wo 2023/122365 A1 |0 0000 AR 0 0 O 0 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
29 June 2023 (29.06.2023)

(10) International Publication Number

WO 2023/122365 Al

WIPO I PCT

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
B60R 22/48 (2006.01) GO6V 10/22 (2022.01) CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
GO6V 10/764 (2022.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

. oL ) HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,

(21) International Application Number.PCT/USZOZZ/077940 KG. KIL KN, KP. KR, KW, KZ, LA, LC, LK, LR, LS, LU.

LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
(22) International Filing Date: NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
12 October 2022 (12.10.2022) RU, RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,

(25) Filing Language: English 2% Tzl\l/\l/l TZI\\IN TFR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of regional protection available). ARIPO (BW, GH,
17/556,278 20 December 2021 (20.12.2021) US GM, KE, LR, LS, MW, MZ,NA, RW, 8D, 8L, ST, 8Z, TZ,

. UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(71) Appllcant: VEQNEEB US, LLC [US/US]J; 26360 Amer- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
ican Dr., Southfield, Michigan 48034 (US). EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(72) Inventors: CHUNG, Caroline, 26360 American Drive, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Southfield, Michigan 48034 (US). PLEUNE, Mitchell; SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
26360 American Drive, Southfield, Michigan 48034 (US). GW, KM, ML, MR, NE, SN, TD, TG).

NAIK, Afrah; 26360 American Drive, Southfield, Michi-
gan 48034 (US). Published:

(74)

@81)

Agent: PURRINGTON, JR., James P.; 350 S. MAIN
STREET, SUITE 300, ANN ARBOR, Michigan 48104

Us).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

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

(54) Title: SYSTEM AND METHOD TO CORRECT OVERSATURATION FOR IMAGE-BASED SEATBELT DETECTION

100

102\.]CAPTURING‘ BY A CAMERA, A SOURCE IMAGE OF AN OCCUPANT

DETERMINING A POSITION OF A HEAD OF THE OCCUPANT
IN THE SOURCE IMAGE

1@4\4

DETERMINING A REGION OF INTEREST FOR A SEATBELT
BASED ON THE POSITION OF A HEAD OF THE OCCUPANT

1@6'\_]

DETERMINING AN OVERSATURATION CONDITION IN THE
REGION OF INTEREST FOR THE SEATBELT

108—\_1

ADJUSTING THE SOURCE IMAGE TO FORM AN ADJUSTED
IMAGE COMPENSATING THE OVERSATURATION CONDITION

110\}

CONVERTING THE ADJUSTED IMAGE TO A BLACK-AND-
WHITE IMAGE

112\4

DETECTING THE SEATBELT WITHIN THE BLACK-AND-
WHITE IMAGE

114—\4

115\_4

FILTERING THE IMAGE TO REMOVE GLINTS

FIG. 12

(57) Abstract: A system and method for detecting seatbelt positioning in-
cludes capturing, by a camera, a near infrared source image of an occupant
in a vehicle, determining a position of a head of the occupant in the source
image, determining a region of interest for a seatbelt based on the position
of the head; determining an oversaturation condition in the region of interest
for the seatbelt, adjusting the source image to form an adjusted image com-
pensating the oversaturation condition in the region of interest for the seat-
belt, converting the adjusted image to a black-and-white image, and detecting
the seatbelt within the black-and-white image. Adjusting the source image to
compensate the oversaturation condition may include adjusting an exposure
level of the source image based on a contrast ratio in the region of interest
and/or based on detecting a predetermined pattern of the seatbelt within the
region of interest for the seatbelt.
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SYSTEM AND METHOD TO CORRECT OVERSATURATION FOR IMAGE-BASED
SEATBELT DETECTION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]3 This PCT international patent application claims the benefit of UG
Non-Provisional Patent Application No. 17/556,278, filed December 20, 2021, the

contents of which is incorporatad herein by reference in s entirsty.

BACKGROUND

1. Field of the Invention
(00023 The present invention generally relates systems and methods for
detacting a saatbell having a known pattern using an image having an oversaturated

condition.

2. Description of Related Art

100037 Cameras and other image detection devices have been utilized to
detect one or more cbjects. Control systems that are in communication with these
cameras can receive images caplured by the cameras and process these images.
The processing of these images can include detecting one or more objects found in
the captured images. Based on these deiected objects, the control system may
parform some type of action in response 1o these detected variables.

10004} Conventional systems for detecting seatbelt usage typically rely upon a
saat belt buckle switch. However, those conventional systems are unable to detect
the seatbell is properly positioned or if the seat belt buckle is being spoofed. Seat
track sensors are typically used o determing distance to an occupant of a motor
vehicie. However, such use of seat track sensors do not accourt for body position of
the cccupant relative 1o the seat.

(0005} image-based systems may have difficulty detecting objects when one
or more regions of an image are oversaturated, which can result from bright light,

such as direct sunlight.
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SUMMARY

[0006] A method for detecling seatbelt positioning 18 provided. The method
comprises. capturing, by a camera, a source image of an occupant in a vehicle;
determining a position of a head of the occupant in the source image,; determining a
region of interest for a seatbelt based on the position of the head of the occupant;
determining an oversaluration condition in the region of interest for the seatbelt;
adiusting the source image to form an adiusted image compensaling the
oversaturgtion condition in the region of interest for the sealbell converting the
adjusted image o a black-and-white image; and detecting the seatbell within the
black-and-white image.

(0007} A system for detecting seatbelt positioning is provided. The system
comprises. a seatbell having a predetermined pattern; a camera configured to
capture a sowrce image of an occupant wearing the seatbell, and a controlier in
communication with the camera. The controller is configured to: determine a
position of a head of the cccupant in the source image; determine a region of interest
for the seatbell based on the position of the head of the occupant; determine an
oversaturation condition in the region of interest for the seatbelt; adjust the source
image to form an adjusted image that compensates the oversaturation condition in
the region of interest for the seatbelt, convert the adjusted image (o a8 black-and-
white image; and detect the seatbelt within the black-and-white imags.

100038} Further objects, features, and advantages of this invention will become
readily apparent to persons skilled in the art after a review of the following
description, with reference to the drawings and claims that are appended to and form

a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

100097 FIG. 1 illustrates a vehicle having & system for delecting proper
seatbelt usage and for detecting distance i¢ the seatbelt;

(00107 FIG. 2 dllustrates a forward looking view of a cabin of the vehicle having
a system for detecting proper seatbelt usage and for detecting distance to the

seatbell;
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(0011} FIG. 3 illustrates a block diagram of the system for detecting proper
seatbelt usage and for detecting distance {¢ the seatbelt;

(0012} FIG. 4 illustrates a first example of improper seatbelt positioning;

(0013} FIG. 5 illustrates a second example of improper seatbelt positioning;
(0014} FIG. 8 illustrates a third example of improper seatbeli positioning;
10015} FIG. 7A shows a near infrared (NIR) image of a person wearing a

saatbelt in accordance with an aspect of the present disclosure;

10018} FIG. 7B shows a filiered image based on the NIR image of FIG. 74, in
accordance with the present disclosure;

100177 FIG. 7C shows a Black/White image based on the NIR image of FIG.
74, In accordance with the present disclosure;

(0018} FiG. 7D shows an image based on the NIR image of FIG 7A
Hlustrating detection points, in accordance with the present disclosure;

(0019} FIG. 8 shows an image of an cccupant wearing a seatbelt, and with an
oversaturated region;

(00207 FIG. 9 shows the image of FIG. 8, with boxas indicating a position of a
head of the occupant and a region of interest for the seatbelt;

100217 FIG. 10 shows an adiusted image compensating the oversaturation

condition in the region of inferest for the seatbell;

(00227 FIG. 11 shows a black-and-white image based on the adjusted image
of FIG. 10; and
(0023} FIG. 12 shows a flowchart listing steps in a method of detecting

seatbelt positioning.

DETAILED DESCRIPTION

10024} Referring to FIG. 1, illustrated is a vehicle 10 having a seatbelt
detection system 12 for delecting proper saatbell usage and/or for detecting distance
to the seatbell. In this example, the seatbell detection system 12 has been
ncorporated within the vehicle 10, However, it should be understood that the
seatbell detection system 12 could be a standalone system separate from the
vehicie 10, In some embodiments, the seatbelt detection system 12 may employ

some or all components existing in the vehicle 10 for other systems and/or for other
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purposes, such as for driver monitoring in an advanced driver assistance system
(ADAS). Thus, the seatbelt detection system 12 of the present disclosure may be
implemented with very low additional costis.

[0025] As to the vehicle 10, the vehicle 10 is shown in FIG. 1 as a sedan type
automaobiie. However, it should be understood that the vehicle 10 may be any type of
vehicle capable of transporting persons or goods from one location to another. As
such, tha vehicle 10 could, in addition {o being a sedan type automaobile, could be a
ight truck, heavy-duty truck, tractor-trailer, tractor, mining vehicie, and the like. Also,
it should be understood that the vehicle 10 is not limited 1o wheeled vehicles but
could also include non-wheeled vehicles, such as aircrafl and watercraft. Again, the
term vehicle should be broadiy understood {6 include any type of vehicle capable of
fransporting persans or goods from one location to another and it should not be
timited to the specifically enumerated examples above.

(00267 Referring to FIG. 2, a cabin 14 of the vehicle 10 is shown. As it is well
understood in the arl, the cabin 14 is essentially the interior of the vehicle 10 wherein
occupants andior goods are located when the vehicle is in motion. The cabin 14 of
the vehicle may be defined by one or more pillars that structurally define the cabin
14, For example, in FIG. 2, A-pillars 16A and B-pillars 168 are shown. FIG. 1 further
Hustrates that there may be a third pillar or a C-pillar 16C. Of course, it should be
understood that the vehicle 10 may contain any one of a numbaer of pillars so as to
define the cabin 14. Additionally, it should be understood that the vehicle 10 may be
engineeared so as to remove these pillars, essentially creating an open-air cabin 14
such as commonly found in automobiies with convertible tops.

(00271 Located within the cabin 14 are seats 184 and 188, The seals 184 and
18B are such that they are configured so as to support an cccupant of the vehicle
10. The vehicle 10 may have any number of seats. Furthermore, it should be
understood that the vehicle 10 may not have any seats at all.

10028} The vehicle 10 may have one or more cameras 20A-20F located and
mounied {o the vehicle 10 so as 1o be able 1o have a field a view of at least a portion
of the cabin 14 that funclion as part of a vision system. As such, the cameras 20A-
20F may have a field of view of the occupants seated in the seats 18A andfor 188,

Here, cameras 20A and 20C are located on the A-pillars 18A. Camera 20B is located
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o a rearview mirror 22. Camera 200 may be located on a dashboard 24 of the
vehicle 10, Camera 20E and 20F may focus on the driver and/or occupant and may
be located adjacent to the vehicle cluster 25 or a steering whesl 23, respectively. OFf
course, it should be understood that any one of a number of different cameras may
be utilized. As such, it should be understood that only one camera may be ulilized or
numerous cameras may be ulilized. Furthermore, the cameras 20A-20F may be
focated and mounted to the vehicle 10 anywhere s0 long as to have a view of at
least a portion of the cabin 14

100297 The cameras 20A-20F may be any type of camera capabie of capluring
visual information. This visual information may be information within the visible
spectrum, but could also be information cutside of the visible spectrum, such as
infrared or ultraviolet light. Here, the cameras 20A-20F are near infrared (NIR)
cameras capable of capturing images generated by the reflection of near infrared
ight. Near infrared light may include any light in the near-infrared region of the
electromagnetic specitrum {from 780 nm to 2500 nm). However, the seatbslt
detection systemn 12 of the present disclosure may be configured {o use a specific
wavelength or range of wavelengths within the near-infrared region.

100307 The source of this near-infrared light could be a natural source, such as
the sun, but could also be an artificial source such as a near-infrared light source 26.
The near-infrared light source 26 may be mounted anywhere within the cabin 14 of
the vehicle 10 so as long as to be able {0 project near-infrared light into at least a
portion of the cabin 14. Here, the near-infrared light source 26 is mounted o the
rearview mirror 22 but should be understood that the near-infrared light source 26
may be mounted anywhere within the cabin 14, Additionally, it should be understood
that while only one near-infrared light source 26 is shown, there may be more than
one near-infrared light source 26 located within the cabin 14 of the vehicle 10.

[0031] Also located within the cabin 14 may be an oulput device 28 for
relaving information (o one or more occupants located within the cabin 14. Here, the
output device 28 is shown in a display device so as {o convey visual information to
one or more occupanis located within the cabin 14. However, it should be
understood that the output device 28 could be any oulpul device capable of

providing infformation to one or more occupants located within the cabin 14. As such,
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for example, the output device may be an audio output device that provides audio
iformation 10 one or more occupants located within the cabin 14 of a vehicle 10.
Additionally, should be understocd that the output device 28 could be a vehicle
subsystem that controls the funclionality of the vehicle.

(0032} Referring to FIG. 3, a more detailed illustration of the seatbelt detection
system 12 is shown. Herg, the system 12 includes a control system 13 having a
procassor 30 in communication with a memory 32 that containg instructions 34 for
gxecuting any one of a number of different methods disclosed in this specification.
The processor 30 may include a single stand-alone procassor or i may include two
or more processors, which may be distributed across multiple systems working
together. The memaory 32 may be any type of memory capable of storing digital
information. For example, the memory may be sclid-siate memory, magnetic
memory, optical memory, and the like. Additionally, it should be understood that the
memory 32 may be incorporated within the processor 30 or may be separate from
the processor 30 as shown.

(0033} The processor 30 may aiso be in communication with a camera 20.
The camera 20 may be the same as cameras 20A-20F shown and described in FIG.
2. Tha camera 20, like the cameras 20A-20F in FIG. 2, may be a near-infrared
camera. The camera 20 may include multiple physical devices, such as cameras
20A-20F illustrated in FIG. 2. The camera 20 has a field of view 21.

(0034} The near-infrared light source 26 may also be in communication with
the processor 30, When activated by the processor 30, the near-infrared light source
26 projects near-infrared light 38 to an object 38 which may either absorb or refiect
near-infrared light 40 fowards the camera 20 wherein the camera can caplure
images Hlustrating the absorbed or reflected near-infrared light 40. These images
may then be provided {o the processor 30,

[00358] The processor 30 may also be in communication with the oulput device
28. The output device 28 may include a visual and/or audible cutput device capable
of providing information {0 one or more occupants locatad within the cabin 14 of FIG.
2. Additionally, it should be undersiood that the output device 28 could be a vehicle
system, such as a safety system that may take cerfain actions based on input

received from the processor 30. For example, the processor 30 may instruct the
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output device 28 to limit or minimize the functions of the vehicle 10 of FIG. 1. As will
be explained later in this specification, one of the functions that the seatbelt detection
system 12 may perform is detecting if an occcupant is properly wearing a safety belt.
if the safety belt is not properly worn, the processor 30 could instruct the output
device 28 to limit the functionality of the vehicle 10, such that the vehicle 10 can only
travel al a greatly reduced speed.

(0038} FIG. 4 fliustrates a first example of improper seatbelt positioning,
showing a seatbelt 50 that is ill-adjusied on an occupant 44 siiting on a seat 18A of
the vehicle 10. The ill-adjusted seatbelt 50 in this example, drapes oosely over the
shoulder of the occupant 44. FIG. 5 illustrates a second example of improper
seatbelt positioning, showing the seatbell 50 passing under the armpit of the
occupant 44, FiG. © illustrates a third example of improper seatbelt positioning,
showing the seatbslt 50 passing behind the back of the cccupant 44. The seatbelt
detaction system may detect cther examples of improper seatbelt positioning, such
as a seatbelt that is missing or which is not worn by the occupant 44, even in cases
where the buckle is spoofed (g.¢. by plugging-in the buckie with the saatbell behind
the occupant 44 or by placing a foreign object into the buckle latch).

100377 FIG. 7A shows a near infrarad (NIR)} image of an occupant 44 wearing
a seatbell 50 in accordance with an aspect of the present disclosure. This may
reprasent an image capltured by the camera 20 and received by the processor 30, In
some embadiments, the occupant 44 may be a driver of the vehicle 10. However, the
occupant 44 could also be a passenger in the vehicle 10, FIG. 7B shows a filtered
image based on the NIR image of FIG. 7A; FIG. 7C shows a Black/White image
based on the NIR image of FIG. 7A; and FIG. 7D shows an image based on the NIR
image of FIG. 7A, illustrating detection points, in accordance with the present
disclosure. Specifically, FIG. 7D shows the seatbelt 50 passing through each of a
first region of interest (RO 80 and a second RO 82, The first ROI 60 may be
located above a shoulder of the occupant 44, and the second RO 62 may be located
below and o the left of the first ROl The second RO 82 may correspond to a central
region of the cccupant's 44 torso. The ROIs 80, 62 may each have a fixed location

within the field of view 21 of the camera 20. Alternatively, the system 12 may adjust
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the positions of one or both of the ROis 60, 82 based on a detected location of the
occupant 44 within the field of view 21 of the camera 20.

(0038} Fi(3. 8 shows a scurce image of an occupant 44 wearing a seatbelt 50,
and with an oversaturated region 70. The source image may be a grayscale image.
Alternatively, the source image may be a color image. The oversaturated region 70
may appear very bright and may be mostly or entirely while in a grayscale image, as
shown in FiIG. 8. The oversaturated region 70 may include one or more sections of
the image with greater than a predetermined number of pixels each having a
brightness level greater than a predetermined brighiness level. For example, the
image may be subdivided info some number of sections, such as a grid of the
sections, with esach of the seclions including a same number of pixels. The
oversaturated region 70 may include any number of the sections having the
predetermined number of pixels with brightness levels greater than the
predetermined brightness level Alternatively or additionally, an average brightness
level may be calculated for each of the sections, which may be compared with the
predetermined  brightness level {0 delermine whether each of the sactions
corresponds to the oversaturated region 70, The image may include more than one
separate oversaturated region 70.

10039} FIG. 9 shows the image of FIG. 8, with a first box 72 indicating a
position of a head of the occupant 44 and a second box 74 indicating a region of
interest for detecling the seatbelt 50 FIG. 10 shows an adjusted image that
compensates the oversaturation condition in the region of interest for the seatbelt 50,
As shown, the striped pattern of the seatbelt 50 is visible across the second box 74
in the adjusted image of FIG. 10, where the same striped pattern was not previously
visible in the region of interest for detecting the seatbell 50 in the source image
shown in FiGs. 8-8. FIG. 11 shows a black-and-white image based on the adjusted
image of FIG. 10. FIG. 11 shows how the position of the seatbelt 50 can be recorded
as detectlion points &4,

(00401 A method 100 of detecling seatbelt positioning s shown in the
flowchart of FIG. 12. The method 100 includes capturing, by a camera, a source
image of an occupant in a vehicle at step 102, Step 102 may include capturing the

source image in the near infrared (NIR) spectrum, which may include detecting
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reflacted NIR light provided by a near-infrared light source 28. Step 102 may further
nclude transmitting the source image, as a video stream or as one or more still
images, from the camera 20 to a control sysiem 13 having a processor 30 for
additional processing.

(0041} The method 100 also includes determining a position of a head of the
occupant in the source image at step 104. The processor 30 may perform step 104,
which may include using ong or more face detection aigorithms {0 detect a human
face and to thereby determine the position of the head. In some embodiments, step
104 may include detecting parts of a face, such as just the eyes, which may allow
the position of the head to be determined where parts of the face are obstructed, e.¢.
by a mask or a scarf. In some embodiments, step 104 may detect the position of the
head where the cccupant 44 is wearing glasses, sunglasses, a head covering, such
as a hat, headband, headscarf, etc. and/or other accessories or other articles of
clothing.

10042} The method 100 also includes determining a region of interest for a
saatbelt based on the position of a head of the occupant at step 106, The processor
30 may perform step 106. The region of interest for the seatbell may be below the
pasition of the head, for example, where the region of interest for the seatbelt is
across a chest of the user. The region of interest for the seatbhelt may be spaced
apart from the position of the head as shown, for example, in FIG. 8. Alternatively or
additionally, the region of interast for the seatbelt may include ancther region of the
image. For example, a shoulder-crossing region of interest may be delermined
adjacent to the position of the head 1o check for a seatbelt that is positioned across
the occupant’'s shoulder. The region of interest for the seatbell may be different for
different seating positions. For example, a region of interest for a driver-side
ocoupant may be on a different side of the position of the head as for a front
passenger occupant. This difference may corraspond o the different configurations
of the seatbeils for each of those seating posilions.

(0043} The method 100 also includes determining an oversaturation condition
in the region of interest for the seatbell at step 108, The processor 30 may perform
step 108, The oversaturation condition may include one or more parts of the region

of interest for the seatbell being oversaturated, which may be visible as a bright
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and/or washed-out appearance, as shown in FIGS. 898, In some embodiments, the
oversaturation condition is determined in response 1o determining a predeiermined
rnumber of seclions of the source image each corresponding o the region of interest
for the seatbelt and also being oversaiurated.

(0044} in some embodiments, step 108 includes determining a predetermined
number of pixels within a given region and each having a brighiness level greater
than a predetermined brighiness level The predetermined number of pixals may be
a predetermined proportion of the pixels within the given region. For example, the
image may be subdivided into some number of sections, such as a grid of the
sections. The oversaturaied region 70 may include any number of the sections
having the predetermined number of pixels with brightness levels greater than the
predetermined brightness level Alternatively or additionally, an average or median
brightness level may be calculated for each of the sections, which may be compared
with the predetermined brighiness level {0 determine whether each of the seactions is
oversaturated.

[0045] The method 100 also includes adjusting the source image to form an
adjiusted image compensating the oversaturation condition in the region of inierest
for the seatbell at step 110, The processor 30 may perform step 110.

10048} in some embodiments, adjusting the source image at step 110 includes
adjusting an exposura of the source image based on a contrast ratio in the region of
interest for the seatbelt. For example, the processar 30 may progressively reduce or
ncrease an exposure value until the contrast ratio in the region of interest for the
seatbelt reaches a predetermined value.

(00471 in some embodiments, adjusting the source image at step 110 includes
adiusting an exposure of the source image based on causing the predetermined
pattern of the seatbelt 0 be detected within the region of interest for the seatbell. For
example, the processor 30 may progressively reduce or increase an exposurs value
untit the predetermined pattern of the seathelt is detecied within the region of interest
for the seatbelt, or until the exposure value reaches a corresponding minimum or
maximum value.

[0048] The method 100 also includes converting the adjusted image o a

black-and-white (B/AY) image at step 112, The terms black and white may include
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any representations of pixels in one of two binary states representing dark or light.
The processor 30 may perform step 112, which may include using a localized binary
threshold to determing whether any given pixel in the BAY image should be black or
white. Such a localized binary threshold may compare a source pixal in the source
image {i.e. the filtered image) to nearby pixels within a predetermined distance of the
pixel, If the source pixel is brighter than an average of the nearby pixels, the
corresponding pixel in the B/AW image may be set to white, and if the source pixel is
less bright than the average of the nearby pixels, then the corresponding pixel in the
BAY image may be set {o black. In some embodiments, the predetermined distance
may be about 100 pixels. in some embodiments, the predetermined distance may be
aqual 1o or approximately equal {o a pixel width of the seatbelt 50 with the seatbsit
50 at a nominal position relative to the camera (e.g. in use on an occupant 44 having
a medium build and sitting in the seat 18a in an intermediate position.

(00491 The method 100 also includes detecting the seatbelt within the black-
and-white image at step 114. The processor 30 may perform siep 114, In some
ambodiments, step 114 includes scanning across the black-and-white image (o
detect a plurality of fransitions between black and while segments corresponding to
stripes extending lengthwise along a length of the seatbell, and using detections of
the plurality of transitions o indicaie a delection of the seatbelt. For example, the
procassor 30 may scan across one or more lines in the B/AW image to detect
Black/White (or White/Black) transitions and {0 use detections of those iransitions to
indicate detections 64 of the seatbeit 50. The one or more lines may include one or
more horizontal lines, although the lines may have g different orientation or direction.
Step 114 may include comparing the relative distances between the transitions {o
detect the seatbelt by determining if those relative distances correiate o a ratio of
the widths of the stripes of the seatbelt 50.

100507 The method 100 may also include filtering the image 1o remove glints
at step 116. Step 116 may be performed prior to determining the oversaturation
condition in the region of interest for the seatbelt at step 108, The procassor 30 may
perform step 118, which may include applying a median filter to the image. Such a
median filter may preserve edges while smoothing abnormally bright or dark areas

(i.e. glints), which may result from sealtbelt yarns, bad pixels in the camera 20, or
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other noise-inducing particies, such as lint stuck {o the seatbelt 50. This step 118
may reduce a number of false detections of black/while transitions, and thereby
improves the performance and reliability of the method 100,

(0051} By executing the method of the present disclosure, the seatbelt
detaction system 12 can determine if the occupant 44 is properly wearing their
seatbelt 50. The system and method of the present disclosure can improve the
confidence that the cccupant 44 is properly wearing the ssatbelt 50,

100523 in addition, as siated previously, the seatbeli 50 may have light
absorbing andfor reflecting material 50C locatad on or disposed on the seatbelt 50
The cameras 20A-20F can caplure images of the material 50C. As stated before,
this material 50C may be in a known pattern having pattern slements that are
separated from each other by known distances 52. The seatbelt detection system 12
can then review these captured images from the camera 20A-20F and determine if
the distance of the seatbelt 50 to the camera is generally an expected distance
indicating that the seatbelt 50 is properly across the body 48 of the occupant 44, In
addition, because this patlermn 18 known, clothing that the occupant 44 may be
wearing that may reflect and/or absorb light, such as infrared light, can be ignored as
it is highly unlikely that the clothing worn by the occupant would have a patlern
matching that of the pattern of the stripes 68a -68¢g on the seatbelt 50.

(00531 If & determination is made that the occupant 44 is properly wearing the
seatbelt 50, the seatbelt detection sysiem 12 can allow the vehicle 10 to operate in a
normal mode. However, if the seatbell detection system 12 indicates that the
occupant 44 is not properly wearing the seatbelt 50, the control system 12 could take
any one of a number of different actions. For example, the seatbelt detection system
12 could indicate to the occupant 44 using the output device 28 50 as {o provide a
visual and/or audible cue that the seatbelt 50 is not being properly worn. Additionally,
the oulpul device 28 could be in communication with any one of a number of
different vehicle systems s0 as {0 restrict the operation of the vehicle 10 until the
saatbelt 50 is being properly worn by the occupant 44.

10054} The seatbelt detection system 12 may also be in communication with
other control systems so as to improve the reliability of the system. For example, the

seatbelt detection system 12 may aiso be in communication with one or mors
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sensors, such as the sensors that detect the safety belt latch 81 or tongue is inserted
into the safety belt buckle 83. if the seatbell detaction system 12 determines that the
safety belt buckle is properly latched and determines that the seatbelt 50 is properly
positionad across the body 48 of the occupant 44, the seatbelt detection system 12
can, with more confidence, determine that the seatbelt 50 is being properly utilized
by the occupant 44,

(00581 In some embodiments, dedicated hardware implementations, such as
application specific inlegrated circuits, programmable logic arrays, and other
hardware devices, can be constructed (o implement ona or more steps of the
methods described herein. Applications that may include the apparatus and systems
of various embodiments can broadly include a variety of electronic and computer
systems. One or more embodiments described herein may implement functions
using two or more specific interconnected hardware modules or devices with related
control and data signals that can be communicated between and through the
moduies, or as portions of an application-specific integrated circuil. Accordingly, the
presant system encompasses software, firmware, and hardware implementations.
10056} In accordance with various embodiments of the present disclosurg, the
methods described herein may be implemeanted by software programs executable by
a computer system. Further, In an exemplary, non-limited embodiment,
implemeantations can include distnibuted processing, component/object distributed
procassing, and parallel processing. Allernatively, virlual computer system
processing can be constructed to implement one or more of the methods or
functionality as described herein.

(00571 Further, the methods described herein may be embodied in a
computer-readable medium. The tferm “computer-readable medium” includes a
single medium or multiple media, such as a centralized or distributed database,
and/or associated caches and servers that store one or more sets of instructions.
The term "computer-readable medium” shall also inciude any medium that is capable
of storing, encoding or carrying a set of instructions for execution by a processor or
that cause a computer system to perform any one or more of the methods or

operations disclosed herain.
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[0058] As a person skilled in the art will readily appreciate, the above
description is meant as an iiustration of the principles of this invention. This
description is not intended to limit the scope or application of this invention in that the
nvention is susceptible 1o modification, variation, and change, without departing from

the spirit of this invention, as defined in the following claims.
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CLAIMS

What is claimed is:

1. A method for detecting seatbelt positioning, comprising:

capluring, by a camera, a source image of an cccupant in a vehicle;

determining a position of a haead of the occupant in the source imags,

determining a region of interest for a seatbelt based on the position of the
head of the occupant;

determining an oversaturation condition in the region of interest for the
seatbeit;

adjusting the source image fo form an adjusted image compensating the
oversaturation condition in the region of interest for the seatbelt;

converting the adjusted image to a black-and-white image; and

detecting the seatbelt within the black-and-white image.

2. The method of claim 1, wherein capturing the source image of the occupant

ncludes capturing the sourcs imags in near infrared (NiR).

3. The methaod of claim 1, wherein adiusting the source image includes adjusting
an exposure of the source image based on at least one of a contrast ratio in the
region of interest for the seatbelt, or causing a predeterminad patiern of the seatbelt

to be detected within the region of interest for the seatbelt.

4. The method of claim 3, wherain adiusting the source image inciudes adjusting
the exposure of the source image based on the conirast ratio in the region of interest

for the saatbell.

s, The methaod of claim 3, wherein adiusting the source image includes adjusting
the exposure of the source image based on causing the predetermined pattern of the

seatbeli to be detected within the region of interest for the seatbelt.

8. The method of claim 1, wherein the region of interast for the seatbelt is below

the position of the head of the occupant.
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7. The method of clam 1, wherein determining the oversaturation condition in
the region of interest for the seatbelt further includes determining a predatermined
number of pixels within a given region and each having a brighiness level greater

than a predeterminad brightness level

a. The method of claim 1, wherein detacting the seatbelt within the black-and-
white image includes scanning across the black-and-white image to detect a plurality
of transitions between black and white segments corresponding to stripes extending
lengthwise along a length of the seatbell, and using detections of the plurality of

transitions o indicate a delection of the seatbelt.

9. The method of claim 1, wherein converting the adjusted image to the black-
and-white image includes using a binary threshold to determine whether a given
pixel in the black-and-while image should be black or white based on whether a
corresponding source pixel within the adjusted image is brighter than a given
brightness value, wherein the given brighiness value is based on an average of
brightness values of pixals in the adjusted image and located within a predetermined

distance of the corresponding source pixel,

10. The method of claim 1, further comprising applying a median fiter {o the
source image (o remove glints prior {o determining the oversaturation condition in the

region of interest for the seatbelt.

11, A system for detecting seatbelt positioning, comprising:
a seatbelt having a predetermined pattern;
a camera configured {o caplure a source image of an occupant wearing the
seatbelt and
a controlier in communication with the camera and configured to:
determine a position of a head of the occupant in the source image,;
determine a region of interest for the seatbelt based on the position of the

head of the occupant;
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determine an oversaturation condition in the region of interest for the
seatbelt;

adjust the source image to form an adjusted image that compensates the
oversaturation condition in the region of interest for the seatbslt;

convert the adjusted image to a black-and-white image; and

detect the seatbelt within the black-and-white image.

12, The system of claim 10, wherein the camera s configured to caplure the

source image in near infrared (NIR).

13.  The system of claim 10, wherein adjusting the souwrce image includes
adiusting an exposure of the source image based on at ieast one of. g contrast ratio
in the region of interest for the seatbell, or causing the predetermined pattern of the

seatbelt {0 be detecied within the region of interest for the seatbelt.

14, The system of claim 13, wherein adjusting the source image includes
adjusting the exposure of the source image based on the contrast ratio in the region

of interest for the seatbelt.

15, The system of claim 13, wherein adjusting the source image includes
adiusting the exposure of the source image based on causing the predetermined

pattern of the seatbelt {0 be detected within the region of interast for the seatbelt.

16.  The sysiem of claim 10, wherein the region of interest for the seatbell is below

the position of the head of the occcupant.

17.  The system of claim 10, whersin determining the oversaturation condition in
the region of interest for the seatbelt further includes determining a predeiermined
rumber of pixels within a given region and each having a brighiness lavel greater

than a predetermined brighiness level
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18. The system of claim 10, wherein detecting the seatbelt within the black-and-
white image includes scanning across the black-and-white image to detect a plurality
of transitions between black and white segments corresponding to stripes extending
lengthwise along a length of the seatbell, and 1o use detections of the plurality of

transitions {o indicate a detection of the seatbelf.

19. The system of claim 10, wherein converting the adjusted image {o the black-
and-white image includes the coniroller determining whether a given pixel in the
black-and-white image should be black or white based on whether a corresponding
source pixel within the adjusted image is brighter than a given brightness value,
wherein the given brightness value is based on an average of brighiness values of
pixels in the adjusted image and located within a predetermined distance of the

corresponding source pixel,
20.  The system of claim 10, further comprising the controller being configured o

apply a median filter to the image of the occupant to remove giints prior {o

determining the oversaturation condition in the region of interest for the seatbelt.
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