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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
02 November 2023 (02.11.2023)

(10) International Publication Number

WO 2023/212437 Al

WIPO I PCT

(51) International Patent Classification:
GO1S 7/41 (2006.01)

(21) International Application Number:
PCT/US2023/063095

(22) International Filing Date:
23 February 2023 (23.02.2023)

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

63/336,559 29 April 2022 (29.04.2022) UsS

(71) Applicant: APPLE INC. [US/US]; One Apple Park Way,
Cupertino, California 95014 (US).

(74) Agent: LINDERMAN, Evan et al.; 3001 West Big Beaver
Rd., Suite 624, Troy, Michigan 48084 (US).

(81) 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,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA,
ZM, ZW.

. (84) Designated States (unless otherwise indicated, for every
(72) Inventors: DENNIS, Nathaniel J., c/o One Apple Park kind of regional protection available): ARIPO (BW, CV,
Way, Cupertino, California 95014 (US). SEWELL, Jeffrey GH. GM.KE. LR. LS. MW. MZ. NA. RW. SC. SD. SL. ST
A.; ¢/o One Apple Park Way, Cupertino, California 95014 Sz ,TZ iJG ,ZM, ZV(’) Eu,rasia,n ( AM AZ B’Y I,<G ,KZ,
USs). HAKI.M’ Joseph; c/o0 One Apple Park Way, Cuperti- RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
no, California 95014 (US). DE. DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
(54) Title: OBJECT DETECTION
169 102,
\ \ )
m\4-\ L 166 N
\ )
S ]
Niss
120‘\\&
118
//’/

wo 20237212437 A1 N0 00000 AP0 00 00 0

FIG. 1
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restraint to generate the first group of reflected radar waves, and the second group of radar waves is reflected off objects other than the
restraint. A controller is configured to determine a shape of the restraint based on the first group of reflected radar waves.
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OBIECT DETECTION

CROSS-REFERENCE TO RELATED APPLICATIONS
[8001] This application claims the benefit of United States Provisional Application No.
63/336,559, filed on Apnil 29, 2022, the contents of which are hereby incorporated by reference

in 1ts entirety for all purposes.

FIELD

{6082] The present disclosure relates generally to the field of detecting an object.

BACKGROUND
[8083] An occupant restraint secures an occupant to a seat. In some instances, the occupant

wears the oceupant restraint incorrectly, or not at all.

SUMMARY
{8084] One aspect of the disclosure is a system that includes a radar sensor positioned in a
cabin of a vehicle and configured to transmit radar waves into the cabin and receive a first group
of reflected radar waves and a second group of reflected radar waves. A restraint includes a
material that causes the transmitied radar waves to reflect off the restraint to generate the first
group of reflected radar waves, and the second group of radar waves is reflected off objects other
than the restraint. A controller is configured to determine a shape of the restraint based on the
first group of reflected radar waves.
[80685]  Another aspect of the disclosure is a system that includes a sensor positioned in a cabin
of a vehicle and configured to transmit a first electromagnetic wave into the cabin and receive 4
second electromagnetic wave, where the first electromagnetic wave includes first angular
orientation. A material 1s located inside the cabin and 1s configured to cause the first
electromagnetic wave to reflect off the material to generate the second electromagnetic wave
with a second angular orientation. An angular difference between the first angular orientation and
the second angular orientation is less than a threshold value,
[8006] Yet ancther aspect of the disclosure 18 a radar sensor that transmits radar waves toward

an occupant restraint and receives reflected radar waves from the occupant restraint. A controller
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is configured to determine a shape of the occupant restraint based on the reflected radar waves
and that the shape of the occupant restraint indicates the occupant restraint is being worn
incorrectly by an oceupant. The controller is configured to provide a notification to the occupant

via an output component that the occupant restraint is being worn incorrectly.

BRIEF DESCRIPTION OF THE DRAWINGS
[8087] FIGS. 1-2 are schematic dlustrations of a side view and a frout view, respectively, of a
cabin of a vehicle.
[6008] FIG. 3 is an tllustration of a portion of an embodiment of a restraint.
{0009]  FIG. 415 an itllustration of a portion of another embodiment of a resiraint.
[8010] FIG 5 is a schematic illustration of electromagnetic waves propagating in the cabin of
the vehicle of FIGS. 1-2.
{8011] FIG 6 is a block diagram of a radar sensor.
[8012] FIG. 7 1s a block diagram of a controller

{6613] FIG. 8 is a flowchart that shows a process for determining a shape of a restraint.

DETAILED DESCRIPTION
[8014] The disclosure herein relates to devices, systems, and methods that can detect whether a
restraint is being misused by an occupant 1n a vehicle. Detecting whether a restraint is being
misused can be accorplished using one or more sensors to detect and deternune a three-
dimensional shape of a restraant within a cabin of a vehicle. The three-dimensional shape of the
restraint is compared to an expected shape to determine whether the restraint is being misused.
Upon determining that the restraint is being misused, notification of the misuse can be provided,
and an operating state of the vehicle can be changed.
{60158} FIGS. 1-2 are schematic iHustrations of a side view and a front view, respectively, of a
cabin 104 of a vehicle 100. The vehicle 100 can be any type of vehicle including, but not limited
to, gas or diesel-powered vehicles, electiic vehicles, boat or marine vehicles, aireratt {e.g.,
airplanes, helicopters, etc.), remote-controlled vehicles, etc. The vehicle 100 may be configured
using wheels, tracks, treads, fans, propeliers, etc.
{8616] The vehicle 100 includes a vehicle body 102 that defines and at least partially encloses

a cabin 104 The cabin 104 is the area inside the vehicle 100 which is occupied by an occupant
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when vehicle 100 moves from one location to another location. The cabin 104 includes a first
seat 108 and a sccond seat 208, and both the first seat 108 and the second seat 208 are fixed
(etther directly or indirectly} to a floor 118 of the cabin 104, In some implementations, the first
seat 108 and the second seat 208 are coupled to seat suspension systems (not shown) that are
coupled to the vehicle body 102 and/or the floor 118 and are configured to absorb at least some
of the forces imparted to the vehicle body 102 by read features as the vehicle 100 travels over a
road. The cabin 104 is shown as baving a rectangular cross-section, however the cabio 104 can
have any cross-sectional shape that is compatible with the systems described herein.

[8017] The first seat 108 and the second seat 208 are configured to support occupants {e.g , the
first seat 108 supports a first occupant 114 and the second seat 208 supports a second occupant
214} To secure the first cccupant 114 and the second occupant 214 to the first seat 108 and the
second seat 208, respectively, the vehicle 100 also includes a first restraint 112 and a second
restraint 212, The first restraint 112 is shown with all portions of the first restraint 112 located in
frout of the first occupant 114. The second resiraint 212 15 shown with a portion of the second
restraint 212 located behind the second occupant 214, The location of the second restraint 212
bebiod the second occupant 214 indicates the second restraint 212 is being misused (e.g., being
worn incorrectly or not being worn at all) by the second occupant 214, The systems and methods
described herein are configured to detect misuse of a restraint by an occupant and take an action
accordingly.

{60618] The first restraint 112 is coupled to the first seat 108, the vehicle body 102, or both, via
restraint anchors 110, The restraint anchors 110 fix the first restraint 112 1n various locations o
secure the first occupant 114 in the first seat 108. For example, as shown in FIGS. 1-2, the
restraint anchors 110 are fixed n three locations {e.g., two of the restraint anchors 110 are
positioned adjacent to a hip of the first cccupant 114 and one of the restraint anchors 110 1s
positioned adjacent to a shoulder of the first occupant 114) to provide a three-point restraint. In
some implementations, the first restraint 112 1s movably coupled with a subset of the restraint
anchors 110 and 1s releasably coupled with a remainder of the restraint anchors 110, For
exampie, the first restraint 112 may be movably coupled with {e g., the first restraint 112 can be
unrolled from and/or rolled up using a spool} one of the restraint anchors 110 {(e.g., the restraint
anchor 110 positioned adjacent to a shoulder of the first occupant 114), may be fixed to another

one of the restraint anchors 110 {e.g., the restraint anchor 110 positioned adjacent to a hip of the
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first occupant and below the restraint anchor 110 positioned adjacent to the shoulder of the first
occupant 114), and may be releasably coupled with another one of the restraint anchors 110 that
is positioned adjacent to the opposite hip of the first occupant 114 {(e.g, via a latch movably
positioned on the first restraint 112). Though three of the restraint anchors 110 are shown in
FIGS. 1-2, more or fewer of the restraint anchors 110 may be used. For example, two of the
restraint anchors 110 may be implemented for a two-point restraint, four of the restraint anchors
110 may be iroplemented for a four-point restraint, five of the restraint anchors 110 roay be
implemented for a five-point restraint, etc. As shown, the second restraint 212 1s coupled with
restraint anchors 210, The restraint anchors 210 are like the restraint anchors 110 and can be
arranged as described with reference to the restraint anchors 110 on or around the second seat
208,

{8019] The vehicle 100 further includes a sensor 106 located inside the cabin 104, As shown,
the sensor 106 1s positioned on a roof 116 of the cabin 104, However, the sensor 106 can be
positioned in various locations within the cabin 104, For example, the sensor 106 can be
positioned on a front portion 120 of the cabin 104, on a rear portion 122 of the cabin 104, on a
first side portion 224 of the cabin 104, or on a second side portion 226 of the cabin 104 T the
example embodiment shown in FIGS, 1-2, one sensor 100 15 shown. However, 1o some
implementations two or more of the sensor 106 can be used in various locations. For example,
two or more of the sensor 106 can be positioned on the roof 116, the front portion 120, the rear
portion 122, the first side portion 224, and/or the second side portion 226

{6028] The seusor 106 1s configured to transmit electromaguetic waves into the cabin 104 and
to receive reflected electromagnetic waves that are reflected off objects located within the cabin
104, In some implementations, the sensor 106 transroits infrared waves wnto the cabin 104 In
such implementations, the sensor 106 may be referred to as an infrared sensor or an infrared
camera. The sensor 106 may also transmit radar {e.g., radio) waves into the cabin 104, in which
case the sensor 106 may be referred to as a radar sensor or radar device. The sensor 106 1s further
described with reference to FIGS. 5-6.

{80211 FIG. 3 s an dlustration of a portion of an embodiment of the first restraint 112, The
first restraint 112 is shown to include a substrate 320 and a material 322. The substrate 320
{(which may also be referred to as “webbing”™) is typically constructed from nylon and/or

polyester fibers that are woven together to produce a strap that operates as the first restraint 112
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The material 322 is a radar reflective material {e g, a material that reflects a transmitted radar
wave with a stronger signal than a material that s not radar reflective) that is woven with the
substrate 320 such that the material 322 is fixed 1o the substrate 320. . The material 322 may be a
metal or metal fibers manufactured to produce a thread or a thin, flexible rod that can be woven
with the substrate 320, In some implementations, the material 322 1s a thread that includes silver.
In some embodiments, other metals are used {e.g., steel, aluminum, nitinol, gold, platinum,
copper, bronze, ete. ). The material 322 may also be configured to cause a radar wave to be
reflected with a specitied polarization angle{e g, the angle between the radar wave and an axis
perpendicular to the axis along which the radar wave 1s traveling). The term “angular
orientation” may also be used to refer to the polarization angle. The material 322 may be
produced by wrapping a metallic foil around a flexible core (e.g, a silk fiber, a linen fiber, a
polyester fiber, a nylon fiber, etc ). In some implementations, the material 322 is woven into the
substrate 320 when the substrate 320 is manufactured. The material 322 may also be woven or
otherwise coupled to the substrate 320 after the substrate 320 is manufactured.

{60622]  As shown, the material 322 may be woven into the substrate 320 as a single thread or
fiber that extends along the entive length of the substrate 320. In some implementations, the
material 322 may include multiple threads that are woven into the substrate 320 and extend along
the entire length of the substrate 320. The sensor 106 receives radar waves reflected from the
material 322 and can determine a shape of the substrate 320 {and therefore the shape of the first
restraint 112) based on the reflected radar waves. The material 322 may be configured in a non-
repeating {¢.g., random ) arrangement on the substrate 320, as shown in FIG. 3. The sensor 106
may be configured to recognize the non-repeating arrangement and determine the shape of the
substrate 320 based on the three~-dimensional shape of the nov-repeating arrangement.
implementations including a non-repeating pattern may be beneficial in determining a location of
a specific portion of the substrate 320. Hach feature of the material 322 {e.g , peaks, valleys,
straight sections, curves, etc.) along the substrate 320 is unique, so determining locations of those
unique features in three-dimenstonal space can aid in determining not only the shape of the
substrate 320, but also in determining a size of the first occupant 114, For example, a peak of the
material 322 may be located in a specific location along the length of the substrate 320. If the
peak is located near the restraint anchor 110 positioned near the shoulder of the first occupant

114, that may indicate that the first occupant 114 is small. On the other hand, if the peak 1s
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located near the restraint anchor 110 to which the first restraint 112 is latched, that may indicate
the first occupant 114 is large {e.g., a longer length of the first restraint 112 1s required to secure
a larger occupant than a smaller occupant, and the three-dimensional positions of features of the
material 322 will change based on the size of the occupant). In some embodiments, the material
322 may be configured o a repeating pattern on the substrate 320, For example, the material 322
may be woven into the substrate 320 to produce shapes {e.g., squares, triangles, circles, etc.},
fetters, words, images, etc. 1o a patiern that is identifiable by the sensor 106 and/or a controller
associated with the sensor 106, The sensor 106 may be configured to determine the shape of the
substrate 320 based on the three-dimensional shape of the repeating pattern. The sensor 106 may
also be configured to determing occupant size based on the number of repeated shapes indicated
by the retlected radar wave. For example, if the repeating pattern includes triangles, more
triangies that reflect the transmitted radar wave indicate a longer length of the first restraint 112,
which indicates a larger occupant. In some implementations, the material 322 includes an
identifying pattern on a surface of the material 322 that can be distinguished by the sensor 106
and/or a controller associated with the sensor 106, For example, the material 322 may include a
series of etchings o the form of a bar code that can be distinguished by the sensor 106 and/or a
controtler associated with the sensor 106, The material 322 may also 1nclude a known geometric
pattern that has a known positional relationship with respect to the first restraint 112, The
geometric patiern may be interpreted by the sensor 106 to determine a three-dimensional position
of the first restraint 112, a curvature of the first restraint 112, a position of the first restraint 112
with respect to the first occupant 114, and whether any portions of the first restraant 112 are
obstructed from view by the sensor 106. Any combination of the non-repeating patiern, repeating
pattern, and/or identifying pattern can be implemented in the embodiments of the first restraint
112 described herein. For example, the first restraint 112 may include a first portion of the
substrate 320 where the matenial 322 15 arranged 1n a non-repeating manner, a second portion of
the substrate 320 where the material 322 ts arranged in a repeating patters, and a third postion of
the substrate 320 where the material 322 1s arranged in an 1dentifying pattern.

{6023] FIG. 415 an dlustration of a portion of another embodiment of a restraint 412, The
restraint 412 includes the substrate 320 and a material 424. The material 424 is like the material
322 except that multiple pieces of the waterial 424 are woven into the substrate 320 tn various

orientations as opposed to a length of the material 322 that extends along a length of the
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substrate 320 as described with reference to FIG. 3 (e.g., a single or multiple threads that extend
continuously along the length of the substrate 320). The material 424 may be arranged in various
tengths and/or orientations relative to the length and width of the substrate 320. As shown, the
material 424 includes various lengths of the material 424 arranged along the width of the
subsirate 320 (e.g, transverse to the length of the substrate 320). The matenial 424 can also
include various lengths of the material 424 arranged along the length of the substrate 320 In
some implementations, the matenial 424 can inchude various lengths of the material 424 arranged
in various orientations {e.g., along the width of the substrate 320, along the length of the
substrate 320, and angled relative to the length and width of the substrate 320). In some
embodiments the various lengths of the material 424 may be arranged like a bar code that can be
distinguished by the sensor 106 and/or a controller associated with the sensor 106, Furthermorg,
the material 424 can be arranged in other manners than those described above. For example, the
material 424 may be arranged to include straight lengths of the material 424 in combination with
various shapes, letters, images, etc.

{6024} FIG. 5 1s a schematic illustration of electromagnetic waves propagating in the cabin 104
of the vehicle 100 of FIGS. 1-2. As shown, the sensor 106 transmiis an electromagnetic wave
530 that has a frequency range between four hundred megabertz and thirty-six gigahertz,
inclusive {e.g., a radar wave) toward the first restraint 112 along an axis 532, . The
electromagnetic wave 530 has a predetermined angular orientation {e.g., predetermined
polarization or incident polarization) such that the electromagnetic wave 530 1s oriented 1n a
generally vertical direction {e.g., the peaks and valleys of the clectromagnetic wave S30 extend
generally vertically up and generally vertically down, respectively) with an amplitude of Hi. The
electromagnetic wave 330 reaches the first restraint 112 and the electromagnetic wave 530
reflects off the first restraint 112 to produce a reflected electromagnetic wave 534 {e g, a
reflected radar wave). The reflected clectromagnetic wave 534 extends away from the first
restraint 112 along an axis 536 such that there is an angle A {(e.g., an angle of reflection) between
the axis 532 and the axis 536. As described above with respect to FIG. 3, the first restraint 112
includes a radar reflective matenial {g.g., the material 322}, In some implementations, the
material 322 causes the reflected electromagnetic wave 534 to have an amplitude (Hz as shown
i FIG. 5) that is higher than an amplitude of waves reflected off other objects in the cabin 104

{e.g, seat materials like cloth and/or leather, clothing and/or skin of cccupants, etc ).
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Additionally, the material 322 may cause the reflected electromagnetic wave 534 to mainiain the
predetermined angular ortentation of the electromagnetic wave 530. In the example embodiment
shown tn FIG. 5, the material 322 causes reflected electromagnetic wave 534 to maintain the
polarization of the electromagnetic wave 530 such that the reflected electromagnetic wave 534 i
oriented in a generally vertical direction like the electromagnetic wave 530, In other
embodiments, the material 322 causes the reflected electromagnetic wave 534 to be oriented in a
direction other than generally vertical {e.g., geverally borizontal, generally at a forty-five-degree
angle, etc.).

{B025] For explanation purposes, FIG. 5 shows only one transmitted wave (the electromagnetic
wave 530} and one reflected wave (the reflected electromagnetic wave 534). However, the sensor
106 1s configured to transmit multiple electromagnetic waves simultaneously and receive
muttiple reflected electromagnetic waves simultanecusly. Accordingly, the sensor 106 can
simultaneously receive a first group of reflected electromagnetic waves (2.g., electromagnetic
waves reflected off the first restraint 112 that includes the material 322) and a second group of
electromagnetic waves {e.g., electromagnetic waves reflected off objects other than the material
322). Furthermore, though vot shown in FIG. 5, the sensor 106 {or another one or the sensor 106

positioned in a different location in the cabin 104) may also receive the electromagnetic wave

(2l

334,

{6026] FIG. 615 a block diagram of the sensor 106, The sensor 100 1s shown to include a
transmitier 640, a receiver 642, a power source 644, and a controller 646 that is electronically
coupled to an external device 648.

186627} The transnitter 640 is configured to generate electromagnetic waves {e.g., radar waves)
and direct the electromaguetic waves into the cabin 104 via an antenna (not shown). The
transmitter 640 can generate the electromagnetic waves having a specified wavelength. The
receiver 642 is configured to receive electromagnetic waves that are reflected off objects in the
cabin 104. For example, the receiver 642 may receive electromagnetic waves reflected off the
first seat 108, the first occupant 114, the first restraint 112, the material 322, and any other
objects that may be located 1nside the cabin 104, The power source 644 is contigured to provide
power to the sensor 106 to operate the receiver 642, the power source 644, and the controller
646, In some embodiments, the power source 644 ts dedicated to the sensor 106 (e.g., the power

saurce 644 does not provide power to other devices or systems within the vehicle 100} In some
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implementations, the power source 044 is part of another system of the vehicle 100 and is
clectrically coupled with the sensor 106 to provide power to the sensor 106,

{86028} The controller 646 is in communication with the transmitter 640 and the recgiver 642
and 18 configured to differentiate between objects located inside the cabin 104 based on the
reflected electromagnetic waves recetved by the receiver 642, The controller 646 15 also
configured t¢ determine the three-dimensional shapes of the objects located inside the cabin 104
based ou the reflected electromaguetic waves received by the recetver 642. For example, the
controlier 646 is configured to determine a three-dimensional shape of the material 322 based on
the reflected electromagnetic waves. The controller 646 18 further described with reference to
FIGS. 7-8.

16029] The external device 648 is in communication with the controller 646 and is contigured
to communicafe with an occupant (e g, the first occupant 114, the second occupant 214, ete )
inside the cabin 104, The external device 648 (also referred to as an cutput component) can
include a display that 15 configured to provide information to the first occupant 114 and the
second occupant 214, The information can be provided visually and/or audially. The external
device 648 can also include an audio device (e.g., a speaker) that does not provide visual
information. Additionally, the external device 648 can include a haptic device located in or on
the first seat 108 and the second seat 208 that is configured to provide a haptic notification to the
first occupant 114 and/or the second occupant 214,

[6030] In some implementations, the external device 648 can be coupled to the vehicle 100,
For example, the external device 048 may include a display located on a dashboard, a console,
the first seat 108, the second seat 208, or any other surface located inside the cabin 104 and is
configured to provide information to first occupant 114 and/or the second occupant 214, In some
embodiments, the external device 648 can be independent of {e.g., not coupled to) the vehicle
100, For example, the external device 648 may include a mobile device {e.g., a mobile phone, a
tablet computer, a smart watch, a faptop computer, eic.). The external device 648 may also
include a computing device or system that controls operation of the vehicle 100,

{8031]  FIG. 7 15 a block diagram of the controlier 646, The controlier 646 may be used to
implement the systems and methods disclosed herein. For example, the controller 646 may
receive data related to the reflected electromagnetic waves from the receiver 642 and control

output of the external device 648 according to the data to provide a notification to the first
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occupant 114 and/or the second occupant 214 and/or to control operation of the vehicle 100, In
an example hardware configuration, the controller 646 generally includes a processor 750, a
memory 752, a storage 754, and a communications interface 756, The processor 750 may be any
suitable processor, such as a central processing unit, for executing computer instructions and
performing operations described thereby. The memory 752 may be a volatile memory, such as
random-access memory {RAM). The storage 754 may be a non-volatile storage device, such as a
hard disk drive (HDD) or a solid-state drive (88D}, The storage 754 may form a computer
readable medium that stores instructions {e.g., code) executed by the processor 750 for operating
the external device 048 and/or the vehicle 100, for example, in the manners described above and
below. The communications interface 756 1s in communication with, for example, the external
device 648, for sending to and receiving from various signals (e.g., control signals and/or
notifications},

{8032] FIG. 8 is a flowchart that shows a process 860 for determining a shape of a restraint For
exarple, the shape of a restraint can be a geometric shape of the restraiont in three-dimensional
space. The shape of a restraint can also be an absoclute position of the restraint in three-
dimensional space. Furthermore, the shape of a restraint can be a position of the restraint relative
to other obiects o the vehicle 100 {e.g, the seats, tloor, roof, etc.), a patiern exhibited by the
restraint, an angular orientation of the restraint, or a combination of any of the above
characteristics. In some embodiments, the shape of a restraint can be a position of the restraint
relative to an occupant {e.g., relative to the torso, head, neck and/or shoulders of the occupant),
and the shape of the restraint can be used to determine whether the occupant 1s out of position
(e.g., laying down, head resting against a support, feet not on the floor, etc.}.
[3033]  The process 860 can be implemented at least in part by the sensor 106 and the
controlier 646. At operation 862, waves are transmitted. For example, the transmitter 640
transmits electromagnetic waves {e.g , transmitted electromagnetic waves) with a specified
wavelength into the cabin 104 of the vehicle 100. As described above, the electromagnetic waves
may be transmitted sirnultaneously as a group (e.g., the first group of electromagnetic waves, the
transmitted electromagunetic waves, etc.). Each of the transmitted electromagnetic waves contacts
an object. For example, the transmitted electromagnetic waves may contact the first seat 108, the
second seat 208, the first occupant 114, the second occupant 214, the restraint anchors 110, the

restraint anchors 210, the roof 116, the floor 118, the front portion 120, the rear portion 122, the
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first side portion 224, the second side portion 226, and any other object located inside the cabin
104. Upon contacting the objects inside the cabin 104, the transmitted electromagnetic waves
reflect off the objects and become reflected electromagnetic waves that have the specified
wavelength {e.g., the same wavelength as the transmitted electromagnetic waves).

[6034] At operation 864, the reflected electromagoetic waves are received. For exaraple, after
being reflected off the objects in the cabin 104, the reflected electromagnetic waves reach the
receiver 642, which receives the reflected electromagnetic waves.

{8035} At operation 806, a shape of a restraint is determined. For example, data corresponding
to the reflected electromagnetic wave {(e.g., wave height, wavelength, polanzation angle, etc )1
analyzed by the controller 640. In some implementations, the controller 646 compares wave
amplitudes {e.g., heights} of all the reflected electromagnetic waves, where a higher wave
amplitude indicates a stronger reflected signal. In such implementations, the controller 646 may
receive a first group of reflected electromagnetic waves that reflect off the material 322 and/or
the material 424 and a second group of reflected electromagnetic waves that reflect off other
objects located inside the cabin 104, Because the material 322 and the material 424 are radar
reflective materials, the aroplitude of the first group of electromagnetic waves ray be higher
than the amplitude of the second group of electromagnetic waves. To determine the shape of a
restraint {e.g., the first restraint 112 and/or the second restraint 212}, the controller 646 analyzes
the data from the first group of reflected electromagnetic waves.

[8036] In another implementation, the controller 646 compares angular orientations (e g.,
polarization angles) of all the reflected electromagnetic waves to the angular orientation of the
transmitted electromagnetic wave. As described, the material 322 and the material 424 may be
configured to cause the reflected electromagnetic wave to have a predetermined angular
orientation. Accordingly, the controller 646 may receive a first group of reflected
electromagnetic waves that have the predetermined angular orientation (thereby indicating that
the first group of reflected electromagnetic waves reflected off the material 322 and/or the
material 424} and a second group of reflected electromagnetic waves that does not have the
predetermined angular orientation (thereby indicating that the second group of reflected
electromagnetic waves reflected off objects other than the material 322 or the material 424} In
some embodiments, the predetermined angular orientation of the first group of reflected

electromagnetic waves may differ from the angular orientation of the transmitted wave by less
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than a threshold value {(e.g , less than ten degrees ditference, ess than five degrees difference,
tess than one degree difference, etc ). In such embodiments, to determine the shape of the first
between the angular orientation of the first group of reflected electromagnetic waves and the
angular orientation of the transmitted electromagnetic waves is less than the threshold value, and
the controtler 646 analyzes the data from the first group of reflected electromagnetic waves.
[8037] In some implementations, the controller 646 determines which group of reflected
electromagnetic waves to analyze based on a pattern of the reflected electromagnetic waves. As
described, the matenial 322 and the material 424 may be configured in various shapes, patterns,
or codes {e.g, bar codes) that the controller 646 can recognize. Accordingly, the controller 646
may receive a first group of reflected electromagnetic waves that have a bar code pattern, where
the bar code indicates the first group of electromagnetic waves reflected off the material 322
and/or the material 424. The controller 646 may also receive a second group of reflected
electromagnetic waves that do not have the bar code patiem, indicating that the second group of
reflected electromagnetic waves reflected off objects other than the material 322 or the material
424, To determine the shape of the first restraint 112 and/or the second restramnt 212, the
controller 646 analyzes the data from the first group of reflected electromagnetic waves.

{8038] The controller 646 may determine the three-dimensional shape of the material 322 or
the material 424 by, for example, using a fime-~-of-flight method. For example, the controlier 646
can determine a three-dimensional location of a point on a surface of the matenial 322 and/or the
material 424 based the time elapsed between sending the transmitted electromagnetic wave into
the cabin 104 via the transmitter 640 and receiving a reflected electromagnetic wave via the
recetver 642, A shorter elapsed time indicates the reflective surface is closer to the receiver 642
and a longer elapsed time indicates the reflective surface is further from the receiver 642, The
controller 646 may also determine a three-dimensional location of a point on a surface of the
material 322 and/or the material 424 based on the angle from which the reflected electromagnetic
wave s received by the receiver 642. A more acute angle indicates the reflective surface is
generally in front of the receiver 642, A more obtuse angle indicates the reflective surface is
generally to a side of the receiver 642. Using these methods in combination, the controlier 646
can determine the three~dimensional shape of the material 322 and/or the material 424

Furthermore, because the material 322 and/or the material 424 is woven into the first restraint
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112 and/or the second restraint 212, the three-dimensional shape of the first restraint 112 and the
second restraint 212 corresponds to the three-dimensional shape of the material 322 and/or the
material 424, Accordingly, the controller 646 determines the three-dimensional shape of the first
restraint 112 and the second restraint 212 based on the reflected electromagnetic waves. Other
known roethods may also be used to determine the three-dimensional shape of the first restraing
112 and the second restraint 212.

[8039] At operation 868, the shape of 3 restraint 18 compared to an expected shape. For
example, the memory 752 and/or the storage 754 may include one or more expected shapes of a
restraint used in a vehicle. The expected shapes may include an expected shape for a three-point
restraint like the first restraint 112 and the second restraint 212, The expected shapes may alsc
include an expected shape for a five-point restraint and any other type of restraint that may be
used. For example, an expected shape of a three-point restraint may include three anchor points
and a shape of the restraint that indicates the restraint is in a position around the occupant to
secure the occupant. The expected shape does not include large discontinuities in the restraint, as
a large discontinuity may indicate the restraint is being misused.

{8040] The controller 646 compares the determined shape of the restraint {e.g. the three-
dimensional shape determined in operation 860} 1o the expected shape. In some implementations,
the controller 646 compares the determined shape of the restraint to the expected shape by using
three-dimensional geometric technigues. For example, the controller 640 may compare Jocations
of various points along the restraint to the expected belt shapes. The controller 646 may also
compare the determined shape of the restraint to the expected shape using a trained neural
network that is trained to determine whether the determined shape of the restraint corresponds {0
the expected shape. The trained neural network may be trained using a large number of examples
of shapes of restraints with ground truth information indicating whether the shape of the restraint
is an expected shape or not an expected shape {e.g., a shape that corresponds to misuse of the
restraint).

{0041] For example, the determined shape of the first restraint 112 and the determined shape of
the second restraint 212 are shown in FIGS. 1-2. The three-dimensional shape of the first
restraint 112 indicates that the first restraint 112 s being worn correctly (2.g., the three-
dimensional geometric technigue indicates the location of various points along the first restraint

112 correspond to the expected shape of the first restraint 112 and/or the trained neural network
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determined that the first restraint 112 exhibits an expected shape). However, the three-
dimenstonal shape of the second restraint 212 includes a discontinuity where the shape of the
second restraint 212 s not clear (e.g., the three-dimensional geometric technique indicates the
location of various points along the second restraint 212 do not correspond to the expected shape
of the second restraint 212 and/or the trained veural network determined that the second restraint
212 does not exhibit an expected shape). As shown in FIG. 2, the discontinuity may indicate that
the second occupant 214 moved a portion of the second restraint 212 behind the second occupant
214 (e.g., the portion of the second restraint 212 1s behind the second occupant 214 or is behind
the second seat 208} such that the second occupant 214 prevents the receiver 642 from receiving
a reflected electromagnetic wave from the portion of the second restraint 212 that 1s behind the
second occupant 214, The discontinuity indicates the second restraint 212 1s being misused by
the second occupant 214 In some implementations, a length of the discontinuity must be greater
than a threshold length for the controller 64¢ to determine that the second restraint 212 is being
misused. For example, the second restraint 212 may exhibit the correct three~dumensional shape
but may also have a small discontinuity, which may indicate that an arm of the second occupant
214 1s i front of the second restraint 212, In such tnstavces, the controller 646 way not
determine that the second restraint 212 is being misused. In some implementations, a
discontinuity must be detected for a threshold duration before the controller 646 determines that
the discoutinuity indicates that the second restraint 212 is being misused. For example, a
discontinuity may occur when an arm of the second occupant 214 moves in front of the second
restraint 212 to pick up a drink from a cup holder located in a center console of the vehicle 100,
The discontinuity may then disappear when the arm of second occupant 214 moves back 1o its
original position.

[6042] In addition to the misuse case described above, various other misuse cases will result in
a determined three-dimensional shape that does not match the expected shape. For exaraple, the
second restraint 212 may be latched 1o the restraint anchor 210 and the second occupant 214 may
sit on top of the second restraint 212, The second restraint 212 may be left unlatched and the
second occupant 214 may sit on the second seat 208 while leaving the second restrant 212
hanging next to the second occupant 214. The second occupant 214 may latch the first restraint
112 to the restraint anchor 210 and then sit on the second seat 208 while leaving the second

restraint 212 hanging next to the second occupant 214, The second occupant 214 may put the
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second restraint 212 under an arm of the second occupant 214 instead of over a shoulder of the
second occupant 214, The second occupant 214 may wrap all portions of the second restraint 212
around the second seat 208 and then latch the second restraint 212 to the restraint anchor 210,
[8043] In addition to misuse cases, the controller 646 may also determine that a restraint 1s
being misused based on a position of the occupant, as indicated by the shape of the restraint. For
exampie, the second restraint 212 may not exhubit any discontinuities but may still exhibit a
three~dimensional shape that is different than the expected shape. Such differences can occur
when the second occupant 214 is positioned improperly in the second seat 208, For example, the
feet of the second occupant 214 may be on a surface other than the floor 118 {e.g., a dashboard, a
console, out a window, etc ). As another example, the head of the second occupant 214 may be
against the second side portion 226 {e.g., a support, a window, etc.} or may be facing backward
{e.g , turning the body to look at another occupant}. In these exampies, the three-dimensional
shape of the second restraint 212 may not match the expected shape, and the controller 646 may
take an action accordingly. Accordingly, the controller 646 may determine that the restraint is
being worn incorrectly by determining that a position of the restraint relative to the occupant is
different than an expected position of the restraiot.

{8044} At operation 870, an action 1s taken if the determined three-dimensional shape differs
from the expected shape. For example, atter determining that the three-dimensional shape of the
second restraint 212 does not maich the expected shape (e.g., three-dimensional shape of the
second restraint 212 indicates the second restraint 212 is being misused), the controller 646 may
direct the external device 648 to change an operating state of the vehicle 100, As used here, the
term “change an operating state” refers to one or more of: preventing the vehicle 100 from
moving, causing the vehicle 100 to move to a safe location, providing a visual notification or
alert of misuse {e.g., via an output component coupled to the vehicle 100 or a mobile device
associated with the occupant misusing the restraint), providing an audible notification or alert of
misuse (e.g., via an output component located in the vehicle 100 or a mobile device associated
with the occupant misusing the restraint). For example, an output component may include a
video display, audio speakers, lighting devices, baptlic devices, etc. For example, if the controller
046 detects the misuse of the second resiraint 212 while the vehicle 100 is not in motion, the
coutrotler 646 may cause visual and/or audio warnings to be broadcast within the cabin 104 (e.g.,

via a display coupled to the vehicle 100 or a mobile device associated with the occupant

i
(¥



WO 2023/212437 PCT/US2023/063095

misusing the restraint) and may prevent the vehicle 100 from moving until the second restraint
212 exhibits the expected shape. In implementations where the controller 646 detects misuse of
the second restraint 212 while the vehicle 100 s in motion, the controller 646 may cause the
vehicle 100 to move to a safe location and stop until the second restraint 212 exhibits the
expected shape and/or may also cause visual and/or audio warnings to be broadcast within the
cabin 104,

[8045] 1In addition to determining misuse of restraints as described above, the system and
methods described herein can be implemented to determine other aspects of the vehicle 100 and
the occupants therein. For example, the sensor 106 can detect whether each occupantisin a
corresponding seat and classify each occupant within the vehicle 100 (e g., determine whether
gach occupant is a child, adult, male, female, ete.). The sensor 106 can also be used to detect
whether a child 1s present in a child seat to prevent a child from being left in the vehicle 100
Furthermore, the sensor 106 can be used to monitor vital signs {e.g., heart rate, respiratory rate,
temperature, etc ) of occupants within the vehicle 100, The sensor 106 may also be configured 1o
detect non-seated occupants or critically out of position occupants within the vehicle 100, In
response to detecting any of these additional characteristics, the controller 646 may change the
operating state of the vehicle 100,

{8046] Furthermore, the system and methods described herein can also be used during a
vehicle event (e.g., a collision, a hard-braking event, a sudden change in direction, etc.} to record
positions of occupants as the vehicle event occurs. If one or more airbags deploy during the
vehicle event, the deployment of the airbag(s) may be adjusted based on the position of the
occupants and the contact between the occupants and the airbag({s). For example, airbag
deployment time may be changed (e.g., deployed earlier or later than if the occupant 19
positioned correctly), suppressed (e.g., deploved with more or less velocity than if the occcupant
is positioned correctly, or prevented (e.g., deployment of an airbag may be prevented if'itis
determined that deploying the airbag may not be beneficial to the cccupant based on the position
of the occupant).

{80471 As described above, one aspect of the present technology is the gathering and use of
data available from various scurces for use during operation of the devices and systems disciosed
herein. As an exampile, such data may wdentify the user and include user-specific settings ot

preferences. The present disclosure contemplates that in some instances, this gathered data may
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include personal information data that uniquely identifies or can be used to contact or locate a
specitic person. Such personal information data can include demographic data, location-based
data, telephone numbers, email addresses, twitter II¥'s, home addresses, data or records relating
to a user’s health or level of fitness (e g., vital signs measurements, medication information,
exercise information), date of birth, or any other identifying or personal wformation.

{6048} The present disclosure recognizes that the use of such personal information data, in the
present technology, can be used to the benefit of users. For example, a user profile roay be
established that stores occupant related information that allows determining misuse of a restraint
according to the occupant related information. Accordingly, use of such personal information
data enhances the user’s experience.

{6049} The present disclosure contemplates that the entities responsible for the collection,
analysis, disclosure, transfer, storage, or other use of such personal information data will comply
with well-established privacy policies and/or privacy practices. In particular, such entities shouid
implement and consistenily use privacy policies and practices that are generally recognized as
meeting or exceeding industry or governmental requirements for maintaining personal
information data private and secure. Such policies should be easily accessible by users, and
should be updated as the collection and/or use of data changes. Personal information from users
should be collected for legitimate and reasonable uses of the entity and not shared or sold outside
of those legitimate uses. Further, such collection/sharing should occur afier receiving the
informed consent of the users. Additionally, such entities should consider taking any needed
steps for safeguarding and securing access to such personal information data and ensuning that
others with access to the personal information data adhere fo their privacy policies and
procedures. Further, such entities can subject themselves to evaluation by third parties to certify
their adherence to widely accepted privacy policies and practices. In addition, policies and
practices should be adapted for the particular types of personal information data being collected
and/or accessed and adapted to applicable faws and standards, including jurisdiction-specific
constderations. For tnstance, in the US, collection of or access to certain health data may be
governgd by tederal and/or state laws, such as the Health Insurance Portability and
Accountability Act (HIPAA); whereas health data in other countries may be subject to other
regulations and policies and should be handled accordingly. Hence different privacy practices

should be maintained for different personal data types in each country.
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{B050]  Despite the foregoing, the present disclosure also contemplates embodiments in which
users selectively block the use of| or access to, personal information data. That is, the present
disclosure contemplates that hardware and/or software elements can be provided to prevent or
block access to such personal information data. For example, in the case of storing a user profile
for determining misuse of a restraint, the present technology can be configured to aliow users to
select to "opt in” or "opt cut” of participation in the collection of personal information data
during regstration for services or anytime thereafter. In another exaraple, users cau select not to
provide data regarding usage of specific applications. In vet another example, users can select to
Hmit the length of time that application usage data s maintained or entirely prohibit the
development of an application usage profile. In addition to providing “opt in” and “opt out”
options, the present disclosure contemplates providing notifications relating to the access or use
of personal information. For instance, a user may be notified upon downloading an app that their
personal information data will be accessed and then reminded again just before personal
information data is accessed by the app.

{6051] Moreover, it is the intent of the present disclosure that personal information data should
be managed and handled in a way to nuniroize tisks of unintentional or unauthorized access or
use. Risk can be minmiumized by limiting the collection of data and deleting data once it is no
longer needed. In addition, and when applicable, including in certain health related applications,
data de-identification can be used to protect a user’s privacy. De-identification may be facilitated,
when appropriate, by removing specific identifiers {e g, date of birth, etc.}, controlling the
amount of specificity of data stored (e.g., collecting location data a city level rather than at an
address level), coniroiling how data is stored {e.g., aggregating data across users), and/or other
methods,

{6052] Therefore, although the present disclosure broadly covers use of personal information
data to implement one or more various disclosed embodiments, the present disclosure also
contemplates that the various embodiments can also be implemented without the need for
accessing such personal information data. That is, the various embodiments of the present
techunology are not rendered inoperable due 1o the lack of all or a portion of such personal
information data. For example, occupant related information may be determined each time the
system is used, such as by sensing occupant refated data when an occupant enters a vehicle, and

without subsequently storing the information or associating with the particular user.
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What is claimed is:

I. A sysiem, comptising:

a radar sensor positioned in a cabin of a vehicle and configured to transmit radar waves
into the cabin and recetve a first group of reflected radar waves and a second group of reflected
radar waves; and

a restraint comprising a roaterial that reflects the transmitted radar waves to generate the
first group of reflected radar waves, wherein objects other than the material reflect the
transmitted radar waves to generate the second group of reflected radar waves,

wherein a shape of the restraint is determined based on the tirst group of reflected radar

Waves.

2. The system of claim 1, wherein the restraint includes a substrate, and the material is
arranged in a non-repeating manuer on the substrate,
3. The system of claim 1, wherein the material causes the first group of reflected radar

waves {0 reflect off the restraint according to a predetermined angular orientation.

4. The system of claim 1, wherein a difference between an angular onentation of the first
group of reflected radar waves and an angular orentation of the transmitted radar waves is less

than g threshold value.

5. The system of clairo 1, wherein the shape of the restraint is compared to an expected
shape.
6. The system of claim 5, wherein operation of the vehicle s controlled when the shape of

the restraint indicates the restraint is being misused.

7. The system of claim 1, wherein the material comprises silver that is woven into a

substrate of the restraint.
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& The system of claim 7, wherein the material includes an identifying pattern on a surface

of the matenal.

9. The system of claim 1, wherein the determined shape of the restratnt is a three-

dimensional shape.

0. A system, comprising:

a sensor positioned in a cabin of a vehicle and configured to transmit a first
electromagnetic wave toward a material located in the cabin and receive a second
electromagnetic wave reflected from the material located in the cabin, wherein the first
electromagnetic wave has a first angular orientation and the second electromagnetic wave has a
second angular arientation,

wherein an angular difference between the first angular orientation and the second

angular orientation is less thao a threshold value.

tL The system of claim 10, wherein the sensor is positicned on a roof of the cabin.

12, The system of claim 10, wherein the material is configured to cause the first

electromagnetic wave to reflect off the material to generate the second electromagnetic wave,

3. The system of claim 10, further comprising a controller configured to determine a three-

dimensional shape of the material based on the second electromagnetic wave.

14, The system of claim 13, wherein the three-dimensional shape of the material corresponds

to a shape of an occupant restraint.

15 The systern of clain 14, wherein the controlier is configured to change an operating state
of the vehicle when the shape of the occupant restraint indicates the occupant restraint is being
misused.

16 A system, comprising
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an occupant restraint configured to reflect radar waves transmitted by a radar sensor,

wherein g shape of the occupant restraint is determined based on the reflected radar
waves, and the shape of the occupant restraint indicates the occupant restraint is being worn
incorrectly by an occupant,

wherein a notification is provided to the occupant via an output component that the

occupant restraint is being worn incorrectly.

17. The system of claim 16, wherein a vehicle 1s prevented from operating until the shape of
the occupant restraint indicates the occupant restraint is being worn correctly, wherein the

occupant restraint is located in the vehicle.

I8 The system of claim 16, wherein the shape of the occupant restraint being different than
an expected shape of the occupant restraint indicates the occupant restraint is being worn

incorrectly.
19, The system of claim 16, wherein a position of the occupant restraiut relative to the
occupant being different than an expected position of the cccupant restraint indicates the

occupant restraint is being worn incorrectly.

20. The system of claim 16, wherein the occupant restraint includes a radar reflective

material that s arranged 1o a non-repeating mwaguner.
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