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*1: Autonomous Driving System



1. Why is ADS*1 difficult?

*1: Autonomous Driving System
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 Performance

 Lv.4 ADS requires over
100TOPS (System Total)
of Compute Performance

 Design Methodology

 Design time should be
less than five years (H/W)
or three years (S/W)

 “Automotive” Quality

 Maintenance
 Update will be needed

to measure future
(unexpected) risks

 System should support many types of functions and performance

ADAS/ADS Lv.1 to Lv.5
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 More comfortable
 Can a Dynamic Map replace Human Skills for more comfort drive?
 Cloud based, Fog based or In-vehicle compute?
…

 More secure

 What type of information should be provided to passengers or other 
drives for security?

 How do people feel secure? Functions? Performance?...
…

 More safe
 Now just stopping is no longer safe.
(e.g. DoS attack may shutdown all traffics in the citiy)

 Complex factors such as law, social risk tolerance, and road conditions 
are intertwining and unifying will be difficult.

Requirements for ADS
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Difference of responsibility
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ADAS Function Status/Scene AD Func.

Driver System System
Detectable hazard

e.g. A object in front of you
（All sensors can detect）

Detectable risk
e.g. Other car cut the line
（ All sensors can detect ）

Risk of incomplete detection
e.g. Seems a hole but dirty?
（Some sensors will detect）

Risks that are difficult to 
detect or difficult to handle

e.g. Suddenly rushes

No risks

Avoid accidents
Monitor ADAS 
Behavior and 

Override As Needed

Monitor risks and 
prevent or avoid 
them as needed

Avoid accidents

Notify Risks

Should do nothing

Monitor risks and 
take mitigation 

actions as needed

Anticipate risks
and take 

preventive 
measures
as needed
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 Higher level of ADS requires extremely higher performance!

 Lv.3 ADS will covers major
“normal” driving situation

 Lv.4 ADS should handle
more complex and many
variation of rare situations

 Lv.5 ADS should handle
basically all situations

 Rare cases may have
more complex and difficult
scenario for safe drive

 It may requires variable
algorithms which will be
difficult to handle by H/W

Compute Power Requirement for ADS
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 Processing explodes when trying to do as much as possible

 In worst case estimation with 7nm node, several or several tens of 
kW power will be needed even if we use “good” hardware

 If we can prioritize processing (based on necessity), we can slightly
decrease total processing, but…

 It should be possible, but we cannot know correct answer now.

 It means specific hardware is not feasible for this usage.

 How we can say “enough” safe?

 Aircraft may crashing in front of you?

 Parts of other vehicles will dive to you?
…

 Sensor information is not enough to handle all these cases.

 Driving “Experience” may be included inside decision algorithms.

How difficult it is? – Example
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 Obstacles? Just dirt? or fake?

 Only mono camera will detect
this as Obstacles, but…

 Can we ignore this as a noise?

 ADAS

 Driver should make judgment if
indeterminate
(System do nothing)

 AD
 Handover to driver  no time…
 Handle as Obstacles  May too often stops

 Simple sensor fusion solution will not work for this case

 Intelligent (knowledge based) decision will be needed but it may need
more compute power!

Example1: What is this object?
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An object flying from the opposite lane at a relative speed of 160 km/h

 Sensor @60fps: The amount of movement of one frame is 74cm

 Assuming that it flies at a relative angle of 45 °, it can be 
recognized in 50 to 100 frames before the collision

 Need to recognize in a few frames considering the evasion 
judgment and the time required for the evasion action

In the example of the fake picture in
previous page, it is needed to traces
about 20 frames to detect that is fake.

 How we can do within latency req.?

Example2: Compute Power vs. Latency
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2. Specificity of the AD computer
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 Support functions to the main role of the function

 The number and type of LSIs
has been rapidly increasing

ex.) Transition of the number of

“microcomputers” used for

one Mid Class vehicle

＊Over 100 for High-end Class

 Needs dozens of "microcomputers"

LSIs in Automotive
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Engine Management EV/HV

ABS, Airbag VDC

Acc., Navi./AV, ETC, ADAS

Perf., Efficiency

Safety, Security

Comfortable, Convenient

1970s 1980s 1990s 2000s 2010s
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 ADS requires huge Performance for itself and also for Control 

Control vs. Compute in Automotive
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Future (2022~)
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Automotive equipment requires higher-performance processors
for both “New Field” and “Conventional” MPUs/MCUs 
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 ADS requires multiple semiconductor IPs

Situation of Today
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Characteristics

Less Data

Very Complex

Many++ Data

High Complexity

Many Data

Mid Regularity

Huge Data

High Regularity

ISP, DSP…
GPGPU?

ISP: <1W

DSP: <1W

GPU: ~5W

GPGPU,
Special Logics?

~200GOPS

GPU: >5W

Logic: ~1W

Multi core
CPUs?
/ PxU?

~100GOPS

CPU: >6W

DFP: ~0.5W

CPU!
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Better user experience
/ More comfort drive

Fail safe, Risk aversion (NCAP)

Background 
Knowledge

Another

AIs?

~300GOPS

GPU: >10W

DFP:  ~1W

AI/xNN @120TOPS?
Accelerators

GPU: 120W (1TOPS/W)

汎用Acc: 15W (8TOPS/W)

特化Acc: 10W (12TOPS/W)

Which is the best
Selection of Proc.
Elements?
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 Compute Characteristics vs. Efficiency

Why need to implement so many IPs?
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CPUs no longer cover all applications
・Gate/Wire delay trend in DSM technologies
・Parallelism vs. dependency
・Complexity, How to verify…

Missing…
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and dynamic processing graphs
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 What are major reasons
 Difference from the past

Why need to implement so many IPs? (cont.)
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H/W and Apps in past － Generic H/W and Apps Today－ Domain Specific?

: Apps : H/W Coverage

Because of tech. trend,
H/W coverage is going
smaller and deviates

from real requirement



3. Specificity of the AD SoC
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Design time ? LSI vs. System

SoC2
SoC1 SoC2

DDR4L ROMDDR4L ROM

45W+Mem4W

2W

Acc
IS

P

G
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U

C
P
U

x
8

Acc

IS
P

C
P
U

x
8

G
P
U

MCU

Chipset
Total 189W

(65+Mem4W) x2

 How we can get H/W

 Example of ADS chipset using non-Auto based tech.

H/W IP dev.

Use technologies developed 
for other Apps/Areas

ADS req. should
be inputted here
but had missed

LSI development

ECU development

Vehicle development

LSI production

-5y Production-3y
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 Time to market

 LSI dev. should be

 Start earlier

 More simpler

 ADS dev. should be

 Concentrated
investment in
strategic func.
 Define early

 Use Generic
/Flexible H/W
for other parts
 S/W defined

What we want?
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CPU

GPU

Special
H/W Logics

Past: H/W efficiency first

CPU

GPU

H/W
Logic

Future: Total Optimization

Flexible and 
Programmable

H/W (Proc.)

H/W IP dev.

LSI development

ECU development

Vehicle development

LSI production
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LSI development

ECU development

Vehicle development

LSI production

-5y Production-3y

 H/W specifications are determined long before start of S/W dev.
 S/W framework should be defined before H/W design

What we want? (cont.)
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H/W IP dev.
Reference: https://www.renesas.com/jp/ja/solutions/automotive/soc/r-car-h3.html
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 Difficult to find good balance point of trade-offs

 Higher Performance is always needed
 but Power consumption / Efficiency is also important

 Efficiency is still important
 but Flexibility of H/W is also needed to maximize System or 
S/W value by applying latest market requirements

 Fixed function logics are (sometimes) not fit to SoC design 
time or less efficient to implement many parameters to 
support variation of Apps./Algorithms

 Transistors become cheaper
 but complexity from so many #of Transistors exceeds limit of 
Design/Implementation/Verification capability

 We need to challenge to get reasonable answer for these issues! 

Issues in AD SoC

21



4. Architecture Challenge

for Future Embedded Compute SoC
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 Conventional way will not work for future Embedded Compute

Conventional way will not work for future Embedded Compute!

Requirements, Limitations and Architecture Challenges
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Requirements Limitations Solution Challenge

Performance Transistor / wire delay
is no longer reduced

Parallel processing How to cover dispersed
characteristics of compute

Low Power
/ Efficiency

Hard-wired logics will
not fit to design time

New generation
processors

High-dense and flexible
compute

Productivity
/ Design Quality

Circuit complexity is 
too high

Repeated design Simple and flexible compute
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 H/W Trends

Performance – Process technology trend
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Reference: Intel Technology and Manufacturing Day
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Transistors become cheaper
 Implement individual functions?
 Or built-up by regular programmable

functions (e.g. processors)
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H/W IP dev.

LSI development

ECU development

Vehicle development

LSI production

 End of Hard-wired Logics?

Efficiency – Hard wired Logic vs. Processor
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 New generation
processors can
now over perform
Hard-wired logics! 

Efficiency – Hard wired Logic vs. Processor (cont.)
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 Limit of design and verification space (within limited time/resources).

 In ADS, the correct answer changes with the times

 Flexibility of SoC Arch. for Updates is also needed

Productivity – Design bottleneck
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1990s Today

Verifiable

Design 
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Capability
~500kG

・ Industry standard (ISO26262 etc..)
・ Emergence of new dangers (DoS, Zero-day Attack…)
・ Common sense (Acceptable risks…)
・ Individual difference (Customization, Personalization…)
…
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 Why Server/HPC processors are sometimes not fit to Embedded?
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Computer vs. Embedded

Architecture Performance Efficiency Quality Design Arch. Life

Server/HPC… Throughput Perf  Power Uptime TAT  Opt.
1 to 3years
w/ Updates

Embedded Latency Power  Perf Defect rate Opt.  TAT
3 to 9years
w/ Ltd. OTA
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 Covering complete Embedded
area is too wide for Today’s
technologies/processors.
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Can Embedded ASSP survive?
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Servers
/HPC

Mobile
/Gaming

Auto + “IoT” or Embedded

Market size of ASSP

S
a
le

s
/y



/35Copyright ©2019 NSITEXE, Inc. DO NOT COPY OR DISTRIBUTE

Why old ASSPs were gone?
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Single “peaky” value is no longer exist
 Complex and Huge scale design

＝ “Middle” area is not easy to implement
even if it does not have high value

Performance or Value of Functions

Spread of Functions
(Apps, Software)

Performance or Value of Functions

Spread of Functions
(Apps, Software)

Fundamental
Tech., IP, PF…

Fundamental
Tech., IP, PF…

Strategic IP
Competition area

No/less strategic value
but not easy to realize

Strategic,
Competition area
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Example: IP map in ADS
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Performance or Value of Functions

Spread of Functions
(Apps, Software)

:Semi.H/W IP
Support Area
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“Middle” area will be supported
by Generic and Flexible hardware
like New generation Processors

（e.g. Fali-safe or IDS for ADS）

Strategic Features
Co-develop Algo, SW & HW

Helper / Adaptation Func.
HW first then develop Algo./SW

ADS System block diagram
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Need “embedded-generic” SoCs
 Flexible, Scalable and

Generic to cover major
“Middle” part Apps.

Architecture Challenge for Embedded SoCs
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Auto + “IoT” or Embedded

e.g.
Industry
Auto
…

WW Total >1000
valuations of “die”

(32bit and above)
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Logic

New gen. proc.
Generic and 

Flexible

Future ASSP?

WW Total >100
valuations of “die”
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 ADS: Still no clear common answer for optimum system
 ADS is very complex and very difficult to describe

“correct” functionality of System, so at least these several 
years, many people will design and implement it very 
different way. It requires different types of SoCs.

 ADS: Still no clear common answer for optimum system
 ADS is very complex and very difficult to describe

“correct” functionality of System, so at least these several 
years, many people will design and implement it very 
different way. It requires different types of SoCs.

 SoC, ASSP: More generic, more flexible
 Because of increasing of variations of Embedded systems,

SoCs or ASSPs should have more flexibility and wide 
coverage of Apps to align required time of System design.

 ADS: Still no clear common answer for optimum system
 ADS is very complex and very difficult to describe

“correct” functionality of System, so at least these several 
years, many people will design and implement it very 
different way. It requires different types of SoCs.

 SoC, ASSP: More generic, more flexible
 Because of increasing of variations of Embedded systems,

SoCs or ASSPs should have more flexibility and wide 
coverage of Apps to align required time of System design.

 LSI Design: What is critical constraints for design?
 Need to reduce complexity to use #of Transistors exist

Conclusion
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Thanks!




