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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The application claims the benefit of United
States Provisional application, serial no. 60/577,546,
filed June 7, 2004, the contents of which are incorporated
herein by reference thereto.
[0002] The application also claims the benefit of United
States Provisional application, serial no. 60/607,988,
filed September 8, 2004, the contents of which are incor-
porated herein by reference thereto.
[0003] This application is also related to the following
United States Patent Applications filed contemporane-
ously herewith: CHILD SEAT AND MONITORING SYS-
TEM, Attorney Docket No. DP-312336; CHILD SEAT
MONITORING SYSTEM AND METHOD FOR DETER-
MINING A TYPE OF CHILD SEAT, Attorney Docket No.
DP-312081; CHILD RESTRAINT SYSTEM AND METH-
OD FOR MONITORING INSTALLATION OF THE
CHILD RESTRAINT SYSTEM, Attorney Docket No.
313039; CHILD RESTRAINT SYSTEM AND METHOD
FOR MONITORING INSTALLATION OF THE CHILD
RESTRAINT SYSTEM, Attorney Docket No. DP-
312329; CHILD RESTRAINT SYSTEM COMPRISING
WEIGHT SENSOR, Attorney Docket No. DP-312079;
CHILD RESTRAINT SYSTEM COMPRISING CON-
TROL UNIT FOR EVALUATING HARNESS ADJUST-
MENT, Attorney Docket No. DP-312730. The contents
of which are each incorporated herein by reference there-
to.

TECHNICAL FIELD

[0004] This present invention relates generally to child
seats and restraint systems. More specifically, the
present invention relates to child seat with an apparatus
for monitoring the state of a harness for securing a child
to the child seat.

BACKGROUND

[0005] Usage of child and/or infant seats in vehicles
has become commonplace and in some situations legally
required. Many child seats are secured to the vehicle by
passing the vehicle seat belt through an opening or open-
ings in the child seat, wherein the child seat or infant seat
further comprises a seat belt restraint system or harness
for securing the child to the seat. Some child seats com-
prises an adjustable harness or restraint system com-
prising a pair of shoulder harness straps each having a
tongue portion adapted to be secured to a buckle mem-
ber. Thus, and in order to secure a child to a child seat
the shoulder straps must be drawn about the child and
secured to the buckle member. As is known in the related
arts the restraint belts or system will be adjustable to
allow the child seat to restrain children of different sizes
as well as accommodate growth of the child. In addition,

it is desirable to have the restraint system drawn about
the child wherein the shoulder harness webbing of the
restraint system is not too loose or too tight. US Patent
5711574 A describes a system using a harness to secure
a child to a child seat. US Patent 6554318 B2 describes
a seat belt tension sensor. US Patent Application Publi-
cation US2003/0160689 A1 describes a device to indi-
cate an unbuckled seat belt.
[0006] Accordingly, it is desirable to provide a child
seat with an apparatus that will monitor and provide an
indication of when the harness or restraint is secured
about the child.

SUMMARY

[0007] Disclosed herein is a device and method for
monitoring and providing an indication of when a harness
of the child seat is properly secured about the child.
[0008] In accordance with an exemplary embodiment
a child seat adapted for use in a vehicle is provided. The
child seat comprising: a shell portion, configured either
as a single entity, or with a base portion and a removable
carrier portion which may be secured to the base portion;
a harness for securing a child to the child seat, the har-
ness comprising an adjustable harness tether secured
to the shell portion at one end and having a latch plate
at the other, the latch plate being configured to releasably
engage a buckle of the harness; a tension sensor for
providing a signal indicative of a tension of the adjustable
harness tether; and an electronic control unit secured to
the shell portion, the electronic control unit being opera-
bly coupled to the tension sensor to receive the signal,
the electronic control unit being capable of processing
the signal to compare the signal to a signal indicative of
a predetermined range of acceptable tension, wherein
the electronic control unit provides an output indicating
whether the tension of the adjustable harness tether is
within the predetermined range.
[0009] In another exemplary embodiment a method for
determining if the tension of an adjustable harness tether
configured to secure a child to the child seat is within an
acceptable range is provided, the method comprising:
locating a tension sensor along a portion of the adjustable
harness tether, wherein the tension sensor is configured
to provide a signal indicative of a tension of the adjustable
harness tether; receiving the signal of the tension sensor
by an electronic control unit being operably coupled to
the tension sensor and secured to a portion of the child
seat; processing the signal to determine if the signal cor-
responds to a predetermined range of acceptable ten-
sion; and indicating whether the tension of the adjustable
harness tether is within the predetermined range by pro-
viding an output.
[0010] The above-described and other features of the
present disclosure will be appreciated and understood
by those skilled in the art from the following detailed de-
scription, drawings, and appended claims.
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DRAWINGS

[0011]

Figure 1 is a side elevational view of a child seat
constructed in accordance with an exemplary em-
bodiment of the present invention;
Figure 2 is a front view of a child seat of the Figure
1 embodiment;
Figure 3 is a perspective view another child seat con-
structed in accordance with an alternative exemplary
embodiment of the present invention;
Figure 4 is a schematic illustration of an electronic
control unit constructed in accordance with an ex-
emplary embodiment of the present invention;
Figure 5 is view of a portion of a child restraint har-
ness of the child seats illustrated in Figures 1-3;
Figure 6 is a schematic illustration of tension sensors
contemplated for use with exemplary embodiments
of the present invention;
Figures 7-7E are schematic illustrations of buckle
engagement detection sensors contemplated for
use with exemplary embodiments of the present in-
vention; and
Figures 8A and 8B are flow charts illustrating por-
tions of a control algorithm contemplated for use in
exemplary embodiments of the present invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0012] Disclosed herein is a method and apparatus for
monitoring and providing an indication or state of a re-
straint system of a child seat, wherein the restrain system
is configured to secure a child to the child seat. In ac-
cordance with an exemplary embodiment, the tension of
the harness straps of the restraint system are provided
to a control unit of the child seat wherein the control unit
comprises an indicating means for providing a status of
the harness strap tension. In another exemplary embod-
iment or in addition to the above embodiment a seat belt
buckle sensor is provided wherein a signal indicative of
a harness strap being secured to the seat belt buckle is
provided to the control unit of the child seat wherein the
control unit also comprises an indicating means for pro-
viding a status indicative of the securement of the har-
ness strap to the harness buckle of the child seat.
[0013] Non-limiting examples of the indicating means
includes visual displays comprising light outputs, visual
displays comprising indicia, audible text, audible annun-
ciators or tones and combinations of any of the foregoing.
[0014] The control unit can also be configured to re-
ceive signals from a plurality of sensors each being
adapted to provide information relative to the child or in-
fant seat to the control unit wherein the control unit will
comprise an algorithm to interpret and provide an indi-
cation means relative to the sensor input.
[0015] Referring now to Figure 1, a child seat 10 con-
structed in accordance with an exemplary embodiment

of the present invention is illustrated. Child seat 10 is
configured to be secured to a seat 12 of a vehicle (not
shown) by at least one adjustable securement tether 14,
which is fixedly secured to the child seat at one end and
comprises a latching device 16 at the other. In accord-
ance with an exemplary embodiment, latching device 16
comprises a hook or clasp 18 for securement to at least
one universal anchor 20 disposed on or proximate to the
vehicle seat. In accordance with an exemplary embodi-
ment a lower portion of the child seat is equipped with a
rigid anchor 22 while a top portion is equipped with a
tether. Alternatively, rigid anchor 22 is replaced by an-
other adjustable tether or a seat belt of the vehicle.
[0016] Referring now to Figure 2 a perspective view
the child seat of Figure 1 is provided, as illustrated, a
child harness 24 is provided. Harness 24 comprises an
adjustable left harness tether 26 and an adjustable right
harness tether 28 each being securable to a buckle por-
tion 30. Buckle portion 30 comprises a tether 32 mounted
to the child seat at one end and a buckle 34. left harness
tether 26 is securable to buckle portion 34 is via a clasping
portion or latch plate 36 while right harness tether 28 is
securable to buckle 34 via clasping portion or latch plate
38. In addition, a chest clasping portion 40 comprising a
left chest clasping portion 42 and a right chest clasping
portion 44 is positioned on each of the harness tethers
in order to provide a point of securement at the child’s
chest. This system is known as a "five point harness".
[0017] Referring now to Figure 3, a rear facing infant
seat 46 is illustrated. Infant seat 46 comprises a carrier
portion 48 removably secured to a base portion 50. Base
portion 50 is fixedly secured to the vehicle seat by an
adjustable tether 52 comprising a pair of clasping por-
tions 54 disposed at either end of the adjustable tether
for securement of the same to the vehicle via universal
anchors 20. The base portion is intended to remain in
the vehicle while the carrier portion is intended for trans-
port of the child in vehicle as well as outside of the vehicle
thereby allowing transport of the infant without waking
him or her. Accordingly, carrier portion 48 securely cou-
ples to the base portion for transporting a child within the
vehicle, but may be disengaged from base portion for
carrying the child outside the vehicle. This infant seat is
intended for infants from birth weight to weights of up to
approximately 9.72-9.98 kilograms (20-22 pounds) or
when the baby no longer fits within the carrier portion. Of
course, it is understood that these ranges are provided
as examples and the contemplated ranges may vary.
Similar to the child seat of Figures 1 and 2 the infant seat
will also comprise a harness for securing an infant to the
infant seat. As illustrated, the harness of the infant seat
is similar to the harness of the child seat.
[0018] Referring now to Figures 1-3 and in accordance
with exemplary embodiments of the present invention
each child seat (either infant or child) will be equipped
with an electronic control unit 56. In accordance with an
exemplary embodiment electronic control unit 56 is inte-
gral with a shell portion 58 of child seat 10 or base portion
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50. Alternatively, electronic control unit 56 is configured
to be inserted into a cavity of either the shell portion or
base portion. In yet another alternative to electronic con-
trol unit may be installed on the carrier portion of the infant
seat.
[0019] In accordance with an exemplary embodiment
and referring now to Figures 1-4, the electronic control
unit will comprise a microprocessor 60, microcontroller
or other equivalent processing device capable of execut-
ing commands of computer readable data or program for
executing a control algorithm that receives signals from
a plurality of sensors 62 and provide an output to a display
64 via visual and/or audio drivers, wherein an indicator
68 of the electronic control unit is activated. In accord-
ance with an exemplary embodiment, the electronic con-
trol unit is configured to have analog comparator circuitry
for processing analog signals. In one embodiment analog
comparator circuitry is provided as a stand-alone feature
or in combination with other processing electronics.
[0020] In order to perform the prescribed functions and
desired processing, as well as the computations there-
fore (e.g., the execution of fourier analysis algorithm(s),
the control processes prescribed herein, and the like),
the electronic control unit may include, but not be limited
to, a processor(s), computer(s), memory, storage, regis-
ter(s), timing, interrupt(s), communication interfaces, and
input/output signal interfaces, as well as combinations
comprising at least one of the foregoing. For example,
the controller may include input signal filtering to enable
accurate sampling and conversion or acquisitions of such
signals from communications interfaces. As described
above, exemplary embodiments of the present invention
can be implemented through computer-implemented
processes and apparatuses for practicing those process-
es.
[0021] In one contemplated embodiment the electronic
control unit is adapted to receive signals transmitted
thereto, one non-limiting example would be wireless ra-
dio frequency RF transmission or direct electrical com-
munication via a wiring.
[0022] In order to ensure proper securement of the
child to the child seat via the harness it is desirable to
have a minimum amount of tension in the harness straps
when the child is secured in the seat. An exemplary range
of acceptable tension is approximately 3-36 Newtons or
approximately 0.7-8.0 pounds. Of course, it is understood
that the aforementioned ranges are provided as non-lim-
iting examples and these ranges may vary to be greater
or less than the aforementioned ranges. In order to mon-
itor this amount of tension a tension sensor 62 is posi-
tioned to detect the tension and provide a signal indicative
of tension to the microprocessor. In accordance with an
exemplary embodiment multiple sensors may be posi-
tioned in each of the tethers to provide signals to the
electronic control unit. For example, the locations illus-
trated in the dashed lines of Figure 2 other non-limiting
locations of the tension sensor are shown in Figures 1-3
and Figure 5. It is of course, understood that multiple or

a single tension sensor may be utilized to provide harness
tether tensions in accordance with exemplary embodi-
ments of the present invention.
[0023] Figure 5 shows a rear portion of either an infant
seat or a child seat and the locations of the harness teth-
ers as they are secured to the shell of the child seat. As
illustrated in Figure 5, the two harness tethers are se-
cured to a single harness tether 70 via a yoke 71 wherein
a single tension sensor 62 can be located to measure
the tension on tether 70 corresponding to both of the
harness tethers (26, 28) as opposed to separate signals
from the left harness tether and the right harness tether.
In a similar fashion a tension sensor 62 may be disposed
between buckle 34 and its point of securement to the
child seat (see for example, Figures 2 and 7).
[0024] By measuring the tension in the tether it is now
possible to detect improper securement of the child to
the child seat due to the harness tethers being twisted
or misrouted through the wrong slots or apertures in the
child seat shell portion; not being pulled taught enough
or the clip(s) may be attached to the incorrect side of the
buckle; and tensions that are too high thus uncomfortable
to the child. By using a means to measure the tension of
the harness tethers, the vehicle driver can be alerted that
there is a problem with the child seat installation.
[0025] In accordance with an exemplary embodiment
the monitoring device(s) or sensors are positioned at or
about the attachment point of the adjustable tether to the
child seat wherein the amount of tension on the tether(s)
can be monitored. Alternatively, the tension may be mon-
itored by placing the tension monitoring device(s) directly
on or in-line with the tether(s) wherein the tether(s) ten-
sion may be monitored. In yet another alternative em-
bodiment, the tension sensor may be embedded into the
webbing of the adjustable tether.
[0026] Several technologies may be used to sense the
adjustable tether(s) tension load. Referring now to Figure
6 several sensor contemplated technologies are contem-
plated for use as a tension sensor; non-limiting examples
include but are not limited to a spring-loaded Hall Effect
sensor 61, a strain gage monitor 63, an electro-mechan-
ical switch 65 and a force sensor 67. Examples of one
such tension sensing assembly are found in United
States Patent No. 6,749,038 the contents of which are
incorporated herein by reference thereto. Programmable
ASIC applications of Hall Effect sensors are known in the
art which process the resultant signal from the varying
magnetic field and output a corresponding analog voltage
or digital data value. One non-limiting example of such
a sensor is the HAL 18XX family of sensors from Micro-
nas, which is described in the cited document entitled:
HAL 18XX, Low-Cost Programmable Linear Hall-Effect
Sensor, the contents of which are incorporated herein by
reference thereto.
[0027] One non-limiting example of such a sensing de-
vice is a magnetic member 69 disposed in the tether and
a Hall effect sensor 61 positioned to sense the magnetic
field of the magnet. Thus, when the magnet moves away
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the field changes and this is sensed by the sensor that
provides an output signal. The Hall effect device will
sense the strength of the magnetic field of the approach-
ing magnet, and depending on the strength of the mag-
netic field, the Hall effect device will generate an electric
signal (voltage or current), which can be used to deter-
mine the tension in the adjustable tether. In a non-limiting
embodiment, the Vcc of the Hall effect sensor assembly
is 5 volts +/- 0.5 volts DC. The voltage with no magnetic
field present will be approximately 2.5v. As the magnet
is brought into the proximity of the sensor, the voltage
will increase to near Vcc or decrease to near ground,
depending on the polarity of the magnet. Accordingly, as
the voltage increases or decreases, so does the tension
of the seat belt. Thus, the sensor can be calibrated to
detect acceptable tension ranges. Of course, Vcc may
have values greater than and less than 5 volts.
[0028] Alternatively, the device can be configured such
that the magnet moves further away from the Hall effect
device when the movable member is moved and the re-
duction in the magnetic field will be sensed by the Hall
effect device. In either embodiment, the signal is received
by an algorithm of the electronic control unit.
[0029] In one non-limiting example, tension sensor 62
will comprise a housing 72 wherein a first portion 73 is
secured to the child seat shell and a second portion 74
is movably anchored to the housing by a spring 75 at one
end and the other end is secured to the harness tether
wherein tension on the harness tether will cause move-
ment of the second portion with respect to the first portion,
wherein a magnet is disposed on the second portion and
a Hall effect device is positioned on the first portion to
detect movement of the magnet and provide a signal the
electronic control unit. In one embodiment the spring con-
stant can be calibrated to expand in accordance with ac-
ceptable tension ranges thus, upon application of a ten-
sion force in the acceptable range the spring will be over-
come and the magnet will move away or closer to the
Hall effect sensor. Non-limiting exemplary locations for
housing 72 include but are not limited to being positioned
between tether 70 and the child seat shell and/or between
buckle 34 and buckle tether 32.
[0030] Although the use of a Hall effect device is de-
scribed above it is also contemplated that other types of
sensing devices may be used to sense movement and
provide an output signal indicative thereof. For example,
such alternatives include but are not limited to the follow-
ing: magneto-resistor, magnetosensitive devices, aniso-
tropic magnetoresistors, optical devices and equivalents
thereof. Also, a magnetic flux deflector may be employed
in lieu of a Hall effect device.
[0031] In embodiments wherein Hall effect devices are
used the location of the magnets secured to the tether
must be in close proximity to the Hall effect device so
that movement can be detected.
[0032] Another exemplary sensing device could be an
actuator manipulated by the tether or a sensor disposed
directly on the tether. Another contemplated sensor is a

Standard A201 sensor available from FlexiForce. Any
such a sensor could be disposed in the locations illus-
trated schematically as item 62 in Figures 1-3 and 5. For
example, spring 75 may be replaced by or be configured
to include a strain gage (e.g., whetstone bridge) or force
sensor to detect the force and thus the tension being
applied to the harness tether.
[0033] Another alternative location for the sensor for
detecting the harness tether tension would be the slots
of the child seat. For example, a force sensor can be
positioned at the point of contact between the left harness
tether and the slot it passes through as well as the right
harness tether and the slot that it passes through. In ad-
dition, a force sensor can also be positioned at the point
of contact between the buckle tether and the slot that the
buckle tether passes through. In this embodiment, the
harness tethers are positioned to make contact with the
force sensor positioned in the appropriate slot of the child
seat where the applied force can be compared to an ac-
ceptable level of force, which will corresponding to an
acceptable tension in the harness tethers. In addition,
the tether may be coated with a coating at the point of
contact to prevent wearing of the tether and allow for low
frictional resistance between the tether and the force sen-
sor to allow for sliding while detecting applied force. Ad-
ditionally, the force readings from the harness tether slots
and the buckle tether slots may each be used in an equa-
tion of the control algorithm in order to determine the
harness tether tension. Alternatively, an actuator or Hall
effect sensor arrangement may be disposed in the slots
of the child seat.
[0034] In any of the aforementioned embodiments the
sensor is configured to provide a signal to an electronic
control unit, which comprises logic or is adapted to pro-
vide additional signals upon receipt of a signal indicating
the tether has a tension within an acceptable range.
[0035] In each instance, the sensing principle is the
same, only the sensing technology is changing. The sen-
sor monitors the tension load exerted by the adjustable
tether webbing through the selected path, and/or the ten-
sion force exerted to the tethers of the harness. The sen-
sor(s) may be either analog or discrete. An analog sensor
will continuously monitor the normal force exerted by the
adjustable tether webbing or at the rigid anchor base. By
monitoring the sensor output, a flag condition may be set
when the tension load force correlating to an appropriate
installation cinch force is met. A discrete sensor will be
calibrated to toggle the output status when the appropri-
ate tension load force condition is met.
[0036] The system controller will then input the signal
into algorithm in order to determine if the received signal
corresponds to a predetermined condition (e.g., tension
or force on tether within an acceptable range), which
would cause the controller to provide the indication
means to the vehicle occupant. The algorithm may have
a look up table of signals, which correspond to tensions
and movements of the adjustable harness tether, which
are compared to the signal received. The sensor com-
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municates a signal electronically to the electronic control
unit. The electronic control unit interprets the signal and
processes it algorithmically to determine the tether sta-
tus.
[0037] In accordance with an alternative exemplary
embodiment the sensor signal may then be processed
in the electronic control unit with other signals from a
child seat for example and referring now to Figure 7 an
alternative exemplary embodiment is illustrated. Here a
buckle switch sensor 80 is disposed within the buckle.
Buckle switch sensor 80 with comprise electromechani-
cal switches mounted in the buckle to detect the presence
of the clasping portions or latch plates being inserted into
the buckle switch.
[0038] As illustrated in Figures 7-7E, electromechani-
cal switches are positioned to detect the insertion of the
latch plates or clasping portions of the harness tethers
wherein two shoulder harness tethers are configured into
a five-point harness with a free standing latch plate or
clasping portion on each shoulder harness. During in-
stallation each latch plate or clasping portion is inserted
into the buckle portion. It is, of course, understood that
exemplary embodiments of the present invention may by
configured for use with harness systems having a single
latch plate.
[0039] In accordance with exemplary embodiments of
the present invention multiple configurations of the elec-
tromechanical switches are contemplated for use with
exemplary embodiments of the present invention. As il-
lustrated in Figures 7A and 7B discrete miniature switch-
es 82 are located on a printed circuit board 84 and are
positioned to detect the presence of the clasping portion
or latch plate of the harness tethers. In one non-limiting
configuration a detection switch 82 (one for each clasping
portion) is located at the end of travel of an end portion
86 of the clasping portion or latch plate such that upon
full insertion of the clasping portion into the buckle, cor-
responding to a latched condition, the detection switch
will be depressed and a signal indicative of a clasped
harness tether is generated for receipt the electronic con-
trol unit. One example, as illustrated in Figures 7A and
7B is to locate the switch perpendicularly with respect to
the end of the clasping portion such that the switch is
depressed by the end of the clasping portion once it is
inserted in the buckle. Alternatively and referring now to
Figures 7C and 7D, the switch can be located in a parallel
position with respect to the clasping portion such that the
switch is depressed as the clasping portion slides by the
switch.
[0040] The switches can be wired in at least three dif-
ferent configurations as illustrated in Figure 7E. The first
configuration is where the switches are wired in series
thus, both switches need to be actuated in order for the
circuit to be closed, wherein a signal is provided to the
electronic control unit indicating that both latch plates are
secured to the buckle. The second configuration is where
the switches are wired in series thus and the common
(center tap) connection is provided to the electronic con-

trol unit wherein the control algorithm of the electronic
control unit is able to differentiate one latch plate from
the other. Thus, two separate signals may be provided
to the electronic control unit (e.g., left harness buckled,
right harness buckled). The third configuration is where
the switches are wired in parallel and each switch has a
different resistor value wired in series with the switch.
This also allows the electronic control unit via the control
algorithm to differentiate one latch plate from the other
via the different signals received by the control unit. Thus,
two separate signals may be provided to the electronic
control unit (e.g., left harness buckled, right harness
buckled) and based upon the signals received the elec-
tronic control unit can provide outputs indicative of har-
ness securement (e.g., right harness secured, left har-
ness unbuckled, etc.). In addition, and in an alternative
embodiment and as a diagnostic feature, additional re-
sistors are added to the wires communicating the signals
to the electronic control unit, which will provide diagnostic
capabilities. Figure 7F illustrates a non-limiting example
of such a circuit wherein additional resistors are provided
and by appropriately selecting the ratio of resistors in this
array, each switch can be diagnosed with a single tap
monitor. For example, an open circuit in the wires leading
to the switch array can be diagnosed correctly, rather
than mistaken for an open switch configuration.
[0041] In some exemplary embodiments the buckle
switch sensors will require power as well as communi-
cation of the signal to the electronic control unit. One
contemplated method of signal transfer is through an RF
transmitter located in the buckle housing wherein the
transmitter is powered through a battery installed in an
accessible battery compartment located in the buckle
housing. Alternatively, the buckle switch sensors can be
directly wired to the electronic control unit wherein power
and signal transfer is facilitated.
[0042] In accordance with an exemplary embodiments
the buckle switch sensor may provide signals along with
the harness tether tension signals or alternatively in lieu
of the harness tether tension sensor.
[0043] In accordance with another alternative exem-
plary embodiment the tension sensor signal and/or the
buckle detection sensor signal may be processed in the
electronic control unit with other signals from a child seat
for example a signal from a sensor indicating whether a
harness retainer clip or chest clasping portion 40 has
been closed. Accordingly, the electronic control unit can
determine the status of all the sensors and make an ap-
propriate determination whether the child is secured
properly in the child seat or not. The electronic control
unit then can provide an output to the driver such as "In-
sufficient Harness Tension", "Harness Tension OK", or
"Harness Sensor Faulted", "Harness Not Buckled", "Har-
ness Incompletely Buckled", etc. as a result of performing
internal electronic control unit and sensor diagnostics,
such text read outs may be viewable on a liquid crystal
display 90 of the display 64.
[0044] Each status indication can also be displayed as
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a series of LED/lights that are visible to the driver, or
through a speech system, communicated by the elec-
tronic control unit, or alternatively communicated to the
vehicle for display in the instrument panel as part of a
display to the driver. In accordance with an exemplary
embodiment a standalone sensing system with an inter-
nal power supply, such as a battery or kinetic device that
derives its power from the motion of the vehicle is pro-
vided wherein the display is integral with the child seat.
Alternatively, the system could plug into the 12V DC pow-
er of the vehicle.
[0045] Referring now to Figure 8A, a flow chart for por-
tions of a control algorithm for determining the tension of
at least one tether of a child seat is shown. At step 92,
the electronic control unit initiates an evaluation of an
adjustable harness tether tension. This may be in re-
sponse to manipulation of an activation button 93 on the
display or coupled to the electronic control unit. At step
94, the electronic control unit receives an output signal
from the tension sensor, which as discussed above may
be disposed on the rear portion of the child seat, at the
buckle portion of the child seat or disposed within anyone
of the harness tethers. As contemplated herein multiple
signals indicative of the harness tension may be received
or a single signal may be received. In the event of multiple
signals the control algorithm will comprise look up tables
for corresponding values of signals indicative of accept-
able levels of tension. Furthermore, the algorithm may
be configured to interpret or ignore values if for example
one signal of a plurality of signals is the only one out of
range, the system may be able to be configured to treat
this as a false signal. At decision node 96 this iterative
process takes place wherein the electronic control unit
compares the sensor signal or signals to a signal value
indicative of the predetermined tension limits (e.g., high
and low) for the tether(s) associated with the tension sen-
sor. In one exemplary embodiment, the output signal of
the tension sensor is a voltage proportional to the tension
of the tether and is compared to a voltage value corre-
sponding to a signal that would be produced for an ac-
ceptable tension in the adjustable tether. Alternatively, a
digital or binary output may be received.
[0046] In an exemplary embodiment, the electronic
control unit is electrically coupled to the display that com-
prises the plurality of lights or LEDs 68, such as green
lights, that confirm acceptable tension values in the ad-
justable tethers, and a plurality of lights or LEDs 98, such
as red lights, that are illuminated in response to a signal
indicating a tension outside of the predetermined range
to provide a warning of an improper harness tether ten-
sion. In an non-limiting example the display will include
indicia 100 identifying the tether wherein a green LED
and red LED are positioned adjacent to each other to
provide an indication of whether the adjustable tether is
installed properly by having a predetermined amount of
tension. Alternatively, a single LED capable of being il-
luminated in different colors is provided.
[0047] Accordingly, and if the signals in the acceptable

range, the electronic control unit outputs an electrical sig-
nal to illuminate the green LED or provide "status ok"
signal at step 102. Alternatively, and if the signal is not
within the acceptable range the electronic control unit
outputs an electrical signal to illuminate the red LED or
"status not ok" at step 104, wherein the red LED is indic-
ative of improper installation and the green LED is indic-
ative of a proper installation. Thereafter, nodes 106 and
108 will query if a stop command should be issued, which
may correspond to an expiration of a time period or the
system being shut down manually.
[0048] Alternative methods for providing indication of
the tension in the adjustable harness tether include but
are not limited to an audible annunciators, and buzzers
for providing an indication of an improper installation, or
audible text or a visual display with indicia. A non-limiting
example of a visual display is a liquid crystal display
(LCD).
[0049] In accordance with an alternative exemplary
embodiment, the signal from the harness buckle sensors
is received by the control algorithm of the electronic con-
trol unit represented by box 110, as discussed above the
buckle switch sensor may provide signals along with the
harness tether tension signals or alternatively in lieu of
the harness tether tension sensor. Similar to the logic of
the tension signals the signal of the buckle sensor is proc-
essed at decision node 96 wherein the electronic control
unit compares the sensor signal or signals to a signal
value indicative of either the latch plates being engaged
in the buckle or not. In one exemplary embodiment, the
output signal of the latch plate sensor is a voltage signal
and is compared to a voltage value corresponding to a
signal that would be produced for a latched or unlatched
condition. Alternatively, a digital or binary output may be
received.
[0050] As discussed herein, the electronic control unit
is electrically coupled to the display that comprises the
plurality of lights or LEDs 68, such as green lights, that
confirm latched conditions and a plurality of lights or LEDs
98, such as red lights, that are illuminated in response
to a signal indicating an unlatched conditioned to provide
a warning indicating an unsecured harness. In a non-
limiting example the display will include indicia 100 iden-
tifying the tether, wherein a green LED and red LED are
positioned adjacent to each other to provide an indication
of whether the harness is latched to the buckle. Alterna-
tively, a single LED capable of being illuminated in dif-
ferent colors is provided.
[0051] Accordingly, and if the appropriate signals are
received; the electronic control unit outputs an electrical
signal to illuminate the green LED or provide "status ok"
signal at step 102. Alternatively, and if the signal is not
within the acceptable range the electronic control unit
outputs an electrical signal to illuminate the red LED or
"status not ok" at step 104, wherein the red LED is indic-
ative of improper installation and the green LED is indic-
ative of a proper installation. Thereafter, nodes 106 and
108 will query if a stop command should be issued, which
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may correspond to an expiration of a time period or the
system being shut down manually.
[0052] Alternative methods for providing indication of
whether the harness is not secured to the buckle include
but are not limited to an audible annunciator for providing
an indication of an improper installation, or audible text
or a visual display with indicia. A non-limiting example of
a visual display is a liquid crystal display (LCD).
[0053] In yet another alternate embodiment the signals
of both the harness tethers and the buckle switches may
be combined into a single electronic control unit wherein
some of the LEDs correspond to harness tether tension
and others correspond to latch plate engagement. An
illustration of a flow chart of a contemplated algorithm is
illustrated in Figure 8B wherein additional decision nodes
93 and 103 are added for determining if the harness ten-
sion monitor and the buckle signal have been enabled.
In this embodiment, the "Status Ok" (box 114) will be
provided when the ECU receives an acceptable signal
from buckle sensor and if the harness tension monitor is
enabled the ECU must also receive an acceptable har-
ness tension signal at step 96.
[0054] Accordingly, exemplary embodiments of the
present invention provide a child seat with an electronic
control unit that determines the tension of the harness
tether and/or latch plate engagement and illuminates an
indicator light, which is located on the child seat in a lo-
cation that would be easily viewed by the operator and/or
occupants of the vehicle, wherein the indicator light pro-
vides a means for determining whether the harness teth-
er is properly installed. For example, one such location
of the indicator light is on the face of the control unit dis-
play. In addition, the microcontroller may also provide an
audible tone or voice response, indicating whether the
appropriate tension exists in the tether and/or the latch
plate is not engaged. In addition, exemplary embodi-
ments of the present invention are contemplated for use
with various forward facing child seats as well as rear-
facing infant seats including those with detectable carri-
ers.
[0055] In addition, and in accordance with alternative
exemplary embodiments the electronic control unit can
also be configured to provide indications of other condi-
tions relating to the child seat and/or its installation. In
this embodiment, the child seat will comprise an elec-
tronic control unit secured to the child seat, the electronic
control unit being operably coupled to the tension sen-
sors and the latch plate engagement sensors to receive
the generated signals and the electronic control unit is
also operably coupled to a plurality of other sensors 120
each providing additional signals indicative of states of
the child seat to the electronic control unit and the elec-
tronic control unit is capable of processing the additional
signals to compare the additional signals to acceptable
values, wherein the electronic control unit provides ad-
ditional outputs indicating whether the additional signals
are at acceptable values and the additional outputs are
provided to additional LEDs disposed on the display. Of

course, other methods of display are also contemplated
for use in this embodiment.
[0056] Examples of such additional such parameters
being monitored by the additional sensors include but
are not limited to: monitoring adjustable mounting tether
tension; perform infant seat weight classification; moni-
toring infant seat-to-base interlock state; monitoring in-
fant seat angle and seat orientation; monitoring infant
seat for exposure to severe impact or vehicle crash; mon-
itoring rear facing infant seat base for contact with vehicle
seatbelt; monitoring rear facing infant seat base for ten-
sion of vehicle seatbelt or lower tether; monitoring chest
retainer clip for proper engagement; monitoring chest re-
tainer clip for proper vertical height on the harness; mon-
itoring shoulder harness slots for proper adjustment
wherein audible and/or visual indications or warnings are
provided to alert an individual if there is non-compliance
with any of the monitored states.
[0057] In each instance, the sensors are electrically
coupled to the electronic control module wherein the
electronic control module provides an electrical signal
indicative of the property being sensed. The electronic
control module will determine, using a look-up table or
suitable algorithm, a desired value for the sensed prop-
erty, which desired value may be based upon the tension
of the tether as determined by the tension sensor and if
necessary, the control module provides an alert signal.
For the display shown herein and in accordance with an
exemplary embodiment, the alert signal illuminates a
green light when the sensed property is within a desired
range, and a red light is illuminated when the sensed
property is not within the desired range.

Claims

1. A child seat (10) adapted for use in a vehicle, the
child seat comprising:

a shell portion ;
a harness (24) for securing a child to the child
seat, the harness comprising an adjustable har-
ness tether (32) secured to the shell portion at
one end and having a latch plate (36) at the oth-
er, the latch plate being configured to releasably
engage a buckle (30) of the harness, charac-
terized in including;
a tension sensor (62) for providing a signal in-
dicative of a tension of the adjustable harness
tether; and
an electronic control unit (56)secured to the shell
portion, the electronic control unit being opera-
bly coupled to the tension sensor to receive the
signal, the electronic control unit being capable
of processing the signal to compare the signal
to a signal indicative of a predetermined range
of acceptable tension, wherein the electronic
control unit provides an output indicating wheth-
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er the tension of the adjustable harness tether
is within the predetermined range.

2. The child seat as in claim 1, wherein the electronic
control unit (56) further comprises a display (64) in-
tegrally formed with the shell portion and the output
of the electronic control unit is an LED (68) disposed
on the display.

3. The child seat as in claim 1, wherein the electronic
control unit further comprises a liquid crystal display
and the output of the electronic control unit is indicia
disposed on the display.

4. The child seat as in claim 1, wherein the output is an
audible annunciator if the tension of the adjustable
harness tether is not within the predetermined range.

5. The child seat as in claim 1, wherein the output is
audible text if the tension of the adjustable harness
tether is not within the predetermined range.

6. The child seat as in claim 1, wherein the tension sen-
sor is located at a point of securement between the
adjustable harness tether and the child seat.

7. The child seat as in claim 6, wherein the tension sen-
sor comprises at least one magnet (69) and a Hall
effect device (61) positioned to detect the presence
of a magnetic field of the at least one magnet.

8. The child seat as in claim 1, wherein the tension sen-
sor (62) is embedded into the adjustable harness
tether.

9. The child seat as in claim 1, wherein the child seat
is configured to restrain children having a weight less
than approximately 9.98 kilograms (22 pounds).

10. A method for determining if the tension of an adjust-
able harness tether (32) configured to secure a child
to a child seat (10) is within an acceptable range, the
method characterised in comprising:

locating a tension sensor (62) along a portion of
the adjustable harness tether (32), wherein the
tension sensor is configured to provide a signal
indicative of a tension of the adjustable harness
tether;
receiving the signal of the tension sensor by an
electronic control unit (56) being operably cou-
pled to the tension sensor and secured to a shell
portion of the child seat;
processing the signal to determine if the signal
corresponds to a predetermined range of ac-
ceptable tension; and
indicating whether the tension of the adjustable
harness tether is within the predetermined range

by providing an output.

11. The method as in claim 10, wherein the output is in
the form of an illuminated display on a visible surface
of the electronic control unit and wherein the signal
is an analog signal.

Patentansprüche

1. Kindersitz (10), der zur Verwendung in einem Fahr-
zug ausgeführt ist, wobei der Kindersitz Folgendes
aufweist:

einen Schalenteil,
ein Gurtsystem (24) zum Anschnallen eines Kin-
des an dem Kindersitz, wobei das Gurtsystem
einen einstellbaren Haltegurt (32) aufweist, der
an einem Ende an dem Schalenteil befestigt ist
und an dem anderen eine Schlosszungenplatte
(36) hat, wobei die Schlosszungenplatte zum
auslösbaren Einrasten in einem Schloss (30)
des Gurtsystems gestaltet ist, dadurch ge-
kennzeichnet, dass es Folgendes beinhaltet:

einen Zugspannungssensor (62) zum Be-
reitstellen eines Signals, das eine Zugspan-
nung des einstellbaren Haltegurts andeu-
tet, und
eine elektronische Steuereinheit (56), die
an dem Schalenteil befestigt ist, wobei die
elektronische Steuereinheit zum Empfan-
gen des Signals funktionell mit dem Zug-
spannungssensor gekoppelt ist, wobei die
elektronische Steuereinheit das Signal ver-
arbeiten kann, um das Signal mit einem Si-
gnal zu vergleichen, das einen vorbestimm-
ten Bereich akzeptabler Zugspannung an-
deutet, wobei die elektronische Steuerein-
heit eine Ausgabe bereitstellt, der andeutet,
ob die Zugspannung des einstellbaren Hal-
tegurts innerhalb des vorbestimmten Be-
reichs ist.

2. Kindersitz nach Anspruch 1, wobei die elektronische
Steuereinheit (56) ferner eine Anzeige (64) aufweist,
die in den Schalenteil eingeformt ist, und die Ausga-
be der elektronischen Steuereinheit eine an der An-
zeige angeordnete LED (68) ist.

3. Kindersitz nach Anspruch 1, wobei die elektronische
Steuereinheit ferner eine Flüssigkristallanzeige auf-
weist und die Ausgabe der elektronischen Steuer-
einheit auf der Anzeige angezeigte Zeichen sind.

4. Kindersitz nach Anspruch 1, wobei die Ausgabe eine
hörbare Meldung ist, wenn die Zugspannung des
einstellbaren Haltegurts nicht innerhalb des vorbe-
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stimmten Bereichs ist.

5. Kindersitz nach Anspruch 1, wobei die Ausgabe hör-
barer Text ist, wenn die Zugspannung des einstell-
baren Haltegurts nicht innerhalb des vorbestimmten
Bereichs ist.

6. Kindersitz nach Anspruch 1, wobei der Zugspan-
nungssensor sich an einem Befestigungspunkt zwi-
schen dem einstellbaren Haltegurt und dem Kinder-
sitz befindet.

7. Kindersitz nach Anspruch 6, wobei der Zugspan-
nungssensor wenigstens einen Magneten (69) und
eine Hall-Effekt-Vorrichtung (61) aufweist, die zum
Erkennen der Anwesenheit eines Magnetfelds des
wenigstens einen Magneten positioniert ist.

8. Kindersitz nach Anspruch 1, wobei der Zugspan-
nungssensor (62) in den verstellbaren Haltegurt ein-
gebettet ist.

9. Kindersitz nach Anspruch 1, wobei der Kindersitz
zum Sichern von Kindern mit einem Gewicht von we-
niger als etwa 9,98 Kilogramm (22 Pfund) gestaltet
ist.

10. Verfahren zum Ermitteln, ob die Zugspannung eines
einstellbaren Haltegurts (32), der zum Anschnallen
eines Kinds an einem Kindersitz (10) gestaltet ist,
innerhalb eines akzeptablen Bereichs ist, wobei das
Verfahren dadurch gekennzeichnet ist, dass es
Folgendes aufweist:

Positionieren eines Zugspannungssensors (62)
entlang eines Teils des einstellbaren Haltegurts
(32), wobei der Zugspannungssensor zum Be-
reitstellen eines Signals, das eine Zugspannung
des einstellbaren Haltegurts andeutet, konfigu-
riert ist,
Empfangen des Signals des Zugspannungs-
sensors durch eine elektronische Steuereinheit
(56), die funktionell mit dem Zugspannungssen-
sor gekoppelt ist und an einem Schalenteil des
Kindersitzes befestigt ist,
Verarbeiten des Signals zum Ermitteln, ob das
Signal einem vorbestimmten Bereich akzeptab-
ler Zugspannung entspricht, und
Andeuten, ob die Zugspannung des einstellba-
ren Haltegurts innerhalb des vorbestimmten Be-
reichs ist, durch Bereitstellen einer Ausgabe.

11. Verfahren nach Anspruch 10, wobei die Ausgabe die
Form einer beleuchteten Anzeige auf einer sichtba-
ren Oberfläche der elektronischen Steuereinheit ist
und wobei das Signal ein Analogsignal ist.

Revendications

1. Siège pour enfant (10) adapté pour l’utilisation dans
un véhicule, le siège pour enfant comprenant :

une portion en coque ;
un harnais (24) pour attacher un enfant sur le
siège pour enfant, le harnais comprenant une
amarre ajustable de harnais (32) fixée sur la por-
tion en coque à une extrémité et ayant une pla-
que de verrouillage (36) à l’autre extrémité, la
plaque de verrouillage étant configurée pour en-
gager de manière libérable une boucle (30) du
harnais,
caractérisé en ce qu’il inclut :

un capteur de tension (62) pour fournir un
signal indicatif d’une tension de l’amarre
ajustable de harnais ; et
une unité de commande électronique (56)
fixée sur la portion en coque, l’unité de com-
mande électronique étant fonctionnelle-
ment couplée au capteur de tension pour
recevoir le signal, l’unité de commande
électronique étant capable de traiter le si-
gnal pour comparer le signal à un signal in-
dicatif d’une plage prédéterminée de ten-
sion acceptable,
dans lequel l’unité de commande électroni-
que fournit une sortie indiquant si la tension
de l’amarre ajustable de harnais est dans
la plage prédéterminée.

2. Siège pour enfant selon la revendication 1, dans le-
quel l’unité de commande électronique (56) com-
prend en outre un affichage (64) intégralement formé
avec la portion en coque, et la sortie de l’unité de
commande électronique est une diode électrolumi-
nescente (68) disposée sur l’affichage.

3. Siège pour enfant selon la revendication 1, dans le-
quel l’unité de commande électronique comprend en
outre un affichage à cristaux liquides, et la sortie de
l’unité de commande électronique est un indice dis-
posé sur l’affichage.

4. Siège pour enfant selon la revendication 1, dans le-
quel la sortie est une annonce audible si la tension
de l’amarre ajustable de harnais n’est pas dans la
plage prédéterminée.

5. Siège pour enfant selon la revendication 1, dans le-
quel la sortie est un texte audible si la tension de
l’amarre ajustable de harnais n’est pas dans la plage
prédéterminée.

6. Siège pour enfant selon la revendication, dans lequel
le capteur de tension est situé au niveau d’un point
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d’attache entre l’amarre ajustable de harnais et le
siège pour enfant.

7. Siège pour enfant selon la revendication 6, dans le-
quel le capteur de tension comprend au moins un
aimant (69) et un dispositif à effet de Hall (61) posi-
tionné pour détecter la présence d’un champ ma-
gnétique dudit au moins un aimant.

8. Siège pour enfant selon la revendication 1, dans le-
quel le capteur de tension (62) est noyé dans l’amar-
re ajustable de harnais.

9. Siège pour enfant selon la revendication 1, dans le-
quel le siège pour enfant est configuré pour retenir
des enfants ayant un poids inférieur à approximati-
vement 9,98 kilos (22 livres).

10. Procédé pour déterminer si la tension d’une amarre
ajustable de harnais (32), configurée pour attacher
un enfant sur un siège pour enfant (10), est dans
une plage acceptable,
le procédé étant caractérisé en ce qu’il comprend
les étapes consistant à :

placer un capteur de tension (62) le long d’une
portion de l’amarre ajustable de harnais (32),
ledit capteur de tension étant configuré pour
fournir un signal indicatif d’une tension de
l’amarre ajustable de harnais ;
recevoir le signal du capteur de tension par une
unité de commande électronique (56) qui est
fonctionnellement couplée au capteur de ten-
sion et fixé sur une portion en coque du siège
pour enfant ;
traiter le signal pour déterminer si le signal cor-
respond à une plage prédéterminée de tension
acceptable ; et
indiquer si la tension de l’amarre ajustable de
harnais est dans la plage prédéterminée en four-
nissant une sortie.

11. Procédé selon la revendication 10, dans lequel la
sortie est sous la forme d’un affichage illuminé sur
une surface visible de l’unité de commande électro-
nique, et dans lequel le signal est un signal analogi-
que.
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