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NO MORE VICTIMS®

Letter from MADD National President Alex Otte

In 2019, 10,142 people were Killed in alcohelated traffic crashes, and hundreds of thousands
more were seusly injured. According to preliminary data from the National Highway Traffic
Safety AdministratiofNHTSAYor the first nine months of 2020, traffic fatalities increased by 5
percent even though the number of vehicle miles traveled decreased by 15 percent. (NHTSA,
2020) Thistragicincreasein roadwayfatalitiesis oneof the biggest hikes in a generatigcand it
shows the fight against impaired driving is far from over.

On January 11, 2021, Mothers Against Drunk Driving (MADD) submmibechation an 187
impaired drivingvehicle safety technolgiesas a result of a Request for Informati@RFIy
NHTSAThe request from NHTSA was for information from these four areas:
1 (1) technologies that can monitor driver action, activity, behavior or responses, such as
vehicle movements during lane keeping, erratic control, or sudden maneuvers;
1 (2) technologies thiacan directly monitor driver impairment (e.g., breath, todchsed
detection through skin)
1 (3) technologies that can monitor a driver's physical characteristics, such as eye tracking
or other measures of impairment
1 (4) technologies or sensors thditectly measurea driver's physiological indicators that
are already linked to forms of impaired driving (e.g., BAC)level

In the originalRFIresponse MADD submitted information on only categories ttvwoughfour.
Thisnewdocument is an update to the RFI submitiedJanuaryin this document, MADD
provides a newintroduction on how technologies to eliminate drunk driving and other forms of
driver impairment are ready for the roaMADD also reviewthe feasibility for these technologies
to stop drunk driving anéxamine how they can work tandem as a system.

This updated report alsmcludes information relatedto lane keeping andttention assist, and
reorganizathe previous RHesponse in an easier to read form@roken down byAutomakers
Tier 1 Supplies, Tier lISuppliersor other). Additionally, MADD providesnformationon new
technologies that have been made pubhdhe last three months

In total, this updatedreport details 241 examples oftechnology that NHTSA should consider

as part of a rulemaking to preverimpaired driving.Numerous technologies to correct
dangerous and deadly driving behaviors are available today, and are now an option on almost
all new vehicles. Driving performance monitoring systems are critical to the elimination of
impaired driving and will likely be uden tandem with other driver monitoring systems, and
potentially (but not limited to) breath or toucbased passive alcohol detection technology.

Sincerely,
Ao Obte,

Alex Otte
MADD National President
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Introduction: Technologies to eliminate drunk driving, and other
forms ofdriver impairment,are ready for the road

Breakdown of technologies described in the rep

Driving :
Performance priver Passive Breath or Touch
_ orm Monitoring assive Breath or Touc
Provider Monitoring _ (e.g., head and| Alcohol Detection Total
(e.g., Lane Assist, | | e)
Attention Monitor) y
Automakers 74 41 15 130
Tier 1
Suppliers o i c0
Tier 2, Other
Suppliers 3 > o >1
Total 77 122 42 241

There are 241 technologies described in this documeshich are detailed beginning on page
17. First,it is important to look at three types of technology:
1) Driving performanceamonitoring systems: lane departure warning and attention assist.
These technologies are often referred to as advahdever assisince systems (ADAS).
2) 5NAGSNI Y2YAG2NRAYy 3 aeadsSvyay \sthaftypicallNdsesd 2 T
OF YSNI} 2NJ 20KSNJ aSyaz2zNa (2 RSGSNXYAYS GKS
3) Passive alcohol detection sensors: touctbath based

Eachtype of technologycansignificantly reduce or evestop drunk driving.Working together
as a system, these technologies will eliminate drunk driving, druggkiving, and other types
of driver impairment, once and for all.

For each technologyhis repat answesthe following questions:
1 Which @mpanieshavethe technology
1 What can this techologydo?
1 Isthe technologyproductionready?
1 What is the cost?
1 How carthis technology help stop drunk and drugged driving now?

Finally this reportconcludes by showing howdriving performance monitoring systendjver
monitoring andpassivealcohol detectiorcan and wilbe very effective in stopping drunk
driving.
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Driving performancemonitoring systemsAvailable
today to help preventdrunk driving crashes

This report details 77 langeparturewarning, lane keepingssist or attentiorassistmonitoring
systems. These technologies are often referred to as advhtheeer assistance systems
(ADAS)According to the Insurance Institute for Highway Safety (IIHS), other ADAS systems
include:forward collision warning, forward collision warning plus autobrake, blind spot
detection and rear automatic braking. llld@npared rates of policeeported crashesnd
insurance claims for vehicles with and without these technologies, and found that lower crash
rates are a clear benefit of these systetns

Manufacturers building cars witline departure warning systems or attention monitors also
provideadditional ADAS featuresConsumer Reporigovides a helpfubverview of these
technologies’ 3 Currentlyin the United StatesADAS systems are typically sold as an option,
and, if a consumer purchases the optidme or shecan turn the featureoff. This negatethe
safety benefits of these features.

ADASturned off in impaired driving crashesMADDhas been made aware chsesn whichit
wasdeterminedanimpaired driver turned off the ADAS featgre

How ADAS lane change, attention monitortan help determine and control impaired driving
behavior? As impaired drivers may not be fully aware of their surroundings, these systems can
correct erratic driving behaviommpaired drivers tend to be inattentivend weae and ziezag
across the road, anthesefeatures would provide corrective action.

Could ADAS systems be tested to determine impaired and erratic driving behavior and take
corrective action? Automakers and suppliers who developed ADAS have tested thadtamy
before making it available to consumers. During testimgpmakers and suppliers developed
data points to determine when these systemsistengage.

NEXT STEPS: ADAS

MADD urgegCongress to enact the HALT/RIDE Act (HR 2138/S 1331). The legislation r
NHTSAo conducta rulemaking on impaired driving prevention technology. As part of
rulemaking process, NHTSA will test and standardefiective ADAS and mandate th¢

L& w Snlorld benefits of crash @2 A Rl y OS (i S Chikpg:#viw@.itha. @ginedia/269e3blef@59-42a7
bd54-3888f7a2d3ef/shuYZQ/Topics/ADVANCED%20DRIVER%20ASSISTABG/OHEC Abenefits. pdf

26DdzA RS (G2 /FNB 2A0K ! RGIFIYyOSR {IFSGe {eaidSvazé¢ [/ 2yadzySN
https://lwww.consumerreports.org/cesafety/carswith-advancedsafety-systems/

31 OGA QPGS S5NAGAY3I ' aaradlyOS aeadsSvyazé [/ 2yadzYSNI-wSLI2NIiad
content/uploads/2020/11/consumereports-activedrivingassistancesystemsnovember16-2020.pdf



ADAS should be standard on all new vehicl&®AS holdgreatpromise to helgreduce orstop
impaired driving, but the current optional roll out of this technology holds little prom&SBAS
shouldbe a standard featuren all new vehiclesand should bdurther tested on impaired
drivers nowin order to determine data points for corrective action.

Many of 2 R I & Qwehige&lgeadyhave the hardware and software for ADiStalled
Implementing ADABased impaired drivingrevention systemsould have an immediatdife-

savingimpacton2 dzNJ y I G A2y Q& NRI Ra&affectivghkR A G OFy o6S R2YyS

Overview of companieshat havethese technologies

There are 77 technologies covered in this section on tdr@nge or attention monitoring-lere
we reviewspecificallyautomakers and not other suppliersné, as previously notednany
automakers have an array of other ADAS systemsatenot includedin this sectionThe chart
in this section breaks up ourvieew of these ADAS technologies into three sections:

1) Lanechange warning/lane change assist
2) Attention monitoring
3) Emergency slow down or stop of vehicle

Lane change warning/lane change assi$hese technologies alert the driverith vibrations, a
display in the instrument cluster or with an audio warnafghe lane change and provide
corrective steering. Some lane change systems will only alert the driver and not take action
others will takeaction to center the driver. These systems use cameras to mdoitdene
markings.

Attention monitoring. These technolagsmonitor and assesdriver behavior The system uses

input from the steering angle sensand monitosthe vehicle driver tagaugeawareness. |If

the driver is determined inattentive, the system will display visual or audio messages to take a
ONBI | @ {2YS aedaisSyvya Oly RAaLII& | LISNARA2Y QA
bar system or color system.

Emergency slovdown or stop of a vehicleDaimler, Seat and otheutomakershave

developed andiare developing technolagsthat can brakeor slowthe vehicle if the driver is
inattentive due to a lack ofsteering wheel movement, brakimay response to visual or audio
warnings. These systernan be usegdfor examplejn a medical emergencylltimately these
technologesdemonstrate that, if necessary and according to future standards set by NHTSA, a
vehicle can take corrective, lfgving actiorwhen driven erratically.

Thefollowingchart references where in this document the technology can be found.



Driving performancemonitoring systemsiane departure warning and attention assist

Provider Lane change Attention Emergency stop| RFI Number
warning/assist Monitor or dow down

Acura Yes Yes 1,2
Alfa Romeo Yes Yes 3,4
Audi Yes Yes 56
Bentley Yes 7
BMW Yes 9, 10
Buick Yes 12,13
Cadillac Yes 14
Chevrolet Yes 17
Chrysler Yes 18
Dodge Yes 19
Daimler AG Yes Yes Yes 21, 22, 23
Fiat Yes Yes 25, 26
Ford Yes Yes 27,28
FUSO Yes 37
Genesis Yes Yes 39, 40
GMC Yes 47
Honda Yes Yes 48, 49, 50
Hyundai Yes Yes 59, 60
Infiniti Yes 66
Jaguar Yes Yes 67, 68, 69
Land Rover Yes Yes 72,73
Jeep Yes 74,75
Kia Yes Yes 76, 77,78
Lexus Yes Yes 79, 80, 81
Lincoln Yes 84
Mazda Yes Yes 85, 86, 87
Mitsubishi Yes Yes 88, 89
Nissan Yes Yes 90, 91, 92
Porsche Yes 95
Groupe PSA Yes 96
Seat Yes Yes 97, 98, 99
Subaru Yes 101
Tesla Yes Yes Yes 103, 104, 105
Toyota Yes 107, 108, 109
Volkswagen Yes Yes 120, 121, 122
Lime Scooters Yes 215
Mobile Eye Yes 217
Nauto, Inc. Yes 218




Many automakers already includdriving performancemonitoring systems like lane
departure warning and attention assist

Thesetechnolodesare productionready and & availableon mostnew vehicles Additionally,
automakershavethe capabilityto engageemergency stop and/or slowing of a vehicle

The cost of lane change assist and attention monitoring is minasahe hardware and
softwarefor this technology is alreadgvailable in most new carsand mass producedrhe

cost to mandate ADAS technology as a way to help stop impaired diswimgimal compared
to the $44 billion annual cost of drunk driving crashes in United Stafdsat isin additionto

the human tollon victims and their families. Costs to fhertest ADASo determine how
systems engage when the driver is impaierd exponentially lower than the consequences of
maintaining the status quo.

How canthis technology help stop drunk and drugged driving noMADD believes that
regulators and autorakers shouldleterminewhat parameters are associated with impaired
driving that trigger ADAS engagemewithenrealized the impact on traffic crashes will be
historic.

The enormous, lifesaving potential oADAS can only lrealizedwhen it becomestardard on
all vehiclesand activated at all times.

Driver Monitoring (e.g. face or eyes)Available today to
help prevent drunk driving crashes

Indicators foralcoholimpairment are very telling through the eyes and face

When exploring technology that focuses visual signs of impairment in the face, it is

important to note how law enforcemenalsolooks for these signsvhen testinga suspected

drunkdriver. SandardHeld Sobriety Test (SFSTRdvancedRoadside Impairedriving

Enforcement (ARIDEPrug RecognltlonExpert (DREaNd other tests law enforcement use look
ALISOATAOFEETE O GKS Y2@0SYSyid |yR Odherdigdid SNR &

impairment.

Drugs and alcohol (depressants) affect a pe@aye movement and other body
characteristicsDriver monitoring systems thaturrently existcan determine drowsy and
distracteddrivingand @nalsq in many instancesletect substance impairment.

‘0! fDRKLYLI ANBR S5NAGAYIAZE bl ¢{! d® 550SYOSNI HAamp®
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812864



Driver monitoring systems: eye, head, andn-cabindriver condition monitoring

More automakers are offering imehicle cabin sensing that measugesJS NE 2 Y Q&orFl OSZ S
head for signs of distraction or fatigue. Some of these systems also use the seat ancattihe
aSyaz2zNhB (2 RSGSNXYAYS || RNAGSNRa aalaSe 'a GKS
distraction, they could also be programmed to determine substance impairment. Currently,

Volvo is advertising this system as an intoxication detection system

As noted, eysand headbased drier monitoring systems also intsectwith Autonomous
Vehicle technologiesAtt [ S@Sft o | dzizy2yeéz | @SKAOfS ySSRa
physical condition.

Overview of companies with these technologies

There are 122 technologies covered in this section on lane change or attention monitoring. We
look at automakers, Tier | suppliers, Ties@ppliersand other suppliers with this technology.

The chart in this section breaks up our review of agd headbased driver monitoring into the
following five sections:

1) Eye, head or face camebmsed

2) Seat or wheel biometrics that can monitor the heart or brain activity
3) Other cabin sensors (this is typically a combination of all sensors)
4) Autonomous vehicle interaan

5) Emergency stop or slow down

Eye, head, or face cametaased monitoring.Most in-cabin driver monitoring systems use a

OF YSN} G2 RSUSNNAYS | RNAGSNDA LIKeaaAGQfiate, 2NJ SY
gazeor head movementsSomeautomakers are using these systems as a way to unlock a

vehicle.

Seat or wheel biometrics that can monitor the heart or brain activitfhere are systems in
RSOSt2LIYSy(d G2 Y2y A.Bankdlsb mdaibind Brain/actisity. KHede SysserNI G S
usually use biometrics in theeat, but some also use a steering wheel.

Other cabin sensors.The providers are developing technology that helps with sensing vehicle
occupant physical and emotional state.

Autonomous vehicle interactionWhen aitonomousvehicle technologieare ata Level 3

I dzi2y2Yeés | @SKAOfS ySSRa (2 KIFI@S | NBIR 2y |
their suppliers are developing-tabin driver monitoring that interacts with the operation of
autonomous vehicles.

Emergencystop or slow down.As in the first section on driver monitoring systems like lane
departure warning and attention assjshese systems can also stop a vehicle or slow down the
vehicle depending on the condition of the drivértificial Intelligence, hadware and other
software play a role in the development of this driver monitoring technology.

Thefollowingchart references where in this documesdchtechnology can be found.



Automakers:Driver monitoring (e.g. face or eygs

Egza Seat or Oth_er Aut(_)nomous Emergency
Automaker wheel cabin | vehicle stop or RFI Number

or face | . . . .

camera biometrics | sensors| interaction | slow down
Bentley Yes Yes Yes Yes 8
BMW Yes 11
Cadillac Yes 15, 16
DS
Automobiles| Yes 20
Daimler AG | Yes 24
Ford Yes Yes Yes Yes Yes 29-33
FUSO Yes 38
Genesis 41
GM Yes Yes 43
Honda Yes Yes Yes Yes 51-55
Hyundai Yes Yes Yes Yes Yes 61-64
Jaguar Land
Rover Yes Yes Yes 70, 71
Lexus Yes Yes Yes Yes 82, 83
Nissan Yes Yes 93,94
Seat Yes 100
Subaru Yes 102
Tesla Yes 106

110113,

Toyota Yes Yes Yes Yes Yes 116
Volkswagen| Yes 123
Volvo Yes 124, 125

10




Tier 1 Suppliersbriver monitoring (e.g. face or eyes)

Tier 1 E(}alz(’jor Seat or Othgr Autc_)nomous Emergency

. wheel cabin vehicle stop or slow | RFI Number
Suppllers face biometrics | sensors | interaction | down

camera

Adient Yes 131
Aisin Seiki Co. Yes 132
Aptiv Yes 133
Autoliv Yes 134
Bosch Yes Yes 136, 137
Continental Yes Yes 139, 140
Delphi/Borgwarner,  Yes 142
Denso Yes Yes Yes Yes Yes 143147
Faurecia Yes Yes Yes Yes 151, 152
Gentex Yes 154, 155
Grupo Antolin Yes 157
Hitachi Yes Yes 158
Hyundai Mobis Yes Yes Yes Yes 160-163
Infineon
Technologies Yes 164
Jabil Yes 165
Joyson Safety Yes 166
Lear Yes 168, 169
Leopold Kostal Yes Yes 170
Magna Yes 173,174
Mitsubishi Electric Yes 175
Panasonic Yes 176
Samsung Yes Yes 178
Sony Yes 179
Sumitomo Riko Yes 180
Toyoda Gosei Yes 181
Toyota Boshoku Yes 182, 183
TS Tech Yes 184
Valeo Yes 185
Visteon Corp Yes 187
Yanfeng Yes 188
Yazaki Yes 189
ZF Friedrichshafen
AG Yes 190

11




Tier 2, Other Supplier®river monitoring (e.g. face or eyes)

Eye, Seat or Other Autonomous | Emergency
Tier 2, Other Suppliers head or wheel cabin vehicle stop or slow RF

face . : . : Number

camera biometrics sensors interaction down
Abto Yes 191
ADAM Yes 192
Affectiva Yes 193
Ambarella Yes 194
American Vehicular
Sciences LLC Yes 195
AMS Yes Yes 196
Autocruis Technology Co Yes 198
Baidu Apollo Yes 202
CardiolD Yes 203
Cipia(formerly EyeSight) | Yes 204
DTS Autosense Yes Yes 206
Eyegaze Yes 208
Gaze Sense Yes 209
FutureWei Technologies
Inc Yes 210
Harman Yes Yes 211
Joynext Yes 214
Melexis Yes 216
NVIDIA Corporation Yes 219
NXP Yes 220
Optalert Yes 221
Pioneer Yes 222
Plessey Semiconductors Yes 223
PrevcitDrugs Yes 224
Primax Yes 225
Seeing Machines Yes 226
SpeedGauge Yes 229
Sight hound Yes 230
Smart Eye Yes 231
SRI Yes 233
ST Yes 234
Tata Elxsi Yes 235
Veoneer Yes 238
Wipro Yes 239
Xandar Kardian Yes 240
Xperi Yes 241

12




NEXT STEPRiver monitoring (e.g. face or eyes)

Most camerabased driver monitoring systentisat determinethe physical oemotionalstate

of the driver are ready for production or already in production. In 2019, Volvo becanfeghe
automaker to advertise eygaze camera technology asvayto determinedriverintoxication.

Il RSY2YAUGNI GA2Y @ARS2 OdzZNMNEy eéyégaze Rafinolbgy ivatkad, Q &
and how the vehicle can take corrective acfion

MADDurges Congress to enact the HALT/RIDE (A& 2138/S 1331)he legislation requirg
NHTSAo conduct arulemaking on impaired driving prevention technology. As part of
rulemaking process, NHTSAl test andstandardize effectivadriver impairment monitoring
systems- and mandatethe technology on all new vehicl

5 https://www.media.volvocars.com/global/egb/media/videos/250162/ircar-camerasand-intervention-against
intoxicationdistractionanimationl
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Passive AlcohdDetection Available todayto help
prevent drunk driving crashes

Technologies under development can work together witltver monitoring systems
RSGSNNXAYS | -iRpakn@d MIRlAccardingdetté Bdurance Institute for Highway
Safety, if all cararere equipped wititechnology that could stop a drunk driver from operating a vehicle,
more than9,400 lives could be saved annuallyhissectionwill lookat 42 passive alcohol
technobgies in development by automakers and their suppliéassive alcohol touch or

breath sensors aobinedwith driver monitoringwould make impaired driving thing of the

past, but only if this technology is a standard feature on all new vehidlas. review of the 42
technologies in the chart amividedinto four categoris: Automakers, Tier andTier 2
suppliersare developinghe followingtechnologies

1) Touch

2) Breath

3) Voice

4) Autonomous vehicle interaction

. . Autonomous
Provider Touch | Breath | Voice vehicleinteraction RFI Number
Ford Yes Yes Yes 34-36
GM Yes Yes Yes 42,44, 45, 46
Honda Yes Yes Yes 56-58
Hyundai Yes 65
Toyota Yes Yes Yes Yes 114, 115, 117, 114
Autoliv Yes 135
Bosch Yes 138
Continental Automotive Yes 141
Denso Corp Yes Yes 148150
Faurcia Yes 153
Gentex Yes 156
Hitachi Yes 159
Joyson Safety Yes Yes Yes 167
LG Electronics Inc Yes 171
LG Innotek Co Ltd Yes 172
Panasonic Yes 177
Valeo Yes 186
Apple Yes 197
Automotive Coalition for
Traffic Safety Yes 199201
Delta Tooling Yes 207
HID Global Yes 212-213
Senseair Yes 227-228
Sober steering Yes 232
TruTouch Yes 236
Thunder Power Yes 237

14



NEXT STEPBassive alcohol detection

AutomakersTier 1 and Tier 2 supplierand the federal governmeritave putsomeresources
into the development of passive alcotagtectionsensors Thistechnology can help stop drunk
driving, but only ift is made standard on atlew vehicles.

MADDurgesCongress to enact the HALT/RIDE Act (HR 2138/S 1331). The legislation r
NHTSAo conducta rulemaking on impaired driving prevention technology. As part of
rulemaking process, NHTSA will test and standardize effective passive alcohol det
technology- and mandate the technology on all new vehicl

If passive alcohol sensors are standard, the cost will be minintedttomanufacturer and
consumerAnd the cost of pssive alcohol detectiotechnologyis minimal compared to the
$44 billionannualcost of drunk driving crashes in United Stdtd$.optional, theenormous
safety benefis of passive alcohol technologiil not be realized.

Safetymust not be an option.

Conclusion

The ato industry has been in the midst of a technologietolution for more than a decade,
with new, incredibleadvancementsoutinely announcedBillions of dollarsnvesedin electric
and autonomous vehicles haled tothe creation ofsupercomputers on wheel§Somecars are
even being built without steering wheels. Curreliiving performance monitoring systerasd
driver monitoring systemare passivend unobtrusiveao attentive and sober drivers.
Additionally, Artificial Intelligence and the multiple sensors tpatalong withcurrentdriver
monitoring systemgancreate a system of redundancy

Technology to eliminate drunk driving and drugged driving is available. With ADAS systems,
driving performance monitoring, driver mdaring ard passive alcohol senso@nd passage of
the bipartisan HALT Act in the House, dhd bipartisan RIDE Act in the Senate, the time to
eliminate drunk and drugged driving is now.

6! ft O2K2ft LYLIANBR S5NAQGAYIZE bl e¢{! ® 550SYOSNI HAMPD
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812864
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Companies that developed or are developingahnologiedor
driving performance monitoring, driver monitoringnd
passive invehicle alcohol detection

PASSIVE

AUTOMAKERS: Ford,
GM, Honda,

Hyundai, Toyota.

TIER 1 SUPPLIERS: Autoliv, Bosch
Continental, Denso, Faurecia,
Gentex, Hitachi, Joyson Safety

Systems, LG Electronics, LG Innoteck,
Panasonic, Valeo.
TIER 2, OTHER: Apple, Automotive
Coalition for Traffic Safety, DADSS,
Delta Tooling, HID Global,
Senseair, Sober Steering,
Thunder Power,

MADD believes these three technologies together cou
eliminate drunk, druggedand other forms of impaired
driving IF made standard on all new vehicles.

DRIVING
PERFORMAMNCE

MONITORING
[e.g. Lane Assist, attention)

AUTOMAKERS: Acura,

Alfa Romeo, Audi,

Bentley, BMW, Buick,

Cadillac, Chevrolet, Chrysler,

Daimler, Dodge, Fiat, Ford, Fuso,

Genesis, GMC, Honda, Hyundai,

Infiniti, Jaguar, Land Rover, leep,

Kia, Lexus, Lincoln Mazda,

Mitsubishi, Nissan, Porsche, PSA
Groupe, Seat, Subaru, Tesla,




AutomakersDriving Perfornance Monitoring,Driver Monitoring and

Passive AlcohdDetection Safety Technologies

There areover 130 systems developed or in development fraamtomakeis relating to: driving
performance monitoring, driver monitoring, and passive alcohol detectidmssection will go
throughthese technologies.

Driving Performance | Driver Passive Breath or
Automakers Monitoring (e.g., Lane | Monitoring(e.g., | Touch Alcohol Total
Assist, attention monitor) | eyes, head) Detection
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1. Acura Lane Keeping Assist System (LKAS)

I OdzNF aidlFdSa aLT GKS GSKAOES 0S3aAya Y2Q0Ay3d 2dz
activated, alert beeps sound and the Lane Departure Warning appears on theliMaortnation

Display, prompting the arer to steer back into the detected lane. Acura models with the Lane

Keeping Assist System will automatically apply corrective steering to center you in the detected
lane’d €

More Information
1 Video from Acurahttps://youtu.be/2vYFOVwO2Gk

2. Acura Driver Awareness Monitor

I OdzNJ Thei2021 $13X aldo includes a new Driver Awareness Monitor, which continually
monitors and assesses driver behavior behindwiieel. Using input from the steering angle
sensor to measure both the frequency and severity of the driver's steering inputs to gauge
awareness, the system issues a warning to take a break if it determines the driver is becoming
inattentive &

Thiswas aanounced in 2020 as available on new vehicles. But it is unclear if this is an option
yet.

3. Alfa RomeadLane Keemg Assist

¢ KS GSOKy2f 23 eandKeepRgAEBNSan iSt&ligantisystém used to support the
driver to stay on the rightourse, keeping the vehicle within the lane. Thanks to the use of a
camera mounted on the upper area of the windscreen the Lane Keeping Assist system detects
in real time the limits of the lanélhis advanced safety system guarantees the right driving

path, giving visual and acoustic alerts and a vibration of the steering wheel every time the car
inadvertently starts to stray out of the laré.

CKSNE FNB fAYAGFEOA2YE (2 EEKADEBDIY alLIE SRG ARy 0
and 111 mphVisiblity is good roads are straight and with wide bendand here is safe
distance from the vehicle in frorit

More Information
1 Alfa Romeo Lane Keigg Assist Videphttps://youtu.be/tol3ak QFfY

[ FyS YSSLAyYy3 | a&ipa/oiners.dcdraicBny\elticles/idiatmhatio2021/RDX/features/Lane

KeepingAssistSystem/

8Al-b Sg Hnaum ¢[ - ! RAFryOSa ! OdzNI Q& ¢/ 2 BypRMondayeivs.codern{ | FSG & t
US/releases/releaséc8f365baeb2f83cfe863e5284004fad-new-2021-tIx-advancesacurascommitmentto-
safetyperformance

%a[ FyS YSSLIAYy3 ! AESawABKG &/ 2 dMithsB Evéwalfatofdo.comBdvsheed
driver-assistancesystemsadas/lanekeepingassist#
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https://youtu.be/2vYF9VwO2Gk
https://youtu.be/toI3ak_QFfY

4. Alfa Romeo DriveAttention Assist

The system is described ‘d3river Attention Alert will indicate when your driving patterns seem
fA1S @2dzQONBE RNAGAYIWgKAES RAAGNI OGSR 2NJ RNRga

The Driver Attention Alert system works in the following:
The driver attention alert system analyzes the following factors to determine whether you are
fatigued or driving like you are: Your specific driving style, Lane crossings & how you change
lanes, The time you spend behind the wheel at speeds between 4 &nph. If the system
detects that you seem to be tired behind the wheel, a symbol with a red cup of coffee and the
YSaalr3asS ac¢l 1S I oNBIF1THE Attt FElakK 2y GKS Ayad
to indicate that the message has appeared.

You can accept the suggestion by hitting the Menu button on the multifunction lever, but the
red coffee cup will remain as a smaller icon in the instrument panel until you turn off the
ignition. If the suggestion is ignored, the audible alerts suilitinue!*

More Information
9 Alfa Romeo Driver Attention Assist Video:
https://www.youtube.com/watch?v=L0Q4Cjl2yRDc

5. Audi Active Lane Assist

The technology is described ‘&ctive
lane assistan provide steering guidance
to help the driver keep the vehicle in the
lane. Detecting lane markings, roadside
structures and vehicles in adjacent lane
allows the system to make a virtual

driving path to help guide the vehiclé*"

More information: Dramatization of Audi Active Lane Assist (Audi)
1 Audi Active Lane Assist Video:

https://www.youtube.com/watch?v=8L9fkSV Do4

Vg1 £ FIF w2YS2 DdzA f Al I Bttpst/invEalfam@ed S dfarBngton! cdid/ nioyeB/didiaf &

11 ¢How the Alfa Romeo Driver Attention Alert System Keeps You inEtieckw Ya Seé ! £ ¥ w2VYS2 o0
https://www.alfaromeousaofuppersaddleriver.com/blog/2020/july/23/aH@meo-driver-attention-alert.htm

2§11 dzZRA LINB & Sy a S htth/aninwSaydiuZagom/udaiReh/enfinfovadon/driver-assistance.html#
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https://www.youtube.com/watch?v=LQ4Cjl2yRDc
https://www.youtube.com/watch?v=8L9fkSV_Do4
https://www.alfaromeousaofarlington.com/models/giulia/
https://www.alfaromeousaofuppersaddleriver.com/blog/2020/july/23/alfa-romeo-driver-attention-alert.htm
https://www.audiusa.com/us/web/en/innovation/driver-assistance.html

6. Audi Attention Assist

The system is described @udi Attention Assist uses electronics developed to monitor driver

steering input and pedal use to detect the telltale signs of drowsiness and react accordingly. An
AYAGNYzYSyad LI ySt S NYyAy3d Aa GKS FTANRG Wol 1S dz
warningd'é

7. Bentley Lane Assist

KEEPING YOUR VEHICLE
WITHIN DETECTED LANES

A P . A A LANE ASSIST
¢ KS aeausS vamemindgratedS a I

into the vehicle, the Lane Assist system
scans the road ahead and identifies the @
lanes markers on either side of you. Shoul

you find yourself veering out of your lane,
LaneAssist will gently steer you back into

placeg!4

Bentley Lane Assist graphic
(Bentley Newport Beach)

8. Bentley EXP 100 GT

The incabin driver monitoring system utilizes the following
Intelligent, Adaptable Biometric Seating can be configured inetkiferent ways, depending on
whether the owner is driving or using autonomous mode. Biometric sensors monitor
temperature, passenger position and environmental conditions to deliver the ultimate in
comfort, whatever the conditions.

Bentley Personal Assant preempts passenger needs and can ewegximizecomfort based
on its knowledge of its owner. For example, reactive seat surfaces respond to passenger position
during driving, automatically offering more support when the need is sensed.

In addition,biometrics are embedded throughout the Bentley EXP 100 GT to track eye and head
movements, even blood pressure. It represents the futureudtomized in-car comfort far
beyond any seating experienced in a modday car*®

This is currently a concept vehicle dating back to 2019. The system it describes mirrors other
technologies in development or already developed.

BagtftrFeAy3a {I FS3¢ | dzRA htps:/Anadading.&udi.com@uila2ticl@phyingafe> H n Mc ©

“g, SyidtSe [FyS 1aaraazé . SyidftSe bSgLRNI .Sl OKo®
https://www.bentleynewportbeach.com/research/lanassist.htm

B, SyiaftSe wSAYIFIAySa (GKS CdzidzNB 2F DNIYR ¢2dz2NAy3Izé . Sy
https://lwww.bentleymedia.com/en/newsitem/957entleyreimaginesthe-future-of-grandtouring-with-the-
extraordinarybentley-exp-100-gt
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https://www.bentleynewportbeach.com/research/lane-assist.htm

9. BMW Active Lane Keeping Assistant

¢ KS & doauses ¥n kéeping you in your lane safely at speeds Ug@oMPHP¢ ¢ KS &aeadsS
works by:

Dynamic radar around the entire vehicle and front cameras monitor road and traffic patterns as

well as lane markings

When you set the system in place, you must keep your hands on the wheel at all times, but the

system willprovide steering assistance to help you stay in your.lane

In conjunction with BMW adaptive cruise control, this system can help you maintain a set

distance not only between lane markers to your side, but also between your BMW and the

vehicle in front of gu.

More Information
1 BMW Active Lane Keeping Assistant Videtus://youtu.be/w24HYJvaClO

10. BMW Lane Departure Warning

The system acts with'&8he camera positioned at the front of the vehielgsists the Lane

Departure Warning system. When travelling above 43 mph the system monitors road markings
and their position versus the car as well as the edge of the road or lane. The system is activated
whenever the vehicle leaves its current lane unittenally and alerts the driver by making the
steering wheel vibrate. When the driver indicates an intention to change the lane by using the
indicator, there is no warning signdf’"

More Information
1 BMW Lane Departure Warning Video:
https://www.youtube.com/watch?v=cMd9Fym_3fU

%gl 2g GKS .a2 1 OGAGS [IyS YSSLAY3I YR ¢NIXFFAO WIHY ! aaA:
https://lwww.pacificbmw.com/howthe-bmw-activelane-keepingandraffic-jam-assistartworks/
g OGA®S . fAYR { LG 5SG§SO0GA2Y YR [FYS 5SLI NIdz2NE 2 NJYA\

http://content.bomwusa.com/microsite/f10/com/en/newvehicles/5series/sedan/2010/showroom/safety/lane_cha
nge_departure_warning.html#more

21


https://youtu.be/w24HYJvaCl0

11. BMW

The BMW dnver Active Cruise Control in combination with the driver attention camera — BMW How-To © 2

Watch later Share

attention monitor
captures head and
eye movement of

driver. The
technology looks
G+ LISNE
and analyzes a , —————
person head :
movement. i
The camera in the instrument cluster evaluates the head position and opening of the
Th(::‘ System js Dn eyes in order to analyse the attentiveness of the driver.
O R NFacirig NJ PR Es g S ——— = D

cameramonitors Image of BMW Driver Monitoring SystefYouTube)
your nose and eye.

G2 YIS &adz2NB &2 dzQNB ¥ 180ke/YBuTdb2 Wdad bNBVWs A 1 K S& S &
RSY2YyAGN)I 1S3 K2¢g aUGKS aeadsSy So@olfdza GdSa GKS KS
G2 Fylrtel S GKS | GiGSy A aSmobniedin Befinsttukét pRIER &S NID €
above the steering wheel.

The technology acts immediately for driver inattention but may be limited to use while a
vehicle is stopped. Another limitation is the driver can also turn of this technology

More information
1 Company Websitéttps://www.bmwofminnetonka.com/bmwactivecruisecontrol-
with-driver-attention-camera/
T a! OGAG@S [/ NXzA aS / 2y (i NW®dr attknyfon Caghafd) BMM HOWE22yE & A (O K
BMW on YouTubettps://www.youtube.com/watch?v=LkxgOXuhBUg
T a[ SINY 126 ¢2 'aS ¢KS S5NAGSNI ! GaGSydAz2y /1Y
BMW Lakelandattps://www.youtube.com/watch?v=fNZ6NBZITWA

18 Qur Handon Experience Withthe nmdg . a2 -ONBS IGFNARZA Y I a2RS¢ /I NEPO2YZI |
https://www.cars.com/articles/ourhandson-experiencewith-the-20193-bmw-x7shandsfree-drivingmode-
407421/
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https://www.bmwofminnetonka.com/bmw-active-cruise-control-with-driver-attention-camera/
https://www.bmwofminnetonka.com/bmw-active-cruise-control-with-driver-attention-camera/
https://www.youtube.com/watch?v=LkxgOXuhBUg
https://www.youtube.com/watch?v=fNZ6NBZlTWA
https://www.cars.com/articles/our-hands-on-experience-with-the-2019-bmw-x7s-hands-free-driving-mode-407421/
https://www.cars.com/articles/our-hands-on-experience-with-the-2019-bmw-x7s-hands-free-driving-mode-407421/

12. Buick Lane Departure Warning

The system works by:

w ¢KS FSI {dzNIokidgicderal T2 NB I NR

w 2KSYy | @SKAOf S travdling\aifove33 Miled pakRoud @ B6NJ | Y R
kilometers per hour), this sensor looks directly ahead to detect lane lines; when a left or
right lane marking is detected, a green icon is displayed

w LT 0KS RNAGSNI f Siia G§KS aSvithbubibtéhtioRaNyh T U
steering or using his/her turn signal, the icon turns amber and flashes to alert the driver
to steer back into the lane; plus, beeps are sounded on the lane departure side, or, if

208

equipped, the Safety Alert Seat pulses
w [ Iy SureBA&inihgtan be turned off

w [FYS 5SLI NId2NBE 2 FNYyAY3I R2Sa y20 adSSNI 6K

The problem with this technology is that it can be turned off and does not correct the steering

of the vehicle.

13. Buick Lane Keep Assist with Lane Departure Warning

Thea & & (ic8nvalertyou with a brief, gentle steeriwgheel turn when you may be

unintentionally drifting out of your lané?° Below is anmage of Lane Keep Assist with Lane

Departure Warningrom Buick.

BUICK ENCORE GX
LANE KEEP ASSIST WITH

LANE DEPARTURE WARNING

It can alert you with a brief,
gentle steering wheel turn
when unintentionally drifting
out of the lane.

NOTE:
You must steer. This feature does not keep
your vehicle centered in the lane.

Ba[ IyS 5SLI NI dzNBtpg/mndliskycanfhewto-sdphdit/int@rior/warninglights-alerts/lane
departurewarning

40 FyS YSSLI 'aarad oA0K ptipst/SwwebSidtklicoldidzds/cornechivifyihghd > ¢

to/safety/lane-keep-assist
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14. Cadillac Lane Keep Assist witline Departure Warning

The systems works in the following fashion:
w2 KSy | £SFd 2NI NRIKG f+yS tAyS Aa RSGSOGSR:ZT
like either a vehicle with white lines on either side or two lane lines, depending on your vehicle
wLFT GKS aeadsSy I yiA boutltdlead is laheuhititentoatigNah @rbé¢ AADE KEER
P{{L{¢ AO02y Aa RAALIXIESR® !'G GKS alryYS GAYS:zZ |
keep the vehicle in its lane.

O Qx

wL¥ GKS ydzRAIS R2Say Qi ifHiN&ED® it SEK & 2(d2ONE ROBHAGNMIY BNB NP

@2dz K @Sy Qi NBFOGSRXE GKS FYOSNI[!b9 Yoot ! {{L{c¢
a Lane Departure Warning alert. Three beeps or three seat pulses (if your vehicle has a Safety Alert Seat)
will occur from the direction of the unintentional lane drift.

AO2

wL¥ [FyYyS YSSLI!'aarald Aa 2y yR GKS FSFGdzNE Aa dzyl of

turn white.

w2 KSy +y AyidSyiliazylrt tFyS OKI ysSeeringassisRutiog laBeR =
Departure Warning.

wLT GKS de2adsSy RSGSOGa e2dz YIe y20G 6S aidSSNry3
wLF @2dz2ONB | OGA@Ste aGSSNRYy3I 2NJ dzaAy 3 2B 2dzNJ G dzNy

15. CadilacFace Recognition

An article describes it as
b5SaO0ONAROSR |2
188t Saa SELISH
unlocking and starting is
basically a face recognition
system that works day and
night, indoor and outdoor,
and even in some extreme
weather.'??

Thesystem is only available
on vehicles in Chin&he
image on the right is from
an Ad for the technology from China. It appears there are Patents filed by General Motors for
this technology in Mexica?

More Information
1 2021 Cadillac XT4 Face ID Biometric Systemtiud://www.youtube.com/watch?v=3

f7aMEX0OvQ

KS &

iKS
A A

2260 1yS YSSLI ! aaArad FyR hif:LihyNabidabldm/mokwidiyuppgrisaféty/ldnekéep £ € | O ®

assistdeparturewarning

22 Unlock The 2021 Cadillac XT4 With Your Edgt Only InChira¢ / | NAO221LJa® { SLIWISYOSNI mT 32

https://lwww.carscoops.com/2020/09/unlockhe-2021-cadillacxt4-with-your-face-but-only-in-china/

2 ¢Cadillac Files To Trademark Modus Biometric System Indetic / F RAt f + O {20ASi&® CSo Nzl |

https://cadillacsociety.com/2021/02/14/cadillafiles-to-trademarkmodusbiometric-systemin-mexico/
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https://www.youtube.com/watch?v=3-f7qMEx0vQ
https://www.youtube.com/watch?v=3-f7qMEx0vQ

16. Cadillac Super Cruise

Eyeand headbasedmonitoringsystem that is available as on cert&adillacvehicles. Camera
measures a persda attention while in hands free driving mod&he camera can sense if a

person is paying attentiarThe results are immediate,y R RNA gSNDa asStd gAff
technologycannot be used when the vehicle is not in thentlafree mode. The image below is

of the technology from Cadillac.

Cadillac Super Cruise™
Super Cruise delivers comfort and convenience for long-distance travels and daily commutes. In addition, its hands-free capability and driver attention system he

More Information

1 GM website:
https://media.gm.com/media/us/en/cadillac/news.detail.html/content/Pages/news/us/

en/2017/apr/0410supercruise.html
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https://media.gm.com/media/us/en/cadillac/news.detail.html/content/Pages/news/us/en/2017/apr/0410-supercruise.html
https://media.gm.com/media/us/en/cadillac/news.detail.html/content/Pages/news/us/en/2017/apr/0410-supercruise.html

17. Chevrolet Lane Keep Assist with Lane Departure Warning

If the system is turned on, the technology works by:

T ,2dQft 4SS I INBSYy A02y 2F || @SKAOES o0SiGeSSy i
marking

1 If you unintentionally drift near a lane marking without using your turn signal, the icon will turn
amber

1 The system also gently turns yasteering wheel to help guide you back into your Ene

Above is a@phic of Chevrolet Lane Keep Assist with Lane Departure warning (Chevrolet)

More Information
1 Lane Keep Assist Video from Chevrolet:
https://media.chevrolet.com/media/us/en/chevrolet/bcportal.htmI/NOPAGE/currentVi
deold/4631802883001/currentChannelld/Safety.html

18. Chrysler LaneSense Lane Departiivarning with Lane Keep Assist

¢KS aéadsSy 62Nl a oe afdl
Fdzi2YFGAOItte KSfLA 3FdzAR
unintentionally."®
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More Information
1 Chrysler video of technology:
https://www.youtube.com/watch?app=desktop&v=RRi3wulaC9w&feature=youtu.be

21 g At lrotS [FyS YSSLI 'aarad ghtpsmycheyr@et.cof/hdivtdli dzNB 2 | NI/ A
support/driving-performance/driving/lanekeep-assist
BgazzNB {dFyRINR {FFSie CSIGdNBa ¢KIFy !yeé +SKAOES Ay (K!
https://lwww.chrysler.com/pacifica/safetysecurity.html
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https://media.chevrolet.com/media/us/en/chevrolet/bcportal.html/NOPAGE/currentVideoId/4631802883001/currentChannelId/Safety.html
https://media.chevrolet.com/media/us/en/chevrolet/bcportal.html/NOPAGE/currentVideoId/4631802883001/currentChannelId/Safety.html
https://www.youtube.com/watch?app=desktop&v=RRi3wulaC9w&feature=youtu.be

19. Dodge Lane Sense
The systenworks like the Chrysler Lanerse system.

More Information
1 Dodge video of technologyitps://www.youtube.com/watch?v=FvseTfauQs0

20 ) DS Auto m O b | | eS DS 7 CROSSBACK | DS Driver Attention Monitoring

The located above
the steering wheel analyses
the driver’s concentration

DS Automobiles, owned by DD
Groupe PSA, features tiS
Driver Attention Monitoring
which is an ge-based monitoring
system The system features a LN /
driver-facing camerahat monitor y
three key physical signs of
distraction or drowsiness;
movement of the eyesyelids or
neck.If any signs of distraction ar Images of DS Driver Attention Monitoring System (YouTub
deteCted, an aUdIbIe alert IS Set DS 7 CROSSBACK | DS Driver Attention Monitoring

off and a warning notice appears
on the digital instrumentation
display. At the same time, vehicleiiss i
position monitoring constantly

tracks the car in relation to road
markingsand warns the driver
with an audible alert if there are
any sudden or unexpected
steering movements.

» » % 0247145

» » o 1:08/1:45

More Information

1 DS Automobileshttps://www.dsautomobiles.co.uk/insidels/dsnews/dsautomobilesanti-fatigue-
technology

1 YouTube VidedDS 7 CROSSBACK | DS Driver Attention MonitbApg) 26, 2018.
https://www.youtube.com/watch?v=UAVbZIOA3SWA

1 DS AntiFatigue Monitoring to Boost SafefyinformaTech, November 8, 2011&ips://www .tu-
auto.com/dsanti-fatigue-monitoring-to-boostsafety/#

1 dThis Is How the DB Crossback Driver Attention Monitoring System WerRsitoEvolution, November 8,
2019.https://www.autoevolution.com/news/thisis-how-the-ds-7-crossbacldriver-attention-monitoring-
systemworks-138884.html
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https://www.youtube.com/watch?v=FvseTfauQs0
https://www.dsautomobiles.co.uk/inside-ds/ds-news/ds-automobiles-anti-fatigue-technology
https://www.dsautomobiles.co.uk/inside-ds/ds-news/ds-automobiles-anti-fatigue-technology
https://www.youtube.com/watch?v=UAVbZI0A3WA
https://www/
https://www.autoevolution.com/news/this-is-how-the-ds-7-crossback-driver-attention-monitoring-system-works-138884.html
https://www.autoevolution.com/news/this-is-how-the-ds-7-crossback-driver-attention-monitoring-system-works-138884.html

21. MercedesBenz (DaimleAGQ Active Lane Keep Assist

¢ KS & ananitdsYhe érea in front of youvlercedesBenz by using a small camera at the
G2L) 2F GKS OFNDa 6AYyRaAONBSYyd wlRINI aSyazNa f 2
monitoring the traffic around the cat.

The specifics of how the technology works is as follows:
The camera scans the area in front of the car and detects the lane markings on the road
(using differences in contrast) and where the vehicle is in relation to these markings. If the
car moves towards the white lines then the Active Lane Keeping Assiatestlthe driver
by vibrating the steering wheel and displaying a warning on the instrument cluster. If the
driver does not react and the car begins to leave its lane then it will automatically be
ONRdAKG oF O] Ayid2 AlGa @pidatbh of thd brakeBy S dza Ay 3 |

More Information
1 Video of technologyhttps://www.youtube.com/watch?v=00Qkdvi55woA

22. MercedesBenz (DaimleAG) Attention Assist

¢ KS &aeaidsSy aéumtedadndividial Beliaviaur@ pattern during the first few

minutes of every trip. This pattern is then continuously compared with the current steering
behaviour and the current driving situation, courtesy of the vehicle's electronic control unit.
This process ailvs the system to detect typical indicators of drowsiness and warn the driver by
emitting an audible signal and flashing up an unequivocal instruction on the display in the
instrument cluster: "ATTENTION ASSIST. Bféak!"

The description of the technolog@lso notes how steering behavior can be an indicator of
RNE g & & Cbdelvalidnyof3tearing behaviour has proven to be extremely meaningful as
drowsy drivers find it difficult to steer a precise course in their lane.

More Information
1 Video of techntogy: https://www.youtube.com/watch?v=A66z9J40j80

% @What is: Active Lane Keeping Assist a S M&nS $o6ti Weshttps://www.mercedes
benzsouthwest.co.uk/about/newand-events/activelane-keepingassist/

741 GGSYyGARZY | RENBOVUARNE a2%ISY3 61 NyY& RNAOSNAR (2 LINBOSYD
Daimler.https://media.daimler.com/marsMediaSite/en/instance/ko/ATTENNASSISDrowsinessetection
systemwarnsdriversto-preventthem-falling-asleepmomentarily.xhtml?0id=9361586
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https://www.youtube.com/watch?v=OQkdvi55woA
https://www.youtube.com/watch?v=A66zgJ4Oj8o

23. MercedesBenz (Daimler AG)ctive Emergency Stop Assist

The MercededBenzActive
Emergency Stop Assist to stop the
vehicle and call for help if the drive
is incapable of driving-his system
does not use a camera to monitor
the driver, but only based off of
vehicle movement. The image on
the right is taken from a video of a
description of the technology.

The automaker describes the technology below:

Active Emergency Stop Assist brakes the vehicle to a standstill in its lane if it detects that the
driver is no longer actively driving the vehicle while it is on the move with Active Steering Assist
switched on. If there is no steering wheel movement cadonger period when Active Steering
Assist is active, the system gives the driver a visual and audible prompt to place his/her hands
on the wheel. If the driver fails to respond after repeated visual and acoustic prompts, either by
moving the steering wéel, accelerating, braking or by pressing the touch control button on the
steering wheel, the car is slowed down in the identified lane until it comes to a standstill. At
speeds below approx. 60 km/h the traffic behind is warned by means of hazard whghitsg

When the vehicle comes to a standstill, the parking brake is engaged automatically and the
MercedesBenz emergency call system is activated. The vehicle is also unlocked, to allow first
responders access to the interior. The functions are aborteslamn as the driver takes control

of the vehicle agai®

'y I NOHAOfS RSAONAROGSA K2¢ (0 KHtivill stop b yehided? LI RNR ¢ & &
detects the driver has stopped paying attention or is not actively piloting the vehicle. This safety

net deploys when Active Steering Assist is activated. Active Steering Assist, for its part, helps

the driver by following lane markings, other vehicles, and features parallel to the road. It
YEAYUlIAya GKS @OSKAOf SQa 02 daii#EeSAllghk driter Has tordo y A Y dzY
is pay attentiorg?®

More Information
1 Mercedes FAQ 2018 ass Sedaimitps://media.mbusa.com/releases/driver
assistancdech-fag?firstResultindex=0&sortOrder=PublishedDescending
1 Video ofTechnology
https://www.youtube.com/watch?v=J5urCuUA6BQE&feature=emb _title

28 ¢Driving assistance systems: High safety standard with functions from@ies€ ¢ 51 A Y{ S NI
https://media.daimler.com/marsMediaSite/en/instece/ko/DrivingassistancesystemsHighsafety-standardwith-
functionsfrom-the-S-Class.xhtml?0id=39951637

Y41 26 aSNBOBRSBOGADBS 9 YSNHSY Obttpsf/indkbb!cémicardeivs/iov@ NJ 8¢ Y. . @
mercedesbenzactiveemergencystop-assist/
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https://media.mbusa.com/releases/driver-assistance-tech-faq?firstResultIndex=0&sortOrder=PublishedDescending
https://media.mbusa.com/releases/driver-assistance-tech-faq?firstResultIndex=0&sortOrder=PublishedDescending
https://www.youtube.com/watch?v=J5urCuA6BQE&feature=emb_title

24. DaimlerAG PatentMethod for determining the driving ability of
a driver in a vehicle

Daimler AG PateridE10201800910A1
filed in 2018s for an eyebased

3
H 1 monitoring system. It measures the eye
@ for changes in pupil. The results are
2 immediate, and the eye monitoring
D

measures a previous image of the eye of
the user for comparisof?

The images on the left are from the
Patent.The specific system has not been
validated, but similar systems are in
development or deployed. Once this

FlG 1 A technology is available by trdsitomaker
it is unclear whether or not users will be
able to turn of thidunction.

& :@p
%

FIG 1B

30 @Miethod for determining the driving ability of a driver inavehElé 51 A Y S NE102D18009100A1S vy i
Filed November 11, 2018ttps://patents.google.com/patent/DE102018009100A1/en

30



25. Fiat LaneSense Lane Departure Warning

¢KS &aeaidsSy MMuailaBlSla@Siahse® IRinelDaparture Warning with Lane Keep
Assistalerts you during unintentional lane drifts and will help course correct yetiicle back
into its lane if you do not respond™

More Information
M Video of Fiat Lane Sensgtps://www.youtube.com/watch?v=dlgo35IIYBA

26. Fiat Attention Assist

The technology iR S & O NJA Th&dystein &an detect initial signs of fatigue by monitoring
lateral movements of the vehicle, advising you when to take a break where necessary via a
acoustic and visual warning on the instrumental pafrel

Graphic of Driver Bention Assist (Fiat)

More Information
1 Video of Fiat Attention Assistttps://www.youtube.com/watch?v=Sqg2771qK614

Blgunun CAL G pnn-hips/SOKBRsa. hodzib ¥/ techhlbgfrd-safety.html
g CAl O mtSso/awwiid..uk/500-electric/new500-hatchbackicon/exterior.
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https://www.youtube.com/watch?v=dlgo35IlYBA
https://www.youtube.com/watch?v=Sg277IqK6I4
https://www.fiatusa.com/500x/technology-and-safety.html
https://www.fiat.co.uk/500-electric/new-500-hatchback-icon/exterior

27. Ford Driver Alert

According to Euro NCAP

C2NRQ& S5NAGSNI ! ESNI Aa F RNAGSNI FaaradlyoS ¥FSI (dz2NB

position in the lane and calculate a vigilance level for the driver. If this vigilance level drops below a
certain value (e.g. potentially indicag the driver is tired), the vehicle will issue a visual and audible
warning. Additionally, Driver Alert shows the actual vigilance level of the driver in the cluster upon
request.

Ford Driver Alert System

The forward looking camera is constantly monitoring
the vehicle positionn the driving lane and ST
additionallychecks for sudden and exaggerated Il . ggmeﬂ
corrections, which are characteristic of drowsy or  ESNEETA Rest soon

inattentive driving. Based on this information and thegj

history of the calculated vigilance level the system
issues two levels of warning, a saft hardwarning.
The sof-warning consists of an audible chime in ordd

to alert the driver to the message in the cluster i
screen. The hargvarning is triggered if the vigilance

level calculated by the system remains below a certain

level. It also comes along with an audible chime Driver Alert system from Ford (YouTube)
alert the driver, but it is now more intrusive to urge

the driver to take a rest®

More Information
1 Video of Ford Driver Alert Systehitps://www.youtube.com/watch?v=p4jxRhxFHFo

28. Ford lane-Keeping System

¢ KS & &usesaBarhera that scans lane markings on both sides of your vefiibke system

has three modes: LaAéeeping Aid applies steering torque to direct you back to the center of
the lane. Lan&eeping Alert warns you through steering wheel vibrations that simulate driving
over a rumble strip. You can set the system to activetieer the Alert or Aid mode, or both.

And Driver Alert sends out warnings in the message center when it detects repeated lane drifts
T areminder to pull over and take a break."

More Information
1 Video from Ford on Larkeeping System:
https://www.ford.com/global/resources/ford/CoPilot360/HowTo/FMFT2708000H Lane
-Keeping_System.mp4

BawSeFNR HAMMY C2NR S5NAGSNI ! SNIZE 9dzZNB b/ !t @
https://preview.thenewsmarket.com/Previews/NCAP/DocumentAssets/220990.pdf
¥y WSS LAy 3 { ehitis SWia ford CnldRhhology/driverassisttechnology/lanekeeping

system/.
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29. FordBlueCruise

The FordBlueCruise (Formerl
CoPilot 36Q uses annfrared
driver-facing camera will track
eye gaze and head position.
The system looks at eyes and
head position while the car is
in hands free mode semi
autonomous driing. Drivers
will be notified by visual
prompts on their instrument
cluster when they need to
return their attention to the ;
road or resume control of the 1,546 ofFordDriver Monitoring Systen{YouTube)
vehicle. This technology appeais

to only work when the vehicle is in hands free mode.

4 (W
. ».
v 9
.
4 & .

More information

1 Ford April 14, 2021 press release:
https://media.ford.com/content/fordmedia/fna/us/en/news/2021/04/14/fordmother-
of-all-road-trips-bluecruisehandsfree-driving.html

1 Ford Website:
https://media.ford.com/content/fordmedia/fna/us/en/news/2020/06/18/fordco-
pilot360technologyaddshandsfree-driving.htmi

f &l | yFie&Driving Coming To 2021 Ford Mustang Ma¢hé Wdzy S My S HAH A P
Forbes.com https://www.forbes.com/sites/samabuelsamid/2020/06/18/handsce-
drivingcomingto-2021-ford-mustangmache/?sh=7b5076e54113

1 Video of technology from Fortiitps ://www.youtube.com/watch ?v=xIg-98|jutA
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https://www.forbes.com/sites/samabuelsamid/2020/06/18/hands-free-driving-coming-to-2021-ford-mustang-mach-e/?sh=7b5076e54113
https://www.forbes.com/sites/samabuelsamid/2020/06/18/hands-free-driving-coming-to-2021-ford-mustang-mach-e/?sh=7b5076e54113
https://www.youtube.com/watch?v=x-Ig-98jutA

30 F O rd 1FA 2011: Ford Heart Rate Mpnitoring Seat

This is a Heart ratbased monitoring system §
through a seat. Other Driver Monitoring '
Systems that are being developed or are
developed are also able to monitor the heart
rate of operators.

According to the Mayo Clinic, consuming -
three alcohol drinks in one sitting can Image ofFordHeartMonitoring System(YouTube)
temporarily increase your blood pressure.
elevated heart rate is associated with highe
blood pressure. (NIH, 2013).

¢tKS fAYAGlIGAZ2YA | NB
heartrate could be for multiple reasons.
However, the test results are immediate.

News Articles on this Ford heart ra@sed
monitor dates back to 2011. Tier 1 supplier
have also explored this technology for

vehicles. Seat based heart monitors do notegpto be widely available.

Scroll for details

Humans have various reasons for changes in their heart rate. A Heart rate monitor alone cannot
be the sole indicator to determine impairment but might be helpful with other driver
monitoring systems to ensure redundancy wheneteining impairment.

More Information

f GC2NR RS@$2¥ALIA2 KIBY BIiaSI ¢ httpskenwtvneacbnynewsrforddevetopsm ®
heart-monitoring-seat/

1 #+ARS2Y 4LC! HammY C2NR | SI NI erl,®Blaz2yAd2NAy3a {SI (¢
https://www.youtube.com/watch?v=zIR9KFwngjc

1 !t O02K2tY R2S3& A (MayofChirkQiis:/aviv2nafoclihidNaBMligsedsNsS K ¢
conditions/highblood-pressure/experanswers/bloodpressure/fag20058254

f a1l SENI whkdGS FyR . f22R t NBaadaNBY !'yé t2a8A0tS LYLI A
Curr. December 2013.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491126/#:~:text=Elevated%20heart%20rate%20is%20
associated gnsideration%20in%20choosing%20antihypertensive%20medications
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31. FordPatent: Vehicle Control Handoff

Ford PatentJS10838416Bfiled in 2019 is for vehicle control handoff that also includes in
cabindriver monitoringusing cameras and other sensors

The alstract2 ¥ G KS t | i\ SoyhputegincludésSagprbcessor and a memory storing
instructions executable by the processor to, upon determining that a vehicle entered a
geofenced area, start a timer; upon determining that a handoff ofuéleicle from an operator

to a remote server has not occurred since starting the timer and that the timer has exceeded a
time threshold, determine whether the operator is absent based on data from sensors; and
then, upon determining that the operator is ads, instruct the vehicle to follow a command
received from the remote servee®

Figure 2on the right, is a sketch \ ‘
from the Patent. The camera in the \\«,l f
OFroAy Aa fAalGSR o
I NB RS a Ghdinedak |4 |
cameras 64 each have a fieldviéw
in the passenger cabin 40, e.g., of
one or more of the seats 42, 44, 46. |~
For example, as shown in FIG. 2, 01 (-
of the internal cameras 64 can be
mounted on a dashboard or
windshield facing rearward toward
the driver seat 42. Other internal
cameras 64 an be directed to each
row of the seats 42, 44, 46. The
internal cameras 64 can be any
suitable type of image processing
device, e.g., visibleght camera,
grayscale camera, infrared camera,
etcg

FIG. 2

Bag+SKAOES /2y iNRf USI0§326BFiEEMaZONRI®. t | G Sy i
https://patents.google.com/patent/US1838416B1
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32. FordPatent:Vehicle Interior and Exterior Mondring

Ford PatentUS20200406902ACA f SR AY HnHAn dza Sa dtaedDflawehidle KSfE LI
occupang3®

Figure 2Afiled with the Patenshows how LIDAR

O yThe partially penetrated radiation may
generate a second reflection on another surface
behind the transparent object, e.g., an occupant 204
in the vehicle interior 2055uch a second reflection
may provide LIDAR data for creating a 3D map, i.e.,
a scaled epresentation such as is known from
LIDAR data, of objects inside the vehicle interior
205, including one or more occupants.

500
“

{START)

505

Receive LIDAR data

! ~ 510

Determine occupant
FIG. 2A state

|

Figure Sdillustrates a process 500 for determining a
vehicle 105 occupant 204 state based on data received
from LIDAR sensor(s) 101. The process 500 may be car
out according to instructions stored in a memory, and
executed by a processor, of the computing device 403.

- Expected .
,,,,,,,,,, seeupant
state?

, 520
This technology appears still in the research and Perform Action
development phase, but it shows that an aotaker is
f221Ay3 G GSOKyz2t238 (2 g !NRA IS NR &
END
FIG. 5

3 @Vvehicle interior and exterior monitori@é  C 2 NJRS20200406S0ZAiFiled September 10, 2020.
https://patents.google.com/patent/US20200406902A1
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33. Ford Patent: System and method for implementing active safety
counter measures for an impaired driver

Ford PatentJS7777619B2 filed in 2007 is for a system that can monitor for signs of impairment
and appears to be able to take over operation of the vehicle.

The Patent describes how the system works:
The present invention is directed to an active safety system for recognizing that the vehicle's
driver is impaired and not responding to alert warningsad initials countermeasures to safeguard
the vehicle occupants and others that maydreor nears the road. This is accomplished by first
determining what other vehicle system capabilities are present on the vehicle (i.e., adaptive cruise control
with stop and go; blind spot detection; traction control; steer by wire; external sedamgdetection;
path prediction; obstacle detection, etc.), and adapting the active safety feature accordingly. The system
monitors the driver to determine whether the driver is not responding to the alert warning. If it is
determined that the diver is not regmsive to the alert warning, the method includes initialing counter
measures such as adjusting safety restraints, in the case of pretension restraints, reducing vehicle speed
via a message to the engine controller and/or the vehicle brakes, to a fullBtepsystem and method
further contemplates activating the vehicle emergency warning lights and horn. These additional
measures are initiated and tracked to bring the vehicle to a safe stop and warn others outside and inside
the vehicle that the driver ieo longer in control of the vehicf&.

10
/ X Sketch of Patent

31 The vehicle is also equipped with
2
devices 4dor sensing driving
30 34 f state variables such as motion
% 14 44 9 detectors 42, cameras 44 and radz
sensors 46. The cameras, motion
4 detectors and radar sensors are
38 £CU' used in vehicle equipped with
18 external sensing to gather data an
~20 22 information about the surrounding
32
% 15 4 areaof the vehicle, and use the
data to determine whether there
II " are any other vehicles or objects ir
% proximity to the vehicle that may
42 pose a hazard or obstacle to the
/ operation of the vehicle, and to
4 implement steering control or to
40 chart a path to the safside of a

FIG. 1

The Patent shows how Automakers have looked into driver
monitoring for possible impaired driving since at least 2007.

37 ¢System and method for implementing active safety counter measures for an impairedsdEved. Patent
US7777619BZiled April 11, 200ittps://patents.google.com/patent/US7777619B2/
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34. Ford Patent: System and method for establishing acoustic
metrics to detect driver impairment

FordPatentUS9963033B2 filed in 2R1s a voicebased alcohol impairment monitor. The

Patent describes the technology:
A system is disclosed herein that

. : . 250
utilizes an acoustic phonetic Ve
impairment test (APIDT) that uses
propert|e§ of ;peeph performance to ‘ T |_’_278
detect driver impairment. For forAdrin Repor

example, the system may compare ‘ Vb Tt A |’m

recorded phrases or words (or Redio, mg3, fc.
random combination of words) to - m‘ON‘La+K —

. e als u ne i
established or initially stored ‘ il Eqipped }’232
phrases or words, respectively, to )

B ; ; Tum 'ON' All Active Safety Systems and
assess driver |mpa|rme!’$uch Setto High Senstvly {f Equipped- . |——284
impairment may be attributed to FOW, CWb, BUS, CTA)
factors such as driver alcohol _*

. . Add Information to V2V Datasel 286
consumption, driver glucose levels, i Equippet)
illegal drugs, etcThese factors may v

: [ TmONDoNeDsbb |28
change the speech of the driver and
such a change may bedicative of GereateWaningDealng Danges |_r290
the driver being impaired® Assocaed wih Inaied Drvy

Dispiay Digial Picture if Setup
‘ by Admin %

Figure 4.B, located to the right, show o—
how the system would give an audibl ~ %~ ks
gl NYyAy3Ia 2F AL 7
operation 290, the device 12

Is
Vehicle Equinped
with an Imemal Gamera

7

58
Phane

generates warnings describing 0 Sy G e
dangers generally associated with (esedon A Setinge Entefe)
impaireddriving€

The Patent shows the Automakers

efforts to figure out how to stop Fig-48

impaired driving and by going so far

as to generate audible warnings if a vehicle operator is determined to be impaired.

38 ¢System and method for establishing acoustic metrics to detect driver impainént C 2 NJRS99a3038B3 v i
Filed August 9, 201 2ttps://patents.google.compatent/US9963033B2
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35. Ford Patent: System and method for selective engine start in a
vehicle depending on driving ability

Touch based sensor to determine alcohol or drug impairment on a start/stop ignition bufton.
sketch associated with the Patent is below.

[+]

N

FIG. 1

The Patent ws filed in 2006 with the European Patent offf€ét does not appear anything has
happened with this technology.

39 ¢System and method for selective engine start in a vehicle depending on drivingzabilityC2 NR® t | (4 Sy
EP1849644BTiled April 26, 200&ttps://patents.google.com/patent/EP1849644B1/en
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36. Ford Patent: Vehicle occupant impairment detection

TheFordPatent filed in 2017 describes a system uses a patch and watch to determine
impairment in addition to other sensor to detect impairment. The system also intersects with

Autonomous Vehicle technology. The system is described as:
A computer is programmeadbtreceive biometric data, from a transdermal patch in a vehicle during
operation of a vehicle, wherein the biometric data include a measurement of a chemical. The computer is
programmed to actuate a vehicle component, upon determining from a combinatidmeaheasurement
of the chemical and vehicle operating data that a risk threshold is exce€ded.

} Ol4

130

¢tKS a1SiOK 062@3S FTNRBY 0KS t | (HR140 iskypicalyF | & | dzYy
located in a passenger cabin of the vehicle 100. For example, the HMI 140 may provide

information to the occupant including an indication of vehicle 100 occupant impairment, an

activation of vehicle 100 autonomous mode based on vehicledb@upant impairment, ete.

Any technology that requires an additional step by a driver is not workable. It unclear if this
technology has other passive sensors made into the vehicle to determine impairment. This
Patent seems to intersect with a vel@aperation in Autonomous Vehicle modes, which is like

other technologies by other companies.

40 Vehicle occupant impairment detectiané ~ @2tiR820200148231AFiled June 16, 2017.
https://patents.google.com/patent/US20200148231A1/en
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37. Fuso Lane Departure Warning

¢tKS aeadsSy AvobildySdetecdRaneSrarkitgsandialerts the driver if the vehicle
leaves the lane without the use afturn signak*!

It is unclear if the system takes corrective action to guide the driver back into the correct lane.

38. FusoActive Attention Assist

Fuso Shogun - Active Attention Assist ~ > Q. A~
Active Attention Assist

Fuso is 89% Owned by Daimle
Truck AG.ThEdza 2 a! O
L GGSyaazy 1 aaa
commercial trucks tracks head
and eye movement to
determine driver attention in
addition to other features such
as tracking for lane departure.
The test results are immediate,
but a person can turn off the
feature and itonly operates
above certain speeds. The
advanced optical sensors
utilize facial recognition
technology

Currently, it is a feature only
on Fuso commercial vehicles.
The user can turn off the
feature.

» » ¢ 051/217

More Information
I Fuso New Zealand websitetps://www.fuso.co.nz/news/shoqus#iirst-safety
I Fuso Active Attention Assist aaips://www.youtube.com/watch?v=gcRADEWXxTgM

g {F FShe CS htipdinBranitiéiso.dz@reudiadvantage/safety
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39. Genesis Lane Keep Assist

¢ KS & eDxifi dhitgide yaur lane without
signallingand the Lane Keep Assist system first
warns you with haptic vibrations through the
steering wheel, as well as audible and visual cues
the vehicle continues to approach the edge of its
current lane, Lane Keep Assist can provide steeri
assistance to ting the vehicle back on coursé

The image to the right is a graphic from the Genes
website shoring how the technology works.

40. Genesis Driver Attention Warning

¢ KS & adakyssydriving
patterns of the driver and range 210km
UKS OUSKAOf SQa i
lane to operate a Stage
warning system. It posts
pop-up messages and sets
off warning signals to
encourage the driver to rest
when driver fatigue or
inattentive driving is
detectedé*3

The image on the right is
from the Genesis website of —
the coffee icorthat appears when a person may be fatigued. This feature, like many other
Automakers safety features can be disabled by the driver.

More Information
1 Genesis G80 Driver Attention Assist video:
https://www.youtube.com/watch?app=desktop&v=rDxtYEWe36g
9 Video of GV80 Driver Attention Warning:
https://www.youtube.com/watch?app=desktop&v=1gktZsO9kFo

24/ 2 YLINEYKAY@AI 22§ FSG & | hips/imavgenasNtom/ca/enSxyirpadana ®
genesisg70safety.html
BES5NRGBSNI ! G0 Sy A hps:AvviNdeheyisoaing/au/BISxir8-sedaiobnesisy70-safety.html
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41. Genesis Forward Attention Warning

¢ K é D S )/ é é A3 = G80 and GV80 | Forward Attention Warning | Genesis
Attention Warrh y" 3 €
checks driver face with
IR optical camera
installed on the
instrument clusterThe
systema K St LJa f
dangers of driver
fatigue and tiredness
by reading the face of
the driver through an
IR camera built right
Ayi2 GKS RI

h optional equ T FOTWATG AT om0t the driver's eye position using

Images of Genesis Forward Attention WarningrouTube)

The test is immdiate = G80and GV80 | Forward Attention.Warning | Genesis
and fatigue is noted: <
G2 KSy (GKS & -

detects closed eyes or —

3T &

lack of attention, it
warns the driver with
pop-up notifications and
an acoustic warning
sound designed to
effectively secure the
RNRA @S NRa* I i

|

and the audible warning will sound.
-

It is advertised as a new VRSP T seotfordeus

option on vehicles. The

technology is dependent on a person opting for this technology to be installed in the vehicle
that they purchase. The person could also turn off the system if it is installed in their vehicle.

More Information
9 Video of G80 and GV80 Forward Attention Warning

https://www.youtube.com/watch?v=wE|j03gpM4rc&list=PLW77CkZOxeR3la pcxVnDiB7zivO4ZE3

a

“a{ GSFReZ { (dzRe& I hitpsRvwiv.GeOsdrNddrE/ca/erl&yhSuideresisgv80osafety.html
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42. GMPatent Vehicle immobilizer methods and apparatus based
on driver impairment

GM PatentU S8196694B#led in 2009 is drier monitoring technology for impairment. The

Patent is described:

Impairment sensor system 108 includes an analyzer adapted to estimatepairmentrelated metric

OGdLwaéo

6Soadps

0 f 2 2 Rinvadiv®igtétaztion Wit a/véh& g dperatdr (¢B.Yfroha y 2 Y

breath sample)The analyzer may include, for example, an ethassplecific fuel cell sensor, which
generates arelectric current having a magnitude that is related to a concentration of alcohol within a
breath sample. Alternatively, the analyzer may utilize infrared spectroscopy or other technologies for
detecting a concentration of alcohol from transdermal imagdgom the detected alcohol concentration,
the impairment sensor system 108 may determine a detected blood alcohol concentfation

It is unclear where this system is in the proceshe sketch below is from the Patent filed for

this technology.
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45 Wehicle immobilizer methods and apparatus based on driver impairlént D a ®USIB81966$4E Filed May

21, 2009 https://patents.google.com/patent/US8196694B2
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43. GMPatent: Method and system for mitigating the effects of an
impaired driver

GM PatentJS9290174Bfiled in & for driver monitoring system for impairment, and measures
for intoxications, while also intersesivith autonomous vehicle technology.

s 100 108~ —_ @@ @@

|-——108,

Perform One or More
Awakening Actions

1

Wait Certain Amount of Time 108,
102 Based on the Scenario

Indicalar Code

Is the

Driver Impaired
?
The sketches are
Lriver Actively Engaged
from the Patent. D
Gather sensor Readings from They ShOW the
One or More Vehicle sensor{s) [~ 104 . .
and/or Environment Sensor(s) intersection of
determining a
Develop a Scenario-Dependent | _ 1
driver state and e I
Indicator Code . Autonomous Driving Actions
engaging I
autonomous Wﬂ“';;::':,‘z::";‘::(:;:;“"|nmsﬁ
. . . Indicator Codeo
Perform Scenario-Dependent | 108 vehicle dr|V|ng
Response Based on Scenario
Indicator Cod Is the
nelectorteee mOde' Dr'\vert\ct'\vtelv Cngaged
in Driving
. Figure 5
Figure2

Figure 2 above shows a basic overview on how the system determines impairment, including

that for intoxication aslso described below from the Patent
Beginning with stef 02, the method determines whether the driver of the host vehicle is impaired, and
may do so in any number of different ways impaired driver may be a sleepy or drowsy driver, an
injured or debiitated driver, or an intoxicated driverfor example. Step 102 may employ any known
method or technique for detecting an impaired driver, including techniques that rely on driver readings
from driver sensors 18 to capture and evaluate images of the dsiface in order to look for slackening
facial muscles, to evaluate the frequency, duration and/or pattern of eye closure, to examine the
orientation or movement of the driver's head or body, or to monitor the direction or pattern of the
driver's gaze, toite a few possibilities. Movement of the driver may also be monitored by sensors located
in the driver's seat to detect driver position, as well as sensors in the steering wheel to monitor the
driver's hand position. In other examples, driver impairmerdasermined not by directly monitoring the
face or body of the driver, but by evaluating the behavior or performance of the driver and looking for
signs of impairment such as lane departure, inconsistent vehicle speed, erratic driviffy, etc.

Other auto companies have developed similar systems monitoring a driver and determining
when Autonomous Vehicle will be engaged. It is unclear where GM is at with rolling out this
technology.

46 Method and system for mitigating the effects of an impaired didvér D a ®UI92901 B4R ¥iled October
23, 2014 https://patents.google.com/patent/US9290174B1/en?09=9290174
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44. GM Patent: Method and apparatus for detecting projected
impairment

GMPatentUS20180037228Aflled in 2016 is
for a system monitors for impairment
including for that of alcohol or other drugs.
The Patent seems to have application with
autonomous vehicle technology or finding a
different mode of transportation if the driver
is determined impairedThe Patentbstract

describes a comprehensive system that:
The method includes detecting a first
impairment level at a first time; detecting a
second impairment level at a second time
after the first time; based on the detected
first impairment level andhe detected
second impairment level, determining a third
impairment level at a third time after the
second time; and inhibiting vehicle operation
in response to determining that the third
impairment level is greater than an
impairment threshold. The appatus and
method may be used in a vehicle or other
apparatus to prevent vehicle operator from
operating the vehicle while impaired or prior
to becoming impaired’

Thesketchesto the right are fromthe Patent
showsnotification to warn of impairment

Fig-4B

The Patent appears to allow for the user to call or request a ride if the driver is determined
impaired by the systemit is unclear if this technology has been developed or not.

47 Method and apparatus for detecting projected impairmgnt D a PUS2018083yA28AFiled August 5,
2016.https://patents.google.com/patent/US20180037228A1
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45. GM Patent: Drive-cycle sampghg and monitoring for impairment
detection system

GMPatentUS10507844Bfled in 2017

300 —

shows a system that monitors for forms of
impairment including for those impaired by mi
a substance. The system also seems to

allow for the vehicle to take control if the outaiy Impament

Sample

driver is too impaired to operate a vehicle
either by a substance or other form of

304

]

|mpa|rment_ Calnu\ala;zwgawrmenl
As it relates to measure for alcohol S
impairment, this is the description from the ke Torre g
Second Threshold
Patent: Values

The impairment measurement device 198

may measure a BA€ach time a driver

requests the starting of the engine 102

(e.g., each time and ignition key, button, o
switch is operated). Alternatively, the
impairment measurement device 198 may 30
measure a BAC each time the ignition stat
178 transitionstooneormo2 ¥ (1 K S
power modes (e.g., accessory, run, and/ol
crank). In addition, the impairment
measurement device 198 may periodically
measure a BAC during operation of the End
vehicle. This enables appropriate

responses even if the impairment value

changes duringperation, as could be the

case if the driver drinks alcohol while

driving or shortly prior to driving the FIG. 3
vehicle. The time between measurements ] )
or a sample frequency, may be determinec 1hesketch is fromthe Patent, which

by the impairment control module 198. describes how substance impairment is

determined.

312
308

Secand Threshold
value Exceeded

Execute Driver
Intervention Protacol

Threshold Valuss
Exceeded?

First Threshold
Value Excesded

Generate Yaming
Alert

There appears to be a ntad in this Patent for the vehicle to take control if the driver too
impaired. This is similar to other technologies developed by other companies.

“8 ¢Drive-cycle sampling and monitoring for impairment detection systeén D a ®U10507$4¢RIFiled
September 26, 201 https://patents.google.com/patent/US10507844B2/en?09=10507.844
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46. GM Patent: System and method to restrict vehicle operations in
response to driver impairment

GM PatentJS10471969Bfiled 2019 monitors for driver impairment and intersects with
I dzi2y2Y2dza OSKAOES (SOKyz2f238 AT || RMAISNRA
operate a vehicle.

The Patent notes the importance of detecting intoxication when it comes to autonomous
GSKAOf S it dérefarefd@smable td restrict vehicle occupants from shifting their
autonomous vehicle to a manual driving mode wtlitiey are intoxicated. It is further desirable
to automatically transfer the autonomous vehicle out of its manual driving mode when its
occupant(s) are detected as being impai€d

The technology outlined in the Patent is very similar to other techrietothat aim to
determine when the driver should go into autonomous vehicle driving mode depending on the
state onthe driver.

47. GMC Lan&eep Assist with LanBeparture Warning

¢ KS & &anhepyoudavoid crashes due to unintentionally drifting outaafr lane by

providing gentle steeringvheel turns when the system detects you are drifting out of your lane
with no turn signal or steering activity. It can also provide Lane Departure Warning alerts when
a lane marker is crossef?

More Information
1 GMC video of the technologigttps://www.youtube.com/watch?v=bf KkfmhcMY

48. Honda Lane Departure Warning

¢ KS & &sesiaSwindstield camera to visually detect lane lines in the road.

If the driver begins to drift out of a detected lane without using the turn indicators, the system
will alert the driver with an icon in the instrument panel and an audible warning, though the
driver remains responsible for safely operating the vehiclé avoiding collision&! This

system does not take correg@ action if the driver crosses the lane.

49 6System and method to restrict vehicle operations in response to driver impaiiinént Da ® t | G4 Sy
US10471969BFiled January 7, 2018ttps://patents.google.com/patent/US10471969B1/en?0q=10471969
0! Ry OSR {I-F&§a&ahby ROS5 NRBsE ey cicand/safBigedtures

Sl [ F 'y S 5SLI NI dzZNB 2 | NJhtpy/BvEné.hohdgifdRdnterlcof2a21/Cré/FeéitSdNID
Guide/SafetyFeatures/LandDepartureWarningLDW/
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https://www.youtube.com/watch?v=bf_KkfmhcMY
https://patents.google.com/patent/US10471969B1/en?oq=10471969
https://www.hondainfocenter.com/2021/CR-V/Feature-Guide/Safety-Features/Lane-Departure-Warning-LDW/
https://www.hondainfocenter.com/2021/CR-V/Feature-Guide/Safety-Features/Lane-Departure-Warning-LDW/

49. Honda Lane Keeping Assist System

¢ KS & & ddsigned tdih@lp kieep a vehicle centered in a detected lane, applying mild

steering torque if idletermines the vehicle is drifting toward the side of the [Xn®usés a
windshieldmounted camera to look for lane markers, and the Electric Power Steering (EPS) to

help steer the vehiclet KS a&adSYy Aa +tofS (42 ARSyGame . 2004
works at speeds between 45 mph and 90 mipiLKAS determines the vehicle is deviating from

the center of a detected lane with no twsignal activation by the driver, it will attempt to steer

the vehicle back into the center of the lage.

50. HondaDriver Attention Monitor

¢ KS & &antinGaNy manitors and assesses driver behavior behind the wheel to help
determine if the driver is becoming inattentiveand then if so, warn the driver to take a
breaké®3

The system works in the following way:

1 This feature uses an angle sensor to measure the degree of steghiegl corrections by the driver to
maintain a proper lane position.

9 Ifit senses too much correction activity, it will notify the driver to take a break.

1 If normal attention levels are detted, the monitor will display three or four bars in the driselectable
Driver Attention Monitor screen in the Driver Information Interface.

1 If the system detects an inadequate level of attention, the system will override any of the sslested
screens, and display either one or two bars and a message advising the driver to take a break.

9 If the detected level of attention worsens, the system will display a heightened visual warning as well as
an audio alert, and will vibrate the steerimdheel to further warn the driver to take action.

More Information
9 Honda Driver Attention Monitor video:
https://www.youtube.com/watch?v=FkWkTei Mc8

Al yS YSSLIAY3I ! aairad hitps:Anive NoRdainfdcentérRom202Y/GRY/FeatGrg” (i S NJp
Guide/InteriorFeatures/Lan&eepingAssistSystemLKAS/

BASNAGSNI ! GGSyGA2y a2y il2 Nips/Awyhertdnddeastcon/e/gafety/Drack RRE S 9 | ¢
Attention-Monitoring-System

“A5ENARADBSNI ! GGSYGA2yYy a zhifps:ivdiNBohdainfecghtel.com/202 /ER/Fedtyrd S NJ
Guide/InteriorFeatures/DriveiAttention-Monitor/
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https://www.youtube.com/watch?v=FkWkTei_Mc8

51. Honda Sensing Elite SafeBystem

CKA& A& I OFYSNY RNAGSNI Y2YA(l2NRYy3 ddtaiSy 27
Level 3 automated technology to be approved by Japanese authdrifes ¢ K S trackshé SY &
condition of the driver using a monitoring camera mounteside the vehi& &¢

This technology shows how automakers are preparing for autonomous vehicles and specifically
when a vehicle should be in control and when the driver should be in coiitnel intersection

with autonomous driving and the need for driveonitoring andfor when and when not the
GSKAOES OlFly 3IAPS O2y iNRf ol O1 G2 ddteriorRNA GSNJ o
equipment exclusive to this model includes Honda SENSING Elite indicator lights, which feature
carefully selected andisible positions, sizes, colors, brightness and other details, as well as a
12.3inch fullLCD graphic meter. This equipment was adopted to provide an intuitive

understanding of system operation status, current driving situation and any requests todransf

control back to the drivet.

The image below is from Honda of the technology.

More Information
1 Video of Technologyittps://www.youtube.com/watch?v=RCai6FEuGvc

55 ¢Honda launches next generation Honda SENSING Elite safety system with Level 3 automated driving features in
JapaZ ¢ | 2y Rl @ ahitpsh&ndanévs.com/erdSBhondacorporate/releases/release
€86048ba0d6e80b260e72d443f0e4dd@ndalaunchesnext-generatiorhondasensingelite-safety-systemwith-
level3-automateddrivingfeaturesin-japan
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https://www.youtube.com/watch?v=RCai6FEuGvc

52. Honda PatentSystem and method for capturing and
decontaminating photoplethysmopgraphy (PPG) signals in a vehicle

Honda PatentyS10153796B2
filed in 2015 is for technology 0~
that canmeasure body and
face to determine
impairment. The Patent says
dadditionally, the optical

VEHICLE 125
SYSTEMS y . 130
. 13

sensors 202 can VEHCE

noninvasively monitor a . L A -
condition of the driver 118 S :

through the determination of 12 e P8 gron i PrGsiGhaL | |
biological signals, such as MODULE P ooue MODULE
body-trunk plethysmograph | e !

and respiration that are 16—+  DIsK PROCESSOR MEMCRY | ——108
detected from the drive®

back from one or more
optical sensors 202
included within sensor 202
assemblies 120 dispose(
at the seat back 134 of
the vehicle seat 122. In
particular, one or more
filtered signas can be
evaluated to determine
the drivei@ PPG signals
that fall between

normal and intoxicated
states in order to
determine driver
intoxication£°6

Drawings from Patent

206

NEAR INFRARED s TRANSMITTED /
INFRARED LIGHT =~ REFLECTED LIGHT

|‘77 : -

SQURCE

DETECTOR

The results seems
immediate under this
patent. The technology appears to useas sensors, Skin sensgand optical sensors

56 ¢System and method facapturing and decontaminating photoplethysmopgraphy (PPG) signals in a ¥ebicle
Honda. PatentyS10153796BZFiled April 27, 201%uttps://patents.google.com/patent/US10153796B2
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https://patents.google.com/patent/US10153796B2

53. HondaPatent: System and method for responding to driver
behavior

Honda PatentyS20180072310Afled in
2017 isfor technology that nonitors:

heart, eyes, face, brain waves and entire
driver body stat@ ¢ KS t | dnSy i
particular, the level of drowsiness may be
detected by sensing different degrees of
driver behavior. For example, as discusse
below, drowsiness in a driver may be
detectedby sensing eyelid movement
and/or head movement. In some cases, tt
degree of eyelid movement (the degree tc

which the €yes are open or Closed) or the ‘RECEIVE OPTICAL/THERMAL INFORMATION I/"’o2
degree of head movement (how tilted the T
head is) could be used to determine the | swmewowomer [

body state index. In o#r cases, the |

autonomic monitoring systems could be ‘ eI BOPYSTATE e |/606
used to determine the body state index. Ir FIG. 12

still other cases, the vehicle systems coulu

be used to determine the body state index. For
example, the degree of unusual steering
behavior or the degree of landepartures may
indicate a certain body state indéx’

Portions of this driver monitoring system
described in this patent have been advertised ¢
are in development by other OEM, Tier 1 and
Tier 2 suppliers.

The drawing on the right are taken from the
Patent.

RECETVE DROWSINESS INFORMATION |—/‘ 2402

& 2404
15 DRIVER
DROWSY?

| SEND WARNING PULSE |-\ 2406

FIG. 35

57 6System ad method for responding to driver behavibg | 2 y R USR0180071R2&ELgAFiled June 29, 2017.
https://patents.google.com/patent/US20180072310A1
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54. HondaPatent: System and method for determining changes in a
body state

Honda PatentJS10238304Bfled in 2016 is fotechnologythat monitors for cardiac changes
and other body changdsy using sensors in the headrest, steering wheel and a camera.
According to the patent, the driver monitoring could incluiid@e monitoring system 212 can

204

MONITORING
SYSTEM

20444 ENGINE

YEHICLE
SYSTEMS

N
210
FIG. 2

be the same or similar to the monitoring system 110. For example, the monitoring system 212
can indude and/or communicate with various sensors. Specificalli#)G. Anoted above) the
sensors include a first sensor 216 in a headrest 214, a second sensor 218 in a seat 220 and a
camera 222. A steering wheel 224 may also include sensorst{pain) for identifying body

state change&®

This system has not been validated, but #ngomakerhas other patents that incorporate
aspects of this technology into their product. Additionally, othatomakersand Tier 1 and
Tier 2 suppliers have delaped similar technologyExplaining how this technology would work
is the biggest barrier.

%8 ¢System and method for determining changes in a body &téte | 2 y R US102833G4EHfed July 8, 2@1
https://patents.google.com/patent/US10238304B2
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55. HondaPatent: System and method for dynamic vehicle control

affecting sleep states of vehicle occupants

Honda PatentJS9463805B#filled in 2014is for this diver monitoringsystemrelating to sleep
states of driver and occupant$he Patent says:

The method includes determining a target sleep state of the vehicle occupant based on at least one of the state
of the vehicle occupant, the physiological data artitle system data and controlling a vehicle system of the
vehicle based on the state of the vehicle occupant in relation to the target sleep state. The method includes

monitoring the state of the vehicle occupant including monitoring the physiological afahe vehicle

occupant in response to controlling the vehicle system and controlling the vehicle system according to the

monitoring in relation to the target sleep state.

The monitoring system 202 of FIG. 2 can sense and determine physiological dataasfmore vehicle

occupants. For example, the monitoring system 202 can include one or menmedritboring sensors, heart rate

sensors, blood pressure sensors, oxygen content sensors, respiratory sensors, perspiration sensors, imaging
sensors to senseye movement, pupil dilation, gestures, as well as any other kinds of sensors for monitoring
one or more vehicle occupants (e.g., vehicle sensors 124). It is understood that said sensors of the monitoring
system 202 could be disposed in any location offécle (e.g., the vehicle 300, FIG. 3). For example, sensors

could be disposed in a steering wheel, seat, armrest or other component to detect physiological data
associated with the one or more vehicle occupatits.

This system has not been validated toe&latit does show an overall patten of hé¥onda §

developing drier monitoring systems to determine a driv@rstate. As this Patent seems more

in-line with theautomakerresearching a driv&@ state, it seems this tech would not be

acceptable. Howeveit shows theautomakeris looking into driver monitoring especially when

looking at other patents filed by theutomakerwhich are more specific to passively monitoring

a drivel® state.

%9 ¢System and method for dynamic vehicle control affecting sleep states of vehicle occigantd 2 Y Rl @

US9463805B Filed December 17, 20114ttps://patents.google.com/patent/US9463805B2
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56. HondaPatent: System and method for responding to driver state

The Patent originally filed in 2015 and
updated in 2017, 2019, and 2020 relates
to driver monitoring to detect impaired

drivers and the intersection with

VISUAL
DEVICES

autonomous vehicle technology. The

Patent is very etensive and includes over /

144 sketches of the technology. ENGINE =Y el DA
e = e

Under the Patent, the determination of 145~ TR | pevices ;5128 - 2.2yt

alcohol impairment is as follows: \_ g L s

In another embodimentthe ECU 106 can 142

determine blood alcohol content (BAC) (e.g., blood alcohol levels)
of the driver from information received by the blood alcohol
content sensors 310For example, an optical sensor can emit light
towards the driver's skin and measure a tissue alcohol concentrati
based on the amount of light that is reflected back by the skin. The
BACcan be analyzed to determine if the BAC coincides with a
particular physiological driver state. For example, high BAC can
coincide with an impaired/distracted driver state (e.g., an intoxicate
driver).

The optical and thermal sensing devices can be ts@donitor
physiological information, for example, heart rate, pulse, blood flov
skin color, pupil dilation, respiratory rate, oxygen contesgod
alcohof®

The &etchon the right is from the @tent. 310 on the right
shows that blood alcohol content sensors are part of the
monitoring system. The Sketch also shows the many other
sensors built into the technology to monitor the driver.

The Honda monitoring system also intersects with autonomou
vehick technology and seems to allow for the vehicle to take
control if the drive is impaired is some fashion. The Patent ha
lot of sensors associated with the DMS that monitor everything
from the eyes, BAC, heart to the Brain.

This technology seems siariin concept to other technologies
developed or in development by other auto companies.

MONITORING SYSTEMS 300

HEART RATE
MONITORING SYSTEM

1 HEART RATE SENSORS

1

| BLOOD PRESSURE SENSORS F
| OXYGEN CONTENT SENSORS |
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SENSORS

VA A

| RESPIRATORY MONITORING SYSTEM V]

] PERSPIRATION MONITORING SYSTEM !’

1 PUPIL DILATION MONITORING SYSTEM i"

BRAIN MONITORING SYSTEM

] EEG SENSORS

g
H

! FNIRS SENSORS
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Vo

\
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DIGESTION MONETORING SYSTEM

H

SALIVATION MONITORING SYSTEM

h

GESTURE RECOGNITION AND
MONITORING SYSTEM
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SYSTEM
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- 304
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80 ¢System and method for responding to driver s@té | 2 y R USB0769

https://patents.google.com/patent/US10759437B2/en
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57. HondaPatent: Vehicle control system

Honda RtentUS9073431Bgled in 2014is  FIG. 1 10
for alcohol detector level for the driver of 14 4
the vehicle. From the abstract: ———E— | M L
A vehicle control sy§tem includes an (1] o i WVTER?LCLLEM i
alcohol detector which detects an alcohol et e B P

|
intake level of a driver of a vehicle; and a |l | 21
controller which determines whether the Voo swe] | 2| e STEERING
i ACTUATER
|

driver is a drunk person based on a i (RIVE
detection result obtained from the alcohol || CONTROL AIT | 1 REPORTING

, : 13| IPUT DEVICE F— o= e 18
detector, andwhich stops the vehicle when
a determination result that the driver is the
drunk person is obtained. After a door of
the vehicle is switched from a closed state
to an open state, and before an operation
of a startup of the vehicle is performed,
the contmller controls the alcohol detector
so that a detection of the alcohol intake
level is started, and allows a travelling of
the vehicle before the detection result is
output from the alcohol detectof?

FIG. 2

The sketch above the Patent shows the
working of the alcohol sensors. The patent

describes this sketch:
The alcohol detector 11 is disposed in the
vicinity of a driver seat 1 a of a vehicle 1.
For example, the alcohol detector 11
includes a breathalyzeype alcohol sensor
11A that is provided on an upper surface o
a steering column cover 31, a breathalyzet
type alcohol sensor 11B that is disposed on
an instrument panel 33 farther outside than a steering wheel 32 in a width direction of the vehicle 1, and
two touch type alcohol sensors 11C that are provided on the steering wheel 32.

Each of the breathalyzer type alcohol sensors 11A and 11B detects an alcohol density in an exhalation of a
driver of the vehicle 1 as an alcohol intake level of the drived, @tputs a signal indicating a detection
result of the alcohol density to the controller 14.

Each of the touch type alcohol sensors 11C detects the alcohol density in the sweat secreted from
surfaces of the palm or the fingers of the driver, or in thbaitaneous tissues of the driver as the alcohol
intake level, and outputs the signal indicating the detection result of the alcohol density to the controller
14.

It is unclear if this technology has been incorporated into another Honda Patent or other
technology, but this technology has yet to be announced.

g+ SKAOES O2y G NRf USBOTInBREiled MarghyBR ROR4. t | G Sy
https://patents.google.com/pagnt/US9073431B2/en?0q=9073431
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58. Honda

HondaPatent
US10789973Bfled in

2018 could determine if a!

driver is intoxicated
based off speech
recognition. The
technology also intersects
and could enable
autonomous vehicle
driving technology. The

Patent states:
The controller may

the driver82

|| AUTONOMOUS MODE_J[="— == N
SUGGESTED

|
I(‘

() ]
N /\‘w‘m‘\\'

Sketchof Patent

FIG. 2

automatically enable autonomous driving leaison the estimated state of the driver being intoxicated.

The system may include a transmitter transmitting a warning signal to a mobile device based on the
estimated state of the driver. The system may include a transmitter transmitting a ridesharétsigna

mobile device associated with launching a rideshare application based on the estimated state of the
driver. The system may include a display displaying a warning notification based on the estimated state of

The sketch on the right slivs the system determines a driver state is below. The Patent

describes it as:

pcining

FIG. 3 is a flow diagram of a method 300 for driver
management, according to one aspect. The method 3
may include receiving 302 a first speech segment of a
driver of an autommous vehicle at a first time and a
second speech segment of the driver of the
autonomous vehicle at a second time or merely
receiving a speech segment of the driver. The methoc
300 may include tracking 304 a prior destination, a
future destination, a rout, a set of waypoints, etc.,
associated with the driver of the autonomous vehicle.
The method 300 may include determining 306 an
estimated state of the driver based on the one or mor
speech segments, the destination(s) or locations
associated with the dvier of the autonomous vehicle,
and a calendar event associated with the driver of the
autonomous vehicle, and controlling 308 operation of
vehicle system of the autonomous vehicle or a mobile
device 160 based on the estimated state of the driver.

3?2
/
Receive Bpaech Sagment R
of Drivar of Vehicle
] 304
Track Localion Associated » //
with Vehicle "
1
Determing Estimated Stale of Driver 3068
Based on the Speech Ssgmertd, the v
Locslicn Assaciated with ihe Vehicle, and b 7
a Calendar Event Assaciated with the
Diriver of Passenger
; : : 308
Control Operation of a Vehicle Systam or i
Mobile Devics Based on the Tstimated e
Stale of the Driver

Fis. 3

The technology in this Patent which allows for Autonomous vehicle control based off of the

RNA S NIDa

20168 Aa

Ay RS@St2LIVSyi

2NJ RS@St 2LISR

62 vlanagement of autonomous vehicle driving features based on driverState | 2 y R US10789971BBRy (i
Filed August 28, 2018ttps://patents.google.com/patent/US10789973B2/en?0q=10471969
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59. Hyundai Lane Keep Assist

¢ KS & ehalps $ov Etay dvithin your lane should you gattracted and start to swerve. This
intelligent system uses a highch sensor in the windshield to scan the road ahead, constantly
monitoring the lane markers both left and right of the vehicle. When activated, a visual and
audible Lane Departure Warnimgll sound anytime the vehicle veers out of its lane.
Additionally, the vehicle may apply slight pressure on the steering wheel, correcting your path
before it strays further. The system deactivates when the turn signals are activated, to ensure
no unnecssary alerts or warning$>

More Information
1 Video of technologyhttps://youtu.be/hjzzuGY8ajU

60. Hyundai Driver Attention Alert

The system works with a
owindshield mounted camera
continuously monitors the
vehicle's position in the lane and 4
analyses steering corrections and L Atiarition buyes
driving patterns to detect signs of 40

. . . . " =
fatigue, issuing a warning alert an 2 > --l

visual advise the driver to take a
break's4

Last break 0000

The image on theght is from a
Hyundai ad in New Zealand. The panel display shows the alertness level of the driver.

More Information
1 Video of technologyhttps://vimeo.com/392373484
1 Adof technologyhttps://www.youtube.com/watch?v=nNxOJhRpooY

Bal @dzy RFA [ Iy S YtoiSHyuntadMal Gf Gebrgia. ! dzii 2 b |
https://www.autonationhyundaimallofgeorgia.com/research/laskeep-assist.htm

g {FFShed | &dzy R A hitps:Hvinv.hySndai. @m/au/eh/\ehgihyuRdailadtonomous
driving/safety
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https://vimeo.com/392373484
https://www.youtube.com/watch?v=nNxOJhRpooY

61. Hyundali

TheDDREMDeparted Driver
Rescue and Exit Maneuver) syste
monitors the driver via a camera.
The system is developed by a Tier
company Hyundai Mobighe
systemouses camera Sensors
installed in the cabin to monitor the
LRAaAGAZ2Y 2F GKS
sight, blinking speeds, and other
identifiable physitogical behaviok.

Imagesof Hyundai Mobis DDRENYouTube)

It can measure a pers@head, Licealct o
blinking eyes. The test results are immediate.
DDREMsystem also continuously learns the
baseline patterns of a normal driving condition
for the driver, so it can distinguish between
different driving sates, and minimize false
alarmd ¢ LG dzaSa OF YSNI R
software and Autonomous Vehicle technology t
take over control if the operator is incapacitated
as shown from the images below.

The system was announced in 2018 by Hyu®dEer Onesupplier Hyundai Mobis. The
technology is promoted in at least two places on thé& dzy’ R | Aw@ldsiteh 9 a

The technology is meant for drive@who are fatigued or having other medical conditions. The
technology could take over for a driver unable to operdteir vehicle.

More Information

1 October 16, 2019 video from Hyundai Mobis shows how the technology works:
https://www .youtube.com/watch?v=a7VvVU9e2TtVs&t=113s&fbclid=IwAR3b8wmBA|CkyF
YIWcOBNOIWQTFhLXBsfkmFxSlyb20srMhX0KdwpWbV7X4

 dHyundai MobiRS @St DLID A YA ¥ & &4 G SY & f-teiank dutbrothoid G KS &
driving sensors one after anothéMarch 24, 2020.
https://news.hyundaimotorgroup.com/MediaCenter/News/PreBeleases/Hyundai
Mobis-developsin-cabinsystemsutilizingthe-state-of-the-art-autonomousdriving
sensorsone-after-another

T a2 Kk® @2dzNJ OF NJ 6SO2YSa | Of AYyAOKeé¢ al NOK Hc.
https://news.hyundaimotorgroup.com/Article/Whalf-YourCarBecomesa-Clinic
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https://www.youtube.com/watch?v=a7VU9e2TtVs&t=113s&fbclid=IwAR3b8wmBAjCkyFYlWcQBNQlwQTFhLxBsfkmFxSIyb20srMhX0KdwpWbV7X4
https://www.youtube.com/watch?v=a7VU9e2TtVs&t=113s&fbclid=IwAR3b8wmBAjCkyFYlWcQBNQlwQTFhLxBsfkmFxSIyb20srMhX0KdwpWbV7X4
https://news.hyundaimotorgroup.com/MediaCenter/News/Press-Releases/Hyundai-Mobis-develops-in-cabin-systems-utilizing-the-state-of-the-art-autonomous-driving-sensors-one-after-another
https://news.hyundaimotorgroup.com/MediaCenter/News/Press-Releases/Hyundai-Mobis-develops-in-cabin-systems-utilizing-the-state-of-the-art-autonomous-driving-sensors-one-after-another
https://news.hyundaimotorgroup.com/MediaCenter/News/Press-Releases/Hyundai-Mobis-develops-in-cabin-systems-utilizing-the-state-of-the-art-autonomous-driving-sensors-one-after-another
https://news.hyundaimotorgroup.com/Article/What-If-Your-Car-Becomes-a-Clinic

62. Hyundai Patent: Health measement system for vehicle's driver
and warning method using the same

Hyundai/Kia Patent/S10532658BZ A f SR AY HAamT YSt|

v oW

for vehicle driving by scanning a physical condition of the driver at a proper time, and can warn

adzaNBa |

the driver of his or her abnormal health condition when the healthy d¢towl of the driver is
not found, thereby arousing a driver's attention in safe drivéfRy.

RNA @SN
aeadsSy laNalh meaSuiement system for a vehicle's driver and a warning method
usingthe same, which can determine whether the driver has a healthy condition appropriate

The sketches below are taken from the Patéfigure 3shows that the technology appears to
show that the system could check the status of the health of the davéne time the vehicle
starts.Figure 4shows the system could check the health of the driver while the vehicle is
moving. This Patent shows how Automakers are developing technology to monitor the health
of drivers, which is important when it comes tatanomous vehicle technology.

FIG. 3
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US10532658BZFiled December 28, 201ittps://patents.google.com/patent/US10532682

60

t

(



63. HyundaiPatent:Vehicle and method for supporting driving
safety

Hyundai PatenUS20190161091Afiled in 2018 includes driver monitoring system that

monitors for brainwaves using a seat headrest. The sy&%my RSGSNNXAYS | RNR @S
state based off of brainwaves. The technolaggrsects with autonomous vehicle technology

as aims to determine the state or condition of the driver.

The Patent describes the sketches on the right of ho e —
| |

: I

|

a drunken state might look like based off of
brainwaves: /W\/\v
= ! BRAINWAVE 1

As illustrated in FIG. 9, the brainwave signal based on

|
|
|
the driver state may be determined by using the :
maximum amplitudes of the brainwavegsials As l : BRAINWAVE 2
|
|
|

Anplitude (&)

described with reference to FIG. 8, the P300 potential
component of the ERP has a feature of representing

that the brainwave signal rises or increases after about L200me | Time(ms)
300 ms (a dotted rectangular partj the normal
reaction is made with respect ttv¢ auditory stimulation FIG. 8

signal. Referring to FIG. 9 based on the above feature, 1t
may be recognized that a dotted curve and a solid curve
have the maximum amplitudes after about 300 ms from
that the stimulation starts.

The dotted curve represents the braivave signal of a
driver in a normal state and the solid curve represents
the brainwave signal of the driver in a drunken statés
described above, the brainwave signals of the driver in tl
normal state and the drunken state have the maximum
amplitudes der about 300 ms from that the abnormal
stimulation starts.

30

il

Amplitude {4

However, the brainwave signal of the driver in the
drunken state is lower than the brainwave signal of the U
driver in the normal state in the maximum amplitude
value.Accordingly, it may be understood that the driver it

more insensitive to the stimulation from the outside in the Tima (ms)
abnormal state rather than the normal st&fe

| T
500 1000

It is unclear if the technology from this Patent is

incorporated to other driver monitoring steams by

Hyundai or if this will be incorporated with determining FIG. 9
when a vehicle will go into autonomous driving mode

oFaSR 2FF (GKS RNAGSNDRa adldaSo

8 gVehicle and method for supporting driving safety thefedf | & dzy’ RUSR0290161091AFiléd July 2,
2018.https://patents.google.com/patent/US20190161091A1
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64. HyundaiPatent: System and method for determining state of
driver

Hyundai/KiagPatentUS10558875Bfled in 2017 isfor technology that monitors a drivex a

impaireda G 0 S dzaAy3 OF YSNI & YR 20KSN) adsiate afNA & ¢ K
a driver to determine his or her impaired state by determining his or her state based on his or

her reflex respose time according to behavior of a vehiéfé.

As shown in the sketch below from the Patent and described throughout the technology, the
t I 0Syd faz2 Ay@g2ftoSa !dzi2zy2Y2dza +SKAOf S RNAGJA
If the presentdisclosure is applied to a fully autonomous vehicle or a partially autonomous vehicle and if
it is determined that the driver is in the impaired state, the determination device 30 may adjust a time
when control of the vehicle is transferred to the driveray adjust a type of control transferred to the
driver, or may make an emergency stop of the vehicle on a safety zone.

In other words, as shown in FIGif4t is determined that the driver is in the impaired state by the driver
state determination sysém 100, an autonomous driving control system 110 may adjust a time when
control of the vehicle is transferred to the drivemmay adjust a type of control transferred to the driver,
or may make an emergency stop of the vehicle on a safety zone.

100 110
3 H
DRIVER STATE AUTONOMOUS
DETERMINATION DRIVING CONTROL
SYSTEM SYSTEM
FIG.4

ThePatent is similar to other technologies in developed or development that can determine a
RNAGSNRa aidladS FyR (F1S 20SN O2yUNRE 2F (KS O

67 6System and methab for determining state of drivér ¢ | @ dzy R | AUBSID3588T6B FilediN®wetiber 6,
2017.https://patents.google.com/patent/US10558875B2/en
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65. Hyundaiand Cintalapa Technology Institut@&lcohol Steering
Wheel Sensors

Hyundai workedvith Cintalapa Technology Institute in Mexico to develop a wheel based

Ff O2K2t &a¢SI G &S yeanzeNdgnize blobdafohdl Sorény/vdtli skedidg
wheel, transmission, and seat. The blood alcohol content usually requires drawing blood or spit
but these sensors can get the job done with sweat. The high level of blood alcohol content will
prevent a driver from starting a car. It determines DUI without the interference of a driver who
is unable to make rational decisions. This technology has bemmercialized as the
FFASNXYEN] SO LMRBRAzOG WwW! t O02{(2LQd

Hyundai notes they showcased this technology at CES in 2014 and that heart rates will be able
G2 GStf I LISNA 2 yiedutue, Smalrt 5eNS6rS willialsd ke gbfefto gét apgcific
blood sugar information and recognize DUI through electrocan@im reviewe

66. Infiniti Lane Departure Prevention

The systenthelps keep your vehicle
from unintentionally drifting from
your lane. LDP uses a camera to
monitor the distance between the
vehicle and lane markings and, if th
vehicle drifts towards the lane
markers, the system first sounds a
audible warning, followedyy a
selective application of the brakes
to help move your vehicle back into
its lane."9

The image on the right is from the
Infiniti videoof the technology.

More Information
1 Video of technologyhttps://youtu.be/ 4r6GDns0ODk

Bg2 KIG AF ,2dzNJ /N .S02YSa | /fAYAOK | &@dzyRFA® al NOK Hc:
https://news.hyundaimotorgroup.com/Article/Whalf-YourCarBecomesa-Clinic

B[ FyS 5SLI NI dZNB httpsBAaas. yifiniiugaycandinfinityh@ws/tedhiliofogl/lanedeparture-

prevention.html
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67. Jaguar Lane Departure Warning

¢ KS & &enseSwhendyour car is unintentionally drifting out of your lane and notifies you
with a visual alert and a gentle vibration of the steering whg®l.

More Information
1 Video of technologyhttps://www.youtube.com/watch?v=Fc3S3lzqo8g

68. Jaguar Lane Keep Assist

The system is slightly different than Lane Departure
Warning because it if the driver drifts out thfeir

t | y S systénSwill @ot only alert you to the
problem, but also provide steering assistance to
gently move you back into your lagé: The image

ontheleftAd FNRY WI 3dzr NRa RSaONM
technology.

More Information
1 Video of Technologyittps://www.youtube.com/watch?v=YXgCaC3JmQo

69. Jaguar Driver Condition Monitor

CtKS aRBUSOIG AT 22dzONBE aidFNIAy3a G2 FSSt RNRga
needtotake abreaR2 ¢ KS AYIF IS 6St2¢ Aad FTNRY GKS W 3dzl ND
technology¢ KS A Yl 3S 2y (GKS NAIKG A& FNRY W 3dz NRa

More Information
9 Jaguar Ad for technologittps://www.youtube.com/watch?v=2Asw920Qf06Y

a5 NJEGCS | dzNEBtps IMeww\dudrdsia. dbkh/incontrol/incontrol/driveassistance/index.html
MTASNAQGAY3I CSIF GdzNBasz Wk 3dz N
PASNAGAY3I CSI GdzNBaxz¢ Wk 3dzk NI

64


https://www.youtube.com/watch?v=Fc3S3lzqo8g
https://www.youtube.com/watch?v=YXgCaC3JmQo
https://www.youtube.com/watch?v=2Asw92Qf06Y

70. Jaguar Land Rovérriver Monitoring System

Jaguar Land Roveye and heaebased monitoring systeth & O f f DRverdMonitdrt & | &
Systent the technology looks at a perf@reyesand analyzes a person head movement. It
utilizes advanced softwar&he resultseem to act immediately for driver inattention.

WI 3dzl NJ [ l9\6R awAIBSNMIB& a4 a5a{ Aa dzyAljdzS o6SOl dza
system that can achieve this everliik S RNRA OSNJ A& ¢S NAy™aTha Kl RS a
Driver Monitor system also uses advanced computer software.

S A
2

-
Z

The website saydThe algorithm we have developed for DMS has the potential to seamlessly
enable a host of safety aralitonomous driving features and reduce the potential for accidents
caused by the driver not paying attenti@n.

Thewebsite 6 a{ 6+ a RSGSt2LISR Fd WF3dzZr NJ [ YR w2 @SND;:
and while it was demonstrated in a Jaguarype pototype, Nick Langdal&mith, Vice

President of Seeing Machines, believes the technology holds huge potential for other Land

Rover vehicles.

As the technology is still not fully available, the question will be whether users will have the
option to turnoff this feature if they get in on their vehicle.

71. Jaguar Land Rover Sixth Sense Project

WI 3dzZ NJ [ I YR w2 @S NXQaeénitods prairewiavkes gndhgartSatetoM@& S Ol ¢ Y
using sensors on the seat and steering wheel. The syst&a®s seabased sensors for heart and
breathing ability As this tech measures bogdlyeart,andbrain movement, it could also be
programmed to determine substance impairment.

The system was annoced as in development since 2015, it does not appear this technology
has been incorporated into the vehicles. In the BriMonitoring Systemspace, other
companies are looking into brain waves and also into using seats for monitoring the driver.

More Information
9 Jaguar Land Rovérttps://www.jaguarlandrover.com/news/2015/06/jagudand-rover-road
safetyresearchincludesbrainwave-monitoringimprove-driver
1 daguar land rover reveals new road safety systémep Speed. June 18, 2015.
https://www.topspeed.com/cars/canews/jaguarland-rover-revealsnew-road-safetysystems
arl70001.amp.html

BAWF 3dzE NI [FYR w2@SN) | yOSAt bSgs S5NRADBSN a2y rAdRodx.{ 8adSY ¢i
https://www.landrover.com/experiences/news/jnew-driver-monitor-system.html
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https://www.topspeed.com/cars/car-news/jaguar-land-rover-reveals-new-road-safety-systems-ar170001.amp.html
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72. Land Rover Lane Keep Assist

The system is very similar to the Jaguar Lane Keep Assfst driver drifbut of their lane,
i K S andRavdr will not only alert you to the problem, but steer you safely back into your
lane £’

More Information
1 Video of technology:
https://www.youtube.com/watch?app=desktop&v=wmAndvHINZU&t=153s

73. Land Rover Driver Condition Monitor

- U -

[ A1S GKS W 3dzr NJ 5NAISNRLSZ G RE & A 2ig tafeeiiiodsl NBE § § KB
and gives you an early warning when you need to take a i€ak.

The image below is from the video description of the technology from Land Rover. The
problems with this system is that it can be turned off and only work at certain speeds

M

>

TAKE A BREAK

More Information
1 Video of technologyhttps://www.youtube.com/watch?app=desktop&v=02k12bl8 08

“"aLy/ 2y GNBE 5 NA S NJhttpa:Avina. lGndrgver SardowrjelshipRicomted I B sixd
assistance.html
BaLY/ 2y GNRBE S5NAOGSNI!adaradlyOoSzéd [YR w2@SNW
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https://www.youtube.com/watch?app=desktop&v=wmAndvHlNZU&t=153s
https://www.youtube.com/watch?app=desktop&v=q2k12bI8_O8

74. Jeep LaneSense

[A1S GKS 52R3IS FyR / KNEB&T S NalefsyguSvithdigualdnda & 4 G S Y &

audible warnings during unintentional lane drifts and course corrects your vehicle back into its
lane£’®

The system must be manually turned on if driver wantsde i and only works at certain
speeds.

More Information
1 Video of technologyhttps://www.youtube.com/watch?app=desktop&v=dOojcARrctM

75. Jeep Active Driving Assist

Accordinghe video posted by the Automakef,the vehicle crosses a lane boundary, a warning
will appearin the Instrument Clusterand the steering wheel will vibrate

Accordingo videoof
the systenk thé&
system detects driver
inattentiveness; such
as hands off the
steering wheet the

instrument cluster = "o hes
display glow as well as
the steering wheel
icon will change from
ANBSY X (2
red to warn the

driverg

Above, is an image of the video of the technology. It shows how the Instrument Clustsr look
when the driver is warned to pay attention.

More Information
1 Video of technology:
https://www.youtube.com/watch?app=desktop&v=m9B3Hb27K3U

B/ KBBB {FFSheée | yhiRps{\8\hieddcdnichetokeWSi@thaddzurity.html
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76. Kia Lane Departure Warning

¢ KS & $dvid&s\audip and visual warnings
from the screen, alerting thdriver if they stray -
out of lane unintentionallyt’” The imageo the Mounted Sensor,
rightis from a video description of the technology :
from Kia’® The vision based system uses
advanced algorithms according to the video
description.

Monitors Position
Relative to Lane

77. Kia Lane Keep Assist

The systerh alaits you and even steers you back into place to
keep you exactly where you need to b@.The imageon the
left is from Kia on the video description of the technology.

May Apply Corrective Steering

This system takes corrective action, whereas the Lane
Departure Warning does not.

78. Kia Driver Attention Warning

¢ KS & ananitdssYhe asual driving habits and behaviaithe -5 Ranse 546
driver. By understanding the driver's usual tendencies and drivi Take & Eiosk
pattern, DAW is able to detect irregularities in your driving whic
may be a sign of driver fatigue or a distracted driv¥hen the
system detects these issues, it alerts the driwéth visual and
audio warnings. A coffee cup appears on the dashboard along
an audible alert to alert the driver that they are either driving
carelessly or should consider taking a break from driving on long
drives.®% The image on the right if the system

More Information
1 Kia video of technologyrttps://www.youtube.com/watch?app=desktop&v=3kY

fXwngRM

TA5NA OGS 2 A{9 U KiEsKyvarikia cn/Sudahditkiddkpedencekia/technology/drivewise/
8 (Kia Lane Keeping Assishe (LKA.) & Lane Departure Warning (L3 YA | @
https://www.youtube.com/watch?v=1HoDvm®QeY

PENADS 2A{9 (GSOKy2ft23ASazé YAl D

OaYALF {IFSie ¢SOKY 5S5NAGSNI ! GGSyiliAaz2y 2 NyAy3a {eadasSy
https://lwww.kiavictoria.ca2020/12/22/kia-safetytech-driver-attention-warningsystemdaw/
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79. Lexus Lane Departure Alert

¢ KS &e@ a @asivehidd SGatneraidesigned to detect visible white and yellow lane

YEN]SNE Ay FNRBYyd 2F (GKS @SKAOES IyR (KS @SKAO
that the vehicle is starting to unintentionally deviate from its lane, the system &alestslriver

with an audible and visual alert. When the alerts occur, the driver must check the surrounding

road situation and carefully operate the steering wheel to move the vehicle back to the center

part oftheir lane.’!

More Information
Video of techology:https://www.youtube.com/watch?v=VBYFz9DpV3U

80. Lexus Lane Departure Alert with Steering Assist

¢KS aeadsSy daadiiionkoyhe alezt Nijction df Lane Departure Alert, certain
vehicles with electronic powesteering (EPS) will feature a Steering Adarsttion. When
equipped and enabled, if the systesietermines that the vehicle is on a path to unintentionally
depart from its lane, the system m@yovide smaltorrective steering inputs to the steering
wheel for a short period of time to helre driver keep the vehicle in its lan&"

More Information
Video of technologyhttps://www.youtube.com/watciH?v=_|BPzhyQyg

81. Lexus Driver Attention Monitor

An article describe®Buyers opting for the Advanced P@ollision package will also get a driver
attention monitor which can detect drowsy drivelt®

More Information
1 Video of technology being testedtips://www.youtube.com/watch?v=05{ZKGEp6DA

81 SEdza { I ¥ S @htpsi/driveS ¥ com/lexdafidess ©
theme/pdf/LSS+%20Quick%20Guide%20Link.pdf

24 SEdza { I TSGeé& {&&aiSYybzé¢ [ SEdza

8§ [ SEdzA [hfpZ/Avww.dn&.¢o/roadshow/make/lexus/model/ls/
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82. Lexus

Lexus has an eye and face
camerabased Driver
Monitoring System.

The image on the right fro
a YouTube video
description of the
technology.

More Information
1 Video of the technology from YouTube:
https://www.youtube.com/watch?v=7MommnELwWwWM

83. Lexus

Lexus, owned by Toyota, has ST
system called the

Gt NSB@Syidl GAGS
If driver is unable to operate
the vehicle, vehicle stops ===
moving. The system appears
to measure for sudden
changes of driver behavior ang
can stop the vehicle and call
for help. The system can senseé
if the driver is unable to
operate the vehicle and pull
over the vehicle safely. The type Lexus Safety System +A
of sensors it uses are unclear, but they must monitor t (YouTube)

driver in order to take control of the vehicle.

> > o 237/1344

Lexus must think highly diiis technology as it is on their website. The technology takes over
the vehicle and it is unclear if the feature can be disabled.

More Information
1 Lexushttps://lexus.jp/technology/safety/
1 This Lexusi®leo shows how the system operates around minute 2:30:
https://youtu.be/70AR7hV2JPA
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84. Lincoln Lane Keeping System

tKS GSOKYyOF ¥Rl d¥SdzyaSR 0SKAYR (UKS G6AYRAKASER
road lanemarkings and detect unintentional drifting toward the outside of a lane. If the camera

detects an impending unintentional drift, the system will use the steering system and the

instrument cluster display to alert and/or aid you to stay in your ldtfe."

More Information
1 Video of technologyhttps://www.youtube.com/watch?app=deskiop&v=35HDM_Yvq Y

85. Mazda Lane Departure Warning System

¢ KS & a&létattSlivie ndarking on the road surfaged warns the driver of unintentional

lane departuresThis system is particularly effective in situations where the road is
continuously straight and drivers have a tendency to not pay sufficient attention to the road.
When the lane change is accompanhdturn signal operation or acceleration, the system
recognizes the maneuver as intentional and does not sound an afarm."

86. Mazda Lane Keep Assist System

¢ KS S O&lighwa drigeBsdo clipose between Lafieace, which provides steering
assistance edy in order to help keep the vehicle centered in the lane and Lane Departure
Avoidance, which only comes into play if the vehicle begins to leave its lane. LAS uses a
windshieldmounted camera to recognize lamearkings on the road and activates at speeds
above 60 km/hg8¢

87. Mazda Driver Attention Alert

CtKS 202¥Sw dyd2 LIXlIe G aLsSSRa o28S cp 1YKK
gl GOKAY3A AyLlzia FyR (KS @SKAOf SQa Y2@0SyYSyia A
Later, if thesystem detects changes in vehicle behavior that suggest the driver may be losing
concentration, it will suggest a rest stop by sounding a chime and displaying a warning in the
Multi-Information Display?”

More Information
1 Video of technologyhttps://www.youtube.com/watch?app=desktop&v=WsOEud74rkc

B[ FyS YSSLIAY 3 hitps/Bowndriirkcain.cpniisyipp@tihoiubs/safety/driver-assist
technology/driving/howto-uselane-keepingsystem.html#

B[ F5YSLI NI dzZNB 2 F NYyAy3a {eadaSyzé alilRI®
https://www.mazda.com/en/innovation/technology/safety/active_safety/ldws/

Ba[ yS YSSLI !'aarald {e@aidisSvyzé¢ allRI®
https://lwww.mazda.com/en/innovation/technology/safety/active_safety/las/

874 5 NA @S NJ ! (G Sy (hikpa:Hwvwiv. ne& ddlzanéen/ianbviatiRn/ta@zhnology/safety/active _safety/daa/
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88. Mitsubishi Lane Departure Warning

¢tKS GSOKy2f 238 useSanondad Saferd ty'manitomitep lade in front of you.
If it deteds your vehicle unintentionally drifting from its path, it sends both visual and audible
alerts. It comes standard in all vehicles except the Mirage and Mirag&®G4.

More Information
1 Video of technologyhttps://www.youtube.com/watch?app=deskiop&v=UQ4TNnPbfOU

89. Mitsubishi Driver Attention Alert

¢ KS & @ anly& YWarning to inform the driver of a potential lack of driver attention or
drowsiness. It will not steer the vehicle or prevent loss of control. The DAA system does not
detect or provide an alert in every situati@®

¢CKS aedaidsSy asSsSvya (2 o0 SPiotMsdiklitod2 ¥ aAdadzmAaKAaiQa y
90. Nissan Intelligent Lanéntervention

The technology Camera
works"If there

is a risk of - =N Control switch
leaving the 7\ —t N Indicator
driving lane, the p— ] it ey L Audible buzzer
system displays
an alert on the ' wel / 5 |
dashboard and : %
plays a warning
chime. The
system also
assists the driver

to avoid leaving the driving lane by applying the brakésThe image abovis from the Nissan
website description of the tehcnology.

Brake actuator

Cesd

More Information
Video of technologyhttps://youtu.be/kedw8MWzcwQ

8 (Mitsubishi Safety Features For2018 ! YA OSNRA (& aA(iadzoAaKAD ! LINRE MMI HAL
https://www.universitymitsubishi.com/mitsubiskéafety-featuresfor-2019/

8¥a! Ry OSR { I FSG& CSI (dzNS ahttpsivenwvimitsibiE-NR Z ¢ aAGaddzoAaAKA /|
motors.ca/en/advancedsafety

Va2 KEG A& atAAfadm AlA3KAA @iAK ¢ W5 hitgs:gvEvwbpo@es. codldarsiNtoppingt = H 1 H M ©
guides/whatis-mitsubishimi-pilot-asgst

NgLYyGSttAISYyd [ Iy Bipd/ynimSiNdaSoiblinhcanyENETEAHNGLE G WA ERVIEW/ili.html
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91. Nissan Lane Departure Warning

¢ KS S Owsyiglyf ntérs tide left and right side lane markers of the traveling lane. If

there is a risk of the vehicle leaving the traveling lane unintended, the system flashes an
indicator and sounds a warning chiré®.The image below is from the Nissan website
describing the technology.

) D D
D @@ o) a
OWammg OVlavnmg OWurmng

More Information
1 Video of technologyhttps://youtu.be/wbwKLhpr8Fc

92. Nissan Driver Attention Alert System

¢ KS &e@aisS Using stdeijng anglédsendors, DAA monitors steénipigt patterns to

SadlroftAak I olFaStAyS 2N I adqayllLlaK2i¢é 2F Kz2g @

subsequent driving patterns to the most recent snapshot using a statistical analysis of steering

corrections¢ ¢ KS { Sr@ld¢g<Lldgi2 tthélp address false detections such as lane

OKI'y3aSas oNI}{Ay3d S@Sydasz yR S@Sy LI122NJ NBIFR O

you may be drowsy, and also know when your driving patterns have to be adjusted to fit the

circumstances®

More Information
1 Nissan Ad for technologiittps://global.nissannews.com/en/videos/video
2f7966f516e27fic4ealf79a9a02934dew-driver-attention-alert-systemoffered-on-
maximaand-murano
1 Video of technologyhttps://www.youtube.com/watch?v=0INROdtwSwU

24[ I yS 535 LI NI dzNBhttgs:HwNd.Aissahglabal.om/ENV FECHNOLOGY/OVERVIEW/Idw.html

BESENADBSNI ! G§GSyGA2y | f SNIhttgs:#vaviv.8issanésa.tok/axpdrigficRissardaghs M p =

and-events/drowsydriver-attention-alert-car-feature.htmi
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https://www.youtube.com/watch?v=0lNROdtwSwU

93. Nissan PrePilot 2.0

Methods andsystems

The Nissan ProPilot 2.0emsures for driver attention using a camera and also measures outside
conditions The system is aigter-facing camerdhat tracks eyes and headl he results are

immediate.¢ KS A Yl 3S 0St2¢ Aa THdOlogyAdal yQa ¢So0aArids

The technologywppears to be an option on certain Nissan vehicles for sale in the World. Itis
not clear if the driver can disable the system.

More Information

M Nissanhttps://www.nissanglobal.com/EN/TECHNOLOGY/OVERVIEW/ad2.html

1 NissarProPILOT 2.0 driver monitoring system confirms the driver is attentive
https://global.nissannews.com/en/photos/photo
bafd61da591f6a12b9336e84540019parbpilot-20-driver-monitoring-systemconfirms
the-driver-is-attentive

1 Nissan Reveals Revolutionary Haqfs SelfDriving Tech, Forbes. July 23, 2019.
https://www.forbes.com/sites/peterlyon/2019/07/23/autonomousirivingwar-heats
up-ashissanlaunchesrevolutionaryselfdrivingtech/?sh=2e4f41407fc3
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94. Nissan alcohol sensors driver monitoring

In 2007, Nissan announced a concept vehicle that could detect aloopaired driving by
using sensors such as odor detectors as well as facial recognition of the driver via a camera all
while monitoring any erratic driving of the vehicle operator.

When an alcohol odor would be detected via the gear shift knob or breath sensor on the seat,
the driver would be notified. The camera system worked in the following way:
A camera is mounted on the instrument cluster facing the driver to monitor the @iger ¥ OS ®
The system is calibrated to monitor the driver's state of consciousness through the blinking of
the eyes. When the system detects signs of drowsiness, a voice and message alert is triggered
via the navigation system. Additionally, a seatt mechanism is activated which tightens
around the driver to gain his or her immediate attenti¥n.

Above are images from Nissan of camera and facial recogr&marding to the 2007 press

release, Nissan was looking into reducing drunk driving
Nissan hasleeady launched and is developing several initiatives to help prevent drunk driving. In June,
GKS O02YLIl ye AYyiNRRddzZOSR (KS GRNMzy1{ RNAGAy3I¢ YSaal 3s
began testing of a new eboard breathalyzer system in cperation with several local government
Fdz K2NAGASES 6KSNB +Fy AYGSNI 201 YSOKFEYA&AY gAff AYYZ2
presence of alcohol above a specified Ie¥el.

It is unclear what happened with the Nissan project or if tbenpany has incorporated day
monitoring using a camera into other technologies.

More Information
1 Video of technologyhttps://www.youtube.com/watch?v=dVIL{D1CYhl

“a/ 2y OSLIG /I NI-BBHZ K25k @S5y BYyE30OKy 2t 2383¢ bAaAl yd | dz3 dzi(
https://global.nissannews.com/en/releases/relea®8e86dbad9c0e8277e3c7b662e6aadi®80302-
B/ 2y OSLI /I NI-BRHZE K25k @8y Ay E3O0OKy2f2383¢é bAaalyo
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https://www.youtube.com/watch?v=dV9LfD1CYhI

95. Porsche Lane Keeping Assist

¢ KS & @ adaferabdsed sylstemifor automatic detection of divider line markings on the
road. The system eases the burden on the driver by providing steering assistanaeg belpi
keep the vehicle in lane?®

More Information
1 Ad for technologyhttps://www.youtube.com/watch?v=6MWRg3khSAs
1 Video of technology:

https://www.porsche.com/usa/accessoriesandservices/porscheservice/vehicleinformation/imanuals/~vf~
/Lane-ChangeAssst-2020911/multimedia~en~porschénanualslanechangeassis2020911/

96. PSAGroupelLane Keeping Alert and Lane Keeping Assist
The systeniwarns the driver and corrects the path if the vehicle is about to cross the line
without indicating.®’

97. Seat Lané\ssist

The technology works in the following way:
The driver's steering activities are continuously analysed by the Lane Assist warning. If the system detects
that the driver takes his hands off the wheel, a warning is issued in the multifunction dispkagteering
intervention is suppressed when the driver actively leaves the lane (with and without blinker as well as
overtaking on country roads). If the field of vision of the camera is fogged up during the operation, for
example in a humid environment avith wet weather conditions, a specially developed heater of the field
of view switches on for the lane departure warning. The field of vision is thus quickly released from fog
and the detection of the lane markings is guaranté&d.

More Information
1 Video of technologyhttps://youtu.be/b6pHASXTOBQ

98. Seat Travel Assist
¢ KS & &ambiSe¥ Adéptive Cruise Control and Lane Assist at the touch of a button. And
warns you when detecting yotmands are not on the wheef?

99. Seat Emergency Assist
The technology work$Should the driver become unresponsive, Emergency Assist slows the car
down while warning the driver:®® Other automakers have designed other similar technology.

BaylS YSSLIAyY3I ! hitgs vy parschie. 2oMEHE/&odels/panamera/panameraodels
1/panameralOyears/assistancsystems/lanedeparturewarning/

TG 1 .Y pn BS8FINE LG GKS aSNDAOS 2F w2l R {FF8Gesé t{!
B[ FyS | A htthsy/imEnéseaf.cBr/darterms/l/lane-assist.html

¥ ¢l 1AYI GKS { i NB Dtps:/Bvdziisest. dom/baNJordNnéahEda/safe . hiil d

WegeF1Ay3d GKS {(iNBaa 2dzi 2F S5NARAGAYy3IZE {SlIio
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https://www.youtube.com/watch?v=6MWRg3khSAs
https://www.porsche.com/usa/accessoriesandservices/porscheservice/vehicleinformation/imanuals/~vf~/Lane-Change-Assist-2020-911/multimedia~en~porsche-imanuals-lanechangeassist-2020911/
https://www.porsche.com/usa/accessoriesandservices/porscheservice/vehicleinformation/imanuals/~vf~/Lane-Change-Assist-2020-911/multimedia~en~porsche-imanuals-lanechangeassist-2020911/
https://youtu.be/b6pHA5xTQBQ
https://www.seat.com/carworlds/new-ateca/safety.html

100. Seat

Seat, owned by Volkswagen, is working with Cipia (formerly EyeSight) in deploying driver
monitoring in vehicles.

The Cipia system usedificial intelligence and driver monitoring 2 NJ | LISNE 2y Qa KSI F
movement. The Seat website saybe websitesaysoEyeopennessangle of vision, head
LRAAGAZ2Y X 'y EIA2NRGKY FylfeasSa GKS FOGA2ya 2
distraction or drowsiness. It also detects mobile phone use and whether the seatbelt is

fastenedé!o?

Cipia is paired up witmany Tier 1 suppliers and other companies and this technology is moving
along quicklylt is unclear how the technology will be implemented in vehiclBse image
below is from a video on the technology from Seat.

More Information
1 Videoof technology:https://youtu.be/ -pXil4LeGk

Wy e KK26ABS SELI 2NB GKS FdzidzNBzé {SIid CSoNHzZ NBE MTZI HAH
https://lwww.seat.com/company/news/company/xplorthe-future.html
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https://youtu.be/_-pXiI4LeGk

101. Subaru EyeSight

Y2y 3 20§KSNJ TSI { doudicGrsSyout gositian o teddag ehd vallert yau if
you stray out of youlane'? The technology can correct the vehicle if it sways out of the lane.

Eyesight technology has been sold on over 1 million vehicles and has been found to reduce
rear-end crashes by 85 perceHt

More Information
1 Video of technologyhttps://www.youtube.com/watch?v=1KAW5fphNL4

102. Subaru Driver Focus

Subaru Driver Moni

¢KS {dzol NHz &5 NJ
G5NRGBSNI) az2yAilz
monitors head and eye
movement for fatigue and
distraction. The dver-facing
camera will track eye gaze and
head position It gives an
immediate alert for fatigue or
distraction.The car will not slow The system constantly monitors

down or stop if the alert goes S o smiaethedriverduringdriving;

off. The advanced optical

sensors look at head movement and the openof the eyesThe image above is from an Ad for
the technology.

More Information

9 Subaru Driver Focusttps://www.subaru.com/guides/forester/my19/content/driver foculstml

! AWhat is Subaru DriverFocus Technol@g}? Power. June 25, 2020.
https://www.jdpower.com/cars/shoppineguides/whatis-subarudriverfocustechnology

1 d&Suwaru DriverFocus: Most Innovative New Safety or Driving Bainunds. February
26, 2019 https://www.youtube.com/watch?v=vwJQ2HeXq7M

1 d&Subaru DriverFocus Technolégyctober 5, 2018.
https://www.youtube.com/watch?v=T2fZCSZK710

T OSubaru Driver Monitoring Systémugust 27, 2019.
https://www.youtube.comwatch?v=BDAILNxqB6M

2g9@aS{AIKAH 5NAGBSNI | zhtpa/Avivw.suiBad Kohhgheting/éyesighditrhl NHzo
13EyeSight NA GSNJ ! aaAald ¢SOKy2t238xé { dzol Nz
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103. Tesla Autpilot: Auto Lane Change

The technology utilize® external cameras, a radar, 12 ultrasonic sensors and a powerful
onboard computer provide an additional layer of safety to guide you on your jodrneyt K S
Auto Lane Change S I (i éal&iS in thdving to an adjacent lane on the highway when
Autosteer is engagebl’®*

More Information
1 Ad for technologyhttps://www.youtube.com/watch?v=PUbk2KdU4

104. Tesla Lane Departure Avoidance

The system works when the system is not in Autopilot. The system
Letsa driver elect to have corrective steering applied in order to keep them in their intended lane. When
the feature is in use and a driver is departing a lane without their turn signal on, the car will also check to
48S SKSGKSNI I RNAGSBOD%® KFYRARNNBSANIGKEYyRa I NB y2i
driver will receive a series of handa reminders and alerts, similar to the ones that our cars provide to
customers who use Autopilot. If a driver's hands are repeatedly not detected on thel winen Traffic
Aware Cruise Control is in use, their car will gradually slow down to 15 miles below the speed limit or
0St26 GKS OFNna aSié &LISSR IyR GdzNy Ada KITFNR fA3IKI

This feature can be turned on or off, and works at speeds between 25 and B0lngpan extension of
Lane Departure Warning, which already warns drivers through a steering wheel vibration if they begin to
drift out of their lane without their turn signal engagé®¥.

105. Tesla Emergency Lane Departure Avoidance

¢ KS a &dergency Lane Departure Avoidance is designed to steer a Tesla vehicle back into
the driving lane if our system detects that it is departing its lane and there could be a collision,

or if the car is close to the edge of the road. This feature will autaraly be enabled at the
beginning of every drive, but can be turned off for a single drive by going to the Autopilot
Controls meng'&6

106. Tesla Driver Monitoring System

Tesla does have vehicles with driver facing cameras. These are not currently usedtasea f
to monitor a driver. However, Tesla does monitor the driver using the steering wheel and
seatl%” A recent video of the system does actively monitor the eyes of the driver and
distractions was recently posted online which shows how the system w@rks.

104¢ { dzLJLJ2 NIt/ wwvStésk.tod/support/autopilot

105 ¢More Advanced Safety for Tesla Owriels ¢ S & f | @ httpd://&wwteS|a.com/sndER)/blog/more
advancedsafetyteslaowners?redirect=no

Wgaz2zNBE ! ROFYOSR {IFSde F2NJ ¢Satl hgySNAZ¢é ¢Safl o albé w
107 gTesla Kicking Inattentive Drivers Off "Full Self Driving" Beta TEstinga 2 4 2 NI NBYR® | LINAf mMp I H
https://www.motortrend.com/news/teslafull-seltdriving-beta-testersbeingrejectedinattention/

08 | §OK ¢SaflQada RNAGSNI Y2YA(2NRY T £a 895 (S0vii NBS| (idS O GLINANA FSNJ
https://electrek.co/2021/04/08/tesladriver-monitoring-systemdetect-driver-attention-reaktime/
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107. Toyota Lane Departure Alert

¢ KS &@ & dcanverakn yaur windshield may help you avoid the consequences of
unintended lane departure by alerting you when it senses that you've veered from your
lane £109

More Information
1 Video oftechnology https://youtu.be/Bu86mosqVDU
1 Video of technologyhttps://www.youtube.com/watch?v=kQgVWaqglch5w

108. Toyota Lane Departure Alert witlteering Assist

The systemwill alert you with an audible beeping sound and indicator light on the instrument
panel will flash so that you can then take corrective action. Should the system determine that
the driver is not taking corrective steering axti the Steering Assist function will initiate and
provide gentle corrective steering when necessary to help keep the vehicle in thé'ldne.

More Information
1 Video of technologyhttps://www.youtube.com/watch?v=2Ps9hwkzo

109. Toyota Lane Tracing Assist

¢ KS &@ & Shen Dyanil Radail @ruise Contsoknabled and lane markers are visible,
Lane Tracing Assist uses the$iron the road and preceding vehicles to help keep the vehicle
centered and in its lanet*!

More Information
1 Video of technologyhttps://www.youtube.com/watch?v=0QVyRsdILbRw

wg@2 il {F¥Sde {SyaSy ¢ K Stps:lnwwy. i@yottlEBom/Satetydefse/dnigationida ¢ 2 2 G | d
wagezez2dl ( BittSs3dwwitay atapfiadrosse. dom/foyotasafbtPsanaednl
Wgezez2dl & SToyoté Kths:/Nwiwttoydral.cdidisafdtysndefatintatoi/Ra s €
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110. Toyotadriver monitoring system
This driver monitoring system Camera figld of view

monitors the eyes and head.

The system detects the eyes Face-monitaring camera \' T
and lower eyelids, calculating

how open are the eyes. The

System also looks if driver is StE'.'Eer column caver
facing forward and can detect

\

distracted or drowsy drivers. Driver
The results of théests are \
immediate. The systems uses Steering wheel

a system of cameras and
other sensors.

The image on the righdnd belowis a driver monitoring configuration from Toydt@m 2005
and 2008.

Camera's field of view
The technology was ~
announced in 2006 Emy -
and was announced Driver-monitoring camera s~ Al
again in 2008.tIs
unclear if the cameras
are an option on
Toyota vehicles.

calculating how open the eyes are.

More Information

Detects the upper and lower eyelids,

f Toyota Enhances Parash Safety System With Drivér2 Y A G 2 NAy 3 Cdzy Ol A2y =

6, 2005. Toyotanttps://global.toyota/en/detail/248128

T a¢c2e2d0l 9OYNIBESIITFEBeEe {e2adSY gAGK 9@&S

https://global.toyota/en/detail/281564

81

azya


https://global.toyota/en/detail/248128
https://global.toyota/en/detail/281564

111. ToyotaHeart based monitor

If driver is unable to operate vehicle, vehicle stops moving. The system measure uses heart rate
dzaAy3 aSyazNBRO® I NBaSINOKSNI 2y GKS LINRB2SOU &
and adoption of irvehicle cardiac monitoring systems, which wdidee can help reduce the

ydzYo SN 2F GNIFFAO I OOARSyida FyR &l @S tAQSadé

I OO2NRAY3I (G2 I NBaSINOKSNI 2y (GKS LINR2SOGsx GKS
vehicles so that the car itself wouldVethe capacity to detect a heart anomaly. If detected,

the vehicle could attempt to warn the driver or, if the driver was unresponsive, in conjunction

with other technology under development, it could pull over, stop the car and summon

KS {1 Rop¢

The imag on the right is
from a Toyota press release e — i

Heart disease is the leading cause of death
on the teChn()lOgy. for both men and women in the U.S.

Heart related changes can
be indictive of impairment.
The sensor might be able to
pick up on other health
problems and impaired
driving.

Lexus is rolling out similar TOYOTA
technology and other
2YLIYyASEa FNB t221Ay3 AyG2 G§SOKyz2f23& GKIG Y2vy
state.

The Lexus models of Toyota seem to be incorporating this technology as an option on their
vehicles.

More Information
T a¢2e2GF S5NAODOSNI aRAGSUBPA [ SYHRNENPR azdf Sdé 5SaA3IybSs
https://www.designnews.com/automotivengineering/toyotadriver-monitoring-sensorscould-detect-
heart-trouble

Wgal1Ay3 w2l Ra { I FSNJ o6& 5SS Onitasy/HesHoNh.@SthldotmBkinmgli ! y2 Y| £ A
roadssaferby-detectingdriver-heart-anomalies/
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112. ToyotaPatent Vehicle emergency evacuation device

ToyotaPatentUS8954238Bflled in 2011A & T2 NJ G4 SOKy2f 23¢& GKIF G YS
while driving and stops the vehicle. The patent saysitfe OKy 2 f 2 3& dA &

RNAOSNDRaE O2yalOAzzdzaySaa f26SNAy3a ol ae
GAYS LISNAX2R z)\i’Jszzij A0SSNAy3as: + GAYS LW
facewﬂhacamera)andtdEeSOdz S 'y dzi2YFGAO OSKAOES ai
f26SNAY3I NBLISFGISRte 200dzNE SBSy AF (GKS RNAR SN

The patent says the technology can measure consciousness, heart rate, face, eyes, which could
all show signs of substance impairment. The results of the driver monitoring system appear to
be immediate. The system uses camera and other sensors.

This featire appears to be an option on Lexus vehicles and Toyota is researching this
technology as of 2020. Toyota has researched it since at least 2011. There appears to be a
market for technology that monitors heart rate as major auto companies are researdtisg t
technology (Toyota, Jaguar Land Rover, Hyundai).

113. ToyotaPatent: Driving consciousness estimation device

Toyota Patent)S10640122Bfled in2017a @ 4 A ¢ KS RNAGSNI Y2y A G2 NI OF Y
cover of a steering column of a vehicle andirant of the driver, and images a head of the

driver. Since the driver monitor camera images the driver from plural directions, plural number

of cameras may be provided. The driver monitor camera it transmits a driver image in which

the driver isimagedtd KS 9 A4y dé

¢tKS (GSOKyz2ft23e |faz2z YSIFadzaNBa | RNA
dzy AG wp SadAYlLFdSa I RNAGAY3I NBIRAY
technology can also measure the brainwaves hedrt rate of the user.
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The tests would be immediate through the camera. The technology also seems to work with
autonomous vehicle technology.

The driver state monitoring technology put forward in this Patent are similar to the Patent from
ToyotainZimm O! { ydpnHoy. HU AYy (GKS asSyasS GkKIFaG Ad OF
incorporating driver state monitoring:he technology appears to put the vehicle in

autonomous driving mode if a driver is determined unfit to operate a vehicle.

113 dvehicle emergency evacuation devicé ¢ 2 & 2 {S8964238BUF ey duly 11, 2011.
https://patents.google.com/patent/US8954238B2

114 éDriving consciousness estimation deyiteyota,National Institute of Advanced Industrial Science and
Technology AlS-iled April 4, 201https://patents.google.com/patent/US10640122B2

83



114. Toyota

Annooy OSR AY HANT by )
f S@St GKNRdzAK | ai
dilated.
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The system was mentioned in 2007 and forms of the technology haae developed by other
auto companies and technology companies.

More Information
§ ac¢2e2iGl ONBIGAYy3 f02K2t RSGSOGA2Yy &aeaidsSyzé 1 aaz20Al
http://www.nbcnews.com/id/16449687/ns/technology and _sciert®ovation/t/toyota-creating
alcohotdetectionsystem/#.XZ52cVVK;jlU

115. ToyotaPatent: Vehicle Control Device

Toyota Patent filed in 2018 for technology that monitors FiG 6

speech and utilizes other sensors that can determine if tl

driver is under the influence of alcoh&@elow are images ( ALCOHOL LEVELDETERM[N]N()

from the Patent INFORMATION QUTPUT PROCESS
START

The Patent says about the speech recognition:
According to the vehicle control device of the first aspect, in OUTRUT YOICE §150
case in which it is determined that the driver is in the
intoxicated state based on the speech data, the start
operation of the vehicle iBmited. Here, the start operation is
an operation performed by the driver with respect to the
vehicle to start driving the vehicl@herefore, according to
the vehicle control device of the first aspect, in a case in
which the driver is in the intoxicatd state, the start
operation of the vehicle is limited, and thus, intoxicated
driving may be prevented?®

5136
10 TOSI0 ACQUIRE IMAGE DATA
el TO §114) |
14
(‘\J
TRANSMIT SPEECE |58
SERVER DATA AND IMAGE DATA

115 vehicle control device, vehicle control method, and ficamsitory computer readable medium storing vehicle
control progrant ¢ ¢ 2 & 2 W$20190210603AFiled December 28, 2018.
https://patents.google.com/patent/US20190210607A1
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116. ToyotaPatent: Impairment evaluation system

ToyotaPatent filed in 2015 is for
speech and camerhased sensors
for alcohol or other types
impairment.The image on the
right is an image from the Patent.

Specially, the Patent notes the:
The system further includes an
impairment event unit. The
impairment event unit compares
the operation of the vehicle with
the sober driver profile after the
motor vehicle stop. The
impairment event unit identifies
the motor vehicle stop as an
impairment event when the
operation of the vehicle deviates
a predetermined amounfrom
the sober driver profile. Accordingly, an impairment event, as used herein, relates to an event which
impairs the driver's ability to operate the vehicle. Factors which the impairment event unit may consider
include the braking profile, turning pradil traffic speed, acceleration, and lane departurae
impairment may be a result of alcohol or drug consumption.

The Patent shows technology that attempts to determine the impairment level of a driver as
noted by using eye gaze:
The challenge 14 is chgured to determine if the driver is impaired. For example, the challenge 14 may
be a verbal response, one challenge 14 selected from the group consisting of a mathematical problem, a
repetition of a phrase, a physical act, a horizontal gaze nystagmuystes blood alcohol breathalyzer
test. The challenge unit 28 may be configured to issue one or more challenges 14. The challenge unit 28
renders the motor vehicle 12 inoperable until the challenge 14 is passed. The challenge unit 28 may be
further configured to wait a predetermined period before issuing a challenge 14 in the event the driver
fails a challenge 148

The Patent goes on to state that it attempts to use voice recognition to determine if the driver
is slurring speech.

It is unclear if portins of this technology have been incorporated into other technologies. It

appears the horizontal gaze test and speech recognition may somewhat obtrusive as it requires

a driver to take an additional step. However, other technologies that are being dexktp

I NE RS@St2LISR KI@S 06SSy FotS G2 RSGSNNYAYS | LJ
gaze without any additional steps by the vehicle operator.

116 impairment evaluation systefhé ¢ 2 & 2 WE10166992BSlgdiMay 22, 2015.
https://patents.google.com/patent/US10166992B2120q=10166992
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117. ToyotaPatent: Vehicle occupant information acquisition device
and vehicle controkystem

ToyotaPatent filedin 2016shows camera and other sensors that also include alcohol sensors.

This DMS also intersects with the operation of an Autonomous Vehicle. Sensors in addition for

that of alcohol also include sensors for heart rate.

The Patent describes the alcohol sensors in this system:
An acquisition unit is provided in the vehicle in order to acquire various kinds of information about vehicle
occupants from the occupants. The information serves as conditions for determining wlogthet each
occupant is suitable for being the driver. Alcohol sensors 16, cameras 18, a microphone 20, heart rate
sensors 22, a display/control panel 24 and a database (DB) 26 serve as the acquisition unit. The database
26 encompasses smartphones, smaetches and the like belonging to individuals.

Each alcohol sensor 16 is disposed at a position at which the breath of an occupant

can be easily detected such as, for example, a headrest or the Bl@etecting alcohol,
the alcohol sensor 16 determisavhether or not an occupant sitting on a seat is under the influence of
alcoholY’

The image below is from the Patent.

40
Sl I O B
e 1 mire
IALCOHOL SENSOR| IALCOHOL SENSORY]

DISPLAY/
CONTROL
PANE

117 &Vehicle occupant information acquisition device and vehicle control system ¢ 2 & 2 W$9T83202B2 Sy (i
Filed June 15, 2016ttps://patents.google.com/patent/US9783202B2/en
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118. ToyotaPatent: Lane departure warning/assistance method and
system having a threshold adjusted based on driver impairment
determination using pupil size and driving patterns

ToyotaPatentUS9542847Bflled in 2011is for an eyebased monitoring system that also
senses for lane departure. The Patent notes that its pupil detection technology can detect for
alcohol use:
Continuing to analyze the driver's pupil may guard against the scenario where the driver consumes a large
amount of alcohol shortly prior to opation of the vehicle 100 such that his or her pupils have not yet
fully dilated or otherwise changed in size at the moment the vehicle 100 initially processes the size of the
pupil. By repeating the collection and analysis processes, the system 2086 te &dite into account any
further change in the size of the pupil due to the absorption of alcohol or drugs thereby achieving a more
accurate assessment of whether the driver is intoxicaféd.

110 represents whe a camera could be
G2 RSGSO0 [IThiRPakmDIBN
since expiredThe pupil and camera
based monitoring is in development or
deployedby other automakers and

suppliers.

100
On the sketch of the Patent to the right, “’2\‘ %

118§ ane departure warning/assistance method and system havthgeahold adjusted based on driver
impairment determination using pupil size and driving pattéiris ¢ 2 & 2 W98 284FBUFiey August 16,
2013.https://patents.google.com/pent/US9542847B2/en?0q=9542847
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119. ToyotaPatent: Drunk driving prevention system and external
server used for the same f16 g

Toyota Patent filed in 2012 is for agath/air and
touch based system for alcohol. The Patent abstrau

says. START
A drunk driving prevention system is equipped with a

external server an@n onvehicle component. The en ;:f_ -
vehicle component is equipped with a detection unit DETECT ALCOROL

that detects an alcohol concentration of a driver, an I CONCENTRATION ~5600
acquisition unit that acquires information on a current

position of a vehicle, and a communication unit that

transmitsto the external server the alcohol BETECT CUFIF:ENT BOSTION
concentration as well as the current position OF VEHICLE 8602
information. The external server is equipped with a

storage unit that stores a plurality of criteria that

relate to an alcohol concentration falling under drunk TRANSHIT INFORMATION O
driving and & different from one another as a result CURRENT ROSITION OF VEHICLE |-S604
of geographical differences, a communication unit the TO EXTERNAL SERVER
receives the alcohol concentration and the current

position information, and a determination unit that

determines, based on that one of the criteria, whethe [T qawaumalcomol | ;
the alcohol concentration received is an alcohol CONCENTRATIONTO 5606 i
concentration falling under drunk drivirig® EXTERNAL SERVER

The image on the right is from the Patent. The 201:
Patent was abandoned in the United States but the
Patent original filed in Japan is still active.

|5 THERE DRIVING
STOP CONMAND FROM
EXTERNAL SERVER

15 VEHICLE BEING
DRIVEN?

VS Gh17 5614
I il
SUSPEND FUEL ‘ ACTIVATE
SUPPLY IMMOBILIZER
I i
[ a0

19 ¢Drunk driving prevention system and external server used for the Zaine ¢ 2 & 2 JR2012200931L&iEdi
March 19, 2012https://patents.google.com/patent/JP2012210931A/en?09=20120245763
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120. Volkswagen Lane Assist

¢ KS &eé aiiBklane makifjsare detected, this camdrased lanekeeping assistant
ensures that the Volkswagen driver stays in lane. If the vehicle veers towards another lane
although the direction indicators have not beeperated by the driver, the system
automatically intervenes by steering back into line. There is also an Adaptive Lane Guidance
function (which can be activated and deactivated) that keeps the car within its own lane at all
times on an ideal line prefeed by the driver.t2°

More Information
1 Video of technologyhttps://www.youtube.com/watch?app=deskiop&v=bmR|6rsRR]

121. Volkswagen Driver Alert System

¢ KS G S Oidentiids #aling codicentration on the part of the driver and provides the

driver with a fivesecond acoustic warning as well as an optical indication, recommending the

driver to take a break, on the instrument cluster. If the driver does not take a hwihk 15

minutes, the warning is repeated once. At the beginning of each trip, the system analyses
TFEOU2NARA &adzOK Fa (GKS RNAGSNDRE OKI NI OGSNRAGAO a
System continuously evaluates signals such as the steerirg. amghe case of deviations from

the steering behavior registered at the beginning of the trip, optical and acoustic alarms are
initiated."?!

More Information
1 Video of technologyhttps://www.youtube.com/watch?v=W12gBrtypb8

122. VolkswagenPatent: Method for estimating the driver's attention
of a vehicle

The Patent filed by Volkswagen in 2018 in Germany appears to be padrgkadriver
monitoring system as this Patent is famsputer software relating to driver attention
monitoring.t?2 Thecomputer software program that can work with other sensors to determine
a drive@ attention

1204 [ I-Ke&ping Assistant (Lahed & A & G 0 T ¢ https?iviwaakisviadesnewsroom.com/en/lane
keepingassistartlane-assist3666

IG5 NRAGSNI ! £ SNI  { hetps:fiveviv. Foikswagerngwardom goinjéridriveralert-system3932
122 jvlethod for estimating the driver's attention of @hiclez ¢ + 2 f | & ¢ IDB18301821651 A Bilgdi
September 26, 201&ittps://patents.google.com/patent/DE102018216511A1/en
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123. VolkswagenPatent: Selecting an inpumode for a driver
information system from a vehicle

¢CKS LI GSYyd FAESR AY HamMd AY DSNXYIFyeée F2NJ 0KAA
| I Fdzy QG A2y

GrNALFyYyGE GKS aStSOGA2y Aa YIRS I a
determined ugng at least one of the following variables: i
- a tiredness size;a pupil size: an eye movement quantity;a pitch;-  LJdzf &S a Al Sé

The patent says:
Driver state determining device determines 24 a current level of awareness and / or
drowsiness of thariver. For this purpose, it determines at least some of the
parameters explained above using suitable sensor devices (for example a camera device,
a microphone device and, for example, the microphone devi¢eat8he driver
information system 10 or a dimetric sensor). The driver condition determining device
24 then sends a determined driver status to the driver information system 10 out. If this
reaches a predetermined critical reference state, the driver information system chooses

10 select the voicenput mode as the active input mode from the available input modes.
123

¢KS LI GSy
2 dzf

SSya GKFG AG ¢g2dzf R IALS
0§SOK ¢ a I I

0 a K
R dz OF YSNI} T YAONRBLKZ2YS YR 20KSN
This patent is extensive, but it has not been rolled out by Volkswagpgiditionally, the patent

was translated from German to English on Google, which may have resulted in some missed
translations. However, the driver monitoring tech described in the patent is currently in

development but multiple other companies.

Thetechnology could be adapted to determine substance impaired driving or in the
Autonomous vehicle space.

123 §Selecting an input mode for a driver information system from avehiéle +2f { a6 ISy o t I 4§Sy
DE102019206307AFiled May 2, 201%ttps://patents.google.com/patent/DE102019206307A1/en
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124. Volvointoxication driver monitoring system

The monitoring system of the driver uses camera and other sensors to determine if the driver is
intoxicated, distracted, drowsy or driving erratically. Volvo says the system would also have an
AYGSNIBSYGA2Y G¢KFd AYyGSNBSyGAz2y O2dzZ R Ay@2ft @S
assistance service and, as a final course of action, acsl@hing down and safely parking the

carg?

+2f @2 LXlya (2 KIFI@gS (KS aAy 0§NRRdAzOGA2Y 2F GKS
ASYSNI GA2Yy 2F 2t @2Qa aoltlofsS {t! f LJ
amount of camerasya R (KSANI L2 & )\uxzy)\ ya Ay 0 KBeimaged S NR 2 NJ
below is from the Volvo video of tha-tar cameras and intervention against intoxication,

distraction

xR

More Information

i Video:https://www.media.volvocars.com/global/egb/media/videos/250162/ircar-camerasand-
interventionragairst-intoxicationdistractionranimationl

T ax2t @2 (2 Lizi OFYSNI& FyR aSyaz2NB Ay AdGa OFNm G2 {t
https://www.cnbc.com/2019/03/21/volveto-put-camerasand-sensorsin-its-carsto-tackle-drunk-
driving.html

T a{FFSiGe FANBAINNI+2$W22NER tRRLINYISY (i RNIzy1{ RNAGAYyIZE
https://www.reuters.com/article/volvocarssafety/safetyfirst-volvoto-add-in-carsensorsto-prevent
drunk-drivingidUSL3N2172D8

T a+2t @2 ! arxy3a ¢S Odpisttaced Prividg25 dzQziG 5 26SOKy 2t 23835¢ ¢KS 5
October 19, 202https://www.thedetroitbureau.com/2020/10/volvetakingmore-stepson-car-safety/

124 @volvo Cars to deploy icar cameras and intervention against intoxication, distradign + 2t @2 ® al NOK H 5
https://www.media.volvocars.com/global/egb/media/pressreleases&0015/volvecarsto-deploy-in-car
camerasand-interventionagainstintoxicationdistraction
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https://www.reuters.com/article/volvocars-safety/safety-first-volvo-to-add-in-car-sensors-to-prevent-drunk-driving-idUSL3N2172D8
https://www.thedetroitbureau.com/2020/10/volvo-taking-more-steps-on-car-safety/

125. Volvo Patent: Method and system for perceptual suitability test
of a driver

The Patent from Volvo was filedtiginally in
2004 and aims to detect for perpetual errors
of drivers or other heavy machine operators

The technology aims to detect impaired
driving and other driving conditions. The
Patent says thebject of the invention to
provide a method and system for
automatically: 7
1 Executing a drug recognition expert 2 ' =
(DRE) on a driver.
i Testing for the influence of drugs 3
and/or alcohol.
1 Conducting perceptual suitability
tests on a driver of a vehicle or a /
person operating equipment or a 4
device while driving a vehicle or
operaing the equipment or device.
1 Executing such suitability tests on the basis of eye and/or head movements or reactions
of the related vehicle driver or any other person who operates equipment and/or
devices as mentioned abové®

The image above is from the PateAtcording to the description of the sketch above, it shows
a side view into the cabin of a system comprised of a stimulus generation device 1; an eye
movement and/or head movement and/or pupil reactiocggistration device 2; a computation,
control, and output device 3; and a sound generation unit 4.

The Patent was filed in 20@hd in the United States in 201@.is unclear if portions of this
concept are incorporated into other Volvo technologies.

126. Volvo Pilot Assist and Lane Keeping Aid
The"Lane Keeping Aid can provide the driver with steering assistance, steering the car back
into its lane and/or providing warnings using acoustic signals or steering wheel vibrefda’"

125 gMethod and system for perceptual suitability test of a driveér  + 2 { APSTU55405B2SIgdiBeptember

22, 2006 https://patents.google.com/patent/US7455402B:n

126 ¢Pilot Assist and Lane KeepingRiel + 2 @2 ® b 2 Gifhy/bvEviNdolvonaks.camem ¢ @
ca/support/topics/useyour-car/goodto-know/pilot-assistandHane-keepingaid

gLy GSttAalrFSIeE +2f @2 K (-ohd@Ehvmarigngvatdn®aute GRdvingisafenO 2 Yk dza k | 0
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127. Volvo Oncoming Lane Mgation

¢ KS S O&uprdtically Belpsiyou steer back into your lane if it detects that you have
ONRP&aSR GKS flyS YINJAYy3Ias KSIFIRAYy3 tkf2 GKS LI
FOlA2yE G(GKA& aeadsSy KStlLla &2dz aGSSNJ G4KS OF N o
time the car starts to steer. After the steering intervention has been completed, a message is

shown in the Digital Driver Display. At anytime, you @eerride the automatic steering

function £!28

More Information
1 Video of technologyhttps://www.youtube.com/watch?app=deskiop&v=ekAcABtvxJs

128. Volvo Runroff Road Mitigation

¢ KS & &anhepYeduce the risk of a road departure, which could be caused by poor

weather conditions. It assists with steering to help put you back on a safer path. The advanced
technology operates at higher speeds if you stray over lane markings to the roadledg
AYUGSNIBSYySa oKSY | NRBIFR RSLI NIdzZNE aOSyIl NR2 Aa
sensor system. The front safety belts are electrically tightened to safeguard you and your front
seat passengedl?®

More Information
1 Video of technologyhttps://www.youtube.com/watch?v=FbrGiQBgpVI

129. Volvo Driver Alert Control

Thed & & lc8méra detects the side markings painted on the carriageway and compares the
section ofthe road with the driver's steering wheel movements. The driver is alerted if the
vehicle does not follow the carriageway event§2"

More Information
1 Video of technologyhttps://www.youtube.comiatch?v=sVDTnFeutOs

130. Volvo Driver Alert System
¢ KS aeé iiérisled tofassistdrivers whose driving ability is deteriorating or who are
inadvertently leaving the lane they are driving d&"

gLy GSttAalrFSIeE 22t 020

PgLyGSttAalrFSIeE +2f 020

130¢g 5 NRA @S NI ! f S Nittps:/AwnivhlEéas.comiehis@Rot/manuals/v40/2017w17/driver
support/driver-alert-system/driveralert-control-dac

1Blg 5 NRA @S NI | f Jvdhttps/enenivBvocas.comik/support/manuals/s60/2017w17/driver
support/driver-alert-system/driveralert-system
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Tier 1Auto SuppliersDriving Performance MonitoringDriver
Monitoring and Passive Alcohd@etectionSafety Technologies

There are ove60 systems developed or in development frafier 1auto suppliergrelating to:
driving performance monitoring, driver monitoring, and passive alcohol detecTiois. section
will go throughthese technologies.

Passive Breath or
Touch Alcohol Total
Detection Tech

Driver Monitoring

Tier 1 Tech (e.g., eyes, head

Adient

Aisin Seiki Co.

Aptiv

Autoliv

Bosch

Continental
Delphi/Borgwarner
Denso

Faurecia

Gentex

Grupo Antolin

Hitachi

Hyundai Mobis
Infineon Technologies
Jabil

Joyson Safety

Lear

Leopold Kostal

LG Electronics Inc 1
LG Innotek Co Ltd 1
Magna

Mitsubishi Electric
Panasonic

Samsung

Sony

Sumitomo Riko
Toyoda Gosei
ToyotaBoshoku

TS Tech

Valeo

Visteon Corp
Yanfeng

Yazaki

ZF Friedrichshafen A(
Total

=
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131. Adient seat monitor

Adient is a seat basadonitor that can measure heart rates and breathing. According to the

website in201® ! RRAGA2y I ffex AyGSaINIGSR KSFHfGK Y2yAil:s
and heart rate, providing valuable feedback to enable smart management of passenger health

whit S aAGGAYy3 O2YP2NIlIofte 2y GKS asShk o

This technology is not widespread in the driver monitoring system space compared to eye and
face based monitoring. Seat based systems are under development by automakers and
suppliers.

132. Aisin Seikface-based driver monitoring

The system is tacebasedRNRA GSNJ Y2y AU2NRY 3 &a&ai Sheeamera 002 NRA
captures the drive® face and detects the driv@rface orientation and eye open / closed state.
It is used in a system to prevent accidents calisg looking aside or falling asleg

Aisin Seiki is a Tier 1 auto supplier and it is unclear if this technology is developed already or in
RS@PSt2LIYSyio I 002 NRA y\@ pravile syskeB produats Shathighy S G K S
control drunningg dturning £ and éstopping in order to achieve zero traffic acciden®e are

also developing products that enhance the enjoyment of driving and comfort such as riding

comfort £33

The image below is
from Aign Seikion
the driver
monitoring system.

More Information
T alt AaiAy {SA{TA (2 aK2gO0laS 1dzYry 9NNEBNI az2zyAdl
Car Congress. January 8, 2013. https://www.greencarcongress.com/2013/04/aisin
20130108.html

132 gAdient Al18 demonstrator shows future of automotive seaing ! RASY 0@ { SLIAGSYOSNI MHZ H A
https://www.adient.com/media/pressreleases/2Q 7/09/12/adient-ail8-demonstratorshowsfuture-of-

automotive-seating

133 Aisin Seiki: https://www.aisin.co.jp/product/automotive/brake_chassis/#productTtl.
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133. Aptiv Driver State Sensing

TheAptiv Driver State
Sensing system monitor
the cognitive state of
driver by measuring body
positioning, gestures, and
eye movement.

The images on the right are
of the Aptiv driver

monitoring system. The
warning for inattentive drive
is near the windshiel. Green
for paying attention and red
for inattentive driving.

The system is shown in
a video on a vehicle. It

is unclear if this system
is deployed and widely

available for consumer

use.

More Information

T a{lFSde IyR /2y@SyAr$p0Os yiiBWA@ING X BYaE AtyHE S NB

2020.https://www.aptiv.com/insights/article/safetyand-conveniencennovations
powered-by-interior-sensing
1 Aptiv Video demonstration of the DMS systemips://vimeo.com/385547091

T ! LIWGAD unmd LYy@Sadz2N /2yFSNBYyOS LINBaSydal Ga

https://s22.94cdn.com/336558720/files/doc presentations/2019/07/Apg019-
InvestorConference.pdf
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134. Autoliv driver monitoring system

Eye and heatbased monitoring systerimat uses a camera. The company website notes their

tech:
I dz(i 2 f A @fgha-artadiiver in&nitoring system (DMS) can detect distracted and
drowsy drivers by accurately measuring eye and head position, driver etteand
fatigue. The DMS will invoke action when a dangerous situation is detected or
AYYAYySyGod ! NBtAFotS Fylfeara 2F GKS RNARGS
technologies that are critical for supporting highly autonomous driving functiwitis,
safe handoff-6 KSSf 2LISNI GA2y @ ! dzi2t A@PQa 5a{ dzy RSN
02Y2NNRoQa OSKAOfSa (2 YI1S 0SGH8NI RSOA&A?2

The imageo the [ JRVEIESS T e
right is of Autoliv
driver monitoring

MORE VIDEOS

» 0 003/050 & Youlube SJ ar

More Information
1 Video of technologyhttps://www.youtube.com/watch?v=GB
x01 LL3sé&feature=youtu.be

135. Autoliv alcohol sensor

In a 2012 press release, Autoliv noted of theit O 2 K 2 f TheiABtylid &pidach uses a non
obtrusive system to measure the alcohol content in the breath of the driver to estimate blood
alcohol content (BAC). This is accomplished by applying infrared (IR) spectroscopy as the
principle sensing techrogy. This technology offers the potential for high sensitivity and
system reliability at a reasonable cost with low-going maintenancé!®

B4g 5 NR GSNI a2y b2 NAE:/mwa.auiol ¥amiindex. phgziradticts@eetronics/driver
monitoring-systems
135 gautoliv Alcohol Sensor Enters NextPHage / A A A 2y @ Wihps//behwbl@Bsiomaard/autoliv/Mautdliv

alcohotsensorentersnextphase,c9206160
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136. Bosch camerdased driver moniteing

The system is eamerabased
monitor for face movement and
other movement of occupants in | =
the vehicle. It can also be used in §i
conjunction with autonomous
vehicle driving as according to
Bosch it can determine if the
GRNAGSNI Aa OF L
control of the vehiclen a critical
AAGdzBE A2y D¢

¢tKS . 230K $So0aAiGsS alrea a.lFasSR 2y I RNAGSNDa S
detects if the person is drowsy or distracted by his orgraartphone and triggers an alert if

GKA& Aa®iKS Ol aSo¢

CKS a2adsSy lftaz2z a¢KS RNAODGSNI Y2YA(G2NAYy3 Ol YSNI
driver. It can detect distraction, drowsiness, and microsleeps and can alert the driver in

A Y8Bo¢

It is unclear where this technology is currently deployed, but it seems that Bosch is developing
this technology in conjunction with Autonomous vehicle technology.

More Information
f . 280K RS@St21Ja yS¢ LYGSNA2NI a2y Ad2NAy3 { &
https ://newmobility.global/future-transportation/boschdevel@s-new-interior-
monitoring-system/

B v SNRA 2 NJ Y2y A2 Nips/Awwabdsthin®hiity-Eofutionszémlei/gpoductsand-
services/passengeararsandlight-commercialvehicles/interiorand-body-systems/interiormonitoring-systems/

Bg ! NOAFAOALE Ay aSt t A Btsy/ovBy.basyh.cadsnieb/deLR0aftificial-BitElligence2 4 O K @
in-everydaylife/

BGLYGSNAZ2NI Y2YAG2NAYy3d aeadsSvyaze . 2a0Ko
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137. Bosch Patent: Method and device for determining a reaction
time of a vehicle driver

The Bosch Patent is for a camdrased system to determine if a person is under the influence
of alcohol or fatigued. The Pateistfor gauging the reaction time of a driver. The Patent

describes the technology:
In order to determine a condition of a driver, for example under the influence of fatigue or alcohol, the
reaction time and also the size of the range of vision cambleded as important bases for
measurement. Reaction time becomes slower
when the driver is tired or under the influence
of alcohol. In addition, the size of the visual Fig.1
field in which movements are still perceived
becomes smaller. This is referred to for
example as tunnel vision.

The Patent describes the sketch to the right:

In FIG. 1, a scalled tunnel vision situation is
shown, which is distinguished by a small angle
and which permits the inference that driver 2
is under the influence of alcohol or i&red.

View recognition device 3 is part of a device 9
for determining a reaction time of vehicle
driver 2. The described elements of view
recognition device 3, namely camera 4,
computing device 5, and display device 6, can
also be part of device 9 faletermining the
reaction time. For the recognition of the
reaction time, computing device 5 is configured to determine or to measure the time between the
displaying of visual stimulus 7 and the recognition of the acquisition of visual stimulus 7 by dekae
2. This time duration corresponds to the reaction time of drivé#2.

138. BoschPatent: Alcohol immobilizer with emergency drive option

The Bosch Patent filed in 2008 isoath and sesor based foralcoholimpairment!4° The US
Patent is no longer active, but other forms of the Patent are active.

139 ¢Method and device for determining a reaatidime of a vehicle drivér ¢ . 2 & OBS®0160046295A1i
Filed August 11, 2015itps://patents.google.com/patent/US20160046295A1

140 gAlcohol immobilizer with emergency drive optbré sch. PatenivO2009047074A1Filed September 11,
2008.https://patents.google.com/patent/W02009047074A1/en
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139. Continentaldriver camera with artificial intelligence

The ficebased camera monitoring system that also incorporates Artificial Intelligence.
According to ContinentafiThe Interior Camera can even help with the wellbeing of the driver.
Health states and emotions can be recognized and used as input parameters for artificial
intelligence solutions like virtual assistagt!

140. ContinentalPatent: Driver Assistance System

The Continental Patent filed in 20Xk scribes a driver monitoring system that may include
camera system to capture if a driver is attentive or fatigued. It may also include measuring the
heart rate of the driver. The pent describes how it would capture if a driver is paying

attention in the following:

The degree of attention can be detected, for example, by means of an optical detection system,
for example using an interior camera. This can capture the current figiglat. The frequency at
which the driver turns his eyes away from the road can be determined from the detection of the
current line of sight. The driv@rcurrent level of attention can be determined from this

frequency. Further methods according to theor art for determining the drive® level of

attention can also be used, such as, for example, the detection and evaluation ofriver
biometric parameters, as will be explained in more detail below, the first parameter / the
driver@ level of attentio being directly or indirectly the driv@level of fatigue can be derived

from the second parametélf?

141. ContinentalPatent Method and device for checking the blood
alcohol level of a driver of a vehicle

The Continental Patent filed in 2010 is foroaith-based sensoio determine alcohol

AYLI ANNSY (G ¢KS t I Sy quipthédiveliokas acieSsOrKomidti 2 3& g 2
is mounted an electronic module comprising a microprocessor, means for measuring the BAC

by near infrared spectrometry arranged to extend in contact with the skin of the conductor

equipped with the said accessory, and means for transmitting and liagesignal®'é?

Mgaz2NB GKIYy YSSiGa httgsSwewcéinéntalagtyfribtive/cBnyéngl/Padsenger
Cars/InformatioAManagement/ICAMCampaign

12 ¢Driver asistance system, vehicle, method for operating the driver assistance system, computer program and
computerreadable storage mediumé / 2 ¥ (i A y SF10201821036 A EilédyJiine 26, 2018.
https://patents.google.com/patent/DE102018210367A1/en

143 gMlethod and device for checking the blood alcohol level of adriverof avehicle / 2 Yy G AY Sy (Gl f & t | G Sy
WO02011038803ATFiled August 13, 201bttps://patents.google.com/patent/W02011038803A1/en
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142. Delphi/Borgwarnereye driver monitoring system

The system tracks eye movement for distraction. According to the description of the 2016
,2dz2¢dz0 S GARS2 o0& 5SSt LKA GKS &aeadSy nontefs Syl 6f S
0KS RNAGSNRA FlLGAIdzS YR RAAGNI OQGAzy fS@St |y
steering wheel vibrations or the system can offset driver workload or take specific action to

KSf L) Syadz2NE al ¥FSiae oé

More Information
1 Video of techndogy: https://www.youtube.com/watch?v=p2z8AFFSITk

143. Denso Driver Status Monitor

The facebased monitorinddENSQ Driver Status Monitoluses a camera to capture an image
oftheRNA SNDRa 7 ¢
SatdlroftAakKkSa GK
condition based on visual
analysis. It detects carelessnes
distraction and drowsiness, anc
then alerts the driver of any
potential dangerg!44

The image to the right is a
Denso concept of the
technology.

¢tKS (GSOKy2ft23& KFa 0SSy FNRdzyR aAyoOS FdG tSIad
channel. Denso says the technologyd A & I addptabietedtuge that can be used in
Ydzf GALX S OF LI OAGASES 12 YIF1S 2dz2NJ NPIFR& al FSNI¢

More information
1 Video of technology from 2018ttps://www.youtube.com/watch?v=_vanHz IfEU

a5 NRGSNI { G ( dzéuttps/Bvyivi dersiNdBra/gldb ehsidess/productand-

services/mobility/pickup/dsm/.

We58ya20Q0a8 RNAOSNI adilGdza Y2YyA(l2NEEé 5Syaz2z Ay b2NIK ! YSNR
https://www .youtube.com/watch?v=_vanHz_I|fEU
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https://www.youtube.com/watch?v=p2z8AFFSITk
https://www.youtube.com/watch?v=_vanHz_lfEU
https://www.denso.com/global/en/business/products-and-services/mobility/pick-up/dsm/
https://www.denso.com/global/en/business/products-and-services/mobility/pick-up/dsm/

144. Denso Patent: Dozing alert apparatus

The Denso Patent filed originally in 2020 is for a face and eye based mumggstem to
RSGSNIYAYS RNRgae& RN JDAdfavsness eveldf adddver in & YehidedsN] & 0
determined. A preliminary alert is performed in response to that the drowsiness level is higher

than an alert threshold value. A main alert srformed to prompt the driver to wake up from

drowsiness as necessary after the preliminary alert. In response to that a predetermined

response operation by the driver is detected within a predetermined time after the preliminary

alert, the alert thresholdralue is changed to be highg&f®

145. Denso Patent: Vehicular user hospitality system

The Patent filed bipensoin 2008 is FIG. 10

for a: face, steering wheel, body |
sensor anadsoicebasedmonitoring
system technology. The imagea the
right is from the Patent*’

DISTRACTION

-

* %ffi;‘
"™ o
clp
8o || o |
|} |

SERIOUS PHYSICAL CONDITION SLIGHTLY PCOR PHYSICAL CDND!TIDN%

(

Mg 521 Ay3a | fSNIU I LILWUSPROD2BRESIBAFiIEdINe28, ®020. | (G Sy i
https://patents.google.com/patent/US20200286358A1

147 &Vehicular user hospitality syst@iré 5 Sy & BSP8213B2BFilédiJuly 15, 2008.
https://patents.google.com/patent/US7821382B2
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146. Denso Patent: Driving assist device

ThisDensoPatent filedin 2015is for technology that monitors the driver using camera and
other sensors in the vehiclelhe images below from the Patent show how the system can

measure the condition of the drivéf8

FIG. 1A
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FIG. 2
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148 ¢Driving assist devigeé¢ 5 Sy & @30855966BFilédiFebruary 2, 2015.
https://patents.google.com/patent/US9855956B2
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147. Denso PatentOnboard systemyehicle control device, and
program product for vehicle control device

TheDensoPatent filedin 2015looks at sensors including face images and also for brainwaves
and relates to when to transfer control of a vehicle between a driver and irdsglhg
autonomous vehicle modeBelow is an image from the Pateft?
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149 ¢0nboard system, vehicle control device, and program prothrctehicle control deviceé 5SSy az2 o t I Sy i
US10398368B2. Filed September 8, 20ittps://patents.google.com/patent/US10398368B2
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148. Denso, Soken PatenEngine starting controller

The Denso Patent filed in 2009 uses a camera and other direct sensors to determine-alcohol
impairment. The camera detection aspect seems intended to verify the identity of the user of
the vehicle. However, the alcohol sensor technology is described as:

The alcohol concentration determiner calculates an index value of a blood alcohol concentration of the
driver based on the pulse detected at the detection part by the sensor, and determines whether the index
value exceeds a criterial value of a drinkisgessment or not. The permission means permits the driver

to start an engine of the vehicle when it is determined by the individual certification means that the driver
of the vehicle is the authorized person and it is determined by the alcohol concemt@dgt@rminer that

the index value does not exceed the criterial value of the drinking assessment. The sensor is configured to
detect the pulse of the driver at the detection part and to take the image of the detection part when the
driver brings the detedbn part close to the casi?

FIG. 3

/L.

o S 5*82

................

UL LTI/

M 81 2 3

The sketches above from the Patent show a touch based system to dertimine alcohol
impairment.

150¢Engine starting controllgr ¢ 5 Sy a2 > YSBA6SIg4@Fiked JiNG3P,R009.
https://patents.google.com/patent/US8468384B2/en?0q=8469134
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Denso, Soken Patent Engine starting control{eontinued)

The sketch to the right of

the Patent shows how the

system would operate or FIG 7
not operate depending if

the user is alcohol

impaired.t5t START ) _- 100

MEASURE PULSE WAVE ~-S110

§120
NO

LIVING HUMAN ?
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CERTIFICATION  [~S130

5140
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END

151¢Engine starting controllgr ¢ 5 Sy a2 > YSB4A6eSIga@2 t | G Sy i
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149. Denso Patent: Alcohol detection system and method for vehicle

TheDensoPatentfiled in 2009s for technology that includes breath and-aasedalcohol

sensors The Patent states:
An alcohol detection system detects alcohol concentration in breath air of a driver
seating in a vehicle, permits normal travel of the vehicle when alcohol concentration
measured under the predetermined stable operation state is below a threshold level,
and prohibits travel of the vehicle over a predetermined travel speed when the alcohol
concentration is over the threshold level. The alcohol detection system detects a pre
driving output signal outputted necessarily before an engine switch is manipulatdd, a
instruct start of an alcohol measurement preparation operation when thedgrreing
output signal is detected. Thus, measurement of alcohol concentration can be started
without necessitating long wait tim#?2

The following image is from the Patent.elimage shows a flowchart of the alcohol
concentration measurement

processing. FIG. 6
START )
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START
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¥ES Te
82
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§7 59
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i 58 f 510
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152 gAlcohol detection system and method for vehElé 5 Sy a @382014B7R FilediAugust 10, 20009.
https://patents.google.com/patent/US8201437B2/en?0q=8201437
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150. Denso Patent/Alcohol concentration detecting device

TheDensoPatentfiled in 2010 for a @ssive breath based alcohol sensofithe Patenstates

the technology is:
An alcohol concentration detecting device for a vehicle includes an alcohol sensor to detect alcohol
component contained in an expiration of an occupant of the vehicle, a gas sensor to detect gas
components other than the alcohobmponent contained in the expiration, and an alcetetecting
controller to calculate alcohol concentration based on detection value of the alcohol sensor. The-alcohol
detecting controller corrects the calculated alcohol concentration based on detectilbe of the gas
sensor. The alcohol sensor and the gas sensor are configured to further detect a state of air in a passenger
compartment of the vehiclé>3

The following images are from the FIG. 6
Patent. FIG. & showsan alcohol sensor
of the alcohol concentration detecting St

device FIG. 6s a flow chart illustrating
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END

153 gAlcchol concentration detecting deviGeé 5 Sy a 838441367RFilédiNovember 1, 2010.
https://patents.google.com/patent/US8441357B2/en?0q=8441357
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151. Faurecia Automotive Sdang: Vehicle seat with integrated
sensors

¢CKS tFaGSyd FAESR AY Hnmp Aa FT2N aSlId aSyazNa
state. The Patent describes how the technology could work with other car systems to
substance impairment:
A driver-capability assessment mode may use sensor data collected by electronics system 16 to
determine if the driver's capability to operate the vehicle is impaired due to overload, fatigue,
drowsiness, stress, and alcohol or drug impairment. As a result, dempé may command via
output 56 various equipment in the vehicle to communicate to the driver that their capability is
impaired. Computer 54 may also take command of the vehicle to slow the vehicles speed or call
for assistancé>*

The Sketches of the Patent shows how the

-
. i ;
sensors (16) in the seat may help detect possib Prr—
impairment by the driver. [
ECG Sensor System e Oheimnetey Senser,
- . System
3 Jj,, . { "{b%u ?/ o \;
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154 dvehicle seat with integrated sens@r&aurecia Automotive SeatinBatentUS9848814BFiled February®
2015.https://patents.google.com/patent/US9848814B2
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152. Faurecia Clarionlriver monitoring
Thesoftware and hardware components for Driver Monitoring Systems. Faurecia Glayien

Our solutions are built on a scalable architecture that can integrate a range of different
onboard cameras (near infrared, thermal), radars or biometric sensors that address
multiple use cases. This allows automakers to maximize their technologgstmnent
through solutions that meet evolving safety requirements as well as providing data to
SYKFyOS dzaSNERQ 2yo62FNR O2YT2Nldé

We support automakers from full camera and sensor systems to standalone software
managing multiple situations: mulgerson dete&tion, driver identification, distraction
and drowsiness monitoring, gesture analysis, emotional assessment and health
monitoring 1°°

The company notes they
G & dzLJLJ2 NI | dz
with their technology
which seems to paint a
picture that their
technology is currently
being deployedThe
image on the right isf
the driver monitoring
system fromFaurecia
Clarion

153. Faureciaalcohol air sensors

In addition to working on biometric sensors to monitor heart rates, breathing rates, heart rates,
and blood pressure, Faurecia is working on gas seestnology for inside vehicles.

Specifically, Faurecia héGas sensors are another key areanbéiest for improving ircar air
guality. Teams have extensively researched the right combination of sensors and algorithms
that can evaluate the composition of gases and odours in the cabin, including alcohokle’els.

155 g0ccupant Monitoring Systems for safety and wellb&irg C | dzNB Qthst/wuwifdudaz y d
clarion.com/technology/immersivexperiences

156 ¢From safety to comfort: we want to do more with technolagy CIl dzZNBEOAl & Wdz &8 HpX HAMPD
https://lwww.faurecia.com/en/newsroom/safetycomfort-we-want-do-more-technology
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154. Gentex biometrics system

Thesystemm Y AG2NE | RNAGSNRE S&S F2N) aSOdzNRiG& NBI 2
could have other driver monitoring functionst is unclear if this biometric system only

monitors once a driver enters a vehicle and immediately stops oisitibnstant monitoring of

the driver.

Gentexsayd ¢ KS RNAZSNDa SesSa | NB | SeehidezcomestSddzNRA y 3 |
OF NJ SELISNASYOSz¢ &FAR 526yAy3o 6.8 1yz2é6Aay3 §
implement vehiclesecurity, personalize the vehicle cabin, and secure access to-cbsetl

accounts, apps, and additional connect®d NJ & SWRIIA OS & v ¢

¢KS NBFNBASSG YANNERNI aeadsS Yheré reaaifaredietitiessfird & a9
scanning cameras, and sgstlevel intelligence opens a world of opportunity for automakers.

With leading biometric partners by our side, Gentex is changing the game in vehicle security,
comfort and personalizatiog:>®

More Information
1 Video of technologyhttps://youtu.be/43090ZYeF6c

155. Gentexdriver monitoring system

[ »

Watch later Share

.¢ K S aea ml@m 7\ N = Gentex In-Cabin Sensing
integrated, camer@ased —

driver monitoring system
(DMS) can monitor T .
alertness, gaze location,
behavior, and driver

readiness for autopilot
return of controlé!®®

The image on the right is MORE VIDEOS
from the video of the
technology from Genetex.

b o) 03a/1%2 & Youlube S aF

More Information
1 Video of technologyhttps://youtu.be/zsBTOKfIMKHs

157 ¢Gentex to Demonstrate New Connected Car, Biometrics and Digital Rear Vision Technologies atXCES 2018
Gentex. January 2, 201&tps://ir.gentex.com/newsreleases/newselease-details/gentexdemonstratenew-
connectedcar-biometricsand-digitatrear
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https://youtu.be/43Og0ZYeF6c
https://youtu.be/zsBT0kfMKHs
https://www.gentextech.com/connectivity-sensing.html

156. Genetexin-cabin sensing

ThesystemcaRS G SO0 | f O2K2f & ¢ KS RKeépQ@QNdnadibusand 2 T
ride-share vehicles operational and passengers safe wittain sensing units that use a

variety of sensing methods to detect smoke, vape, VOCs, alcohol, and airborne
contaminantst60

C\
A
N>

More Information
1 Video of technologyhttps://youtu.be/lLegfP16X8

157. Grupo Antolindriver monitoring

Methods and systems
Grupo Antolin is a partner with Cipia (formal EyeSightabinintegration of driver monitoring.

Their website says:
DNHzL2 !'yi2f AyQa (§SOKy2f 23A Otparty solufioaskirdogtEconipkngntsk 6 A f A G &
YR RS@OSt2LIVSyid 2F GKSANI O2y (iNRBf St SO0NRdmM Oazx gAff
cabin sensing solutions to deliver smartegrated systems with great added value. The collaboration will
provide car manufacturers with ioabin solutions tailored to the needs of future electric, connected, and
semiautonomous to fully autonomousahicles, leveraging the technological capabilities of driver and
occupancy/interior monitoring®!

This is part of Cipia and integrates with the camera system. Grupo Antolin is one of multiple
partners with Cipia in integrating devmonitoring technology

158. Hitachi driver monitoring system

The 2017 presentation from Hitachi shows a system thanitorsthe: face, eyes, breathig
andheart.62

159. Hitachi Patent: lon detecting device

The Hitachi Patent filed in 2012 is for an air &nelath-based sensor that can detect alcoRéd.

wg/ 2yySOGSR 2y S@OSNE tS@Stz¢ DSYySGSE

161 ¢Grupo Antolin and Eyesight Technologies team up to provide intelligesaliim monitoring solutions ¢ D NXzLJ2

Antolin. January 2, 2020ttps://www.grupoantolin.com/en/grupeantolin-and-eyesighttechnologiestean-
provide-intelligentcabinmonitoring-solutions

WEGENRAGAYI gAGK !'LY ¢KS CdzidzNBE 2F a2o0AfAdGe FyR ¢NIyaLkRN.
https://www.hitachivantara.com/erus/pdfd/presentation/future-of-mobility-and-transportation.pdf

https://patents.google.com/patent/US8921776B2
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160. Hyundai Mobis PatentApparatus and method for detecting
driver status

TheHyundai MobigRatentfiled inin 2015 is for diver state monitoringThe patent summary
statesémethod for detecting a driver stas, which grasp a driv@ mental and physical

condition to determine whether or not a driver drives a vehicle with safety and induce the
driver to drive the vehicle with safety in various ways when the driver is determined not to be
in a safe driving statso as to protect the driver.

The patent say&The driver status information acquisition portion may include one or more of a
microphone, a driver observation camera, an ECG (electrocardiogram) sensor, an EEG
(electroencephalogram) sensor, and a PP®igblethysmography) sensor, in order to acquire
information according to a driver status during driving of a vehicle.

Each of the EEG sensor, the ECG sensor, and the PPG sensor may be a wearabté*sensor.

The driver monitoring system below does not appear to be something that would be worn, but
any technology that is wearable is rebrkable. Below is an image from the patent.

FIG.2
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164 gApparatus and method for detecting driver stafug | & dzy Rl A US2682% 14 RoFiled Daiuy {6,
2015.https://patents.google.com/patemtUS9682711B2
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161. Hyundai MobisPatent: Apparatus and method ofafety support
for vehicle

FIG. 16

This Patent filed in 2®lis for diver state

monitoring, vehicle controland aitonomous
vehicletechnology. It ronitors movement of

the body, including the face and eyes. If a

person is determined unable to operate the

vehicle, the tech appears to allow for the

vehicle to take over and include autonomous greepig e

vehicle technology.The patent states: NAVE, AUDIG

The driver monitoring unit 110 may monitor

the physical features, physical characteristics

posture and control intention of a drér. The

driver monitoring unit 110 may include various BREAK PAD

sensors and devices for performing the above

described function. For example, the driver MG PAD - ;

monitoring unit 110 may include a camera or - =/ MILTE FONCTION 5/%

radar for monitoring the physical features, =7 N

physical characteristicand posture of the

driver, and a steering wheel angle sensor,

acceleration pedal sensor and brake pedal

sensor for monitoring the vehicle control (a)

intention of the driver'®
The image on the right is from the Patent. —

g N
The Patent is very exhaustive and expansive // A
is unclear if this technology has been [ NEER INFRARED LED
) . . . DRIVER STATUS WONITOR / A \
incorporated into the Hyundai Mobis ; [ 7T 1
technology calledDDREM(Departed Driver i R |
Rescue and Exit Maneuvégystem b ’
.. . . T S INGLUDED W1THIN SONSOR

Additionally, as this technology involved ks PACKAGE  /
Autonomous Vetule technology, AV L) /
technology has received billions of dollars of T o~
investment and is the process of being testec N\ /
More Information (b)

M1 Patentfiled in 2017 in the United StatelS20200098265A1
https://patents.google.com/patent/US20200098265A1

165 gApparatus and method of safety support for vehclé | & dzy R A  US20200098R65AFilédS y (i
November 27, 201%ttps://patents.google.com/patent/US20200098265A1
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162. Hyundai Mobis Patent: Autonomous driving apparatus and
method

The Patent filed in 2020 is for autonomous driving and for dmvenitoring. Specifically, the
system is described in the following way: FIG. 3

511 or 521 101.201,301.401
i /’
/

,,,,,,

Furthermore, if a behavior of the passenger is not
detected through the sensor unit 500 or the bio
signal of the passenger detected by the sensor uni
500 has a pattern different frorthat of a normal

bio signal previously stored in the memory 620 as
bio signal in the normal physical condition of the
passenger, the processor 610 may transmit a resc

signal to an external organization. 535 |8 o -
[0092] CERN it o
That is, if a behavior of the passengenot 532-— - 533

detected by the internal camera sensor 535
provided within the sensor unit 500 (i.e., the
passenger does not move) or a bio signal (e.g., a
pulse beat or a body temperature) of the passenge
detected by a bio sensor provided within the sensc
unit 500 has a pattern different from that of the
normal bio signal, the processor 610 may determir
that an emergency situation has occurred in the
passenger, and may transmit a rescue signal to ar
external organization (e.g., a nearby hospital, a fire
stationor a police station) necessary for the
passenget®

1External Camera

=ik

SR ot

m—mmmm ool

| Extemnal Camer

=

513 or 524

FIG. 4

The imagesbove and to the lefare
from the Patent. FIG. 3 shows the
system comes with an internal
camera. FIG 4. Appears to show the
vehicle in autonomous driving mode.

166 gAutonomous driving apparatus and metibd | & dzy Rl A  US2020860207 Al Filéd 819, 2020.
https://patents.google.com/patent/US20200369297A1
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163. Hyundai Mobis PatentAutonomous driving apparatus and
method

This Patent filed in 2020 monitors a driver and their condition and if the driver can safely
operate a vehicle when it is not in autonomous vehicle mode. The system uses a camera as
noted in the Patent:

" An internal camera sensor 535 for photographing the inside of a vehicle may be
mounted at a given location (e.g., rear view mirror) within the vehicle. The processor

610 of the autonomous driving integrated controller 600 may monitor a behavior and
state ofa passenger based on an image captured by the internal camera sensor 535, and
may output guidance or a warning to the passenger through the output unit

300memory."

The passenger state determination module 616 may determine a state and behavior of
a passager based on a state and bio signal of the passenger detected by the internal
camera sensor 535 and the bio sensor. The state of the passenger determined by the
passenger state determination module 616 may be used for autonomous driving control
over an eg@ vehicle that autonomously travels or in a process of outputting a warning to
the passenget®’

164. Infineon Technologies

I & calérabasedmonitoring system of the driver that interacts with advanced driver
assistant systems and autonomous vehicle technology.

<,

The technology is described@ 2 R @ Qa | RO yYOSR RNAGSNI Faaraadl

in the future, autonomous cars requiteNE OA &S AY FTF2NX I GA 2y I o02dzi GKS
gKFEGIQa KIFLIWSYAY3I AYaaARS (HhSeddbabin @fisigh ¢ KA & A a
applications come in. They recognize driver behavior and deliver this information to the ADAS
system so it can reaetccordinglyét®

More Information
1 Infineon InCabin Sensing:
https://www.infineon.com/cms/en/applications/automotive/chasssafety-and
adagin-cabinsensing/

167 Autonomous driving apparatus and methibd | & dzy R A  US202003%53093AFiléd Mgyl 2, 2020.
https://patents.google.com/patent/US20200369293A1

88¢infineon-In-OF 6 Ay aSyaiay3 | LI AOFGA2YyEA ol ASE 2y AYYSTA Y SIAY wo!
Connecthttps://docs.avnet.com/asia/marcomm/eDMs/AAC201712/Infineon_tc.html
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165. Jabildriver monitoring

Camera platform to support dre&r monitoring system software, partner with Cipidhe

company website says
Camerabased Driver Monitoring Systems (DMS) are an integral elemaeréafgeneration ADAS
solutions. DMS are increasingly being used by the automotive & transportation industries to reduce
distraction and drowsiness related crashes. And they must be present in all vehicles capable of SAE levels
3-4 autonomous driving to ensure the driver is awake and alert and capable of taking back control of the
GSKAOE S I2TROFS NUYORK IFYSBSAl 2 FFQ Y2RSao
WEoAE 2FFSNE I /FYSNY tEFGF2NY 2LIGAYAT SR G2 &dzldL2 NI
in optics industrializatio and manufacturing has delivered a highly accurate and dependable DMS
OF YSNI & ¢KS /FYSNI tflFGF2NY Aa | LIWLXAOFEGAZ2Y NBIFRE Iy
Evaluation hardware systems are available now for lab and vehicle test and develolithent.

Below are images from Jabil.

More Information
1 There is a video demonstration on the upper right corner of the com@angbsite of

itsdriver monitoring systemttps://www.jabil.com/industries/automotiveelectronics
components/advancedlriver-assistancenonitoring-systems.html

166. Joysa SafetyDriver Monitoring

Joyson Safetig a partner with Cipidriver
monitoring system Joyson Safety helps with the
camera hardware for the Cipia system. The camg
f221a 4 | LISNmR2YyQa Seé
movement and detects drowsy oigtracted
driving. The image on the right is of Joyson Safet
driver monitoring system. =

LISNR 2 y

More Information
1 Joyson Safetyittps://www.joysonsafety.com/en/technology/integratedafetysolutions/visionradar

systems/
1 Video:https://www.joysonsafety.com/media/jss v_r_dms.mp4

B¢ YSSLIAYI 5NRADSNAE ! g | Ht:IwwivjalSi NdinBEndustyeR/aubniofiv@edeEtonicsVl 6 A t @
components/advancedriver-assistancanonitoring-systems.htmi
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167. Joyson Safetyatent: System and method for disabling a vehicle
The Joyson Safety Patent filed in 2012 foeat $ased
and touch basedlcohol sensors

The Sketch on the right is of the Patent. Figure 2 is

described as:
Ablood alcohol detection system is provided. The blood LB
alcohol detecting system includes a finger sensor 50 for
sensing the finger of the vehicle driver. The results of the
interactionbetween the finger sensor and the driver's
finger are analyzed by a controller to determine the blood
alcohol concentration of the driver. The sensor and alcoh
detecting system may employ any of a number of known
technologies. For example, the alcoheltection systems
disclosed in U.S. Patent Documents Nos. 6,229,908,
7,413,047 and 2010/0036592 may be employed. Also, th
scope of the present invention is not limited to the use of s
finger sensor. For example, as disclosed in U.S. Pat. No.
7,413,047 thesensor may rely on the interaction between
the driver's hand and the steering wheel of the vehicle.

FIG. 1

FIG. 4, pictured right, is from the Patent to shows a L
driver facing camera mounted close to the alcohol ; 7
detection system.

FIG6show§ 6§ KS A Y| 3A§stedl LIG dzNR y
is mounted to capture an image of the
driver 20. A rear facing camera 80 is
positioned proximate to location of the
blood alcohol detection sensor 50. The
system includes both a camera and signal
processing electronics 90. The signal
processing eletronics 90 typically includes
a microprocessor or controller contained
in a module. The system is configured to
determine whether the hand presented at

~ A s oA = 4

GKS |t O02K2tf aSyaiy3d RSGSOG2NI pnz A&PAy FIFOG 0O2yyS

170 ¢System and method for disabling a vehicle W2 @ a 2 y Y200 B0028007AFilediNaxthi 8, 2012.
ttps://patents.google.com/patent/US20120228047A1
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168. Lea driver monitoring

{SIFG Y2yAlG2NRy3a aeaidSy GKFaG OFy RSGSN¥YAYS || K
non-intrusive sensor technology utilizes biometrics to detect stress, drowsiness and heart rate
variability, and could activate seat treaémts including heat and massage function, as well as

transmit critical data via secure wireless communication to a health care professional or family
YSYo §Nw¢

More Information
1 Video oftechnology https://www.lear.com/Site/Technology/Intu.aspx

169. LearPatent: Distractedness sensing system
The Lear Patent filed in 2020 is for a seat sensor driver monitoring system.

FIG. 3A, shown beloffrom the Patent, shows the process on how distractedness could be
RSGSNNAYAY3I dzaAy3d (KS beSddsoyatrdy 308 dad moniokaSiriverlt G Sy i
or an occupant of the vehicle seat. The monitoring can include EDP sensing using the

contactles sensors 150. The EDP signals are used to detect a distraction state of théldtiver.

/300
301
[ CONTROLLER FOR MONITOR
u SENSORS
SENSOR ARRAY 303
SKEL/EYE SEAT
[EDP TRACK [“DAR SENSORS [ ][ ][ [ N ] 317
INITIATE
‘ COUNTERMEASURES ]
304
[ COMPARE SENSORS TO
THRESHOLD 315

YES

3n N

306~
NO

305 313

>2 THRESHOLDS MET?

310

FALSE DISTRACTION
(EXEMPLARY TABLE)

FIG. 34

MG L b ¢! Zhitps:[/wsviv.NaP.com/technology/seating/advancedeatinginnovation/intu
12 ¢Distractedness sensing systEné [ S| N$R202100@0 HAPATFiled September 25, 2020.
https://patents.google.com/patent/US20210009149A1
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170. Leopold Kostal drigr monitoring

A 2017 presentation details possible Leopold Kadtiger monitoring system that is camera
and voice based. The camareasures the face and eye movement of the driv/ér.

Kostal describestheir SOKy 2f 238 & G¢KAA& OF YSNI 2LISNI (S
OKSO1la GKS RNAGPSNDa KSIFIR FyR S@StAR LRAAGA?Z
where ploted steering is installed, this will allow the driver to take his hands from the steering

g KS &t o¢

a
y a

171. LG ElectronicPatent: Driver assistance apparatus

The 2016 LG Electronieatentis for air and touch sensor for alcohol and could switch the
vehicle to seldriving mode depending on the state of the drivéhe images below are from
the Patent which shows that if the driver is drunk, the vehicle would switch to autonomous
model’s

FIG.7 FIG.9

NOT IN DRUNK STATE
POSSIBLE TO START

'WHILE DRUNK-DRIVING.
VEHICLE SWITCHES TO SELF-DRIVING

/
i

N
f:f DRUNK-DRIVING VEHICLE \“\

N\ [ /) [ —
AN i [ T 1
| “t‘{\ \ ONTO SHOULDER. Jr’ﬁf{{/ ! I‘." =l == \J'

? —

45 NR GSNI a2yl i[2NRANGAAYY 3 I5ISI9NR F OK F2NI DFT S 9aidAYIF(GA2yé Dt
https://on-demand.gputechcof.com/gtc/2017/presentation/s7624orneliuswefelscheiddriver-monitoring-a-

deeplearningapproachfor-gaze.pdf
a5 NR @S NI ! & a hidps/lwyivOke stat-autynobitglektrikdcom/engb/produkte/mechatronik

module/fahrerassistenz
175 ¢Driver assistancapparatu€ ¢ [ D 9 f S O UPRAFS0TAEFedtMaréhd §, A016.
https://patents.google.com/patent/US10435027B2/
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172. LG InnotekPatent: Vehicle Safe Starting Device

FIG. 4
TheLG InnotelPatentfiled in 2016 igor a touch
ol aSR I fO2K2f aSyaznNl a G adt
touch part physically contacting skin of a man; ar [__mrranso aax erossotion |-
optical sensor part projecting aglectromagnetic — .ipmeo T
wave of a predetermined frequency region to the B or R b N o [T
skin of a man contacted by the touch part and MEASUH.NJGDi;VER- — .
receiving a reflective signal of the projected ARV YA s siomar |
electromagnetic wave; and an analysis part R
analyzing the reflective signal and outputting a /ﬁfsﬁ/‘;evi Aﬁ“j> ,,,,,,,,,,,,,,,
stat@ Yy i NPt aA3ayrlrt I &g \m,' eaiaode
The sketch on the right is from the Patent and gureurtne sramy conreor | [ curmmaorr
shows how the system is designed to work. AVERRIOLE
173. Magna driver monitoring
a2yAli2NB RNAGSNRA 3IFT S | ThRtedhr®IByS Ean @ofonly télIS NI y S & &
when a driver is not paying attention, but makes allowances for normal actions, such as looking
in the sideview mirrorsé’”
More Information
1 Magna Takes Aim at Distracted Drivintips://www.magna.com/innovation/driven
peopledrivingchange/article/magnaechnologytakesaim-at-distracteddriving
174. MagnaPatent: Vehicular driver monitoring system using breath
sensor
The MagndPatent filed in 2020 monitors for driver drowsiness or distraction by monitoring the
breathing of the drivet’®
176 dvehicle Safe Starting Devicé [ D L y y@S20880@8711 3AilSd/Fébruary 25, 2016.
https://patents.google.com/patent/US201&3B7113A1
"gal 3yt ¢SOKyz2t23& ¢ 15a ! htps/hwivw.rbagra.donlindovaidR/drivedh JA Yy I €  a

peopledrivingchange/article/magnaechnologytakesaim-at-distracteddriving
178 &vehicular driver monitoring system using breath sefisér a IPagftu¥20200283001AFiled March 4,
2020.https://patents.google.com/patent/US20200283001A1/en?0g=+20200283001

121


https://www.magna.com/innovation/driven-people-driving-change/article/magna-technology-takes-aim-at-distracted-driving
https://www.magna.com/innovation/driven-people-driving-change/article/magna-technology-takes-aim-at-distracted-driving

175. Mitsubishi Electric driver monitoring

Camera and other system to monitor the face and body of the driver. Mitsubishi Electric says

the technology:
1) Monitoring both driver and front passenger for enhanced safety and convenience.

-Monitor both the driver and the front passenger to provide autated assistance, such as
adjusting the air conditioning or audio entertainment system.
-Recognition of hand gestures of both the driver and the front passenger to control various in
vehicle devices.
-To-be-developed detection of not only heads but also eppodies to detect potentially
dangerous behavior, such as abnormal postures including slumping over or collapsing
backwards.™®

The company says portions of this technology would be ready by 2018. Images below are from
Mitsubishi Electric of their drer monitoring system.

Wide-angle camera ] /

Imaging area '\-\ |

.

Flexible installation of camera position Monitoring both driver and front passenger

More Information

1 d&Mitsubishi Electric Unveils EMIRAI S concept car fitted with novel HMI / biotech
sensorg ¢ h O 2 6 Sids:NoptiES.omy/nresdsas 75

1 dHow DMS is Creating the Future of MobitityGiving Drivers a Taste @motenashit Q¢  WI y dzI NB
10, 2020.https://www.mitsubishielectric.com/en/ou¥
stories/article/xx_ww_f in2001 02.html?fbclid=IwAR1cS4igxCN_SYB6kYTOdhMSeAHdg
VaXw6ImDfP6u_ZABwnYnERKurUWcpY

1 Video:https://www.facebook.com/watch/?v=853865211709762

WgartiadoAaKA 9f SOGNAO 5S@St 2 Wy 35 A OFINOSsNREEMACRcBey 3 { @ &4 G S
5, 2017 https://www.mitsubishielectric.com/news/2017/1005.html
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https://www.mitsubishielectric.com/en/our-stories/article/xx_ww_f_in2001_02.html?fbclid=IwAR1cS4iqxCN_SYB6kYTOdhMSeAHdgVgXw6ImDfP6u_ZABwnYnERKurUWcpY
https://www.facebook.com/watch/?v=853865211709762
https://www.mitsubishielectric.com/news/2017/1005.html

176. Panasoniadriver monitoring system

Drowsy driver face monitoring systems that also uses Atrtificial Intelligence. The company notes
that the technology does the following:

tlylraz2yA0QRSREREARAY SEEOKYy 2t 238 ARSYUGATASE YR LINBRA
I OOdzNI 4SSt & YSIadaNAy3I GKS RNAGSNRA adldSa ¢AGK2dzi LK
expressions, etc. captured by anvahicle camera, and processing these signals using artificial

intelligence. Further, using measurement data from theéhicle environment, such as heat loss from

GKS RNAGSNE tlylazyAr0Qay ¥y SHraSOKYR{2EAE RNXKES NINS RR NH
technology also combines a thermal sensation monitoring function, allowing the driver to stay

comfortably awake while driving.

An emotion detection system is embedded within this driver monitoring demonstratising near
infrared camera technology, the system collects facial feature points from the driver to determine his/her
state of emotions, such as irritation, happiness or fear, and current drowsiness level.

thylFazyaoQa ySefe R 3Zpatenssoisik, isicdtabie yorap@icatids indumarkand
environment monitoring systems for use in such places as private and commercial vehicles, offices and
educational institutions; drowsinegzrediction systems; and drowsinesentrol systems fokeeping

people awake?s°

More Information
T atFylFaz2yiro 5SS @&l dEhnsldgPhy BeteytiBgiasd Predicting
S5NAGSNHA [ SOSt 2F 5NRgaAySaaze tlylazyaoo
https://news.panasonic.cam/global/press/data/2017/07/en17072-8/en17072#3.html
1 Video:https://www.youtube.com/watch?v=CT4gnpMnrxg

177. Panasonic Patent: Alcohol detection system

FIG. 1

The Panasonic Patent filed in 2008oisa steering
wheekbased touch alcohol sensétt

The sketch on the right is from the Patent and
represents the alcohol sensors on the steering whee

Bg+ SKAOE S { Sy kttasN@Eagpanasbryt leainis/alitGmeus0IuLonS/ VISIORSENSINGY

Blg1 £ 02K2f RSG S @dbriic2Rateri$78101 B 0BFded Juheyl6, 2008.
https://patents.google.com/patent/US7911350B2/
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178. Samsung driver monitoring

Samsung is listed a partner with Cipia. It appears to be developing facial and body monitoring
G§SOKy2ft23& AyOfdzRAY 3 ( K-laike. I3sTuncea if thatizdthnglayy is LIS NA
also part of Cipia.

hy GKSANJI ¢ SThedDkivietdcnitoring Systemdndl also transmit a warning sound if it
detects dangerous behavior, such as driving while drowsy or sending text messages behind the
wheel£82 Below are images of the Samsung driver monitoring system.

0 »

Watch later Share

0 »

e [CES 2019)] Digital Cockpit 2019: Next Level Connected Driving
Watch later Share

[CES 2019] Digital Cockpit 2019: Next Level Connected Driving

Monitor history

"é Distracted
Driver Monitoring Sy Useheartrate =

Driver Monitorihg Sy!

MORE VIDEOS MORE VIDEOS

¢ 130/4m & Youube §) ar

& Youlube § ar

179. Sony driver monitoring

[ A0SR F LI NIGYSNI gAGK [/ ALRALF @ ¢tKS (GSOKyz2ft23e
I/ ALIALF Qa (GSOKy2f 238 o Inside thgcalfirg ssérsmill morftar the\ 6 S A G &l
condition of drivers and passengers. The facial expression and body movement of drivers will

be used to gauge their concentration and fatigue levedsding out alerts as necessar?

The Cipia platform has a range of partnefie technology outlined by Sony may be part of the
Cipia system or may be something different.

More Information
1 Possible Patent filed in 2016 by Sobs10768617B2
https://patents.google.com/patent/US10768617B2/en?0q=10471969

182 ¢Digital Cockpit 2019: Next Level Connected Driviag { | Ya dzy 3 ® WI ydzt NB y X HAamMpd
https://news.samsung.com/global/videdigitalcockpit2019next-levelconnecteal-driving
18g { I TS { antips://wive.g6iy om/en/Sonylnfolvisiors/safety.html
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180. Sumitomo Rikadriver monitoring

¢KS a{YlINI wd
seat monitoring ofheart
rate, drowsiness and
breathing. The image on the
right is an image from
{dzYAG2Y2 wA{?2
the technology:*

More Information
1 Sumitomo Riko DMS Presentation from 2018:
https://www.sumitomoriko.co.jp/wordpress/wp
content/uploads/sites/4/2018/05/sumitomoriko DMS _E.pdf

181. Toyoda Gosedriver monitoring

Steering wheel camerabasad2 y A (1 2 NA y 3 @ I uwnmy LINBa&A NB
OF YSNY Ay (GUKS AGSSNAyYy3I gKSSt Y2yAu2NB (K
or drowsiness are detecR 5

More Information
1 dToyoda Gosei to Launch Truck Steering WheelswWrah Drivers of Inattention or
Drowsines& ¢ WI y dzl M#ps:/owwE toyada-gpgedcom/news/detail/?id=174

184 6Sumitomo Riko Exhibiting at Automotive Engineering Exposition 2019 Yokahama{ dzYA 12 Y2 wA {2 ®
https://www.sumitomoriko.co.jp/english/sumitomaiko-exhibitingat-automotive-engineeringexposition2019

yokohama2/

Bg¢282RI D2aSA ! OOSt SNl (GSa 5S@St 2 LIYTOyoda GBsENoyeinl®&S2BA vy 3 2 K S
2018. https://www.toyodagosei.com/news/detail/?id=199.
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182. Toyota Boshoku

The concept by Toyota Boshoku and four other companies within the Toyota group is a seat
based and cabin based monitoring of the driver and other occupants. The driver monitoring as
i K $e sygiem incorporates a camera and a seat sensor which can get@ogye position,

size and posture. This way your seat and seatbelt positions can be optimized automatically.

If the system determines a driver is drowsy, the Active Driver Engagement system will
éccomfortably keep you engaged with nostalgic music aibdationsp'és
-

The image on the right is of the
Active Driver Engagement System |
The MX 191 system from Toyota

. 2 a K21 dmiAterior bpdce a
concept that supports level 3 to 4
autonomous cars. The MX191
concept is created on the theme of

"more comfort, more safety, and e -'554,(-.:.,.,&_.», S —
. '!.87 A, temperature, sound, and vDration stimolate the “"‘“7“?"""?‘: Growsiness Naturally
more enjoyment. s R

183. Toyota BoshokuDrowsinessSuppression Seat System

¢tKS S5NRgarAySaa { dzidetiNs sighsioRdyowdingsk dnd gravents §oxinga
f SOSNI IAYy3IT GKS 02 YLI y e Qdasédiesddlyggisitécontral five LIK & & A 2 f
human sense$!e®

184. TS Tecimonitoring system

Aseatd F ASR Y2y A (2 NKY 3 ThesaaliuSes @sedsr totnSnddi chane8 i@ &
respiration, including deep breathing or yawns, to detect a state of low arousal such as
drowsiness. A vibration motor in the seat will alert the driver when drowsiness is detécted.

¢ KS O2 Y tdhtiyiing dedelogment of this technology as it works towards mass
production£18°

1B 1 OSaszé ¢ 2 atpsi/lwww.tdyat&tghdrdeom/global/special/ces2019/aces.html

Bga- mMpmIé ¢2e20l . 2 a-KoRhpkdzdomkglabalisieciakces?(2@ndxhoR Bl i |
188 GToyota Boshoku Participates in Autonomous Driving Field Test at Central Japan International Airport with
Drowsiness Suppression Seat Sysiein ¢ 2 8 2 (G | . 2 & K 2 2 Attggdwviltoyadak NBE HHS HAHM®

boshoku.com/global/news/release/detail.php?id=7323
BIg GATATAY3 GKS tFGSadtd FrOAtAdGASA YR FROIFIYOSR G(GSOKyz2t
TS Techattps://www.tstech.co.jp/english/development/technology/safety.html
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185. Valeo driver monitoring

W v

Face and eye bas€dll YSNI Y2y AU2NAYy 3 &aeé athSpuposedfthés2 al & a
Driver Monitoring system is to alert the driver when signs of drowsiness or distraction are

detected. Other applications for the system are also possible, such as driver identificadion an
control functions using the eyes. These developments will contribute to heightened safety and
more intuitive use of the new generation of driver assistance functé#fs.

¢CKS AYF3AS 0St29 Aa FTNRBY I fS2Qa4 RNADGSNI Y2YyAl?2

Oriver Identification

More Information
9 Video oftechnology https://www.trendhunter.com/trends/safranand-valeo

190¢ 5 NRKA @S NI a 2y Ahiip2: My BEG cor/en/driekdpnitoring/
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186. Valeo Patent Method and apparatus for irvehicle impairment
detection with driververification

TheValeoPatentfiled in 2018s for technology
that monitors a driver through a camera and
other sensors and can determine an alcohol

impairment level based off touch sensdfa.

501

Driver sits on seat and starts the ignition

505

Power up interior
manitoring 3D
TOF camera

Although this technology does have a
component to verify tle identity of a driver. Itis NVessage 1o Placs hand on handres? from ©7
mainly focused on determining the alcohol leve thedesfiooar
through a touchbased method, where a driver 09
puts his hand on the hand rest to determine the rifale Impaimentcelecton and drver |~
alcohol level. tlis unclear if there are alcohol s
sensors elsewhere. 1 —L—
" Biosen::er;lfnarsduerzments iformation from R LEDS that &
The sketchd the right is from the Patent on s refededfon e e
how the system operates. The sketch below is |
of the touchbased sensor from the Patent. Bosensor messurements ar jﬁ[’do”;ﬁ?fhfjjm -
BN
]

o 527
¥ Driver v Hentification
Verified? Required?
N ¥

|dentification [4——

"L 529
531 y
517 ™
shifter is activated for Driver ™Y Gear shifter
a predetermined Ded? lock released
533
END
FIG.5

FIG. 4

191 @Mlethod and apparatus for iwehicle impairment detection with driver verificatiané + I f S2 ® t I
USD200122731A1Filed October 19, 2018.
https://patents.google.com/patent/US20200122731A1/en?00=20200122731
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187. Visteondriver monitoring

Camera based monitoring system that uses Artificial Intelligence focusing on face, head and

eyes. Visteon describes their technology as:
How do we ensure the person behind the wheel is prepared to drive? A driver monitoring system (DMS)
identifiesthed2 g a Ay Saa | yR RAAUGNI OGA2y  SJSHase@sblutiorkisS RNA @S NJ
capable of facial recognition and incorporates artificial intelligence to monitor driver distraction,
drowsiness, emotion, and head and eye gaze. Our range of stdutEn increase vehicle safety today,
while allowing for a scalable approach as new autonomous features are deployed to comply with safety

i 192
regulations! e .
N .
- — = LS il | )
B ‘J‘ 3 k r -\‘ /(.//

\r 7w
v ':. s \ ‘

; ( T\ J
More Information

1 Visteon Whie Paper: Camerhased driver monitoring system usidgep learning
https://www.visteon.com/wp-content/uploads/2019/04/camersbaseddriver-
monitoringsystemusingdeep-learning.pdf

1 Video:https://www.visteon.com/newsroom/whitepapercamerabaseddriver-
monitoringdeep-learning/

The image on the right is
FNRY +A&a0S2y
this technology.

188. Yanfengdriver monitoring

Facial recognition system moitNA y 3 & | | ¢iffy$ayid reédbgnifich techhology, the
system can read facial fatigue and emotional cues, alerting or accommodating the driver with
ambient lighting changes. Detectable sentiments or expressions include joy, smiling, sadness,
anger,yawning, or sleepiness??

189. YazakiPatent: Driver monitoring device

The Yazaki Patent filed in 1996 originally in Japan relates ter dnonitoring by using a
cameral® It appears the Patent in the United States expired in 2017.

gLy G SNR 2N { Spa/iyhiadsteoncomiettdogydnteriorsensing/

193 ¢touchlIN provides an Interactive and Responsive User Expefience | Y FSy 3 d { SLIGSYOSNI nX Hn
https://lwww.yfai.com/en/touchin-providesinteractiveand-responsiveuserexperience

1946 5 NA BSNJ Y2y A(2NRY IPHEOOMNDES Juse 12,1996. 1 A d t F G Sy
https://patents.google.com/patent/JPH10960A/en
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190. ZF Friedrichshafedriver monitoring

The ZF coPilot monitors the driver for unsafe driving and interacts with autonomous vehicle
RNAGAYy3Id %C C NdreSlie NiveD i Belcom@isfracted, théir focu§ too far
removed from traffic on the road or show signs of drowsiness. In addition to intelligent route
guidance includingMyRoute ¢ a map function that recognizes repeat routethe ZF coPILOT
is also equipped with voice recogom so that the driver can conveniently enable, operate and
disable driver assistance functions via voice commands, if they wish to drive maifally.

More Information
T d%C {SYyaz2NJt2gSN)Y !dzizy2Y2dza S5NAGAY3I 2 A0K
January 7, 2019https ://news.cision.com/zf/r/ztsensorpowert autonomousdriving
with-all-the-senses,c2713081

19587F coPILOT Erab Enhanced Safety and Driving Con¥ait Frigdichshafen
https://press.zf.com/press/en/releases/release_6848.html
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https://news.cision.com/zf/r/zf-sensor-power--autonomous-driving-with-all-the-senses,c2713081
https://news.cision.com/zf/r/zf-sensor-power--autonomous-driving-with-all-the-senses,c2713081

Tier2 Auto Suppliers Other. Driving Performance MonitoringDriver
Monitoring and Passive Alcohd@etectionSafety Technologies

Thereare over51 systems developed or in development from Tier 2 or other auto suppliers
relating to: driving performance monitoring, driver monitoring, and passive alcohol detection.
This section will go througthese technologies.

DrivingPerformance | i . Passive Breath or
. river Monitorin

Tier 2, Other Monitoring (e.q., Lane (e.q.. eyes hea(?) Touch Alcohol Total
Assist, driver attention monitor) 9., eyes, Detection

Abto

ADAM

Affectiva

Ambarella

American Vehicular Science
AMS

Apple 1
Autocruis Technology 1
ACTS 3
Baidu Apollo 1
CardiolD 1
Cipia 1
DADSS 1
DTS Autosense 1
Delta Tooling 1
Eyegaze

Gaze Sense
FutureWeiTechnologies
Harman

HID Global 2
Joynext 1
Lime Scooters 1
Melexis 1
Mobile Eye 1
Nauto, Inc. 1
NVIDIA Corporation
NXP

Optalert

Pioneer

Plessey Semiconductors
PrevcitDrugs

Primax

Seeing Machines
Senseair 2
SpeedGauge
Sight hound
Smart Eye
Sober steering 1
SRI

ST

Tata Elxsi
TruTouch 1
Thunder Power 1
Veoneer

Wipro

Xandar Kardian
Xperi

Total 3 35 13
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191. Abto Software

An eye and heatbased monitoring
system for fatigue?®

The image on the right is from a Abto
YouTube video.

@ & Youlube K] 3¢

192. Adam

Eye based and Atrtificial Intelligence monitoring of a driver. Their company says of the
technology:
ADAM DETECT and ENHANCE are software-balsgidns that can be integrated etop of any existing
DMS or a stan@lone solution. Whereasaditional DMS look at the physical attributes, the ADAM
platform can understand the redime cognition state of the driver. Our architecture enables robustness
and scalability to provide highest possible safety for any system with a Himtha-Loop1®’

More Information
1 Video oftechnology https://drive.google.com/file/d/1PRii2gpwVHcwfciDAAtc_IWdDHOUWVYe/view

193. Affectiva

Face and voice based monitoring system thabalses Artificial Intelligencéffectiva says their

0 S OK y 2akeB dtiver state monitoring to the next level, analyzing both face and voice for
levels of driver impairment caused by physical distraction, mental distraction, drowsiness and
more £198

194. Ambarella

Driver Monitoring system integration and partner with Cipfembarellantegrates drier

monitoring systems. AmbarelBwebsite sgsa Yo I NBf f | Qa | dzi2Y23GA @3S az2f
for both human and computer vision, combinihgh-resolution imaging and neural network

processing into a single, lepower embedded platform. We specialize in edge devices with low

latency, high efficiency and exceptional performance, including front ADAS cameras, smart

electronic mirrors, drive rearders, fleet management solutions, DMS/OMS, and nébie.

196 dRealtime Fatigue Detection for Driver Monitoring Systéins | 0 U {2FGsl NBo
https://www.abtosoftware.com/blog/fatiguedetectionfor-driver-monitoring-systems

¥l REY T2 N Ints/Evéw.dddrkcditee.com/adardfor-oems

B! FFSOGADE 1 dzi2Y20A0S 'L F2NISNAGSNI a2y Ad2NAy3a {@adasSy
https://www.affectiva.com/product/affectivaautomotive-ai-for-driver-monitoring-solutions/

9941 ySg adlF yRINR AY htipszivgw émbareiaSant/apglicatinsisioimotived
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https://drive.google.com/file/d/1PRii2qpwVHcwfciDAAtc_IWdDH0UWVYe/view
https://www.adam-cogtec.com/adam-for-oems

195. American Vehicular Sciences Patent: Driver fatigue monitoring
system and method

The Patent is for technology that monitors a
RNAGOSNI F2NJ RNRgaAySa yIofS
2LISNI S (TFéteddrdlEgy &b S © A

dzi At AT Sa 20KSNJ aSyaz
state.

FiG. 5

The technology could also determine if the - —~ =

RNAGSNI A& RNHzy| @KNEP S Ay G SNR 2 N

monitoring system could also determine that
the object is an adult, that he is drunk andhath
KS A& 2dzi 2F LR2aAriR2

The sketches to the right are from the Patent.
Figure 6 shows where various sensors for cot
be placed including that for a heart sensor. Fe.e

196. AMS

Measureseye and steering movement. According to AMS:
Ly Ftf odzi FdzZf e |dzizy2Y2dza OSKAOft Sa o00flF&aaArATASR
control of the vehicle must be monitored continuously. For this function, 3D optical sensing isyaltead

dzaS Ay @GSKAOfS& (2 ONBFIGIS RSLIIK YILA 6KAOK NBGSI

looking¢ data which can be used to determine their state of readiness to assume control of the vehicle.
3D sensing can also be used for driver id@tion and access control.

3D sensing solutions in use today and under development make use of ams technologies suchas time
digital converters for timeof-flight measurement, and illumination solutions for structured light and
adapted stereo visiosystems2’!

More Information
1 Video of technologyhttps://www.youtube.com/embed/5zknGuXNXwQ?rel=0&amp;fs=1

200 ¢Driver fatigue monitoring system and metibd ! YSNR Ol y + SK A OSEI2P5NSBFieA Sy OSa o
December 10, 201 Attps://patents.google.com/patent/US9129505B2/en
1 Ya ! dzi 2 Y2 G A @ Sitps:Ramsizony/@uriioEve#driverromitoring
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https://www.youtube.com/embed/5zknGuXNXwQ?rel=0&amp;fs=1

197. ApplePatent: Augmented Safety Restraint
A Patent for aseat beltbased system that can monitor for
alcohol impairment and other driver state conditions.

The Patent describes the sketch:

Shows a monitoring feature for an augmented safety restraint 720 that is
attached to a seat 718 for use bypassenger 726. The augmented safety
restraint 720 can include sensors 734 that are able to measure propertie
of the passenger 726 and/or the environment. In some embodiments, th
sensors 734 are operable to measure the vital signs of the secured
passenge726 such as the passenger's heart rate, breathing rate,
temperature, CO level, blood alcohol content, etc. This information can |
used to document the passenger's health status, stress level, and
emotional weltbeing for various purposes (e.g., diagnostesearch,
investigations, etc.) and falls into the category of activities meant to

monitor driver/passenger physical statG%?

198. Autocruis Technology
Driver monitoring that helps to monitor a driver using sensors intersects with Artificial
Intelligence.

¢t KS O2YLJ yeé FasbdiiermbiStoriagsygstem lbased on deep learning technology
in ChinaThe software partner for Driver Monitoring SystéBMS) of Bosch Chigéé®

199. Automotive Coalition for Traffic SafetfPatent: System for non
iInvasive measurement of an analyte in a vehicle driver

The 2018 Patent is for auch based sensor that uses optical sensors that can determine
alcohol concentratin.?%4

200. Automotive Coalition for Traffic Safetiatent: Sensor system for
passive invehicle breath alcohol estimation

The 2016 Patent is forggsive alcohol breathased alcohol sensa?8®

202 5augmented safety restraiiit ¢ | LILJE (SSE0B94BABFiled September 9, 2019.
https://patents.google.com/patent/US10189434B1/en?0q=10471969

236 5 NA @S NJ a2y A2 NR yhip:/Anewialit&chaid. cogn/eny Daieren aniidrizig sy stem/

204 ¢System for nofinvasive measurement of an analyte in a vehibiser> ¢ ! / ¢ {U®2019D275886A Filed
October 16, 201&https://patents.google.com/patent/US20190275886A1/en

205 ¢Sensor system for passivevehicle breath alcohol estimatiané ! / ¢ {U®2017D2743684Filed
December 23, 2016ttps://patents.google.com/patent/US20170274768A1
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201. Automotive Coalition for Traffic Safetfatent: System and
method for controlling operation of a vehicle using an alcohol
detection apparatus

The201a I G Sy i F2NJ I oNBIFIIGK o6FaSR It O02K2t aSyaz2NJ
Patent says:
The technology utilizes a speech recognition systerh¢ha understand a driver's voice command such
Fa aadk NI OFNES® ¢KS |t O and syNcBronzethalihe Griyedl givingithel I { Sy Ay
voice command. If the system detects a BAC measurement above a predetermined threshold, the vehicle
is dsabled or prevented from moving. The system may give warnings if the measurement is above a
predetermined threshold%

202. Baidu Apollo

Face based drér monitoring that looks for fatigué®’

More Information
M Video:https://www.youtube.com/watch?v=HocfBmg4qggo
1 Video:https://twitter.com/baidu inc/status/1146739566486757376?lang=en

203. CardiolD

The system uses a steering wheel to monitor for drowsiness and heart related problems.

/' F NRA2LS5 aleéa aLGQa |y !' ROIYOSR S5NAGSNI ! aaArad
609/ DUV FNRY (GKS RNAOGSNID& KI ycdardiac hetlth prabjemsiayicdz2 dza f &
OA2YSUNRO ARS3BIAGE NBO2IAYAGAZ2Y PE

206 6System and method for controlling operation of a vehicle using an alcohol detection apgasatus! / ¢ { ® t | G Sy
US20200101982AFiled September 10, 2018tps://patents.google.com/patent/US20200101982A1

2074t Af 20 ySANI2NGANY BEERE/apollb. dute/gisform/dueros/competencies.html#fatigue

282 K G Aa [/ I NRA BtgsK/&BM cirdio-id.conNBrali@vhe®|
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https://www.youtube.com/watch?v=HocfBmg4qgo
https://twitter.com/baidu_inc/status/1146739566486757376?lang=en

204 C I p I a Driver Sense, driver monitoring system by Cipia (formerly Eyesight Technologies) o »
. cIpia

= G e @ ([ S
Camera Distracted Asleep Seatbelt Phon

e Smoking

This DMS masuresye and head
movementusing a camera to
determine distraction and
drowsinesg? The images to the
NRA IK{ | NBvideoapthe
technology on YouTube.

Cipia has multiple partners of Tier|
1 suppliers and aautomaker Ll e
(Seat) The technology is available to be part in new vehicles, aftermarket for fleets.

More Information
1 Video:https://youtu.be/Qp5mAKQ7KtQ

205. Driver Alcohol Detection System for Safety

The Driver Alcohol Detection System for Safety began with federal government funding in 2008,
which led to a cooperative agreement betwettre National Highway Traffic Safety

Administration (NHTSA) and the auto industry. The research project focused on the creation of
a proofof-concept prototype to determine which type of alcohol detection technology was

most promising for vehicle integratio In 2013 the cooperative agreement was extended to
further develop a touch based and bredbased alcohol detection technology. In June 2015,

the Department of Transportation unveiled the DADSS vehicle, and auto industry
representatives stated at the emethe technology could be deployed in less than five years.

More Information
1 Driver Alcohol Detection System for Safétitps://www.dadss.org!/
1 dDrunkDriver Proof Cars Could Be Sold by 2020 b S ¢ & ¢ S®150 Wdzy S y =
https://www.newsweek.com/drunkdriver-proof-carscould-be-sold-2020-340706

206. DTS Autosense

Artificial Intelligence that helps with driver and occupant mornigrsystems for distracted and
RNRgaeé RNAGAYy3IAD ¢ KS LINRRdzOG Rs\aat@hdmiodsSars ! dzii 2 v
pave the way to smarter cockpits-aabin cognition technologies become increasingly crucial

for enhancing the ircar userexperience. At all times, a smart car should understand all objects

and living beings that are inside the cabin and should be capable of taking actions to improve

their safety and driving experien@gt°

209 Cipia. https://cipia.com/
Wg5¢{ ! dziz2aSyasSzsé 5¢{d KGILAYKkkRIa®PO2Ykl dzizaSyaSck
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https://youtu.be/Qp5mAKQ7KtQ
https://www.dadss.org/
https://www.newsweek.com/drunk-driver-proof-cars-could-be-sold-2020-340706

207. Delta ToolingPatent: Alcoholdrinking detecting syeem and
computer program

A Delta ToolindPatentfiled in 2010 ior alcohol
detection that appears located in a seat.

The sketch to the right is from the Patent which
shows biosensors in the Seat.

208. Eyegaze

The system measures eggvement? Eyegaze is currently not utilized in vehicles but is
widely used elsewhere. The company informed MADD device could be adapted to be put in
vehicles.

209. GazeSense

This drier monitoring system is aombinationof Melexis and Eyeare. Ti@ntS ¥ T a@sbsla &
3D camera that employs lidar VCSEL range sensing to more accurately identify an occupant's
face, eyes, and focus of attention. It performs well in a wider range of lighting conditions than
the purely infrared cameras primarily useddyy. The lowesolution image isn't any more
flattering (nobody's looking at it anyway), but it's highly accurate, even at an angle. This opens
greater possibilities for positioning of the camera3

More Information
M Video:https://eyeware.tech/gazesense/

211 gAlcohotdrinking detesting system and computer progréivé 5 St G ¢ 2SR149031 BBiled Mayil8,y G
2010.https://patents.google.com/patent/US9149231B2

22 ¢ye Tracking Technology is Making New CarsSafer 9 & Hi I/dyegjae.com/eydrackingtechnologyis-
makingnew-carssafer/

213 My Doctor the Car? Future Cars Might Monitor Drivers' Health and Wellbeing a 2 G 2 NI NBY R® WI y dz N.
https://www.motortrend.com/news/driverhealth-wellbeingmonitor-cartech-ced
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https://eyeware.tech/gazesense/

210. FutureWei TechnologieRatent Integrated system for detection

of driver condition
'24Sa Gal OKA yeSaluptsSdrivedcanyitibénd thecabin conditions. The Patent
states it uses tmachine learning method, the images are processed to classify a condition of
the driver and of the interior environment of the vehid&?

The system intersects with the operation of an autonomous vehicle and also could detect
alcohol and drugs in the interior environment of the vehicle.

211. Harman
The system monitors the driver head and eyes and could intersect with autonomous vehicle
technd 238 ® | | NYIy RS3O0ONRAI DX AT K NI YIOSRK RN 5 NJ Y 2

dzaSa OF YSNY aSyaz2NaAR (2 Ol LiomBiometicSeatBréshsdc NDa Y
as gaze, head position and pupil diameter, among many other key facialdsatudetects

minute fluctuations in pupil diameter and calculates brain activity level, especially high

cognitive loack?!®

212. HID Global Patent: Whitdight spectral biometric sensors

HID Global Patent filed in 20i9for atouchd F &SR aeadSY GKFG O2dz R RS
alcohol level. Theouch-basedda @ 31 SY O2dz R GF1S RAalFo6ofS GKS Y2¢
of an automobile might be prohibited if a bloadcohol level exceeds some threshéfd®

The system isot specific to the operation of a vehicle but the Patent states that it could be
used in that application.

214 dintegrated system for detection of driver conditibré  C dzlil dzNB2 SA ¢ YSIR50Z785BHiEdS a @ t | G Sy
July 12, 201 7ttps://patents.google.com/patent/US10592785B2

A5SG5NADGSNI YR hOOdzLd y i  ahitpg Acar daxday.m/§okitivniskias Mriverdnd- NJY | y @
occupantmonitoring-system

216 dWhite-light spectral biometric sensafsé | L 5 D f 25811848 TW3BFiled{idhy 14, 2010.
https://patents.google.com/patent/US8184873B2/en
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213. HID GlobaPatent: Multispectral biometric sensor

The HID Globald®ent filed in

/—902 904 /-906
2006 for a touchbased Perform Spectrat g
. AIcoho!-Leyel Within Limits? Take First Action
systemthat coulddetermine Determination '
I RNA@GSNRa | f
- Take Second Action
Fig. 9A
The image on the right is 308
from the Patent.
FIG. 9As a flow diagram s10 912 o
. . Perform Spectral
|”U.Strat|ng a methOd fOI’ 35:::::;5%%; Take First Action
using an alcoholFIG. 9Bsa
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Fig. 9C
214. Joynext

The system uses biosensors and other sensors to determine the state of the driver. If the driver

is incapacitated, the technolog) 2 dzf R Ol f f ¥ 2 NIDYWNSATLSWork@gény SEG  al &
a Driver Monitoring System (DMS), which uses biosensors and an Empathic Assistant to detect

the emotional and physicatate of the driver and respond accordingly. In extreme

emergencies, such agmous health problems, this systetould even stop the vehicle and send

out an emergency call for assistani®?

27 Multispectral biometric sensaré | L 5 D f 2S@8193 M BEFilédiM&yy18, 2006.
https://patents.google.com/patent/US7819311B2

218 .JOYNEXT develops Driver Monitoring System (DMIS) W 2h&pg: ki jynext.com/en/portfolio/driver-
adasand-personalization/
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215. Lime Scooters

Lime Scooters is developing technology that can determine drunk driving or other dangerous
behavior based off how thecooter movement of the operator. If such behavior is detected,
the scooter can be automatically slowed down. Scooters are available in many areas. It is
unclear if this technology has been made avail@hle.

216. Melexis

The system uses Time of Flight teology to assist with driver monitoring systems. The

aeaidsSy Ol yatdgud eyelgageNdar@sh whieek ¢ | Zody, Belad, face pose and

people identificatiom ¢ hy UGKSANI & SBRA Yz { Ry ea DERIgK { Sy & Snu
pixel technolog, these sensors combine high sensitivity with high sunlight robustréss

More Information
1 Video of technologyhttps://www.youtube.com/watch?v=KNndTgRFyTO

217. Mobile Eye Lane Departure warning

¢KS f1yS RSLI NI dzNBA largendsgonich of &rash iatdlites ahfl dedosd  a
injuries are caused by ruoff-road crashes, which typically start with unintendede

departure. In fact, 60% of road accident fatalities are due to unintentional lane depérttire

¢ KSA NI  Sénks/azisual Andl audio alert when there is a lane deviation without
signallingg??*

218. Nauto Patent:System and method for analysis of dav behavior
The Ritentisfor amethod for analysis of driver behavimrcluding monitoring for distracted

driving based off the movement of the steering wheel and other sensors. The Patent states:
In an embodiment, the measure of driver distraction caclude a driver distraction score, with a range
between 1 and 10, wherein 1 corresponds to a fatistracted state and 10 corresponds to a maximally
distracted stateFor example, the score can be based on determined distraction analysis such as a driver
distraction categorization (e.g., categorization from a set of categories including highly or overly
vigilant, drunk or cognitively impairedstruggling or labored driving, distracted and/or fatigued, and any

other suitable categon???

The technology provides information on driver distraction and could also take control of the
vehicle to avoid unsafe driving.

219¢Lime working on drunk driving detection featdré€  ungeryAfairs. April 18, 20109.
https://www.consumeraffairs.com/amp/news/limavorking-on-drunk-driving-detectionfeature-041819.html
220 6Enabling the full potential of automotive 3D ToF imagidy a ShttpS:Bwwe.melexis.com/en/tech
talks/enablingpotential-automotive-3d-tof-imaging

21 [ Ly S 5 S LI NI dzZNB  2httpbtyivivy. Adbiteye acnfulifieeds/tegiddodpy/lanedeparture-
warning/

222 iSystem and method for analysis of driver behaXiér b I dzii @3S202001986&5AdFiled December 19,
2019.https://patents.google.com/patent/US20200198645A1/en
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https://www.youtube.com/watch?v=KNndTqRFyT0

219. NVIDIA

Driver monitoring system that uses Artificial Intelligence and other sensors. NVIDIA says of the
system:
Al CoPilot provides driver monitoring system using a difi?eing camera, IR LED, and sophisticated deep
learning software running on the NVIDIA DRIVE g&tém in the car. This module enables development
of applications to ensure drivers stay alert, or take action if a driver is distracted or drowsy. For example,
by tracking head and eyes to understand where driver is paying attention, and monitorindrétiokency
to assess fatigue and drowsiness. Some of the key capabilities offAllo€mclude: 3 dimensional gaze
detection, drowsiness detection, distraction detection and head pose deteétfon.

) NVIDIA DRIVE IX

Drowsy Driver = 3
Il < oz/0 © © Youlbe 51 3F

The images above are fromthete¢hi 2 38 Q&4 GARS2 RSAONALIIAZ2Y @

More Information
T NVIDIAQttps://nvidianews.nvidia.com/news/nvidintroducesdrive-autopilot-worlds
first-commerciallyavailabé-level2+automateddriving-system
1 Video:https://youtu.be/OKOfTP7D1bM

2¢pb+L5L! 5 NRAHES:/develBper.ntidihcdridtiveydrivex
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https://nvidianews.nvidia.com/news/nvidia-introduces-drive-autopilot-worlds-first-commercially-available-level-2+-automated-driving-system
https://nvidianews.nvidia.com/news/nvidia-introduces-drive-autopilot-worlds-first-commercially-available-level-2+-automated-driving-system
https://youtu.be/OKQfTP7D1bM

220. NXP

a2yAld2NBR (GKS FFrOS 2F I RNAGSNI
camerabased drively 2 Y A G2 NRA Yy 3 & @ a '
reakd AYS S@Ltdz GAzy 27F
their technology??*

%';_r_lji

Above are images from NXP. Below is a schematic from NXP on terdoritoring system.

Driver monitoring system
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224 ¢Driver Monitoring Systems (DMS) and Occupant Monitoring Sy&tgms b - t @
https://lwww.nxp.com/applications/automotive/adasind-highly-automateddriving/drivermonitoring-systems
dmsand-occupantmonitoringsystems:DRIVERIONITORINGYSTEMS
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221. Optalert

The Optalert driver monitoring system focuses on detecting drowsy or distracted driving.

hLJiFf SNII &l @& &is iheoBIk dijective Ddaste fcapable of@uantifying eye and
eyelidmovements. Rich data sources enable biomarkers of drowsiness to be captured, and a
RNAGSNDRa SeSa G2 0SS GNIXOQISR G2 FOOdzNY GSte RS
of them£?2°

222. Pioneer

Driver monitoring system that works with Autonomous Vehicles depending on the state of the

driver. In 2017, at CES, Pioneer described their Driver Monitoring System in the following:
Driver Monitoring System
0 ¢KS RNAGSNR& aidl ddz
order to determine if he or she is alert and
capable of reengaging with the vehicle
FYR GF1Ay3a 02y (NPt
Driver Monitoring System is designed to
detect driver conditions with image status
and recognition technology used to
estimate attentveness, drowsiness,
tension and fatigue.
o Facial Recognition Camera for condition
and status of the driver
0 Heart Rate Monitor for condition and
status of the driver
o Steering Wheel Sensor
Seat Sensor
0 Seat Vibration to improve level of alertné%s

REICEE

—gHBLEEAT

o

The image above is from Pioneer of the technology.

More Information

T at A2ySSNI 5S@St2LJa || 5NAROSN 12 NR Yy 3
LYLINR@PSE (G0KS [S@St 2F 1SN ¢ tA2Y
https://global.pioneer/en/corp/news/press/2016/pdf/1218 .pdf

1 o&Pioneer introduces camera for-Based ADAS solutiofs ! dzii2 / F NJ t NBd al NI
https://www.autocarpro.in/newsinternational/pioneerintroducescamerafor-aibasedadassolutions42532
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225 ¢Drowsiness & Attentiveness Algoritlié  h Llittpst/A@NdIopbalert.com/industries/humancentric-

automotive/

260t A2YSSN) { K20l aSa ! dzi2Y20APS ¢SOKy2t23ASa F2NJ /I Na 2
https://www.pioneerelectronics.com/PUSA/PreBoom/CarAudio-
Video/Pioneer+Showcases+Automotiieechnologies+for+Cars+of+Yesterday,+Today+and+Tomorrow
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https://global.pioneer/en/corp/news/press/2016/pdf/1215-1.pdf
https://www.autocarpro.in/news-international/pioneer-introduces-camera-for-aibased-adas-solutions-42532

223. Plessey Semiconductors
The Plesey Warden driver alertness system uses a car seat to monitor a driver. The images
below are from Plessey, which says of the syste

¢KS 21 w59bu a2adSy dzaSa
detect changes in electric potential in the human
02R@® 21 w5 9 b electicd impulséas ofl K
the heart without direct skin contact and returns an
accurate R peak signal from the users ECG, this in
turn can be used to calculate heart rate variance
0l wx0vd LYy GKS SyR | LILX A
electrodes can be easily andgsdretely incorporated
inside vehicle seatbacks to access the necessary
biometric signals and provide earlier warning of
drowsiness or health issues than systems based o
S8S 2NJ KSIR Y2@0SYSyiao 2
LINE GARS |y AYRAGHMRSs2Y 2
signaling to them when they need to stop and take ¢
ONBI 1 tfSaasSeqQa |4l NR
technology has been creating considerable interest
with car manufacturers as it can be used to provide low cost, reliable detection systems for several
Fdzi2Y20ABS LW AOFGAZ2yad 'aAy3ad 9tL/un 69t SOGNRO
KFra RS@OSf2LISR 2! waeDaseddriver algftBegs nfordtoringlsystéth.

a2 NJ

224. PrevictDrugs

This is an eye monitoring based mobile system fagdmpairment in Europe. The system is
currently not available kvehicles, but it shows that that eyteacking technology is being used
to detect drug impairment. Many 4mehicle driver monitoring systems track eye movements.

¢ KS t NB@ZA OiPatitzhee askadl o tieSovdl a d&@condlong video of their eyes,
using the Previct mobile application. This eganning test is used to analyse eye biomarkers
associated with pharmacodynamically induced pupil reactions, through a process known as
pupillometry €228

225. Primax

Working with company SWicroelectronican implementingdriver monitoring systemsThe
company produces an array of cameras, including those that measure bionféikaxording
to October 18, 2019 YouTube video by ST, Primax is developing the cameras for thig¥ystem.

21¢ £ SaasSe 21 w59bu  RN3 D SINatipsdsBsdnstuFelaballp@dadisip@dddyvarden
driver-alertnessmonitor/

228 5\ mobile application for an eyscanning drug abuse testt  / BttNSR/doidi®.europa.eu/article/id/422074
a-mobile-applicationfor-an-eye-scanningdrug-abusetest

294t N2 RdzOG & 9  {hifpdNIsmOmsihax.com Mikehprdeldet_mobile.htm#14

204/G5761: Automotive incabin module with Pririag  { ¢ YA O NP 8TueQdcthidery/18,Q61® | 2
https://lwww.youtube.com/watch?v=kV2kKLbSVyo

144

t

20 8



226. Seeing Machines

¢tKS O2YLIye Olrffta AGasStF GKS a22NXIR fSIFRAY3I R
in the Cadillac SuperCruse. SeeinggMiaes describes how DMS are critical to AV technology.

Ly GKS b2@3SYOSNI MmMZI HAHA bThe §nk betwedh dculaf BeSidsy 3 a |
and intoxication is very robuges3?

Seeing Machines discusses below how their system operates:
TheDMSzy aAraida 2F | avyltf AYFNIFNBR OFYSN}Y YR ySIN Ay:
BSKAOES 0201LAG YR A& F20dzaSR (261 NR GKS RNAGSNDaA
LINPOSaaAay3a StSYSyd o¢AlGK poniofidy Eminea(DMEKihgTSitisproe@ssedl h 5 NA ¢
reaki A YS yYyR YSIadaNBa FiddSydAaz2y o6& O2yliAydzzdzate aSlk NI
face and eyes. Simultaneously tracking the multiple points on the face, eyelids and pupils in a large head
box over large and sudden head rotations and eye gaze angles, operating robustly in all foreseeable
driving conditions including direct sunshine and total darkness, regardless of race or ethnicity, and even
when the driver is wearing sunglasses is kegeouring a highly reliable reime core signal set for our
classifiers for driver attention and driver state to work fré#.

Left: Seeing Machines Fovio Chip (Seeing Machines)

Right: Cadillac SuperCrud@ver monitoring system
(General Motors)

Blg{ SSAYy3 al OKAySa [AYAGSRY bl ¢{! wSldzSad F2NI-LYF2NXNI (A
2020:0102). January 11, 2021ttps://downloads.regulations.gov/NHTS2020-:01020004/attachment_1.pdf
2201 dzi2 Y20 A @S I £ hitpS:Bivwyl. Seeirginadiinksycéniinlustrgpplications/automotive/
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