Autonomous Vehicles Inventive Energy

Top 10 Patent Classes él:FiTTI
Autonomous
Vehicles
Inventive
Energy

MARCH 2018

© Crafitti Consulting Pvt Ltd www.crafitti.com



Do
)

(@)
-~
>
-
]
=

AUTONOMOUS VEHICLES INVENTIVE

ENERGY 2018

INTERNATIONAL PATENT CLASSES (IPC): Autonomous Vehicles

Autonomous vehicles are a rapidly evolving technology which only a few years ago was still considered

as science fiction. An autonomous vehicle (sometimes

called a driverless car, a self-driving car, or an

IPC Domain Description automated car) is a robotic vehicle that is
BEOW10/06 Conjoint control of vehicle sub-units of different type or different designed to travel between destinations
function;including control of combustion engines . . .
B _ without a human driver. Car manufacturing
BGOW10/10 including control of change-speed gearings . L. . . .
BEOW10/18 including control of braking systems companies are joining with tech giants like
B6OW10/20 including control of steering systems Google’ Uber’ and p r0m|nent Sta rt'UpS. tO
develop next-generation autonomous vehicles
BE2D15/02 Steering position indicators that will alter the roads, throughways and lay
BGOR11/04 Mounting of cameras operative during drive; Arrangement of controls H'Y
e e the groundwork for the future smart cities. Car
GO5D1/02 Control of position or course in twa dimensians manufacturers are ha rnessing tech nological
GO05D1/10 Simultanecus control of position or course in three dimensions (GO5D . . .
1/12 takes precedence) advances such as an machine learning, image
GOBG1/09 Arrangements for giving variable traffic instructions H H
GO6K9/62 Methods or arrangements for recognition using electronic means proceSS|ng' Inter.net Of Thlngs (IOT)' and the
cloud computing to accelerate the
development. More significantly, [Eweli7coomam Year
. . 1 BeOW10/06 2010 2011 2012 2013 2014 2015 2016 2017
autonomous vehicles will advance the ropication |53 o T o T o o s
industry disruption set in motion by Granted 7 | 38 ] es | 53 | 116 | 506 | 618 654
. . . . 2 BeOW10/10 2010 2011 2012 2013 2014 2015 2016 2017
popular rlde-sharlng services like Uber, Application 33 35 103 83 EE 113 55 85
. . Granted 35 50 70 B5 &9 106 122 123
Lyft, Ola etc. Organizations, developers, [ Tseowo/a] 2010 [ 2o1i [ 3015 [ 3015 | 301z | 3ois | 3oie | 2017
and researchers are coming together to Applicstion | 48 | s4 | =2 | 45 | 48 | d06 | 170 | 23
. . . Granted 16 13 13 26 25 31 81 132
create a world where Intelllgent, driverless 4 | BEOW10/20| 2010 2011 2012 2013 2014 2015 2016 2017
. Application 10 14 11 27 22 (=] 133 220
vehicles become the future of p—— T I 1 : 2 = 2e T
transportatlon 5 BSZDIE,I'DZ 2010 2011 2012 2013 2014 2015 2016 2017
. Application 30 28 10 24 37 109 183 307
. Granted 1 2 & a4 11 106 228 282
H H H [ BSDRII,I'M 2010 2011 2012 2013 2014 2015 2016 2017
We identified following top 10 P 4 : - - = s e —
International Patent Classification classes Grantd 1 1 1 1 1 2 30 95
. . . 7 GﬂEDl[ﬂz 2010 2011 2012 2013 2014 2015 2016 2017
in autonomous vehicle domain through the Zpplication | 1 2z ” 78 57 | 310 so¢ 20
Granted 1 48 135 133 151 267 453 1137
StUdy Ofkey patents' The Overa“ number Of g8 GDEDI[i’D 2010 2011 2012 2013 2014 2015 2016 2017
Applications published in the United States Application | 5 13 | 20 | 15 | 10 | = %5 238
. Granted 8 10 10 3 18 44 a7 161
Patent and Trademark Office (USPTO) and 5 | 6086109 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 2016 2017
. . Application 48 B2 27 16 15 27 34 64
Patents granted by USPTO are given in the F— T o T e = T a: = s
table below (from the year 2010 till 2017) 10 | GO6KS/62 | 2010 | 2011 2012 2013 2014 | 2015 2016 2017
) Application 483 313 503 523 530 1185 1815 1940
These are tOta| numbers granted and Granted 225 233 374 385 410 734 1247 1711
published by the world at large at USPTO in
that specific year.
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CRAFITTI’s INVENTIVE
ENERGY measures the pace and
intensity of inventive activity in a
particular  technological field.
Inventive Energy provides a true
picture of the state of the art of
technology as it is a composite
metric of Patents Granted and Patent
Applications published in specific
technology domains annually for a
period of five years.

Inventive  Energy in  specific
technology domains can be utilized by
existing technology players, start-
ups, new players, investors, VCs,
Research and Development teams
and technology and Product Strategy
Teams to design more informed
future.
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STATE OF ART OF ANY TECHNOLOGY USING CRAFITTI’s INVENTIVE ENERGY

Inventive Energy (IE) is a yearly metric of the trend of last
five years of invention activity in the specific
technological domain such as autonomous vehicle
calculated based on a number of patent applications
published and a number of patents granted in the
respective technological domain. Inventive energy is a
composite metric of two indices — Patent Intensity
Index and Patent Activity Index.

Patent Intensity Index of a year is measured in terms of
the yearly average of a number of total patents granted
and patent applications published in last 5 years. As an
analogy, the Patent Intensity Index is denoted as the
Mass which is reflected as a number of Patents and
Applications granted and published respectively in the
preceding 5 years.

Patent Activity Index is measured in terms of the yearly
average of relative pace of patent applications and
granted patents in the IPC domain. As an analogy, the
Patent Activity Index denotes the Velocity or relative pace

of Patents and Applications, granted and published
respectively in the preceding 5 years, with higher

weightage assigned to recent years.

For any year, the two indices include a measure of yearly averages of last five years of number of
applications published and patents granted. For example, for 2017, these indices use data from years
2013-2017.

Patent Activity Index of top 10 autonomous vehicle IPC classes for years 2014-2017

A value of Patent Activity Index less than 1.0 indicates that relative average number of applications filing
is reducing compared to a number of patents being granted. The index also gives a red, and green
signal. Red indicates the value of the index is less than 1.0. indicates it is between 1.0 and 2.0
and green indicates it is above 2.0, i.e., the number of applications being published every year on an
average is more than 2 times the number of patents being granted on an average. A higher value of
patent activity index is an indication of more recent inventive activity in the domain or the specific IPC
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class. In turn, a higher activity index will signify a higher Inventive Energy. Activity Index is analogous to
the velocity of the particle. The PAI (Patent Activity Index) of top 10 autonomous vehicle IPCs for years
2014-2017 are given below.

JFEDEIEL LB BNVLPAI 2014 | BM.PAI2015 | BMLPAI2016 | BM_PAI 2017
BGOW10/06 Conjoint control of vehicle sub-units of different type or different
functien;including contrel of combustion engines @ 324 @ 241 Q@ 174 o 137
BGOW10/10 including control of change-speed gearings 0 133 () 118 O 1.00 @ 045
B&OW10/18 including control of braking systems
@ 223 @ 275 @ 239 @ 206
B&OW10/20 including control of steering systems
@ 670 @ 453 @ 3.0 @ 208
B&2D15/02 Steering position indicators @ 719 @ 347 O 187 O 170
B6OR11/04 Mounting of cameras cperative during drive; Arrangement of controls
thereof relative to the vehicle @ 3250 D 4111 @ 7585 D 1887
G0sD1f02 Control of position or course in two dimensions @ 061 @ 083 @ 090 @ o077
G05D1/10 Simultanecus control of position or course in three dimensions (G050
1/12 takes precedence) () 183 () 149 (O 144 (0 149
G08G1/09 Arrangements for giving variable traffic instructions @ 089 @ 0.74 D 048 @ 050
GOGKI/62 Methods or arrangements for recognition using electronic means O 140 O 140 O 142 ) 129

*BM-PAI — Bhushan Mishra Patent Activity Index — named after its creators

As can be seen in the above table, the PAI for IPC classes B60W10/18 (Conjoint control of vehicle sub-
units of different type or different function; including control of braking systems), B60W10/20 (including
control of steering systems), and B60R11/04 (Mounting of cameras operative during drive; Arrangement
of controls thereof relative to the vehicle) are above 2.0 for years 2014, 2015, 2016 and 2017, indicated
in green.

The PAI for B6BOW10/06 (Conjoint control of vehicle sub-units of different type or different function;
including control of combustion engines), and B62D15/02 (Steering position indicators) is above 2.0 for
years 2014-2015, indicated in green, and below 2.0 for the year 2016-2017, indicated in . Similarly,
for the IPC class GO5D1/10 (Simultaneous control of position or course in three dimensions (GO5D 1/12
takes precedence)), and GO6K9/62 (Methods or arrangements for recognition using electronic means)
the PAl is below 1.0 for years 2014, 2015, 2016 and 2017, indicated by

Furthermore, the PAI for B60W10/10 (including control of change-speed gearings) is (below 2.0)
for the years 2014-2016, other than the year 2017 red (below 1.0).

Further, the PAI for GO5D1/02 (Control of position or course in two dimensions), and G0O8G1/09
(Arrangements for giving variable traffic instructions) is red (below 1.0) for the years 2014-2017. This
implies that the number of Patent Applications being published in the preceding 5 years (inclusive of
current year) remains less than the number of Patents being granted. This indicates a reducing Invention
activity in the specific domain. Thus, it can be concluded that IPC domains G05D1/02, and G08G1/09 are
seeing reducing Invention Activity and has low invention velocity from 2010 to 2017.
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B60W10/18, B60W10/20, and B60R11/04 are the prominent IPC classifications in the Autonomous
vehicle technology which talks about braking systems, steering systems, and mounting of cameras
operative during drive respectively. The inventive activity in B6OW10/20 was higher in the year 2014,

since then the patent activity has been reducing as the number of Patents being granted has started
increasing. Further, the inventive activity in B60R11/04 was higher in the year 2015, since then the
patent activity has been reducing. However, the inventive activity is still higher in this IPC than other

key IPC classes.

Activity Intensity Maps of Top 10 Autonomous vehicle IPC classes in the year 2014 and 2017
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Activity Intensity Map (AIM) of a set of IPC classes is a
Crafitti proprietary visualization of intensity in terms of a
number of patents granted and patent applications
published, and inventive activity in terms of relative pace
of patent applications and granted patents in any IPC
domain. For any year say 2014, these indices include a
measure of yearly averages of last five years of a number
of applications published and patents granted. For
example, for 2014, these indices use data from years 2010,
2011, 2012, 2013 and 2014.

Autonomous vehicle Inventive Energy of Top 10 IPC classes

Inventive Energy for the year 2014 for IPC class B6OW10/06 is simply a product of Patent Activity Index

for the year 2014 (in this case a

value of 3.24) and Patent

Intensity for the year 2014 (in this

Autonomus Vehicle Inventive Energyj

2014-2017

IPC Domain Patent Activity Index Patent Intensity INVENTIVE ENERGY
IPC BM-PAI 2014 | BM-PAI 2015 | BM-PAI 2016 | BM-PAI 2017 | 2014 2015 | 2016 | 2017 | 2014 | 2015 | 2006 | 2017
BEOW 10,06 O 3.24 O 2.41 1.74 137 242 2.66 280 291 7.84 6.42 4.87 3.99
BEOW10/10 = 1.33 J 1.18 J 1.00 O 0.85 217 2.21 226 227 2.89 2.62 227 194
BEOW10/18 =) 2.23 @ 275 @ 239 (@ 208 1.85 1.93 2.08 2.25 212 | 530 | 497 | 464
BEOW10/20 ) £.70 @ as3 @ 201 @ 208 1.30 163 154 2.18 868 | 7.39 | 583 | 455
B62D15/02 @ 7.19 @ 347 ; 1.87 170 1.43 183 | 218 241 | 1068 | 635 | 4904 | 409
BEOR11/04 @ 32.50 @ a1 (@ 2535 |@ 1887 1.24 160 190 218 | 4032 | 6559 | 49.17 | 41.21
G05D1/02 @ 0.61 @ o33 @ o0s0 |@ o077 2.15 2.41 2.64 2.83 131 | 200 | 238 | 220
G05D1/10 C 183 149 144 143 135 154 | 182 2.15 247 | 230 | 262 | 3.20
G03G1/09 @ 0.89 @ o7a |@ o043 |@ o050 1.34 1.85 188 2.00 163 | 137 | 050 | 089
GOEKI/62 ¢ 1.40 : 1.40 : 1.42 129 2.90 3.02 3.19 3.32 4.06 | 4.24 | 453 | 430

case a value of 2.42). The Inventive Energy for the year 2014 for IPC
domain B60W10/06 comes out to be 3.24 x 2.42 = 7.84, as shown in
the Table. In general, the Inventive Energy of IPC class B60R11/04
(Mounting of cameras operative during the drive; Arrangement of
controls thereof relative to the vehicle) is highest among these top

10 IPC classes.
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Key Findings

Duetoitsinherent simplicity and utilization of substantial information on published and granted patents,
the present study on the inventive energy provides a de-facto standard for enterprises active in an
autonomous vehicle to evaluate the front edge of technology in various applications of the autonomous
vehicle.

IPC class on the mounting of cameras operative during the drive; and arrangement of controls thereof
relative to the vehicle (B60R11/04 has seen the tremendous inventive energy in the 2015 Index. Other
two prominent IPC classes on braking systems (B60W10/18), and steering systems (B60W10/20) have
also been quite active among the autonomous vehicle enthusiasts and R&D teams.

One of the findings from the present inventive energy study is a decrease in the patent activity in the
Conjoint control of vehicle sub-units of different type or different function; including control of
combustion engines which was higher in the year 2014. However, the filing trend in this domain is
relatively better than the other autonomous vehicle domain such as control of position or course in two
dimensions; and arrangements for giving variable traffic instructions

Further, the reduction in Inventive Energy from 2014 value of nearly 3.24 to the value of 1.37 in the year
2017, indicates the trend of Patents grants has started in the period that typically brings down the
Inventive Energy as it is a function of the ratio of applications published and a patent granted for the
particular year. Also, inventors are active in the implementation of the autonomous vehicle technology
in the other applications apart from creating maps for self-driving cars, cybersecurity, high-resolution
mapping, improved vision systems etc.

IPC classes with high Inventive Energy typically will have higher business potential and growth in the
autonomous vehicle technology. The Inventive Energy can be utilized to create an autonomous vehicle
Inventive Strategy to find problems in high inventive energy IPC classes. This can be a leading indicator
for not only any startup or disruptor but also to existing patent owners to expand and strengthen their
portfolio through this guidance rather than letting serendipity and opinion about future guide their
inventive effort.

As the patent examiner not only evaluate the patentability of the corresponding technology but also
assess the legal aspects of the filed patent application at various levels of scrutiny before granting the
patent, therefore, patent grant trends identified by the present inventive energy study in the
autonomous vehicle technology will enable the decision maker with the due-diligence aspects of the
autonomous vehicle technology.

Any organization willing to invest in the autonomous vehicle technology can utilize invention energy
metric in general and this study in particular, as it automatically takes care of three major inputs required
to understand the state of the art of autonomous vehicle technology — Patent Applications, Granted
Patents and Specific IPC classes relevant to autonomous vehicle technology in a composite metric.
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ABOUT - Crafitti’s INVENTIVE ENERGY REPORTS of a Technology Domain
. . Contact : CRAFITTI CONSULTING PRIVATE LIMITED
The Inventive Energy reports can be customized to your Email: navneet.bhushan@crafitti.com OR
needs. Specify the technology domains, IPC domains or  amit.mishra@crafitti.com
specific IPC classes and specific years —we can handcraft

Inventive Energy Reports for you quickly. Please visit: http://www.crafitti.com/inventive-
energy.html
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