wo 2023/163943 A1 |0 H000 0 AR 00 0 00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
31 August 2023 (31.08.2023)

(10) International Publication Number

WO 2023/163943 Al

WIPO I PCT

(51) International Patent Classification:

A61L 2/04 (2006.01) A61L 2/22 (2006.01)
A61L 2/08 (2006.01) A61L 2/24 (2006.01)
A61L 2/10 (2006.01) B60H 1/00 (2006.01)
A61L 2/12 (2006.01) B60H 3/00 (2006.01)

(21) International Application Number:
PCT/US2023/013509

(22) International Filing Date:
21 February 2023 (21.02.2023)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

63/268,427 23 February 2022 (23.02.2022) US
(71) Applicant: TESLA, INC. [US/US]J; 1 Tesla Road, Austin,

Texas 78725 (US).

(72) Inventors: LIAU, Forrest Wen, c/o Tesla, Inc., 1 Tesla
Road, Austin, Texas 78725 (US). FIALHO, Jorge C.; c/o
Tesla, Inc., 1 Tesla Road, Austin, Texas 78725 (US). HAN-

(74)

@81)

84

KS, Daniel F.; c/o Tesla, Inc., 1 Tesla Road, Austin, Texas
78725 (US).

Agent: FULLER, Michael L.; Knobbe Martens Olson &
Bear LLP, 2040 Main Street, Fourteenth Floor, Irvine, Cal-
ifornia 92614 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG, KH, KN, KP, KR, KW,KZ, LA, LC,LK,LR, LS, LU,
LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,

(54) Title: CONTROLLING ENVIRONMENTAL CONDITIONS IN ENCLOSED SPACES

500
Sty

506

Fig.§5.

(57) Abstract: The present disclosure relates to systems and methods for sanitizing an enclosed space that can be shared among multiple
persons. In some embodiments, a sanitation system detects a current environmental condition associated with the enclosed space to
generate sensor data. The sanitation system then obtains or generates a sanitation routine based at least in part on the sensor data.
Based on the sanitation routine, the sanitation system causes a component associated with the enclosed space to adjust the current
environmental condition toward a target environmental condition, where the sanitation routine specifies the component and the target

environmental condition.

[Continued on next page]



WO 2023/163943 A | [IN1I] 00000 00RO 000

DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
S, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2023/163943 PCT/US2023/013509

CONTROLLING ENVIRORMENTAL CONDITIONS IN ENCLOSED SPACES

CROSS-REFERENCE TO RELATED APPLICATION
(6001} This apphication 1s 8 non-provisional of and claims prionty to US
Provisional  Patent  Application  No.  63/268,427,  entitled “CONTROLLING
ENVIRONMENTAL CONDITIONS IN ENCLOSED SPACESR,” filed on February 23, 2022,

which 1s hereby incorporated by reference in its entirety and for all purposes.

FIELD OF THE DISCLOSURE
[0002] The present disclosure relates to a system and method for controliing
environmental conditions in an enclosed space. More particularly, the present disclosure relates
to a method for controliing environmental conditions related to enclosed spaces based on

environmental controls at least related to light, heat, or humidity.

BACKGROUND

[8003] Shared spaces present advantages in cost, efficiency, and environmental
sustainability. For example, an automabile providing transportation throughout the day for
multiple persons provides lower transportation costs and environmental footprint than an
automobile used by only one person for personal comunute. However, shared spaces have a
disadvantage of faciluating windirect trarsmussion of communicable diseases through
contaminated air or surfaces. Current means for santtizing shared spaces, for example manually
wiping touch surfaces using disinfectant wipes, can be time-consuming, laborious and lead to
unsatisfactory sanitation conditions. Adduionally, such manually implemented activities may

not be easily verifiable.

BRIEF DESCRIPTION OF THE DRAWINGS
[6004] Generally described, shared spaces, such as vehicle cabins and building
rooms, may require some means to sanitize the enclosed spaces. In certain scenarios,
environmental conditions associated with the enclosed spaces can assist i determining the

sanitation operations to be performed on the enclosed spaces.
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[6085] FIG. 1 depicts an example vehicle in which embodiments of the present
disclosure can be implemented.

[6086] FIG. 2 depicts an example sanitation system that can be utilized to sanitize
an enclosed space, such as an interior of the vehicle of FIG. 1, in accordance with some
embodiments of the present disclosure.

[0067] FIG 3 lustrates example touch surfaces m a vehicle that can be sanitized
by the santtation system of FI(: 2 in accordance with some embodiments of the present
disclosure.

[0068] FIGS. 4A-4C depicts example operations of components of a vehicle that
can be caused by the santation system of FIG. 2 to sanitize an interior of the vehicle in
accordance with aspects of the present disclosure.

[6009] FIG. 5 depicts example operations of components of a vehicle that can be
caused by the samtation system of FIG. 2 to sanitize an wnterior of the vehicle in accordance
with aspects of the present disclosure.

[0016] FIGS. 6A-6B depict exaraple operations of components of a vehicle that
can be caused by the sanitation system of FIG. 2 to sanmtize a seatbelt of the vehicle in
accordance with aspects of the present disclosure,

(001 1] FIGS. 7A-7C llustrate exarople operations of components of a vehicle that
can be caused by the samstation system of FIG. 2 to santtize an interior of the vehicle m
accordance with aspects of the present disclosure.

[08012] FIG. 8 sllustrates example operations of components of a vehicle that can
be caused by the santtation system of FIG. 2 to elevate temperature within the vehicle m
accordance with aspects of the present disclosure,

[6013] FIGS. 9A-9C llustrate example operations of a center display of a vehicle
that can be caused by the santation system of FIG. 2 for reflecting santation highting towards
different surfaces in a vehicle cabin,

[0014] FIGS. 10A-10C illustrate example operations of service machinery
performed on a vehicle that can be caused by the sanitation systems of FI(3. 2 for samifizing a

vehicle.
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{6015} FIG. 11 illustrates an example rideshare cycle in which embodiments of the
present disclosure can be implemented for sanitizing a vehicle shared by multiple riders of the
vehicle.

[0016] Fi1(z. 12 depicts a general architecture of a sanitation system for samitizing a
vehicle in accordance with aspects of the present disclosure.

[0017] FI(G 13 depicts an illustrative routine for sanitizing an enclosed space in
accordance with aspects of the present disclosure.

[0018] FIG. 14A depicts a system in which environmental condition of an enclosed
space can be managed in accordance with one or more aspects of the present application.

[0019] FIGS. 14B-14C depict dlustrative interactions between elements of the
system of FIG. 14A to manage environmental condition of an enclosed space in accordance

with one or more aspects of the present application.

SUMMARY

[6026] Provided n examples heremn are systemns and methods for sanitizing an
enclosed space, such as a vehicle cabin and a building room that may be shared by multiple
users. In some embodiments, a system for sanitizing an enclosed space 1s disclosed, where the
system comprises a plurahity of sensors and a processor. The plurality of sensors are configured
to detect a current environmental condition associated with the enclosed space, and generate a
first sensor data based on the current environmental condition. The processor s configured to
obtain a sanitation routine or generate the samtation routine based at least in part on the first
sensor data, and execute the sanitation routine. The sanitation routing specifies at least a target
environmental condition and a component associated with the enclosed space. The samiation
routine, when executed by the processor, causes the component to adjust the current
environmental condition toward the target environmental condition.

(6021} In some embodiments, a computer-implemented method for sanitizing an
enclosed space that comprises a plurality of sensors and a processor 1s disciosed. The method
comprises: {1) detecting, by the plurality of sensors, a current environmental condition
associated with the enclosed space; (2) generating, by the plarality of sensors, a first sensor
data based on the current environmental condition; (3} receiving or generating, by the

processor, a sanitation routine, wherein the sanitation routine is generated based at least 1n part
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on the first sensor data; and {4} causing, by the processor, a component associated with the
enclosed space to adjust the current environmental condition associated with the enclosed
space toward a target environmenial condition, wherein the santtation routine specifies at least
the target environmental condition and the component associated with the enclosed space.
(6022} In some embodiments, one or more non-transitory computer-readable
media comprising mstructions executable at a saniation system of an enclosed space is
disclosed. When executed by the sanitation system, the instructions cause the sanitation system
to: (1) detect a current environmental condition associated with the enclosed space; (2)
generate a first sensor data based on the current environmental condition; (3) generate a
sanitation routine based at least in part on the first sensor data; and (4) execute the sanitation
routine, wherein the sanifation routine specifies at least a target environmental condition and a
component associated with the enclosed space, and wherein executing the sanitation routine
causes the component to adjust the current envirommental condition toward the target

environmental condition.

DETAILED DESCRIPTION

[0023] Generally described, one or more aspects of the present disclosure
correspond to systems and methods for controlling envitonmental conditions 1 enclosed
spaces. fllustratively, aspects of the present disclosure relate to control of environment
conditions 1o enclosed spaces for purposes of sanitizing the enclosed space. Blustratively, the
present disclosure can include a combination of mechanisms to inspect the enclosed space,
mechanisms to determine environmental conditions, and mechamsms to adjust the condition
within the enclosed space. The various settings or attributes of the environmental conditions
may be configured based on settings/levels selected to deactivate pathogens. The enclosed
space may be wnside a vehicle contaming sensors capable of determining the presence of
humans 1 a cabin, sensors capable of determining cabin temperature, and a data network
capable of retrigving information about surrounding environmental conditions. The cabin may
also include a heating, ventilation, and air condiioning {HVAC) system capable of
accumulating moisture, raising cabin temperature, and directing heated air towards particular

touch surfaces.
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[6024] in another embodiment, the vehicle cabin contains active heating elements
and materials that passtvely emit far infrared radiation behind the touch surfaces. In another
embodiment, the vehicle cabin contains lights providing specific wavelengths for disinfection.
in these embodiments, the disinfection process occurs only after determining that humans or
other sensitive entities such as pets, groceries, medicine, or portable electronics are not present
in the vehicle. In some embodiments, a mechatronic system in the enclosed space operates
together with the sanitation mechanism for more effective cleaning.

[0025] Specifically, aspects of the present disclosure relate to a santtation system
that can be utilized to sanitize an enclosed space, such as a cabin of a vehicle. Hlustratively,
the sanitation system can include a plurality of sensors and a processor in communication with
the plurality of sensors. The plurality of sensors can be configured to detect the absence of one
or more entities {e.g., humans, pets, groceries, medicines, or electronic devices) within the
enclosed space. In detecting the absence of one or more entities, the plurality of sensors may
generate first sensor data. The plurality of sensors can further be configured to detect a plurality
of environmental conditions associated with the enclosed space. The environmental conditions
can be conditions within the enclosed space {e g, temperature and humidity within the
enclosed space) and/or conditions external to the enclosed space {e.g., weather outside the
enclosed space)}. In detecting the plurality of environmental conditions, the plurality of sensors
may generate a second sensor data. Based on the first sensor data generated by the plurality of
sensors, the processor may then determine the absence of one or more enfittes within the
enclosed space. In some embodiments, i response to determiming that the one or more entities
within the enclosed space 15 absent, the processor may generate a sanitation routing based on
the second sensor data. The sanutation rootine may include emtting disinfection vapor to
sanitize the enclosed space, adjusting positions of seats within the enclosed space to allow
more exposure to light rradiation and the ke The processor may then cause one or more
component(s) associated with the enclosed space to unplement the sanstation rootine. For
example, the processor may cause an autonomous driving system of a vehicle to orient the
vehicle in a particular direction to expose more touch surfaces within the vehicle to sunhight.

[0026] in some embodiments, a sanitation system detects a current environmental
condition associated with the enclosed space to generate sensor data. The sanitation system

then obtains or generates a sanitation routine based at least in part on the sensor data. Based on
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the sanitation routing, the sanitation system causes a component associated with the enclosed
space to adjust the current environmental condition toward a target environmental condition,
where the sanitation rouiing specifies the component and the target environmental condition.

[0027] Generally described, sanitation of an enclosed space, such as a vehicle
passenger compartment and a hotel room, that may be occupied by different people 1s of high
importance. In the setting of a vehicle cabin, especially those in shared vehicles, sanitation and
disinfection between users 1s desired. Although shared spaces present advantage in cost,
efficiency and environmental sustainability, shares spaces present a disadvantage of increased
rates of sotling and the facilitation of indirect transmission of communicable diseases through
contaminated air or surfaces. Current means for sanitizing shared spaces, such as manually
wiping touch surfaces using disinfectant wipes, can be time-consuming, laborious and
untimely. Furthermore, current means for santtizing an enclosed space might lead to ineffective
sanitation because of the presence of blind spots or area of an enclosed space that s difficult
to be reached.

[0028] To address at least some of the above problems, systems and methods that
are capable of sanitizing an enclosed space without manual santtation are implemented by the
coordination between a sanitation system and components associated with the enclosed space.
More specifically, the sanitation system may be capable of automatically mspecting the
enclosed space, determinung environmental conditions associated with the enclosed space, and
causing components associated with the enclosed space to sanitize the enclosed space to
deactivate pathogens based on the determined environmental conditions. The santation system
may include sensors that can detect presence of sensitive entities such as humans withun the
enclosed space. The samtation systemn may further include sensors that can detect
environmental conditions of an enclosed space, such as the temperature or humidity within the
enclosed space. The sanutation system may further mclude a network module or be mn
communication with a network module separate from the sanitation system io refrieve
mformation about environmental conditions surrounding the enclosed space, such as the
weather at the moment Based on the detected environmental conditions, the sanitation system
may cause different components associated with the enclosed space to perform operations that
can be utilized to sanitize the enclosed space. For example, the sanitation system may cause a

heating, ventilation and air conditioning (HVAC) system of a vehicle to perform operations



WO 2023/163943 PCT/US2023/013509

for sanitizing the vehicle, including accumulating moisture, raising vehicle cabin temperature
and directing heated air towards particular touch surfaces within the cabin of the vehicle based
on the current temperature and humidity within the vehicle.

[0029] In some embodiments, the sanitation system may employ sensors that are
capable of detecting presence of humans, pets and certain gbjects in a vehicle. In addition to
temperature and hunidity within the vehicle cabin, the sensors may further detect awr
particulates, pathogens, soiling and sounds and the hike within the vehicle cabin. In some
embodiments, when a particular pathogen 1s detected at certain touch surfaces, the sanitation
system may direct specific disinfection light to be enutted toward the touch surfaces where the
particular pathogen is detected. In addition to adjusting temperature or humidity within the
vehicle cabin, the operations employed by the samitation system may include moving or re-
orienting the vehicle to allow more exposure of the vehicle cabin to sunlight In some
embodiments, the sanitation operations performed may be dependent upon the detected
environmental conditions. For example, when the sanitation system determines that there is
sufficient sunlight cutside the vehicle cabin based on sensor data generated by the sensors, the
sanitation system may cause a door window or a roof window of the vehicle to be opened o
allow more penetration of sunhight to santtize the vehicle cabin. In contrast, when the samitation
systern deterounes that it 15 raving outside based on sensor data generated by the sensors, the
santtation system may cause a light source within the vehicle cabin to wradiate disinfection
hight to sanitize the vehicle cabin

{030] In some embodiment, the santtation system may cause an autonomous
driving system of a vehicle to park the vehicle near a non-mobile cleaning robot for sanitizing
the vehicle cabin. The sanitation system may further trigger the opening of a window of the
vehicle to allow the cleaning robot to more effectively sanitize the vehicle cabin. In some
embodiments, processor{s) within the samtation system may perform handshake protocols
with the cleaning robot through a network module of the sanitation system to negotiate the
time duration and specific operations {e.g., infrared lighting, contact heating or steam
sanitation} the cleaning robot 15 to perform on the vehicle In some embodiments, prior to
implement a sanitation routine, one or more processors of the sanitation system may determine
whether there are any sensitive entities such humans or pets inside the vehicle cabin. In

response to determining that there are no sensitive entities mside the vehicle cabin, the
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sanitation system may cause a component associated with the enclosed space to implement the
sanitation routine,

6031} Although the varicus aspects will be described in accordance with
iustrative embodiments and combination of features, one skilled in the relevant art will
appreciate that the examples and combination of features are illustrative 1n nature and should
not be construed as limuting. More specifically, aspecis of the present application may be
apphicable with various types of enclosed spaces, sanitation equipment {(e.g., disinfection light
sources or vaporizers), interfaces and the like  Still further, although a specific sanitation
procedure for automatically sanitizing an enclosed space will be described, such illustrative
sanitation procedure should not be construed as limiting.  Accordingly, one skilled inn the
relevant art will appreciate that the aspects of the present application are not necessarily limited
1o application to any particular type of enclosed space, santtation equipiment, and/or sanitation
methodology.

[0032] FIG. 1 depicts an example vehicle 100 having an enclosed space 110 in
which embodiments of the present disclosure can be implemented. Although an astornobile is
shown n FIG 1 as the example vehicle 100, the vehicle 100 can be different types of
transportation tools, meluding but not limited to aircrafl, spacecraft, trucks, vessels, maritime,
ferry and vans. Alternatively, the vehicle 100 ray be an automobile shared by different users
throughout the day. As shown i FIG. |, the enclosed space 110 15 an interior or passenger
compartment of the vehicle 100, In other embodiments, enclosed spaces with which
embodiments of the present disclosure can be implemented mclude rooms inside static
buildings such as houses, apartments, offices, hospitals, factories or the hike. The enclosed
space 110 may be equipped with a samtation system (not shown m FIG 1} capable of
determining environmental conditions including sensing temperature, humidity, sunlight
mtensity, and presence of airborme pathogens, inside or outside of the enclosed space 110, As
will be described 10 greater detail below, the samtation system can include a plurality of sensors
and a processor; the sanitation system may further inchude or work in conjunction with other
subsystems, such as lighting control subsystems, humidity conirol subsystems, and
autonomgous driving subsystems of a vehicie.

(6033} FIG. 2 iHluostrates an example sanitation system 200 that can be deployed

within an enclosed space of a vehicle or building room, such as the enclosed space 110 1n FIG.
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1, in accordance with some embodiments of the present disclosure. As shown m FIG 2, the
sanitation system 200 inclodes a plurality of sensors 210 and a control system 202 that has at
least a processor 202-1 and a memory 202-2. The santtation system 200 may further inchide a
HVAC system 204, a lighting control 206, and a humidity control 208. In some embodiments,
the HVAC system 204, the highting control 206 and the humudity control 208 are existing
components associated with a vehicle, such as an electric vehicle, and can be utilized by the
control system 202 for samitation purposes. For example, the HVAC system 204 may be the
heat, ventilation and air conditioning system of an electric vehicle and the control system 202
can be in communication with the HVAC system 204 of the electric vehicle to utilize or cause
the HVAC system 204 to sanitize the interior of the electric vehicle. As another example, the
light sources 206-1 may be a light source that has already been instalied on a vehicle, such as
a LED light of the vehicle. The light sources 206-1 may be deployed in different parts of the
cabin of the vehicle to increase intensity of lighting or exposure to the lighting that may lead
to better sanitation. For example, a light source may be deployed in the front cabin, another
light source may be deployed in the muddle of the cabin and still another Light source may be
deployed in the back of the cabin. In some embodiments, the sanitation system 200 can
coordinate several compovents or systems {eg., an autonomous driving system or
rechatronics components or wireless networking interfaces) of a vehicle for sanmtizing the
mterior of the velucle. For example, the sanitation system 200 can cause a seatback of a seat
recline and control the LED hight of the vehicle to emut light toward certain touch surfaces that
are exposed to the LED lighting after the seatback 1s rechned. By utilizing components that
exist already, the sanitation system 200 can sanitize an enclosed space at no or moderate cost
overhead.

[6034] The plorality of sensors 210 may mclude vision sensor(s) (e.g., for
analyzing images from interior or exterior of an enclosed space}, acoustic sensor(s), thermal
sensor{s), weight sensor{s}, pressure sensor{s), capacitive sensor{s}, radio frequency sensor{s)
{e.g., for detecting human body movement, breathing, or heartbeat}, laser sensor(s), humidity
sensor{s} or gas detectors. The plurality of sensors 210 may be used to generate sensor data for
determining occupancy of an enclosed space. For example, the plurality of sensors 210 may
include a camera that captures images in the enclosed space and the captured images may be

provided to the processor{s} 202-1 to analyze whether there 15 presence of humans or other

0.
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sensitive entities such as pets, medicine or electronic devices. In some examples, some of the
sensors may be deploved at the same spot of the enclosed space. For instance, the plurality of
sensors 210 may include a humidity sensor and a temperature sensor that are integrated and
mstalled around the windshield or other spots of a vehicle.

{6035} in some embodiments, the plurality of sensors 210 may also generate sensor
data that may be used to indirectly infer occupancy of an enclosed space. For example, the
plurality of sensors 210 may include a motion sensor that is attached to a door of a vehicle to
generate motion data that 1s indicative of opening and closing of the door. The motion data can
be transmitted to the processor{(s) 202-1 to infer occupancy of the vehicle based on the door
opening and closing history. In some embodiments, the plurality of sensors 210 may be
mtegrated with a user interface associated with an enclosed space to collect sensor data to
determine whether sensitive entities are in the enclosed space. For example, an user interface
may ask an user to indicate whether heat-sensitive entities are present in the enclosed space
and an acoustic sensor {e.g., for detecting human voices) or a capacitive sensor {e.g., instalied
within a touch control panel of the user interface) can be used to capture the response of the
user for the processor(s) 202-1 to deternune whether heat-sensitive entities are present,

[6036] IHustranively, to adjust environmental or samtation conditions {e.g.,
deactivate pathogens) within an enclosed space, an enclosed space may ufilize ifs heating,
ventilation, and air conditioning (HVAC) system 204 to elevate air temperature. For example,
the enclosed space may be a cabin of a velucle and the HVAC system 204 may be the HVAC
system equipped in the vehicle. As such, the processor(s) 202-1 may activate the HVAC
system 204 o increase temperature within the cabin of the vehicle. The sanstation system 200
can further eroploy humidity controls 208 to adjust hunudity of an terior of a vehicle, and
employ hghting controls 206 to utilize lights of specific wavelengths to disinfect surfaces of
the mterior of the vehicle. For example, humudity controls 208 may mclode a humidity
eqpapment 208-1 such as an evaporator that can accumulate moisture from external air and
then switch to recirculation mode for circulating the accumulated moisture around the
passenger compartment of a vehicle In some examples, the evaporator may further capture
moisture from an occupant’s breath and then release the moisture back into the enclosed space
when the passenger compartment of the vehicle i1s unoccupted. In other examples, the

evaporator can remove condensation from the mnterior surface of windows of the vehicle by

-10-
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emitting heated air channeled towards the windows. In still other examples, the humidity
equipment 208-1 may inchide a dehumiudifier that can remove moisture from the enclosed
space to reach a target relative humidity level Although the HVAC system 204, humidity
controls 208, lighting controls 206 and the plurality of sensors 210 are ilfustrated as separate
subsystems in FI(. 2, in some embodiments, parts or all of these subsystems may be combined
as an integrated environmental conirol system that 13 deploved within an enclosed space {e.g.,
a cabin of a vehicle). For example, the sensors 210 may inclode a humidity sensor that is a part
of the humidity equupment 208-1 and when the humidity sensor detects that the hunudity of an
enclosed space s at certain level, the processor{s} 202-1 may trigger the humidity equipment
208-1 to increase or decrease the humidity of the enclosed space based on the reading of the
hunudity sensor that is integrated with the humidity equipment 208-1. In sull other
embodiments, the humidity equipment 208-1 may include an ulirasonic vaporizer, a steam
vaporizer, a mist sprayer, a capiilary evaporator, an impeller vaporizer, a water dripper or the
like, and the control system 202 may cause the humidity equipment 208-1 to spray vapor based
on environmental conditions detected by the sensors 210

(6037} As described above, one or more aspects of the present application
correspond to a set of processes for controlling environmental conditions for exposing touch
surfaces of an enclosed space, such as the enclosed space 110 of the vehicle 100 in FIG. 1.
Hustratively, the environmental conditions can include control of teruperature, humidity and
hight radiation such that possible contaminants on the touch surfaces will be reduced or
ehiminated. In some embodiments, a combination of humidity, temperature and hight radiation
can result in a reduced number of antigens or other contamunants on touch surfaces or within
the air of the interior compartment. In some embodiments, the HVAC system 204, the lighting
controls 206 and the humudity controls 208 are configured by the control system 202 to reach
a target combination of humudity, temperatore and light radiation to mhibit a particular type of
bacteria or virus. For example, research statistics show that the half-hife of SARS-CoV-2 would
be around eighteen hours when the temperature 18 between 70°F 1o 75°F, the homudity 15 20%
and there is no light radiation. The half-life of the SARS-CoV-2 would decrease to around six
hours when the temperature is between 70°F to 75°F, there is no hight radiation, and the
hunudity is increased to 80%. The half-life of the SARS-CoV-2 would further decrease to

around two minutes when the temperature 1s between 70°F to 75°F, the humadity 1s 80%, and

-11-
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there 1s hight radiation. As such, the control system 202 may control the HVAC system 204 to
adjust the temperature to between 70°F to 75°F, prompt the lighting controls 206 to tum on
light sources 206-1 to irradiate light, and control the humidity controls 208 such that the
homudity equipment 208-1 adjusts the humidity to 80% to inhibit the spread or eliminate the
SARS-CoV-2 from touch surfaces or interior of an enclosed space. Other research statistics
associated with other pathogens can also be loaded into the memory 202-2 of the control
system 202 to enable the processor(s) 202-1 to configure the HVAC system 204, the lighting
controls 206 and the hunudity controls 208 to target environmental or sanitation conditions to
inhibit the spread or growth of these pathogens in an enclosed space. Although not shown in
FIG. 2, the sanitation system 200 can further direct a component associated with an enclosed
space for sanitation purpose. More specifically, the santtation system 200 may control the
movement of a seatbelt, seatback, a glovebox or other components of a vehicle for performing
different santtation or hygiene operations. These operations will be described in greater detad
below.

[0038] FIG. 3 illustrates example touch surfaces 1uside an enclosed space 300
which embodiments of the present disclosure can be implemented. As shown i FIG 3,
example touch surfaces include overhead visor 301, murror 303, and murror housing 303; door
armirest 307, switches 309, insert panel 311, and belt line panel 313; steering wheel with finger
controls 315, center touch display 317, console hid 319, cupholders 321, armrest 323, and vent
panel 323; and seat cushion 327, seatback 329, headrest 331, back panel 333, storage pocket
335, and folding armrest 337, In some embodiments, santtation can be directed by a sanitation
system, such as the sanitation system 200 of FIG. 2, toward touch surface(s} that has been
recently touched or s most frequently touched according to sensor data. For example, the
plurality of sensors 210 may wnchude a touch sensor {e.g., capacitive touch sensor) that 1
installed on the back panel 333. When the back panel 333 is touched, the sensors 210 would
generate sensor data indicating a touch event on the back panel 333, The sensor data would be
transmitted to the processor(s) 202-1 for determining whether sanitation on the back panel 333
is needed. For example, when the occurrence of the touch events exceeds certain frequency or
number of times {e.g., the back panel 333 has been touched more than ten times), the
processor(s} 202-1 may determine sanitation on the back panel 333 is necessary and may

prompt the hight sources 206-1 to direct wradiation hight toward the back panel 333. The light
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sources 206-1 may be configured to emit visible light, invisible light, infrared light (e.g., near-
infrared and/or far-infrared) and/or ultraviolet ight. In some embodiments, the processor(s}
202-1 would direct the wrradiation light toward the back panel 333 after determining that no
sensitive entities are present within an enclosed space. Alternatively, the processor(s} 202-1
may prompt the humidity equipment 208-1 {e. g, a vaporizer) to enut disinfection vapor toward
the back panel 333, Advantageously, sanitation can be performed directed towards surfaces
that are touched more often and be less performed on rarely touched surfaces to save resources
and energy.

0039 Additionally, other touch surfaces within a vehicle that are not explicitly
shown in FIG. 3 can also be sanitized by a sanitation system in accordance with embodiments
of the present disclosure, such as the santtation system 200 of FIG. 2. Other touch surfaces not
shown in FIG. 3 include, but not limited to, control stalks, overhead switches, seat side shield
and restraint system including seatbelt, latch plate, buckle, and the like. In addition to emitting
light and disinfection vapor toward the touch surfaces, the sanitation systermn 200 may direct
the HVAC system 204 to adjust the temperature and/or hunudity within an enclosed space to
a certain level. More specifically, the sanitation system 200 may cause the HVAC system 204
to elevate the temperature in the enclosed space to around 56°C for thirty minutes to eliminate
the SARS-CoV-2.

[0040] FIGS. 4A-4C dlustrate various embodiments of operations of the sanitation
system 200 of FIG. 2 for samtizing an enclosed space. More specifically, FIG. 4A illustrates
the operation of the HY AU system 204, where the HVAC systern 204 blow heated awr toward
the top of a steerimg wheel 401, The operation of FIG. 4A may be triggered after the plurahbity
of sensors 210 {e.g., an acoustic sensor or a pressure sensor) detect an event where a driver
coughs or sneezes toward the top of the steering wheel 401, More specifically, after such an
event 1s detected, the processor{s} 202-1 can prompt and configure the HVAC system 204 to
blow heated air toward the top of the steering wheel 401. Alternatively, a humidity equipment
208-1 can be employed to evaporate disinfection vapor toward the top of the steering wheel
401. FI1G. 4B llustrates the operation of the HVAC system 204, where the HYAC system 204
blow heated air towards a door window 403 and a top portion of a center display 405, The
operation of FIG. 4B may be triggered after the plurality of sensors 210 {e.g., a capacitive

paekeed

touch sensor) detect that the door window 403 and/or the top portion of the center display 405
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has been touched by a user. More specifically, based on sensor data provided by the plurality
of sensors 210, the processor{s} 202-1 may determine that the door window 403 and/or the top
portion of the center display 405 has been touched over a threshold amount of times (2. g., five
times} and may generate a sanitation routine that directs the HVAC system 204 to blow heated
air towards the door window 403 and/or the top portion of the center display 405, FIG. 4C
ittustrates the operation of the HVAC system 204, where the HVAC system 204 blow heated
atr directed towards steering wheel finger controls 407, door armrest 409, and center display
405, The operation of FIG. 4C may be triggered after the plurality of sensors 210 (e.g , a vision
sensor) show that the door armrest 409 has been touched. For example, the vision sensor may
capture images showing that a user has touched the door armrest 409, The processor{s) 202-1
may then analyze the captured images to determine the door armrest 409 has been touched.
The processor(s) 202-1 may further determine that the enclosed space 1s not currently occupied
before generating a sanitation routine that would then trigger the HVAC system 204 to blow
heated air towards the door armrest 409

[0041] In some embodiments, the processor(s) 202-1 may cause the HVAC system
204 of the vehicle to enter a vapor removal mode to remove vapor from an occupant’s mouth
when the processor{s} 202-1 determines a cough or sneeze just occurred. For example, while
there 1s still occupant inside the vehicle, the processor(s) 202-1 may cause the HYAC system
204 to transport vapor from an occupant’s mouth to external of the vehicle based on sensor
data {e.g., image data or acoustic data) generated by the plurality of sensors 210 mdicating that
an occupant just sneezed or coughed. Advantageously, the spread of pathogens may be reduced
by detecting vapor from an occupant and removing the vapor at an earlier time {e.g., compared
with sanitizing in response to detecting no occupant inside the vehicle).

[8042] FIG. 5 depicts example operations of components of a vehicle 500 that can
be caused by a sanstation system, such as the sanitation system 200 of FIG. 2, to sanitize an
mterior of the vehicle. IHustratively, the sanstation system 200 can operate in coordination with
components of a vehicle to sanitize an enclosed space. The components of the vehicle may
include seating components {e.g., seat and/or seatbelt), arm rests, storage compartments and
the like. FI(3. 5 illustrates altering the positions and orientations of a seat 507 and a steering
wheel 509 to expose different parts of the seat and the steering wheel to disinfection lighting,

vapor or heated air. The operations in FIG. 5 may be triggered by the processor(s} 202-1 when
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the processor{s} 202-1 determunes, based on sensor data provided by the plurality of sensors
210, that sensitive entities are not within the enclosed space. More specifically, based on sensor
data provided by the plurality of sensors 210, the processor(s) 202-1 may further determine
that the back 505 of the vehicle needs to be sanitized. The processor(s) 202-1 may then prompt
the seat 507 to rechine the seatback 507-1 to backward from position 301-1 to 501-3 so that
heated air {or disinfection vapor} 503 may have an air path to the back 505 of the velucle
without being obstructed by the seatback 507-1. In some embodiments, the seat 507 may be
moved forward or backward to expose some unexposed area to disinfection lighting. For
example, the seat 307 can be moved backward so that the light sources 206-1 that might be on
top of the seat 507 can wrradiate light directed toward area that was covered by the seat 507, As
tlustrated in FIG. 5, the steering wheel 509 can be elevated or be oriented differently to allow
exposure of area that otherwise would be blocked from samtizing light and/or vapor. For
example, the steering wheel 509 may be steered in a counterclockwise direction 511 ata certain
pace {(e.g., steering 360 degrees in sixty seconds) to effectively allow different parts of the
steering wheel 509 be exposed to the heated air {or disinfection vapor) 503,

[0043] Additionally, the processor(s) 202-1 may adjust the movements of the
components associated with the enclosed space. More specifically, the processor{s) 202~1 may
adjust the movement of the seat 507 forward or backward 10 1ncremental roanner {e.g., moving
backward 5 cm every 10 seconds) or along a defined progression of movements {e.g., moving
backward after moving forward, followed by moving upwards and downwards). In other
embodiments, although not shown in FIG. 5, the sanitation system 200 can also trigger the
exposure of mterior surfaces of an enclosed space, such as glovebox component in the interior
of a vehicle. For example, based on sensor data provided by the plurality of sensors 210 (e.g.,
a capacitive touch sensor), the processor{s) 202-1 may determine that an interior of a glovebox
in a front passenger seat has been touched. The processor(s} 202-1 may then send control signal
to a mechatronic component of the glovebox to open the glovebox such that the interior of the
glovebox can be exposed to disinfection light, heated air or samitizing vapor.

[6044] FIGS. 6A and 6B depict example operations of a seatbelt 601 i a vehicle
that can be caused by a sanitation system, such as the sanitation system 200 of FIG. 2, m
accordance with embodiments of the present disclosure. FIG. 6A illustrates a seatbelt 601 of a

seat 603 1 an unused condition. As indicated in FIG. 6A, some portions of the seatbelt 601 are
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hidden inside the motorized retractor 605 due to the seatbelt 601 being in the unused condition.
As such, heated air, disinfection hight or vapor may not effectively reach those hidden portions
of the seatbelt 601, FIG. 6B illustrates the use of the motorized retractor 6035 to extend the
seatbelt 601 so as to increase exposure of the seatbelt 601 to sanitation. More specifically, the
processor{s}) 202-1 may determine that the seatbelt 601 has been used and touched based on
sensor data generated by the plurality of sensors 210, The processor{s} 202-1 may further
determine that the vehicle is unoccupied based on the other sensor data generated by the
plurality of sensors 210, The processor(s} 202-1 may then cause the motorized retractor 605 to
roll out portions of the seatbelt 601 that were hidden inside the motorized retractor and cause
the HVAC system of the vehicle o release heated air directed toward the seatbelt 601 of the
seat 603 for sanitation. Alternatively, the processor(s} 202-1 may cause the light sources 206-
1 to wradiate disinfection light toward the seatbelt 601 or cause the hunudity equipment 208-1
{(e.g., a vaporizer} to release disinfection vapor toward the seatbelt 601, In some embodiments,
the processor(s) 202-1 may set a time duration for sanitizing the seatbelt 601. For example,
after samitizing the seatbelt 601 for certain amount of time {e.g, thirty seconds), the
processor(s) 202-1 may cause the light wradiation, vapor or heat emission to stop and cause
the motorized retractor 605 to roll back the seatbelt 601 such that the seatbelt 601 may retum
back to the unused condition as illustrated m FIG. 6A.

[0045] FIGS. 7A-7C llustrate example components that may be utiized by a
sanitation system, such as the santtation system 200 i FIG. 2, to provide heat for sanitizing an
enclosed space. In some embodiments, the components shown i FIGR., 7A-7C may be
mtegrated as a part of the HVAC system 204 of FIG. 2. In other embodiments, the components
shown i FIGS. TA-7C may be separate components that are not parts of the HVACU system
204 of FIG. 2. As shown in FIG. 7A, an active component (i.e., a heating element 701} serves
as a heat source and conducts heat toward a touch surface 703. The touch surface 703 may be
any one of the touch surfaces depicted 1 FIG. 3 or other touch surfaces not depicted 1 FIG.
3. The heating element 701 may be one or more of insulated wires, printed circuits, positive
temperature coefficient (PTC) films, conductive textiles, or other conductive films. In some
embodiments, the heating element 701 may be turned off (e g., providing no electrical power})
by the processor{s) 202-1 when the processor{s} determines that an enclosed space 15 occupied

by sensttive entities based on sensor data provided by the plurality of sensors 210, When the
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processor{s) determines that the touch surface 703 of FIG. 7A has been touched based on other
sensor data provided by the plurality of sensors 210 and that the enclosed space is not occupied
by sensitive entities, the processor{s} 202-1 may cause {e.g., by providing electrical power} the
heating element 701 to emit heat toward the touch surface 703,

[6046] in other embodiments, passive elements can be utilized to provide heat to
an enclosed space for sanitation purposes. FIG. 7B illustrates using a passive material 705 to
provide heat to an enclosed space, such as the enclosed space 110 of FIG. 1. The passive
matertal 705 may be mncorporated into an interior of a vehicle, such as a compartment or a
cabin of a vehicle Hlustratively, the passive material 705 may obtain energy from
environmental inputs, such as air, sunlight, or the like. As shown in FIG. 7B, the passive
material 705 emits far infrared radiation toward a touch surface 703 when the passive material
705 recetves energy from energy sources such as sunlight. The passive material 705 may bea
ceranuic material deposited on beneath a surface material of a touch surface 703 or embedded

~
i
i

within a surface material of the touch surface 703, In some embodiments, heating elements
and passive material can be corobined to provide heat to a touch surface of an enclosed space
for sanitation purposes. FIG. 7C llustrates combiming a heating element 701 and a passive

material 705 to sanitize a touch surface 703, As shown wn FIG. 7C, the heating element 701

generates beat, which 15 conducted to the touch surface 703, In addition, the passive maternial
705 canreceve the heat from the heating element 701 and radiates far infrared radiation toward
the touch surface 703. As such, the heat directed toward the touch surface 703 may be increased
compared with the use of only heating elements 701 or passive matenals 705, Advantageously,
the increased heat may result 1o better sanitizing the touch surface 703

(080471 Hiustratively, an enclosed space in which embodiments of the present
disclosure can be mmplemented may be an mterior of a vehicle. In some embodiments, a
sanitation system {such as the sanitation systern 200 of FIG. 2) may be deploved within a
vehicle and the samitation system may utilize navigational and directional systems or vision
systems of the vehicle to make use of various external environmental contributions as part of
control environmental factors. More specifically, in some embodiments, the sanitation system
200 may cause navigational, directional, vision systems, and the like of a vehicle to identify
opportunities for use of hight energy as part of the management of environmental conditions

within the mternal compartment of the vehicle. For example, the sanitation system 200 may
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cause an autonomous driving system of the vehicle to orient the vehicle for receiving detected
solar energy. In another example, the sanitation system 200 may cause the autonomous driving
system of the vehicle to select navigational paths {e g, specific roads or lanes of roads} that
aliow the vehicle to receive measured or anticipated solar energy. The measured or anticipated
solar energy can be based on receiving threshold levels of light energy, including attempting
to receive a maximum available light energy, a desired amount of light energy or limiting
received light energy.

[0048] FIG. 8 dlustrates an example operation of an autonomous driving system
{(not shown in FIG. 8) of a vehicle 800 caused by a sanitation system, such as the sanitation
system 200 of FIG. 2, for elevating air temperature within the vehicle 800 by increasing heating
based on external source, such as a solar load or external light'heat source. For example, the
sanitation system 200 may be integrated as a part of the vehicle 800, More specifically, F1G. §
tlustrates one embodiment for orienting the vehicle 800 towards an external load {e.g., the
sun} to maximize the heat source (e g, sunhight entry) in the cabin 803 through windshield
glass 801, For example, the vehicle 800 may be oniented by choosing a parking space exposed
to sunlight or choosing a road lane exposed to sunhight, or other hight source or heat source.
The example operation of orienting the vehicle 800 towards the sun can be inthiated by the
sarutation system 200, For example, the processor(s) 202-1 may first determine no sensitive
entities {such as perishable goods or medical substance or arumals) are present in the cabin 803
of the vehicle 800 based on image sensor data generated by the plurality of sensors 210, The
processor(s} 202-1 may also determune that external environment conditions (1.e., environment
outside the vehicle 800} mndicate suffictent or a threshold amount of sunlight based on light
sensor data generated by the phurality of sensors 210, Alternatively, the processor(s} 202-1 may
determine there 1s sufficient sunlight based on weather forecast data received from a wireless
networking nterface {not shown 1o FIG. B} of the vehicle 800. The processor{s) 202-1 may
further determine, based on light sensor data indicating direction of the sunlight and current
vehicle orientation provided by an autonomous driving system of the vehicle 800, that the
position and/or orientation of the vehicle 800 can be adjusted in a particular manner to result
in more exposure of sunlight to the cabin 803 of the vehicle 800. Then, the processor{s) 202-1
may cause the autonomous driving system to re-posttion and/or re-orient the vehicle as

ittustrated in FIG. 8 to allow more exposure of sunlight into the cabin 803 of the vehicle 800,
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Although not illustrated in FIG. 8, in other embodiments, a sanitation system, such as the
sanitation system 200, may cause the vehicle 800 to tilt itself by raising or lowering suspension
elements of the vehicle 800 to facilitate direct sunlight entry into the cabin 803 of the vehicle
&00. In still other embodiments, the sanitation system 200 may cause a door window or top
window of the vehicle 800 to open to faciiitate sunlight entry into the cabin 803 of the vehicle
800, In some other embodiments, the sanitation system 200 may cause the autonomous driving
system of the vehicle 800 to drive to vehicle 800 to a nearby position that 15 less shaded based
on sensor data generated by the plurality of sensors 210 to increase exposure to sunlight

(00451 FIGS. 9A-9C ilustrate example operations of a center display 901 of a
vehicle 900 that can be caused by a sanitation system, such as the sanitation system 200 of
FIG. 2, for reflecting santtation lighting towards different surfaces in a vehicle cabin 903, More
specifically, the center display 901 s tilted in different angles to reflect sanitation lighting
towards specific surfaces inside the vehicle cabin 903, The sanutation lighting may be part of
the light sources 206-1 in FIG. 2. As shown in FIG. A | the center display 901 s titled toward
a rectangular degree with respect to a floor plane 907 of the vehicle 900, Such tilting results in
the disintection light be more focused on surface area in tront of the seat 905, Such tilting may
result from that the processor(s) 202-1 determines the surface area in front of the seat 905 has
been touched more based on sensor data generated by the plurality of sensors 210, As such,
the processor{s} 202-1 may cause a mechatronic component of the center display 901 to tilt n
the angle as shown in FIG. 9A. In contrasts, FIGS. 9B and 9C show that the center display 901
be titled toward degrees such that the surface of the center display 901 1s more hortzontal to
the floor plane 907 of the vehicle 900 compared with the titting in FIG. 9A. As shown in FIG.
9B, the tilt enables more disinfection light to be directed toward the seat 905 of the vehicle
900. As shown i FIG 9C, the tilt allows the dismfection light to be emitted toward the
seatback 909 of the seat 905. (Other specific touch surfaces of the vehicle, such as the
cupholders, center console armrest, and seat cushion (ustrated n FIG. 3) may also receive
focused disinfection light illumination from the sanitation lighting based on different tilting of
the center display 901.

[0058] FIGS. 10A-10C illustrate example operations of service machinery
performed on a vehicle 1601 that can be caused by a sanitation system, such as the sanitation

system 200 of FIG. 2, for sanitizing the vehicle 1001, More specifically, the sanitation system
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200 may work with one or more service robots 1003 to samtize the interior of the vehicle 1001,
FIG. 10A illustrates example operations showing the sanitation system 200 causes one service
robot 1003 to sanitize the interior of the vehicle 1001 under different orientations of the vehicle
1001, The service robot 1003 may utilize contact-less infrared lamp heating, contact heating
or steam for santtizing the interior of the vehicle 1001, In some embodiments, upon
determining the absence of sensitive entities within the cabin of the vehicle 1001 based on
sensor data generated by the plurality of sensors 210, the processor{s) 202-1 may trigger the
autonomous driving system of the vehicle 1001 to drive the vehicle 1001 to parking lots or
service stations where the service robot 1003 1s located. As shown in FIG. 10A, the service
robot 1003 may be static in position and the processor{s) 202-1 may cause the autonomous
driving system to adjust the orientation or the position of the vehicle 1001 with respect to the
service robot 1003 to allow sanitation toward different area of the interior of the vehicle 1001,
Additionally, the processor(s} 202-1 and the service robot 1003 may determine a protocol
specifying steps both sides have to perform during the sanitation operations. For example, the
processor(s) 202-1 may first de-activate the security alarm of the vehicle 1001 before the
service robot 1003 may approach or contact the vehicle 1001, The processor{s) 202-1 may then
cause the doors windows of the velucle 1001 be lowered or opened, followed by the service
robot 1003 enutting steam into the cabin of the vehicle 1001, The protocol may further specity
that the processor{s} 202-1 will then cause the doors windows to be closed and the security
alarm activated once the service robot 1003 has finished sanitizing the vehicle 1001,

[0051] FIG. 10B-100 dlustrate example operations showing a santtation system,
such as the samitation systern 200, causes two service robots 1003 to samitize the interior of the
vehicle 1001 under different orientation of the vehicle 1001 In FIG 10B, the two servigce
robots 1003 are on the same side of the vehicle 1001 and the processor{s) 202-1 may cause the
autonomous driving system of the vehicle 1001 1o orient the vehicle 1001 m two different
directions to allow each of the service robots 1003 samtizing different parts of the interior of
the vehicle 1001, In FIG. 10C, the two service robots 1003 are on the different sides of the
vehicle 1001 and the processor(s} 202-1 may also cause the autonomous driving system of the
vehicle 1001 to orient the vehicle 1001 in two different directions to allow each of the service
robots 1003 sanitizing different parts of the interior of the vehicle 1001, In some embodiments,

the service robots 1003 may sanitize the interior of the vehicle 1001 using uliraviclet light or
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microwaves. In other embodiments, the ultraviolet light source or microwaves source may be
built into a component (such as the light sources 206-1 of FIG. 2} within the vehicle 1001,
[6052] FIG. 11 idlustrates an example nideshare cycle 1100 associated with a
vehicle in which embodiments of the present disciosure can be implemented More
specifically, a sanitation system such as the sanitation system 200 can coordinate with

components {e.g

&0

an autonomous driving system) of a vehicle to sanitize the vehicle at proper
timing. The rideshare cycle 1100 can begin at block 1102, where the vehicle may be at the
owner’'s residence. The owner may then start riding the vehicle to the owner’s workplace,
during which the sensors 210 may detect the environmental conditions {e.g., whether the owner
sneezes, the presence of certain pathogens, the temperature or humidity of the vehicle)
assoctated with the vehicle. In some examples, the sanitation system 200 may not cause any
sanitation routine to be implemented to sanitize the vehicle when the owner is riding the vehicle
to his/her workplace.

[0053] At block 1104, the vehicle arrives at the workplace and the owner exits the
vehicle. An autonomous driving system may then be provided with a pick-up spot where
passengers other than the owner would rnide with the vehicle. More specifically, the pick-up
spot may be communicated to a network module of the vehicle and the network module may
provide the pick-up spot to the autonomous driving system, which may then estimate a travel
time from the owner’s workplace 1o the pick-up spot. The sanitation systern 200 may then
decide whether to perform any samitation operation on the vehicle based on the sensor data
collected between the nide from owner’s residence to the owner’s workplace. For example, if
the sensors 210 detected the presence of pathogens at particular touch surfaces after the
occupant of the owner, the processor{s) 202-1 can generate a sanitation routine that causes the
hurmidity equipment 208-1 to emt disinfection vapor toward the particular touch surfaces. In
some examples, the santtation routine generated by the processor(s) 202-1 may also depend on
the estimated travel time from the owner’s workplace to the pick-up spot. For example, if the
estimated travel time 15 longer than thirty minutes, the processor{s) 202-1 may generate a
sanitation routine that may cause the HYAC system 204 of the vehicle to elevate the
temperature to a certain degree for thirty minutes to eliminate certain viruses. If the estimated
travel time 1s shorter, the processor{s) 202-1 may generate a sanitation routine that takes less

time to be completed. For example, the processor{s} 202-1 may cause the light sources 206-1
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to emit disinfection hight toward particular touch surfaces where pathogens are detected but
not cause the HVAC system 204 to elevate temperature within the vehicle.

[6054] In some examples, a samtation routine that employs only disinfection
lighting for sanitation can be completed between two to twenty minutes. In some examples, a
sanitation routine that utihizes the HVAC system 204 of the vehicle to increase the temperature
and/or humdity for samitation can take twenty nmunutes up to an hour. The sanitation system
200 can take the estimated travel time for picking up the next passenger along with the time
required to achieve effective samtation under different sanitation mechanisms into
consideration to generate a sanitation routine that can be completed under the timing
constraints 1mposed by the rideshare schedule. Additionally, a santtation routine may be
generated by the sanitation system 200 further based on the pathogens that are targeted to be
eliminated. For example, if the tuime until the next passenger 15 picked up 1s more than thirty
minutes and the sensor data generated by the sensors 210 indicate the presence of SARS-CoV-
2, the sanitation system 200 may generate a sanitation routine that triggers the HVAC system
204 of the vehicle to increase the temperature within the vehicle to around 56°C for thirty
nunutes, If the time until the next pick up 15 less than thirty minutes, the sarntation systern 200
roay generate a sanitation routine that combines increasing the temperature withun the vehicle
to around 56°C and spraying disinfection vapor along with disinfection hghting toward the
touch surfaces where the presence of SARS-CoV-2 15 indicated accordig to the sensor data.

[0055] At block 1106, the vehicle arrives at the pick-up spot and picks up the non-
owner passenger. The samtation systern 200 may keep monitoring the environmental
conditions after the passenger 1s picked up. For example, the sensors 210 may keep detect the
presence of pathogens during the occupancy of the passenger. In some examples, the sanitation
system 200 may not cause any sanitation operation to be performed to sanitize the vehicle
while the passenger is riding with the vehicle. At block 1108, the vehicle arrives at the drop-
off spot where the passenger exits the vehicle. If there 1s another passenger waiting to be picked
up in another pick-up spot, the rideshare cycle proceeds back to block 1106, where another
passenger is picked-up to ride with the vehicle. During the travel from block 1108 to block
1106, the sanitation system 200 may cause a component of the vehicle to implement some
sanitation operations, which may be dependent upon the estimated travel time from block 1108

hack to block 1106 and the environmental conditions detected by the sensors 210. For example,
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if the travel time 1s above fifteen minutes, the sanitation system 200 may cause the humidity
equipment 208-1 to spray disinfection vapor and then cause the HVAC system 204 to remove
the vapor before the next passenger s picked-up. If the estimated travel time s below five
mimites, the sanitation system 200 may only sanitize the vehicle using disinfection lighting. In
some embodiments, the rideshare cycle may iteratively proceed back and forth between block
1106 and 1108 untif there 18 no next passenger already waiting to rideshare the vehicle.
[6056] in some embodiments, if there 1S no next passenger waiting to rideshare the
vehicle, the vehicle may proceed to block 1110 where the vehicle arrives at a sanitation spot
where more sanitation operations can be performed on the vehicle. In some embodiments, the
sanitation spot may be the same spot where the last ridesharing passenger 15 dropped off. In
some embodiments, may be a roadside or a parking lot nearby. For example, after dropping of
the last rideshare passenger at block 1108, the vehicle may proceed to block 1110 (g, a
roadside or a parking lot) where a position and orientation of the vehicle allows more exposure
of the sunlight into the vehicle, such as the scenario tlustrated in FIG. 8. In some embodiments,
the block 1110 may be a charging station where service machinery 1s stationed and the vehicle
roay coordinate with service machinery to sanitize the vehicle, such as the scenario dlustrated
n FIGS. 10A-10C. Tn some emboduments, at block 1110, the processor{s) 202-1 may cause a
HVAC system 204 of the vehicle to mcrease the teroperature and humidity of the vehicle and
maintain the increased teroperature and hunidity for periods of tirne {e.g., thuty nunutes) that
might be effective 1n reducing some types of pathogens. After the more thorough sanitation
operations {compared with the sanitation operations performed between block 1106 and block
1108} performed, the rideshare cycle 1100 may proceed back to block 1106, where the vehicle
arrives at another pick-up spot to pick up a next passenger. The rideshare cycle 1100 may then
repeat the previgusly described operations associated with blocks 1106, 1108 and 1110,
[8057] Alternatively, the rideshare cycle 1100 would proceed to block 1112 to
pick-up the owner of the vehicle. For example, when the owner 15 about to leave the owner’s
workplace and gets back to the owner’s residence, the rideshare cycle 1100 may proceed from
block 1110 to block 1112 to pick-up the owner at the owner’s workplace. Advantageously, the
vehicle 15 well-sanitized while at block 1110, and the owner may nide the vehicle from

workplace to home under a well-sanitized environment.
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{6058} In some examples, the samiation system 200 may implement different
sanitation mechanisms {e.g., enitting disinfection hghting, emutting disinfection vapor, or
adjusting temperature} or adjust the frequency of sanitation operations based on information
associated with the rideshare cycle 1100, In some embodiments, the samtation routine that the
sanitation system 200 generates may be based on locations of the pick-up spots. For example,

it the vehicle 100 just picked up a passenger from a location {e.g., a hospital, a crowded venue

g,
or the like) where the passenger was likely to be exposed to pathogens, viruses or bacteria, the
sanitation system 200 may cause a sanitation routine to be implemented immediately after that
passenger is dropped off. The sanitation routine implemented may be operations such as
emitting disinfection lighting or vapor that can be completed within shorter period of time if
the next passenger s to be picked up within five to ten minutes. Alternatively, the sanitation
system 200 may communicate with the autonomous driving system of the vehicle 100 or the
ride-sharing application used by the next passenger to delay the pickup such that the needed
sanitation operations {e g., elevating the temperature within the vehicle to certain temperature
for over twenty nunutes or half an hour) can be completed.

[8059] In some examples, the frequency or types of samtation routines
mplemented can be adjusted based on seasons {(e.g., winter or summer), weather {e.g., rainy
or sunny), geographic locations (e.g., urban or rural areas), and/or other publicly available
mformation {e.g., pandenuc alert in certain area issued by health authorities). For example,
during the winter when flu s more widely spread, the sanutation systemn 200 may increase the
frequency of samttizing the vehicle 100. As another example, during the dry and sunny days of
summer, the sanitation system 200 may generate a sanitation routine that includes rolling down
the windows of the vehicle 100 to allow exposure to sunlight and spraving disinfection vapor
within the cabin of the vehicle 100 but does not mclude mcrease the temperature using the
HVAC system 204 of the vehicle 100,

{6060} Additionally and optionally, the sanitation system 200 may define different
levels of sanitized conditions within the vehicle 100, Based on the sanitation operations that
have been performed on the vehicle 100 and/or sensor data generated by the sensors 210 that
mdicate the amount of presence of pathogens, bacteria or viruses within the vehicle 100, the
sanitation system 200 may define the sanitized conditions of the vehicle 100 on a relative scale,

such as 25% sanitized, 50% sanitized, 75% sanitized or fully-sanitized. The sanitation system
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200 may coordinate with other components {e.g., a Wi-Fi or other wireless communication
modules} of the vehicle 100 to transmit the sanitized conditions to the ride-sharing applications
of passengers that may be potentially picked up by the vehicle 100, As such, the passengers
may be aware of the sanmitized conditions of the vehicles they might ride and make more
informed decision on whether to ride with the vehicles or put on protective gear {e.g., mouth
mask)} before niding with the vehicles. In some examples, the sanitation system 200 may
recetve preferences of sanitized conditions from the passenger that will be served next and
implement a sanitation routine that can help the vehicle to reach the level of sanitation preferred
or requested by the passenger. For instance, the next passenger may request that the vehicle
100 be 100% santized, which can be communicated to the sanitation system 200 through a
wireless communication module of the vehicle 100, The sanitation system 200 may then
implement sanitation operations including heating, disinfection lighting and spraying
disinfection vapor to bring the vehicle 100 to the highest attamable sanitized condition.
Additionally, the sanitation system 200 may cause the autonomous driving system of the
vehicle 100 to drive the vehicle 100 to a spot where service machinery s located to sanitize
the vehicle 100 1 ways depicted 10 FIGS. 10A-10C 1o reach 100% sarutized condition 1f all
the sanitation operations the vehicle 100 stself 1s capable of performing cannot result in 100%
sarutized condition

(00611 In still other emboduments, the santation system 200 may coordinate with
components of the vehicle 100 to convey samitation conditions associated with the vehicle 100
{0 a passenger. In some embodiments, the sanitation system 200 may determine that certain
area within the vehicle 100 15 under-samitized based on sensor data generated by the sensors
210, and the santtation system 200 may then notify a passenger not to be exposed to the under-
sanitized area. For example, the sensors 210 may detect that some pathogens are present around
the front passenger seat. In response, the santtation system 200 may cause a user interface (e.g.,
a center display ) of the vehicle 100 to alert the passenger not to sit on the front passenger seat,

[0062] With reference now to FIG. 12, an illustrative architecture of a sanitation
system 1200 for sanitizing a vehicle will be described. The sanitation system 200 described
above may adopt the same or similar architecture as described in FIG. 12, The samitation
system 1200 may perform the same or sinular operations performed by the santtation system

200. The sanitation system 1200 may coordinate with components of a vehicle to sanitize the
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vehicle, where the components of the vehicle may include, but not limited to, the HVAC
system 204, the highting controls 206 and the humidity controls 208 as described in FIG. 2. At
least some parts of the sanitation system 1200 may be parts of components/systems of a
vehicle. For example, some of the sensors 1208 may be a part of an autonomous driving system
of the vehicle. Alternatively, the sanitation system 1200 may be a stand-alone module that
mteracts with other components of a vehicle.

[6063] The architecture of FIG. 12 is ilustrative in nature and should not be
construed as requiring any specific hardware or software configuration for the sanitation
system 1200, The general architecture of the sanitation system 1200 depicted n FIG 12
includes an arrangement of computer hardware and software components that may be used to
implement aspects of the present disclosure. As illustrated, the sanitation system 1200 includes
a processing unit 1202, a network and VO (input/output) interface 1204, a computer readable
medium drive 1206, and sensors 1208, ali of which may communicate with one another by
way of a communication bus {not explicitly shown in FIG. 12}, Some of the components of the
santtation system 1200 may be physical hardware components or implemented 1 a virtualized
environment. For exarople, the memory 1220 may be a virtualized memory that s hosted by a
cloud provider network that s remote to a vehucle where other parts of the sanitation system
1200 are deploved.

[0064] The network and VO interface 1204 may provide connectivity to one or
more networks or computing systems, such as providing commumcation to the service
machinery tliustrated in FIG. 10A-10C. Additionally, the network and V(O interface 1204 may
communicate with other networks to obtain environmental conditions {e.g., weather forecast
or data) that can be utilized by the processing unmit 1202 to determine what sanifation operations
are 1o be performed. The processing unit 1202 may thus recetve nformation and instractions
from other computing systems or services via the network and VO interface 1204, The
processing unit 1202 may also communieate to and from memory 1220 and further provide
output information to the network and /O interface 1204, For example, the network and VO
interface 1204 may function as a user interface through which the processing unit 1202 may
obtain answers indicating environmental conditions of a vehicle {e.g., whether heat-sensitive
entities such as medicine, electronic equipment or humans are present} from a user. In some

embodiments, the processing unit 1202 may determine the absence of sensitive entities within
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an enclosed space based on sensor data collected by the sensors 1208. In some embodiments,
the sanitation system 1200 may include more {or fewer) components than those shown in FI(z.
12.

[0065] The memory 1220 may include computer program mstructions that the
processing unit 1202 executes in order to implement one or more embodiments in accordance
with the present disclosure. The memory 1220 may include RAM, ROM, or other persistent or
non-transitory memory. The memory 1220 may store an operating system 1212 that provides
computer program instructions for use by the processing unit 1202 in the general
admunistration and operation of the sanitation system 1200, The memory 1220 may further
mclude the mnterface software 1210 for transmitting and receiving computer program
mstructions and other information for implementing aspects of the present disclosure. For
example, in one embodiment, the memory 1220 stores a sanitation routine 1214 that defines
one of more sanitation operations to be performed. More specifically, the sanitation routine
1214 may define the operations itlustrated in FIGS. 9A-9C where sanitation lighting is emitied
with a center display of a vehucle titled gradually 1 different angles for reflecting sanitation
highting towards different surfaces inside a vehicle cabin. Alternatively, the santtation routine
1214 may define the operations illustrated in FIGS. 4A-4C, FIG. 5, FIGS. 6A-6B, FIGS. 7A-
7C, FIG. 8 and/or FIGS. 10A-10C. For example, the sanitation routine 1214 may define that
the seatbelt 601 be rolled out from the configurations as illustrated 1 FIG. 6A to FIG. 6B
Based on the operations defined in the sanitation routine 1214, the processing unit 1202 may
cause corresponding component(s) associated with an enclosed space to implement the
sanitation routing 1214, For example, when the samtation routine 1214 defines that a vehicle
be oriented towards the sun to increase sunhight entry mio a vehicle cabin as tHuostrated 10 FIG.
8, the processing unit 1202 may cause an autonomous driving system of the vehicle to
mplement the santtation routime 1214 {o orient the vehicle towards the sun. In some
embodiments, the samitation routine 1214 may be generated based on sensor data collected by
the sensors 1208, For example, when the sensor data indicates there s sufficient sunlight from
the west, the processing umit 1202 may generate the sanitation routine 1214 that defines an
operation of orienting a vehicle toward the west. The processing unit 1202 may then cause an
autonomous driving system of the vehicle to implement the sanitation routine 1214 1o ortent

the vehicle toward the west (assuming the vehicle is not currently oriented toward the west).
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in such a scenario, the processing unit 1202 may not generate the sanitation routing 1214 that
defines an operation of orienting the vehicle toward the east In some embodiments, the
processing unit 1202 generates the sanitation routine 1214 in response to determining that there
are no sensitive entities present in an enclosed space based on sensor data collected by the
sensors 1208

[0066] Turning now to FIG. 13, an idlustrative samitation procedure 1300 for
sanitizing an enclosed space, such as the enclosed space 110 of the vehicle 100, will be
described. The sanitation procedure 1300 may be implemented, for example, by the sanitation
system 200 of FIG. 2 or the sanitation system 1200 of FIG. 12

[0067] The sanitation procedure 1300 begins at block 1302, where the sanitation
system 200 or the sanitation system 1200 may detect absence of entities in the enclosed space.
More specifically, the sensors 1208 may detect absence of entities in the enclosed space and
generate first sensor data that might indicate absence of the entities. The first sensor data may
be images captured by the sensors 1208 that, when analyzed by the processing unit 1202,
directly reflect the occupancy of the enclosed space. Alternatively, the first sensor data may
mclude mformation that can be analyzed by the processing unit 1202 to mdirectly 1ofer the
presence or absence of entities 1n the enclosed space. For example, the first sensor data may
mclude history of the opening and closing of a door of the enclosed space. The first sensor data
may also mdicate the presence of other sensitive entities such as pets, medicine or electronic
devices. The sensors 1208 that are used to generate the first sensor data may mclade vision
sensor(s) {e.g., for analyzing wmages from interior or exterior of an enclosed space}, acoustic
sensor{s), thermal sensor{s}, weight sensor(s}, pressure sensor{s), capacitive sensor{s}, radio
frequency sensor(s} {e.g., for detecting human body movement, breathing, or heartbeat), laser
sensor{s}), or gas detectors.

60638} At block 1304, the sanitation system 200 or the santtation system 1200
detects environmental conditions associated with the enclosed space. In one example, some of
the sensors 1208 may detect environmental conditions associated with the enclosed space to
generate second sensor data that is indicative of the environmental conditions, which may
include temperature and/or humidity of the enclosed space. Additionally, the environmental
conditions may include the presence of certam particulates or pathogens in the air of the

enclosed space or on touch surfaces of the enclosed space. For example, some of the sensors
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1208 may utilize iHumination to detect contamination or cleanliness of touch surfaces. The
detection may include iHuminating touch surfaces with light and imaging the touch surfaces to
detect bacteria, viruses, pathogens and/or dirt. Further, the llumination may be adjusied to
selectively target specific touch surfaces where more touch or contact evenis might ocour.
Besides detecting conditions within the enclosed space, some of the sensors 1208 can detect
environmental conditions external to the enclosed space, such as whether there is sunlight or
whether it is raining outside the enclosed space. For example, some of the sensors 1208 may
include cameras that capture images of the environment external to the enclosed space or may
mclude hight sensors for sensing which direction the sunlight comes from.

[0069] Based on the sensor data gathered at block 1302, at block 1306, the
santtation system 200 or 1200 may determine absence of sensitive entities within an enclosed
space. More specifically, the processing unit 1202 may deternune the absence of sensitive
entities within the enclosed space based on the first sensor data that 1s indicative of the absence
of sensitive entities. For example, the first sensor data may include images captured by some
of the sensors 1208 and the processing unit 1202 may analyze these mmages to determine
whether the enclosed space 1s occupied by any sensitive entities or not. ITmage processing and
machine learnung techniques may be employed to determine the absence or presence of
sensifive entities such as humans, medicine, pets and/or electronic devices. Additionally, the
first sensor data may include acoustic signals {e.g., human speech} captured by some of the
sensors 1208 and the processing unit 1202 may analyze these acoustic signals to determne the
presence of humans or pets. Alternatively, and additionally, the first sensor data may include
history of opening and closing of a door of the enclosed space collected by capacitive touch
sensors and the processing wmt 1202 may utihize this history to mfer the occupancy of the
enclosed space. Advantageously, using sensor data gather by different types of sensors may
ncrease the accuracy of determining the presence of sensitive entities within the enclosed
space.

[0078] At block 1308, the sanitation system 1200 may generate a sanitation routine
1214 based on sensor data collected by the sensors 1208, In some embodiments, the processing
unit 1202 generates the sanitation routing 1214 in response to determining that no sensitive
entities are within the enclosed space, as performed in block 1306, The processing unit 1202

may utilize the first sensor data collected at block 1306 and/or second sensor data collected at
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block 1304 to generate the sanitation routine 1214, For example, the sensor data may include
images captured by an infrared (IR} camera that indicates the enclosed space was once
occupied by an occupant having a fever. The processing unit may then utilize information
provided by the IR camera to generate the saniation routine 1214 that may include emitting
disinfection light {e.g., by the hight sources 200-1) directed toward the area that was once
occupied by the occupant. As another example, the sensor data may include acoustic signals
that might be indicative of audible sickness indicators such as coughing, sneezing, smffing or
blowing noise of a current or past occupant of the enclosed space. The processing unit 1202
may then analyze the acoustic signals to generate the sanutation routine 1214 that may include
spraying disinfection vapor {e.g., by the hunudity equipment 208-1} to sanitize the air within
the enclosed space. As still another example, the sensor data may indicate that some of the
seats or surfaces were contacted/touched by occupants. As such, the processing unit 1202 may
analyze these sensor data to generate the sanitation routine 1214 that may be specifically
directed to those seats or surfaces that were contacted/touched. For example, the sanitation
routine 1214 may nchude rolling out a seatbelt of a particular seat that was occupied and enut
disinfection light onto the seatbelt, as illustrated in FIGS. 6A and 6B. The sanitation routine
1214 may further include rechine forward or hackward a back of the seat as illustrated n FIG.
S for disinfection light to be applied different surfaces of the seat.

[06071] At block 1310, the samtation system 1200 may cause a component
associated with the enclosed space to implement the sanitation routing 1214, The component
may be the HVAC systern 204, the highting controls 206 and/or humudity controls 208 as
ittustrated 10 FIG. 2. Addtionally, the component may be an astonomous driving system of a
vehicle. For example, the santtation routine 1214 may be positioning and ontenting the vehicle
m a particular manner such that sunlight can penetrate mto the interior of the vehicle through
a windshield, such as the scenario ilustrated n FIG. 8. The processing unit 1202 may then
cause the autonomous driving system of the vehicle to position and onent the vehicle o the
desired position and orientation to allow exposure of sunlight. In other examples, the sanitation
routine 1214 may be adjusting the temperature and humidity within the enclosed space to a
particular range that inhibits certain pathogens or viruses {(e.g., reducing half-life of SARS-
CoV-2 as discussed above}. As such, the processing umit 1202 may then cause the HVAC

system 204 and/or a component {e.g., the heating element and/or passive material iflustrated
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in FIGS. 7C-7A) to adjust the temperature and/or humidity within the enclosed space. For
example, when current humidity within the enclosed space detected by the sensors 1208 are
S0% and cusrent temperature within the enclosed space detected by the sensors 1208 are 65°F,
the processing unit 1202 may generate the sanitation routine 1214 that specifies a target
humidity of 80% and temperature of 75°F for reducing the half-life of the SARS-CoV-2. The
processing unit 1202 may then cause the humidity equipment 208-1 and the HVAC system
204 to implement the sanitation routine 1214 to increase the hunudity from 50% to 80% and
increase temperature from 65°F to 7S°F. Advantageously, the automatic detection of
environmenial conditions associated with the enclosed space to auvtomatically implement the
santtation routing 1214 that may be specifically tatlored to the detected environmental
conditions would avowd the time-consuming and laborious manual saoitation. Further,
compared with manual sanitation, the santtation procedure 1300 may better avoud the situations
where an enclosed space 13 not sanitized frequently enough.

[6072] After iroplementing the aforementioned blocks, thus sanitizing an enclosed
space, the santtation procedure 1300 ends at block 1312 If the sanitation procedure 1300 1s
mplemented by the samtation system 200 of FIG. 2 or the santation system 1200 of FIG. 12
to sanitize the enclosed space 110 of the vehicle 100 of FIG 1, the vehicle 100 will be ina
santtized condition that can help prevent the spread of communicable diseases when different
persons ride with the vehicle 100,

607 3] FIG. 14A sllustrates an environmental condition management system 1400
m which an enclosed space 110 {e.g., a vehicle cabin or a building room} can be samtized to
provide services to multiple users in accordance with one or more aspects of the present
application. The environmental condition management system 1400 includes a collection of
local resources to the enclosed space 110 that may be utilized to manage environmental
condition of the enclosed space 110, such as a cabin of the electric vehicle 100 The collection
of local resources may include a processor 1402, a memory 1420, one or more sensors 1408,
and one or more components 1430A (g.g., a service robot outside the enclosed space 110} and
14308 {e.g, a HVAC system within the enclosed space 110) that can be utilized to adjust
environmental condition of the enclosed space 110, The enclosed space 110 may include a
processor 1402 for obtaining (e g, from the network service provider 1440} or generating a

santtation routine 1414 that, when executed by the processor 1402, causes the components
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143CA or 14308 to adjust a current environment of the enclosed space 110. More specifically,
the sanitation routine 1414 may be generated by the processor 1402 based at least in part on
sensor data generated by the sensors 1408, which detect a current environmental condition of
the enclosed space 110, The current environmental condition of the enclosed space 110 may
include at least one of a temperature, a humidity, presence of one or more pathogens, and user
sharing history or any combinations thereof. For example, the sensors 1408 may detect that the
current temperature of the enclosed space 110 15 58°F, the current humidity of the enclosed
space 110 15 60%, there is presence of SARS-CoV-2 around the front seat of the enclosed space
110, and/or that a user who has a body temperature indicative of fever just occupied the
enclosed space 110,

[0074] The samnitation routine 1414 may specify a target environmental condition
that is desired for the enclosed space 110. The santtation routine 1414 may further specify one
or more particular components associated with the enclosed space 110 (e g, the components
1430A and/or 14308) that will be utilized to adjust the current environmental condition of the
enclosed space 110 toward the target environunental condition. For example, the sanitation
routine 1414 may spectfy that a target environmental condition of the enclosed space 110 13
75°F and 80% and that a HVAC system of the enclosed space 110 will be utilized to adjust the
temperature and humidity within the enclosed space 110 toward 75°F and 80%, respectively.

[6075] The local resources to the enclosed space 110 are represented 1 a
simphified, logical form and do not reflect all of the physical software and hardware
components that may be implemented to provide the functionality associated with the local
FESOUICEs.

[6076] Alternatively, the sanitation routine 1414 may also be obtained by the
processor 1402 from the network service provider 1440 through the network 1460, As shown
in FIG. 14A, the environmental condition management system 1400 further includes the
network service provider 1440 that can communicate with one or more of the local resources
associated with the enclosed space 110 via computer network connections provided by the
network 1460, As such, the network service provider 1440 may assist managing the
environmental condition{(s) of the enclosed space 110 remotely. The network 1460 may be any
wired network, wireless network, or combination thereof In addition, the network 1460 may

be a personal area network, local area network, wide area network, cable network, fiber

-3



WO 2023/163943 PCT/US2023/013509

network, satellite network, cellular telephone network, data network, or combination thereof.
in the example environment of FIG. 14A ) the network 1460 is a global area network {(GAN),
such as the Internet. Protocols and components for communicating via the other
aforementioned types of communication networks are well known to those skilled in the art of
computer communications and thus, need not be described in more detail herein. The network
service provider 1440 is represented in a simplified, logical form and does not reflect all of the
physical software and hardware components that may be implemented to provide the
functionality associated with the network-based service(s).

180771 in some embodiments, the network service provider 1440 can generate the
sanitation routine 1414 that, when obtained and executed by the processor 1402, causes
operations on the part of the components 1430A-14308 similarly to the scenario when the
sanitation routine 1414 1s generated by the processor 1402, The network service provider 1440
may generate the sanitation routine 1414 based on a request received from a user device 1450,
The user(s) operating the user device 1450 can be an individual customer or a corporate client
of the network service provider 1440, The request may specity the demanded level of sanitation
conditions of the enclosed space 110, where the level of sanitation conditions can be defined
n detail by the network service provider 1440 and be made known to users in advance. The
user may utilize the application program 1452 provided by the network service provider 1440
to request services of using the enclosed space 110 and conununicate with the network service
provider 1440, Additionally, or alternatively, the network service provider 1440 can generate
the sanitation routine 1414 based on current environmental condition of the enclosed space
110, where the current envirgnmental condition can be detected by the sensors 1408 and
transmitted to the network service provider 1440 through the unetwork 1460 In some
embodiments, the network service provider 1440 can generate in advance different sanitation
routines in the sanitation routing store 1442, where each of the different sanitation routines
may specify different target environmental conditions to be achieved for the enclosed space
110 as well as different components associated with the enclosed space 110 that will be utilized
to adjust environmental conditions of the enclosed space 110 toward a corresponding target
environmenial condition. Advantageously, the off-line generations of sanifation routine may
shorten the total amount of time required to adjust the environmental condition of the enclosed

space 110 to a desired sanitation condition.
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[607&] FIG. 14B depicts illustrative interactions between elements of the
environmenial condition management system 1400 of FIG. 14A to adjust an environmental
condition of the enclosed space 110. The interactions of FIG. 14B begin at (1), where the user
device 1450 sends a request for using an enclosed space 110 through the application program
1452 to the network service provider 1440, In the context of rideshare, the request may specify
the time and location the user would like to be picked up by a vehicle. The request may further
specify the level of sanitation the user demands on the enclosed space 110 {(e.g., the vehicle
cabin} of the vehicle In some embadiments, the identity of the user can be made immediately
known to the network service provider 1440 when the user sends the request of service via the
application program 1452 Then, the level of sanitation or target environmental condition
demanded by the user can be inferred from the identity of the user. For example, if the request
is sent by a corporate chient, the network service provider 1440 can know that based on
preferences indicated by the client previously the enclosed space 110 has 1o be sanitized to the
hughest standard in accordance with pre-defined protocol(s} agreed between the network
service provider 1440 and the corporate client,

[6079] Thereafter, at (2}, the network service provider 1440 contacts enclosed
spaces {e.g., the enclosed space 110) that can potentially serve the user based on the request of
service received mn (1), In the context of rideshare, the vetwork service provider 1440 would
communicate with vehicles under its management that can hikely meet the demands of the user
based on time, location and santtation level requested by the user. In some examples, the
request in (1} may designate a particular vehicle for service and request a well-samitized
condition, and the network service provider 1440 will then manage to dispaich the vehicle to
the user under the requested time, location and sanitation condition. As described previously,
the network service provider 1440 can reach out to the vehicles through the network
connections provided by the network 1460, While contacting the vehicle, the network service
provider 1440 may provide information about the user (e g., user location and requested pick-
up time} to the processor 1402 of the enclosed space 110 of the vehicle.

{6080} At (3), 11 response to obtaining the request for service, the enclosed space
110 can report its current environmental condition to the network service provider 1440, As
described above, the current environmental condition of the enclosed space 110 can be used

by the network service provider 1440 to generate the sanitation routine 1414, The current
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environmental condition of the enclosed space 110 may be generated by the sensors 1408,
stored in the memory 1420, and retrieved from the memory 1420 to be transmutted to the
network service provider 1440, Along with the current environmental condition of the enclosed
space 110, the location of the enclosed space 110 can also be transmitted to the network service
provider 1440

[0081] In response to receiving the environmental condition of the enclosed space
110, at {4A), the network service provider 1440 can generate the sanitation routing 1414 and
transmit the sanitation routine 1414 to the enclosed space 110. The sanitation routine 1414 can
be generated based at least in part upon the requested level of samtation, the current
environmental condition of the enclosed space, the time and location of the service. For
example, if the user requests the highest level of sanitation, the current environmental condition
shows the enclosed space 110 1s far away from the requested sanitation condition and the user
has to be picked up in a short amount of time, the network service provider 1440 will generate
the sanitation routine 1414 that can meet these constraints. As an example, if the position of a
vehicle reported m (3) shows that the vehicle 1s close to a service robot, the sarutation routine
1414 generated by the network service provider 1440 may, when executed by the processor
1402, cause the autonomous driving system of the vehicle to drive the vehicle to the place
where the service robot s stationed for sanitation. The santtation routine 1414 generated by
the network service provider 1440 may further provide mstructions to the service robot that
requests the service robot to reach the highest level of samtation {eg., by combining
disinfection lighting, heating, and vaporing) within certain amount (e g., ten mmnutes} of time.
As another example, the sanitation routine 1414 may provide that the HVAC system, the
disinfection light sources, heating plates and vaporizers all be utihzed concurrently to elevate
the vehicle cabin to certain temperature and humidity for certain period of time {e.g., S6°C and
70% for thirty nunutes if the pick-up time s one hour away).

[0082] Alternatively, with reference now to (4B} in FIG. 14C, the sanitation routine
1414 can be generated by the enclosed space 110, more specifically, by the processor 1402
associated with the enclosed space 110 rather than generated and obtained from the network
service provider 144C. The generation of the sanitation routing 1414 by the processor 1402 can
be the same or similar to the generation of the sanitation routine 1414 by the network service

provider 1440, For example, the processor 1402 can generate the sanitation routine 1414 based

-35.



WO 2023/163943 PCT/US2023/013509

at least in part on the current environment of the enclosed space 110 and the requested
sanitation condition of the user. Additionally, the sanitation routine 1414 may further be
generated based on other factors, such as weather information, rideshare history {e. g, locations
the vehicle has been traveled recently) or the like that may be available to the processor 1402,
For example, when the weather is sunny and above certain degree of temperature and humidity,
the sanitation routine 1414 may specify windows of the vehicle be rolled down to aliow the
vehicle cabin to be exposed to the heat and humidity outside the vehicle mstead of turning on
the HVAC system of the vehicle to provide additional heat and humidity to the vehicle cabin.
In contrast, if the weather 15 cloudy and both the temperature and the hunudity are low {e.g.,
below 58°F and 30%) outside, the sanitation routine 1414 may provide the HVAC system to
be turned on to increase the temperature and humidity to a target level (e g., below 75°F and
70%;}.

[0083] At {5}, the sanitation routine 1414 5 executed by the enclosed space 110
Specifically, the processor 1402 may execute the samtation routine 1414 to adjust the
environmental condition of the enclosed space 110, As ndicated above, the samtation routine
1414, when executed by the processor 1402, may cause a component associated with the
enclosed space 110 fo adjust the current environment of the enclosed space toward a target
environmental condition. For example, the sanutation rogtine 1414 may specify a target
envirorunental condition of temperature of 73°F and hunudity of 70%, and that the HVAC
system within the enclosed space 110 of a vehicle will be utilized to adjust the current
temperature and hunudity of the enclosed space 110 to temperature of 75°F and hamidity of
70%. Alternatively, if the temperature outside the vehicle 15 above 75°F and humiadity outside
the vehicle 1s above 70%, the sanitation routine 1414, when executed by the processor 1402,
will cause side window(s} and/or top window(s) to roll open to adjust the temperature and
hunudity of the vehicle toward the target levels. Additionally, and optionally, before executing
the sanitation routine 1414, the processor 1402 may determine whether any sensitive entities
are present within the enclosed space 110, Such determination can be based on sensor data
mdicative of the presence of sensifive entities generated by the sensors 1408 In some
embodiments, the processor 1402 executes the sanitation routine 1414 after determuning that

no sensitive entities are present within the enclosed space 110, Additionally, the sensors 1408
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can monitor the environmental condition of the enciosed space during and/or after the
execution of the sanitation routing 1414

[6084] Thereafter, at {6}, the enclosed space 110 may report to the network service
provider 1440 and/or the user device 1450 the environmental condition of the enclosed space
after the sanitation routing 1414 is executed. The report can include the environmental
condition {e.g., whether there 1s presence of some pathogen) of the enclosed space 110 after
the execution of the sanitation routine 1414, The report can further include the approaches
{e.g., using disinfection lighting, vapor, heating, or employing service robot) that are adopted
by the enclosed space 110 for sanitation. Additionally, the report can include certification
information stating that the sanitation condition of the enclosed space has been certified to be
in compliance with some public or proprietary sanitation standards and/or protocols. In some
embodiments, the report can be displayed through the application program 1452 mnstalled on
the user device 1450 to allow the user to be informed of the sanitation condition of the enclosed
space. In some embodiments, the report can include information indicating that some areas of
the enclosed space 110 have not reached sanitation condition requested by the user or that the
user 1s advised not to contact some areas {e.g., a front seat of a vehicle) of the enclosed space
1o

[0085] At (7}, the request of the service may be confumed between the user device
1450 and the network service provider 1440, For example, the user device 1430 may
communicate to the network service provider 1440 through the application program 1452 that
the user stifl mtends to be served at the earlier requested time when the sanitation condition of
the enclosed space 110 after the execution of the sanitation routine 1414 does not reach the
level requested by the user device 1450, As another example, the user device 1450 may
communicate to the network service provider 1440 through the application program 1452 that
the user would hike to wait to be served until the environmental condition of the vehicle has
reached the sanitation level demanded by the user.

[0086] The foregoing disclosure is not itended to himat the present disclosure to
the precise forms or particular fields of use disclosed. As such, it s contemplated that various
alternate embodiments and/or modifications to the present disclosure, whether explicitly
described or implied herein, are possible in light of the disclosure. Having thus described

embodiments of the present disclosure, a person of ordinary skill in the art will recognize that
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changes may be made in form and detail without departing from the scope of the present
disclosure. Thus, the present disclosure 1s himited only by the claims.

[6087] The processes described herein or tllustrated in the figures of the present
disclosure may begin in response to an event, such as on a predetermined or dynamicaily
determined schedule, on demand when initiated by a user or system administrator, or in
response to some other event. When such processes are mntiiated, a set of executable program
instructions stored on one or more non-transitory computer-readable media (e.g., hard dnive,
flash memory, removable media, etc.} may be loaded into memory {e g, RAM) of a server or
other computing device. The executable instructions may then be executed by a
hardware-based computer processor of the computing device. In some embodiments, such
processes or portions thereof may be implemented on multiple computing devices and/or
multiple processors, serially or in paraliel.

[0088] Depending on the embodiment, certain acts, events, or functions of any of the
processes or algorithms described herein can be performed in a different sequence, can be
added, roerged, or left out altogether {e.g., not all described operations or events are necessary
for the practice of the algorithm). Moreover, in certain embodiments, operations or events can

be performed concurrently, e g., through multi-threaded processing, interrupt processing, or

&
multiple processors or processor cores or on other parallel archuectures, rather than
sequentially.

[8089] The various iHustrative logical blocks, modules, routines, and algorithm steps
deseribed in connection with the embodiments disclosed herein can be wmplemented as
electronic hardware (e.g., ASICs or FPGA devices), computer software that runs on computer
hardware, or combinations of both. Moreover, the vanous dlustrative logical blocks and
modules described m connection with the embodiments disclosed herein can be implemented
or performed by a8 machine, such as a processor device, a digital signal processor ("DSP”), an
apphication specific integrated circuit {"ASIC?), a field programmable gate array ("FPGA”) or
other programmable logic device, discrete gate or transistor logic, discreie hardware
components, or any combination thereof designed to perform the functions described herein.
A processor device can be a microprocessor, but in the alternative, the processor device can be
a controller, microcontroller, or state machine, combinations of the same, or the ke A

processor device can include electrical circuitry configured to process computer-executable

-38-



WO 2023/163943 PCT/US2023/013509

instructions.  In another embodiment, a processor device includes an FPGA or other
programmable device that performs logic operations without processing computer-executable
instructions. A processor device ¢an also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of microprocessors,
one Of mMofe MICToProcessors in conjunction with a DSP core, or any other such configuration.
Although described herein primarily with respect to digital technology, a processor device may
also include primarnily analog components. For example, some or all of the rendering
techniques described herein may be mmplemented i analog circuitry or mixed analog and
digital circuitry. A computing environment can include any type of computer system,
mcluding, but not himited to, a computer system based on a microprocessor, a mainframe
computer, a digital signal processor, a portable computing device, a device controller, or a
computational engine within an appliance, to name a few.

009G} The elements of a method, process, routine, or algorithm described in
connection with the embodiments disclosed herein can be embodied directly 1n hardware, ina
software module executed by a processor device, or in a combination of the two. A software
mmodule can reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM merory, registers, hard disk, a removable disk, a CD-ROM, or any other form of a
non-transitory computer-readable storage medium.  An exemplary storage medium can be
coupled to the processor device such that the processor device can read information from, and
write nformation to, the storage mediom.  In the alternative, the storage medium can be
mitegral to the processor device. The processor device and the storage medium can reside n
an ASIC. The ASIC can reside in a user terminal. In the alternative, the processor device and
the storage medium can reside as discrete components 1 a user terminal.

[6091] In the foregomg specification, the disclosure has been described with
reference to specific embodiments. However, as one skilled 1o the art will appreciate, various
embodiments disclosed herem can be modified or otherwise implemented 1n various other
ways without departing from the spirit and scope of the disclosure Accordingly, this
description is to be considered as ilustrative and is for the purpose of teaching those skilled in
the art the manner of making and using various embodiments of the present application. It is
to be understood that the forms of disclosure herein shown and described are to be taken as

representative embodiments. Equivalent elements, materials, processes, or steps may be
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substituted for those representatively illustrated and described herein. Moreover, certain
features of the disclosure may be utilized independently of the use of other features, all as
would be apparent to one skilled in the art after having the benefit of this description of the
disclosure. Expressions such as "including", "comprising", "incorporating”, "consisting of",
"have", "is" used to describe and claim the present disclosure are intended to be construed ina
non-exclusive manner, namely allowing for items, components or glements not exphicitly
described also to be present. Reference to the singular is also to be construed to relate to the
plural.

060921 Further, various embodiments disclosed herein are to be taken in the
itlustrative and explanatory sense, and should in no way be construed as limiting of the present
disclosure. All joinder references {e.g, attached, affixed, coupled, connected, and the like} are
only used to aid the reader's understanding of the present disclosure, and may not create
limitations, particularly as to the position, orientation, or use of the systems and/or methods
disclosed herein. Therefore, joinder references, if any, are to be construed broadly. Moreover,
such joinder references do not necessarily mfer that two elements are directly connected to
each other.

30931 Addmionally, all numerical terms, such as, but not houted to, "fust”,
*second”, "third", "primary”, "secondary”, "mamn” or any other ordinary and/or numerical
terms, should also be taken only as identifiers, to assist the reader's understanding of the various
elements, embodiments, vanations and/or modifications of the present disclosure, and may not
create any limtations, particularly as to the order, or preference, of any element, embodiment,
varation and/or modification relative 1o, or over, another element, embodiment, variation
and/or modification.

[6094] It will also be appreciated that one or more of the elements depicted 1 the
drawings/figures can also be nuplemented in a more separated or integrated manner, or gven
removed or rendered as moperable in certain cases, as 1s useful m accordance with a particular

apphication.
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WHAT IS CLAIMED:

1. A system for sanitizing an enclosed space, the system comprising:
a plurality of sensors configured to
detect a current environmental condition associated with the enclosed
space; and
generate a first sensor data based on the current environmental
condition; and
a processor configured to
obtam a santation routine or generate the sanitation routine based at
ieast in part on the first sensor data; and
execute the saniiation routine,
wheretn the sanitation routine specifies at least a target environmental condition
and a component associated with the enclosed space, and wherein the sanitation
routine, when executed by the processor, causes the component to adjust the current
environmental condition toward the target environmental condition,

2. The system of Claim 1, wherem the plurality of sensors comprise at least one
of an 1mage sensor, an acoustic sensor, a thermal sensor, a pressure sensor, 4 capacitive sensor,
a radio frequency sensor or a gas Sensor.

3 The systern of Claim 1, wheremn:

the plurality of sensors are further configured to:
detect absence of one or more entities within the enclosed space; and
generate a second sensor data based on the absence of the one or more
entities; and
the processor 1s further configured to:
determine the absence of the one or more entities within the enclosed
space based on the second sensor data,
wheretn the processor executes the sanitation routing in response to determining

the absence of the one or more entities within the enclosed space.
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4. The system of Claim 1, wherein the current environmental condition comprises
an external environmental condition outside of the enclosed space and an internal
environmental condition within the enclosed space.

5. The system of Claim 1, wherein the enclosed space is a vehicle intertor or a
building room.

6. The system of Claim 1, wherein the component is a light source deployed within
the enclosed space and the sanitation routine comprises emitting a visible or an invisible fight
from the hight source

7. The system of Claim 1, wherein the component 15 a vaporizer deployed within
the enclosed space and the sanitation routine comprises emitting vapor from the vaporizer.

8. The system of Claim 1, wherein the component is a seat deployed within the
enclosed space and the sanitation routine comprises changing a position or an orientation of
the seat.

9. The system of Claim 1, wherein the component is a seat deployed within the
enclosed space and the santtation routine comprises rolling out a seatbelt of the seat.

10, The system of Claun 1, wherein the component 1s a heating, ventilation, and air
condittoning (HVAC) system deployed withun the enclosed space, and wherein the santtation
routing comprises ncreasing a teroperature of the enclosed space by the HVAC system.

11 The system of Claim 1, wherein the enclosed space 15 an interior of a vehicle
and the component 15 an autonomous driving system of the vehicle, and wherein the sanitation
routine comprises changing an orientation or a posttion of the vehicle by the autonomous
driving system of the vehicle.

12. The system of Claim 1, wherein the enclosed space 15 an mntenior of a vehicle
and the component 1s a service robot stationed at a parking lfot, and wherein the sanitation
routine comprises heating the mterior of the vehicle by the service robot.

3. The system of Claim 1, wherein the enclosed space 15 an mterior of 2 vehicle
and the component is a center display deploved within the interior of the vehicle, and wherem
the samtation routine comprises changing an angle of the center display relative to a light
source outside the interior of the vehicle.

14 The system of Claim 1, wherein the enclosed space s an interior of a vehicle

and the component is a window of the vehicle, and wherein the sanitation routine comprises
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rolling down the window to expose the interior of the vehicle to a light source outside the
mterior of the vehicle,
15 A computer-implemented method for sanitizing an enclosed space, wherein the
enclosed space comprises a plurality of sensors and a processor, the method comprising:
detecting, by the plurality of sensors, a current environmental condiion
associated with the enclosed space;
generating, by the plurality of sensors, a first sensor data based on the current
environmental condition;
receiving or generating, by the processor, a sanitation routine, wherein the
sanitation routine i1s generated based at least in part on the first sensor data; and
causing, by the processor, a component associated with the enclosed space to
adjust the current environmental condition associated with the enclosed space toward
a target environmental condition,
wherein the santiation routine specifies at least the target environmental
condition and the component associated with the enclosed space.
16, The computer-iroplemented method of Claim 15, further comprising:
detecting, by the plurality of sensors, absence of one or more entities within the
enclosed space;
generating, by the plurality of sensors, a second sensor data based on the
absence of the one or more entities; and
determining, by the processor, the absence of the one or more enfities within
the enclosed space based on the second sensor data,
wheretn the processor executes the santtation routing 1n response to determuning
the absence of the one or more entities within the enclosed space.
17. The computer-implemented method of Claim 16, further comprising;
receiving, by the processor, weather mformation from 3 source external to the
enclosed space, and wherein the processor generates the santtation routine further based
on the weather information in response to determining the absence of the one or more

entities within the enclosed space.
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18 One or more non-transtiory computer-readable media comprising instructions
executable at a sanitation system of an enclosed space, wheremn the imstructions, when executed
by the sanitation system, cause the samtation system to:

detect a current environmental condition associated with the enclosed space;

generate a first sensor data based on the current environmental condition;

generate a sanitation routing based at least in part on the first sensor data; and

execute the sanitation routine,

wheretn the sanitation routine specifies at least a target environmental condition
and a component associated with the enclosed space, and wherein executing the
sanitation routine causes the component to adjust the current environmental condition
toward the target environmental condition

19. The one or more non-transttory computer-readable media of Claim 18, wherein
the current environmental condition comprises an external environmental condition outside of
the enclosed space and an internal environmental condition within the enclosed space.

20, The one or more non-transitory computer-readable media of Claim 18, wherein

the enclosed space 1s a vehicle interior or a building room.
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device/method for automatically sanitizing the interior of
buildings by employing: i) sensors; ii) means for promoting
disinfection; iii) a processing unit configured to command
said tools based on means for promoting disinfection in
order to achieve certain target values

3. claims: 8 (completely); 1-5, 10, 15, 16, 18-20(partially)

device/method for automatically sanitizing the interior of
vehicles or buildings by employing: i) sensors; ii) means
for promoting disinfection; iii) a processing unit
configured to command said tools based on means for
promoting disinfection in order to achieve certain target
values, wherein the sanitation routine comprises the
modification of the position or orientation of the seats in
the the interior of vehicles or buildings

4. claims: 9 (completely); 1-5, 10, 15, 16, 18-20(partially)

device/method for automatically sanitizing the interior of
vehicles or buildings by employing: i) sensors; ii) means
for promoting disinfection; iii) a processing unit
configured to command said tools based on means for
promoting disinfection in order to achieve certain target
values, wherein the sanitation routine comprises the
automatic roll-out of seat-belts in the interior of vehicles
or buildings

5. claims: 11, 17 (completely); 1-5, 10, 15, 16, 18-20(partially)

device/method for automatically sanitizing the interior of
vehicles by employing: i) sensors; ii) means for promoting
disinfection; iii) a processing unit configured to command
said tools based on means for promoting disinfection in
order to achieve certain target wvalues, wherein the
sanitation routine comprises the changing of an orientation
or a position of a vehicle by its autonomous driving system
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6. claims: 12 (completely); 1-5, 10, 15, 16, 18-20(partially)

device/method for automatically sanitizing the interior of
vehicles by employing: i) sensors; ii) means for promoting
disinfection; iii) a processing unit configured to command
said tools based on means for promoting disinfection in
order to achieve certain target wvalues, wherein the
sanitation routine comprises the heating the interior of the
vehicle by a service robot in a parking lot

7. claims: 13 (completely); 1-5, 10, 15, 16, 18-20(partially)

device/method for automatically sanitizing the interior of
vehicles by employing: i) sensors; ii) means for promoting
disinfection; iii) a processing unit configured to command
said tools based on means for promoting disinfection in
order to achieve certain target wvalues, wherein the
sanitation routine comprises changing an angle of the center
display relative to a light source outside the interior of
the wvehicle

8. claims: 14 (completely); 1-5, 10, 15, 16, 18-20(partially)

device/method for automatically sanitizing the interior of
vehicles by employing: i) sensors; ii) means for promoting
disinfection; iii) a processing unit configured to command
said tools based on means for promoting disinfection in
order to achieve certain target wvalues, wherein the
sanitation routine comprises rolling down the window of a
vehicle to expose the interior of the vehicle to a light
source outside the interior of the vehicle




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2023/013509
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2021308300 Al 07-10-2021 CN 115103694 A 23-09-2022
EP 4132593 Al 15-02-2023
JP 2023519678 A 12-05-2023
Us 2021308300 A1l 07-10-2021
WO 2021206869 Al 14-10-2021
US 2020061223 Al 27-02-2020 Us 2020061223 Al 27-02-2020
WO 2020040990 A1 27-02-2020

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - wo-search-report
	Page 64 - wo-search-report
	Page 65 - wo-search-report
	Page 66 - wo-search-report
	Page 67 - wo-search-report

