper. 
A camera costs only US$25–$50, while the current market price for a LiDAR is 
US$500–1,500. Taking Tesla's Autopilot 2.0 system as an example, the system 
uses 8 cameras, 1 millimeter wave radar and 12 ultrasonic radars. In total, the 
value of the overall sensor system could be about US$600. In comparison, 
XPeng’s newly released model P5 consists of 2 LiDARs, 5 millimeter wave 
radars, 12 ultrasonic radars and 13 cameras. The total cost of this system could 
reach US$2,800, 4.7x the value of the Tesla system.  

LiDAR has better performance in measurement accuracy, but it also has some 
reliability issues. LiDAR measures the relative distance between the contour 
edge of the object and the equipment by emitting laser beams, thus accurately 
capturing the contour information to form a cloud of points and draw a 3D 
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environment map. The measurement accuracy can reach the centimeter level. 
But LiDAR is easily affected by severe atmospheric conditions, such as rain, 
snow, fog and dust. In the LiDAR solution, millimeter wave radar is 
indispensable, as it can operate well even in bad weather, such as rain and fog. 
Tesla, for instance, currently uses only cameras and millimeter-wave radar for its 
sensor system. Telsa’s sensor system uses cameras in different directions for 
image mosaic and visual depth estimation, and then projects it to an aerial view, 
which can be used as a local navigation map. The system then estimates the 
depth of each pixel in the picture, like the LiDAR’s cloud of points, and forms 3D 
target detection. So Tesla’s sensor system can approximate LiDAR’s accuracy 
level, but its accuracy relies on the image quality and data-processing capability.  

So far, there is no clear conclusion about which solution is better. The adoption 
of each technology may depend on 1) whether the cost of LiDAR can be 
reduced to an acceptable level for scale production, 2) whether the algorithm 
can allow a visually dominant solution to meet the safety requirements for L4–L5 
autonomous driving, and 3) whether vehicle–infrastructure–cloud collaboration 
can offer sufficient sensing functions to reduce the higher accuracy and reliability 
requirements of the car-board sensing system.  

V2X 

V2X (Vehicle to Everything) is a technology for the interaction between the car 
and the outside world. In V2X, X is a variable, which can be replaced by V, I, P, 
N, etc., namely, Cars and Cars (V2V), Cars and Infrastructure (V2I), Cars and 
Pedestrians (V2P), Cars and Internet (V2N), etc. 

V2X has several technical directions, including DSRC, LTE-V2X, and 5G-V2X. 

But the main technology development will be LTE-V2X and then transforming to 

5G-V2X. V2X communication technology, based on an LTE mobile cellular 

network, is a kind of cellular V2X. 5G-V2X is the V2X standard, but uses 5G 

communication. At the beginning of the design of 4G-LTE technology, the 

Internet of Vehicles technology was not fully considered. With the rapid 

development of intelligent vehicles, 4G-LTE technology was not enough. 5G-

V2X has the potential to integrate LTE-V2X and DSRC to provide safer and 

more efficient operation capabilities for vehicles. 

For ADAS, V2X is used mainly to realise the active safety of vehicles based on 
the GNSS position, vehicle driving state parameters and roadside information. 
V2X does not involve control of the vehicle; it only sends a warning message to 
alert the driver. For autonomous driving above L4, V2X can make up for the 
weakness of vehicle intelligence, and is the most important component of 
autonomous driving. LTE-V2X or 5G-V2X systems consist mainly of LTE-V2X 
chips and modules, road-side units (RSU) and on-board units (OBU). 

 

Figure 30: V2X system  

 

SOURCES: CGS-CIMB RESEARCH, QORVO 
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X-by-wire 

X-by-wire technology refers to the use of electrical or electro-mechanical 
systems to perform vehicle functions traditionally achieved by mechanical 
linkages. At present, X-by-wire technology includes applications used in shift-by-
wire system, brake-by-wire system, suspension system, booster system, 
accelerator system and steer-by-wire system. Steer-by-wire and brake-by-wire 
are two key focus areas for technology development led by traditional tier-1 auto 
parts suppliers.  

 

Figure 31: Conventional mechanical actuator systems vs. X-by-wire system 

 

SOURCES: CGS-CIMB RESEARCH, HITACHI 

 

Steer-by-wire: Currently, electronic power steering (EPS) is applied mainly in 
vehicles. EPS is very close to steer-by-wire, but steer-by-wire removes the 
mechanical connection between the steering wheel and the wheels. Instead, 
steer-by-wire obtains the steering wheel angle data by sensors, converts it into 
specific driving force data by ECU, and then drives the steering machine to 
rotate the wheels by motors. Compared with EPS, steer-by-wire should 
outperform with a higher safety level, faster response and more flexible steering 
wheel layout. The technology has been applied in limousines, sports cars and 
concept cars. 

Brake-by-wire: Traditional braking systems need to obtain a vacuum relying on 
the engine, which is not applicable to intelligent NEVs (either not equipped with 
an engine or a non-workable engine). The market has come up with two 
solutions: 1) an electronic vacuum pump (EVP) and 2) brake-by-wire. Brake-by-
wire is a better solution than EVP. Except for its short lifespan, high noise and 
altitude sickness, the energy recovery efficiency of EVP is also far lower than 
that of brake-by-wire. There are two main solutions for brake-by-wire systems: 
an electro-hydraulic braking system (EHB) and an electro-mechanical braking 
system (EMB). EMB is lighter and more compact, with faster and more efficient 
electric signal transmission than EHB. Unlike EHB, EMB has no hydraulic 
system, which means EMB does not incur additional cost for regular 
maintenance and has no fluid leakage risk. EMB can also be easily integrated 
with other electronic control systems, such as ABS. The major shortcomings of 
EMB, however, are 1) having no standby valve, as EHB has in the hydraulic 
pipeline, which can be used as a backup in the event of system failure, and 2) 
having a small braking force since limited space in wheel hub constrains the size 
of the EMB motor. Therefore, EHB is used mainly in current NEVs with L1–L3 
ADAS because of the mature technology in hydraulic systems. But for L4–L5 
autonomous driving, EMB technology should become the main solution if the 
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technology advances can improve the reliability of the braking system and 
enhance the braking force.  

 

Intelligent cockpit 

With rising vehicle electrification, intelligentization and connectivity, and 
increasing consumer demand for comfort and security, the design concept for 
vehicle cabins is also rapidly changing. The vehicle cockpit is no longer a single 
seat, but a space and platform with an operation system for human-vehicle 
interaction. Today's intelligent cockpit is no longer just connected to Bluetooth, a 
touch screen and a mobile phone; it has a new mission. With the development of 
automobile hardware, technology and lower related costs, cars are becoming 
more and more intelligent. Owners will gradually release their attention, hands 
and eyes, and devote themselves to more cabin operations. Therefore, the 
people design and requirements for intelligent cockpits have become more and 
more interactive and relevant, with a higher degree of use and dependence. 
Intelligent cockpits have therefore gained market attention from being an 
unknown segment to a segment with exploding demand.  

Intelligent cockpits involve technology development in hardware, software and 
human-machine interaction (HMI) (Fig 31). Major hardware systems include a 
liquid crystal display dashboard, HUD, central control display and streaming 
rearview mirror. Software engineering includes an operating system, basic 
software (virtualisation, etc.), an intelligent foundation (user portrait, situational 
awareness, multi-mode fusion interaction, etc.), application development 
(Android based), instrument software development (QNX based), Tbox software 
development (Linux), and cloud services (information security, etc.). The field of 
HMI technology includes mainly user portrait, situational awareness, intelligent 
recommendation, driver monitoring system (DMS), etc., which is divided mainly 
into active and passive intelligent technologies, including gesture recognition, 
finger print, speech recognition, iris recognition and biological recognition.  

 

Figure 32: Intelligent cockpit value chain 

 

SOURCES: CGS-CIMB RESEARCH 

 

Intelligent cockpits will attract traditional tier-1 auto parts suppliers and new 
entrants, likely TMT companies. Intelligent cockpits have higher requirements for 
system integration by combining hardware and software technologies in the 
areas of chips, AI, AR, ADAS, VR, etc.  New tier-1 companies will emerge from 
high-tech companies or traditional tier-1 companies. The winners will be 
companies with the capability to integrate all related hardware and software 
technologies into an intelligent cockpit.  
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Figure 33: New industry supply and demand dynamics for intelligent cockpit segment 

 

SOURCES: CGS-CIMB RESEARCH 

 

Stock picks to separate L1–L3 ADAS from L4–L5 
autonomous driving 

Auto chip, sensor, ADAS and intelligent cockpit companies 
will gain market traction as key beneficiaries of rising L1–L3 
ADAS penetration 

L1–L3 ADAS will see a major demand boost from 2021F, led by 1) tougher 
government regulations for active safety requirements on vehicles, and 2) more 
intense NEV competition, pushing OEMs to add more ADAS features to their 
products for driver comfort and driver-vehicle interaction. The intelligent cockpit 
will also see accelerating demand growth from 2021F, as OEMs enhance the 
intelligent and connectivity features of their products. With rising ADAS and 
intelligent cockpit penetration, auto chip, sensor, ADAS and intelligent cockpit 
companies will be the key beneficiaries, with an accelerating earnings growth 
outlook from 2021F. Figure 33 shows our selected key players in the above-
mentioned segments, which we expect to benefit from rising L1–L3 ADAS and 
intelligent cockpit penetration.  
 
 
Downside risks: We believe, demand growth outlook for L1-L3 ADAS and 
intelligent cockpit might be constrained by 1) global auto demand weaker than 
expected, and 2) chip shortage might last longer than market expectation.  
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Figure 34: Comp sheet for L1–L3 ADAS-related companies   

 

SOURCES: BLOOMBERG, CGS-CIMB RESEARCH, COMPANY REPORTS   

 

New tier-1 companies for future L4–L5 autonomous driving 
will take time to emerge 

L4–L5 autonomous driving will result in major changes in the supply and 
demand sides of the global auto industry. With revolutionary changes in vehicle 
control, the industry’s competitive dynamics will also change, as DCUs or 
centralised computation system integrators will replace traditional tier-1 auto 
parts companies and even OEMs. These potential new tier-1 companies will 
have influence in future auto business model shift to software and services 
through their power in the development of the centralised computing platform for 
future autonomous driving vehicles. Given the complexity and cross-sector 
nature of technology development, various alliances cross sectors or among 
OEMs have been formed (Fig 34). We suggest that investors follow these 
alliances and their technology development trends to find which companies have 
the greatest potential to become the new tier-1 companies. New tier-1 
companies will come from OEMs like Tesla (TSLA US, Non Rated) or 
technology companies like Huawei (Unlisted), Mobileye (Unlisted), Horizon 
(Unlisted) and Baidu (BIDU US, 9888 HK, Non Rated).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Ticker Mkt cap Recom. Target Price Price PEG

US$ m (lc) (lc) 2020 2021F 2022F 2020 2021F 2022F 2021F 2020 2021F 2022F 2020 2021F 2022F 2020 2021F 2022F

Auto chip

Nvidia NVDA US 342,523 NR na    550.34 78.4 40.5 35.8 52.9% 93.7% 13.1% 0.4 20.2 14.0 11.1 0.1% 0.1% 0.1% 25.8% 34.7% 30.9%

Intel INTC US 140,571 NR na    124.62 27.2 16.2 14.5 26.2% 67.6% 11.6% 0.2 23.2 15.3 10.5 2.0% 2.2% 2.2% 85.2% 94.3% 72.4%

Qualcomm QCOM US 216,518 NR na      53.62 10.8 11.8 11.9 4.4% -8.5% -1.0% -1.4 2.7 2.5 2.4 2.5% 2.6% 2.7% 25.0% 21.6% 19.9%

Texas Instruments TXN US 163,094 NR na    176.60 29.2 23.7 22.1 13.5% 23.4% 7.0% 1.0 17.7 14.3 13.5 2.1% 2.4% 2.6% 60.5% 60.5% 61.1%

NXP Semiconductors NXPI US 50,402 NR na    182.78 962.0 19.1 17.3 -77.9% 4938.9% 10.3% 0.0 5.7 6.4 5.9 0.8% 1.2% 1.3% 0.6% 33.3% 33.9%

Infineon Technologies IFX GY 48,625 NR na      30.80 118.4 27.7 23.5 -65.3% 328.1% 18.0% 0.1 4.4 3.7 3.4 0.7% 0.9% 1.0% 3.8% 13.4% 14.4%

STMicroelectronics STM IM 32,023 NR na      29.07 28.3 20.7 18.2 7.8% 36.9% 13.5% 0.6 3.8 3.4 2.9 0.5% 0.7% 0.7% 13.3% 16.5% 16.1%

Renesas Electronics 6723 JP 18,069 NR na      1,142 43.0 22.9 17.5 -8.1 88.3% 30.2% 0.3 3.2 2.6 2.3 0.0% 0.1% 0.2% 7.5% 11.4% 13.1%

On Semiconductor ON US 15,231 NR na      35.67 62.6 19.2 15.8 9.6% 226.7% 21.1% 0.1 4.2 3.5 3.0 0.0% 0.0% 0.0% 6.6% 18.2% 19.1%

Will Technology 603501 CH 35,622 ADD 365.40    264.80 82.5 53.9 41.1 322.4% 53.1% 31.0% 1.0 20.4 15.2 11.4 0.1% 0.2% 0.3% 24.7% 28.2% 27.8%

Sensor

Sunny Optical 2382 HK 23,299 ADD 266.70    165.00 30.8 25.6 20.9 22.2% 20.0% 22.7% 1.3 9.1 7.0 5.4 0.6% 0.8% 0.9% 29.5% 27.2% 26.0%

Luminar Technologies LAZR US 1,988 NR na      10.48 na na na na na na na 5.4 5.8 6.0 0.0% 0.0% 0.0% -52.1% -30.9% -15.2%

Velodyne LIDAR VLDR US 6,763 NR na      19.91 na na na na na na na 43.4 13.5 17.5 0.0% 0.0% 0.0% -543.8% -19.9% -25.5%

Aeva Technologies AEVA US 1,644 NR na        7.79 na na na na na na na na 3.3 4.0 na na na na -13.8% -20.2%

Imioviz INVZ US 1,251 NR na        9.64 na na na na na na na na na na na na na na na na

ADAS

Denso 6902 JP 51,077 NR na      7,100 44.0 16.2 13.5 83.6% 171.4% 19.8% 0.1 1.4 1.4 1.3 2.0% 2.0% 2.3% 3.2% 8.8% 9.8%

Continental CON GY 26,823 NR na    110.92 -23.1 15.4 9.7 na na na -0.1 1.8 1.6 1.5 0.0% 2.2% 3.1% -7.8% 10.4% 14.9%

Huayu Automotive Systems 600741 CH 11,915 NR na      24.39 14.2 11.2 9.8 -16.4% 26.5% 14.2% 0.4 1.5 1.3 1.2 3.1% 3.8% 4.9% 10.3% 12.0% 12.5%

Ningbo Joyson 600699 CH 3,400 NR na      16.04 32.7 18.7 14.1 -36.4% 74.7% 32.6% 0.3 1.4 1.3 1.2 0.9% 1.0% 1.2% 4.4% 7.0% 8.5%

Nexteer 1316 HK 2,603 NR na        8.06 20.8 10.8 8.6 -44.4% 92.0% 26.0% 0.1 1.4 1.2 1.1 0.9% 2.0% 2.5% 6.7% 11.4% 12.9%

Mando 204320 KS 2,676 ADD          90,000    64,500 520.2 15.7 12.8 -94.7% 3214.1% 22.4% 0.0 1.8 1.7 1.5 0.0% 1.1% 1.2% 0.4% 10.9% 11.9%

Hyundai Mobis 012330 KS 23,202 REDUCE         224,000  277,000 16.9 9.5 8.3 -32.4% 77.0% 15.5% 0.1 0.8 0.7 0.7 1.4% 1.5% 1.7% 4.6% 7.7% 8.2%

APTIV APTV US 36,342 NR na    134.37 20.0 35.8 26.5 74.5% -44.2% 35.3% -0.8 4.6 4.3 3.9 0.7% 0.2% 0.4% 23.0% 12.0% 14.6%

Intelligent cockpit

Huizhou Desay 002920 CH 8,285 NR na      97.21 103.4 68.8 51.3 77.4% 50.3% 34.2% 1.4 11.5 10.1 8.7 0.3% 0.4% 0.6% 11.1% 14.7% 17.0%

PER EPS growth P/BV Dividend yield ROE
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Figure 35: Alliances for autonomous driving technology development   

 

SOURCES: CGS-CIMB RESEARCH, COMPANY REPORTS   

 

 

 
 

 
 
 

 

 

Alliance Time Agreement Plan

Toyota 2018.10

Toyota and Softbank jointly established 

Monet, a mobility service company; 

Since then, Honda, Hino, Suzuki and 

other OEMs have also invested in 

Monet.

Plan to implement the driverless project 

by 2023

BMW—Benz 2019.02

BMW and Mercedes-Benz jointly 

develop L3-L4 autonomous driving 

technology.

Realize L5 autonomous driving 

technology by 2025

GM—Honda 2018.10

GM and Honda jointly develop  

autonomous vehicles for future mass 

production; They hence established a 

strategic alliance in North America.

Jointly develop the shared vehicle 

platform in 2021

VW—Ford 2019.01

Two companies jointly develop electric 

vehicles and autonomous driving 

technologies.

Plan to launch the new medium-sized 

pickup truck model and commercial 

vehicle model as early as 2022

Waymo—Volvo 2020.06

Volvo will apply Waymo's  autonomous 

driving technology on its L4 autonomous 

driving vehicles. 

Promote Waymo Driver to international 

market in next few years

Uber—Toyota—Volvo 2016.08

Three parties will jointly develop new 

generation of autonomous vehicles and 

technologies.

Uber plans to purchase more vehicles 

from Volvo equipped with Uber's 

autonomous driving system in the 

future.

Toyota—Pony 2019.08

Toyota invested in Pony; Two 

companies team up on an autonomous 

driving pilot program to accelerate the 

development of autonomous driving 

technologies. 

Advance their joint efforts in 

autonomous driving technology and 

mobility service deployment

Dongfeng—AutoX 2019.04

Dongfeng Motor invested in AutoX. Two 

parties will jointly develop autonomous 

driving technologies.

Autox will build a large-scale self-driving 

fleet and carry out strategic cooperation 

with Dongfeng Motor.

Benz—Nvida 2020.06

Two parties will jointly develop a new 

generation of automotive computing 

platform and intelligent driving operating 

system.

Launch the first automotive computing 

platform product in 2024

BMW—Mobileye—Intel 2016.07
Three parties will jointly develop 

autonomous vehicles.

Realize scale production of L4 

autonomous vehicles in 2021

NAV 2018.07

Volkswagen, NVIDIA, Bosch, 

Continental and Aquantia formed this 

NAV Alliance to develop autonomous 

driving technologies. 

Reach consensus on new technologies 

related to on-board networks and 

promote common autonomous driving 

standards

Hyundai—Aptiv 2019.09

Two parties will  set up an autonomous 

driving JV to promote the development of 

L4-L5 autonomous driving technology.

Scale-production of autonomous driving 

system in 2022 

Xpeng—Desay 2018.06
Two parties will jointly develop 

autonomous driving technologies, 

Realize scale production of L3 

autonomous vehicle in 2020

Huawei"5G Automotive 

Ecosystem"
2020.05

Huawei handed with 18 OEMs such as 

SAIC and FAW to promote 5G 

applications in auto industry. 

Promote autonomous driving and IoV 

and upgrade vehicle connectivity 

technology

Baidu Apollo 2017.07

Baidu handed with OEMs, tier-1 

suppliers, auto parts companies and 

start-up companies like Horizon to 

accelerate the commercialization of 

autonomous driving technologies. 

Start driverless taxis operation in some 

cities in China around 2024

OEM Alliance

OEM—Service provider 

Alliance

OEM—Tier-1 

manufacturer—Chip 

companies Alliance

Ecosystem Alliance
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Appendix 
 

Figure 36: Definitions 

 

SOURCES: CGS-CIMB RESEARCH 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Acronyms Full name

ACC Adaptive Cruise Control

LKA Lane Keeping Assist

LDW Lane Department Warning

AEB Autonomous Emergency Brake

LCC Lane Centering Control

ALC Adaptive Light Control

APA Automoted Parking Assist

BSD Blind Spot Detection

TSR Traffic Sign Recognition

TJA Traffic Jam Assist

HWA Highway Assist

TJP Traffic Jam Pilot

HWP Highway Pilot
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accuracy, completeness, reliability or fairness of any such information and opinion contained in this report. Neither CGS-CIMB nor any of its affiliates 
nor their related persons (including CGIFHL, CIMBG and their related corporations) shall be liable in any manner whatsoever for any consequences 
(including but not limited to any direct, indirect or consequential losses, loss of profits and damages) of any reliance thereon or usage thereof. 

This report is general in nature and has been prepared for information purposes only. It is intended for circulation amongst CGS-CIMB’s clients 
generally and does not have regard to the specific investment objectives, financial situation and the particular needs of any specific person who may 
receive this report. The information and opinions in this report are not and should not be construed or considered as an offer, recommendation or 
solicitation to buy or sell the subject securities, related investments or other financial instruments or any derivative instrument, or any rights 
pertaining thereto. 

Investors are advised to make their own independent evaluation of the information contained in this research report, consider their own individual 
investment objectives, financial situation and particular needs and consult their own professional and financial advisers as to the legal, business, 
financial, tax and other aspects before participating in any transaction in respect of the securities of company(ies) covered in this research report. 

The securities of such company(ies) may not be eligible for sale in all jurisdictions or to all categories of investors. 
 

Restrictions on Distributions 

Australia: Despite anything in this report to the contrary, this research is provided in Australia by CGS-CIMB Securities (Singapore) Pte. Ltd. and 
CGS-CIMB Securities (Hong Kong) Limited. This research is only available in Australia to persons who are “wholesale clients” (within the meaning of 
the Corporations Act 2001 (Cth) and is supplied solely for the use of such wholesale clients and shall not be distributed or passed on to any other 
person. You represent and warrant that if you are in Australia, you are a “wholesale client”. This research is of a general nature only and has been 
prepared without taking into account the objectives, financial situation or needs of the individual recipient. CGS-CIMB Securities (Singapore) Pte. 
Ltd. and CGS-CIMB Securities (Hong Kong) Limited do not hold, and are not required to hold an Australian financial services license. CGS-CIMB 
Securities (Singapore) Pte. Ltd. and CGS-CIMB Securities (Hong Kong) Limited rely on “passporting” exemptions for entities appropriately licensed 
by the Monetary Authority of Singapore (under ASIC Class Order 03/1102) and the Securities and Futures Commission in Hong Kong (under ASIC 
Class Order 03/1103).  

Canada: This research report has not been prepared in accordance with the disclosure requirements of Dealer Member Rule 3400 – Research 
Restrictions and Disclosure Requirements of the Investment Industry Regulatory Organization of Canada. For any research report distributed by 
CIBC, further disclosures related to CIBC conflicts of interest can be found at https://researchcentral.cibcwm.com . 

China: For the purpose of this report, the People’s Republic of China (“PRC”) does not include the Hong Kong Special Administrative Region, the 
Macau Special Administrative Region or Taiwan. The distributor of this report has not been approved or licensed by the China Securities Regulatory 
Commission or any other relevant regulatory authority or governmental agency in the PRC. This report contains only marketing information. The 
distribution of this report is not an offer to buy or sell to any person within or outside PRC or a solicitation to any person within or outside of PRC to 
buy or sell any instruments described herein. This report is being issued outside the PRC to a limited number of institutional investors and may not 
be provided to any person other than the original recipient and may not be reproduced or used for any other purpose. 

France: Only qualified investors within the meaning of French law shall have access to this report. This report shall not be considered as an offer to 
subscribe to, or used in connection with, any offer for subscription or sale or marketing or direct or indirect distribution of financial instruments and it 
is not intended as a solicitation for the purchase of any financial instrument. 

Germany: This report is only directed at persons who are professional investors as defined in sec 31a(2) of the German Securities Trading Act 
(WpHG). This publication constitutes research of a non-binding nature on the market situation and the investment instruments cited here at the time 
of the publication of the information.  

The current prices/yields in this issue are based upon closing prices from Bloomberg as of the day preceding publication. Please note that neither 
the German Federal Financial Supervisory Agency (BaFin), nor any other supervisory authority exercises any control over the content of this report. 

Hong Kong: This report is issued and distributed in Hong Kong by CGS-CIMB Securities (Hong Kong) Limited (“CHK”) which is licensed in Hong 
Kong by the Securities and Futures Commission for Type 1 (dealing in securities) and Type 4 (advising on securities) activities. Any investors wishing 
to purchase or otherwise deal in the securities covered in this report should contact the Head of Sales at CGS-CIMB Securities (Hong Kong) Limited. 
The views and opinions in this research report are our own as of the date hereof and are subject to change. If the Financial Services and Markets 
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Act of the United Kingdom or the rules of the Financial Conduct Authority apply to a recipient, our obligations owed to such recipient therein are 
unaffected. CHK has no obligation to update its opinion or the information in this research report.  

This publication is strictly confidential and is for private circulation only to clients of CHK.  

CHK does not make a market on other securities mentioned in the report. 
 

India: This report is issued and distributed in India by CGS-CIMB Securities (India) Private Limited (“CGS-CIMB India”). CGS-CIMB India is a 
subsidiary of CGS-CIMB Securities International Pte. Ltd. which in turn is a 50:50 joint venture company of CGIFHL and CIMBG. The details of the 
members of the group of companies of CGS-CIMB can be found at www.cgs-cimb.com, CGIFHL at 
www.chinastock.com.hk/en/ACG/ContactUs/index.aspx and CIMBG at www.cimb.com/en/who-we-are.html. CGS-CIMB India is registered with the 
National Stock Exchange of India Limited and BSE Limited as a trading and clearing member (Merchant Banking Number: INM000012037) under 
the Securities and Exchange Board of India (Stock Brokers and Sub-Brokers) Regulations, 1992. In accordance with the provisions of Regulation 
4(g) of the Securities and Exchange Board of India (Investment Advisers) Regulations, 2013, CGS-CIMB India is not required to seek registration 
with the Securities and Exchange Board of India (“SEBI”) as an Investment Adviser. CGS-CIMB India is registered with SEBI (SEBI Registration 
Number: INZ000209135) as a Research Analyst (INH000000669) pursuant to the SEBI (Research Analysts) Regulations, 2014 ("Regulations"). 

This report does not take into account the particular investment objectives, financial situations, or needs of the recipients. It is not intended for and 
does not deal with prohibitions on investment due to law/jurisdiction issues etc. which may exist for certain persons/entities. Recipients should rely 
on their own investigations and take their own professional advice before investment.  

The report is not a “prospectus” as defined under Indian Law, including the Companies Act, 2013, and is not, and shall not be, approved by, or filed 
or registered with, any Indian regulator, including any Registrar of Companies in India, SEBI, any Indian stock exchange, or the Reserve Bank of 
India. No offer, or invitation to offer, or solicitation of subscription with respect to any such securities listed or proposed to be listed in India is being 
made, or intended to be made, to the public, or to any member or section of the public in India, through or pursuant to this report. 

The research analysts, strategists or economists principally responsible for the preparation of this research report are segregated from the other 
activities of CGS-CIMB India and they have received compensation based upon various factors, including quality, accuracy and value of research, 
firm profitability or revenues, client feedback and competitive factors. Research analysts', strategists' or economists' compensation is not linked to 
investment banking or capital markets transactions performed or proposed to be performed by CGS-CIMB India or its affiliates. 

CGS-CIMB India does not have actual / beneficial ownership of 1% or more securities of the subject company in this research report, at the end of 
the month immediately preceding the date of publication of this research report. However, since affiliates of CGS-CIMB India are engaged in the 
financial services business, they might have in their normal course of business financial interests or actual / beneficial ownership of one per cent or 
more in various companies including the subject company in this research report. 

CGS-CIMB India or its associates, may: (a) from time to time, have long or short position in, and buy or sell the securities of the subject company in 
this research report; or (b) be engaged in any other transaction involving such securities and earn brokerage or other compensation or act as a 
market maker in the financial instruments of the subject company in this research report or act as an advisor or lender/borrower to such company or 
may have any other potential conflict of interests with respect to any recommendation and other related information and opinions. 

CCGS-CIMB India, its associates and the analyst engaged in preparation of this research report have not received any compensation for investment 
banking, merchant banking or brokerage services from the subject company mentioned in the research report in the past 12 months.  

CGS-CIMB India, its associates and the analyst engaged in preparation of this research report have not managed or co-managed public offering of 
securities for the subject company mentioned in the research report in the past 12 months. The analyst from CGS-CIMB India engaged in 
preparation of this research report or his/her relative (a) do not have any financial interests in the subject company mentioned in this research report; 
(b) do not own 1% or more of the equity securities of the subject company mentioned in the research report as of the last day of the month preceding 
the publication of the research report; (c) do not have any material conflict of interest at the time of publication of the research report 

Indonesia: This report is issued and distributed by PT CGS-CIMB Sekuritas Indonesia (“CGS-CIMB Indonesia”). The views and opinions in this 
research report are our own as of the date hereof and are subject to change. CGS-CIMB Indonesia has no obligation to update its opinion or the 
information in this research report. This report is for private circulation only to clients of CGS-CIMB Indonesia. Neither this report nor any copy hereof 
may be distributed in Indonesia or to any Indonesian citizens wherever they are domiciled or to Indonesian residents except in compliance with 
applicable Indonesian capital market laws and regulations. 

This research report is not an offer of securities in Indonesia. The securities referred to in this research report have not been registered with the 
Financial Services Authority (Otoritas Jasa Keuangan) pursuant to relevant capital market laws and regulations, and may not be offered or sold 
within the territory of the Republic of Indonesia or to Indonesian citizens through a public offering or in circumstances which constitute an offer within 
the meaning of the Indonesian capital market law and regulations. 

Ireland: CGS-CIMB is not an investment firm authorised in the Republic of Ireland and no part of this document should be construed as CGS-CIMB 
acting as, or otherwise claiming or representing to be, an investment firm authorised in the Republic of Ireland. 

Malaysia: This report is distributed in Malaysia by CGS-CIMB Securities Sdn. Bhd. (“CGS-CIMB Malaysia”) solely for the benefit of and for the 
exclusive use of our clients. Recipients of this report are to contact CGS-CIMB Malaysia, at 29th Floor Menara CIMB No. 1 Jalan Stesen Sentral 2, 
Kuala Lumpur Sentral 50470 Kuala Lumpur, Malaysia, in respect of any matters arising from or in connection with this report. CGS-CIMB Malaysia 
has no obligation to update, revise or reaffirm its opinion or the information in this research reports after the date of this report.  

New Zealand: In New Zealand, this report is for distribution only to persons who are wholesale clients pursuant to section 5C of the Financial 
Advisers Act 2008. 

Singapore: This report is issued and distributed by CGS-CIMB Research Pte Ltd (“CGS-CIMBR”). CGS-CIMBR is a financial adviser licensed under 
the Financial Advisers Act, Cap 110 (“FAA”) for advising on investment products, by issuing or promulgating research analyses or research reports, 
whether in electronic, print or other form. Accordingly, CGS-CIMBR is a subject to the applicable rules under the FAA unless it is able to avail itself to 
any prescribed exemptions. 

Recipients of this report are to contact CGS-CIMB Research Pte Ltd, 50 Raffles Place, #16-02 Singapore Land Tower, Singapore in respect of any 
matters arising from, or in connection with this report. CGS-CIMBR has no obligation to update its opinion or the information in this research report. 
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This publication is strictly confidential and is for private circulation only. If you have not been sent this report by CGS-CIMBR directly, you may not 
rely, use or disclose to anyone else this report or its contents. 

If the recipient of this research report is not an accredited investor, expert investor or institutional investor, CGS-CIMBR accepts legal responsibility 
for the contents of the report without any disclaimer limiting or otherwise curtailing such legal responsibility. If the recipient is an accredited investor, 
expert investor or institutional investor, the recipient is deemed to acknowledge that CGS-CIMBR is exempt from certain requirements under the FAA 
and its attendant regulations, and as such, is exempt from complying with the following: 

(a)  Section 25 of the FAA (obligation to disclose product information); 

(b)  Section 27 (duty not to make recommendation with respect to any investment product without having a reasonable basis where you may be 
reasonably expected to rely on the recommendation) of the FAA; 

(c)  MAS Notice on Information to Clients and Product Information Disclosure [Notice No. FAA-N03]; 

(d)  MAS Notice on Recommendation on Investment Products [Notice No. FAA-N16]; 

(e)  Section 36 (obligation on disclosure of interest in specified products), and 

(f)  any other laws, regulations, notices, directive, guidelines, circulars and practice notes which are relates to the above, to the extent permitted by 
applicable laws, as may be amended from time to time, and any other laws, regulations, notices, directive, guidelines, circulars, and practice notes 
as we may notify you from time to time. In addition, the recipient who is an accredited investor, expert investor or institutional investor acknowledges 
that as CGS-CIMBR is exempt from Section 27 of the FAA, the recipient will also not be able to file a civil claim against CGS-CIMBR for any loss or 
damage arising from the recipient’s reliance on any recommendation made by CGS-CIMBR which would otherwise be a right that is available to the 
recipient under Section 27 of the FAA, the recipient will also not be able to file a civil claim against CGS-CIMBR for any loss or damage arising from 
the recipient’s reliance on any recommendation made by CGS-CIMBR which would otherwise be a right that is available to the recipient under 
Section 27 of the FAA.  

CGS-CIMBR, its affiliates and related corporations, their directors, associates, connected parties and/or employees may own or have positions in 
specified products of the company(ies) covered in this research report or any specified products related thereto and may from time to time add to or 
dispose of, or may be materially interested in, any such specified products. Further, CGS-CIMBR, its affiliates and its related corporations do and 
seek to do business with the company(ies) covered in this research report and may from time to time act as market maker or have assumed an 
underwriting commitment in specified products of such company(ies), may sell them to or buy them from customers on a principal basis and may 
also perform or seek to perform significant investment banking, advisory, underwriting or placement services for or relating to such company(ies) as 
well as solicit such investment, advisory or other services from any entity mentioned in this report. 

As of May 12, 2021, CGS-CIMBR does not have a proprietary position in the recommended specified products in this report. 

CGS-CIMBR does not make a market on other specified products mentioned in the report. 

South Korea: This report is issued and distributed in South Korea by CGS-CIMB Securities (Hong Kong) Limited, Korea Branch (“CGS-CIMB 
Korea”) which is licensed as a cash equity broker, and regulated by the Financial Services Commission and Financial Supervisory Service of Korea. 
In South Korea, this report is for distribution only to professional investors under Article 9(5) of the Financial Investment Services and Capital Market 
Act of Korea (“FSCMA”). 

Spain: This document is a research report and it is addressed to institutional investors only. The research report is of a general nature and not 
personalised and does not constitute investment advice so, as the case may be, the recipient must seek proper advice before adopting any 
investment decision. This document does not constitute a public offering of securities.  

CGS-CIMB is not registered with the Spanish Comision Nacional del Mercado de Valores to provide investment services. 

Sweden: This report contains only marketing information and has not been approved by the Swedish Financial Supervisory Authority. The 
distribution of this report is not an offer to sell to any person in Sweden or a solicitation to any person in Sweden to buy any instruments described 
herein and may not be forwarded to the public in Sweden. 

Switzerland: This report has not been prepared in accordance with the recognized self-regulatory minimal standards for research reports of banks 
issued by the Swiss Bankers’ Association (Directives on the Independence of Financial Research). 

Thailand: This report is issued and distributed by CGS-CIMB Securities (Thailand) Co. Ltd. (“CGS-CIMB Thailand”) based upon sources believed to be reliable (but 
their accuracy, completeness or correctness is not guaranteed). The statements or expressions of opinion herein were arrived at after due and careful consideration 
for use as information for investment. Such opinions are subject to change without notice and CGS-CIMB Thailand has no obligation to update its opinion or the 
information in this research report. 

CGS-CIMB Thailand may act or acts as Market Maker, and issuer and offeror of Derivative Warrants and Structured Note which may have the following securities as 
its underlying securities. Investors should carefully read and study the details of the derivative warrants in the prospectus before making investment decisions.  

ACE, ADVANC, AEONTS, AMATA, AOT, AP, AWC, BAM, BANPU, BBL, BCH, BCP, BCPG, BDMS, BEC, BEM, BGRIM, BH, BJC, BPP, BTS, CBG, CENTEL, CHG, 
CK, CKP, COM7, CPALL, CPF, CPN, CRC, DELTA, DOHOME, DTAC, EA, EGCO, EPG, ESSO, GFPT, GLOBAL, GPSC, GULF, GUNKUL, HANA, HMPRO, 
INTUCH, IRPC, IVL, JAS, JAMART, JMT, KBANK, KCE, KKP, KTB, KTC, LH, MAJOR, MBK, MEGA, MINT, MTC, OR, ORI, OSP, PLANB, PRM, PTG, PTT, PTTEP, 
PTTGC, QH, RATCH, RBF, RS, SAWAD, SCB, SCC, SCGP, SPALI, SPRC, STA, STEC, SUPER, TASCO, TCAP, THANI, TISCO, TMB, TOA, TOP, TPIPP, TQM, 
TRUE, TTW, TU, TVO, VGI, WHA, WHAUP, AAV, ERW, MC, PSL, SIRI, TKN. 

Corporate Governance Report: 

The disclosure of the survey result of the Thai Institute of Directors Association (“IOD”) regarding corporate governance is made pursuant to the policy of the Office of 
the Securities and Exchange Commission. The survey of the IOD is based on the information of a company listed on the Stock Exchange of Thailand and the Market 
for Alternative Investment disclosed to the public and able to be accessed by a general public investor. The result, therefore, is from the perspective of a third party. It 
is not an evaluation of operation and is not based on inside information. 

The survey result is as of the date appearing in the Corporate Governance Report of Thai Listed Companies. As a result, the survey result may be changed after that 
date. CGS-CIMB Thailand does not confirm nor certify the accuracy of such survey result. 
 

Score Range: 90 - 100 80 – 89 70 - 79 Below 70 No Survey Result 

Description: Excellent Very Good Good N/A N/A 
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United Arab Emirates: The distributor of this report has not been approved or licensed by the UAE Central Bank or any other relevant licensing 
authorities or governmental agencies in the United Arab Emirates. This report is strictly private and confidential and has not been reviewed by, 
deposited or registered with UAE Central Bank or any other licensing authority or governmental agencies in the United Arab Emirates. This report is 
being issued outside the United Arab Emirates to a limited number of institutional investors and must not be provided to any person other than the 
original recipient and may not be reproduced or used for any other purpose. Further, the information contained in this report is not intended to lead to 
the sale of investments under any subscription agreement or the conclusion of any other contract of whatsoever nature within the territory of the 
United Arab Emirates.  

United Kingdom and European Economic Area (EEA): In the United Kingdom and European Economic Area, this material is also being 
distributed by CGS-CIMB Securities (UK) Limited (“CGS-CIMB UK”). CGS-CIMB UK is authorized and regulated by the Financial Conduct Authority 
and its registered office is at 53 New Broad Street, London EC2M 1JJ. The material distributed by CGS-CIMB UK has been prepared in accordance 
with CGS-CIMB’s policies for managing conflicts of interest arising as a result of publication and distribution of this material. This material is for 
distribution only to, and is solely directed at, selected persons on the basis that those persons: (a) are eligible counterparties and professional clients 
of CGS-CIMB UK; (b) have professional experience in matters relating to investments falling within Article 19(5) of the Financial Services and 
Markets Act 2000 (Financial Promotion) Order 2005 (as amended, the “Order”), (c)  fall within Article 49(2)(a) to (d) (“high net worth companies, 
unincorporated associations etc”) of the Order; (d) are outside the United Kingdom subject to relevant regulation in each jur isdiction, material(all 
such persons together being referred to as “relevant persons”). This material is directed only at relevant persons and must not be acted on or relied 
on by persons who are not relevant persons. Any investment or investment activity to which this material relates is available only to relevant persons 
and will be engaged in only with relevant persons. 

This material is categorised as non-independent for the purposes of CGS-CIMB UK and therefore does not provide an impartial or objective 
assessment of the subject matter and does not constitute independent research. Consequently, this material has not been prepared in accordance 
with legal requirements designed to promote the independence of research and will not be subject to any prohibition on dealing ahead of the 
dissemination of research. Therefore, this material is considered a marketing communication.  

United States: This research report is distributed in the United States of America by CGS-CIMB Securities (USA) Inc, a U.S. registered broker-
dealer and an affiliate of CGS-CIMB Securities Sdn. Bhd. (formerly known as Jupiter Securities Sdn. Bhd.), CGS-CIMB Research Pte Ltd, PT CGS-
CIMB Sekuritas Indonesia, CGS-CIMB Securities (Thailand) Co. Ltd, CGS-CIMB Securities (Hong Kong) Limited and CGS-CIMB Securities (India) 
Private Limited, and is distributed solely to persons who qualify as “U.S. Institutional Investors” as defined in Rule 15a-6 under the Securities and 
Exchange Act of 1934. This communication is only for Institutional Investors whose ordinary business activities involve investing in shares, bonds, 
and associated securities and/or derivative securities and who have professional experience in such investments. Any person who is not a U.S. 
Institutional Investor or Major Institutional Investor must not rely on this communication. The delivery of this research report to any person in the 
United States of America is not a recommendation to effect any transactions in the securities discussed herein, or an endorsement of any opinion 
expressed herein. CGS-CIMB Securities (USA) Inc, is a FINRA/SIPC member and takes responsibility for the content of this report. For further 
information or to place an order in any of the above-mentioned securities please contact a registered representative of CGS-CIMB Securities (USA) 
Inc. 

CGS-CIMB Securities (USA) Inc. does not make a market on other securities mentioned in the report. 

CGS-CIMB Securities (USA) Inc. has not managed or co-managed a public offering of any of the securities mentioned in the past 12 months. 

CGS-CIMB Securities (USA) Inc. has not received compensation for investment banking services from any of the company mentioned in the past 12 
months. 

CGS-CIMB Securities (USA) Inc. neither expects to receive nor intends to seek compensation for investment banking services from any of the 
company mentioned within the next 3 months. 

United States Third-Party Disclaimer: If this report is distributed in the United States of America by Raymond James & Associates, Inc (“RJA”), this 
report is third-party research prepared for and distributed in the United States of America by RJA pursuant to an arrangement between RJA and 
CGS-CIMB Securities International Pte. Ltd. (“CGS-CIMB”). CGS-CIMB is not an affiliate of RJA. This report is distributed solely to persons who 
qualify as “U.S. Institutional Investors” or as “Major U.S. Institutional Investors” as defined in Rule 15a-6 under the Securities and Exchange Act of 
1934, as amended. This communication is only for U.S. Institutional Investors or Major U.S. Institutional Investor whose ordinary business activities 
involve investing in shares, bonds, and associated securities and/or derivative securities and who have professional experience in such investments. 
Any person who is not a U.S. Institutional Investor or Major U.S. Institutional Investor must not rely on this communication. The delivery of this report 
to any person in the U.S. is not a recommendation to effect any transactions in the securities discussed herein, or an endorsement of any opinion 
expressed herein. If you are receiving this report in the U.S from RJA, a FINRA/SIPC member, it takes responsibility for the content of this report. For 
further information or to place an order in any of the above-mentioned securities please contact a registered representative of CGS-CIMB Securities 
(USA) Inc. or RJA.  https://raymondjames.com/InternationalEquityDisclosures  

Other jurisdictions: In any other jurisdictions, except if otherwise restricted by laws or regulations, this report is only for distribution to professional, 
institutional or sophisticated investors as defined in the laws and regulations of such jurisdictions.  

 

Rating Distribution (%) Inv estment Banking clients (%)

Add 70.3% 1.1%

Hold 19.6% 0.2%

Reduce 10.1% 0.2%

Distribution of stock ratings and inv estment banking clients for quarter ended on 31 March 2021

613 companies under cov erage for quarter ended on 31 March 2021

https://raymondjames.com/InternationalEquityDisclosures
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Corporate Governance Report of Thai Listed Companies (CGR). CG Rating by the Thai Institute of Directors Association (Thai IOD) in 
2020, Anti-Corruption 2020 

ADVANC – Excellent, Certified, AMATA – Excellent, Certified, ANAN – Excellent, n/a, AOT – Excellent, n/a, AP – Excellent, Certified, ASP – 
Excellent, n/a, AU – Good, n/a, BAM – Very Good, Certified, BAY – Excellent, Certified, BBL – Very Good, Certified, BCH – Good, Certified, BCP - 
Excellent, Certified, BCPG – Excellent, Certified, BDMS – Excellent, n/a, BEAUTY – Good, n/a, BH - Good, n/a, BJC – Very Good, n/a, BLA – 
Excellent, Certified, BTS - Excellent, Certified, CBG – Very Good, n/a, CCET – n/a, n/a, CENTEL – Excellent, Certified, CHAYO – Very Good, n/a, 
CHG – Very Good, n/a, CK – Excellent, n/a, COM7 – Very Good, Certified,  CPALL – Excellent, Certified, CPF – Excellent, Certified, CPN - 

Excellent, Certified, CPNREIT – n/a, n/a, CRC – Very Good, n/a, DELTA - Excellent, Certified, DDD – Very Good, n/a, DIF – n/a, n/a, DOHOME – 

Very Good, n/a, DREIT – n/a, n/a, DTAC – Excellent, Certified, ECL – Excellent, Certified, EGCO - Excellent, Certified, EPG – Excellent, Certified, 
ERW – Very Good, Certified, GFPT - Excellent, Certified, GGC – Excellent, Certified, GLOBAL – Very Good, n/a, HANA - Excellent, Certified, 
HMPRO - Excellent, Certified, HUMAN – Good, n/a, ICHI – Excellent, Certified, III – Excellent, n/a, INTUCH - Excellent, Certified, IRPC – Excellent, 
Certified, ITD – Very Good, n/a, IVL - Excellent, Certified, JASIF – n/a, n/a, JKN – Excellent, Declared, JMT – Very Good, Declared, KBANK - 
Excellent, Certified, KCE - Excellent, Certified, KEX – n/a, n/a, KKP – Excellent, Certified, KSL – Excellent, Certified, KTB - Excellent, Certified, 
KTC – Excellent, Certified, LH - Excellent, n/a, LPN – Excellent, Certified, M – Very Good, Certified, MAKRO – Excellent, Certified, MC – Excellent, 
Certified, MEGA – Very Good, n/a, MINT - Excellent, Certified, MTC – Excellent, Certified, NETBAY – Very Good, n/a, NRF – n/a, n/a, OR – n/a, n/a, 
ORI – Excellent, Certified,  OSP – Very Good, n/a, PLANB – Excellent, Certified, PRINC – Very Good, Certified, PR9 – Excellent, n/a, PSH – 
Excellent, Certified, PTT - Excellent, Certified, PTTEP - Excellent, Certified, PTTGC - Excellent, Certified, QH – Excellent, Certified, RBF – Good, 
n/a, RS – Excellent, n/a, RSP – Good, n/a, S – Excellent, n/a, SAK – n/a, n/a, SAPPE – Very Good, Certified, SAWAD – Very Good, n/a,  SCB - 
Excellent, Certified, SCC – Excellent, Certified, SCGP – n/a, n/a, SHR – Very Good, n/a, SIRI – Excellent, Certified, SPA – Very Good, n/a, SPALI - 
Excellent, Declared, SPRC – Excellent, Certified, SSP - Good, Declared, STEC – n/a, n/a, SVI – Excellent, Certified, SYNEX – Very Good, n/a, 
TCAP – Excellent, Certified, THANI – Excellent, Certified, TISCO - Excellent, Certified, TKN – Very Good, n/a, TMB - Excellent, Certified, TOP - 
Excellent, Certified, TRUE – Excellent, Certified, TU – Excellent, Certified, TVO – Excellent, Certified, VGI – Excellent, Certified, WHA – Excellent, 
Certified, WHART – n/a, n/a, WICE – Excellent, Certified, WORK – Good, n/a. 
- CG Score 2020 from Thai Institute of Directors Association (IOD) 
- Companies participating in Thailand's Private Sector Collective Action Coalition Against Corruption programme (Thai CAC) under Thai Institute of Directors (as of January 30, 2021) are 
categorised into: companies that have declared their intention to join CAC, and companies certified by CAC. 
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Recommendation Framework 

Stock Ratings Definition: 

 Add The stock’s total return is expected to exceed 10% over the next 12 months. 

 Hold The stock’s total return is expected to be between 0% and positive 10% over the next 12 months. 

 Reduce The stock’s total return is expected to fall below 0% or more over the next 12 months. 

The total expected return of a stock is defined as the sum of the: (i) percentage difference between the target price and the current price and (ii) the forward net 
dividend yields of the stock.  Stock price targets have an investment horizon of 12 months.  
  

Sector Ratings Definition: 

 Overweight An Overweight rating means stocks in the sector have, on a market cap-weighted basis, a positive absolute recommendation. 

 Neutral A Neutral rating means stocks in the sector have, on a market cap-weighted basis, a neutral absolute recommendation. 

 Underweight An Underweight rating means stocks in the sector have, on a market cap-weighted basis, a negative absolute recommendation. 
  

Country Ratings Definition: 

 Overweight An Overweight rating means investors should be positioned with an above-market weight in this country relative to benchmark. 

 Neutral A Neutral rating means investors should be positioned with a neutral weight in this country relative to benchmark. 

 Underweight An Underweight rating means investors should be positioned with a below-market weight in this country relative to benchmark. 
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International Network 
 
Asia 
     
     

China 
Unit 802 AZIA Center 
1233 Lujiazui Ring Road 
Pudong New District 
Shanghai 200120 
T: +86 (21) 6194-0212 / +86 (21) 6194-0218 

 Hong Kong 
25/F, The Gloucester Tower 
The Landmark, 15 Queen’s Road  
Central, Hong Kong 
T: +852 2868-0380 
F: +852 2537-1928 

 India  
CIMB Securities (India) Private Limited 
603 , Platina 
G Block ; Bandra Kurla Complex  
Bandra (East) 
Mumbai 400 051, India 
T: +91 (22) 6602-5252 

     
     

Indonesia 
The Indonesia Stock Exchange Building 
Tower II, 20th Floor 
Jl. Jend. Sudirman, Kav. 52-53 
Jakarta 12190 
T: +62 (21) 515-1330 
F: +62 (21) 515-1335 

 Malaysia 
Level 17, Menara CIMB 
Jalan Stesen Sentral 2 
Kuala Lumpur Sentral 
50470 Kuala Lumpur. 
T: +60 (3) 2261 8888 
F: +60 (3) 2261 8899 

 Singapore 
50 Raffles Place 
#01-01 
Singapore Land Tower (S048623) 
T: +65 6225-1228 
F: +65 6224-6906 

     
     

South Korea 
CIMB Securities Limited, Korea Branch 
15F, S-Tower, 116 Shinmun-ro 1-ga 
Jongro-gu, Seoul 110-700 
T: +82 (2) 6730-6000 
F: +82 (2) 6730-6183 

 Sri Lanka 
Level 33, West Tower  
World Trade Center  
Echelon Square  
Colombo 01 

  

     
     

Thailand 
132 Sindhorn Tower 3, 12th Floor 
Wireless Road, Lumpini, Pathumwan 
Bangkok 10330 
T: +66 (2) 841-9000 
F: +66 (2) 657-9240 

 Vietnam 
CIMB Securities International Ltd. 
90 Pasteur Street 
District 1, HCMC 
Vietnam  
T: +84 839146925 
F: +84 839 146924 

  

     
     

Philippines 
SB Equities, Inc. 
(a strategic partner with CIMB Securities) 
18F Security Bank Centre  
6776 Ayala Ave. 
Makati 0719 
T: +63 (2) 891-1243 / +63 (2) 891-1258 
F: +63 (2) 813-3349 

 Sri Lanka 
John Keells Stock Brokers (Pvt) Ltd 
(a strategic partner with CIMB Securities) 
130 Glennie Street  
Colombo 00200  
T: +94 (0) 11 230 6271  
F: +94 (0) 11 234 2068 
 
 
 

  

 

Europe  Americas   
     
     

United Kingdom 
(2719607) 
27 Knightsbridge 
London, SW1X 7YB 
T: +44 (20) 7201-2199 
F: +44 (20) 7201-2191 

 USA 
(52-1971703) 
7 Times Square #1605 
New York, NY 10036 
T: +1 (212) 616 8600 
F: +1 (212) 616 8639 

  

 
 
 


	Autonomous driving is more than ADAS
	L1-L3 driver assistance stage

	Pure vehicle-side autonomy has its limitations in sensing and computation, which makes it difficult to reduce vehicle intelligentization costs, thus hampering the commercialisation of L4–L5 autonomous driving. So vehicle–road–cloud collaboration is co...
	So IoV/smart transportation are themes that are related to autonomous driving that we cannot ignore. As we pointed out in a previous section, autonomous driving above L4 goes beyond vehicle-side ADAS; it has to combine system solutions on the infrastr...
	 Smart transportation is a bigger concept than autonomous driving and IoV (Fig 9). In our Smart Transportation report, published in November 2019, we pointed out that smart transportation is about the use of advanced information and communication tec...
	 Autonomous driving involves mainly vehicles, i.e. the equipment perspective. L1–L3 autonomous driving, as we mentioned in the first section, is manly ADAS, i.e. safety features or other features for driver assistance and comfort. But autonomous driv...
	 IoV refers to a network of different entities, such as vehicles, pedestrians, roads, parking lots and city infrastructure, and provides real-time communication among these entities. IoV, including V2X, facilitates L4–L5 autonomous driving. IoV also ...
	Commercialisation of L4–L5 autonomous driving facing hurdles regarding infrastructure, regulations,  cost and consumer acceptance in the near term
	L4–L5 autonomous driving changes to vehicle control architecture will transform the global auto industry value chain
	Auto industry value accretion will increasingly come from E/E products, software and services when autonomous driving moves to the L4–L5 level
	Chips, operating systems, sensors, V2X, x-by-wire and intelligent cockpits are the key technology innovation areas empowering future autonomous driving
	With rising vehicle digitalisation and intelligentization, chips, operating systems, sensors, V2X, steer-by-wire, and intelligent cockpits are key areas requiring major technology breakthroughs to help realise L4–L5 autonomous driving. As new tier-1 p...
	Auto chips
	Auto chips are used mainly for monitoring and controlling the different vehicle functions, such as engine control, various ADAS functions, battery management systems, and information and entertainment system control. Chips can be viewed as micro super...
	The number of chips on a vehicle could rise from a few hundred in a traditional vehicle to more than 1,000 on a vehicle with ADAS features. It is worth highlighting that auto chips, unlike industrial grade chips or consumer grade chips, have much more...
	Auto chips, or auto semiconductors, can be divided into analog ICs, discrete devices, logic ICs, memory ICs, MCUs (microcontroller units), optical semiconductors, sensors and actuators (Fig 24). With advances in autonomous driving and intelligent cock...
	Chips for autonomous driving, especially L4–L5 autonomous driving, are the most complex ones to develop. They are required to process massive data captured by the sensors and then provide real-time feedback, such as traffic conditions, events, weather...
	For chips uses in autonomous driving, the key players choose between GPU, FPGA and ASICS technologies. CPUs are generally avoided for autonomous driving, as they will overload when running a lot of AI-related tasks. GPUs are traditionally used for gra...
	So far, the chip technology for L1–L2 ADAS is mature and is being used. Some of the chips can also achieve L3 ADAS functionality. But mature chip technology for L4–L5 autonomous driving still has a long way to go, depending on the technology developme...
	Auto operation system
	Auto operation systems (OS) are split into two systems, one for ADAS and vehicle operations, like steering, switching gears, braking and fuel consumption, and one for vehicle infotainment systems, which run different applications. With advances in aut...
	As we mentioned in a previous section, a centralised computation platform will become mainstream for future intelligent and connected vehicles, especially for L4–L5 autonomous driving. The auto driving OS under this centralised computation platform wi...
	The intelligent cockpit is a combination of different cockpit electronics into a complete system. With liquid crystal instruments, HUD, central control screens and central control on-board information terminals, backseat HMI entertainment screens, rea...
	The intelligent cockpit OS integrates chip hardware and creates a development framework and algorithm library, thus providing the customised development of a user application platform, and supporting voice and image recognition and other multi-mode hu...
	Both operation systems will work under the centralised computing platform for L4–L5 autonomous driving. In a broad sense, the operating system will contain system software and functional software. From bottom to top, the car-board central computing pl...
	From the development perspective, the future auto OS can be classified into four types, based on the extent to which changes will be made to the basic operation system.
	1. auto OS refers to a base auto OS, such as QNX, Linux or Android, including all base components, like system kernel, underlying driver and virtual machine.
	2. Custom-made auto OS is developed and tailored on the basis of a basic OS with OEMs and tier-1 suppliers to make a cockpit OS and an autonomous driving OS platform reality. Examples are Huawei Hongmeng, AliOS, Baidu in-car OS and VW.OS.
	3. ROM auto OS refers to customised OS development based on Android or Linux, instead of changing the system kernel. Some major OEMs, like BMW, Benz, NIO and Xpeng, are expected to develop ROM auto OS.
	4. Super auto APP (also called a phone mapping system) refers to a versatile APP integrating map, music, voice, sociality, etc., to meet car owners’ needs. Examples are Android Auto from Google, CarLife from Baidu, and CarPlay from Apple.
	In the auto OS segment, OEMs prefer a neutral and free OS. They want to gain control of vehicle base software and hardware and opt to use a neutral OS. They need to reduce the development cycle and costs by collaborating and leveraging open source sof...
	Under the trend of continuous standardisation of automobile communication and autonomous driving platforms, there is also huge development space for middleware business connecting the hardware bottom layer and application layer. Middleware is aimed ma...
	Sensors
	Autonomous driving vehicles are a comprehensive system integrating environmental awareness, planning and decision-making, motion control, multi-level auxiliary driving and other functions. The key environmental awareness system in autonomous driving i...
	Sensors are divided into two categories, 1) cameras and 2) radar, including ultrasonic radar, millimeter-wave radar and laser radar (Lidar). In general, cameras outperform in imaging, while radar provides higher accuracy in ranging. The key performanc...
	Owing to different autonomous driving routes and different levels of autonomous driving, the types of sensors deployed are slightly different. There are two main technical routes for autonomous driving sensor systems. One is the visually dominant solu...
	Comparing with LiDAR, cameras and millimeter-wave radar are much cheaper. A camera costs only US$25–$50, while the current market price for a LiDAR is US$500–1,500. Taking Tesla's Autopilot 2.0 system as an example, the system uses 8 cameras, 1 millim...
	LiDAR has better performance in measurement accuracy, but it also has some reliability issues. LiDAR measures the relative distance between the contour edge of the object and the equipment by emitting laser beams, thus accurately capturing the contour...
	So far, there is no clear conclusion about which solution is better. The adoption of each technology may depend on 1) whether the cost of LiDAR can be reduced to an acceptable level for scale production, 2) whether the algorithm can allow a visually d...
	V2X
	V2X (Vehicle to Everything) is a technology for the interaction between the car and the outside world. In V2X, X is a variable, which can be replaced by V, I, P, N, etc., namely, Cars and Cars (V2V), Cars and Infrastructure (V2I), Cars and Pedestrians...
	V2X has several technical directions, including DSRC, LTE-V2X, and 5G-V2X. But the main technology development will be LTE-V2X and then transforming to 5G-V2X. V2X communication technology, based on an LTE mobile cellular network, is a kind of cellula...
	For ADAS, V2X is used mainly to realise the active safety of vehicles based on the GNSS position, vehicle driving state parameters and roadside information. V2X does not involve control of the vehicle; it only sends a warning message to alert the driv...
	X-by-wire
	X-by-wire technology refers to the use of electrical or electro-mechanical systems to perform vehicle functions traditionally achieved by mechanical linkages. At present, X-by-wire technology includes applications used in shift-by-wire system, brake-b...
	Steer-by-wire: Currently, electronic power steering (EPS) is applied mainly in vehicles. EPS is very close to steer-by-wire, but steer-by-wire removes the mechanical connection between the steering wheel and the wheels. Instead, steer-by-wire obtains ...
	Brake-by-wire: Traditional braking systems need to obtain a vacuum relying on the engine, which is not applicable to intelligent NEVs (either not equipped with an engine or a non-workable engine). The market has come up with two solutions: 1) an elect...
	Intelligent cockpit
	With rising vehicle electrification, intelligentization and connectivity, and increasing consumer demand for comfort and security, the design concept for vehicle cabins is also rapidly changing. The vehicle cockpit is no longer a single seat, but a sp...
	Intelligent cockpits involve technology development in hardware, software and human-machine interaction (HMI) (Fig 31). Major hardware systems include a liquid crystal display dashboard, HUD, central control display and streaming rearview mirror. Soft...
	Intelligent cockpits will attract traditional tier-1 auto parts suppliers and new entrants, likely TMT companies. Intelligent cockpits have higher requirements for system integration by combining hardware and software technologies in the areas of chip...
	Stock picks to separate L1–L3 ADAS from L4–L5 autonomous driving
	Auto chip, sensor, ADAS and intelligent cockpit companies will gain market traction as key beneficiaries of rising L1–L3 ADAS penetration
	New tier-1 companies for future L4–L5 autonomous driving will take time to emerge
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