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Description
Technical Field

[0001] The presentinvention relates to a seat occupa-
tion sensor and decision making device comprising mm-
wave radar with planar high-gain antenna systems, uti-
lizing information extracted from processing of human
heartbeat and breathing dynamics.

Background Art

[0002] Thereis a strong motivation to deploy the smart
seat occupation sensor in the following applications:

a) Detection of a human being on a seat.

b) Differentiation of the human being on the seat from
the weight, potentially replacing seat pressure sen-
sor commonly used in vehicles today.

c) Differentiation of the baby or child on a seat from
the weight or adult.

d) Minimizing the loss of lives of babies or disabled
persons left in a car on the sun.

e) Detection of the humans or animals in the vehicle
areas.

f) Aftermarket seat occupation detection integration,
i.e. deployment of the innovative apparatus in the
vehicle cabin after the manufacturing of the vehicle
is finished, which is not possible with the state-of-
the-art solutions.

[0003] The primary motivation to address those prob-
lems is related to improving safety aspects by providing
new features. Additionally, economic benefits will be in-
troduced, e.g. by avoiding unnecessary air bag activa-
tion. Proposed technology offers an alternative to cur-
rently commonly used systems integrated in car seats
with more features and with lower or same cost.

[0004] There is a need to enable differentiation be-
tween an object placed on a seat and the human being
seating. Seat occupation is currently commonly detected
by the pressure sensors integrated in the seat. Current
solutions generally cannot easily differentiate between
the child, adult, or object placed on a seat. This informa-
tion may be used for safety belt alarm or air bag activation.
Namely, airbag system may be switched on or off de-
pending on whether there is a human or object on a seat.
Furthermore, the airbag explosion could be adjusted de-
pending on whether there is a child or an adult present.
A child in a rear facing child seat, which is placed on the
right front passenger seat, is in danger of being seriously
injured if the passenger airbag deploys.

[0005] The health or even a life of a child or a disabled
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person left alone in the vehicle, either intentionally or in-
advertently, can be endangered in case the temperature
in the vehicle rises. The baby or child could suffocate due
to the lack of oxygen in the cabin. On a typical summer
day, the temperature inside a parked car can be up to
30°C higher than the outside temperature. 75% of the
temperature rise occurs within 5 minutes of closing the
car and leaving it, 90% of the temperature rise occurs
within 15 minutes. Dark colored vehicles reach slightly
higher temperatures than lighter colored vehicles. The
greater the area of glass in a car, the faster is the rise in
temperature. Larger cars heat up just as fast as smaller
cars. As the temperature rises, children begin to develop
heat stress and also to dehydrate. Young children are
more sensitive to heat than older children or adults and
are at greater risk of heatstroke. There are the mortal
cases on infants reported in real world. From 1998 to
2012 in USA, 559 child heatstroke deaths in vehicles,
288 (52 percent) happened after caretakers simply forgot
they were there in car.

[0006] The state-of-the-art pressure sensors incorpo-
rated in the seat require a wired connection to the vehicle
infrastructure. Hence, additional system integration ef-
forts are required during manufacturing, in addition to the
actual sensor cost. If the seats are not present in a ve-
hicle, e.g. in case second or third row of seats was re-
moved, there is no information about the presence of
humans or animals. Ideally the information on human or
animal presence should be available regardless of the
seat infrastructure.

[0007] It was published in different scientific articles
that microwave radar sensor, in the frequency range
3-30GHz, may be used to detect the vital signs. Espe-
cially 2.4, 3-10, 24 and 60 GHz vital sign demonstrators
have been publicly reported.

[0008] The following patents and patent applications
published in last several years show the relevance of the
topic and the state-of-the-art. US20050073424A disclos-
es a seat occupation sensor apparatus operating at 120
Ghz. US20120242492A1, "Seat occupancy detection
and display system", treats seat occupation by weight
detection from sensors integrated in the seat, and further
analysis by signal processing.

[0009] US8115648B2, "Seat occupancy sensor", of
IEE and BMW, proposes pressure sensing systems in-
tegrated in vehicle seats.

[0010] US6026340A, "Automotive occupant sensor
system and method of operation by sensor fusion”, of
Robert Bosch GmbH, proposes combined ultrasonic and
infrared sensors for seat occupation detection.

[0011] WO2013007540A1, "Seat heater and capaci-
tive occupancy sensor combination”, of IEE, proposes
the combination of seat heating system with capacitive
sensors.

[0012] EP 2631113A1, "Seat device and method for
disposing seat occupancy sensor used therein", of Fi-
jukuraLtd, treats specific pressure sensorarrangements.
[0013] DE102011056522 A1, "Industrial trucki.e. fork-
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lift, has occupancy sensor and seat belt buckle sensor
connected with control unit, where control unitis separate
controller for monitoring correct usage of safety belt and
separated from vehicle control system", of Linde Material
Handling Gmbh, proposes sensor in safety belts as a
means for seat occupancy detection.

[0014] WO 2011033360 A1, "Vehicle seat occupancy
sensor", of Toyota, considers pressure sensor arrange-
ments.

[0015] WO 2013092946 A1, "Occupancy sensor for
occupiable item e.g. seat or bed", of IEE, introduces ther-
mistor for heat based sensing.

[0016] DE 10131080A1, "Optical seat occupancy sen-
sor networks", of Daimler Chrysler Ag, introduces optical
network for seat occupancy detection.

[0017] US 8013727B2, "Device for detecting vehicle
seat occupancy", introduces electrical capacity sensors
for seat occupancy.

[0018] US 6445988B1, "System for determining the
occupancy state of a seat in a vehicle and controlling a
component based thereon" relates to utilization of neural
networks and different transducers.

[0019] US 6736231B2, "Vehicular occupant motion
detection system usingradar" introduces ultrasonicradar
approach for determining seat occupancy by detecting
the vital signs information. Its "radar" based system has
two physically separated receivers of reflected ultra-
sound signals, and two units for further processing.
[0020] US6104293A, "Warning system for detecting
presence of a child in an infant seat" is based on warning
to be issued by stopping the ignition of the car and intel-
ligence in the infant seats.

[0021] DE60125353T2, "Seat occupancy recognition
system" is utilizing safety belts as an occupancy sensor.

Summary of Invention

[0022] This invention proposed apparatus 100 and
method of operation for seat occupancy detection, and
initialization of the related actions, improving safety.
[0023] Thekeysystemrelevantcomponents ofthe pro-
posed apparatus 100 are:

e High-gain planar antenna system, realized by the
plurality of the technologies, with each of the transmit
21 and receiving 22 parts having more than one an-
tenna radiation element and the radiation diagram
in the direction of the seat.

e Millimeter-wave radar with integrated front end on
silicon 10, System on Chip, providing analog
processing of the mm-wave signal, and the provision
of the analog to digital conversion functionality;

» Digital signal processing functionality 40, having
standardized automotive physical digital interface
60, with plurality of the realization;

*  Mechanical assembly with power supply interface to
the vehicle power supply infrastructure, containing
mechanically integrated antenna, digital and analog
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functionalities and having mechanical connection to
the vehicle body.

e Supporting circuitry 50 as a part of apparatus 100
may include functionalities like loudspeaker and light
warning source, by the plurality of the realization op-
tions.

[0024] Millimeter-wave front end preferably operates
in 60 GHz ISM Band. The usage of the 77-79 GHz mm-
wave frequency bands or higher mm-wave ISM bands is
also proposed. The Rx and Tx antennas preferably have
4X4 elements, to explore the tradeoff between the size
of the antenna, having impacts on the system cost and
its integration in the vehicle environment, and obtaining
the narrow antenna beam. The narrow antenna beam,
associated with explicit high-gain antenna approach is
essential part of the system, providing limited possibility
that the biometric data, i.e. heartbeats or respirations,
from the persons in the vicinity, but not on the seat. This
is one of the essential innovative approaches, because
it dramatically decreases the complexity of the digital
processing, providing simple and low-cost apparatus.
This is also an essential system-related factor, which im-
poses the use of mm-wave signals for seat occupation
detection applications, as opposed to the state-of-the-art
wireless technologies utilizing ultrasound system, such
as US 6736231.

[0025] Usingmm-wave frequency band, preferably the
60 GHz ISM band, allows several important system re-
lated advantages compared to ultrasound approach pro-
posed in US 6736231:

* Ultrasound wavelengths are very large compared to
mm-wave ones, which imposes very complex signal
processing with expensive hardware and significant
computational effort, typically with neural networks
and long training, must be performed. Typically at
least two receiver parts must be involved to obtain
the sufficient information for seat occupation detec-
tion, which are "arranged to determine the presence
of a plurality of substantially the same motion which
only in combination" may provide the detection of
human being. Due to the nature of ultrasound, two
receivers (RX) and transmitters (TX) must be sepa-
rate and not a single device, mutually connected,
and with performance is improved by increasing the
separation between the receiver parts. Invention
proposed here relates to simple device with single
integrated Rx and TX part within the small micro
module, with simple and straightforward signal
processing. Moreover, the digital processing part is
integrated within the same apparatus. On the other
hand, integration of ultrasound hardware with elec-
tronics is quite difficult.

* Inherently compact size, which enables easy inte-
gration into a single compact low-cost module,
presents a significant system advantage, hence al-
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most eliminating practical use of the system pro-
posed in US 6736231.

e It would be very difficult for the system proposed in
US 6736231 to operate in the realistic scenario, with
each of the seats monitored with a separate TX and
a pair of RX parts. The TX part of one seat would
interact with RX parts of other seats. Thus, they could
work only if they are coordinated, meaning that cen-
tral vehicle system activates seat detection for one
seat at a time, which increases the system handling
dramatically. Otherwise, the signal processing would
be even more complex and would require much more
resources. Proposed innovative system may work
independently and simultaneously, with frequency
reuse for all sensors due to the high directivity of the
RX and TX antenna.

* Due to the propagation of the ultrasound, it is very
likely that the system proposed in US 6736231 would
"pick-up" vital signals from persons from neighboring
seats. To overcome this problem, huge processing
efforts are needed. Our proposed system can be
easily used due to the narrow beam radiation pattern
"looking" only at a single seat.

e The proposed approach of US 6736231 has a sys-
tem drawback of difficult deployment in the aftermar-
ket mode, requiring a lot of installation efforts, espe-
cially for integrating hardware in the vehicle cabin
environment, in contrast to proposed approach
where a compact module of 4 x 2 x 1 cm may be
utilized, potentially without any connection to the ve-
hicle infrastructure. Due to relaxed processing re-
quirements, only small digital hardware is required,
providing low-power operation and low dissipation.

¢ Unlike the ultrasound, mm-wave frequency band sig-
nals do not penetrate the human skin.

[0026] Present invention has innovative approach of
integrating complete RF functionalities of the mm-wave
radar (30 - 300 GHz) within a system-on-chip, including
complete mm-wave frequency synthesis, fabricated in
standard silicon process. Digital signal processing is us-
ing single digital processing HW for simultaneous
processing of both heartbeat and respiratory signals.
[0027] The proposed system analyses heartbeat and
breathing simultaneously, thereby dramatically increas-
ing the accuracy of seat occupation detection and de-
creasing the probability of the false alarm. Only the heart-
beat analysis may be considered as sufficient for some
seat occupation detection applications in order to reduce
the system complexity.

[0028] The proposed apparatus has significant advan-
tages compared to the state-of-the-art, in at least of one
of the following features:
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e There is no physical contact to the human body or
clothes.

* The system functions independently of the light con-
dition in the vehicle cabin.

e The system is inherently low-cost allowing the com-
plete HW solution in the range less than 10$ for large
quantities.

e The system is compact with inherently small thick-
ness of typically less than 1 cm, allowing easy inte-
gration, which reduces assembly cost in the vehicle
manufacturing, and allows aftermarket deployment.

e The system can analyze two essential biomarkers
simultaneously, heartbeat and respiratory dynam-
ics, and therefore has increased accuracy in seat
occupation detection, i.e. small probability of the
false alarm.

[0029] The proposed system may function with several
meters distance between the human and the apparatus,
depending on the antenna arrangement, transmit power,
and receiver sensitivity. The transmit power is, however,
reduced to the minimum needed, for the reasons of hav-
ing minimum power consumption, minimal thermal dis-
sipation, and minimum reflection clutters, which will fur-
ther simplify digital processing algorithms and further re-
duce the power consumption and thermal dissipation.
The digital part typically includes CAN and/or LIN inter-
face allowing easy connection to the vehicle infrastruc-
ture. The means of short range wireless connection to
the vehicle system 63 is optional and suited for the after-
market usage. In aftermarket mode the proposed appa-
ratus may have integrated audio and/or visual indicators.
[0030] Apparatus 100 could be also realized with one
high gain planar antenna and isolator functionality. This
may reduce the size of the system but in the same time
increase the technical requirements on isolator function-
ality, which is difficult to release in the low cost and min-
iature manner.

[0031] Instead of the down conversion mixer in the in-
tegrated mm-wave chip functionality 10, the |Q demod-
ulator may be optionally integrated, providing some extra
features in the digital signal processing.

Brief Description of Drawings

[0032]

Fig. 1 presents apparatus in the vehicle environ-
ment - application scenarios

Fig. 2 presents apparatus functional block diagram

Fig. 3 presents apparatus digital processing func-
tional blocks

Fig. 4 presents integrated mm-wave front end block
diagram

Fig. 5 presents antenna RX and TX system options
with 4 and 8 dipoles

Fig. 6 presents antenna element arrangement and

chip connection to the antenna feeding ar-
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rangement

presents seat occupation detection functional
block

presents preferable integrated module 3D to-
pology based on apparatus 100, top and lat-
eral view, with polymer integration approach
presents apparatus functional block diagram
with one high gain antenna for both transmit-
ting and receiving mm-wave radio signals,
isolator functionality and single mixer in mm-
wave chip functionality 10

presents apparatus functional block diagram
with one high gain antenna for both transmit-
ting and receiving mm-wave radio signals,
isolator functionality and IQ demodulator in
mm-wave chip functionality 10

Fig. 7

Fig. 8

Fig. 9a

Fig. 9b

Description of Embodiments

[0033] Apparatus 100 is preferably integrated in the
vehicle, having Line-of-Sight (LOS), i.e. no obstacles, be-
tween the system and the human body, as shown in the

Fig. 1. Some application scenarios are also illustrat-
edin

Fig. 1. Due to advantageously proposed mm-wave
radar application, the size of the high-gain Antenna
System for RX 21 and for TX 22 is small enough to
allow practical use of the apparatus in the vehicle
cabin while maintaining high-gain antenna features.
Taking into account proposed 60 GHz ISM band op-
eration, or alternatively 77-79 GHz operation, and 4
X4 antenna elements for 21 and 22, the approximate
size of the device may be less than 4 x 2 x 1 cm,
which would inherently allow practical use in vehicle
cabins.

[0034] The crucialblock ofthe proposed apparatus 100
is the Integrated mm-wave front end, -System on Chip-
10. It contains the complete RF functionality, and in-
cludes power amplifier functionality attached to the an-
tenna system 22, low noise amplifier attached to antenna
system 21, integrated VCO with optional PLL, used both
for up-conversion in transmit and down-conversion in re-
ceive, one analog pre filtered an amplified signal or pro-
viding two analog pre-filtered and amplified signals as 1Q
outputs to A/D conversion functionality 30. The entity 10
has test functionality, voltage regulation, and digital in-
terface to the Controlling functionality 41, which is a part
of the Digital Processing functionality 40. More detailed
structure of the integrated front end 10 is given in

Fig. 4, with IQ outputs. The realization with one down
conversion mixer and one signal conditioning part com-
promising amplification and filtering, would require less
space in the entity 10 and therefore less cost. The use
of the integrated front end 10 allows the system to be
compact and have low-cost assembly, enabling the use
in the real product. Integration of the complete frequency
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synthesis and complete analog functionality in a single
chip allows considerable reduction of the cost, which is
not the case in published mm-wave systems. The entity
10 is preferably realized using SiGe BiCMOS technology
that provides high performance. Alternatively CMOS
technology may be used. AD (analog to digital) conver-
sion functionality 30 converts the analog conditioned sig-
nal or two quadrature signals, | and Q, of the entity 10,
and feeds digital representation of signal or signals to
the Digital processing functionality 40 for further process-
ing. Entity 30 is realized by plurality of the realization
options, with sampling frequency under 1 MHz and typ-
ically at least 8 bit resolution for the vital signs detection
applications. Entity 30 may be integrated on the same
chip as Entity 10. Entity 30 may be integrated on the
same chip as Entity 40. Entities 40, 10, and 30 may be
all integrated on a single chip. Entity 60 is providing in-
terface to vehicle infrastructure by using typical vehicle
wired interfaces like CAN interface 61, and/or LIN inter-
face 62, optional custom digital interface 64, and optional
short range wireless interface 63. Standard interface,
preferably CAN, is obligatory for all applications where
the apparatus is integrated in vehicle during manufactur-
ing. For aftermarket applications the shortrange wireless
interface, preferable Bluetooth, may be integrated in en-
tity 60. Supporting circuitry 50 optionally includes addi-
tional memory, manual switching, power supply regula-
tion circuitry, mechanical support, and any additional
functionality required for easy integration, during manu-
facturing or later in aftermarket. The mechanical support
structure for integration of all functionality is preferably
provided using advanced polymer technologies. Option-
ally, in case of the aftermarket operation, entity 50 may
also include battery, loudspeaker or warning light sourc-
es, allowing autonomous operation.

[0035] Digital processing functionality 40 may be real-
ized by the plurality of technologies, such as: advanced
CPUs, FPGASs, advanced DSP, or ASIC, or their combi-
nations, where the digital processing may be performed
by "soft" approach or by hard-wired approach or by their
combination. Preferably functionalities 60 and 40 are in-
tegrated on a simple ASIC, having CPU on one digital
SOC. Digital processing functionality 40 includes func-
tionalities 41, 421-429 and 70-71 as described in Fig. 3.
The goal is to perform remote and contactless detection
of the body movement. Important information is the mi-
cro-movement of the body; therefore, the simplest ap-
proach like Dopplerradar system may be used. The entity
10 sends mm-wave CW signal by Tx antenna entity 22
towards the body. The radio signal of mm-wave frequen-
cy does not penetrate the clothes and the human body.
Heartbeat and respirations cause body micro-move-
ments. According to Doppler effect those signal are caus-
ing frequency modulation of the radio signal received by
the antenna entity 21. After the IQ demodulation, i.e. mix-
ing with the quadrature of the transmitted signal, and sub-
sequent low-pass filtering, performed in the entity 10, the
low-frequency baseband signals are provided to the en-
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tity 30. These two analog signals are converted into cor-
responding two digital streams by the entity 30 and fed
into the entity 40. In entity 421 additional low-pass digital
filtering may be performed. Data is further provided to
entities 422 and optional 423, which perform appropriate
digital band-pass filtering such that the expected heart-
beat and respiratory rates are in-band. Filter character-
istics must account for the expected variations of the ap-
propriate biomarkers which reflect normal, fatigue or oth-
er conditions. Filtering characteristics may be set based
onthe biomarkers history and statistics, previously stored
in memory. Entities 426 and optional 427 perform the
heartbeat and respirations rates respectively. Filtered
signals are first converted in the frequency domain. The
corresponding heartbeat and respiratory rates are de-
tected as peaks in signal spectrum. The position of the
peaks determines the corresponding rate. The plurality
of peak detection methods may be utilized, with corre-
sponding digital signal processing realizations of various
averaging, smoothing, windowing and peak position es-
timation techniques. In optional entities 428 and 429, the
calculated rates are further processed by calculating the
rate of the change of the heartbeat and respiratory rates,
which may be mathematically expressed as derivatives
of the corresponding biometric rates, where various av-
eraging techniques may be applied. This information is
provided to the entity 70, which is responsible for seat
occupation event detection, regarding different applica-
tion scenarios. In entities 711 and optional 712 respective
rates are compared with the set of previously detected
values, or predefined thresholds, which are provided by
optional entities 715 and 716. All information is provided
to the entity 720. Optional entities 715 and 716 are up-
dated with the new rates and optional corresponding
rates of change. Optional entities 715 and 716 can con-
tain the history of the biomarkers information, particularly
including:

¢ Rate information in specific predefined time steps;

* Averaged information of rate over at least one pre-
defined period;

* Rate of change information in specific predefined
time steps;

* Averaged information of rate of change over at least
one predefined period;

*  Comparison thresholds for rate related to adult, baby
and child with specific statistics and probability;

e Compassion thresholds for rate of change.

[0036] Comparison thresholds may be predefined or
statistically calculated based on the stored data.

[0037] Timeinformation entity 717 is providing optional
additional information to entity 720 including:

* timeinformation onthe vehicle engine being on or off;
e current local time information.

[0038] Optional entity 719 is providing information form
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the external cabin gas sensor to entity 720, preferably
including CO, concentration. Optional entity 718 pro-
vides information of the vehicle cabin temperature to en-
tity 720. This information may be provided from external
sensors embedded in vehicle provided to apparatus 100
through entity 60.

[0039] Seat occupation event calculation entity 720
calculates seat occupation score based on a weighted
sum of the following information set, with possible zero
weights in case corresponding optional blocks are not
present:

e Heartbeat rate existing;

* Heartbeat rate existing in predefined thresholds de-
tecting adult;

* Heartbeat rate existing in predefined thresholds de-
tecting child;

* Heartbeat rate existing in predefined thresholds de-
tecting baby;

* Rate of change of the heartbeat rate achieved cal-
culated or predefined threshold for baby;

* Respiratory rate existing;

* Respiratory rate existing in predefined thresholds
detecting adult;

* Respiratory rate existing in predefined thresholds
detecting child;

* Respiratory rate existing in predefined thresholds
detecting baby;

* Rate of change of the respiratory rate achieved cal-
culated or predefined threshold for baby;

e Time duration since engine was stopped;

¢ Vehicle cabin temperature;

* CO, concentration achieved specific predefined
threshold;

e Part of the day: early morning, daytime, twilight,
night, late night.

[0040] The weighting factors are predefined or deter-
mined based on the information set, predefined values
and behavior statistics. If the score is above the thresh-
old, the different seat occupation events are detected.
Based on the score value, the seat occupation events
are determined. This information is communicated to the
entity 71. Based on this information, the entity 71 is ini-
tiating predefined actions using entity 60 and/or entity 50
where optional audio and optional visual indication/alert-
ing capabilities are included.

[0041] Predefined seat occupation events are:

1. Decision: Seat is occupied by person
a. Cause:
* Detected heartbeat.
b. Possible action:

¢ Provide the information to the vehicle infra-
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structure so it can influence safety belt
alarming and airbag activation. «

2. Decision: Seat is occupied by a baby or a child
a. Cause:

* Detected heartbeat rate value is within the
specified range for a baby or a child.

e Optionally detected respiratory rate value is
within the specified range for a baby or a
child.

b. Possible action:
¢ Provide the information to the vehicle infra-
structure so it can influence safety belt
alarming, airbag activation, and the control
of the airbag explosion.
3. Decision: A baby or a child is left in car

a. Cause:

* Detected heartbeat rate value is within the
specified range for a baby or a child;

e Optionally detected respiratory rate value is
within the specified range for a baby or a
child;

* Engine stopped and the specified time
elapsed since;

e Optionally other adult left the vehicle;
e Optionally driver left the vehicle;

e Optionally the temperature in cabin is
raised;

e Optionally heartbeat rate of a baby or a child
changed;

e Optionally respiratory rate of a baby or a
child changed.

b. Possible action:

*  Provide the information to the vehicle infra-
structure soitcaninitiate audio and/or visual
alarms, optionally open the windows, op-
tionally request driver's confirmation, op-
tionally send emergency alarm through e-
call;

* Activate the audio and/or video alarm sys-
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tem of apparatus 100 if existing. *
4. Decision: Monitored vital signs, i.e. heartbeat and
optionally respirations, of a person exhibit abnormal
behavior

a. Cause:

¢ Monitored heartbeat rate is not within the
predefined range;

e Optionally monitored respiratory is not with-
in the predefined range;

e Optionally, the rate of change of the heart-
beat rate is not within the predefined range;

e Optionally, rate of change of the respiratory
rate is not within the predefined range.

b. Possible action:

Inform vehicle or other monitoring system
to issue specific predefined alarm, and/or
initiate emergency action.

5. Decision: Person or animal left the observing area
or died

a. Cause:

¢ Monitored heartbeat stopped in the observ-
ing area;

e Optionally monitored respirations stopped
in the observing area.

b. Possible action:

* Inform vehicle or other monitoring system
to issue specific predefined alarm, and/or
initiate emergency action.

[0042] If the apparatus detects the abrupt stop of the
heartbeat confirmed with the cease of respiratory activity,
alerts to the driver are initiated. In case the driver does
not respond, emergency condition is confirmed and
emergency actions are initiated. Emergency actions may
include appropriate engine and brake systems control,
and/or emergency calls.

[0043] In fig. 5 two antenna high-gain arrangements
are shown. Systems 21 and 22 are on the left and right
side of the integrated front end entity 10. The arrange-
ment 2 may be considered as the preferred embodiment,
providing preferable tradeoff in size and performance,
having the front size dimensions of the complete appa-
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ratus 100 of 4 x 2 cm or less for the 60 GHz ISM band
operation. The antenna system is preferably realized as
the planar printed dipoles with ellipsoid-like antenna
shapes, with the two parts printed on opposite sides of
the dielectric layer, which also provides mechanical sup-
port. Prints on the opposite side of the dielectric are de-
picted using dashed lines on

[0044] Fig. 5. Cross section presented in

Fig. 6 shows antenna printed on the opposite sides of
the dielectric layer, as well as metalized reflector at the
distance of approximately one quarter of wavelength.
The space between the reflector and the antenna may
be empty or filled with foam. The antenna parts 21 and
22 are fed by the symmetrical lines printed on both sides
of the dielectric approaching dipoles perpendicularly to
their arrangement, as shown in

Fig. 5. Symmetrical strip line may be advantageously
connected to differential mm-wave inputs and outputs of
the entity 10 by using micro-vias produced by an ad-
vanced polymer technology. This is illustrated in of

Fig. 6.

Supporting circuitry 50 as a part of the apparatus 100
may include loudspeaker and/or light source functionality
having plurality of possible realizations. This feature
would allow apparatus 100 to be independent of the ve-
hicle infrastructure by initializing appropriate audio
and/or visual warnings and/or indications. These options
are useful for all types of the aftermarket applications,
where the apparatus 100 is assembled in vehicles after
production.

[0045] Alternatively instead of using two high gain an-
tennas one for Tx 22 and one for Rx 21, the proposed
system may be realized by one high gain antenna for
both Rx and Tx functionality, 24 like in Fig, 9a) and Fig.
9b) and isolator functionality 23. This approach has sev-
eral system disadvantages of the difficult practical reali-
zation of the entity 23 providing sufficient isolation be-
tween Rx and TX inputs of the entity 10. Also entity 23
inherently includes unwanted signal attenuation of the
TX signal toward antenna and received signal from an-
tenna toward the RX input of the entity 10. This imposes
more power consumption of the system, more thermal
dissipation, and more system cost on isolator entity 23
realization. Entity 23 could be preferably realized by rat
race planner coupler structures, also onthe IC level within
the entity 10 or on the PCB level, where the entity 10 is
assembled in the Apparatus 100. The only potential sys-
tem related sensor advantage would be the reduced size
of the apparatus 100, where the one planar high gain
antenna would need to be integrated instead of two.
[0046] The usage of the IQ demodulatorinstead of sig-
nal mixer in entity 10, would provide the two analog base-
band down converted quadrature signals to the entity 30.
Having two signals in the signal processing path addi-
tional information about phase changes between two sig-
nal may be used. This may increase the accuracy in the
digital signal processing and some redundancy, by the
expense of the more chip size of entity 10 and more
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processing efforts of the entity 40. The method of oper-
ation may use the straight forward information obtained
from the one down conversion chain from | or from Q
chain, and do not process the information from other
chain, as long there is no need in more accurate infor-
mation extraction. The existence of the both chains, with
90 degrees moved zero crossings, may have practical
advantages. By evaluating the phase changes of the IQ
signals, with the typical accuracy of 1-2 degrees resolu-
tion, micro movements of the objects may be evaluated
with more accuracy, within one wave length typically in
wm region. This may increase the capability of the fre-
quency extraction.

Claims

1. MM-wave seat occupation sensor apparatus (100),
wherein mm-wave declares operation between 30
and 300 GHz, comprising:

a high-gain planar antenna for transmitting mm-
wave radio signals (22), where the high-gain pla-
nar antenna has at least two radiation elements;
a high-gain planar antenna for receiving mm-
waveradio signals (21), where the high-gain pla-
nar antenna has at least two radiation elements;
an integrated mm-wave radio front end (10), im-
plemented in arbitrary semiconductor technolo-
gy, having on-chip integrated mm-wave voltage
control oscillator, mm-wave power amplifier,
mm-wave low noise amplifier, mm-wave down
conversion mixer, digital control interface, pow-
er supply; and PLL

an analog to digital conversion entity (30);

a digital processing functionality (40) including
controlling functionality (41) and calculation and
memory capacity for performing digital signal
processing by arbitrary type of the realization
options;

an interface to the vehicle infrastructure, includ-
ing one or more standardized automotive wired
interfaces; and

a supporting circuitry (50), including the me-
chanical interface to vehicle infrastructure and
supporting electronic circuitry for a power supply
(100);

wherein the apparatus (100) is integrated in the
vehicle chassis, facing passenger with direct
line-of-sight operation

2. Method of operating the apparatus (100) according
to Claim 1, comprising:

transmission of mm-wave signals generated in
the integrated mm-wave radio front end 10 using
the mm-wave radio signals (22);

receiving mm-wave signals reflected from driver
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body using the mm-wave radio signals (21);
amplification of the reflected signal in the inte-
grated mm-wave radio front end (10);
down-conversion of the signals by mixing with
the same signal of the same frequency as the
transmitted signal in the integrated mm-wave ra-
dio front end (10);

amplification of the converted signal after mixer
in the integrated mm-wave radio front end (10);
analog filtering of the signals after amplification
in the integrated mm-wave radio front end (10);
signal conditioning in the integrated mm-wave
radio front end (10) for subsequent analog to
digital conversion performed by the analog to
digital conversion entity (30);

digital processing of the signal in the digital
processing functionality (40), by:

extracting the heartbeat rate from the pre-
vious arbitrary processed signal; and
digital processing in seat occupation event
decision functionality (70) which includes
the following steps:

evaluation if the heartbeat rate is within
a specified range (711); and

digital processing in seat occupation
event calculation decision functionality
(720) is performed, which:

- calculates the score by process-
ing the information provided
through entities (711-717) weight-
ed by the specified coefficients,
where the score is related to the
probability of the seat occupation
event;

- in case that the calculated score
is above predefined threshold, de-
cision on positive seat occupation
event is made;

- in case of the positive the seat
occupation event the entity (720)
sends the decision information and
the corresponding score to the en-
tity (71);

- in case of the positive the seat
occupation event the entity (71) in-
itiates appropriate specified ac-
tions of the entity 60 and/or entity
(50);

where the seat occupation event denotes the pres-
ence of the human on the seat.

Method according to Claim 2, comprising:

digital processing of the signal in the digital
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10.

1.

12.

13.

processing functionality (40) which additionally
includes extraction of the heartbeat rate from
the previous arbitrary processed signal; and
evaluation if the respiratory rate is within the
specified range (712).

Method according to Claim 3, comprising:

digital processing of the signal in the digital
processing functionality (40) which additionally
includes extraction of the rate of change of the
respiratory rate from the previous arbitrary proc-
essed signal; and

evaluation if the rate of change of the respiratory
rate is within specified range (714).

Method according to Claim 2, comprising:

digital processing of the signal in the digital
processing functionality (40) which additionally
includes statistical evaluation of the heartbeat
rate data history (715).

Method according to Claim 2, comprising:

digital processing of the signal in the digital
processing functionality (40) which additionally
includes statistical evaluation of the respiratory
rate data history (716).

Method according to claim 2 wherein the entity (718)
provides information about the vehicle cabin temper-
ature to entity (720), and where this information in-
fluences seat occupation event score calculation.

Method according to claim 2 wherein the entity (717)
provides information on time elapsed since the en-
gine stopped (720), and wherein this information in-
fluences seat occupation event score calculation.

Method according to claim 2 wherein the supporting
circuitry (50) contains audio and/or visual alerting
indication capabilities of arbitrary realization, which
are activated in case the seat occupation event is
detected by the entity (71).

Method according to claim 2 wherein the seat occu-
pation event is the presence of a baby on a seat.

Method according to claim 2 wherein the seat occu-
pation event s the presence of a baby on a seat after
the driver has left the car.

Method according to claim 2 wherein the seat occu-
pation eventis the presence of a human in dedicated

vehicle area.

Method according to claim 2
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wherein the seat occupation event is used to detect
the driver fatigue.

14. Method according to claim 2 wherein appropriate
specified action of the entity (60) and/or entity (50)
is activating an audio and/or visual alarm.

15. Method according to claim 2 wherein appropriate
specified action of the entity (60) is initiating mechan-
ical actions of the vehicle sub-systems.

Patentanspriiche

1. Millimeterwellen-Sitzbelegungssensorvorrichtung
(100), wobei Millimeterwelle Betrieb zwischen 30
und 300 GHz bezeichnet, umfassend:

eine Planarantenne mit hohem Verstarkungs-
faktor zum Senden von Millimeterwellen-Funk-
signalen (22), wobei die Planarantenne mit ho-
hem Verstarkungsfaktor mindestens zwei
Strahlungselemente aufweist;

eine Planarantenne mit hohem Verstarkungs-
faktor zum Empfangen von Millimeterwellen-
Funksignalen (21), wobei die Planarantenne mit
hohem Verstarkungsfaktor mindestens zwei
Strahlungselemente aufweist;

ein integriertes Millimeterwellen-Funkfrontend
(10), das in beliebiger Halbleitertechnologie im-
plementiert ist und chipintern integriert einen
spannungsgesteuerten Millimeterwellen-Oszil-
lator, einen Millimeterwellen-Leistungsverstar-
ker, einen rauscharmen Millimeterwellen-Ver-
starker, einen Millimeterwellen-Abwartsumset-
zungsmischer, eine digitale Steuerschnittstelle,
eine Leistungsversorgung und einen PLL auf-
weist;

eine Analog-Digital-Umsetzungseinheit (30);
eine Digitalverarbeitungsfunktionalitat (40), wel-
che Steuerfunktionalitat (41) und Berechnungs-
und Speicherkapazitat zum Durchfiihren digita-
ler Signalverarbeitung durch einen beliebigen
Typ der Realisierungsoptionen umfasst;

eine Schnittstelle zur Fahrzeuginfrastruktur, die
eine oder mehrere standardisierte drahtgebun-
dene Kraftfahrzeugschnittstellen umfasst; und
eine unterstitzende Schaltungsanordnung
(50), welche die mechanische Schnittstelle zur
Fahrzeuginfrastruktur und unterstiitzende elek-
tronische Schaltungsanordnung fiir eine Leis-
tungsversorgung (100) umfasst;

wobei die Vorrichtung (100) in das Fahrzeug-
chassis integriert ist und einem Fahrgast mit di-
rektem Sichtlinienbetrieb gegeniberliegt.

2. Verfahrenzum Betreiben der Vorrichtung (100) nach
Anspruch 1, umfassend:
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Senden von Millimeterwellensignalen, die im in-
tegrierten Millimeterwellen-Funkfrontend (10)
erzeugtwerden, unter Verwendung von Millime-
terwellen-Funksignalen (22);

Empfangen von Millimeterwellensignalen, die
vom Fahrerkorper reflektiert werden, unter Ver-
wendung der Millimeterwellen-Funksignale
(21);

Verstarken desreflektierten Signalsimintegrier-
ten Millimeterwellen-Funkfrontend (10);
Abwartsumsetzen der Signale durch Mischen
mit dem gleichen Signal der gleichen Frequenz
wie das gesendete Signal im integrierten Milli-
meterwellen-Funkfrontend (10);

Verstarken des umgesetzten Signals nach dem
Mischer im integrierten Millimeterwellen-Funk-
frontend (10);

analoges Filtern der Signale nach dem Verstar-
ken im integrierten Millimeterwellen-Funkfron-
tend (10);

Aufbereiten der Signale im integrierten Millime-
terwellen-Funkfrontend (10) zur anschlieRen-
den Analog-Digital-Umsetzung, die durch die
Analog-Digital-Umsetzungseinheit (30) durch-
geflhrt wird;

digitales Verarbeiten des Signals in der Digital-
verarbeitungsfunktionalitét (40) durch:

Extrahieren der Herzschlagfrequenz aus
dem vorherigen beliebigen verarbeiteten
Signal; und

digitales Verarbeiten in Sitzbelegungs-
ereignis-Entscheidungsfunktionalitat (70),
das die folgenden Schritte umfasst:

Beurteilen, ob die Herzschlagfrequenz
innerhalb eines spezifizierten Bereichs
liegt (711); und

wobei digitales Verarbeiten in Sitzbele-
gungsereignisberechnungs-Entschei-
dungsfunktionalitat (720) durchgefiihrt
wird, welche:

- den Score durch Verarbeiten der
Informationen  berechnet, die
durch die Einheiten (711 -717) be-
reitgestellt und durch die spezifi-
zierten Koeffizienten gewichtet
werden, wobei der Score mit der
Wahrscheinlichkeit des Sitzbele-
gungsereignisses in Beziehung
steht;

-wobei, falls der berechnete Score
Uber einer vordefinierten Schwelle
liegt, eine Entscheidung Uber ein
positives  Sitzbelegungsereignis
getroffen wird;

- im Falle des positiven Sitzbele-
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gungsereignisses die Einheit (720)
die Entscheidungsinformationen
und den entsprechenden Score an
die Einheit (71) sendet;

- im Falle des positiven Sitzbele-
gungsereignisses die Einheit (71)
geeignete spezifizierte Aktionen
der Einheit (60) und/oder der Ein-
heit (50) einleitet;

wobei das Sitzbelegungsereignis die Ge-
genwart des Menschen auf dem Sitz an-
zeigt.

3. Verfahren nach Anspruch 2, umfassend:

digitales Verarbeiten des Signals in der Digital-
verarbeitungsfunktionalitat (40), das aulerdem
ein Extrahieren der Herzschlagfrequenz aus
dem vorherigen beliebigen verarbeiteten Signal
umfasst; und

Beurteilen, ob die Atemfrequenz innerhalb des
spezifizierten Bereichs liegt (712).

4. Verfahren nach Anspruch 3, umfassend:

digitales Verarbeiten des Signals in der Digital-
verarbeitungsfunktionalitat (40), das aulerdem
ein Extrahieren der Anderungsrate der Atemfre-
quenz aus dem vorherigen beliebigen verarbei-
teten Signal umfasst; und

Beurteilen, ob die Anderungsrate der Atemfre-
quenz innerhalb des spezifizierten Bereichs
liegt (714).

Verfahren nach Anspruch 2, umfassend:

digitales Verarbeiten des Signals in der Digital-
verarbeitungsfunktionalitéat (40), das aulerdem
ein statistisches Beurteilen des Herzschlagfre-
quenz-Datenverlaufs umfasst (715).

Verfahren nach Anspruch 2, umfassend:

digitales Verarbeiten des Signals in der Digital-
verarbeitungsfunktionalitéat (40), das aulerdem
ein statistisches Beurteilen des Atemfrequenz-
Datenverlaufs umfasst (716).

Verfahren nach Anspruch 2,

wobei die Einheit (718) Informationen iber die Fahr-
gastraumtemperatur des Fahrzeugs fiir die Einheit
(720) bereitstellt, und wobei diese Informationen die
Berechnung des Scores des Sitzbelegungsereignis-
ses beeinflussen.

Verfahren nach Anspruch 2,
wobei die Einheit (717) Informationen Uber die seit
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dem Motorstopp (720) verstrichene Zeit bereitstellt,
und wobei diese Informationen die Berechnung des
Scores des Sitzbelegungsereignisses beeinflussen.

Verfahren nach Anspruch 2,

wobei die unterstiitzende Schaltungsanordnung
(50) akustische und/oder optische Warnhinweisfa-
higkeiten beliebiger Realisierung enthalt, die bei Er-
kennen des Sitzbelegungsereignisses durch die Ein-
heit aktiviert werden (71).

Verfahren nach Anspruch 2,
wobei das Sitzbelegungsereignis die Gegenwart ei-
nes Sauglings auf einem Sitz ist.

Verfahren nach Anspruch 2,

wobei das Sitzbelegungsereignis die Gegenwart ei-
nes Sauglings auf einem Sitz ist, nachdem der Fah-
rer aus dem Fahrzeug ausgestiegen ist.

Verfahren nach Anspruch 2,

wobei das Sitzbelegungsereignis die Gegenwart ei-
nes Menschen in einem dedizierten Fahrzeugbe-
reich ist.

Verfahren nach Anspruch 2,
wobei das Sitzbelegungsereignis zum Erkennen von
Ermiidung des Fahrers verwendet wird.

Verfahren nach Anspruch 2,

wobei die geeignete spezifizierte Aktion der Einheit
(60) und/oder der Einheit (50) ein Aktivieren eines
akustischen und/oder optischen Alarms ist.

Verfahren nach Anspruch 2,

wobei die geeignete spezifizierte Aktion der Einheit
(60) ein Einleiten mechanischer Aktionen des Fahr-
zeug-Subsystems ist.

Revendications

1.

Appareil de capteur d’occupation de siege a onde
millimétrique (100), dans lequel 'onde millimétrique
déclare un fonctionnement entre 30 et 300 GHz,
comprenant :

une antenne plane a gain élevé pour émettre
des signaux radio a onde millimétrique (22), ou
I'antenne plane a gain élevé comporte au moins
deux éléments de rayonnement ;

une antenne plane a gain élevé pour recevoir
des signaux radio a onde millimétrique (21), ou
I'antenne plane a gain élevé comporte au moins
deux éléments de rayonnement ;

un frontal radio d’onde millimétrique intégré
(10), mis en oeuvre dans une technologie des
semi-conducteurs arbitraire, comportant un os-
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cillateur commandé par tension d’onde millimé-
trique intégré sur puce, un amplificateur de puis-
sance d’onde millimétrique, un amplificateur a
faible bruit d’'onde millimétrique, un mélangeur
de conversion-abaissement d’onde millimétri-
que, une interface de commande numérique,
une alimentation ; et une boucle PLL

une entité de conversion analogique-numérique
(30) ;

une fonctionnalité de traitement numérique (40)
comprenant une fonctionnalité de commande
(41) et une capacité de calcul et de mémorisa-
tion pour effectuer un traitement de signal nu-
mérique par type arbitraire des options de
réalisation ;

une interface vers l'infrastructure de véhicule,
comprenant une ou plusieurs interfaces cablées
d’automobile normalisées ; et

des éléments de circuit de prise en charge (50),
comprenant l'interface mécanique vers linfras-
tructure de véhicule et des éléments de circuit
électroniques de prise en charge pour une ali-
mentation (100) ;

dans lequel I'appareil (100) est intégré dans le
chéssis de véhicule, faisant face au passager
avec un fonctionnement en visibilité directe.

2. Procédé de mise en oeuvre de I'appareil (100) selon
la revendication 1, comprenant :

I'émission des signaux a onde millimétrique gé-
nérés dans le frontal radio d’onde millimétrique
intégré (10) en utilisant les signaux radio a onde
millimétrique (22) ;

la réception des signaux a onde millimétrique
réfléchis par le corps du conducteur en utilisant
les signaux radio a onde millimétrique (21) ;
'amplification du signal réfléchi dans le frontal
radio d’onde millimétrique intégré (10) ;

la conversion-abaissement des signaux par mé-
lange avec le méme signal de la méme fréquen-
ce que le signal émis dans le frontal radio d’'onde
millimétrique intégré (10) ;

I'amplification du signal converti aprés le mélan-
ge dans le frontal radio d’onde millimétrique in-
tégré (10) ;

le filtrage analogique des signaux apres 'ampli-
fication dansle frontal radio d’onde millimétrique
intégré (10) ;

le conditionnement des signaux dans le frontal
radio d’onde millimétrique intégré (10) pour la
conversion analogique-numérique subséquen-
te effectuée par I'entité de conversion analogi-
que-numeérique (30) ;

le traitement numérique du signal par la fonc-
tionnalité de traitement numérique (40), par :

I'extraction de la fréquence cardiaque du si-
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gnal traité arbitraire précédent ; et

un traitement numérique dans la fonction-
nalité de décision d’événement d’occupa-
tion de siege (70) qui comprend les étapes
suivantes :

I'évaluation si la fréquence cardiaque
est dans une plage spécifiée (711) ; et
un traitement numérique dans la fonc-
tionnalité de décision de calcul d’évé-
nement d'occupation de sieége (720) est
effectué, qui:

- calcule le score en traitant les in-
formations fournies par des entités
(711 a 717) pondérées avec les
coefficients spécifiés, ou le score
est lié a la probabilité de I'événe-
ment d’'occupation de siege ;

- dans le cas ou le score calculé
est supérieur a un seuil prédéfini,
une décision d’événement d’occu-
pation de siege positif est prise ;

- dans le cas de I'événement d’oc-
cupation de sieége positif, I'entité
(720) envoie les informations de
décision et le score correspondant
al'entité (71) ;

- dans le cas de I'événement d’oc-
cupation de siége positif, I'entité
(71) lance des actions spécifiees
appropriées de I'entité (60) et/ou
de I'entité (50) ;

ou I'événement d’occupation de siege indique
la présence de I'étre humain sur le sieége.

Procédé selon la revendication 2, comprenant :

le traitement numérique du signal dans la fonc-
tionnalité de traitement numérique (40) qui com-
prend en plus I'extraction de la fréquence car-
diaque du signal traité arbitraire précédent ; et
I’évaluation si la fréquence respiratoire est dans
la plage spécifiée (712).

4. Procédé selon la revendication 3, comprenant :

le traitement numérique du signal dans la fonc-
tionnalité de traitement numérique (40) qui com-
prend en plus I'extraction du taux de change-
ment de lafréquence respiratoire du signal traité
arbitraire précédent ; et

I’évaluation si le taux de changement de la fré-
quence respiratoire est dans la plage spécifiée
(714).

5. Procédé selon la revendication 2, comprenant :



10.

1.

12.

13.

14.

23 EP 3 131 792 B1 24

le traitement numérique du signal dans la fonc-
tionnalité de traitement numérique (40) qui com-
prend en plus I'évaluation statistique de I'histo-
rigue des données de fréquence cardiaque
(715) .

Procédé selon la revendication 2, comprenant :

le traitement numérique du signal dans la fonc-
tionnalité de traitement numérique (40) qui com-
prend en plus I'évaluation statistique de I'histo-
rigue des données de fréquence respiratoire
(716).

Procédé selon la revendication 2,

dans lequel I'entité (718) fournit des informations
concernant la température d’habitacle de véhicule a
I'entité (720), et dans lequel ces informations influen-
cent le calcul de score d’événement d’occupation de
siege.

Procédé selon la revendication 2,

dans lequel I'entité (717) fournit des informations
concernant le temps écoulé depuis I'arrét du moteur
a combustion interne (720), et dans lequel ces infor-
mations influencent le calcul de score d’événement
d’occupation de siége.

Procédé selon la revendication 2,

dans lequel les éléments de circuit de prise en char-
ge (50) contiennent des capacités d’indication d’alar-
me audio et/ou visuelle de réalisation arbitraire, qui
sont activées dans le cas ou I'’événement d’occupa-
tion de siege est détecté par I'entité (71).

Procédé selon la revendication 2,
dans lequel 'événement d’occupation de siege est
la présence d’un bébé sur un siege.

Procédé selon la revendication 2,

dans lequel 'événement d’occupation de siege est
la présence d’un bébé sur un siége apres que le
conducteur a quitté la voiture.

Procédé selon la revendication 2,

dans lequel I'événement d’occupation de siege est
la présence d’un étre humain dans une zone de vé-
hicule dédiée.

Procédé selon la revendication 2,
dans lequel 'événement d’occupation de siege est
utilisé pour détecter la fatigue du conducteur.

Procédé selon la revendication 2,

dans lequel une action spécifiée appropriée de I'en-
tité (60) et/ou de I'entité (50) active une alarme audio
et/ou visuelle.
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15. Procédé selon la revendication 2,

dans lequel I'action spécifiée appropriée de I'entité
(60) lance des actions mécaniques des sous-syste-
mes de véhicule.
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