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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method for restraint deployment adaption in a vehicle.
[0002] The invention further relates to a system for restraint deployment adaption in a vehicle.

DESCRIPTION OF THE BACKGROUND ART

[0003] US2004/0153229A1 relates to sensor system for determiningadeployment level of anairbag inavehicle.A light
source of the sensor systememits light onto a region arounda vehicle seat. Anarray of light-sensitive pixelswhich capture
reflected light from the scene, including reflected light that originated from the light source. Processing resources are
provided that determinedepth information for an object in the scene basedon a time-of-flight characteristic of the reflected
light from the light source captured on the array. The processing resources may be configured to determine occupancy
data for the object based on the captured reflected light from the scene. The processing resources are configured to
determine the deployment level of the airbag based at least in part on the occupancy data inwhen a collision of the vehicle
occurs.
[0004] US2005/0017488A1 relates to aweightmeasuring systemandmethods for vehicles. The system for controlling
a vehicle component is based on occupancy of a seat. An adjustment system is a system for adjusting deployment of an
occupant restraint device. Abladder is used tomeasure theweight of the occupant. Theposition of the occupant is sensed
to adjust the occupant restraint device. All the sensed data are provided to a neural network in order to obtain a trained
pattern recognition system.Different objects are tested to obtain theuniquepatterns fromeachobject. Thedisclosed time-
of-flight 3D camera is used to measure distances, which is related to positions and not to the size of the occupant.
[0005] As known, the different crash regulations tend to consider more and more additional type of occupant
morphologies in addition to the 50th Male usually used as a standard dummy to estimate the injuries.
[0006] Current crash algorithms are limited by the technology of the sensors used to estimate the occupant size and
position.
[0007] Seat track and/or seat weight sensors are used to perform an indirect estimation of the occupant classification
(position and size) but the actual occupant classification (position and size as a function of time) is unknown.
[0008] This estimation is moreover limited by the seat track sensor which usually provides only two states (forward,
rearward). Then, current crash algorithms usually manage only small vs large occupant classification.
[0009] About the driver, the correlation between seat track and occupant classification can be accurate thanks to the
constraints of the driver position (armand legs lengths: a small occupantmust beable to touch the steeringwheel to drive).
There is however a bad correlation between seat track and occupant classification about the passenger. It has to be
noticed that the correlation between seat track anddriver classificationwill tend to be less and less accurate, as driverswill
be able to switch into a relax position when the vehicle will be in autonomous mode.
[0010] Examples for mis-classification are:

Oneexample of drivermis-classificationwouldbea largeoccupant (50thmale for example)whowouldput his seat in a
forward position due to a long plank of wood stored behind the driver seat. The occupant is in this case a 50th male
whereas the seat track sensor has classified him as a small occupant.
One example of passenger mis-classification would be a 5th occupant who would be in a very rearward position with
his backrest in a lean position. A dedicated deployment logic could be set in place for such passenger size in this
position whereas the seat track sensor has classified him as a large occupant.
Another example of passengermis-classificationwould be a seatweight sensor tricked by an additional weight on the
knees of the occupant (luggage for example).
A typical example of mis-classification of an indirect sensors system like seat track, seat weight or back rest sensors
occur in braking situations where the occupant position does not correlate with the frozen seat sensors information.

[0011] Current algorithms are doing an indirect estimation of the occupant size and occupant position based on the seat
track and/or seat weight sensors to create an occupant classification (small or large). The restraint deployment strategies
are computed and optimized for certain type of occupants in specific positions.

SUMMARY OF THE INVENTION

[0012] It is an object of the present invention to provide a method for a restraint deployment strategy which is able to
adapt the deployment strategy on the basis of the actual measured direct and indirect occupant classification.
[0013] The above object is achieved by a method for a restraint deployment according to the features of claim 1.
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[0014] It is a further object of thepresent invention toprovideasystem for a restraint deployment strategywhich isable to
adapt the deployment strategy on the basis of the actual measured occupant classification.
[0015] The above object is achieved by a system for a restraint deployment according to the features of claim 7.
[0016] The inventive method for restraint deployment adaption in a vehicle is defined by the determination of position
data of at least one seat of the vehicle with a seat sensor system. Additionally, a size of an occupant and position of the
occupant in the seat ismeasured with at least one 3D sensor system. A fusion is carried out, including at least the position
data of the seat and themeasured position and size of an occupant in the seat of the vehicle. The fusionmodule generates
a fused occupant classification. The fused occupant classification is transferred to an occupant displacement prediction
module and to a deployment requests module. An event (crash, high deceleration or high acceleration) is detected by an
event detection module. Finally, in the deployment requests module an adjustment of the restraint system strategy is
calculated in function of the actual classification of the occupant.
[0017] The advantage of the present invention is that the restraint deployment strategy is adaptable to the position and
morphologyof anoccupant in the seat of a vehicle,which limits thedamageson theoccupant duringacrash. The invention
allowsanadjustment of thedeployment logic in theECUasmuchaspossible to theactual occupant sizeand its positionon
the seat.
[0018] According to an embodiment of the invention, the weight of the occupant in the respective seat is defined by the
seat sensor system.Theoccupantweight is anadditional bodymetric of the occupant,which is used in a signal processing
module to provide data and/or information for the crash algorithm.
[0019] According to a further embodiment of the invention the position of the occupant is defined in addition by the
distance of a chest of the occupant from a steering wheel or a dashboard of the vehicle. The distance of the chest to the
steering wheel or the dashboard is measured as well by the at least one 3D sensor system. The measured distance is
transferred from a signal processingmodule to the fusionmodule for carrying out fusion with the position data of the seat,
the weight of the occupant and the size of the occupant and thereby generating a fused occupant classification The
distance of the chest of the occupant from the steeringwheel or the dashboard of the vehicle is determined by a computed
3D chest point within the area of the chest of the occupant.
[0020] The advantage of the information about the actual distance of the chest to the steering wheel or the dashboard
and its more accuratemeasurement allows a better timingmanagement of the airbags deployment and belts deployment
strategies in the vehicle in case of a crash.
[0021] According to a further embodiment of the invention, the position of the occupant is aswell defined by the distance
or position of a head of the occupant from the steering wheel or the dashboard of the vehicle. The distance of the head is
measuredby theat least one3Dsensor systemThemeasureddistance is transferred tooccupant displacementprediction
module for calculating in the displacement predictionmodulewith the use of the fused occupant classification an adaption
with regard to deployment times of safety devises. The distance of the head of the occupant from the steeringwheel or the
dashboard of the vehicle is determined by a computed 3D head point within the area of the head.
[0022] The advantage of this embodiment is an optimization of the requested restraint protections according to the
occupant’s motion. This ensures a better coupling between the airbag and the occupant.
[0023] The at least one 3D sensor system includes at least one 3D imaging sensor. The at least one 3D sensor system
may encompass an optical 3D sensor. An optical 3D sensor is any kind of sensor using optical radiation, e.g., visible or
infrared light, to obtain three-dimensional data, in this context three-dimensional datawhich can be analysed to determine
position andmovement of occupants of the cabin of the vehicle. Anexample of anoptical 3Dsensor is oneormore time-of-
flight sensors which measure a distance to an object by emitting a light signal and measuring the time passing between
emission of this signal and detection of light of this signal scattered from the object. Another example of an optical 3D
sensor is a projected-light sensor, which operates by projecting a light pattern onto an object, recording the projected light
pattern on the object with a camera, and determining the distance to the object by triangulation. A laser may be used as a
light source for an optical 3D sensor, without the invention being restricted thereto. A further example of an optical 3D
sensor is a 3D imaging sensor, which is a sensor providing three-dimensional image data which can be analysed to
determine position and movement of occupants of the cabin of the vehicle; to this end, a 3D imaging sensor may include
one or more cameras.
[0024] Anon-transitory computer-readablemedium stores program instructions, which are executable on an electronic
control unit of a vehicle for performing the computer-implemented method according to the present invention.
[0025] Asystem for a restraint deployment strategy comprisesanelectronic control unit in a vehicle. A signal processing
module, a fusion module, an event detection module, an occupant displacement prediction module and a deployment
requestsmoduleare installed in theelectronic control system.At least one impact sensor (optionally oneor several remote
impact sensors of the vehicle) is connected to the event detection module. A seat sensor system of the signal processing
module, comprising for example: at least one seat track sensor, at least one back rest sensor and at least one weight
sensor. At least one 3D sensor system of the signal processingmodule is capable of determining the size of the occupant
and is connected to the fusion module.
[0026] The advantage of the inventive system is a more accurate measurement and determination of the actual
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occupant size which will allow a better adjustment of the restraint deployment strategy and will also allow to optimize
deployment strategies formore occupant sizes. The restraint deployment strategy gathers all kindof protections deployed
in crash, for example airbag stage1, airbag stage2, venting, load limiter or the like),
[0027] Theat least one3Dsensor systemof the signal processingmodule, is capable tomeasureadistanceof the chest
of the occupant to a dashboard or steeringwheel of the vehicle. Themeasured distance is connected or delivered from the
signal processing module to the fusion module.
[0028] According to a further embodiment of the invention the at least one 3D sensor system of the signal processing
module is capable of measuring or determining an actual position of the head of the occupant. The actual position is
connected to the occupant displacement prediction module.
[0029] The advantage of the inventive system is a better determination of the deployment and a better timing of the
safety devices of the vehicle within the restraint deployment strategy.
[0030] According to the inventive system, a fused occupant classification of the fusion module is connected to the
displacement predictionmodule, which is capable of carrying out, based on the fused occupant classification, an adaption
of deployment times of safety devises. The deployment requests module, which is capable of carrying out, based on the
fused occupant classification and the result from displacement prediction module, an adjustment of the restraint system
strategy in function of the actual classification of the occupant.
[0031] Thesafetydevicesareairbags, adaptiveairbags, seat belts, seat belt pretensionor the like. The3Dsenor system
includes at least one 3D imaging sensor. The 3D sensor system can be configured as well as an interior time of flight
camera, a 3D-camera system or an interior radar system or any combination of the latter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The numerous advantages of the disclosuremay be better understood by those skilled in the art by reference to
the accompanying figures in which:

Figure 1 is a schematic view illustrating a vehicle including an ECU for controlling various protection devices.
Figure 2 is a schematic representation of a 3D sensor system for determining the actual position of an occupant in a
vehicle.
Figure 3A to 3C are different schematic views, showing the correlation between the chest distance from the steering
wheel or the dash board and the seat track.
Figure 4 is a schematic view of the crash algorithm which uses occupant size.
Figure 5 is a schematic view of the crash algorithm which uses occupant size and occupant chest distance from the
steering wheel and/or dashboard.
Figure 6 is a schematic view of fusion between occupant sensors and direct sensing information.
Figure 7 is a schematic view of the crash algorithmwhich uses occupant size occupant chest distance and occupant
head distance to the steering wheel and/or dashboard.
Figure 8 is a schematic representation, that a set of 3D point locations on the occupant body allow the computation of
3D body points.
Figure 9 is a schematic representation of a mass model for the displacement of the occupant during a crash.

DETAILED DESCRIPTION

[0033] In the ensuing description, numerous specific details are provided to enable maximum understanding of the
embodiments that areprovidedbywayof example.Theembodimentsmaybe implementedwithorwithout specificdetails,
or else with other methods, components, materials, etc. In other circumstances, well-known structures, materials, or
operations are not illustrated or described in detail so that various aspects of the embodiments will not be obscured.
Reference in the course of the present description to "an embodiment" or "one embodiment" means that a particular
structure, peculiarity, or characteristic described in connection with its implementation is comprised in at least one
embodiment. Hence, phrases such as "in an embodiment" or "in one embodiment" that may recur in various points of the
present description do not necessarily refer to one and the same embodiment. Furthermore, the particular structures,
peculiarities, or characteristics may be combined in any convenient way in one or more embodiments.
[0034] Same reference numerals refer to same elements or elements of similar function throughout the various figures.
Furthermore, only reference numerals necessary for the description of the respective figure are shown in the figures. The
shown embodiments represent only examples of how the invention can be carried out. This should not be regarded as a
limitation of the invention.
[0035] Figure 1 is a schematic view illustrating a vehicle 1 including an electronic control unit 10 (ECU) for controlling
various protection devices 21, 22,... 2N for occupants (not shown) in the vehicle 1. Hereinafter, the "left" and "right" of the
vehicle 1 mean the "left" and "right" of the center line L at the center in the width direction of the vehicle 1.
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[0036] Preferably, theECU10 isplacedcentrally in thevehicle1, so that adamageof theECU10duringapotential crash
is avoided. The ECU 10 is communicatively connected to at least one central impact sensor 4C which senses an impact
and at least one remote impact sensor 4R. Additionally, the at least one central impact sensor 4C and the at least one
remote impact sensor 4R are preferably distributed such that it is possible to sense the location of the impact. The at least
one central impact sensor 4C and the at least one remote impact sensor 4R are preferably high G sensors (acceleration
sensors). In the embodiment shownhere, theECU10 is electrically connected to a left side protectiondevice 21, a front left
protection device 22, a front right protection device 23 and a right side protection device 24. Although an illustration thereof
has been omitted, further protection devices 2i, 5 <= i <= N can be provided for rear seats (not shown) as well.
[0037] The front left protection device 22 and the front right protection device 23 can be airbags (for example, face
airbags andother airbags), seat belts, seat belt pretensioners, etc., which are deployed during a front face collision FFC to
protect an occupant in the driver seat and passenger seat. The left side protection device 21 and right side protection
device 24 can be airbags, seat belts, seat belt pretensioners, etc., which are deployed during an offset collision (not
shown), a diagonal collision DC, and a side face collision SFC to protect the occupant in the driver seat and passenger
seat. The ECU 10 controls the activity of the various protection devices 21, 22,..., 2N. It is evident for a person skilled in the
art, that protection devices 21, 22, ...2N are aswell used for the protection of the occupants in a vehicle 1 during a rear face
collision RFC.
[0038] Figure 2 shows a schematic representation of a 3D sensor system 21 for determining the actual position of an
occupant 3 in a vehicle 1. The schematic representation shown here describes the situation that the position of the
occupant 3, which is the driver of the vehicle 1, is determined by at least one sensor 3D sensor system21. It is evident for a
person skilled in the art, that the present invention is not limited to determine the position of the driver of the vehicle 1 only.
Thepresent inventionallows thepositiondeterminationof all occupants3 inavehicle, and thedataof informationgathered
therefrom is used in the method for a restraint deployment strategy.
[0039] Asmentioned above the actual position or size of the occupant 3 (for example driver) can be determined with at
least one 3D sensor system 21. The at least one sensor 3D sensor system 21 determines the actual position of the
occupant 3 (or occupants) through direct sensing. The 3D sensor system 21 canmeasure depth (or distance, or range) to
anobject basedon illuminating theobjectwitha laser (or other kindsof light source)andmeasuring thebackscattered light.
According to one possible embodiment the 3D sensor system 21 is defined as projected-light sensors which combine the
projection of a light pattern with a standard 2D camera and depth is measured measure via triangulation. According to a
further embodiment of the invention the 3D sensor system 21 comprises time-of-flight sensors that measure depth by
estimating the time delay from light emission to light detection.
[0040] Thedirect sensing of the actual position of the occupant 3by the3Dsensor system21canbebasedon theusage
of interior time of flight camera, a 3D-imaging sensor or an interior radar system.
[0041] Aseat sensor system20 for at least one seat 7 of the vehicle 1 comprises several sensors, which are at least one
seat track sensor 12, at least one back rest sensor 13 andat least oneweight sensor 14. The at least one seat track sensor
12 is assigned to the seating 9 of the seat 7 and is designed to track forward/rearward states 16 of the seating 9 (seat 7)
and/or to track upward/downward states 17 of the seating 9 (seat). At least one back rest sensor 13 is assigned to the back
rest 8 of the seat 7. It is evident for a skilledperson that each seat 7of the vehicle 1hasat least oneback rest sensor 13. The
least one back rest sensor 13 determines forward/rearward states 18 of the back rest 8 of the seat 7.
[0042] Additionally, at least weight sensor 14 is assigned to the seating 9of the seat 7. The at least oneweight sensor 14
is designed to determine the weight of the occupant 3 in the respective seat 7.
[0043] Figures3A to3Cshowdifferent schematic views, representing thecorrelationbetweenadistance32Cofa chest
30of theoccupant 3 from thesteeringwheel 5or thedashboard6and the seat trackdeterminedby theseat track sensor12
(see Fig. 2) and/or the back rest sensor 13 (see Fig. 2). The distance 32C of the chest 30 provides a high added value in
case of braking situations of the vehicle 1 (see Fig. 2) where the occupant 3 leans forward whereas the seat track sensors
12 and/or the back rest sensors 13won’t detect it. The distance 32C of the chest 30 and/or the position of the occupant’s 3
head 31, sitting in the seat 7, are determined with the alt least one 3D sensor system 21 (see Fig. 2).
[0044] Embodiments of the crash algorithms 50, as disclosed in Figures 4, 5 and 7 compute signals from the direct
sensing system of the size of the occupant 3, chest 30 and head 31 distance 32 of the occupant 3 from dashboard 6 or
steeringwheel 5 to adapt the deployment strategy in function of the actual occupant classification.Reference is and toFig.
2 anFig.3whichdescribe the technical features (associated referencenumerals),whichare required todetermine the size
of the occupant 3, distance 32Cof the chest 30 and distance 32Hof the head 31, weight or position of the occupant 3 in the
seat. Theactual fusedoccupant classification 60 is the combination of the sizeof theoccupant 3, distance32Cof the chest
30 and distance 32H of the head 31 of the occupant 3 from dashboard 6 or steering wheel 5.
[0045] Figure4 is a schematic viewof anembodiment of themethod, carriedout by acrashalgorithm50,which uses the
size of the occupant 3. The size of the occupant 3 defines the energy to be dissipated during a crash. It has then an impact
on the type of restraint protections to deploy and their deployment logic. According to the state of the art, carmakers define
different deployment strategies in function of the size of the occupant. Generally, only two deployment strategies are
optimized for 5th female and 50th male. The actual size of the occupant is not measured. In order to allow a better
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adjustment of theairbags (not shown), seat belts (not shown)and the likewith thedeployment strategy inavehicle, thesize
of the occupant 3 is measured. According to the invention, the vehicle 1 has in the interior an occupant sensor 11, which
providesaccuratemeasurementof thesizeoccupant2.Asdescribed inFig. 2, the3Dsensor system21canbe forexample
time-of-flight sensors thatmeasure depth byestimating the timedelay from light emission to light detection, projected-light
sensors which combine the projection of a light pattern with a standard 2D camera and depth is measured measure via
triangulation, an interior timeof flight camera, a 3D-camera systemor onan interior radar systemor any combination of the
latter. From the collected data the 3D sensor system 21 calculates or estimates the size of the occupant 3. The calculated
orestimatedactual sizeof theoccupant 3allowsabetter adjustment of the restraint deployment strategyandwill alsoallow
to optimize deployment strategies for more occupant sizes such as 95th occupants for example.
[0046] The at least one seat track sensor 12 of the seat sensor system 20 provides data about the forward/rearward
states 16 of the seating 9 and/or to track upward/downward states 17 of the seating 9 of the seat 7. The at least one back
rest sensor 13of the seat sensor system20providesdataabout dataabout forward/rearward states18of theback rest 8 of
the seat 7. Theat least oneweight sensor 14of the seat sensor system20providesdata about theweight of the occupant 3
in the respective seat 7. Theapplicationof theat least oneseat track sensor12, theat least oneback rest sensor 13and the
at least one weight sensor 14 of the seat sensor system 20 are known form the prior art.
[0047] The data of the measured occupant size and the data form the traditional sensors, for example the at least one
seat track sensor 12, the at least one back rest sensor 13 and the at least one weight sensor 14 are transferred to a fusion
module51.The fusionof thedata in the fusionmodule51mitigatemisclassificationsof theof theseat sensor system20 (for
example the at least one seat track sensor 12, the at least one back rest sensor 13 and the at least one weight sensor 14)
and also a misclassification of the 3D sensor system 21.
[0048] As shown in Fig. 1, the at least one central impact sensor 4Cand the at least one remote impact sensor 4Rsense
an impact and the location of the impact. The data from the at least one central impact sensor 4C and the at least one
remote impact sensor 4R are sent to an event detection module 52 where a decision is made if a deployment or no
deployment should be carried out.
[0049] A fused occupant classification 60 from the fusion module 51 is transferred to the occupant displacement
prediction module 53 and the deployment requests module 54. The event detection module 52 is connected to the
occupant displacement predictionmodule 53. From the fusionmodule 51 the calculated or estimated size of the occupant
3 is delivered as well to the occupant displacement prediction module 53.
[0050] The fused occupant classification 60 which encompasses as well the calculated or estimated actual size of the
occupant 3, is used by the occupant displacement predictionmodule 53 to calculate a result 62 which is transferred to the
deployment requests module 54. Once an event (collision) is detected in the event detection module 52, the occupant
displacement prediction module 53 can adapt required restraint deployment requests of the available safety devices (for
example airbags, adaptive airbags, seat belts, seat belt pretension or the like). The calculated or estimated actual size of
the occupant 3, influences via the fused occupant classification 60 the result 62 calculated in the displacement prediction
module 53, which is the deployment of airbags, adaptive airbags, seat belts or the like in the vehicle 1.
[0051] Asmentioned above, the fused occupant classification 60 from the fusion in the fusionmodule 51 encompasses
aswell thecalculatedorestimatedactual sizeof theoccupant3.The fusedoccupant classification60 influencesaswell the
calculation in the deployment requests module 54. Depending as well form the results 62, calculated in the displacement
prediction module 53, the deployment requests module 54 calculates an adjustment of the restraint system strategy. The
adaptive restraints, such as airbag vents or belt load limiter are requested differently in function of the size of the occupant
3.With the result form the fusionmodule 51 the adaptive restraint systemstrategy, determined in thedeployment requests
module 54, is a function of the actual classification of the occupant 3.
[0052] The calculated or estimated actual size of the occupant 3, determined by the at least one 3Dsensor system21, is
fusedwith the results from traditional sensors (for exampleseat track sensor12, back rest sensor 13andweight sensor 14)
of the seat sensor system 20 to mitigate misclassifications of the seat track sensor 12, back rest sensor 13 and weight
sensor 14 and also misclassification of the at least one 3D sensor system 21.
[0053] Figure5 is a schematic viewof anembodiment of themethod, carriedout by acrashalgorithm50,which uses the
size of the occupant 3 and the distance 32C of the chest 30 of the occupant 3 from the dashboard 6 or steering wheel 5. In
addition to the embodiment of the crash algorithm 50, described by Fig. 4, in the fusionmodule 51 the distance 32C of the
occupant’s 3 chest 30 to thedashboard6or the steeringwheel 5 is used. Theactual distance32Cof theoccupant’s 3 chest
30 to the dashboard 6 or the steering wheel 5 is determined by the at least one 3D sensor system 21. Since the fusion with
the results from traditional sensors (for example seat track sensor 12, back rest sensor 13 and weight sensor 14) has
already been described in relation to Fig. 4 and is not again described here in order to avoid unnecessary iterations,
reference is made to Fig. 4.
[0054] The embodiment of the crash algorithm 50 described in Fig. 5 uses in addition to the determined or measured
actual size occupant 3 the determinedormeasured actual distance32Cof the chest 30of the occupant 3 to the dashboard
6 or the steering wheel 5. The measured actual distance 32C of the chest 30 of the occupant 3 to the dashboard 6 or the
steering wheel 5 provides of information of the distance available between the occupant 3 and the airbags (not shown) to
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dissipate the energy of the crash. The more accurate measurement of the available distance 32C will then allow a better
management of airbag deployment and seat belts deployment strategies carried out by the deployment requests module
54, which receives the respective data or information from the fusionmodule 51. The usage accuratemeasurement of the
available distance 32C and the derived signal form the fusion module 51 will also improve the results determined by the
occupantdisplacementpredictionmodule53.The improvement isachieveddue to thedeterminationor themeasureof the
initial position of the occupant 3 on the respective seat 7.
[0055] Figure 6 is a schematic view of the operation carried out by the fusion module 50. The fusion module uses
information or data for the at least one occupant sensor 11 and the traditional seat sensor system20 (seat track sensor 12,
back rest sensor 13 andweight sensor 14). The seat track sensor 12 asmentioned in the description with respect to Fig. 2
provides information at least of the forward/rearward states 16 of the seating 9. The seat track sensor 12 can provide as
well upward/downward states 17 of the seating 9. The back rest sensor 13 provides information about the position of the
back rest8of theseat7.The least one3Dsensor system21 isusedaswell todetermineormeasure thedistance32Cof the
chest 30 of the occupant 3 from dashboard 6 or steering wheel 5. The position information of the seating 9, the position
informationof thebackrest 8 and thedistance32Cof the chest 30of theoccupant 3 from thedashboard6or steeringwheel
5 are provided to the prefusion module 55, which determines a fused occupant distance. The fused occupant distance
adds more granularities to the position of the occupant 3 in the seat 7.
[0056] The size of the occupant 3, determined or measured by the at least one 3D sensor system 21, and the weight of
the occupant 3, measured by the weight sensor 14, are provided to a further prefusion module 56, which determines a
fused occupant size. As shown in Fig. 6, the fusionmodule 51 is defined by the prefusionmodule 55, the further prefusion
module 56 and a final fusion module 57.
[0057] An output of the prefusionmodule 55 and an output of the further prefusionmodule 56 are sent to the final fusion
module 57 which provides a fused occupant classification 60, which is updated regularly. With the described fusion a
combination of the distance 32C of the chest 30, determined by the 3D sensor system 21, with the results from the
traditional sensors such as seat track sensor 12, weight sensor 14 and the bask rest sensor 13 a merged position of the
occupant 3 is computedwithmore position states than the ones provided by the traditional sensors only.With reference to
Fig. 3 the measured, actual distance 32C of the chest 30 of the occupant provides a high added value in case of braking
situations (see for example Fig. 3B). In a braking situation the occupant 3 leans forward, whereas the seat track sensor 12
and/or the back rest sensor 13 won’t detect it. The actual measured distance 32C of the chest 30 provides a high added
value when the occupant 3 (for example driver) is in a relax position when the vehicle 1 is in autonomous mode.
[0058] Figure7 is a schematic viewof a further embodiment of the inventivemethod, carriedout byacrashalgorithm50,
which uses the distance 32H of the head 31 of the occupant 3 from the steering wheel 5 or the dashboard 6.
[0059] The actual distance 32Hof the head 31 of the occupant 3, determined ormeasured by the at least one 3D sensor
system 21, is used in the occupant displacement predictionmodule 53. The occupant displacement predictionmodule 53
is used tooptimize the requested restraint protectionsaccording to themotionof theoccupant 3 toensureabetter coupling
between the airbag and the occupant 3. The measured actual distance 32H of the head 31 of the occupant 3 from the
steering wheel 5 or the dashboard 6 determines the timing and efficiency of an airbag protection which highly depends on
its deployment time and its interaction with the head 31 of the occupant 3.
[0060] As already described in Fig. 5 the actual size of the occupant 3 and the actual distance 32C of the chest 30 of the
occupant 3 from thedashboard6or steeringwheel 5aredeterminedormeasuredby theat least one3Dsensor system21.
The increasing number of data or information of the actual position of the occupant 3 and its usage in the displacement
prediction module 53 and the deployment requests module 54 enable a tailed deployment of the restrains according to a
detection of a crash in the event detection module 52.
[0061] According to the prior art, an estimation of the displacement of the occupant 3 is calculated by inclusion of the
deceleration of the vehicle 1. This criterion gives an estimation of the motion of the occupant 3 by assessing the
displacement of its center of mass, assuming the occupant is not belted nor restrained by friction forces due to its
interaction with the seat 7. The mechanical model used in the crash algorithm 50 is a free mass model.
[0062] Theactual displacement is givenby thedouble integrationof thecenter tunnel acceleration signal. Theprediction
of thedisplacementof theoccupant3within thenextmilliseconds is calculatedbyaTaylor seriesexpansion. It is a2ndorder
expansion and so it requires the use of displacement 1st derivative, which is velocity, and displacement 2nd derivative,
which is acceleration (see equation 1).

[0063] Theaddition of thedistanceof the head31of theoccupant 3allows toadapt theoccupant displacement basedon
an actual position information of the head 31.
[0064] An occupant classification is based on biomechanical characteristics of occupant 3 used to optimize restraint
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system in vehicle safety industry. The occupant classification is qualified as indirect, if it is computed for example from the
position of the seat 7. The occupant classification is qualified as direct, if it is computed for example from the real detected
and computed height of the occupant 3.
[0065] In the embodiments described in Fig. 4, Fig. 5 and Fig. 7 a signal processing module 58. The signal processing
module 58 processes and combines, depending on the installed embodiment, occupant signals from the 3D sensor
system21 to compute direct occupant classification, like distance32Cof the chest 30and/or distance32H for the head31.
Furthermore, the signal processing module 58 processes as well signals generated by the seat track sensor 12, the back
rest sensor 13andweight sensor 14 combinedwith the seat 7of the vehicle 1. Thesignal processingmodule58processes
and combines seat signals from the seat sensor system20 to compute the indirect occupant classification and state of the
position of the seat 7. Finally, the fusion module 51 merges occupant classification and position information from the at
least one signal processingmodule 58and creates the fusedoccupant classification 60,which is used in theembodiments
of the crash algorithm of Fig. 4, Fig. 5 of Fig. 7.
[0066] Figure 8 is a schematic representation of 3D body points, which are used for example to enable computation of
the size of the occupant 3. Various bodymetrics of the occupant 3 include at least the size occupant or the occupant class
based on at least its height/size. Body metrics of the occupant 3 can include optionally the occupant weight and the
occupant classbasedon itsmeasuredheight andmeasuredweight. The3Dsensor system21 (seeFig. 2) candeterminea
set of 3D point locations 34 on a surface 35 of the body of the occupant 3. The 3D sensor system 21 allows at least the
computation of a 3D head point 37 within the area 31A of the head 31 and a 3D chest point 38 within the area 30A of the
chest 30.
[0067] Figure 9 is a schematic representation of a mass model for the displacement of the occupant 3. Three kinds of
usage of the distance, determined by the at least one 3D sensor system 21, of the head 31 of the occupant 3 can be done
depending on the quality of the signal generated by the 3D sensor system21 (for example 3D head point, 37 and 3D chest
point 38).
[0068] The distance 32H of the head 31 can used to provide an initial position, velocity, or acceleration of the head 31
before the crash. The distance 32H of the head 31 is used as a dedicated criterion to adapt restraint protections in the
occupant displacement prediction module 53 of the crash algorithm 50.
[0069] The displacement of the occupant 3 is heremodelized thru a springmassmodel (see Fig. 9). Thismodel has the
advantage of taking the frictions between the occupant 3 and the seat belt (not shown) into account.
[0070] The actual distance 32H of the head 31 is used by the crash algorithm 50 in the event of a crash if the at least one
3D sensor system 21 is able to provide enough accuracy of the displacement of the head 31 during the crash process.
[0071] It is believed that thepresent disclosureandmanyof its attendantadvantageswill beunderstoodby the foregoing
description, and it will be apparent that various changesmay bemade in the form, construction, number and arrangement
of the components without departing from the disclosed subject matter or without sacrificing all of itsmaterial advantages.
The form described is merely explanatory, and it is the intention of the following claims to encompass and include such
changes. Accordingly, the scope of the invention should be limited only by the claims appended hereto.

LIST OF REFERENCE NUMERALS

[0072]

1 vehicle
21, 22, ...2N protection devices
3 Occupant
4C Central impact sensor
4R Remote impact sensor
5 Steering wheel
6 Dashboard
7 Seat
8 Back rest
9 Seating
10 Electronic control unit (ECU)
12 Seat track sensor
13 Back rest sensor
14 Weight sensor
16 Forward/rearward state
17 Upward/downward state
18 Forward/rearward state
20 Seat sensor system
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21 3D sensor system
30 Chest
31 Head
32C Distance of chest
32H Distance of head
34 3D point location
35 Surface
37 3D head point
38 3D chest point
50 Crash algorithm
51 Fusion module
52 Event detection module
53 Occupant displacement prediction module
54 Deployment requests module
55 Prefusion module
56 Further prefusion module
57 Final fusion module
58 Signal acquisition and processing module
60 Fused occupant classification
62 Result
L Center line

Claims

1. A method for restraint deployment adaption in a vehicle (1), the method comprising:

determining position data of a back rest (8) of at least one seat (7)with a back rest sensor (13) and position data of
the seating (9) of at least one seat (7) with seat track sensor (12);
measuring the size of an occupant (3) and position of the occupant (3) in the seat (7) with at least one 3D sensor
system (21);
measuring theweight of theoccupant (3) in the respective seat (7)withweight sensor (14) of a seat sensor system
(20);
measuring the distance (32C) of the chest (30) of the occupant (3) from dashboard (6) or steering wheel (5) with
the at least one 3D sensor system (21);
carrying out fusion in a prefusionmodule (55) of the position data of the of the backrest (8), the position data of the
seating (9) and the measured distance (32C) of the chest (30); carrying out fusion in a further prefusion module
(56) of the size of an occupant (3) and the weight of the occupant (3);
carrying out fusion in a final fusion module (57) of an output of the prefusion module (55) and an output of the
further prefusion module (56) and thereby generating a fused occupant classification (60);
transferring the fused occupant classification (60) to an occupant displacement prediction module (53) and to
deployment requests module (54);
detecting an event by an event detection module (52);
calculating, triggered by the event and usage of the fused occupant classification (60), in the displacement
prediction module (53) an adaption with regard to deployment times of safety devises; and
calculating, using the fused occupant classification (60) and the result (62) from displacement predictionmodule
(53) in the deployment requests module (54) an adjustment of the restraint system strategy in function of the
actual classification of the occupant (3).

2. The method according to claim 1, wherein the distance (32C) of the chest (30) of the occupant (3) from the steering
wheel (5) or the dashboard (6) of the vehicle (1) is determined by a computed 3D chest point (38)within the area (30A)
of the chest (30).

3. Themethodaccording to any of the preceding claims,wherein adistance (32H) of a head (31) of the occupant (3) from
the steeringwheel (5) or the dashboard (6) of the vehicle (1), the distance (32H) of the head (31) ismeasured by the at
least one 3Dsensor system (21) and themeasured distance (32H) is transferred to occupant displacement prediction
module (53) for calculating in thedisplacement predictionmodule (53)with theuseof the fusedoccupant classification
(60) an adaption with regard to deployment times of safety devises.
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4. The method according to claim 3, wherein the distance (32H) of the head (31) of the occupant (3) from the steering
wheel (5) or the dashboard (6) of the vehicle (1) is determined by a computed 3Dhead point (37) within the area (31A)
of the head (31).

5. Themethodaccording to anyof the preceding claims,wherein theat least one3Dsensor system (21) includesat least
one 3D imaging sensor.

6. A non-transitory computer-readable storage medium storing computer program instructions thereon which, when
executed by an electronic control unit (10) of the system for a restraint deployment strategy of claim 7 results in
performing a computer-implemented method according to claim 1.

7. A system for a restraint deployment strategy comprising:

an electronic control unit (10) in a vehicle (1) with;
a signal processing module (58) processes signals from at least one 3D sensor system (21) to determine size,
distance (32C) of the chest (30) and distance (32H) of the head (31) of the occupant (3), at least one seat track
sensor (12), at least one back rest sensor (13) and at least oneweight sensor (14), combinedwith a seat (7) of the
vehicle (1), at least one impact sensor (4C);
a fusionmodule (51)which isdefinedbyaprefusionmodule (55), a further prefusionmodule (56) andafinal fusion
module (57), wherein

theprefusionmodule (55) carriesout fusionofpositiondataofabackrest (8), of positiondataof theseating (9)
and the measured distance (32C) of the chest (30),
the further prefusion module (56) carries out fusion of the size of an occupant (3) and the weight of the
occupant (3), and
the final fusion module (57) carries out fusion an output of the prefusion module (55) and an output of the
further prefusion module (56);

an event detection module (52) connected with at least one connected impact sensor (4C) of the signal
processing module (58);
an occupant displacement prediction module (53) receives a fused occupant classification (60) from the fusion
module (51), is connected to the event detection module (52) and receives the actual distance (32H) of the head
(31) of the occupant (3); and

a deployment requests module (54) receives a fused occupant classification (60) from the fusion module (51) and a
calculated result (62) from the occupant displacement prediction module (53).

8. The systemaccording to claim7,wherein the at least one 3D sensor system (21) of the signal processingmodule (58)
is capable of measuring an actual distance (32C) of the chest (30) of the occupant (3) to a dashboard (6) or a steering
wheel (5) of the vehicle (1).

9. The systemaccording to claim7,wherein the at least one 3D sensor system (21) of the signal processingmodule (58)
is capable of measuring an actual distance (32H) of the head (31) of the occupant (3) is connected to the occupant
displacement prediction module (53).

10. Thesystemaccording toclaim7,whereina fusedoccupant classification (60)of the fusionmodule (51) is connected to
the displacement predictionmodule (53), capable of carrying out, based on the fused occupant classification (60), an
adaption of deployment times of safety devises and the deployment requests module (54) capable of carrying out,
based on the fused occupant classification (60) and the result (62) from displacement prediction module (53), an
adjustment of the restraint system strategy in function of the actual classification of the occupant (3).

11. The system according to claim 10, wherein the safety devices are airbags, adaptive airbags, seat belts, seat belt
pretension or the like.

12. The system according to claim 7, wherein the 3D sensor system (21) includes at least one 3D sensor or is configured
as an interior time of flight camera, a 3D-camera system or an interior radar system or any combination of the latter.
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Patentansprüche

1. Ein Verfahren zur Rückhalteeinsatzanpassung in einem Fahrzeug (1), das Verfahren umfassend:

Ermitteln von Positionsdaten einer Rückenlehne (8) mindestens eines Sitzes (7) mittels eines Rückenlehnen-
sensors (13) und von Positionsdaten der Sitzfläche (9) mindestens eines Sitzes (7) mittels eines Sitzspuren-
sensors (12);
Messen der Größe eines Insassen (3) und der Position des Insassen (3) imSitz (7)mittelsmindestens eines 3D-
Sensorsystems (21);
Messen des Gewichts des Insassen (3) in dem jeweiligen Sitz (7) mit einem Gewichtssensor (14) eines
Sitzsensorsystems (20);
MessendesAbstandes (32C) desBrustkorbes (30) des Insassen (3) von einemArmaturenbrett (6) oder Lenkrad
(5) mit dem mindestens einen 3D-Sensorsystem (21);
Durchführeneiner Fusion in einemPräfusionsmodul (55) derPositionsdaten derRückenlehne (8), derPositions-
daten der Sitzfläche (9) und des gemessenen Abstands (32C) des Brustkorbs (30); Durchführen einer Fusion in
einem weiteren Präfusionsmodul (56) der Größe eines Insassen (3) und des Gewichts des Insassen (3);
Durchführen einer Fusion in einem finalen Fusionsmodul (57) einer Ausgabe des Präfusionsmoduls (55) und
einer Ausgabe des weiteren Präfusionsmoduls (56) und dadurch Erzeugen einer fusionierten Insassenklassifi-
zierung (60);
Übertragen der fusionierten Insassenklassifizierung (60) an ein Insassenverlagerungsvorhersagemodul (53)
und an ein Einsatzanforderungsmodul (54);
Detektieren eines Ereignisses mittels eines Ereigniserkennungsmoduls (52);
Berechnen, ausgelöst durch das Ereignis und die Verwendung der fusionierten Insassenklassifizierung (60), in
dem Insassenverlagerungsvorhersagemodul (53) einer Anpassung in Bezug auf Einsatzzeiten von Sicherheits-
einrichtungen; und
Berechnen einer Anpassung der Rückhaltesystemstrategie in Abhängigkeit von der tatsächlichen Klassifizie-
rung des Insassen (3) unter Verwendung der fusionierten Insassenklassifizierung (60) und desErgebnisses (62)
aus dem Verlagerungsvorhersagemodul (53) im Einsatzanforderungsmodul (54).

2. DasVerfahrennachAnspruch1,wobei derAbstand (32C)desBrustkorbs (30) des Insassen (3) vomLenkrad (5) oder
dem Armaturenbrett (6) des Fahrzeugs (1) durch einen berechneten 3D-Brustpunkt (38) innerhalb des Bereichs
(30A) des Brustkorbs (30) bestimmt wird.

3. DasVerfahrennacheinemder vorhergehendenAnsprüche,wobei einAbstand (32H)einesKopfes (31) des Insassen
(3) vomLenkrad (5) oderArmaturenbrett (6) desFahrzeugs (1) bestimmtwird, derAbstand (32H)desKopfes (31) von
dem mindestens einen 3D-Sensorsystem (21) gemessen und der gemessene Abstand (32H) an das Insassenver-
lagerungsvorhersagemodul (53) übertragenwird, um in demVerlagerungsvorhersagemodul (53) unter Verwendung
der fusionierten Insassenklassifizierung (60) eine Adaption hinsichtlich von Einsatzzeiten von Sicherheitseinrichtun-
gen zu berechnen.

4. Das Verfahren nach Anspruch 3, wobei der Abstand (32H) des Kopfes (31) des Insassen (3) zum Lenkrad (5) oder
zumArmaturenbrett (6) desFahrzeugs (1) durch einen berechneten3D-Kopfpunkt (37) innerhalb desBereichs (31A)
des Kopfes (31) bestimmt wird.

5. Das Verfahren nach einem der vorhergehenden Ansprüche, wobei das mindestens eine 3D-Sensorsystem (21)
mindestens einen 3D-Bildsensor umfasst.

6. Ein nicht-transitorisches, computerlesbares Speichermedium, auf dem Computerprogrammanweisungen gespei-
chert sind, die bei Ausführung durch eine elektronische Steuereinheit (10) des Systems für eine Rückhalteeinsatz-
strategie nach Anspruch 7 zur Durchführung eines computerimplementierten Verfahrens nach Anspruch 1 führen.

7. Ein System für eine Rückhalteeinsatzstrategie, umfassend:
eine elektronische Steuereinheit (10) in einem Fahrzeug (1) mit:

einem Signalverarbeitungsmodul (58), das Signale von mindestens einem 3D-Sensorsystem (21) verarbeitet,
um die Größe, den Abstand (32C) des Brustkorbs (30) und den Abstand (32H) des Kopfes (31) des Insassen (3)
zu bestimmen, sowie Signale mindestens eines Sitzspursensors (12), mindestens eines Rückenlehnensensors
(13) und mindestens eines Gewichtssensors (14) verarbeitet, kombiniert mit einem Sitz (7) des Fahrzeugs (1)

11

EP 4 349 661 B1

5

10

15

20

25

30

35

40

45

50

55



und mindestens einem Aufprallsensor (4C);
einem Fusionsmodul (51), das durch ein Präfusionsmodul (55), ein weiteres Präfusionsmodul (56) und ein
Endfusionsmodul (57) definiert ist, wobei
das Präfusionsmodul (55) eine Fusion von Positionsdaten einer Rückenlehne (8), von Positionsdaten der
Sitzfläche (9) und des gemessenen Abstands (32C) des Brustkorbs (30) durchführt,
das weitere Präfusionsmodul (56) eine Fusion der Größe eines Insassen (3) und des Gewichts des Insassen (3)
durchführt, und
das finale Fusionsmodul (57) eine Fusion einer Ausgabe des Präfusionsmoduls (55) und einer Ausgabe des
weiteren Präfusionsmoduls (56) durchführt;
einem Ereigniserkennungsmodul (52), das mit mindestens einem angeschlossenen Aufprallsensor (4C) des
Signalverarbeitungsmoduls (58) verbunden ist;
einem Insassenverlagerungsvorhersagemodul (53), das eine fusionierte Insassenklassifizierung (60) von dem
Fusionsmodul (51) empfängt, mit dem Ereigniserkennungsmodul (52) verbunden ist und den tatsächlichen
Abstand (32H) des Kopfes (31) des Insassen (3) empfängt; und
einemEinsatzanforderungsmodul (54), daseine fusionierte Insassenklassifizierung (60) vondemFusionsmodul
(51) und ein berechnetes Ergebnis (62) von dem Insassenverlagerungsvorhersagemodul (53) empfängt.

8. Das System nach Anspruch 7, wobei das mindestens eine 3D-Sensorsystem (21) des Signalverarbeitungsmoduls
(58) in der Lage ist, einen tatsächlichen Abstand (32C) des Brustkorbes (30) des Insassen (3) zu einem Armaturen-
brett (6) oder einem Lenkrad (5) des Fahrzeugs (1) zu messen.

9. Das System nach Anspruch 7, wobei das mindestens eine 3D-Sensorsystem (21) des Signalverarbeitungsmoduls
(58) in der Lage ist, einen tatsächlichen Abstand (32H) des Kopfes (31) des Insassen (3) zu messen und mit dem
Insassenverlagerungsvorhersagemodul (53) verbunden ist.

10. Das System nach Anspruch 7, wobei

eine fusionierte Insassenklassifizierung (60) des Fusionsmoduls (51) mit dem Verlagerungsvorhersagemodul
(53) verbunden ist, das in der Lage ist, auf der Grundlage der fusionierten Insassenklassifizierung (60), eine
Anpassung der Einsatzzeiten der Sicherheitseinrichtungen durchzuführen, und
die fusionierte Insassenklassifizierung (60) des Fusionsmoduls (51) mit dem Einsatzanforderungsmodul (54)
verbunden ist, das in der Lage ist, auf der Grundlage der fusionierten Insassenklassifizierung (60) und des
Ergebnisses (62) des Insassenverlagerungsvorhersagemoduls (53), eine Anpassung der Rückhaltesystem-
strategie in Abhängigkeit von der tatsächlichen Klassifizierung des Insassen (3) durchzuführen.

11. Das System nach Anspruch 10, wobei die Sicherheitseinrichtungen Airbags, adaptive Airbags, Sicherheitsgurte,
Gurtstraffer oder dergleichen sind.

12. Das Systemnach Anspruch 7, wobei das 3D-Sensorsystem (21)mindestens einen 3D-Sensor umfasst oder als eine
Innenraum-Flugzeitkamera, ein 3D-Kamerasystem oder ein Innenraum-Radarsystem oder eine beliebige Kombi-
nation der letzteren ausgebildet ist.

Revendications

1. Procédé d’adaptation de déploiement de retenue dans un véhicule (1), le procédé comprenant :

déterminer des données de position d’un dossier (8) d’aumoins un siège (7) à l’aide d’un capteur de dossier (13)
et des données de position de l’assise (9) d’au moins un siège (7) à l’aide d’un capteur de rail de siège (12) ;
mesurer la taille d’un occupant (3) et la position de l’occupant (3) dans le siège (7) à l’aide d’aumoins un système
de capteurs 3D (21) ;
mesurer le poids de l’occupant (3) dans le siège respectif (7) à l’aide d’un capteur de poids (14) d’un système de
capteurs de siège (20) ;
mesurer la distance (32C)entre la poitrine (30) de l’occupant (3) et le tableaudebord (6) ou le volant (5) à l’aidede
l’au moins un système de capteurs 3D (21) ;
effectuer une fusion dans un module de préfusion (55) des données de position du dossier (8), des données de
positionde l’assise (9) et de ladistancemesurée (32C)de la poitrine (30) ; effectuer une fusiondansunmodulede
préfusion supplémentaire (56) de la taille d’un occupant (3) et du poids de l’occupant (3) ;
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effectuerune fusiondansunmodulede fusionfinal (57)d’unesortiedumoduledepréfusion (55)et d’unesortiedu
module de préfusion supplémentaire (56) et générer ainsi une classification fusionnée des occupants (60) ;
transférer la classification fusionnée des occupants (60) vers un module de prédiction du déplacement des
occupants (53) et vers un module de demandes de déploiement (54) ;
détecter un événement à l’aide d’un module de détection d’événements (52) ;
calculer, déclenché par l’événement et l’utilisation de la classification fusionnée des occupants (60), dans le
module de prédiction du déplacement (53), une adaptation concernant des temps de déploiement des dispositifs
de sécurité ; et
calculer, à l’aide de la classification fusionnée des occupants (60) et le résultat (62) du module de prédiction du
déplacement (53)dans lemodulededemandesdedéploiement (54), unajustementde lastratégiedusystèmede
retenue en fonction de la classification réelle de l’occupant (3).

2. Procédéselon la revendication1,dans lequel la distance (32C)entre lapoitrine (30)de l’occupant (3)et le volant (5)ou
le tableau de bord (6) du véhicule (1) est déterminée par un point thoracique 3D calculé (38) dans la zone (30A) de la
poitrine (30).

3. Procédéselon l’unequelconquedes revendicationsprécédentes, dans lequel unedistance (32H)entre la tête (31) de
l’occupant (3) et le volant (5) ou le tableau de bord (6) du véhicule (1) est déterminée, la distance (32H) de la tête (31)
est mesurée par aumoins un système de capteurs 3D (21) et la distancemesurée (32H) est transférée aumodule de
prédiction du déplacement des occupants (53) pour calculer dans le module de prédiction du déplacement des
occupants (53), à l’aide de la classification fusionnée des occupants (60), une adaptation concernant des temps de
déploiement des dispositifs de sécurité.

4. Procédé selon la revendication 3, dans lequel la distance (32H) entre la tête (31) de l’occupant (3) et le volant (5) ou le
tableau de bord (6) du véhicule (1) est déterminée par un point de tête 3D calculé (37) dans la zone (31A) de la tête
(31).

5. Procédéselon l’unequelconquedes revendicationsprécédentes, dans lequel le aumoinsunsystèmedecapteurs3D
(21) comprend au moins un capteur d’imagerie 3D.

6. Support de stockage non transitoire lisible par ordinateur stockant des instructions de programme informatique qui,
lorsqu’elles sont exécutées par une unité de commande électronique (10) du système pour une stratégie de
déploiement de retenue selon la revendication 7, conduisent à la mise en œuvre d’un procédé mis en œuvre par
ordinateur selon la revendication 1.

7. Système pour une stratégie de déploiement de retenue comprenant :
une unité de commande électronique (10) dans un véhicule (1) avec :

unmodule de traitement de signaux (58) qui traite des signaux provenant d’aumoins un système de capteurs 3D
(21) afin de déterminer la taille, la distance (32C) de la poitrine (30) et la distance (32H) de la tête (31) de
l’occupant (3), et traite des signaux provenant d’aumoins un capteur de rail de siège (12), d’aumoins un capteur
de dossier (13) et d’au moins un capteur de poids (14), combinés à un siège (7) du véhicule (1) et au moins un
capteur d’impact (4C) ;
unmodule de fusion (51) qui est défini par un module de préfusion (55), unmodule de préfusion supplémentaire
(56) et un module de fusion final (57), dans lequel
lemoduledepréfusion (55) effectueune fusiondesdonnéesdepositiond’undossier (8), desdonnéesdeposition
de l’assise (9) et de la distance mesurée (32C) de la poitrine (30),
le module de préfusion supplémentaire (56) effectue une fusion de la taille d’un occupant (3) et du poids de
l’occupant (3), et
le module de fusion final (57) effectue une fusion d’une sortie du module de préfusion (55) et d’une sortie du
module de préfusion supplémentaire (56) ;
un module de détection d’événements (52) qui est connecté à au moins un capteur d’impact connecté (4C) du
module de traitement de signaux (58) ;
un module de prédiction du déplacement des occupants (53) qui reçoit une classification fusionnée des
occupants (60) provenant du module de fusion (51), est connecté au module de détection d’événements (52)
et reçoit la distance réelle (32H) de la tête (31) de l’occupant (3) ; et
un module de demandes de déploiement (54) qui reçoit une classification fusionnée des occupants (60)
provenant dumodulede fusion (51) et un résultat calculé (62) provenantdumoduledeprédictiondudéplacement
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des occupants (53).

8. Systèmeselon la revendication7, dans lequel leaumoinsunsystèmedecapteurs3D (21)dumodulede traitementde
signaux (58) est capable demesurer une distance réelle (32C) entre la poitrine (30) de l’occupant (3) et le tableau de
bord (6) ou le volant (5) du véhicule (1).

9. Lesystèmeselon la revendication7, dans lequel le aumoinsunsystèmedecapteurs 3D (21) dumodulede traitement
de signaux (58) est capable de mesurer une distance réelle (32H) de la tête (31) de l’occupant (3) est connecté au
module de prédiction du déplacement des occupants (53).

10. Système selon la revendication 7, dans lequel

une classification fusionnée des occupants (60) dumodule de fusion (51) est connectée aumodule de prédiction
du déplacement des occupants (53) qui est capable d’effectuer, sur la base de la classification fusionnée des
occupants (60), une adaptation des temps de déploiement des dispositifs de sécurité et
la classification fusionnée des occupants (60) du module de fusion (51) est connectée au module de demandes
dedéploiement (54) qui est capabled’effectuer, sur labasede la classification fusionnéedesoccupants (60)et du
résultat (62) du module de prédiction du déplacement des occupants (53), un ajustement de la stratégie du
système de retenue en fonction de la classification réelle de l’occupant (3).

11. Systèmeselon la revendication10,dans lequel lesdispositifs desécurité sontdesairbags,desairbagsadaptatifs, des
ceintures de sécurité, des prétensionneurs de ceinture de sécurité ou similaires.

12. Système selon la revendication 7, dans lequel le système de capteurs 3D (21) comprend aumoins un capteur 3D ou
est configuré comme une caméra intérieure à temps de vol, un système de caméra 3D ou un système radar intérieur
ou toute combinaison de ces derniers.
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