US011769391B2

a2 United States Patent

Yilmaz et al.

US 11,769,391 B2
Sep. 26, 2023

(10) Patent No.:
45) Date of Patent:

(54) IN-CABIN TEMPERATURE MONITORING
FOR CHILD PRESENCE DETECTION
APPLICATIONS

(71)
(72)

Applicant: Veoneer US, LL.C, Southfield, MI (US)

Inventors: Mehmet Fatih Yilmaz, Plymouth, MI
(US); Thomas Herbert, Ogden, UT
us)

(73) VEONEER US LLC, Wilmington, DE

us)

Assignee:

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

Notice:

")

1) 17/555,571

(22)

Appl. No.:

Filed: Dec. 20, 2021

(65) Prior Publication Data

US 2023/0196899 Al Jun. 22, 2023

Int. CL.
GO8B 21/22
EO5F 15/73
A6IB 5/0205
A61B 5/08
A61B 5/00
B60H 1/00
GO1S 13/04
GO1S 13/88
GO8B 21/18
GO8B 25/00
U.S. CL
CPC

(51)
(2006.01)
(2015.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(52)
............ GO8B 21/22 (2013.01); A61B 5/0205

(2013.01); A61B 5/0816 (2013.01); A61B
5/6893 (2013.01); B6OH 1/00742 (2013.01);
B6OH 1/00964 (2013.01); EOSF 15/73
(2015.01); GOLS 13/04 (2013.01); GOLS
13/886 (2013.01); GO8B 21/182 (2013.01);
GO8B 25/008 (2013.01)

(58) Field of Classification Search
CPC .... GO8B 21/22; GO8B 21/182; GOSB 25/008;
EOSF 15/73; A61B 5/0205; A61B 5/0816;
A61B 5/6893; B60H 1/00742; B60H
1/00964; GO1S 13/04; GO1S 13/886
USPC 340/573.1
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

9,937,830 B1* 4/2018 Curry, V ... ... B60N 2/879
10,195,988 B1* 2/2019 Garza ..... . B60Q 9/00
10,737,616 B1* 82020 Kreager .......ccc...... B60ON 2/28

2005/0038582 Al* 2/2005 Arndt .....ccccoccveneens GO8B 21/12
701/31.4
2009/0204297 Al* 82009 Friedman ........... B60H 1/00742
701/46

(Continued)

FOREIGN PATENT DOCUMENTS

EP 3736786 11/2020

Primary Examiner — Zhen Y Wu

(57) ABSTRACT

An apparatus comprising a radar component and a tempera-
ture sensor. The radar component may be configured to
detect a presence of a person in a vehicle and determine an
age range of the person detected. The temperature sensor
may be configured to determine an ambient temperature in
the vehicle and operate independently from a heating and
cooling system of the vehicle. The apparatus may be con-
figured to operate when the vehicle is turned off. A processor
may be configured to determine an urgency level in response
to the age range of the person detected and the ambient
temperature. The processor may be configured to generate
escalating actions in response to the urgency level.

20 Claims, 9 Drawing Sheets

50-\
80
\\\/\ .
ﬁx\
oo % 7% | % NS
= =
100a 100n

=

N

\\

AN

<&k

/___- __/
N g



US 11,769,391 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2010/0078978 Al* 4/2010 Owens ........c....... GO8B 21/22
297/250.1
2015/0332578 Al* 11/2015 Borgne ............... B60ON 2/26
340/667
2016/0249191 Al* 82016 Avrahami ............... HO4W 4/12
2017/0129399 Al* 5/2017 Appukutty .... B60ON 2/289
2017/0158186 Al* 6/2017 Soifer ... .. B60H 1/00742
2018/0130327 Al* 5/2018 Rogers .. .. GO8B 25/005
2018/0370431 Al* 12/2018 Wincek . ... B60Q 1/544
2019/0077217 Al* 3/2019 Yu ... .. B60H 1/0073
2019/0232818 Al* 82019 Gangu .. . B60ON 2/002
2020/0058210 Al* 2/2020 Williams . GO7C 5/08
2021/0008959 Al* 1/2021 Lee ..cocovveneeen. B60H 1/00978
2021/0209927 Al 7/2021 Hedges et al.
2021/0225152 Al*  7/2021 Taylor .......cccceene GO8B 21/22
2021/0253063 Al* 82021 Pupillo ....cceeeee B60R 25/31
2021/0362673 Al  11/2021 Jeon et al.
2021/0383670 Al* 12/2021 Rence ................ GO07C 9/00309
2021/0402846 ALl* 12/2021 YU ..cccccovvvnnenenn. B60H 1/00735

* cited by examiner



US 11,769,391 B2

Sheet 1 of 9

Sep. 26, 2023

U.S. Patent




U.S. Patent Sep. 26, 2023 Sheet 2 of 9
60
C |
70a —. —
\\ ———— //>
9027 TN ! 100a s %
S
2a |
&~ ----
|100b:
o))
70d—~H_]| =/
=1
—

US 11,769,391 B2

L 70b

~—90b

~— 70C

FIG. 2



US 11,769,391 B2

Sheet 3 of 9

Sep. 26, 2023

U.S. Patent

S3DIA3A NO d3d3MOd

S30IN3A 440 d343aMOd

|| _

_ | | _

_ HOLVNLOY |« _ _ _

v3 _ _

“ ezl | | no3 | s+« | NO3 _

_ _

_ “ _ ~uzlLL ezl |

_ NSVTY e Ndd “— || |

| oozl TF ey | |1} |iNanodwoo | | doLvnioy | |

_ . || Y¥3IHLO /40SN3S | |

. dOSN3S | | . // _

_ dNaL INTigwy | & | | HOLL ol

| LININOJINOD /Nm_\ | _ _

| IO _ I P — 2|

| uoz) 30IA3A ¥YavY _ _ | MOSNIS diNIL | _
| e o .

_ o1 - ocl || bl _

| LINN ¥vavy | | _ OVAH _
_ -zzl < | _ .

| 100} | _ eoLl _

IIIIIIIIIIIIIIIIIII - __

1ol 201
J10IH3A
\-09




US 11,769,391 B2

Sheet 4 of 9

Sep. 26, 2023

U.S. Patent

S30IA3d NO d3d3MOd

S30INA3A 440 d343aMOd

| | _
_ || _
_ _
INANOJNOD _
“ N HOLVNLOY | | wavv _ _ — — _
X X] m
_comr\zmﬁ T ooz /moS" _ |
- <
“ _ = | _ uzhl ezLl _
no3 |
_ _ v3 | | |iNaNodwoo |, | doLvniov | |
“ Lumr.\ q | | d3H10 /4OSN3S _
HOSN3S | | < < |
_ 1 dN3L INFISAY | i ol
_ /Nmr _ _ _
_ | =T 1 _
_ v 301A3Q ¥Yavy _ _ ! YOSN3S 'dNIL | _
| e 1
_ - oel || by _
| 1INN ¥vavy “ _ OVAH _
_ N-1004 | | Neqrl |
IIIIIIIIIIIIIIIIIII B
N0l 201
J10IH3A
\-09




U.S. Patent Sep. 26, 2023 Sheet 5 of 9 US 11,769,391 B2
100i L
|
| RADAR UNIT 160 ~,
| MEMORY
|
R | 170 ~,
120a~, : . ICMS
| 2 1822~
> ALARM
| | OTHER SENSORS —»] AGE DATA
|
110a |
~ | 184~ 182b ~
<> HVAC | WIRELESS HEART RATE DATA
| COMM.
|
120b\ ' I 182¢ ~
S l 134 N BREATHING RATE
WINDOW DATA
> ACTUATORS | | PROCESSOR  |¢—»
: 182d ~,
190 ~ | 166~ 1 TEMPERATURE
| ELECTRONIC | | | COMMUNICATION DATA
BUS T PORT
' 1826 ~,
120c I 130 ESCALATING
) | RESPONSE LOGIC
®
I 132 182n .
152 ~ | — -
| | TEMP. SENSOR |—» OTHER DATA
> CAMERAS | |
|
| 172 ~
M : INSTRUCTIONS
|
e e e




U.S. Patent Sep. 26, 2023 Sheet 6 of 9

300 ~
302

START

304

NO
VEHICLE TURNED

US 11,769,391 B2

FIG. 6

312
END

306 ~,

ACTIVATE RADAR DEVICE AND
AMBIENT TEMPERATURE SENSOR

308 ~, l

MONITOR VEHICLE INTERIOR FOR
PRESENCE OF PEOPLE

314~ YES

DETERMINE CHARACTERISTICS OF
PEOPLE PRESENT

316 ~, l
—»{ MEASURE AMBIENT TEMPERATURE |«

318 ~ l

DETERMINE URGENCY LEVEL BASED
ON PRESENCE OF PERSON AND
TEMPERATURE MEASURED

320

NO URGENCY LEVEL

INDICATE RESPONSE
?

322 ~

PERFORM RESPONSE
BASED ON URGENCY
LEVEL




U.S. Patent Sep. 26, 2023 Sheet 7 of 9 US 11,769,391 B2
350 ~
352 FIG. 7
START
354 ~
DETECT CHARACTERISTICS OF LIVING |
BEING(S) IN VEHICLE

358 ~ 356 360
DECREASE IS THE INCREASE
URGENGY IVING BEING(S) CAPABL URGENCY

VEHICLE?

364 ~, 362 366 ~
DECREASE 1S INCREASE
URGENCY LIVING BEING WITH URGENCY

LEVEL AN ADULT? LEVEL
368 ~, l
DETERMINE RATE OF CHANGE AND LENGTH
OF EXPOSURE TO TEMPERATURE

372 ~ 370 374 ~
DECREASE VES IS NO INCREASE
URGENCY TEMPERATURE WITHIN URGENCY

LEVEL LIMITS? LEVEL

378 380

~N 376 S ~N
DECREASE TEMPERATURE VES INCREASE
URGENCY APPROACHING LIMIT URGENCY

LEVEL RAPIDLY? LEVEL

384 382 386

B\ HAS 2
URGENCY TEMPERATURE REACHED URGENCY

LEVEL THRESHOLD LEVEL

?
388 ~ ,L 390 ~
PERFORM
UR[C)%?ETNECRYMII_ESEL —»| RESPONSE BASED
ON URGENCY LEVEL




U.S. Patent Sep. 26, 2023 Sheet 8 of 9 US 11,769,391 B2

400 ~

402 FIG 8
o

VEHICLE TURNED OFF

406 ~, I
MEASURE AMBIENT TEMPERATURE

404 ~

ACTIVATION AMOUN
OF TIME PASSED

410
TURN OFF AMBIENT TEMPERATURE SENSOR |«

412 ~ ¢
> WAIT FOR INTERVAL PERIOD

414
HAS

AMOUNT OF TIME
OF INTERVAL PERIOCD
PASSED?

NO

416 ~,
TURN ON AMBIENT TEMPERATURE SENSOR
418 ~ L

MEASURE TEMPERATURE DURING
MEASUREMENT TIME PERIOD

HAS
PREDETERMINED
AMOUNT OF TIME FOR
MEASURING
TEMPERATURE
PASSED?

HAS
AMOUNT OF TIME O
MEASUREMENT TIME PERIOD
PASSED?

424 N

TURN OFF AMBIENT
TEMPERATURE SENSOR

426

END



U.S. Patent Sep. 26, 2023

450 ~
452

START
454 ~

ACTIVATE RADAR AND AMBIENT
TEMPERATURE SENSOR

456 N v

DETERMINE CHARACTERISTICS OF

Sheet 9 of 9

US 11,769,391 B2

FIG. 9

PEOPLE IN VEHICLE

458 v

MEASURE AMBIENT TEMPERATURE

460

ARE

462 ~

OTHER TEMPERATURE
SENSORS ACTIVE

RECEIVE TEMPERATURE READINGS
FROM OTHER SENSORS

464 ~ l
466 ~ CALCULATE WEIGHTED AVERAGE
DETERMINE URGENCY LEVEL — OF TEMPERATURES AND
DETERMINE TEMPERATURE

DIFFERENTIALS

470 N

GENERATE NOTIFICATION —
474

GENERATE ALARM SOUND —

478 ~

DO NOT PERFORM RESPONSE

480 ~ YES
GENERATE SIGNAL TO PERFORM
INTERVENTION

482



US 11,769,391 B2

1
IN-CABIN TEMPERATURE MONITORING
FOR CHILD PRESENCE DETECTION
APPLICATIONS

FIELD OF THE INVENTION

The invention relates to vehicle sensors generally and,
more particularly, to a method and/or apparatus for imple-
menting in-cabin temperature monitoring for child presence
detection applications.

BACKGROUND

Regulations for vehicles are starting to require child
presence detection for all upcoming vehicles. European
regulations for presence detection in vehicles are aligning
with the US (i.e., the “Hot Car Act”). Various regulations
propose that vehicles be capable of providing alerts in
scenarios when children are left in vehicles (as well as other
occupants, such as the elderly, adults, pets, etc.).

Conventional detection solutions are capable of detecting
the presence of people in vehicles. While the regulations
propose a noble goal, overly broad alerts can become a
nuisance. Vehicle owners that become annoyed with exces-
sive alerts often search for workarounds to disable the alerts.
If a vehicle owner disables all alerts to prevent annoyances,
then alerts will not be available in real emergency scenarios.
Since not all scenarios where people are left in a parked
vehicle are lethal, alerts should be limited to prevent exces-
sive alerts. Danger from being left in a locked vehicle is
often a result of temperature and air conditions as well as the
duration of stay within the closed vehicle.

It would be desirable to implement in-cabin temperature
monitoring for child presence detection applications.

SUMMARY

The invention concerns an apparatus comprising a radar
component and a temperature sensor. The radar component
may be configured to detect a presence of a person in a
vehicle and determine an age range of the person detected.
The temperature sensor may be configured to determine an
ambient temperature in the vehicle and operate indepen-
dently from a heating and cooling system of the vehicle. The
apparatus may be configured to operate when the vehicle is
turned off. A processor may be configured to determine an
urgency level in response to the age range of the person
detected and the ambient temperature. The processor may be
configured to generate escalating actions in response to the
urgency level.

BRIEF DESCRIPTION OF THE FIGURES

Embodiments of the invention will be apparent from the
following detailed description and the appended claims and
drawings.

FIG. 1 is a diagram illustrating a vehicle providing an
alert with a child left inside.

FIG. 2 is a diagram illustrating radar units implemented to
detect the presence of people in a vehicle interior.

FIG. 3 is a block diagram illustrating an example embodi-
ment of the present invention.

FIG. 4 is a block diagram illustrating an alternate embodi-
ment of the present invention.

FIG. 5 is a block diagram illustrating components of a
vehicle that may be activated as escalating responses to a
detected urgency level.
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FIG. 6 is a flow diagram illustrating a method for in-cabin
temperature monitoring for child presence detection.

FIG. 7 is a flow diagram illustrating a method for adjust-
ing an urgency level in response to sensor input.

FIG. 8 is a flow diagram illustrating a method for peri-
odically activating a radar unit after a vehicle has been
turned off for power saving.

FIG. 9 is a flow diagram illustrating a method for gener-
ating escalating actions in response to an urgency level.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Embodiments of the present invention include providing
in-cabin temperature monitoring for child presence detec-
tion applications that may (i) detect a presence of a person
in a vehicle while the vehicle is powered off, (ii) measure an
ambient temperature in a vehicle, (iii) provide a temperature
sensor independent from a vehicle heating and cooling
system, (iv) operate efficiently to limit power consumption,
(v) determine an urgency level based on presence detection,
exposure time and temperature, (vi) perform escalating
responses based on changing circumstances, (vii) activate
vehicle features to counteract temperature in the vehicle,
(viii) prevent alarms from being generated excessively and/
or (ix) be implemented as one or more integrated circuits.

Embodiments of the present invention may be configured
to implement in cabin monitoring systems (ICMS). The
ICMS may be configured to operate while a vehicle is turned
off to monitor for the presence of occupants that may be left
inside the vehicle. The ICMS may be configured to control
the generation of alerts and/or other responses based on
conditions that may be detrimental for the detected occu-
pants. In one example, the ICMS may be configured to
provide enhancements to EP and US regulations regarding
people (e.g., children) being left in locked vehicles.

Embodiments of the present invention may be configured
to implement a radar device and/or temperature sensors in
the vehicle. The radar device may be configured to detect the
presence and/or characteristics of any living beings (e.g.,
children, adults, the elderly, animals, etc.). Instead of relying
solely on presence detection, the temperature sensors may be
implemented to monitor for critical temperatures and/or
duration of temperatures. The combination of the radar
device and the temperature sensors may be configured to
detect exposure of vehicle occupants to extreme temperature
conditions.

The temperature sensors implemented may operate inde-
pendent from other temperature sensors in the vehicle. For
example, many vehicles implement temperature sensors for
heating and cooling (HVAC) systems. The temperature
sensor implemented by embodiments of the present inven-
tion may be configured to operate independent from HVAC
temperature sensors to enable monitoring of ambient tem-
perature changes even while the HVAC system is not
operational. By decoupling the temperature measurement
from high power consumption devices, such as the vehicle
HVAC system, embodiments of the present invention may
be configured to operate with efficient power requirements.
In an example, as modern vehicles shift to electric and
hybrid vehicles, reducing the amount of power consuming
devices and/or reducing the amount of time that power
consuming devices are active may become more important.
The present invention may provide temperature monitoring
while the HVAC is not consuming power.

Embodiments of the present invention may be configured
to leverage radar hardware with a self-diagnostic tempera-
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ture sensor. While the vehicle is powered off, the tempera-
ture in the vehicle may be continually monitored over an
extended period of time. In one example, the radar and/or
temperature sensors may remain active after the vehicle is
shut off (e.g., approximately 30 minutes after the vehicle is
powered down). In response to people detected and the
temperature measured, warnings may be generated with
escalating severity. In one example, a warning may be
generated when an occupant (e.g., a child) is detected in the
vehicle. In another example, an alert/alarm may be gener-
ated in response to an increase (or decrease) in temperature
detected (e.g., in response to the ambient temperature
increasing or decreasing by a predetermined number of
degrees within a particular amount of time, an escalation of
the warning may result). In yet another example, an inter-
vention may be performed in response to the temperature
being detected above (or below) a predetermined tempera-
ture threshold (e.g., windows may be rolled down, the
heating/cooling system may be activated, the doors may be
unlocked, etc.).

Embodiments of the present invention may be configured
to monitor the cabin temperature independently from the
vehicle temperature sensors and signal a potentially danger-
ous condition (e.g., defined by excessively high or low
temperature and/or exposure time). The temperature may be
measured by an independent temperature sensor in the radar
module. The independent ambient temperature sensor may
provide more accurate measurements compared to HVAC
temperature sensors (e.g., HVAC temperature sensors rely
on the flow of air in the air vents, which may not occur when
the vehicle is parked). The independent temperature sensor
may provide reliable results. In some embodiments, other
temperature information provided by other vehicle compo-
nents that implement temperature sensors may be received.
A weighted average may be calculated in order to account
for any temperature differentials within the vehicle.

Referring to FIG. 1, a diagram illustrating a vehicle
providing an alert with a child left inside is shown. A
scenario 50 is shown illustrating an example context for the
present invention. A vehicle 60 is shown in the scenario 50.
The vehicle 60 may be turned off (e.g., parked and powered
off). In one example, the vehicle 60 may be an electric
vehicle (EV). In another example, the vehicle 60 may be a
hybrid-electric vehicle. In yet another example, the vehicle
60 may be an internal combustion engine (ICE) vehicle. The
type of the vehicle 60 may be varied according to the design
criteria of a particular implementation.

An interior 62 of the vehicle 60 is shown. The interior 62
of the vehicle 60 is shown enclosed (e.g., doors are closed
and windows are shut). A person 70 is shown within the
interior 62. In the example shown, the person 70 may be a
child. The person 70 is shown alone within the vehicle 60.
The scenario 50 may provide an example of the child 70 left
unattended in a parked vehicle (e.g., no adults or other
people present in the interior 62).

Multiple lines 80 are shown extending from the vehicle
60. The lines 80 may represent an alert (e.g., an audio alert).
The alert 80 may be generated in response to the detection
of the child 70 left unattended in the vehicle 60. Generally,
the alert 80 may be generated in accordance with regulations
that may apply for children being left in vehicles.

Blocks (or circuits) 100a-100 are shown. The circuits
100a-1002 may implement radar units. The radar units
100a-1007 may be configured to detect the presence of
people within the interior 62 of the vehicle 60. The number
of radar units 100a-100~ implemented by the vehicle 60
may depend on the size of the vehicle 60 and/or potential
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obstacles within the interior 62. The number of the radar
units 1004-1007 implemented may be varied according to
the design criteria of a particular implementation.

One or more of the radar units 100a-100~ may detect the
person 70. The radar units 1004-1007 may be configured to
detect the presence of people in the interior 62 of the vehicle
60 to enable the generation of the alert 80. In some embodi-
ments, the radar units 1004-1002 may be configured to
detect the person 70 and generate the alert 80 in response to
detecting the person 70. In some embodiments, the radar
units 1004-1007 may be configured to detect the person 70
and provide data about the detection to another component
of'the vehicle 60 (e.g., an electronic control unit (ECU)) that
may generate the alert 80. The combination(s) of compo-
nents that the radar units 100a-100z may communicate with
to enable the generation of the alert 80 may be varied
according to the design criteria of a particular implementa-
tion.

The radar units 100a-100z may be configured to enable
granular control of the generation of the alert 80. For
example, the radar units 1004-1007 may be configured to
suppress the alert 80 unless predetermined criteria are met.
In one example, the radar units 100a-100z may prevent
and/or disable the alert 80 in response to detection of the
person 70 alone. The radar units 100a-100~ may be config-
ured to analyze multiple sources of data to ensure the alert
80 is generated in response to scenarios where human
intervention and/or attention may be suitable (e.g., poten-
tially dangerous scenarios) without enabling the alert 80 in
scenarios that may not need urgent human intervention
and/or attention (e.g., may not be dangerous). By analyzing
multiple sources of data (e.g., more than presence detection
alone), the radar units 1004-1007 may be configured to
prevent the alert 80 from becoming a nuisance for vehicle
owners.

Referring to FIG. 2, a diagram illustrating radar units
implemented to detect the presence of people in a vehicle
interior is shown. A top down view of the vehicle 60 is
shown. The top down view of the vehicle 60 is illustrated
with a top of the vehicle 60 shown as a cutaway to provide
a view of the interior 62.

People 70a-70d are shown within the interior 62 of the
vehicle 60. The people 70a-70d may represent passengers
and/or a driver of the vehicle 60. In the example shown, the
people 70a-70d are illustrated as adults. However, the one or
more of the people 70a-70d in the vehicle 60 may be any
combination of children, teenagers, infants, adults, the
elderly, differently-abled people, incapacitated people, etc.
In an example, the child 70 shown in association with FIG.
1 may be one of the people 70a-704. The number and/or
characteristics of the people 70a-70d may be varied accord-
ing to the design criteria of a particular implementation.

Seats 90a-905 are shown in the interior 62. The person
70a is shown in the seat 90a (e.g., a driver in the driver seat
90a). The person 705 is shown in the seat 9056 (e.g., a
passenger in the front passenger seat 905). The seats 90a-
905 may be a front row of seats of the vehicle 60.

Seat rows 92a-92b are shown. The seat row 92a may be
a middle seat row. The person 70c is shown sitting in the
middle seat row 92a. The seat row 926 may be a rear seat
row. The person 704 is shown sitting in the rear seat row
92b. In the example shown, the vehicle 60 may be illustrated
as a vehicle with three rows of seats (e.g., the front row
comprising the seats 90a-905 and the seat rows 924-926). In
the example shown, the seats 90a-905b and the seat rows
92a-92b are shown facing forward (e.g., towards a front end
of'the vehicle 60). In some embodiments, one or more of the
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seats 904-90b and/or individual seats in the seat rows
92a-92b may face forward, backwards, may be rotated at an
angle, may be upright, may be reclined, etc. The arrange-
ment of the people 70a-70d in the seats 90a-905 and/or the
seat rows 92a-925b, the number of seats, the location of seats
and/or the arrangement of seats in the vehicle 60 may be
varied according to the design criteria of a particular imple-
mentation.

The radar units 1004-1005 are shown in the interior 62 of
the vehicle 60. The radar units 100a-1005 may be configured
to detect a presence of the people 70a-704 in the interior 62.
The radar units 1004-1005 may be configured to operate
while the vehicle 60 is turned on (e.g., powered on, driving,
idling, etc.). The radar units 100a-1005 may be configured
to operate while the vehicle 60 is turned off (e.g., powered
off, parked, etc.).

In the example shown, the interior 62 of the vehicle 60
may comprise two of the radar units 100a-1005. Generally,
the radar units 1004-1005 may be installed in the vehicle 60
such that one of the radar units 100a-1007 is implemented
per every two rows of seats of the vehicle 60. In the example
shown, the vehicle 60 may comprise three rows of seats
(e.g., the seats 90a-90b and two additional seat rows 92a-
92b). In order to accommodate three rows of seats, the two
radar units 100a-100z may be implemented. In an embodi-
ment of the vehicle 60 with two rows of seats (e.g., a sedan
type vehicle) one of the radar units 1004-100z may be
installed. Additional radar units 100a-1007 (or fewer of the
radar units 100a-1007) may be implemented depending on
a layout of the interior 62, the number and/or arrangement
of obstacles in the interior 62, different numbers of seat
rows, an amount of space in the interior 62, etc. In an
example, a mass transit vehicle (e.g., a city bus, a school bus,
etc.) may implement five or more of the radar units 100a-
100% to ensure people are not left on the mass transit vehicle.
The number of radar units 100a-1007 implemented and/or
the installation location of the radar units 100a-1007 may be
varied according to the design criteria of a particular imple-
mentation.

The radar units 100a-1007 may be configured to detect
and/or distinguish between the people 70a-70d in the inte-
rior 62. The radar units 1004-1007 may be configured to
determine a number of the people 70a-70d and/or a location
of the people 70a-704 in the interior 62. The radar units
100a-1007 may be configured to determine characteristics of
the people 70a-704 in the interior 62. In the example shown,
the radar units 1002-1005 may detect the person 70a and the
characteristics of the person 70a in the driver seat 90q, the
person 706 and the characteristics of the person 705 in the
passenger seat 905, the person 70c¢ and the characteristics of
the person 70c in the seat row 92a and the person 70d and
the characteristics of the person 704 in the seat row 925.

The characteristics of the people 70a-704 detected by the
radar units 100a-1007z may comprise biomarkers, shape and
size information and/or other readings about the people
70a-70d. The characteristics may comprise any feature of
the people 70a-70d that may be used by the radar units
100a-1007 (or other components of the vehicle 60) to infer
information about the people 70a-70d4 detected. In one
example, the characteristics of the people 70a-70d detected
by the radar units 1004-1007 may be used to infer an age
range of each of the people 70a-70d. In another example, the
characteristics of the people 70a-70d detected by the radar
units 100a-10072 may be used to infer a status of each of the
people 70a-70d (e.g., awake, asleep, in distress, etc.). In yet
another example, the characteristics of the people 70a-70d4
detected by the radar units 100a-1007 may be used to infer
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a body position of each of the people 70a-704d (e.g., sitting
upright, leaning against a window, lying down, etc.). The
types of characteristics detected and/or the inferences about
the people 70a-70d determined in response to the charac-
teristics detected by the radar units 100a-1007~ may be varied
according to the design criteria of a particular implementa-
tion.

The radar units 100a-1007 may be configured to compare
(or provide information for a comparison) of the detected
characteristics of the people 70a-704 to known characteris-
tics of particular groups of people. In one example, the
characteristics detected by the radar units 100a-1007 may be
compared against known biometric information about par-
ticular categories of people (e.g., biometric information for
awake adults, biometric information for sleeping adults,
biometric information for awake children, biometric infor-
mation for sleeping children, etc.).

One of the characteristics detected by the radar units
1004a-1007 may comprise a body size and/or shape. In an
example, a body size and/or shape of the person 70a
detected by the radar unit 100a¢ may be compared to known
body sizes for particular age groups (e.g., shapes and sizes
of male and female adults, shapes and sizes of male and
female teenagers, shapes and sizes of male and female
children, shapes and sizes for male and female infants, etc.).
One of the characteristics detected by the radar units 100a-
100~ may comprise a heart beat rate. In an example, a heart
beat rate of the person 70c¢ detected by the radar unit 100«
may be compared to known heart beat rates for particular
age groups (e.g., known heart beat rates for male and female
adults, known heart beat rates for male and female children,
known heart beat rates for male and female infants, etc.).

One of the characteristics detected by the radar units
100a-1007 may comprise a breathing rate. In an example, a
breathing rate of the person 70d detected by the radar unit
1005 may be compared to known breathing rates for par-
ticular age groups (e.g., known breathing rates for male and
female adults, known breathing rates for male and female
children, known breathing rates for male and female infants,
etc.).

One of the characteristics detected by the radar units
100a-1007 may comprise a temperature. The temperature
measurement may be used to determine a temperature of
each of the people 70a-70d and/or an ambient temperature
within the vehicle 60. The temperature measured by the
radar units 100a-1007~ may be used to determine whether the
people 70a-70d are experiencing extreme temperature con-
ditions (e.g., conditions that may potentially cause harm to
the people 70a-70d based on an amount of exposure).

The radar units 100a-10072 may provide information about
multiple characteristics detected. For example, whether the
person 706 is a child or an adult (or a particular age range
of the person 7056) may be determined by analyzing the
shape of the person 705 and the heart beat rate of the person
70b. In another example, whether the person 70c is a child
or an infant (or a particular age range of the person 70¢) may
be determined by analyzing the shape of the person 70c¢ and
the breathing rate of the person 70c.

In the example shown, the passengers 70a-70d may
comprise people. Generally, the characteristics of the people
70a-70d detected and/or information inferred about the
people 70a-70d4 may be applicable to human passengers. The
radar units 1004-100z may be configured to determine
characteristics and/or infer information about other types of
living beings (e.g., dogs, cats, etc.). For example, the radar
units 100a-100%z may be configured to detect the presence
and/or categorize pets within the interior 62.
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Referring to FIG. 3, a block diagram illustrating an
example embodiment of the present invention is shown.
Various components of the vehicle 60 are shown. The
vehicle 60 is shown comprising a category of components
102 and/or a category of components 104. The category of
components 102 may comprise components that may be
powered off when the vehicle 60 is turned off. The category
of components 104 may comprise components that may
remain powered on after the vehicle 60 is turned off. In some
embodiments, some of the components 104 that may remain
powered on after the vehicle 60 is turned off may remain
powered on for a temporary amount of time and then turn off
after the amount of time has elapsed (e.g., change from one
of the powered on devices 104 to the powered off devices
102). In the example shown, the vehicle 60 may be turned
off. The components shown may be an illustrative example.
Which components are powered on, which components are
powered off and/or a length of time that particular compo-
nents remain powered on after the vehicle 60 is turned off
may be varied according to the design criteria of a particular
implementation.

The powered off devices 102 may comprise blocks (or
circuits) 110a-110% and/or blocks (or circuits) 112a-112n.
The circuits 110a-1107 may comprise various components.
The circuits 112¢-1127» may comprise various electronic
control units (ECUs). The number, type and/or functionality
of the powered off devices 102 may be varied according to
the design criteria of a particular implementation.

The components 110a-110z may comprise various
devices, sensors, actuators and/or systems of the vehicle 60
that may be powered off while the vehicle 60 is powered off.
In an example, one or more of the components 110a-110#
that may be powered off may be a lighting system. In another
example, one or more components 110¢-1107 that may be
powered off may be a camera system. In yet another
example, one or more components 110¢-1107 that may be
powered off may be an infotainment system. Generally, the
components 110a-1107 that may be turned off when the
vehicle 60 is turned off may correspond to driving systems,
driver assistance systems, and/or comfort systems.

The ECUs 1124-112z may be configured to manage
and/or perform calculations for various systems and/or com-
ponents of the vehicle 60. The ECUs 112¢-1127 may be
configured to receive input from various sensors, perform
calculations, make determinations/decisions (e.g., interpret
data) and/or generate signals to activate actuators of the
vehicle 60. The ECUs 1124-112r may be configured to
control specific functionality of the vehicle 60. In an
example, the ECUs 112a-112# may control essential func-
tionality (e.g., engine, braking, power steering control, etc.).
In another example, the ECUs 112a-112z may control
comfort features (e.g., power windows, seats position,
HVAC, infotainment, etc.). In yet another example, the
ECUs 112a-1127 may control security and access to the
vehicle 60 (e.g., door locks, keyless entry, etc.). In still
another example, the ECUs 112¢-1127 may control passive
and/or active safety features (e.g., airbags, automatic emer-
gency braking, seatbelt restraints, etc.). The types of features
controlled by the ECUs 112a-1127 may be varied according
to the design criteria of a particular implementation.

The ECUs 1124-1127 may comprise a processor and/or a
memory. In some embodiments, the ECUs 1124-1127 may
implement application specific integrated circuits (ASIC)
and/or a system on a chip (SoC). Generally, the ECUs
1124-11217 may comprise dedicated circuitry that runs soft-
ware or firmware and requires power and data connections
to operate. The ECUs 112a-1127 may be powered off (e.g.,
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control features that are considered unnecessary while the
vehicle 60 is powered down).

In the example shown, the component 110a may represent
a heating and cooling system (a Heating, ventilation, and air
conditioning (HVAC) system). The HVAC 110a may be a
high power consuming component. For example, to prevent
excessive power consumption, the HVAC 110a may be
turned off while the vehicle 60 is powered down.

The HVAC 110a may comprise a block (or circuit) 114.
The HVAC 110a may comprise other components (not
shown). The circuit 114 may implement an HVAC tempera-
ture sensor. The HVAC temperature sensor 114 may be
configured to measure temperature in the interior 62 to
provide input for the HVAC 110aq to control the temperature
in the interior 62. Since the HVAC 110a may be one of the
powered off devices 102, the HVAC temperature sensor 114
may not be operational while the vehicle 60 is powered off.
Even if the HVAC 110a was not powered off, the HVAC
temperature sensor 114 may not provide reliable temperature
measurements while the vehicle 60 is parked (e.g., HVAC
temperature sensors rely on the flow of air in the air vents to
measure temperature and vehicles that are not moving have
less air flow through the air vents).

The powered on devices 104 may comprise the radar units
100a-1007 (e.g., the radar unit 100i is shown as a represen-
tative example for illustrative purposes), blocks (or circuits)
120a-1202 and/or a block (or circuit) 122. The circuits
120a-1207 may comprise various components. The circuit
122 may comprise an ECU. The number, type and/or func-
tionality of the powered on devices 104 may be varied
according to the design criteria of a particular implementa-
tion.

The components 120a-120z may comprise various
devices, sensors, actuators and/or systems of the vehicle 60
that may be powered on while the vehicle 60 is powered on.
In the example shown, the component 120a may be an
actuator and the component 1205 may be an alarm. In one
example, the components 120a-120» may be configured to
provide essential features. Generally, the components 120a-
120n» may be low power consumption devices (e.g., to
prevent excessive battery drain). In an example, one or more
of'the components 120a-120# that may be powered on while
the vehicle 60 is turned off may be security systems (e.g., the
alarm 1205 may provide alerts as an output and other of the
components 120a-120z may be comprise sensors configured
to perform proximity detection, entry detection, etc.). In
another example, one or more of the components 120a-1207
that may be powered on may comprise wireless communi-
cation devices (e.g., to receive remote unlock signals,
remote car starting, communicate status information, etc.).
One or more of the components 120¢-1207 that may be
powered on may operate in a sleep or low-powered state
(e.g., a remote rear hatch actuator may not consume power,
but may be activated in response to a remote door open
signal). Generally, the components 120a-120% that may be
turned on when the vehicle 60 is turned off may correspond
to security systems, warning systems, and/or vehicle sys-
tems. The types of the components 120a-120% and/or the
functionality of the components 120a-120z may be varied
according to the design criteria of a particular implementa-
tion.

The ECU 122 may implement similar functionality and/or
may have a similar implementation as the ECUs 1124-112n.
The ECU 122 may be powered on while the vehicle 60 is
turned off in order to enable the functionality of the com-
ponents 120a-1207 that remain powered on. For example,
the ECU 122 may be configured to receive input from the
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radar units 100a-100» and/or other sensors. The ECU 122
may be configured to interpret the data received and gener-
ate output signals to activate the components 120a-120z that
provide actuator functionality. In the example shown, a
single ECU 122 is shown as one of the powered on devices
104 for illustrative purposes. More than one ECU may
remain powered on while the vehicle 60 has been turned off.

The radar unit 100; may comprise a block (or circuit) 130,
a block (or circuit) 132 and/or a block (or circuit) 134. The
circuit 130 may implement a radar device. The circuit 132
may implement an ambient temperature sensor. The circuit
134 may implement a processor (e.g., a CPU, a SoC, etc.).
The radar unit may comprise other components (not shown).
The number, type and/or arrangement of the components of
the radar units 100a-1002 may be varied according to the
design criteria of a particular implementation.

The radar device 130 may be configured to generate
and/or read radar signals. The radar device 130 may be
configured to interpret the data from the radar signals (e.g.,
a Doppler effect). The radar device 130 may be configured
to detect and/or validate a presence of the people 70a-70d in
the interior 62. The radar device 130 may be configured to
determine characteristics of the people 70a-704 (e.g., the
shape, the size, the heart beat rate, the breathing rate, etc.).
The data from the radar device 130 may be used to deter-
mine an age range and/or a location of the people 70a-70d
in the interior 62. The radar device 130 may be configured
to provide the radar data (e.g., information about the pres-
ence of the people 70a-704) to the processor 134.

In the example shown, the radar units 1004-1007z may
implement the radar device 130 to perform the detection
and/or verification of the presence of the people 70a-70d4
and/or determine the characteristics of the people 70a-704d.
In some embodiments, alternate types of sensors may be
implemented (e.g., instead of the radar device 130 or as
complementary sensors to the radar device 130 to provide
multiple disparate sources of detection). In one example, the
presence and/or detection of characteristics of the people
70a-70d may be measured using ultrasonic sensors. In
another example, the presence and/or detection of charac-
teristics of the people 70a-70d may be measured using
cameras (e.g., computer vision). The type of measurements
used to perform the presence and/or detection of character-
istics of the people 70a-70d may be varied according to the
design criteria of a particular implementation.

The ambient temperature sensor 132 may be configured to
determine an ambient temperature in the interior 62. In some
embodiments, the ambient temperature sensor 132 may be
configured to measure a body temperature of each of the
people 70a-70d. The ambient temperature sensor 132 may
be implemented by each of the radar units 100a-100% to
enable operation that may be independent from the heating
and cooling system 110a of the vehicle 60. The ambient
temperature sensor 132 may operate independently from
other temperature measuring components of the vehicle 60.
The ambient temperature sensor 132 may be configured to
provide an ambient temperature measurement to the proces-
sor 134.

In some embodiments, the processor 134 may be a
component of each of the radar units 100a-1007. The
processor 134 may be configured to determine an urgency
level of the conditions in the interior 62 in response to the
age range of the people 70a-70d detected (e.g., the input
from the radar device 130) and the ambient temperature
measurement (e.g., the input from the ambient temperature
sensor 132). The processor 134 may be configured to
generate one or more output signals. The output signals
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generated by the processor 134 may be presented to one or
more of the components 120a-120z. In the example shown,
one output signal may be presented to the actuator 120a and
one output signal may be presented to the alarm 12056. The
output signals from the processor 134 may be generated
independently or simultaneously.

The processor 134 may be configured to determine an
urgency level in response to the people 70a-70d detected
and/or the ambient temperature measurement. The urgency
level may comprise an evaluation of the environmental
conditions within the interior 62. In some embodiments, the
urgency level may comprise fuzzy logic. The processor 134
may use the evaluation of the urgency level to determine the
type of response to perform. In an example, if the urgency
level indicates no or minimal threat to the people 70a-704d,
the processor 134 may determine that no response may be
performed. In another example, if the urgency level indi-
cates a moderate threat to the people 70a-70d, the processor
134 may determine that the alert 80 may be generated. In yet
another example, if the urgency level indicates a high threat
to the people 70a-704d, the processor 134 may determine that
an alternate intervention may be initiated. The number
and/or thresholds for each of the urgency levels evaluated by
the processor 134 and/or the factors that constitute a threat
to the people 70a-70d may be varied according to the design
criteria of a particular implementation.

The processor 134 may be configured to determine esca-
lating actions (or responses) to perform and/or enable based
on the urgency level. The escalating responses may com-
prise outputs generated by the processor 134 that perform
increasing amounts of intervention and/or draw increasing
amounts of attention from a vehicle owner (or people near
the vehicle 60) that correspond to the urgency level deter-
mined. The output signal(s) generated by the processor 134
may be configured to generate the escalating actions in
response to the urgency level.

The radar device 130 may be configured to present a
signal (e.g., R) to the processor 134. The signal R may
represent the radar data generated by the radar device 130.
The ambient temperature sensor 132 may be configured to
present a signal (e.g., T) to the processor 134. The signal T
may represent the ambient temperature measured by the
ambient temperature sensor 132. The processor 134 may be
configured to present signals (e.g., EA-EB) to a respective
one of the components 120a-1205. The signals EA-EB may
comprise control signals configured to enable the compo-
nents 120a-1206 to perform one or more of the escalating
responses.

The radar units 100a-1007 may be configured to operate
when the vehicle 60 is turned off. The radar units 100a-1007,
and the ambient temperature sensor 132, may be configured
to be operational while the HVAC system 110a is powered
off. In some embodiments, the radar units 100a-1007 may be
configured to remain on an entire time that the vehicle 60 is
powered off. In some embodiments, the radar units 100a-
100~ may be configured to remain on for a predetermined
amount of time after the vehicle 60 is powered off. For
example, the ambient temperature sensor 132 may be con-
figured to measure the ambient temperature continually (or
continuously) for a predetermined amount of time after the
vehicle 60 is turned off.

In some embodiments, the radar units 100a-1007 may be
configured to cycle between a powered on state and a sleep
(or low power, or off) state. In an example, the temperature
sensor 132 may be configured to measure the ambient
temperature in the interior 62 for a particular amount of
time. For example, the radar units 100a-1007 may remain off
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for an activation amount of time after the vehicle 60 is
turned off (e.g., the radar units 1004-1007 may remain on for
five minutes after the vehicle 60 is off to enable the radar
device 130 to detect the presence of the people 70a-704 and
for the ambient temperature sensor 132 to measure the
ambient temperature). After the activation amount of time,
the radar units 100a-1002 may be powered off (or enter a
sleep state). The radar units 100a-1007 may be powered off
for a sleep interval (e.g., a predetermined amount of time).
After the sleep interval has elapsed, the radar units 100a-
100~ may be powered on for a measurement time period.
During the measurement time period, the radar device 130
may detect the presence and/or update the characteristics of
the detected people 70a-70d (e.g., determine whether a
breathing rate or heart beat rate has changed, which may
indicate worsening conditions). During the measurement
time period, the ambient temperature sensor 132 may mea-
sure the ambient temperature. After the measurement time
period, the radar units 100a-1007 may return to the powered
off state.

The radar units 100a-100~ may cycle between the pow-
ered off state for the sleep interval and the powered on state
for the measurement time period. In some embodiments, the
radar units 100a-100z may cycle between the powered
off/on states for the entire time that the vehicle 60 is turned
off. In some embodiments, the radar units 1004-1007 may
cycle between the powered off/on states for a particular
amount of time while the vehicle 60 is turned off (e.g., one
hour, two hours, half an hour, etc.). The amount of time that
the radar units 100a-100% remain on after the vehicle 60 is
turned off, the amount of time for the sleep interval, the
amount of time for the time measurement period and/or the
amount of time to repeat the powered on/off cycles may each
be different. The amount of the various times may be varied
according to the design criteria of a particular implementa-
tion.

The urgency level may be determined by the processor
134 based on various factors. The factors may comprise the
age range of the detected people 70a-70d, the current
ambient temperature measurement, a rate of change of the
ambient temperature measurement and/or a length of expo-
sure to the ambient temperature measured. The urgency
level may have an upper threshold temperature (e.g., too hot
in the vehicle 60) and a lower threshold temperature (e.g.,
too cold in the vehicle 60). In an example, exceeding either
the upper threshold temperature or the lower temperature
level may result in the processor 134 determining the highest
urgency level. In an example, exceeding the lower threshold
temperature or the upper threshold temperature may result in
the highest urgency level regardless of the age range or the
determined capacity of the detected people 70a-70d (e.g.,
the conditions may be too extreme for anybody). Lower
urgency levels may be selected by weighting the various
factors. Age range may be one factor for determining the
urgency level. In an example, a notification and/or an alert
may be generated in response to a child detected alone in the
vehicle 60 (e.g., a person age six or younger). In some
embodiments, the urgency level may be increased or
decreased regardless of the age range of the detected people
70a-70d.

In some embodiments, the urgency level may be adjusted
in response to the other people detected in the vehicle 60. In
an example, if the detected person 70d is determined to be
a child and was alone in the vehicle 60, then a higher
urgency level may be determined by the processor 134. In
another example, if the same detected person 704 (e.g., a
child) is detected in the vehicle along with an adult occupant
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(e.g., an adult 70a), then the urgency level may be reduced
(e.g., the adult may be capable of opening the car doors,
turning on the HVAC 1104, tending to the child, etc.). A high
urgency level may still be determined even with an adult
present based on the characteristics detected (e.g., the child
70d has a very low heart beat rate, a low breathing rate, the
temperature is extreme, etc.).

In one example, at least three urgency levels may be
implemented. A first (e.g., lowest) urgency level may be
determined when the person (e.g., 70¢) is a child left alone
in the vehicle 60 and the ambient temperature measurement
is a comfortable temperature (e.g., between the upper thresh-
old temperature and the lower threshold temperature and the
temperature is decreasing or increasing at a low rate). In
response to the low urgency level, one of the escalating
responses may be performed (e.g., a response with low
intrusiveness, such as an alert/notification may be sent to a
smartphone indicating that a child is alone in the vehicle 60).
A second (e.g., medium) urgency level may be determined
when the person (e.g., 70¢) is a child left alone in the vehicle
60 and the ambient temperature is below the upper threshold
and increasing at a high rate or above the lower threshold
and decreasing at a high rate (e.g., the current temperature
is comfortable but increasing towards the upper threshold or
decreasing towards the lower threshold). In response to the
medium urgency level, one of the escalating responses may
be performed (e.g., a response with a higher amount intru-
siveness). For example, the processor 134 may activate the
alarm 1205 to generate the alert 80. A third (e.g., high)
urgency level may be determined when the person (e.g., 70¢)
is a child left alone in the vehicle 60 and the ambient
temperature is above said upper threshold or below said
lower threshold. In response to the high urgency level, one
of' the escalating responses may be performed (e.g., the most
intrusive types of responses, such as opening a vehicle
window, unlocking all the doors (even at the cost of vehicle
security), activating the HVAC 110a, contacting emergency
services, etc.).

The actuators 1205 may be one example actuator that may
be configured to perform the various escalating actions (e.g.,
lowering the windows, unlocking the car door, enabling the
HVAC 110q). In an example, the processor 134 may be
configured to activate one or more actuators in response to
the urgency level. In some embodiments, the processor 134
may be configured to provide input to the ECU 122 and the
ECU 122 may enable the various components 120a-1207 to
perform the various escalating actions.

Referring to FIG. 4, a block diagram illustrating an
alternate embodiment of the present invention is shown. The
block diagram of the vehicle 60 may be similar to the block
diagram described in association with FIG. 3. The HVAC
110a and the other components 1105-110z and the ECUs
1124-1127 may be the powered off devices 102. Similarly,
the radar units 1004-1007 and/or the components 120a-1207
may be the powered on devices 104.

In some embodiments, the radar units 100a-1007 may be
implemented without the processor 134. In the example
shown, the radar unit 100; may comprise the radar device
130 and the ambient temperature sensor 132. The radar
device 130 may provide the presence detection information
and/or the characteristic information to an external device.
The ambient temperature sensor 132 may provide the ambi-
ent temperature measurement to an external device. The
external device may determine the urgency level and/or the
escalating responses.

In the example shown, the radar unit 100; may provide the
output to the ECU 134'. The ECU 134' may comprise a
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processor configured to perform functionality similar to the
processor 134 described in association with FIG. 3. The
ECU 134' may be configured to receive an input from the
radar component 130 (e.g., the signal R) and an input from
the ambient temperature sensor 132 (e.g., the signal T).

The ECU 134' may be configured to receive input and/or
provide output (e.g., the signals EA-EN) to the powered on
components 120a-120x. In some embodiments, the ECU
134' may be configured to activate one or more of the
components 1204-120% in response to only input from one
or more of the radar units 100a-1007 (e.g., the ECU 134’
may be a dedicated ECU for the radar units 100a-1007). In
some embodiments, the ECU 134' may be configured to
activate one or more of the components 1204-1207n in
response to input from the radar units 100¢-1007 and/or
other of the components 120a-120% (e.g., the ECU 134' may
be configured to make determinations based on multiple
systems within the vehicle 60).

In some embodiments, the ECU 134' may be configured
to receive the ambient temperature measurement from the
temperature sensor 132 and receive other temperature mea-
surements from other of the powered on devices 104 (not
shown). The processor implemented by the ECU 134' may
be configured to perform a weighted average of the ambient
temperature and the other temperature information. The
processor implemented by the ECU 134' may determine the
urgency level based on the weighted average calculated.
Determining the weighted average based on multiple dispa-
rate sources of temperature information may prevent dis-
torted readings (e.g., measuring hot spots or cold spots in the
vehicle 60 when the overall temperature is different).

Referring to FIG. 5, a block diagram illustrating compo-
nents of a vehicle that may be activated as escalating
responses to a detected urgency level is shown. The radar
unit 1007 is shown as a representative example of any of the
radar units 100a-1007. The radar unit 100; is shown con-
nected to an electronic bus 150.

The electronic bus 150 may be configured to enable
various components within the vehicle 60 to exchange data.
The electronic bus 150 may be bi-directional to enable the
radar units 1004-1007 to send and/or receive data to/from
other components. In one example, the electronic bus 150
may be a CAN bus.

Various components are shown communicating on the
electronic bus 150. In the example shown, the HVAC 110aq,
the alarm 120q, window actuators 1205, wireless commu-
nications (e.g., Wi-Fi, Bluetooth, ZigBee, etc.) may com-
municate over the electronic bus 150. A block (or circuit)
152 is shown connected to the electronic bus 150. In the
example shown, the circuit 152 may comprise a camera
system (e.g., blindspot cameras, cameras used for autono-
mous driving, etc.). The components communicating over
the electronic bus 150 may comprise the powered off devices
102 and/or the powered on devices 104. For example, the
electronic bus 150 may enable the radar units 100a-100% to
activate the HVAC 110a as one of the escalating responses.

The radar unit 1007 is shown comprising the radar device
130, the ambient temperature sensor 132, the processor 134,
a block (or circuit) 160, a block (or circuit) 162, a block (or
circuit) 164 and/or a block (or circuit) 166. The circuit 160
may implement a memory. The circuit 162 may implement
other sensors. The circuit 164 may implement wireless
communications. The circuit 166 may implement a commu-
nication port. The radar units 100a-1007 may comprise other
components (not shown). The number, type and/or arrange-
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ment of the components of the radar units 100a-1007 may be
varied according to the design criteria of a particular imple-
mentation.

The memory 160 may comprise a block (or circuit) 170
and/or a block (or circuit) 172. The circuit 170 may comprise
ICMS storage. The circuit 172 may comprise computer
readable instructions. The memory 160 may be configured to
store data presented by the radar device 130, the temperature
sensor 132, the processor 134 and/or the other sensors 162.
The memory 160 may be configured to provide stored data
and/or the computer readable instructions to the processor
134.

The radar units 100a-1002 may be configured to generate
presence information (e.g., from the radar device 130)
and/or ambient temperature measurements (e.g., from the
ambient temperature sensor 132). The radar units 100a-1007
may implement other sensors 162. The other sensors 162
may be configured to perform other types of measurements
that may be relevant to determining the conditions within the
interior 62 and/or the presence of the people 70a-704 (e.g.,
camera data, pressure, humidity, ultrasonic data, etc.).

The wireless communications 164 may enable the radar
units 100a-1007 to communicate wirelessly. The wireless
communications 164 may implement one or more wireless
communications protocols (e.g., GNSS, Wi-Fi, Bluetooth,
ZigBee, NFC, etc.). The wireless communications 164 may
be configured to receive information from external sources
and/or communicate data to the external sources. In one
example, the wireless communications module 164 may be
configured to communicate with a smartphone. In one
example, the wireless communications 164 may be config-
ured to determine a distance from the vehicle 60 of the
smartphone. In another example, the wireless communica-
tions 164 may be configured to communicate warnings
and/or notifications to the smartphone as one of the esca-
lating responses (e.g., send a notification that a child has
been left alone in the vehicle 60).

The communication port 166 may comprise a wired
connection. The communication port 166 may be configured
to enable communication via the electronic bus 150. The
communication port 166 may enable the processor 134 to
send/receive data over the electronic bus 150 to communi-
cate with the components 120a-120% and/or the ECU 122. In
some embodiments, the communication port 166 may
enable the processor 134 to activate one or more of the
disabled (or powered down) devices 110a-1102 and/or
ECUs 1124-112n. For example, one of the escalating actions
may be to activate the HVAC 110a in response to the
urgency level.

The ICMS storage 170 may be configured to store data for
the ICMS features. The ICMS storage 170 may comprise
blocks (or circuits) 182a-182x. The blocks 182a-182r may
store various data sets. For example, the data sets 182a-182n
may comprise age data 182a, heart rate data 1825, breathing
rate data 182¢, temperature data 1824, escalating response
logic 182¢ and/or other data 182z

The processor 134 may be configured to execute stored
computer readable instructions (e.g., the instructions 172
stored in the memory 160). The processor 134 may perform
one or more steps based on the stored instructions 172. In an
example, one of the steps of the instructions 172 executed/
performed by the processor 134 may analyze the character-
istics of the detected people 70a-70d and read the ambient
temperature measurement. In another example, one of the
steps of the instructions 172 may be executed/performed by
the processor 134 may determine the urgency level. In yet
another example, one of the steps of the instructions 172
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may be executed/performed by the processor 134 and may
determine the escalating responses to perform in response to
the urgency level. In still another example, one of the steps
of the instructions 172 may be executed/performed by the
processor 134 and may cycle between the sleep and powered
on mode of operation. The instructions executed and/or the
order of the instructions 172 performed by the processor 134
may be varied according to the design criteria of a particular
implementation.

The age data 182a¢ may comprise information about
characteristics that may be commonly associated with vari-
ous age groups. The age data 182¢ may be used by the
processor 134 to compare against the characteristics mea-
sured by the radar device 130. In an example, the age data
182a may comprise biometric information about breathing
rates and/or heart rates that may be associated with particu-
lar types of people (e.g., age ranges, genders, body type,
body size, etc.). The age data 182a may comprise statistical
information about different types of people. The age data
182a may enable the processor 134 to compare against the
characteristics to determine whether any of the detected
people 70a-70d are infants, children, teenagers, adults,
elderly, over a particular age, below a particular age, in
between limits of an age range, etc. The granularity of the
various age ranges may be varied according to the amount
of statistical information available.

The heart rate data 1825 may comprise information about
the heart rates of the detected people 70a-70d. The heart rate
data 18256 may be provided by the radar device 130. In an
example, the heart rate data 1825 may be stored about each
of the detected people 70a-70d. In some embodiments, the
heart rate data 18256 may be stored according to a time of
measurement to enable the heart rates detected to be moni-
tored over time (e.g., to determine potential issues with
rapidly increasing heart rates or decreasing rates). The heart
rate data 1825 may be used by the processor 134 to compare
against the age data 182a (e.g., known heart beat rates) in
order to determine the age range and/or other characteristics
of the people 70a-70d.

The breathing rate data 182¢ may comprise information
about the breathing rates of the detected people 70a-70d.
The breathing rate data 182¢ may be provided by the radar
device 130. In an example, the breathing rate data 182¢ may
be stored about each of the detected people 70a-70d. In
some embodiments, the breathing rate data 182¢ may be
stored according to a time of measurement to enable the
breathing rates detected to be monitored over time (e.g., to
determine potential issues if a person stops breathing, has
shallow breaths, is hyperventilating, etc.). The breathing rate
data 182¢ may be used by the processor 134 to compare
against the age data 182a (e.g., known breathing rates) in
order to determine the age range and/or other characteristics
of the people 70a-70d.

The temperature data 1824 may comprise information
about the ambient temperature in the interior 62. The tem-
perature data 1824 may be provided by the temperature
sensor 132. In an example, the temperature data 1824 may
be stored according to time of measurement to enable the
processor 134 to determine the rate of temperature change
and/or determine a length of time of exposure for each of the
detected people 70a-70d. In some embodiments, the tem-
perature data 1824 may comprise input from sensors data
communicated over the electronic bus 150 (e.g., data from
temperature sensors of the powered on components 120a-
120x) to provide data for the processor 134 to perform the
weighted average calculations for the temperature measure-
ments.
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The escalating response logic 182¢ may comprise infor-
mation about the various conditions that correlate to par-
ticular urgency levels and/or the types of escalating
responses to perform in response to particular urgency
levels. In an example, the processor 134 may receive the
heart rate data 1825, the breathing rate data 182¢ to compare
against the age data 1824, and receive the temperature data
1824 to determine the environmental factors. The results
calculated by the processor 134 may be compared to the
escalating response logic 182e. The escalating response
logic 182¢ may comprise a look up table of temperature
thresholds for particular age groups and/or particular animal
types. The processor 134 may be configured to evaluate the
urgency level based on the information stored in the
response logic 182¢ (e.g., how long a person may be
exposed to a particular temperature, which temperature rates
indicate a high or lower urgency level, which breathing rates
indicate danger, which heart rates indicate danger, etc.).

The escalating response logic 182¢ may further comprise
the types of escalating actions to perform in response to
particular urgency levels and/or conditions detected. The
escalating response logic 182¢ may comprise information
about which of the components 120a-120% are available for
performing the escalating actions. In one example, the
escalating response logic 182¢ may indicate that a cooling
system should be activated in response to a high temperature
threshold being exceeded. In another example, the escalating
response logic 182¢ may indicate that a heating system
should be activated in response to a low temperature thresh-
old being exceeded. In yet another example, the escalating
response logic 182¢ may indicate who to contact to provide
a low level warning in response to a low urgency level (e.g.,
a smartphone number or device ID).

The other data 182» may comprise other data that may be
relevant to determining the characteristics of the people
detected 70a-70d, determining the urgency level, determin-
ing the escalating actions to perform and/or determining
which components are available for performing the escalat-
ing actions. In one example, the other data 182z may
comprise shape and/or size information detected about
people 70a-70d by the radar device 130. In another example,
the other data 182» may comprise statistical shape and/or
size information about various age groups, people and/or
animals that may be used by the processor 134 to compare
against the detected people 70a-70d4. The types of data
stored by the other data 182 may be varied according to the
design criteria of a particular implementation.

Referring to FIG. 6, a method (or process) 300 is shown.
The method 300 may implement in-cabin temperature moni-
toring for child presence detection. The method 300 gener-
ally comprises a step (or state) 302, a decision step (or state)
304, a step (or state) 306, a step (or state) 308, a decision step
(or state) 310, a step (or state) 312, a step (or state) 314, a
step (or state) 316, a step (or state) 318, a decision step (or
state) 320, and a step (or state) 322.

The step 302 may start the method 300. Next, the method
300 may move to the decision step 304. In the decision step
304, the radar units 100a-1007 may determine whether the
vehicle 60 has been turned off. In an example, the processor
134 and/or the ECU 134' may read a vehicle status (e.g.,
on/off) from the electronic bus 150. If the vehicle is on, then
the method may move to the step 312 (e.g., monitoring using
the radar device 130 and/or the ambient temperature sensor
132 for performing escalating responses in response to the
urgency level may not be performed). If the vehicle is off,
then the method 300 may move to the step 306.



US 11,769,391 B2

17

In the step 306, the radar units 1004-1007 may activate
the radar device 130 and the ambient temperature sensor
132. In some embodiments, the radar device 130 and/or the
ambient temperature sensor 132 may already be active while
the vehicle 60 is turned on (e.g., to implement other types of
functionality, such is driver monitoring, passenger location,
etc.). In some embodiments, the radar device 130 and/or the
ambient temperature sensor 132 may be turned off while the
vehicle 60 is on (e.g., driving) and may be powered on while
the vehicle 60 is off. Next, in the step 308, the radar device
130 may monitor the interior 62 of the vehicle 60 for the
presence of the people 70a-70d. For example, the radar
device 130 may convert the measurements to an electrical
signal and provide the electrical signal R comprising the
sensor readings to the processor 134 and/or the ECU 134"
Next, the method 300 may move to the decision step 310.

In the decision step 310, the processor 134 (or the ECU
134') may determine whether a person is present. For
example, the processor 134 may read and/or interpret the
sensor readings from the radar device 130 to determine
whether the interior 62 has living beings present or not. If no
person is present, then the method 300 may move to the step
312. The step 312 may end the method 300. For example, if
none of the people 70a-704d are present, further monitoring
(e.g., ambient temperature measurements) may not be
needed. In some embodiments, ambient temperature moni-
toring may be performed for other functionality (e.g., mea-
suring cabin temperature for pre-heating a vehicle, moni-
toring for high temperatures, etc.). In the decision step 310,
if a person is present then the method 300 may move to the
step 314.

In the step 314, the processor 134 may determine the
characteristics of the people 70a-70d present within the
interior 62. For example, the processor 134 may interpret the
sensor readings from the radar device 130 to measure
characteristics such as the heart rate, the breathing rate
and/or the shapes detected and compare the readings to the
stored data 182a-182c¢. Next, in the step 316, the ambient
temperature sensor 132 may measure the ambient tempera-
ture of the interior 62 of the vehicle 60. For example, the
ambient temperature sensor 132 may convert the measured
temperature into an electrical signal and present the electri-
cal signal T to the processor 134 (or the ECU 134"). In the
step 318, the processor 134 may determine an urgency level
based on the presence of the people 70a-704, the character-
istics of the people 70a-70d and/or the temperature mea-
sured. For example, the processor 134 may compare the
sensor readings to the stored data 182a-182#z (e.g., compared
the measured readings to the stored statistical information).
Next, the method 300 may move to the decision step 320.

In the decision step 320, the processor 134 may determine
whether the urgency level indicates that one or more of the
escalating responses should be performed. In an example,
the processor 134 may compare the urgency level deter-
mined with the escalating response logic 182e. If the
urgency level does not indicate one of the escalating
responses should be performed, then the method 300 may
return to the step 316. If the urgency level does indicate that
one of the escalating responses should be performed, then
the method 300 may move to the step 322. In the step 322,
the processor 134 may generate one or more of the control
signals EA-EN to perform one or more of the escalating
responses based on the urgency level. In an example, the
processor 134 (or the ECU 134') may be configured to
activate one or more of the components 120a-1207. Next,
the method 300 may return to the step 316.
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Referring to FIG. 7, a method (or process) 350 is shown.
The method 350 may adjust an urgency level in response to
sensor input. The method 350 generally comprises a step (or
state) 352, a step (or state) 354, a decision step (or state) 356,
a step (or state) 358, a step (or state) 360, a decision step (or
state) 362, a step (or state) 364, a step (or state) 366, a step
(or state) 368, a decision step (or state) 370, a step (or state)
372, a step (or state) 374, a decision step (or state) 376, a step
(or state) 378, a step (or state) 380, a decision step (or state)
382, a step (or state) 384, a step (or state) 386, a step (or
state) 388, and a step (or state) 390.

The step 352 may start the method 350. In the step 354,
the radar device 130 may perform measurements and the
processor 134 may detect the characteristics of the living
beings 70a-70d in the interior 62 of the vehicle 60. For
example, the living beings 70a-704d may comprise children,
adults, teenagers, the elderly, animals, etc. Next, the method
350 may move to the decision step 356.

In the decision step 356, the processor 134 may determine
whether the living beings detected are capable of operating
the vehicle 60. For example, an adult that is breathing
normally and has a normal heart rate may be considered
capable of controlling the various features of the vehicle
(e.g., power on the vehicle, turn on heating/cooling, open the
doors, etc.). In another example, children, pets and/or inca-
pacitated people (e.g., based on the breathing rate and/or
heart rate) may not be capable of controlling the various
features of the vehicle. If a person that is capable of
operating the vehicle 60 is detected, then the method 350
may move to the step 358. In the step 358, the processor 134
may decrease the urgency level. Next, the method 350 may
move to the decision step 362. In the decision step 356, if a
person that is capable of operating the vehicle 60 is not
detected, then the method 350 may move to the step 360. In
the step 360, the processor 134 may increase the urgency
level. Next, the method 350 may move to the decision step
362.

In the decision step 362, the processor 134 may determine
whether one of the living beings detected is an adult. For
example, the ages of the detected people 70a-70d may be
determined by comparing the breathing rates, heart rates
and/or shapes of the detected people with the stored data
182a-182n. Generally, if a child (or an incapacitated person)
is in the vehicle 60 with an able-bodied adult then the adult
may be capable of operating the vehicle 60 (e.g., controlling
the heating/cooling, removing the child, taking care of the
incapacitated person, etc.). If at least one of the people is an
adult that is capable of operating the vehicle 60, then the
method 350 may move to the step 364. In the step 364, the
processor 134 may decrease the urgency level. Next, the
method 350 may move to the step 368. If a child (or other
incapacitated person) is not with an adult that is capable of
operating the vehicle 60, then the method 350 may move to
the step 366. In the step 366, the processor 134 may increase
the urgency level. Next, the method 350 may move to the
step 368. In the step 368, the ambient temperature sensor
132 may measure the ambient temperature and the processor
134 may determine the rate of change of the temperature
and/or a length of exposure of the living beings 70a-70d to
the temperature conditions. For example, the processor 134
may track the temperature over time to determine how long
the living beings 70a-70d have been exposed to particular
temperature ranges. Next, the method 350 may move to the
decision step 370.

In the decision step 370, the processor 134 may determine
whether the measured temperature is within the acceptable
limits. For example, the acceptable limits may be tempera-
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tures that are considered safe for people to be exposed to for
long periods of time (e.g., a comfortable temperature, above
freezing, below 32C/90F, etc.). If the measured temperature
is within the acceptable limits, then the method 350 may
move to the step 372. In the step 372, the processor 134 may
decrease the urgency level. Next, the method 350 may move
to the decision step 376. In the decision step 370, if
measured temperature is outside of the acceptable limits,
then the method 350 may move to the step 374. In the step
374, the processor 134 may increase the urgency level. Next,
the method 350 may move to the decision step 376.

In the decision step 376, the processor 134 may determine
whether the measured temperature is rapidly approaching
the limits. For example, the processor 134 may measure the
rate of change of the temperature. Even if the temperature is
currently within the acceptable limits, the temperature may
be quickly approaching (e.g., increasing or decreasing)
temperatures that may not be safe. If the measured tempera-
ture is not rapidly approaching the acceptable limits, then the
method 350 may move to the step 378. In the step 378, the
processor 134 may decrease the urgency level. Next, the
method 350 may move to the decision step 382. In the
decision step 376, if measured temperature is rapidly
approaching the acceptable limits, then the method 350 may
move to the step 380. In the step 380, the processor 134 may
increase the urgency level. Next, the method 350 may move
to the decision step 382.

In the decision step 382, the processor 134 may determine
whether an exposure time to the temperature has reached a
predetermined threshold. For example, the processor 134
may measure how long the living beings 70a-704 have been
exposed to particular temperature ranges. In an example, a
person may be able to withstand some temperatures for a
brief amount of time, but may not remain safe with con-
tinuing exposure. Similarly, different escalating responses
may be performed based on how long the people have been
exposed (e.g., rolling the windows down may help initially,
but active cooling may need to be applied for continuing
exposure). If the exposure time to a particular temperature
has not reached the predetermined threshold, then the
method 350 may move to the step 384. In the step 384, the
processor 134 may decrease the urgency level. Next, the
method 350 may move to the step 388. In the decision step
382, if the exposure time to a particular temperature has
reached the predetermined threshold, then the method 350
may move to the step 386. In the step 386, the processor 134
may increase the urgency level. Next, the method 350 may
move to the step 388.

In the step 388, the processor 134 may determine the
urgency level. While a number of factors has been described
as representative examples (e.g., people in the vehicle,
temperature, exposure time, etc.) other factors may be
considered for determining the urgency level. Next, in the
step 390, the processor 134 may enable the response based
on the urgency level (e.g., activate one or more of the
components 120a-120%). Next, the method 350 may return
to the step 354.

Referring to FIG. 8, a method (or process) 400 is shown.
The method 400 may periodically activate a radar unit after
a vehicle has been turned off for power saving. The method
400 generally comprises a step (or state) 402, a step (or state)
404, a step (or state) 406, a decision step (or state) 408, a step
(or state) 410, a step (or state) 412, a decision step (or state)
414, a step (or state) 416, a step (or state) 418, a decision step
(or state) 420, a decision step (or state) 422, a step (or state)
424, and a step (or state) 426.
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The step 402 may start the method 400. In the step 404,
the vehicle 60 may be turned off. Next, in the step 406, the
ambient temperature sensor 132 may measure the ambient
temperature of the interior 62. Next, the method 400 may
move to the decision step 408.

In the decision step 408, the processor 134 (or the ECU
134") may determine whether an activation amount of time
has passed. The activation amount of time may be a setting
for how long the radar units 100a-1007 remain on after the
vehicle 60 has been powered off. If the activation amount of
time has not passed, then the method 400 may return to the
step 406 (e.g., the radar units 100a-100~ may remain on and
perform measurements). If the activation amount of time has
passed, then the method 400 may move to the step 410. In
the step 410, the processor 134 and/or the ECU 134" may
turn off the ambient temperature sensor 132 (or the radar
units 100a-1007z may be powered off or operate in a low
powered state). Next, in the step 412, the radar units
100a-1007 may wait for an interval period. Next, the method
400 may move to the decision step 414.

In the decision step 414, the processor 134 (or the ECU
134" or another one of the powered on devices 104) may
determine whether the interval period has passed. The
interval period may be an amount of time that the radar units
100a-1007 stay in a low powered mode of operation. The
interval period may be a different amount of time than the
activation amount of time. If the interval period has not
passed, then the method 400 may return to the step 412 (e.g.,
remain in the low powered state). If the interval period has
passed, then the method 400 may move to the step 416. In
the step 416, the processor 134 (or the ECU 134' or another
one of the powered on devices 104) may turn on the ambient
temperature sensor 132 (or the radar units 100a-1007). Next,
in the step 418, the ambient temperature sensor 132 may
measure the temperature during the measurement time
period. Next, the method 400 may move to the decision step
420.

In the decision step 420, the processor 134 (or the ECU
134" or another one of the powered on devices 104) may
determine whether the measurement time period has passed.
The measurement time period may be an amount of time that
the radar units 1004-1007 stay in a powered on (e.g.,
measuring) mode of operation. The measurement time
period may be a different amount of time than the activation
amount of time and/or the interval time period. If the amount
of time of the measurement time period has not passed, then
the method 400 may return to the step 418 (e.g., the radar
units 100a-100z may continue performing measurements).
If the amount of time of the measurement time period has
passed, then the method 400 may move to the decision step
422.

In the decision step 422, the processor 134 (or the ECU
134" or another one of the powered on devices 104) may
determine whether the predetermined amount of time for
measuring temperature has passed. The predetermined
amount of time for measuring temperature may be an
amount of time that the radar units 100a-1007% cycle between
the powered on (e.g., measuring) mode of operation and the
low powered mode of operation. The predetermined amount
of time for measuring temperature may be a different amount
of time than the activation amount of time, the interval time
period and/or the measurement time period. In some
embodiments, no amount of time for measuring temperature
may be set (e.g., the radar units 1004-1007 may continue
cycling states the entire time the vehicle 60 is powered off).
If the predetermined amount of time for measuring tempera-
ture has not passed, then the method 400 may return to the
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step 410 (e.g., return to the low powered state). If the
predetermined amount of time for measuring temperature
has passed, then the method 400 may move to the step 424.
In the step 424, the processor 134 (or the ECU 134' or
another one of the powered on devices 104) may turn off the
ambient temperature sensor 132 (or the radar units 100a-
100%). The ambient temperature sensor 132 (or the radar
units 100a-1007) may remain off. Next, the method 400 may
move to the step 426. The step 426 may end the method 400.

Referring to FIG. 9, a method (or process) 450 is shown.
The method 450 may generate escalating actions in response
to an urgency level. The method 450 generally comprises a
step (or state) 452, a step (or state) 454, a step (or state) 456,
a step (or state) 458, a decision step (or state) 460, a step (or
state) 462, a step (or state) 464, a step (or state) 466, a
decision step (or state) 468, a step (or state) 470, a decision
step (or state) 472, a step (or state) 474, a decision step (or
state) 476, a step (or state) 478, a step (or state) 480, and a
step (or state) 482.

The step 452 may start the method 450. In the step 454,
the processor 134 may activate the radar device 130 and the
temperature sensor 132. Next, in the step 456, the processor
134 may determine the characteristics of the people 70a-70d4
in the interior 62 of the vehicle 60 from the readings
performed by the radar device 130. In the step 458, the
processor 134 may read the temperature from the readings
performed by the ambient temperature sensor 132. Next, the
method 450 may move to the decision step 460.

In the decision step 460, the processor 134 (or the ECU
134") may determine whether other temperature sensors in
the vehicle 60 are active. For example, one or more of the
powered on device 104 may comprise a temperature sensor.
The processor 134 may receive temperature readings per-
formed by other devices over the electronic bus 150. If other
temperature sensors are active, then the method 450 may
move to the step 462. In the step 462, the processor 134 may
receive the temperature readings over the electronic bus 150
from the other sensors. Next, in the step 464, the processor
134 may calculate a weighted average of the temperatures
and/or determine temperature differentials. For example, the
processor 134 may perform a weighting on the calculated
temperatures based on the recency of the data, the reliability
of the measurements, a location of the sensors in the interior
62, etc. Next, the method 450 may move to the step 466. In
the decision step 460, if no other temperature sensors are
active, then the method 450 may move to the step 466. In the
step 466, the processor 134 may determine the urgency
level. For example, the processor 134 may compare the
various sensor readings (e.g., characteristics, measured tem-
perature, weighted temperature, etc.) and the escalating
response logic 182¢ to determine how to respond to the
current scenario. Next, the method 450 may move to the
decision step 468.

In the decision step 468, the processor 134 may determine
whether the urgency level is low. For example, the low
urgency may correspond to a scenario where no urgent
action is needed, but a warning may be appropriate (e.g., a
child is in the car, but not currently in danger based on the
temperature measured, the heart rate, the breathing rate,
etc.). If the urgency level is low, then the method 450 may
move to the step 470. In the step 470, the processor 134 may
enable one or more of the components 120a-1207 to gen-
erate a notification (e.g., the Wi-Fi device 120c¢ may com-
municate a notification to a smartphone, send an email, send
a text message, post a message to a social media account,
etc.). For example, the alarm 80 may be suppressed by the
escalating actions. Next, the method 450 may return to the
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step 456 (e.g., continue monitoring). In the decision step
468, if the urgency level is not low, then the method 450 may
move to the decision step 472.

In the decision step 472, the processor 134 may determine
whether the urgency level is medium. For example, the
medium urgency may correspond to a scenario where no
urgent action is needed, but danger may be imminent (e.g.,
a child is in the car, and the temperature is rapidly approach-
ing the acceptable limits). If the urgency level is medium,
then the method 450 may move to the step 474. In the step
474, the processor 134 may enable one or more of the
components 120a-120z to generate the alarm sound 80 (e.g.,
the alarm 120a may generate a loud noise to alert people
nearby). Next, the method 450 may return to the step 456
(e.g., continue monitoring). In the decision step 472, if the
urgency level is not medium, then the method 450 may move
to the decision step 476.

In the decision step 476, the processor 134 may determine
whether the urgency level is high. For example, the high
urgency may correspond to a scenario where urgent action
is needed (e.g., a child is in the car, and the temperature is
beyond the acceptable limits). If the urgency level is not
high, then the method 450 may move to the step 478. In the
step 478, the processor 134 may not perform one of the
escalating responses (e.g., the people 70a-704 in the vehicle
60 may be comfortable). Next, the method 450 may return
to the step 456 (e.g., continue monitoring). In the decision
step 476, if the urgency level is high, then the method 450
may move to the step 480.

In the step 480, the processor 134 may enable one or more
of the components 120a-120# to perform an intervention. In
an example, one or more actuators may be powered to
perform the intervention (e.g., turn on the HVAC 1104 to
adjust the temperature, open the windows, unlock/open the
doors, etc.). In the method 450, three urgency levels are
described as a representative example. A higher granularity
of urgency levels may be implemented. The urgency levels
may implement fuzzy logic. Which level of urgency corre-
sponds to particular escalating responses may be varied
according to the design criteria of a particular implementa-
tion. Next, the method 450 may move to the step 482. The
step 482 may end the method 450.

The functions performed by the diagrams of FIGS. 1-9
may be implemented using one or more of a conventional
general purpose processor, digital computer, microproces-
sor, microcontroller, RISC (reduced instruction set com-
puter) processor, CISC (complex instruction set computer)
processor, SIMD (single instruction multiple data) proces-
sor, signal processor, central processing unit (CPU), arith-
metic logic unit (ALU), video digital signal processor
(VDSP) and/or similar computational machines, pro-
grammed according to the teachings of the specification, as
will be apparent to those skilled in the relevant art(s).
Appropriate software, firmware, coding, routines, instruc-
tions, opcodes, microcode, and/or program modules may
readily be prepared by skilled programmers based on the
teachings of the disclosure, as will also be apparent to those
skilled in the relevant art(s). The software is generally
executed from a medium or several media by one or more of
the processors of the machine implementation.

The invention may also be implemented by the prepara-
tion of ASICs (application specific integrated circuits), Plat-
form ASICs, FPGAs (field programmable gate arrays),
PLDs (programmable logic devices), CPLDs (complex pro-
grammable logic devices), sea-of-gates, RFICs (radio fre-
quency integrated circuits), ASSPs (application specific
standard products), one or more monolithic integrated cir-
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cuits, one or more chips or die arranged as flip-chip modules
and/or multi-chip modules or by interconnecting an appro-
priate network of conventional component circuits, as is
described herein, modifications of which will be readily
apparent to those skilled in the art(s).

The invention thus may also include a computer product
which may be a storage medium or media and/or a trans-
mission medium or media including instructions which may
be used to program a machine to perform one or more
processes or methods in accordance with the invention.
Execution of instructions contained in the computer product
by the machine, along with operations of surrounding cir-
cuitry, may transform input data into one or more files on the
storage medium and/or one or more output signals repre-
sentative of a physical object or substance, such as an audio
and/or visual depiction. The storage medium may include,
but is not limited to, any type of disk including floppy disk,
hard drive, magnetic disk, optical disk, CD-ROM, DVD and
magneto-optical disks and circuits such as ROMs (read-only
memories), RAMS (random access memories), EPROMs
(erasable programmable ROMs), EEPROMs (electrically
erasable programmable ROMs), UVPROMs (ultra-violet
erasable programmable ROMs), Flash memory, magnetic
cards, optical cards, and/or any type of media suitable for
storing electronic instructions.

The elements of the invention may form part or all of one
or more devices, units, components, systems, machines
and/or apparatuses. The devices may include, but are not
limited to, servers, workstations, storage array controllers,
storage systems, personal computers, laptop computers,
notebook computers, palm computers, cloud servers, per-
sonal digital assistants, portable electronic devices, battery
powered devices, set-top boxes, encoders, decoders,
transcoders, compressors, decompressors, pre-processors,
post-processors, transmitters, receivers, transceivers, cipher
circuits, cellular telephones, digital cameras, positioning
and/or navigation systems, medical equipment, heads-up
displays, wireless devices, audio recording, audio storage
and/or audio playback devices, video recording, video stor-
age and/or video playback devices, game platforms, periph-
erals and/or multi-chip modules. Those skilled in the rel-
evant art(s) would understand that the elements of the
invention may be implemented in other types of devices to
meet the criteria of a particular application.

The terms “may” and “generally” when used herein in
conjunction with “is(are)” and verbs are meant to commu-
nicate the intention that the description is exemplary and
believed to be broad enough to encompass both the specific
examples presented in the disclosure as well as alternative
examples that could be derived based on the disclosure. The
terms “may” and “generally” as used herein should not be
construed to necessarily imply the desirability or possibility
of omitting a corresponding element.

The designations of various components, modules and/or
circuits as “a”-“n”, when used herein, disclose either a
singular component, module and/or circuit or a plurality of
such components, modules and/or circuits, with the “n”
designation applied to mean any particular integer number.
Different components, modules and/or circuits that each
have instances (or occurrences) with designations of “a”-“n”
may indicate that the different components, modules and/or
circuits may have a matching number of instances or a
different number of instances. The instance designated “a”
may represent a first of a plurality of instances and the
instance “n” may refer to a last of a plurality of instances,
while not implying a particular number of instances.
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While the invention has been particularly shown and
described with reference to embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made without departing from the
scope of the invention.

The invention claimed is:

1. An apparatus comprising:

a radar component configured to (i) detect a presence of

a person in a vehicle and (ii) determine an age range of

said person detected; and

a temperature sensor configured to determine an ambient

temperature in said vehicle, wherein

(a) said apparatus is configured to operate when said
vehicle is turned off,

(b) a processor is configured to determine an urgency
level in response to (i) said age range of said person
detected and (ii) said ambient temperature,

(c) said processor is configured to generate escalating
actions in response to said urgency level, and

(d) said urgency level comprises (i) a first level when
said age range of said person corresponds to a child
and said ambient temperature is (1) below an upper
threshold and increasing at a low rate or (2) above a
lower threshold and decreasing at said low rate, (ii)
a second level when said age range of said person
corresponds to said child and said ambient tempera-
ture is (1) below said upper threshold and increasing
at a high rate or (2) above said lower threshold and
decreasing at said high rate, and (iii) a third level
when said age range of said person corresponds to
said child and said ambient temperature is (1) above
said upper threshold or (2) below said lower thresh-
old.

2. The apparatus according to claim 1, wherein said
temperature sensor is configured to measure said ambient
temperature continually for a predetermined amount of time
after said vehicle is turned off.

3. The apparatus according to claim 1, wherein said
apparatus is further configured to (i) enable said temperature
sensor to measure said ambient temperature continuously for
an activation amount of time after said vehicle is turned off,
(ii) turn off after said activation amount of time, (iii) turn on
after an interval time period to enable said temperature
sensor to measure said ambient temperature, (iv) turn off
after a measurement time period and (v) repeat (iii)-(iv) for
a predetermined amount of time while said vehicle is turned
off.

4. The apparatus according to claim 1, wherein said
escalating actions comprise (1) a warning when said urgency
level is at said first level, (ii) an alert when said urgency level
is at said second level and (iii) generating a signal to perform
an intervention when said urgency level is at said third level.

5. The apparatus according to claim 4, wherein said signal
is configured to open a window of said vehicle.

6. The apparatus according to claim 4, wherein said signal
is configured to activate a heating and cooling system of said
vehicle.

7. The apparatus according to claim 1, wherein said
urgency level is increased based on said ambient tempera-
ture regardless of said age range of said person.

8. The apparatus according to claim 1, wherein said
person comprises at least one of an elderly person, a
differently-abled person, said child, and an animal.

9. The apparatus according to claim 1, wherein (i) said
apparatus is further configured to receive temperature infor-
mation from a component of said vehicle, (ii) perform a
weighted average of said ambient temperature and said
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temperature information and (iii) adjust said urgency level in
response to said weighted average.

10. The apparatus according to claim 1, wherein said radar
component is configured to determine said age range of said
person detected in response to (a) measuring a breathing rate
of said person detected and (b) comparing said breathing
rate measured to known breathing rates for said age range.

11. The apparatus according to claim 1, wherein said radar
component is further configured to (i) determine whether a
second person is detected in said vehicle and (ii) adjust said
urgency level if said age range of said second person
corresponds to an adult.

12. The apparatus according to claim 1, wherein said
apparatus is configured to be operational (i) while said
vehicle is off and (ii) while a heating and cooling system of
said vehicle is powered off.

13. The apparatus according to claim 1, wherein said
processor is a component of said apparatus.

14. The apparatus according to claim 1, wherein (i) said
processor is a component of an electronic control unit, (ii)
said radar component is configured to present said presence
detected as a first input to said electronic control unit and
(iii) said temperature sensor is configured to present said
ambient temperature as a second input to said electronic
control unit.

15. The apparatus according to claim 1, wherein (i) said
apparatus is configured to generate an alarm in response to
said presence of said child detected in said vehicle when said
vehicle is turned off and (ii) said escalating actions are
configured to suppress said alarm based on said urgency
level.

16. The apparatus according to claim 1, wherein said
urgency level is adjusted based on whether an exposure time
of said person to said ambient temperature has reached a
predetermined threshold.

17. An apparatus comprising:

a radar component configured to (i) detect a presence of

a person in a vehicle and (ii) determine an age range of
said person detected; and

a temperature sensor configured to determine an ambient

temperature in said vehicle, wherein
(a) said apparatus is configured to operate when said
vehicle is turned off,

10

20

30

35

40

26

(b) a processor is configured to determine an urgency
level in response to (i) said age range of said person
detected and (ii) said ambient temperature,

(c) said processor is configured to generate escalating
actions in response to said urgency level, and

(d) said urgency level comprises (i) a first level when
ambient temperature is above a lower threshold and
decreasing at a low rate, (ii) a second level when said
ambient temperature is above said lower threshold
and decreasing at a high rate and (iii) a third level
when said ambient temperature is below said lower
threshold.

18. The apparatus according to claim 17, wherein said
radar component is configured to determine said age range
of said person detected in response to (a) measuring a heart
beat rate and a shape of said person detected and (b)
comparing said heart beat rate and said shape measured to
known heart beat rates for said age range.

19. An apparatus comprising:

a radar component configured to (i) detect a presence of

a person in a vehicle and (ii) determine an age range of

said person detected; and

a temperature sensor configured to determine an ambient

temperature in said vehicle, wherein

(a) said apparatus is configured to operate when said
vehicle is turned off,

(b) a processor is configured to determine an urgency
level in response to (i) said age range of said person
detected and (ii) said ambient temperature,

(c) said processor is configured to generate escalating
actions in response to said urgency level, and

(d) said urgency level comprises (i) a first level when
said ambient temperature is below an upper thresh-
old and increasing at a low rate, (ii) a second level
when said ambient temperature is below said upper
threshold and increasing at a high rate and (iii) a third
level when said ambient temperature is above said
upper threshold.

20. The apparatus according to claim 19, wherein said
temperature sensor is configured to measure said ambient
temperature continually for a predetermined amount of time
after said vehicle is turned off.
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